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WRI ST JO NT FOR POSI TI ONI NG A TEST HEAD Abstract:
An apparatus for supporting a | oad corrpri ses a pivot
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ol (57) Abstract: An apparatus for supporting a load comprises a pivot apparatus coupled to the load and movable with the joad; and

WO

a base stationary relative (o the pivot apparatus. Al least lwo areas of support are situated between the pivol apparalus and the base.

Respectively opposite force components are at the two areas of support. The two areas of support move along a one curved path Lo
tilt the lead.




pounds. In order to use a test head to test integrated
circuits, the test head is typically "docked" to a

per e el Yo 1T Ot gt m

in order to mnimze signal degradation. test head
GHD @ﬁ,l Itlj, af klﬂgu,%/}@ Nﬁ,mi ay Slb €1, g e d-t @efrpﬁriﬁé ;xbzglnontoh @e LiRShimit Jor amending the
1Rh©am(mﬁhhcResnﬁammG@mnhngpariphemakmamdmmaywbedhememwmquwmzq
Mid el gihéd Tholthaci | itate fl exi bl e dewlierrg and unl ocki ng
Declaraldfn wBadk @9 4.17head wWith a variety of peripherals A test

- o hﬁaﬁs@QSle4 IG(V‘JD)F@ uSyst em my alﬁort?{f letter codev crnd rp erab a:u];}j refer 10 the "Guid-

publishi €St head p03|t|oner or test h r@A9£@m Shring at the begin-

- 3: %tnatn)gcgq’arld%qky pl cal | y nou nt edﬁmg Bfﬁﬁ"h Q’guﬁﬁjrﬁa of l"@ razerte,
allows the test head to pivot so that it can be

allgned with the peripheral. Thus, to assure proper
orientation, it is desirable for the test head to be
able to pivot conpliantly 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 35 head 110. Side views are shown in Figures 24B
through 24D. In Figure 24B, test head WD 2004/ 070400
PCT/ US2004/ 002103 -2 110 is oriented horizontally
relative to cradle 200. As shown in Figures 24C and
24D, test head 110 nmay be rotated countercl ockw se or
cl ockwi se froma horizontal position. Again, in this
manner, the docking surface of test head 110 nay be
oriented to be parallel with the reciprocal docking
surface of the peripheral, which is not shown. 5 In
sonme applications, particularly as test heads have
becone nore conplex, the wdth of test head 110 may
be substantially |arge. Thus, due to physica
restrictions inposed by the peripheral, test head 110
may be so large that there is sinply no roomto have
a cradle situated on the sides of the test head. Wile
test head nounting schenes which support the test
head with pivot nechani snms contained inside io the
test head are known (W PO WO 01/04644 and W PO WO

02/ 025292), these have the undesirable property of
occupyi ng val uabl e vol une inside the test head that
could be required for test electronics. SUWARY OF
THE | NVENTI ON An apparatus for supporting a |oad
conprises a pivot apparatus coupled is to the |oad
and novable with the |oad; and a base stationary
relative to the pivot apparatus. At |east two areas
of support are situated between the pivot apparatus
and the base. Respectively opposite force conponents
are at the two areas of support. The
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two areas of support nove along a curved path to tilt
BRI EF DESCRI PTI ON OF THE DRAW NGS E
WO]?BW‘Q@’%& de view showi ng various orientati oﬁ’g*r/l#sgwﬁ}ezms
test head with a portion of a test head positioner in
accordance with an exenpl ary enbodi nent of the
present invention. Figures 1B-- 1D are respective side
vi ews of exenplary enbodi nents of the present

i nvention showkmng durt est rbeadolnd heTNar koats
orientations shown in Figure 25 1A and further

showi ng forces acti nQIE? (511_:1 (/Enfl%q{h Fi gures 2A -
a

2C are side views of est ched to a test

head "Hr’ﬂhe raérsge Jvene{@n Pé?é&% @5 k&RHAkd gaét[@rs‘e@%&ghe% &R more

an exen'p nment of present 1 nvent]on
spegifiaaily Lo tos r@aaép%@r&nsv&tem%mabfotatq @ast Readiabaytasnags. In

aFtQ:uHPfea %%i‘tabh@rn@%ten%;% cﬁa‘éﬁl‘iiﬁﬂ »qucﬁlrgwt@ﬁth%/test Head through the
ure oded v

mqyg@aaqt ﬁf@rf@xg%}[ogﬁ:}sxtagtegl admy fo rem tEp Gglr%galf “t,a@%.a of Jthe Lnest head.
i oh are. i nel uded*eKCRRENRr BRARBNTSR ™ 5" g ¢
6is a peihscﬂg %f&lnYlﬁ:‘!C&*l‘g\gf mé@%&&ﬁ&ﬁﬁj Fzﬁsgghg%t@%{‘aél&tromc

and nount
deb@awtﬁ@ttrm uttb aatmnagst@sﬁ %ﬁté@fﬂﬁ%chﬁD Eaperfareed at opp @jreore

sta79e's%f @hé’@ﬁé‘@ﬁﬁdcﬁ% VA ‘éiﬁ‘écﬁ’éi Ha%lu'ibpé'ﬁpbaﬂgtus fd GacroBAedeStiR device

Vi ew of” housi ng ure
uné%g@t §&YT &)HHP PPFER fqr.t@%"tﬂr g&wni‘f’oeasﬁﬁgfhe sppgalangiing

apb§ra@uns ﬁiak/ailﬁﬂﬁhng teuwmfr ® tjﬂ@r[irb@éi' tefmpErguirecardild: miirgaingt at the
ew.s

preve PRt s fedien BEeren P e AP PR B IP dE Ve g types
indfidiag t pebetwd dok Uesmrag:wma;tammi da\mdesamfajwaﬂeeand I@evice handlers” for

te%ﬁ% %E‘?@Bm?u I, gjenhggliagrs ) @Flp %fl@ngv'iiﬁt?%ugéogﬂér fefer to all
tyn@rq:fcaylgh a@pa@mSatTmectmr@qﬁeémmsel&'Saﬂawagd Byne large and

exhéllms‘i'\% R b@eﬁov‘!‘htehﬁﬂc%hﬁ*és gl"ecﬂsﬁcﬁzV ihigh -Seckifyia@slor effective
gure 10A is nov é(\}/rotatln t

n n h
t%tg!gmageeremﬂivutge &ewigﬁmqw B boATES Wik it g dest the
D0 Siré byghiedllySy@k&dmni the test head, which must be positioned as close as
possible to the DUT. The test head is extremely heavy; the size and weight of the test
heads have grown from a few hundred pounds to as much as three to four thousand

pounds.

In order to use a test head to test integrated circuits, the test head is
typically “docked” to a peripheral. When docked, the test head must be located as
close as possible to the peripheral’s test site in order to minimize signal degradation. A
test head positioning system may be used to position the test head with respect to the
peripheral and may be designed to facilitate flexible docking and undocking of a test
head with a variety of peripherals. A test head positioning system may also be referred
fo as a test head positioner or test head manipulator.,

The test head is typically mounted in a cradle, 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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accordance with the further exenplary embodi nent of
wd Gy Rhgpent i nvention. Figure 12 is a furtherpeqygingeneios

perspective view of the test head and positioner

system shown in Figure 11. Figure 13 is a perspective

view of a holding block used with the 20 exenplary

enbodi nrent shown in Figures 21 and 12. Figure 14 is a

perspective view of an adjustnent nut assenbly used

|5 By 2O Yol STROGI BN HBBOMY dHdwhil id HtPesl 34@BRd 24D
11?2'% Hg?gtjéraeh%ilg [ gﬁ%ne e>|<pl oded vizg\t/]v \g% éggl ev'gl eg?'?e 0

testeeRd il lOnmay 86 rpiatedtendipleskwigs PhClppiavies ERp %uhyrizonta' position,
Ageami) gﬁlc it}_ﬂl§ Fﬂar}?\?g}’ﬁeieitd@clﬁi@ g@ale&elek téitdwelaa- 112;5ml§1} g4 bﬁ%rlxﬁsb@{‘ko be

- il lustr e | evel er ani smo l.gure in
payallel IS thE MR BER EKING SR T PR Per Do i) fychof Safn.

of the test head and. osit'&.onler[ S)égzt %% ahgvvn f’jn

Fi gures 17T SSHIF aPPIGFYNSt RE U HLEY R & dIFdYs B8f e P§5Rme more
corrgipe the welth of itddt dveadti 1O cunyf bagsitstardiadly 1@80e FiTgus,aluk8o physical

iy o . : b I .
repfisf BT HREEL b End bEMBRPAMAI bl 11 play B BIGY fraffbre is
sinorlyrmsl reetn Enivoigi headlestiforiedi an thegidasof thatesthead. Whip test head

mBuntthg ch@MES whicH SupBoRhS P&E heX& WiheMwdthEthanisms contained inside
IlTustrates the further e

xempl ary enhodi ment of
theteshhead BORKDOVDEVIHG 11O G OMafa g VPO WR: O5{Ra5297); Hisse have
the heuesikew bloperts tof Yedupy@g vialUabfd vatied ihdidé the test head that could
[ "ié{’ures may be used in conjunction with

afore ti onceq f
beareqﬂi(sgcff]qr&ﬁ%re%%; &1t s Figures 20, 21, 22, and 23 are
perspective views ogyﬁ,‘g‘%ﬁ.\(%}i{@w\%&ﬁaﬁ t hat

incorporate two rendbte axis pivot joints to provide
two axes Qf of008isqhr %LB[)QH[H%S& RAA condtBadb Bivdt bBpardfils coupled
views showmng a test head 1n a prior art cradle. _

torske adEmdpRecEyie MithNhedoadHang Quaee staliong rareiatve ks the pivot

afRRaePt paleatbarbimaebr SfppoRearBlsRagitd Hetwest tRpildt dpparatus and
i mensj ons

d S illustrated throu t he rtial vie
thegan ReHRchts opRoS e To(FE s RO ents it PR Miurper hgupport. The
twblfres0ofdupgottanposalbng peunsdgtatimid i thy laadpi vot

apparatus ("wist joint") 300, which includes trunion

305. It is underBiooOFSERIREL@N OFt Tt DRAWINGSad 110

can be replaced with any load. In Figure 1A three _

possi bl e Fgirentfaisiconde VEWRROWIGeYHIRYISArigntasions pbadest hgad with
a \%:Sqr%gﬁ REWnestiRsl RRRADNILR dctordaHE RlntR dxepi edfbddiment of the

[

prasent invention.

Figures 1B - 1D are respective side views of exemplary embodiments of
the present invention showing the test head in the various orientations shown in Figure
1A and further showing forces acting on the 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
prasent 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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may i nclude circul ar nmenbers;(for exanple, bearing

wheel s or camfollowers 128a and 128b that are

situated in curved path 120. In an alternative

enbodi nent, the circular nenbers may be replaced with

anot her structural item (for exanple, a sliding

menber) to maintain trunion 305 in curved path 120. 20

In the first orientation, test head 110 is shown in a

hor i zontfguredoisfa prrerRacdtis vigwwhith sbews itk avidemtaie aod mounting
plaﬁerkﬁ AidRBts fd $I§§Ehm;a%%gri|h§ pldth GRE LENRES meREcAi @ ms.

rear of test head 110 is tilted downwards) so that

test heatqdd0 s @t @de vROUBE BletloReiy se relative to

the first orientation. Al so, as can be seen, the test

head is Figote g1 %ol fopgiew bhite lowimdl e. I n ot her words,

a cradle does not extend along the sides 25 of the

t est heafigwietd® siaderogE-vatiopel indre védoof thethaukinghe t est

head rotates. Rather, to tilt the test head fromthe

first orfieweall srenteniarged sEvonfda opitentdFisne 8Br uni on

assenbly 305 is noved al ong curved path 120 (for _

exanpl e. Fipwres? i & @litaayndav shpwinddmvt Hie qamssgngage the tracks in
theQui®ngiatd.on to the second orientation. Al so, as shown

in Figure IA test head 110 is able to assune a third

ori ent at fFigirel TDAMRIaCdidd Giewf dfeNtesOhedEidtachb@adndelWith & further

ti“ted 3q%£omnmg1gs gand the rear of test head 110 is
xR PRRINERY 048 PREE BYEMid%d 110 is rotated

cl ockwi se_rel ati,ve it | I ' ' This. is. .

acconpl i @Hlér S%}bbr?g’\sl i 1;3)5 tn? SrtEéntieghe gésést 2%‘%‘?3%)]: %ggret {(;d'%s hne\7°‘arrous
origritdtiehsor i ent ati on. Agai n, because truni on assenbly 305

can be nmoved in the manner shown, a cradle need not be

provi dedFigtsntP it dipg@sn dlustrplday hpwdle tadeademvithphthe test
heathbrOilgdresibang athvdd By Irota@h8 The TBihealihe use of a cradle

is 35 optional and, in sone situations, may be

di SlpenSGEigWetfll Bld pgepdieive view &04 te&tlhﬁiﬁlﬁgﬁd pbsititics system in

expl anat.i positioner system 115 includes trunion
e a0 atraeR P SRt a e e P e it

of the c nent s [ L r S ' |k

enown. i PRE S b2 ElnBpbeshoRlE EFr BCEhAR drts Meidoner
systeg showedh Fighisr 1exanple, in U S. Patent No. 4,527, 942.

Base 125 being shown here is thus for 5 illustrative

pur posesFighreyl3 B peiepsrbive Vieshela Joldinggitest Usse WHs e
exckdSatySeriBoiMent JHoWH AIFiAFEEIDId3Q5 noves al ong a

curved path 120 that can be defined within base 125

whi | e lbaSiguﬂa2:54 rsearrpéragsecsmatviﬂaw?m a@hamwhet? nlhleatsreum;@nsed with

asse 305.,. In Figqure 1A r,.,cam fol | oners
<SG <ot sopbdn Har St FEand 2  ose t oget her i n

order topeffectively i . ' :

appar at uglsn{enfigsgaﬁ’r%xg idldg H‘};é%ﬁ%%ﬂ H%%% ngg#g&gﬁ%gﬁn accordance
withbbié Exerdpleonespedialeneatydi ineTigutes lillandst- at ed, where

the wheels or camfollowers 128a and 128b have been

spaced f Gigufesrl6dpalaC iHstGrigdheteyrelasanedrnis, efstggeels in
vaddif dieh&®®nacti ng on test head 110.

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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In Figures 1B, 1C and 1D, vayious forces acting on the
test head are shown. In these figures and in a

preferred enbodi nent to be described later, curved is
path 120 is an arc of a circle. (Further enbodi nents

may i ncorporate curved paths which are not circul ar

arcs as will be discussed later.) The arc is desirably

in a vertical plane. The conbined weight of the test
head 110Figgreut isre BRIseerbiNg vBOSWAISH ilyss@tes thedgdheimrremplary

embSfRheh of ﬂghﬁé@tlﬁﬁ Dyord, 01r1CE1@rern(aV\17W agyi, NehaofurthBeshows how the
center of CG of the asserrbl; The s stemis

stryfbdiep dpisyra *§tthe@{<§|"\ﬁm'?ﬂﬁdrf&%%w@ bsrusgH & Ffefg;ua%'on with a
poditesat egstain. 20 the center of concentric arcs 12l1a and

121b which formcurved path 120. As shown, wheel 128a

ri des onFigmesd®, arnc2,2dal, 28k peegeiction viearsad f@B @ofigumgtions

thaggnctogj%%tt%ftwg%m eagu%tgqn{sqg éJ.é(e éﬁd@m&%gh

23 of sup
wheel L2Agy {Qr243N0L A r&bﬁ&ugr@\(newa@a%mngayges@rheaola#aﬂpr;orart
This reaction force thus exists at an area support
crag@t ween truni on 305 and base 125 Si m larly, V\,heel

128b rides 25 on outside arc reacti on force

2B acti ng on PnEuNLSF? '%‘%%:HIETI&% %FF@E IP’XENEIIQW i nwar ds

t hr ough h t of contact r a of su
ot ween SR EsEBEnSnEPaE stk AR it ehgppdn two
diradrsionexd mUstrahd anroagkahebasiappiewt shetvmée Aiguraibh.oRigBES 1A

illugtggtesggﬁ%e%g‘rliﬁ c‘bu 12d ¥§ anf&%&& gﬂt %%V&%pﬁ)%&i‘ﬁ@é(“wr;st

ort est nec ssari |
jointhy @Qﬁghwm@hmtudm trynipni 385, GGis Mﬁt@@drpfmmavmdhaéteéhhead 110

carf"‘f)@ réflacd Qr&lfl'ﬁjsrﬁ/ 1038, tRiFR LS 1Art%‘?eé Bos’émle Bﬁ§ﬁtﬁt|@rﬁ§of an
(where the test head is rotated [ ess

exqplaY 156t heRsHALR o BHPY HEhETAC,bHE BICo0R PG e SrEj0S which

mayhtGudd h&fu%rlrﬁerﬁaemwrdxaﬁ@wibebh@ Gmﬁfleror cofn fgnca/verb M 28a and
orc

12075 A SRS LT VRbARN 120 The" FOF s B eQBeRTR o e crcutar

meover< oy Hehepfaced witbranother hB‘UStylSﬂl efram Eor ekmnplet estiding

meg%%q golrgafﬁagrﬂﬁn%r?g% & Qfvaf plehgqui libriumin all

pos Ions I's understood that the two (or nore)

wheel s 128a.a51de &@@Qa&@rﬂ t@& he%&ﬁ'l@q%hd\hr‘i hw @h%hﬂﬂx‘tﬁ

(or multiple) sliding
corpigyraligpe /tb@ggqgrd Qr@nﬁq{@@, tl'g fﬂ;r,)rq;(ﬁf tﬁ@t r}e@prﬁw, ig tilted upwards

(arl @i rd@0ofWetthhdalder 1orig pidel Yolvh@brdsh salthavgstehdaaad 0 it otated
coqbrggrré{chwswr@ ﬁtliljetegogg'@{f\l/rg%orfa%égt}%vhg IF%,SasS%ﬂn%e;seegBE S'le test head is
nolcginbtaef withintdheraliel rin.otBerohoriet atiadie ddestrive ekigad alang the sides

of ﬁw%ytggtr e%gtv%gl; 9.923 glv%ft g%%@%hq %r\:\ﬁ\%ﬁ Q\ebt% \/\#‘l’lléatd r%taté{eR?ther to tilt

ere
thet t@st headsfrpinibe ﬂastmleebwonéo |t!m<se¢qoed Obiéﬂ\‘ﬁé@ﬁ trhelomav@ﬂmblv 305

is rﬂﬁbecd QBQ EME@%Et@Eﬁ?(fQ?EWQe m% c:%‘l’&ﬂrbrln@m{@}' Frémotfhe first

ol n dition, as has been describ
orljeraiaﬁ?n frathe fi?éo'%f"f‘%t?t'o‘br Blser 25/ ShoHidi Fr\%“"@éﬁalS‘FSé hSF‘d 1101s
abieUBRAEhE g thine olieadtibh it WeicRItMOFroBX bStast héar | ZoRttAted

doﬁg\%ards (and the rear of test head 110 is tilted upwards) so that test head 110 is
rotated clockwise relative to the first 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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passes through the | oad's cegter of gravity. This
allows the load to pivot about the pivot axis with an
externally applied force that is just sufficient to
overconme the friction in 10 the system In this sense,
" the load is balanced with respect to the pivot axes
just as it would be if it were supported by rotative
beari ngs | ocated on a horizontal Iine paSS|n% t hr ough
t he cent&ar FPeea el tfys explapatnnaeesibanerfetest 115 !”qfléjes trunion

aSSngT'Ifbw S84 bnd BadONBY. I Bisde Fo5S¥H I@é‘%dmprls%bi%lﬂ thdadmpORGHd BNany

forces 26 and 3B pass exactl % t hr ou enter of
POSHOAGT BYSIER aSRééfteﬂ’H%‘ﬁWf‘dPé%%a B EXREP ﬁf%?\ésé%’t’s Afe figrgribed,
for eRAhple, Of UIrDPatdn@Mio. Slﬂwl qh A, hBasQellﬁSGfelmj shicirahérens Bals for

15 coincid
gt b S AR et o aSimgfl oA 6 sy,
Trupico\dsded blyh(s mhees @sug Blcngvadmmmlzabtmaltcanh@ dafined widfin base
125?\%\(% Eé’sé f Fb‘?ﬁa:ﬁéJgtfahShél}treFa?vQ‘{@Er% 35 Oﬁmaiiidsct end

ric this s not 'the case,

to r Ot afrﬁFlbﬁ‘realﬁd'vﬂ%‘ét bp&rﬁ@ol%%&@li%@% if@a §r%r§p%Eed3f'elat|veEy
gravity CG underneath the center of tion. w |

ClogtogPYBn 3 e 0 ﬁfrf%FéiVF’del'“%F%%&h%ﬂﬁf'oﬁﬁilth%iﬂﬂi’a%t“ar#” Figures

1B,auXidnidarry afs0fiie, 2Qdsidp Rbitdpgudl @vitoairkentao Mpensaide where the
a.center

rayi th i s_displaced t he_center
wh BEeSile i febdend Jeab ol R TERhro baMe a8efiiierler o
betthrs tudtizeel tinafordes acéheponddsttleadsi1@. "renote axi s pi vot
joint." For sinplicity in this docunent the terns
"wrist jbiFigtresrlB, 1Gransit 1Rasseings {orcesertine ondbd tes head are

shdwff, % tﬂa&e%du%snsnml aPPre@&P&:f &hb¥diRRst t6e §&IFBLEN Iater, curved
siml ar prop er | es, t hou nor e preC|se terns and

PathdLErip OGS ofyg pqrclge(Flggtélgr ARERIIMENER @Y é@ﬂoypor}a‘te curved paths
whi@ﬁ %@é Fﬁﬁbrc@dﬂm%sd:m&mme @lSt\!A\d‘sPséd Iajtél‘l'hﬁghb %a@@&feéir&ﬁd in a vertical
e ala .o [ e an
pialfer dpEETOUST AT rS i 6t NS whef ey 205 o heets
lzsana:nm‘ ppsiatsi xn@caem‘dyscbrcjecairmw Wsaqmmg\ﬂt dbeeicénterFofggnamtyBCG of the
e

oo ST e R IRl 18 A I AR e o
theonﬂaetetroafmmemmmba rcg idla aod \A'Jﬁilbtwhlfé‘u fiatm cPrgdrrat? A28 hoswshown,
whée_qsltZSQ‘?'ﬁQs Lh0ndife Qrcsf*ﬁ%t 2Rt irédki¥n rﬁcg{:é é@@cﬁhg BQStI'Jrh&nBOS is

contrast, iIn gure 2B, test pi vot ed
dif%,qt%ﬁ raghally quswerds t§&l@ﬁdhappgﬁt°§€%ﬁctdpr aﬁagqerépas&t) between

whéelelzsaﬁ(gkéblﬁoth@ﬂ @thuﬂ.ﬁr rﬁé(rhge@%@d KONV ES, SRl yreadForSOWNLHUB exists
Fi gure t ea 11 ote 0

at g A ETRRTE PP B i GRS £R0 batet 0. SR yhaed o rides
on axisgie 85 12%0, andD <20k 70420 aEtﬂITd bJSﬂOﬁmh]J@sllreetEd radially

u r V&M

mv\)g{% tﬁﬁo%gi"t &e&g@ﬁtoﬁgﬁg‘%ﬁc érggvop%?$8$28tgﬁﬁe% gﬁ%fblz% and arc
124 tTédshred Ci@n [P0 @'F@ﬂ@ﬁtss%isr}tneﬁfﬁ?istuﬂparwqtyﬁefaggémﬁl 3p5 and
base 125. It is seen that the two reaction forces 2B and 3B support test head 110 and

necessarily pass through center of gravity CG. Because path 120 is an arc of a circle,
this is true in all positions (where the test head is rotated less than pius or minus 90
degrees from the horizontal of Figure 1B). Thus, there is no moment about the center
of gravity CG of load 110. Accordingly, the only force required to rotate the test head is
the force necessary to overcame the friction in the system. Further, test head 110 is in

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 muitiple) sliding member.
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300 in accordance with an exenpl ary enbodi nent of the

BifRSMoe! NVention. The various features of Wpighys2004/002103
wo sserrg{oy 300 are shown with reference to 5 Figures 4

through 7, 8A through 8C, 9, and 18. Figure 4 is an
expl oded vi ew showi ng t he Vaél ous conponents of the
wrist assenbly 300. As shown in Figure 4 and Figure 5,
gui de plates 9a and 9b are included. Guide plates 9a

and 9b arguafd bli?@t%g{);{élrfﬁ{? BRfAdedenish Hespre erﬁ?@[ﬁﬁtl ifgllows a load
toEl ate 7b not Vi Si in Figure 5

¢ 6ptatqd AR RV %matwomqtﬁ@ocapge §ithyenieet go the movable
point:§6ﬂ éon@édt&ﬁ ieljolra. Swh rdstion/ & theydadde any arienatiodp s a

co:é'st?c}!e;%ﬁ% 50 \ES dr ItI(P:eg ﬂcr:!]gelo ahsr gl%gh grt?\grﬂl lg Qg%r&m)h% 1%p%railel to the
pivel agis a0 fre |a$eﬁftectd;dtwaej*r ti‘mmvmmamanc( ntmtats'.rﬂwm Petwﬂﬁﬂs}:he
t\)%%lec LG tjhg ?lnpgmﬁﬁatlgﬁoés REOM: &?&E;‘?&E@éﬁ thé 5519@9& the further

annel der 7a so that cylinder
prcpr@rwféoeurw eaﬁaateé)fabemr ipg&he togdiifidne; F&‘éﬂt @f@nﬁéﬁor'm@a' and

%ESQQroQJgﬂttﬁﬁ ISR sadé@lté?%f @Ww@e Tﬁistaan@n@ @hé RafTY RBhol@bout the pivot

ate 7b usi scre
xRt an@xERBTI FPRTE (s i 6o G ta 0 S aipe fgyricgon in
th@byREME U tils baReptietlban® flarged dettpleapes tdshe Pivouskasgust as it

G b5V R R B g
thicegl the semtenpr @rbviey tAsm aratchcai ug&lttEtTe s difficedatoesiryct a system
sué\i Pﬁa\?cvhg%tkﬂ BReD-8G H%Bn&sg%hg%tﬂ) if?arg’&bh &Qtérm g‘?Q\Qt\PtG Reaction

exten hr ou earin als stefp
forgis ABTNE HhKarsecPAMR eNte SHIPRGOC! %@@l@t% EitRr Of rotation not

cof?u%ﬁd(e'éigc@ﬁarqth\eﬁé E‘@’fteﬁ@f :j’iﬁylt)be:h@|I@éiﬁﬂ|ii%nbh%le&“ﬁ&bﬂnam ina

di anet er ortlo el ow beari | a
staingant b taePiavREd ot BESFAINRP By erh Abepape Byl pLpravio s
noadumafenem ovaitond thessthnie frivtied. IfAbisus hoteiht cass, 1@7d 110 will tend to

FO{qtﬁ B’U% ﬁl FE% ! ShOr aes geug?c%pfﬁg ?ﬁt -EP ggﬁv&%%@el%ge]rngg&\etﬂg %enter of

enga
rotadljons Asreilt b dtSCLlSEed,tEl’]mCtltﬁ’| @gg:h:db@qm ey Q@@de@@dam@llaw force-

suhﬁﬁmfgdé\/?%\%ckohﬁehmg for%pcen@r ﬁegcrgv@ dac of d@ﬂhé&i ﬁ’&rrhtthe center

washers 48a,b and camfoll owers 39a,b a
of rpt@kiapedy Piokigaiat Wity E)h@ah@Pﬂ@k?séF% deseriRpdaNBY £e| fﬁfeﬁ“es ipas a

“ré’rpo@rﬁ%s“&bot ﬁnrﬁ@tFoV i ;hk llMtiﬁh Gblflﬁnerﬁ the TdrensunRt j@m” or
cam

cr.i bed | ter Fro
s BB SR 7S (e 1o ebbrdt s P DA A U DR or
siralapprederties, Athowgh smorb@u&lmgtehﬁs aBp elebdriptas|will be used when
N horizontal grooves or channels 351 (not visible) and
"™re included in openi ng 350 of wrist housing 11.

Cam fol | ONVBF et @m ﬁ'ﬁ&t%f%%itiﬁqowﬁ: ﬁl’ed'&l:rrb&f‘\gltﬁrtﬁe aid of

able to nove gack 3 forth withi'n those grooves
Fighgs ﬁé|thmér%and1%aur@ o lAdPeraRsatiye |d6WéFP% oBgestegfpositioner

m@JFé&%@ihg a&ﬁﬂst@ﬂiﬂt B5%ovibbd @f Figare . OFih@eena tBRugh AT &etside views
inserted in a ug% tnu e 8[8

ofshe SpaEHhouing W Caripeaan titsy Ao eI EREE Hapipn of e

widttigiehment screws 27.

Figure 2A shows test head 110 in a substantially horizontal position. By
contrast, in Figure 2B, test head 110 is pivoted similarly to the second orientation of
Figure 1A, i.e., about rotation axis 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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WO 2004/ 070400 PCT/ US2004/ 002103 As shown in Figures
track roller assenblies 40a, b, c, ,
“Kﬁﬁgﬂﬂ (ﬂ (40b and 40c are not visible). Trac%cro gﬁﬂmzun
assenblies 40a-d are attached to wist housing 11 at
respective cutouts 80a, b, c,, d. Track roller
assenblies 40a-d may be attgched to respective
cutouts 80a-d via spacers 14 (not visible in Figure

7). An's @g&ﬁ@r@ @raypérgpae%hvé %wft I} of &t&n@@@@baﬁﬁoner
bearin sten1nanu actured Pacific Bearln
svﬁ@ark%? dTegrtLhe@E)@elﬁrjP aitachsgrtp ﬂ?&ﬁ'@@?r syoterdaP via wrlst assembly

308ih QEcRbANR] With @A EReinbREKembotihRint 38 SeNBieYelinkeRiohng
system can be replaced with a pair of bearings or cam

f ol | ower stheosngioas fénmgeaaf wtist ddsenmbivhB00 arthehommnnielt réference to

A TS M5 QY IRED 10 0 e it es 52

ow’ m)re scribed with reference to

Figures 4; L?i'é 4 88n &@o@@&i v%w#‘mnlg H‘\ed\f;ldg?% %&@pgﬁentﬁ Bf the

i ncludes r spectlve ut out
wrist gassenigly 1390- fssheiinyin Figyse 440, Fiage 5, @guiegqué@a and 9b are

.nmiéa nc%ul;gé w&g 9g aﬁHtg‘Blbtré affad ta 1@spezt% sﬂé‘sbof i HeSplate 7b

(gL BRle BNt ey Braisetdprvird shéfiam ddouning pjate 7b i
itskf IaStaﬁfmtBtoad:aneICTa’ caylmdepad hejudsker ieollblve cgirniries!l dinnel through

wiidi® Sipdhedte'BR seR Rt perBiobet s 1k ik Altbpriate
cyh@d;&nbmnﬂz@a (het sioha). Touglthe eylndrishirmembeu(nol 8howThéxtends
thfdd! ﬁ%@gﬁ r%l ‘Pc%%%ﬂ c&;ﬂ%e? "79%§ th&y %ﬂﬁd@sﬁeﬁﬁ@b % BPste about the

cutouts , I's also s own in
cytindsigal gemhiesn i n Fi gure 8B. Furt her more, while
bearing plate 23 is attached to i de pl ates 9a,
cam f ol | dutdf'e Plaggs%a gndyple mavibee *EF“FS twﬂ%{"t’ﬁgﬁéﬁtﬁjbl%'”gr for

exBihpWd, ratt!aehmfanbﬁtr@@s Q@ﬂ&‘@kiﬂ%@ shbivhiin Figdees20 afd 8nbBedring plate 23 is

5 d.ch 1 hed. ab .
ol B BB SRR Sl MBS LTI RS . g
plataradi mg}udembn 2Ppening mm(mmm(belaﬂnatm is pecedwShaft ahaober (e.g.

scf:e% aileéxtellwa]skmllg %S@'n@r%a%qg IaEE%EftIEGO{() Qr{&ﬁ Foil pin 50.

en |1 on not nove vertica IVG
Tﬂe@nﬁecérspwgv A1 shat extendsiiough beadnedla is fttawnﬁsi wnth the small

dl%ﬁé%?h&ﬂ? cIB&kly %YthfFPlYa%fFln@'Z@Bg\nﬁaHﬁertﬁ ﬁ@%eogﬂac%@r&malsman

O is turne ment na% 3
digrggier aertipn %fv‘é&SF"‘f £d 'l?H’otl?a B e PROHES "f’atg‘”e in position by
thadiaps t Fpiatal aﬂjﬂb’crﬂlé’ntrmhtag i nwafd@s mrd]laamgenf AEL K malud29 a
el oBSHRE Jot ey 2h SR bEEohEh 45l RN e ireacea
omhm'g imadjustmentesitt 1ve dden thI@th beaa'mgﬂﬁms anthés tineo ladiaicked to knob
202! bﬁ’\é'écﬁ b8 oﬁé&bu&ﬁn&& Hueh @t ﬁ% N?ég»kégé hy%!a%nar& rr%%*k@;fs 39a,b are
e owe

OSI lon WMt range a e rrec ani sm
m@i@%adgrﬁ@ater A eargi48hare snt V‘S@lﬁf:lﬁ‘r’f'%‘éﬁe 4,jand48b im Hak ‘é‘f—"@tﬁj'” Figure

6.} Rd rlRAbN 20 caMMoltfvdrE€BOAE QI BE dRbEHRRAtISE DY a
nmotori zed drive that could provide renotely

cont r ol | o Figutes AedrRd7, Moig isk&® RAbWGdjugimahic utal isidsapled to
e nece sar

wré%rpql Ig%ﬁé' I ;,-?Pbetaclﬁﬁg@éw"@%’ong?'tqrg?\éﬁs o annglé 3§§.](2hot visible) and 352
are included in opening 350 of wrist housing 11. Cam followers 39a, b are situated
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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may be placed at a |l ocation other than the load' s

f gravity, which nay be advantageou
Woczg’glétlg |@ application. 35 In an alternative eﬁ’b&&}s%mt{oozms

of the present invention, the distance between the

top of thrust washer 36 and he bottom of knob 20 is
greater than the WD 2004/ 070400 PCT/ US2004/ 002103 -9
t hi ckness of bearing plate 23. Thus, bearing plate 23

is able tAr‘% JhBWA ﬁ‘lFﬂj‘ estf-kﬁ%d FPREEK r%l-gp'a%eﬂ%!%@@lﬁ”@ &dde are

anounts of novene etween w i st ousi n
ingludgadeldObgadift0c age @phé\sm&a)r dsackolercagse E%ﬁe%-CHﬁﬁ@tEaGhed to

wrﬂt'hﬁh&hy 1%‘€(?eé/£efek:§€re BRYSisHbal b, ¢, Tdi $rdc§ rol'tbﬁ'f%fsyémf)lié"s 40a-d may
npl 1 ance. Thus, the %gé\/USt nent ne

bl S spEUbs cubode ABh e SRR ARANEt IHpE T Fiatih 1. An
exeRiphirg Grabr el aesernBly ibe combihet bebiing bystamuabhyfactured by Pacific

dj t I f
SRR BT S Caing 1 e Bor Vi BRBL O EGE A0Sk wrack
robar dshemblyakibegring shstainssani iz rectaged Eidih g pair pémarhnsa@r cam
?la,yer &Ea&raj || ﬂo%gloyhé’ils necessary to ar rive at its

I na pr eC| ocke position. Although the above

exen‘pl ar Wh%%%éﬁﬁ%ﬁldﬁ%%%u&zh@ 120k ¢stpBA ko gdide plates 9a, b is
mechani sm conpri si ng beari n I ate

ORUIER RN CeRTbog RGP 8D SR P OWES dndiPe S0y RSB 5, dipch uide
p!ﬁ‘t@ﬁé?@bdﬁﬁhﬁiésd‘esmmé cuoartd Z/Oa f718heot, e:EItb hesath trs:k roller assembly
cent e V. ti
PR, Tt S St S 728 067, g o
7164, 70by Bl araed;rusbfrm airclenbcmakempiani @hbpdlmﬂnde"é’a@orqllﬁOBSSEmblies

4(?5hd ttltlgs. cﬁf: ?éthsnﬁﬁéjre}}]r@c Jilté gth%%ﬁ’cﬁe% thd center of

sm’i s renove hen wi st
rokadios qﬁghe H_E_Et @gapl bgh%\pééhwp ¥ RloyR getr5¢l<arto@eg@ssgmlyt 4Qa is able

torb%@g vﬁ{h‘ﬁ?%ﬁt Pba. g@ﬂ"@ rt@lﬁil‘i&{shﬁi(b&mah thd a6 roli'eﬂ atdehiblies 40a, b,
is ti

est 11 hand. Al
.5 Glipws F03pBaT (b Asoapaa £rBnae e SR O o
F@?er@dfdﬂ@fﬁbﬁe&n@@pbté es pesttaohet o goile Hates mal ablechm ﬁﬂlowers
ust screw
qre eig;{ol\%n%@ﬂ ﬁ%lgﬁgﬂg?ye%rtﬂ fﬁQTgac%ﬂ rbr%ﬁvr\{%m the
chaonefw328 3$Z:aedvc¥2®1n&éc¢xf¢rsea&aad3 aﬁhwbn@gtabpmcmrwlssﬁl 352,

one on each side of bracket 19, to enable the ;%C:)SIII on
of screw @® way i tikdhe sesé headisr hBgningykned 28 tARckwd 20 rotates,

sch&l Ve o Bedt8s.67Roke @%Ségfyeé’)ﬁboda%eni bf tﬂeq:l#éé%nﬂmv‘éﬁhﬁn knob 20

AR Fip Ve Y FUREYS ebaarBO dite 0B o i P UEHGRL turms,
adgb@wieht nkhe7 aidves aknd thé ti:}:hafns Sfgoravy gus fat treb sdis ttorn28,
spri n nt .
a5l P TSR S0 gt A KBRLI Mo DbutherBore, as adjustment
n@tl Somnogs Dvavas orl awpr siemikoep 28¢ meist Bousimgay edtht it eacksroller
a sPnﬁﬂésS%@’a‘ltf%'& H\%’&@%io t@bcpééﬁ AL 9bLY AR b.Neh 8IS ARhiner, test head

ating screw 22, 'sCrew 22 noves
110 tilts. Thus the mechamsm allows the load to be rotated manually fo any angular

position within the range allowed by the mechanism’s desighed range of motion,
Further, it is understood that knob 20 may be replaced or augmented by a motorized
drive that could provide remotely controlled or automated positioning. In such a driven
application, balance may not be necessary; and, consequently, the center of rotation
may be placed at a location other than the load’s center of gravity, which may be
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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up and down within spring anchor block 19. In this
undae spring which is coupled between scr
““%%é?“@g@ can be stretched and conpressed to a Jﬂs 0?%@2um
force 30 that it applies. The use of springs is
hel pful particularly when theg center of gravity of
the test head and the axis aBout which the test head
rotates do not coincide. The spring force may be

th%sihég%t&%eaﬁna bBte @@eprhw eoela% plate 'za .eagﬁ%brne&l,er@mmat space.

t1on nonent s center of graV|ty I'S
Thiealpws HoRll Hnevitgioh g"oafegteat eefmeegtva'ﬁt hodging ILlsrdurrideglates
9&/\@' in @fhe? wWirdd, Qanbrtaﬂhdsé nkd h@rﬂﬂtobﬁlghﬂ? AR vw[étihousmg 11. Thisis

tive ljittl t 67a
”Sreg* % a‘f°@b°"FBC%§é‘H iGE e iRnae S%fﬁgcoamw?g besPate 23,
sciiv andadjestoinainet 17 dreheelatad heatwaespabgibagisyd befirst manually

c{]%t(%ﬁggﬁ?lg og t[ﬁ@H}% tgghggér ] n & lgh%lg? czu: esd Igls EPH{IH Qfieh its

wnward- s
tacqmmedpb@*ral ﬁ@eﬁ @s dle po@vmgjé@clb@msrhes a¢tuat‘@§t thettedt head may

ro%é'c&h‘l%n?ﬂ"y 9§)§éc%s§a?9 t@larmeeﬂ ifsHaPTireQle BSAWE SRR,

center o graV|ty and he axis of rotation so

requires. Atﬂ«ﬁ)u@hqw@ abé\;&éﬂempl&y ern%ddldq@mnahaé@tr@?ad Sstment
attached to . the

i st housi n
B A OB RRT S LE TR o Y Bl bt 0L s e
ha&h@m tineskiiguiemay bemsetted}e@dtumwm if bt plshheadk rotating about it's

a 11
ceﬂj: géjwt\t)/élA[Pe?g%tg\feﬁyégﬁgggjcuspm tﬁ‘P% &abfsgﬂ %F]o&n gﬁgv\%e)replaced
witim dn‘éerpmaaxbdstm/amhae:sm lgighl pravisiestdontropefdhe nadvesrant of test
hddae fgest head. Lock plate 63, roll plate 61, and

associated itens are all part of the load that is

rotated byr cYMu'r§é if8e, adﬁ!&@mbﬂ@%e%ﬁsn@ﬁs ERven ethewi Vit housing
io test he 1(5 en_determ n‘% Rg‘E‘LHe cent er of

1]gFaJ\/P? Vt_ov \f\g gy ?pgxtﬁgﬁ Byt rqsauretcgépn}?eogaer external
forgeUhi thg vivaestbikad \WL0S$ tikb@by hanéxt ends t hr ough

thrust bearing 6 and opening 75 in wist housing 11.

W i st shadlso SastdﬁxewnentFMs 41 hosisi§ha, bheandr et eods 684,61 mounted on

faﬂggg-% r@ﬂge elg hl%gxcbgql%l éjedt ﬂn%‘&ggﬁm@ﬁt &r}gwsﬁqgtmounted on

|ner ner nDuntlng
easm sidg @fbmrestﬂwwag Aflbyapeans @frbraw% 19t mau retweﬁmvaﬁﬁysﬂew 22

is Qﬁﬁeﬁ@g@ﬂﬁ'bu% tvl@n&ﬂ%%@’é‘né oﬁfeaﬁl‘?%i@E'o@‘Bréﬁk@ﬁ/ h.@iec@ e@ﬁébfehﬁe position
e wist joint. reW Ea%goes hr'oug

Of FEERYY Ao EN PP REIYSFet: gpgmg%ﬂ@v playeenosis (1:57at,lb Shd screws
24. &ﬁlﬂlgdraMs%oﬁlytoﬁl@lmmi 2Dfis ywovst, S@é\\alez |Sclt1@esi @Sﬂhahleﬁémng, which

reg%irl’/le?st qn ?('ﬁ)deﬁgdas sprtrr}ﬂ, @{?Sﬁh%\gi)nsﬂbemge{] an rh%ﬁg%r ind % attached to
pasb6iiai e sbring o thanther stk of Motst Bausing & bMhidhoghulgbatagtached to
p(%.% 67§¥s 5’196 HQ’E él‘ﬂ:ﬁvaw ﬁlg;%’_r%tcg Q’éw % gﬁ@ %ghr@%’éisll i ﬁtﬁ§§4 situated

nount | ng ock plate
ahqye@ngé}ei%smr;g ansBohBlork ﬂ%n TBFS:tté’s'PtﬁmcﬁCﬁ% Aei ?Fgﬁew 22 moves

uPhd 80»511 v»flt%kr\a.tsﬂrﬁ'@ drthof Qﬂokk h@len m@wéy6awe s‘brifnérvﬁmﬁf is coupled

Lve e
GG BR BTG 12 LR 7P PIEG AUELTO 20915 EPERASER gt the force
that B@pphed. utlesudeesitsphiagsl islidpfabpgptiedatipwhen the center of gravity of

the test head and the axis about which the test head rotates do not coincide. The
spring force may be adjusted so that when the load is in a desired nominal position, the
moment about its center of gravity is zero, thus providing a state of static equilibrium
as well as a state in which it can be rotated with 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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positioner 115 by a pivoting;joint mechanism (or

"wist joint") 310, which replaces the 25 previous

wrist joint 300. Positioner 115 again includes base

125 to which ground link '., 160 has been attached.

In practice ground |ink 160 may actually be an

integral part of base 125.. Again, only a portion of

base 125 is shown. Wist joint 310 includes | ower
propidingt ddwinvkard 30riag drap piestepil wothd imkard4orindfahe exavedad by the
1i!u§tFaCEQEI 9;5 Exq]o_lf B s 569 b l\7\ﬁ’1\€4‘5‘|rt‘.he B, tbe't\!vueﬂ] &%Qeﬂﬂg HRP&Hity and

are aak rotatlve y cO to ground
theﬁVﬁKﬁI@@UBOEVNﬁqwéﬁrlngs 150. By virtue of belng
attached to ground link 160 via bearin

wer
pi vot | iMkShese arfde- ulp?péP” ik HatpioRiis i‘ﬁgc%deméﬁ? &ropg of wrist
hous@igat 1€ ﬂoﬂ\w@dﬁam an@yest hes ngfuaungi platelm kedalsbenewn in Figure

i nk k I
. Bt Bharltrotntg pBHE PP Stadelth ihe Bise pse TGyt ne' Y
AltdyeatiivehgsanbBtker spacisg sagctare érmnIShowﬁ) h@vme paoedtbetvedn test head

mog’rﬁ\}ﬁé ?91 IL:J e QSVHEac] F{chligezégt z%ﬁi e%@m@ﬁ&jﬁs&'&%ged items

carrylng e tO nove
aregihcnant q>frthteﬁ¢eﬂ thet ipstotaied vy Ve @0 nand thqa/e'ﬁwstw@&"@nlbmed with

test §eefd ﬂidj\l\!MerV\@et%%ﬂ'(uQJ Q@&n?&ﬂf}e}%@@ﬁ/@%@]ﬁgﬂ 5- rﬂa&y be fltted to

coupl ed to | oad car&y g carr¥|
test hePoyEPYRN GRS Hpt Shaft S frkends R st Pr mgo%a“d
opedfy T it Rastemduetignent Wr@egkﬁa’ft Beﬁlen extEhgritresughAhb. reézl OF wrist

ot L& i PeR PRI o Bl Pl EleBRR . PELY MRimner, e
heaglampymting ﬂ)lat%nm&émm toeeue dhoatiad 8Qis)that iFleesentially orthogonal to
theca(yg +fqg£a%o'n%ov18e{ﬁ)9 Y& rrﬂ)QAn' ? tﬁ@w@etg]'i)ﬁ&e SQFeV\?‘ISQE]st through

rrumas w now be descri forces
teshb@aqqr@omt!mmelar%é@j and esgagpserist pOFft arte fpgikdtafeepigpghment of wrist

sha'ftr‘S1 'c&ﬁats@ﬂe?cy nRUhaMg Wat@%‘i' r;b@soa%sfsh&mﬁ @rﬂt—‘@ﬁre@f IQ&I@MIE Y extends
the reactions in

thr%‘l&r] ?ﬁf’”ﬁ’f? }zbguteé%‘pezm Wgupqlqﬂ(plf%g{. laaﬁéqc@?s}oé@S in rol? lock plate
63.I 8§ PeRiativg wtehdhOB) iHndod Stob i1zksuld 38staredd Tedinbivig wlate GfL towards
roﬂﬁ?ﬁ@éﬂa{eg&g%?égdgrg% éf)%Be pos! boégcg soehlcgI Mo ntmrgspflaetleeﬁsqcr%lative to
rolldzanpb@r§3.center of gravity CG Dashed reference l'i ne
903a is defined by the centers of the two rotative
bear i ngsA f@dhengxeotrlary iiplstrapive @mbodingat pAOhe Bregedungention is

shdv\}nnllﬁ Aafeand, |"@ﬁs§jer9@6(ﬁ|¥’|err‘|9 alsb kel Jddd. te§t‘ aakarloYoou @ghgd
reference line 903b is eflnegob%{J he centers o e
positigper dd ativiAePiNeig wgrét pEE AR 15k @irtolndtOr v %fep aces the

prelionk wk30 jdiet ﬁjmunﬂslﬂldrﬁklﬁﬁggamdntloa@b el ypisntg whickkground link
0., ]l nasnu ivot lin are. .

160 FrsnedURry et o o e bR R 550 Ml Forgdv Rl intearal part of

bageekitSt i dgsin2 Anigredp@fon af basanlzh rseadnt)wonsttqmgtBh@iirrcludes lower

pwétﬁﬁr&eﬁd Y& hh%g[?\gt&%nﬂq%]vg&ch Q?L%Ed'ﬂ%’m bfbxﬁwgeﬁgkéw Lower

uratio reacti ons
pivaipki b@ fiod HoRel mm’crimkrilgloléf‘rmeaql'zmtathlhéounﬂed *émmeﬁe fink 160

v;a%ghngsdmy B?fvﬁr&p@&rgoélwsﬁa&@atto@rﬂ&r%qm T6SAE BLhNSdY150,
fower %fvo?ﬁr?ﬁ’?% %gg%pger pivot link 140 are able to rotate towards and away from

ground link 160.

l.ower pivot link 130 and upper pivot link 140 are rotatively 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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ease of explanation, the center of gravity is shown at

o' of test head 110. In 20 practice t
6@gﬁ¢§m%ty will be |ocated el sewhere as the 4%3 %H%?ﬁnum
supporting structures and cables nust be taken into
account.) It is observed that upper pivot link 140 is

in tension and provides a fdidce 3A, which is upwards
and to the left; whereas, |ower pivot link 130 is in

C essi,on id force 2A
cofle 16 ospina PG 0o PR Rl Yefhe St the same
furapipa reattusions 300 phtigeunbadimbats destrdirasinio FidureesAIS. G0 Peactice,

[

me%ﬂgnlgl%éﬁg pg&ﬁcge?gcﬁ:éltlﬁafl 9%%%%5 ﬁfchgi'&a%f! %tgﬁeg}m%a CHac'.i{??LJtobetvs.reen
logdscagivingatindel L 4B anthrshnedthéh03l | forces (in this case

2A, 3A, and V%ﬁyactl ngFon the |load (test head 1

pass thrJ@ﬁW"f‘ relon BrrigtreghCdvisdy agmgte o é@&‘F(ﬂqHépr'um as will

not R @edcBb&R THeTBiths abcmgt o:i I:‘t% l@@@t(ﬁét i@éadgx B0)i dr, stslamlght
unl.e Xt erna

._l.est d 1
indiGatesh Y gesaal U Frya g o8t ol T S 74 Goiere tpgicated by
armeadiA yndBBA abdey e that rmtrytrtg;ehrsky:sa()emmﬁersecataspacttmely from pivot

i:nggﬁ% %9@&80@% W&Icohg éér Qtl%lo %@ tP(t%Fge'c:ﬁQh of reference lines

ents for ranslatlona
90é@| @ﬂﬁu?)@rlbuwsacbtoundlq@rélan @@r@!aﬁwr@aterpﬁ gtavdty CG. Dashed reference

Im& @@éh W&Q’He@rbysth@\@@nt!e% 5 ﬂiértﬁro]rg%twé%\é@ﬁntﬁl Voi hiBk couple pivot

I
“”Eéﬂﬁtf@ﬁé%‘g‘i ﬁGOY%fda'P'WéawmaH@ﬁ&r&?tﬁ%ﬁ?r@hsquﬁeference line

90Bb gIE€rineli0A. thAxeater£6fthe ok robitiverbebaingsoN50 tvakh doapld lower

. d cl |
L RS o b A S s
139G8d, Bilaare dffectivedy pianed apeath érmhby bedFingarlé01 0%Btigns ZA and 3A
% E\ecY tre2fiBnd Qloﬁggﬁé’u‘aré&g@c‘clv—ghms 15b a'nﬁétgfgsefhé?% tirli‘ﬂ’ie &thiguration

rocess 1 ting,

of ﬁlﬁ@é@ gBheregcigrisgift and %fhgr%@%walto MAdeRETYEng im'ga%% in ﬁ@D

dirREHsARSinad wgeﬁeFér@a mse@\aogm aKé BO34 F@pé@wéw i(R& convenience and
traniggtlon of center of

cait, S BPULIATOR, DI SCBHE B AERT OO Th TS ORI LEsy fead 110, Tn
praties thdatntehef grevitewilbbe loga@di disevwderads thesiffae atisddibrting
Str‘lglg%l 5 soaz%)@ g%)u?sa}gﬁé htﬁ e{akgﬁ fi Yo taﬁzlcc(a)tﬂltﬂ{ It:;g 25563\?%(5 Itl{a'}; Qﬁgsre %ivot link
1491i$ ghtdnylonramm prowdeénd fqra¢ 360wht¢h0ﬁunw¢rés anddatbe bfft; whereas,

!oﬂ%ﬂﬁqm id @&ﬁ&reHsﬂQH aH& %W:%ég%oﬁo?% b8 Swhlél'=rl @u@gards and to

engt hs an rati os of ngt nk
the sight. 1@05 furthiar meFatoihat t'”téh%PFiaé%fé‘ﬁ iOf '"?Qﬂeé’e%? tQAt ?rf%?’ egge lines

9ogu%daxd3bnﬂtetéaeet g ERedd arg&av;elﬁtdsnerdubmuﬂ a0t thi iksark8s of

S \ as A I eac ons
risgaes 1 tulfBRhens TUi5aT Rt & S ho dnes (i (RaLus Se 24, 34
anthwpugting lbe the ftaer(tast hgaa\meypadstthrcmgbem cefitenef gravity CG.

Ac%&‘?h’\g yh%hér%q N) ?lp(ﬁ’né’ﬁ% a{b%ﬁte Q'Fet cén?erdt{f g?ﬁ:ﬂ)yo gﬁg @ésﬁ%ad 110 will not

O cause a
rommgn&egs ab@mermaienmmte@er@rafgrgaf@rqeys aw@eémmmfyrth%r be readily

obE&%Sj Wt thb QUSRS idRRMicallyBetefingte & tHAt 8Yd Adridchtal and vertical
devel oped. The anobunt and net direction of

compa%twéaé hersesiss ﬁranﬁlét*a%j|Séat$fequdtb§tlr'b?reatﬁ£qtgeéb Aetepgined.
of Iinks 2t|9é co%nguréltlon show% in Figure 10B, lower pivot link 130 and upper
pivot link 140 have rotated counterclockwise relative to the position shown in Figure
10A. As a result of this rotation, test head 110 has rotated clockwise relative to the
position of test head 110 shown in 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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15 160. (An exanple is proviged later.) In the further
configuration shown in Figure 10C, |ower pivot |ink

130 and upper pivot link 140 have been rotated

cl ockwi se relative to the position showmn in Figure

10A. This results in the position of test head 110
rotating counterclockwi se relative to the position

shown in Figure 10A. Again, as test head 110 has

of refetiagelest headdl @ bag &lpo Hﬁd‘@fﬁaw ayelight FeRsaHapalmeregRRY. yrigure

Oiﬁﬁro‘vfdeg 'a%é@thécDUn%ﬁl drRind fh‘é&esﬁlhﬁg @r%ﬁ&lﬁflo@f)f ceﬂfté\*%ﬂ@favrty CG
er Sltugted qt the_intersecti

CGi | o
awaef &P SRE 8PTGO RIEeRE [ReggPas by GALS i S hat hcenter of
graVi8y agaifleldhebd l1Ustis ad &thgen aFti"gauh&réﬁBon lof réfsreaks Onsc@dBa,b.

Putlﬂgggt ?ur S %"PC ! gerspA g’vxtﬁ/ cfsliac[;?ﬁlﬁ ff’c{}ln Fts %\EM% [gq%ﬁion The

amettadigispentent dépegravipey ge}@nelzat Fmegs,ag@h sty Ienmths and
rat.g.é, Bﬁ%kwem@kﬁzé 0 pAYsE {EYENtS acting in opposite

directrons a ‘center of gravity CG at | east

part i al |%r9'fe§'|%§Fet 'tlﬁ@ r&@ﬁo@mt:&eil\ ak@RAGALLN ¥r thR directions
idual torque is a devel oped about the center

al n
defiged Gy ot ikl SFREd AAGRIPSAHE Wi TuEL FOMaIDe SeRnsreactions 24

and 3 g6 Gordepandson patht e icngdse tafounattad t@tteaﬁfdgrgemyfettny seen,
i.nks,, 120, 130, n exel

f ol 1
oG AT RGHE 6F<TE 2 69t T AVEREMBACTPIEC: Tnte T ke o least
parti@ly affatttl4Draneneaatvut the noftesof grviondChhyequely issresBlual

torzﬂ(%:c t tﬁ@genltgtﬁ& gqgv@%s%v!ai'opgd %geoah']%ugr?’aﬁ?ﬁ rectson of this

st ances neasured romcen to center earin
torquB0JePeThY BRYhtheatndleakiotating #1d goMetHoGinkedrled 36f 40 and

160, Qh Ak pidts kdidd didrection in this enbodi nent, the
residual torque is small in conparison to the applled

torque dﬁ%hé&ﬂtﬁert@nn@mtuen tsa«swn #hriaeadl dd Qowdhpigot tke130

t h bt tiall i | tate. Wt _
and st gng il 2y PERT Bttt Eeda ik 98 i Gt hown n
Figtreriihe Tigs rasudlis th tr@cﬁasﬁmntcﬁ teﬂg*tenada lt()e”stathnggc@umtgﬁcm@(wise

rela%e%? Qﬁé Bgs(mgr? erQJ—r{ @9%/ q%npfeaﬁ J&%Ms ro dated the

I's rotat
cenuep“ qf@r@wwoccs hge graved S“@:Wtb’cmtéiéj ) ﬁi@t@'ﬁoﬂ@@l thisy girecgnier of

grabitf ceay %%rqe%hmt%e aHkh & kdrBctioh d?rr@@me iRB&903a,b of Figure
conver sel plications t isis a desirable

10“eftf‘§éttu"f‘ti‘f’rt HagatRe ‘f'B%téat?%HHE’gtJE? Q%t urn, or spring

back, t0|ts nom nal _posi tion applie

rot at i ngtfHPER SFF & g‘ffﬁ\}é}& th v@é’\)’%ars, tﬁ?&lg%)%@r'g’%rtea]tqﬁ}m
reabiyrah and BA tdainat poi albngrtiyed wsiah phasnthaougveamsad ofignavity CG.

t i . .
The%g%awogcggh tdfrgcutgénrsoétagﬁs tsscgggbahwafepgg;n%tﬁgqﬁggg%%fesa.r&ﬁeﬁs about
cenpersiftdravityofGi atéemamwr@fseﬁmmanoﬁfh&;s Camrearpmills agresidual

tor(ﬁL% é a@gg{@@%]opgé aEQMhb%@Ete‘? QF kv d(? 5 fn‘ac?dn@%ﬁcé fidection of

g 'l cat |ons and st ops may be readi | Yy
thlwrwﬁe w@ﬁéﬁp%tfﬁmwf FfRY RN BRUP§tHNOF links 120, 130 140,

and 160.

In an exemplary embodiment of the present invention, the pivot links
130 and 140 are each 11 inches, ground link 160 is 18 inches, and load carrying link
120 is 13 inches (distances measured from center to center of bearings 150). Through
at least the first 3 to 5 degrees of rotation in either direction in this embodiment, the
residual torgue 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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10 Just as was the case with the renote axis pivot

|Tustrated in Figures 1A-ID, the regp
wdgﬂ@%ﬁj gl nt described in 10A-10D requires that trﬁlg?ﬁéiéﬁmzlos

2A and 3A act along lines that pass close enough to
center of gravity CG so thaﬁ t he developed torque is
insufficient to overcone fr %tlon is generally

difficult to construct a practical systen1to such a

its ﬁ&%ﬂa b&atid® nfhaf\isotro%ﬁf'l%gt Ry Earlﬂtdté‘&h HQS 3 to 5 degrees

auxilirary 15 a JUSta e sources o orce such
C’°%K)N’%%¥ a@ﬂ@q* &PrgHA R Hhe ?i’g'§t%F'°§ﬂ“é%ﬂFﬁ@§”('a§r?dé'FEd and
02/ 292 adwdatidmslmwr Adbiipind eﬁ@tﬁhh ¢iaititAd 1040 tends to
0 al ance
retatmg &F e nebldcio b tF PabVTL pBsiion BRER Ehe 2p3led: oftheisprce is
rem\teh ﬁpwpﬁarrt fwmersovambalbevmtmoeceamfpotdtena\,emsule imaireversal in
.VOI.
Rhigh B sSR! Rl cERE T bR a0 A0S BREH BPthtng away
frontihe diormimal pokition gur itsovi Accbob ng/evep,ndw ded minuss? duSidegrees
of Eﬁ%ﬂﬁﬁt Wistiod Eesu'f t'f§r &&ﬁ(ﬁfg%fp@ggtld?ﬁ{aﬁd $@ §ﬁ#b$yeoeareaddy

novenent e center of gravity of he I"oad
addad t‘lotthf’ﬂ?téfna'ioe‘de"?'ltfI-'@“?fo’PE?i"’t“hat if curves other

1 P st r o op e e cese YR SE3 oot ias PpiR flugrated in
FigQeeg! 0h-bp, trenichest edis pAbt foist described peroA10Dwiequirasf that forces 2A
and U6 SHELIGRE ELL Gl (SRENRLAL o SHRYL RNy By P2: B 300
devebtpmditosjug is mﬁyffe:@brtt @0 bwdome drietionn dt isigekerefp dlffmét to construct
a pi%ﬂgi' e LIBS 5 Hregagh ]Algra%ﬂgﬁlls??t@n'l:ﬁ%?%cﬂ%e hiKiary

e acconmp usi n I vot assenb y
adfygipblersherges el f?rﬁet fmc§ s adiistable fapgth é@%ngsr@mezmtlcs (as for

ex&APBIREEDYALIR ifRRIcREMPplIGRRANNDY 238629 EXRY RS BFdvide a balanced
cabl e pivots are 30 described in U S. Patent No.

stade.g0g, 334 and 5,030, 869. The 334 patent describes a

| bl he 869 - , .
descr | nodas: s5fes PO Rk §Sprmete gk 8 BRBE oint wih properties
sindias kg thoat lobwee entas taxisgabtjointsepravicasiisigstribedhtn syspasimon to
the%rhggd*%eqtﬁlﬁgﬂ%‘atih @%u%%elﬁkﬁﬁb%ﬁe E%@Bd:ﬁﬁﬂ%ﬁhﬁiﬁés 110A- 80D may

oad carr cou
proyideca rasidyr! torgee arﬁten @'Eﬁ‘)@ﬁd i KpGatedjamnd rma‘oalseéme %F'iﬂd}t

mdvb%nélmhar&nt@wbraww% thd R%d B4 isirbrated. Mt is3foteéd Ehat if curves
cou round |qu 160.

ot Hi A PLRISE TRIRBIY SEts T FUfER At pgsimiler
proveetigrounibd makiffestdd, 160 with pivot bearings 151. The

pivot 14 1links 130 and 140 are each 11 inches, ground

| i nk 160Aisgdel Berspethigs vieanef d talthee aragiicalgexeniphky Eathadénent of

th%&i'eke\&nﬁ?‘e{éi% St Q%@r? lrr'ﬁgéﬂé Ihd +dP %g@ A rto"t’atﬁfew &upld to load

e Ssane di nensi ons as

caifgng ||lahé60+ hg corpingoswesbiast Bryd & and Radcarrvingink 120 may
be bR&ARRAY ggmgfcabﬂ@qg.wte‘é%bme@dImnbad ! w&a&n.@tm test
heacli1 %15’ %grgbl?l%d C\irveut Ve Ibl?e pwot asser?lb}yhBGO Exlemplary cab!e pivots are
described in U.S. Patent No. 5,608,334 and 5,030,869. The ‘334 patent describes a
single-piece cable pivot, and the ‘869 patent describes a split-ring cable pivot. The split
ring design allows a test head to be attached to the system without disconnecting the
cable that connects it to a cabinet. Load carrying link 120 is coupled to lower pivot link
130 and upper pivot 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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Lower (not shown in Figure 1) and upper bunpers 180
are attached to ground link 160. The purpose of | ower
and upper bunpers 180 is to restrict the range of
notion with which | ower pivot |ink 130 and upper pivot
link 140 may nove. The purpose of providing this
restriction is to prevent test head 110 fromrotating

nore 10 than approximately plus or mnus five degrees
linkk rigfh dndsl 4fomriereakch Harincheat aloupd dnk ileA.is 1T nphes tash lopdgdrrying

imklllfb |%%3959¥£%%Qa5&9m4695%'f% $enteflo @é’\ttzroofclﬁééﬁﬁ?g he1).

direction of residual torque to becone such

These afeHigsSane @W%'Wﬁ@sﬁ%@}t'oﬁé‘éd’ QW'WWQWWWW&FEM
thuBOtheZRAEGibr BOGet fresend SnfboBhantss ¥sbagsiy brtantd gd&@cliBed for

is a back perspective view of the further exenplary 15
the SRHSGiAENt shown in Figure 11. As can be seen from

Fi gure mer bunper.. 180 ncluded. d I|

60 and T WG SRR 138 an D808 R oSt 300k llighe to
groop@ﬁnlonGOI Fféwanmssloa@weksandmwpeoh@r@pb@ﬂ@rﬂss mbeserlct the range
of r%u]t\(&wt w?ﬁt il %w%@%w%?“n@%?%n%ﬂﬁ&)@f%l%t‘hlmkn% rtnX??nove The

ead 110 is
pureats & rERYIENGI iy TFBIFIPR & t‘roearfeven’fﬁaﬁthe@g d@rfroqe eotafipgjmgore

thaﬁ%ﬁ%&hrﬁaﬁe@ @ib& @9 Prnﬁthsf-‘ﬂ\ketﬁégrél@sﬁﬁo&]ckstrhﬁmﬁ@isihdrlz@ﬂ@l posutaon
emw th agonnectln e cable fr

Thihiest Bett haGdr BEVERED a0 FEEUNaRT B7ie8 B rorarORCirELon of the
resEinSﬂod@feaﬁol Hroecals ehati is o s ec tiing trangkst eahaent frog the

bl f
norip Bt Poaflod Bt BN e s o abor dur i ng i el ¢
i nstall a; g@;réslz fussa b Stk P HEaR %ﬁgafttn@?u rhpﬁ eﬁeﬁﬁgl%?yed

menber s d wth'the
emedimenpshoyys i Figume Hur&s 43n bg seep fg@"erffqtﬁatuhw@r ﬁgmper 180is

mcl@H@@kG%d Iﬁﬂkaiéoaé?rlik?%aHQaF ﬁxgrlﬁﬂUIZOOére'tféJ@t@'CWHabbﬂgmd open on
link 120. Shaft (scr vp ext ends t hroug

el S5 TR0 R I S0 R RIS Y G Pe B P e SPIt ring

typ@’EEHrT]@ﬂifﬁéﬁt féid 1Refiesf ﬂhﬁgyg&gwaﬁ hb® ltElcglblléeXﬂel‘],dldgei‘d@hets rear
nmechani sm 1: rot.ru et
molBSeR At e iy T 18w o0 e T e BEAERE sy vithour
distimaektity theCcabg: fromieithgr ttet lesthieeadt @ the @abndelt iThis !1@0 im@Ortant
con'gmeqétrbg: @cgﬁé &1@1& P%&d@f%o‘: gﬁ&éﬁuﬁé‘?“@cétﬂe E&ﬁd vo:d a test head

rspective view o ur pose 1S
mah@ﬁadtl«*é@‘%‘é!ﬁrrf@'ﬁﬁl MIS%@@@@PW%@@(laégrﬁqrwd'%imifatlons Itis

coﬁf@rhgiaﬁgj tHat O¢c-bAShddebiees Ghaneles WiBtnahikhoddhent of Fig. 1A
sed by adjustnent nut caps 154. Figure 14 is a

asﬁ@ﬁspectlve vi ew of adj ustnment nut assenbly 162.

Adjustne t nu ly 1621 t.hi ol
i hok 1aBso PGB EAT ot o RRd R Pohab B e rear
of lo&d narryih® Bnkileh. émaﬂﬂehbwmeﬁéex&mdexm@ndthkmmphmck148 Screw

14@8@8%%(&%%‘% roﬁﬁm;e\;enﬁrn?&%am n1£{4ol Ik&%@r&’r:g %;%4?1 ?Jﬁgure 11, leveler

respective channels
meglg Nisn #éﬁtprﬂﬁﬂvd%st@é?ﬁglhwdl@?e*‘ kraghsitd 70 oriholestsaw K 4grigrminates
at A 149 t At @bt PG P Q8K attached to ground link 160.

Holding block 148 is more clearly shown in the perspective view of Figure
13. It's purpose is to hold adjustment nut assembly 162 (described below). Holding

block 148 includes channels 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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148 by virtue of camfolloweis 164 noving back and

forth within channels 152. An expl oded view of |eveler

mechani sm 144 is shown in Figure 15. A 5 cross

section of the assenbly is provided in Figures 16A -

16C. Starting fromthe bottomof the Figure 15,

hol ding bl ock 148 is included. Nut 163 resides wthin

hol di n bl ock 148. Camfollowers 164 extend from
endsppersiof Cash fidlogrrs 88 anqusitupsg! vihigheeracgve raveshatke: Thus,

adjéﬂ%é‘n@rnhhawemm 182liHhmg th sk blaé@aﬁ@f&&nwftaid t‘h\éﬂfofﬁdmg block
nmove back fort

LA RIS 1851 Col OV eV 'awwggﬂafb pe o GF%%\@&H&%W

to Screw, 146 h S ter
o sor ond 78085 FieBl IRV hRdEN Rl AP BRI nPRGR TS, A
crosh sautibeof thhassapbér ispoptided irofigees WA 4664 SStnUing from the

bot %%@gﬁéjﬂ Ur% iSS %ldﬁ%ﬁldeﬁ&c@'@[ﬁ%@%cj ﬁ%@ﬁbﬁ‘geé‘rggs \Jvrcthm holdmg

o screw at the ste rom one di anet
blogh&4&t Ram follewerw 1ﬁ4’ree>qt%n6btrt>@cw@55lf%emﬂ§t0fﬁé§ uylthw. iA @ble to

mo\/& %aé@x\ﬁd forimmm%kﬁﬂg bRekNds ds%ﬁfﬁoﬁgwér@ti%éﬂrhb@@gﬁﬂt and
168 1s situated about screw 146

for@o%lwggg? Gﬁa@'ﬁ‘% thannghyl a7 areoe et VRfILE IR §EF %‘Ws 154.
Scréd61L 48ihsad stepppitiiatrdet he headri gmgttoh7(7f sc%(rl/ md id thadaded and has

2 R hidr imtetp PR R oL ke BRESrely b 15 B0k Dyt R8ep ana s o
smalfet digraeiengBearingi 157 7f is tfitted. onBeacrrBng_%?a“t t¢ stﬂprfgiry ongjdisneter to
the\%tbgrl %&FJW 149 H zﬁ?ﬁé&%@lto }39{ ?%%EPT?LE%Q%S%%R?IW tﬂT%gﬁécpelb@ being

snoot rngs
insenied e HoaRderbbal ﬁ@ﬂe@u&m 8ig shupted @bayt whew 146.

CotBFRYBA s E%st 28 8RS 74 TREfittBPabout P h#@éﬁ@@reﬁ‘%a@ited by

screw 146 exten through an o in ust e
begsingc ket %@dﬂf@hgws”ﬂéG hﬁ%ﬁecwp%fi}tcsﬁa%re 'WPdMaﬁh e subassembly

corﬁﬁﬁmn@gcrbw 18181 sﬂ@wg‘seim [W4’]gandrﬂeahﬁg 176 isviitedy Bemring 177 slidingly
R T PR
172024 ererbalideyithivd 6yhddrisalr rmus:rp;l p81WBile Spew Ag6 ExRends thtpugh both

en%oﬁge%gﬁ%dé\gﬁ Wpe%ﬂe@%gﬁ 'o@gcézﬁ 1L e th%ﬁ FNheRlng in

grl ng ressed béetween o
adjpeter brapket ¥7 Gndhafp Hﬁéurrt@@ra%ﬁawé roagh ap7penifgen spring retaining
pia&Pﬁ@WhQ’ﬂ i9htthene t%rther%(arra&u md}éﬁemcmwme FmaEEy, handle 142

t
s BRBUFULS Nieoiop SaP L SHER EGTDT T G (910N dr 6L RENPAE fthus
corﬁ?rlessdﬂ baw;m&ba@'ﬂngasn bhed pm&SIotNIeOBmadf ks tsivent 6 8Tesphiag i 194 is
ustrat.e

corh%reﬁge t?et{Nﬁen Bearnn@gfy??’%{e\cﬁnsﬁlquﬁ aetgmmgfp[}ate%e/% ond, by

e sSpri orce to generate

a monent Tﬁ’go BP%VE@@%&hgrﬁ%eﬂﬁl%aygE@W'bteyde'é

it
cancel a res {’ torque arising fromreaction ?”bed :
profvidsmthiee fpncxﬁwa Firatst pwatdeacﬁorrﬂmusémenbszfaf@ﬂg@smnwglhe foad in a

swﬂzﬁ? H%E?Es e stV ¥djudtldn® mechhniBhaNi HRsed APl FB%e of
for docking. In operation handle 142 be rot at ed,

FIGH $hSeq08t o bEeaet aleAErIngRi IERrIVifep hiRI<edadsBers o Tegnent
abdi tﬁ@‘{/@dtmmtéisof@ﬁ'a\dwmmmda aeoiagal toRfuct diiseadedm reaction

f hel th
o G POEE e 580 RRE e et ihengbten By oy, Thia

it pravidgs cgnpliamke iR Cjocking. Froogdragorlbdhdls 142 xey heorogatednahich
rotgﬂ.e@kscrew 146, which in turn causes nut 163 to move upwards or downwards along
the threaded portion of screw 146. Because nut 163 is held within holding 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,
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160, the load is caused to r@tate. As the load is
rotated by nmeans of turning screw 146, 16 } the
| engt hs of springs 172,174 adapt so that in any stable
position achieved, they generate a nonment sufficient
to offset the residual torque at that position.
Accordingly an operator may rotate handle 142 as
necessary to achi eve a desjred non1n§ oSi ti
e s

the [RRBEY o1 SPERARALEd  arepl 19 THE M ARGEIBIe FRBLIDAeNieved, they
gen@rl‘a&vh desh e s gidieftrialofter the ragphaledrqtue at th& pmBition. Accordlngly

t {
an Softg eV ABENT b e ph g s iR LR PRI A positon,
whictess pateseed alvitbinithg rarge dfoaotlctmpnotdadeAn Betem%éorlch_enpphed to it
maypf?.l%hﬁr‘ P&Qte %qﬁz?@ rnﬁha?ﬂ? 'eméotragﬁeémcyl%af 1{66& Igl éodf %{Bﬁngs

e a ecau

172794 cd@age ﬂ%}ng @ﬁvma@péwovwg the lgerrig retate- IEi?ééfiseatrﬁ‘e operation

cau@é%ﬁ@'sbnﬁ@sf RoUS in slaveirres ydiocppekd fhet fpfled BorkEt AN
the load to its nom nal%ggeosmlon Whﬁ‘@v{f’ e external 10

becaise s the resigha Sy AUEAg(R e d BB U GELVEERL Fose is

dev@lbpécﬁwaicarwméténd fo teiir@ehposid iodfsndhinat hssitiorasdhaw tHe external
forc s A OV at a constant insertion within nut 163. That
Fé 'Eén &/ that screw 146 has not been rotated from

oneé cro #&Sﬁhﬁ?%@sh%gr crgfsxgectlgﬁsg&rtgve]r@“]tﬂelwtﬂ%se p(gshc?ons of

situatio t he in a nom nal
the jop7 with geraer ol 3t aceanstant igsertéorn wtsamewt dbgnghattiete ém\gth@t

scre®f 1AWHSd RS gé@n rotaﬁecﬂrgH{ &nel&Bsd Q&tlbﬁ?%itrt@l%)@eﬁ ure 16A depicts

rotated so | oad- carrying nk 120 and hol di ng
the gitygtienwigh ﬁlgﬁ,@agéléﬁ qogpg@dms@fgp, ﬁ@arﬂ_miwa@ generally centrally
locat@TRIERS Siesliengfrt bMgbubing Tess Th euw.tréwealeelhe ipaa mhiad @edr Fothts so

ot A g oy B T okepetts 4T B0 Bl # o B 8Res Pl SH e 74 hos
comprgased; spt6@ 1tehaoladgtihasedidearingtiay daks swovedatpwards within
hou%‘ﬂgq'Gﬁg\%éérf 'e%gdl lr'l:ﬁ H&@ﬁﬂith?{a%e@?ky@n@g&t ;ﬁrél %Qﬂ Q@;e in Figure
16Gthe imﬂmet@,@@crotas@@ﬁo fiept lqazircwa\gngrﬂmbdw@mm}dm block 148
havi¥ipkBh HREs] §}9m]g6§74 l‘?ﬁf&‘*eh‘?ﬁ'ﬂgh@d %fn%%?b%rcgﬁhp\/’éstsgd bearing

respect to bracket i'S note hat | evel e
177@énawe§'rﬁwwwwa&hqqsmgt & gndrenlis 3 1§ dowsfsivgth respect
to bedckeesto.head 110. However, nechanism 144 is a

relatively fragile mechani sm 25 with respect to |arge
unexpectiet faed esattibatermeditanizen a¢< paeitteallinyits topbeedtative

motih (%fetggt lbeea%ldi ﬂol%k,\f&v&“ rﬁé}ggﬁxgn[n' f‘éizi é%t rteiagﬁal_yﬁf%%le r%g(%a nism
nmuch nwore rugged bunpérs are provided, ese nay
witfbeesacqtasﬂ@“dewexmect feesesghafpmiait ibsraceldertatly irdpesedrretest

heagqflgrrﬁ ahhﬁduéthénstettﬂfg Fﬂ%é Qﬂe E’ﬁlﬁfﬁ' e rjaﬁ écﬁyﬁlnsérs 180 are

mechani sm 1 I's reached de vi ews, OWI ng lve

proyfled:dpess ”@Mrﬁ% iy saed é%haéfth%goarr@%tmq ghorgistance before the
lm‘uﬁi‘?i&ﬁ:@ﬁ@:@ﬁrcﬁ)ﬁ&ﬂbﬁ%ﬂé!er Aehaiovi 1thads rénchb@ures 17A -

Side views, showing five different configurations of the presently

discussed embodiment, are provided in Figures 17A ~ 17E,

The side view of Figure 17A shows the test head 110 adjusted to a
nominal level 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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The side view of Figure 17A shows the test head 110

to a nomnal level position. This
, 04/002103
Woggé%slépgnds to the view of |evel er nechani smPfIQISS%?]o(m

in Figure 16A. In Figure 17B an externally applied
force (not shown) has rotated test 35 head 110 a few
degrees countercl ockwi se. T configuration of |eveler
mechani sm 144 WD 2004/ 070400 PCT/ US2004/ 002103 - 17

sh%@%ﬁ:gﬂfi%E@rrés%@n@sofort?é%?ﬁ'édﬁe\tv%f%ﬁ h%h&’%lﬁ'sﬁ%ﬁfm Figure

hown i n Fi gure
17Berdbehis she epathsd springs ¥ %%&Wwwnf*@wﬁ é—ﬁ%é?vmawged and
scr@wafmﬁasaﬁﬂve@gb@mM@ah@@tmnmgihglmfcdﬁmw@le&he ¥6mibfance

e BEan GBSt D65 3 K0 VR 1 ECRBRSL e by B

f . 5 imlarl

hopl i e éa?'wﬂ%f'\f?ﬁ%%fggﬁom% I et ety SR8 ks shoye) pes
rothtad Weghemb 110 o dhwidsgreed hioclowiaéi Ther anfiguratibn loé levelar mechanism
14&%@8@9'&%@ 446@*&9%@5 8H%§E€9H‘E& 1&@%9«%&8&%@9%1&)%5% in Figure

view ol test he I gure
17Cs That iy, ishpilar 3o threPisvioWp GB%f’%ﬁ*ﬁ?'gGF%iqnéﬁ"s Qﬂ?@”ﬂéﬁ é? ﬁé74

(smfwdrsmrmw%las@ ha(é chﬁrﬁj&@%d'sﬁtr&% e *hlaétﬁ@veb YsEneApRORMGtive to
and screw ownwar ds .rel atj ve

oRgUS 1A 14 GBO0EE PRSI SaRAT i b gye i
redpente hetd &d&Orriabfor@y/e in  response to the external

force. In Figure 17D test head 110 has been rotated a
f ew degr desigueanyBriestdlead KiOg@sfreemrotated @ dporsrs counter

cio%g\g gll‘gn‘? t%EéS%eE oG 6\{#1 %%dlgfoﬂe4gt|ngTE§§dlé§42hm |§ handle

rew14 een rotate
143i(p tthwmsqr@w d46% Bam@em rﬁgatml JER dirggtiqroto @uppfialding block 148 to

mmvwv@é?df, ?é!é&\lfé’@ [tsopdsttﬁmmww iAFRMOWAAI mslﬂowﬁ@ bibéR\148 has
148 ved u gvvar ds

m‘?"eﬁl%lpf\%d%d é‘»ﬁ“?h ?'%% e F1PVE upwaﬁsw@ﬂhﬁr %%”é?&"mgrer as
loddogeryar iyl 080 has knoldd upasrdspioadr ppaatids 130 ane upperpivot link

Ko13 | i nk h ,
1405 P Qe PRGR B il Nrmrdicg (P BEBALI A, flud s Shown i
FiginoWAD} test Riegdin @0 tatBlesteoy ttehdackwidrelagivatie ghe position shown in

Fi gqygrcl ockwi se relative to the position shown in 20
Igure 17A. In Figure 17C test head 110 has been

rot a: ed an rgﬁg(‘:%@s“t !'FeIaQCiLiW' K8 bhebh Q@‘ﬂatécﬁa N ﬁégrees clockwise
position o

t dl 142,
frop 1t el P%S*Ew?zg% e ARy & eféﬁﬂéﬁ%fj Aag2 cHh T eatla42 (anc
thtus!’lscﬁte\dllr%(i;ha@lbesrofdth@tl |ﬂelcﬁinelﬂorbh@d’mftlﬁaillrl‘gasloﬁb\leel has moved
relatjve to 0 n 0
o BB RR R Bt ol B s AR e B Felafila. 4o
holttu@diodbm&mdanveﬁ dpivawatds I'@Eatwwtgzs@“ewl Ioife lovggrirot fink 130
anh'tﬂ)ﬁerlﬁpl t Wl&'@ﬂgv R)lté/t% cbl'.ntﬁlé &o v&%vl%la‘czgé%%]% positions shown
cotintercr el the own

ockw se relative EOSI tions
in Figure 17A. Also as shown, this results m test head 110 moving in a clockwise

orfentation relative to the orientation of test head 110 shown in Figure 17A.

As can also be shown in Figures 17B and 17D, as holding block 148 has
moved upwards, screw 146 has also moved to the right relative to its position Within
holding block 148 shown in Figure 17A. Similarly, 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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in Figure 17A. Also as shown g this results in test

head 110 noving in a clockwi se orientation relative

to the orientation of test head 110 shown in Figure

17A. As can al so be shown in Figures 17B and 17D, as

hol di ng bl ock 148 has 30 noved upwards, screw 146 has

al so noved to the right relative to its position

within holding block 148 shown in Figure 17A

Si mi | ar | jigurast Scias pdrsrecbige dhawing pha Fegilegd pegidonigg¢ystem
mc&rﬁgvart]lﬁﬁ th 'eQérﬂSiaN Qﬁm%o&ﬁ%nt‘%ﬁtﬂm\ﬁ@%t%%% ln%ﬁﬁ)ﬁction with

so noved eft relative t
Figyesilt tBﬂUEW - nAﬁBFHPﬁ‘@“ 6?%9&‘?2“12@%1169\%? Weﬁdljilﬁd? gttagngd to
load BA®yihg liWRY 20t znltrs:srtag@ss@d Yark@hg Nok 1263 tcuphel @ eadi®pivot

assTBEF M4 000l e, bl ek 148, WioreheohahdiLle paty e Bable

indl&SSEtM@MECﬂ.@:OITS)F!&EF@@’ Bt fivg mpawrtmgesmﬂwead tLé8t Béteadl load
cargf H\I?i‘i(?% I?M? %E fG8 ?@Lt?og vﬁgolct—:)ggndael 7 CCE)%CX lln{(|140 Lower

|nven escCr I unc
piveti itk 13€ et egpet DivdidingH 407Fe cagpledito e hb@edes fayednks 120,

13(116.{4%' H60 b?(ﬁ)idéh@@gﬂ&t%oaﬂlss @B%J%ﬁn%latt aQIovJsQ:@g: KRt MioNG rotate or

In this case, carr link 120 is
tun&i@gp@& & BorizoRE [REIspi wbls aé@s)el%g';‘? P36, 2SR el 369 RrpYides test
headl Redtion ARSE LA BRE drfho@f)ﬁéi&fmﬁé toned alaJlsSandRah@ntpasses through

Cab| t
eGP o Y Rt RSP B M % PR hamor e
renmcet pyethapitasdthebd Nk 0 I8Mholinttd witlsiubitieg neertitcugipemnpétventd

rec lEt $A% ol OVRY s PA 9at 1d LI ¢h30AMAe UBRKE nRhYQhs EAIK pivot
W e (15 g pRadiGr tddS g

are coupl e four Tin
assgd®ly 36D ktrl@wr@t@rrwla’cem% tbb‘él@“%@ﬂf@tlon simbe thed Wi thaws

emB&ﬁFneh@@ij@;]-QA &0 wet q_tlﬁk 960,10 t&M”E'c%uﬁQ@%B tAe remammg

hori zontal “axis ("tunble axis"). Cab pi vot asse

aPRRERFU 106 YIRS HARSE SYHER Wawwraweﬁtanmdﬁsanéi i degrees of
mo@bhk hegesal 1r @1e@?§teﬁﬂﬂbh@u®@§ aamdchmhsmh 1passasddsbrrmﬁguh u.s.

th h
Pateliol e b BT cedng T esc e rBTSh Bty egviaeh A Lidy dhgtion
dedreedoflfi€kdos {fownt edd widehoutidd)He aneedot@! diase gphusex thimhatational

deg{{g? ﬁpﬂg&i orh l‘abg‘utcaa%r%vl:a TS, |hEe v%ﬂ?éaﬁg{o‘ﬂlgé é§ H{eoé&h Jer-‘ee of

pivot I's asse
freedsm ernpihds edovidrst by e rcr@lr‘ﬁf 1YUr 2ftachad é%merB@ab@étdﬂwlﬁ O
corhBifed W%pﬁﬁmat@fnn&‘r%eaﬁﬁg@%d@'ﬂhus Lr‘anenl@rQ ofitRe tdE Read with

S coug he J el ning appar atus of the
6 dggsiet 0 H@F*Ogy%%%ﬂ IShi ch nust provide an addl ti onal

four degr ees of tio edom .ln t

i ur e 35 e CFAICRL AT BT TeRE ofSEEP IR PHeLjeRT (or wrist
joiRathand b&en deﬂs,cBB&j e fhravbeigg bhitedypeshowaln thetexpiodad view of

F[g?:)‘(e oﬁ}dotw %%éong\’\&tnl\é g?g{e)tﬂ% lilﬁ’:@ g&dqﬁgf{g‘?ﬁés ?{ afuﬁ Q?d%’p

Orl Zon ane plus a
cortviehiedcg ttoae iob e first bpeewt dle rﬁfee@édmaab@me atyn@ﬁr #hd ghose of the

sec@?ﬂ&%éoé-\lvnl% re¥&tdd &Ads mﬁk" %eb %Jth%yﬁés@d&réjc@%rne;ﬁe Qbme general

I'S provid by I'inear rail
pripgiplgda e k&@?'ﬂ@é’dﬁ%&”uﬁ?ﬁ l?%eb%mrﬁ@atww In particular the

loa@PPE@ok @t ey d ﬁ@@ébib%ﬁutﬁ@@ inlQR6.a Ay shat B VEREAL a @bminal
postltt?oen ttﬁe ts;urrr]1eo Ctihe moments about the center of gravity of the load is zero. The
movable structure comprises parts that are relatively fixed in space and support parts
that may move with respect to the fixed parts. The contact areas between 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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6 degrees of notion is possifpje. 25 Thus, two

practical enbodi nents of renpte axis pivot joint (or
wist joint) have been described. The first being of

the type shown in the expl oded view of Figure 4, and

the second being of the type illustrated in Figures 11
and 12. For convenlence those of the first type wll

be referred to as "glide" P and those of the

second tHFesyatd irbBoHEEf 19 ?@@ Qe oe balanaee reMgFeSXisgyivet joint.

As WYPESsPBEH @Eﬁleprh §éb%r§t@'ﬁ$ec%@ﬂ@ﬁﬁbro3@e@Fétﬁﬁbrﬁ’bﬁtﬁeoload about a
provi de bal anced rotation of about a hor.i zont al

Vef’a%' §'X15|tﬁab’§rrﬁ?“8£ﬂ hpfocpisd frcrraéae F?Cgimifar reyeys, s mechanism
mm[lQ&!ﬁéHu@lySﬁrbUtheyéﬁd BMovededo degiays bhabtiad freedsh lratheahorlzontal

plagia qpeprar bR ot s b BOsTBIRE ReRROH nioeparate
medtanisrtaifoe cednpotise exisaottbat badh rapigor edralbd vedrpted indepandently
Wh@%@p§f 3ﬁﬁgggg%g pasys that may nove with respect to

parts The contact areas between the novabl e
35 part sy doteNfid bi¥8GioRAThSy Adrnbiivel} Be @B&d & Qr%vﬂfe Btation

vertical plane that i|ncludes the horizontal ax

of
aboup e tie) a’Fﬁué'th%Wﬁhleqoﬁé nahquﬁﬁa%egf eeioingss ability to support a

|oa@a‘9@ﬁh eng&ﬁ@n&fl akheit do@S!@Pd\hdh’lt}féBadvbﬂtalgefomaH@da nt;Qha$oad to be
ce reno

" .
rothe APECR VENP Y e R EPiatk B BiboPit STy TAs Ferndte axis

pivptoohits mAy wes!vdesgebiry cerabineerin oae smbarlnetbeprmadhmt!a?sms of a
an%%%@fﬁtdc% Jx%galt-‘%ug%'oggibﬂéh: rr#b‘?r?a%oﬂ%%\'g |II§ ré(t%Btu'l & u\ygie(fthrough

i'S renot ocat e rom L Re Mechani sm
23, tvitiish pesctensiised b@PWuI taneously provides and allows two
degrees of notion freedomin the horizontal ODI ane,
I'n cert aimfigwsi 3% P GHde 1YPe iemMpde prigpivet jonts 300H and 300V have

bed@z%ﬁjabtézitﬂtdﬂ&osmstr@rﬂbte%ﬂwhs@nm@ara?ae/ermc hﬁam@m (Nstre that the
not | axl s no on cafn e Qpe

chaf s aR Gt 5 e st R et & el 0 bk gimitar
configomehies @xtrse piovatits) )okindt joBey 3aDHas et saned ys e wseid Rigure 4

excgrgﬂﬂag%{/!mo eﬁtﬁ]?\%s b@?r‘t)ﬁ]mgv dec'-\ pﬁ:@dl%@%ﬁ} ?escﬁbé@ﬁggﬁl BEJBILI%rowdes

balancedgagpats@nd ratabion of lalad aiap@t a h@nméad amso(\th%léltt:?héXlS) The
loa@INAYRIR) anaya’&é %Jﬁgdtag%e\“&@% 'h%ublﬁn{] Qlak ed, ﬁh@%taﬁon about a

vertical axis that is renote fromthe joint. Furt
secpd axigrtbierodhaxs) Ipinestby ieKidsd nilytegeatidvdht éé@&d@ \Wh respect
to BRIHYIFREkkal Bs ﬂﬂ@ticﬁr}/ﬁcﬁlmﬁ@ pmﬁoymdecm; Hdnodts a@fs Bvot jomd 300V is

or e erth SRy 0 10U B 3BPRNSEIRB 0] bl e Refical axis (the ya
axishe pmuuinbed pheté G (hst Vigible) @ﬂncen’rZB)QOH m:ggdily det:at:[yq;réto wrist housing

11V gg]%t dﬁ%bg/s tP‘?sYx‘?%nﬂamsqwé aﬁgg%e%ﬂger?’g% ; ag?ev @t%ﬂon ax?s of the

enot ori zon vert
twa ivirds |cgn’rﬂs¢ant( Rothis coagy of prurselhe aseens qqtfawena}, ape Vertfcai and

oneamﬁm%i Meum{geﬁ@fé%m ‘%’Fs‘ﬁblépoﬂbﬁ]‘f |3agwn<m @@EM@%@ to a

sim npornents on two units.) Pivot joint
basgwmhpgemﬁ@dgﬁﬂfea ggs:l'tlcp{@rd,:hény ﬁorp:fe@[ﬁnén@nner Rotatmg knob 20V

provides manual adjustment of the load about a vertical yaw axis, and rotating knob
20H provides manual adjustment about a horizontal pitch axis. Thus the mechanism of
Figure 20 provides three degrees of rotational freedom. Each axis may be rotated
independently while the other two remain fixed. All three axes may each be operated
independently of any other degrees of motion freedom that may be incorporated in the

overall positioner system,
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except that cylinder 7a has hieen renoved. As

previ ously described, joint 300H provides 20 bal anced
support and rotation of the | oad about a horizontal

axis (the pitch axis). The |Ioad (not shown) may be
attached as before to nmounting plate 61, and rotation
about a second axis (the roll axis) is thereby

provided. Note that the roll axis tilts with respect

to the Haguredchtiusteaies Breaviilatianalitve Weksdiype ferariesaxis pivot

join®$ ?ﬁ(‘iﬁ anBlgFOV €0 @?@\ﬁde?#e\frﬂitejaﬁtj N depRAdeitDitcAlExAROyaw axis

or t hogona 0i n rov tation,a
rotaiopd PRGN i T8 GBS Ao B9 BT e A ok Wb B tvpe
join(tsflhéve/beerbsk@)stiﬁftecj foir Rt id 3O jomts.i Igi Fddyre 21t Beldechrtying link 120V

of yaﬁv X %&%{S%felgl is slng!#]h\éoleﬁjug J‘Es SPOQMU 161@'1%0%1’%?!1 %2(15 joint

lve“rotatl on axes
310HaMAI§ooinrthis caemgthanead (et shewncage be gttaghrir keloadirarrgiogdink

1204 @fn]grntt I}QQRF@I meéq{beof\fﬁbfe' Hddt %@gmbg%dq&f\}v@gtte@‘ously discussed

tin V (not visib

in ragarde ke =9y6e5a11 %@@%#9 tlpad rpé?fﬁu%& aBP%?d;f%FW%tﬁEPg member
of daBledlVotCIHY @k %&tmzﬁ@ﬂ@zﬁf (ndR@ha\ﬁJhﬁg}almﬁkbtt%QNe@&) mounting bars

d
37 LS AN el ST 2 Pl S0 SUB ROpfspupel mechanism
protmesl ath readijeg&teaeﬁ totathon! freetiamifz romeabaq)lvmdne andts rotdthrsi

mov rﬁeﬁﬁ%‘g ?ﬂr&o phsﬁie% c%pggd&{tﬁadf%ﬁz oﬂlﬁ{ ec{%ggeeeg o%%?otﬁ)n freedom

at on
in tha@ep@ﬁd@nttloyemsteeﬂ t A usimiant nﬁ@vbawemaldr#f arxkd44\\may be similar

to ﬂhB o%é@r‘f’oé&'ﬁNstl@%Be&Qo %fr@tlngetm@ﬁd@ﬂtder@és B\ heans of

ot her rees of notion freedomthat m
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inclobiB31ER it dsl Jrenpiblisdy @8schibed Wb bhdviad bm@nc@faﬁdwsbnhpﬂame Mechamsm
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thenetddl arisraagpedtdesalpyingd he peariaspt dessrisadrid {a“lovtde ctohmlsance In
the COBE %%E? éPFgﬁpee?f 8 ecQ?iE éxlté]ﬁr;# %Br% thé %57:{?1%% aﬂ%\iﬁer%‘?&% of

apragatys caayt e rigited ﬁkoq.cmmeata@fe DiEO @ﬁﬁ@bjsfoanﬁitthngnm@s in links

126H'E§dh?ﬂggp§hmjg®gd as ground link 160H of pitch axis
joint 310H Aso in this case, the |load (not shown)

may be apt @&J?f@utﬁ@pd)é%ﬂﬂe @cﬁéc‘tfmé\f&slhklﬁﬂ(res&%)bﬂ/ ebmp Wiy a single
nmeans 0 1 VO
alideat ] 5 SHpleduE aant iFoy ey 22809 0] Hesitre v TAVR I gich this

mai%e dce@cdpmslr@ti elrBfMguies? 28 Ma(shgﬂintt BOtvheroriditrat fohaticnestiper a

cabl e . vot 3 h
v SORLBED RIS HLEATY o ot B AR e o
wristohdusadg bl\afrwtwazblerrcbf@!deagmt RORY gmirr&szwnt £ heH ohieksglofnt 310 H

prom%%g%lﬂa% a% Vé P é)tnt‘z[i %@tcg%grseﬁﬁk%onﬁtoﬁﬁﬂ-l Q¥orts cable pivot

freedom wher e each ational novenent
ass#mbl\bé%cref@ﬁw Wi FnaSISRIBRIIA BF MERARS ot Hate HegPk@ounting
bar@f37|§0t=ngFb b5 eedeimr inncohbeptay Eiqlrk 2P @XbdptARSY theYlsRidhs of the

oo AR BE GRERerelpBelt 5 1 pive sEcheclothedape ond
prolifkl rptraﬂ\'z)h d:esmba/vémams\/auf axis, (E!uiermomg 308Hd$ surdpb2idd by links joint
316‘@ (? gI’OJI e%%%%%‘% a% ul & %g;iﬁoqﬁalqg&waxu?%oﬁ%uté %ata%ld mounting
plate 61 permit the load (not shown) to be attached and rotatable about a third roll
axis, as previously described.

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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i ncl udes springs as previously described to provide
b e and conpliance. Mechani sm 144V provi

“Wﬁ@gﬁgﬁgp turni ng handl e 142V manual adjustme&ﬁﬂgSt]ll}‘o'”m}z193
rotation about the vertical axis and includes springs
as previously described to p££V|de conpliance. In the
configuration of Figure 21 abl e extending fromthe
| oad to anot her piece of 20 apparatus may be routed

oupPR s S OB B ah) ARkt o BRI BEatoh. 1t may e

segb $hatnetivorerne vkicdntairpatiopesenut yericabanb hatiFrntal axes wil

alﬁlaﬁg b& pegban%ungt%ﬁgndwa@ oﬁtrfel sﬁgﬂeg ok b%%hs@bﬁhe ifbig4U8Bioints. It

t hi be
is é‘!,s@dc ﬁfﬁ'P@h%"&ent]'EH"/%Vg"&F%tl@zt gsw§s§mb]h3§ RY ng@@x/gagrees to reverse
thmwedaﬁw hawd thiel joint elaprodd@dhoreohitat ad:tayazvvaetzatlsemythb@osatmner

he b dl -
or Rt TR BiBLpRe o O s Ob B, Pt Sebpnasiomt
prpeidas aS“OtWon@bbum axie |tlmat \3itigbly tilisrfkan ftive nert@abas—the state or

pd%?tﬂa‘hi &g:%ﬁ?&%h?&%@’s” s B/ J%QVVH Aerlli fy r?%?g' a?p\m E?y’fé

supports cabTe pivot assenb

' n t urn i Whﬁ@%ln?%ogi?oh@r% ér@@@sa?bfed@%’l%v@&odﬂtﬁ & &V 8pes of
and mounting bars, 37 ure

P phes: Pﬁ‘eFﬁ y@rdésgze%i% Qb@l%e’iaﬁg(ta“ﬂﬁ’éj"ﬁb@ﬁt‘”r“gh§ PaFtiquis type of
pephetdl deor] exbiipleding sybtizkn jsQbnie cms@né@mrc&ﬁdmgwm wafdrobers,
treJedhhei M aliYs parereitediyalds Gr Aefing o it B mgrient to
priogideppisetdrolationi abost poiertical 846 Vhrangh meomrriesof the device under

tegpﬁ@éﬁ.‘&@ ﬁp% %emrﬂgch gﬁd’aé ty?letpa\mt ?thtsm aR&Mfgmﬁ c;ﬁ s@n’%h as

and nount i ng erm not shown
Figereadd 9’@3\%@0%@ e peafatadld, ésdbegyidgs ¢ Q’ﬁaF'@In PBPYL arpRXis f'x%@sm space.

Hdsw@oér,omw cQ&S@FdoQﬁi‘%g with 4 %rtﬂfﬁpﬁéﬁé §£¥§<ab@ hahamer ecs)n%shant

hr ou ave envot e
roa?w gf@d‘ttadwﬁ%n\;?w%?m%%rh%sﬁf‘é%n%ﬁh%ﬁvém@aa%edstdﬁ%rab*e In
thROSainh 518 @rcofigl v 2 (B éfD QHADYPEDf R0 HB@d 653 rota2ibn about a

' d h
G0 e Birufh S5 HpurS e 7 ov P EE e Been ¢ hat by
this or defﬁ;—ﬂ%n‘?\ ré,%@'i'&ll L9t @&chl’lﬂg h%?%%n éﬁ&% ‘églth@ﬁﬁai coupling

hori zont a

toi the dpich ded it hasdieepwted ataé§h@roib@@ﬁ titpfiemaihetheasizontal according

tol tAdisvatd Ul doSiiBh S ofter jétﬁtsallﬁ':' eerfcaﬁﬁ%b lhc%tm%ﬁ:@ﬁéy'f 8bddme desirable
by rotating these assenblies

ni ne I ees,
t%“é\?@ﬁ% &g ot &f eAUREPISIFRIthRA Ve %/%'eaﬁ'so‘ﬂ%ﬁ 'StH%%QEGp‘?%WF%‘éQNO remote
a9 pivapidigts, 6r0doaihiaPthedioliaxieid diracthhéuphsl tiol ibagsositandr and

supporting t.he second jpint., However., in.this ,
s sRRR b Mo RodRERs duisherths IRERIF sl dhilish e gycering of
theljounts.an axis that variably tilts fromthe vertical as

the state or position of the first joint changes.

This may plthnughidbefientian ieiusiratedppd desaribed hergipiwign reference

td@&ifi@%%ﬁﬁﬂ@ﬁ@ tﬂé‘?n\ﬂ#:%bg n@ﬁottlﬁteﬁhé@% g@q:IHIM foQhaldktails
YPES 10 perip her al S, ot hers are desi

SIS, RalBR VA P MAGERT RSP b8 e Gt 7ol iy the scope and

range of equivalents of the claims and without departing from the invention.




peri pheral. For exanple if a systemis to be designed

for docking with wafer probers, the test head w ||

al ways be brought downwards for docking and it is

i nportant to provide conpliant2potation about a

vertical axis through the center of the device under
Claimd:est interface. In this case using a glide type pivot

joint in a configuration such as 15 Figure 20 or 22

could be preferable, as it provides rotation about an

1. agpardtisied suppcsiraceaload Homerising: i N t he case of docki ng

with a vertical plane cka han [, GO ' )
Fot at Pohlvahssherayls ARPILBTE A A B R PRL Bl o
t he dutbasetstatfonasy remtideti gaabpieot dppardile;s exanpl e a

configyratiqn where | ide t f.J poi.n ' .

For r o afss MaBEes af sigrSoanien Zoic P ool aRE saic base
Fvtgangsie seshibctivel2Sppusiid thrieecqmminentsede afaifFtwd Areesof sypport; said
the roll axis coupli has, been shown t.,he. fin o

B g Ssefa Pt AT eRe fh CGU B 8l loppasaia o
rapbds edduppbit IMssrefin anditeborherusinardradrea ot dredbad) to thové bpposite to
staﬁ? gpd position of other joints. In certain

éﬁﬁ{'ga'?%ns it may beconme desirable to change the

order of couplings so that the roll axis unit is

pl aced between two r te XIS pivot,.joints, or SO

2. e kel 4 8RR Faefiy teligifel) fiteRet RSt apparatus
pagiddsoBietul@n thehThess pitoated 4theaitdetvad mirerg pbisappgort,| said circular
short the invention is ion Iiﬁ&teﬁ[b t he ordering of
tREMPYEMIYE APFGRYRLPFAIR A PER 9% i | | ustrat ed and
descri bed herein with reference to specific
embodi nments, the invention i s not intended to be .

3. AT s meogab P2 Bhatite BgtiBr P ebot ivot apparatus
npdiddscatt legstonzay eheenadehicin shidetwdedrasd sf wiigpoitnare hsituated, said
scope and 30 ran of equival ents,of .the clains.and .

AP AP R G Rd MV Bh B 55 TR said toac.
Apparatus for supporting a |oad, conprising: a pivot
apparatus coupled to,said | oad and novable with said :

4. Viprpralus Ty RiBPofing; 3 joadAceaiding acly daepiy seid CUrved path s
agreataat usa abrtibalapkng wandrsais pbiot sagppcats Betated nsos dhad upward
pi vot apparatus and sajd base, . wherein respectivel :
iRt S el Abeake Sidhicsaid SUSPaPRRGESREIE ihoe of said
SioaP WposisAite a tfueher aamcof ofs spipolchd navieg atah gcuaded path tilting

one curved path to tilt said |load; said two

| east
a‘foé‘é{‘é”aé‘?s'support nove in a direction causing an area
of the |load to nove opposite to said direction. 2.

S RGN NN
neabebserdbhtusht €6d dlvos apshrhive @depsaiofcuswapetht reséts dn said load
gtggﬁrfgua%%;lagrﬁrggg%[:gstg'rﬁ}éﬁy %lteorgeqctiﬁg Iadce%yerr\é?graegg cr)]f sta% Igécli.t

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.




10,

11.

12,

13.

3. Apparatus for supporting a |load according to claim
1, wherein said pivot apparatus includes at |east one
menber at which said two areas of support are
situated, said pivot apparatus2poves along said
curved path which is concave relative to said |oad. 4.
Appar atus for supportlng a |l oad according to claim1,

NSRBA05 R LabHi %, BoA Ak b SRR Lol By 2 con o
Upate if et rofaiﬁw@mdﬁoamfamlt dn pkis otthagpet &t afurtlkeoaxs show which said
gur%@rl path results in a surface of said | oad

t

te to a further surface of said |oad faci ng said
curved path tiIting downwards. 5. Apparatus for

ort| d acc claiml1, ,sa] [ - .
JRBr, 29 Ronrditng” 806 Rt tre ity 1 BfiebiiBbrisig @ ink
appeseat sisd ﬁlh/cmg)pamtds enld wd bipsd, IsaideEil rtasrinigra fyall pivdt paiht at said
&gﬁ%éﬁ 8?3%85%@%9 qnt pé\g)glag!%all %ﬁp ?I%T @gFO:J%?s 8ither towards
St el fiongsaad b@mﬂam‘a}@mﬁdngsi oclaim1l, further
conprising a shaft nenber which is rigidly coupled to
sai d base, said shaft nenber coupled to said pivot
Rk AusIfyr sappating adliadmpandatgus ctairv & Wbesdirosajd Sadahd pivot point
shaf t men@er az @I d sh% QLrﬁrr‘oer controls notion of
SAWYES VO ORF AP LT BRYPEYA d curved path. 23 7.
Apparatus for supporti ng a Ioad according to claim1,
further co Si.n f.or, rotating sai .
At SBhpinge hddrsandti i, Ping %8s 8 lher ink

Mﬁt@é\erﬁ@m pivbiosgbatatlis and Said Apmrsaﬁtfsrtiﬁmﬂmts bpypogy titmgl @vot point

S BSR 0r Toh aLB5Aen SEPRAA B R e ot
heithen@wards orHvapifront s@idbate ad ssidiodd titase and a second

pi vot point at said pivot apparatus, said |ink rotates
either towards or away from said base as said | oad

tA;bﬁa%atuQ forﬂﬂmbﬁmgSa flerd ampmg tangiaan | ‘@advhacgosdidngzcood pivot
vot 0|nt coi nci des

V\m”?f CGW&’dﬁF Wétﬁuaaoi‘ﬁéaf Saécfa@aﬁgtﬁ%?po 0. Apparatus for

supporting a | oad accord| ng to claim 8, further

c risi urt her

raitn & apdind ined oo PRor Braaie, ¢ e Fsondgivgt point and
t &id fhuph pkt pelhitbtat@bbaaipdrdieisxeand a fourth pivot

poi nt at said pivot apparatus, said further |ink

rotates either towards or away from said base as said

| eashratub (8 suﬂ;ﬂortn@@waatammﬁm ts dpent furgercdngaiding:
accordi nﬁg erei gjrsal d %econd pi vot

o ot & Sekobf abiot b tus Sovsd By S2hfy BERens b Support
12 AP@Qé@hdfbaﬁ@étaﬁblmWéiam@ tasbuaadcmmv@hapgartamscl ai m

p0| nts aalfttg?aas? gzv Ifel\“/%rtg@ gLFppgagygtween sai lsjef.ctorr]1d %lav\cl)?gpparatus and
said second base, wherein 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.




14.

15.

16.

17.

18.

19.

20.

21.

22.

13. Apparatus for supporting a | oad according to claim
1, further conprising: a second pivot apparatus
coupl ed to second base; a second base stationary
relative to said second pivot apparatus; at |east two
further areas of support between said second pivot
apparatus and said second base, wherein respectively

QPRAsH1tLrof Qﬁ;ﬁﬁ)rﬂf@@%@ %@or@fm@ t@Etaﬁﬁdeﬁrﬁ?@r ccng[Sﬁsf}?d a hollow ring

areas of support; said further areas of sup
fﬁlr@tﬁgﬁbg tof rekade S@ﬁéoa%@ttwé AN @fisvathogana to @6urtthqrta>«s about
%@H:éﬂw d0PQad 4fs. 14. Apparatus for supporting a | oad
according to claim1, further conprising a hollow ring
which is rotatable to rotate said | oad about an axis
p‘pﬁ%%’é'%r p@rtifn?ré ek Q&@o&itr?gbwtcialﬁ’l‘m&hmh%%lﬂ d g@ﬁ’mn of said
tilts. . Apparatus for supporting a |oad accordi ng
ﬁ‘@”@fllﬁﬂ@rislfﬁmo\)ﬂ(/ﬁ@?el n a portion of said hollowring is
renmovabl e. 16. Apparatus for supporting a | oad
according to claim 15, wherein a cable is situated
vﬁﬂpmaﬁu%gir @UPPWQHQ Brloag\geeR dﬁgsiofcdﬁ*mslﬁm@ﬁr ¢Ing eatle gl situated
ﬂgg{éy,cpgn o claiml1, wherein said base is a
substantially c - shaped nmember with an opening
extending froma side thereof. 18. Apparatus for
c [ L ai 7 i ;
%ftllﬁésr&glt Lf&ébf?tﬂwga‘é 9’?2'1. oFo‘i’nnd3 t@.d'@n:l'\ 1, \MF%F og. ?:lo base is a
rwaﬁtﬂ@tfaéiy CogbapebMembss Wh amrapemlreg ﬁxtﬂ@dl@g fﬁ@@@ side thereof.
stationary relative to a pivot apparatus; and causing
said load to tilt by: noving at |east two areas of
Appptys foesuerattingd (pagi asserdaigpiardains! andesdn @ cabigsie sithated in
a4l 4, mnlgon and along at | east one curved path while
respectiVvely opposite force conponents are at said
two areasto cause an area of the load to nove opposite
t 2 hod for noving a | oad
ﬁgrg%@‘g?ﬁgjrﬁ%ﬁi glrbﬁwdl o ég?el n circul ar menbers at
said mwa@mb@ﬁe @@tm@@rytreiaﬁv@waa pingt apwiathtetened pat h
to tilg A nmethod for noving a | oad
accoré; galé?@é?itoﬁ yV\/nerel n at | east one nmenber at
sai d trnmnrwr @talga@ftwgmpaﬂr of supped beitwery saidl @ivotippratatgatand said
I . t hod [ I : ;
£858 i (oo P, e ot TR ol BRI DS Srekltely onposite
done somperdig ameattsaidstafpdm,h,@gdgause an area of the load to move opposite

{0 said direction.

A method for moving a load according to claim 19, wherein circular members at said

two areas of support move along said curved path 1o tilt said load.

A method for moving a load according to claim 19, wherein af least one member at

said two areas of support moves along said curved path to tilt said load.

A method for moving a load according to claim 19, wherein said curved path is

concave relative to said load.




23.

24.

25.

26,

27.

28.

29.

30.

25 23. A nmethod for noving a | oad according to claim
19, wherein said curved path is oriented in a vertica
pl ane, and wherein said two areas of support nove
upward along said curved path €6 that a surface of
said | oad opposite to a further surface of said |oad
facing said curved path tilts dowwards. 24. A nethod

mnvemsn# KL %obtggdq ?oca%ogrgéorﬂcgn%% gb%t)m?wm onﬁr g%lgdcurved path is

cariented ;maa h/erte:slublaee i and aihdrdipadidt fwot anegs @b@uppm neoviesupward

t in f
|ag€1 d;t 9%@ ' Xeﬁ&aﬂ\ %{ ?1%95 r%&iage 81995]( 518 g%ﬁgﬁ(g fVa ﬁfrth@f?"stﬂface of
cdaid wad $acifasaiheurvebpahitids dgwn\lwdst ep of m)w ng said
pi vot apparatus along a shaft nenber which is coupled
to said pivot apparatus and which is rigidly coupled
tA nssthad baseodmy thedd saicddishdd tclaire riSe wheoammakment of said two
z’g&é%?)f %Lpﬁo%{ gio%vs%d %BR{@E aﬁa r%ﬁcu@ggré%@dd o%Hrtﬂ%ﬂB%ﬂ an axis
faubbtaetialtyonierdesiingga Cdmiersmf@nawﬂy of paitl dnadng said | oad
about an axis orthogonal to a further axis about which
said load tilts. 27. A nmethod for noving a | oad
ak ooettod gort modh@ianiodd acatreimgi o dailn MY, fusther t:ozraprém'hg the step of
bet ?’éﬁ@%g,%ﬁ).%pé%o%‘,»ataé’ AL ﬁtéj% gfgg?e%%egs\@‘ﬁ&g%s dé&ﬂp‘?ed gaid pivot
pappatatpwlamti wibicls as d|gmlw@bu;aiquaoa&au$ basaisd thahkaidosifesnember

ar .. d | oad
s St SR R
claim 27, V\,her ein said second pivot point coincides

\Pi-:%téncg |'3§ Caglgzggsacg?rg%u ngog]g%%gm hOF E&%g?&&{ hhe step of

i ng er ei
| ioteting Sais Immﬂatmﬂut abekisedhogaiall topsd fuotheagpiaatatul sshahdsaid load filts.
said base, said further link having a third pivot

point at said base and a fourth pivot point at said

pA vadtha@apioaraiving,a Isad dccﬁasrd:hgem chirmk 9 reheaties lirdiis sdwated between

rds, or a Lom asge,. as id. . 1l .
AR PR PR O AP R R B Rl SRE Pl b 2t Saio base
wirer eisecsal dlvstqmmnchtma\cbptvotoéﬁnaratnaisam ithesrotated either towards or
anot h er of ;b rg.g§agcf.' upport. 26 31. A nethod of
noVAh organg t-Yeletoiare I8y tf “claim 29, wherein said
second pi vot poi nt and sai d fourth pivot point rotate

ZearPhi b I Weso ardhd T, B8 20 ARe Ay s88ha ivot poi

agfreiddsugith meommpldmeamofas@pcmnd base; a second base

is stationary relative to said second pivot apparat us;

at |l east two further areas of support are between said

sk eedtbog for ohoverppal@idusccording to claim 27, wherein a further link is situated

between said pivot apparatus and said base, said further link having a third pivot point
at said base and a fourth pivot point at said pivot apparatus, said further link rotates

either towards or away from said base as said load tilts.

Apparatus for moving a load according to claim 29, wherein said second pivot point

coincides with another of said areas of support.




31.

32.

33.

34.

35.

36.

and said second base, and respectively opposite force
conponents are at said two further areas of support;

said two further areas of support nove al ong at | east

one further curved path to tilf6said |oad. 33. A

met hod of noving a | oad according to claim19, wherein
a hollowring is rotated in order to rotate said | oad

rt t her. i e ;
SR i of o0 PYRREL 8 St ST BIAE EREUoot sl po
arcaadi fogrih pivol paimhre@ie dhout herallelexps.i sing the step of
removing a portion of said hollowring. 35. A nethod

of noving a | oad according to claim 34, further

comtriosi i gnavig ssloep aofordisg tuialainn go.avfeatine wi t hin sai d
r| ng aggeh ond?ﬁfopg;gpa%fltu Vclo geﬁ b g%gc@rﬁﬁggsg' ng to claim

fur Situating a cable
t hr oughsaond ;bem tsgstattwnsm rd!abm;@ saah$@0b@9@ob@nagatus -

Zggg_edat Eg‘a%lt g;vo R@tﬂ@rl A%a§ ﬁ gurﬁgoptgarg rbgme%n%iagiese%gnéﬁivgt 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.

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.

A method of moving a load according to claim 33, further comprising the step of

removing a portion of said hollow ring.

A method of moving a load according to claim 34, further comprising the step of

situating a cable within said ring.

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 ¢ - shaped, said

opening extending from a side of said base.




