WO 2005/107528 PCT/US2004/043761 1 DYNAMIC KINEMATIC

MOUNT TECHNICAL FIELD The present invention relates to kinematic
mounts. 5 BACKGROUND ART Kinematic mounts, otherwise known as
kifensatie7seduplings or constraints, are commonly used to cEaIS2004/043761
measuring equipment or instruments to aibase or 10 substructure and for

coupling rigid parts to hard mating -swHaceswheredespite repeated
disassembly and reassembly the plates remain in the same relative

position to one another as when previously assembled. Three linear
motions or translations (X, Y, Z)TandiXI5: treerangular motions or rotations

(D., ey, Oj are. nacessary 10 describe fully the motiop;and position of 2,

solid body in space. For a rigid body to be completely fixed in space,
spite repeated disassembly and reassembly, all six degrees of freedom
need to be 20 constrained. In otF&OKGRdS I thezthTee translations and the

three rotatigns fpust;he copstrained with,kespect to ,some arbitraryfixed, .. ; -
coordinate system. A mount is kinematic when all six degrees of freedom

are CORBEAINES, iR Whithrany Adtittonarédnstraits Wolld'5& fedumdarmrl
25 Acecerdinglyg a kimematie miount has sixsndependent tonstrmintsase or

simple kinematic mounts use @ cong. 9k ball..a groove, . and.a.flatinghe. + s g
front plate of the mount to concsltrain unwanted motion. The ball constrains

motior i tHE X, v, 30'8hQ Z aX88PThE grobvBCoristrain§ sicH®yY  #nd
(pitch)eaersds O Lyo T helffdtconstrains motidhdn Gunfyane)l dihievehiefsition

disadyvaniage of sone/ball maunts.isthat some crassxaoupling occurs

between the translational and rotational )
hree linezr moltions or translaticns (¥, ¥, 2} and

15 three angular motions or rotations (8., 6,, 0,) are
necessary to describe fully the motion and position of a
sclid body in space. For a rigid body te be completely
fized in space, despite repeated disasgembly  and
reassembly, all sizx degrees of freedom need to be

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

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

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

and a2 flat in the front plate of the mount %to constrain

unwanted motion. The ball constrains motion in the X, ¥,
30 and Z axes. The groove constrains motion 8, (pitch) and 8,
{roll). The flat constrains motion in 8. (yaw). The chief

disadvantage of cone/ball mounts is that some coross-

coupling occurs betwsen the translational and rotational



WO 2005/107528 PCT/US2004/043761 2 axes because the rotational

axes are not centered on the surface on the mounted part, which can

cause significant translational errors. A well-known kinematic mount
woarpenatessa fixed 5 base plate with three V-shaped grooveseashos/nizrsi
forming an angle of approximately 120 degrees with each other groove.

The walls of each groove form angles of dpproximately 45 degrees with

the sirf&ce BF e basé Blae® O A%&tond* platd “thré€ tonidx ephriedl the
memberstare: securetdsoughlyt2@ irram 'equitateral tramgular arrayi Whehcant

the secand plate. is rested-upon the first plate, each of the three convex
spherical members rests within one of the three grooves, contacting the

two side walls 8FéachTepectiveLEeorid FIRtE whidtF i ba itted frort=ed
the baseplaté and, when 15reptacédsnilhedcupy-theidertical positioing an

relative, tq thesbase, whichnermally remains fixed. Howevar, the, . . groove.

above-desqripgg point“con};[acts between_each spherical member and ;
groove'18alis tocoRcefftated 167Cas atthsé tBntact poirtsPThesa=tely 45
concettatetsfordéd 20Head to High strésdes; Koww ag Hertzian Stregsses,cond

both at the spherical mamber apdat the grpove - Accaraingly.- while thison1y
prior art mount is_sufficient for Ii(?ht loads, such as laboratory applications

of lightddly fisid™ apphications it 14 i h8avy-tuty Applicafions “SidH atate
25 when usedadn space |labmach vehitles! bridgesa buildifigshandhree convex

superstructures, whefedgh intensity,vibrations and rshogks-qause failyre ..«
at the contact Pé)int%.hgome kine.rggticwlglnloqgntsl,fvvhﬁizch are ofc:gen referred to !
as isSA5RS ardidesigned fo allow fof a transiént HiiMber o 30 frégd iR
changestise., tilt arid magnitade thanges),aand-are bsed farlmbtonnd, when
isolation, The trangient numherof tireedomychanges s, in-soMeraiative to
mstanggg,gg@eeor%%b{y%:%!ﬁ 1lly remains fixzed.

However, the above-described point contzcts betwesen
each spherical member and groove leads Yo concenbtrated
forces at these contact points., These concentrated forces

20 lead to high stresses, know as Hertzian stresses, both at
the spherical member and at the groove. kRcecordingly,
while this pricr art mount is sufficient for light loads,
such as laborxatory applications or light-duty Ffield
applications, it fails in heavy-duty applications, such as

25 when used in space launch vehicles, bridges, buildings,
and sguperstructures, where high intensity wvibrations and
shocks cause failure at the contact points.

Some kinematic mounts, which are often referred to as
isolaters, are designed to allow for a transient number of

30 freedcm changes (i.e., tilt and magnitude changes), and
are used for motion isolation. The transient number of

freedom changes is, in some instances, temporary. Typical

tilts are these encountered by anchored marine oil rigs



tilts are those encountered by anchored marine oil rigs WO 2005/107528
PCT/US2004/043761 3 and rocket launchers. Typical magnitude changes
are those encountered by the seismic base movement of celestial
BieseEGRtelescopes, mirrors, lens, and antennas. Many sRilled/2misamiy ol
have attempted to improve on 5 rigid kinematic mounts by incorporating

compliant -feagures, Foripstance,Qne: sueh mountingorReates s are those
constrained elastomer layers with the V-struts of a three- legged platform

suppGrEMpIGHiAg bAR.-if-tBne’6&&MNGs. HoWevar, s Afraftgenféitist+21
not capablevef copirg: With-20transient-titss or hragnitude variationssunless

these disturhances.afe MICroscoRICQr marginal.- Thus-use of thisynount
is, unfartunately, limited to optical and s%micon,ductor appgications. Othf,r‘ N
etforts 18 ftrodiice""5tected EoMpliance’n othaRFREAgi Rinemafic™ 1437 ¢
mourttsdiBihave alsoftveen attempted, withmargiradl ormanatceptatieporates

results, And so.the curtentiend.in fhe state:of ant of kinematic genstraint... -
mounting devic%s is.to add compliance qlamfing capabilities in order to,
i b Provide Ao

balance Farsifive 20 aEcefefaiions and‘to provide Automatic Fé-centating #= -

all withsavactive-tontrelinahesshortest imegracticatsiéearrd withpirg with

imposing-additional demands ongtherwisg-used .aclive.cantrolsystems ; o« -

over the mount and without the need to reboot or reset such rsp&tems

after fie’ pASSTHY 6F 25 Acdleration distirbahca€ Eonaapplications, &iich °F
as théhblast protectiorsor terrérist hardening ofldentieldand ccommiandl and
platforms; and data.genteys: cannotafford taydebpotand yeset whenthesduce
continugLus oggration f such syrsltemwshigr\{h;tjgl. Thgisag\e ﬂold%j r‘iseiIsnmic o
prote%ﬁoﬁ%% of data; communications, and command centérs. The -0
Eontimzows cperabilie df mbifited controldévidesripinal cr unacceptable

results.

And so the current trend in the state of art of
kinematic constraint mounting devices is to add compliance
damping capabilities dn order to balance transitive

20  accelerations and to provide zutomalic re-centering, all
without active control din the shortest time practicable
and without iﬁposing additional demands on otherwise used
active control systems over the mount and without the need
to reboot or reset such systems after the passing of

25 acceleration disturbances. Some applilications, such as the
blast protection or terrorist hardening of controcl and
command platforms and data centers, cannot afford to
reboot and reset when the continuous operation of such
systems is vital. The same holds for seilsmic protection

30 of data, communlcations, and command centers. The
continuous operability of mounted control devices in
artificial gravity or induced centripetal fields in sapace

stations is & rather obviocus reguirement in light of the



artificial gravity or induced centripetal fields in space stations is a rather
obvious requirement in light of the WO 2005/107528 PCT[US2004/043761
4 fact that transients of such field are inevitable and may be frequent.
PisotABSBRE OF THE INVENTION 5 According to the inveRton|saoo4/643761
dynamic kinematic mount includes three balls, opposing first and second
plates, the firstplate contacfing the threc'alls gt sx cantact palnis
constrgiﬁlng rarislational. and rotational movement of the first pla?e, and
the sé&corid ptateréontacting the 10 three balls at six contact points
constraining translational and rotational movement of the second plate. A
spacer has opposing first and.se face ‘ es extending
therethrough from the fir;Dt" a%réctot e cs?gccfﬁ %@%@t ree balls are
each dispoSet- it BhBDLES e threedsorezTor fotativhiclative tethéc mount
spacer,; anelidhe thkeedalls prejectputhoaid ofthe first and second fareses,
The fisLpiate Isinjuxiaposiion fo.(hs fitst. face, and (e seqand pIAIRIQ . o
juxtaposition to t second “face. In a particular embodiment there'is a
fourttPBam 20 FPivhic the fifst plates éontbets therfsurtFPBalt 5t & firgtovement
contagt peint, andrthe second plate cantactsdber fousth:ball abarsecond; the
ntact point, wherein at least gne of the first and second contact points .
:'Esga cg%gpﬁiaant gggtﬁa%t pofrﬁ. Cosnisﬁderir?é) E[]h{:e-d ??)turth gboaflln 1Lfjﬁe sp%%égr)% 250
also furishéd With alfotitth beFe WwhithteteRtEthioGgh e SFacerfrBARts -
the first facedethe.second.face.gThe: feurth-hall is-dispasetk in:thedfparthnree
bore forjotation. Lelatve ' e sppcgt Andiglects outhoard oL e i) e
and second faces of the spacer. The compliant contact 30 point Is
provideFByantéfstomerat e tonkictpoint betiwebntheTotrth Ball aRe ©f
ope of the first andisecondfor rotation relative to the spacer, and

the three balls project outboard of the first and second

may

faces. The first plate 1s in Juxtapcsition to the first
face, and the second plate in Juxtaposition to the second
face. in a particular embodiment there is a fourth ball,
20 in which the first plate contacts the fourth ball at =
first contaclt point, and the second plate contacts the
fourth ball at a second contact point, wherein at lesst
one of the first and second contact points is a compliant
contact point. Considering the fourth ball, the spacer is
25  aiso furnished with a fourth bore, which extends throughl
the spacer from the first face teo the secona face. The
fourth ball is disposed in the fourth bore for rotation
relative toc the spacer, and projects outboard cf 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 fizst and second
plates. In another embodiment, an elastoplastic

material/layer is applied to the elastomer. The elastomer



plates. In another embodiment, an elastoplastic material/layer is applied

to the elastomer. The elastomer WO 2005/107528 PCT/US2004/043761

5 is carried by one of the fourth ball, the first plate, and the second plate.
Yoa@articatar embodiment, the elastomer is provided in therformszbam 43761
applied layer. In a particular embodiment, the first plate is fashioned from

5a plurall of rl%%aﬁh&ed blagks. % éggh%aﬂnb%lgn%qtrﬂ%egggggd

plate iS fas lione m a plurality of rigi Iy affixed blocks. In'yet another
embddifentetia dirsPprité is fasHibned of GRS AT by *BRdSEtired  the
to, a rame on-yetistilbanothereembodiment; the.second:19 plate isayer. 1In

-fashloned of blocks held by, and,secured 0, a. frgg@iet According to the, -

|nvent|0h anoLher embodiment of a namlc klnematlc mount includes a

spacér hﬁ\}iﬁﬁa&ﬁﬁé@m@*ﬂrs’f h?bdsé'c&ﬁ &k afid thlee bores'@xteRitige~
15 therethsaugh fromithe firstfacestosthe secand face.e Thteeballsareratity

each dispased,in.one.afthe {ree hores for folation talative o the,anacer ..

and the three balls prolect outboard of the flrst and second faces. A first
plate i fifXtaposition 16 the fifstTage contatts e’ 26 trde balls @t i e e
contaet points constraining vikanstationakandhetationat dhovement iof the cond

first plate, nﬁaﬁgsggg@lat IR jUxtapesition;to the secapd face .y o, =

contacts the ree balls at six contact points constraining translational and
rotatibRaNhiovement of the 25 second plate. A fourth bore extends
through thezspacet: fromithetfirst facesotthensecond:face. Avfouttinball issf =

dispoged inthe foyrth hare for rotation relafive to the. s Qécggmpmg&mg

outboard of the first and second faces. The first plate contacts the fogrt
ball af §fst 30-tOntatEpoit, thesecond®Mdte ddritatts theBtrth Hafiene ne

15 therethrough from the f£irst face to the second face.
Three bzlls are each disposed in one of the three bores
for rotation relative to the spacer, and the three bkalls
project outbozrd of the first and second faces. A first
plate in Jjuxtaposition to the first face contacts the

20 three balls at sis contact points  constraining

| transiational and rotational movement of the first plate,
and a sezcond plate in juxtaposition to the second face
contacts the three balls at Six contact points
constraining translational and rotational movement of Lhe

25 gecond plate. A fourth bore extends through the spacerxr
from the first face to the sscond face., A fourth ball is
disposed in the fourth borxe for rotation relative to the
spacer, projecting outboaxd of the first and second faces.
The first plate contacts the fourth ball at a first

30 contact peint, the second plate contacts the fourth ball
at a second contzct peint, and at least one of the first
and second contact points is & compliant contact point.

Pieferably, the compliant contact point is provided by an



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 WO 2005/107528 PCT/US2004/043761 6 elastomer at
the eamtact goint between the fourth ball and one of the first angseconds 761
plates, in which the elastomer is carried b% one of the fourth ball, the first
plate, %rl]gs%%g%cg d&%teéégéae%rticgJ%temggvgé@gn%’haen §ourt ball d
elastoplastic material/layer is applied If)o the eFastomer. In a particular o
embodiftferit: tHe élastémeris prévicetling #7e form of anapplidd fayer ffomexs
one embodimment.theyfiestplate isfashioned.frem a,plurality of sigidhy=t =, and
affixed blocks. In another embodiment, the secqnd plate 10 is fashione
from gt p%l%raﬁ{? 0 ‘F%idl%%fﬁiéd bloc?lgls. In ye?‘é%n%‘fr?é% emboc im%%ltf“ﬁ?éq’
first platePistiashicieéd ofl8eks held Y- and seeared to, wofrafe. thimtomer .
still another embodiment, thersecond plate is:-fashioned.ef blecks:heldica in
by, an cuyred to, a frame. 15,According to the invention, yet another .
emboo(léir}iegnltygiF "a dbfnaﬁiic I%%E%é%%c r%a“gﬁfs'inclu%]es%ﬁr%e méfjg,lanﬁggét the
one addifiShal Bt Comptising<a fGtth ball @first plate;and an eppdsingdly-
second piate: T heifirst plate ontactsitbe thiee-balls at sixicentaetpeintSsizte
2pconstraining fransfatiqng| and refational movement.ofithe, ficst platg,, |,

and the second plate contacts the three balls at six contact points

constraminG traHtafisialcig Fotsfidnal-ioveiiert oFthesecorid:platenad of
The firsiplste centactsithe fadrth:ballata first contactpeint, then25et still
Secon%ﬁ%%%%gong%%%éqﬁggvvhl%%éat§é§%§g“jgggggn pg”“fgs i%%ed of

least one of the first and second contact points is a compliant contact
point. BURTET tBhE EmbBamMERERTS Spacer havirig-dpposing first and
setond facescanddaur bores:extending therethreugh: from dhe firstodiment of

z dynamic kinematic mounts includes threes balls, at least

=3¢}

one additional Dball comprising a fourth ball, a first
plate, and an opposing second plate. The first plate
contacts the three bhalls gt six contact points
20 constraining translational and rotazticnal movement of the
first plate, and the second plate contacts the three balls
at six contact points constraining translational and
rotaticnal movement of the second plate. The first plate
contacts the fourth ball at a flrst 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
peints is a compliant contzct point. Further to this
embodiment is a spacer having opposing first and second
fzces and four bores extending therethrough from the Ffirst
30 face to the second face. The three balls and the fourth
ball are each disposed in one of the Ffour bores for
rotation relative to the spacer, and the four balls

project ocutboard of the first and second faces. 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 WO
PEOHEAFE28 PCT/US2004/043761 plate in juxtaposition to Hexfirshfaces7s1
and the second plate in juxtaposition to the second face. Preferably, the

. . . . 7 .
compliant confact point is provided by an.elastomer af the contact point

a
1 : Y n
betweéh the fourtht ball and one of the 5 first and second plaes Ina® second

particUtar &fbbrlimierit: & eladtoplastic iateridiayer isagsplied fy terakly,
elastomes. cEhe elastemerriscarried:by ope of the faurthibalkthe: fitstome r 2t
plate, and the second plate. In a particular, embodiment, the elastomer is

providgd in the form o?%:ﬁrlo aepp?i% r1ay%lr€:2 Irgp gﬁp%rgt?pl}fla}‘erﬁggdi%éent? b othe
the first: pidte i€ fashisired fiont apluralify* ofrigidly affixed bivbksiment, an
anothenembeosiment -thessecand plateds fashippet:frama phyality1ef romer .

rigidly-affixed blacks. In yet another.em odiment,,;wlh%.first late Is o
fashioned o_? 15 blqcﬁs’ held by, and, sec%recgl to, a frame. I#}%t‘"étilfmll' £he
anothérémbodinierft: thé 3écoritFplate i§TashiohePof blotks Reldbytamdlax

securedhte,dd frame. Aceording:stoothe-invention; yetafurtherembagdiment = n
of @ kingmatic,mqunt.includes a spacer baving opposing, 20 firstand .
secondgfg%aes and b{)tnreslextennding tf%errethr%lﬁgﬁ frpefnm%k%ejﬁsf dce tothe °F
seconB facE, three Walis! aher atlledat che Rbidftidridlbalt Eorhptisiy e £ 1xed
fourth badlcKEhe thremmballs @nd:the feudh ball-are each dispesed inp0Re:  is

of the bores for. rotation, relative fo the. spager, and, 25 the four balls project

outboard of the first and second faces. A first pgiate is in juxtaposition to
the first=face™aid 2ontZRE thé thiree Ul at Sbetontaet-poifts fashioned of
costraining 4ranslationgl and sotationakmovement afithee first plateeA stiil

secong&g@g%§ingHggyy%gggptoggg second plate 18 fashioned of
blocks held by, and secured to, a frams.

According to the invention, yet a further embodiment

of a kinematic mount includes =2 spacer having opposing

20  first and second faces and bores extending therethrough

from the first face to the second face, three balls, and

at least one additicnal ball comprising a fourth ball.

The threes balls and the fourth ball are each disposed in

cne of the bores for rotation relative to the spacer, and

253 the four balls project outboard of the first and second

faces. A first plate is in Juxtaposition *to the first

face and contacts the three balls at six contact peints

constraining translatiocnal and rotationzl movement of the

first plate. 2 second plate 1s in juxtaposition to the

30 second face and contacts the three balls at six contact

peints constraining translational and zrotational movement

of the second plate. The first plate contacts the fouxth

ball at a first contact point, the second plate contacts



- 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
platseontacss WO 2005/107528 PCT/US2004/043761 B thefaurthdoadiarsl
a second contact point, and at least one of the first and second contact

points s, 2 compliant, contact paint, Preferably, the compliant contact point
is provided by an elastomer at thesggrﬂ%ét &%%%%%%w %l?ﬁéﬁaf%frtﬁ afl®®**
and orfé'8f ftre fifst ahtf Sécoritf pRites Fhe slaatémeris earried by omecdfiant
the fourth batl; the first. platec and4besecond plates.imra pastieular point is

embodjment, an glastoplastic material/laye applied to the elastamer. In
a art%ular er%bog{?nent the elasgofnearlcls p%éfvia‘éﬁiﬁcro the form of an°" ="
appliedT4y&r 1f A padictild émbodinient £ #5e firstslatesisorshioridd: from The
a plurality of sigidly: affixed blotksy In-asother embaediment, the secend iy s+

plate js fashioned fram a,plurality.of rigidly-affixed blocks, In yet another
emboéjigmen}t, the first plate is fgshrioned of 1575)Ioék§ held %1)7%%?’1(:1“ é%éjur“e“aen o
to, a fAME IMYEESF EriotHerémbotinfent “thersederid praté isfashiorieesr -
of bloéks heldzby, and secured:tore frame: iGonsistentwith the foregaings 1in

summary. of preferred embodimgnis,and the gnsuing disclosure of pest

modest for 20 practicing the invention, which are to'be taken togetneras™
the disdi§sure6fthelinvention, the hvaftion Hi&o conanmiates etherigidly-
apparatusland methodsembddiments BRIERRESGRIPTION ORIHE clate

DRAWINGS -3 Referring fo the drawings: FIG, 1A is ag,isometric view of |
a prior art klrgematlc mount shown as it would appear locked; FIG. IB'is an
isometric Vigy BF the priordrt kifishaticihbuht of F168 AASHowd aghitoned of
wouldtappear held by, and secured to, a frame. Iin vet still
another embodiment, the second plate 1s Ffashioned of
blocks held by, and secured to, a frame.
Consistent with the foregoing summary of preferred
embodiments and the ensuing disclosure of best modes for
20 practicing the inventicn, which are to be taken together
as the disclosure of the invention, the invention also

contemplates other apparatus and method embodiments.

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

r



30 unlocked; FIG. IC is a top isometric view of a plate of the kinematic
mount shown in FIG. |A; FIG. 1D is a top plan view of the plate of FIG. 1C;
WO 2005/107528 PCT/US2004/043761 S FIG. 2A is a top isometric view
Bf@speingszeonstructed and arranged in accordance with the@rinsipia/oaf7s1
the invention, the spacer having bores for énaintaining balls; 5 FIG. 23 is

an isometric yiew of a,kinematic mpunt constructed and. arranged in
accordance \;yvikfﬁl_\'{[he%inﬁge %)Cf th%gﬁly:ﬁ?igﬁegrlr Shown as itgv%/oulﬁ shacer
appeaf GRRICRET; ® ther kit e At Afgtint In AGERMEFBPE6sitiy Platdcand iheiple
spacerdf EiG. 2Awmaintaining balls disposeackbetween the 10 .platesnklGring
23' is g yeitical sectional view of a ball contacting opposing cavities, in
accordance with the principle of the invention; FIG. 2C is an alternate
embodiment of kinémafic 45 mMaaREESAStrUEEY anll afrakgadiatic mount
accordancecwiththe principte of dhe invention-and shown as itwweulgrincipie

appea, uinlagkeg; FIG: 2D is.apotber aliemate, emhodiment of a

kinematic mount constructed and arranged in accordance “56'With the C<Feds
principté of the ifvehtion BR§Ehowh a8 it WelId Bppidkt UunerEds FIEQEthe
is an isgretic viewidftheZkinematicamount ofFIG 2B shews:as it weuld +he
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 thé kcfrien'fsﬁ)ic méunt, FIG 5& 5 a sidé'elevationdl glewdt thie ball
embodimertc depictedrinElG2Esavities, in accordance with the
principle of the invention;
FIG. 2C 1is an alternate embodiment of & kinematic
15 mount constructed and zrranged in accordance with the
principle of the invention and shown as it would appear
unlocked;
FIG. 2D is another alternate embodiment of a
kinematic mount censtructed and arranged in accordance
20  with the principle of the invention and shown as it would
appear unlocked;
FIG. Z2E is an isometric view of the kinematic mount
of PIG. 2B shown as it would appear locked;
FIG. 2F is an lsometric view of the kinematic mount
25 of FIG. ZE as it would appear asscciated with a spring
assisting in the locking of the kinematic mount;
FIG. 2G is a side elevational view of the embodiment
depicted in FIG. 2E;
FIG., 3A is a partially schematic side elevational
30 wview 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 filat of FIG. 3A by the ball;



FIG. 3A is 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; WO 2005/107528

W6 Tahal5i20R4/043761 10 FIG. 3B is a partially schematic sideetavasionatbst
view of a contact condition including a ball and a track left in a flat from

the ball, in agcordange with the grigcig£g%? the inventjon; 5 FIG. 3%‘ isa,
top plan view of the frack left in fA& gt of FIGS 3B By the Balfin S1evational
accordarice with 2heopiinciplecefthciventionl FiGn8CHs bavértisal a track

sectionalrview,of another contagt eanditigniincluding ahall coated with, 1, .
an 10 elastomer, in_contact with Ejl% coated with an elastomer, in
accordance with the pﬁhcipjle of the”ifvention; FIG. 3D is a vertical

settional vieW 6f afontaét Tohelitiontineluding acbaltlcoated with afit in the
elastomerandr 15 ptatedawithogn elastoplastic shell, ip cantagtwith plating ¢ 1,
appliedzqultg,aq gl%%om}%r co%gplg ona flat, in accordance with the
principcfe"bf the invention: FIG. 4 15 a partially schematic isometric view of

a positioning¥Platfofn incorporatingkinematicmownts 120onstradted nother
and argangedin agsordance witththe,pringiple ofthe invention, HIG. 5AS -y
alrbisogheatgigo\gg\év of a Quildingtg@§k fgg use in co‘Tnst[fucting plates for,

. AT COf owith s o F) Foatead
Kinematic mounts, in “accordance with the principlé of the |nc§/aeneuon;‘?’5th an

FIG. SBi$ hfisémetrie vieww of oppusing pidies fora kinsimatiefount? the
each constructed;from building blocks constructed and arranged in

accordancew@_tthbugglng vertical scctional view of a contact
condition including a ball, ccated with an slastomer and

15 plated with an elastoplastic shell, in contact with
plating applied onto an elastomer coating on a flat, in
zccordance wikth the principle of the invention:

FIG. 4 is a partially schematic isomeiric view of a
pesitioning 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 1n constructing plates for kinematic mounts, 4in
accordance with the principle of the invention;

25 FIG. 5B is an isometric view of opposing plates for a
kinematié mount each constructed from building blocks
constructed and arranged in accordance with the building
block depicted in FIG. 334, with palls 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;

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



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;
Wwig050uisn isometric view of a kinematic mount WO 2005807528 4/043761
PCTIUS2004/043761 11 shown as it woulg appear locked and including

the opposi lates of FIG 5C and a r disposed therebetween ,
incorp%?iig?lng gurl%aﬁqgﬁ#l%acacp& céﬁcés (Ev)\(ﬁ Y eafnpﬁn%fjpﬁ(‘ttau(%}% e iertpesing
5 FIGFP5EG& % paftiafy explddeddsemetricsuievcof thi Kineavatic: hrountofsean
FIG. 5D;klabA is an isemetriciview of-an alternate-embediment ofa, ;1.
building: block for uesnecgn gonstructing plates for kinematic mounts, in
accordance witlh the L principle of the invention; FIG. 6A' is a schematic
representationof & Eortact §aoiiethy Bf therbaildingibloekofiRIG 64, of the
FIG. 6B is=antisemeirie view ofra kinerpatic mount shown as it would

appear unlogked angZ}jnc u%jin% Ig)pp:(l)gi(g&tl& plates each fashioned as an

I S
assembly of the building blocks of FIG. 6A, and a spacer dispb&ed altdrnate

there r'&hd rAaintainiig f6arBalfel irrdccordarieewiits thegpriiciptes ing
of thezdnweation;fels. 6CHsatisometsicivew ofithe kinematic mount; 20 of.+, .
FIG. 6B shown, as it-woyld appear.locked; FIG. 6D is an isometric view of

a kinematic mount_shown as it would %\ppear locked and including balls

positioned betiveert’oppdsing b praies edeh cotmstfrtédnfrom thecontact

building lecks,0bFIGH6A A aLCegdanee withe 25 the principle of the

invention; Flﬁ‘é: 7’%@”‘157%%@;5%81% trrigc\:/iexwisevovf %r}otger kinematic meount
shown as it would appear unlecked and including opposing

15 plates each fashioned as an assembly of the building
blocks of FIG. 6A, and a spacer disposed Ttherebetween and
maintaining four balls, in accordance with the principle
of the invention;

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

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

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

25 the principle of the invention:

FIe5. 7A and 7A’ are disometric wviasws of another
alternate embodiment of a building block Ffor use in
constructing plates for kinematic mounts, in accordance
with the principle of the invention;

30 FIG, 78 is an isometric view of yet another alternate
embodiment of a building block for use in constructing
plates for kinematic wmounts, in accordance with the

principle of the invention;



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
Waoikding kesk for use in constructing plates for kinematic maUBES1p04/043761
accordance with the principle of the invelﬂgon; WO 2005/107528

PCT/US2004/043762 12 FIG. ZCdsan.isomefrc view of akinematic, ...,
mount, constructed and arranged in accordance with the principle of the

inventfSi*ahd EHotn a8% Rotid dppear uAOTRER intiuling oppbsiginoiple
platescdachifashionedtdas an asseniblyof 5 theibuilding blagks=ekFIG1 1B ka4,

and a spacex disposed, therehetween maintaining; fourballs; FIG, 7D is.an -

isgmetric vi%\(v of the kinbe}magc mount Qf FIG._7C shown as it would )
appear 16ck88* FIG 7 ¢ 3n‘iSombtrié Viow dfa kivdtnafic fgut: 18+sposed
showrt asitwetic appeat toeked mndiimeluding ralls positioned between

opposing baseglates each.constrycied :as gnassembly of the building oun ¢
blocks of fli% 7% in haccordan,ce with the principle1 of the invention; FIG.
8A is 8f iSometric view of yet stifl &other “P5 Hiterhafe &fibodiment of a
building blodkifor use in-<constrieting plates forkinematic moumtstin: mount,

accordange. with thewpringiple;of the invention; BIG. BEAS anisQuelic na11s
view of still a furtherba%egnate embodiment of a building block for use in

20 coRStaCHITg plates forkinelHatic o n?%‘?‘ ¥ a&ddrdance *with frE structed
principgle ofthe iivientidny, HG. 8C4s anisometric view!of yetfa filither 78, in

alternate-embostiment of a:building, blockSor pise.in constructing plates for
e i 81 2 frane for 25 g I agesmaln o 2 P O el
15 alternate embodiment of & building block for use in

constructing platez for kinematic mounts, in accordance
with the principle of the invention;

FIG. 8B is an isometric wview of still a further
alternate embediment o©f a building block Ffor use in

20 constructing plates for kinematic mounts, in accordance
with the principle of the invention;

FIG. 8C is =an .isometxic 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 bullding blocks attached

30 to a Iframe;

FIG. B8E is an isometric view of a plate for =

kinematic mount incorporating four buillding Dblocks

attached tc a frame;



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. BE

SRRdsamedsic view of a plate for a kinematic mount incorposatingfauvo43761
building blocks attached to a frame; WO 20051107528

PCT/US2004/043761. 13 FIG. BF.is an Jtéo?netric. view of a plate_for a

. . .. is ., 38n ., 138Q r i £

kinematic mount incorporating six building bfocks attached to Rifarfie: For @

FIG. 9kiﬁa§f?éfé§ﬂﬁj§§a§§éﬁwmétlmy% Damployedaditlyles attached

kinematicameuaieenstructed and arranged in accordance with the

principle of the-inveption, F1G. i0.is an isometric view ofmaF other _

embodiment of a building bloc for usé in constructing platés fopat may be

kiRemEHE REERAtsY i AccordaREBAHHT tHeeprifcipter st thicc tolinventieranged

FIG. linillustrates anembadimentof ansuface cavity. configuration that

may be empiqyed yjth,a baun”di@%r%%ck used to C(r)fnstrugt}qplates for_.

. . o= View . o a =Y T 3 by
kinematic mounts, in accordance with the ‘principle of the invertion: T5° 7% ©F
FIG. 12 isPan 1§0m@trie ik ofyet artdther ‘embotirienicotabuildinges  Tox
block fomese: in construeting iplates-torddnematicinounts, in accordancg +he
wih the, Jpringiple of the invention; FIG. 13 is an isometric view of a
coupling used to 20 interconnect building blocks each constructed and
arranged in‘atordancéWith Thé building Bloekiserforei irFIGriace cavity
form platesiforkinematicimpuntsy inbaceorgangewith ithe pripgiple ofdhe1 ocx
'nvent@}e:dFthc;A’ I%%%%trlcpvig\geosf pl%t(%s fo'}{gnematic mounts, in

‘accordance with the principle of the invention;

15 FIG. 12 is an isometric view of vyet another
embodiment of a bullding block for use in constructing
plates for kinematic mounts, in accordance with the
principle of the invention:

PIG. 13 1s an isometric view of a coupling used to

20  interconnect building blocks each constrncted and arranged
in accordance with the building block set forth in FIG. 12
to form plates for kinemastic mounts, in accocrdance with
the principle of the invention;

FIG. 14 1is 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 Vin
accordance wit the coupler block of FIZ. 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 d1s a vertical sectiocnal wiew of the

compliant surface layer of FIG. 15A;



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 block of FIG.
W8,zmsaccakdance with the principle of the invention; 30 FIGPABBSw® /8761
plan view of a compliant surface layer for introducing compliance to a

kinematic nt; FIG..15B is a vertic | setional view of the compliant
surface Ia)[/T(}?%%'FIb. 15A; %6656657‘1?07%%%8315’/ S?O%”ﬁ/ﬁi%?@l a?L srnate
FIG. ¥z divertical SectionaPPievs ot an aktefrate émbodinient gfrgroducing

compliapt-sudace layerforintreducing. complianee to a kinematic mount;

and FIG. 17 s a schematic representation of a ball 5 contact geometry. .
BEST MODES FOR CARRYING cgﬁﬂi‘“?éﬁ |N\?Efi|er16ﬁ\o‘f%fs°’%585 AT

o
afe kinentatic newisthst are capable of balancing large transitive
magnitudes and tilt 10 changes in natural and artificial. gravity

environments, ang 151 g%%edgr%%n éigﬁg{sﬁ?%iéh%%&ez_g
q y, effi

C sijcfi; o
: T 9E INVENTION ..
displacements, an that aré able to quIC fmenfly%,: an aufor%l%tlcally

re-centering’afté? SGER distéfifaicesidre overewhichrreducestor otherviser e
substantially eliminates:1&-the;demand enractive contigl @versuch and tiit
mpunts and.enstes, gperabiiity of elechropics.agd mechanical systeme. .
over sucﬁ%o.unts. Fsleferrlng no?v to the rawings, in WEICW”ke reFerence~ ’
charagtefs indi€ate céfresporgingelemerits 120 througiHoiitthe segéraissive
viewsgzatiensiesds:first disectedieoF16S. LA-D, whichdlustrate, krralevant:y,
part, a rio_rf At ki@emaTti mount 10, incorpora i{l opposin iri id plates

11 and fZ.alngglgsé% ‘d%cursesigﬁ,ngﬁartéfﬁ faé}cogﬁsiﬁé}rtéd %f‘%s%’%iaa gand "¢
;ﬂa&a22ﬁ§coﬁ@kﬁﬁed@ﬁﬁé@ﬁndﬂﬂa%?ﬁ@fWi5e substantially eliminates

15 the demand on active contrel over such mounts and ensures
operability of electronics and mechanical systems overxr
such mounts.

Referring now to the drawings, in  which like
reference characters indicate corresponding elements

20 throughout the several views, attention is first directed
to FIGS. 1A~D, which illustrate, in relevant part, a priorx
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 coeonsidered a sscond plate.

25 First plate 11 has three cavitiles 13,114,153 formed therein,
which are disposed roughly in an equilateral triangular
array. Second plate 12 carries three thrust bearings or
balls 16a,16k,16c, which are rigidly secured roughly in an
gguilateral triangular array. FIG. 1B shows kinematic

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

respectively. An acceleration field, such as gravity,



25 First 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
wecunsdoapghly in an equilateral triangular array. FIG. 1B Showss2004/643761
kinematic 30 mount 10 as it would appear unlocked, and FIG. IA shows
kinematic @0199}1-%;19%% it anu' a%)ear lotRed, in which balls 16a,16b,16c
rest in and engage Cavities 13,1415, respectively. An acceleration field,
such as gravity; WO 20051:807528"PCT /WS 2004/04376% 1514deks: s, which
kinem@frif m%ﬁﬁéilo- lB@égarHﬁaaaﬂakZ haz\_/f1 pa@ll@ll baﬁ@%@i@fﬁs,lwch the
are eac rpendicular to the direction of the, acceleration field.. Plate 11
is typi%éﬁﬁi%%?é%% i§se%§hsidegr%%t§ bgée ﬁ%té“’.yﬁﬁaﬁégfé”isfﬁﬁ’ees%n@dld is
againsepiatéerebytheaseeletation -field Typichlly,ian objesty whichis inst
not shown <issupeFinipesed @ plate ik and acts as-payioad on plated e+,
The o‘kgé]elcghcap be an instrument, _a fixture, a structural s%p%o_rt, e2tc.“TrC11e ,
payload applied 10 to plate 12 can be augmented with an-additional®™® 3¢t
applietF exterrat ihfiiericks stichZas witha kdratliceassdrblyz al sptingrent
etc. Refarringto-FIGSs 1B andh1€1 cavifyd3ds canical, 1¢avittl4dss appiied
crested, and cavity, 15 is flat. Cayity 13 is , 15 referred to as 2 cone, cavity. . d
14 is referred to as a groove, and cavity 15 IS referfed 0 a5 a plane of =¥ *©
reces§* BAISHG - I6b 6t faces afd até positionablevift valitiess ssembly, a

13,145 regpeetively. When kinematic mount 10 is locked as shown in

FIG. 1A, th gl%rfgce of bgll J.? uches the, 20 surface of cavity 13 at .
three pointsep(‘ér?ﬁ a circle of t%é% pé%tsdggllg Erown’ }p%%/n'?%)g thé stifface™"

of balF£8B “touthesscaifF T4 %t tW pGints; tand the suffbee-of alfitec 13 is
totiches cavity 1588 one paintdhese sixcomtadts is referred to as a

groove, and cavity 15 is referred to as a2 plane or recess.
Bzlls 16a,l6kb,16c face, and are positionable in, cavities
13,14,15, zrespectively. When kinematic mount 10 is locked
as shown in FIG. 1A, the surface of ball 16a ftouches the

20  surface of cavity 13 at three points {or in a circle of
three points called crown points), the surfacs of ball 16b
touches cavity 14 at two points, and the surface of ball
16c touches cavity 15 at one point. These six contact
points are rigid contact points.

25 FIGS. 1C and 1D show the X, ¥, and Z coordinate
system of plate 11. The X axis passss through the center
of cavities 132 and 14, the Y axls passes through the
center of cavity 13 and is perpendicular to the ¥ and 7
axes, and the Z axes 1is perpendicular to the Y axis and

30 parallel to the direction of the azceceleration 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.



points are rigid contact points. 25 FIGS. IC and 1D show the X, Y, and Z
coordinate system of plate 11. The X axis passes through the center of
cavities 13 and 14, the Y axis passes through the center of cavity 13 and

Spespendisplar to the X and Z axes, and the Z axes is perpgntheedayigs7s1
the Y axis and 3D parallel to the direction of the acceleration field. In

some instances, the geometry of plate 111¢an be adapted and arranged
for causing the® tdordindi¥'ta' fasSblef e gebmeri-6&tef bf Paedom to
11. W@2605/167525 RCT/1dS2604/043 661216 Platesiibiang 12t@ach three

have six.degrees of fregdomy, to. move relative to each other, including the
three translations along the X, Y and Z axes, and the three rotations

around fhiérh frameR B roll): O (pitchEemeys BO¢yaw) LiespletivelsThe and

theee eniaghpointshetween. Rall 16a,andisauity 1.3, constrain motion of,
plates 11 and 12 in the three X, Y, and 7 translations. Thus, ball 16a and

cavity 13'arethe piitiafy/dondtraint SFRineRidic TRGGAR10ITHE Bves 11 and
contact pointstthetweersbalk 168 arch 0 Tavity rl< eonstrain motion, ofba11 154

plates 1.a ang.12 {n 8y{pitch) angl.respectively. Ball16a and cayity, 14 are. .

the secondary constraint of kinematic mount™10. Finally, the single

contact PEirit between Ball 182 afa ity 15° tohstrane midtiohdf blakés =nd
Toand:d2iinyB 12 Gyawh SalldEe tranecadty18are as thetertianyn o, (piteh)
constrainfg lﬂn%n tic_mount 10. Those gf ordinary skill will readil .

apprediate ‘that kinematic mount 10 1s rigith and tierdtore@dnhst Balangethe
angulareard taagnityde distirancesiofithes acceteration field functioning +re
to locksplates 11-and-l2 20 togethes.in,accordange with.the, princinles,of ¢

the invention, disclosed herein are preferred embodiments of kinematic
constrains motion of plates 11 and 12 4in 8. (yaw). Ball 1éc

15 and cavity 15 are as the tertiary constraint of kinematic
mount 10, Those of ordinary skill will readily appreciate
that kinematic mount 10 is rigid, and therefore cannot
balance angular and magnitude disturbances of <The
acceleration field functioning to lock plates 11 znd 12

20 together.

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

25  kinematic mounts constructed and arranged in accordance
with the principle of the dinvention include rotating
balls, rotating balls maintained by a spacer positioned
petween opposing plates, and/or redundant contact points
incorporating compliant features in combination with six

30 rigid contact points.

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

seen a spacer 17 for a- kinematie mount. Spacer 17 has



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

opeRtonreude rotating balls, rotating balls maintained by gcspaegb043761
positioned between opposing plates, and/or redundant contact points

incorp%rq;glgichpéiggé,sfef\%%refain g_ombin7ation with six 30 rigid contact
points. dn5|dcer|ng now pre efredért

mbodimahis of i inventien; which are
refererfce B ffitle (O FIGL 2A, dm which thersiisa'seenla spaterdi7ifor a array.

kinematie-mount -Spaeen &7 has WO 2005107528 RCTAU52004/043761 .
17 spherical bores 18a,1Bb,18¢ formed therethrough, which are arranged
roughly in %Fh eqlfl%%?gl tr?&ng%?driarray?p@SFérs 1Jg7a,f8‘o,f§€§5ﬁﬁcre%%i\féf a
therein o rotation o vihfdst bedtirig ot balloSpaceb174s tonstrticted.ef-aal s,
5 substantiallysrigid-eaterial @ combination.of materials, such as.steely . ..
aluminpm, titanium, plgsg%cégegg,éigger 17 can be mtegral%formed, such

as by molding or machining, or fashionéd from & ilirafity of rigidiR affixed °*
parts. T0°Tdrhifig to FREST2stemh2f, ilfustrated isa ukinehtatic nounti 2041y -
incorparating oppostig rigid plates 11A and 11A', respectively. Plates

11A and 11A are.each .identical to plate 11 previously discussed in
c%ﬁunction%w%%ﬁg pri%? arttEL g%%’odirﬁgent aze%ignga%éd 10 ARt 15ts @
be understdsd that'the: preiotis eisessisnof platectinapplies to eacheaf 114
platesadA and11Axddke plate=11,. platesdiA and 11Agachinglude .. __ .,
cavities 13,14,15, i ich for.clarity reference characters 13,14,15 in ’
connef’[cjg(oéri}lrt’LW"i(tz%%Ie:g'zct‘)ev]\[;lEAa\1 ?ﬁco}f%ofa%%{ajessl nations. 2t fespcfigaiyinction
and reférehce éharatersi s, 19515 i1 mearinettiviowitteglatd 11A0d it is to
inGorporate Al designationsst  the previous discussion of plate 11

applies to each of plates 114 and 11A’. Like plate 11,

plates 11A and 11A’ each include cavities 13,14,15, in

which for clarity reference characters 13,14,15 in

connection with plate 11A incorporate A desigrations,

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

connection with plate 11A" incorporate A’ designatiens,
respectively.

Positioned between plates 11A and 112’ is spacer 17

with balls 1%z,19b,1% disposed 1in bores 18a,18b, 18c,

25 respectively. Spacer 17 maintains balls 1%a,18b,1% in a

roughly equilateral triangular array, and balls

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

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

respectively, in which spacer 17 and balls 1%a,19b,16¢

30  constitute a constrained free body subassembly. Spacer 17

has opposing major faces 17A and 17B, in which face 172

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

13A7,14R7 ,15A7 , Balls 1%a,1%b,1%9c are not only free to



respectively. Positioned between plates 11A and 11A' is spacer 17 with
balls 19a,19b,19c disposed in bores 18a,18b,18c, 25 respectively.
Spacer 17 maintains balls 19a,19b,19c in a roughly equilateral triangular

wsayeadshalls 19a,19b,19c are, in accordance with the pripcipiasahiinesisi
invention, free to rotate in bores 18a,18b,hgc, respectively, in which

spacer 1Z nd balks 19a,19hb,19¢ 30 constitbte a constrained free body ‘
subassém %ﬁ? Spacer'T? had opposing major faceEr7Atafy 1783t project
which fage 277 fafes Tawitids/ 23AnT4A 1IBA, aifd-face:17B fagesicavitios are

130 1aRidGRoBalis:19auindoc aa ot gnbuliee 10 WR200907528,,.1,
PCT/L%%ZO%%OQS?M 18 rotate relative to bores 18a,1BDb,18c, they also
Utbc

projec 0atd of fatEs T7R At T8 Wittel? balis2rd, 18b; 19¢ are
diSposed in Bards 185728k 8¢, fespectivaly dialts: 119a,19bja ¢ @reiz=d, as

considered parof spacer 4/, dsBalls 198,120,19¢ are preferably., . . cwnat
equallX-si_zed, @iﬂarebt;?res %ga, b,18c. Bores 18a,18b,18c are

somewhat Targer than halls 193/ 791, 102° tespadtvely: Vitiich perfifts P i ts
bores A8z 810, i1Bcltbraddapt balls 192192 9¢ sand which, permitshallsihich

19a,19b A0c:to rotate selatie tohores. 1@(5'--8@@%480:&9(:3&%Shpcyvsbores
k_Lilaem%ig rgggnﬁgg as it would appear unlocked, and FIG. 2E shows
kinematic ‘mounht 20 as it would appear locked. The separation between
plates 11A I @nd?3pader 17 IS exagheratedfor thedpurpose ofculd appear

illustration & the locked. pesitioninFIG.2E .spacer, 17 -inghuding, balls, . ; 4
19a,19b 19¢, IS gapgwich between plates 11A and 11A', in which balls

'_9a,1°§%t,3f56 rést in gdvitiggelfﬁ,pffﬁiﬁcﬁf reSpactively; of piate ifx did 2nd
in cavRRECA5AL 1428 18R aespectivelis of plate 14AcAn 20 adéélerationion .
field, suchtas gravitye @nsurescthe.logkingrc. 28, spacer 17, including

balls l9a,l9b,19c‘, is sandwiched between plates 114 and
1iar, in  which balls 12&z,18b,19c rest in cavities
13h,14A,158, respectively, of plate 112, and in cavities
15A%, 1487 1347, respectively, of plate 11Aa7 . An
20 acceleraticon field, such as gravity, ensures the locking
of kinesmatic meunt 20. PFlates 11A and 11&" have parallel
back surfaces, which are each perpendicular to the
direction of the aceeleration field. FPlate 113 is
typically firxed, and can be referred to as a base plate.
25 Plate 11A' 1is 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
superimpesed on plate 11A' and acts as payload on plate
11la’. The payload applied to plate 11A’ can be sugmented
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



of kinematic mount 20. Plates 11A and 11A' have parallel back surfaces,
which are each perpendicular to the direction of the acceleration field.
Plate 11A is typically fixed, and can be referred to as a base plate. 25

WwWintgod 1dysigg presented against spacer 17 and spacer 17 is presentedo43761
against plate 11 by the acceleration field. Typically a mass or object,
which is not shown, is superimposed on pkate 11A' and acts as payload

on plate *tEA *1he pagidad appledfirpiate1aa’ RahBE abghfsHteasoiorce
with ah@additienaltextermahinfliencefsuch as witha hitiradlie assembly, aiew

spring,, £t6, £15.80 example.of this, FIGS. 2F and.2G illustrate, kipemalic, 5

mount 20 as it would appear with a spring 25 applied to the back surface

of WO 3805107528 BET/ 82004704576 19%ldte™FEA apblying afiose of
additionaliexternaklockingiforcento kimematic. mowsdt 20 FIGpRGeisiasidethat

elevatignal vieyw .Qf kinematicpount 20 as,it would appear with, spring 25, -
applied to the+“back s_urfaceOof plate 11A" . Those of 5 ordinary skill in the
art will' resdiry aPpretidte tat other devices may be used for augmenting

the locking dfokimematic mourit 20b €onsistentawith the' distussion of ptate’ in
11 made.in. conjunction withthe.gmbedimgnt designated at.10,.and with . ; .,

13% spelcif:ip reference to FIG. 2B, cavities 13A,13A' are each conlcral (.e.,

CohesfPEAVItieS 18A-TAA" &Fe BACR Crested’ (I ¥ Vgiosves) ant Cavifies each
15A,16Arare kach flat: (iexpplanescortetesses)iWhen kinematieamount sted
20is locked as in FIGS;)2E and:2F, the ball 19a taughgs the 15 sufage ¢ .+

of cavity 13A at three IJ;oints and the surface of cavity 15A' at one point,

ball 198 tSucheR &Ity 14A &F o Fihts and fHe SUrTARE bf Calif 14A4: *5
two pdintssednd:ball £9¢ IGiichestcavity 18/ at one peihl aldthe: surface the

afscavity 1B3W At IRrege.ROS. 132 at three points and the surface of
cavity 15A’ at one point, ball 19 touches cavity 14A at
two peints and the surface of cavity 14A°7 alt two points,
and ball 18c¢ touches cavity 15A at one point and <the
surface of cavity 13A"7 at three points.

20 Cavity 13 can be formed as a triangular prism, a
mﬁlti—angular prism, or as a lofted surface rather than a
cone, if desired. As a matter of example, FIG. 2B’ shows
ball 19a toﬁching the surface of cavity 15A' at one point,
and touching a lofted surface 8 of cavity 8’ &t three

25 points. In this respect, 1t is to be understood that
cavity 8’, which is characterized by lofted surface 3, may
replace cavities 13A and 13A", if desired. .

There are six. contact polnts betwsen  balls
18a,1%b,1% and plate 1132, and six contact points between

30 balls 19a,19b,1%2c and plate 11A7, The three contact
points between ball 1% and cavity 13A and the three
contact points between ball 19%¢ and cavity 132’ constrain

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



20 Cavity 13 can be formed as a triangular prism, a multi-angular prism,
or as a lofted surface rather than a cone, if desired. As a matter of
example, FIG. 25' shows ball 19a touching the surface of cavity 15A" at

WwaeRRINsANd touching a lofted surface S of cavity S' at three2beinigs761
In this respect, it is to be understood that cavity S', which is characterized

by lofted surface 5, may_ E{gglace, cavities4BA and 13A!, if desired. There

are six contacffSinfs Béteers bafld 519a, £90: 198 PPt tTA anddix  and
contaétapdints’betwekr-30-balls 194,19 i0cand plate LiIA - Fhethree imary

contaci-poipts between balll9a and,cayity 13A andythe three. contact . . .
points bectv\é\éeeen ball 191cggnd cavity 13A' constrain motion of plates 11A

and 11K~ 1e&Petlively i the threa Wiy 2008/ B35 two contact points
PETIUS2064/043764 120 X, Y#and Zardnslationsi Ball 1984drid cavityogether

13A, and, halk 19¢.and cavity A3A s together copstitute the, pemary, 3 11a-

constraint of kinematic mount 20. The two contact points between ball 19b
and cAVEF 1R dfd ¥he o kit pointe BhefwéeniBall 19bBmid cavity and
14A', together constrainfretardamotion®f p'aates drandy11A4ar ,  together

respecively; in,8Y (pitch) and,0.(rol). Ball.19a and cavity 144, andball
19a and cavity 14A, together constitute the secondary constraint ot

kilemétie thotint 20:*10°Fihafy, the'shigle cBhtadt pbiritisetivesa all 1 Ta and
and cawity:}5A'Trid theisingte eantact peintthetwesn ball i9e .and cavity 1oc

15A copgtraingmotion of plates 114 and 1A, respectively, in 8, (vaw).
Ball 19a and cavity 15A', and ball 19¢ and éélvitgj/ 15%:f%tg/get “e?? am} LA
constififterthelteraiany 15cdhstraint of kiferhtié thownti20: Bedcausesballs and

19a,19k:i9c ave nehaigidly affixed»but. are rather freesto rofate relative 193,
bgres 182,180, 18c, kinematic mount 20,1s, i accordance with the

Because bells 1%2a,19%b,18¢ are not rigidly affixed,

but are rather free to rotate relative +to  bores

18a,18b,18c, kinematic mount 2¢ is, in accordance with the

principle of the invention, compliant. This compliance

20 permits kinematic mount 20 to dynamically and

automatically balance angular and magnitude disturbances

in the acceleration field. During balancing events, the

nature of the moticn of kinematic mount 20 is mized

becavse the rotdtion of ball 1%b between cavities 14A,143a7

25 is noen-holonomic in nature {i.e., a reduced-friction

rotaticon), and the rotation of balls 19%z2,19c is holonomic

in nature (i.e., an increased-friction rotation). In

other words, balls 1%a,1% encounter more fricktion at

their contact points when they rotate than doesg ball 19b.

30 Frictien at balls 1%a,1%c imparts damping to kinematic

mount 20, and causes kinematic mount 20 to automatically

re~center after balancing events, in accordance with the

principle of the invention. Kinematic mount 20 is,



principle of the invention, compliant. This compliance 20 permits kinematic
mount 20 to dynamically and automatically balance angular and
magnitude disturbances in the acceleration field. During balancing
weenis/the:anature of the motion of kinematic mount 20 is mixeduvbsoauses1
the rotation of ball 19b between cavities %,14A‘ 25 is non-holonomic in
nature.(i.e., a reduced-friction ., rotation),. the rotation of balls 19a,19c
is holo%(%erﬁciec% in hatdre (ie., an ?ﬁl&%ja%eﬁjff?ﬁﬂ%%lr%tgﬁgn% 1N Sthet wordse"™
balls 192l PoeeHEGtHtEr tnoTe frietioRcat their cohtactpeiniSwhdrthey
rotate than does balt 19b.30d47riction=zatiballs 19adlcimparts dampeing 40 non -
kinematic _mount 20, and, causes kinematic mount 20 to automaticall ,
re-cen%é)? gﬁgrrnllacélanicﬁ\g E%/gnts%# g(g:érd?dariscuerv%tﬁetﬁe B%incﬁ%)]ljéa of ﬁ%) c8ing
inventioh Kinematit maurit 26 is, Wé& 2005/107528:- PCHEI52004/048764 1 Lel
21 therefore; asnon-helonomiekirematicmount due-to the:nen-holonomic, 11
nature of the rotation of gaILsn%Q%al%E. The rotation of a,ball of kinematic .
mount 20 is non- holonomic if the abutting Surfaces of the opposing 5 & - "2
cavitiesstsiates 1A, 134l i totithestdre parsiiet tetativestordne ancthefzces |
The axiswof rotatien of arbalb extends through:the balltbeiween the twa 11 o+
tact points, bet he ball and the opposing parallel surfaces. Thus, .
he ron-holuor Shaactenctc oA ball o 10 Kn At et 7o, 7 Tozec
namely ZtHe tfitoriditisharn fedifced- fiction refatibn e bafl ofkireimatie:  1s
mounte2Gise ensued oy itthe surfaces-of the caviliesof plates of piates
11A,11A;t all ch e llel relative to one .another, Moreover,
the ho%o%dﬁ%? chzi%%te%%% on 3 %IklllelsS Sfﬁﬁnegﬁﬁgtal% }fﬁgunﬁ 92105 tn"la"n%eéf’ one
the coR8itidifd, incleased =frictibhfrotaticn ortrball of kifematit moant 200211
i3 senstifed onlyif-the surfaces of the savitiesiofplatesiitional, increased-

friction rotation of 2z ball of ¥inematic mount 20, is

ensured only if the surfaces of the cavities of plates

11A,1%A" it touches are not parallel +o one ancther.

Unconditional, reduced-friction rotation of ball 19 of

20  kinematic mount 20 is achieved because +The surfaces of

cavity 142 it touches are parallel o the surfaces of
cavity 147 it touches.

Unconditional, increased-friction rotation of a ball

of & kinematic mount constructed and arranged in

25 accordance with the principle of the invention is achieved

by orienting plates 11A,1127 and pcsifioning a ball

batween opposing cavities 14A,1437 as in kinematic mount

20. Unconditicnal, 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

crienting plates 11A,11A' and positioning a ball batween

oppesing cavities 15A,154" as in the embodiment of

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



IIA,21A" it touches are not parallel to one another. Unconditional,
reduced-friction rotation of ball i9b of 20 kinematic mount 20 is achieved
because the surfaces of cavity 14A it touches are parallel to the surfaces
afoandty 44\ it touches. Unconditional, increased-friction rotationsfvavaatst
of a kinematic mount constructed and arranged in 25 accordance with the

principle, of the,invention is achisyed by ofienting,plates 11ANIA'and
positioning a ball between opposing Gaities TAR 1A s RinerRatic’ 2T teus

mount® 287 Uicoritlifiord], iftTéas&d-frictionrea baiiref & Kinemticmictuniz 11
constructed: and=arranged indccardanse:3Q:with-therprneiple of therations .

invention is alse.achieved by arienting plates. 11A,11A" and positioning a_
ball between opposing caE\D/iticels”15A,l%A' gs?;]}é'e é#ﬁgc?&?ﬁ%mﬁt“oﬁc‘ e 21
kinemafic oGt 21 FIGL 2.1t to B finderstoad WOR0052107528 balls

PCT/IUS2004/043761 22+thatiplatesdtAql bAneaneachincorporate piztes
varioug; gombinations of cavities for proyiding non:holonomic all, .. .

rotations, and a selected number holonomic ball rotations. Referring
specifftaTy 16 FIEIE Skifigiidticihotint 21 B9RcludRs plafes T 1AT1 ALY 192
and spaceht? niaiataning:balls 195 ¥9b 192 An this embediments znd the

designated.21, plates, 11A, 114 are orientated relative.to spacer 17 such
that when kinematic mount 21 is locked the%urface’ofﬂbgll 155 %ﬁchoegs balil

the suffate TEaVity 15 af thréé&hofrits B the - surface bPeavitjfage of
at twogoints; thésurface diball LObrtosiches ¢avity: 14Aat:two poits andioc

the surface;@f, cayify 434 &l three painfs,;and the syrface of ball19¢ ;.
touches cavity 15A at one point and the surface of cavity 15A"at one
point. 15"And s fif tH& &ffbodiment of the kinematic mount designated at

ZFthere are’gix comntact poinfsshetweeniment of the kinematic mount
designated at 21 there are six contact points between
balls 18a,19,1%c and plate 112, and siz contact podints
between balls 18a,19%,19c and plate 114’7, The three
contact points between ball 19a and cavity 13A and the

20 three contact peoints between ball 19c¢ and cavity 1324’
constrain motion of plates 11A and 11A" in the three X, Y,
and % ‘trenslations, respectively. Thus, bell 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 1447
together constrain motion of plates 11A and 11A7,
respectively, in B,(pitch} and 64(roll). Ball 1% and
cavity 143, and ball 1% and cavity 14A’, together

30 constitute the secondary constraint of kinematic mount 21.
Finally, the single contact point between ball 19c¢ and
cavity 15A' and the single contact point between ball 19«

and cavity 15A constrain motion of plates 114 and 11a',



balls 19a,19b,19¢c and plate 111, and six contact points between balls
19a,i9b,19c and plate 11A'. The three contact points between ball 19a and
cavity 13A and the 20 three contact points between ball 19c and cavity
W oe@asteain motion of plates 11A and 11A' in the three X p¥y/esmod/o43761
translations, respectively. Thus, ball 19a and cavity 13A, and ball 19¢ and
cavity 13A', together constitute the primaﬁ? constraint of kinematic mount
21. 25'THe tWo contdet points bEteen bAR19bkifd EAVity “BHA Bhdl e - and
two contdét pointsabetweeri ball 19, andgavity 144 togetheeCconstraity tiary
motion.gf.plates 1A and 11A;, fespectively, in Oy(pjtch) and,0;(roll). Bajl .,
19b and  cavity 14A, and ball 19a and cavity 14A", together 30 constitute = =
~ the seédﬁd&?;/éc&r%gtrﬁiﬁ‘?of‘ﬁff‘.eﬁféii’c%uﬁ@ii‘ielﬂinaw,tthé@ngqéther free
contact point tretweenlsdll $19c and beavity 154, and the singte €oMact mount
point between ball 19¢; and.cavity 15A constrain motion 01::1%;1;;[% L1A and .
11A', WO 2005/107528 PCT/US2004/043761 23 respectively, in e ya\%)
Ball 19¢° AR Cavify/ TEACANE" Ball 196 Atk caffty 15ATtoGativer tbpshtience s
the tertiary téenstraint'efrkkinemmatic irdunt 20. Because-balle=19a19b9G ie s
are not eigjdlyzaffixed; bubare rather free 2 to rotate.felative fa bores ., 5,
80a,].Bb,1b8c:, kinematic mount_21 is compliant and is able to dynamicaﬁly

£

and attomatidally’baBhcé angaar and maghitidd distirbaRdss iftthaature.
accelefationdield. Theosatfaceslof cavities tESA:EoA: |, balkl9c teuches aremi c
parallel 1g.0ne-another:As 10 such, rotation of ball 19c is non-holonomic

in nature. Kinematic mount 21 isz,,Dtherefore, a non-holonomic kinematic
mount. Regarding FIG? 2D & kinematit miodiit3s \ihitR18  comstrubtetrh 15
and arrangédin getordance withotive principlecd&obthevihventian, principle
im@Ud%ipEH§Sﬂﬂ%&ﬁﬂf&n§HQ§@§§§é;7plates 112,112, and spacer 17

including balls 1%a,16b,19¢c. In  this embodiment

nd

designated at 22, plates 11A,11A' are orientared relative
to spacer 17 such that when kinematic mount 21 is locked
the surface of ball 19%a touches the surface of cavity 132

20 at three points and the surface of cavity 13A' at three
points, the surface of ball 1% touches cavity 14A at two
points and the surface of cavity 15A’ at one point, and
the surface of ball 18c touches cavity 15A at one point
and the surface of cavity 144’ at two points.

25 And 30 in the embodiment of the kinematic mount
designated at 22 there are six contact points between
balls 1%a,19,1% and plate 11A, and six contact points
between balls 19a,18%:,1% and plate 11Rn'. The three
contact points between ball 1% and cavity 132 and the

30 three contact peints beitween ball 19 and cavity 13327
constrain motion of plates 112 and 11A', respectively, in
the three X, Y, and 2 translations. Thus, ball 19%a and
cavity 13A, and ball 1% and cavity 1327, together



including balls 19a,19b,19c. In this embodiment designated at 22, plates
11A,11A" are orientated relative to spacer 17 such that when kinematic
mount 21 is locked the surface of ball 19a touches the surface of cavity

*3fe@2/adAhkee points and the surface of cavity 13A' at threepoiRsIcHR 3761
surface of ball 19b touches cavity 14A at two points and the surface of

cavity 15A’ at one paint, and. the surface of ball 19¢ touches cavity 15A at
one po(fr?tn%h%gt e s?;trggcé) 6%‘%3\5?& TR st twd Eof’nﬁs.%’gﬁnﬁ“ &6 et =2-
embodifent i theKinematic mount edesignated at 2%there arewsiky 144 and

contact peints:betweenbalis:I9a:19h,19¢ and plate 11A-and six.contagt 1 45 -
points bet(\a/\%%%q balls 19a,19b,19c¢c al[qckglate 11A'. The thre?_ contact
3

points betweas ball 183 and cavity 13K andthe 30 fhreé contact golfits 12»" -
betweer radictSaand cavity 43401 cohstraimmotionof plates llAzand T11A', ang

respeclively,jn ;e thieg X, ,angh¢ translafions, Thus, ball 19a.and, .. .
cavity 13A, and _baI[ 19a and c_“aV|t¥el3A', together WO 2005/107528

PCT/USS00410%3761> 24 8RSttt the FRifnary con&tiaint’of kifematity the
mount221g Thedwo: eohtastpointsdietarentball 19brandtaavityr 144 and’ and

the twe contagt paints-heween,pall 19¢ and cavify, 14A; togeher ... v 155
constrain motion of plates 11A and 11A', 5 respectively, in 8y(pitch) and ‘

C]J,(?rolﬁfﬁsaﬁ*f%l afd taity 14N, Hricfbait 1 98 Mhd-davity TAAESEbhEhttife 17
the seizandany. constraintcef kinematic:mpuri22. Binallyathe singlend cavity
contact ppint hetween ball 19b and cavity 15A" and. the single contact

L

point between ball 19¢ and cavity 15A 10 constrain motion of plates IA™  ©F
and 1FATEESSECtVERATHR 8Z{yaw). Bal 190 ahefléavity E5A' Yantdsallage not
and cavityi d5A, 10gether, censtitute the tertiary eepstraintafs kinematic i ve +o

Tguntbzozre%eq%%s% pr?‘,"?ﬁjf‘g,a’%?rt?é%nga %rce Ir‘.llgglr{laglqu %Lfgxec,%h?z%tlgget and 1is
rather free to rotafe relative'to
able to dynamically and automatically balance angular and
magnitude disturbances in the acceleration field. HNone of
the surfaces of the cavities of plates 11A&,1127 balls
1%a,1%b,159¢c touch are parallel to one ancther.
20 Accordingly, the rotatlions of balls 19z,19,1%¢ are non-
holenomic in nature. Kinematlic mount 22 1is, therefore, a
non-holeoncmic 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 a2 ball 31 in contact with a
surface ox flat 32, in accordance with the principle of
the dnvention. Contact condition 30 may be used for one
or more surféce contact points between one or more of the
30 Dballs and cavities of the preferred embodiments of
kinematic mounts disclesed herein, including kinematic
mounts 20,21,22 of the invention as previously disclosed

and ensuing preferred embodiments. In the representation



15 bores 18a,18b,18c, kinematic mount 22 is compliant and is able to
dynamically and automatically balance angular and magnitude
disturbances in the acceleration field. None of the surfaces of the cavities
wipledesoisbA A" balls 19a,19b,19c¢ touch are parallel to onerrwtiser) 293751
Accordingly, the rotations of balls 19a,19t7),,190 are non- holonomic in

nature, Kinemafic, moupt 22,is, tl;a]et;_eg%l;:e,géieanl:lrghg_l‘rOr(LOTLC KInematc, .1,
mount. Having described exemplary embodiments if kinematic mounts” 2

designited W20, TE itf22 2AttERGoT IS ndwa 25 Hireetedkto FIG G3Ase ball
which Hlustrates a=¢entaet cenditionsesignated at30sinchding a-balb 31 dm: on

contact with, 8 suface, ot flat 32 in aceordange with the princigle of the .
invention. Contact condition 30 may be used for one or more surface

cohta& 5t beRiden dhe'sr MdTE of the 30WalRs 4Ad tavitiesdfitie causes
preferted embediménts of kifrematicrmounts gisclosed hereirs ipelygingro =

kinematic mounts;20,21.22 of the invention aspreviously disclosed, and
ensuing p(r:efgrred ren?gn%t%gdimcﬁag”r{)t_s% In the represéntaﬁ ‘?1“\7]V"620“0C571§%528
PCT/US2004/545761 195 depictedfin'MIG 315 t forciile iipgiise i mppiiddase
to balle81tditécting balh:81fagainst flav 32-s0 as tewcarise bakll 3140 createria+

anyindent gr fqotpant.34.In Hat.32, which, cap,alzg be seenjntopplan . o . .
view in FIG. 3A" . In this 5 examéﬁle,‘ all 31 is more rigid than flat é’. W?‘IICh
caused fdtprint 326N In Surfatb 32 firesponsé 6 & forcitedition 30

impulses appliechtacbali:31 agairist-flat 32nRrefesably, flat 32 is-elastic; ikbn  of
which %@Je% ﬁ£@£3l3f@’0n§ fiat 32 foptprint 34 Wlllmrggzg_)iyer @991 flat, .
10 32 will take on its original shape. If flat 32 was not e(Tastlc, footprint 34

will refi§3IR" CAitact tondifion 30! is BFEEMPhant eBntaeféonativh, diger of
ihfroduetion tfnecentact wonditiomt3® into a kinematic mouant fkinematie vent s .

Although flat 32 is more rigid than ball 31, this can be
reversed in an alternate embodiment of contact condition
30.  In the case in which ball 31 is less rigid than flat .
3?2, an indentation would form in the ball 21 surface,

20  rather than £lat 32z, In this respect, ball 31 can be
formed of an elastomer material, 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 1is ancther 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 betwsen one or more of tha balls and

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

preferred embodiments. In the representation depicted in



mount 20, 21, or 22) provides an additional layer of 15 compliance and
further improves balancing events. Although flat 32 is more rigid than ball
31, this can be reversed in an alternate embodiment of contact condition
Wwo.dutherease in which ball 31 is less rigid than flat. 32, an mdertatians3761
would form in the ball 31 surface, 20 rather than flat 32. In this respect,

ball 3 n fo an elastomer niaterial, or a pluraljty of , _
elasto]an%lrj m%%ériglf#w%v ich case Tial 32 hade'6F a matérisfthatig &<t ion
more AgRLEHEFBaltB1t REichiarsted], 1 afumihumdete. 254nHG: 3Brulse is

illustrateddis.anothey ceptactcondition. designated at40.including hall3L : . -
in contactwith flat 32, in accorda caelvyitg {hq grincigle of the invention. =
Contact condition 40 may be used 16 ond or mora surface” cORtE&t Points 2*
betweeh orié or ficre ofthe Balidharith B0 whvitiessoftherpréferted plan view
embodiments of kinematicsmeunts disclosed hegein, incluging kinematic.s -

mounts %g,Zle of tkgeinvention as Jprevigusl Ydi closed and ensuin ,
preferred embodiments. in the represemation %/I‘e%?ctéﬂlijh and opposing

2005/207528°PC FII52004/043 761126 - FRG 3B, bBHSB1 istdving agfosss a
flat 32¢ircthe directionsindicatad bystbe atrewed lineAand.aforcibl@crnt st ion
ippulse js. concurrently applied to ball 31 directing pall 31 against flat 32
soasto ca%sénball 31 t0 }:lre‘ate an ?n éﬁ]t%ﬁctafgé 513239%1 frfto%%at@sz, Which "¢
can alsoHe $eeh irf t6pplan-VieW 11 FIG.238". A8 séen ImFIG3mxracics of
39 includes a-head comtour-88, aneppasingtapered-tail-38; and Hppasing: -,
parallgl sides 37 therebetween, Head contour 35 is a_fron{ halfofa
dynamic, or jr%sstaﬁtane’c;:lfseiglhdgnfqtiqﬁaf% foGtprint gé?wm“c i’él%rhpﬁé‘ac OVEE-
Track39 iffrraftintetoverdd stdtel in Which tHiF38 is i the procéss ofhich
recovernge=in thecase wpwhich flak32 iselastier 32 in response to a

forcible impulse applied to ball 31 against flat 32 as it

moves thereacross. Flat 32 is elastic in the preferred

embodiment, 4in which track 39 will recover after ball

released from f£liat 32, and Flat 22 will take on its

20 original shape. If flat 32 is not elastic, track 39 will

remain. - Furthermore, if £lat 32 is made of matasrials

having any plasticity characteristics, track 3¢ will

remain in Zlat 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 cptics.

Referring now to FIG. 3C, vyet another contacth

condition 41 iz shown, which incliudes 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 sne or

more of the balls and cavities o©f the preferred

enbodiments of kinematic mounts disclosed herein,



which is preferred, the tracking in FTC. 3B will recover. In this example,
ball 31 is more rigid than flat 32, which 15 causes track 39 to form in flat
32 in response to a forcible impulse applied to ball 31 against flat 32 as it

woyes/hesaacross. Flat 32 is elastic in the preferred embodigentz04/043761
which track 39 will recover after ball released from flat 32, and flat 32 will

take on its 2Q.original shape. If flat 32 is ot elastic, track 39 will remain.
Furthéirrrlr?or%,‘l' at%ﬁrﬁ%mr%géﬁ% o??ﬁ‘é)tzcesr’ial‘%ohéeﬂnzgzan%f plasficityvention as
charaétetisties StriackBg wilt sfenain ¢h frat 321 Rermanént tratkinghisdiments .

desirable for: kinamatic maountsused forsgismic and blastprotection25; 4,
but anggr @r&crgsio positilgrﬂ'qgi'g semiconductor Lndustr)éion in optics.

Referring now to FIG.3C, yet anbther conhtact “Cordifibn 1 isShowis, coated

whichAclidést a figicts bat3 &d o figid siefateor flat®5,df aecotdance 44 .
with the: 38xprinciple-ef the iavention:Contact candifion4L Mmay, be ysed,: .,
for ong_or more sIurfagen%%nt&cct) I|;Ja()£n_'[s ggtv_yeen_ong or_more of th_e bglls .
and cavities of the préferred embodiments of Rinematie motts discioded Hhe
hereirf, Wy 28057107528 BC TAIS 2004/043763C27 indladirigKineimatid se  1s
mounts:20,24422 of theinvention as: previedsly disclosed,and@ensuing oo s
referred odi S. this embodiment, an elastomer js appliedto
Erﬁl 4§%n gt%b%rr?]ﬁ %?%1 sé#;" ayer 42 and flat> fﬁsnglsgrcofa?é)§ @r\%v‘TtE an® *»
elastotéFrmateriak ifthe'form o layer Y Livayeks 42 ard ddeareleach 44,
appliethby sprayingsspreading, okdthersenventignal coating teghnique.  ; -
In the niation depicted.in FIG, 3C,.a fqrcible impulse is applied to
ball 42 %%%%%ﬁa{%gﬁ %lﬁ aEg);Hazl‘;Iihstsl f[?até 45 sé*élsui%rt%l%@gﬁsgj bal 4% tsc? Fc):reBaé“:n%ause
an inderftor f0otpANtAS iR Hflati4s, stk e paricutarly! in efastonemt 46,

lByer 44d any deformation in elastomer layer 42, will fully

recover upon removal of ball 43 from flat 45. The

provision of elastomer layer 42 on ball 43 and elastomer

layer 44 on Zflat 45 introduce compliance in the contact

between ball 43 and flat 45. Contact conditicn 41 is a

20 compliant contact condition, and introduction of contack

condition 41 into & 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 inventicn,

25 FIG. 3D dillustrates still yet another improved contact

condition designated at 49 may be used for one or more

surface contact points Eetwaan one or more of the balls

and cavities of the preferred embodiments of kinematic

mounts disciosed  herein, including kinematic mounts

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

ensulng 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



The deformation of elastomer layers 42 and 44 is exaggerated in FIG. 3C
for illustrative purposes. Because flat 45 is coated with elastomer layer
44, footprint 46, 15 and any deformation in elastomer layer 42, will fully

VeGoNEWpeR removal of ball 43 from flat 45. The provision qiglastamehs¢
layer 42 on ball 43 and elastomer layer 44 on flat 45 introduce

complig;cgtig | the contact . between ba}ll 43%and flat 45. Contact condition
41 is a 20 compliant’ &ontact conditiorr, Snd iitFBdufion’f cotaét Laver 42a
conditi®PRd tiftoca kinethatie iount ¢kinematic mount20,2 212 0r 22) the form

provides an agdditionaldayer of complianceand, further imprpyes balanging,
eventsArlln(;glccsggdggge .vylltr%;ge PQQCIM% of tbe_lnver;tlon,, 25 FIG. 3

illustrates Still Vet another improved contdet “eshditidntesigharidtatage flat
may béusetfor Bhesdriiore - sgiface tohtactzioints betweenmane,or moreyer

of the balls aad eayitiesof the preferredembodiments ofkinematic, 45
mountgj.drlggltoesgdahgr%er{g,Elnpklé(%lnggqne;matlc,mounts 30 20,21,22 of the

invention as previously disclosed ant enstillg préferradenibodimerg=x 472
The cdritaét'coifditioi 49+ it F1G. 3BYsicharacterizedduy a Tigid bathd8 45 is

coated Wit twe diserete-malerials,tone atop:tne otber.namely,.an WO . .. 4
%05/%9175g§GPC'5/5J5200#94(?2][?1&1 28 elas1t9mer, material in the form of a

shelllayer 42a coatingball 43°and an elkstopfastié mateHaISH thefoalof 42

a shelfifeyet 474 cobting eldsStontersshielilayéi 4Ra. 4n efastomer indhe sma11l

 form of alayer42bis applieg-toflats 4asand.an elastaplastio materialing 4,
b T ol (o e o S e -
elastopfasticRyer 4AP Flat Wsis rigid #F thislembodiment tnithe ¢7a  and
representatiopidepicted 204n FIG: 3D, farcible impulse is applied toball -
43 elastomer layer 4Za and elastomer layer 42h, respectiully,
providing compliance. If desired, one of elastoplastic
layers 47a and 47b can be eliminated, if desired. Contact
condition 49 is wuseful in kinematic mounte employed in
20 positioning table applicatiocns, manipulator base
applicatiens, and other similar applications. Contact
condition 4% 1s a compliant contact condition, and
introduction of contact condition 49 into a kinemétic
mount {kinematlic mount 20, 21, ox 22) provides an
25 additional layer of compliance and Ffurther 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 35 opposing manipulator base 53, manipulator arms 54,

and a mount space 52 between base structure 51 and



directing ball 43 against flat 45 forming a small footprint 48. Footprint 48

is a deformation formed in elastoplastic layer 47B and elastomer layer

42b. Itis to be understood that elastoplastic layer 47a and 15
elosioplastigslayer 47b distribute the contact stresses of elastemesiamars7ei
42a and elastomer layer 42b, respectfull roviding compliance. If

%
desired..qne of glastoplastic. layers .47 47b can be eliminated, if
desired. Contact condition 49 is us'é?'u%@fneeﬁgﬁg%éuE)t%“é}mﬁﬁ)]i/ue%ti‘h‘e o1
20 positiGHmg tabiE applicafiohs “ifHipdlaksrbase applicetibris; andspace 52
other sintilersapplieations: Contact conditien 4948 acomplianteantagt, cacn

condition, and, iptraduction of contact.condition 49 into a kinematic mount
(kinematic mount 20, 21, or 22) provides Sr?‘“z%fgaaﬁr%n‘&%“ye?%? xnvention
compliGhice and flirthrHniFove®°Balahcing evehtd.2As a niatter ofsupporting
examplerofrarl applicatier of the kinematic:mounts:of the ipventian,, payiozd

reference is noyv made to, EIG. 4, in which there is seen a positioning _

platform 30 assembly 50 in?:orpo%)atin a aé%eé st?gpnfr%y ,aéoj manipulator
base 535 BVelyirig base sftubtuiré51caFatoat Bdse 86 oppdsing gravity.
maniptifaterbase 58; manipulator-atms &4, ang a-neL, SPaAGe 52 ccordance
betwegnibasesirugture 51 and WO,2005(107528 PCT/US2004/043761 ,

29 manipulator base 53. In this example, base structure 51S?ﬁ85rp6f‘aterse
three Kifeni&tc ABUHE didposEdiatst spiice 52 MEetiveet bage structirl d is
51 and-aniputator baBeis3, eachcconstructedant-arangenthd is hignly

accordange with.the invention 5 (i.e., kinematic moynts 20,21,22), for __ .
supporting manipulator base 53. Manipulator arms 54 position %ayloac? E

base 55 52t thé 16 Surfdcd BY payicatl BH¥ess53$ /pekpeidiesitarto ahenses)
dcceleratiopfields rsuich assgravityp Kinematic: mounts:eenstaucted antbtact ed
arranged i acGordaNCe 4 terrorist induced blast events. Although
the kinematic mounts of the invention have wide
application in heavy load applications, such as large
equipment applications, they may be used in small light
20 load applications, such as scienbific and educabtional
equipment, semiconductor applications, and other light

load applications.
In accordance with the principle of the invention,
the plates of the kinematic mounts constructed and
25 arranged in accordance with the principle of the invention
can be made as assemblies of building blocks. FIG., 5a
illustrates an exemplary embodiment of Just such a
building block, which 1is designated ganerally at &0.
Depending on specific applications and needs, block 60 can
30 be elastic, elastoplastic, oz rigid, Block 60 can be
integrally formed, or fashioned as an assembly of two or
more rigidly-affixed parts, and this applies not orly to
block 60 but alse to all ensuing preferred building bleck



10 with the principle of the invention in space 52 reduce control demand

of arms 54 when the acceleration field is disturbed. This reduction in

control demand is highly desirable in anchored sea-based rigs, large
seagoig7siips, large ground-based antennas, telescopes, Istises2d5/043761
mirrors and laser weaponry, which need to be protected from seismic and
terrorisegr@ggfgg&lgst events. Although th& kinematic mounts of the

invention have wide application in heavy load applications, such as large
equipment apphiehtidis, fifeymay berased insalldight 20doadrd has non-
applicatiensgsueh.as: seientific.and,gdusagtional, fquipment.) surfaces 61a
semicgggucgq%a}ppg%a(,it_iog% and other Iith Io'?d applications. In

accordance with the princip e of the ir?vae'“natlolhef the %Téft‘?é%eogf the Rinéfidtic® -

mounts*dristicted and b drténgeerirrascortiance with theqrindpleofs  of
the invention can,be made asrassemblies:of building hlocksaFlG:Saize  +he

ilustr , exe e i t of just such ilding blqck, which

is desﬁ%%%%%er%%%gatggg%dﬁge}ggng?dg on%lsiﬁggfi(t:% gpﬁﬁ‘ggtic?ﬁ%sancc?pom ng
needs™Block G%EEQﬁ 30%e €astict ehastoplastiea oFf Figit! Blockds05ddn berhich
integralby formedy orfashioned-as aniassembly-Qf-tnos0Or dB8ree considered
rigidly-affix this applies not only to_block 60 but also tg all .
ei?suineg%re@’%%%ﬁ&%& biock v%é)’zﬁé}"éllib 28 PC |1?5£‘d§4/é%%’76‘3[h""c“
30 embodifiierts. BRSGK 669s Bdiscréts, Mddutdrantt, andhasnorrnsidered
mating stifaces f namely,foppaesing parallel.surfacess6ia and Bdbrapdy, o«

opposing parallel surfaces.62a and 620, 5 Surfaces 61a and 61b .
charag:teri%?the opposing Jénds ofg% oc a60, anﬁd)li %ﬁrfa%céa?gzé%chkd 8§b TS oe
charalterize the® Opposing Rfie<6F ek 60 Blbek 60 Bise: hat opposingoyed
major faces 0atanctb60b. StrfagesiGlarandi6lb, whieBove/cone is Formea

into surface 60b, which is characterized by opposing,
inwardly directed surfaces 63 and 64 that meet at a groove
line €5, which is perpendicular to axis ¥ and slanted
downwardly relative to the X-Y plane from surface 6la to

20  surface 61b.
Opposing surfaces 60k’ and 60b” on either side of the
groove reside in the same plane, which, 1like groove line
65, is similarly slanted zrelative %o the ¥-Y plane.
Moreover, bleock B0 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 i1s generally defined by edge 68 length and edge 69
length in the X and Y coordinates, respectively. The
length of edges 68 and 69 nead 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 conditicn of FIG. 3C, or with an

elastomer layer and an elastoplastic layer as discussed



reside in opposing parallel X-Z planes, can be considered 10 end surfaces
of block 60, and surfaces 62a and 62b, which reside in opposing parallel
Y-Z planes, can be considered side surfaces of block 60. Surface 60a
vanzhesfirextgor arranged to receive a payload. Axis Z of bloekB0S®te g6t
aligned with the acceleration field when it is employed 15 in a plate of a

. . . 1. ) .
kinematic,mount. A gragve/cane ﬁfggm%aa into_surface 60D, which is
characterized by oppo%ing, inwardly directed %ﬁ%r%%%es%o?qgﬁdjé? that~ TOFth
meet dtlhﬁi[&ovéﬁﬁne 65, which is perpendicular to axis X and slanted

downwardly refative 16 the.X-¥@lane fronr sugface 6lanien20isurface.61B1ate
Opposgr&g%gfggoefﬁop;l and 6Qh” o{g\p%i(t)her side of the graqve reside jn on

the same plane, which, like groove line ?55??3 ﬁmllarly slanted réfative to =~

thd X-Ysiang sMoredier, HiBek B0 tapers Foatsurfdde 6Fa thsurfased from
Glb. 25dnthistegard, the end-ofiblock 60mtsurface 61B eanke plocks 60.

considered (e dapeced.end otblack 60, The size. of block, 60 s geperally

defined?‘% edge 68 length and edge 69 length in the X and Y cdordina es,
respecti

fy. THE lehiyth GFEGGes 68 BRE69 réedrctTéces8arity be further
equal di3@shewn tFhewroowe of buildingieek £0 eanshe provided, With: e,

amelastomer. kayer asdiscussed above n conjunetion. with the contact .
condition of FIG. 3C, gr vv“lt%l an gag)tomer layer and an glgztoepﬁ%ticalarj%fmr

as disclESEd WO 26057107828 PCTAIS2008f 043761 Frabode ife rigidly
conjurrctidirwith the<cdact condition set/fosth di FGo 8Dy FlGSy 5B anrdzvuse

5C illustrates a.kinematicmpunt plate,, subassembly,inclyding opposin
pIate??lA and 71B each 5 fashioned from blocks 60, a?g‘%fﬁ%% 3 rour

fashioAE8 Sy fotit bIOdKE 66 HTAudnG Bpa<ing piirs SFBIOERS BT Points
Bfocks 60 of éadh pair of blocks 60 are arranged side-by-

Plate 71B 1is also fashioned from four blocks 60
including opposing pairs of blocks 60. With zrespect to
plate 71B, blocks 60 of each pair of blocks 60 are
arranged side-by-side, and the opposing pairs of blocks 60

20 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 713, less or more can be used. Alse, 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. 3B and 5C, in
the X-Y plane the grooves of plate 71A are perpendicular
relative to the grooves of plate 71B. In FIGS. 58 and 5C,



side, and the opposing pairs of blocks 60 are further disposed tapered
ends to tapered ends, as illustrated, 10 such that the opposing pairs of
blocks are each a mirror image of one another. Blocks 60 of plate '71A

wie ngidlyrsagfixed together, such as by welding or gluing. Bepanss2@latas 761
71A incorporates four blocks 60, plate 71A has four grooves, in which

each ides two contact points %% for a ball. Plate 71B is also
fashio%{gg %rgofnﬁ%ujr"%Ié‘ck“s0 60" ?n%l%dﬁlrédoﬁﬂi%ﬁ]g?ﬁgir%‘?)fablgé’l@%@. RVithe -

respect to pfat&¥1B>bloeks 66%f éachi pairokbloeks'80.are tarrangetht 73,
side-by:sidedand theopposing paiss obhlocks 60:20.are further disppsed . -
tapered ends tg tapered.ends, .as_illustrated, such that the opposing pairs

of blocks are esgc%gé]fmi?‘r%o’r ir‘ﬁb%éghof one another: Biock 80 %f pfate =B the
are rigidly &k togéttier: sheh bs Bipweldingzor: ghuihg tBeedlse prate ball
71B incorpatates fourdilecks 8025 plate 71B:has fourgrogyes, in Which ... -
each grpoye provides twaq contact points for a ball. Although four blocks

60 are used in the c’ong?r(l%:ti(())brﬁ1 ”gf S&te JYSfLAIfFe“‘”sgs Siimofd carr BRIGEEE:  twe

Also, SEEGGGR Hodr BIItIE 60Farekiseerin Thé corbtructionof platel71B, with
30 lessior moregaribe used. 4:he agangement depicied,in RIGS. 8B ,q: g

and 5¢ Lrg;h%ggy.glacpe the rooves plate 71£\Tare perpendicular
relative to the‘groo@eg of%¥at§)71ﬁﬁn%%GS?%%céﬁd 5C, Wo balls 75 are

2005/167528 PETRIS2002704376 £ 132 Plates7 1 Ads top plate andrplateus 1y
71B isia bottomdlate: dFIGS 6D angS5ulustrates.a kingmatic, MUt 73,5 o,

including top.plate 71A, battom-plate 716, four balls 75 and a spacer 76,
which has slgpaherical bores to aegpsthé%ﬂ%s%h(fgg betvedh bali§ 78P2cer 76

constanthtietotalldw for ball rotation in the bores and for ball roll on the
grooves. In FIG. 5D, each ball 75 is held by, and contacts,
L

two opposing grooves of plates T1A,71B, respectively.
Because each groove of plate 71A provides two ball contsch
points, and because esach groove of plate 71R provides two
ball contact points, balls 75 provide eight contact points
20 with plate 71A and eight contact peints with plate 71B.
Because only six contact points for each plate isg
sufficient to constrain the movement of plates along the
three translations and the ‘three rotations, the two
additional cocntact points Ffor esach plate 7I1A,71R, are
25  redundant. However, this i1s in accordance with the
principle of the invention because it is to be understood
that at least one contact point between one of the balls
and a corresponding contact surface of one of the prlates
is compliant, and incorporates one of the compliant
30 contact conditions set forth in FIGS. 3T and 3D, namely,
compliant contact «condition 41 or compliant contaet
condition 42. Compliance in kinematic mount 73 is not

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



In FIG. 5D, each ball 75 is held by, and contacts, two opposing grooves

of plates 71A,71B, respectively. With the exception of four balls 75 and

four corresponding 10 bores provided by spacer 76, spacer 76 and balls

o afies/identical. to spacer 17 and balls 19a,19b,19c as previ@uslgzoo4/043761
discussed, and it will be understood that t?f]lg discussion of spacer 17 and
balls ,19b,19c applies to spacer 76 _and balls 75. 15 In FIG. 5D, each

ball 7%%%%2@%3% aﬁtgccgjnTgété, two Spposiig trosvés 6Ppites AN 7ER, for
respeéidly. PBacausErBadh grosva b plate 7IA prowvides two balliearact only

pointspanddegaitse each groove of plateL1E, provides iwp ball contact, . .
points, balls 75 p%qlv:idereeei_ ht contact points 20 with plate 71A and eight
contact points with plate 718. Because& only'§iX contactFoimts 16F6ack = 2
plate B 8OfiCHERt BTEORIFAR thaAfovernenbef plates ddongthedthrbesd.

translations and ihe three:eotations.<he iwa- additional.confagtpoints for ;-
each plate 71A,71B, are.25 redundant. However, this is in accordance 3
with th(lagql principle of the %yen?iﬂe%%}ﬁga it t0'b& Uhtereidod tHatat Pody
least G& ToRtEEHFoINt Béthider bhe o thé hadlsiand B edrredponding:nce is
C;ntam@EIaO%ﬁbm@m the;g_;lgtes als ?n&%@gfgn@%oggﬁgaégﬁgn% 19f fhe
the compliant 30 ggntact conditions set farth in . 3C and 3D, namely,
compliant contact condi ioonoﬁsoroca?orﬁél?afr?t%o%%dﬁ%%hdffi‘%)?] fso beciuse
Compfiané&éin KifEFEE Afourt 73 IS 'R6E only byrtheqsrovisidrs ofiBalknd the
rotatiom thutialso @t ane:0b¥W0Os2005/107528 PCT/11S2004/043769. 33

balls 75, such,that theremainin gl'ﬁ contact (gointskfor each plate remain
essentially kinematic. Although only one contact poirt 1§ heeddtfBetween £
a ball it afate to Hréovidesthe faqired compliamice insa@otordadcedaitt a in
3 prefeirechembodmaent; more candbe previded: if deskedscs the dynamic

nature of kinematic mount 73 and provides enhanced
robustness.
FIG. eA illustrates another embodiment of a building
block 80 used to fashion plates of kinematic mounts, in
20  accordance with the principle of the invention. Block 80
iz similar in Ffunction to block €0, and 1s doined with
other similar blocks to form plates as described in
conjunction’ with block 60, but does incorporate different
gecmetry, which alters motion characteristics. Briefly
25 considering block 80, faces 61 znd 62 are non-mating, and
the X, Y, and Z coordinate system is basically the same as
block 60, in which axis % defines the acceleration field.
Top surface 81 of block 80 has a surface cavity, whiech
provides two contact points for a ball. With continuing
30 reference to FIG. 6A and additional reference to FIG. BAT,
the cavity 1s characterized by two, opposing  conical
surfaces 82 that meelt each other in circular groove line

83 and that meet surface 81 in two parabolic edge lines



As intimated before in conjunction with spacer 17, spacer 76 and balls 75
makes up a constrained free body subassembly. After the acceleration
field disturbance is over, kinematic mount 73 re-centers due not only to
wWerislantsof the grooves of plates 71A,71B, but also becans®/wsztheo43761
compliance introduced at one of balls 75 and the rotation of the balls.

Spaceer 75 can bekelié’r&inated in kinematicfhount 73, if desired. Although
spacer 75 may &eent redurdant in 9fE kKifemgtic Aiddie 73 Nits Htsehcee 85 -

increaddeisttherdyridmic natfreofddndmalic ot 73 ae providest rotation

enhanged robustpess. HIG. 6Adlustiates another.emodimentofa (s o
buildin% block 80 yggd 59]; sitleion é)lates of kinematic mounts, in 20 .
inci ¢ Pventio B0 fs sithitatin */~ 507

roendicnl
accorbiants With the prifciple of t
fuhctiof 8 bidck 60 cand is joined Willecother sinfilardloekstaformiplates In

as desaribeddn- conjunction withsblogk 60 but dogs incorporate different ¢,
geometry \S/‘thgﬂ qj}ers ‘EQO%QQS?hg{ cteristics. Briefly 25 considering block
80, fates b1 and 67 are Hon- ating;and the X, Y, and Z coordinate

system is basicdlfy the Saime ase Blocka80, il svhieh axistZ definesltheurfaces

acceleration field= Tep susfase-8L ot block 80 has.a sieface.cavity,hich ;..
er(pvides t\/g% contact poj,p;;i%pr a b% . With ,continuing 30 reference to FIG.

6A and additional reference to FIG. 64~ the cavity is CRaracterized by  ©oe

two, opposifg cblical Surfddes 82 thatrheereath otheriveircutargroeye or

line 83-anddhatmeetisurface Bi iquwbgg%edgﬂlwe§yg@e on  cone
2005/%07?;? ECLPOSZOO#O43761 34 i%ré'r1 Blgdck BO size is generally .
defined by edge line 85. Wi Sierehce 0 FIG. 6ACthE &5Gd bF > Hton

th sSé%iﬁc re
rotatidrt cafca ball in €avity i§'countertalignaa {i.e dipependiculaf withinl  and
laxge tolgtances of wihikt450)c the direction of the acceleration
field), such motion occurs anywhere cn conical surfaces B2
thus providing enhanced realignment characteristics.
Also, while cone 13 {previcusly discussed) touches a ball
at three points, a ball can touch conical surfaces 82 at
Z0  only twe points.

FIGS. 6B and 6C illustrates a kinematic mount 87
including opposing plates 86A and 86B each fashioned from
blocks 80. Plate B86A is fashioned from four blocks 80,
which are rigidly affixed together, such as by welding.

25 plate 86B is alsc fashioned from four blocks 80, which are
rigidly affixed together, such as by welding. Plates 86A
and B6B are each fashioned from four blocks 80. Although
four blocks 80 are used in the construction of plate 86A,
less oxr more can be used. ’Also, although four blocks 80

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

at least one compliant contact point between one of the



5 with the acceleration filed as defined along axis Z. In FIG. 6A', a ball is
depicted in phantom outline for illustrative purposes only. It is to be noted
that the axis of conical surfaces 82 is parallel to plane X-Y, and thus
perpandicuar to the 10 acceleration field. This is in contrasttoEUSOME/043761

orientation. In this regard, while non-holor?l)%mic ball or reduced-friction

ball rolling:can.take place on cone, surfaces along the axis aligned with _
the acceleration field in onIySt%No rotational difsctions (radial égr% g8 ©f the

tangefitid) réfative 10 the Hire&tib bf e etebleration ~fieldy, stchanotiofockead
occursanywhere amcorival sadfaces:82 thus:previding enhanced, - 1cckeq

realignyyent charactetigtics, ;Alsq, while cone 13 (previously discussed)
to%chefs aball at three points, a b’r;%/l‘ can téﬁéﬁéb%%éal %ﬁ?f%%aé%lﬁz IR °7
ortly two pointé FIGS 8B 4HA6E ifivstraee s kindmaticThesnt87/6 can  be
includinyioppesiny plafesi8éArand 86B:each:fashionad from.blocks:8Q. . -

Plate 86Ads fashioned fromfgur hlacks, 80, which afﬁ}gﬁig'y affixed aduiched

together, such as by vv,elding%;l 25 Plate 868 is also fashioned from 160

blocks 80" WhicI A& >rigRily Hifiked tsdeta?, $4éh as by welding. Plates
86A and 86Bafe eash fashionediftamsfoty tlogks 80: Mthouohufouk nant of

blocks.BE,ane;usedyn dhe copsiiucion of plate.86A, less of more can be
used. Also, although four blocks 80 30 are use Trﬁﬁe%%%é%r%c |§n96 pematic
plate 858 fes's OP nforeCEART5E UEeH” Kilmatic HoBRE 87 Fulther invention.

incorporatesrspacer 76 arid foue balisvb(not visibleind 161 663), andat mernt

least ene compliant.contack pomnt hetween one of the WO 2005107528 .
PCT/l# 2004/043761 35 balls and a corresponding cég]tgg'fgsgﬁlécgdée tine
one of the Plates! F1& 6B SROWE Rihematic Afstit 87T ahngiieeked In this

pasitiGimtand FG: 6C shewstkingmatic:meunti87dn edlock@dface 91, which
has two second order surfaces that are lofted between
circular groove line 93 and two cpposing, strait, parallel
lines &4 on suxface 91 on the cppesite sides of groove
line 83. Such lofted surfaces provide ftwo contact roints
20 for a ball and have wvariable slope, which translate over
straight 1line 85, which 1is perpendicular to lines 84,
This variable slope causes & smooth re-centering response,
which constant slope surfaces cannot adequately provide.
FIGS. 7C and 7D dllustrates a kinematic mount 97
25  including opposing plates %6A and 968 each fashioned from
bloecks 80, Plate 96A is fashicned from four blocks g4,
which are rigidly affixed together, such as'by welding.
Plate 96B is also fashicned from four blocks 20, which ars
rigidly affixed together, such as by welding. ©Plates 962
30  and 96B are each fashioned from four blocks 90. Although
four blocks 90 are used in the construction of plate 9%A,
less or more can be used,. Also, although four blocks 90

are used in the construction of plate 868, less or more



position. in all further respects, kinematic mount 87 5 functions like

kinematic mount 73. Spacer 76 can be eliminated, if desired, and FIG. 6D
illustrates this in a kinematic mount 89 including four balls 75 sandwiched
haiwesnmopeosing plates 86A and 863. FIGS. 7A and 7A' illustratesymtna3761
another embodiment of 10 a building block 90 used to construct plates of
kinematic, mountsin accordance with the E)rinciple of the invention. As
explained with the previous building block embodiment 80, building block

90 shares suHacE% 61 62t edgediie- /85 antktheesrespondime X.7¥ and
and Z coordibatess Ir7this(:bembediment, asgavity-is formediinte oz s+ one
surfac hich has two,second,order surfaces t -iat are |ofted

petwoss Caor e e 634k e Bnteih St SRS hes 81°
oI surf4ce 9IP6R e Dpptisiaides of yeoveE Imee83iSidie Iofledes.  FIG.
surfaces provide twieontatt paints20dor a-ballanchhave yvarighle slope, 2.4
which gapsiaie ayer, stiaightline S5, which.js perpendicula o lines 94,
This variable slope causes a smooth re-centering response, WHIEH
constdht’slope Stifface<s ERARGE addgdsten: provitie FIGS7 7€ wmd s like
illustraites enkinematic meuntd 721256 igrcluding opposing plates:86A1aRd nateq,
945 eagh [ashiongd fiam biggks 99, Rlalg, 9pA i fashipued from fouy

blocks 90, which are rigidly affixed together, such as by Welfilphfl PiatemetLe
9GB i§'a1Y fastlibneti fromf ot bI6ERS o0 Whieh & rigidiysffied between
togetherpsuchasby weldirgr Rlates 96A 30 and 96B are each fashioned

from four blacks 90; Althqugh .four blocks, 90 are used in the construction
of plate 96A, less or more can be used. AIso?%ﬁE%ﬁ@h our blocks ggoglr{e 76

used i TR ESstrittioh st plate 98B, 1885 or'foré WA 2005/307528 affixed
RET/US2604#043761: 36hean hesused. Kinematic rmeunt-97 further reiative
incorpprates SPacei A8ANd giock 96 can be integrally-formed, if

desired.

o

'

FIG. 8A idllustrates vyet still another embodiment of a

building block 101 used to fashion plates of kinematic

20  meunts, in accordance with the principle of the invention.

Block 101 iz cylindrical, and can be easily machined from

bar stock and used as hardened inserts in base plates.

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

providing two ball contact points, a circular groove line

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

useful in small-scale applications. Building block 101 is

arranged in a kinematic mount like that of +the other

building blocks disclosed herein, and it is to be

understood that the discussions of the previous bullding

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

FIG. BB dllustrates yet a Ffurther embodiment of =

building block 106 wused %o fashion base plates of



four balls 75 (not shown in FIG. 7D) , and at least one compliant contact
point between one of the balls and a 5 corresponding contact surface of
one of the plates. FIG. 7C shows kinematic mount 97 in an unlocked
pastien)eng FIG. 7D shows kinematic mount 97 in a lockedrppositios4ie3761
all. further respects, kinematic mount 97 functions like kinematic mounts

73 angl Br3pacer (§.6an be elimingled, 0 it desired, and FIG. 7E . .,
illustrgtes this inda kinemati}glmount 100 including four balls 75 o

sandwiched bteeh oppbsifg plates deAt D63 FIGT 7B ifustraesboloid
yet anbtiérbuildingdloek 9687 tomposed of two-blaeks 90ywhieh are contac:

rigidly @ifixed . 15 togethaiosuch thatgrogve,lines 93 argpagallel relative to |
onge angther. Block 96 can be i[\teggally-formed, if desired. FIG. BA
illustrates yet sfilt ahother embodiment 8f 82 bildifighIGK 262 ugdgho groove

fashiohiplate&ef-kinepatic 20Tmouts;dn-accoidance with-thenprirciple oficws

the invention. Biock 184-is-apindrical..and canebe gasily machined from .,
bar stock and used as hardened insTerts in base plates. Block 101 hasa

round base 107; two Conical surfaces'103 préviesy ko bicsifagtocx 106
points* & CiFdtaE gréove line 25 164, dnda tbpTperimeter spatiat cave 955 =

B@ck&&ﬁdsagseﬂﬁén§§Hﬂks@£@§H%M93EQE§E§U@¥99J§°8§éé@-Eeometry.
arrangged in a kinematic mount like that of the other bui!din(g blocks™

discloséd herein. and it'is 16 be Gnderstéod that & diScirdisis epthetn the
previctisBaifding 30BI8ckalof e inveritiom applinte building btock ddl=it o

this regard. EiG<8Biillustrates yet afyrher, ew@&%@ﬁg Bolyilding 5 e
block 10§bgsed to fasgg).n base plates of WO 2005/107528 i
PCT/JS2004/0453 761" 37°Kinerhatic Mddfts. BI6ER 06 has sqGar&@or large.

ﬁiﬂaﬁéﬁéﬁ and blast induced gravity field disturbance balancs
requires such large size blosk 106. Sea-bazed rigs and
iarge vessels such as aircraft carriers and cruise liners
have steady state gravity field inclination imbalances,
and can take advantage of the disclosed kinematic mounts

- 20 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 buillding block

25 106 in this regard.

Large-scale kinematic mounts may reguire widely
separated blocks framed together. One such framing is
shown next. Note that_ more than three balls in a
kinematic mount zxequire frame flexibility of the framing

30 that bholds the block together, which provides the
compliance that is regquired in kinematis  mounts
incorporating mere than three balls, such as four or more.

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



base and a double second order hyperbolic paraboloid lofted surface 107,
which provides two ball contact points. The groove line of surface 107
vanishes because 5 of variable radiuses of guide curves across such

WOWNR/regnot shown). The "groove line effect” however shews bzt
the dynamic response of kinematic mounts built solely of blocks 106.

Thus, %‘&%E&’«C’é’e line of block 106 is latert? but real, Surface 107 can be
referred 1o as a 10 6HTE"as f0ng 48 1H68S notéxceetf §&cond ordérich have
geometfis Higher ordér kinernatic sudacasthave disadvantage in thecails of
proposed field.f application, thus-ate;pat subject of, this,invention. Black , .,
106 is pg,%fer bCIy used for Iar%e-, scale applications requiring surface 107

to be large. 15-Quake &iid Blast ifiddced gravit fisitdiéturbaricd taifandd ? to
requirés*eichtlarge size Block108: Sebelvasedifigs ands largeavessels wardly-

such ag;alecrafl-catriers.andieruise liners have steady state.grayity figld 1,
inclinagicr)ln Y\Lrp“kh)g}lfancelsd .and can %ake advantage of the diﬁc‘losed

kinematic mounts 0 incofporating targe prates fahiohed ofiarde bidtks veed
1.06. Buildihgisibek 206l drfanged i & kineratieendurit. likeathatofither of

other builing blagks.diselosad herein, apd it \is 10 be,undetstoad that the, 1,
'%cusisiohnrgaofcthe r v@i’ou§1 ggildig(? ng:ckds of the invention applyto

building Block “25 106 in this Tegard. Large-scaid Kifeniatic mouhts May2y ©f

requiré Widelyngephiated biotis framed:todethier. Orensuck framing isvithout

shownaext-Note that-mere than three:halls,in.a kinematic mountrequire .
frame flexibility of the framing 30 that holds the block together, which

provides the compliance that is required in‘Kinéhatigthotnf®art, and even
incorpdidting Theie thahtthiteeballs: saehsas folr cerored Consistemtiwithi1l

this, FlG:8Gshaws mepagially-assembled WQ,2005/107528
PCT/USZOO%{Q43§61m§§ter

of illustration, FIG. 8D shows a
¥inematic mount }10A including two blocks Joined with a
frame, FIG. BE shows a kinematic mount 1108 including four
blocks Joined with a frame, and FIG. 8% shows a kinematic

20 mount 110C including six blocks Hoined with a frame. The
blocks of mounts 110A, 110B, and 110C can have any desired
cavity geometry consistent with +this disclosure. Any
number of blocks secured by a frame can be used in a plate
fer &  kirematic mount without departing from the

25  invention.

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

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

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



kinematic mount 110 including two blocks 111, which have the same
surface cavity as block 106, further details of which will not be discussed.
The instruction provided in FIG. 8C is that blocks 111 are joined with a
wamed 1215 form a plate, in which blocks Il incorporate owtavatghno4/043761
directed parametric grooves 111A for acc3e90ting frame 11.2, in which

welding, Holts; serews, Qg;ﬂhgﬂ%&isgﬁeg;ge% to rigidly affix blocks 111 to

frame 112. A% number of blocks can be fashioned into a plate with a
e

frame, and th& 10 HAMe L& také Dhiady desireadormvaid any-suitabiel tiol e
way of “affixinglthe=blocks tora frame caivle wgedavithout, departing from .y

the invention. The blacks.can be, positioned next to one another, or
sgacegagpacﬂ,aand even_ wide apart, from one a)édtehgﬁfl gg%i?@d,béﬁﬁ frigthus
1

Wi epend on 1he sPaLHic application. 78S ahakér of-lustratioho EIGFTG.
8D shiovsa kingrteticcmeurtk10AiNclutingitwe, blogks joinediwith-a 11,1

iramey FiG. 8Esshows ardaematic maun 108, induging four blocks

joined with a frame, and FIG. BF shows a kinematic mount 116E=Fs, in

J T X : \ K 4 4
including six biocks joied Witha famel Thef bideksiorvits 1108,0ck 120
OB, &Hel 1¢6€ can haviany desired cavitygeametry consistent Withhis, .
disclosiesApy number, of blacks,secured hy ?iféa@?aia” beysedina .
ate _for a kinematic mount without departing fro e invention: g
plate for a kinematic mount without departing M the 25 nventior: FIEs
9 illustrates & truss assembly 113, Which™ ftidudbtla platd134 withaniar oz
centraF; affrilacseat S ashithimates with ahall of erlargesscalecn groove
kinematie:mopint constucted.apd arranged.in accor aé‘t‘iv‘?ewgh e e 1in
rinci of the invention as disclosed herein. Plate as urality™
principle 30 of the Invention as disciosed herein. Plate 114 has & pilfality **
of spacéd-apart h6les T16 ‘arrahyed ‘Gfeunféremraiy afound seartisito are
f spaced-apart hole
teceive feifting tris 1 15 Serutss 14 7 arecholted 1o plate-t14,, although
WO 2005/181528 RPeTHdS2004/043761,: 1 4 - central symmetric cavity
surfaces of multiple groove, lines, say three or more
groove lines and hyperbolic-paraboloid guadrants, is
instructive within the teachings of this invention. To
20 further illustrate this, FIS. 11 shows a surface cavity
130 of a preferred embodiment of this invention, which is
lofted between square perimeter line 131 and cilrcular
guide line 132, wherein lines 131 and 132 are disposed in
opposing, parallel planes perpendicular to the
25 acceleration field. Loft surface 133 is a single surface,
which appears to be guadrant and split by pseude groove
lines 134. Spherical surfasce 135, whigh 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.
16 shows lofted surfaces incorporating intersecting groove

lines, the embodiment in FIG. 11 shows a configuration of

a surface cavity incorporating non-intersecting groove



39 the bolts are not shown in FIG. 9. Building blocks having surface

cavities with multiple groove lines are practical and my be advantageous
over the single groove cavity surfaces of the building blocks thus S far
Wiselpsgehbrrein. As a matter of illustration, FIG. 10 illustrateg pdustogtsrs1
embodiment of a building block 120 used to construct base plates of
kinematic. mounts, in accordance with th&°principle of the invention. Block
120 includes a surface cavity of double, intersecting groove 10 lines of

121 and 122twhicH are diagotial o the squateoF Fectarigulanbase A27:10f: re

block 120w circulas o5 - parabelie surfaces 123.and,424,are lofted -, .
between, groq\gqceligeglngand npqrimeter line 125 and between groove line
13

122 and perimeter line 126, respectiveRy i whictt 57615 18rm&d tifffane

strfaced it Eeitral Symhatetrys THe: tenstiudtion dfsimilareehtral 41 has a

symmetsiccavitys suefaees:of snuliinle groeve dines, say three oL MAE <. ooye
groove;lines angpgypgzng%ILc-garaQolpid g,liladrant,s, is instructive withinthe

teachings of this invention. To 20 furthérilusftates fiis, EfG 11%hows®a with

surfaC&Cavity E3OeF¥a ptéfetfed émbobimentidfthis imvertionywhich islines
loftedshetweem square: perimetanline 431 and cirgilar .guideJing 132, <. ..
yherein lines 131 and 132 argtaigpgs din oppo_sing, parallel planes

arle 31

perpendicular to the 25 acceleration field. 1Tt siiffac8 33 €A Sifgfer 118 of
surfade ZXfich Hpsbdrs 16 bt deadrattranthsplitby pseude graoye Hinds of
134. Sphesicaksutface 135, shichyis tangential to doftsurface 133, closgs. .

the bg thi face cavity, Note that such a loft is
hyperbtz%)?i%ggrg&b%o%%%,Ocv?/ﬁ?ceiﬂxftsogtiIglaosce%fbndo orderSUHAEE SARd Bbes 140

while FIGE°T0 showis Ioftsd Saffaces fricsrporatiirintersectifg grooveitable
lines, therenbodimend in H6. fdr shaws:aconfiguration of . SWfacs, sr ez 4.

cavity 'ncorEQraténgIgggflgzgersggtlngx%@pvg, FiG. 13 illustrates a
coupling 150 used to couple together plates 140 to form a
large-~scale plate for use in a kinematic mount. In this
embodiment, coupling 150 includes a cavity 152 formed into

20 an upper surface 151 forming four short-sided sidewalls.
The short sidewalls have holes 153 to receive bolts or
screws to coupde block 150 to plates 140. Tooking to FIG.
14, there is a framed platform 160 formed by plates 140
and couplings 150. More couplings and plates can add np

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

- recelve 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 ineluding, for instance,
one-way grooves, or two-way grocves, formed by blunt,
trapezoldal, drill point, or ball point cutters, contact

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



WO 2005/107528 PCT/US2004/043761 40 lines. Attention is now

directed to FIG. 12, in which there is seen yet another building block 140
used to fashion base plates of kinematic mounts. Block 140 includes four
Hreonseautive surface cavities 141. Each cavity 141 has a oppesiea&ide 761
cylindrical surfaces 142 with rounded groove lines, and opposing end
cylindical syrfaces 143 with r§unged réove lines, in which the rounded
groove lines are each denoted Af 1440ty have orstantiadios stifackes or

10 Cafvfitids $41 hre saitabie toirecaive loadbepring:hats ofohigher figidity -

and Igs&da_ﬁming)@rmbggring balls.of gog_t_grgg}adtreri%\elgh hi Q and 153
damping. 3ide wall 145 of block 140 can receive connector blocks to

couple more plates 140 toforma beafil§ betFor (ragk. ERBl Wall Z4blised and
stitablé®rb tbtecdestve end baridrthie same soupling pugpose instead. .As -

a matter 6k exanple :F1G; 13-ilustrates g icoupling 1%0,%3‘9% to ggg.plgamted
together plajes 140 to form a _Igr% -scale plate for use in a kinematic
“oupling 150" MEhidES a5ty 5 forhighciple

mount. In this em odiment, o
into Z0fant tifpersiftaden sl frming fodrshort-sided sigawalls. :Fhey 1a11,
shortsidewallsthave heles 163 tereegive bolts ar ggr%s’ to.qoeuple blogliate
150 to plates 14OLaLo§rkiqg}r70 FIG, ]a4, there is a framed plaffornﬁ’166 ]

formed by plates 14D and colpfings 150> Mdte Cobplifigs aRel platessean 11

add U985 16 fargérsesieatracks drpkates, Wichiare: suitable to: Heeeivert i ng

multi-ganged electtonics cabinatsand, other, payloadunits, When .
additignal é}lamp(j)rlg[i% needed, the surface of the surface cavities on ~Sy
which said balis roll can be treated” 30 with’ds corpliant surteslayersl 1ing

includifiy: Tof stan &8 coReingy groeves dordwgsivay. granves; forned Dine n
Bluntddrapezeidal, drtt point; ok ball point gutters, contact s . generally

square, In FIG. 16, an alfernate embodiment of an
elastomer layer 120 is shown, which includes mushroom-
shaped towers 121 separated by walleys 122 cut by ball
point cubter 123, in which valleys 122 are rounded in

20 shape. Other shapes for towers and valleys may be used
witheut 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 including a ball 150 contacting opposing top and

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

orthogonal to the acceleration field Zy whiech, in this



condition 41, contact condition 42, etc. A ball surface WO 20051107528
PCT/US2004/043761 41 can also be surface treated by a dense array of
dimples or shallow bores, which are more practical on a spherical
suifanethegrooves. In this regard, FIGS. 15A and 15B illustrat@ssan4/043761
elastomer layer 107 that can be applied and 5 used to form a compliant
contact between a ball and a surface of Azavity of a plate of a kinematic
mounf8l Cor&iflicted ahd AmaAtEY ifrAERordEice-ith the priReRfienst and
the invenrtion.skhayerdl @A cahibe appliethto-adiall s arffoe t0 acontactail can
surfage-of. a plate di.e..a plate 10,cavity. b%gglégﬁollllncllqusngz%lg_gr mounted
matrix of parallel rows of spaced-apart towers 108 divided by intersecting

. longitGdinal ARTHaT dIRafvATYS f08 aritf T BARE, Wiile Fofngomcinles
layer 07, altain morericlling resistancesproviding emhanced dampingaln be
the ergbodirgent 15 depisted jn FIGS, JSA apd 158, towers 108re ., ..y
generally square. In FIG. 16, an alternate embodiment of an_elastomer
layer 1507s ‘Shown. WhichThERdEE mushrb6mh- Shdifed tdvérs tority &' in
separated by«aleys 22 cut By-salkbint cutter 25,.in which valleys:422nt s
are royung@giaixmt%@ﬁbﬁpec-h@th@gégara%sfﬁog}lovg%%@@q%/,a"es%?qmﬁyPé? cross

u ed withqut departing from th infventior]. Thé present invention is .
described aBove With ‘refefafife i préfsfdd 8ibotiméme. Homever 7arious
thosefskitledin theantwill recggnizedhat changes and 25 thedifieationsuent =

may he-made indhedeserbed embadiments without departing.from the, ., ,
natur%gggrscgge t(;)rf; the pr(?fs%nt invgnti%n. For instance, referring to FIG.
17 thére 18" seén 4 sehemalic represehtation 6Fa ball Cohtaéfgetthelry that
145 irfclading et ball :50. contagting vpposiigtep dnd 36:bottam:cavities: the
151 apgil52, ipavhish thehottor.cavity. 352 rotation.about a4is X is; ;-1 ;404
ortho%g@,%litr? trn?etogcg%\élt hereof.
Having fully described the invention in such clear
and concise terms as to enable those skilled in the art to
understand and practice the same, the invention clainmed

20 is:
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151 rotation about Y, and in which both rotations are orthogonal to the
acceleration field 5, which, in this WO 2005/107528 PCT/US2004/043761
42 embodiment, is aligned with gravity. Orthogonal and wedge-shaped

cavities as contact surfaces for a ball can be used as in FIG. 17 for plates MCSLLP

in a kinematic mounted constructed and arranged in accordance with the
principles 5 of the invention. The geometry in FIG. 2B' can be arranged
as with the geometry of FIG. 17, if spdesjfed. As a matter of reference,
lofted surface S of cavity S'in the embodiment depicted in FIG. 2B’
represents stibstantidilythe $arie-€avify‘geometry, shown in cross 10
section; ;asn eagh of cavities 151 and 152. Various further changes and
modifications to the embodiments herein chosen for purposes of

illustrafiort Wil feadl "Gocut 16’ thigse SKilfed i dh& art 0 the &Xfent that
such modifications andmasiations donot glepad from the 15 spiit of thel «

invention, they are in:[endgd to, be inclgﬁded V\ﬁf'thtin the cope thereof, ]
EfaVirg full§ delerosd the ihdentioin Suth ciéar: ahd contise terms 4516 *
enabledhose skilled irf thesart to aumneerstadd and practice the same, the
invention claimed 20 is; MCSLLP._43 CLAIMS 1. Apparatus comprising:
three b%ﬂg; a ﬁ?s?%%atg,‘g&(f an %}E‘)%%g%ﬁns%cbhﬁ p@ﬁé?g the ﬁr@? pTéitte s
contagting ithe three dalls at six rcontactpoints xonhstraihing:tftansliationaln a 1

;%8% er%téartllgnglf movement, %f thg flﬁt eglataer;_ gnd the second plate

contacting the three balls at Six

a spacer having opposing first and second faces and
three bores extending therethrough from the first face to
the second face;

the three balls each disposed in one c¢f the three
bores for rotation relative to the spacer, the three balls
projecting outboard of the first and second faces;

the first plate in Juxtapcosition to the first face;

and

the second plate in Jjuxtaposition toc the second face.

2. 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.

3. Apparatus of claim 2, further comprising:
a spacer having opposing first and second faces and
four bores extending therethrough from the first face to

the second face;
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contact points constraining translational and rotational 10 movement of
the second plate; and a spacer having opposing first and second faces

and three bores extending therethrough from the first face to the second pcSLLP

face; the three balls each disposed in one of the three 15 bores for
rotation relative to the spacer, the thregalls projecting outboard of the
first and second faces; the first plate in juxtaposition to the first face; and

the segond plate. in juxtaposition torthe second face.120 2-Apparatys of in
claim 1, further comprising: a fourth ball; the first plate contacting the
fotifthballtdt®a first cotftadtpoint ahd 5 the second prate J&tégtﬁg%%ce L
fourthdall-ata: second: contact peintpwherein at least one of dhe first and-ona
second contact points is a compliant contact point. 30 3. Apparatus of

dI&int 2/ further comprising: a spacer having opposing first and second

faces and: four-bereslextending therethreughifromithe first face to. thece;
second face; MCSLLP 44 the three balls and the fourth ball each

diSposed in one of the four bores for rotation relative to the spacer, the

four batilssprejecting quibkaardiof the: firstianeisecondtfacessb thefirst face.
plate in juxtaposition to the first face; and the second plate in juxtaposition

to the second face. 4. Apparatus of claim 2, wherein the compliant
4. Apparatus of claim 2, wherein the compliant

contact point is provided by an elastomer at the contact

point.

5. Apparatus of claim 4, further comprising an

elastoplastic material applied to the elastomer.

o, Apparatus of claim 4, wherein the elastomer is
carried by one of the fourth ball, the first plate, and the

second plate.

7. Epparatus of claim 1, wherein the first plate is

fashioned from a plurality of rigidly-affixed blocks.

8. Apparatus of claim 1, wherein the second plate 1is

fashioned from a plurality of rigidly-affixed blocks.

9. Apparatus of claim 1, wherein the first plate is

fashioned of blocks held by, and secured to, a frame.

10. Apparatus of claim 1, wherein the second plate

is fashioned of blocks held by, and secured to, a frame.
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10 contact point is provided by an elastomer at the contact point. 5.

Apparatus of claim 4, further comprising an elastoplastic material applied

to the elastomer. 15 6. Apparatus of claim 4, wherein the elastomer is MCSLLP
carried by one of the fourth ball, the first plate, and the second plate. 20

7. Apparatus of claim 1, wherein the first plate is fashioned from a

plurality of rigidly-affixed blocks. 8. Apparatus of claim 1, wherein the

second plate jg;@@sm@@%d frerpa plurality of rigidly-affixed blocks. 25 9.
Apparatus of claim 1, wherein the first plate is fashioned of blocks held

by, and seBred’toa frahfe 50 Kppata %%?Ela?ﬁé?[,%vetﬁjec?g%t a<econd
plate: 30-is fashiened of btagksteld: by rand;secured toha framestMESLEPro
45 11. Apparatys comprising: a spacer having opposing first and second
%%gs %%%th(?eLé bores extending therethrough from the first face to the
second face; Sthicesbalis-each dispesed imone of thie thinee bores: farores

rotation relative to the spacer, the three balls projec;ing, ;boarg of El'ge
or B & ; t .
first and %3%6%1 fa%%is?g first ptléjtetllnr} juxsfgbagsﬁon to the %rstﬁf%ce and

gontaetingthe threeoballsatsix contalt peints 10 c@ﬁgrtq?aiﬁinéif‘-‘aﬁslational
and rogatljgggg@oﬁl?g’te@tﬂﬁ tl}%j\{g I@Eecﬂg'rq %ée@%%d P@%tﬂ face and

juxtaposition to the second face and contacting the three balls at six
contagtpoints Eorstidining transiational and rétatibral 'mevemert of the

%%ﬁg%@%iR@ﬁﬁ translational and rotaticnal movement of the
first plate; and

a second plate in Jjuxtaposition to the second face and
contacting the three balls at six contact polnts
constralning translational and rotational movement of the

gsecond plate.

12. Apparatus of claim 11, further comprising:

a fourth bore extending through the spacer from the
first face to the second face;

a fourth ball disposed in tThe fourth hore for
rotation relative to the spacer, the fourth ball
projecting outhoard 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.

13, Apparatus of claim 12, wherein the compliant
contact point is provided by an elastomsr at the contact

point.
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12. Apparatus of claim 11, further comprising: a fourth bore extending
through the spacer from the first face to the second face; 20 a fourth ball

disposed in the fourth bore for rotation relative to the spacer, the fourth MCSLLP

ball projecting outboard of the first and second faces; the first plate
contacting the fourth ball at a first contggt point; and 25 the second plate
contacting the fourth ball at a second contact point; wherein at least one

of the figst and second cantast points is a compliant gontast paint SOk3: is
Apparatus of claim 12, wherein the compliant contact point is provided by
ah'Elastoney ot tfe Eontact poft MESILP 464 Aéﬁpfa?atu%?ﬁ%?ain@fé%
whereinthe elastamer is carried by one of the fourth ball, the first plate,

and the second plate. 5 15. Apparatus of claim 13, further comprising an
elastoplastic material applied to the elastomer layer. 1.6. Apparatus of

claim 11 wherginthefirst platedisfashioned fromtapluralityof i sing an

§a&atga o{glalrp 1.1, Wh%ein th%‘ gecond

rigidly-affixed blocks. 10 17. A A
%%’i@)é %Rggﬁi%ﬁgd Fron léﬁc‘)ﬂlI‘Eraé[i‘)' ot figidiyafticed blocks: 18" Apparatis

of claim 11, wherein the first plate 15 is fashioned of blocks held by, and
securefl6to, a}grame. %.SIA%@ara us. of cﬁim qu%,,\wherein, the %econtt_j pI@tjefe
e d P ] ol L

is fashiohed of'Biocks 2 and secured to, g%l%ﬁfﬁ}e.t% 20'.1'£\f)papatus

comprisinigetiereethalls; at least ohé ladditional. daficomprising a fourth ks .

17. Apparatus of claim 11, wherein the second plate

1

is fashioned from a pluraility of rigidly-affixed blocks.

18. Apparatus of claim 11, wherein the first plate

is fashioned of blocks held by, and secured tTo, a frame.

19. Apparatus of claim 11, wherein the second plate

is fashioned of blocks held by, and secured to, a frame.

20. Apparatus comprising:
three balls;
at least one additiconal ball comprising a fourth
ball;
a first plate, and an copposing second plate;
the first plate contacting the three balls at six
contact points constraining translational and rotational
movement of the first plate;
the second plate contacting the three balls at six
contact points constraining translatlonal and rotational
movement of the second plate;
the first plate contacting the fourth ball at a first

contact point; and
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ball; a first plate, and an opposing second plate; 25 the first plate
contacting the three balls at six contact points constraining translational
and rotational movement of the first plate; the second plate contacting the
three bails at six contact points constraining translational and rotational
30 movement of the second plate; the first plate contacting the fourth ball
at a first contact point; and MCSLLP 47 the second plate contacting the

fourth ball at a-secondh cantact-peiat whereinat least-one phthe first and
second contact points is a compliant contact point; and 5 a spacer having

.....

Opposihgiretand sééontfaces and four bores extending therethrough
from thefirst facesto the:secend:fage; the=three balls:and the foutthcbalt act
each disposed in one of the four- bores for rotation relative to the spacer,
q9'he Fourballsprojectifg outthdard of the ﬁfé% and'Second faces; the first
plate in jutapesition:toi the firsbfacen candi thetsecondplaterin juxtapesition
o the second face. 15 21. Apparatus of claim 20, wherein the complian
%Hfac%%jél@n% iS provided By é%@eﬁgégéﬁe‘lrga% ;ﬁé %fgnt%% p%rjirt% 012%g to
Appatatusrof claam:21, further comprising an elastoplastic material

applieq o ths lastoman 23, ARparatus of a2l WNELBN Weeposed in
elastomer is carried by one of the fourth ball, the first plate, and the
one of the fouy bores for rotation relative to fhe 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.

21. DApparatus of claim 20, wherein the compliant
contact point is provided by an elastomer at the contact

polnt.

22. IApparatus of claim 21, further comprising an

elastoplastic material applied to the elastomer.

23. Apparatus of claim 21, wherein the elastomer 1is
carried by one of the fourth ball, the first plate, and the

second plate.

24. DRpparatus of claim 20, wherein the first plate

is fashiocned from a plurality of rigidly-affixed blocks.

25. Apparatus of claim 20, wherein the second plate

is fashioned from a plurality of rigidly-affixed blocks.

MCSLLP
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25 second plate. 24. Apparatus of claim 20, wherein the first plate is
fashioned from a plurality of rigidly-affixed blocks. 30 25. Apparatus of

claim 20, wherein the second plate is fashioned from a plurality of MCSLLP

rigidly-affixed blocks. MCSLLP 48 26. Apparatus of claim 20, wherein the
first plate is fashioned of blocks held byy and secured to, a frame>. 27.
Apparatus of claim 20, wherein the second plate 5 is fashioned of blocks

held by,;and secured to,.a frame: -28, Apparatys COMPrising: @ SRACES 1 ate
having opposing first and second faces and bores extending therethrough

From 156 fifst #aceto theC 6 Sekbnd fhde; thfse BAIIR- AEftastong rame:
additional ball comprising a fourth ball; the three balls and the fourth ball
each disposed in 15 one of the bores for rotation re,lativ%tg the spacer,
the foar balls Brojecting butboard orthe fitst 4ha secnd ’féc@g;c’é? ﬂigstp late
platein juxtapesition tolthe fitstface and, centacting:the=three balls atrsixe .
contact points 20 constraining translational and rotational movement of

the first plate; a second plate in juxtaposition to the second face and
contacting the three balls at sixzoontactcpoints constraining translational

and rotational movement of the, 25 second plate; the first plate £ontacting |

the foufth ball &t a ]ﬁ%{i’c&ﬁt%fjggiﬁﬁgand the second plate contacting the
fourths balk atacdsecpndicontadt pointy from the first face to the
second face;

three balls;

at least one additional kall 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 outbeoard of the first and second
faces;

a first plate in Jjuxtaposition to the first face and
contacting the three balls at six contact points
constraining translational and rotaticnal 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

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

wherein at least one of the first and second contact

points is a compliant contact polnt.
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30 wherein at least one of the first and second contact points is a
compliant contact point. MCSLLP 49 29. Apparatus of claim 28, wherein

the compliant contact point is provided by an elastomer at the contact MCSLLP

point. 5 30. Apparatus of claim 29, wherein the elastomer is carried by
one of the fourth ball, the first plate, anggthe second plates. 31. Apparatus
of claim 29, further comprising an 10 elastoplastic material applied to the

elastorer. 32;—&%&9%% of laim. 28, wherein,the first plate s fashioned

r
from a 'pfljralit rigidly-affixed blocks. 15 33. Apparatus of claim 28,
wherein thecsecond plateds fastioned fronta pliralig of Hgidlyaffwd-act
locks. 34. Apparatus of claim 28, wherein the first plate is fashioned of
locks held by, and secured to, a frame. 20 35. Apparatus of claim 28,
wherein the second plate is fashioned of blocks held by, and secured to,

aframey, papparatus of claim 29, wherein the elastomer is
carried by one of the fourth ball, the first plate, and the

second plates.

31. Apparatus of claim 29, further comprising an

elastoplastic material applied to the elastomer.

32. Apparatus of claim 28, wherein the first plate

fashioned from a plurality of rigidiy-affixed blocks.

o8

fode

33. Apparatus of claim 28, wherein the second plate

is fashicned from a plurality of rigidly-affixed blocks.

24. Apparatus of claim 28, wherein the first plate

is fashioned of blocks held by, and secured to, a frame.

35. Apparatus of claim 28, wherein the second plate

is fashioned of blocks held by, and secured to, a frame.



