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WD 2004/ 070400 PCT/ US2004/ 002103 -1 WRI ST JO NT FOR
POSI TI ONI NG A TEST HEAD FI ELD OF THE | NVENTI ON The
wWEe@semnioo nvention relates to test head positiPCEDS2004/002103
systens and nore specifically to test head positioner
systens that rotate a test head about an axis. In 5
particul ar, a positioner systijemis described which
rotates the test head through the novenent of a
flexible joint situated fromthe axi s of rotation
of the test h&ad:" J@iﬁ( TEHEMHE + NVERTER 1 n t he
manuf acture of integrated circuits (1Cs) and ot her
el ectronic devices, RIBE? OfgrHE INVEAUTON=AL i ¢ t est
equi pnrent (ATE) is perfor nmed at one or nore 10 stages

of the ovENuPIESpdRELIoN AcksfRsCIOAPStRaw) nqsgloaﬁbaf%@ru% and more
spetifidgIBLtdt t@s@héﬁ‘depdsﬁﬁnnﬂﬁyyﬁ@ns e e bt sltedt HAdl' a)boUﬂé@ axis. In

osition for testin a th
PP oo SHseT SR RGeS BB Ml CLHeS iy o6 hEfbthroush the
mprvenent éfenfedible ysiat sindted away frioai thel dxisf roketionpsfapetest head.
tenperature to be tested. The special handling
apparatus is of vaBAGHERAYNROF THECINWENTEON p‘r obers" for
testing unpackaged devices on a wafer and "device
handl er s"Irf e manufect renef iptegkatge girptst §Cs)rndepther electronic

devﬁ)&rs' EH%@H@'WlthoéutoBSflé Rhe %a‘.@meWc l(ATé:)QS BERErmh&d S5 RY ot Pore
al pes of such paratus. The el'ectronic

St?@%%‘l’f]‘%@vﬁ%'\ﬂra%fﬁs by“ SgeFla} B@dgﬁg apgarﬁgt,xfslﬁ\;@eé\ placg the device
usdestresn (“Doe”) Dhib ;foemmnrfelsm@tuagl $h edme lebgHs; spegrbcril gaadimg

a%aé%tt%ﬁgﬁ:t %I\s/oe\m—l?%ah ﬁﬁg t%\ O;rn%hre] L eter%ré(;an%}or mani\taln it at the
prober teDipEratare ta hetastdd. yTheosreciad hamdlinbeapperstus saaf various types

'"%HWQ%PE&&'E%%ES&@Q% rhgﬁ%sa&]qg%a ded%vﬁcQ handlers” for

eav e Sl ze
tegHpg Refigeed prrishbereins { Peripheim” ﬁa‘\‘;@r@hewﬁ”fvwks Rediseehp refer to all

tyBHQGf ﬁﬂ:hﬂﬂigb@%?cuﬁ OTﬁé elBUEbnia Sedtin Gt%etf@s B?Wdteﬂl”w;@@?@e and
O tes 1.Nn

BB ATE R ot RUR e eS e T h-shEsceBnalg o ective
tepting ;pdvevaling e “that kkedtromlhsé’ Wwielsih the ATIE uBitch laee Liserhitoc@st the

D@'F %% Gtg{glg?c‘lgl I%§atB8 ?rﬂl%l t%sl.I IQ ’\?Vhpc% J%F&elgeaiw K‘T‘c c{n ﬁtassdlcys as

mze Si e ra
pq;?@shle tm?her@JEy%%tﬁShh?aCb@ qxér@medxohpaw/, thesize hed t\/\@sght of the test

héa%@dwa%gmom%m fdvPhlifred PBLARNES & maBs a8B¥eBo four thousand
desi to facilitate flexible docking and undocki ng

PQynd ﬁ test head with a varlety of peripherals. A test
head p03| i oni n st b erred
foat hoadtbUger o bret FEN B f3n Miadrplst cicies B Wpitheas i
typistly hawuited'Stot oy pertiztickgl. ohert éctkied, Bhedesiciead mbstdie located as
e .
clg%e! Qé'\gdésrb?‘? E ﬁgﬁ?@ﬂera?} %&‘é&%‘hragmtei]gé 343@ lr}'ﬁgenﬂgﬁal degradation. A
test h@act peditinning sya‘t@nm bersasl foopositien thegdestiead widh @épect to the

p@ﬁih%rél%n@'ﬁ‘fé\} b& Ggﬁbr‘néﬂ"ﬁol fﬁcnmatt@FI@XlBIQedoc%B@@n@ unﬁo&l@ﬁ’g of a test
view of a test head in a cradle is shown in

headavith gerasiepeQl Peﬁ@aaralsl 18 te<t hepdl pasibaning FM?tﬁ”b%éMIaé% be referred

to28¥0a tdsh hebd pbsinbidtr tedtadhe n2dHipulstosi t uat ed around
test 35 head 110. Side views are shown in Figures 24B
t hrough 27ie tdsh héadjisrtepi2ly, mbested e adtradle, which allows the test head

to pivot so that it can be aligned with the peripheral. Thus, to assure proper
orientation, it is desirable for the test head to be able to pivot compliantly within the
cradle. A top view of a test head in a cradle is shown in Figure 24A, where test head
110 is situated within cradle 200. In other words, cradle 200 is situated around test
head 110. Side views are shown in Figures 24B through 24D. In Figure 24B, test head
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WD 2004/ 070400 PCT/ US2004/002103 -2 110 is oriented

horizontally relative to cradle 200. As shown in
wWO@unaRo®R4C and 24D, test head 110 may be r op@r/E82004/002103

count ercl ockwi se or cl ockwi se froma horizont al

position. Again, in this manner, the docking surface

of test head 110 may be oriemted to be parallel with

the reci procal docking surface of the peripheral,

which is not shown. 5 In sonme applications,

1}histdrientesk harizeptallg selatiea tiscradiee e chAmshawr ie FigwapRé&k and 24D,
te%_EﬁeaW fifd"m%@/ ﬂeel%‘:atggegurﬁéglmlsg%r%%ﬁ\;v%@tfw Layhdri%%l position.

sl ca restrictions iInpose

Agrip,i Iaﬁawananrteés etféo&!smﬂferfﬁ@@/ofbf@seaeagf Jg(brrtame qu@eite@ to be

pardilel $HifAOthg rBipFRANidRirgs(efade 6f Bl gorfphekA! WHicR s AdtS&hown.
sides of the test head. Wiile test head nounting
schenmes wh sﬁhn§umﬂmétloﬁ§1®att&ﬁtarl|?%0tew tidadpihaoé become more

PN e A5 2 s A58 48, b

restrigtionslespaosad by the @pepmqrabteahdeumlulﬂgnmabeja@llaargemanrtbere is

si@{&?&&?r&oﬁ? td ﬁ%ﬁ%@lédﬂﬂ%ﬁ%ow %e Q&es!' &qlﬁbrt@éjc ﬁe%ﬁ }% test head

ctronics. NVENTI ON appar at us
meuptig sGhees Whighisrnept thedesthegrwgth a'ygfam&ﬁwlea%mréamed inside
tHetsce.t,t%éa'a%re Qﬂldwtﬁr(WIﬁ?\W(?'OQ/M&h dridewtrmmdio @Dﬁbztgzbﬁﬁ €hese have
statjon relative to e at.u
R EaRLY pronsiiyt echmines Al wo R BSHE Hhre (o5t e that coue
bappairat! fier tesideletthenitkase. Respectively opposite force
conponents are at the two areas of support. The two
areas of support nmoSEYMUARYPORTHEINEENP&N to tilt the

| oad. BRI EF DESCRI PTI ON OF THE DRAW NGS 20 Figure 1A
i s a si deAVPERRrefHsIPNHBURRRFTINLS |andi cOMRitSEdAPIVT apPR@sYs coupled

td@adoddd AdH mAVERIE Wigithaflof ; t@dta B‘é?a%dst&‘ﬂﬁiafr* Pé]@trivé b the pivot
accor danc WI th an exgn{j)l ar enmbodi nent

apRasERt At hf\y%ﬁreagl grg situgaped_betwegn ﬁléecplvg%apparatus and
thei biaeeviRemem*ﬁ/elewppd;uw foreendodthomentssarefat thdevgparaenf support. The

YR BTN SRR W 5 AL b,
showi ng forces aghkageaPriditoh B THieBRaWhEYr o5 2A -

2C are side views of a test atta to a test

head ”anHBHILeaI/Qfs d Sd¥ Iodrowdhd &GS Bhtffon of aNEstiiead with
exenpl ar nbodi ment of the resent i nvention.

a PP'@lﬁ’Pé’fﬁ qe§e/'éeaﬂe9°§ﬂé’é‘ﬁr V’eaC\FP'éii‘I“S‘f with ancexemplary anpbadiiagnt of the
pitegerithevgmadht i oner 30 system of Figures 2A - 2C.

Figure 4 is an expl oded view of the mani pul at or joi nt

used i n tFigusegsiiBenD afe FasgectyeZideFvigus @f Bxersplary embodiments of

tk@ﬁfré%%ﬂﬁ%ﬂtl% %ﬁ{)\m}nlgttng ﬁ&lﬂ'hggd m ﬁ'f a@i‘%ﬂs %Pyntta%gs Qlluo%r?m Figure

e mani
12 g0d fWHtr GhorI fogze @4tinpon Oz test head

Figures 2A - 2C are side views of a test head attached to a test head
manipulator in various orientations according to an exemplary embodiment of the

present invention.

Figure 3 is a perspective view of a test head attached to the positioner
system of Figures 2A - 2C.

Figure 4 is an exploded view of the manipulator joint used in the system
of Figure 3.

Figure 5 is a perspective view of the guide plate and mounting plate

which are included in the manipulator joint.
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-3 Figure 6 is a perspective view which shows the
guide plate and nounting plate of Figure 5 and al so

W@ bam®7(4be beari ng pl ate and associ at ed nechanPCHIUS2004/002103

items. Figure 7 is a perspective view of the housing.

Figure 8Ais a top view of the housing. 5 Figure 8B is

a cross-sectional front viewszof the housing. Figure

8C is an enlarged view of a portion of Figure 8B.

Figure 9 is a cut-away view show ng how the cans

engage t hgureatiesa parspedtize yisvdehjshahews Figawide bizte iapd anounting
pl§fed(ﬁ‘ AW sodn n%@(?ﬁov&?fﬁ@ Beﬁn B%QQH&%sé’McFa@e@n{e‘éﬁémggl items.

0 exenplary e ment of present I nvent 1 on.
FI gures 1ﬂ§1@nﬂls]é)6érbbédﬂﬁbrv?év\€oftﬂ?ﬁ Hda%ghead of Figure
10A in various orientations. Figure 10D is a diagram
i I'I ust r at Figgrehgnista@posat of tHf hdismgl. ty of the test
head of Figure 10A is noved by rotating the test head.
I s Fi gur eFidgdrel 8B & gpanspeeadtioval frorewiew ofithedsiusingad and
positioner systemin accordance with the further
exenpl ar yFiguieRfi iseamt erddrged aiquwr efse portionwé iitguom 8BFi gur e
12 is a further perspective view of the test head and
posi t i onefigureyRiseneutanay Yiawshguing oy thej qamseenggedhe tracks in

theQjuikephte/e Vi ew of a hol ding block used with the 20
exenpl ary enbodi nent shown in Figures 11 and 12.
Fi gur e 14F|gsrea1menefam@é Vied ofizerdsioheaninadbotab A With @ further
t he e%<engl ar% enbodi nent shown in
Mo

nbcﬁ?ré’s di'ﬂan %ﬂh%lpé?ﬁeg expl oded vi ew of a
| evel er nﬁghl%g g]allll‘?ﬂ dlﬂu&?é‘tg éapé\s?he%BPFlgD%w@gm various

exenpl ary own 1n gures
orEngaians. 16A - 16C i I I ust rate the | evel er mechani sm of
Fi gure 15 in various orientations, ures 17A -

are si de NoWRs! W isndiagras '”Hété%F‘%Hmﬁé ¢ ceiAeef %")?’gttléﬁf the test

h&HiQmFigute R0AUS Rfovdd btetatidg\thé best Read.est head and
joint 1n respectively different configurations. 30

Fi gur e 18rigsreal Ipisraspersipdctiee vieenofshtast hepd amd peditiodedalystem in
o RiRef Mt e R BB TRP-UNR i BoPEERUORRSE
3, and 4. Fuy\ﬁ?pzpzoé/aorﬁ%g ﬁgé#%%ﬂ BPgEA3st héhd érgf"[g@sltloner

19 is a pefrspective view | Tustrates the fur
systesmphewy in BgWesdi rent of Figures 10A - 10D, 11 - 16,

and 17A -_17D, and further shows how t he
Figure'13'is a perspective view of a holdlng block used with the

exemplary embodiment shown in Figures 11 and 12.

Figure 14 is a perspective view of an adjustment nut assembly used with

the exemplary embodiment shown in Figures 12 and 13.

Figure 15 is an exploded view of a leveler mechanism used in accordance
with the exemplary embodiment shown in Figures 11 and 12.

Figures 16A - 16C illustrate the leveler mechanism of Figure 15 in

various orientations.

Figures 17A - 17E are side views of the test head and positioner system
shown in Figures 11 and 12 with the test head and joint in respectively different
configurations.

Figure 18 is a perspective view showing the roll lock plate and the test
head mounting plate in accordance with the exemplary embodiment shown in Figures
2A-2C, 3, and 4.
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structures illustrated in the aforenentioned figures

may be used in conjunction with a positioner system
wWG200uguHes 20, 21, 22, and 23 are perspective RCBEWS2004/002103

four configurations that incorporate two renote axis

pivot joints to provide two axes of rotation. Figures

24A - 24D are prior art viewa-showng a test head in a

prior art cradle. DETAILED DESCRI PTI ON OF THE

I NVENTI ON 10 An exenpl ary conceptual enbodi ment of the

present iFgwetlida ai perspestiveiviewnghicl dlustrates|the fyrbhesexemplary
erﬁw&meﬁt bf¥Egas tbAl- 1\0'D9W§ sf@%dlmﬁ 915 SantfFurtheBsSvs how the

ust rat es test héad 110 coupled to positioner
steuckyragustaled ig the werawmé flguresppy pe ujssq’ Ht eonjuitsion with a
posftiorBr sygéides trunion 305. It is understood, however,
that test head 110 can be replaced with any load. In
Fi gure 1/Agigires @6, phsAH, lzind 23rarempeedpeothge vikwarf fair configurations

t .
P P B P B R 50 b
nb I
Tésae;ﬁd‘F"%?E@H‘h’a%%?%aéﬂ'?%ﬂ‘gﬁ%%“%}“9?&%2&’%%6?p“°faft
cradlean al ternati ve enbodi nent, the circul ar menber s
b I d th th t t f
oxanml e b ol BEFNLAR f?ég%ﬁléé‘%ﬁéi‘wv B, 805 in

AR L, ALY AT s

ditieesises Gritlusiratedi tiabugnthet peatidinoews efﬁovwem: Fipesdl A 16iguee 1A

illéétl‘a:tgg téégﬁé\cg ? (1:]% g:@l.gg E)a?g ) esteP%)égtgﬁi (P)Be ;H@:t I ga ratus (“wrist
jors Qs hidkiFlydes haipn B85t dt isHenderstged ,d]qv‘@’v{?'atthﬁthteSt head 110

caﬁ| b%onep%%e@W‘thbé%ySISS‘d" I h@uﬁeef'A th%%dpds&bléﬂtlerﬁbﬂf&{sl df&n
hin a cradl I n othe cra

e@mpéw tﬁ?td??@dt]ﬂé’ P gBawns TBFt Herd 1i0dp Cﬂ%@ﬁ % f'rH"ePééﬁ which
mBy VrQ:IudéOctm’d:Ulﬁr alxrbibersiiioe Bxamplel esarifieatedlobatan followers 125a and

1%?35 éﬁ? qrte%hthl?tletd i L lI:l]I‘eV gﬁgn Tf&‘dlnfar OmerH&tJé érﬁ[’:odlment the circular

secC ofi‘enta
masbersoingy ®eﬁeplasedmn1zledneﬁhengtrwuxﬁé@egaﬁhr qwae,oa sliding

mEFBEP & mhifitfin Sl s iﬁgﬂl:\férd) pdth @bt he first

ortentation to the seco orientation. AISO as shown
in Fi gur erpldie fireSdridhbnl dddt ingad akb & sxpvasHUBordzohkdlr d

e e s TR st by ez edBine o b 122 3% g wowaras
(ahd lthe dearpwaéit&)eaa a1bhatiltekdbwheads) idthas testdteatid 0 is rotated
cogggegﬁl\éwf:l?v%ﬁ%ge ?a)ttn}evt% t§18 fﬁ*&eor{eh{& ono rAI?cptarastc'ag%g s-ggh ,tiilq'l'eﬁ:est head is

ncttmlvqilr@rwelmnatcrr@die Agathﬁr Mda@eraﬂlemesmowst@nﬁlaipr@d&e sides
of tA8 t H&QM%&H dad Bﬁ/ofTBG\H%rab%lﬂE’WFncthSrt@sqlll'geaﬂ‘?'g@tékot R&Ber, to tilt

prov al on es of test head

thﬁﬁreatrmaésffornég@ﬁﬂ@rw@ﬁ%@ thengreond qEeR{gHORf trgnign gaqeénbly 305

|s|n$ov%5 dPid eurakd @aﬂh 120’1(f§r0é]$&n‘$plé uatd @ftalarmwahrbe) from the first
%%gte?(d)tﬁlvﬁmét@gq_ orl atfg& ﬂ\ég)pag;g <Nglf719 fgure 1A, test head 110 is

alde pd assmaa thlpbementamrr inswlsitie bhel r6nti ofdksideendt ¥ Udnis ditted

dcﬁlf‘rﬁr%ﬂ%js Xar?’ooéle%? Qﬁégt ﬂ%% 11%a1§eultleaqlp9\%pd§esoctﬂgpfe's§ﬁéjad 110 is

onponent s
rotated clockwise relative to the flrst orientation. This is accomplished by moving

trunion assembly 305 to the third orientation. Again, because trunion assembly 305
can be moved in the manner shown, a cradle need not be provided along the sides of
test head 110 and within which test head 110 rotates. Thus, the use of a cradle is
optional and, in some situations, may be dispensed with altogether.
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positioner systemas is well known in the art.

Exenpl ary base systens are described, for exanple, in
woL@4/0Ravent No. 4,527,942, Base 125 bei ng shom€il/is20e4/002103

is thus for 5 illustrative purposes only. Furthernore,

only a fragnment of base 125 is shown. Trunion

assenbly 305 noves along a curved path 120 that can be

defined within base 125 while base 125 remmins

stationary relative to trunion assenbly 305. In Figure

1A, wheel Fomrpucmse‘s of thisvexgari®a, positidRBisysieen 3p2owtlides trunion

a§s€ fsy'téﬁ%l é/nd § ngs%hlefs éaﬂ &r&%é%rtsgd %F‘ftﬁiééédrxgé%nis of any

ratet m)lon of the
POBRiONECsY SheTH afms ale§|mng|llythﬁo@¢f |Eé@me@mc Bpsaigystems are described,

fof BRAHDPIEEM U.iSS Phieht fb! ats@d,gzmh HRe P8 e eicwPheréddthus for
foll owers 128a and 128b have qﬂ‘gétﬁace further. apart

illpsrabivg Hurpeses gab: diurinermets op gh P aé@t]@ﬁds gfewn:
Trug®h dse@rdblj«l’-lms rhovds glories cliBed patranzo tHat caarbeadesined within base

1 R ke M i bty PR PR s e 08 b
| ater, Cufnnﬁ%.ld'l 'ﬁt ri?\ﬁtelgl 328k Foldlhe L2684 arl giétfél% spaced relatively

(Further e may I ncorporate curve
clods; teaetafeélrrmﬂet:tq @ftﬁ@velaﬁlwtrate thie motien af %@tﬁ;@éaﬁtus In Figures

1B altceran)i l_B"é?s I'ﬁ:lyI ﬁﬁo@ilﬁ@dj E@We)ﬁtdaﬂeﬁb&@ﬁér@@é illuftra8; wh&@ the
UGN AL TN RN T = R

bater@lewaemtherfgr@ts actieg oenéthead 1g0avity CG of the
assenbly. The systemis desirably constructed with the
cent er ofIngfigwnes 1 BCBClanddfle wadousforedseactipg oerthetest head are

SAIREALLS LS R D e DA o

paihd 2P dnak pENof deirde. JBuUEBEN ergbemeptsiNaY IoEPqrate curved paths
whith afd 86t dirkdiaglalds a%twwectﬁsd@géaue&rt)h%@aws d@fs.rably |n a vertical

oISt 1t cATbingt Seiqhs R R s heatt LI Shupicfssentifi 05 Gho wheels
145ar arei IZHlns:s endicdted bgtforae aabal Gictisgl pptid cemeenefegravity CG of the
oS R KA 205 % on S TG anfN6ler BB ocae
then:enteu nf 0PNcR0Bid arcslil 2t aedl 1 2 Halvlichyform gwevied patind dbighs shown,
FQ&E PiHeQ g’%rﬁéa&lic 1(295 Qﬁcﬁﬁaa@ﬂor?fb?&?ﬁﬁ hctied ¥R ®Rinion 305 is

arc . This reaction force al so
d'@@F%dt r@d@t'v gﬁtwréa ttﬂoug@ mﬁap@mb%ftqﬁ@éwtt(%ﬁrearpfgeep%rwdbetween
wlb@&ezaél@or éﬁotl{r@‘tcﬁ@t@l&r Hégﬁbdrhéndl 2135 Izeﬁctrh&rrescticﬁﬁr@r&&hus exists
and u or es hea pa
N R T SUNoEt beFesp RIS BB SRLaa o co gy FBee| 1 28b rides
oraowisiok aac tR1im|and r@dctidm f@raeszli aadmgi on t{hhlopwstls directed radially
I
inf S i thE Poin S Eoriicn (O Ahdefor EpBort ) BEkRleH tut¥el 1260 and arc
1211Hm§ histraegtion; f§rq¢cﬁl$m¢9@$tﬁ ahbb@rea @fét@éﬁttéaetwwn graient3pS and
bdsE 195, Ix@&dsetmhatﬂméqw@l regttum fbh;@s OBl andf 31 %doaqségf §é&hd 110 and

to ro!y he test head is orce necessa %
nesfesa! n%ast‘sﬁﬁmf”rgf‘d-'@l“t% of Aravity Cﬁ/&eémsemﬁtt\ HeP is ppgfc of a circle,
thissiadruklif ailpositions (Wh@’é&h@fteﬁhahd & @t ildysithan plusariminus 90

h h
R S S R s TS 3B P Bloct Wi BB iR the center
of(aravituCE ioplaay 0. dceqydimglyb thre oWDFR0E 4¢ VNRA00O rotate the test head is
thggfc%%%é%%rcopgé t-anlr%Lfﬁcttl alW t?ﬁtQtskl]&@ni %Pﬁ'\et Stest head 110 is in

rovid
a state of static equilibrium in all positions.

It is understood that the two (or more) wheels 128a and 128b can be
replaced with a single (or multiple) sliding member.
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to be rotated about a pivot axis that is at a renote

| ocation with respect to the novable points of
weonwtanioof the joint. Such rotation of the | ordr/{52904/002103

any orientation) is considered to be tilt of the

| oad. I ndeed, a surface which is everywhere parall el

to the 5 pivot axis can be i-gserted between the pivot

axis and contact area between the novable parts of

the joint. In addition, as has been described, the

j oi nt hasThuse afpivatingrioinp isoprevidgd efithudsierpyorerpatiaé itofllows a load
tosw)métteh %ohf‘ﬁ ph/&@gxkfthéthg aP b‘f@ﬁwo@(ﬂoéat‘io?\ Rk 'r@s‘b@t:@l!o the movable

passes t roug s center of raV|
P%lMSd?A”éﬂ’f‘Wét Pt JPlat ﬁ%tFO%@ntoftﬂpﬂe'OﬁNm an»'as&r'eﬁtaﬁ'%) 'an

cdﬁstdéami loybeip bf 81 1b&d. cmdelaa; a vsﬁrfacsésm.awfg‘ exrdrmmerbcparaua to the
er cone e_system

PREATISED P Msaltaf CBRvagn e PMoRaXE Y Bhh Uk Seypeen the
mjoustle partistof thjoird. breadditiornt, asdras beap plesdribed bther jotrdthiag déhe further

plk%ﬁgr[tk %Q?emao?bglge SP%@:p%PtrﬁgF%tlgilc{ If tHﬁ? p%??klg% h{»”oﬂyg ténd

er
pafise$ thraugh the l@@%étcerat@t ofgreyiy cFhis alpys thedead tmpivploabout the pivot

a{IQWt%SarQ&t@HQIIy?’g B%%IsfoPc)éacﬁBt! ¥ il ﬁrs@lﬁﬂ"erﬁfwto%rc@ﬁle the friction in
gravity Reaction forces ﬂB and 3B i ntersect

thehsé(sk?@?rtlérth&fsef‘%atf‘? #7d iskalaneed With casheey t%ﬁ*‘er%‘{%qX&ﬁJ”St as it
wboid beSf ctomerrélsdppcm@mcw sotaiiebddrings ®tatsd @f a Goaxdrity line passing

et PBreeBhenar GE onap cunac RaLIREEHdE rsiar S ttrsha svstem
suwbrthet rﬂaﬁt"&m foréesy2B and BB pasuétacty éhtouglb center obgravitH€G. Reaction

fo?éeléti.é:alﬁc{ Egtiriltgl%ecﬂ ét %Q'cénﬂe? oF‘R:II:aLIIJH3 sHdafer thle%qtﬁ’”o@ rotation not

rection so as
cqip@de exackly wsth tj\e:ﬁﬁrnt%r oter%wemﬁelaﬁﬁ V\t"hé%féh?'éﬁs gmain in a
stéﬂbﬁér‘y%sntleﬁ prbideddtat LisCrsERiAg n@oxﬁérﬂ%lﬂo@&kh@f@ﬂé’ﬂ é'f&_mawty is
nclude an aux Ilar force F sup ¥|n
e O BEo MR B SO g TyS BRI e Carice [fagii wi tend to
rd‘tatﬁn‘ntahﬁrataﬁlh et as 6 placé &ié canterofgradity CQiunidemichakh tHeecenter of

rq%t(l)cﬁwe r&s'v& il blel{ﬁécug e%CE'p??ecqu"E_é/mE’c?d.ﬁq%ﬁF Ha?qnélgdﬁaﬁn %uxmary force-

enot € axi' s prvo
smwn@dewcmo c@nmsawfpsa centenof gmwty thati Isﬂlsamd‘rﬁrroyﬂ the center

oﬂ%‘c’at% WSSdot!j8ink ?\flt‘ﬁrthE %rébdr@é@}ust"@és‘%hbg@ H‘?a&%el XA to as a

. sane or Sl r’r,], ar prop erties, %Q nor e reC| se"
r@maﬁﬁ@'@&wﬁ pfqrr%mm'q"w 'Béh'ageeumﬁ% 56%%%%&19'“ or
“vﬁr.smra@%msl@i' rrfalvhﬁdhsréartb réfer & d\lljcblﬁﬁ whira_h rgtane@ngle.ag Ithéaea:lne or

<ifuPE pisbErd” 8 PasyahyPBre Brers AR b gf ! be Uk When

négessarporating a wist joint is prOV|ded i'n Figure 3.
Fi gures 2A through 2C are side views of the system
showi ng t Aeradical ¢rabetimant ofr ewrigh fofndrie descoibpe mitd theraid of

Fi HreestZA R udio 8hd ERfire 38. X tpb%‘pe&tﬂ)erﬁrawﬁiggéflraete%f\h%@M@sltloner

est head 110 in a substan hori zont a osition
INgGPORESING YISt IOt S BLvRledin Flaved 3nBIglrep A SebUa, gt g side views

oiSﬂ.hﬁlsJyQtreh‘ysl’ﬁdS)vm@mét%@DﬁQacDTnltﬁFHeSdlff@i’énOf)rlelﬂagdlﬁsi‘ddéto motion of the
about rotation axis 250. Conversely, as shown in

Wﬁtgl?rg 2C, test head 110 is pivoted simlarly to the

£ 01 BBl 08 BB OB ] Bon.

CqTitgﬁ#,e'n flgtge 2Bptast pead 1@ ispivgiedsimidasty tadhe sgaand orientation of
Fighteathad. t SRR $bthtiONkis 250. Conversely, as shown in Figure 2C, test head

110 is pivoted similarly to the third orientation of Figure 1A, again, about rotation axis
250.
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system 115. Test head 110 is attached to positioner

system 115 via wist assenbly 300 in accordance with
wa@rooexempd ary enbodi nent of the present inventPCHUSZN€002103

various features of wist assenbly 300 are shown with

reference to 5 Figures 4 through 7, 8A through 8C, 9,

and 18. Figure 4 is an expl eded view show ng the

vari ous conponents of the wist assenbly 300. As

shown in Figure 4 and Figure 5, guide plates 9a and 9b

are incl bigete 3 @ aerspeciveyignofitest Bhadiil €0 atthchesidotppsitioner
syfs%éﬁ%%' ViRes® helep1 08 |er%EHEEéJ‘Eb ?Asa&&qemést(aﬁghyva'vms% ak&embly

gure at they project forwar refrom
3%!5\@9%@}%%%*1749 ?@mniarvtwqd"a@@ta%fﬁéa pr%ﬁeepmvea%?n
7a. Cyli n_ger 7a includes a hollow  cylindrical ch I
through WY ¥fM94S fﬁétué‘%st A IS 2PN 300.ALE SRRWN YKt reference to
Fipossst4 ihnewgisy,se throddh BE, @raraipys.opri ate cylindri cal
menber (not shown). Thus, the cylindrical nenber (not
shown) exFignds4 is & expjbdedhdew lshomial the vendous conaydnientiesf the

w?@li FnIBRI ?@0" {}rggl%w%gu Iégur%m nd Pl LA §t§.|n E%Eest@ae%nd 9b are

Iat s 9d

rca
'nseﬁsiaéhév‘d"qeoplﬁt%irﬁau g ;M a&eeaffx#%@u egpectiye SId@ﬁaﬁmqyntmg plate 7b

(ﬁh&%l@ﬂﬂhgﬁﬁ‘é% gt tH*‘ﬁﬁrme@@foZ\thW‘tHerder@Umnﬂn Brite 7b is
0

|t§ﬁJf %gacﬁlpag%gylgtger éB l%/fnh ! %'H@Hﬂ%sn? Lg@qvg Q%lcal channel through

wBiehrit isgittaghed o @2 renlindde sf positigrenispgteirnt 15 lmhraﬂ fappropriate

f 2
CREBEA 18 ePLASHS, UL B P ) nc
threugiythegihanpelfogoed icyithderstadscothat cylingep Tatishalple éqr@ndsabout the

ofiREASg&RBE. Ng 23a is stepped with the small
diameter fitting closely within bearing 23a. Washer 36

may be Pl 6GRrRI phatet BE 2R ma)dbé”é’&%@ﬁedg@rﬁwb@rﬁhr@’ plg€d BMusing, for

Gt dheayrent Atrebisas: NkicTunus ndHdHiRS At & pepung plate 23 i
ahtatr:tie_ddtediop pditiost weptidaylatds/9a,rad usles attacHreraasdesivs 29. Bearing
oBREE PO o BTSRRI (e
sarew by extends |tlmguql3@eam23asamd1§ratmcha@ ke inetp2@ weipg ralp pin 50.
Tlg‘eﬁﬁ&hsc?éﬁ91Qf’1a@&t€§ém%udﬁ%ea1$g 2f3 aqt sﬁ%?@@ (Aﬁthz'tﬁé’thall

and camfol | owers 39a,b ar€e i ncl dd
diggstef fiting clogelyjwjthin Pﬂarmgg%ﬁae VﬁaShSHaSM Ipey P'ﬁé‘c’d °“ the small

digimetdr poriioh bf §iiéew 21Gbelowl B&arfrignslaieorB, GindGai rétﬁlﬂiéaﬂiﬂrﬁbsmon by

R Shede AL T Crtroder A asrEauf a7 Tagylaes -
threadsd dpeoiigngrhils, s@pedifexteidsythrdughi (2odeagagpsd tvethreaded

Wﬁl a%ég% ?’Ipﬂht W QJ‘: @ﬂro@&@f@é@ﬂ%; ainrd% E’Iqjé?g%ﬂt&hed to knob

pent n W | St ousi n ower s

Z%r Qnsanhlétd@cPf adjustment Byt 7aflat weskers 48amvancheaek faliowers 39a,b are

intrB&N. QNOE@'I Kis];! 5\%@8@5@‘{&%9@%Pi@hr&@vﬁ{c§48t§-§3no@ viidi€ in Figure
ol | owers hannél's 351 and 352

6 B RIS BBl e 2oa v Gessapa@tein « nose

and 35t ST RURIA T o Reeehdiongr v e et 140 eired to
wegt hanginaouy/ SRR RARriaSHa 0470002 3 chanBelss3 Sthiawh visible) and 352
algirigéiﬂ@e% i ﬁéﬂin& 350 Wrisrtq)\lohﬁhg qslged‘gﬁl‘ ifcﬁf%w%pée‘wep,’b &re s‘?tuated
therein and are able to move back and forth within those grooves. Channel covers
18a,b hold Cam followers 39a, b within channels 351 and 352. After cam followers 39a,
b are inserted in those grooves, adjustment nut caps 18a, b are placed on top, and

they are held in place using attachment screws 27.
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i ncluded (40b and 40c are not visible). Track roller
assenblies 40a-d are attached to wist housing 11 at
WO e@poTi4dve cutouts 80a, b, c, d. Track roll erPCT/US2004/002103
assenblies 40a-d may be attached to respective
cutouts 80a-d via spacers 14 (not visible in Figure
7). An 5 exenplary track rollger assenbly is a conbi ned
beari ng system manufactured by Pacific Bearing of
Rockford, IL (exenplary part nunber HVB-053).
Al t er nat |Aﬁs$lgowrelao°hgureaélandrbltra@k ralées exsbémblies Hwabi agd, are
m?MP%@%%CP&OJ §r@| )t h‘l‘r%clp?dlrer siepr?t%{?g 293 -@hrC4Ached to

one ort 0 to the o € manner I n
wigi hewisingi 1t atrissrs iy e fqtqugs B éddt a' raflfi releppsseEbliend0a-d may

bé’aﬂt§cheaQo nespeaBV Lcdtdliisysodes il staﬁeeeéumnbef/@mmel:.wre 7). An
ur es

C and 9. ui de at e
AR ek aS{irasserablie BoEIoHEA BP0 STRiEM FEBurRlERS by Pacific
Béafrﬁgl@fmlckfard dk sexdvhplarydiiat ndber K0B-0540d Affkirdetively, each track
Lthin « i 0 71a,. .#0b, _: S

rog%nla ?éseg\fgl’s@r a’rl\ﬁs f&yttae?rgéa}r IgeS ?éggacéa (\{Ylﬁﬁ’ 8aﬁz#?gﬁ%g%%r cam
foleens) ame/ohasmiahtenthe ofherck rol | er assenblies 40a-d

thus nove_al ong circul ar paths, where the center of

the circl g wapper ipeviigt west hasising: bt issrupledta@uidestlates 9a, b is

ncﬂ@ﬁﬂ)re TJ]I»}'4Sd()es€1‘$be%hgilm réf@reﬁtgw ?lgarestéf apk SBQBtQJ?ng 9. Each guide
is able .
PR S e e sease P s 0 7oy Pbb. 2k bt BRcglerassembly

4(xn, 400, 40c,ar0d gllutesmmln?&apedmveEill’aqut:b705, Hlas G0bhdWn Catouts 70a,
7%5 %% §f§%'— Oé}c gf E 'cﬂglfe‘?n §E eéelﬁgra? SFI‘IIEBE%‘I%H\M“FJ&%k r%ar assemblies

tac
4Qﬁ3d1th@$ mwera@ngwaulab paiihe, uhela&ﬁe@em@rmf thet citgiilsi thg center of

ro@ékldﬁ' <5fttH@ t@é‘t Hé@ﬂ ng‘hGQ NisAHRGA IWFHGJ'r@ 9t ﬂ%cl@%lfép %E%%J\b?y 40a is able

hannel covers a tached above
tOdiﬁjﬁﬁ@F@“ SBtPUt 382 Tbﬁéelﬁﬁﬁm%'}bt’ Pﬁweeﬂﬁeett@§k rplies @ssenipjips 40a, b,
c,tdl&md Elﬁokt@%a?@ 798, H<I’$C3Dso2§|omtlatcﬁiss seSEse Rdurl 80

{ f t t
FirEphETs, e 836 P 02 aRaTHsyab Auidd RERE T SPof dotlowers
3% bhwarataghed &t wrigi3houbingsl1 by vistreal b2ingt eonbained within the

AnHSIERN 55‘% LharRy 85yt 989, & BRadHy e %Baﬁﬁél?%a?%sz
RN 3 A et 4 15 <ha

urn Ust ment nut

ovar ds Oéné‘%%f th LRTEhERER h%gd id By LHRIMEDERDL RS As knob 20 rotates,
adj ust nment noves towards or away from knob 2

20,
SiRY - ARAISHFHGS- 0 ap% RXSTRIapY SEBROdIBIeNE P thecrgRpTtjIRéention, knob 20
dddandd .nGove v'eau@ualrslagvé E@b&artigt mates23( Obhus, dd @clew 2Nturns,

i S e S e et A

aqjostinténd mutvil 7 Imaves liewarals oe awial droet kbgb 26e Fodblanderenss adjustment

&ﬁﬁt 9{(&99%{%9&5 of %uggq rergﬁ%aceg z?;wéﬁﬁhg%gmg ug WiBFRS 8La0HIer
aspenbHesy 48R, bdrd m@ve RERNISRAKFUEI B |78é,br7e1rﬁal? eII'S}' this manner, test head
1LP0kE. ofrh@éitr@rmaéﬂacam Q%Metlbmtm@e rdtBte8UR BN @I§tb 4@ angular

ca bal a Y, d .
KT T R e
Farthevc ittis ondeottoed thdtaknobl2® nepnde Seplecddesr axfgngerded by @ motorized

d#‘@e ﬁ\%t @a}/ld vu?ed e%ét%g/ ngE)H?roﬁé)d ?\' g‘n.i)cg&ﬁiéoc?@s%%rl I‘\:t_jatlh%ﬂch a driven

00

n-an aI erna
appligatien, dalance enayi natdecrecessat yvieandg, pw‘@senugﬂtdm the certer of rotation

m\@g%@{%&é Aot nRhEOMaAfth& R s2@ntet o@rgeah@r, wWH® may be
t he 2004/ 070400 PCT/ UsS2004/ 002103 -
advantageous to a specific application.

In an alternative embodiment of the present invention, the distance
between the top of thrust washer 36 and the bottom of knob 20 is greater than the
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t hi ckness of bearing plate 23. Thus, bearing plate 23
is able to nove along that space. This allows snall
wapwdotEoof nmovenent between wi st housing 11 pemus04a2103
plates 9a,b. In other words, one can use ones hand to
slightly nmove wist housing 11. This is useful for
conpliance. Thus, the adjust-reent nmechani sm conpri sing
bearing plate 23, 5 screw 21, adjustnment nut 17, and
rel ated hardware. may be used to first manually
thigkngss oft brarinagiiate @B. tThats) beatingoplates2 Jismbtedionmpee alogp éhat space.
Tﬁ.@gubwggmfa%nmﬁ@ &qnmén#bﬂttb%twé@mggt r&ﬁfsinahﬂra#d g%ﬁ@'ﬂ)lates

t he docki ng mechanismis actuate
9?r8y I"roé'f‘ed't"é”é'&n?ﬂq GRS Aes hapede a'mtkvdﬂavq yiigt hqusjngsll. This is

uidftﬁlafbr cdﬂﬁﬁlfarﬁ:@ ﬂmktafé misstmewa me%hhlgigmgtboﬁ'lbﬁgﬁ@@é@rmg plate 23,
exe ] AL e aajpustne
S(irr%‘ﬁf Qi{ﬁ ﬁBﬁ%ﬂ g2 %ﬁlﬁﬁﬁ‘ar%\y@‘ez aysbﬁ,taﬁdii%rst manually

adgdptuishhraﬂgte ofithe 16‘ada10¢he eabatoexdnaﬂeaa’n@imrrequlrém &saockiag®svith its

ta'?@é/ta&?wqg agt'ﬁ% #%E 'é:légl%le hén.&.‘ﬂ‘%? %S&lkfﬁ{bi?lﬂea it hFad may
rotale C@d}mlgﬂﬂéﬁﬁ naeashaImite @r@m@mtm@wlb@empﬁa@l@d pq&ittow a

di fferent adJ ust ment mechani sm whi ch provi des contr ol

of the nofkhah ihe abake exeaplgryambodimen incliges ghe pgjustment

mta.btsaradh S hpRiBing RE ARG bRt RS, §c€ém\23¢adjubﬁﬁelwmﬁtl7 and related

n 11, can _be .no b with .
RO Snesk R g St SR, 5L B2 P Y about s
cemdgr, oftgravitheAllerbatively, theladpdtiognthimechaniins shows nstydvenreplaced

U
wltﬂ a ddfﬁe‘lr fit él JUQQ'E%'& rﬁg@gggggﬁpggﬁioﬁﬂ%cq@%% T%Q\?Gﬁﬂéﬁnt of test
1} nent screm122 is mounted on 20 each side of
Wi st hou3|ng 11 by means of bracket 19 and nmounti ng .
screw 28. OBEWHe 35 e§dﬂ‘l‘ﬁt6‘§abﬂ‘eﬂ‘ﬁ%ﬂ§rﬁs feRpP Vgt Ehesywrist housing

1D6&n b8 nedel VitHie gOide plaae loalb Wih Hand pR&sLie dhnfosthel 8Rternal

oy v 58y Sl U3t e B W08 T o gure o only
one screwv\% %ésr?o%"‘(ﬂ Fi E%W gta 69%' ug‘?as?gst%ﬂ?ls I6§a b, mounted on

openi n recel v oné
glgﬁe)m@)te 9¢Jbere§p¢réwele!nmaafbetlhdud@cbrAnnagiJustrrmnt aoRwiR2 is meunted on

emsstldésgf&\ml&hﬁ)ﬁﬂb' ﬂgoypﬁ‘legnseoplslgglfetsl'%ooﬁo%ﬂu%screw 28. Screw 22

ousi n be attached

S ARERROEATSHENGNE PHEp i QPP B, SA6h R S Prestgh d8ctor siaplgithe position

ofl strewi g t&ﬁe%dﬁlﬂ;@éd&$prﬂb§%€ayaf&aﬂﬁ&|h@t"b‘étwéd’ﬁﬁ)0%t§6w b and screws
w 22

2RI St 1% PRt TR o G S UOSS A SR eening, which
regelyes bhe esgof agpring (J‘h)tlsbowuh pTlamlothleeEméeﬁtrm ISprin@ & attathed to
pc%‘?%%a e“sﬁﬂng’%n%é Sfr&?%eﬁgﬁ%r&?mﬂ&ﬁ& ¢ v&fﬁcl‘?ﬂbb’lﬁtbet fached to
0 that it ap

rce 3
PYsé6FP s alsamet shavar-| in pisetice, Isereve?d engases ghr@aﬂ% y1 @l#ts 34 situated

aBdve érﬁ%el&?@&n@d‘é’n&@? bRk §9ah@n'ti§ Wi&&lﬂd"&:ré\ﬁsztz B&@ﬂ/ 22 moves
es dq not COInCIde force

o 3850 ST ReAa, oL hletk §aa TRl ST Hlieh ragourled
bgteveet isaiew 2Zhend posteTa cﬁbdietstrdtﬂ'ledeaﬁd_edoanre@e_d\tb_tayIJUSS the force
thé\g ftf’apg@@é‘sglﬁ’% ¥ IS'HL%? 2 I?&{I uP&ar%itéﬁi%lg gﬁwgﬂ'tbmé ?%llltlémof ity of
thedpsit hepd andtiim@xfsmb@et whishgheigst head retass dragticoinsidehdhe

sd’rﬁu'g%ﬂ:teerﬂa); Be QRRRLIND BAawRen 03R4 i?nga aék‘?rté@rnobﬁlﬁglkp%smon, the

nd associ ated itens can correspondi ng

umeaE aPHf IESoCeRERI R i9R7) 1TYdP @sroy GausproYiding 3 §ta¥%%‘f gfptig gauilibrium
asV:I2 89 4/s0at0 40 WhRE Tt L5HPDO AdtBEAINEh relative little force. As shown, posts

67a,b can be relocated to openings 69a,b; and spring anchor blocks 19 and associated
items can correspondingly be relocated to mounting holes 70a,b. This is useful for
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- 10 providing dowward spring force (instead of the
upward spring force provided by the illustrated

w@oaubr@m of posts 67a,b) when the offset betw€nusive4/002103

center of gravity and the axis of rotation so

requires. As shown in Fig. 18, roll lock plate 63 is
attached to the front of wisgg-s housing 11. Roll |ock
plate 63 and test head nmounting plate 61 are al so

shown in Figure 4. Test head nounting plate 61 is
pravidaghdmiviiveart lsprine $arch ¢iastedd Of theaudved rtdspBilg force provided by the

1 [ ot

n@&&ﬁ%&‘%@i’.&k gf &r{l\%;gng ﬁ?ﬁﬁ@%gﬁéé@%{dé& M&»] aetngé}ﬁoaf“b)ra\gty and
tfﬁ%'&@’s‘t)ta’i@acﬁo regéikespl ate 63, roll plate 61 and
associated itenms are al art of the |oad that is

rotated bYs §i#qvet i3, 18dﬁ'6” KK Plate §8 ipattaghas tedfie fionk of wrist
housirigest. Ma&u&eteMan@@seh%mmgntuh@ pRe@berar@tiso shown in Figure

4 b brdymivafes BB by ondf o bhe Bee bl 1P i o1
Altdmatsvelyy earokimey spacing stropiere (it B86own) may dte flacesli befjwédn test head

m}é\{lhﬁ"r‘%g@%@l ga& Qﬁ@ %%Béékﬁio{:@gﬁwé‘stm 1 §r61 %n&‘”ak?obated items

anedlzpaneef e load tha‘c§ 'f?é@fﬁérby wris§ 300 herdi thRyunustie garakiaed with

te§9—héa?i a0 ﬂ/hElQ dEEHrﬁ‘ﬁrﬁn@Wéen@é} @@rﬁlfWerdt%hSﬁ%eﬁEy %E'ﬁ‘!fted to
ort%ﬁona to 15 t Xi s of

eSS BRNHHP e 1. M EnaTts atonss tERE M R EbgREr g and
opearty mun\tvnmghmjs&tgelﬁlvva@dslwﬁtgagm entesds Shaddh thet r@ar of wrist

hguas?r{lglt cgrsattﬁwteﬁggu o Oghl\é\”gl W] ft 'i—E%a'B?e e?lll f:lh?%nanner, test
hézgl moqmmq plats61 tshatrbeu g:hro@qzj:embpgt dre akig th@tsrs ehmlally orthogonal to

| th@%‘*ﬁkt %ﬂ%ta‘%loﬂtrﬁ'o\ﬁ&e@ﬁg tllmfﬁ-gtlﬁlhgf gﬁﬁ\rvh& J()mtl Slcﬂﬂf Sng%?through

actuatin st op
teﬁ"ea%ﬁqmehmilmﬂg pbtea@b aBd enoAdss YISt shart Afo fe@ktasqe attachgaent of wrist

sHaft DEIRst h@acf h?buhhﬁg IBQ}‘Eé Bl OlAlsféf ab gﬁéwﬁﬂﬁﬁgmtlbﬂ@bolt 1 extends
ive to rol

e R R L il stasediin 1l tock piate 63.

By ac/teatlmg)wmm:h Fhawdlel smo;anlpubs t’d&Aheé’dwrrmuetib@dlatreBn towards roll

log{ Blgté Eg rfgl%%r'ﬂ?ﬁ;( tlbeﬁggﬁwan Sm %kae%ql $8untH'Pgsévlg ?qu%d\% to roll

IowhpI@te 6%\p| aces the 25 previous wist joi nt 300.
Posi tioner 115 again includes base 125 to whi ch ground

link 1607 fierharepmaland dihstatiys epbadimans oélt%ﬂ'@swwventlon is
sr%% |ﬁﬂ¥glﬁ|§t1'®¢\|. I%.é)@n@&du?@heakahlndnﬂfefs tedt hééaslqolc%ﬁpled to
pdsifiner 395 b s ails RivahechBiGnt o WSS RGN 3, yRlich replaces the
previvas wrishjoidt4B0oahPasiticaret @ hSl agalnnmgudmmbhdel 126 tb6hhich ground link

1%6;@% beeQI' é’t?échel:l nh] BT%P n#i'oHrpcP ik gé(?/ m?} éf@%al@é% M ﬁ'ltegral part of

rotati velly cou roun
baseai4Sng49aigo onigya mrﬂm ef b@sebbaSnlg shewAc rvércustﬂ@mgﬁéa ifludes lower

pl{/btmhklﬁﬂ) é(rﬁcﬁu@;?@rmmfflnﬁa(ao wﬂléﬂt’\@iteﬁéti ‘fr?ﬁ'n tbfd’lll'ﬁdl%@ 130d Lower
le to rota 0 r

&g fl vot 140 aL ds and

P%YaN %ﬁ“‘ngBQﬁTcP'thr'u'R 1!69 arg B3ty rohRMRY Feupted: oargipd link 160
vid [pperings V3O. By nktdb%‘f tmimg; Fredohed ‘t@bpb@tltlmhmd) V& bebiedd 150,

car . iti 150. Thu

IO\évSrg ng’l‘ﬁltl O]an 8&5 IV?C/{OPS( 1% arefgﬁlel%? l%garn_]taéu\ggra{; L away from
grebndiink LAR. 140 rotating upwards and downwards, | oad

carrying link 120 is able to nove. As shown in this
i |1 ust r at Feraidinkd 30, andappenpiygt linlpl4Q arg @t@ﬂ“&ﬁly attached to

load carrying link 120 via additional bearings 150. Thus, as a result of lower pivot link
130 and upper pivot link 140 rotating upwards and downwards, load carrying link 120
is able to move. As shown in this illustrative embodiment, test head 110 is rigidly
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WO 2004/ 070400 PCT/ US2004/ 002103 -11 coupled to | oad
carrying link 120. Load carrying link 120 serves
wez@aenri4ed |y the sane function as truni on 300POf/US1964/002103
enbodi ments described in Figures 1A-D. (In practice,
mechani snms to provide additional notions, such as rol
notion, may be placed betweepy .load carrying |ink 120
and test head 110.) 5 The configuration in Figure 10A
isin a state of static equilibriumas will now be
cotipledrtb bextl caftvind imic£20.ateadncaroying ik 1 2@ serfeesssentialty the same
[ 0 t (N
fuﬂl%t@n 9%1 %'lr"ggé% ogl'tllli? emé%&%‘?e%?ﬁeegéﬁggi WelsﬁifjA b ?I ?ractlce,
mbghanmﬂmprmda@dd@mnddnph@%ﬁum@ﬁjrqblam@twmgnw h« pleged between

Ioéc!i %&uﬁémﬁﬁ 106 3RE Ghdr Y 1f1bom pivot  Tinks 130 and 140
by way of coupling bearings '150. The intersection of

r ef er encerHel d&ﬁg%@tlSQLﬂF@Uﬂe POHLR iha $t§t‘ébets@at]Ed'1éHLﬁladrﬁlm as will
exe ar. er o ererence
nqf hE SLe TR oty PR e b drest BRog nabF a8 eiant,

indioatetli byearb®a i, rgtind 80thevduntdr of quiplity @G ot the redctidAdindeated by

ar&h@sﬁﬂ&lahb g\raécﬁg%%ﬁﬁ%alea"@agagﬁd [ gﬂg .L'JHQ%T é%Q rﬁsjje%v{fgf%m pivot
lings 13ReancwicstOr it way Ecaypiing rbg@rlrmolsm the @@ﬁrm@lqncﬁﬁéeference lines

9Cp.L'aVamd 3 1Kis L3&d Ecplngfcg’déqgn leké]%pl%ﬁpcélﬁg‘ éfgﬁ Céy bBshed reference
['ink 120. | nasnmuch pivot |1 nKs are

lingr3Q3a;is defi dpli)&ﬁmgoceg{:erggé Ehestyep Watgy@aQqaﬁlggs ig@, WhICh couple pivot
linkepaot ﬂoCtji‘éuﬂd\lu&de(SAnd aid dafryfHgr 1evkt 1zms|mlla:nn,g dabréd reference line

k h
o0 P FEhe by b Gttt of Pl GigiotdiBdalngd 350 Miverssouple jower
plmtplrlkddiotlm droat brak‘ 160 and ldadica@r2hgi limkt 1%9. Ickhanagthi asngvot links
LSERL0S8h e SRERLAYSe 83203y 8PS TAHERLIOHE and 3

or convenl ence anatl on,
acsfn giregkions a|°§9§h%'\V\AﬁeS@FC‘i!\f?e|”'&‘érit3@raﬂ@|f14toes'fh3’$é%tdn the corrfrguratlon

of%@gd?é aohl FRictitves Eﬁﬁﬁ@BAere Gbé‘ﬁ@dtﬁb IM‘éd barbﬁné nRRued in the

el sewher the eff ctures and
s pEndainen hyureesfins e Q03B DA% Meipertvely (Bt yenience and
edshaf explpeation, Vigd cdnterkof gkdUity is ghnwheaﬂﬂnemer&mdofgre%he&lsllo In

pr, %t&%:tﬁg céﬁ‘[er \ﬁphn%b/%ggmﬁj Bg\%ﬁ:ggegaﬂge&hser% %S gljﬁ dggfectwgﬂﬁﬁog‘ting
stfustures apd colblps must bey Mndetmowm ) fhie qbsg‘med that ypper pivot link

140U i &dnst £ $rBdiked Q%l%@@%r Whﬂ:% ik %PWEFﬁrHJQQOStﬂetIQ@tWhereas,
reference |lines 25 903a and ersect at center

lower E]W%R/IIIQISA%%.S lq-ﬁg@preisalgfn and qrﬁwgqa,sea gﬂfﬁ%\?ﬁt yhichfis upwards and to
thEirght.e st i$ Autheri fotéeat hie@dpPakBtusSs sirbhigddesh Bt séRWEMce lines

o33 T fleris bt Pty SnGFVELEE: s\ iRl el shsrerap P of
Flglras iLAyD GCtest Acarb L tid isgituatechas shave, icenralivfortesapo tibis thse 2A, 3A,
Z,ec{ctuﬂﬁ A Y Sk (té’&qme‘aﬁsﬁozgéﬁs t'hil&g‘ri‘l‘ thke ARter o?%f-eﬁ‘ﬁtj CG.

n SS

ext ernal ' nonent g I at orce 1s a

chwqiﬁg}v,ftbﬁtqqlérnomom@@fdabqwt e eandes Qf&javlhatanplﬁéstslg,@de}ﬁo will not

rotate %hl%%b %ﬁ'e&hérﬁ’ﬁtrﬁérﬁbﬁ‘@ééﬁé&lﬁ&ﬁircé J@%pbﬁ’é‘d zp ma?}l fuﬂﬂ@r be readily
rce

oSN AP BRI S EL FBFETY oo 0 17 16 POTEPrEpENd vertica
cooquohegtsraitall Gorcad fomranslakiogalr statid&yuilibrivet apE wiaitjudly miktermined.
130 and upper pivot |ink 140 have rotated
count er cllndkeicerfigushtinn steowroint figurp 9Bt loaver piveimink 30 and upper
pIV th'ke.MOJi%e r@%t@q E(ﬁ@%l‘tclogﬁw%g b Satid %tﬂhgrbo§%%ﬁtshg§lﬁqn Figure

0 has rota W se relative
1% %%gtresr%taef thisgoakigintash heady it @ ha@mtaqaéf%mss nelagiug to the
poBRida,d? tedteheb® 110&h8@ABN Figure 10A. Reference lines 903a,b are in the same

position if Figure 10B as they are in Figure 10A. Thus, it is observed that in the process
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position if Figure 10B as they are in Figure 10A

Thus, it is observed that in the process WO
wWQo@40@A0100 PCT/ US2004/ 002103 - 12 of rot atiPgl/Us®e4/002103

head 110 has al so undergone a slight transl ati onal

novenent. Figure 10D provides a magnified view

showing the resulting translgiion of center of gravity

CG away fromthe intersection of reference lines

903a,b. Thus it is seen that the center of gravity CG
ofobtatiagt tdsehdad 100 ihas also Iuodgtgpnata dibkt iratdatieet monewknt. Figure

16[?{)%&&%93 rln ﬁlﬁag Q%QV ﬁ}ov&#j e 1e. @E H§ bra FIOF! I?)? c@lﬁ@F &f gravity CG

ravit
aw&Vefromrﬁaanmtem'ectiwspﬁ "@fﬁiﬁ%ﬂ‘rﬁ“f@é@@ﬁé@ 1] bbﬁ ltgszé@ﬁét 'ihaé the center of

?\L@Gsof t§§|:q{éa§51 1t0h§ nb %Iﬁ;‘éh%t @Hbdmter@édt@ﬁ o?fre#e@h% |nﬁe59§03a b.

. Furtherno he reacti
Ptrtcﬁne&ermvaﬁ%e %tﬁﬁ%ftgra\e{v mRvedsgli gdwt\ve‘tsqm Jsdnitigkpqsiiag. The
arfyurti of @lisplddaksfent d8pariad updh geeseed favieky,.sudinas thelkengehs and

ti 2 I I
raffe RE RS S 120 G oPhE 0 ant or of gravity. 1t bs
seen, hovﬁrﬁ{erﬁop@ttpé IP&&;SR%HCQJQA éﬁ‘d Z%E}'nﬁ&tadt th the directions

directions al
defined byl piyotdinks éﬁpuamg w@rfeﬁmtwwufhttsv]és oAt e sqe, reactions 2A

art By hBYeng@?%%@SlHﬁ@blabﬁs v%nérﬁﬁés@,%ﬁl'ough‘%hg lé@nt%b@ﬁ'&ra‘vh? It is seen,
center of gravi t devel 0 mount. and

hQyY§vEEt ﬁhahtfzﬁ reFFﬁ Zcpo r2GLRE Hﬁﬁ@?ﬁﬁ@naﬁ%gtq@é Saﬁbia%tooq:ause at least

pdréiait ofidetang rrgﬁfmfmi abownfthé ceter 326ravitd0 Cotddyuentiy a ddsidual

s o6 el PP M 5027 B Bfnonor

tot@ e d@mda ppen the gagle bf mtatlmoarnhw,orb@enot‘ kst @®, 130, 140, and
gd Zﬁhgﬁgﬁ,pqeeﬂsi}rbygeg %til')e position shown in Figure

Is res e position of test head 110

r gt ating gpuﬁtmrtﬁép@ﬁvrgﬁﬁuoﬁ ghalh Y@Figgré ec, n@ﬁé.t biQB link 130
S wn I n |

o BRRE NGB SR boB1 P GRS BUNG SRS PPgiRY Fhown in

Figsrel 10Adi 'thB Reduiltg Ui ehelifd3jtidnaftestt Head Clelot retativlg coghaerclbgkwuse

' i fuat t h
TS T A—
cqnseragauravasCGlhaasmm@ﬂsdgmw # glgincbmllﬂmlrelltoﬁ, §hlaﬁ,§be se@tnr of
grality 'C@uiE%o%gr%érgﬁhateg%t\eﬁ@|ntt8‘§e&ﬁ§|eof'r9fe?érg:@rlﬁe§-953a b of Figure

feacti ons o not act alo i nes which pass
1QAirthagituatden isradsin 8 Hystigtedin Figyrer *&2» again act in
directions so as to cause nts acting in o
di r ect i on¥ 8Bl5ASEER Bnfigyrekd n&%w% d5¢ ggg‘?”re 108,
repatidrisa? A ¥ndBAsRt Adtagt albeg Hined WRich pasnErqugEntdnter éf gravity CG.
I esl tof S V t. t ; ;
Tl'b?/ agq%ﬁ@%gt y|¥1 e‘k‘ggﬁ%ﬂg sgaﬁa%?ﬁrkagg%% Igfeg'ng 9&?}1%&0 orbﬁﬁﬁgéqal%ctlons about
canterpferavpefi@satulpast pandallyraffsettnig onst antotler. &nasaguentdy,rayresidual

to?&ué fsrg‘é% nlg&elo]p%g'abwpthe RAr P Yravity ddl BR a@?f&fmla%ﬁﬂlrectlon of

nbodi mrent of present 1 nvenfion, the pivot |in
thl%@r%‘l‘ﬁjd‘i%‘dér@%é‘&%a'ﬂle Phegieldon @'?%Q?Fd“?‘irm?f s Vso ﬂéo 140,
andicb®s, and load carrying link 120 is 13 inches
(di stances neasured fromcenter to center of bearings
150) . Thr bughexahpleraahbbédimeht ofthedresensd irdeptiersthefpivot links

1£(95|% '19{)1 H‘egéhtffrncq %fédn%qlnkrﬁéwlsﬁsqﬂp%@' Eﬁﬂdadt&ﬁgmg link

12Q)|5q1L$e|ng@gﬁ (»dgﬁj{a@cep@nepqspmdefrqrggenter to center of bearlngs 150). Through
at least the first 3 to 5 degrees of rotation in either direction in this embodiment, the

residual torque is small in comparison to the applied torque desirable to rotate test
head 110. Thus, the test head is in a substantially weightless state with respect to this
rotation.. Furthermore, the residual torque is in a direction to restore test head 110 to
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35 head 110. Thus, the test head is in a substantially

wei ghtl ess state with respect to this rotation..
wo-eootloan®or e, the residual torque is in a direkCT/UR20040002103

restore test head 110 to WD 2004/ 070400

PCT/ US2004/ 002103 - 13 its nom nal position. That is

to say if test head 110 is-rxgated up to 3 to 5

degrees clockwi se a residual torque in the

countercl ockwi se direction is produced and
itsomvialsrdsition; Mhatkia o apyfitesitheadd 10H$ sothtedaumltes? tabldegrees
cl&&&v%@ta teBiduPor§ein! tﬂ@@o&ﬁ@%cﬁ(%sercﬁ@&l@n |s°;5ro§96édneg1d

back, to its nom nal position when t

COPYEfa%'VnH‘ MR¢ éPP'éFaQOP%FP&/EcP d%%’ﬁkk?e?ffeCF U”rtthﬁEFher lgpd tensis to
refi@ly OtYCkpRin@ &akR) td |Md’ih|n8ﬁ)bsft%$1bu:ﬁeri thedapp¥@ F&ating Force is

t he ect i esi dual, torgue causin t head .
refped: et Tyhpt e <TG SRRY = RrEI PREE G TRt n a reversal in
thediettiomnofdhe iresdwaMiorgoe caukingHmseead 10 bs cantthuel migsing away
frJn‘? tl$e H&'ﬂ[n%f“?osn@én &8 WQ'O'W% cc r(at @Ito{/vg{)elj élu%Lgng rﬁln‘ag% dtfgqg degrees

I catl ons,
Oftcemph@ts*ygatt@m i éUfﬁ'F@vbfﬂr dpglfm% epperQtlans,cmd st@psmgy bggeadily
addBas td b S8 Wb bRevieherur@EPt&afigh. s pivot joints

illustrated in Figures 1A-1D, the renpte axis pivot

j 0| nt degast dehlas thelédBe WA tlheqamb@ain.h@tvof isesliudfrated in
| i nes. that dt%ss cl,as

h
riglitfs 1A+ 3 ' LONRty 0 bt Rl “Rcee 35 SoRTRHS Feghires thag forces 2
anldrmﬁuécftladnrmlinesdhan/mssaﬂme fenowgh ncenker ofgrgeneCalsbythat the
de%lgf)é g%lé B |ﬁ&£ﬁ&5h‘tcl.ro ov@d c%%cftrfcﬁ&]\ It YSS%S‘[Qr%@ éﬁH’EUlt% construct

Sp eCI 1 on ract |ca sys em may
2 pragtical avatemstowpfmgtsasclécaé@m eégaqsfcarwsw neaycinclage auxiliary

adpshitainé abireed 6N@Fde, SHEH £‘Q§d19§taBFéQHﬁ@ch's‘bﬁné§‘§r Eﬁ’éumatlcs (as for
ribed in internationa

I d
exg%l%% Sstibes in m@rmt&na&gp%[lc iacprhwpeazﬁ’%@gg éz ,Tt}QLg‘owde a balanced

stdtegur es 10A- 10D illustrate a renote axis pi vot j oi nt

with properties sinmlar to those of the renpte axis

pi vot | oiTimus, figeres dOaF100] dlestratieedrenate @aisgavotgoimt with properties
. A t .
s RO TR DS G BBl B Al et fod i i
the GF@QQ'Wm“LtSFf@t#Cb'@a:'g@e? éf\a&%dhaﬁmwynwtsqf Figiiie1@A-10D may

préVidd Btresiamy Qafemte wmantthe ISRt eéta&.fd a{cﬂmayxéléafcahbé alshght
is rota curves

R S b 0 S 1 Sy St i cures

othdrlthat ciaxtdar ants BregemployddinliBe jeings llastrated op Eigures1A-1D, similar

pﬁ&e%'%sego%lﬁg'nﬁaerﬁtle?l%d 25 A side perspective view of a

- practical exenplary enbodi nent of the present
i nventio T,
oo ot s ARMRA fA4E € b R3S BB Bmoodimenc o
the ewﬁnh@ve@t«%@ﬁhpwgﬂn Riguee !LHOTaﬁd“elaéa?d-OdaWt?FlH@Y Icpyped to load
cafrglhgTR 120e mmlmgs besheds ivat Héablﬂoran\a%a&ééeﬂ‘ﬁé ¥ink 120 may

be&&ﬁ%@ﬂ@%ﬂemswgc%miegﬁ'i?ﬁ%g@@é@ A8 fyad iy RS Fasa s thus test

head 118 combiriesl witle cafle gpast asiem:bly BG(DJ EBxeniasyrdabNopivots are

degcrﬁo%? |§ %145 af%ieécbl@g’ OS §§§ {:!34-{ gﬁ 3(%40 é’@%@% ?:?A?‘ géﬂelﬂ? dedtribes a

Slrwéesetelcbéebla pivsiti and th¢g8@%bat@nbﬁmlbesrhépbbrlng cabplg piyot. The split
rm@Qﬁa‘s@;‘ﬂ MolW8\WStedt h&Rt tor&aﬁtécﬂe@@o #d abad v@n&ohbﬁlséé(rﬁ‘te%ﬂﬁg the

V\f F out di sconnecti n% cabl e that connects it
caplgn@etonneeiadt ©ap FIRIFRS oag capping dink @l i goyrieq faulgpier pivot link

13piandtugpenlsivot link 140. Lower pivot link 130 and upper pivot link 140, in turn,
are coupled to ground link 160. Lower and upper pivot links 130,140 are rotatively
coupled to load carrying and ground links 120,160 with pivot bearings 151. The pivot
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130 and upper pivot link 140. Lower pivot |ink 130 and

upper pivot link 140, in turn, 35 are coupled to
w@e@an4bo nk 160. Lower and upper pivot |inks BGODS2004/002103

are rotatively coupled to |oad carrying and ground

l'inks 120,160 with pivot bearings 151. The pivot WO

2004/ 070400 PCT/ US2004/ 002103 - -14 links 120 and 130

are each 11 inches, ground link 160 is 18 inches, and

_ Ioad-carrglng link 120 i s 13 inches (di stances
linkeeh&Qiprdi 189 arf exaht Bl inclese grund lork Ifhisi 1¥gigchass pnd load-carrying

lind g6 & #3 %cﬁ@@(&%ﬁcé@' BN FoRSceBIH tb QBB r Iof b8arings 151).
revi ous exe‘r_a?lrB EI%/ mbodi nent; thus, the behavi or of

ThEGecArB the aniTe GIBSEA PRSTS MENURNSSH 2P Yok X RigN;Embodiment;

thLd;eslsar bétedidrf thé pidsenteanbodimhefBiBessértisly théeama ewesdribed for

re 11) and upper bunpers 180 are attached to
the ?aq-ﬁerdcqsl Fhk 160. The pur pose of lower and upper

b

ohi o 1 onarer fuok noid e 1 S lber BlRls b e Steached to
growM lings\Ao0. m*@ PYsgesRoRfdower fmdownﬁrrbgmw% 18@ i toj restirighthe range
of iridtibA Mhewﬁeﬁ |dv¢e$tp.\hﬁ€r#lk 139 aanQprEPb%t nsk g2 enawmbb@nThe

rOX|nate %Hﬁ us or mnus five 9 ees %
P“H@’ﬁ? REPraysting Hg sastiidion:s %Pre"?%‘?s pead 111% Bmfféatf@ more
thc’gf sprotiattdly rasratrainus Gve dedrabs &sni s Aama®l hB8zontal position.
i rectio e S 1g e 0 C .
iy "G AR, o 6 Beevep ! 48 roleh 48 s FEHIRRIHE HiskiiRly o the
regidyail t_tmwalto pewineé suchabapit éendsusldyivddbe tedsdead Bivgy feont the

nofn?na"’}hgﬁ%tglep?]oéﬁﬁﬁtds\’;ﬁ’e\ylb@é% Qbsdrfbeqf Urther exenplary is

enbodi ment shown in Figure 11. As can be seen from

Fi gure 1Ziguk@Welis b%aa@Fer% tive vidw6f @h@&drth@f&wm%léﬂynk
160 and Ioad carr 120 are both C -

nd
"U‘Bgﬁn%ﬁ shpyg '%gﬁ’é‘ ge As £ PE SEER HAE B'Qf'ffriez j bumper 180 is
mqmdedt @ﬂa@drbhly 186 Andtyadbearpfing liek $P0 ate bd:thg‘: ~tspipped and open on

the %aorpe su(glxt §:'] aﬁeﬁ\g% eal #&o%e:ca%laélvgt n%éé%ﬁwb g?é% r Be of tpe sgllt ring
tqué‘i;erbife&estm@cltldms ohthe ype thaidubstits qalvée @ctsndlnmﬁl@rn its rear
mcﬁ%%h? % QU p%gﬂﬁl'ests %&raamen&sf heFaPine Jors%hs+ Né@é’m without

e cab . his 1s an i mpor t ant

d'se@chaeg 8he @P'%&@%@@%lt%@?’hééﬁq ﬁ@twbﬂ@éoﬂﬂ%t&%@nportant

cohdier68éN Becx@Ué dis¢ohtbcBing Rl r%t%ﬂﬂectﬁ‘@ﬂ%@&@blérc_%mcﬁvmd a test head
ve consi der

p
mateqiTeLs iRt FES Savi e n PeRBACrRe el aplilons. s
comenipdated tiaat the ctshadedvntembene canbe dserewtth dhe Emdpodibent @f Fig. 1A
as Il - 25 Also in Figure 12 it is seen that holding

‘()fe Ck 148 is attached to the rear of |oad carrying

l'i nk 120Als§hﬁfﬁg&§ QQQW)S sbéd tt?éﬁtr%mﬁ‘gz BW:Q‘MB |§"Qt!t5*éH'é9 to the rear
bl ock 148. Screw 146 al sqQ extends rou%TTﬂeve

of |8 FaHY & k4L 20ReP 1T (SSEpvHgicrettends thipus d'P@xPé?Cérl"fs Screw
14e%¢sla>t Zﬁdxltt@ms]tﬂﬂo@hqwa@lﬁﬁ_ eéf{&h@dﬂ lnztnguﬁetrﬁﬁg Egﬁﬁkg!lzlglfr'@ll leveler

a C I es a a, e . r .
mesatind 1 40hSuARs yiriieh bERn o EE BN So i a1 Bigpinates
at Henhdle ﬂgaIA@gﬂstéﬂH&acleetnﬂﬂes dbidbr datyac$1led\m grourtchlenk 160.

perspective view of Figure 13. It's purpose is to
hol d adj triotdirgbloakifl 48 ismets gearbshaasiorin dgriperivg view of Figure

13qu g'p[]ﬁbos@' %é&%dju@%éﬂ‘t%t %Qé’é?ﬂlﬂbsméqaewib‘éﬁ b&lc%). Holding

| osed by adj ustnent:nut caps
block 148 mcludes ¢hannels 152 which are closed by adjustment nut caps 154.

Figure 14 is a perspective view of adjustment nut assembly 162,
Adjustment nut assembly 162 resides within holding block 148, Adjustment nut
assembly 162 is comprised of nut 163 with cam followers 164 extending from opposite
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Figure 14 is a perspective view of adjustnment nut

assenbly 162. Adjustnent nut assenbly 162 resides
wowaohiorn4bol di ng bl ock 148. Adj ustnment nut 35 aBGEDR1094/002103

162 is conprised of nut 163 with camfollowers 164

ext endi ng from opposite WO 2004/ 070400

PCT/ US2004/ 002103 - 15 endgsthereof. Cam foll owers

164 are situated within respective channels 152. Thus,

adj ustment nut assenbly 162 is able to nove back and
erfdsrthireaf.tGann fallewetrol it arg siluatid withig respective dearglelscHi@. Thus,
ac@gémrnﬁt E%n{m}’h@ﬂ .sbémé t@ﬂﬁi)vg Q5kba ?ﬂmwﬁhﬁ\mﬂglh%ldmg block

oded view of Ievel er mechani sm

14 Bywirtue CFflcﬁlTr follqwers 464gmeyipg Hageand Wfb‘f‘"tf"ﬁé:hé@@%'ﬁﬂIS?

IS provided i ur es 1 Starting fromthe
bot t om of A% ﬁé&PﬁjiﬁﬂY'EWfﬁ ewéﬂrdwf&amsabm@sshpyn in Figure 15. A
croscsadtion of M askedblyeis ipi@ddad infFiguraohdAngledl srakinbdBom the

oGS UPHELS, 8 il L LADORRERLS o\ E0 8 Aoy rovin
blptloE48.148mafolleyers fLoH lextandsfirdre Hpposite dradslof 4168. Nuwsrias is able to
mdld Bk Mkﬁfo?fl‘maﬂﬂl%h%oi'cﬁ@g bl@@l@ﬁ‘@? IS cé'n512fo v@erE q\éﬁrrﬁ&/éoyack and

adj ust ment nut ca s
f°5'i“a"f‘r'§'i“@rthe shRanElR T p%*ﬂanr@h; b2 %r@rcewrﬂ@v @war@aaéat caps 154.

S@Gﬁtlmasfaa seppdd o d:iL’ @h%téraﬂ’gflcﬂ\}ealﬂiaftﬁfn of R D@ s threaded and has
n, o Cre S NO
a B SR irelt The upadhortial SESFay 38 ab Rl raiii i s o

sredlép diamoetenrBeadng@vds fitted ohtvesanédrb an:InewejbéfﬁJm ®ne diameter to

oGRS A01 1l SRR A6 b Aol BRES ol E O bang
inggrteshingel thipedad Rale dGb.14eusing 168rip sitepted Abeyrscrrys 1462

Cé\’ﬂgre%glén @bﬁndd fﬁze%cﬁmﬁresﬁ&&i"ég&@ el ﬂ{@aﬁ? Q?ef &Rfhted by
bear i n ﬁ/ﬂl ndri cal housi n% 168

has
”I“SnHFu Eé{ dthPleh N9 1&f 035 ? AYindripal LRoss#NtY Which the subassembly
cccml“mingss;d’ngNSl@,Bﬁy}brih@@ 179pr74ng8d bzanrlgmﬁ A&ittdk Bearifig 177 slidingly

id fi i t hi h .
g il R el B, hePlng tPiohos s vt Sraefy: serinos
1 bt hiteyhelGpiithitgeylind g3l basiag asaemmevactetw 146 gktends ticmbigh both
Jb‘%u?hggﬁﬂrgs nm'rtlln%a&é:cf &N &14%: E\thlgf JHEEQH%%Q%%(I;b)P%ehngSn

. hon-threa screw 146 e _ o
adiuster pracket nPhRit 193 fLHH]Qh’@?(EqndBrt'af@lé@h anmpenigg4n sphing retaining

pléw1153%:@9&@51@&%6&@@@&%@%% térrbr§cﬂ<re|t rig]?r @Tjrﬂﬂll?' Réhdle 142
surTac a

{t
s BBt e 2 opand Bf Shorh RS 123 W Sl B ARECS RIS B 1 thus
canopressed betwedrabdarimgrdyer arld/hevibwér ¢ral of HpuBing 758, Springg 74 is

e R e AT AP B%t%é?cé‘ﬂﬂréé‘ied
bet ween bﬁ?eréaag?bw \Sjelérpﬁwleﬂ%nﬁs‘?ﬁ agt@'nfsgéa Rlabe dieZéi.bed it

The oFeratlon 0 eve er necnani sm é now be .
pPra¥ides Fyea fundtions First Hesovidessor pdivsimesof the pasitiph of the load in a

silﬁ’ﬁl@l\/mdﬁﬁelfﬁth@%obﬁ%ﬁ%ﬁﬁusﬁﬁeﬁﬂqﬁemlénh ﬂl’mtsﬂEte:dhﬁ thﬁ@?stéﬁh of
OSI .1 On men nmec

a sjmla nner
Fifl ek e T ImEns br RO HTURES 8 TorGBeh ARl @ Moment
abvedhise Bhdslrentepof ggwijty itd cpnaV b desidaal ftamqoe atrieingefinamn agaction

fo?ceg‘?mﬁm:hesg v&gﬂ‘&% {‘ugkedd R&dac% eﬁgaﬁl%r&fgh%@\é%%rtofgravitg Third,

cancel a resi orque arisin from™ eactl on
it proyidastremplivege fior drekinddn qwgraﬁ@n haodlechdemiy betrptaligh which

roEah:@s §<§'€§velr460f/vhg:'haH ithidhr caliBd Aut 143 topthVé gs\ﬁal%'mldo%%rds along
g I% In operation handle 142 P’ ot a

hw{'inaq ed po lon of screw 146. Because nut 163 is held W|th|n holdmg block 148,

which is attached to load carrying link 120, and housing 168 is fixed to ground link

160, the load is caused to rotate. As the load is rotated by means of turning screw 146,



10

15

20

25

30

35

rotates screw 146, which in turn causes nut 163 to

nmove upwar ds or downwards along the threaded portion
w@boogorEW 146. Because nut 163 is held wthin Pol/tis10g4/002103

bl ock 148, 35 which is attached to load carrying link

120, and housing 168 is fixed to ground link 160, the

load is caused to rotate. Asiphe | oad is rotated by

means of turning screw 146, WO 2004/ 070400

PCT/ US2004/ 002103 - 16 the lengths of springs 172,174
theedapgths of sprangsi 17 2ahi4 adapbise tiaisntaing staldd pesitieh) achiened, they
g HRPEA %oﬁweﬁ? E’Eﬁbeﬁyw offdef Ble Feglo‘alfa[ ffhud Q@thra?EbQH@]ln Accordingly

torque at at tron. Acco an oper may
an Qp%naéomamrcéawn&ée HezesBeaeysany ‘a@ﬁh'é‘é%a &lealé%d perginal position,

wRRATiS BAlaR&s, Withih theWﬁhQé“ of fobigh PR&ESL. \Mnté%téknbh@rd’ ed to it

f I
R ORhe ettt Shed P FonG WatbeT SRErSH URESE dhpled, Springs
12X 124 rhandeolengthi ia reqpohse dillowprg thgdoadltlrotatd. Béxauge the operation
Aéle QElpe ép{}hngg%) AR%in %ld l%\& 5\955 té 8@905%‘%@ Sﬁe%;/fgrcleh agd

cause erati on ~ causes
betiauee of the @eldasl tomuepisysiopedh by apq@tlnedhé tradean averall torque is
dOREHERIGVAER Wi'l?tern@&‘tb %@l‘n Y 1848 tcggyﬁbr?ﬂ?aqi pgyltl&‘}’%teh I'i.‘ge external
the 1 oad, an overall torque iIs evel oped which w
foreig re@oved-ur n t he I oad to its nominal position V\,hen
the exter ce is removed. Figures
Show or oo Boums T84 Lo FhavE gloma Pectinis h Y RIER 4 4845 P pgsitions of
thafload éthl saeslv W6 bt 8 comstadtdiGsartion wiihins haini63. Mhat tsi torsay that
\}vq'4% I{Eli noé %gen I&g{edlﬁorﬁ %ng%}(os% I%@Etlc%ns&rﬁfn\él n:&? thﬁﬁ‘e rl%k depicts
at m one Cr oSS
tHEI sgmaéloamhd@pul@adsm a hemisiat pesiticn Bgaring L Aé id mralw centrally
Io@%'tl %n&@é'l&ﬁﬁﬂ of ﬁ@@sﬁﬁ@%é—ﬁ% Fi rQQ%‘Brtﬂlellé(aoCﬁ&t ISéEIn rbtated so

ocat'ed al on ousi! ng I gure
trpR EPach IR L2 30 NP ReC I HAE PR bacsfaiseds W'rr@m has

cdmﬁﬂésée%g spAfg hoh qiulagl Gndtied ,’Léaam@vwﬂgﬁsmhmbae@ aswahrds V\(/:ilthln
iad’ rin hened;
ngRid Re s Fene LTl s S R BrRSGe: b maTedn Fiure

16G bl wad 42s ibsemn sotated seithht loedfmacwlrigdnrikrmmd Hal@ing block 148

r n a .
h%enﬂ)éel% IB EIE:eIgrrS hﬂ%&fz hég%gg 88 gpf:nﬂ?gslﬁﬁﬁ i&&&%g%éjs%earmg
1habes B‘@é!ﬂd dewewatgs vaglin hgusm@ 1ﬁ&sam<:bh@1di@ﬁéa is lopierqsywith respect
tolfdclhasi 7gonpr essed; bearing 177 has noved downwards

wi t hi n housing 168; and handle 142 is |owered with

respect tids hbekebt kvéler iechéisratiad prodtied RVRL € the rotatlve
chag%ssﬂbl44ﬁ o i des I|mts to he r ot

fively fradits |
mMoEon Q %m\/emec ém iﬂeﬂali ive \éfrag e mechanlsm
wrtblraspe(zetwlafgeamdxeected Iﬁtanesthat B’ﬁgkm behacaispeally itnpobert g test

h&REXRE ﬁ'fj ggﬁt‘igﬁséth . g hfheqﬁu Hoﬁ@ mr??eh ¥Dh 'n‘?%‘@ Ego are

on test strial sett
preyided rbirase migjyerl agiyatsd r5§ tmsbthﬁb’étoq)mvp'ﬁi écfhottrfb%tén%%fom the
iR Athdtronastodided BRleviel® In&chaRisAPi4PR rdagfeart di stance

before the Iimt of notion provided by |eveler

mechani sneitid4sidvs, rsaamlngdwe%nfﬁeem ams:gufah@m BftHd ptesently
dldlufsf er en%’ éonefl gur at (l)\gl |=t h% gzg Ly 30

areETd S ORI S ‘Fde“p'%\‘fa f'gures 17A -

175, The PASEIORN 6 nGliA4A hEs OB RS 198 acflRMl o o

nominal Ievel position. This corresponds to the view of leveler mechanism 144 shown in
Figure 16A.

In Figure 17B an externally applied force (not shown) has rotated test
head 110 a few degrees counterclockwise. The configuration of leveler mechanism 144
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nom nal |evel position. This corresponds to the view

of | evel er nechanism 144 shown in Figure 16A. In
WO-2@une400/B an external ly applied force (not sPOIOY20048602103

rotated test 35 head 110 a few degrees

countercl ockwi se. The configuration of |eveler

mechani sm 144 WO 2004/ 0704001PCT/ US2004/ 002103 - 17

shown in Figure 16B corresponds to the side view of

test head 110 shown in Figure 17B. That is, the
shosmgintidguie 16Brqongspans, ta tae sigdh yigw pihtest headel IBE)ovRiNgTigure
178120eRds NG lerffths ¥ éﬁl’ﬁng?fﬁznﬁwe(lghb‘@w FRuFELL ) Naﬁ/etc‘ﬁanged and

housi ng 168 o provi d he co I ance necessary f
se 1 4Rd8 MaNsd WA relatvede 5@H§'egt1é8ttﬁ Predda pigggompliance

ndcREeRy fé&r tShthdaalr 110 tol Move Bilteepohé tafh& ¥kteriddrye.
applied force (not shown) has rotated test head 110 a

f ew degr esimikarlgcinvwigwe 1Ticaarcantimgilly abplsd fofcd @oeklkswn) has

G gt 2R S ) S SRIA S BRI 04 ecnanism
144 shayyminl Figunedl 6Ceorysspenidsite the aidegisvact tast hedrb11@aloavrs in Figure
178, $R&d .sgsﬁmiazzto]{m ;{r&hswcdnﬁgE.Lagﬂahethleﬁ@.gthé\éﬁsm@%gﬁdz 174

and screw 1 has noved downwards relative to 10
(SH8W§|"P15'9:HB% 1@9 PRvsGhaagehand 8T idibchasiaevadsdgunwasds relative to

hdl.@&fg Temeb ;irl;()ldécthﬁﬁdmmldhcerrﬁaégsﬁﬁ,efo? Gedt Mea@Xt@rdatove in
17D test head 110 has been rotated a

refgwsgetﬁrtgﬁgx%gﬂﬁitf%rrc cl ockwi se fromits level position
of Fi gure{rﬁl-z@.n%ylftp fgéﬁ_ﬂébﬁﬂ@ﬂ% Seéln4?ot?t-gg%tfebvsdegp@é%dc!o%nter

142 (and screw een r ot
clegkvdse from itsoevel positinn ofi Figyrel ot Ry Pasrating Tendiey/B42. That is, handle

14123(’@1rd('t§u§ %J:r@w i’@)th%s'bEén PRsidd lﬁré &F&%n k) A BUHdtdind Block 148 to
As 1 has noved upwards, |oad carryi

ho 48
YRS RS 5 BRVAPRENGNT 7 HEUIEr i s AJHBS bIGeK T48 has
mboédiugasrdg) lgd |caﬂk(|nﬂ)2i@kha9 Hﬁ@\rﬁcﬁl/eldpwaﬂ&s witBMEr Fittivédnore, as

I 130 ot 140 h ratated to a. .
gy BTl 4R 2 FES i Riileniatds, cowsicuV o oifpedg Bivot ik
14hibawe iotatefitgaraockWide posision tmeat;ba[tébl)to_rﬁygla'eels?A. Thuls, as shown in
PG, T WS ks Yfurk B BRI HAgbclton Hdwn in
Figéeat’dd a few degrees clockwise fromits |evel

position of Figure 17A by operating handl e 142. That

s, hand) B Aaue ikest head 114 ba Bers)rofated BdeN degrassetpckwise
from i 18vel okition of Biguhal7A 6l dpe@tuhbmhd&éhaxzhaaamynahdle 142 (and
S SO, £ e Feleferh o8RG R 3B B B Pochs¥fines move
davwweatdsl oziptivee Wstheedoaition ef holdingr eckl 145 shavein figwetl7A. As
hdl&.ﬂ& bi&Q 14%’1%5%9\% cﬂiermarbé Fgf%t?v‘leotoll%?’e%v 223 e\h\‘ﬁgr pivot link 130

counterclockw se rel ative ositions

ard ¢pRes PiveA link148 haye sofaiad, coymegclpél@mw Eelativertedhe rpeala ons shown

|n1=1§hr€I1\7ADgAI$dla§sI€dvﬂf3 KMds $8suli@lih @éﬁtaieb@rubeh&xmg/m 4 em&nkvelse
nt at | n Figure_17A

oo e dh she Slemehen phest berdnid's %Fweowg
bl ock 148 J.p]gasn al§%{3g%¥$vg rPI\—A%rPeSs CBgSI71D4 ?q ing ﬁ)Pock 148 has

nmoved to t t1'0h
mhmct:lumgarldlsom{eml%memm movIadgurtbe TipAt redating taritsyposition within

hdl@Rg MR 128 SHIRWn IFRyuFL 99K ESinkifdrly, as can also be shown in Figures 17C

and 17E, as holding block 148 has moved downwards, screw 146 has also moved to the
left relative to its position within holding block 148 shown in Figure 17A. This is why it

is necessary for nut 163 to be able to move within holding block 148 (i.e. this is why

cam followers 164 are free to move within channels 152).
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and 17E, as hol ding bl ock 148 has noved downwar ds,

screw 146 has also noved to the left relative to its
w@oaiuoT@mo wi t hi n hol di ng bl ock 148 shown i n FiBCF/ESH084002103

This is why it is necessary for nut 163 to be able to

nmove within holding block 148 (i.e. this is why 35 cam

followers 164 are free to noyg.-w thin channels 152).

WO 2004/ 070400 PCT/ US2004/ 002103 - 18 Figure 19 is a

perspective drawing of a test head positioning system

i ncor por afFignge 19& erespedive deaingi afantesiolieddhgositioning system

Hcﬁ%{a%?ittr%;teg%zgﬁq'ﬁw %oﬁ&%ﬁ%?%ﬁ@mﬁ%ﬁ% dé:échH%c?ﬁm Jo%junction with

been descri bed
Figueesi 351 hovale AdE. As has bean €assr weﬁ@erelmeﬁtzt»ead wLQq isi %taChed to

Io%a%ﬁrryln@afﬁkcﬁror Wnrlﬁls| daik, lég@-cbﬁyﬁeqﬂkﬁ‘ioﬁg c8u é@k:@‘a cable pivot

assenbl i S nore
?%”%’6?% '?'F%f%’&% %ewg’a qsptiked 'di'a"rfP'??mepﬂt\? £ Hs%e"rﬂS‘F'Vs Cable
pi¥6Dagseamiy 860 (@naprisiid &Wolldwn g)\g)sswrtts&ettel‘idadf'ﬂaﬂd B2Rdd load

a8 Ik 2P s ERRELBPIN B biot fulef 458 BRkZRvoq it Lower

piviohknkl B30 andi uppgrepivasi lingt140i ark coudled te liclo 0 edhe dourilimks 120,

13@0140ﬂ1%0fp%\;1dé br}gl.%oﬂezgus ﬁ%pjoqutzltﬂat élﬁﬂvsolﬁgﬁ’ faé’aed gm to rotate or
ead 110 to

renpte axis pivot jolnt 'ows test )
tqralplgta@oy,tra her'%qnwaeﬂ%(bbtm‘b'a aptisr ) Lvteapival@ssenblyA¢f) arovides test

héxd soténor{‘@tkm aala\kmor@r&f;‘g%ﬁ’el 6 tREQuRbRVAGESNd RBilch J388&k through

U Qo ale MR MR ST d ReEHR P (bTs ACRatseael 360 may be
rgrhonatd, e ternestrhead 110ris inountdd wiabdwe: thie netd mssnmr;ecesm

BRGNPl B PSR Bl TRHEERH cabe vt
agsepibdy 3Gl is chetepuitated thatsthistroofigiratine cao bk ww@tbl the
e|91fb09|§#é|n? oPF0iA LR IS it YeB8R tutr id SoupRiM @Wl'eeﬁsﬁlgmmg

hat this configuration can be used wth t
a%‘?ﬁfé@isr%ﬁ'?e Besifipner sygteqs Whigh musy rm@ws@n ?drﬁi'tm}ahfoumegrees of
migp Ifeddb®. tmaqermmlonguguaqomraahmahaﬁusm heoppss téseAbed in U.S.

d f
P%%%E ﬁg g’gb%ﬁgﬁgmg gé/elt Y]egtlgag g%&o%@g%aamvoaueﬁéwogmear motion
desebani fseﬂdbﬁﬁ)ﬂm as add side-toesidé)ninla lS)rlzoF'?Eetl @ieneNidus a third rotational
dé%\rgg%f ﬁé@dm\ébg& 5 g%ﬁgal\/ﬂeg' ﬁ% \%‘i’ﬁ‘é %qsc‘ tI«Rar Qyﬂhdtfe%ree of

I near not free(IJ |n out
frepdpon wdnidly ig é’)“O\{"i‘\echbh b"r'@az" 6?\'!%190& Q#ﬁ?hsﬂ e vartigal FQiumn 1910

cénﬁbnﬂ&ﬁ QR appﬁi@&fa%‘ hﬁéar@e‘éﬂﬂﬁﬂ@(ﬁ@%u@ ¥BUémERH ofdkBTest head with
near gertlca notion is t sixth degree of freedom

OEa%sio5 MAtigDiiyBASIRIS i near rails 1905 attached to

t | | 191 d t.h t, ,
Eiér | ooL T8t thorpracticaf TR driteBEL BRRLENS 1! GR fyrist
jaety hews beén dercribed. Bhefirssbdine of @& tYheshowmin p'rea@tplq;wd view of
FRIRO AR BLodPBahg oo i Sirbidh bFé lredfL4 3hd 12. For
CQW@'%‘%W?SP of threfiesk prrsowil] beireleresd tomsggliee dypem @ndiibose of the

s&%ﬁ@@?pé)ﬁlllr&e @fertdttd ¥P8ink? ty?b*ég r@étﬁc{yp&, tﬁié}é'treaﬁl tlﬂa sa% general
conveni ence t hose

PREHRF R 8 S, Sals e ot 58, 03 B RO s i Brfcular the
loaype supHoktedebyrefrovabld stracase iH sutk'a wypelsat dBd¢dst by pewminal
oBRFSF e 5 52 b8y Bl Bl Ry PN s
moyaplgstriuciure compeses pait that argpetively ixgddn spacsng SU‘PDOl‘t parts
tidt YERE MbBe WithSESHEcR tdVBE HRAlpaRls, TR@8nBLt &reBBEten the movable
parts and the fixed parts all lie to one side of a vertical plane that includes the
horizontal axis of rotation. Thus, both glide and link styles of embodiments of the

invention may be referred to as balanced remote axis pivot joints.
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position, the sum of the nonents about the center of

gravity of the load is zero. The novable structure
w@ommpnrEes parts that are relatively fixed i n BORUS20a41002103

support parts that may nove with respect to the fixed

parts. The contact areas between the novable 35 parts

and the fixed parts all lie-ttg-one side of a verti cal

pl ane that includes the horizontal axis of rotation.

Thus, both glide and |ink styles of enbodi nents of the

i nvent i onTheagystemriefiguredo eopigysaiedradanted eempte aui$ pivot joint.
AQWéQtderé?Ib@H%arl}ép Qg%r%%%apﬁﬂ H%%QQ%/ er%%%Q%f the bad about a

he systemin Figure 19 enp s ohe bal anced renote
V%&'F%I s/ Bet jsarme e'v)ecamsfre@s%? inRehaBigM: Hlgyevey, this mechanism

sifRMahas @ BebrIRE SRH RIIewWS 686 dé@ﬂe@& bPmotibn Fileedbraad ted Adtizontal

rt | t t, ted f
ey s pBRleaus et i deslalR R poane R inG v alsdh i Pgve separate
rr;eclma/msms faredclanhalion ax\msodmgt each wibtiom tam he opesdiedrindependently
Whhga %O&Lg,ls 2 g!n certain applications it is

posi |on| ng systemto have separate

rrecham S”ﬁ rEﬁ’i'bteeé'iQQt £t 5&.& rﬂéi[ %Itéﬁahl?éfl b%%@d wtplrmde rotation
can be operated | ndependent he ot hers

abAH YF"FF@!@EI'S Alth@,lﬂh @I%@%tn%ﬁﬂ%(ej ysepf t%gpm s ability to support a
lcatit@bies hearohtdeaxis fdddee ppoANeE e scaatdgerof aabwutg téhe Ioad to be

r%égﬁrefqla&%hbg f&}eﬁ:&;aﬁ%)glgﬁgag a5 %emégtquo?nls Brgeg]t gga eqlrt er, two remote axis
pivot jardatedy exadvantdagedasly cpmbiriedan tohe sasteanitoagevue rotations of a
Io%h a(l?)\%f]g/vc; %get @9’050%? E?e 508\?%{1%&% hlu@t ?erdtih ur@g(hé through

Isre vvo re
Zélwa'Chqu/é*tscf'b%b‘s'owﬁy be advant ageousl y conbi ned |n

one systemto provide rotations of a |oad about

axes. Fouln BguEs # dWesHigr fuRs Aot @xisi RPNk %QPH ﬁ“d 300V have

biEérG%Ua?ﬁecﬁﬁb bﬂ@ﬂ/ﬂ@g'hmlo?éjam%\ﬁhbﬁfbrﬁéI&irﬂlaﬁe(rﬁctdwe@tahtehﬂv(/_No?&that the
n | e rennte axls VO | —
B Sa00k P RAVBI IS R EY P00 b Fuish Bgfteen simiar

campendmis oz thret o amith. )/ Bivot joadt 300Has ithhsamé e ttiee bhain Fibere 4
e?&%‘z ﬁgt%kﬁndér%%a\{ HaER r@rmg\%bd%@ &r&nB@gh‘? H@%ﬁe&{lﬁﬂ'ﬁrﬁmH provides

di sti sh betwee ts on
b@)ﬁn@e;d swpppv@tndj r@tatlonsxﬁ@hﬁ loedtqbeutsaherlwtalw'%ﬁée.pﬁch axis). The

IOEHQHBtesIﬂ)wn?)Fﬁ@;PBe Eﬁé&he‘él)@s' I{H#&E taanilﬂﬁlngq:%terﬁgﬁrig%taﬁﬁn about a
evi ous ol n a
EpRp ot Wi aana S Hiesk S Pioviaga NG pt Safon 2 wih respect

tcﬁtheShc(rtzbEtapa:t ﬁd‘tamn aboutThe pittloads (onClIrs.SFhenmbe pregt dxés joint 300V is
o?%ﬁt%@ Ig?t%oggn rég nE 9?(559 lﬁ@&)'n%\ﬁd&l r%{a)%ogjaboﬂpg Jeﬂ:‘ic%ﬁ 5)9 g (the yaw

aysbWMaleting mdﬁte 7bHa(not Wigibteg|of jeiri 30QH |Strigl@Wtahtapbebtctwrlst housing
119 of fbentltﬂﬁvz Qﬂlts. Q’J\alﬁi%lrfsotth@ta'ngle @&QHén EH@re@bé&Ne‘?&a’ilon axes of the

OoCccurs. prvot axis ] ol nt o0V 1 oriented
e 1%@<§ﬁa$tr39t tIB thigicase, @@@wrsm thﬁr%‘@? aees,orrt'a«?%w*@br?nsb/@mca' and

ofe WiBfitdnta| Ma¥hisnd plage mwo?& vasiblg) of JMm Boougn} BE @ttZ&H_-d to a
not )

o pidt ;
Ra; e 3h@p ke’ b4 Stioderdt a8 st Hriant riinar ostatif snob 20v
pa:tvgiee rbatust edjustreentesds ibe tdadeboot atveditabyees apik, amkrotativeg knob
2qu tpﬁ(‘i\rqld %ﬁﬂ@éﬁad{}]sﬂnem o%@g%orggnﬁpyﬁéweaxg hl%u%)écﬁé rr"laercﬁanlsm of
Oona one ertilca one I zont
Fpuaﬁ é pmwc(e«sdhre@u degihess) of gptationaltfrexgdom. fragh Bé'sawa%wated

ifd@pénddp@§ SvHile th@@tﬁeermbr}d%.rpﬁ‘.xe@ mshﬁeteca&eg mdy &) be operated

conveni ent _nmann Rotatin ov
independently of any ot er degrees of %-mtlon freedom that may be incorporated in the

overall positioner system.
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30 provides manual adjustnent of the |oad about a

vertical yaw axis, and rotating knob 20H provides
worewgaro4edj ust nent about a horizontal pitch axP&T/UIN0£002103

the nechani smof Figure 20 provides three degrees of

rotational freedom Each axis nmay be rotated

i ndependently while the othepgtwo remain fixed. All

three axes may each be operated independently of any

ot her degrees of notion freedomthat may be

I ncor por afigarei 21 illhgtratds they etilidatiopotivwo bmestypy seérante NG pivot
sofftp aap 3P0 31810 NRRHAS LoAes i indbef Ol s and yow axis
rofadios fesRestivelyoi g somgﬂsmﬂmto\thafoofﬁ?wec?@ exsapk Babfinks type

Joirﬂgﬁﬁ\%‘gé‘éﬁ su.ﬁishﬁ.ﬂe&ﬂ‘drSJllaE‘5;‘y[5/t.‘ﬁj€'lnﬁ§I 3] FI%LQ{B@ll hd- carrylng ||nk 120V
respectlvettmv 'Fe concept Is simlar of Fi

szs@v\éiﬁ%ﬂﬂm |smgltqwgslyju5gqi]@§ arpund I%Q@OH of pltc% axis joint
3E0HAIsd nttal dase, Wkilétrl (nopehdwn Nindy bertlachetd B Rad- carrymg link

d link 1 310V. i
¢ i oBity DEs ecopit ke T n bl e Prafidsgvdiscussed
inj regards t@ EQdresAl sthroumght h9 sLaadgdatetd7@ ib etteckeauoto mhmm)lng member
fg%é v&tie%c H’ﬁg %ﬁ%qgacF a{ortghg\gn n_ﬁ%b bgj%%hgél td Addhting bars

means O asse
3% é"(h'%é'le;ﬁeﬁv@édgé‘&ﬂ iafe 35 $7e?g5me|§ EeSanF'sgug@Q, the Wﬁrélbgwchamsm

prl)9rde§ giwée RlegtcRs 37 fothiodl FrReh6d botHeNBad, AbiRirk RECHBSBENal
ca e VO

e SR BRR b Shr st a7 S A SPeran o freedom
intthe lovarc | poaition&7/stehh. usdjuamenn nﬁiogamemZOMH red 044V aldy be similar
o] PR 1R L QN R L8 078 reBlarlihh 3 ANRhvides by means of
turgping hendleddrpl mamead adivgtpenidefrotagionfabaunl thet hreizodad pxie sind
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rotati on about the vertical axis and

' nC' udes gpEdurstSit {Spdisyd Eﬂléérﬁ(e\}ies?rﬁrlénh%gu&sob%&%bﬁhﬁqgl a single
npliance. In the configuration of ure 21 a cab

oliceriai Wit 4 SIDGeURES 1918l N raes ABY 23iiluserai tipgways in which this

mambaraat:araplmwdﬁm Figueezd & mri@ugihttm)vcm’e{/ﬂu@l NoBdtion about a
an the o
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Ve TaR Aok b5 QRSRH W and Basd &1 sithAEE OB Riehfi ptached to
wrigtshdusingbil Ve(eb visibhe) of didagbiat 3@0V tdinksjeint 31 @Hh lanks joint 310 H
pr%\/ﬂgg ?oﬂas\ﬁ#ﬁﬂélﬂ'dqﬁonz%h%r feh %%saﬂﬁkgﬁlﬁ(}l :i]]lés&{g"ﬁbpcs%@s pivot

e acco
as&embivS?zfiq ahigh Bdowm ﬁr@vp@ﬂﬁg the foael bymedRs AT RIAES72 and mounting

b%@@b?cﬁbubéaﬂ @%‘lrﬁ”é’ﬁ)ﬂ c@ﬁcé‘#@lﬂé"F@@ré 92 teQééd@Qﬁ@c tBe positions of the
oS, on

otk GHC UnE IR Ee sE v Slprd Tt ik Loy F pitee SRy base and
prBidalbls ratatiés apaitrd veital awpadsiGligie joiat 30010 Suppotted bly links joint
ST AT Blgh o b ikl 48, BUERBES B Foumen
pllatya@l bgrmikthesioad (mtahewsy o aﬁdttndmdtanﬁgrotatabl@ ppst a third roll

aﬁé,%f?re%?ouls@, SisBlihey, i n concept to Figure 22 except
that the positions of the

The mechanisms in Figures 20 through 23 all have a remote axis pivot

joint that is oriented to provide vertical rotation attached to the positioner and
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30 glide joint and link joint are reversed. Thus, link
joint 310V is attached to the base and provides
WO od0a7@mo about a vertical yaw axis. dide joi PCT/BSDBI/002103
is supported by links joint 310V and provides
rotati on about a horizontal pitch axis. Roll plate 63
and nounting plate 61 permpithe | oad (not shown) to
be attached and rotatable about a third roll axis, as
previously described. 35 The nmechanisns in Figures 20
st prpotingha Z8caiid| refmpbe: axis ipied feintabhia ppividsis horigomial tdtattion. It may be
S B e SR o o0 B B35 g S el s wil
@@pfsé’ﬁtneﬁfgrrae% BEigReNdeakytof thsstatesi argrositionf of theaindividual joints. It
|SFHI§B/fed§i§Ieh@§stehﬂBﬂ)aby FothBhd Elibse labsdMicB Dy MRS de@?éesbhb reverse
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p@fetr@? gkthe ftr$ﬁ jeing rchemgesnahlﬁaw prioEe Ju@¢fnt lntqeahalrpamncd@@m

hori zontal rotation attached to the positioner and

suppor t i n§/NiRenawcrRasHignsrsre dasigaee £o aliqiv darkgng to all types of

pE&MsHergs) athed ard MsigiRaab préfidbly ale@Md)diﬂ'fg Rith @t @irti@Nar type of
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hpridontaliaxisssuch @k iy Gigatdsadl euzhwasldlie prefauresl. 20 or 22
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axi s fixeBuithergpaecthe relbwsis spupling hasdeenshown agdbe fingl coupling

thHeho@d Vaﬁh'atlt f&d béﬂrﬁme@@%ﬁa@ re\PRdL Blts FoRTHe MHzontal according
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tation
siele qrﬁtfé’rsft%é’f osheydeinsin éert?'ﬁ aplpH?a:’f'Oéﬁétn‘ﬁF‘é gcome desirable

td:d’i’a‘nlgg ih@biden oV\b@Ipﬁngs §b tigke thy pstl ®fis Lpieiplacdd Bstvedn two remote
tat. orizo

f.or.r u al.axis such as in.
=48 BB 1ot B S0 otk s B By bt s ane
swnperusdhe remaiginggaits.rig shag the énvegtionws et linhited bynttie ordering of
%PJté ng to the load, and it has been noted that the
roll axis tilts fromthe horizontal according to the

state andapR&idhl the lﬁ\fen@ibh%' ilLiStrfted an!:lr&le§<§’fﬂe€| fﬂarem Wlth reference
econe desi rabl

jcations it to
RIS G R BV TRD ¢ Rt EAced4p Belied to the details
shivac eRathet, Wwaeibud W dIfeanéres may bs nphdfsdh th@ldﬁta‘sls vlthirs the scope and

ra ngs Otf Itegﬁlvglgl'l OOQEEg Cfa?m%“?%g (\;\Iﬁt#:llé ll"tﬁl'gq,] Jl]]ﬁt gvenltlﬁn

ner -an jOI
short the invention is not Ilmted by the ordering of
the joints. Although the invention is illustrated and

descri bed herein with reference to specific
enbodi nents, the invention is not intended to be
limted to the details



shown. Rather, various nodifications may be made in

the details within the scope and 30 range of
weowival4ent s of the clainms and w thout departiPgr/i§2903/002103

the i nvention. WO 2004/ 070400 PCT/ US2004/ 002103 -22-

What is Clainmed: 1 1. Apparatus for supporting a |oad,

conprising: 2 a pivot apparappus coupled to said | oad

and novable with said |load; 3 a base stationary

relative to said pivot apparatus; 4 at |east two areas
Wbkt suPpiored: bet ween sai d pi vot apparatus and sai d base,

5 wherein respectively opposite force conponents are

at sai d thoAapeasusoior Supiseting adoashicampiigingr eas of

support nove along at |east one curved path to ti

said 7 |a&yot mpearamﬁ;fapakewfsew lg%ﬁm MoNghl W'Hhaa'd load;

according to cla V\'h i vot appar at us

i ncl udes @i P%%f%F‘°M%PEV%FQEPA€@B’°&PP£ PHSiwo ar eas

of support

cur ved pa?ﬁnle?% o a(re%s ﬁ(’:flt;sulp%%%nE %ﬁn s@balg'vgt gé&frg&s and said base,
whergjrorespedivalyl appdsibe toocalcangpanentd arierat Baidvier afieas shsupport;

2 pivot apparatus includes at |east one nenber at

whi ch sai #Rid ligo aresa<f sEPRATpIONVE alang & least eae eHrvedapagh to tilt said
loRjVvot apparatus noves al ong said curved path which is

concave relative 4 to said |load. 1 4. Apparatus for

Support ing a l Rﬁﬁbréﬁ@ﬁbﬂi,mot'tﬂm% ﬂiamakformli@rt@dmlﬁ‘ﬁl Owherein said
cur S oriente n ca ane
eiga SPRAFOE Tl TGS meriee 5 af Eaia Byf e ¥ Support, sais
cinniaeemberfs reavedalpny said @ppedatatis tatitbsgiddeadl cur ved

path results in a surface of 4 said |oad opposite to
a further3surf Aprarafusdar sipporindg alsiad peserdinacigralaith pawierein said

pﬁ/bﬁ 5 ﬂbgat%sqm’é@ra‘ii%as@oﬁe n‘l%%’cférr% V\ﬁud‘hogaldsi':W@QFetab% s@pport are

according t laim 1, sali i vot par at u
S'ELﬁt%tsédj @Mottmaar%%mﬁﬁ a@mgﬁrﬁcw%t)a@ww%m@ncave relative
tddin@agai d curved path 3 results in said load tilting
about an axis substantially intersecting a center of
gravity o#. 4 apparatusddr sulpportinps dradtacsoridorg tSugtgior 1, wherein said

CLﬂ'vL.ﬁ? ﬁgthaigco%eg%aqn tane?llléaal g]aﬂeygrlfﬁ EQ? é) d)%tt %BgBragﬂbaﬁla@ed so that

upwiand mbedrnentefiseid mvctt@pplaeedius @I099|5dldp1uvv:ﬂd paspapsulissin a surface of
SR IchPpRLIARPAREHNG STRUEDLEs RRE Bl sSib ik ARIER Kilting

as sal aft menber controls notion of said pivot
d%‘ﬁ'b‘ﬁ?réﬁys al ong said curved path. 1 7. Apparatus for

supporting a |l gad accaording to c further
conpri si ng' a 8P?arf"%&° "éfﬁ’é’rtf'@ra ?ﬁaﬁcﬁf& 'Egaﬁood?'ghb said pivot
amiwaitusa;l‘tuateidsocthbhmgoembntt of said unwbh:mparauanicmgadawtu rved path

Vg'mts'm Sal %dad%ﬂnigb{,& ]afﬁ ?&%pﬁr %tég@céiqoa%ﬁeepgf Gravity of

ad accor
S&éﬂ@ﬁbn sai d pivot apparatus and said base sald ['ink

having a first _ .
6. Apparatus for supporting a load according to claim 1, further

comprising a shaft member which is rigidly coupled to said base, said shaft member
coupled to said pivot apparatus, said pivot apparatus movable along said shaft member

as said shaft member controls motion of said pivot apparatus along said curved path.

7. Apparatus for supporting a load according to claim 1, further
comprising a roll lock plate for rotating said load about an axis orthogonal to a further
axis about which said load tilts.

8. Apparatus for supporting a load according to claim 1, further
comprising a link between said pivot apparatus and said base, said link having a first



WO 2004/ 070400 PCT/ US2004/ 002103 -23 3 pivot point at

sai d base and a second pivot point at said pivot
wappanaues, said link 4 rotates either towardBCDUSENE§02103

fromsaid base as said load tilts. 1 9. Apparatus for

supporting a |load according to claim8, wherein said

2 second pivot point coincidgs_.with one of said areas

of support. 1 10. Apparatus for supporting a | oad

according to claim8, further 2 conprising a further
pitatrgoiftedtwahbsseiatd@ saabndppat adbias atissld $sajod apparefuss aaid link
rogaq:eé Q%’r\ thloalsrds cirrlﬁ\y y\r}’pt}n‘?sgfal a%e% ‘ddg%ﬁll Y o? at said

ase an our point at sa appar at us,

4 said fugt herAa g?é;tggdﬁ ggoﬁlnhlﬁeroaq%ﬁrgngB cRNRYs, whereln said

fromsaid base aratus
sesehaivet ﬁgnbccp!@%t@lesfsw@la)pae RhSaid aceasi QﬁSSI!BPOF\'Mwer ein 2
said second pivot point coincides with another of said

areas of %ijpd?ﬁparit”ii"r SApparting slope Aceiging rip iciymp, further
cdnﬁ;ﬁdsd w@c@ mrdnemgmk @em@nr@ald)pwsaa@baratus%aarsdudpbalxslet lsap@iﬁmtther link
an 1 .vot 0ol nt about r.all .
eyt d By aReLigloP e le PR and SR BVt bl CiEpivengrparates,
saicfurther ink rotatastdider t@vardsipr awan fonBsaad basoaxisqid Vazd tilts.

apparatus coupled to second base; 4 a second base
st at i onary1.r el ARAavatus forsaipgoggcndagiagerrdmggaciaimst 0, svherein

said sd@Ad pivotPolnt rcs.h@ae@w&ﬁ%nfathéé \WpRAGLarb&d ¥Rk peal d
second pivot apparatus 6 and said second base,

wher ei n 1 £5pechpparityis GRRAPPbAINGA @@d@@fmemgrtb&laamelcﬁ,\tsaid
areas, o

sepfid plp? aiaband poie T B Rbednb s bl Badneiffes
further c ved %r&ﬁ% IFortsQngPnlt ngsa'ogd ag&q'dm#)t%ékfaérinr%,further

Appar at us™Tor s'ﬂ)ppor according

cofmprisirar: 2 conprising a hoI low ring which is rotatable
to rotate said | oad about an axis orthogonal 3 to a
further aXPecoasdiMot RRPRRtWFYPIegHa SeFrndsbase; 15,

Apparatus_for supporting a |oad according to claim14
wherein a&@ S?:°ﬁ6rbla§%ﬁta8f’g%ré(| rglafye It%ﬁ?'Flsﬁﬁo%dsp'Y‘éthﬁPQB?tés'

1 16. t .
cl ai m 15, Sulaetarh Torehe P8 o TePer Ry ER S prpridppt apparatus
and sejd sdcohd bas@peliartingesmactiselp PPpositegfoecel @athapestr ate g said two

fuPt%eﬁElaeia o}s%#b‘?{e' n said 2 base is a substantially c

with an openi ng extending froma side

3t her eof salmgﬂgﬂepg%gcbfP@ﬁ&@%%’a@&%lﬁqeas't%e]fu&ﬁer curved

qug paratus for supporting a Ioad according to claim1l
PatRdP siltpaid loadcapl e is situated in said opening.

14. Apparatus for supporting a load according to claim 1, further
comprising a hollow ring which is rotatable to rotate said load about an axis orthogonal
to a further axis about which said load tilts.

15. Apparatus for supporting a load according to claim 14, wherein a
portion of said hollow ring is removable.

16. Apparatus for supporting a load according to claim 15, wherein a
cable is situated within said ring.

17. Apparatus for supporting a load according to claim 1, wherein said
base is a substantially c - shaped member with an opening extending from a side
thereof.



1 19. A nmethod for noving a |oad, conprising: 2

mai ntai ning a base stationary relative to a pivot
wappanaues; and 3 causing said load to tilt bRCT/BS2004/002103

noving at |east two areas of support between said

pi vot apparatus and 5 said base along at |east one

curved path while respectiveby-opposite force

conmponents 6 are at said two areas; and 7 noving said

| oad with said pivot apparatus. 1 20. A nethod for

novi ng a L®adpparetusdiongupperihaa heatiSsccatuingtonclaint ¢4/ wherein a

| areas of support nove along said
C%’tﬂ%ggg‘%égetdﬁhtsgﬁtgﬂem@ai d load. 1 21. A method for

moving a kgagd rﬁ&%a%motrﬁg@ 18ad) cbthpridfigr €1 N at | east
2 one nenber at said two areas of support noves al ong

sai d cur vedinahlhgtDbidd dratictiaty kaathe tola BRot AppERbtiedand

for noving a | oag according to claim19, wherein said

2 curved galsthg saicRadaveltrtgl:ati ve to said |oad. 1 23.

A method for noving a | oad according to claim19,

wher ei n saioding atuease tvpatdasiof sopparhbetveen saidvgivet applaratus and
saﬁJr %Q?e alﬂﬁg at"ﬂaggfb Citi;}\l;ée*d dbg‘@t\ﬁﬁrgegr%ts éctﬁgle%%?%sr@%g e cbmponents
a"@aﬁtcﬁaicb%(@ Qfﬁp@sﬁ"tde to a further 4 surface of said |oad

facing said curved path tilts downwards. 1 24. A

met hod f ofMONEiS3i 192 &ﬁt@ 5&&6‘9’8? PRPAFBLUES ai m 19,

wherei n 2_povenent reas. of sup along .

oa - cur Bl BaPRRPAdn PEVing e aFEdRe 45 PRIY 1k, MaBf circular
mambexs st saidh swa atdaalof yuppriremsee tlong saidcenved path tgrtdvsdig load.

of said load. 1 25. A nmethod for noving a | oad

accor di ng2t.0 Aghelihad fer, mbving ledpaQ acaenghing £¢ nlgino 1@, wheyein at least

[

orﬁlm'I Céﬁ't‘dlepgt §QE SY}’Q a\‘%tstcg%sggl:ﬁa{ lrr;rfb\y%% Qéﬂgl Zsragﬁfsrtleadggm% tjlt said load.

isrigidy coupl ed to said base so that said 4 shaft

menber controls notion of said pivot apparatus al ong

sai d curvez. matelﬁhodlfozaqovﬁngmtdwobct:@rdi@wcmgrrmsb,oam\erein said

rding to clai r 2 conprising the step

C%%&B?gt ﬁan%aélfdelgb\é%t %adﬁﬁ h axi s orthogonal to a
further aﬁfi S A rﬁe@rgalt‘ {/rﬁ S|85&i a&&?&%n t$ EI%I 923\rhe&in said
a1

nmet hod for novi ng
cuiMed epth ia orientedii Is a \@rtsctat QWédaleéW‘Wé@m sairi @W9 javess of support move

URRRRA AP sAd SuRal atra§§thaw§trtawtsf£@urm gﬁ)bfcétoafurther
pivot polnt WO 2004/ 070400 PCT/ US2004/ 0021 - 25 3

Sléffac§eﬂf§a'gd%%d fasthasaibesmer ROt ARVIIWAES s ai d pi vot
t d li t at h d )
Pom sat a2baddnatiod fol Apdhe % Frd astoraity S AR A0 GIEh
mowemegt of daithtivasiees df suppioot abag sai@ £y rwed grath nessidts dh s@d load
. ' . ' . ' f f
trﬁﬁ\g%g%lpéﬁ{ggrégﬂkﬁgn ﬂh,gﬁteﬁjﬁe%uﬂ%nhtgﬂg@ ofgr daiﬁté/gog%gr%ﬂgaéti’.o

clai m 27, ruher aiihod rbhblfl a 18ad b%r&lrﬁ%% EldfHh Q@ further

bet ween sai d pivot apparatius and said base, said
cemPHifieg the stRp RETONEgzsaid pivot apparatus along a shaft member which is

coupled to said pivot apparatus and which is rigidly coupled to said base so that said
shaft member controls motion of said pivot apparatus along said curved path.

26. A method for moving a load according to claim 19, further
comprising the step of rotating said load about an axis orthogonal to a further axis

about which said load tilts.

27. A method for moving a load according to claim 19, wherein a link is
situated between said pivot apparatus and said base, said link having a first pivot point



3 third pivot point at said base and a fourth pivot

poi nt at said pivot apparatus, said 4 further link
WO ot0abaEoei t her towards or away from sai d basePE@BUSENN4002103

load tilts. 1 30. Apparatus for noving a | oad

according to claim?29, wherein said 2 second pivot

poi nt coi ncides with another,gt said areas of support.

1 31. A method of noving a | oad according to claim?29,

wherein said 2 second pivot point and said fourth
atpaaidbbageoamt a sedoat @ihati potnt @hisaid| pivotapesratds, 33id Ikkmetdtesl either
toordPY) Ay PrbBAIEERH B Qg cha! 1 19, wherein: 2 2

t aratus”i's coup Ie to a second base; 3

a Second Pas@ rhethsl %H rﬂgﬁﬁg a”SJa@E#cY»?dnﬁ& t& Blafin §9C$lﬂgrem said

I vot aE) par at us; 4 ar eas
se§9%er\fp gpist s%lﬂwe@ﬁwgapee é’éé@‘ﬁ@r?ﬁS\thSUPBorzﬁppar at us and

sai d second base, d 6 respectively. . osite _for )
conponent aﬁé“%tﬂwgg PrdmeViBg AuUP? E?Cog‘?'ﬁggo gpim 27, w Srein a further
lirkuip pitbéted hesadeh $ad pivot hhﬁraarsm sald sagepsedit fumhe@ link having a

thlﬂjdg%gotlpoggea%%ta@esgf t hf%[lrtﬁurPrI\Y m% g%@ |\got aéap%ra%us, said
fucthg hmlg_gqtatnls@it@bntmvandﬁ broawaxefromr@ld baseoasaaa@ﬂlqad tihtsder
to rotate_said | oad about an axis orthogonal to a o
further a%9-sABPBBIstfonAOYINgslogd lageatding|tp slaim 294 wherein said

s¥BADN BRI oPboifP¥biREdas WRRGNBEERPbEEANE atasTralppot, further
conprising 2 the step of removing a portion of said

hol | ow rlmg Agrn&ﬁodbf Frbviice @%dmgoragug&oldmh %;@ﬂfetﬂerﬁgaid
rt.ner onmprj] si.n the step.o0
sePod afeREo e abBeTryre ek PoP ot FRuEbSRRewesy of
movi ng a %Qag @%@8&%& H%v#n% &[o%h@c&o%mg%t fifh 19

conpri si ng ste uating a-cable t]h(oug

openi ng i A ss@ind pﬁ\ﬁﬁ%pp&%‘t@s R286pIRE S s%cor@ %JL%Ped

sai d openi ng ext ing froma side o sal
a second base is stationary relative to said second pivot apparatus;

ﬁl‘eln

at least two further areas of support are between said second pivot

apparatus and said second base, and

respectively opposite force components are at said two further areas of

support;

said two further areas of support move along at least one further curved
path to tilt said load.

33. A method of moving a load according to claim 19, wherein a hollow
ring is rotated in order to rotate said load about an axis orthogonal to a further axis
about which said load tilts.

34. A method of moving a load according to claim 33, further comprising

the step of removing a portion of said hollow ring.

35. A method of moving a load according to claim 34, further comprising

the step of situating a cable within said ring.

36. A method of moving a load according to claim 19, further comprising
the step of situating a cable through an opening in said base, said base being c -
shaped, said opening extending from a side of said base.



