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%J/(;Ii ﬂﬂl NG SYSTEM FI ELD OF THE | NVENTI ON TI%% le%'fﬁfé%m
OV EnETdn relates to systens for positioning

mani pul ating |oads, and nore particularly, to syst ens
for positioning and mani pul atlrg test heads. 5
BACKGROUND OF THE | NVENTI ON Test heads are often
utilized in the testing of integrated circuits. In
order to use a resrﬂmposnmmmetwd circuits,
the test head is typically "docked" to a piece of

peri pheral equi pnent ?E.%L‘Eﬁo@% @IRVEWORW a device

handl er (hereinafter perip er al test head
mani pul atiowe nrgswm\@atimy r@J@*@a te sYeaE foroppsiiifiing and manipulating

lodBNLRY b€ phhRuiaty, E@ﬂst&ﬁ@ﬂ:r%én‘txegmb %ddﬁﬁr‘ﬁ (dting test heads.

operatlon I n docki a test head to_a i pheral, it
i s desirable that GRESNIRBANESBVRY le in a
nunber ofTedt hewlsizpaofteh utlized ihahe tdémmgeﬁﬁnthg@demamma. In order

o JUEB g Mo SO5ESF Bl SN, LI by 958 o

piere v diehieheviat hqtriBSIpet:iuchcaS\mmnObarsomge\ee% hmdl'ﬁrr @egdmfter
“pérll ra!”f_mﬁ t%&%eaﬁ%‘éjmb atdf *i)ssﬁty%féﬁil\?hééﬁ t%spd%ﬁ:lcwgﬂder%%;ﬁﬁ!ate the

ar e ati ve anmount
te@)d’t@ldrﬂilrlnﬁ thp IPFidag PRRrabon.y t h respect to each of the

degr eesbq?hJOEtﬁﬂg Qmest M’éiadatotaeﬁén plh@%i it $5 d‘iﬁkﬂ@dle&h?@?@hast head
ace 0 | rrentat|l
e YA DA PO Bt e TeR AP TR er et HE B Fad BB AbBEk of

depreegas e&edbm)desﬁhmbutﬁg atsbeiepn"aab;em hiavey gt tleetnheadt bd gompliantly
mc?\%é}fvﬁe%'%ﬁ]?e Rl (?Wta)u% ngﬂ'egg Biaﬂg‘%’cio% Hcé) 0 I'Els' tréﬁtg ﬁea%qs substantially

, one coor stem
wm@tattesar@d nevebecmeved wilhe re\ativein smalt sropieet qf@Xterf@a!iv appired force

WIWFHSBHJ:tacB%rach BF the éeg‘#@é%’&?&eﬁ@ﬁxt) head 150 havi ng
nmut ual | orth o onal coorerjnnate axes 1102 ﬁ i

K 106 at t%ﬁ:%é‘?f ARy & rgov D@OUQWF?C%&“BFW and
antghrae W@BnPiaa evithitebpedt he tfﬁeastaniwmﬂor Jaestyesi Fer the(uirsoses of

cesanvat Breded hudfio i EflvelliRE e APt foctibguieg copranate
systenisaone woordinahe syseiagtagheldk ko tr@Stfzst lfeadand) one‘r¢p@rql}nate system
at@a’éhéd 10é.d r%aﬁltﬂi}}é@oro” hogonal to and directed in a

positive direction anay fromthe test site surf

Rot at i on A%ol fenictsdost Igeaael@grl'gqvp'@ maiualy ethegongl coordmate axes
1109, taha, and ktﬂ’dﬁ &tached thdreth, "THRE] Eﬁl$ oot et ntovadbhroggh space

WEHE Ll Y TPTRLL ol (05 ctoblys EOLALion.c ARokt of 9%

inBude ¢lgctrivdiaontdats whish a8Dtdisaplacead rdmoln&d:,t widy thghierigk under test

(“aﬁts)i ‘?I'u—!‘ ¥ a%g%ﬁ? Qﬁéw.{ Qfﬁhé{gcﬁ'!a'l &Pﬁl‘?dr rééﬂﬁd;‘m a gP.?[tlve direqﬁon away

espon
fraradhe h@é@!t& sgrf@crel qmtayoraalaqutflrl&% i Igén%‘@HY mfefraqi 1 pespitch,”

“tth}ﬁeﬁé "léﬂ nloa of RBt%anﬁ'abgﬁ‘@l@‘ 108 i bé/r%rgiﬁ)gfe?@%cpfo §9 968l0MRotation
| acenen

abogt AP ILofiarE oA SHRL M aHR e 5 Bt oETevai the test
hebdsé dbead, pofiplicsalttaersitenEBteiy \desieshiy aligrivdl Witlderceotsmmding site

O'f,JﬁrJ}'tngéﬂ’BEﬁr e%fepgr%g,t,@@%ﬁ g%i %é’cﬁ 906 rs.l htWﬂom the ﬁeriphera! test
he%:da:ltsmrleilre;radagpecbm ﬁn\@kﬁqgme@cr#ﬁfeaﬂéom iprlgdingd., Ki tisglacements, pitch
' r'o G%@.Bné‘%e&@oﬁishﬁﬁagn%% bid TR WREBH. BbOheudf 1518k then

CPOSI I.on
maneuvere in the J direction until the test contacts are properly engaged whereupon

it is docked. Often, precise alignment features are provided to achaeve a precise final
alignment as test head 150 is maneuvered into a final docked position. Thus, it is
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I raplLe to enable the test head to be mane

Wogﬁ%l?azgﬁeousl y in six degrees of freedomfo?xg@g%oﬁ@%ﬂn

Fig. 2 illustrates a set of nutually orthogonal

coordi nate axes 200 useful -jfer describing notions of

the mani pul ator. This set of coordinate axes is fixed

to the s mani pul ator and thus fixed in space. X-axis
gerEril | Hbyﬁetﬂl@toeéqa@lé fHae:ast ifdadan the-rRbskRiveidr SetiitaNeously in six

Li kew Eé 2 (? O4 illustrates a |inear up-down or
deg'?le?log Fednm £ dasking) ong which a test head is

desi r abl )Flg’rmviéadﬂ-a&es asdt of- rautxrallﬁ@&ho%nmé;tmcardemtmaxa 200 usefu!

ol dAe@E B{; '?né%k’:'ﬁs g ﬁeeﬁ‘ﬁéh‘lﬂﬂ a@tjaronﬂu%@@ &% rFa? Ex&e@‘?ixbﬁ’ to the

1 ons ese r ee axe
magyipulatef @mﬂ ébu& féi(edflb ISPRAE: poSis 42 !i'ﬁﬁtéataml'me%ﬁ $f6¢rt0-§§16

dlre&aon "Mikewid®dy-a¥ik 208 Maeiees MnealrQJpLﬂovim beséribsiadlr<e8n along
(1n cogjtunctlon with the test

n
WSk RESY B CRbGobl Suavealien Aot Lo D06 DlyabraigRet, fedb ncout
direBbraland s\hRBGhe the HEBA iiDEbAEDYY mbeeabiE. desuatlpnsmbmi& thése three

east f JLesf ~ d
oxpE BBt ) 3 L S5l o8 A e
Wi th respbatesthend sa:amel(ml@muru:ttmmthahm trst hege rﬂmnu!ator)
aIJ eantder%fcatP %?9 ct);ﬁ?:lf %-5:9s BB2 CRARIsI AL 24 tZ'flavéié %06,5the manipulator

rees o ree 15 Because test heads
is wg te aravraarigast sl idparees of freedamedr g éegt Pagsl gap g moved
cobipBaitie b%&ﬁ%éa@@tarh&@&ttoﬂamﬁWtw\tdsbedtaﬁ iteuxesi fiber Pnd4, and K

1o ShP P G hed 5Bt St SRS 5 O P sl
verti cal )Becausetest ithends @ee byl Ne(yee)g)enswe,t ib st oftrwedksirable to

usg T dgﬁﬁ% t&t%@a@tgﬂﬁéf\ﬁ: R@Q%ﬂ dtffén%ﬂl E&luﬁ”\@r&ge gpgyérﬁ[?ﬁ the

and

sameptﬁsiﬁe&adfm@wbab@%tq mckze agrosientpl PRAE Ghete Witho’ Hiyertical)

wnm 5 Be\V@é hQMﬁerd{efé S Heﬁ@@ﬁaﬁaodﬁ%ltrpgﬂé@ké haAdieffbm below the
nanl pul at or (I;I si rabl étehas a laon tica

deygs Gandlan) Sies DT Ko cagEnGR! MBY Ao P rotiBgs ror sbove the
prowsAURecfer 86 a@cmmmmmust different egles Mﬂdﬂplﬁﬂaﬂsi A eest head

m%ﬁé@%ﬁo‘?&?g raﬁg\,g |’|$ i‘g‘%{iértl%aé rst §ké f? g iﬁ %’géﬁ!cal ranPe of motlon)
Hosuestr hecalgel df size gonsliatsi an ept hmtbramdttbe @é@qat@q‘h n‘wfﬁktbulatorsf
thl'gqsn h@ﬂ%l%%gs Bl%%ﬁcﬂe%‘aaitioﬂaﬁw %e&gfntﬂe%ea@' %ﬁﬁlbg Rfo rhshfétt%% utilize

e verti cal SI‘OGRI‘OVI

Pnﬁé@?tiﬁé‘d&‘%ﬁopﬁﬂsét%‘raﬂdsmm‘iﬁma&it%? e@‘i?e'“ﬁ‘??iﬁ@'ca\‘d‘f%@"" In

sutama;éféﬁitghptrréy\téﬁﬂ@@%raki aﬂ:g&maf dy. th@‘téstnweawmémiaaragﬁns limited by
es e S, e . Sir (0] a n C er

tng SR B SR ol TR ety S BoS e et b PG test ppacs the

stroke oftpneamatie quiatder Aorangyoditig irmdegsate lte adwmla f vesrt@al range of

m&'lofnf %c{ee%péteb%%gc@ﬁg g%é&:%gg ik thb%@ier - vp mﬁﬁ@ﬂ&%e?éls
30 site ﬂa@th@r ingtancesdt maydle rsnwﬁ@ qqhocgu*ew @ Pekpieral where test

sith8%D iH8AE vdrRamate. bﬁ'a §L‘R‘!hl e?gasgotéégﬁé&f§50 bk eiled 90 degrees
hori zontal so that is Is.in

froen Shrehorpieatal sp et o 2t Gn ao'&‘t!‘&’r"&tﬁ?ﬁ ey dPEncHeta rotation
ocﬂhr@ﬁrﬁia Vi dal bl%aae(w it fesbbe thithe dx@?ﬁlﬂapuduaiton' aese20® 00is

cop‘néaaﬁﬂ frog aui:rggo %rtlf% r&larﬁi@o%%r pﬁognﬁegreghéﬁ %ke ﬁe %Q p}ﬁﬁ'xe or the YZ

pladteh e@thee veiitical plphemars! ambitraiivbeglad plapeaa ot%llr%m@go possible.
are of C%o%l?er%réﬂeﬁl%ﬁt ert%s vﬁ%ﬁ?ﬂh&@& d@éi@g’ k@dpﬂeaéhith

ari ses when try ag ate ead with %f ent
diffefpaktyges BBP‘F'”HH‘@F i qhgt tiwalag ﬂ@f‘l%‘&tﬁ’ﬁrﬂfﬁ%ﬁ’ 5&%‘* 8ﬁa egree of
frdddemt @ay baead. Far drghgle, Mfcertain configurations where a test head is in a
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freedom may be [ost. For exanple, in certain
rations where a test head is in a WO
Wogggé‘%lg&f‘éms PCT/ US2004/ 025172 -3 position wR&F&SPE4035172
104 axis is parallel to the X-axis of the mani pul at or
(i.e., when docking in the-%8% plane), the theta
degree of conpliant freedomnmay be |ost. Conventi onal

attenpts at alleviating such a | ost degree of freedom
pdsiticn wiesralitseidL ddnaxis sriaasiioh g shecHaalseof the chaeipaatsi (iee., when

oRPORH o 72 o R e G Bt BpPequ Pl mdve tost

5,931, 048C@W@W!0raaaab;§ﬁﬁmasalwma@ng &uch d lediglegree of freedom have

re@ul%@‘ﬁﬁﬁéﬂeﬁﬂﬁ%y%bh%%'a?ﬁ exﬁ%nﬁﬁ@?ﬂaﬂ%la‘%@roéﬁterhé‘ For example,
St ens king of a test head,

MG S Betansalor S50 1 LS PHEm o b et it SR 1/448 show

appaedtusds whieh besitl the afbrementioned)situgdegt.ees of freedom
Thi s maa t hat ?QEB’P doc

mant pur at 55 PEel 5P S kAN telnp iR BE B auss hereat i
sosndisneanddsihblp tmmr@-htﬂe ewspleimh didtionrin iencleattnedkstt fead ‘s six (6)
ddgP&iorFlebdoh®) THIE 9{e§ﬁ§ tl%ft dﬁ‘f}‘ﬁgg’g&‘ﬁéﬁ dshl ﬁéac?ﬂxaﬂspulﬂztor desirably

operator can nove

bét'?fé?eﬂﬂifﬂ%tﬁsF bfiad (7 ﬁutﬁé@rﬁtaullvevewhtieﬁ% F@qut@-‘rrb@ eay W Hir these six

(63 e RSt ohﬁ@Q&orﬁ%‘d@h %@%ﬁ%p@?ﬁftgt@éan ABk hﬁaﬁé‘sﬁﬁead ﬁ‘l@nual!y in each
ITHnl

or B phiding il e Flee DRersy R oL iR pspme (arger

arslt iadawjer Nt fhysidalf raeuktuirdd mhanmmWSﬁaihbeiafa)med‘.estt tedaid in certain

di %t.&ﬁ)se{ﬁ%fgﬂfﬁ a cgrn?) ﬁ/ﬂ &gtie%ﬁ?aysﬁjecﬁl fflcu t. 1 rﬁ%@snbl& for certain

esira row p03|
omaafpmﬂoazrpwﬁ%ystem addr essing the above reC| ted

defi ci enCAseﬁnch?HWﬁ%YbQEeéﬁﬁ%lé SVETEN debt ﬁéhdeﬁt%mnﬂ{gyand

enbodi ment of the present invention, an apparatus
M PHEHPH ﬁYféF’i"‘rﬁfdéeslstMthF§bBY%Wc&§@ defigigncigsnar at us

i ncludes a first suspmmtqwtawpﬁguwémowsupport| ng the
for sup ort n

| oad d d [t

| oad. - The SLEEMASYRARId PR s Patsehh FVERG L lihreg atus for
mbibweting eHead isrstvidep pdne agparatisindudast fitse sugmubsitlucture for
uﬁé@ﬂﬂ%tthéﬁéﬂ%ﬂ &sec §H§ sBBHtHJt E{?‘gfﬂu@*o'r' gﬁ%pcﬂtnﬁ?%’é loﬁet The

rovi
anparqth@alseawmm coamﬁm aww a&h\n@emﬁ@ @rsg samréﬁtrsﬁture and the

se@br@y sdppodf stﬂﬁ:ttfn@e 'ﬂh@&:@ublﬁ’ud ReRtesa @M\@nﬁlléﬁt%éfﬁﬂism for providing a -

cog%hga{ t\‘/a%@g)é:f 31%6’"%8 tgﬁ':] &aﬂ@%o@éﬁﬁaﬁy@ agoﬁmn V%{'Tt@ Iﬁgn@( of gravity of
the eadpis demandd awaefromane retativetkied Tok: rottivp wxat is AgGR-vertical axis.

0ad T's_iauidietho JNen =LA AU BROKHE bt oventin, a

first suppor supporti
metEeH of mAndwiating alad is oravidede| Thegvefhior m@cluctaseorf)vrdgrg a first

su%H@l@%Er‘i.lcﬁFré k’&'tslﬂlbﬁortt@thé AN RURBRGLY afdo HELMEL R veiy coupling
ortin about a 30 rotative axi s such. that

thﬁ f'& r?P@PO'%ﬁtrg‘F'éW 32 §ECAHeSUPBaY Staciuse éqre‘ib‘PHV\'iéWftF‘% r‘ﬁad about a
rotdire ra@isaduick @hatax téhtet dfegraditynbi the 16ad B I@@Itétgaﬁay from the rotative
non:- vertécal al so, i nc |d n

8 U Fesphpof BB TR o8 s PEMFERablrgls Poviaing -
corgliati reege )l sotibhdo free had adbebthel notativdesisraitiepuietitodregso

m&l@@eé r‘HQ?mﬁQ@iHP tﬁ@%,?g%k@hf I%t‘fdtﬁ/elﬁﬁsrﬁgslﬁ&ﬁhc&ﬂpﬂﬂaﬁmange of

ccording to yet anot
m‘ét%ﬁhpl ary enbodi nent of the present
According to yet another exemplary embodiment of the present

invention, an apparatus for manipuiating a load is provided. The apparatus includes a
first support structure for supporting the load. The first support structure provides the
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I nvention, an apparatus for manipulating a load is

d d The apparatus includes a first su
wo@{»@)‘\/dhze Qg@{ggzemmzsm

Pe for supporting the load. The first
structure provides the WO 2005/ 015245
PCT/ US2004/ 025172 -4 | oad w#th a first substantially
vertical range of notion. The apparatus al so incl udes
a second support structure for supporting the | oad.
loathwit’s adpsicsubgtpially setivsitrangs 0fpnnotdomie§hdz bppdread alsd imclades a

o0 B3I ARALL 3 ipkSlinb ARG 19N HheHecRl ElboREAlchE

pratidesaibpdeat with &l sseomnchey hﬁbﬁéﬁlaﬂv a@tthp'lai !ﬁggg OBémeé melpHge to the
firkd JuBktaRHRIRCY I‘tlé&lﬁ‘b‘ﬁ?é’léﬁﬂ% t fige 865PREIsHINAELdes a coupling

structure. e cou rovi des at | east one
befraAn the fisst Wﬁ@@ 55'10%% @aﬁ the,S§9qRd ISHBRPTF RErUCtHIS: e B8 eypling

pr@rnd@ioauéa@mnemu&mnih@ng@l Gl tﬂoﬂlﬁﬁgo tianiged of aRibkitern drSabout an
vertica I.r

o stedB BRIk shmolie) T o ket o e HEELAR 8.
i nventi omcccrdh'@tﬂaq@t aﬁotﬂnanemmmarmgnhodimdt pkthe present
m\gn?% de %etﬁgbeomgnlﬁgla'ﬁﬂﬁlgqgﬁﬁis vnHQd R Hb@héooiﬂgquQs fhoving

S antla verti cal
the ngem@fﬂ rRbpeeOWithine ﬁlrébalbw'aﬂ!v rvgft'@b@@saﬁf mgtiop of the

oéber‘f‘lh&mlst E@agn iRy %Ftlc@ﬂrdn@e RF MdtRAds Bbbv&leﬁjl Hysd first support
struc nmet hod al s ncl ude

SUSHEIT 050 FPHOLBER IRFHES TEGTD e HFh U SEGEgRpaHon it o
seemhis:tmtan&blhy vmeircail naage samgEombf thet lbaum raétivenie the didst

su[) Ia‘%&iﬂye lcatrrlg bfﬁ %tcoﬁél M?s\f tﬁéllﬁ/wer{cadpga%g%fof
mohisni ie mm\sdqzdr bwaae@brbi;suapgré@mattmp pbe fneihwmélﬁmn:dudea @roviding
{%Fﬁﬁ’éﬂbé\!\@%n tRE 'ﬁwi%ﬁp@a@quamge ard %%kbﬁwsmme&m&m The

Sst™ su ort structure and he second Su
couplingoRrayides pR@dd kignpl eRge pt 6\9F'afé§° igaai b of &H&F“%?fg@out an

ax@f Tﬂétadaiﬁhdn@i Pahﬁ:;ehﬂ&d;tioﬁ |s?lndt$c maa:tw&mmranabenttcamrecnon

axis. itional nge of notion a

Subst ant AT ABR: anSEF stemBRM AlebParflot Befupsent
imeembibhean epearptusfyr emwgelyrobangiof amltmne@mteg.@tatmg control device
is Blrb\(/ﬁ{éh' gr'?re r@@u!ﬁﬁﬁﬁ:@ﬁt%ﬁ defice r@dlﬁétglsié f5RANG Medst p éart{alty

ating contro evice IS provi
suppertinggupad.i mge élW"F’EHS ia@w’%ea f@é@@ﬂemoavwmea flgigl pygssure.

Th'e%ﬂbt:&ii!'ﬁ fi @l IpYesst k&oétﬁfésbarﬁhsato' Hachngehe tl@d’ﬁ@tﬁimé‘f the requlating

cor GRRAD Tk ope H1rtEtigne L eatt i alst tles e8iBiing couplec
bethesrghel ramiohe upio ahdl itienragiildting coatyol ddviigegy Tmaocrmmtnm;; is configured
to%ﬁgr:\q(jeet g‘?rbé’%%'o uetﬁ%e P%%Iaﬂnggﬁ%gb'ggd?v-{&eb%@ﬁ%rnat‘wg%aﬂgta& in fluid

renot
pregsdra.hehe egmﬁra&wsm@souodum a fleii eerierThepeiding dig ehange in fluid

prEQH Bbiale rbRoRIGRNE aoBBfid.| on of the regulating

control device based he variation in flu q'l,eaF?

pressure. Awwé'rwpwaxes@agtf@r S¥eRRN godinang Pat Rt
infeMtioR) @Vrhéﬂhékﬂoi féﬁw&h@%&nglﬁg ﬁ:fhélbﬁt;lt‘é@f 6fss tdgildtmanohbrel device is

e un| or no

il 109 reamistintoronfot e ditkeg BRI £ Hith foR ot RacE RO
supptitiod adbad.eitbe elethahimniydeg vatygrgoo Sisidi pyessuife,avia a remote unit,
wierd %eaféﬁgpgmmﬂtnw piEYiré BolriepdRbOY4 eflandd ' thePéb@bh BFthe

ce regqul

re@tda*tm@amfvmi §i@w§%m ﬁh'@aﬁ nGalirectipr: fae mﬁﬂh%elﬁa écdudes providing
thd @ﬁé’ﬂld&n Fufd bi’égs@‘é?$§lérﬂﬂxid Chdied, freAahe r@fﬁbtte, umw\hﬁé €oupling

copRgrGatyan (e hivels fihafd S oI R st e method also
devi ce |n at | east one direction. The nethod al so
i ncl udes providing
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35 the change in fluid pressure, via a fluid carrier,

fromthe renpte unit to a coupling coupled <
WORRBdt e unit and the regul ati ng contr ol g@ﬁ"@g%‘fﬂ%’”z

met hod al so WO 2005/ 015245 PCT/ US2004/ 025172 - s-

i ncl udes changing the positi®n of the regul ating
control device through the coupling based on the
variation in fluid pressure. According to yet another

mcﬁ)ﬁﬁ@?&haﬁg’in 'Hﬂ?@ﬁd)diﬂ?dﬂ oftthe rbguIgrREEMrol Havienthrongh e coupling
a{ g r%u|rgtl ng a load is provided. The
baﬁ%‘ﬁ%ﬁ eu\éaq ’erd daPeH Y pport structure for
suppor t i #gcdridingl togat afdteeseympoylérysambatimest ¢frthe ipdessent
mvtﬁgﬁollw oaanda%atrgtug f%ralﬂgﬁipeiauﬁg%' !?51:1 ls"ﬂ?gwﬁedrh?hé Qgﬂa‘?aﬂfs includes a

1S 'a CO ant appar a
supiasbstireeshtedies sapwtm éheulﬁﬁ‘ﬂ e suRpait siyrguEe imoundas the load with

arQﬁ&éﬁPﬁl%tlglfu ﬁhéﬂel{-h@lra%g%t&%ott&ﬁr@ta%n@ls&hwa@hg@%rhto@fon The

ﬁ{qtem provi des_at afHR(?rtlon o]c Iﬂ{d :
appajpis 418 Inc BRArEMAL e Gaiero REFSEYRA icdnt!d system
thicagg e fafid adftriean Théfuiddjysistmprolvidet at heast b pocidnoof the force for

su£ % %ﬁ%élaaﬁxsn‘ %Eahc?”&ég)lﬁm Fan%gjolf%cfchotnhe r{ Qﬁﬁgtrnﬁeég{t of the fluid

prevayrebda sl et und dstilisintte fohee foo adppantieg mﬂd@admfma@xaynplef
thé/‘ﬁbiggHrE@f? gﬁgr@ édJQﬁeEMcI Béi?néeht@ne%?émin' aﬂE\Sbs‘caﬂ‘l’t‘%ﬂy eightiess

ativel Yy ressure na
congifiens wEan @eaFG’P’tPéﬂ?”"araﬁ@% .Of MoKt AlNETIHAY: e ﬂviﬁ ‘Arfrgure may
be%@i@tfcﬁfﬂ adjagge p@sfit:cimbﬂ me !oa‘&\.ﬁmhzdltﬁg co@piftt rangd bEmotion.
exenpl ar

o PRSP SE ARCwe S Ra Sl R o hredha

invientibei,dee snepinal/ ofdinagi pulatisg pposd lssptrowdedJr ehd oetinbipoludehgroviding
a S&P?ﬂtlt%%ttu-l:? For el ertfhg%% %ﬁurﬁe@ugﬁbﬂ%ﬁrut:pﬁe gr@‘i’des the load

ant
witihrie pm@@ar\ﬁaawm@f raolﬁcrruu Thomethagralso inglugag Marying {fidid pressure

thieagh 'aeffmd \éb@teﬁ \F[{E BRESottNidit, \Wﬂﬁé Qhé h@:dfﬂré%sdré)bl%‘ﬁﬁdéﬁ%t least a
r ovi | eas a rtl orc or sup

poftiqd ?f@a?&w% forsHPRITENG g??p‘P'f"gWﬂt?'P’hﬁGemS??ﬁ’ﬁBE fa5e S grotigg” For

ex@xplpiee flbideréssurdmpy @esuaried iryrdae to baleace the loadlerat o

su%s%ﬁ% (iﬁ‘/ \&g %hl{ os@%ob{i}tlgn m&“ﬁ#@%ﬁo@!igxt % i‘ ﬁm Alter natively,

e conpl
théAflt”QrmafSSIUV@ may bet eesiefl |iny ptﬁq@rtegdu%a pagitioe Oflél?q load within the

co:?l'bﬁ&{t RN Ta ] Hﬁ,{loﬁt position of the |load within the
conpl |an?

range nmoti on. Accordin r% e not her
exenpl ar ;Ace%mw appthen exqspRiapnt E@‘?\"%U f?h@rp"esaent
m\IéﬁtlB@da ﬁfeti?@bﬂﬂhﬁbhﬁgn@ a:liﬂaﬂ;dlsl Foyatey.i Iﬂﬁ@lrr]neﬂlitm imetuded at least
artia upporti.ng.t
ol 15 g 2 12 it OB AR BB s o
prgusessng ialuidg, such thatdhe sachmanae mdved|iodlte diggctioo q-rmbeut the axis
usfng 4 figt marn%‘é{ érﬂ? r?crof%’t@é't TEQ%&E!)&; alsH?r'lcnt?deé rEHo%ély adjusting the
nual anount o orce. The net

od -al so 1 ncl ud
fluideprsseUrg seel thatithy logdanay beimeved & s drastien of ABpUt g axis using

a sle@é‘ﬁ’d H%Y\ubﬁarﬁ@&’r&d)f ifércé hﬁttldérf Sﬁérhwﬁ cBh n@é?%ﬂlaﬁeftﬂe JoddSin the
ing_sg nmount , 0

AR OO A B p PSR dT iRl STouh el T i deghhes fhe first

matuatbmbhat aiiosce. The second manual anount of force is
ESon o o o FREr RSB ety o8 £
of , t he i Mxenmiasy ewibofintante eSHhe; 'Bwtwﬂtwlllbéfcﬁﬁs@?%‘?é’ with reference
to the drawings, of which:
Fig. 1 is a perspective view of a test head and a first coordinate system
attached theretlo;
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35 to the drawings, of which: Fig. 1 is a perspective
| of _a test head and a first coordinate s <
WOLBMIRAS "t her et 0: VIO 2005/ 015245 PCT/ US2004/ KEE D hpoangsire
Fig. 2 is a perspective view of a second coordi nate
systemuseful in illustratigg various exenplary
enbodi nrents of the present invention; Fig. 3is a

perspective view of a test head mani pul ator in

accor dan¢g, @ ik perspeetianpkbard sahost omntinafe dykem useful in
. esent _i.nvention: s Fig. 4.is er CLiv jew of a
BBl e et s 26 el HeRgl IR hn

exenpl ar yigeBoedi peesectife vine gfmdssnieddnivemipiletor ifFiagiorgance with
anlexefpRRy thitlobinditRl BEHhRENRGEH oS view of the test

tachnment unit TlTustrated in Figﬂ. 4; Fig. 6 1is
a rear péitsee®iRAESPPCEVE Yewidia teaisheadeatErchineAt HIYE i accordance
withBrf exdnplhiy diEbdAheRt dMthEipBesefit invkltion’ IS a partially

| od I . ) the t t head att 1 it
P ot o 3 i Sraptily. dxpoged Ferp Ryl Ha TR fest féas

attaclewesf urdt Bustrgted i Figsdpassenbly in accordance with
an exenpl . [ ' on: .
o PR, 6 SR8 B8 hecBle LI, BB S e Sitatifiont e

Hustretagisiarftig-y4; il lustrated in Fig. 8, Fig. 10 is an

expl oded g ok AR ERKEIRIY Ir8YY \Abw R enSWsh BedtMttachment unit
subassenbly illustrated in Fig. 8, Fig. 11 is a rear

illusiptsddB i étivi ew of a theta conpliance carrier in 20
accor dang, \8 ik la radr parepaakias yieondrogl swgtunif subbssepiids ant

invention: Fig. 12 is .ran rspective vi of the
oo gtecObrt srewP st frBedinEht ol HSER L iRahB 3 g

13 i s an Faxplisddbieespedivendewiofihoswing atnitaabassembly
: i:ane arrier illustrated in Fig. 11; 25 Fig. 14
iilsQaRd iAHE & . . : 9

I's an expl oded perspective view of a pneumatic )

cyl i nder Fida 1RdP 8 expladerhirant PYARRCAIVE A1AYY 8 thevaeing it
su@@s@@mdmwstvuté@srang.lg;s,enpllar y enbodi mlsntd gf the

present 1_nvention; FIQ. IS. an_ex S] erspective

Ui cw of R HidF AdPoroRisRashve Vis™ Hep e qropIBRB arrier
acedriiarsierveitiedn ererhplgry dfbodMert gf thkGoreserd imemtion;

per spect iye . \i: - I H#@ﬁ-%?é‘?ér}{ ' .
_accor d_ang}éﬁ&t'ﬁ\é’gﬁ%&%g'ﬁ%% ‘}e'\%'("oggl ment o t%l!aa%ﬁer! eaen
llfush‘at&dtm(ﬂg- Hiig, 17 is a front perspective view of the

X-carri elrigs4Bags arERb¥ded hbidpbdtRefev Bf HelthefbBsompliance 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. 18 is a rear perspective view of a vertical

y enbodi nent of the present invention,
is a front perspective view of the vertical carrier
subassenbly illustrated in-Fi-g. 18, WO 2005/015245
PCT/ US2004/ 025172 -7 Fig. 20 is a rear perspective
view of a cradle subassenbly in accordance wth an
_exenp:c ar yFigrdoodiamat pakpéduige m/]f@s gn& ciaﬂlﬁmbiamgmlﬂv g}o ?&brdance
, r ti iew of .the cr e subassenbly
whf ol b APl FBBERS Spthegtafpr BnERS | Bt aet ve
view of digraidise frontmerspgciiveaview s ¢hieiFratigrsubpssenildy iigstrated in
Fig.0ld. notion in accordance WI th an exenplary enbodi ment
of the present invention; % 23 is a perspective
vi ew of d1&r¥dee ?ﬂi‘éﬁﬂcph‘a"ﬁw & @réélﬁunomskng Riate\Hsafuhfpr
proviting oW iiddidniin ader@dianaeh i berdflaBX@ABéEMEnt of the present
ngodlnent of the present 10 invention; Fig. 24 is a
IN§"Y8" i ew of a swing unit subassenbly and a theta
conpl i anddy.C2% isiagrerspectiee viedafeecrat e mamtimgenqtke asyful for
: C o .
P R o R BB Aa ek 2 30k Blary Shfloqiint Bt e prgsent
inygngionps is a partial internal view of a pneumatics

cont rol  englasy ra&:.lcﬁé]we@‘iﬁ‘érs@ﬁﬂ?é? @naeﬂshﬁhs@&ns |@Eﬁéta
odi rent. of the %[lese |nvent

C"%’ PRGNS B RCEI IR wislsag exgrogia §5é8’91|b8%“)@”k\°f Fflegl?'”eﬁ@t
inventianper specti ve view of a regulator control nechani sm

in accor lar nment of.

or esent Fg e rs\g'nctrgsfgsréﬁgér? é(gew 3 [_e Q%gcl:rogs section rIESeB

per spect ﬂ&e 26 isw nottial upt@mal gievodf angeunZ&CS cPihgo! 8@ldsgre in
ac@d?@&ﬁh%r wﬁ?%ﬁ'a&@ﬂp%ﬁ E:‘n’xﬁbdlﬁ‘%rnﬁ Beald M‘éséﬂt‘?ﬁ‘(/e‘?ﬁoﬁ J g 28

Figs. 31A-3 are schemati c representations
regul at orF'Q:c?r?t ip §| sectienah Xieseh Fig- 2 aeragsesection ﬁ"r@: 28

Fig. 32 irs. azggg@w@igtm Mbﬁ%f%freguﬂ&ﬁltﬁﬁirbﬁmmrfﬁh 1?

n accor da n exe e odl nen

acBFOGRE Wi an fRe ARG SPBRTmEN, b B SESRRNERERT oL o
of vari oliy. @8np artehtied gredspentiey ciewnd @t pootien obFfigt h&

regul at OrFugC 3Li5 %hot’ﬁ@?@@%}lﬁbé#ﬂa@ér&@éc@{% \'\r brig 28

Fig. 34 is a_sc res regu |onss‘tem
i n accor @ig¥e 13L& ar aﬁc@ﬂéﬂfﬂ "@Pg‘ﬁséﬁﬁ‘é'énﬁﬁﬁ’thed‘ﬁgt”ﬁ@f control

men;hemgmtmugtm@a irpHg 39, Fi g. 35 is a per spect ive view of

test h | at d t
axenpl ar J G ARGBPIREFPRIVE Ve Y SduiRrIaHG SAETRkengae: i

acddrdanc@vitis adlekamplacy snbudiofenaopthet presendfinveingon:35.
Fig. 33 is a schematic view of various components and interconnections

Woﬁé%séﬂssubassehbl y in 35 accordance with a§CTﬂ{S§‘_’"4T§5172

of the regulator control mechanism iliustrated 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 now 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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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Preferred

of sel ected enbodi nents of this inv i
Wov&%?-tﬂﬁ as described with reference to ?’ﬁér/l%%wozsm

flgures It will be appreciated that the spirit and
scope of the invention Is net- limted to the
enbodi nents selected for illustration. Also, it
shoul d be noted that the drawi ngs are not rendered to
raﬂo’rtilagrz l(I)t @;dggfen%ﬂ@ea tRAt él’@ FARG6 cOAhprAstions and matlenafsddescribecl
U 4 7 ort [t is _contenpl ate
ﬁ/{e’}ﬁg}%&fm?fﬁé %8’!‘#‘1”9‘5 %forﬁﬁdnmt'gpl al s descri bed
her eaf t erFig.ah [skﬁeperepleotwedlam tfhtiest hdwel manipelabdr 1.hisst head
mhﬁ‘i}é&i‘%ﬁqroﬁmcaﬁ@s t?_gse' 3 erfi&h SHRRN l?’rﬁttéi ' &Y{tn‘a\ce %hré‘ﬁé‘dtest head

'nead” mani
at&zachmﬂt: Haig L0 auidanmaitsnG {ony omlwﬂ@lraléﬁé# wisibleeinfig. Idbat extend

bdtRasch c@uﬂhtmﬁé téé@ Ihbacletta&ah&& Jrid 16 Md(paby r&ns also

ui de rail is visib ext.en
i beee s b o e ied st E T, BEee o
expersdsfron ad' nthimleicaeprictintitiogyhetane eonteinkd mikhimedlusnamit 4, and

it Pﬁﬁr‘de@ ecl.a\%r?éa{ rh;{ée cytndn fog'g st %'eggl g&ag‘ﬂ'iqe f(? n?@us,

maln ver pneuma con al he
maRiphlaterdomamye wfithe ﬂwdabﬁﬂanqed tmamsuebecabw émiihg &irst at U.S.

Pa{té’rﬂ-g‘@o Qif 58‘935153(‘5590% d. eﬁabs hﬁﬁ%@gﬁﬁ i‘ﬁﬁ E%Btsulslélalqheﬂr@y at U.S. Patent

mani gli at or | ui d- bal ance

Nqsy 680&&7&% B9:038 tTt'i‘es‘? Hivee Paients are hapsindorgrated by
ref’er&&% i8 lﬁet( &@t@‘et\,ﬁ‘ gs dedﬂrigéd iPtHebs @H@htsl%)subéﬁ@ltaally weightless

cog 4835 158 coedntiRied s HbredP B e vl Y, 388 29741 e

r ef erlémenrthaﬂw@!umemhltrdemppoﬁs tekidead btdchmenthese 10

wﬂﬂ@ﬁ lFan‘n sip ?é& h@éc! \egh&bﬁ ll@ﬁﬁﬁ&%@b bk Q&t(l"n'iegﬂ‘iso

I ant I on
Cole uiiat s TROVADIG as'\el@noqtrmz »65 306 dﬂ‘ﬁﬁow% p‘i?@leﬁtsto base 2 by

mé&t ofEfﬁ@%" ?‘it& ?Cé”ﬁqm’ fH dn 1Hdar B@é%s“ﬁ‘ athflﬂks‘tﬁMﬁpﬁghﬁeraThus,
no snpown I n , SucC as es ea

COTyg'a“t FE&WJHP?%‘S.F%OWB%@M e in an in-out or Z axis

206 di red{tig Chisvi pérspesipevievt of teaiskead] dijachmeananidfi0. Test head

W .

at\%{i‘cﬁﬁ'\%b% g@}:‘ r?c;@éla% JFhlog£ Euts:s&sé%Fn r{?]egfbgglgezﬁla%g%i&%t{brg\rqde
supgolfr @ vardedf gLic; gnd/cbrucgmhmtrrspw inat legsswnefof eawtmber of
de@?@é&l @tflteéﬁme Ath e bﬁb@%em@ﬁba@?@ﬁbhe@tlﬁ@l@dﬁ '?MB? Wajt 10

i ncl udes vari ous sub Sy st ens and subassenbl i es
SUEF‘%?‘?F‘H%Y 2QuhsER ?Om%!'ar“&ﬁ GaSF SRot i8R, 'eréHBP%ﬁe"tb&hﬁPq vitical carrier
subBéde@bly BO2dnd €adlk suB8ss@mbly amrr‘w\e:eswrﬁeadd(agt stesvrofn Fig. 4) is

fr[e (éom Thes bs ')é%{ [.sub lies Include sw ng
coaﬁleg 20H&E¢ I‘@'/‘HE ehrzi% *& hce carrier 30,

X- carri erA sudfaisengiion of@he Wxtlone al‘om heeach2®bassembly is now
prasthass e v\h V%E%Qec&ﬁ%lﬁngy@'ﬁé%l%ﬂn 6%, ‘Aailg%'bdrbﬁ&%n) and

not sho to or " eni

s gprehon Botine
Com@éﬁ%’"s%dﬁg@fb axig 29pmetiogbarerr EY'F'@GH he pembination of the
collBhn QRS 4@@55@@@3 by each subassenbly is now

presente [ OVI de@ aqve, [iant vertjca

ot on (1503 upRERpEm By 200 FerafE L pEcheg BIeP AN it gy means
of rDterideal pivoe shaff, thus prabng toroplardiveropation it biye ¥lagis 204.

&
Wﬁa{"?b genbrﬁ l% %Rfasl pfb%\teg(ﬁjog'l@tﬁ%?taﬁaoﬁ gppelg %lr%ﬁrm%%g:heta
comphignege aygen 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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of a vertical pivot shaft, thus providing conpliant V

n about the Y axis 204. \When docking,i
WOﬁﬁé%Sﬁtal pl ane (from either above or bel OMC&H%§°°4/°25172
provi des theta conpliance. Wen docking in a vertical

pl ane this provides conplianc-to assist in 35
pl anari zation. Theta conpliance carrier 30 is attached
to swing unit 20 by a horizontal axis. Theta
degrep$)i shooka darizdreal amy \z\ldntaatdeclanc_ﬁ ew:—a pegredseré ¢hgtest head has

b%ﬁ@ll@@@@ﬂeﬂl‘%s%roﬁ’n Y@oﬁ&%{“{‘%’l Xpro §$1J %géﬁ%ﬁéﬁz When

egrees rzon
degidieniberzonkad plasstthiseantrihases ugeniwaftzat:@u cmpkmgﬁem«an

dd‘)(ﬂdﬂiﬂ h@v@ﬂ&éi@m{eaémvéd‘ hﬁb\p F&é’&ﬁ’gﬁ&et 126t RedtOFPHLFREE from the

this contributes

PR PR e TG BBAD P08 1 Yk FoTtBEieS ig Plaaization compliance,
vertical piGangerasubaysathisy 4bys ﬁ‘@hﬁiddﬂﬂf tnB&nd eSitorireathl 2Als and

WGP 0RE Pt ESeRid P ETEE co BRI o FatpidBareSinoy 40 thus

POWings icamptiant imea}armt:en lrsel Ibaeace"rmll diretgori.s This o edesgompliant

pé@ﬁ’&ﬁn Bar@ﬁé!'téqnéﬁjs 1b3ik &s?ﬂg%d [lig'(@ggfn @ Q@nﬁﬂéﬂg' cﬁgﬁ%uratron

to a conp i ance carrier rrer su
t%ﬂtfﬁﬁe}?nt EF%R/‘Pde%'ZEEbWbP?%Wn“PQ AaproMiged ohoweyey, they are not

alays bﬂﬁb@inaﬁﬁé[%i‘tdr@u;aomhé r@fa@bhéigﬁnsﬁ@?mf{sﬂrﬂ{g L(Jjﬂlt 20. Solong as
of te ea

It
et pPCbASuAoTEs b it i Bk s ine Bsraes ahFoeas n a
hayfzohtal ipleowet hoplisiheisemmenge beqmoy sukckhah tveetner axdstaey parallel, a
d&i6e ep#ree@nw@qxaud%éﬂaegfna' dependi ng upon t he

rotation osition of"swing unit 20. So long as they
are not p& Fﬂ"&aﬂ"qrtﬁlba%@n‘@m 50 {5 atpached tpXoGardier swissembly 40

by iREAE oﬂ@f@ﬁ@ &fenfécﬁlﬁ%mélﬁ 8 linBgy %@%‘Bé‘énr@ 3R8 a lead screw.
becone such he Two axes

V%‘F&%&F*‘iﬂr%@l me&geaé el BRI cRergH U 2 LR N isgarovided in

co‘l)éﬁnh uail4 patird rekinswbacs eﬁwmaﬁﬁcylmdaﬁ tnaCda»mbuta{aTe has been added
- rt

XD 8 SRR oGR8 S ompogiment

canégrapigtadew.  Vertical carrier 50 provides verti cal

not i on. B@r%@lé%bﬁ%e%tﬂa%o Qsoﬂpbﬂaﬂgcrﬂoh&eﬂrte\(ﬂeﬁﬁq’ Z:J?”ger 50 about

col umm uni t mai n vert

a haﬂze&ﬁ%ﬁx&rf@@t ﬁagtm@@ﬁaléaa%test Beadks § Pl 02arrbleratty the axis is
arrandel eo pasctiirbash @ﬂmltﬁ@ﬁénteh@ﬂ@’ée't ofthetedhead so that the test

bassenbl
o POBTa 5" R 5 W (RSPEILARIT it GBI AGBAHon S provided
fohthe teehbed. aWhen thekting sitiwrtih agemiabntabplehe ot ést vherell fS{ane

%r@%héﬁé's%e%c? fs‘%foﬁ%@mn)ét LR GrSm] tﬁ? naF %&[ﬁgleﬂi LEHRER Jis 106,

rou e ce ter o %E
th§o°fﬁw £s ¢ etatieaal conpliangeshaipfivh @tﬁnaofzammar Whes dlocking n a

ver @& Sfdnethdré theltids hedPRR haint roEz&E@bb%g FeesRFY 'tt‘lj@ﬁlorgz%ntai
en docking either in a horizontal

abﬁPgHEh]g?x'? i&%’k@égrﬁ’m ¥i4ps pPraRliant Jigipdotatient est head i s
rol | ed niThettgsthemidas sothtabin atlﬁa:Hedrth:aan:ﬂ@BG about arit Bds Which is

o ot D AL 53 5 R B
Cem@dﬁ’é 9vitvélye Tthltfér thegestieead i a@ﬂbkwmlyrhﬁlatced vOh rbspectds this axis.

Fukthef ﬂwﬁ%@h’o%&lﬂ@vﬁh th@RRYhedd'8nd rri?a??' b% idekdY e§ﬁart f :t
pow%{ﬂs | jant theta rotation. he tes

Rataffan afaul t%iﬁ taéErPéaV'f'%S eqaRfiasce i @ﬂlaﬂmzaa-ﬁna& al dﬁﬁf‘%‘h attgucfes

This compliant rotation combined with one of the aforementioned rotations assures that
there are two independent rotations necessary for planarizing the test site with the
peripheral in ail docking attitudes,
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parallel to the test head's | axis 102 and which

Wo%i%(ﬁ%ﬁbly passes through or close to its ng{"@ﬁ%@g’"zﬂn

Y. Thus, the test head is conpliantly
W|th respect to this axis. Further, this axis noves
with the test head and may -b® -consi dered a part of it.
Rot ati on about this axis provides conpliance in
pl anari zation in all docking attitudes. 35 This
conpl I antFig. &t iatal mntisiyndiphettd wietdpeothes vitwtdidest head attachment

un ﬂﬂ?t te? ?negl ?t "ﬂs s%@ﬁ @ascﬁ%f %ﬁlﬁghﬂl? sdrﬂ%eernﬁg %tot \ﬁ'?eta

I naepen i ons netessa
c0tre:>§ancs!| qagrign 3€h %h@r:epewbq@mnidv 410n varlticabmwrr@bassembly 50, and

cra’Hié b&b&@énbl%ozg%fs%@&ﬂé Bnkirar Bt Qe&liR Fig 510 Fig.

5is apartially perspective view 0 f
head att d&&heft@ reahP%fSE‘EFt!VPIVL%”f phiegbingad ?ﬁt@:h”ZF"tM't 10

illsuebed RITH Nf ASBLEY diMirknSUBAS seiThy uAR, subhgiembly 20, theta

co BRSO, SURRSRE AR ismbiy 50, ang
cralid asissadhly 6D arg iilldtuéed mtfégl 6.n somewhat nore detai |
In Fig. z: cgnsz a9 ex@ldd%@)@eér‘%fe&sgfé%&s?@@i%w c}fﬁe%' r?e%d%gsatcﬁﬁlﬁnt

head att rated in

unstwe%ﬂiuarartfr@r@si@thnaédgtadsr ok$Wing %ﬁuﬁubgiﬁﬁaﬁéxéﬁﬁl fheprpcompliance
caHl#ta@ XCAREA DG S5y UB! valBlcal Xafir lsuBAsseHbAS §€ Mt dycradle

v cal carrier subassenbly 50, and cradle
S”Q?ﬁ?ﬁ@"ﬂ:"n%ym are illustrated in Fig. 6. Fig. 7 is an

expl oded Flgﬁaasmerreappertsbm&iveivﬁam of swiag unheatasctribhd@nSwing
' ti.n It 1.0 '
unhtgsluggéstegllosse r?@&c% ,baﬁg é?g wchgé#pt{i@g\ﬁg %o%lnkiﬁp% le%?dt]g and 211b.
Asxilusdratedein Babasoewhting dgles dbka andhR1bnezdhereceivbagsensptive guide
raiP8; S’-‘\!\ﬂﬁ%ﬂ %I@%ﬁasséM@ﬂsﬁ@Eﬁmeﬁﬁes@i&k 2320' %cﬁ tﬁ&@r240 theta pivot

persg Ive view of 'sw ng unit_subassenb %

shgfts ¢ %B%gé%wdznowﬁmm%%z&oé o2 afR woaétrqf\??e’s%a and

250D Whé bRgndl ssthdt iveyedid 3Bl and defif® dnl dxis Il ik edrizdntal XZ
F|g 3, nounting holes 21la and 211b each receive a

Ei'n&pectlve guide rail 6. Swing unit subassenbly 20
al so i ncITﬂ:dé@:kMg)mleclMﬁ)sm bbkk blagk 4249 actubtadaugiig/iotk

hagggfﬂ% %Qzﬁwe‘rf‘ gnge)%fg g@qgttagglgg phosks a?@ﬂ%vﬁl@g on Iock

Pi vot fi
blqcvﬁe%ﬂﬂar/’lesviﬁ@%tsfatgqi lrgﬁla Gethefecynplipncs rcglff%{r %nmmtﬁ 2ar¥h%qa pivot
shaés 29@@9&1 286b. TRBUhG bﬁ@kﬁ@@dﬁ;ﬁ%% démfékreb;baﬁke 24ed

|
suifBe IR S Akt Rl S Codr 6t sPavRLEBaBY R
respechve tdroCiioR46s 348a ahd B85 atie (eann fdtlogierd 34 3enatd345b are
PRI AL ik 25 Bt Re0 Tb LA oRlog80 218U ndunting
flange géét Mheoughrhpdas Zy@rar@c%bzegww Pleslh 2@@“@@@&50 visible in

Figw.face 265a is not shown in Fig. 8) on which 25
respective cam foll owers 345a and 345b ride

fol | ower $IBA58 afrRptpstpestiee vipw Qi sping wejt FH‘P?S"—’P%{“%'Y 130 As
deBtriels 2330 w&hfr@hﬁct v Fiy. Bpsutihg dinttsubasserdbl 20iiltustrated in Fig, 9

mcrd@#mt' gg&}{) 618%;2 é%cl%?tg%?@%hv%sg%)?éf eﬂ%mézcég 244, lock
haRfllg.248, theta pfuobrbafpelSireand %Ohurewrdsmmcrkg Agfirtand 260b, curved
suffHRasARR N Z%b, Adunting 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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30 described above with respect to Fig. 8, swng unit

sgobly 20 illustrated in Fig. 9 includgs
wo%ﬁ‘%?ﬁ%ﬁock 220, lock bl ock 240, washer 242, repl?}g%%mz:’172

cap 244, lock handle 246, theta pivot shafts 250a and

250D, nDunting bl ocks 260a -and- 260b, curved surfaces

265a and 265b, nounting holes 211a and 211b, and

t hrough hol es 224a and 224d. 35 As visible in Fig. 9,
Fidnaisld. Zhtouashsileked 2qwesndrinmt areqisbo ke c@ikinvdridcdcess set screws used

ol S g B S Sl S EReR et UHR SRlFE

222a- 222 Fid.oh0 is eneixpiadgd rt‘@spebtm ufesmsrpg umig sulgsamtly 20. As

I 2
sh()bv'n ;H%ff;; %beﬁnafﬂzxph%ﬁ%éé ﬂ%@gtﬁg%@%y ﬁ%&g%ﬂf;@g@@ assehibled,
ShéEF 18 a¥tensis thﬁ%@§é"’%5§?r chepen@isERP, bughinaj(psbeating) 3§, bushing
(0885@.-@) ¢3325ﬁ1d a6rtithll thrdlRyhepopé 2D 8 edefirkddh €Rd Bbttslatatiblock 220).

vefisR Livaiif hosoz e Matlh e FouesbE Fpo i st by

bleckt Erdetdtes opom simdfi BY5.f Mamg eh&it 2.1 54k eres assanddiefdy cempliant

u@rﬁ}ghﬂtotlg&? tﬁ{)&? U&ﬁlccta hf %g%kﬁ’aﬁﬂsﬁméé?s? % 'Z%Q)ﬁtgl%%gj vertical
thmh\h@m Pe&d artchfnaétu@ﬂ’se wﬁﬁorzgesf@&emﬁweaeﬁaﬁwméanaéff‘t irheld to

stfe el 220 scraVaiiok s fif Ayollopor e 228 extends al
he way 't hrough bl o ch, block 220

ck u
r otat es Ui #br?]s'ﬁé‘f *ieaz&%fquqwg vieyaf é‘eﬁalﬁorg%‘fa\%g cgitie 0. Theta
comgiliandeotara@npd irkhildes swiungngpldteB1akwhith definestsict H15Y Slot 315,

whlc):(ﬂ ?)ﬁtegés Bug(l;]” o%g%%gr%ctg&%, is Pt%v{dlefl%mj 4 fior?fon\ée?lr éélﬁ ﬁ'lél}etta

ero Ion
cozwaanmm mabammmbeﬂaem\ebtthbocks Rabe apd 5508, epch of which

deftht B RSSRNFe BRlta %RBW'B |Len3§:1aganc\1§)§1b Fheta Pivot ﬁwa?cs fz%@é and 250b

per spective view of et a co lance carrier

eIt [EppFtdte e qfﬁbqetadvé\sotr?@mﬁm@ wdzﬁ%lbsiwhen assembled,
th@d&' ﬁi%tdfﬁfslhéﬁss(o‘i |b@brn39155 352k @hd %1;5;: (oe«m Itﬁéta@wcﬁrwb%hemmb is

rov

el s oL D Esearonsd nBEp R Rsngstf ofS b ks Bvor
blodke 38 0pthvarid blockspoBBDg mcbf:&ﬁdlmxmgaxtdckefzsﬂmm hadditionally, theta

T

piv@m@%& 33a-baad gf correspending one pidihetp lsqbsfﬁnﬁt@ . Thus, theta

cowsbﬂ @SR Bl rotatd AbBuPinéHorBSRLEDs G@ﬁnéaew biQGﬁéhafts 250a
352a and 352b (only theta pivot washer 352

and 4388 r at ed i n Fig. 11) are positioned betvveen a
respect i \Ryg.ainealed tlfub'&ht&sl@pkmgs 205h B8k sand>Dpediicarnd liasar

raidé%lf g ?#&9 ?ﬁg?rotfallgggg %ggbgﬁlkoswfq%r hgﬁﬁontal Totion Fig. 11

algbiflasthates en@maamc: msederbeﬂﬁeamda”a’%@s pr@mcﬁmmre@n@cttyﬁ holder-
adtaE@rQ 3454 ¥4 31@91? %&%awgrsa%aaamms BAA quan AR R7a and

eta pivot shafts 250a-b.” Thus, theta conpli ance
34/Brrier 30 rotates about the hori zontal axis defined

bly pi ;lOt trﬁdlalfz B 2O p2e%5 &g%@@biewzﬁ thétd. cofrilpllahée)carrler 30

L strates springs a n ortio

ingssatEo s es AR oseasiiiPe) FEveduE® kenp®lira. T Ruding

mepurtirigdsatedd10n dop plaid ab0,rabdti I3, likeay. ralld 334 sod 330b, theta pivot
i 3

o S LA SE AF2088, s Wy

CYHMﬁrf-’dloﬁowers 345a and 345b, and piston rods 347a and

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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347b. 30 Fig. 12 is a front perspective view of theta

nce carrier 30 illustrating features
wo 235%(%18%8 descri bed above with respect to Fi gP%Trlﬂszg%“"o2°”2

i ncluding nounting plate 310, top plate 360, sl ot
315, linear rails 330a and -380Db, theta pivot bearing
354a, theta pivot bore 35l1la, theta pivot bl ock 350a,
and pneumatic cylinder 340a. 35 Fig. 13 is an expl oded
bcpe:: SPESBRIE haveesdeptii that & legnphh alme:auumehs 80modting plate 310 as

SR 7S A B e IR s ooz

3%9@#“ on of a respective one of springs 325a-325d. Note

that r qu& é! 2 %é@&@tgéﬁrﬁ%oﬁa ﬂuwgggsgﬁlm%t(ﬁ 1gneumatlc

bor es 322a 3 t hat
CHIRARR$E83 apfl 34BhAlusHgtgs latFég 3. dixtendignfrommprsugatias.

cyliRd&n 38Rk Bﬁéun":’lgﬁél @%@o@@lﬁ lﬂtﬂé’di:H@d:étﬁlQarﬁQM@n‘i‘lﬂ:fopposnte end
bores 322a-

P
o GRGHTAEF EREYT (oR? BH3UPIEd 45 2 PEa G Lot f Fetd: Dista
erRNBE8 sdivadBbldet ddmitered4n] Hold& @apﬁ&)%&ﬂ:@mﬁm@ﬁm%% As
%H&%é&ecé{ér{\ rﬂ% egﬁggél g Eﬁgzy Qﬁ& '32?@ g';nor{ ? ges%éc?tlve one of

ncl e” opposi
Ci{ﬁmmaces Bb%a and r’-éﬂb 347 is coupled to a piston (not

illustrat E
hol der adiggitiespls:%ai g&?ta;lfl—élog %%‘f%e}g'g%tv gr@‘pgﬂ %Hﬁgsﬁ;@ﬁ%ﬁz which holds

Caf‘i‘)f‘%"BW@F 3425. As expl ai ned above, cam fol |l ower 345
(i.e., 345%@@%%4@@)1 i$ g@gat@nngra@@p@ﬁsw _ 'se/rﬁbsgr@,@rlﬁe \gb@]ht of the
CUI‘ V€ aC a n |1 J. ) 1 al
tef] '?%%%P?Fvéo GTCAOR B SheRaag L. deiBwad SRy Lftte
spegificdllyl teviér sud45senifie ©0xat @st! dsahekai ®@mplionteechriier 30, X-carrier

su%%@s?n%l? HBaﬁ%PVQJt é?!%rru{)@%bé‘fsbﬁmy gé) M)\?d ééﬁcﬂo ;tbgé\:g downward

e subassenb

ab@f éfmh@ﬁﬂ rotptin aigs étﬂs\édptﬁtf@maw prevla@qi é%%a‘é@@ﬁb‘i"gp gltheta

p&@%hmb |25@§»btahﬁf3 heEPPRb BIES 36 Bd-bh .ETo IOmbt BRY drh@ikational effects
vertical_ carrier subassenb

o R e PR 2 I oher RS E tsg B O RRE bRt £0) Sfrings 325a-

d and anemm¢wndés’se340attabwmoaﬁe$ (peembiatiobyf fdakures including,

fof 8%&%2%;)3@193 5’:%29;'3 cg %nx?ghéa%\é[}%%{ws 320?)2@, %)%Cfl&‘%ﬁ Fi%@shafts 259a-

b Wé@tc@scmedtasea tegtlingdhal {ravides mamm@uppa@ ebastghetheta axis).
Fok @%bmpRAGp s@iyze@brmeéa EDa1A RRIGE gfsgéﬁpi%%@uwt about the

neunatlc i nders 340a-b are provid a conbi hati on
th@‘fa ?’%%tSHF'équtr‘r‘E@q!% P%assemﬁ'l’/ @(%Ptemt%'&r Hyuvazg Hglow a certain
pq@mmumatl c cylinders 340a-b, and theta pivot shafts
259a- d b
Forati ve BT HaoEBstit ALERETHY e Bove the Pl Siepor
posifionrmyevid&bhy dpyimasv32e-d, peutatic calindens 3d0a aodphliante provided.
For %EQ&EE @F@ YE BEI.IP\eof r#@ﬁﬁ%ti@)étlﬁge?ygﬁbé Qﬁ’& %t"flﬂ"a De pressurized

can OW a

Wfﬁsa P &dn air) fp crigeetradly sphpssempha 6P éa%tﬁié §é¢ﬁ:)lt9 ae@swed
po@h@%%bbb@tif@ mbfaa.lotmp@{@ In RRGH Ul th @ COMbARE0RYF the sprmgs

B%EL%E%ianeumatlc cﬁmgers t4'0%1 ac%l3!4% eprrgw gganeanly consct):gnt torque
counteracting the torque generated by the load through the range of motion 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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For exanple, one or both of pneumatic cylinders 340a

Wo%f?ﬁlo?l4ﬂg may be pressurized wth a fluid (eg%'rms%eﬁ)nal’/z

raise cradl e subassenbly 60 (and test hea
deswed 30 position about the theta rotation axis. In
particul ar the conbination ot3the springs 325a-d and
pneumatic cylinders 340a and 340b provide a nearly
constant torque counteracting the torque generated by
vertieall e with thagtest head'sahgds dD4 motiakexh9@ begrees frem thieeteatical about
a @ HSontdINSs o%ﬁéd&nﬁft%ﬂ?sclt aﬂn@i@fh%r @%érﬁﬁlgtb%cklﬁétm H@’QZ b&ne).

mai nt al hed condition
conpl i ant Ay proyiledabouethe lamdofithe test bead |C@W@S a torque to be

a;@&ﬁﬂ'db@ﬂ\@@le dx®s dlé'f@a\éti d)?cbi\?ﬂ@%blhftsﬁ hsod Bed asomx Iﬁ; u§é3 an equal and
iance

Bl ot R e TRY her G e RES ks b0k 5 S58b, anc springs
3PEF USSR B4/ 0gbirsRide-a dBnponent oft@lque, arm@:hvwdrh’estabehé &sigths of the

sﬁﬁ%g v%ry]wﬁﬁ'rétaagﬁ afn%&;e?ds r?rt% tﬂg%regﬁﬁ?é %%@?omﬁ%?y SM/ '{;%%:llus or

zont " axi s’ ‘or ona
m{rusr2.a digarses Beckriagon Qﬂﬁ@g\fzrcsum\esve redetl\mlsovmaiém comparison

toHA@\eBringd @otlap%@:é)f Prtehhﬁqattr%%wm 34648R8 3@0& QF%% {vRh Rctosely

a I|ed about Xi s i ne pi vot sh
reg BerE D SURAlY - tothe dAce S04 FOHE COMBBPYS: WBIhGhEY SuFRlY, i
sutiseditia byl cdnjstm’fte mﬂbmgtﬁtalnﬂrﬁor@é of Wd WL fteB4fthgdBb5a and 325d

il 8 sl B o RS 2T e REE B AR R o ).
Seth@“ews @FDngsd \Zé’ﬂ9 vt e tusner (=0 thhelg\eetyated Jo b axbenple, by
mgtﬁ*%hQ%%x'WzrehQﬁ‘ tmﬁgi‘?g}:cﬁés?ﬁoi% 5?5&? bnd E'7§H‘$a[é o Rlustrated in Fig. 25).

degrees he variation in prin orce ma
relativel Swfsa#ﬁlthe BYstemrpay b@. &8k un withie aipfunnysd te regpneumatic

cyﬂlﬁﬂ@@ 348@%&@4105 |§m§ bsgﬁlﬁdhs tl%fbaq@wghp%ﬁ@@ b9%§ﬁﬁé£32’!§a‘~ﬂ alone
ul at e
C%&f@dﬁﬁ' %ﬁ%ﬁgﬁé At ghPeSif %@Oﬁﬁ%‘%hwqﬂ&a F%%t%%h?ﬁ‘%l?ﬁ"}ﬁ set

scceyns R AT andTR20d, ethgtsbnr@ﬁd:rcfeonhaye befadijuseed wovaryingrioads. Pneumatic

oABEE303458 400 (8 gy e USSR Rl L ot
h%@?@tﬁ# eogtiorodhalvad 2rtthenybepetatad seap{iantly ateut élwaxis defined

%@tﬂﬁa anf:lQ?Sl%X/ﬁﬂpb Gelately krﬂ%ﬁ%ﬁioﬂﬁt 21; fb:?é% ‘Sﬁ??ﬁs@urg regulation

275a and a
SVFW"FF'%V b?s'iro‘”idgd It?l Palué'f fre Rrﬁ%sué?& %‘&'ﬂﬁ%"f J9aqnd 3fPb and to
maintdin bioe piressure @ lai @staat Kh&e L] emsrwau s rcst;tdwgcﬁy aoaﬂﬂfg this
. ; S, fhe. t e
P oSy L R YAl B B nve
beieollont, tshwovided.zont al pl ane. By adJ ustl ng set screws

270 d t
21¢ ; an l%%% is al;geuaﬁeéssgsctfvgr\ﬁ&m BRX- %?rd)&dslu%gés%qbtb%o X-carrier

subpgsenpte4Q ifglydeg R"%Feé’flﬁcﬂ'ﬁﬁ't“f\ﬁﬁ'éﬂ'é‘dﬁ heaniegst3 and ‘ﬂﬁ% Linear
g bé&?ﬁfg@MBD@%hHM@Ob chbegd and armypéclﬁea oRg of Nhe&dradils 330a and

QB bR B, 5 e b 4208 %00 o

algr @siblerie Figgid. atinear gusdesbeminged2Oaea ndr4ilibd asl wietl aadinest guide

be%ﬁﬁﬂfﬁféééﬂﬁ&béh deisRAGE $h %goi‘sfé‘:?ﬂ %g%tﬁnﬁeakgﬁ%s 520a and 520b

aln ure at a
(npshayfmainetig. @r B effecdivagricehingtioo ¥ptareen subgssasmb a8 aiso

inéihgad (DAL Baraid asse@nuiyegﬂ@@\m@éh érfg%@@@%tﬂ"?:‘yﬁﬁh%hﬁ;@é‘ﬂbﬁ)%k 447 by

IS a rear

e} AT POTEER ‘1S WOE e FYeBRS UBaas slh 35 dpthota Complance unit
30 rIE) e For sxdrasiecoing ridd) achdiaukess pinaluded 2 @Bhaaded hole to

rekéi\?eeﬂ:k ﬂ%&’tg agfeq{lﬂ)lpgﬁsf"%o?aqpngﬁggp hanlzj!erz] g?srembly 446 the locking

mechanism of cylindrical lock block 447 may be activated or deactivated.
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gui de bearings 430a and 430b engage with a respective

Linear rails 330a and 330b to effect <
wo%@‘?s/@ézﬁ?al notion. A portion of linear gui depgggrsimr%{sma”z

420a and 420b are 30 also visible in Fig. 16. Linear

gui de bearing 420a and 420Bb,14as wel|l as |inear guide
bearings 420c and 420d (not shown in Fig. 16) engage

with linear rails 520a and 520b (not shown in Fig.

16), to efif.ert is\eefidntqRirsgRtivOiewdf 0@tdrtier suhasgssigpialoyincluding

iioliebers £ 1R TraileborBlie By ST 5y BREERe ginegr guiae
beacing i 3pbr dnicolined? Guidiei behriegs ¢2@tsdt Misougiiows| iotFig 115 s mut 460

wﬁﬁ‘ﬂ& ﬂg@ljelﬂg‘?%e%{{y lEﬂ@% Z@\er E(hgc%: ﬁat &l’?ﬁwn noifl ei( "Ecjfo mgement

I|n

befween Dt $6tanchiad |S@'eaism{9wta¢a%vergyalm9§@pnﬁ gatheﬁtments

handl e 333?"@ ¥ 4481 bEBpLARK VK of@é‘rﬂé&l'cﬁfﬁ@fsubassembly 50
c bl ock, 447 ma ated

‘néé%bg%@m'n@%g%asmamr PRt S A5 exalgiged above with

rebpegt td Fighsia 1V londar paidefmatinge420evw20d edgamr witles respective one
t

orHRAP R 2k 40 576k o MM RoBL AL s ek

SUIbammbI\g 69 @iso lmé@ri%rigwaew ringricB2| anseisirpeg bieadnd B3¢ eagsof which

suﬁEQﬁL‘s dn eﬁb%@ leal QW 93d: ! glorelgpéc?ﬂcé‘l lé’«@é} béélﬁh& 3bSupports a
conf r|1cgure to receive SCrew 5 énot shown i n

'°‘#?r e eff) ea%ﬁﬁeﬁ?@nﬁ”% UB%%%’@H“M@‘*&B PR AN HRBETIR lead
scEa%@SBac Rbichat RendI€B50 @aliseddst tmmnglleaaiobdp@tr 80 tRroughii@ver
ective, vi ew rt| C@le car

18 i rear pe
e3ipa 22 Abe e bERER ARG G AN bRl B st RedSEVEE) posttona
adjustesnts: 2Ad is |B20elabodt&PObon, Altemapived tredtciirdhendizta30 are readily
pos§pRect to Figs. 16-17, linear guide bearings

420a- 420d engage with a respective one of |inear

rai | s 520%uNagip X8 defiges bergt3y Sy as shew imbigi &% Fig. 191is a
frov iplekdpaktiveayib @F ve@[csv&a@ﬁmwse%{br@Isspmtmtdgd%urhmvge;mate 510,

34
inganire B20 and 0B Fakeneh FahyBwsBatnd Ripes Heallth friga/Aly, shown in
Fid.o\Meis Hosa BV 0 ¢prbida mppommmg platd Biger Bexeds 76f extersdd tﬂoc?.@w
B2 310 B4 8Pl SAREIRY BHSUPRSLAT P DeHPES of
supagasnily Fe deptshoww i 8m. tlﬁoo@ghrlmqam is nrealdadm@emnatme 575 and

craN efouP@as ishgre 834, (and nut 460) to provide for
vertical positional is aocl){ ustments. As is |ater

el abor at ePUNNEA Plate 5dPRlrq detges grqogﬁaﬁgtwmgharoylc@gglearance for
otldéreappasdtuses. FpPeRabbR, shéhutlédrageinay deplovided tamsilibmne @access to

ool Vst atBubrfent B unascenl y 5o
i ncl udi nghsrptainadphpivat eoryeationdl tesé Arad mdr@@ﬂﬁasmﬁ@ns may not
pr%@@ an reﬂﬁc‘r‘é;:gtanﬁ %ﬁgktﬁreﬁﬁé\gt@&%kgao&gf h@aea%ltﬂ gitfﬁ:}ént pﬂrﬁaﬂerat

eqHlpé"t‘%nt@I@Ub%t@?1ﬂﬁf@ﬁﬁ'é'?ﬂ§h$mn8L’i@ﬂ %ﬁ’eBW‘O”Bé? @ ,5);rgbers and
devRe GRARHIEY I THe ttstREA NV PTILIDE idR@IosEBhereid In@lidiRg 8kt Bead

ot sho 580
A RRERND S0 Sttt ehhekanciss. Arbrioa i Vi Breieiplary
en@Bflimoa of thegpekaritdnéddioal positi@fingesd grangudatiOofwhtiechhead is
prmsaéld ﬁeﬁeQe aﬁ??gctgoﬂ rbé/ a?tEIe%ftb @@5 d?s?ﬂgtreﬂ}blégﬁgmsl:cﬁor e¥ample,

eara provi

fir%tc%%ssst@@ is @tqvededdartb%ﬁrféﬂpa red tﬂawhw exgengsghiraigh pneumatic
boRk UPEa8 P13y, &P 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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As expl ai ned above, conventional test head mani pul at or
my not provide an efficient and ef
Wo%é@(ﬁgﬁaock a test head with different peri p%er{auisy(ﬁmmsnz
equi pnent at substantially different heights and test
site orientations (e. g., prigbers and 30 device
handl ers). The test head mani pul at or di scl osed herein,
Including test head attachnment unit 10, overcones
the weé of eftcheat dandle S50/0c otithir rigvite), Veadi saresv 83@ntpvar pearing 532,

up%a'épﬂgér@“%ﬁ; %Fg e 4863%%&_&;1{%%% h%?: b(?g%nqe'ﬂ%b%%tﬁ@en%g range of

mytdgn p@aidembr;!@@tﬂn @ﬁtwe aubsystems, ttb@ccd’n@flah@i of the two subsystems

pr&HHéé’ §'b?d’é‘iler Fﬂge%mloﬁ /in@he lédiehi cﬁr‘é@ﬁd&ttﬁgﬂéb? allowmg for a test
Iston rod 8, which t.ends

ou
heﬁﬂéa r?ﬁtqoek%wﬁ%)Qelapl'c%‘gleeqtﬁlpgnerg)of vaming glg@tsarﬁyrﬁt@g%he vertical
rah@s bf imeaah atdv&rehrm/merudsal fcakfer euns\as-lscahdbngsmsstsaﬁble, bfactive, and
ver

oD G beoitBhko Eiyeh PR A Blibb i ng systoms having

thpreotirdesganf mﬂ;ﬂ:ahmvﬂain inangjaglefstmoturen in the verti cal

15 e G Y O B ey Sy
suBsRaTY BUHISS rRishe hansi BRYEIECe IphETeNED fignbaie

acamprwkdzb@%zteﬁiatNQu@éhrisha*oe eRBVpREa Yk %ebﬁlh%@s@ nﬁeﬂﬁbe

bR i istadeash S D %dw?én%‘;‘%gfo%&gm S0P GaaThG bould be
prbvidedi &r faciitege tioé vanitcabiraniga of hetiear tih ¢ylicadiuse thhe st head may be

I‘OEI@ﬂP %ﬁéﬁué‘ﬁéd‘%é@ﬂre t8% Eaﬁgr Sergb%%pal tti?roH&h gg_ﬁ%ﬁ‘gem@stoh lead screw

eral rrent var
53@eﬁ°tb"tf&l it wrtaﬁgtbe @anmf Qﬂerqimwdealsw r@ér& i Thereetien mare

préd2ssRiding 2t tsmpiampusckigd fsafrblived b@@uﬁera&i@h%‘f kiYEhMin vertical
i nexpensj Ve in cog’garl son to_conventional vertical

P”ﬁHQH#‘F GRinggr é?fthE VerHGR! rgmPliRt BAEQT eSyighiyso avipped).
vertical REptA008 ai raadpspgltioe Maviet dradle sAbadsendily Bhéncluding

crf 4 g ARGt B 250 B0 Ko Y ol 1B
mowttingep e B0 Errawo BBy mtatrmwbbet a hoozonthi stedrthggonal to the
tedl ﬁe%aeetawﬁo&?m&h d:é?me%é}ﬂf !aﬁ- éM’cee%l %&P@urt ht%PrP” €

pr ovi d
fofmeb"rﬁ% (w'i"capﬁ ﬁaaﬁheaitf@ Gedie |"¢ﬁj Q«l&) I"lﬂieﬁre Crfpﬁf%wmne éhaft 635
extdtis|thiodg R d&m&ma&tm&ghw eagear@f ad"®iplfRed bﬁb\ley Ri=ipd mountmg

t t | at i
sh 5l i Bearlhe el B tare S1o SR SR Sttt [0y Steliad) to an
enslqroetiorlsf &3dle noountingghbft MSttblretaﬁme-adarzgmaséenﬂpﬁ Batin prace once
it M%)Js IP eﬁ’x'ouﬁlblg&eé 0 nc?éx rrpl{]%]g€g%§%:ﬁ ap@[n%gnd%?lg\glf- gw% d:legcrlbed rotation
anép?é’ﬁ disperseppt r%dﬁ@rﬁﬁsﬂﬁbﬁ@gr@@ﬁ, angnfeamgr@ewpmmamsemrcwcuiar

poPlidebs &S&lé'n@ntiﬁggﬂﬂtb 0 (BRI IRMESY hGE d3Bc $visible in Fig. 20).
is a rear E@rs pective view of

Er Eﬁﬂ‘fﬂl6g7§%6ré’§@gﬁ‘5%a%hf%'lnﬂﬁf‘ Pinct3fi( %9y salragafeaFpying-loaded

mdm@d_j @nSG%QBSo 62Qr @odntiPblate<CeRM| EstkiHandlesisembaas3Bikdrovided
[ate 630 (for providing

cradl e LN
for %fk'['? 8?13%1 gou%&h? %cgﬁgglaxgxl s orthogonal to the
t est head@um!amp@t&@@ﬁommzﬁ4mffpnes>vsbmg piEthr olibden about the
test rFétad@%Jaxﬁ’é 4P a‘P@ 'cGJﬂplE@EB E(i’%ép%me &?ezof(é?’ii‘&te Ride? 620a and 620b.

attached to crad e nmountin
Maupsing piRies 6493 %’FFH@“%E%“M@'F@E% v IRgDRTE de§Ribindtie sR¢re
pr@ndecaforewd:lmgrtad t@didiead t6 E:wdilleesﬂﬁégﬁmﬂﬂg 60 afrthe® 3% range of
e

m%tbonp?boalt lgl%a{]ax@ ésc?q%%ra))wc{ g Using,moun awgg@%e‘s €4dgfangr 64Cﬂb Each of
memingi piefes Bd0a and 540 detines respedive ssotvairselab bipt 68t liarb for
pl ace once
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it has been nmounted. |ndexing holes 633a-c are

WOQE’&Y%S?‘S for the described rotation and are G’rﬁ@?@gﬁ%m

egrees, 0 degrees, and +90 degrees aFong
sem -circular portion of cradle nounting plate 630
(only indexing hole 633c is-Wsible in Fig. 20).
Bracket 637 is provided for attaching indexing pin 638
(e.g., retractable, spring-loaded 30 i ndexing pin 638)
reteivingadiespenbiva tamgoihatrec €36, EadkofanticonearedtayariBd42b are

attSthBl %qlsggecmr? fskergglg%fa%g ﬁggggagggg, lto pgwr ot ﬁ; i on
p| t ch r oti‘é@qrﬁwgab@ﬁﬁ Stifte and G41b et 1§ not sisikie may 20) and

9'68@&1 Eﬁd @46@%@%‘ é%agg goP\SSIBfe"’IF“F% \%{gﬁ eﬁr @ldﬁ@ fbr pivotably

remwweaaoma.ma%ﬁ 53319 30 dhe,iesh P8 fuipidlyrattached to plates

640aLENd m@bt hehubeste testtifeddomay plbeabslans arildefiffd by mounting
the | axis is al so

bout
shafts SR and A0 aBher g bR CCB bl "ana Gaob. Each o
rmunt i ng Froekteds 66240 andhd7 6 4Gbprdeitied 63 aitachiygex tdspective one of

méé{ﬁ‘a inE%Hbﬁ‘%n@GQ@bQééa thfaeﬂ'abhéos ogaé%%exmgrﬁms) to their

2004/ 0 receivin rrespec

re?%ﬂ#‘&%é?ouehz%nplﬁt%ﬁ‘&@ﬁ Bnd B40R- fegdlﬁmlg: B4k hapdle agagmblies 649a
andlr ®9badrt aeheshd @r &)d(ﬁ@ﬂ%@étlv\é néit® Mout tiadl eroﬁat%%xﬁsZOa

and 620b. nti hafts Q44a an b
o Dre”iFig AHIS ety BB chtle s{fintaamby &' Flange 634,
wifith srajtacBdéto pwohsﬂaf&ﬁ% bt eisibhe i Rig. 20) Additienglyoiddenhg
r o) i . 40a and
hold¥ % a éﬂﬂag?n% ?éxxérglh%wﬁo uﬂ\te%(? El{ gg%sote% are pa Pt6o£61agroup of
S, ICHABBOICTEE3a0 168 30last4 146 Ty 68 o angfiARbe) Fee FooniGng fixed

pofie iffradtdRddn VE‘BHGE tH@H ad392b3 safide d%@rs@é%@ QW'eﬁ;éeab Cegree, and

ed coaxi a} %{ Brackets 647a and ar
931[%% R RositensAlengd Fiegyc T Harlt, %eéw%e@féﬂtsm Riffgexi ng
pi ns 648&Fiqamt Iﬁéaﬁrégmcgve vie@it dfaedBd hdunsRg ipkge lsaadattadle

AR O 20 DA PSS o

ab@wasen‘amcwagsioaﬁél peasived e:dmf folowaraddngThrough hule 631a receives
U-pli Qi
crdfd hRJunaheYhart BSs Uaig &@wmn@‘ | 92 S92 ar':r%%de%gpg' 'ﬁ_crtés Eéﬁgén 633b,

ers ective view o e su
W'wm %H"!F Yitgiipdasyrshhelg §§390Pr°§h"&ff?r rersset n%nt\$|0§|rma§00 rand are
didpegsed 2t -9d\ddyieb p0 Alehdbe, bRl eXONRgRRY BsitRhdaboubthabdc of cradle

0 25 A i e A B are o, s
and£34c., Be4iBhgsg 6514E8tﬂ51baanid 688bane frovided twliek mgeking ¢dles 633a-c. -

FoPQkam\?Ie, gfesé %glt h—%gs 58 r@g abe 4R o}ggeebgrﬂg ﬂ{o%ntmg plate 630

egree, and
mab’o'éﬁ maéﬁgfaluan@umhe arc of their respective rmuntl ng

pl ate. F'FQ} 2835 bém?sﬂ%@fl@@@i@h'df%dﬁn@’w o Mate G 63% 3 one of
e

n ntin [ate i nes
R el aro 49 Anaroviig GV PR glotess40 defines
setpi—ﬂt\r?tdaacisiomlaifwvecensmaralfbllﬁiu\iearﬁdal MtounBihgreae Gg[esalso defines

rou ol.e es cra
thisBh Ble SR P Ny 0N (RCR e R HBY Y632 i (Bongp 962
or Rtble)s TB@S%ﬁtdilﬁéd @scmdlv atkictd & oreynling hiatemiésdagnchéd@ which are
rot@%’ﬂl’y a@é@h\éh Q@ j:ﬁ@&raﬂfee??gt ’rﬂu&?at@?h@%* 8@9 dstﬁﬂpbt?srh?ngs 651a,

er sed gree, gr ee

65 b'eysc?'lq OHE fab@a%ﬂipﬁén@rf@smctw BeckindmgpatioiRg- pilstheremounting
plafé 890 iillustiatddah .| I8 Hbg de@isd RUMBET orlte@&d Isda@Ntiounting holes 655,

Te&q‘ise%dr}gg‘un(%%l%oies 6]‘% allow the test head 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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25 and 651c. Bushings 651a, 651b, and 651c are
|ded to line indexing holes 633a-c. For T
G ARoges2

WO%@Z& Star - r esi stant bushi ngs are made of st

nounting plate 630 nay be made of alum num Fig. 23
is a perspective view of noumting plate 640 (e.g., one
of mounting plates 640a and 640b). As provided above,
nmounting plate 640 defines 30 sem -circular slot 641

thfacmvdteﬁ(%l Wr@@r&ﬂiﬂ:ﬁ@blb@ﬁ/@( s pdsses Mrdngh Bﬂa:ﬂl:l@&@aﬁﬂ&mble to the

teph el B e PV RaOTES 2 BHHARGS cordiity o GRapiags motion.
646b) . ThEgt 26is dheidel viesy ofi syiiy ynidstizeshesiblyo2 roautiechgith theta

co%ﬂ{a?\ée giﬁ'ggr Bd \fgégﬁ’s T@QEL&E? ?{J&!{rlng%ﬁﬁts@l%é’se%bﬁ\?ﬁp %pet ﬁlBs’crated in

wear - rest §
F'ﬁ)u%!ﬁ?b@'%tl%e 21@5%’““%@1 bB%# 26Pan blpeis22¢,iloek blaclo240, and lock

ha’r@wml MEditibRAR, LAERN ddth ’ﬁ%@@ of%ﬁ'éttaf&@h [1ARENE N8 FPare also
|Ilusrated|n mesanun‘oer

| at e 64
G3eFat8a f Rlgnd St ronbia Plgss 315r1inger raisch R0 aieh
prievhesicGybnddri3a0a) tretd pivbt blead 35, Retanuvdtashre 351a, and pneumatic

f positions so that the center of gravity of
p'gﬂﬁt’ ?est%"ﬁead can be placed as is desired with respect

to WO 200%¢.025B40s€RrOTNAISEO04 B251F Raken gkfogsheeckiprvBiB. Fig. 25
pr%iﬁ'dés ah rr@c@ﬁ{a@pﬂe% ths%nl?%é’ 955@@2@ﬁp§%§e%nﬁ @Z@H%h! l’%“nn@sone end

cl ose as pOSSI S cen
ingRTERA inytst r@s;chgw g0 FEPYHYRP R SRR 13%0R iR @FO%Wﬁlﬂ'@tﬁﬁlO
SpMrigs @25a andB2584ré Gomedtedito\d R¥p&dIve\WnB®F ¢Piibg set screws 270a

orSloP AT FRROPBS 500 &l AGUnEP S ELRS 52 h Bl s
spiring weps 37 @alandh 378d,Rirg co@inedotithdn ngritasee®ii@ hotesiBE2agnd 222d.

scle: 3808 20gckaZH8 bt BhAGK oAU deBRkive one of spring

I Ona various co

adjitini aeaess holes 175 gdl 58, ab vl %lthmhm ZEH’raFaf@ 222141

i ncl udi n%ﬂﬁ@HEémﬁ&wel‘P&fﬁé[@?b?’éth irh F@e@s uﬁ@u&ezm?e%%a:a@glc)b
| |V

I C C
prskgRtic e P4 St PA0SHEHE SHaPIS A4 Ped 3028 asumaHC Piston
ro84 3a7a bod Bagh, & fatloresedSaaimal 346bevuekd Buffaced2ds5akeaid 265b,

on B-B. Fig. 25 provides an internal view
a“?%@%?‘f’ﬁ'é?@rzs& 325b, 325¢, and 325d all having one

end i nserig.eth isrp parbakiotapioc viewe(aspartion of Hueintering hbe been
reﬁ\%g@d)sgf@ ﬁéhn'm%gtcbﬂtgoirgrﬂo@u%lﬁbo forREd u&? agt?e'é@h@éﬁjmampulator

are connec respective one spring
acg@‘ﬂmﬂst%%e%%rvm@dvrﬁ%wﬁhg BFesegt Hysgt'@voﬁorafﬁ@mplef
endib8dre ﬁm”ulnngaataaﬁaf-'@n d6 286/d, beasseis|prambbic EBRirfiGreRBSre 4a
' gagéagg‘;s are contained within spring receiving
ISRk 8589 dnd 222d.  Spring set screws 270a and 270d
may be adjamétobendidruoegno dlustsiEeicinifice 2iacloties prauntng plate 710,
wrﬁ H%é'ﬂ%&h@qgﬁs r*é%%?célé@g ﬁ%%@%u@?d@%ﬂso%ludes side

hol es 224a er conponen
P’ﬁ’tleF d3¢£9 apedieh AirgnlepZ1p e IgucPeqilf*F‘ﬁ@%FrnePbﬁ'I" irdgQ s provided to

faiNSLEY distSdtitiondRicSthd4Paioand, iﬁ%ggn&égﬁ% sl:asmck
r ods

mati.c i ston
m%&'ﬁ'ﬂ'”&&’nﬁ?‘%mgo‘%@r% rexonting-OReraiesy,of g W@HWHFFE&%@@ Stop
bu®bar s dap 66 lactivarad té sl flawosich 4@ thFough &6inlet A3. Mounting

brg&re‘: '7% a'nth%ﬁkg{ FYé G éu%@;&{j %J% gﬂ%??c%rtr: é@%g&)&l{n% im%'nl;%:%trol

osure
enﬁi@pur@s@o\m Aipregulatat 721@1;cpqmaﬁ¢tp@| taregulator 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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according to an exenplary enbodi ment of the present

4,9n. For exanpl e, 25 enclosure 700 il (
WOZG(Y_F-Mg 26 could be used as pneumatic controPEﬁIﬁU@E&ﬁl’FO25172

enclosure 4a illustrated in Fig. 3. Control enclosure
700 illustrated in Fig. 26 th&tudes nounting plate
710, which may be the rear surface of columm unit 4.
Encl osure 700 al so includes side plates 712a and
allphaign gyiaration ke adjndBtheaigpressurg by cldjesting eeguiator atijusehg shaft 725

d.8., BElﬂﬁ'aq?é;( Elgktéﬁan eﬂ“l;%gh\?e@r rpdi gﬁé&ﬂp {(él‘?&osjuﬁé g!sé Iﬁ]guses

encl osure. Loc at e
firsh PSRRIy BN b?rie\ﬁémﬂwaéﬁ@tlétwwe@fnﬂhémpmemuumpiston

ro@ymsemev@m fiRI bAoA TPy, R AR Ed NALRErol Qaifh (?azf(h%vvuncmn
Lr tﬁroue%h air inlet 713. Mounting Dbrack

O%hgﬁéﬂ’%lﬁh%’ REINGADEOMYi ded to support corrponent s
Wi t hi n cofgrs ot is aemﬂthBalr\&evVBf)F:gAIZB til@w[@ﬁg)ﬁec?laﬂd B. As

PSR hEG, 8o 5 81 8B SRAR 722 B i dRsrsd By Aioneratgr (througn
achéw'gé’ﬁ&l insavden teeadiusidhe afr pressyrd disuibupion tiony BRubater 720, In
orﬁ@ﬁtd%o@&y%ﬁn@bﬁtd ﬁ&s;t@cﬁ{ &f re&@lglfﬂr glﬂ.fstlﬂ JsHé&'?ﬁg ?egow

a regul ating control

dqssvb%dem%qrseﬁb% *Paé’&the&f'd}m"?w lpk 458 caﬁwtwmumr adjusting
sha@OBIObSRdé: FRETERIS2004 iR Y donmedi® !ﬁ:'k'%oﬂﬂb@%@t PRot pin 752

R 255 e Rl el o
cl@m VB3 psfigt pueuatid bdindaeddht Fh:stqnmbo&:uceym’ncma 7Baus esnected to
seEbr'iqun g@és)ilﬁd&y}s‘?dﬁ(rotﬂ%auntsﬁfoo@ rm %%'éﬁoucqtiggisgcond

yl1 nder pneunmati c pisto
F’“ﬁSB‘at'Flcb'&"!deéc?ﬁt?rol val ve 741, and second control val ve

742 (the Fﬁ%ﬂ&‘i 1s%nper5pé&|v€@@ih & vardu§ BieWdnlts B€the regulator control
| ai n i onal vi ew of

SRRl UsPaRg TS B i AN RGBS oxends, at least
pargglyl, dtroughadhafs tack dlcck afan, Memysmamdyaw ettadlylid1755 to shaft
Io&ﬂﬂ[jé}z 950, (Eafe&‘é% a%%ae?%si gs%?#ng#é'?w%lﬂgm;k ad%:%fc'ot tightly

Ir pressure arstri bu
ClatmlértOtrégtr!émtaéJLytin@nba!fol?za [ﬁ(YSfoQSeomgcﬁcrafveg%kt,drS?b 761a, and

76@6 H5d h‘fb@i@hﬁ\fkt75752\§vth ?%eéﬂo%a%o&?ﬁﬁ& 9&? mgﬁ%ﬁg?htening

ave been provi ded. connects re
AT GUE, G ATEOIEOT PoRsIR P BUIBHR 720 coTPEAROPCiBEto M amount of

rota(len@Cf@gdi&tﬁka&ﬁﬁ&tuﬁ@shﬁf@ﬂ@ ptdGidedPithOligiP ke rdediator control

XS FRELFS4E, L B SO e S TR o 75
copm@hwhmk ¢52 V9 tladier7 383 FirsFpnatmativepistehirod GBbicodeects Bkt
pnle§m%99 leﬁ{ #7590 §f§9§%8p nlﬁr%[rﬁ['né&mg% E\}Mgér 7§fis gnﬁ?&tad to

rovi
Seaﬂd w@ma#@zry incjey. 7 328 wihichgn ;Séfrnsqéé@'ﬂnaﬂéed/wewcbmouaﬁed aging pivot
m&lremeol s of the regulator control nechanism

illustrated _jn Figs. 26-27. Regul ator adjusting shaft
725" oxt ot 250 3 BRaled REtsacty S Yiom HeoaHOS M- 28cEle. 30 s an
evenh mz:keae&:ledsqaespact?\&?\ae\amdawi‘thbraxbﬂfa@hza| nk 755 to

shaft | qpk allaggl%%%ggstrzﬁ% ?r\%N?lggl 2 t?r}xdl /B4 us%ggfq)%ses{s‘s an

shaft lock™b
oPeidRN iatReFitiading s opg suprdrtedpsa pByum@tbtse,mndgr sEeremample, a

pls?&V @ithifothl, mzzlafje?hncférr‘@an E@Bﬁbrt ﬂﬂedloﬂy\bF 993 felsf) Kegcp?:’tté!!hmnt unit

| ock bl ock , hen reti ghteni
angl ﬁ%ﬁil?ﬁamé’mpﬁ% afaHREerdf PF‘é’g‘{ﬂdatPl rawnwn F%@ﬂ‘%\?’@?m'ﬁb@ Yylinder
at @ronstesppredsurg akahé best dEBd R ra@ed and lowered by an external force.

Thus, the test head Is kept in a substantiaily weightless condition, as described for
example in U.S, patent 5,149,029 and its siblings, all to Smith.
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rotation of regulator adjusting shaft 725) provided

Otzlﬂﬁsgtﬂgﬂat he regul ator control nechanismill Lﬁ%‘rh%&@ﬂmzsm

28 is controlled. As described above
pi n 752 25 connects link 755 to clevis 738. Flrst
pneumati c piston rod 735 conpeets first pneumatic
cylinder 731 to clevis 738. First pneumatic cylinder
731 is connected to second pneumatic cylinder 732,
whi ch in Additiona detatis et tredagparatosl iletateddn Wijsn g6 FBO/\QIEI now be

SR, O et SN PILERGS 1e
CQH'@I%@P@CWE@ﬂWImﬁ@CS' cevrafendopoethavingafidd-pigtesZBl2amd 712b.
\ﬂﬂ’ﬁ@r@é Uyhidhl |H&P&@h§&s e FhiStrs Q%ﬁlp%gelﬁ% Yishfor YR&dn 'i‘(% %mpllcn:y

?g og cLor In_positionin supp rt
R%?“iﬁﬁ@b Q isdnglpeie E?ef?mv'rlsrfe@aéaﬁ?ﬁwés paessares%ﬁhe\mlm\fﬁmcal
cyil|h®en’rmmemthpladﬁfegﬂlatbrsﬂmr}ﬂbhdé@% $rmathodk) tReoi®sb3. ports 722

h
7R Qe RADGET o shple roltBE sl el o et oA s
suppli¢chtiethe3®mpatatus withit thatenplosgsmieqaisk tdvndcestupliead 18s Bracket
lrﬁﬁégﬂe@%dn%ﬁﬁrsﬁgpé?ﬁo@rbo %JEIEIQ%]’WIE%E 53 aﬂ(g ?%@ﬂa&)h?zo A

test head is E&f;’@ nt 1 al
logkiRRiRPRBRLUSHS Ing #ut%éummﬁe h@"ﬁﬁﬁbﬂi@deﬁt%asd ipepespted by handle

714, 174}, e&gﬂv GvHehShaph R 71908 in ?r'né sHovnblelbek \ﬁ&mon, the air supply to
th2005/r0 3 P%T/ 2004/%§Fé 9 Additional d% ails

SAoBRaT ‘5 PEEdOT F9R PrEke dgiapriied;tg prevegt Bptign q thipgpain vertical
cyhedert‘saﬁsinnbé'dius Ahe premuadmktt@cbmfethe Eeg hedf iploakedBpidce. When

heBle ¥ A is tﬂyn%ldt c}/c'k Yge%ll'o?@ e;Sc% |on s e%@tgnn q?gd%\ﬁ%ér%%n ely to 4:30

neurratl CS con av ng
0 ‘é‘?ﬁﬂi: RIrds aPPiTﬁ@Ufprrggulé'toc 720mmd:thusﬁh@ celoviee besonodrepressurized to a

pré@bk@é&e%m@r@%éu!atcﬁ ﬂ@t A Pl %'f[mbércllo éYted %0 an

ulator 720 I's Included to provide regulate
aPBF%%@aFeeG p&lack@osHPh theebriaie &9 re]%%??‘iirrﬂi@i’“m%weetﬁ‘éwaéﬂ? be safely
maoeguleaticutly 7 2npeieiyd Ftﬁg\‘!ugg ?é@lé@@& krobﬂf%ﬂﬁ@@‘cﬁ@ﬁ poﬁ%ﬁ $o the 3
inclu 0,C e air
ok nelton 2ot B 05ihe ekt SOhARH WP Sridlon CalbesRe RE Uty to
the prrauiatpuspmirehisrio thiealisnohased.e vi a qui ck connect

coupling A7n1§13 ﬁro?ﬁ*%gadjg Qh@hﬁa\é rHW:{Q& 'J?gg 5‘%&{395&0 by

for both qU|c
turniRg st Appafafarditate sughiap @élwat@emf ﬁhnﬁt 2765H@|Sn’rlf ggrewdriver slot in

1ts&ﬁ:§tbd@ﬁt SStdéﬁlﬂhté S’lQ@‘ﬂfdi.td%Q ab¥esB ®B &8 Mov:’a@ralcceslg when the
o' cl oc

cof 8 0e BhoiSF AR APoudn S frdherthi Gosd b Ayt sall enasa in
repfldted motessuby brkiee h"sdarmhptedi/ F‘Dhlpaﬁpmtusrmtludés oif atifli@ion to other
1te%' L% b\ée&és'cr(i@%% CWA e%jﬁ ntl? '7§? ﬁtogqga 78%’&1@8‘”5%%;;‘%'“3 5/2
Co‘hfsﬁ‘h'd{aé\’eﬁfﬁil@dtlﬁzned cl OCkWI se through a position
corr espongdiugg, @EWr@éhF@ﬁr%%ﬂeEl (By‘}‘eélgaﬂo'i_‘ 7‘20% %ﬁ&kall?'aﬁ]ds‘f\ed so
lied to regul ator
th%é@srfr%@e prEd rtPié*aett%e E9a ﬁ@%ﬂ%i@aa@v&qw'rr@&hewce required to
lowerghb ddzal. wagn céxdbinad aligh fritdon Sn(‘{] tﬂdbllih@rn wt:a&%«;inrtdérgrbreak
i gt Q' clo osition the brake is released,
B RS R R S fRE s RGiob SR8 PRy e i darast Brarcdea
pacishiastysehgn sitgbt,axrecri@e hatidhearzlréqbirein Tihie dBficiiol mek be overcome,
if tH@%'rés’.sQFb E%Ii%it\"t‘?y Peredséd ﬁQlﬁ%BQsﬂe'ﬂ' rﬂ@tu&ﬁ%sﬂ?aﬂﬁl F?lélgcreased if

first and n causes

th@zgest"ﬁs m%tg?ﬂ igidomna piae. dt aas!mﬁ@ibtseto(ﬁdwéﬁh%tqwtom cause the load
to OPet atdupeByntBd] EitexbRPId) IS Wefu 0P Yd SBUsRY tbh Pedlidd ®bressure

thatza%pmfs a force slightly greater than the cylinder’s upwards break away force plus
the weight of the load, the load will rise. Conversely, if the regulator is adjusted to
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turning shaft 725. To facilitate such an adjustnent,

WO%@%#%S has a screwdriver slot in its di S‘i)@f/ﬂ%%(ﬂﬂ/ﬂﬁln

ate 712a includes access hole 728 to provi
access when the covers are in place. An apparatus is
further provided to allow sngdt changes in 25
regul ated pressure to be nade renotely. This apparatus
includes, in addition to other itens to be described,
proyidieradforee thatlisdess th82 thepweigbh of e 1F@bmiralsehi sy iaRy's @bdnwards

brehk a Q%rrcgltrhé% MEFiN § %Vfo ) 7v?’£‘ds| By F@%s@%ﬁ&%%ﬁ%k‘or% provide

provi u at or I'cal
mp¥eR; qaffé”'ﬁ-’é? E%ta'*@q dP ipegyend aﬁ@!ﬁi@@S tihetd giteritgo much or not enough

pramjr@mmk@h%t@,qual to the force required to 30 | ower
t he | oad. conmbined with friction and_the main

vertical @91 ?%ﬂé?tr%teﬁﬁéﬁl@dmc%@éée”qwé 778Akt@ a remote unit
7709 Aulutidlg FeakemMitem7 ZANPERITAL 7B % QRnkatges cbMAdl enclosure 700

| lLi ght, '
o FEREE rupBE 704 LA 7B ey PHE et B 2Beand 7PS) o the
folipveing uiﬁecrlpgioslm 1g|a5$tyn¢d1Mtta°me¢bssfof pheerdiityj thedl tummirigoregulator
sh'a?t % @@d r%bulgmd; YorRRS '&l@ﬁﬁ@‘b'jf glo&l&ﬂséjﬁlﬂé'aggs F%E%Lﬂ'@ ahdl turning

it 1's possib
It E%H%%r @'%Wlf&a@ﬁtﬁa@sg% Pfﬁé‘@‘é’er da@pferﬁ'a Bwelp pf op%"atl@& é‘mc@ one
oplefattdme),r@ﬁﬂb%@ﬁahﬁ?:&ﬁhﬂé?ﬂﬁ%s@@ O 668I$tHH ShdPhRP FHARnually ralsmg

o bS5 a0 0 b S S St

andfhctl¢1£E|tI g, catibes regaldtonishhftri2§ao beanweistibiitly thcitwise from its

n gﬁC‘gl' UF%’%%%M Blfge%gﬁttﬁggf'&sm ﬁgggln%]#ceéltc?]l cvlinder, enabling the
OPEILAr FnRoTReIY nverthe *qadad:' nFenmeraehe pephingdeoekes 772 to the

" Ddﬁmﬁ'l‘ﬁ@é:ﬁi&n ah@ ﬁ@i@w@“@)ﬁaﬁ%ﬁ%guia?& dhaadr kd tdFH‘égghtiy counter

Cl%g Sw%m |ustltn n%:,l ator to provi
Yis6 fEéﬁSéwmh PgE ‘P “faé' DF PSSR A raala ertica
cyHnddngenatb}hiﬂg e bparatan ob e&flﬂrugbve ﬂfeelsadJﬁ@Niﬁ\ﬂérdsafF&leasmg rocker

775@5 % |t§9gh%he&ral' plolsjﬁlg éﬁé%ﬂ?toqgﬁ 9#% é [ﬁﬁ\)rﬁl&d te its nominal

POﬁJ@@Rer switch 772. Pendant 770 is connected to control

encl os ur eIn799eco*ﬂM dbferét%e(smgﬁg é\g? %g?raﬁgﬂ’g7§§ntmi pendant

% luid carrier 785
7RGl H@eqjﬁ%%‘ﬁbfﬁ a1bAPgretqrdo saise Ae lpweyithe lad withost epplying
exgaenﬁrfaidet Vin thh?taselt pifeBsing ré@@H batt@felth‘éh atd U 9P DolvnGosition

£qu ant r.0 vi ce C e i ncreases
e AR 1oles b Pt s BB G Bt B egreater
changssisurressura inathkimain vmtd:al oflindpettanhiionhd firm tedens operation.
ThE B?és%*é)&%ge%o%ﬁgep & Rd ?P&at ngugﬁ)f? Qr?omlf'ﬁ% Io%:ﬁ é(? So'vgtwmhout

an er at or z owerin
a"?@PH%ﬂ/éXflwa' faee bplesaal enq&w@r@sthab‘d‘leemoﬂmlﬂr@am@bivuﬂﬂw and

std@@abklmeleaamg hebids 7b,; wm&h?allgﬂ%@g%lét@g%aﬁi 955 s Adthirn to its

i' E’ nedsll\%t y&ocvvlse fromits nom na

nopeL PPN P%&Q.% YRingreseepnel mAde REORRIPTIOR, dhe Ppgator
pushdsi mdiear, 77armhhe Nigp't eeiticn mnemcaﬁ@rc trmmmeefﬁaaulayomm 725 to
be&%eh%k%&e f%‘?r[ﬂYt@ rn%ﬁ-! Xa& pBEn?“ n‘gtcge%giﬁg r‘cp%é%ﬂstalt?rgrl ngn%main

caus
vergiggl @Y(Hnﬂ@rrlﬁ’ %D(Mghwh?redba rfﬂaéir mowammrgs £poverselg, pushing rocker

7705t RA DARF ﬂdsﬁf&n aqﬁ%o‘f‘d?ﬁé] ﬂgciu.hs%s PERISHF SndsD 7§§§| «%ml"ébulating

vertj cal i nder, enabl 1 ng operator to
confe) dleffeg 7253 f

eyvice & %Mﬂ}é’?téﬁdoﬁéﬂ”éﬁépﬁ‘g’tfr BeRimal pgsito W:éieGFEI%mQ the
prdsturedntthe nrmwra.hamﬁndercta aaiﬁlﬂntf WHdHe2h@ loadiNAble ddfbnidrds,

Reﬁagé HE) 'P&_CL@}- 975 g'turnsmc po Lhe neut%? postbon and regulator shaft 725 is

returned to its nominal position and the motion of the load stops.
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In a second node of operation ("node two operation"),

WOCZ%ISII({lgcl pendant 770 may be used to enable aggg{bgpﬁg{ggSl,lz

raise or |ower the |oad w thout applying
force In this case pressing rocker 772to either the
Up or Down position causes-aitsonewhat greater
rotation of regulator shaft 725 causing, in turn, a
greater 25 change in pressure in the main vertical
cyl i nder Rétamingagdie téiFigst 28oideugh 30per ablicue. view bEthe apparatus

L e A e
mpRRied sguhakitarn Pabeakutivat hmurttﬁéonwhucbnn kwn is attached to
efcRABGEN2AOY YC§ﬂerié!r @Qﬂ is %%@@% Qh@éﬁsf ﬁé‘%\' e ;5|Qt‘6kﬂ%d (nat visible)

0] ul at or sh to return
°fr%’ﬁi“?1é:{w %osﬁtuﬁow In 9%31 WV%W@%"MW% pé,%%ﬁacsﬁ@d@r 732.
Pisionope 73606 nyliridee 7®p aasitievis IBSRIISRRSE foRKEktal éRd ! QinkBs is

ot RSl odl Tl ARt 32 FHo e SR AR ar conventional
MPBEEti on, increasing the pressure in the main

verti cal St Bg@BlloEIQ 780 Qg}rgﬁndr’%}géglaww}péﬁ ?%X(?&&sht as

war ds. Converse
Shﬁ@& t(FGRv AL BT may bed: addg iz r‘ocglbécw 7B2%ecurely to

shit. 225, Smaifically, Reaft FOBIHS) be PMth&R ;:KZ;%}atir@ &l Bnoe:w@é When

its nomn ecreasin
el R d 7 TR A0 LR lerR Wb emsrarve S50 BOTABLD are
loggenee, shaf: 725ambaybe eodoathinan dsrewdRebie@Bha\g dhaslfiag tHd Bosition of
bibi#gls it to the neutral position and regulator shaft
725 1s returned to its nom nal position and the
not i on ofLiE5T sadtasherhtn blogk 2606y MSMSDf screws 757a and 757h,

wtﬁ@ﬁ%é@&ﬂ%fg@&ﬁég%t shdn ReﬁMﬁB”QLaﬁQQBQ id Qmoﬁh&% wigl‘ﬁn a slot in

rough 30, ue view of par at us
DS AR R AT €25y N SRES WIS 72 RN 257 are
locsesed, NilkurbSdna Lyt postasnctBarthegonBy M dessect babhdrt 728N when

t Q, it
scl o7 a 778 SR en G ordonr U gty Sbd o Shar 725
is fhragt aThusn theodlistehee petwiesn shalll 7RAcindwdaiidpie)752, dfat is, the working

lerdfaYh bR ASE 7g§aﬂag'g@§d]ugﬁgd| nder 731 noves together wth
the pistan i nder 732. Piston rod 735 of

cylinder T; ﬁgfpﬁﬁgwmo@m%mg@wm ayerpw be idescriiedtveth the aid of

Figgnd1A L 318 aATSB1ICS wh&ﬂwts%ﬁ&ﬂdtiédllycslhﬁw the EagarQYuéfﬁacﬂﬁeeOJ ifferent
conventi onal

5
ofkEitLr FOR SR et ReRr gy 'EPPM?EM'EW Hieopisiendn eylinder
732254 ismiston rod 736 ate @tractedsdravthe pltoews cylbtiar 280ad® tdd 735 are
ext@ﬁﬁ?@e ;g%ﬁﬁggg%ﬁ% gg 'n%'iTBrelhglﬂé ;%E%%ir(t a?;b;% @%?cc %(f é%tl’beyslot being
veitgelat i ng | ock bl ock 760 when screws 761a and 761b

have beenn Hgghttsnﬁ@ pisthRh é,ﬂh@@ﬁﬂﬁ&ﬁd 7364 fefended,
oosened, E 7% ge r ot at ed a screwdrive

m%'{%'iﬁ’wf‘eé Wz gihigh ﬁ%%‘é@ FVW%f7315‘|“66Rd 788 tojmpove; tﬁkthe right.
Thigsbuses latkt Z5Sherd! shaftt a5clo ré6fe RibcrRRBStHOE cﬁ§:ﬁgﬁM\§ tﬂéé’@ssure in
A5 a5 D ARG P 518052 RHE 5 s, an
clevipi’d8 rrtatpebpendyduheuntiZb0shaf t 725. \Wien screws 757a

and 757bI@Fi§ 3&@%@%%oné bi¥otd %g gfz @\ﬁ&b&h%?&?etracted

orthlg(n_gszagw%cb respect to sh
causigl g p@ﬁ%?%ﬁ Bhpthaatate ﬁ@ﬂﬁ@%@?@k@ﬁswhms FHaNBEE the
pregsurk in @ap@pbsiteodisdabs, 725

Fig. 33 is a schematic diagram illustrating an exemplary control scheme.

Air (or other suitable fluid) is provided to the cabinet via tubing 790, which may be
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20 is fixed. Thus, the di stance between shaft 725 and

.S, pin 752, that is, the working |length Lk o
WO%@?@I%&‘Q be adj ust ed. The operation of the nggﬁldﬁ#@rﬁﬁma”z

may now be described with the aid of Figs. 31A 31B,
and 31C, which schematical | y23how t he apparatus in
three different positions. Fig. 31A shows the
mechani smin it nonminal position. The piston In
capyettieddo qREKZ8Anenhd 1B t(8.gpi tidncanodct7B6 ilustrated iraEyeds). Fluid is

t&ﬂ%r&ﬁ&ed’té%‘%’be‘n@ yﬁd’ﬁj&% tha Jcaﬁﬂgti ViR RHSrsd & is 10 be noted that

extend a nom na pressure posi
theconegent yrkawkh eﬁyert %n@ﬁéﬁ’bibéﬁmg gasg@&) iog abn -dompFeggpible (e.g.,

Ilq'iﬂc&) fluhfs Plowb0dt, intneYehiiciiaudde t&@i% %ﬁ@llrgrefﬁeﬁaégsses such as air,

o the right, which has caus

arg)ﬂepﬁ'&@}' p‘?ﬁﬁﬂ&%“éﬁ“?% to nmove to the right. 30
Thi s causwihini dadReid mdasthﬁ;fd arﬁ&ﬁlotmaﬁmlﬁtaetuated control valves

7éz.l|hgf9c§( ﬁﬁi&e@%lcaq\%%ﬂ%a H\Dé?e éf—s 35%.( : he 8%5335 and two

I sing c
POEE®NEN dRmﬂ% 77éllﬁi:tivcueewaye§381 raoﬂéﬂeé ea@@lwalpe V81 amiUie bear

agé@%t rc!)d‘keF 92 dﬁél-@:» tﬂmnahaé@gértﬁs Wrnlaﬁ r‘ué?ﬁ%f‘ %a!p% kﬁqguated

rere ed, _causing link
S, Q6 EiTed bita bR AR A1 4 SR CEn RS a@ﬁamm@ortm valves (to
be3fubpequestiyalebtyiad) @ppRSdabet] MaRNi r@acerl%vg is B3sHed 1@ the Up

ooRETIANE 28 PRI RLER) 080 G S B0 Sy, when
roches 77205 neshedi ta thelBiony pEBRionwWaalgh 78hys d{xﬂiv\ﬂéd shutting off the air

SU%QWOQ&§Q4§S PCT/ US2004/ 025172 - 22 connected to qui ck

connect 713 % qzw ck connect 713 illustrated in
Fig. 26) Vafbr%ﬂdi iand f4ewithingabitet 70 archesqdacantrorgdinders 731

an{dL?eanCTgé'@eﬁt?\kémehs W iftd |Eb%?tlﬁ Sl?e g%ém ]?Igg\rtsé?n@@dlﬂ@h@mu&t}f‘%d in Fig.

3%, JEVBE) Ho P 2 O 08l o PEo-paS o, o1y QuPltsy Fhtihesvalves 741
anlddmé?\m‘e ail actadted sy retrd wptings.t lemlts?mrg I@Werm&ates vaive 741,

C i r
AR s BT 85U Lo EHRE L, Bl e
pogigien dneithargmishes tosan vwsdovmslbcah walveQ 74Vahu §42 &84 acnedted. This
prc?\aaesﬂﬁiésME Ro barRt p?sYcﬂ‘?ro%i/ 736 ﬂ%&ilﬂ@ertﬂﬁ%dﬁg%@?&q%smn rod 735
Rocker 772 activates valves
in ﬁ\gg‘degggh Jﬁl% thegendifipnalewida Fig. 2341 AeTesreadias ty e nominal
settlng dfoegdigior aﬁﬁ@trﬂd&d;h&ﬂr;rms Normal |y, neit her val ve
t uat to tub

o6 wh CERsHNepeRes ettp e HEipastibR chiteswalraey foope
debetivatgrs effuentityrndesesestibel presautehen deliredbusy\besssuonideside of
thel B%tdr?’w@ﬁ‘iﬁfbﬁﬁnéeq 7‘35%15% rﬁﬁ&%dtdngﬂare%/s%%’ & l?c? égﬂ)n}géo the opposite

ac uat e e alr s
sidg; nfhugir P'y’ftonvﬂ‘?Qr?35r'%ek@ﬂd¢!ﬁ2"ﬂ§30|§fm§m nogs 786 aDdviEB5 wiil be

exmlﬂteéll TRis dbAle¥Bonbd o tise asHfiguadtRA in ﬁbUtstanG:h@Fef rebh%t@r‘ r
48 Erﬁ%to%%svmvesM % 42 Wi
PSR A 2 RASRRER TPt RPFIBYISEyH iy e R emolary svstem
incr&&es ties pesturealpplied® the mmdlv@aicadcytiﬁdénh@tﬂ&ﬁfméuﬂg ¥r making
| 7 742

th@lﬁQS%agEmo flflt ﬁ?_fegghggo-{@r l5'79 allo»gs/ Eaiv%:?égzo éﬂm R}euts non -
ad‘w‘aﬂt%ﬁoqu a@ﬁaﬂrmgreawe 4P thenattuatos df W#2.h Thes, uiston rod 736 will
retPRtt] RESriy @RSYERM B tHERRMIRR FHedMA Eshibald®n debicted in Fig.
31A,

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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and pressure in tube 786 actuates valve 742. Thus,
| ker 772 in the nom nal 20 position (ggi s
Wo%isﬂgéﬁgo up nor down) both valves 741 and 72?“&‘1&2{0%23172

actuated. This provides pressure to retract piston

rod 736 in cylinder 732 and 2®»-extend piston rod 735

in cylinder 731. This is the condition shown in Fig.

31A, corresponding to the nom nal setting of
preegyure supplicddp e mairt varbiadltcylifer iDegpiuesd iatiter meeing 6F 2naking it
dsferdndiR ORI ARRHILEy URKRld o8, De 25

eactivate Sauses the pressure on the
previ ous! i e @xsmplare eambpdiment of Heeprgpeittanvanitioniifustrated in Figs.

358B] H‘Lﬁiﬂo t?x%?cohg’cr@@mh@f 'r@dk%@' 7?@%?’&?@%‘&%&&&@ oRBRE 1 ed
ston ro

L%E e_onpasite
il eaE TR Bt PRSP i3 Lo B tAp. 758 nRk ppssiide fo both
vavdse‘mieahd 748 ® eodéersipards The daneorMPadcug whahiPsssule is removed

ﬂ-{rhgn Egipﬁﬁg%e regul ator adjustment shaft 725 has

cl ockwi se, which in the exenplary system
30 |ncrea%f:t§grchmgat0paiesmm;daavpephb@:timeat oftbepresent érvehtan, the
¢ i Si
fo%/v{nhg ‘i.')%cedﬁffet M8y bk fl‘t!ﬁMég g sefﬁb ahd adfd%? tl&]%%gtéﬁr F%sshpe to the

. Rel easi ng roc OWs va
SVFF?m fsstupisg off a%ci tRealesthensisie doverred &p s Javrgt BP@@@fﬁeré'th t:he piston

oftthe nagh vaities! @fanéZ‘etrE&@& s&ékes&sofsﬁaoclsi’ﬁﬁwmal |and 761b are all
nom es ur

th
i L LA A S E R T
thnhﬂmee is |pw§h¢|ﬁ@ mesﬁ(m Lo/ eldset ihetthsr Hoaadn Aposidppbed vd tHe system;

fof%ﬁﬁp!epb\?hﬂﬂmg‘?&l?ﬂ% fenGX! doea%ﬁg%s @gg{oﬁgny%%gcr.&m Position.

tsihre orajustrre
R%lﬁ‘i?reﬁ'dléfli Baft 35 ii9 $lowlyrtarned SoresRiogncrgae prﬁﬁwe it the main
ve‘i’ﬁi‘@i E}Nﬁﬂ@? apy t@ﬁﬁe@gﬂretl@ﬁ\cﬁé@sgchﬁé %lrée.zf‘équwed tﬁ lift the test head is

5 4/ 025172 pressure Sﬁ:é{) to the main
m%F"ch 'R PI9SRYES'S |"§3“?aé8%‘88’ theite eam@f P giged manually. The
testtidadigoad magasérebe htantiaie rdiderl foomchpomtinaks midyayaposition where

P NI N e
A ’l'fén‘@ﬁhsh?ﬁtlaﬁ ésnadifisted Cdrotly Alrectivas) hietildbafprepstat is@hs point
wlﬂ-:fre @[‘ilgf&cé ﬂ%ﬁfr@@ﬁf‘?&& %Stewégﬂ%‘ Fﬂﬁlo%‘?rﬁtZ@]thF ggt%'e_;\j the force

I'S not 0SSi

re%mae%)éower ¥ taetaiaad vé*i'"é%jmamegn%%#reﬂqu/ measal foglein many
cabéL SCtheewiss larsﬁﬁﬁg’ %glagfzé B8MbiInAP st RN Bo I8 Be e‘?ﬁ&i@?éﬂ NSerews

e odal sen nve
7R P TR OR: RE 5 Soeu e i o i iohiRbed. hadkerq72 s
puagdist andhield yas tiasrup aneiss;m.r @ dhecit hay Heanays teanduse that shaft 725

haE %fé?&l agékv@%ﬂ A?&Tﬁ&%emﬁ‘%y ttfle Aw%@foe&sh?e maﬁ th@Wead required

n ver

to 6?'!5@ Ht?e'loa@f &pF dé@f’ééISEd%if@ﬁ@“WamOﬁs Phe opgrionaTdhaethe foad
meVe8 upwlardd ﬂ%&é@ﬁbiﬁ%ﬂé’fe@%@édeﬂﬂo@eﬁ‘&fﬂn shédier 7722 id |§ushed to

qi%ﬁ é% position where it |bs Known ht hat therh
anp el W PRRATY oA CBGkNaY bE HRATeSNIEh FRSRACE U Whatker the shaft
725pm5|remt¢cbcddmee|sqlﬁdkw‘ﬂe A erctiexafphiemal Yetrade RgedsReKthat the
forc&‘llec%lﬁretdng n%bﬁ t@ne%% $ leﬁwﬁasrg? 5?5%'{‘3%% dds;.lg@cr Iri%?y PPBWO)?" one
Opﬁtﬂtwe@ribatatmtl@d mov&@mrpvaegs at @ desirabhe rataifer mode two
Oplél%rtﬁohc@cr&ﬁﬁ 'J’f‘ﬂaeénd fS"?t} P\%\/ Peqossd @d gﬁd 'tl%’ S‘ﬁjof ﬁc{hﬁss with

force requjred [t he test

respeet ¥y fe méyubﬁcaﬁ’@% ag,Aegifedy ﬁé‘et%g‘t"%%‘é&eﬂw warking
lergah seilcrsagetbtd credb@the changes of pressure and thus changes in the

required force for movement, and decreased to decrease the changes in pressure and
required force. As the working length of link 755 is adjusted, it may become necessary
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test head | oad may then be manually raised to an

wo%gﬁghoqg%nat e mdway position where piston rogFgll@E@w/%in

Verti cal pneumati c cylinder is approxina
ext ended. 20 Adjustnent shaft 725 is adjusted (in both
directions) until the pressup£-is at a point where
the force required to raise the test head is
approximately the sane as the force required to | ower
tot iekd eabll Bepdtmdilts $n tRypdstiorRd Satkaslodky7 statpUbintdif €hé desired

nérﬂmtgp g@étl?ﬁc aiﬁ% 5%% o%reo%lﬁe&/%dssp L n%ﬁ@?'?%@%%ﬂﬁﬁéqggi\{?te, that it
may baesopsible te axliuet tTSParkinglleRGNyf ke S5cw & pajhit wherd depressing
rdRR&KE hlied %ﬁ:@cﬁﬁﬁ&é&?ﬁe&l@a[w idehdnatedt

position. to ensure thﬁat shaft 725
has rot at M%W%R‘W%@“SWL‘FG eraeaditieR ébRU‘ﬁEBﬁ! Peidedder safety

CcORBINE £if t@otiBe i ﬁthC@nEr@méd rlﬁﬁilevtaro akHas %e{aﬁ‘ eeé,&ﬁb@d h@scertam
ratlL.on or

decrease sufficientl e
BRI oS s bt e R DR 3oh 91 O B 770
mbywbe osed at tartrol Bomsiton B 2he tesptisitbdithin a el ingbtivh along a

V%Rﬂ&lfher t %ﬁé é%bg@n%ﬁ%cgas ro‘?tgsttge%%%g [’th:af Fa%g %rﬁo%on may

be:d sempliang, ram@f of matien Cifectbertast iradrmale be orandas s a $ubstantially
wélbﬁtiesfs%ﬁg‘tsﬁﬁqmrﬁr?g‘)et enggxssnmen Oﬁsﬂrtmmwa%&%tﬁn}/ vertical

decreased s ficientl r node one (0] eratl on or
rapge of w&om\gd%wwea%t@ fersandap &G (ropemtedrngally at the
mE MU lacHre fartdxampleSai evstrol zhaloaned 711537%5;6% bead :aa:@amdtuon with a

{ t th £, t
sy by Bl rangd b ARt o, e 3Bt Ao B, wertica
range Rf mytigs bemggirhvided by @rseae'eﬂsumortmtneas’e foﬂm:pcpbatrrgeshe load
sueﬁ aerve&ear@arﬁgﬁs Oflzxg&rﬁ&g%jﬁugt&éém Fif Pyl tfoeﬂ vs%%eoroad

for novement, ecre ecr eade t’he 'changes
5”}9?@@%'%"%%3] "F"E%Pf’ watipm e tast haqel. wor ki ng | engt h of

li nk 755 Frgoagl tel&@mpidry BboaREEHTE oﬁﬁf@i@@édﬁ iMé&ntion illustrated

005 45 PCT/ US2004/ 05517
30 2PrE AoTH ERGT 08 TR ORI Eke(R B ed A6 85 & test head Ina
givexi ditexition i gdwsiboetia ghvem axid (eveb I agomphars: dtste) can be
61
su%gﬁﬂﬂpl ))J %:Iaﬁgeob%rﬁé ch)%\%t Z‘t h@s@ﬂﬁ?eﬁséﬂp%%g%rﬁbdx&%s enable
mpqimkwe@rﬁaomwb@rw lqmdesp eord@lablysmged witldudrhupman or other
ex@é%ﬂ&ﬂ%rde@% d g GiRdti¥es bl Slut YNN8 (428 ik %Séoﬂlﬁiﬁgt state).

In certain situations, such a condition shoul
F°5\%?faek? fhg sysEBimaY B renfioneed suchthat 38ing lﬁ’rf’ei%e%ﬁﬂ” “of a remote
smmht(exgl | gdor home Battonasn mcrbmm eleyp edsuad a pradeRFhmied amount

ﬁéﬁggﬁ thﬁ?{ﬁ?ggl c%?‘tnetlséﬁtgc{ ing E)n? Brefl}gir%‘nrh&?c&,v?e%tg' ﬁé}gad? Bon of force
negded toimanipuére thotesbheahin 4 _gls't’:n iackion albng onabautgegivén axis. In
su@Pta'c%ﬂﬁé’u rQHQn Q’or Kﬁfd‘e'o‘ﬁ@l tp@?%!t @ank@@?@rs%ﬁtﬁ%v fﬁ‘é@n‘?’entaliy cause

such a subpst I cal ran

rofpsion of Shpt |7§ﬁt thear{gem@f”v ﬁb?qkowe(fprce requyirpsl ltOe@@mﬁéiatﬁ the load in

th&%&ésdf?i AreRYibA e&b}b& tihesml@de@%hh %'ohﬁ!nué/\@hsgblto'céﬁsuntxl the force
i on_ W

reilfit SnPruPliots, Hhet et R0 1B eBr st esHOR 4 g r Speration
byt hiveusiilleasharesbtioon Sorhilgren danthods Ovy operapen,at Bdinkd pakdoy may
un@‘% n%ll %E&@Ht%ﬁ of Jhgft %awen maﬁﬁa@omewlfor?b@r&ﬂé@ motion

conjuncti

of §hh gm thg qjgsn@@,dnre@gqm ﬁ@ﬂg@ ti‘@ﬁ Iimitﬁgeoﬁnc( @o@:muetth@ process until

m&ﬁmﬁcihé @E&Fe’%ﬂ&:k@tku iV 8 4 ttahnatSis hARPealé faFaFOBpI8tATbY 2
"F g\{fg a second support structure for supporting
W Rellf 386 RUeh as vertical carrier subassenbly 50

illustrated in Fig. 19) to provide a broad
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substantially vertical range of notion to the test

Wo%@s‘?ﬂh Jarough the exenplary enbodi ments of tlﬂ%’rﬂ)rsgﬁ?lﬁ)ﬂﬁaﬂz

|nvent|on illustrated in Figs. 26-33, a fo

required to manual | y mani pul ate a | oad such as a test

head In a 20 given directi-obnsal ong or about a given

axis (even in a conpliant state) can be substantially
reduced for node one operation. Al so the described

enbodi nenhkerantiblig thmaqlstehwnap pe cahfiguredVi® Eentimub0aid rbtSte shaft

7?@3& fo?wbla@tg P’en%%g %9; &VY'} L ? ut u H d owg%tﬁf tng%bl Wgﬁ%?ﬁzlis depressed.

In(%wéra slwaaocoambmqntorsordﬂ e)anuabyp keex armphe ontthe tesrsteadito
déf@bfm*ﬁ@ viHeRfthe %r‘ég édlfﬁjédttg‘ﬁliar\"i’ptgét@gchg MG § B &’éswﬁd direction

note 25 switch (e up or tons on swt
'SW%pt‘ﬁtﬂ? ?"éjs'iﬂefl rplﬁa%e thesMBicr ni ned anount of rotation

of shaf t FethlantR70 RBPOMEH Mardi@ !@IM&@dﬂt@édﬂIM@onnectlons, as only
rce o _mani pul at e

A SRR S SR MR LY
desirpble henaugmﬂa @docatf gt ajecrial Blosckpepterkione aapey, @td; towever,

: ' I f
3SR Bl TG SBZHLA LAl KB, e
coRkil may Deatastied | Sigel 26 H'@G‘at%@fd@@iqﬂébpwdaétww connected to

omidhtisdonifitert 8K aG@mp@ﬂ%Q 800 Mhdyse fBPé%nﬁHiQQ%%ﬁndéHtV\'nfhm enclosure
ate the test head t he

e ed to manipul
70 i Ll SR HON <P EBRD? A ¥ e {580 8 Ertihaiange §o computer
8000{e @ kinclede opeeatose préksure aignyls) fand mﬁiﬂ[té:\/\mo may be used to

.90, ] on i ncre use
AL 8B EFLAPEEAE o Rl S BIEE S BEEE e o
mﬁrfmr@fpﬂsmt (@ pier procesgor) hesedeydtenn smdineaajeseusedai computer or a
préfiafrhaie 4og§"djtd§§FoHEPeC$ﬁ19m9§00m é’l@éﬁé Q?@ﬂ:laced by a non-

rocess until 3s nmotion in th I rect
progragiraakie SYstP@ stk @ adired wirsd I%F é“@}ﬁ'é%l@n Blectsg- raechamcal (e.g.,
rela@yvsygkdrhl Bdthoeﬂeh ainQfdvaV¥ed2RA0b AdrSA fhreBld AUGROAA/ (ARt %nd

rnativ e system may be configured to
Opgbégnélnﬂgﬁ% a¥§f’§f18 cghaft 725 so long as a renote

switch ( é’ig} 34 g rmncnxedm‘l/mry lscianoatic i@presantation b?ﬁ)pre&ure regulation

a pﬁSﬁ%t‘?ﬁ%‘?@ﬂntr&mn&H Jﬁ‘%t;if’]d &Mﬁﬂ‘% %40%%@%@0@ Olrh:sc&lﬁ %atxc view is

manua determ
Proveed f’?nén ﬁé@'@é’eraécfeu m@wﬁ%’ﬁrﬁéﬁuwum@ﬂ@ ugerbin ié\gtprh@a\@ invention

méyh@e esardied. réRalizir & |h§ut€tﬁ9&@ﬁf{h& cAMEctidiED310 to the
dant, 770 illustrated herein

en
pf?ﬁﬁerw@g‘aﬁan QPSE‘@FH'%F 2P ArHesUreh Ehat iy cyRmpnivigvgiiaple in most
teqtmgqnr, othem)ldmsxbalrfgcuhtbesconnect ed to pendant 770. In
certain 0 | esirabl e beca
e taupedMeAfRUL RubbR SJt o, 688 LARISPBRBLAR (Ehuiator
538f cwhisbaarebe adjupteddapremis sufficieohnsressurpdmdapportiitehioad on

cylldRed Bagbng 8h@st ronic, or mcroprocessor based 10
control rl‘ga%ﬁ%be desjred, Fig. 26 illustrates an

opti onal HER o IPERL S3R eek ke MGintypICPBFANT RisApHIE Gt its output
by&ﬂ]ﬁwur@Oﬁ‘pw #F 1B FaYh Peut é@fne@@kﬁ‘lmiiﬁ) inipe e Rt v é ie@sure drop

o S e R AR SRR ARG BR g o
5320 @r@a@@ yich geandy state portseiurdses popvaled )are and-veaynegtriztors 5330a
an§@933@3’wﬁ@h Va?t‘ﬁﬁ %deﬁ&’ rtPAns erﬂ? résﬁv%g%%ﬁ'n' il gg small rr{ovements

r egul at or .
*ma?seﬁsonn‘iher'%’r beexsgpl (QﬂaeSoinh @Ps-be@eewmqse@agg@trgws §$r$Oa and

5330iE Breadrangears Mialent @rr@utrﬁ rﬂo@rthaoug!wmamaﬁmwyﬁn&&m@

gsntar gloln?l’rtheqogg)é“hou d now bga anua‘il&rrgigéc} 2/! €.; moved I é gicl:_gcc'i:mn to

extend piston rods 348a and 348b by an externally applied force),with respect to
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progranmmabl e system such as a hard wired logic circuit

wo%odflsHkect ro- mechani cal (e.g. relay) syst ?'@r/l}é%ollmzaln
such "‘an advanced control |l er nurrerous addi ti onal

features and operating nodes nay be added. 20 Fig. 34
Is an exenplary schematic repsesentati on of a pressure
regul ation apparatus for controlling pneunatic
cylinders 340a and 340b. This schematic viewis
cytipeers ddda asd s34 0bx thepl the @sessoretmwymmmum: aey Broisl&r@duced in

adé%%nté‘mﬁtﬂ%@rh&ﬁﬁ%rdemﬁ@s Penre on%tc ré‘lc%e%cthe droppin

Pressurlzed alr 1s 1np ut I‘OU con
PrEgSUrR and icseasgp the ﬁ'@fdlﬁﬁ@ﬁséfﬁ B dwwsidftrctmi Hwidanto cylinders 340a

arRDBHOtEudth ake bﬁg]ﬁ@ﬂﬂ@%&t)br@éé@fé @%S‘ch'eﬂ MeknArelCHith®%had is

t u aci | i pressure
pr Bt PR S PR SO da cHH0R G Ha8s thegpressure n
cyindrrs 3808 and 320b rMeaﬁesWyesb&re&@bUl&tn&CSBQO r@E@Huz‘é@ this pressure

i S BEAOEAE BRSO B Y e

PrRESURE i "eaelidsagain. pressure at | ts out put 30 by
al | owi ng 1ROHe eﬂét”npﬁa@y E%%:H&%bﬁg%sﬁ%g&etﬂg 20 cgl%‘gu%rs 340a

the e pressure
ot DR R JIieSh A FRBleCaBHALS 390 frasdschite oy inglerapAdaand 340b so

thhothe. prRegyud at l@cﬁth 15&@53%@VT|¢L%$ sﬁM%tﬁéa??cﬂ'}z‘?ssé@tﬁowded which
restrictors

aid g e bR R b Foree provided by
the é\ap@wg@emﬁth@mh@ysmm sameae henface thaposat Bnpidvkled by a
suﬂﬁ%\%@g?gﬁﬁ@é (?uét&‘i EP%%W&& ‘FE Q:Eﬁér}g:rﬁ%ggﬁ%{%?s%am and 340b.

a ret ur n S| BHREA ew%w%tre%w@@m 3fm)presenmhteentlon

proodsh & hamber M@Efe&&ﬂé@kdr}{mb?dv%@dnéﬁ|pl§latzor§TQiV g ‘i’cba'dn hBwever,
Lrecti i ston rods 348a and

cof e Dy L PreSPEC VAR Sapdasiug,eae and Svery one of
th@R0BAO1ER2 450 REAMPER Gy} /3525 %b%mpeﬂﬁv@%bwnﬁeéét rﬁé@m&nﬁ;famr

3586 Ohhas dl#lé:a'a %Qﬁigelra? Sé*'sroﬁ :B{flﬁ&%@h' erq\fe Fetséttils{gso %ﬁ@é to those dsescnbed

reduce
abpyewdh resneste @Ebhemempeta@@m Hlestroted inlFigp 3i rFor example, test

ARSI @sé@ﬂwddh%%%&%él édraﬁng'umtdss%heééwog ggs %&sdisﬁﬂa, X-

ona into C ers

caf e sbeRarmAlY T340y UbrtsR LS b 3<sEign 3BR0, and cradie subassembly
35801 @estatidadahynipulbtdrB50b gaehides & IRHGRESE tdovwum d8th tdtative

o U S o BB v BRI S
amﬁ_@igmrmedrab@se@nhheemt tetest head pragsidater 1 i(rtatwassboabdheta pivot
boflsVei b Sinkil 3519 iPir0L4 WIL:% Pl? eag{%} §4gppﬁ%hébo&erotative

orjginal target pressur
ax'é)?é%‘ﬁl'%’f‘?ﬁfé’ﬁ‘%@m‘rent bei ng descri bed the two cylinders

340a to ai@d334@9 d@fﬁe&mbﬁ@bortrﬁn%f@@t%eé&%rﬁ&%tﬁr 3500. As
itlu ?%O fe%ds % g r%’ g&gﬁog Ao S0

S7ASLIF B PR TS Sy SFRQ I pmiBeR fefrings PEada and
354ftethat engardamhimohe v&whdsspemt kmens Bgﬁﬂ.faf aref 3Phandest head

oLt tota .
malﬂr OVIthL §5@ glg{) ﬂ'& l{C%S% [ n er Sfcrl} S Cﬁ}gnr? 8{)\,\%{ ee?lﬂ% t@ﬁﬁ?

d'f%%wﬂh d eﬁbh@ﬁé’ MRAPUEGN @G@eafgr wviudesistrpwehansiiengz2 which may be
adjﬁyt!el:l ﬁﬂﬁfua'ﬂ@‘(bln&a@\ bR Rk Aal dny d;@r%tgﬁ ré\ﬁgg Cﬁfto%htt Llﬁ@rl?ehd about

" %’ﬂ g?g& s 340a and 340b. 15 escri above
ro ?té‘éep X 'Figs. 3-34, the present invention

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
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provides a nunber of novel features for inproved

u atl on of a |oad; however, certain e "
wo@?ﬁu{'ﬂ maeql) (}E%b 4025172

e present i nvention do not include each an
one of these features. For exanple, Fig. 35is a
perspective view of test heagmani pul ator 3500. Test
head mani pul ator 3500 includes many features simlar
to those described 20 above with respect to test head

herami rpa'l/ atso rbeluseg it stadiedped oﬁmgmpaiat&@r :nemamtgl But h&Sitmited to
es ve ni
AT BHEALE anBehdIg S T eRlibh f0%s SQ Abeadliabo Batigans of
PI‘@éidtﬂgc%ﬂrticalsﬂbmt‘t sadhawsienbl y 3550, and cradl e
subasse ”b\llé/riou%%gpectg Sﬁﬁ'neg?@genmeﬂ%ﬁhg{re ﬁé&pdé)srcﬂgéc? f8ng

a | oad
PRRYMESIS SYBYSIRS QRsTaiiNg RN comrressitle flujds. &nmragﬁibitfty affeefluid is

prefet eSOt Agnplhad Livies, %ﬁuca%beﬁweﬁeﬁ%m Qe%mvrﬁewufr@ in a
to t head rotative

{ t
cHpREPE ot TR PR ST IO e AU r e feiriPor Rpeye with
respqck t¢ Figsr 26-86) ineorparges bio opiinders Z8J0atd 7IM, attistealséspsrate on

a[r?’5?rptﬂ|§e|9PBdlﬁ1%qP|é -to:ﬁ fng@ V?ig%ﬂ%efhﬁséo%qﬁl }Stla gwpsg{tg%d

test 'hea
hqwgvrfr@vdwhcxa@mcrtu mfeg@éass@mnwpemonm diieitiethd dameage that

4 d
At T, N e SR g Wi

i ulator 3500 al so I ncludes | ock 3546 which | ocks
not i on i Mg inedsietent tretdtr “fldidY egélsaB.a Joad c?t@?@ry of fluads

. i I al so i ncludes screw handl e 2 whi ch
'“%@hgg" egt%gng “ﬂﬁﬁiually (or may be aut omated and

oper at ed ArSetmel:lé‘leye)m.ttbwettetm “tdmepllanhdregbanitm” refeet iovemechanism

(e?é 'S§ SSNWQO ﬁ%uﬁh&{&%ﬂﬁz&ﬁ Gty ﬁ%@ g Iéagy[?aﬂ%bﬂp pfi371e8%rce for

crib rimarl
SURPRTEEA r?e'ﬁ?d {1 FUksta il vaightiess spuitionires dirpetinmmartaboyt an axis.
are used Asmstéﬂ Qt\ékéiﬁ’ th‘éQértnh e@mpRht PAhderbf@notion” refers to a range of

ondition, the novel conce
maIR o i b Ber e B R e BORTLPE 19 May B3 suported in
thérd n*etrtmnrmwb@hs thebzecm Bedswiistdntiztilp eveidhtzes caridition.

mani pul at Wh%u rH B [Zr%bé}ﬁa?\péﬁ'ﬂonﬁaslﬂri | tfﬁ?b eﬁ1 described In terms of a

counterb anc ors
tegtdisad dorissting H‘éegféﬁiﬁfsw@ﬂltsfpt isvicdilimiteddheietm| Varipysoaspects of the

imaipdoAPhdyopk ab{ﬂfeb%%n?%?’ﬁ%%&f‘ of Bﬁfe%rﬁsf&ms le‘éEUFa'rl%eavy loads
been de crib usi n s pneumatic syst
th%dﬁ?ﬁf‘? HE Y @&Wé@“ RS ‘°PF"I9| ds. Conpr essi b| lity of a

fluid isAlthoegethesteban ibventionmak ibass ae;ﬁ:lﬁlbbﬁ pritdr®Pin terms of

sueﬁpl‘ﬁhéa r %29 me%sgr?zgSt tl?i]d 55 ngéﬁ%’ has ?ﬂ%”%&%‘gbﬁ?“e& Any type of
fiulgle ahetas lmm/er aigak, maebpetitizadonEhgs er@beBBents.
i ncor por a¢ G Bé/‘Qp;ﬁ"&lbeg Ghat r%:ﬁ%r ﬁ@glflzg@ms\/@%% Ahd€to the

erate on
'"Uﬁg’ edotpPeivepisavityit éepar@nmfmna tfafb@noee@é thig liyentien.edhich is
sefparatedpeaftied iRYOE aphdr@sd @afmgot preferred in certain
applications due to the damage that nay be caused by
| eaks, etc. As such, gas-based systens (e.g., air) are
typically preferred. As used herein, the term"fluid"
refers to a broad category of fluids including both
gases and | i quids.



15 As used herein, the term"conpliant nechanisnf
refers to a nechanism (e.g., a spring, a pneunatic
actuator, etc.) that at least partially provides a
force for supporting a load in a substantially
wei ghtl ess condition in a direction or about an axis.
As used herein, the term "conpliant range of notion"
refers to a range of noti &R of a load in a direction
or about an axis, where the |oad may be supported in
whi0sdigdijrection or about the axis in a substantially
wei ghtless condition. A though the present i nvention
has primarily bee descrlbed in ter t est head
fortesth RpPPIEES e ARG D305 1 oHteup CRTpHENG:
thereto. Various aspects of the invention may be
app fisdstmpoarsirustura foravipportiof thié foadr @t fol emléding up and
dotPibLGH ALY IA8RY X BB, a|ﬁﬁbag ARt §Ghgke mani pul ation
or positioning ough the present invention
has been descri bed primari in ternms of u
ai ra $ReORd BYRAOEFTULFYG feT inao'ftwﬁ ta§y 19eHqerdor pe PP eﬁdﬁ'gﬁ%aﬂd
down miotie@ttd fed @b .indpegndenne dkaidffiret dppadetrheturaalbhgjaisdcond
:an§§ a gas, may be utilized in these enbodi nents. It
11 be appreciated that other nodifications can be

made to the illustrated enbodi mrents w thout departing
f r ONFAUPENS 6 edopetvReTs SRif Jiesi tsHBRT SR Hre and syl second

sup‘éSrﬂ%El@t:@Jré( Arf dd&@ﬁing mclhbmgap@ﬁm@dt Glahafsm fo%&;romqa@ a

med: ara
it B8 hristol b ety Sunpors FERHEH st Ty e
mﬁémﬁ>8mp9®amBngembamkma@uhmddﬁﬁwe@nowndMan@mnaﬁamiﬁmwni
rangptvkrf%letaoceﬁ?é %f b%ﬂ oPtI‘?e lgé-ﬁ %CIBéaGE c% Qw%g"oﬁl sr:a' d ﬁ&tative axrs,
; a second’su Eo structure for supporting t
saiq ﬁﬁ@it'\éﬁm“i’f 6@'“?3?6’@1‘@%@‘ s @& down notion to sai d
| oad i ndependently of said first support structure

aI @@@c@@@ﬁﬂared’sﬂﬂ@ﬁ)rc@fo@@b@tdtﬁ@fcﬁ‘ﬁé.lﬂi € hat \weent sai d
mtast{vﬁf’é(f g . ratgl %ta Cs%%ﬁc;ilvraﬁbe ziﬂ)og? %‘ag rot%g gx:s?roR’P? ftsrther source

of foee vemdhsimifdepepdent iofl6aid saurceofrp¢mm¢ss'blarﬁg@eof not i on
to the second support structure about a rotative axis

ingor derfheta% SRANGS AimaDahereht sa\MJ" b&hplﬁa&‘z‘t %écﬁé&@lsrﬁ@éf €es
al%Hg sai d second

ran ente
Congﬁurﬁga‘iﬂ% %F%&H‘S“t ARy tp @cEYELIRY agﬁ%‘i}‘sf P(S"r‘ﬁ @8?
rotative axis, said rotative axis being a horizontal
axi3; aritheappeuateeofofaimohphesdi dHie céropliget heachpriowiiilvtes
bout said rotative axis, said
aﬂ%%%gﬁfiﬁgﬁﬁég%%ga Ig about said rotative axis froma
further source of force which is independent of said

soutce ofMeAPRBTAESSHAIRITS bivoareimsaie RAMBIANS Fagc(anigh Includes

at led<ddione kpmer ei n sai d conpliant nmechanismis
configured to be adjusted manually to account for

varg ati ofg, é&)‘Ba«taI@L?ﬁ J)focff‘rf]é:lm g’wﬂygﬁw 2hbes Ilgg g?(gvi&ésaait%a]st one

wher'ei n sai anisminc
addiffpnap Freg Al rr@tlaatt@m%lpad i a girectipppureRPusadbexiel ai m 1
wherein said conpliant mechani smincl udes

6. The apparatus of claim 1 wherein said apparatus is a manipulator for

manipulating a test head for testing integrated circuits.



at |l east one spring. 5. The apparatus of claiml
wherein said coupling provides at |east one
addi tional range of notion to the load in a direction
or about an axis. 6. The apparatus of claim1l wherein
said apparatus is a manipulator for rmanipulating a
test head for testing integrated circuits. -29- 7. The
apparatus of claim 1 whererfl"sai d second support
structure supports said |load through a second
COURL | NG SBhAaRE0 AN OHIRLLAH DIPXANTG, et sch Rl
noti on a second rotative axi s.
Supsortsrﬁ@d é?.ﬂﬁiatttafw@ aoﬂfece'P%FfrHPiﬂWFé’rctetqwatt cQupliag PeTYiding the
load dithl o iah§8 osMBEbRBbO R secoNEFdibbal aiange of notion and
sai d second substantially verti cal range of notion is
pré;?g?lu'll %%ﬁopé’%ﬁsﬁ@c!amiﬁ%g%regt %qgas% onﬁ ot" fallf'll?rst subs&ant:al!y
vertigal hangesaingotioncmgl saahsecord sulstdntiehn gertiod! renpdd ofmotson is a
(mnﬂﬁhH§L§gC£¥a§5géﬁ#ﬁﬁgﬁ a fluid pressure supplied to

sal apparatus, the fluid pressure being adjusted V|a

A Tt hod BIPRER S AT AT FIEALS PRSOR R witin Said
congiamt veatiod rbdue stre@sonab adJLpraat\foydadj@ta:gfa filgd psaspyrerstipplied
to saéE)J %%&P%g%tgg fItSJHtptprg gutggethg%djag?e% B%oimnﬂvlb%t&gaway

o sal drrection

fromispigk apparages. provi ding a second support structure for

supporting the |load and for providing up and down

motimn toretHdd droashipnsteRendan] $aid Afetisad &ripristig the steps of:

support structure along a second range, the second

suppovitingta firct swppolaitngturefatduppdrying dlpload drat foheroviding
up &nd dewrs oppion to sait! Hesct inreedifegtiom eioag arfgstitaegd;oad about a

rotati ve axis such that a center of gravity of the

| oaRfovigingdreacend ayapert stoturh o vPaeiting thjoad apddor providing
up 2 deWRy BYOHRT $0 BRI iRFdd NiRReNdRMivaRf saihdirst SLtPPB(Fl sHiusErg along a
SeCehfA98nt range of notion to the second support

str cture ,about ative_axis 0 0.chan

RSP RR st UGB b Ehe Ralle e PulioThad ™ SPBREE

strls:aure feembatthartandend ahedt auotiaive axis agcht thet b oadteabbaravithef
therlggoatts'lc\’c%te%xéﬁambrﬂgihé R aGRLL, QHE r68RUE A beiiDLl l‘%@lzgﬁta!

provi ding a source conpressi ble force for providing
axifiorce to sai d | oad about said rotative axis, said

| oad is al so novabl e about said rotative axis froma

f urgrbeidingaLeobepliaht famge ef wiutich to shd sedepe aoeott fuctak dbout

. f r I 0 T f C

eheB4RE 22l SRR B SR el il s ey e R RS o B
alopglpaid seepgdiraegd; dad about the rotative axis. -30- 12.

The method of claim 10 wherein said step of providing

a caambiianhg FRNGSH 8boUtRhé BRtaliVCh S 88N O BRY @nil@nBtange of

g r?ngggt?rtcla %f gcg:nt’ngr%gs%te egr%{a tﬂlzroprzlg\(fjiding force to said load

.east
moélon gy providi
about said rotative axis, said load is also movable about said rotative axis from a

further source of force which is independent of said source of compressible force.

11, The method of claim 10 wherein said manipulating step includes
manually adjusting the load about the rotative axis.



between the first support structure and the second
support structure. 13. The nethod of claim 10 wherein
said step of providing a conpliant range of notion

i ncludes providing at | east one spring between the
first support structure and the second support
structure. 14. The nethod of claim 10 further
conprising the step of: DﬁBViding at | east one

addi tional range of notion to the |oad through a

coupd i NGrrREHWREH of HSin{ 16 %e%lrpg’é?ﬁ Ete%tcfflﬂ;%\h'&aﬁg @Q:gmtphﬁ'tt

second support structure. 15, claim
rangg Pt Mok WF’% PRY a%'ﬁ%a"sieéﬁ Ro] P“FH'E“&‘E'F %tlux}toé QG%F'?W‘&
betivBen secioats HppRGEUCSiE B84 theesdcond highpofadrdceurpr ovi de
the load with a range of notion about a second
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16. The method of claim 10 wherein at least one of the first substantially
vertical range of motion and the second substantially vertical range of motion

provided is a compliant vertical range of motion.
i7. The method of claim 16 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.

18. An apparatus for manipulating a load according to claim 1, wherein the
first support structure is for sliding the load and wherein the second support
structure is for sliding the load.

19, A method of manipulating a load according to claim 10, wherein the
first support structure is also for sliding the load and wherein the second support

structure is for sliding the load



