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TEST HEAD POSI TI ONI NG SYSTEM FI ELDOF THE | NVENTI ON The

present invention relates to systens for positioning
wae@soeizepul ati ng | oads, and nore particul arl yPCT/0S2004/025172

systens for positioning and mani pul ating test heads. 5

BACKGROUNDOF THE | NVENTI ON Test heads are often

utilized in the testing of i ﬁtle'grated circuits. | n

order to use a test head to test integrated circuits,

per i phor al equi prBAY GGl ypaegrﬁr‘ie?ﬂvs{é SBrBMGeyi co

handl er (hereinafter "peripheral”). A test head
mani pul ator is typi caflEyD @etHi IN\(mE‘I@Non and

mani pul at %h% Bﬁesgntt ﬂ@&nt%%%la@%%@aie’?\% QQE%QBan alnd manipulating

operatlon to a peri
loiags,chasi mars eartiperly He SV@@WSHGGHO%@WQ%P@HFWI@HQ test heads.

nunber of directi o.&CKGR@UNDUFatHngtms@Nhead have a

nunber of _de s of free

desirabl eT ?%qﬁgs%a{e,@ftqrbg lzgégatl‘[eeteé%pt! lgl;ﬁqr?,ted curcuuts In order
tdmseeabéw hehd bo tess pregratedl alatits)ibe degriead ifypldathe tidovked” to a
P%Ig‘?,%gge Hﬂ%é%eesﬂ‘tupﬁr? ad sush SSUQ éroabregr?g: l&’ev‘?‘cevi’%'{wg%% '(ﬁéramgfter
“retipberadi)] YA aqsphe@:tinﬁorpo@tw 13 hym@lpeused to pesition ahd mamipulate the

tg@gggggg,q,fl%mee@&g dasatpnt est head is noved through

S ci acenent and anaul ar orientation
with respbteogking ﬁéeqwﬁaqu aPeriPierahdes desiable Hiat the test head

beWVRSER iRh MRSEriopdtectidng (Ré.C8Ritlthé e Mkeh@Ravé b nufnber of

SSFREERL PR, ST EOub LA B UEME S comptanty

n’fwaaiblamdtl'meepexmmds daMsedegyeHsmhf@tiami‘(ed ttbe tdsd head is substantially

IRRLE 8y s 00 5181 7 B g e
Wllthl‘e@eﬁtt%@mfttheﬂég@esmﬁfﬁéedqﬂm s set of axes noves

through spagee¥ fdadtifedvesthidggd sch%SBoﬁi |§§d|l§|9cérﬁent and
| ocated on a surface of test head 150 and it incl udes

a@%é*‘t?r'ed‘é?t"a{bthBé%%’eﬁﬁw‘ioc"i‘?eé‘?%"?‘ﬂatﬁé CB‘F%?@éd FoR thepiRRzes of
déﬁd’lblﬁghﬂhedﬂe@e@le invedesn, tiestcofiVehient)to defiee dwaxecaddidar wordinate
si%’g?r\éﬁg,t (?r!r)et choo ma rsté/%e?rﬂgtt?éhreﬁ%g %Iqe {:eSsEJ r% é;ég éll’lé '&}é% g?ci)rgirl]'late system
at—:tbdlﬁd tb tmaznarsptdemer ally refer red to as "pitch,"

"tunbl e, @r 1 Jéth e@@hé‘éd Pih W%gﬁt&%@l%@c%gﬂﬁréwdfnate axes

referred t Rot at | on

1d8Rel 504 yar\de'f éP@ éétaﬁh*ﬁdl thetgte Thwdhisysehsl xasdnaves through space
wﬁlhl Ak lkyst nehen Thiesiteedo 19 1dtaad drba dogkaof test hdaersal and it

t d b
Bilea Ssieh oot B H1E tp BriPOIGH A oWRHy Hh i dqySermder test
‘tdas’t) bad akE0164 isgiblvy catkagoral mmahheilrpehed i erpmkitive @éection away

| "
iBffthe gfggcéfegdr{g% b fagfgg%hptsf 121 ARAGRRS rgfelr.fedets%e%.tch
mbie,u @nsnc(cb t%aﬁ@h@@up Kair I5 tgyy\eraﬂvﬂ refaered to 8% atoll gnRotation

ab&&l ftﬁﬁg gerdrdily réffed 'ﬂ@ﬂ‘?ﬁh‘éQH@@tiWaé HBetd. diskiefy, vHien the test
until the test contacts are

hepd iselnsbed Paripheral tRsE RiE 106Gk %qeﬁaély@élpg%da gftﬁg%epé;ﬁspondmg site
oh&Ré pe@shersle CEHr@vaIB}ealnttheﬁd’faae\asoashghm bwey fionathe peripheral, test

n t. | pt.o .. ' .
B T e Erd i g 2 LBV bbb,
asthadll evtatinst(establiched p!atmabe')rmdetbef@rreaatmnnuhsehe@héwiS then
mdhetléred in the J direction until the test contacts are properly engaged, whereupon
it is docked. Often, precise alignment features are provided to achieve a precise final

alignment as test head 150 is maneuvered into a final docked position. Thus, it is
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degrees of freedomfor docking. Fig. 2 illustrates a
set of mutually orthogonal coordi nate axes 200 usef ul
wo orosteRas i bi ng noti ons of the mani pul ator. ThPGTI/E81000625172
coordi nate axes is fixed to the mani pul ator and thus
fixed in space. X-axis 202 iLéLBtrates a |inear
side-to-side direction. Likevise, Y-axis 204
illustrates a linear up-down or vertical di rectl on
along which a test head i abI noveabl e,
ggnergihsdesigble to popple;tae t%[stsheﬁg vy é&??'&%regFﬂxgn six
dw@bsboﬁmexmﬁsﬁwhbaﬁngs deS|rany nnveable Rot at i ons

g]?otj:“ ghgggr | Cal{s%g exseasseahr % nﬁlﬁ@w gr@hc%g%hw@Jor@HE@%&? 200 useful

farelepedting eloyions of the megpulh@ad Tb@rsebrcf/@oqrdlnatmwasn@flxmﬁto the
Mn‘@lgtpleaﬁcﬁﬁ{usrf&@g ﬁ%c@m)@gﬁgboéln%gra%&da ﬁﬁéa’?‘tsﬁjeﬁméiae

eac axl s axl s Z-axis 206, t
divegtiopul Lakeyrise, ¥ -@4s dOf Hluskratasdelingar pazownserverigal direction along
mﬂﬁﬂrae@‘ét Réad is kREIPBIly Hov@aﬁl@ﬁén&@@ilsﬁm ingstf@éed linear in-out

GO MR AE o PERE H O SBR ot fp rese e

akessare hrefedred 0 sfar gutppseeoftibimd ppdicdation, B "gj"X'V("BInddBYT espectively.
of fr eedof?a E@Pﬁé’ascf e gvg?iﬂq:é ﬁl @tlérymtﬁéfhé ¥es¥%@¥d mampulator)
expensi ve, I S Of fen I'ra P use e sanme

ahea@nﬂ@o@@e;abwttqadvaf Xoaa@s W% Mepdn 20HedNhBacia 206, P—'B‘? mampulator
iSCHRTR &ovfd@%t%?s&?% d8§ads BRredRMISEG et HesKcdMbé@moved

horj zont al 4 verti cal
CRfERHARIYn BRI 'g\ea('é(aad Foigtiptal. w&édem?t B%E%a%&%@ 3104, and
1devharetheaast tedadfis eand helbewoirpiarttevitic six (&) degreps afifieedom.

rober (e,0., a,test _head :
gb ove i (h eBg?%"S% Ij:?s(:t‘ eaﬂs 8r ITEPE?I C}P\zé(rx é\ng\?sﬁveo it 19%&&]; "R%kable to
usk tHecsammd telsybeas‘i of dgunvihearidus differemtsperipbacpls. For example, the
%mg'tgéflh%taﬁon LR 26 R lriaa lhBﬂQon\Eglrﬁlér%a{ I:eét\xlﬁllﬁ 104 vertical)

vertical ran notion).
B R dRCetaNgier 6 dor Esk AR "@M CkOé%w'W@a@%V'%'aart% from below the

déﬁ(@j@{ﬁbl@dl&?laﬂﬁ@ Mbé\t @J?, a:t@étﬁhebﬁ nﬁde‘kW?M‘Sa @F@jtfélrlflfbm above the
itiona ntes at or _systens

PREED 8 e el BT Yarinue S en R ped o SRl e e
n’iaemiuldtead&mablytﬁms a/lntiveeticabistraet (ean, a llony warttal aange of motion).

Ho%@v«g‘n Peézﬂﬁe Y)?E%é grjlstgatlﬁtglﬁﬁ gtq}e'ag gn@¥h@% Esesoh%?éd r'ﬂ@ ?ulators,

e pneurra |
tmyis mﬂi@*wafsmmg@@bnﬂddlﬂpm%m certain tesihgad manipulaiesgystems utilize

ph&emslid 8iRdefs p%@i?gﬁ%hbl %ﬂbdl%&ésﬁéa@@%%ert@al direction. In

|nade uate to provi eavertlg ranﬁws9
S%l%ada%'%nrftaﬁ Vabice] PHPke Rravided g% gh Bhe 'Tm"fFfL@?ftehF limited by
tiiey freskedf tp@bhednamt Sylindenarpiy@ments Odfeop ithtlargey tése heads, the

s{rgﬂ?yh{ aip(}%ti,rpr?t (fythj r arrar%%me%p?ﬁqlﬁgdél&;&eet& &%(/ldﬁ at \ge %%8 range of
nmien ddequatklfedd@Bingeytast bedd with thediffierant gvpesl ofperipherals.
J 104 axi §, bhek ThsRarktRt iZRRy B{a @c}lﬁl‘%@ toEB@l@wntﬁ’n@b&mheral where test

rotati on occurs In a vertica ane respect
st d6@ iR YRIHFY RiiteorInssHes azz@ee, test h%é\dc?oﬁ?nlﬁﬁstf st r%'ee 70 degrees

fRORT tHeQ«fﬂnzeht@n@o dﬁ@'ﬂlﬂw dx@ ieen é%ﬁkér&dl ;banéil trhaf théle ré¥ation
EI ane or e YZ

wie T avertosLplgn ey WSt fo e e TpalPBRES A€ 20p s
cémeidnefor pudbbleztita! Ipieneatockieg tavhe mequinadrig eitbedtekXaplaeg pr the YZ

!;éu%d CW"IL.rhveqk {:E{ ?aq“@s aﬁ'l%ﬁ %‘?Iﬁtrgf‘llé/paq{g'lewg5%§%]e%fkgﬁls? also possible.

ring
fr eedom nﬁ\yoﬁ@r pexlem taat asisgerpihen tryppg;@rqqg%@ test head with

dﬁ@?éﬁt&i%df 61‘H§lp“@|%'iselsQhét@ﬁlrm'@ﬂﬁé’mb@atléh apﬂfél t%*stoiﬁha‘émara%gree of

axis i.s parall el axi s of

frﬁgﬂqrﬁdp@f Be IO(sF gor XAe, in certam con guratlons where atest headisina
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docking in the YZ plane), the theta degree of

conpliant freedom may be | ost. Conventional attenpts
wa@eooalohevi at i ng such a | ost degree of freedom PEWES2004/025172

resulted in increasingly conplex and expensive

mani pul at or systens. For exa[? Holt at U S. Patent

No. 5, 450,766 and Sl ocum at S. Patent No. 5,931, 048

show appar at uses V\,hl ch avoid the afor enent i oned

%s&lé heB? 't§§11§ dlgg %*ﬂgl to! th%g(né’? Q?dlggpllpg[%%or (tl 8 when

doridng detheoYﬁ:)blanﬂl, thethesa dﬁgreeavé hombllamfretedsm hende dost.
si x (6) d%ﬁ@@rﬁlo(ﬁfal £trt§ﬁ g aTQWétl SI r X F)@Eg Lt BR¥freedom have

docking, a test head nani pul at or ances
regydred da increasNGhh CAMBIGH 3 RKPRIISIP rmemahl@t%ﬁswawd. Ror gample,

Ho'lt eﬂtELCB PdtehRo 1 51aSeE, 735>én6®|oc@ﬂﬂéte@% Phtdnt ARIEMZALELB show
an _operator can nove %ﬁs ﬁ'ft head manual fy I n

a@B%rﬁt‘ﬂﬁest ChaRYout ENecR{ararqnsiop Y3Hhy 1ittle force.

However, &s predtedelasie, rewatdres omthe dockiig afial tdse headsrit is
DRG0 8 BB AL AL G A 1 o
degeeee pf fragddye. dhisfrneanstthak duing donkings aldkst Hesid roenipwiier desirably

b@%@l&@st Q{esteﬁr%é%q}{'ads‘?.lbst%%tl§IW\We|gh§Ie§é’c&lnglt|Qﬁ if@8EH BUhe these six

provide a test head positioning and mani pul ati on
(éi/g?%”ﬁ?%afoff%@é’i‘hﬂlcﬂ"ﬁéab%%erﬁ@é|°P€d“?i’é’f‘ihé|t%ﬂd1€é§ manually in each

oBLRMAREEIEN S tkth | RMENET (idid foPceaﬂ-lcm@léBJ aayﬁésteﬁém@ Hmetbeeéme larger

< S P phIET R el P B AR SRRk PR cortlr
deeghimmst(eserr incd aerepliant sﬁtppmﬁv ibagliffindt Ifowd impdssible éraredain

EHI%‘?&%%o?&H&J ure for supporting the |load. The

pparatu al'so includes a coupling coupl ed between the

first supperstichiit weuldrie ¢asirablndo PEvidria segshepe positioning and
n?éri“;ﬂ,ﬂétwrﬁs st a@@#é@l;lh@@hé Ql@é\}éd@&tc%%l @é?lmaln'c@tﬁt {nﬁchlam Zm
or providing a conp 0 jon to e | oa
about a rotative am%}%'?‘ﬁggq‘ggrmggﬂhm\ér avity of the
| oad is | ocahestempiyy Embodinemt potiad presereXngentibhean apparatus for
aq*\ o@LétYneg Qﬂa% lg ?)roa\lna%gig d‘?’h%; tp%?%tu?ﬁ:'cﬁ!deégcfg tdél.ﬁ)\%ght?slt%lﬁ’fure for

sen
sapwm*tlh@ﬁhearoad@ndmﬁea@mdwgtmortcﬁwdweﬁmowm@dmm load. The

?Eér'%ﬁ% él&?ln‘é%@s BchMbl é;n& Eleﬁ'ﬁeﬁkeéﬂﬁﬂqrrgt §Ip’pHFtt dthfeture and the

r supporting t al so i ncludes
SPERNSLSUPRPR SE%‘GBW n@h? ﬁ%UFf“l“B é‘i":'”ﬂfﬁp?o?otm@taﬂb Eie&P%”‘f"B fgr providing a

cERPRAYL rab@Pof inoBibh e tHe 18ad @bo Rk UPRBAHVe XIS WReleR @Ot gravity of
i that a cente ravit

o e T el Y AR 9 B Yo Tt B (TR ¥ g nom Vertcal s
rotati ve axcedingitngnatheoexemmplaincamnbadiment dhthenpebad invention, a

rﬁt@&ﬁ b H ‘éﬁatdﬂ QVibgY @p@v:ﬁ@&'mrhé‘ﬂ{ﬁ%ﬁ@d%%w‘ag EF&J:&?HgB‘?;rst

oad he rotative axi _
sHPRA'L arégctmfomu@nqrﬁgg theclopdadhepmibod also innlugdes yataliyply coupling
th’éﬁtﬂ;ﬁ s&ﬁtﬁ:r@@c‘ﬂ@étbﬁé"ﬁo 4 28Rd eﬁpp"apt st@lﬁttu#écr@pgltgi,bmt.ﬁ@tneerbad about a
ano er, exe ry e Sen I nve
SO 5K SR ot Gearer Sn OB 4t e "s BRih Apdros e rotative
aapp thearotestiviensaxisubbkisg a ronrwdrticallppisr tThetmethbd ratsofincludes providing a

cﬁllﬁgﬁé)rgebﬂg%gﬂ%oggﬁg? F]hehlg?é EBC@}’( gﬁ% p&gﬁ}/e g{( Fu Hrngetho also

verti
mcém:@e nodnipwatinghtheTined appidrthe netative axis neingdes campllant range of

motion.

According to yet another exemplary embodiment of the present
invention, an apparatus for manipulating a load is provided. The apparatus includes a
first support structure for supporting the load. The first support structure provides the



second support structure for supporting the |oad. The

second support structure provides the load with a
wgae@snts28ubst antial ly vertical range of noti onPCPUSL0YE25172

to the first substantially vertical range of notion.

The apparatus al so includes_thoupling bet ween t he

first support structure and the second support

structure. The coupling provides at |east one

B WP Bt VEPAD i Pt a1, oo Wheuces o

sewohd isnppors aivsttard foalslgpordng Fltealodd T @bé serpnd/Acippord istryctuge

pyo%deQQﬁéo nfb%ﬁ vﬂﬁwegﬁle%fnﬁ &%ﬁgm?rﬁgalg%é) Jq'ﬁthcSn relative to the

fist svpstartiallytvertial FroWeioienatisss ThevARRgratkealspfflydgsa coupling

b&twesh tﬁ@ﬁi’s‘t 'sQde’i't Eﬂ?fbétuﬁb 5ﬂcf %TSEH&?:I @ﬂ:idoﬁﬂ slk’gMJtch&ét |T¢1é|coupl|ng
e first subs

PURIALS b feaob Ae B ot et & TR (P dgAting (iggetion of about an
agisproe bdditivhsitrange oflinetiomtshad i b sabstantialyesertialidigctidre

load to a,s6ec

subst ant i af9 yg\Bg t§)9 %Ao‘%ﬁ‘er"%xteﬁ-p;”ang eagntr\?(ao e'?t o tT‘e R sent
invehtigri, \eemethoded nnam;gﬂatmgo@ioadtl$ arqvgdederﬁheoaethoan@@uctﬁs moving
thBé@Eb a f& p%%ﬁ:ﬁﬂ%lﬁ#lb%tfﬁ‘&téu%ﬂa}ﬁtléﬂw Vdradi réﬁ%’@@f r‘HBtlon of the

on I's provid by a second port stru ur
'Q*?Et H@e fﬁ?%’bPW@F'a'&égerBF%\fF'aﬁ%@f fao %EI R'RY %%PM@JHSW@PO“

strictGe. Snmométhoatanstcmumee@ﬁﬁvmbahé €ang ssHepad bosition within a
str

S A e A R Rl R
substarathdly tviedital renga@é naftionotThersecandnatbstamtially vertical range of
ATy AR 0, PR 48, g provin
aatnummgdfre&wa@ they lrﬁémmr%twaﬁglaﬁg the pesaindisyRPoTt Séructure The

cc'SL?pﬁHb %%mescmsa&hormva@ dfsn&mwookﬁa loathil o @eadkiohioR@bout an
evl] ce force

B TN PAYCOUTIaRes A natPs BaIoTThE SuBmaRHRIIE S e glieia.

renpt e unitcoiding \tawn avipther dxehiplyry esshodementie the present
@(/%rgtlcgt | (r))nap! nl’gt]l.ly (H ergﬁlr:ngtg’eﬁyrglﬁanﬁ%ig ﬁ)??ﬂ b 8@% ir%%ﬁ%lﬂ{bgcteonltl%l device
is] mawﬂe@n@hei rem&aturmnconmhbdap@aneaumesaa fooce foelat trast partially
W 9 I&%umr%%pfb%nyﬁ?ﬂ‘nctd?J%s LEERbLE LRt For%%ﬁé‘% fluid pressure.

contr devi ce he coupling is con ed
T P%V%W%W@éntfh'@ PIESPUIE GATBFPANHE T é&ﬁ?%ﬂ‘? Wofhe peitign ¥ the regulating
céiRvd| Gievidasedr RBsti die dakctian.i TRe bppdrhtiisthigy |aﬁlﬁdé§a ca'llnﬂmg coupled

SRR Rht o i eS8t iRl e She Bhfp g ornourec
td treange upé posjtiorot Urediegglating yattral evice basedcorpther yariation in fluid
p%gpt?l%l %@t%gErétbéan%ﬁlHes ar]‘}iﬁcflt:éi‘?l@r QEFF\;a {ilﬂ tﬂé change in fluid

renot el ngi ng the position 0 g control
PCR§WI‘@6!'TQFB the camefedinititedhe éeunliagi ng control devi ce

regul at es agcdr@hg %o fyef an%thére@éhp‘i’&‘}/ténﬂidd}ﬁnémcth& 'pﬂ%eﬁt
| oad. The net haod i ncl udes var

RRLG RBEATETOHEF NS Y APSEoB e Pepaag control device s
p Povedsiu rlmeoegnleap@ldstrdlmjeauce heqgdstes a folee foost [kastrpacdally

s%g]p%é%r?qq Ioaa anF%ho lmﬁ&é’éscv%r |H ggfldaeglsetsd%gwa a remote unit,

whheenie wanlatlbrmrdfllpd @seasHee coyfegpends| teuajcf@agﬁul@the mseimn of the

réd"u%tfn%'&‘w?rop@é\;lcé 19 a@ I&REBhé HGe&%pl'ﬁ’Q rh@t?h‘é@%ﬁbotlhaudes providing
renote unit and reg ul ati ng Contrﬁ_le devi ce.

The
theeehapge &1 ﬁB‘F’r’FEP%ﬁH‘é% V&wérﬁ'ﬁl%‘ij’”ﬂ% frogsthe '6Mase “t‘l’iéo a coupling
c6qget bétwegn e tdradtedet £l thbIregigtindeortaligeviog WhAs atbthod also
on the variation in fluid pressure.
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According to yet another exenplary enbodi nent of the
present invention, an apparatus for mani pulating a
WO o@d/0iR4Pprovi ded. The apparatus includes a 5 BUPPS2004/025172
structure for supporting the |oad. The support
structure provides the | oad vgth a range of notion,
where the range of notion is a conpliant range of
notion. The apparat us aI so includes a renote unit for
cadjusting.a fluid e stemt hr
S chatii e HesiRn o i Sopblaso soBlrPtAR it thg ofpiing
basexitdnotheofaribtien frofide pfe:ssumjpportl ng the load within
t he conpl t
i d o phastd ¥ Fe et gmofdhy ki IE N orhe bSent
inventigumporbrierajus fee maydpulating a éoadn IpeovuiGWe Theuapparatus includes a
sﬁp%?tséﬂ:&tm}fopﬁjﬁb@l‘tﬂﬁf &l 168, bﬁ‘\@‘ﬂﬁﬁow&rdcﬁﬂ‘@ ﬁr@w@es the load with

subst anti al &t ess condition W thi

acHea ‘Pfefﬂ?t'qna SiFNeB AT MRLiPR ihA PRl ?Pt rtaﬂ%e pi @gon. The

aMa&S’@JUfaﬁ;oﬁaMub& @derusﬁee.dnttfer adlusisig a flprspressute of atflagl system
ran Acco

| h f '
0 LR SR e Eh p Bpt o RPR R e rce or
suppeetng de, load wihimditie chmpliantpahae phgobiohoda adgustment of the fluid
pREQHE 480the Jéﬁ‘ldﬂ@hnf?‘%jlﬁ@ éﬁ@%re@ffﬂ”é@gﬁeﬁuﬁ tﬁg%’éy UFor example,

struct ure for supportl ng e Su
thet fiid prassUis B9y ge adiusted f@alf@'wcg fhelogdrip i S&ﬁﬁtaﬂaﬂ'b@vv@shtless

cdﬁéﬂitﬁdﬁhﬁﬂ?ﬁhé‘%bﬂﬁ@ﬁbrﬂ'r&@gé OChbEes XREaBgeld, theLﬂLﬁH pressure may
ro e uni
o AERteTe S bl 8 B0 it I s dnuBRE Hbttrspotion.

of a for cAcdomhng qupelrandnlgenelxeMpdm;d evitodinertthod the present

mQQHQ?Jr{ %%e{h%ggﬁ n?gnlﬂm%fr%na Io% IS B?%QI lde’Thtet}ﬁ?{[?oH'n‘#clL(ljdesnprowdmg

ressire nay be va [ ance
a aumt,stamtuea foy swenaiting ﬂ@sloe@nahv@ smpqm sty qiurenrrovides the load

wﬁﬁmo‘nﬂfﬂanf AMge R fndihi Offe Mbthed @%B'lﬂﬁild/es Jadiging ! |aLHLF#d pressure
ressure may be varied in grder to adjust a poSitio

thé?uqfh% f'FtS’a‘??rWrt iiane fereete it aREe thaflyld Bres Fu%ﬂv'des at least a
pA€ion ol Fgrck Forygippaniighee Iexienphiatye emaﬁwhrrt&amg@éf l’hbﬁon. For

I ;
R e L e

suhspandiatly mgightiless cardglitiom \al_tlmom’pé cempliattadmge of motion. Alter natively,

el ﬁLﬁ&E}Lé%EUI%er}FBH aﬁéh rded JI X t%&s@ﬁcﬁ}?ofachglldﬁdqmthm the

suc e nove ection or
oapiR) [aint fangepfimotipgy. ng a first manual anmount of force.

The met hoflcaaldifg lt@?émhér%%eﬁﬁla‘y afjeaindid df Rige predbsst

TR PRSP B ARTRHIE A ©2003 R Se0: SPEdRE R Medyes at leas
partipliynsupporting te load in a ammplpaertatame ircamireetrper @toait hexis by
prlegﬁg'tz r{b 4 Hﬁﬁ? Eu@ct{hapfheQBa@P%ybet tqgvé!:?(lﬁsthfal T2 ﬁcﬁpgpg:fout the axis

nua orce Is han t
U%marﬁtrstdﬂamteﬁl @aouBRPERrEESHR PFIhONE IsPHECIDres FeEgely adjusting the

fltﬁd%sﬁfé’smﬁgﬂ fﬁ%%& ﬁ’lfaytbQQ‘nb\Fé‘éﬁHtth@Glr&tHn &bout the axis using
descri bed with reference i? dr

a Fd il ofREEET e 20, OBEretor Gy MAdR G Eheosd in the

ditdctish oerabmah thataiss yEeastcaid maheal drh@urttod fdrcg is [2sd thaa the first
mggrapectl yorgw of a second coordi nate system usef ul
n {lng vari ous exenpl ary enbodi nents of the
pr esent | nvent i BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention will be described with reference
to the drawings, of which:
Fig. 1 is a perspective view of a test head and a first coordinate system

attached thereto;
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Fig. 3 is a perspective view of a test head

mani pul ator in accordance with an exenpl ary enbodi nent
wo@tooslhes2ps esent invention; Fig. 4 is a perspecPCTmES20€025172

of a test head attachment unit in accordance with an

exenpl ary enbodi nent of the present invention; Fig. 5

is a partially expl oded pers"r?re'ct ive view of the test

head attachrrent uni t iIIustrated in Fig. 4; Fig 6 i's

a rear Espgctlve Vi ew F st head attac ful

unit i1l u5%Prai'ed PRFPRY {j’e ‘ﬁe""@ ase‘?"']ds“z?”ﬁ%?tte 4P ei)" biseful in
nlleaniaumt,evbnoexarexumiary)énﬂobelmmﬁ ohihacbredena driveation;uni t

i 11 ust rat g brﬂs g'pgrstpéctl\}:e \gewﬁglla%eﬁ He&8'm Qﬁﬁtﬁ%ﬂr{ %ﬁ:ogdnance with

vi ew of sub n accordance w
a@ﬁéﬁpplanye@hb@memnf tf@fprﬁwtm\@@ann, invention, Fig. 9

i's a fronggpglisRpeldp¥&ivg \ﬁ(Wv %F att@& I'%\é’H R@abnknt unit in accordance
subassenbly illustrated in 10 is an

W@Qﬁ”o%‘éﬂ’ﬂ‘?%rﬁ“ﬁ?é‘f@%&flt%mﬁséw 'B’f’e'th?é"svm ng unit
subassenbFiy. blis H%bftﬁll?@xplﬁd&ﬂ gerslﬁr_ectl'_vlegnevﬂ.bf te tast iea¥d
erspective v eta conpliance carrier in
agiﬁ%ﬁﬂﬁ#@g 'Wﬁtﬁ\e,%ﬁ?me% TI%’l ary enbodi nent of the present
i nvent i onfigFbgs a t@ari perepettiomvieperfshe tist head peactuhertheit

: i;ance carrier illustrated in Fig. 11; Fig.
'”&gﬁ%%dgﬁ@xpl oded perspective view of the theta

conpl i ancEigedrs p @artially gxpleded traryiqy gf thetesthegd attechment unit
illasraveR iR @R aper specti ve view of a pneumatic cyI i nder,

a hol der dater and a cam fol | in acc

mith an oRBnBISh reRmaseaYR Vg 1 RemeuBl SohHSRBIR.
addogdantd with anemnpﬁlwenjanpmmF ithe pvesewt divehtien;hol der
adapter apd phe,¢am EQJBE%W \)lév!, HFEhreaJvﬁﬁg &H.t sh9ass&r%b|y

Fig. 16 is”a rear I ew of carr
ilgsiveted émblgy 8i n accor dance vvlth an exerrpl ary errbodl ment

Of the pregenpid &Y@fglb&r&i frértSherdpbctive fieh!#he swing unit
rspective view of X-carrier subassenbly

Sqﬁqsﬁg’f\ﬁ?lgtllé&tl‘ai:ﬁq:l.nd:lg 1% Fig. 18 is a rear perspective

Vi ew of angeulus:alrea}arerspettuwaws:erastxhytai donastiancdledreier in
enbodi nt of ent_invention;

W € re
Rolg et T A PRt ST ROy PR BERE R
carrier sbiga3géndfrpnt bérslsttdtlae ot of thieghetb8oRipjan@ocarger
ifstrSa i,pggsggct ive view of a cradle subassenbly in

accor danc th an exenpl ary enbodi nent of the present
i nvent i onFig. 13 is an exploded perspective view of the theta compliance carrier

illustrated in Fig. 11;

Fig. 14 is an exploded perspective view of a pneumatic cylinder, a holder
adapter, and a cam follower in accordance with an exemplary embodiment of the
present invention;

Fig. 15 is an exploded perspective view of the holder adapter and the
cam follower illustrated in Fig. 14;

Fig. 16 is a rear perspective view of an X-carrier subassembly in
accordance with an exemplary embodiment of the present invention;

Fig. 17 is a front perspective view of the X-carrier subassembly
illustrated in Fig. 16;

Fig. 18 is a rear perspective view of a vertical carrier subassembly in
accordance with an exemplary embodiment of the present invention;

Fig. 19 is a front perspective view of the vertical carrier subassembly
illustrated in Fig. 18;
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Fig. 21 is a front perspective view of the cradle
subassenbly illustrated in Fig. 20; Fig. 22 is a

w@eoosppess ve view of a cradle nounting pl ate uBef/ub2004025172

providing roll notion in accordance with an exenpl ary

enbodi nent of the present iny;ption; Fig. 23 is a
perspective view of a cradle nounting plate useful for
providing pitch notion in accordance with an exenpl ary

enbodi nent., of, t.he present jnventian; Fig. 24 is a side

Tew of - arEheRde arpT ekt Ry & erat udssel B dcfordance
Withresl @mmm:éawmbo&iimémt afdbe pazeckinwettivran exenpl ary

embodi ”e”hg‘.’fzﬂé‘g.ﬁ%‘?ggréheétﬂ/‘é‘?ﬁéw BPthe drSdle %ébés%gﬁlg!y illustrated in
cross-sectional view I'g. 24 across section B-B;

Fig- g0 26 is a partial internal view of a pneumatics

control epgl osusg pEFbp@&ﬁ{ér\ﬂéW‘é??%écne AIouRKREBIRE Viseful for
resen bnven 1 on,

mhodi t of th ] Fig. 2
PERYATIP% Fall Mo PR, oFccprpnCe Wit AncRkempliry jegTboaientraf dhe peesent

invendomger spective view of a regul ator control nmechani sm

i n accordanc i r ' .

reaent | nention pepati g ol aGEHe B Rg biske Breru for
praviding piteh potipn dnaesbrdiinge wit®; anFexegm@aryi ynkgshmhet of the present
irl@habh.ed partial perspective view of Fig. 28; Figs.

31A-31C are schematjic representations of the regul ator

control nE@hARISASIdeIViRY Ph eWingninti spbagsembdy gnd zihpta 5
cerapisgiee ichieer i e¥¢obdanze VGRS et Slayt driboddRBAEST the Hresent

accordance with an exenpl ary enbodi nent of the present

iqvﬁ(}té?ﬂ;i on; Fig. 33 is a schematic view of various
conponent Eigaaa_is’; alt:mssaactdmlal mia;y foF_ig.h?é acmgas! setidon B_—B;
control npfghgglissgn b*tlaﬁjﬁ'&ér@\'é?fr‘e\'/vrbf%' dheufiBiicE bShtrat enkBs@e in
schematic of "a prgssure regulation 'systemin

AGOEHINGANIE 30 EXFraR|aRQMRAdINGNepfifoaipresent tventien;pr esent
i nvent i onfighbgis 33edtfondl NEK DPERL R6&icKds8 Weiorda ag st
head mani F,ul gor i n accordance with an exeml aero%] .
enbodi ment 9ofS i PRISBEEHE VigH 8he irelatghgorkrqy mesganpism in

actetddnce dvith @wexaEm@Eaycrhbaiimeit &fithe pd&sent invention;

DETAI LE PT . ferreq fe res
of | sel cor B3 auiohnened Par bR el ol BRI g el
descri bedFigi Bf is aifasherrataited pandalfiegenegtive viewwifIFig. 28;

appr eci at ggst - 31 B@rS RHehlat@MEpresQRSticHs Jfl'ilf%e rENBELH Cohtrol

is not limted to the enbodi nents sel ected for
merhanis dHysERtedaindd®- 4% shoul d be noted that the
drawi ngs FRige3D® a pengedtR@ vidw any ppalirhhGdibditrd @ah@ant in

SZSPAREI D el SONGTEN AL i BBl o
be nodi fi Eid. 3B isha achehatEcigye obyaricuis sompeeertts @nd interconnections

of the regulator control mechanism illustrated in Fig. 28;

Fig. 34 is a schematic of a pressure regulation system in accordance with
an exemplary embodiment of the present invention;

Fig. 35 is a perspective view of a test head manipulator in accordance
with an exemplary embodiment of the present invention; and

Fig. 36 is detailed view of a portion of Fig. 35.

DETAILED DESCRIPTION OF THE INVENTION

Preferred features of selected embodiments of this invention will how be
described with reference to the figures. It will be appreciated that the spirit and scope
of the invention is not limited to the embodiments selected for illustration. Also, it

should be noted that the drawings are not rendered to any particular scale or
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Fig, 3 is a perspective view of test head mani pul at or

1. Test head mani pulator 1 includes base 2, verti cal
wa@elosims2ehit 4, control enclosure 4a, test heablCT/US2004/025172

attachnment unit 10, guide rails 6 (only one guide rail

6 is visible in Fig. 3) that extend between col um

unit 4 and test head attachnent unit 10, and piston

rod 8 al so extendi ng between col urm unit 4 and test

head attachnment u Pi s xtends from
PRy ohis Bal eI, TP 2by B Fhior g UREANS BES RATAIS described
heattencambé nmbdifeadvitiin pheosdoge of ahny avehdal. range of

. f o .
mant pul at 51 3 Ry eRoeBi S HETRS bediMeko HenuiBe 3. Test head

madpiatoed ingudssi base 2f veicalagolunisunipat emtrcm@ncmmgﬂraeiast head

aé@@ﬁne@c tthit 1d:'<_:ﬁ.§de IIE Iér(%H%rbn%?md@% §HWH%‘HQ¥ 3§1Ehat extend

S. Pat ent . hese hi ee
bﬁmeéﬁt@'%‘i"éuﬂ'ér“ém @Fk‘%ﬁaﬂoﬁtﬁcmeﬁw'éflér éfr‘ﬂ: gistap 'queﬁ glso
eﬁ‘ﬂéhdfn@tbétwé’éw dﬂ@lﬁhlubuftdl &y té@gﬁ@acpa&mnt@mt 10. Piston rod 8

ess condi. t

<R AP & BV IR PR RN oY rYiga coaf RpdaTin ggfimn prit 4, and
iti pzrowd&na lvhatcabltalnuemf onoitibn Jorstepipleadsattasbmentadit 10. Thus,

nﬁﬁﬁ&??%”ﬁ%o%e%&&%afa céd"tr e%llé g%ﬁ%ﬁ@)ﬁ@?@pu S.

PaReE Na- fSSAEIEHISei #0arkdsnSdhrough 12)aa<n%s%e%ﬁntblcqt|lbﬁ Patent

NWs tzh 7b§an¢ Ghd 50140629, 2TRYseB aééspaiéntlslan@ ﬁérefrainkasrp%raae@i by
rlctlon I|near beari ngs i

rSRRRCE UL SO e SE B et HEePof U Welshtiess
comjlﬂbrpeﬁapemhpmtvmc&wmﬁs presidet ératheatdreicd) e Ytaxign204.10.

Test head 1Ak gg H’%@t olﬂln;#or] ur%llp4 Hé;%cyrg t%styﬁéédoéﬁachn%ent unit 10

subsystens an asse rovi dé's
whighge tefn supppds a testdiead (ogmﬂqwmn ﬁlmﬁ)owthaSatteslt ersk 150.

cBREnPnit 4nYFRGEbIRTIN R B8F 0P aﬁ(rseﬁ)%o(meca_gﬁw?ch respect to base 2 by
subsyst ens/ subassenbl i es 1 nclude swing unit

me3HE 98 BRAryaitsed anthiavafTichap lineaiiearings it wath knwe apgnner. Thus,

c&id pRsrtendliy 260 motehtis padvided( ri er subassenbly 50, and
cradl e sugas e

60. . A test h ' '
B s coublBed 1 8 PEFPBRU U o £t CpafPLa TS G Test head
atiéch rﬁe:ttrurmf 1Qjexsm|de$)vamuscnubBMemb ndssbassewbtiedthay provide

s@'@:ﬁﬁ | AL %gr Ioglg n‘?&%‘ﬂt ﬁ%oﬁ“?n Bt %éﬁlfj&% abepz&mber of

degigcs ghiseedom. Thesmubﬁtﬁterawseba%embke%m@dggwm W)
s@ﬁa%s&h@l‘(ﬂ ﬂﬁ@h&)ﬁ oA 31 )@Ear?n@ﬁst%lséﬁﬁ%lvmot vértical carrier

uni t b
L R RS M AT R
c&hﬂéd to md‘mg;aged)w:tﬁldngile@umdssanbly\sa otation about the Y
axi s 204. ' {. f .
ol ther abBVLEDAERERLEN of hedmbRils 8L R By 388 bufiGmay is now
PrAsentedo disi prgvided abensy; cpmalianiveniécal iosiop (o fexis 204 motion) and

c&ﬂﬁiﬂdtmgt hRtBAT.81 7 kiPd PRS- Brovid®8l the combination of the
liance carrier 30 is attached to sw ng unit 20 by

C%l”ﬁ’@r‘i"ﬁ'bﬁ?a@ bgs§ 2. Theta conpliance carrier may rotate

a L ew degsamﬁ; et gsssmwmlwio eﬁ(\@tmnlv%tt%cﬁétew@ﬁsmnabﬂm by means
OrlZ en 0doc
of a JEricAEHY Rt Bl Bivs BN GE I ab D o BhER FpAITHE ¥ s 204,
Wieni doskinglin athrlgorptabwlaui@é’rameithelcabqYIelcmmeéaW)\m@mrowdes theta

compliance. When docking in a vertical plane this provides compliance to assist in
planarization.
Theta compliance carrier 30 is attached to swing unit 20 by a horizontal

axis. Theta compliance carrier may rotate a few degrees (e.g., plus and minus 2.5
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docking in a horizontal plane this contributes to
pl anari zation conpliance. When docking in a vertica

webe@se1aes i ved at by rotating the test head 90POBYSEE025172

fromthe horizontal about the I (tunble) axis 102 it
al so contributes to planarizagion conpliance.
X-Carrier subassenbly 40 is nmbunted by neans of

hori zontal rails and |inear guide bearlngs to theta

SOOI 3B £ A0 AdcRlan e, XREL BIne H EPREL R ec e liiPhead has

es co near notion-n orlzon
bﬁeﬂe“@l*ﬁcbﬁo demrﬁss freovihgdworizontpl, |t|amlprcm@8thheta eegnpliance. When

d&klﬂlg'n@la Ho‘PlzJ)ntaP(blﬁné%s eéntfflﬁﬁttes @ﬁﬁ%ngﬁ%tl&l {fﬁ[ﬁlaﬁce When

exenpl ary conf |%urat|on I ant axes 0

%F'"deaﬁert&?’sﬁ NeART fh\@daﬁté)Yp’PEﬂHn@etae PR3 epe 90 degesesdyem the
Hesizoadavalysut @ahé hogedtad) ai@m@mtrwsotmmm@s f@plaham@bn compliance.

position S the
paral | el %{ ﬁ?g'erg gauﬁsfe'i“gﬁ'eﬁqs's m%”"&f’@\??y f%PHé%ﬂra' rails and
lhegr gaide béarﬁrrgsd:ddhewrcomphemezmtnm 3@l dAr@arriShsubadsdrhigly 40 thus

p?‘m/ﬂ% @cfmIBI%nPﬁﬁree 0 m%hﬁénz%ﬁ?alfiﬁ@%@fﬁlegﬂﬁg ?r lde s.compliant

par a reedom wou

Rogitioping F@lﬁ@ﬂ%ﬁ%h‘(ﬁxjﬁ H? ofstesl headhidd. t @n }dﬂleakemelary conﬂguratlon
t%ll@&ﬁﬂiﬁm é/xe@Q)f lﬁ}zﬁrlmspo@ftloﬁ%tdré %'ré\b(délf 'I"%Weegr, lh&E e not

3 lqa gé e%rl ng, I t SCr ew.
wnﬁ ot gea?r PENEHI HPEY thR &0 Jugnal pay '?ﬁ)ﬁwng BEk AP S0 long as
they diecadt preatiel,ithisde sufSiciphior lﬂ‘ﬁdldé fiw6 Gihediddgiéds of fRsédom in a

. . d ¥
oltZoiBL et ShO HESHIE dr81i-b R L Mo iR PR BREF preparatie, =
degtrediffeaedomhvowld &e lostdch an enbodi nent s

cont enpl at\i‘é‘?‘tlcaﬂé}qlle?s%éggéﬁﬁlqmoyls gpcahﬁe@%\’)@tc%mé/r subassembly 40

nmounted t o vertical carrier about ori zont
bé(ingaftSrﬂ.{tver@aBY PHBYsH a\'ne%rorat'ﬁea kinesr gHidgPearing axidsa iegd screw.

\ierigda E@blleV 50 tphﬁ/l@ésl Viertical a{dt@ﬁg %cét@seﬂﬁé‘ﬁﬁcél gbﬁ’iﬂ;ﬂﬁh&rls provided in
raV e hea

ar t er i he t
P GF 4 RS et (P RE L e BratkedndEene SinpFince s dpen added
to vertical caftiers50 um’mplcieambeld@mmmnemts hpwevéergdedcH an etribediment is
cBﬁé?nd??c@&l When docking either in a horizontal plane
or i1n a vertical plane where the test head is rolled
ni nety dedrads sebassemhly Holsiphwiakly maywiad tcheerkicaldegrier 50 about

alk¥fpizohtal Sxip kRt |§16ﬁchagdr%i @d trenakt KR! 1 %?Ofeb@féﬂabfyofhe axis is
| anarj zati o vertica

in
PirBSet L Pasahrayt Raga" ts et @ iy she FRsppengs that the test
head uszlon‘IamjedahlomEar[ylm l/wtaxrlespel"f)?o it! Mhas, do@yplidas rotation is provided

h r i 0 The st a r.ota
"SR SR ool Tk BRbloiiel o b e plR i prane
where the heetslneaﬁieadolbdlnlae&vsiemt@s diroen thie lodvizpnefl ebailt] the K axis 106,
tﬁ@%&ﬁdésm FBﬂStrbr%ﬁ cSthpifhck ‘Pielﬁfél fGFBIEEéné%ftlogr ‘%’l‘\érﬁdockmg ina

he test head Is conp [T an al anced

hiS¥
VF@@BE@PHQ Wher fé“eéﬁa"t&eaﬁmaﬂ?@fen r?tﬁreéi Ukdegragy Bgmyiihehorizontal
agb@t theStaxitCEaD, anig pﬂ&&déﬁo&@]ﬁhﬁﬂe@ro&alﬁ@ﬂ of it.
ot at i on t S, CO I ce In . L
pl anari za?F%ﬁeStﬁ?egﬁ? 15 % B%EBI %fﬁ?q E?dgg?”e%h %eboé'sﬁﬂquffn"f'hmh IS
petstlat fodhe destifiendd I\ﬂxtSth?n@d)Whtheprefémbeﬂmﬂsémtf&dugh or close to its
cEeAbf GRSItRS THEE St R%g hteg:1 is& coﬂ{ﬁlahwyﬂlgﬂ? {JFﬂﬁ I’r]%Sé:vect to, this axis.

rotations necessar anar Zl ng
Fpr{Ben ghip ﬁﬁ@rraquwv' thedsémhqvg adt ey Be somsidered aj pargof it.

RBEHtfoh%‘bet ﬂ%@éﬁﬂ@ﬁbvﬁt@s%@ﬁfﬂhbl"{& M'p%/ﬁa‘?&atﬁ&ﬁh Ehﬁé’&kmg attitudes.
I t achne at ed [n

gc%nw:a&ﬁoﬁ% ol?rﬁo{nbén H“BF)‘? E’ﬁe t‘JP%@feéwtloned rotaplons assures that

there are two independent rotat:ons necessary for planarizing the test site with the

peripheral in all docking attitudes.
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conpliance carrier 30, X-carrier subassenbly 40,
vertical carrier subassenbly 50, and cradle
waiwassendly 60 is illustrated in somewhat norECTHESZNN4/025172
in Fig. 5. Fig. 6 is a rear perspective view of test
head attachment unit 10 illgﬁ rated in Fig. 4. As
such, different views of sw g unit subassenbly 20,
theta conpliance carrier 30, X-carrier subassenbly 40,

vertical garrier s 50, and cr.ad
obassonn B B0 Bty SPRake Boisnefis gt o rest hoad attgchment
ueit plodtietiraterhin figr $péstsuvte eackwf sfingeit subasseatttlpehntmrta

ﬁarﬁcg HSr &L iNGe ARLLI AR, 4ge\t/é?'hl:aﬁ Qe Bgss%mbﬁy 50, and
Yiiplartd chird' S Riodhfier ety &

ta conpl 1 ance carrrer

ceasﬂtﬁaw@ﬁsﬂwblmo I%éiuﬁtret@ld ig apmﬁwhafsmeé%é%tmhnryF'soS and

Cr adl e Sub@S%%m'rMarG&rsd:écgve S.ewsofategte@radwa%ﬁ%ht MEit 10
i ew of sw ng uni t SHE Sse

IS BAETAREIy TS0 e GEed 10 e W Hat Fassembly 20, theta
c@mprﬁnce@ahcdra@ idbariengdibadskimbly?\g 0] Vdrtied! rcatriat subadsembly 50, and

cradle o g%erﬁgo g e%ﬁ%@r&%‘&g\l\ﬂ%% each receive a

respectlve unit subassenbly 20
al so i ncl ﬁuez iphoekpieded rdagpkripedive iaQ of tessthgagpitachment

uﬁﬁ‘eifotlﬁus%r%%ﬂg %’&@t%ﬁgpdetéﬁkdofr&\h‘ﬁ%hﬂﬂ sBbRCKMbROSR tﬂ@ﬁ compllance

. Pivot “shafts Oa and are arranged so
C@'ﬁ'@y 3@ ¥-capigrisHbassRm bhet P neriice! sxiisr ﬁvPatSH@“Hkyr'éOz&ﬁ‘fﬂéarad'e
siiFaspbabng- 5oThe | ocki ng mechani sm of | ock block 240 is

act uat ed | ock handl 246. sher r bea
290 ana. r BEaP AGER AT IR TS oy P bR Sy BRepPg0. Swing
uﬂﬁ@ubd&semlblytm matuelds basd-2 10 whichtdeihes monptinghales 211a and 211b.
t fit
Aﬁ/@rurs rgfed?ﬁﬂ F‘gdC @%Lg-lgmgh-gﬁ%fi%lbl\é%g}dsir}gbr%gﬁgg%n\?/égg Cgsigpuve guide
rajue f 5@@19 %Baulmaerzalwo(féﬁn nelydss plogk @20 6l8k block @0, theta pivot

sRIFRWSJaarfd mtﬁ)anerﬂndwtm m&%mba ¥Ad 280bf mb&w@r@ 250a and
345a and 345b rid cam | ower s, 345a an

2pPb geq Fr5aNedise t’apbth Ve cc@%@nggg ing aP&tth‘t'P\;é? porlzontal XZ
ppent ed on base 210 via nounting flange 217. Through

hol es 224%%?})%!(%%%%%%{35{1?@0? ?I?%lg ?KO ?szzgctug\:reﬁ u@ln@qock

visible in
hefidle &itfig Washer sertessisabP42 20d reﬁsinms@pl Zfe’daramrowdeai oh lock

bro%F pap! Ats‘?IILFthl%tedgrn ﬁ%" ﬁQhHﬁ' éonﬁm‘llaﬁéesgdm@%@gwots on theta pivot

ustrate in i'ncl udes base bl ock 220,

shaftsc2agend 220 Mawag bgeks %@Painﬁ.%&bésﬁngﬂspemwcuwed
s@m&baszéandtzlssquwwtsuﬁmfzt%a%aat eoivr2inGhig. gamivhial

AR e h B St Haper A AR RIRHER Harao gy are
iItmetia’QﬁM FigAs1yi Silduke220ris Fmtgtl\_/egy nhmste@drﬂbases_bmmibim@mting
VRS 7S R M B B or e o st

FideBi nes spring receiving holes 222a-222d for receiving

respecti Veigspris Egﬁnn@%é%ggct(\)d Vidlg bf alved unrtFéL@aséembly 20. As
Thr ggh hol'es 224a and are used to

dggibed abaye With &GRpegsOdT9:05 Ry G HNiE ﬁv?%?gemg@s@d Q‘Hat%%dn Fig. 9
ircfudak Ibhsd 21 @Xpdbek 2y lodk Hioakal 4, wihehex 24 ebiaming cap 244, lock

handle 246, theta pivot shafts 250a and 250b, mounting blocks 260a and 260b, curved
surfaces 265a and 265b, mounting holes 211a and 211b, and through holes 224a and
224d.

As visible in Fig. 9, base 210 also defines mounting hole 212 which
receives an end portion of piston rod 8 (illustrated in Fig. 3). Block 220 defines spring
receiving holes 222a-222d for receiving respective springs 325a-d (illustrated in
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Fig. 10 is an exploded front view of swing unit
subassenbly 20. As shown in Fig. 10, shaft 215 extends
wo ec@sonunt i ng fl ange 217. When assenbl ed, shaPCT/R$504/025172

ext ends through washer (or bearing) 230, bushing (or
beari ng) 232, bushing (or bgq@tng) 234, and vertica
t hrough bore 228 (defined in"the bottom of bl ock 220).
Vertical through bore 228 extends all the way through

ey 95 e iPcBiord 27 s sl e O e BB ARk screws used

tsadjugt smirigerB2abaunt 32 5Sdastvitt de eXpaiied iR @deatBuddtai §sloR32

Foci v at £ AP PSPl EPbe ok U A, il Suieegoff o, ne
shewd in bigs @ shap1BLY extgnds frvmimesttivadiange 23Hovkihémasgsegbled,

shah 21E'e9ten11sl§ thidugh R/\%@ﬁerfl)_(ﬁf‘ PREGd) B0V bE¥RIRY (&n?eta?m } 232, bushing
| ance carrier ta co ||ance carriler

(P RAAI8S 2560 YETHER ADEUSh orF o (REAdS B Batar gf block 220).
Vattidal 3\15ughﬂbd>r@f22®<é>@ékd:& dlintha wagrthzdughallodk 783, tandras sush,

d f h . | .
o oL BB 20 8t A0S L8y TR ot
s@5@bmotart Abaft a/\ﬁﬁrtitalddxlsnéOéh Begyiegst 232and @84 fijd ineide vertical
tlkﬂ%ﬁgh ggﬂeﬁr od nﬁﬁ%&htag@ﬁotté\:lﬂ é(f%thaf':ttﬁfSt SR&QQ\ \?2\?5% Z?f'r'_lp@ held to

a respective one of theta pl bor es
58@1315@935’1' syren ngksha B9t HBt a pi vot washers (or

beari ngs) rF3p4a @adeé’xS;?é}s;{ézﬂwvtemﬁ&f&h@ﬂavabﬁnmaﬁt@&ara&bo Theta

chielipnct oot o BreiRRre iubbo g0 W EBaRrgea AR 418, siot 315,

whinhr ea gadsdih rgharirentd divectioh) sgprbvidedk for26R@rizontal lock. Theta

’L\%ﬂh%)c%r}:%hjlé’r 30t %\% ﬁ'\cgjdég%l‘?etg’%ﬂfok B%%ké 9§0§H§@5§9§)each of which
roned between a respeciive one df

defies a r@ﬂp@gttlvebtm&as pstLbere 3id aad GolbeShriadiivey sbafts @b0a and 250b

elRebanRiu §ﬁta feeeécttﬁ,e%%g%f EhetJ Bt bbieets% 16 (MRl IABC Byhen assembled,

carrier 30 rotates about the horizontal axis defined
t'b%ﬁa M'%ﬁN%h%lFt(gr 9%5‘953185%55%d 352'?:(‘7(:5“\’ theta pivst WaSher 352bis
illustrdeddrintFR S rdr@ @8BSt Btwden amé'sp@cﬂ@’ 6O thietd pinear

ekt B P G oot SR A NG 8h Moo BpcRy Se0’B. additionally, theta
plwotmbearalgeiopbnﬂshmms) BG5431bi ard @ositidAdrhbeimee8 40Mespective one of theta

#\)?)@lbUFQs%l Ql%:g X%ﬁ%%ngﬁﬁ%%mf%ﬁ&a%i\éﬁ sggg %égg—'b Gﬁlms theta

ol 'owers i ston a and
cguppliancg qarrder @zrqt@te&abwrthe béf'é‘}%é‘th\ﬁedﬁtﬂr@ﬁ/ byt pivQteahafts 250a
ap@MBbbance carrier 30 illustrating features S|n1lar to
t hose descrlbed ab?ve wWth res

R
o o Flab i Thiaths Sarinasr et Shds ol Basiien olinsar
rhilsnEs0a arall 33063 A0aeandils330n aridE20b wovide foekhsrizogtad vakaion. Fig. 11

s%%t%tn%lté/so nﬁkﬂ%a ic c?éﬁ%erg %’%b%a}% \égéb bhaﬁhlngﬁgﬁne&ﬂ%j holder-

pneurati ¢ T
agewtgme@tawdﬁ@b,@ﬁntﬂq@@vaeré 6ﬁ§a iaad 3¢5hnand Bl@tonA'SPdS Ré¥mand
34PpFig. 13, nounting plate 310 defines spring
recei ving _bores 322a-322d for receiving an end portiaon
of a respéigildds BHONGPEHPIHG 14 SIS FOmMRIAE S RETer 30

nmsaet.wg F@@m’fegSerl%E&o 3ete desythed aﬂb@pé Iw.ﬂhh@tspecﬁ td €8S 11 including
i 5 BRI 508l B B, Wt o
bbarting BS4x, tbdlaasvcﬁmce 351a, theta pivot block 350a, and pneumatic
cylinder 340a.

Fig. 13 is an exploded perspective view of theta compliance unit 30. As
shown in Fig. 13, mounting plate 310 defines spring receiving bores 322a-322d for
receiving an end portion of a respective one of springs 325a-325d. Note that receiving
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322d. Fig. 14 is a perspective view of pneumatic

cylinder 340 (e.g., pneumatic cylinders 340a and 340b
wobdsst2aied in Fig. 13). Extendi ng from pneuntT/US2004/025172

cylinder 340a is pneumatic piston rod 347 including

distal end 348. The opposite %nd of pneumatic piston

rod 347 is coupled to a pist&"(not illustrated in

Fig. 14). Distal end 348 receives hol der adapter 342.

B S e Bl R ST Sl U B g ot 210 o

sBaBh)n Figd@S. dhus, speispe 82 bar825a bearf against ke bottéract bores 322a-
3 ?éa and 265b. Fig. 15 is a detail ed perspective view
hol der adapter 342 which holds cam fol | ower 345,
When a t e$id- Héd aiperspsgiivedew of nadnatic ayidse ahP ye.60, pneumatic

cﬁllﬂﬁie\“@B@(ﬁE aﬁﬁ Bhdﬂﬁllhﬁ%te!ﬂ@@ﬁl t ngisEkt‘énHMblfrd?ﬁ 3k @matic
subasse | direction.

Whneler frard We”é‘?aém S e sapdnclidiy st #84 P45 TR opRosite end
of ﬁﬁ@lmmlﬁasmrrbd e3r473£)co@§1@mrora ﬁi@tcﬁﬂmsﬂmablagedém Figand). Distal

vert i.C carrl [ subas to r ate

§ RaPte SRR RUPRERATY P s B S4p e SrbRIBNS 345. 4s
eapleineg radwveiemnbiolltJWer 34151b|e|1,a345arar@f 345trmlepionat respexttive one of
ORRa-Brand 3detadriakpt bores 35la-b). To conbat the

gravitational effects of the test head (and the oth
portions &f9- t1§§§ ajsietqiled tnessoeaiive Vigwiof hﬂ?b’ﬁ" 3pPRtAG 342 Which holds
cadenbvdiBqyeumat i ¢ cyl i nders 340a-b are provided (a

spr i nge. 39ence HSh bERER mOGES ihacle R o, e upiant of the
tert\netid sévafstte p2l Seduileraybasserdbly @0 ibedd@snwardaliektiory Moee
g&&ﬁéaﬂzscrs&‘e%LBXs%g%@gPéb ga% @QPH& tﬁetﬂ§ {;Hﬁﬁﬁncé’&'aﬁzer 3f%°5<-carrier

semﬁéemam 4% m@ﬁomtl@bmlet hldvatsmb!ya’éa) gvoudd temdithgptate downward
abb@cthe tﬁé@%&ﬁi&hlay(.&@h@ ?Jié‘t%n 55 ehﬁn&@w\@r&ow.%oﬂ of theta

certain oSlIt der to raise crad
P§’86§§%"éﬁ1§$‘3ﬁ B@n%wé Pc"fPé bRTSSi Frie- @upBb'fCtm%stPﬁthatlona' effects
optmuedeﬂedmy(maﬁh@gaqeﬁ%ﬁrdn\s opn@umiahd ettewnméwtarrﬁt B@)O@rmgs 325a-

d F
SR ane Tt iRt S R L e el S aBy Pimsgnetvaing,
fori exarmepld, [spridgg 82%p-d, pneumdts ayiinders SA8dibe apd libsteqitiit\shafts 259a-

bqﬁ )E ga qegéf'ﬁ)ted I%@%déoubf?l?gatl‘%?gw\ﬁ&s%&ltfvbQ‘Buﬁlﬁ@uébotup@he thfeta axis).

a rotation axis icular the co ation
FPh%%‘b‘?'?:r@% '“925"‘356'%91“9“@51 @mea&aima@yunwéO@PBQO%Smert about the

te48 RxR! SvdHhal cRARY dubaSRATIRBD chARSLUBLAE WBIvRIvaFL bd18w a certain
the tor que generated by the | oad through the range of

PREEPSN about the theta axis. Thus, with respect to
this axislIh bm&eakalk\eaddlessulhiai;sehﬂimed abovatHeamameeldsupport

oREEh PSR TS SR frERRl Al ABaciiElaige qrp provsed
Fohexampiri one @ iptbef deevrnalin @/hoé‘ﬂplaﬁlé)n@@d 3fi0bmaebp ergssurized

vJ;t(R 3 h@dt(é%t énF)tt%rrE%E eradie s, sk h Y dd“(a%%i;t' Heak) Pd &81d€sired
t he axis 104 rotated 90 degrees from

PPHEOR BSYLIER tael0 dPtobion ez Brpal T Q“eo‘fot"PRiﬁ ofitgejspangs
3b5axi ahdlﬁ}%u(ﬁamfc cyHadeps 840 akd BGOh Prdvivi: & Begrlyatistanftorque
{J)Lbnoteragg?g ?Ipoiégrquet Eeenelra eg by thE—:- rI]oeadtt‘ﬁ?’otugtﬂetﬁe ralff‘dJe gfsmgtlon about the
theta axis. Thus, with respect to this axis the test head is maintained in a balanced
condition and may be moved compliantly.

As such, “shoulder rotational compliance” is provided about the theta

axis to provide “theta compliance” with respect to the test interface when docking in a
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appl i ed about the axis defined by pivot shafts 250a

and 250b. | n use, an equal and opposite torque is
waopshoieds by the combination of cylinders 340aP@mnis2004/025172

340b, and springs 325a-d. The springs provide a

conmponent of torque, which v%g es as the |engths of

the springs vary with rotation, however, since the

desi gned notion nay only be plus or mnus 2.5 degrees,

i f b ti Ll
e BB Do P BB PG v ot
aclydrizodeat gxnsmdlognmalamxb I episr 2e(fov éxtanmle Hogdhg/inathe YZ plane).
regul ated Qi ro@HQ«ﬁ)theS?hé &d O?Elgeetegpﬁ (f&ﬂ#?s a torque to be

conmponent

IS SU
a@@h%q abaut “Tﬁéx'lséiﬁﬂt‘ﬁ}/ aha'vpbmeéts&ma@dtmboumerse, an equal and

o‘fapbi.lfbgt‘@ré’k?ea@ saﬂﬂle%aﬁdthmtbn%a@?hlb?fc?lﬂwdéys BAGNARP340b, and springs
ustrate

REp 3k B 5068 Ffioo? G hayeter Cartecn fhadiperabip lengths of the
spotgmvay witH mtatioraipweyeh ginca sies tégigneal metomnagalnly be plus or

rﬁ H[J.,Q_E@d%?@?%h?%ﬁgt ﬂ%?§§?ﬂ£§lgog‘s«?g1a§/%e l’%!g]tlkll IgtStn{aql IS Cf)wparlson

tﬂéh%nmﬂrtg@piﬂtalé@lrcm mn@mph@gsrhwers fai m@e?@bsmmatarmth a closely
Qbed%dsﬁlys 46 e HP@e &y ﬂ#&ues&ﬁﬁﬂ)élf‘eﬂt tWhlts.lpEIJ|é1ygs?.|pply, is

count er bal ances the |oad at a posi't
SH taw'?'rYeC%‘iaunioﬁh%dengrfaﬂ?éi Fopge %fcﬁh8§’(VP r?g't%reipr"ge? 34a2 and 325
n2afObe adjdsizd @y, tutding setstrags 2008 ang@yobgillagiratet a6 Figo 25).

| d 340 d
R 2 B PR e S el RRT Heriy Pfiateel Yap eftote, by
nts@rmrmmhak wrersdht thooughTdreedsdadesn@iRbat drein2 15l (addoaitiesdrated in Fig. 25).

conpl i ant |IM|t|§E}F %))Qfen"f‘mr?i I:%egelt 03Gyi B%P@'fa\f‘%hépl?eilt% tRE Pneumatic

351b with unt
cpincess 240 @@%%@b cﬂﬁ‘ds%‘iﬁué'm thayonsee sHpRiiede?y $rsingdj338e-d alone

cbth\&eﬂ:fa%‘r&% ehd Bad ¥t bPpAEIkISn BARY WRhopdORaPPEnt OBy adjusting set
val ue as the | oad

nalnt n t e at. a constan
SFTBnE g2 98 a0 T8 o AR Ao R e aon P SiRE troenons Rggt, Preumatic
cylirelerh@4@a and 340lmaggherepebsdrizeddon punitohart hies WaG&s at a

hgﬁyorngl\é;fosﬁlop\eelrhe I8$c} %ak%h&g BY ir&%géd g)nﬂjolla%g)dl,@BO& the ax:s defined

erspecti ve vie arrier subasse
bx43¢\a>rt$ Peta gubhabemithya weiativalyl ammmbarpblaltenfiqr(ceaﬁobl‘esmaregulatlon

s%{'é%emgﬁaﬁé 'éﬂi"&lﬁdécﬁl%aacﬁm tﬂggﬁsswenﬁ%plugié'rgﬁ 8hd B96b and to

430a. and engage With a respective one 'l near

PP DS ACSHE SG0BoRTPPS eI I985h EdPIaReA.| BN Proxiding this

cpopliarametior ammlthgthe&ﬁahe,adi Hegee 42 Bacddtl whidotheviSe may have
vi.sible in Fig. 16. Linear guide bearing 420a and

al s
bi%gm 12 pv%’l'q das | i near gui de bearings 420c and 420d
(not showfigi. 16F$ g.redr@)erenegtigeviain df X-careiar sulsiskemblR08. X-carrier

s@&%sér%gkl 4d1f?|Elu§Q§}9thébglséS:éﬁ%{|ﬂ@£§ cfést?é‘afrﬁg% 3§g£s%b§%|E0b Linear

t1on. carrier su o1ln
OHiRdeaIags 6305 JnhARORBIGATC YRR E2SPRFIMe @A ¢frlieptedils 330a and

3Bo ko bﬁfé&hoﬁﬂc?ntEVmBE@nSAQfort@orﬁéfﬂ Iﬁ\‘é’aPQmHé PRark(d: Al\fbacé'hd 420b are

t hrough sl ot 315 iance unit 30
B 13 4] Popdf o nsfh puio2 comraine G Pd BeRiRgesll anshear Guide
bemﬂgsd@canﬂfm@ac(edt stove inCFig. eicd ievigagowkch hiavsH @ils 520a and 520b
a

ﬂgmﬁfn é%h 16Pyt0 e?%@tt {r‘gca! ?-.I‘T‘oléga:ﬂ pgc rr%ﬁ%&lﬁrabsign?gﬁeﬁ(} %léo
mb»tdneséa%dwa@dleopéa@mbkva%@dwimp@ engayasgvith ¢yliodtical lock block 447 by
rﬁ%%hﬁ tﬁﬁﬁfstﬁéﬁ/a%/déﬁ% Qb6 %h%ré%té{cisZtH;M;ggeéml 3&5‘%9 thé&ta! dftighgnce unit

|

3P HBn ST e S amb s colerieaiok pRganagnies eniny saged duls to
raaﬂ/fenmeaarndgmsierrm,ammgsy 4@Q8ngl lochinaadishevembly 4460the locking
m]eZhérﬁsrﬂ%tf cél?nodrical lock block 447 may be activated or deactivated.



10

15

20

25

30

35

which is configured to receive | ead screw 530 (not

shown in Fig. 17). Engagenent between nut 460 and | ead
waensimBE) facilitates vertical positional adjRSI/IEIHE025172

Fig. 18 is a rear perspective view of vertical carrier

subassenbly 50 incl udi ng rmugél ng plate 510, and

linear rails 520a and 520b ‘expl ai ned above with

respect to Figs. 16-17, |inear guide bearlngs

420a-420d en e%qe with a respective_gne of |inear

520a and 5%3 ® A KR PRESREEMPEIEY ORI %t?ro'%ﬁ‘ba%“?t?"éﬁp ncluding

ne@mting rplate ubakek mbhyle 28sevhisip 448 tyiciegicd] dvekrblbdas44 M dinear guide

r 4 ea 0 I.C t

b%%ﬁng@?g?tg%gw% Im%gaﬁ%lgg bg%bngg. H?)eactlﬁ £ M(%al o&:Hﬁ’rp\%{g 178 nut 460

whichy isiggnfid red b paseive lead sonew Séﬁdndf showdnfcg eif) 6 Fdgagement

REedHARR 4cRaR B8 33w ?ﬁ@ﬁ%lﬁét&r\/e‘t‘ﬁ%‘??oﬁﬂ%éﬁad L%"t‘l‘filenté

screw 530. Rat chet I'S use or turnin
screw 530 thhr1§u3ﬁ TREYRATSRRSEVE H@""S@Z’eétr'f@' Gifﬁ'éf S‘b@éﬁ‘?rﬁaw 50

n’ftgfdnﬁgt'iﬁﬁ)u?tlhg AR st? anquw«e:ae Bé.@rszogrénucrpmbplmt@ é)dp%{il@éd §bove with
a us nts.. | S a r el abor e n a ernatl ve
rEefShimiar oshin lotacidF oo B Pir et Hiaade Ml S ronpSctive one
oplia¢ae rol0521eH amkS20iotocfabilitate aertishalonntiom Verjicalldrridd g.

st!rg ésém% %?(9 Q%aﬂ%tﬁ%ﬁ‘?%éfeoe\éhﬁw 59,5 a\‘ng rﬁpgﬁéi%ﬁ{grﬁﬁf each of which

asse ng nou
SHBRaIES FD ahlgad sgBw 739 Mere sresifiras Y6 ower haaring paz supports

IR NG I schve 836 AWy ébﬂ'ér%ggrsmgl§%4 §u;§bb$§5 a517@pﬁé3reﬁBQ|>f lead
exten

on nopuntin late 510
SEFY. S@or%atg")‘gt andleorrq iguised ferdurning [e7 Sﬁ%??‘ﬂg'r%%ﬁ fower
be3nE3Z aadluppautrasiag Bk Y abd n(hes0)Stoqwmavide fdri vgrtidad positional
' 5 rqvi d twe [ ,
FERh PR B0t BN RGTRRY BPal fogtdrRES B Rl 850 are reaaiy
pgssilee 560 whi ch provi des cl earance for 5 other

appar at US%unFF?é pRYXEBRS Qefitddafdr€ 598r RNGRWIPY ME 18. Fig. 19is a
provided to facil |tate access to of her_ conponents

frept Remseerctive vigvaal eric £3giansHhassembis S prlafing dneBking plate 510,
linedrans 5620@knd §30b, HeaHeMRandII b8, OdndSysiet BBari®y 5340t Also shown in

R85 HeFoh SRRl 1S B 9505052 550

besdhST@GNBOE 376 idichbhfiguzed tdescgivt snamding eskaft Ei3Geof cradle

USSERSY BT Sef PEGDSSE, D SRVESE BBl v 75 o
craside meeadn@éshafefAd®ent unit 10, overcomes such

defi ci enc'mntlﬁ@ﬁ%‘céjﬂ‘@ als8 déRhéPEDo0X 88 WNich prowdes clearance for
enbodi nent s of rEresen | nventi on, B§OSI tio

OHERiApRREEYSER: 6PT S¥AraRlE: $HEh FleagansedUeH Prw'qeﬁeto Weiffafe access to
ovtesrtcoapbnéehts @ttatiod toycradle lsebaiseinbty .St i nct

Isgbfﬁi egﬁg teoﬁlram%g%ggl/e coﬁﬁéntlo?%ln %Ls'fp ﬁ%sat l%aﬂlpﬁla%rgytsgews may not
pEoMidexan) efficient Fng) eff@tive yeay toalosk adast haadmltlt é@ﬂerdlné@dnpheral
i Pﬁf‘elﬂggf‘tsuﬂé?aﬁtlai@ d(ffe'?&rlt%nd?ﬁ’s and &t sﬁ@@ﬂ%nt‘éﬂoﬁg‘[de g9Wobers and

hin a verti cal raqg t1on. ditional
dwF% pardlesay Fhefess ga?mtgbatsod 'ﬁ?lesﬁdd@ge'anmwﬂrtq akhead

attaagﬁenﬁtfurfmm wver@rrtefs%uvieataﬁlés@{cléit U&@bﬂd@rﬁg towpivabieReémplary
e of ratF et handle 550 (or I,Bjev ce

P e R e e T
pmmdeﬁﬁﬁ thé\lvehmagdhretchem by mhjeabetvay distings shbsysbamns.t Rer example, a

fi ﬁ%@ﬁ%;%e r%OidQ? b0 H%‘t:& id0¥n ﬁ%bcé‘ \Hﬂucﬁ &SRR aS UARYSH BRBumatic

nation o
box 4 (see Fig. 3), can raise and lower test head attachment unit 10 (including a test

head) up and down within a vertical range of motion. Additionally, vertical carrier
subassembly 50 provides an additional range of motion in the vertical direction through
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provi des a broader range of notion in the vertical

direction, thereby allowing for a test head to be
wolowkets2wd t h peri pheral equi pnent of varyi ng hRCTOER04/025172

Further, the vertical range of notion provided by

vertical carrier subassenbl ya0 is sinple, effective,

and rel atively inexpensive i ] conmparison to

conventi onal vertl cal positioni ng systens having the

entire. r i.cal  notion tructure.

o s SRR niend BEI P o el sEsPos fhudbipesiina 532,

uppet hezging G3dr ard nsudhess s AlthdughShere mby be ©vedsr hetween the range of

0
ng}g@)g r?é?éé d (EPQ eém tt@s%ezgﬂa zgﬁ@\ghg?é glurﬁlrééx@ﬁ #?‘Jthe two subsystems
PiVedss & bisader ranaﬁ Qf BoRay ihtheprastical direetpry éh%rﬁby pleying for a test

he&d @(WD@aQCkeEWlﬁmﬁériph%réT‘ébeprrYéni: ldf ml’r@mélgjﬂ@ @@ﬁhérﬂghe vertical
coul litate this vertical ran

SR oI POYEL Ay Veulel FBSioRsStEbine b8 agHTgrive, and
rgladvdly megplerisbledih icemphis@n fpaddniventichal peticghmsaiont iy sysgdms having

LN TERLC e SR AER ST QBELRG 1§ Wi thin e

era Thereafter, nore
pr eC| se pdﬁthongntheg/eatml oamel df amtiongukyided by Vprtmal chrder
sz(as@Qr“nB@/tsﬂ‘tn&fes P{k@lgégﬁi deeEdd RlotdtB %@Bécw %Xb' RARLY be

(or other vertic iant nmotion device if
AsEmRiished by pltgrnative meaps.s BaF RSB 16 tyPRaf pandle may be

pw\mﬂd&ow&a@mm&cb@vﬁ@m nedniRéng rﬁcstadl/v&h rafb@golpﬁlh@e aé4ting could be
e

620 d_620b. 610
oA g e ot T 2R R B o G Re TR IRRAd moy be
reughiit pesitimred zelatiad tcaalpartmuldmxguphérat trodgh ddjsstrimdisief lead screw
e R s i A e
Presise PeEipningdes. comrpdianiedaorkingt i mee\ddrsf by esBaiion @m@ main vertical

phéwrﬁmcﬁ.hagﬂ @)rwtven&apkﬁhsnm%otm%e@&eam &0
above, cradle nounting shaft 635 f|ts in bearin
Bitezh '”F‘&d'”g

wi thin bofi- 3955 aey F@E%"*FEV%}S'SW&& > gubasgerp
ceddleeredr po0 bhorragfie sidedb20ananth620ty sdslm‘léd t3&ratile reat alMis cradle

e P R ok P 8o e o R B g ot
tetd beadblakis 302 Whish detines semicirgulas elsbt §B1 abhgoejcream 0
féleHeF8S2 (@Hﬁih T@S’tté’c%% R6 Sradld "1‘8}3?1& fﬂaﬁﬁn‘néhntmg shaft 635

ortlon of cradle m)untln exmg
eh‘@nes gugedh gradlegmwlnwﬂeg&%@rd as%e'ﬁﬁted@wvsescra le mounting

sR&fO8B S Giek 'BQ:feaﬁhQ &80 iwihinh BS:%XST!E Q6831 doBpled.(e.g., screwed) to an

hS B st Figufting S540E Hak B EtedeRle sOEiberBly 66 Sace once

itgras\edm andunited . obidierigg drodes| 63366c afequrbvitiée fardhatiesaribed rotation

aﬁa( ﬁ%dl et%%d 0o. 9?)' @etl??ec'ets(sﬁ(%%gﬂ%ghgﬁog Qggl Idggre% %)l/dd]% thd seml -circular

I on abo
P@ESlSPBICéGrEtddﬁ mwe@mﬂs@tate/é%ﬁ@lmnd@malf@lesﬁa%@smeahalg 20).

B RbE 6M3}érﬁrbﬂged3fo@ta@t%cl§iﬂ %@&%96&9%3@%'§hre%‘a%taﬂ@%rmg loaded

nReBagt SARLEP T8 radlinng hite dafi o6 Gandig PERETY 39 Is provided
fcrram@qg)éramteooasboaubmﬁ rdtégor axaxi s i s al so provided

usi ng nou t O&gl%%%sséﬁﬁoa%d%b (i rﬁ:ﬁrowé%h pqgchngtja@loh%%out the

pl at es 64aa nes ar
tesé head's [ @kisai023 brst caWled- o Ff tespediveonagf gradésgides py@a and 620b.

%ﬂmnﬁ&blla%’éeé40@% QObE\’mhoére%ﬂmvf]% h{b‘P@HS_ta@Af@@lgﬂQ@) are

are attached cradl e ‘sid
p@z’ﬂfi:?dd:ﬂ'dc%‘ﬂjﬁg t'”l\ﬂ)tﬁ% f‘?@d %‘HP?‘@ Seﬁa%?eawa' 824 hu(tha 3 rlagge of
mddion \absubthe 1i axidis GilsoZshpvidamdsing mounting plates 640a and 640b. Each of

mounting plates 640a and 640b defines a respective semi-circular slot 641a-b for
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fl anges 646a and 646b (flange 646a is not visible in
Fig. 20), are provided for pivotably receiving
worewsvisgs pl at es 640a and 640b. The test head PGI/US2004/025172
rigidly attached to plates 640a and 640b. Thus, the
test head may pivot about the _axis defined by nounting
shafts 644a and 644b, which “ae arranged coaxi al ly.
Brackets 647a and 647b are provided for attaching a
ctive o ns 648 and
PEPEE e o SN G 2Pl c s A 5P P 1T s agd 642 are
ateshetta a/eeswectntel o ¢fl cad s sﬁé@azoandndié%)b

A 1 oo 9K A288) 2o APSENDIA £19, B A0 752and

rovi ded Kin Ve o
ﬂé@%@‘i&ﬁear&k%% @flagge MGa ¢s rotfvisipie ipEigs gehtare @rovided fof pivotably

réécAHhS nﬁiﬂlhaﬁ @éé%ﬁ% artd 64VE ﬁ?é‘]tesﬁ’\néﬁ]ls Ry LRGRRE to plates

to pivot is visib

, l e
SABRIRDF G9P1 Thus RS teiheRE ey BYaiRbouEisais dRnesabEounting
shafes 6anand G4ts evhictolepd drgariyel @5axasle. part of a group of

s six indexing h S 435a, 643a

643bb, an r%cicgbs(:% T oar"‘dg?%@’l %ﬂer\:’émf'ﬁ?%? gﬁaﬁ?'ggfa FSpeCt'Ve one of
indsxing pins &6Baand A48k (eagi, setI@czablmrmge‘Oddsbmdssdg @ins) to their
res%Qc@\?egh%ﬁntn% HREHsC 0.3 MY 64D, %ﬂt%aﬁf’%&& ﬂ%?dl@%%%gnbhes 649a

arc of thelr respective nountin
agd 6@99 [FER Prayideg; f@W"éE’”@ raigtive magien |a%@Utp'lh§tLé-rgi@@)ve axis.

Cradl e nowpy. i20gs Blfadng peRPe el \n@ﬁ oseﬁaldre%db%géeaﬁb@ ls@t Flange 634,

Wi B R e i onl D e o PAiengty, indexing

holes G4Ghc, f&ﬂl%aﬁ&icaﬂﬁlteamehown.adhesenindebtm@gotebafé p&3%f a group of

@Jg@ge’é‘%mﬁé g?fiag 62%1 59%@%% ?Mgggng %ﬁ@b@ %r p¥oviding fixed

e>(| n
Pelné%@tr refgring §b@!ﬂt thtIa?tXisOWZ and ane élsm’ergp@ﬁSe%D degree0 degree, and

#ecicgfee s Honcihd a1=99f HREEGRAS hoREnghRL. L he

arc of crad em)untlng | at e . Also illustrated in
Fig. 22 arl9 %@ds 2 PEEIPEEtiyR ViBYShLRgle B8YRatingBieke 63k Cradle
nﬁﬂllmng Bue&h IGBgsieﬁﬁéﬁsen&%&ulaa@[bt @Ei%naftﬁrd@l@ﬁ\l'ioﬁedﬁao As provided

a\b\é\ge cf'ur]%rt sl']%tﬁ% ngﬁlsg ga é‘lé)%vga?rgg%e e'l' ?‘1 léole 631a receives
Cmglll,mmlongtlrm shaét 63D Alsy shewmird BigoR2 akeimdexing Heley. 6338 arsl 633b,
\Afi‘nd?:eé'lélﬂ:}eﬁkr Yr%e‘)’dr%v‘ﬁ&é Sggé‘,gni{%@g m@gse(é%g § ogBotat%he Rf are

é

mount 1 n ates 640a an rovi ded a
isBaIsed ﬁ‘g dedeasddagepnayd 69 ﬁﬂr-eélﬁoé'ﬁ'lom a@‘l’l&tthézﬂc of cradle

nfdmfntlhgqi)%ité!BBQ m lfl@sltl'aﬁwrn 64222 N@Jwbam&s@ta{t%uémﬂﬁs 651a, 651b,

es 41a for receivin
AP EPLG7 biTiee SR T 65 Geo ding e ne
F6!4®ta)’nplé' hﬂae!s&ewbammd;tam buslgjlndi; yreahbae bestetlonhiumbumigng plate 630
rr%ﬁeﬁ‘la 49?‘a|ﬁﬁ‘9nuﬁ§0b which are rotatably attached to
! , .

crad 3 also illustrates wear-resistant
bushi ngs 68133 I%Pbrspaﬁd/easw of orounting pltate @40 feq., one of

n{&lﬁﬁﬁﬁla‘(@s baeshd &S NG Fﬂ'lf@ln@éd abM et %unt;ﬂBLHth I'é§3f0~"_?jefmes

oles 633a-c.

|ate 640 illustrated in fines nunb

P Eetrat e ooy nsorass s er 9421 Mesatinarplae PG aiso defines
thiroligs h&ES%blfWetéielnb&SihdﬂB@dt tigibng AMBitAE@Eb hfMlange (flange 646a

T T T e
rqtatalvly qmtamed &x khe credief EigaBB yalsoHbugbiatext weari-sesistapgdsishings 651a,
6518, WA AL f&SInEe PSR iAS B f:l\l?é f'?netdoinElgﬁdrs ﬁéltesh%gthér nr'nountmg

center of gravity to provi | anced condition
PREHPH? ﬁ'h'ﬁtrﬁ‘i?tjl”aﬁlg ﬁﬁga'sozqeﬂr@sa rayneRenef é@ﬁt@féaémwt'uaholes 655.
T&4tlh2a8 emdinyind Bote gy sesliow thi teédt@iedd to be mounted in different positions

so that the center of gravity of the test head can be placed as is desired with respect to
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conpliance carrier 30. Various features of swing unit
subassenbly 20 are illustrated in Fig. 24 including
whaws/022@ nounting bl ock 260a, bl ock 220, | ocRCDhUSIK4/025172
240, and lock handl e 246. Additionally, various
conponents of theta conpllanc% carrier 30 are also
illustrated in Fig. 24 |nclu&1ng mounti ng pl ate 310,
linear rails 330a and 330b, pneumatic cyllnder 340a,

het a 50a, .theta pivot bore 35
iR BlYE B Brab b (8 Il X e s e ro Wb orie ot A bl to the
tedt Heag's Atetrak gravityrto psovide b ibalanBedScorfdithn 05 cﬁmﬂuard&ﬁotlon

an intern 325 3 and 25

all havi nS:I \r?é 'gr?o; IC|iens'8\fvt e%w"ﬁ Lﬂ{'%sufbgg%eer%% %Oulp Ieﬁd"' 'EL theta
coawdipntengpriie 30.3¥arousIatyresnofrawimg inig spb@sematvozo are illustrated in
mﬁpr24n.9§|u3|%530a§@Q162§@u%@5|9m§66§%|6& m%&k\’fﬁm and lock

one of Sprl ng set screws O0a an roug sprin

heapls Zoa S FHitaYarglsicRgEOnTa Oéﬁtft@,z%ph%rscev@rmera% are also
iU b mangs W%Iuarr@ raafja&mggmetecm ame@fdrtaws BBoa aﬁgggo,

recel v a an . ri.n Se cre .
ArRfaYe e B304 3G tot ek a3, tida piot RO S51st gnd pneumatic

pigten nod 3dfaust i ng access hol es 275a and 275d, as wel |l

as thro
il lustr zljltgre?c(uJI Ela%%éggﬁdng'ce%ﬁﬁq: %ﬂ%:keﬁg?&gg%%" B-B. Fig. 25
RsPederan tf’t%‘”wii Yigns10€ saas 3250 325, 325s| ard 335 pl bawing one end

lwﬁdaﬂ@s?’éﬁﬂcuﬂ{‘ﬁ&ﬂ@t ﬂe@elpﬂn@tbQFb B@ﬁaiﬁét?@h A nafd Bl’ate 310.
45a a es 265a and

n urved surfa
é'@gs ggkﬁap%g%ﬁ%ﬁﬁﬁo@&ﬁteg%ﬁ respective 8“%8??9%“9 set screws 270
andt250d ahrouigkwpfiag paps 370a afd 370a. |$]irBTglsm5baSIdkBa6ld as well as

s@ﬁﬁ@\ég&z ﬂ{ dogfdrfr:g%}é &?n g@gé gvéﬁhl %‘D% % celvmg% e%r%%ﬁ?a and 222d.
Serine geheaewsR7@mang ﬂé@da mayi bevastitgtedh thl‘écmh examceve one of spring
RfUsking léE@esZ‘Pine's'iﬂﬁ%%hﬁb@@d' 5 \ﬁemas aﬁosa%gnep%ué &fd 394d.

pneunatic control enclosure 4a illustrated in Fig
Control ef¢h@epmeprongotsi 'I“I’%%att?cht”e'agl ® F‘lcbideiﬁ‘eﬁh@"u%i@?

pﬂﬁumbtlagyIMdafs‘ES%ﬁboandmw hoRl¢r F@aﬁtbi@. :lr@ararﬁtngm ®n@umat|c piston
ne sure ncl u | de
SRR A 3o, <R PR 3578 =e 3sb, e S Pach abes ond 265,

aaddodkrilledk) 246 provided to facilitate air distribution
into the ﬁb‘:'z‘éﬁ%jﬁrﬁmmghéﬁﬂbﬁég rt%h%fa\:h??nt%nlnoﬁ been
m 1-or

nmechani s preventing operation of
remevertalf @ pnpsMaRics sm&rpl is0€lpge 798 famysehwith gttesthaad m@mpulator
a%&d?ﬂmb|t9Wn@‘erb%r§'anHonn@élﬁtbf Ahd pﬂe@ér&tlnqéﬁlonwtekﬁﬂple,

bracke racket ovided to sup
eEQHﬂHﬁ&Hﬁé'?%“iaﬁ?cﬁ'”c%% ?%FOL@E‘] SF YStit 8s PogYmaliG C‘FE FB‘E'B%”“E 4a
ill2tratesl indinexsted to regul ator ports 722 and 723. For

exan’pl e, ﬁtr8{jer[cﬁo%m‘eta‘%]65 :uB?Jrét%d ?r?gllgagg inc ?dé@%a@r?tm& plate 710,

i nl et port,
which may bedhereasstiface ycﬁoﬂumlmegwaﬁodoadp G@Dua@ iohlafles side

pYa%és fiZaeand 318 g,h!ilr %Iéﬂ"ﬁl§ F}ﬁ%r alq u@&vdo%%ct' air mé??’lsqﬁgwded to

for regul at | ng ul at or Access "ows an
f?fﬁ@?tgt%'fd%'ba PR dttoithe englesyse. eégthéarﬁi;ﬁ gaf QBefafep a lock
nie2gdhiatabr Mklhgtalnﬂg)ré\ga’imfthg 73%5ra6:16n@)f thalphdignatid&%tem. Stop
riv

o518 776 Blod Prebe By Pk g P e Ty aah o g g3 Mounting
bpackein®ats and prackeler? 18782, provided tmsmwnﬂiqomqmnsntsrwithin control
enclosure 700. Air regulator 720 is connected to regulator ports 722 and 723. For
example, one of regulator ports 722 and 723 may be an inlet port, and the other of
regulator ports 722 and 723 may be an outlet port. Regulator adjusting shaft 725 (i.e.,

a regulating control device) is provided for regulating regulator 720. Access hole 728
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rod 735, clevis 738, first control valve 741, and

second control valve 742 (the function 5 of each of
wokiosio13zii | be expl ai ned below). Fig. 27 is a BEDUSmOAD25172

view of Fig. 26 taken along section A-A As provided

above, regulator adjusting shaft 725 may be adj usted

by an operator (through access hole 728) in order to

adjust the air pressure distribution from regul ator

AL R TN I ——
(G(mp@ﬁrll@@ dekasietted e Rbillips drectr). LThkpid@natanenetossre also houses

fl'r?c%He%h%thz‘}hﬁ’cﬁr'?rﬁ Eé@fnt:l p?ngémF 9@‘%595% fTréfpnanB{é;:chmston

752 connects 755
r@QFéﬁd@eY'ﬁ §8gfirss Evfitmj Vé|VF-'|c74?39nd Feqosd csntc_rghﬁlve:MZ (the function
dmeatroaftwmdh WISbﬁékﬁgg?dbe@m)? evis 738 to Ifl rzt Ja1
pneumatic ¢ er i rst. pneumat i i nder
i s connectFéqvj jf@eﬁ?ﬁ%’"%ﬁ@u"‘hﬁt ¢ /13 tkﬁaé“‘ll ngFectign Gef As
provided aadve) seqodator aldjdstiray shadras I‘ﬁgy&@&ﬁdﬁlﬂ;t@d pyadpeidtor (through
a%?%éﬁ&%fe? og)%? O'I;&qu to %ﬁ%ﬂsﬁ tl'?e Q ?Es?&?& %nﬁi,nge?vﬁ P I)mvraegulgyor 720. In

or contro
orfsrtetemetaly Fontr! @spos.u_t@n.z:f reguketqu paiusting iaft 72 Figths afow

d-é3c5r|t§%2§tc%ﬂﬁ)5ne|% Ha@@%ﬁerﬁ’ﬁm\ﬁ@dl M_lnﬁ 9599&'“1&%31: gglla%kad]ustmg

rews 757a and 757b attach

DR E5 1 BRoE PEL S 20 BVOLAiZ CPBREBAGK 78280 sisirEage Pivot pin 752
extemidt throakh BpaRK cifEP3S0FiRst dn@uin'aﬁb'bﬁs}!ororda %EJektbnélspfrom
LR T N T o
seexdauteutatisrafinder ISR, Hiat kndlé® 75ansl ptdvitedrfet mghhemg serond

phBEmaGE EWewel hgp amount of regul ation of regulator 720
corresponaJ to the anount of rotation of regul ator

adJ usting th& tiS APSTSASENA iew of Npteighelementsediiharegulator control

nﬁ‘él:ﬁhﬁ@rln iN@sthRed gmr.g!; | 2663917 atR@Qul'afbrFaidg.%stlag sh§ft 725 extends, at least
Iro eSC e \' 1 VO

PPy 7ebs5ich SREVPES blagt I8l St/ P BcPdcres to shft

|t riotekt 250F | SGewp A6 Larahd ae::tytmplmzss #Rt tork ®lae¥i 7 07/sd%s to tightly

CEHéJsltt tc? pe?‘('fgif)f‘ Q%FEH A%%eaq’t Ioo Blﬁllecfsgl%@%%r@g? Zgﬂ% cZsla, and
7&#@» qm’urip\éldg uler?éSMIUbtesnwrto slw‘@ locRibipck2750, @nd then retightening
tl‘i’eeécﬁ‘édv@‘?{h@%hﬁﬁl%@w ?’e%u}étﬁWo@f-eﬁllﬁgF bb@ledtfes blgdln%?’o the - gmount of

? even nore detalled perspective View o
f%taﬁ?ﬁ P @HU@FW%US% shefte’ 22 @aqva@qﬂstnrw%&hﬁar?@wamﬁ control
nﬁc@SmsﬁGHlBﬁraﬂ@d/lrbigg used do?trgﬂ%d .SAs dBscPiped abéVe, :;:J'\/ogl pin 752

n oa orte a pneu i nde
Rl Bk S B A80C7 3P Rk Fieuiau® i B 7 Edonels st
peeypatic citlindet B3ititatlevih @38 e $irsthpraaingdticany et 7 31nis commetted to
sé&ﬁﬁ Hﬁ@@ﬁjla IEH{IIHHQF 73 \Mzﬁg iri"‘{lﬂ lécc‘ r qug%na%o nted using pivot

F1 in cPer S ?

maintain the gas Wt at-a con
MueE€efe as the t est head |s ral sed and | owered by an

ext er nal f—'i@r 09.is a_fdl@‘e'alle@l RershedivenBad of 8 pefin d)frF@ 28 Flg 30 is an
substan ss conditjon, as described

RVEN RS ?tﬁ'l?ﬁ}/%ersB%it'gﬁt"'%” L Per3gN o 19 28 si bl | ngs aI I
to Sm t h. Adelappoaals |Hi15t|a|técsmd1‘lg§ f26 - 300 praayaidussed to assnst an

o%éljafb?tl eggﬁgoﬁlﬂg E'&Qac’d s%)g)oﬁzgd \ﬁ”y pr%%\%a*%% c@ﬁﬁgﬁra or texamgle a

rovi part
Pistonswitkin tthey nmﬁﬁﬁ@ﬁr sarv\ﬁ;ttnmort tae pmgfmhedsstdmaﬂ ragtachment unit

afNEdsOREAE Parthéld aShgifatel & Soviddd o althtd ke gas within the cylinder
at a constant pressure as the test head is raised and lowered by an external force.
Thus, the test head is kept in a substantially weightless condition, as described for
example in U.S. patent 5,149,029 and its siblings, all to Smith.
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Tubi ng, etc., which interconnects the various
conponents, is not shown for sinplicity. Regulator 720

WO goosfei2ezied to provide regul ated gas pressur eP€DUS10684/025172

mai n vertical cylinder. An exenplary regulator 720
provided is SMC Mbdel |R 3020- F03 Ports 722 and 723
are included to couple to t et % r supply and nmain
vertical cylinder. A| r is supplied to the apparatus

V\nthlntheeclo Vi ui ck conpnect couplin
Br acket 7f§dﬂ " gaﬁﬁa@ﬁﬁp'&‘itr"’ft%?? I‘E g%ﬁf39R"“” now be
deseribedt A8lZoviddd abg\ud, FPRE B20vidés @ phatkidyguappardisekcted

e RVt § P0IBT o BFE AR S fblek 25 ana 7120
Tu mlgn etme/vl@lhl@\me@ooneqtsatne ROioLs c@npomehés,as nossippinyfor simplicity.
ﬁeB@la@&pﬁIﬁE H‘r‘?cldd%dttH rﬂ?@\ﬂdé’ﬁc{g uPREY @a%) F.lr’eio e Ha‘ﬁgvéﬁlcal

event not i on of mainvertic pI st

ﬁweewam%ﬁglﬁ%@rﬁ%ﬁrwdqdwé Vodel 48 30§0rme%prts 722

aint mbaa@e incfta tba:ﬁd;ble td tde &is s&p{ilﬁ@dd hes kel Nﬂh@éﬂ}] hair is
n corr Spo i mat el

JpBfEalb'R8 2pRIERERTRN R BRI TBlidoshngriroLRling 74 Bracket
78y |prondees lmleuomswpestsfur bathdjuick @npeesEll andegatatomzd. A

Icy&émr e%#)'a?étgg |s7|%gud€<‘nB Eﬁ%f‘zewﬁm'ﬂﬁ aﬁHE%ﬂ‘gr aﬁ@&aép%patgg by handle

ép oxl mat e oSl tlon
7r1é1 85 exemale; w\'nm@aeqﬂe 7tlés-°c inidg ghewn 150 §9¢'@P?ﬁ'tﬂﬁ3’véhﬁ air supply to

tNeappLratusys tirABY Bff Rl braRé %téﬂwe@wgl'e@eﬁlﬂmﬁb@m tHem8in vertical

osi 0
FieRSPtEs Thi b vtEatboRitan ah cnd B b riatadin blice. When
haoglp|AL4ti tmhed clegkwiat tiiroagiparpabitisn tc@rrbﬁ:dn\tjs@cn“m@ti&dtely to 4:30

ded .
PN TR e R —
peasskrgj detemained bs tiedulatpp B2hads handieiddris fethes|rotatéchta ars
?bt%‘kﬁ‘hat@@o cl§bl€jﬁo§?ﬂ G ﬁme@'gﬁ’e IseleHses aﬂ&&ﬁ%schg%s‘% heaf to be safely

rovi de access when the covers are In
”H’dﬁgr"SEti@ Y's CPOYarpRly, RFSRIdEdten’ i fremy thadl ¢ clesiaprpdiion to the 3

oictock pbguguh hesbsRhe Hrakeaotbe dpplid et GRABAGH Yauséditife air supply to
on to other itens to be

' i,n_addi
“a%g fla%%raapp@yTt“ﬁg%Pg dipgqn r%?ﬁfned‘/?,z pi ston rod 735,
cl evis 738n cpechtdf dayg adfusbthevprievase pddvidetdby dsguldtom720 by

tlﬁﬁﬁtg §r{3fc ﬁSes’ﬁdea%mPJtQ\éhﬂ?gn Qﬁ]é.lrsﬁ'géﬂtagﬁé’ft 728 hég‘ p screwdriver slot in

piIca ed so rcerequire
ltﬁ H@tqﬂ@@d %d%BBF%%l%ﬁaméIUQE%a@faﬁs helet7R8 tp predde é€ﬂ9i5$ wben the

cbvers auein fIAR. | ARdppafhes 1S AIFtHeR BFowddd ol oGt 4rRAll aﬁ@hg&m
ertical I|n er's brea avva force, the fo

FBited BEFPOR toha BROS Ereaert a5 faglydep gyAddition to other

itdmsito dd,depattidde uyladess Td1eands? 3y rmstorpmcvssé, diaitis DB, aides/2

c5r?t961'vraﬁr‘3.s 7IT'aI1°'1dd) t21‘| culty may be overcone, if the

ressure i s [y increased if the desired notion
| s up andIm ussegrthe presediequeeded by regulates V2@ typtcalbynadjssted so

tIHR WhHe fcfP‘Eé Raqu'nied 't§ ragg’éﬁ'lehbgd isoa@%ﬁﬁlﬁtélyg?__rﬁ Yy ki R)rrcé fquired to

cause s nove | ndependent | or exanp
'qvweftth%b@egM%ﬁrb?om@n%wuétf@%mnoarﬂr%ra@na/emf@!ssxdméers break
aﬁvhyafora@,rfhe g6rca rédui Qg for m@hbrh )?fargé@rﬂétﬁ#heé Bé{lbrb@ﬁth_an hdteswefzd
s break_ away force . i 0
pE b BT R, B oy Giire bR aits Sitfcultiu®ey bdbvercome,
iftbg arestare is slighd|yuistredsddap thevd abered niationds Lhandistightfsdecreased if

tﬂJ‘@é’é rjeﬁ“?n nqgtdm‘% tﬁh%é lﬂégog%lﬂé'%o Egﬁls??ﬂe' r%gﬁraiccﬁ' to cause the load

downwar ds break awa

tcumwﬁwd@gendefﬁ'vaa%ﬂ@t@rnalet iféhe mawatpois adiissedbia erevide a pressure
tﬁmfabpnas £ & ﬂl@fhtly l@}@ea*téfk@lﬁnttﬁe BYIRURRE upREHESIESKk S8y tddce plus

th%I vtvelgf:nt olpt?\e the Iogg wH‘frlse gEonversely, if the regulator is adjusted to
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pressure for safe notion. Fig. 32 illustrates a hand
hel d control pendant 770 (i.e., a renpte unit 770)
WO p@bodi2ng rocker switch 772. Pendant 770 is cporesioed025172
to control enclosure 700 by neans of tubes 785, 786,
and 788 (i.e., fluid carrier 785 786, and 788). | n
the foll ow ng description i 4% assuned, w thout Ioss
of generality, that turning regulator shaft 725 (i.

d 725
AEP e e et e ) e thr o vas@a"s%%?@@?sgs downwards
bpeasawaeforde, hthaldad vell nrove eloaihwapdx. aln emju:{tlrfguﬂe reqdator to provide
nQ&?d'natcér%r}n)Jstl lgeot%(&? k(? Pﬁogwcc@égtw él’m%? gcﬁq@u?ligllaﬁ(t)t enough

an oper at or oWer | ng
W@Sﬂtﬁ/@rlﬁafe mhféorbperator pushes rocker 772 to the "Up"

posi tion Eﬁkﬂ ﬁml&js?rdtés a EQIH& hél@%ﬁﬁofﬁ&hﬂlaﬁf 9¥0 ?lh]ﬁu rdficte unit

0. be turned d%?c ockw se fromit nom na

t
788 indushing f%lé?re%qh heDe;aPé@fsmoelslcan@%eqrﬁﬂ #Pnie enelggure 700
yhea]ﬁ&j‘f tulesass, 786} aed ww(laé Ofluibi Qamressassé yarmm@) In the

3o S SRl AR PR BRI P i gppuicr
shiafs 725 (t.ew; megllatiigt doptrobdentiesr 729) addakivize ifcrensdst gressure and turning
|ME@|CI&Q§/ ste'o%@reaggscﬁ Fs'ﬁr@g 14 Q%lr&r I‘ﬂé&é’%@?deﬁlaﬁ&e?“%dg one

verti cal enab era or 0 eas
ORBAAEICD e CP'H&H PgBURIah/dgmayrBe elagd FFgaeriﬁé learopgEtor @truamsa“y raising

ot loviéhntgf‘tﬁew&l: red maos Uf)' R @@%tﬁﬁﬁ&glﬁg 96ck%|"§“9§ tgaﬁe "Lﬁo” position
0 its nomi
aaﬁi’PLc{g "bn s ReS TR B PO 8655 jo bg BWPFESIS"%R'o%?ﬁLWFﬂ)fmm its

nnaynab@ousled ihoreasiad kiee anfesmpermtm:r maih veatise cPlindedV@tabling the

Egl%té)roc%qn&deté%gw %let%@gd ?fét t o'?u@lers'g&r %ﬁshlng E%ctker 972 to the

pressi ng roc
"Bown't pesitiqpansblolding dinsamses rggtdaitoeshafwas | riupt slightly counter

cfo@ﬂk‘i’s@?n‘%?n gh ﬁf)ltnmzdg éoéiﬁé’r? | fagreabin ttHé Pres@u @l ﬁ Et‘ﬁ@ Fna@d 9ﬂgl‘éal

ressure in mai n vertica i nder han I n
CY'i' £ %&&nwh%ﬁ@rﬁpr %easﬁhé“%’ﬁé§§ u‘?aé’ qu; .g Releasing rocker

7adjretskedit k6 thengteAbosinon ghd FeyuddtbPhdrhe2d Radtdrfed®Rs nominal
hout an applied external force but small enough so

p?ﬂé{? ‘the notion is reasonably slow and stoppabl e by
rel easi ng Incrsezond fdbdewtfiiopbratibh @wmodetyw aparatietiaf dontidb pendant

790 %z{iﬁéjﬁébattg éntaglemﬂ@étopi?é |'at|§eo |oWBPt°he I%)Qd mﬁgﬂygpplying

Int secon oper at or pus
extgEna forgg2 In shig gese: myssswgﬂasqckeroﬁﬂéﬁ @Ithgn %!r@ Yn or Drpwve position

cé?l.fﬁéﬁ %%dh@@ﬁa%%attém&tuoﬁ%% rééhl@t%r GHA erdg géﬁsgﬂég\n |ﬁ§ur‘;?; :énrareater

ITS NOM na 1 on, 1 ncrea

sl oy Rabe i Ko I B KA a: Megeer Speration.

Thewesdsre dBange fssadjysteq tsbée nepat @eadwdh %%ﬁlot/\othbh?ad toomBVe without
s i o -

op2PbHBBAL LRI 055 IS8 SR Aof i s ana

storpeiiaibyaelepsing irecken dnz nahicipokows agulatiercshalis? 3fgtot feturn to its

nOfiEs Hbﬁtlbﬁ‘ trhes Q@'nﬁbv\éﬁ‘fpt lhocﬁ!e s@é@n’dr}#&fe $foop'ér§cﬂinmthe operator
| easi ng rocker

P%earfﬂ%rtﬁ?éo #hee“tﬂfé’msa!m&@g. ftq'%'t a?‘iﬂ'srcéﬁiﬂsarﬁ@i“ag’ﬁé’f‘?ft 725 to
bd 2brnied cloekwisB Ednt Rs nbMirad posiadn, p@&b&SI@gﬁtlﬁlﬁebﬂﬁe MW thedMmain

T T T Ele i
7320 thephmwrdtpogition laind delding/ 8,1 caanseds @ lediveshiaficT 2@ a., regulating
cSthdi REGice 3%3)7tostu'irﬁ’ H&Srﬁgr EQCIJV\H?J frbfn IESafﬂ)l’ﬁ hépﬁosﬂrb%u%ecreasmg the

pIVOt nount turn 1s att
pressure in the main vertical cylmder to a point where the load move downwards.

Releasing rocker 772 returns it to the neutral position and regulator shaft 725 is
returned to its nominal position and the motion of the load stops.
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encl osure 700. Cylinder 731 is attached to the distal
end of the piston rod (not visible) of cylinder 732.

wabws/ o123 i nder 731 noves together with the piBCDOSWD4/025172

cylinder 732. Piston rod 735 of cylinder 731 has
clevis 738 attached to its digtal end. Link 755 is
attached to clevis 738 by nedhs of clevis pin 752 and
spring clip 739 in a conventional nmanner. Shaft | ock

S T e S T N —
is groyicedp Tvorsmbll posur7@l eioders|7AB1tandstiafare TidBuded. Cylinder 732 is
nﬁsl?r%é E;& @ihalt%t céfhmﬁ%t doat Bﬁzlésg‘rl?)uﬁf’?% ‘;gllgﬁ( H{ Rx‘rs‘?ﬁé £‘t9ached to

en Screws

e(nF@ﬁ?r@r?éH’ W'é‘ﬁe'éﬁjeﬁsatwméd khtherdigte! endeof] t@@mtem I’Od (not visible)
0$h@ﬁrtde7252ﬂﬁ%u§ﬁ:yh@de&tm BYved tégétﬁw{?vitbf ®he E‘ls&f}pbi‘tcylmder 732.

SRRTRL 4 PRI bRl RSte SRSt Bt sy Lk 755 s
arzhed whilevis ﬁé&sbytnhnams@lﬁ clehiz ph @52 ahawprindiclip 189 iFBS conventional
r/55 is mounted within a slot in block 760, which
I'S per pendi cul ar to shaft 725. Wen screws 757a and
757b are IShefderkblotk k0 BB UNdy remulpos shafoARE, and it is slit as

sﬁéﬁrﬁ‘O%F@\}s' Y6141 drd FABRASY bk ‘?gﬁ%@& td %I%m %g{' bﬂ%EIE 9@@ ggcurely to

757b are tightened posi t
st 2B Spéaficnl. Swath 7255y, e rorated by Tekasing dosk Ripak Zehen
sb@Wm%laSifhﬂf?tSﬁBZ?vlalbdeﬁ kighiehed Wh@ﬁ%gréﬁb?%dllasa_lphd P&1b are
.Us 1€ -
BB o b3 T B B i gtion o
btq¢5 780d of Figs. 31A 318 and 31C, which
schemat i C@In'kWS%h%th%Hﬁe lh)pmtegﬁggf er%\I@?E% and 757b,

ositions
ey Ral56ﬁhf°v%%tﬁ @%ﬁthvw Iewnkr?@ér Lirgo7 3nis mewnted stitin a slot in

bloek 7685which i€ pérpasdiedlaciytsHaker 1. SiyRBn b&eﬁwg‘szg%ﬁd 53%h are

t ende I
R e F3s o  hENes aatfeapaaibnyth Frsperif efizs. When
surews i764h andl 787Fiaee tightBned, lthe positiom ﬁf mlcyﬁ witarredpdlt enchaft 725
7 d e I C

87 5B (A U612 IR 7 5w
lepghyofclinks e, ImQ’kaW%U%tﬁd shaft 725 to rotate

cl ockwi seThé Bb’é‘aﬁmagmégn&&%n%h?ﬁ% rn%w ﬁe El‘e;.t\:hﬁecf)\}vgﬁetﬁé aid of

t he sseg X corrpr si ng cylinders
Figed Ly p1 8nd Zher ¥ hich sehermaticall é'f"é"' Hﬂﬁ)@ﬁpqﬁawéﬂn Hygadifferent
pdSiionsl Mig. P 1 sHbG, the MtedhbBIEMNG |@iﬁor’ﬁmbhp&s‘{c|idmd'ﬂé istélin cylinder
7380512 B, SR8 b B s i 75 r
eﬁp@@%rghafwaﬁ lsopmmmleakjpneeaure pnsitiéi gs is3iBdicsted by the slot being

v&gpamatic diagramillustrating an exenplary control
schenme. Air_(or other suitable fluid) is provided to

t he cabi n¥tFigi 31R.JBe Ristao®, cwindeny 32eandoed oratctvedxtended,

n’ﬂUingltoCtﬁ@ Agkt, which K& @usedlb'ylﬁmlﬁeﬁ%‘ﬁgﬁ& rddl#35 Ednfa‘xga&/% a8 % right.

2 d to the
Thip Sﬂﬁgﬁé'“gl?éﬂ?é‘ﬁ %Fﬁsﬁzﬁﬁg ke cipdievise, This B@wsatgewetnﬁaﬁsure In
thetrerocash tlep bsseoTbihys cavhpritsied tylieteGOTRYr &8573H, @od£735 and 736, and

cIORS 588 hotdle DU GRR 55956, (- 9-

In Fig. 31C, the pistons of both cylinders 731 and 732 are retracted,
causing link 755 and shaft 725 to both rotate counter clockwise, thus changing the
pressure in an opposite direction.

Fig. 33 is a schematic diagram illustrating an exemplary contro! scheme.
Air (or other suitable fluid) is provided to the cabinet via tubing 790, which may be
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liquids) fluids. However, in the sem conductor testing
envi ronnent, gasses such as air, are generally

w@e@smLetl by users. Wthin handhel d pendant 7FOT/@8m04/025172
two manual Iy actuated control valves 781 and 782.

Val ves 781 and 782 may both bﬁ of type 3/2, having
three ports and two positions.” Rocker 772 activates
val ves 781 and 782. Both valve 781 and 782 bear

GPLESH o BERER TR, 15 8, DBk b B SR PRt e
thamp @rqmﬁeslstowss pandertga 0 fvdm the calnimstotia tubeatad. Vatis tnbe noted that

tR8chScdph wY)ﬂlsV\ﬁﬁh & I‘i’enlk‘; Ec—ﬂé d%agseéﬁgf’ Bﬁlg)co 'B{é%]%le (e.g.,

cabj net. Wen roc tot p poSI
ligiidse flvids. Heweyweryintthe se@rc@ﬂwq’qgr tspting peviesnmenipgaspes such as air,

drdlgendr@fly pRirérrddb Mserg\,hen rocker 772 is pushed to the
n, .va 781 is _activated, shutting

Down p05| t
the air sd&'ghf} hlaBd'i’ fh@endant A9 aredwe mpnsaty ?atyawdtwnﬁrol valves
78 Andet82/ Malvas @8l sed 782 manbstdl beCof typelBr S hé3thganeee/gotts and two

Hoﬁ;giBgé:t RYALY 7755 chid tbé‘%l‘&@s{j& 5%’75 -t ”Pa'}g%% 3nd 782 bear

ment 11l uUstr VEes
agpist r%erpb?& dug tvothswshcﬂmdﬂd smmg&/ Noymplye s\either vdtes is actuated;

tMad, \e@iSis fédlind ELibéd 7881 d3igh, AhicHAbRHe b Ec{ Zborts in Jalves (to

Pressure in tube 785 actuates va
bﬁrsabﬁgﬂ“@"ﬂh desribed sl tQEtCBQ'P%% W&Fvéocmzmrmuswtth the Up

prItle,rva'l\7927821|stdtﬁJat®dm ghattingOsF L& CMsHIY Etﬁfudéuﬁé@dsﬁrﬁlarly, when
act

9% S0 B D BbYR 3o e F9L P o e
suphly ieldyberdB5.and to extend piston rod 735 in cylinder
731. Thi s \jaRek I?Ql %98@'45'&91!?'39%%1! ﬂ)d:é us%&A? c?ntrol cylinders 731

correspondl ng he nom na
agej732t FPéHf—‘Ct!é’ﬁh(f tA57'25ndl®é9¢ Esdierfye menvbmlrt\@wttlh@sttq@ed in Fig.

399%1%@7!41:@% esz WAl e-pd, - B&, Geack ls)’z?lbﬁldes TR ®her Valves 741

a agg causes @tﬁssure on %)r evi ousl
Bf &8¢ ?Exfcgia&%d fnrRRr er%rffl?ﬁ vﬁr i ’é‘ﬁ”PﬁJ@P’ agymtegyvalve 741,
abé predsimviaduba @8 nemataserahve bE. a‘p’ﬂJsL atthtrockdhe7 7P 8% hé&minal

p§§ ggn I(}J{f%ﬁ%g pgg‘gatd% dfpf%gﬂd%@\m e%ﬂeldancgragiare actuated. This

P&Wieésas@swse toretiast pistoni rgd r7§6u@nyIm¢leFng aBd By extemdepiston rod 735
irf @s@lllﬁhért 7331 afﬂlth% m%%nﬁﬂ%ﬁtshg\?rﬁ i 9. BERNJrRsBbkdn fo the nominal

exenpl ary “syst'em i ncr eas

S‘f)ttt'@g%lr%g“é?}m ?%’HSWFFI?B""W?H vertical cylinder, either
raising ODemﬂsslng rédxer 7p2e erslepodiBon Eduses B@iv@@sﬂzrtg be
déé)&%g{ d77‘l%| sa |1| QGNS Vaguﬁ\e/zs? 5%%%@7%%@2 g:tpgég BFeé/'cluc??yt ;P]rgssurlzed side of

Ronact 1 vat ed
thecpigtenoyithon C)Tltt@er TEZISQ beirgdteved rod pred6unsi tol ber @ipliad to the opposite

sidg! %U‘s r}ﬂstbh‘?oéy% %'Q)%an}eﬁeanﬂ’ B‘g%aﬁlsqgﬁg§§¥9§6 and 735 will be

confi uratlon e I ct
exeAdRT-, Thig §ﬁ"ﬁ‘{f°ﬂ6% Fééi'rhemﬁﬂ'dratlh@ irDb@n3 paswheére regwlator

a@ﬁbﬁﬁerﬂlsﬁhﬁ 772501315 £38n Pdtatad doi@ise! FhidhAnthE ER&GhplaMbystem

esul tfh in re ul at or, adj ust ment shaf h725 t urni ng
Ine RS fegTBeaE aeplied tPﬂi“%g}aafatf%fa'C?'ro qer, gifirer ﬂﬂw orj Raking
thehlead rasipr trlift. sReleaxing tduker EESalfodvsswal 78Xtd @tidheto & fbn -

aé‘tﬁfafzéocﬁésm%ﬁl ' Pglﬂnlg ﬁegs%ggfqﬁg-le a%% angrgwfmge hnl.%y Igﬁon rod 736 will

e 1 oa
reésaCbrrﬁwmmgrtb@ System tolibe exeinsil aregsenehodfigwationtepided in Fig.
3pgesent invention illustrated in Figs.

In a similar manner, pushing rocker 772 to the Down position will cause
piston rod 735 of cylinder 731 to retract. This results in regulator adjustment shaft 725
turning counter clockwise as illustrated in Fig. 31C. Thus, in the exemplary system, the
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31-33, due to the construction of rocker 772 and the
configurations of and interconnections between val ves
wQ24m5/07225 781, and 782, it is not possible forPCDhUBIW04/025172
val ves 741 and 742 to be deactivated. This can only
occur when pressure is renoved frominput tubing 790.
According to an exenplary e di ment of the present
i nvention, the follow ng procedure may be followed to
re to he S

AT s m b PUEY S RS ShEIoREEAS B o
dasige &1 mousithe mad dmeatdsebmamEMrrmﬂ fdrbee mai n verti cal

l'i nd . i
Y T | B eheChuaR SR or IR el Hendld {8bted i s
FloPhedvetty the gorstrycyan wheackes ?72 anmﬁmmnflnwtatrphe pkands

intRfdohhb@ioRB beBi@FSHRst A1l 2hserdN@ntiesb heddot ﬁﬁsﬂﬂil(esfor both
Urn|n

li_e npl e, by
volgs Fégtaﬁ@ 7&2 te?ocse@%\ﬁze%s'fa'ﬁéer&um FedewEen Beqsffure is removed
fpos itpuotubipgad.at or adj ust ment shaft 725 is slowy
main verti

turned SO |ncrease ressur

i nder. Aigorijﬁg 19,308 ?rg § Sgﬁg%tool?%t'%gr ?SSPE@VG"UO" the
f‘Pl ing prpcedureirhay bm@'bwsd tcheetdm andradjusiothedsystEne  Pressure to the
sPERASH tBrred dffn&{aeﬁ\%ecgstq{gahlns foklferéoeg} |t§1ﬁ>%ﬁp'ﬁé/sbl.j?cﬁ\ with the piston

rai sed manual ly. The test

R A, el Ui 8EaE3ps-0SETRHE S SR CHARP: 6P pish761b are al

lodsened. PREG LAt OF éd]ugtrﬁér;ttsih@ft'ﬂﬁns vl?hbd eah p%ﬁi@i@ﬁ‘ﬂHe@e it is known
mat e ext ende ust
B 4\ R B Bl 1o hE B BEEH oAy Rpd Yo svster;
foresmpie hystummglqm:kﬂ_rm tatibe en (be'dark@s prevjousededabibed) position.
bl%‘caortala sttl%ﬁ ?f]d7issisas?cﬁr5l9)fur'ﬁ@5 %L%attgﬁrhc?‘@c@%aﬁgﬁhpe in the main

rce re U|re
Vﬁﬁ!&éhwé'a !y /?«ﬁaﬂ@a?ressrlié%ls m¢rﬁa$ﬁ§inyhaz@s@sreqmrh®tw1f§éheatest head is

nWﬁﬂoPé]:l bl cae8s Rk iPihRRIastdShtiIUHAE Kst GRYY %%Veoeeme‘aylﬁgnually The
t%%@%v\@ 761la and 761b, as well as screws 7a and

Ipadi Ry Lirsbe RoRKaIlY raipedite ap RRREX¥imatedRigiway| Rysifion where
pisihen kdal Pofihel rodin VAritdae p KeurBdtide lifBeles hppRRFHAtRIV $8% extended.

0 e £ RSO s BT 5SSy grom
whetgithedoradaen sk @Lshfthe testthlegd fsoap proxdmabeie tlm&psirae Bothe force
r@d’mlteaeﬂ) 1SS thg%jstrﬁ%\éﬁs %\gg f’ﬁea@ugﬁ%({r?%l?alr“ f 'h%any

I's pus

two operation, o) and

C%&eSt REhesire HoRiRg B@ian%‘ @mtbﬁr iRslyupenteidd bg ?mmry@geﬁcrews

760a Whet7/bes, éshﬁelﬁﬁ@ﬁére\zg55?@§nd o528, effe GBWNidHtened. Rocker 772 is
e to ensure

Pﬁﬂ%—% 3'}%6& %ﬂ? B°~Wb% ¥ ﬁeqt‘idag]va g%\ﬂ?ﬂﬁé’rt&s‘e’ﬁa@ (13t shatt 725

hde coteteslatbckwisel A mtHey chark mmdbe oneziedp @hatitetthadthet foede required

té Fé?sel ﬂ@qoé?f‘f%sd ML g@? ﬁ1tl€2l %)@QJ\e o%&%ﬁo;\ o t%gqge load

two operatlon CIr ews
MYES HRwaksis At @ dasirable|rateldor BBARitya op@@pent Rogkeytvat2 is pRshed to

aﬁ@}‘\efd&at‘iﬂé @‘é@vﬂdpo@ﬁloﬂesﬁl Er?éék mdVEbdh Rk QHE ﬁésﬁ@ét Ik Wi’)ethefr the shaft

rkin e s increased to increase th hanges
788 bis itated uias Sachig o LHhEREh4ckquy BRNTAGeda Sphre that the
foroy eseired tantveene m&;ﬂ)madwzmmrédaed ehfiagady ifér m?de one
I A] rce en
op¥ ERlRE R o, R es| B ordriersestBblSuBh (F i
operafipn. aafmwﬁéﬁtasandrﬁ?henmbe tdosenegif aridoltle Huisttiok of Ok 765 with
ré@b&tté'sﬂaittr‘}’@Sqﬁa%} b& ddiefEang! de%ﬁ’&(ﬁ ' ﬁ"ge pgé'vi(%s\ysdeﬁned orking

acconpl i uslslegt SCrews
'%nethrﬁyn%aﬁ?ésteﬂmrea ha&ba@e&qﬁ@%m gyl theis ghangsss in the
rdduiriéd Tére For rio@Phétt, WheHEcréfRHas HiebB@ase the changes in pressure and

required force. As the working length of link 755 is adjusted, it may become necessary
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rocker 772 causes rapid unaided vertical notion of the
test head. | n certain situations, such a condition

wgab@aloss2ke avoi ded for safety concerns, if theP@DUSIING/025172

is not controlled; however, as has been described, in
certain exenplary enbodlnents of the present

i nvention, pendant 770 (i. 24 enote unit 770) may be
used to control a position of the test head within a

ran e of n alopng a vertical axis. |1 n these. _
5 stenll St teees PoknB oaiion &F o ek 7681 oymapigieip he desired
nummairsetmg bmsanscancpmpmdrwrmgﬁcr@m 7era éhd g61bt Nete, that it

E%pﬁ%gas!gg%ﬁdﬁfponv%&?ﬁ‘g Ignq%h EZE%F ﬁﬁ:{onbtﬁ/yhere depressing

rPGifﬁJ‘ H&e cagsastranidsurnaddesntartical }mQt@ntqf tla¢ teshhged.of noti on
provi ded tijr@udin SRAESLd %Uct?% cgﬁélgé’ﬁ‘ghgu?&) b@%&o%@gﬁ‘?r[s%gety

| ocal | y_at the mani pul at'or or exanpl e cont
C@Hfﬁra%/u? B‘%es'ow%éo'a‘g@!fdp HoweV§'uA haphes escabed, in certain
@eﬁmmly oMt bf wevrﬁéiérﬁ%vehﬁﬁﬂ,%é?\ﬁjaﬂpW@G d. Ereinote unit 770)

BAPHS S5 L PSR L ML S G 8o o

\@cngabams ngn theseleoazbdguertits asuchier substntially vertical range of motion may

F&‘g't}‘a 6f'+6‘r?’5nr teedch Bodf 'h%ad %fgymﬁ Pr%(/%\édq ﬁaSUbstantially

bro sta y Vve tlca ran
Vieé%'ttl%awd'm wu;@w thp ¢argecvipneatign erﬂyotzﬂnermqwb agfubstaetially vertical

rEﬁ&S@ﬂ'\hohW Bﬂividéﬁ th"duﬁﬁtorp@FaQQn'o‘F pEhdsht 779 (%?’op&atéar IS@ally at the
pul ate a | oad such

uire
LI ft°§ EFRRD G PLETTIGHE eaflotHge ap%wautbeaisgﬁv@ﬁown@wn with a
s(eenmirsubataatlakb}méntlamtrasgﬁbfemoﬂ@n(ebg shid sdcant Isabéthintlally vertical

ARl Ao AR By et Sk s Bbe B sl E RS Biring the toad
sdehes vertighl cprmm\ﬁsl@awemhbsuﬁo lwstratedrin i el9) éx peovindd a broad

s[IB4tERGallyVeRidH) Yﬁ{beddfrrﬁ&ﬁdn%sthgrtes@kh%% a given axis
(even in @ conpliant state) or exa the system

nmay be cofff‘rcwpéﬁe§Ei%'ﬁPlaﬁ\éFmBO@.'M‘?@F%gPdéBrpé%%qnéH‘V@ﬂt'&n illustrated

i Bt 2?6-3\‘34 & Gdtcé edhiredup nQinudW’ﬁ*namﬁLﬂélB% 188d 8UéH &a teRhead in a
amount of rotatio

of
ot %58a! aloBe Pe BRI f4%t 88 BB ramPRE state) can be
sustamtially reddwidtfoomodé oheoperatiend@ddsot the nientrinddadrebddiv@ents enable

nlitﬁl%ttvs}aetﬁ)%rétfbn%lgérg%q 9& [s&% i:rgpalﬁ}f Meggv @Bﬁmﬁuﬁagl y%ﬂwer

axl s. n such a con I guratl one opera
eéterlﬂfduf?rées e? RN wipCiansIs bAYLY Diyen auisceren it @ g@mgﬁant state).

FShé)faimﬂi@&hetsb%rrmvaﬂd dbnﬁ&ﬁ‘éb sh&?tﬁa@ %%@ndl@‘&@bfe@goﬁ Gf a remote
ulate the load in the desired direction, Jt
SWHQ“ f? B 4GS dope %Fﬂwsmn‘esw"ﬁhsﬁ.a? JYsEsyhin pfew@ errawaeéﬂ amount

of emjatisreds shaftZd, putraspnting tb @sSprebi@@eminad trbdijdﬂi@ﬁ/efd@ldlon of force

R R AT AT TR
Sp@‘r@@@nfrm'yatlcrm rf@‘nmﬂdeablheyomtas@ a Otadricdqrersdn slagfincra@Bntally cause

r&t@ﬁ&n W ¥¥5 Ghes K’)afngéll)aﬂ‘%fg Phd ﬁ)trﬁeeF%ﬁUrE@ t@tnatnﬂg‘ilgtg%ge load in

desired direction
tf@o?ﬁ%'rﬁeé"r@ﬁféorprasww%mhapenmq ANt Ehis Rfeeess Sl the force

ré?l:]Lf ledfcb Qﬁhﬁg@léﬁe the lt@ettﬁhebdfﬂﬁﬁ tHeSde@fré@ Etr@%ﬂcﬁ\ ik ?Ece‘-bl@élﬂe for operation
ration oper at or ernative
LB3bRia iRy Serehr Sliby B PRk MR st BitaTeLierion may
Inlzﬁnwallw@sagoatlpemﬁshaafsws Cclhe( enanuallyphenk fdowappropriate motion
op%tlgébsln%e%%ﬁ*&hdlzz&pon' ad dﬁg‘cncrhssfiﬁﬁg?e, ar('nﬂ C%Hﬁn%@théz process until

si tuation, an operator
mafign iz Ehe fireigd ee@rensmt Aeatehidwt twcemab@ fpééﬁfie m@aract@n by a
lonBBkilaH aipatope test head in the desired direction



is acceptable, and then rel ease the switch. Pendant

770 illustrated herein includes no electrica
w@eomspcidns, as only fluid (e.g., air) tubi ngp€BUS2004/025172

connected to pendant 770. | n certain applications

this may be desirabl e becaus f a reduced risk of

el ectrical shock, sparking, @YXing, etc; however, in

some applications, a pendant wth electrical,

el ectronic,, or .m r ssor based o control
desi r ed. Iﬁlﬁmafé’eryi' %E% g?rgénaé’nb%ﬁ?r?f@f'l‘é?d 'i?e‘??tﬂ‘gﬁt'guﬁﬂ)%?tate shaft

Z25reodob@ds tacrenlunpte omisdh @oTpup er dewn. blu@empuh ewit8007PPK depressed.
[ cl osure, 70

et SRR oA S ELISERELPHESs 00 sl

defeyAine whep t'@ﬁ)fﬁﬁ@ﬁ @CIUEB@@H{ magipulate Chleemb head uhetheelasieed direction

.@5&%&3& %'nariﬁéﬁ}elea%ﬁ%égméﬂ er 800 nmay be used to
contr ol he re ulation of regulator 720. O course,

conput er E?GB dllustrated, B%reb’f ingluges, P Sleskricas eannegtions, as only
flotch@r.g.panE a,ﬂﬂmj bs d@&ﬁ@ﬂe@y@b&maﬁﬂqho asn aer@@h%@ﬁﬁéatlons th|s may be

P bl By B RLATRR PRS00k e, SO vovever

imFePe annla-‘mltlenswspmawwﬁh &ecridag refeationéyl o adcropicessoi based
Bhtr@Mm&Y BE HESrdIECHEM & ﬂ‘lhft@&eg an op eb AN é)&@ﬁ?ﬁteﬁqavgotnnected to

such an advanced controller nune ous

OPHARAI CRBPHIRY §)erermrigendRbmandy, frs exaawts, noourited within enclosure

708. an sedearRbAfi %r@ﬁé}e fﬁéhtl@nﬂﬁ@é@ﬁ@ﬁb@hbémt&ien@ s‘Pdn%f’sSw &@mputer
for control pheuny

ul ation_appara
oot tre 2B A B =ik SOlRe Al FEMPHE, 00 may be used to
cpntnelitie deqdatiom efxagubera20t (thtOWspneaﬂ‘rﬂiUef: soglmarydﬁa" &ny type of

rEr0fdcldcp S0 OuhaE ook Vsl s il o8 o e dieb rormatgr or 2
wqgr@mmq@iee@g@r@ntre@en aﬁqnmwtarpipm may iterratively k@ replaced by a non-
Bisehdbady sk %Qmﬁblﬁaﬂ}’@lréé’mgﬁ% élﬂ:umb?tanSelé&fbt h@h%lcal (e.g.,

er industrial facilities. pressure regu
@9 %/ﬁ?%"hc‘f"ﬁaégcfaa'b?m@ﬁ%ﬁorptr%lk%@#@er@gﬁﬁcﬁiﬂt&nawz@ires and

opériating mimdebenadu)ejsdmi to pr ovi de suffici ent pressure
to suppor 340a a 340

on nder
Pressure T @ggﬁa% a? eéeo"%'aé'e% I FERTRE] ﬂt'%ﬂs‘? BFRssure regulation
appargusifer eantidllingopriquotatio cbyncwr$ 3¢ gndrBdeb.aiThistsahdrhatic view is

phdvRIBd! d?:paLf'L e)%%mag ¢k kORo ﬁ \gjﬂ-ugu inBeil |n%%?§qﬁse9fl p ﬁh@ é?e%éh’{ lﬁ}/entlon

dr op at rel eaS|
maYecsitioled: B@salfnaeﬁéaln igdpput N@r@ughaumksgmeqﬁlpo\ﬁmgo the

p%@ﬂe&b@@éﬂoﬁb@ﬁeﬁaﬁ@md@bn aft s2Ardel Bkt Aednh&hIPRAGaIMBYe in most
b sEst ri c or, %Cgﬁgﬁg n'ﬁi 5330b, which facilitate adequate

G 5?1?(8 P &GieF ow to smal | moverents i nposed

on the | oflde pyesexeargabtidrosysesn fironudess ;bneeleiong:ressure regulator

5?2’6 RPRE? ma'?eb%taf diGde84 ?Cf gl%%(@% %ﬁ%t%%gs%b esu%ﬁaro%&gle ad on

prevent Lurh
CYJWGG"SIWOatEH@ ?P”cS)éml shoul d now be manual |y rai sed (i.

nmoved in ﬁregédr@q"&@%‘to? @3@@?%@&@ tQ'mc’iS@ ﬁ%ta’ﬁgﬁe%ﬂpe at its output
¥

348b by an ext ernal g orce res
by giQWing qaqre i flonhiy '@4%“ CPH@?FUPH Pé§§'ﬂﬁ gveng of a pressure drop

attitlei loate rand PO=lcabitig 340k the ef/@dLUf%Cbr‘eébu@@ Gi0é datelond.t Regulator

t 532
53380 b, 56 L SEHES, AR e 28 1 5 M 00
alb%/%%@d|W’rgcl'af§idllltatend¢2qtfdte| trdnsiattoresydnsede flewIdGaadindovements
m*?&UQQd BAthe IJaH%yo%%th'nQ?ﬁoréegrfgreﬁosﬂfoqﬁﬁjﬁﬁ‘pbéeg &8%0%ors 5330a and

Al ternativel g
5330b are arranged to prevent a return flow through them from cylinder 340.

If the load should now be manually raised (i.e., moved in a direction to
extend piston rods 348a and 348b by an externally applied force),with respect to
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pressed downwards with respect to its cylinders 340a
and 340b, the pressure in cylinders 340a and 340b

WO p@soaRes. Pressure regul ator 5320 recogni zesPehis2004/025172
pressure increase and diverts fluid out of cylinders
340a and 340b until the origi target pressure is
reached again. In the exenplé&? enbodi nent bei ng
descri bed the two cylinders 340a and 340b are

i, ngl t 532Q. f eed
A L R E——
aCsortihleces\emlm theTliftisg fegemBtassural re§ulete $320 eeq@gaizesl etk drop in

PG ﬁﬁ&jﬁm sé(seﬁvg_' f'?ﬁ? EHSQ&HG?"S/V@%&BE %ﬁgf Elﬂal f\ﬁJA@ mto %yllnders 340a

a mnli num rce
a1 399R aingil rr@ ergémﬁléar\saparqsmesar@ca@d t h@erfnetm@y,t iftte load is

p\ﬁ@iébéi dbﬁnﬂb@é'@ﬂﬂr&?eé t8 '|t§9:l/ﬁnd%¥§ BAGEENY §¥bl5‘ Qh@ﬁ?ésgﬁ@ln

rea of either of Ilners daa
%mﬁ? ;CE@%%%%S R ICHssee B\ﬁeﬁfwr?é%%t? t5%2¢rf§f§9neegtb's pressure
indnensprapslafivertnfed oudor /liavérd S3.08 aAHBAeH Wikil fHRVEHginal target

r i oved mani pul ation of a | oad; however,
pfcr:‘gsrgpa ﬁ?%; eg gg{}ts of the present invention do not

i ncl ude edr bhaexkreplanyerobrelinent besg desaibad eise tWotylinders 340a
aRy 3ABb @re ﬁfeﬁtlca35 A én@e Pﬁg’@ag‘s%ké’c?f \é'dg\Hoﬂgg)}dgaérs%g and 340b so

mani puI at or . mani at or
*ha&ﬁi)efpé%ﬁswfee@ bé’i”?ﬁSl taF sp@er Hbwe %@@ﬁtrﬁéh‘fom\ﬂée qu\ded which

afd@SnﬁJ&ééplh@ flicdh dhﬁ%ﬁ;sﬂﬁlé'ﬂwilﬁé & a el?'ggﬂ(r)'nhdlﬁt AL Q6kal foréd Brovided by

ul at or
e s D FORETR en Aoy B A2 i OB Do P ed scprgyided by 2
sMg@rqwllede@ayams@pistqn FEdie thelateat:ﬁﬂ eith@r bf eylmders 340a and 340b.

subassenblyy d%?é%eg %@gvé: M{ﬂ l ﬁf’l‘c“ ggbol %4 BE?\% re§eé1§ invention

head mani pul at or
Pfféféﬂff afYrRber qf groxeli f@@tur%mfgémwrom rrmmnm&batm af at laidl vieowever,

c@%énﬁ e&ﬁ%@nmént@ oﬁﬂ{ét prasdntlifvdnBien G8 Ho® SRAY (ﬂﬂ@agﬂh%tvbwsone of

; S descri bed above with respect to test
o A ES o Fof e(?fBP*St fige 2k PEERRItH i ef in5F Bgacdareaipulator
350@ 3Béskthehl Innaﬁmilﬂﬁtfbd 3600 fricided hanytfBgtured Sinildetd BEE described

[ . | .
IS T RNt
mmmumpraﬁﬁo ®800es Yarticallcobimrateit 3604 FiogtroBénclosucaBEd 4, X -
c%@ﬁ%@érﬁb@%qm ancfl:‘é:iec%rrjiér@ﬁﬁéssg% C?%dr%glléf&gacggg%bassembly

3544bh that engag nmove res

3360 Beptdwad maégﬁulﬁeaaS%ﬁrqmeatadpa%m altess hepd) witk @ rotative

rdr@ék)f W@nvdbloﬁhrdt@@\}%sa%@%ml iMcdiRist tdithe Jo‘Pre?.‘a&%mg rotative
irection., Test ul ator 3500 al so inc

aX'%Ps r'ﬁSﬂ&P%"%\s’*}‘E Fewrech °nl§§7t %e@daaﬁwevk@&ornlaﬁagatw apgyt theta pivot
borey 35&a and G dtistratkdapdFiatiay, thendtaeivy ratdge 6f rhbtidhebout rotative

%938, R0k LRbALive axis 3570. Although the present

I nventi on has been described primarily in terns of a
t est headFiat $aisnmeetailetyiewsifaupardon ofitest beddimanipbater 3500. As

iDSeAtEREN £, 86 exléﬁ%rtsgb@sfs@ﬁl'bgﬁ%?/ﬁ ﬁh'cﬁ?lajes E@é\/&éfb@ggﬂ%€3544a and

t | ht
B Phetdraen TA(F WS Sepec isrinir e sricie Py peteshesd
mampukalutbra?:.‘mOSalso includds gk 35496 whidh Ibiks l’hﬁl.dort i the side -to-side
. e e |nvent
o oh T A = BB R0 Pl et R baF B3 ich may be
acahﬁeﬁmarwally \Rirhayibe agpewdtsd efid pherapccbmteiymmmtltm load about
rofNe H@essAescri bed using

Although the present invention has been described primarily in terms of a
test head attachment unit situated on a column where pneumatics are used to provide
vertical motion in a substantially weightless condition, the novel concepts described



pneumati ¢ systens operating on conpressible fluids.

Conpressibility of a fluid is preferred for the
weomshizete units, which benefit froma const ap€T/US2004/025172

pressure in a changi ng vol une. The apparatus for

adj usting the pressure described above with respect to

Figs. 26-33, incorporates tmdzcyllnders 731 and 732,

whi ch al so operate on air. | n this enbodi nent, a
ic fluid could be substltuted

non- co res i ble h ul

IR P IR B HEFd hgﬂéﬁrﬁmesp?fe’f@wwatqrﬁ Ig@Hqiggnbut not limited to
capplierisdricet snahipulbtord. MEhalmnag R dtils iR Ylepend aptsittheeans of
plrg\ﬂgiﬁ v@Ft?caléfp%HC dlﬂgts based systens (e.g., air) are
typic gl &rr

'y pre used herein, the term"fl uid"
refers to Varioupasbectst efgbe present invetori meledtstien giebaitied using

p9§§|%§t|é‘5§’stéﬂn9 'ébglsatm@%n%%r&%rb?é ﬂ%ldg h%oﬁ‘ng%.gsm‘ﬁﬂgm’ L3 is

chani_s efe to a mechanism (e
Pﬁ?f@Uﬁﬁtf?fct s cPTRIBhCe Wi, whichengfit FeRa copstant aresgure in a

chaihgl esluthel Wf@%ﬁp@l‘atﬁyﬂﬁ%jdsﬁtﬁ g @hé 9ﬂéésur@ c%scrlbed above with
e

subst tl ess cond
Y %%9%36%’%9%3@8 FQi ‘P{"'nqq{% 7?@@,?{1 7@3 ﬁ’lcﬁrﬂ'so operate on
afrarigehisfermipidiroerit, mefoar®nipressiblangedraafic fm‘dlcenlddfe substided;

hbﬂle@erdhggl%hll r@ng??%ﬂ%rr@cﬂn%‘rt%hn %ﬁb‘? %tlg edueq:oq:hg%gmage that

Suppor t I on or
maYbha %ﬁHSP%IbV)}eaKél gfist 1Assssickorashased systemisdaegi, aibeare typically

ppsreseit i nvention has primarily been described in
terns of a tes(ﬁghead or testing integrated circuit

it is not AFiUFRd BErefhdhetem \iwd" dﬁ?ré%%@(%ado‘fat%%y of fluids
inchudéng bath gaays bred Bqupdid.ed t o any of a nunber of

di fferent I c Iarl a ads recise

mani pul at i o(r?i'ggci %fn tﬁh% etrmoﬁ%%’? %ﬂymﬁ‘gl?ﬁ' Py h'@%f?é%@ﬁf'e‘:han'sm
(¢.avaprog, A@sewetic detvatoirbeld.) ghatnatriedsy partidligrmsvidés a force for
sV Q@oa%‘ ih aasgtjb@ta‘i’\'flgf’f?%'élg%'tlggs édnldit%P ?la (ﬁ?ééclclgrq% %bout an axis.

it isnhot limt
aliquid 6f Uaefba%re'rhﬁ@e Fféfmtcpmpﬂ@aﬂ [RRYE REEEtion” refers to a range of

mRRD 0 @ BEG3EIn d dirddtloh dp@bapRdrestigtwerkrt RR 10884y be supported in

||
ol ﬁ@tﬁ{EBwtftﬁs&f"SdggﬁPﬁﬁabf*"fvo' i Eopatan. ¢ ni s
i nvent i onAltiughhthie presphiraveetion bad pmdrlllyrbebheiea@ﬂﬁﬂdﬁderms of a
test LI o\(\vﬂ@gtlﬂgsinfaggé&@? grrc%‘t ﬁq lﬂ{\%cﬁher&o Vga,rlogs aspects of the

mani pu atin US comp
inveRtgn @f@w@r&tppbw treani of & @mmb@w@ﬁfmﬁgt tolaés,l rraidcularly heavy loads

tl'ra@%%lﬁ%esrﬁ@ﬁ’iﬁﬁlatlﬁﬁ EH@[OU%@SlleﬁméuF’port' ng the load; and
a coupli ng co%ﬁ1 % between said first support
st ruct ur e SAYDFNG PERFERh IVETILAFS Rean dasgrilked regmarily in terms of

sugplyphg Ay as{acﬁnashungmfg fﬂm?ﬁirlcﬁlt’ﬁde{ﬂﬁqhilém% Whiitel tRéRYd. dARYtype of
C motion to the | oa a
gy FReP Sl &, M R0y Geh U cnsB eripabetr oa 1 o
| ocat ed altewill be@wppesgiatied ttadbihes raodificatisns dam bé atddeedo the
i8¢t Stel @M dAn M szt‘FlBEﬂ E@dar% ﬁomzthﬁ-gggpeamﬂrs% n&t%% which is

claim 1l wherein said compl | ant ani’'smis co
sepgraiely Asfined ButheeanRardsd edimsecount for variations in

t he | oad.



3. The apparatus of claim 1l wherein said conpliant

mechani smincludes at | east one pneunatic actuator. 4.
wab@sappas at us of claim 1l wherein said conpli aPCT/US2004/025172

mechani smincludes at | east one spring. 5. The

apparatus of claim 1l wherein_sgid coupling provides at

| east one additional range of “fmotion to the load in a

direction or about an axis. 6. The apparatus of claim

wWhathieeRiifegal d apparatus is a mani pul ator for
mani puI ating a test head for testing integrated

circuits. 7. TH® anppeatus ps rodnipylaling 4 loglde s@id rapparadus comprising:

second SURMEL suppbCMIcE:rs YRR bértm'tﬁeh&%d through a
second couplin sai d second coupl Ag providing the

| oad wi t h 3FARGRHRPPIERSEUCHHE ApotPPartiwdoa doadsteadi ve
axis. 8. Eheuppacaipls tﬁa‘twéérﬁsdm ﬁrs\M%ﬁb}@cbrﬂ sﬁ*@tt@ré bhdaid second

d
SRS LA U 88k b e kemrons -
C@'@Bb@'ﬁt"a@ﬂq ofcmatien pr dheildababdut al osativei ds Wharecoehter of gravity of
tiSdIRSH Aok Aeh Yawd§ rhdnt Q%ld rBi38Ge 9 |sn?e{|b Wtati §@5>gis§%ﬁ-%2ar nop-vertical

substantially vertical range o Ion e| ng
aKiSom said first substantially vertical range of

motion. 92, TheTAppppHbHE di’fcla‘%al' Wh&em@t&néﬁarlt@ﬁ&thamsm is
f.irst subs anti al ical ran

f i d
faRta PN iR SR B adants i horotns B ARe lo#fge of
nDtl on I s3a coiip BpprrawwsIdf ickéth 1rangreinadaidredrhpitant keechanism

|n-En%e§QP%ra§E6ﬁe l% u%aeilc@c?u \Qﬁgler ein a position of the

d wthin sal vertical range of notion is
adj usted fy adJT'E%PIPFﬁga%ISfOIfGIadﬂﬁr\@@@amesamjgphpleahtmchamsm

ingRidds apRasBéieSspringe fl uid pressure being adjusted via
a control unlt | ocated away from sai d apparatus. 11. A

met hod of >mani H‘ﬁ aRRaxFFug of 6'56“ LodhereiResalbepUupling Pravidgs at least
ondadditiens rafge cpfrrmvmcm tdgha Iddd ista @itawaﬁ for 8béwcdraas.f or

supportin the 0 Iat vel ling,.fhe first )

suggort s?r uct ulj}eeg bors uggt 'ﬁ'HX§ P ngct?ﬁotau?té'sf'%? manipulator
fog upATBRUlating a kest IhewaHMngantexgra:Ed vicats. s such that a

center of,gr aVTﬁe%aﬁHarétng of 08 1Sy qulﬂts%% éae\Q@Xd sé&{grg tklructure

rotative axis e rotative axis on -v
SUPPPEs SpidJoadFhrguah @ SRsINd et Plinga géldaiecm ¢cmn>hn@ préwading the load

witbadaago vt mbtien apéuttd é@oﬁdi’&atl@é]ﬁ'xﬁam pul ating the
| oad aboué he co | iant rang

theT rotative a%< ﬁqﬁ%
of notion REHZPPRERHB AT GRine £ &Y HHRraiR Sﬁhﬁ’eﬁ‘ &t ?P@Qrtostruc’fure
Pmﬂepm@badg\lmhtaebrst schsharesallyemttidal yanadi Jotasaﬁdtimg, tde sb@ﬁﬂ support

st%%lé}*gggéﬁfh%tlbé’oewﬁﬁ'assec&ﬁd sJ&?aﬂ%‘ly(\)/grt%gl lgangergf motion, said
second substantially vertlcal range of motlon belng different from said first substantially

vertical range of motion.

9. The apparatus of claim 8 wherein at least one of said first
substantially vertical range of motion and said second substantially vertical range of
motion is a compliant vertical range of motion.

10.  The apparatus of claim 9 wherein a position of the load within said
compliant vertical range of motion is adjusted by adjusting a fluid pressure supplied to
said apparatus, the fluid pressure being adjusted via a control unit located away from
said apparatus.

11, A method of manipulating a load, said method comprising the
steps of;

providing a first support structure for supporting the load;



conpliant range of notion includes operating at | east

one pneumatic actuator positioned between the first
wGeppoI245t ruct ure and the second support str UuBCT/US2004/025172

14. The method of claim 11 wherein said step of

providing a conpliant range of, notion includes

provi ding at |east one spring“Detween the first

support structure and the second support structure.

15. Th t

of - prov P el cpllo WA bracbPrs sEPoEr . SecahtiRbr
stiyyciue farsadperting i lcad abopt & mojatied akiesuththat iarcehter of gravity of
tReél .Pﬁgré lo%&ﬂ’eH%qﬁrdg'F‘éhé nﬁﬁﬁ\?eﬁ% R RAQEYe SLik %%{rﬁrae n?n -vertical

The nmet hod of aim1l er conprising
aéF* rotatively coupling the second support structure
to the | Oﬁ%ﬁmn@&%hﬁﬁaﬁﬂqﬁnbééﬂm&lbh t& tHU3BE aBbutple! Bfdtive axis;
3 ?out a second rotative axis. . The method of claim
' further conprising the steps of provi di ng the
| oad, t hr mueglipudtng thedbadsatpperthe sdtativeg aXi€ using the ompliant range
of idodionsubstantial Iy vertical range of notion; and
prOV|a|ng the | oad, through the second support
struct ur e 12w t Fhe maskesher caitist hnheein said endripabtingsigp includes

nétfnuBT aaynst.ﬁdw&]easg@ego&%hétr@trat.{,élhk.x vertical range of
notion being d fromthe first substantially

er ent
vertical rdnge' E? MESEFHH, Al 1irwherain srid StAP of RPYIADD 2
conpli@itnaade dfaastioroimeludbs bb&aflhg at léb&&ig@iduﬁdt% acttljaltor
- 0 ond subst an
P30t et ROl SRl a0 G Ao coptp PR sruciire.
verti cal ﬂéngeTbé methddoof. cldith, 1 Tivberait seod stdfp afl provindihg a

céMbﬁé?ﬁrranéﬂlmlnEmaeébeQll | o%ataigb#he | 'a¥ib%%\ﬁeen the first

renmpte control unit, a posit
SURRABY ?té‘tht”r\?élmltéalse?%ﬁ'gﬁé'PBPrtﬁﬁvFWﬁe by adj usting a
fluid pregsur eTN@hﬁH’\(ﬂi of dﬁiﬁ\t1]pﬂfr$Hea|cJ>Mpﬁ§lﬁ§'tl‘i’é9§teier$

o rma B e P S gl BRes plactBn b tat /gl ghrough a
cc;n.?pdisg bstywazorthe sfu'stlmpplmle sfmttusejppd)tﬁd momdn eu;bmﬂstrmuﬁé
I rst su p@§) ;Lt fl’ic{ {1’1%& pr AR R T ?orﬂg??lg% theastgg o

first subs I a ver |caI rang
support statafivaly @Otﬂﬂbﬁg Shppreond ﬁgpndlrtésiir@adre twdihd lsmtmnmrovide

tHEUBE® With S fangh UF %oaae\ébeum sédaﬁd lgagvitiQ a second
substanti IIy vertical range of notion relative to

said first/subbiamerhadsf C%P@Pt%lcfé!rthﬁaﬁgap@ffmgrﬁiq FRPS afid
a coupl i ngrobifingeia 164d, dhfoulh ths AP elbpart SIHGUFL waitda first

s._ﬁg@c t,%ﬁ‘ 00icS) %ﬁortof %&Flgﬁt# , said coupling providing
‘a

eas one % PoR of notion to the load in
a di r ect i pevidindalihveloacathmxigh the¢ beroaddupparhatructarg eviof a second

s&ﬂ%ﬁér@ﬁéllﬁ%rtf@ﬁ' r'ag%egf Fﬁoﬁb‘rpstrh@ge cS’JHdI s\ﬁbgt%ébb(m{/ertlcal range of motion

di rection. app ara us O clarm

bgipg Siffepy fES’Im £ha Trst pykstardialy variicahrange g motienl r ange
of notion&nd wa ﬂemw@la&m@t@%bml dt)edRBAE oPthe first
sJB?:Ean%aHy ver?‘c rrRgeI 8‘ rtno%/loerq gnl“u? ahe sre%ggg substanttlally vertical range of
motion provided is a compliant vertical range of motion.
i9. The method of claim 18 further comprising the step of:
adjusting, via a remote control unit, a position of the load within the
compliant vertical range of motion by adjusting a fluid pressure which at least partially
provides the compliant vertical range of motion.

20. An apparatus for manipulating a load, said apparatus comprising:



22. The apparatus of claim 21 wherein a position of

the load within the conpliant range of notion is
w@odjoasieds by adjusting a fluid pressure suppl i BdI/U82004/025172

said apparatus, said fluid pressure being adjusted via

a control unit located away f_r@rr) sai d apparatus. 23.

The apparatus of claim20 wherein said apparatus is a

mani pul ator for mani pulating a test head for testing

integrate Ifcuits ar at f claim?20

wher ei n s%l fgrsé%ﬂpﬁoirtnsérchurﬁ%%ﬁ%f’%‘%@ﬁg‘ﬁ%g°'ta'd2f5' St stpport

séipigkuraprryiding theaioad Mthwh Grsesubssantib|ly vestida eangewslmatipn;

i ncludes g LRPRY E@ébtortrﬁﬁr@umesfm éLng !%ﬂh@lg&% tsaldrﬁecond support

addi ti onal rang tion as conpl’
SEriRkEe Broviding H?ﬁ leBe utithaa Fesad isviestandially vesticalhange of motion

ralaflas &8s skid afst %hBétHhQéilnyerﬁe%l MP?eQif MctRnd apgcond
support struct t hfough a second

‘Jr e s Eor s said |
rotative EdUHP ?ﬂg?e@% B sg'&fﬁﬁ%slﬁpaf"iits"r\?'ét%ﬁﬂﬁﬁ|5ﬁ§' second support
spuotuire}i sag saupting peaviding bt Qaﬂtﬂlﬁtadd(ftldrﬁl‘l%g@fofﬂﬁ&tiMO the load in

0P SN B2 5 bl S o RRERS e Hlpsosancany

vapisat digeckighst anti al |y vertical plane. 28. The
appar at us >9f chgb gFgQ'aYMf%é]msﬁ \ghépe n %ﬁ%st%@ qf said first

addi tignal range mot 1 on 1 ncl
SHBWIF‘% 'e/aqerfﬂ@hgaé'gsfofmtfoarﬁndﬁld %@Cﬁﬁtﬂ selstantially range of motion is a

compligntvettidag rahge@i@hotial d nmet hod conprl sing the steps
of : rmvin the !goadto tion within a f

substanti & I y Vv ﬁﬁpg%rratqsaq{é%anaf nBReEI BPotifien P%% (63 within
theheonhpliast randesifamatical ik pdjustdd ineddjustrgea Abidriressuite beppied to said

Fﬁ&‘ét@ega@)ﬂuﬁj E)Hegsctfre %@ﬁlﬂlﬁ d&us%&f Yt ug el I{nécl cagefq %/v(\?gydfrom said

0 a second position W A second Subs
apRAPiUSal range of notion of the load relative to the

first subggantirpé la pé&‘gﬂs'ocf%lanﬁ%%é?gm@%fd Mbarktls is a
second obst ant i atﬁf% verbl c‘?f range of notion belng
BRI hyA IR 574 fasPaOURieaTaiRd chEia: i ng

a coupl i ng4.bet Weeappdretukiof elairs 2PPAidreidtJaUCEdlipAng Nda Fh8tive

é%g gd support structure, the coupling providing an
Ifional range of notion to the load in a direction

or about &% axfRke apprsataddf claonap whangie safd mbdtivecoapting includes
a QShEGaﬁtﬂné’ch%HEﬁ{ ﬁ)‘?tp'r&} dikg YR Edkfﬁtl)naqi'rérf?%t 6f(m?1ﬁ§1 as 2 d Ip?catlve

claim?29 wherein at east

C%Wﬁ”éﬁ?qgﬁquWW?wF argtfi¥e §Kisnot i on and the second

substanti 2.y W&p;ﬁ&étu&@ﬂ@I@anf24'BPt2|5Q/ﬂ1ér§|nasa§EP§@oh@@Epport
of claim30 further

LA DRl R0 Lol g e rORY ALY CRIRIP B Y St rotative
caupsg Wi Q'Vllﬂllng sdid lgamihpith anbtatiaa gengef of mdticonaliput a second rotative
axis.

27. The apparatus of claim 25 wherein said rotative axis is not
rotative about a substantially vertical plane.

28. The apparatus of claim 20 wherein said at least one additional
range of motion includes a substantially horizontal range of motion.

29, A method of manipulating a load, said method comprising the
steps of;

moving the load to a first position within a first substantially vertical
range of motion of the load, the first substantially vertical range of motion being
provided by a first support structure;



11
12

13

adjusting a fluid pressure which at least partially

provides the conpliant range of motion. 32. The nethod
wo@tooslosizas 29 wherein said step of providi ng a POIYPh1004025172

i ncludes providing a rotative coupling between the

first support structure and thg second support

structure. 33. The method of cl'aim 32 wherein the

rotative coupling provides a rotative conpliant range

. (i
et hod of gy B8 (S8 Y ard ARIBH R Seonsutlipuay
véfticah rwemf rmgot@nsznfc;bel uaadmelatweo teupst supsbettiate nettizel range of
rBEN) heS SBAA suBth MGIIN VR @ r’&% Jfgrgﬂlon I{jla‘?nagS ?r%gnﬂd by a second

i ve coupling providing t otatrv
SPBP@LSUF “HEIBN about a second rotative axis. 35. The

met hod of pedading %Qco‘&bﬁﬁgﬁbétw@élh @héﬁn%@ s@ﬁpo?{ ¥ &L RGarf the second
et wee

I QVi t he
P?H‘Rk Etgllg%tgger,tthlg LF@‘PHrpém’éﬂgg Fﬂeadéﬁeaﬁgraggsﬁsmotlon to the load in a
dieetinn errabout ke axisupid avylifomaV ratigegf nheticadtt tieigah o Aubgeantially
vefticBPdit&ioh0 the load in a substantially horizontal
direction._ 36. An apparatus for renotely changing a
position &f- a Fé@meég%gf daift 2D Whgeain akleasthene of the first

stllﬁs;alﬂltﬁﬁlllyn@rmmafr@le dtendtR drRdHb 3bidHd RibERNESIY Qértleél range of
rtln a | oad, said apparatus

arti
nﬁzog‘?r)pr? cgalp?gn%gﬁgggpmpf) for varying a fluid
pressure, 3the The natthamof diaifd 30 dJrﬂfeeS:SMWaﬁsmg the step of:

corr eSpongHﬂgtlﬁgﬁ %oglggH%‘FtHe Iogq vvlll.'gngmsﬁhteoq%&pglﬁpfeangsﬁf mption by

regul atin a
a%gwg Adlubriishwtre heticheatieastipdriiadipirevides theaochiiibet range of
mogigH] ati ng control device, said coupling being

configured_to change the position of the regul ating
contr gl g%l ce 'R ERESftgRim2G Wherelhsaia steapuafroviding a coupling

inphueles pravidiad d aotative doG@ing BREwESH tHer v &l pfﬂ)grttshlﬁ,lc&n@%g@ the

re fromsaid renote unit to said
sécBnB SH'!%SWP %ﬁa};‘ﬁé apparatus of claim 36 wherein the

r egul at i ng3.conThometheod deldim 3onhérgur e rotativegoliflirg provides a
rdtidvd éUn’?;ﬁlaEPFar@te Af%?&kn%ftgé ?Aaldyab%ﬁpg %t‘aEOQ Ft fe | oad

in a conpliant_st *3n axis.
38. The aphar afismsthad dickaim B2Agei2funtheh somegjsihathastep of:

control dmmaaug § s€cdRtirgtakigd c&ﬂalfnsgjéltﬁé& EH%esef:&‘if&aJﬁgFt

siBlety 8ty B8 Lial end peahR Frobie reniiing pradein ine ot witea rotative
raappaf atOIDlsn@boctl @ senod6 rmﬂaewelamst he chalnge in p03|ht| on
f ther | at ce. result change .
|on a posiefﬁljon +¢égm%%P aﬂg gﬁheée\nasr? St8P O?Tﬁf(fvéﬁg%ﬁ coupling
inglHdeq ygYiding %1CQHFH'@Qtheém‘leetﬁ\rthaiﬁmttsuamlaﬁtmctMGana'lnlaae second

st@@@ﬂfs@ﬂuﬂﬁlr@fth@c@hmr%gpr’é@i@ ng t‘ﬂetagﬁlti%né’ir}gﬁgé Qf Rl%%lhﬂ rt1(g éhe load in a

ating control device results-in
s‘ﬁ%ﬁtagpB'&sb?r'z(?ﬁt%idgrﬁﬁé”] oad within a range of

36. An apparatus for remotely changing a position of a regulating
control device, the regulating control device regulating a force for at least partially
supporting a load, said apparatus comprising:

a remote unit for varying a fluid pressure, the variation in fluid pressure
corresponding to a change in the position of the regulating control device in at least
one direction;

a coupling coupled between said remote unit and the regulating control
device, said coupling being configured to change the position of the regulating control

device based on the variation in fluid pressure; and



10
11

notion of the load in a substantially verti cal
direction. 41. A nethod of renotely changing the

w@omshiams of a regul ati ng control device, the PCT/US2004/025172

regul ating control device regulating a force for at

| east partially supporting a _|pad, said nethod
conprising the steps of: varyimg a fluid pressure, vfa
a renote unit, where the variation in fluid pressure

?g;Llerloﬂgasfé%lﬁ tc?gfe@i@%;?rg&i@ir{gﬂﬁg %ﬁéré‘gtselt |%3’H|gc§ B%egglérteifaq{n said remote
\pitotpi sichgouptieg.change in fluid pressure, via a flui d
carrier, f3omtfe gp%g%:tﬁséﬁgél%iﬂéé’s %hgﬁa;il‘rﬂﬂné‘gn%gﬁgﬁﬁéﬁzgntrol device is

bet ween the renote uni rgﬁ ont
Qaligwed ta repwataihe fryce frs abdamst paialy supreriiegthedpadhin a compliant

staatin al dijketions 6r ddRWahdde coupling based on the
variationrgsnfl id pressu e nethod of claim

pressure. 42, The | N
41 wher ei *%ai taEPBa@ft”%ﬁfZ‘H@Jth PhETebENa feghlagng Cpgtrol device is
coefjgirad ito gegubate it fatew for @t leastibdrsiaily) s@peting sRoBEd a compliant
s@é}@ﬁ,ggt%uﬁa{apﬁaeﬁylo%eggca}ltgngctgo%r_ ce at least partially

suppor aconpliant state in a
direction 3% adbetapapratyd of claj@®, 36Tberabt tredchehge iraposidéh of the

r\RE@hdcdrtrol bieviee ralits GRS thAY el ihd ﬁdélitﬁiﬁpdﬁﬁé %a‘ﬂ{ﬁtﬂiﬂ%@ange of

in.a co Ila%n_t state in a substantially vertica
YA R o 40 aTfiERCHRR RbEPBHt &1 it 41 wherein sai d
step of chi@angi Myetappara@s éfi IMOF9 Whereiregiel dahB8in position of the

AL BRSPS ST o N B i o renge o
reptiomcafitbe laad inlacubstantialki wertidd dirghgonret hod of cl ai m 44
wherein t chan ' | tdan. of s it i

the r angehlgf _rn?‘t'?gtnﬂopsotfimﬁng@?u%ﬂsag g'nnt%i tgHbs)s'\It/lgﬁg |f gné%ghlgtmg control
dgyiFecthesagulating senteghgavies (roufasingrrafierqauondt legstapartialdy, supporting a

&, daiaReuhall ksmBASAE itkd Bi@paopgupport structure for

supporting the | gad, said support structure providing )

the I oad WPUI%? PLRLRISEHrerfs Biremets Gnth.aplisde Bhe keratsm in fud
pbesisnie @riesppidsanta crange irothenmdsition; of ahe regul Mt @nthdi device in at

' jng a fluid pressure of a fluid system
'F{a%g Sﬁgﬁh{g&,ﬁ’hi d carrier, the fluid system providing at

| east a pOreviGng die ehirage dn Heidfsesssoppis aiflogl ¢amder, dadh the
révhbidl thit 2 6QIBRNY %B&ﬁ)lE@BQt@ve%B tHO A Ae Mﬂ@%ﬁdr ﬂwe%gulaﬁp? control

adj ust ment of 'said fluid pressure via sali enot
dg¥Feist™ the force for supporting the |oad. 47. The

appar at us chéngih@iha gESitin et ehd el HingedBtrel ddlide thfough the
I sai.d fluid pressure to bal ance

c@ﬁﬂeifnlp%grag?ﬂﬁ gheg\g rga?'gﬂt"? gﬁivrﬁfﬁué tl ess condition
wthint héZCon‘iﬁhé arﬂthqmofgéaiqf4hwhiamm sdi&ste'bh_ﬁ changing the position
oPORCGES s B LA  SPEIBLAIRLIp I oz, e o
abls8rt PHaDE suAperIsiiepachin? eqverltokplatain a duagonofr about an axis.
notion. 43, The method of claim 42 wherein the force at least partially
supports the load in a compliant state in a substantially vertical direction.
44.  The method of claim 41 wherein said step of changing the position
of the regulating control device results in a change in a position of the load within a
range of motion of the load in a direction or about an axis.
45, The method of claim 44 wherein the change in the position of the
load within the range of motion is in a substantially vertical direction.

46.  An apparatus for manipulating a load, said apparatus comprising:



49. A nethod of mani pulating a | oad, said nethod
conprising the steps of: providing a support structure
wo orospuRpdrti ng the | oad, the support struct urBCT/US2004/025172
providing the load with a conpliant range of notion;

and varying a fluid pressure through a fluid carrier,

via a renote unit, where the fiid pressure provides

at least a portion of a force for supporting the | oad
within the conpliant range of notion. 50. The net hod

of cl ai m Ao RREFEtHCEYRd VRHPPPHYISTE Bodth PG Fue PO ST
prbedinguhd Iqadesisue eatge dfaheae shiierahg@df imdtidn being a compliant

éHg‘meB g]l, |é/ndV\BI ghtl ess condition within the

lant r‘ange of notion. 51. The method of claim49
wher ei n sd @nde yniidorsadipstinged fidid pressuye ofga flhid dybtendthrough a

fQﬁd?ts.aﬁ“l"lE? the figf é{égen? pﬂﬂﬁd hd ggleggt %_rggrtiogaoq ftl\{\f-: FMd Igﬁpportlng the

ant rang noti o
'WﬁﬂgﬁhWéPFﬁ@mR“WEdang%afGWH@Whod conprising the steps
of : at | eagterg@arani a%iJUQ»trr%HpMaﬁd ﬂ@ldtﬁ@sshﬁ@dla@%lcﬁremote unit adjusts

tﬁg% nrtzs”ﬁé‘%g‘”ﬁtﬁ? g)agl rection or about an axis by

pres such that the | oad may be noved
in the di k@cti dhe@ppalabdud oftdieimedd shaimspia rémb&t unit is configured

tg%ﬁ_\i%k sAIPRY pr%Eerg rt? Ealaﬁgﬁthreelgyé ﬁ‘ll é{s&ggtéjr?t allggv% gﬂ'ﬁ % condition

pressure suc
withirghe eampliankFnge of meotiegi s usi ng a second manual

anDunt of 4fgor Ca'hé%bbéra@ﬁb SRR A wherRil & Eé%@l?eeuﬂ if'& configured

ection or about the axis,

S%{HE'HH PFSFS%F% édlb‘éF AGosiEaR of H\&HO@MIWW@ comphant range
ofrmumh. amount of force.

49, A method of manipulating a load, said method comprising the
steps of:

providing a support structure for supporting the load, the support
structure providing the load with a compliant range of motion; and

varying a fluid pressure through a fluid carrier, via a remote unit, where
the fluid pressure provides at least a portion of a force for supporting the load within
the compliant range of motion.

50.  The method of claim 49 wherein said varying step includes
varying the fluid pressure to balance the load in a substantially weightless condition
within the compliant range of motion.

51. The method of claim 49 wherein said varying step includes
varying the fluid pressure to adjust a position of the load within the compliant range of
motion.

52. A method of manipulating a load, said method comprising the
steps of:

at least partially supporting the load in a compliant state in a direction or
about an axis by pressurizing a fluid, such that the load may be moved in the direction
or about the axis using a first manual amount of force; and

remotely adjusting the fluid pressure such that the load may be moved in
the direction or about the axis using a second manual amount of force until an operator
can manipulate the load in the direction or about the axis, the second manual amount

of force being less than the first manual amount of force.



