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FIELD OF THE | NVENTION This invention relates to the field of elggﬁﬁﬁﬁﬁgmm
test head positioners. Mre particularly, it relates to test head
positioners that can manipulate a test head in a plurality of degrees of
freedom WoBAGKEROUND OF THE | NVENTION I n the automati cpe¢wesosngipf
integrated circuits (1C) and other electronic devices, special machines
referred to hereinafter as 'peripherals,” have been wused which place t he
device to be tested in position for-testing by an automatic testing
syst.em Peripherals include wafer probers, package handlers, and the to
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been required to connect to and dock with the peripheral. In such testing
systems, the test head has been usually very heavy — on the order of 40 to
15 1000 kilograms. The reason for this heaviness is that the test head uses
precision high speed electronic timing signals as well as other data signals,
which requires that the electronic circuit must be located as close as possible to
the device under test. Accordingly, the test head has been densely packaged
with electronic circuits in order to achieve the high speed testing of the
20 sophisticated devices.
Test head positioner systems may be used to position the test head with
respect to the peripheral. When the test head is accurately in position with
respect to the peripheral, the test head and the peripheral are said to be
aligned. When the test head and the peripheral are aligned, the fragile test
25 head and peripheral electrical connectors can be brought together (i.e.,
docked), enabling the transfer of test signals between the test head and the
peripheral. Prior to docking, the fragile test head and peripheral electrical
connectors must be precisely aligned to avoid damaging the fragile electrical
connectors.
30 In order to enabie such precise alignment of fragile electrical connectors,
electronic test head positioners typically facilitate maneuvering the test head

through space with six degrees of freedom. As shown in Figure 9, six degrees



30 In order to enable such precise alignment of fragile electrical 39 gun 205
connectors, electronic test head positioners typically facilitate
naneuvering the test head through space with six degrees of freedom As
shown in Figure 9, six degrees 3 0 JUN 2003 of notion are defined. The
positioner systemin accordance with-an exenplary enbodi ment of the

present invention acconplishes these six degrees of notion. Figure 9
illustrates left-right notion or notion along the X axis; up- down notion
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head. Cradle assemblies are shown in U.S. Patent No. 4,527, 942, the patent
by Smith (U.S. Patent No. 4,705,447), and the patent by Holt (U.S. Patent No.
5,450,766). A cradle typically provides at least two of the required degrees of

20 freedom. When a cradle is used to hold the test head, problems have been
incurred in easily and quickly locking the cradle into place after it has been
docked with the peripheral.

SUMMARY OF THE INVENTION
In accordance with an aspect of the inventon, there is provided An
25 apparatus attached to a side of a cradie for positioning a load relative to the

cradle, the apparatus comprising:

a sliding arm structure between the side of the cradle and the load for

translation motion along a first axis;




rotating the | oad about a second axis orthogonal to the first axi ;0 auguitek
bl ock structure, at |least a portion thereof being between the side of the
cradl e and the load, for rotating the | oad about a third axis orthogonal to
the first axis and the second axis. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1A is a perspective view of a-portion of a test head positioner
systemin accordance with the present invention. to Figure 113 is a
perspective view of the test head system showi ng features in accordance

wi t h' t h@" P8 SHPPPIvRIAEK oRlsomesweenthe; side opéhe seadlip\and ihewost!, forverti cal
ot on F?—b?étﬁwegogqe% @%g}ﬁiut@éécorﬂf’?kfs'&%ﬂﬁég aﬁttS'EheffHEt guie 18 Flgure 2B s

a perspectiv e verfical motion"plate wth raiTs and 15 ball
'slides. Figure 2Cis a perspective view of the vertical notion plate
coupl ed @ gwigisdrleckairupture} avleast a pertidretiereof beingdvatveen tharsideof the

directi Fi 1,S Y i f .a. Kk d cyl i nder
subsyst SAF AREER, ek 18 AREERE G Bt cPlhEn iRt RlocRNa B The 2o

Fi gur e fibst sxia grel $resddone axisw of a test head cradle assenbly in
accordance with the present invention, shown in a neutral position. Figure

4B i s another perspective view of the test head cradle assenbly in
accordance with the present invention, shown in a mani pul ated position.

Figure 4C i s anot her pBRPFOESERIPTEEONDOFITHEE Destwirgad cradl e assenbly in
25 accordance with the present invention, shown in another mani pul ated

position. FiFAHE BN jssa pepepagive Yiew of @ Rostion of @d@sk haad ingsitianear of t he
test he I I 1 i expl oded view of the test head
cradle ggg‘%ﬁﬁbﬁeagﬁﬂﬂ?ﬁg@ V%Frég?gwﬁg%%r{hgﬁwoﬁf the test head cradle
assthbl y. 30 FRWerkd 63 iperspectiviel Wewdof/ihenest hiehd systeeshowting fieainires

provi di ?géﬁ%taﬁ??a&ﬂﬁ*?éﬂsgm“%@@owthi ncircle 6Bin Figure 6A. 3 0 J

u n 200 s an exp ed view the cradle notion unit
provi di ng gr Eadiee 2AlEt aiperspedthve viewaoih /eiticatimotien @lateroffthguest Adad Fi gur e
7 is an p%)é {o%%ﬁgy\sftieemwo?fﬁgaunr%t {Er side of the cradle notion unit.
Figure 2B is a perspective view of the vertical motion plate with rails and
15 ball slides.
' Figure 2C is a perspective view of the vertical motion plate coupled
members which allow the test head to be moved in various directions.
Figure 3 is a perspective view of a crank and cylinder subsystem of the
test head positioner system of Figures 1A and 1B.
20 Figure 4A is a perspective view of a test head cradle assembly in
accordance with the present invention, shown in a neutral position.
Figure 4B is another perspective view of the test head cradie assembly in
accordance with the present invention, shown in a manipulated position.
Figure 4C is another perspective view of the test head cradle assembly in
25 accordance with the present invention, shown in another manipulated position.
Figure 5 is a perspective view of a cradle motion unit of the test head
cradle assembly.
Figure 6A is an exploded view of the test head cradle assembly and the
cradle motion unit of the test head cradle assembly.
30 Figure 6B is an exploded view of the cradle motion unit providing greater
| detail of the area within circle 6B in Figure 6A.



Figure 8Ais a top view of a cradle side, attached cradle notion rénrt and
5 associ ated conmponents. Figure 8B is an inside elevation view of % ¢Uadies
side, attached cradle notion unit, and associ ated conponents. Figure 9

di agramatically shows the six degrees of freedom of the system shown in
the figures. 10 DETAI LED DESCRI PTI ON £ THE | NVENTI ON The detail s of
positioner system 150 are shown in Figures 1A and 113 in which there is
‘provided a support colum 102. The details of support colum 102 are
shown, for eﬁ@ﬁﬂ%ﬁcriﬁap@qnlwﬁﬂvmmCmrmcimnnmmﬁcﬂmswea&rzo 25 30

VO 03/ 0 ly 20, 2000 and application no.
PCT/ US/ g%?%g%ﬁhglg}é%%aﬁﬁﬁ%?elgel%ﬁ@@%véﬁlch i s hereby incorporated by
ref erence. AFiglewh s en exploded view bﬁaﬂot(brfersmmof the etadie Mé@on weaitt i cal
rail 104 is ttac tq the frant s fac ort colum 102. Vertical
T2l Toa ext SRR bob enidts sisle Sfike AR SrpckOmtin Gk AR 105
Refejrl @gséga&(gmj@@oﬂqanﬁ.ﬂd 2C, and as further descri bed below, armunit

100 is coupled to a vertical support, or main arm structure 108,
soneti nes ref éstrreds%s ag ingdeiclayatian view oba aredlecide sattephed sradleni t 100

MBY MOV @ AR hi %ddﬁ%\f%%ﬂd%bﬁ&%rﬁ‘ﬁ?ﬁ“ cal rail 104. Referring to Figure

1A, appropriate urrpers O situated at the upper limt and
lower |imt (ﬂguu’@r@rdmramtlcalmshws fhei six tdegrees gt freatioty af Bhe sfsteer ti cal

not i on is noved upward and downward along vertical rail
104. Vergt'rg{’:vgﬁ ﬁ'rnl&ea@%ur{eg slides 105 engage and slide along vertical rail

10410 Referring to Fi pﬁrrgu_smaﬁﬂtpammnr@# TRE ENTIgN ate 108 is attached
to verti cal at_& sl ides, 105. Thus, as vertical ball slides 105 slide
upward and darh?v\g‘? 'aroeSﬁQSlremréaﬁterraﬂrSOm@ SRRWR iR ZigurEsi Idhapd dfeimos al so

moves URAER tRE® isdMRICa 3LPPErWdINmYe] 62.C &heflthils lof 48 pdR2column
102 are shown, for example, in published patent application WO 00/41536
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A plurality of cables 106 are attached to vertical notion

nmeans for attaching cables 106 to vertical notion plate 102 3266%88éwg$;%
but 20 the attachnent can be acconplished in a manner that is known to
those skilled in the art. These cables are received into pulley assenblies
922. The wahismssssextend over pulley assenblies 922 and perksgawmzinto a
counter weight system (not shown) which is situated in support colum 102
An exanple of a counter weight systemis shown in U S. Patent No. '
4,527,942 and in U S 25 Patent No.-3,-450,766 As previously stated

vertical notion plate 108 is attached to cables 106. Thus, verticél not i on

plate 108 js able t upward. \VaF i
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f1 aci ng upiwastisl anthesuppendienit aad |dwe ipitddwieRsead sall &Pt At the ENIenol der 10
uéi,gr 3'5530; Y sgge}tﬁ5&%¥:ibﬁ%@g@5§ RGE S pwekdfanddihaesrdl12e facing

: . el faci'ng downwards. |In the embodi nent shown,
hor i zont allonqivértitaBerii 50%i t uat ed on the upward facing horizontal face 112c

O 2 oy (e I ish DAPER AU Euaddii P Omicabiongivertidkf b S04t L ached to

the downwar d zontal surface of rail holder, 112b.. T
rai | 114ReSrrnmjoekigsrascinaad @€, vagidas motien piake 1431 altac r thtVfrﬁ‘ﬁ:aalHJ;’

paral el d SRED 108! NHuAd \BFfeaF BHRSAdkd P0Y/8Mdd GphafPEh@Tdophated 108 Vi a
' along vertical rail 104, vertical motion piate 108 also moves upward and
downward along with vertical ball slides 105.

A plurality of cables 106 are attached to vertical motion plate 108, The
means for attaching cables 106 to vertical motion plate 108 is not shown, but
20 the attachment can be accomplished in a manner that is known to those skilled

in the art. These cables are received into pulley assemblies 922. The cables

extend over pulley assemblies 922 and back down into a counter weight

system (not shown) which is situated in support column 102. An example of a

counter weight system is shown in U.S. Patent No. 4,527,942 and in U.S.

25 Patent No. 5,450,766
As previously stated, vertical motion plate 108 is attached to cables 106.

Thus, vertical motion plate 108 is able to move upward and downward in a

substantially-weightless condition by virtue of its attachment to the counter

balance system via cables 106.

30 Referring to Figures 2A-2C, vertical motion plate 108 will now be
described in more detail. Vertical motion plate 108 includes vertical motion

lock mechanism 110, which may be a lock mechanism as described In




Ball slides 116a are a pair of bearings that are engaged with and,s AAaJ%g
“along rail 114a. Thus, ball slides 116a are situated above rail JB. 2006
Furthernore, ball sli des 116b are anot her pair of bearings that are engaged
with rail 114b. In other words, ball slides 116b are situated bel ow rail
114b. Thw$,o3losdsks sl i des 116b slide along rail 114b. Bapdr/sdosdssz 105 and
116a, b and rails 104, and 114a,b are manufactured, for exanple, by NSK
Corporation. 25 Ball slide attachment plates 118a,b are al so included. Ball
slide attachnment plate 118a is atta8hed to and situated above ball slides

. 116a.. Ball slide attachnent plate 118b is situated below and is attached

to ball slides 116b. El. bow I I n exenpl ary
enmbodi meRgb '&hem@te@oaqﬂ“ééfmwg@ﬁ%f%% &g@bh\?‘vd r%g% %we%botoeéhlcgo is a single
pl ate t hgspiestisAdR. fpccr;nms/czmmosm ﬂEdalamaemréi‘u,t 200Gt e 118a to ball slide
attachnment plate 118b ent
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hori zont &L2§ 3R NG 4 ter m friction associ ated
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nount ed @@mmﬂ\&ardtfwcimgrmmztbml agrfase hbfi ofgat doldai lilgbe sy Tt 1 hol der

1122 SO tprllgjtecﬁs dc?v(rn?dvgxpcfs. lgﬁmvﬁadagnd 204b are substantially paraliel to each
other and are coupled to vertical motion plate 108 via rail holders llga and

112b.
Ball slides 116a are a pair of bearings that are engaged with and slide
along rail 114a. Thus, ball slides 116a are situated ahove rail 114a.
20 Furthermore, ball slides 116b are another pair of bearings that are engaged
with rail 114b. In other words, ball slides 116b are situated below rail 114b,

Thus, ball slides 116b siide along rail 114b.
Ball slides 105 and 116a, b and rails 104, and 114a,b are manufactured,

for example, by NSK Corporation.

25 Bail slide attachment plates 118a,b are also Included. Ball slide
attachment plate 118a is attached to and situated above ball slides 116a. Bali
slide attachment plate 118b is situated below and is attached to ball slides
116b. _

Elbow mount plate 120 is included. In an exemplary embodiment of the

30 present invention, elbow mount plate 120 is a single plate that extends from
ball slide attachment plate 118a to ball slide attachment plate 118b. In an
alternative embodiment of the present invention, elbow mount plate 120 may
be replaced with two separate elbow mount plate sections which are attached




rail 114b may be nmounted on the upwards facing horizontal surface g gﬁ
"rail holder 114b so that it projects upwards. For further enbodlnents ?
is clearly possible to nount rails 112a,b such that they both project
upwards or downwards. 20 El bow nount plate 120 includes |ock projection
126. Lockwessidddss is preferably attached to a top surf aper/ofoshesit slide
attachnent plate 118a. Lock bar 128 provides a slot which coincides with an
opening formed in | ock projection 126. Thus, |ock i30 extends through the
opening in lock projection 126 and tken through the slot in |ock bar 128.
When 25 | ock 130 is actuated, friction Is applied to an inner surface of
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rail 114b may be mounted on the upwards facing horizontal surface 112e of rail
holder 114b so that it projects upwards. For further embodiments, it is clearly
possible to mount rails 112a,b such that they both project upwards or
downwards.

20 Elbow mount plate 120 includes lock projection 126.

Lock bar 128 is preferably attached to a top surface of ball slide
attachment plate 118a. Lock bar 128 provides a slot which coincldes with an
opening formed in lock projection 126. Thus, lock 130 extends through the
opening in lock projection 126 and then through the slot in lock bar 128. When

25 loek 130 is actuated, friction is applied to an inner surface of lock bar 128 thus
preventing movement of elbow mount plate 120 relative to lock bar 128.

Stopper 152 is optionally situated behind elbow mount plate 120. A slot
115E is formed along an edge of rail holder 112b. Thus, as clbow mount plate
120 slides from side to side, stopper 152 slides within the slot which is formed

30 in rail holder 112b. This provides an additional control of travel of elbow mount
plate 120 relative to vertical motion plate 108,

Upper bearing block 122a extends from and is attached to an upper

portion of elbow mount plate 120. Lower bearing block 122b extends from and



~of cylinder 124. 15 Lower bearing block 122b may al so include angqpbhgmws
bunper slot (not shown). An optional bunper nmay be affixed to a botto
surface of cylinder projection 132. Thus, as cylinder projection 132
rotates, the optional bunmper may travel along the optional bunper sl ot

t her eby alwoasiomgs4 he optional bunper and bunper slot tecwoswsngizt he range
of notion of cylinder 124 as it 20 rotates. Cylinder 124 is attached to or
included with forearm 202. Forearm 202 is better shown in Figures 2C and 3.
On top of forearm 202 is nmounted gedrbox 204. The gears in gearbox 204 are
turned via crank 206 by means of a coupling shaft. As crank 206 is

rotated, the gears wthin 2 earbo C f ' f a
gear box ésn%ttlt?g'(e%o‘i” QV,VIO&%P@[%ﬁPEE'%O@X'ﬁgﬁ{}gHéE‘? &g?'_ gg_grﬂgg’é%ﬁ%ﬁ gear box
shaft is10phhe@asakr bearide blwakipR2hdnclatiatoinaldinghopeniags-dtqurg 3G r ned by t he

' f 206. | | 218 .S - : haft. Thus,
ot at| onsBPwe EanlocatE cRbL EEINg api bR BEAT loeE 228, B P00 e Pl Ty

218 and  gBNERlimEopetihgyn Rilierrarainglodel 2212 B @Ghavge tigaRfes2Di | ey 210.

Pulley 210 is attached to a.driwve. s Y ) i hbp forearm

cyl i ndler SuatedrReHAFR N PESY EhaY HiFts ?%éeaéérﬂg&rwépot?éa?tngeg?% cyli nder 208 to

the rear gyfinfier €24 piveyd wither th20®ind@iadlopeningaitigh premgidedliniuppest t ached

. to the drive shaf the, fr ; r | i nder 208, and pulley 210 3 0
~JUN 2006 PR#B8 aF%H [%%g;bf%éfé%ﬁcg&l ?%%{t ached to the drive shaft at

the rear of f ok e laweyldnddsiicyinder Tussylinder podeadopos33 i 10¢atREd, pul | ey 218

rotates. The rotation o I VS8 babebh, 28Gier The

movenent HHNBET PO mga{Pszg}sﬁdﬁ@FFég) Elgﬁ.ﬁf%eaér?gn- v?éétieglg drive %E;ft, and

cradhe mugatingdlddkatinb Billides a otratler-am-ehaniidesiopb56 SRRFFCOMEROEI&Hpl e, in

Figures 11 i : D&k -k JiBtIS,

cr adl o i Pl fhupgBeBis? SfE bl BBy Biojpeidr E9mandldck Ser 212

i s attachss.t By hmakiegriodd 14l frigjjor? 10provicEs| E£0n9 8 dto
o 1l frighjore e & v!;mttoméurfeC%PF

bracket %r%?z{mgﬁ)gé\% fff’dex gH@@;&ﬂsﬁ; in drd@r td pRdveheasational mesbnsystem

cabi net ( § romthe test head and 10 through the cable
- trowel beffaybndeatdd.ng t est system cabi net (not shown).

15 Lower bearing block 122b may also include an optional bumper sltot (not
shown). An optional bumper may be affixed to a bottom surface of cylinder
projection 132. Thus, as cylinder projection 132 rotates, the optibnai bumper
may travel along the optional bumper slot thereby allowing the optional
bumper and bumper slot to control the range of motion of cylinder 124 as it

20 rotates.

Cylinder 124 is attached to or included with forearm 202.

Forearm 202 is better shown in Figures 2C and 3. On top of forearm 202
is mounted gearbox 204. The gears in gearbox 204 are turned via crank 206
by means of a coupling shaft. As crank 206 is rotated, the gears within

25  gearbox 204 turn to cause rotation of a gearbox shaft (not visible) which
extends out of gearbox 204. The gearbox shaft is oi'thogonal to the coupling
shaft which is directly turned by the rotation of crank 206. Pulley 2181is
attached to the gearbox shaft, Thus, rotation of crank 206 causes pulley 218 to
rotate. Belt 216 engages pulley 218 and moves as pulley 218 rotates. Belt 216

30 also engages pulley 210. Pulley 210 s attached to a drive shaft (not visible}
within forearm cylinder 208 and which extends from the front of forearm
cylinder 208 to the rear of forearm cylinder 208. Cradle mounting flange 211 is
attached to the drive shaft at the front of forearm \cylinder 208, and pulley 210




~ Thus, by turning crank 206, the cables are able to nove within cabj 59 I
214 and along with the rotation of cradle 220. Wen a test head Ioag |%t%%5
attached to cradle 220, it is coupled to the vertical notion plate 108

“ through a nunber of horizontal support structures, 15 including ball slide
att achnenwaqolsas®ss 118a, 118b, and forearm 202. The bal |l pet/usizaisii6a, 116b
al so coupl e horizontal support structures to the rails so that the

hori zontal support structures may be positioned horizontally relative to
the vertical notion plate, Turni ng -rfbw to Fi gures 4A-C and 6A, further
details regarding cradle 220 20 are shown. Cradle 220 includes cradl e back

410, and cradl .51 dgs., 420N 420R0r RTORGY Gkaks 2630 dbncl uded to

attach craf A an 0 cradle back 410. As shown in Figures
1B and 4Arfhk 206ds wurnmed; puilay2 18 E0etdss Thecraiaien pfpuleyadl® caveescr adl e

notion unit 500 | t i
Tost Cheadhbucinfal bt aRs  Fhk mEatnahe SCRUERLG 2aGRds ey D10, 2he WRER {he

{)L(r)\e/iedezeu;iglggjm?ssfm,fMedmIe mrouwngingxtangead il ensdeligrent, it provi des

e ; i AN | at i onal
fo_rvva? d/ back %ﬁg ]FOiI”IZ?lI' gﬂ%8w5g%a§%%’y \gbl I rgtl,Bbfﬁ?%ﬁgf Lstsétg%&gegirtg (: n/n gut
axi s"zj 54Fadleahourstingsfilrsgeadl LalThys pae eftadls moyntinadiagdsidds o6 and 420B.
econd, ¥ " HR! e P n.on about
second any SERERE P Bpl BT e e ot B ot bl ock
525. Thi rehblatpwedilAds atacierd tkhaaket 352 Thes atatiet, HCh §BRRCE & e hi rd axi s

("theta LSy f e r 0 b/ 1ot } d
umbl e aps g R e R R s BT 503/ 11312

perniin t hibrowgit theecrble trobee! hefpse resrlin @ seRySGH GalPiASt Bt ¥Eed about the
tunbl e a Jshgmgﬁﬁ%ﬁat@@ﬁgﬁe@bks%lmw Hioak! Witids Bl tewekequi red. In

an exenplar _ r or both of the tunble and theta axes may be
arranged 3\t andalangeyith she retaEisn @ crate 28Br oxi mate center of gravity of the

5 test head Q'Wh@r?gqg%@ttn@éb 10989s atkhbSed 8y Blaldfe 226,at iPtohauto gech an
arranged axis to be bal anced, thus providing a su Stantfjgg%fhé wei ght | ess

condi ti orvesticdl medepekte 198 tHerUdKe SUMparal CRINZATR! 8Pt WY rail 104
and b3l | AELARR BPsiidd AL AR IS aBapnouh dadd RyreaAnl 2021 e baland bal |
slides 11ba, b, "an rotational notion provided by cradle noynti fl ange
211 provislidesHd6a, 116b also couple horizontal support stru uresato t%e raHs S0 Bt 9
the horizontal support structures may be positioned horizontally relative to the
vertical motion plate,
Turning now to Figures 4A-C and 6A, further details regarding cradlé 220
20 are shown. Cradle 220 includes cradle back 410, and cradle sides 420A and
420B. Corner brackets 430 are included to attach cradle sides 420A and 420B
to cradle back 410.
As shown in Figures 1B and 4A-C, cradle motion unit 500 is included in
cradle 420 Cradle motion unit 500 includes test head attachment block 525 to
25  which the test head is rigidly attached and supported. Cradle motion unit 500
provides n degrees of freedom. In an exemplary embodiment, it provides three
degrees of freedom, which are now described: First, translational forward/back
motion is provided along a first, translation axis (“infout axis”) 547 that Is
substantially parallel to cradle sides 420A and 420B. Second, a pivoting motion,
30 known as “tumble” or “pitch” motion about a second axis (“tumble axis”) 548
that is orthogonat to attachment block 525. Third, a pivoting motion, known
as :‘theta” motion, about a third axis ("theta axis”) 549 that is orthogonal to

both the infout axis 547 and tumble axis 548. These three degrees of freedom




10 additional three degrees of freedom (two translation and one roi tion)

" needed to position the test head. (Backlash w thin gear box 204 a / dYH 208
system of .pulleys 218, 210 and belt 216 may be used to provide conpliance
inthe third rotational degree of freedom In an exenplary enbodi nent,
pul | ey 21%0 mwsas4s ached to a shaft (not shown) with threergeisgys: whi ch pass
t hrough 15 enl arged cl earance holes in pulley 210, which allows pulley 210
to rotationally slip with respect to the shaft (not shown).) In the
followm ng descriptions it is kept inSind that cradle 220 and the attached
cradle nmotion units 500 may be rotated through 180 degrees or nore by .

means of cra 206 and jts i C &lnﬂé‘? [elo 20
However, pFBmE:%HﬁRF?@'? etodli)(g usgfjgﬁ\fvra desréln@déuc ggghg%éﬁdéé@%%@ugper and
| ower, battnbm amd therp, axes cimulkareaushdonindividuslitescnpp det ieguiredh@ndsms i n

the orientations illustr J . gur i dl e notion
uni ¢ 500 ARy St ibReffist B b o BUIBTLIE IR REY BUs R FREC L T

r ef er encertangEd gorthat BRyapass thraidhdihegarpraxiide icentss of |grayiBgPythet t ached to
cradl g side 42 b rakdl . L i i are

arr anged t%%br% agjﬁ?nl% ?rgg,@%g?a;[ aéjl' T gﬁ%ﬂ%&o@@%ﬂg i%%%%u%ﬁ%gaﬁﬁﬁ%ﬁng arm 510
provi des akisalosheabalenedd, ibus pnovdtioage sulissantiailyi welghttessceanditrn witer bl ock
640 is r i ! t i di d ihyat beari ng
550, hae-Pask i bist B VelCai Rad) Bl By paf DY oA B R U e
axi s 30 Hu8zow! atdtmnhpremtdedriivt ratls igdasedndbabhstiden e, obfdtk 525 and top
and bot I ; , i followers
610a, f t%ﬁ’{gg%&b?&opé&?j 3}1)@(@)@ﬁyﬁ%@leﬁ?@%fﬂ%ﬁ%%ﬁgﬁ?\?a? _gﬁé;lnrranged to
proviltle redtiiidnehttBee degrees: of foegsionD(sy bBogstopend ysg3riat®m needgd apout

t heta axi . f LA th A gfned in
further (§§lp glél—ll%pnzlrrﬂg%gﬁIﬁ%}%%tﬁcﬁg&c@gcgﬁgb%%’t}?ﬁzﬁﬁd%\ghggyﬁé?dI e 220 is

better shollays 268 F2LURRd GBIt Bfeeiayikeavsar looprayide wrpianss A the YHBhn. Lock
bl ock 549%%133%?&%#%%‘#lﬂtéédsrrﬁ%earﬁ%%@%%enh&%m%h@%Mozmcré udes an

opening t ocki ng shaf Als mserted. As shown, |ock shaft
543A i s ctiashed te & shefinfeet shayvonwith thessoswshich RAsSUAI S sal j oi nt 544A,

Connect i RQ+h8k Licafafbe holes in pulley 210, which allows pulley 210 to rotationally
slip with respect to the shaft (not shown).)
In the following descriptions it is kept in mind that cradie 220 and the
attached cradle motion units 500 may be rotated through 180 degrees or more
by means of crank 206 and its coupling to cradle mounting flange 211,

20 However, to simplify the discussion, terms such as up and down, upper and
lower, bottom and top, etc., are used only to describe the mechanisms in the
orientations illustrated in the figures.

An overview of cradle motion unit 500 and it's relationship to cradle side
420A is as follows with reference to Figures 6B and 7. Sliding arm 510 is

25  slidingly attached to cradle side 420A by means of rail 670 and ball slide 770,
which are arranged substantially parallel to cradle side 420A. Thus, sliding arm
510 provides transiational motion along in/out axis 547. Cam foilower block
640 is rotationally attached to sliding arm 510 by means of pivot bearing 650.
Thus, cam follower block 640 provides rotation movement about tumble axis

30 548. An attachment unit comprised of attachment block 525 and top and
bottom guide blocks 520, 522 is coupled by means of cam followers 610a,f to
cam follower block 640. This attachment unit is arranged to provide rotation




is coupled in turn to nounting stud 546A by neans of universal joint 544B.

" Mounting stud 546A i s connected to connecting bracket 518A by neand 0of Uag0s
10 547A. Connecting bracket 518A is attached to top guide bl ock 520 by
means of screws 519. Lock screw 541A may be actuated to prevent novenent
of lock elwafliosdd3A within the opening situated within popksihoak 540. The
underside of top guide block 520 is attached to the upper side of a plate
or test head attachnent bl ock 525. Test head attachnment bl ock 525 incl udes
hol es 526. 15 Screws are inserted thiA8ugh holes 526 in order to attach test
- head attachnment bl ock 525 to the test head. Test head attachnent bl ock 525
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block 525 to the test head.

Test head attachment block 525 is rigidly attached, on an upper surface
thereof, to the under surface of top guide block 520. Test head attachment
block 525 is rigidly attached, on a lower surface thereof, to the upper surface of

20  bottom guide block 522. Bottom guide block 522 includes circular-arc theta
guide slot 622. Furthermore, top guide block 520 includes a similar circular-arc
theta guide slot (not shown) which faces and opposes theta guide slot 622.

Top gulde block 520, test head attachment block 525, and bottom guide block
522 comprise a rigid guide block structure. In an exemplary embodiment, the

25 entire guide block structure is between the side of the cradle and the load. In
‘an alternative embodiment, the size of the load may be smaller than the size of
“the guide block structure, so that only a portion of the guide block structure

may be between the side of the cradle and the load. In such an alternative, at
least a portion of the guide block structure may be between the cradle and the

30  load. The guide biock structure may be considered to be betwe_:en the side of

the cradie and the load as long as it is located in a plane that is situated
between the cradle and the load and that intersects the space between the

cradle and the load.




522, is movable with respect to camfollower block 640. In particug rJU,a?ﬂE
“as wll be further explained, the rigid guide block structure may rota
about theta axis 549 while camfollower block 640 may not rotate about
theta axis 549. Camfollower block 640 is al so between the side of the
cradl e angigtdrmsdssiad. 10 Cam fol | onwer bl ock 640 nmay be camsusienedzto be
between the side of the cradle and the load as long as it is located in a
pl ane that is situated between the <cradle and the |oad and that intersects
t he space between the cradle and the1il-oad. Cam fol | ower bl ock 640 includes
a plurality of camfollowers 610a-f attached to it. An additional cam

foll ower, describ bel ot. s Cam 15 f a extends from
the top of cancfe’\‘”EBI%qﬂ %‘P‘H‘c%“glfomc@g%f gk 5 ?A%F‘Ce’gl%%%'ae%ﬁot her cam

fol | ower #mgdhnsdravmdciesL®add fis aappbe bbotdéantopf guidenbldol 320wend bbdok 640. Cam
fol | oner e camfollower not. shown,th [ eta guide
sl ot 622. g%g?nb?%?? %2 ﬁ:i 58?6%‘/'@?1%"31 |%&a'ﬂ#c?H‘O%Hteﬂcggg\%rﬁgtagogﬂl de sl ot
formed wi fHal timite aglslsirzs Mo oknbi2t: tdgetlaeldilbhgthe dddiut dicmH47CEm AGidf ol | ower s
610b-e (shown in ures 6¢c _and 7 nd from,t i | ower

bl ock 56409'1“9‘8 |biﬂfk 8&75?:‘61"8090&@?%5@5 %fea%%fg' '?“o%oa%??“%o@g‘%% 10c
travel al 92mis mbdalsled@torespebietoucen folentdr Iﬂuu:kf 64@. lmfpartbipulgu,i ared b ock 520.
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the test hgad4baddld @m fdimiead!ado640 maybhet raxate sﬁw&t ttnekte axds 669 of t he
test head.is ansmtt r pﬁﬂg t bl ock 525
as fol | owga™ A%QI%W(TJ" Iéloﬁlggﬂ'ﬁéﬁa%grget%ﬁg rﬁgﬁ‘?g% ogetlﬁé 99T d Ettﬁ% tached to test
head @t t achlnﬂia‘btiodoérohlbclszao mIebe coesidercdt actharbatwdsinodie EEQ%Of theatrediehed to
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test head®} e axl s attachnment bl ock
525 r ot at ersadaabzmd trtehleatimmﬂlteaamterseats&hemaawetww hedcrediet a3 8§ de bl ocks
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att achment® al on e rotation of test
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610e and another cam follower (not shown) extend from the bottom of cam
follower block 640. Cam follower 610e and the cam follower not shown thus
slide within theta guide slot 622. Similarly, cam foliower 610a slides within the
theta guide slot formed within top guide block 520. In addition, additional cam

20 followers 610b-e (shown in Figures 6c and 7} extend from the side of cam
follower block 640 facing toward cradle side 420A. Cam followers 610b and
610c travel along, and ride on, the underneath surface of top guide block 520.
Cam followers 610d and 610f travel along, and ride on, the top surface of
bottom guide block 522.

25 Cam follower block 640 includes arm 515. When the test head load is
rotated about tumble axis 548, the motion of the test head is transmitted to
arm 515 through test head attachment block 525 as follows. As explained
above, the test head is rigidly attached to test head attachment block 525,
Test head attachment block 525 is attached to top guide block 520 and to

30 bottom guide biock 522. Therefore, when the test head is rotated about the
tumble axis 548, test head attachment block 525 rotates about the tumble axis
548. Because top and bottom guide blocks 520 and 522 are attached to test



5 against the underneath surface of top guide block 520. Simlarlg,g gamaus
" followers 610d and 610f protrude fromthe bottomof the front face of cam
foll ower block 640 and press agai nst the upper surface of bottom guide

bl ock 522. Consequently, when test head attachnment bl ock 525 rotates

cl ockwi sewoaBestigs4 unbl e axi s 548, the cl ockw se rotati opcowtseatizachnent

bl ock 525 causes 10 top and bottom gui de bl ocks 520, 522 to rotate

cl ockwi se and the following occurs. The underneath surface of top guide
bl ock 520 presses downward on cam féRkl-ower 610b and t he upper surface of
bott om gui de bl ock 522 presses . upward on cam foll ower 610f. Since cam

foll 610 d 6 t h
ol | over THCREAT S led 525 dbRR gtore sl h the AEbIt RSy B 6thest 2T
fol | over HebAhattarhesertdioskaszb.and cam f ol | ovver 610f noves upward.
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cradle SI arm imlarly, as explained bel ow, sliding
arm moves upward.

Conversely, when test head attachment block 525 rotates counter-
clockwise about tumble axis 548, it causes top and bottom guide blocks 520,
522 to rotate counter-ciockwise, and the following occurs. The underneath
20 surface of top guide block 520 presses downward on cam follower 610c and the
upper surface of bottom guide block 522 presses upward on cam follower 610d.
Since cam followers 610¢ and 610d are attached to cam follower block 640,
cam follower block 640 rotates counter-clockwise about tumble axis 548 as
cam follower 610c moves downward and cam follower 610d moves upward.
25 Accordingly, the test head is allowed to rotate in either direction about
the tumble axis as long as the cam follower block 640 Is allowed to rotate.
When the test head rotates about theta axis 549, movement of test head
attachment block 525, top guide block 520, and bottom guide block 522 (the
guide block structure) is guided by the insertion of cam foll(?wer 610a into the
30  theta guide slot in the undersurface of top guide block 520 and the insertion of
cam follower 610e and the not-shown cam follower into theta guide slot 622 In
bottom guide block 522. When the guide block structure rotates about theta
axis 549, cam follower block 640 and arm 515 do not rotate about theta axis




- 510, which provides translation notion, does not nove in a theta %%bgﬂhiﬁﬁs
because it is slidingly attached to cradle side 420A in a manner ch’”
keeps it 5 substantially parallel to cradle side 420A. It will be
understood that all explanations describing attachnents to cradle side
420A appl wotmaosdass operati on of attachnents to cradl e siperdsdeBizand that
expl anations describing attachnents to cradle side 420B also apply to
attachnments to cradle side 420A. 10 In summary, sliding arm 510 can nove
only in an in/out translation notieA3relative to a cradle side arm It
cannot. nove in a tunble rotation direction or in a theta rotation

di [ f ol bl '
i out ¢SS REFAR. BOPRGoTOR B0 Sl HOR et 7n SEP seme pARERRI . MTe 10

a cradl e sirdieel 42 @fedle side diey20BnrBimiledyead explainkdtteldvs, gliging 28" di rect i on.
Test hea@%t tachnent bl gk, 525, a0 10p 4800, BOL 0 dira b-ecim 520 and 522

can nove v/ motfon, e rotation direction, and
a theta ricatéon isdshdinglycattachedshanadle fsate 43 @ mannarivglieie Kaeps ithe t est
head has been r.otated unt er - ¢l ockw,.se approxi mtely 5 degrees about the
tunbl & axi S%aﬁ‘é’?h’i'ﬁgra“fgg%ﬁdger\g'gg ‘ﬁg@'test head has been transnitted to
test head att achiiee uhteckod?thaarell explaratiobs Sles¢riring gttaghineéAtsai% shown as
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appr oxi mechet gxHadesreesesahibing attantirhentaxp sraie sidp20beise@PaY the test head
in Figure 4B has tggg&hﬁ%g&nﬁatted to test head attachnent bl ock 525 and

to arm 51%?“'68?% are spHovvn as being rotated upward relative to
cradlie side 42AAumisatysstidisgcwm 516 CBh guevssomy iBendmPut trasilisrs i ncl udes
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pi vot beadireutionerdpteaitiet rdtatibeskrestionn Gam fligwes dlask &t agnixdPng arm
00 5o ki RS, AT AL eResan edctan oo s KobbmRRsiack 640 and
pi vot beadireugioneekpivadche @sdle snﬁw,zoarq«n&,ﬁhghaawto"apwgs%ah@tm
PCT/ l‘f§03/ r]o%% direction. Test head attachment block 525 and top and bottom guide
blocks 520 and 522 can move in an infout translation motion, a tumble rotation
direction, and a theta rotation direction.
As shown, for example, in Figure 4C, the test head has been rotated
counter-clockwise approximately 5 degrees about the tumble axis 548. The
20  motion of the test head has been transmitted to test head attachment block
525 and to arm 515, both of which are shown as being rotated counter-
clockwise relative to cradle side 420A. On the other hand, Figure 4B shows a
test head that has been rotated clockwise approximately 5 degrees about
tumble axis 548. The motion of the test head in Figure 4B has been
25  transmitted to test head attachment block 525 and to arm 515, both of which
are shown as being rotated upward relative to cradle side 420A. As best shown
in Figures 5, 6C and 7, arm 515 includes an opening 516 to accommodate lock
530.
As best shown in Figure 7, cam follower block 640 has a circular opening
30 750 that serves as a tumble pivot bearing receptacle. As best shown in Figures
6B and 7, sliding arm 510 is included. Sliding arm 510 is coupled to cam
follower block 640 and arm 515 via the insertion of tumble pivot bearing

assembly 650 into tumble pivot bearing receptacie 750. Thus, arm 515 and




~arm.support block 640 are able to rotate relative to sliding arm 5

lock 530 (see also Figure 5) is actuated in hole 516 and s?ot 51£§@|%NW@%a
prevents relative tunble axis 548 rotation between sliding arm 510 and arm
515. In conbination, the two |ocks forned by |ock block 540 and lock 530 5
conpri se wunsloewsks whi ch can prevent three degrees of fpesdasuiin ot her
words, cradle 220 is a support structure that allows n degrees of freedom
and | ocks 541 and 530 are n-1 | ocks that prevent the n degrees of freedom
when they are actuated. Figure 7 shads the cradle nmotion unit that is
attached to cradle 10 side 4206. As better shown by Figure 7, sliding arm
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axis 548 or theta |ntheasenceo translati on
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548 due to é%ﬁd@ﬁ%ﬁ‘?@ cﬁﬁlrﬁ'r!s II G?s %Qﬂucﬂl ef with top and bottom guide

bl ock® 528" arne presence of tumble pivot
bearing assenbly 6501eawdy$ mnwh@hﬁhe@ﬂerb@@hsmg"@lg mefion 9GO0 can

‘move and cannot move will now be further explained. Sliding arm 510 can
provide translation motion along an in/out axis 547 that is substantially parallel
to cradle sides 420A and 420B. This translation motion is enabled because
20  sliding arm 510 is coupled to ball slide 770 and ball slide 770 slides along guide
rall 670. Because sliding arm 510 is so coupled to the cradle side arms 420A
and 420B via guide rail 670, sliding arm 510 is not able to rotate about either
tumble axis 548 or theta axis 549. Therefore, in the absence of translation
motion, sliding arm 510 remains stationary when other parts of cradle motion
25 unit 500 move about any rotation axis.
Arm 515 is coupled to sliding arm 510 via tumble pivot bearing
assembly 650 and tumble pivot bearing receptacle 750. Therefore, when arm
510 moves in an in/out translation direction, arm 515 moves along with it.
That is, arms 510 and 515 move as a matched set in transtation motion.
30 Arm 515, cam follower block 640, and test head attachment block
525 may rotate about tumble axis 548 due to the action of cam followers 610b-
d, f with top and bottom guide blocks 520 and 522 as explained above. The
presence of tumble pivot bearing assembly 650 and tumble pivot bearing




. WO 03/089834 PCT/ US03/11312 -15 receptacle 750 allows camfollo gPhge
640 and arm 515 to rotate about tunble axis 548 relative to cradle mdgms
4208 and relative to sliding arm510. Sliding arm 510 does not rotate
about tunble axis 548 when arm 515 and cam follower block 640 rotate in a
tunbl e di GRFdsluR34 as previously described. 5 Although spéfug@nasim 510 is
coupled to arm 515 and cam fol |l ower block 640 via tunble pivot bearing
assenbly 650 and tunbl e pivot bearing receptacle 750, sliding arm510 is
prevented fromrotating in a tunbl e-dbrecti on because it is attached to
the cradle side 420A wth only a transl ati onal degree of freedom As

expl ai ned above, the couplin etween slidi 5 all
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: movement of the guide block structure does not cause theta movement of arm
515, cam follower block 640, or sliding arm 510. Sliding arm structure cannot
rotate because it is attached to the cradle side 420Awith only a translational
degree of freedom. The cam follower block 640 and arm 515 cannot rotate
20  about theta axis 549 because they are coupled to the sliding arm structure via
tumble pivot bearing assembly 650 and tumble pivot bearing receptacle 750.
It will be understood that each of the cradle sides 420A and 4208
has mounted on it a complete cradle motion unit 500 as described above. The
operation of cradle motion unit 500 will now be explained. The operation of
25 each cradle motion unit 500 will be the same regardiess of whether it is
| attached to one cradle side 420A,B or the other. When both cradle motion
units 500 are operated in unison, however, some of their motions will be
congruent to each other while some motions may be mirror Images of each
other. These features of cradle motion units 500 will be explained in more
30 detail below.
When a test head is attached to the test head attachment block
525, the test head may be required to move in one, two, or three degrees of
freedom within the cradie, as described previously. Figures 4A-C show motion




525, the test head may be required to nove in one, two, or three daegngggsm%sf

' freedomw thin the cradle, as described previously. Figures 4A-C show
notion 3 0 Jun 2006 WO 03/089834 -16 PCT/ US03/ 11312 cradle units 500
attached to cradl e side arms 420A and 420B. The notion cradle units in

Fi gure 4Ayahgodolsea central, or no nmovement, posi tion. Thabudosnisinei ther the
cradle nmotion unit, nor the attached test head, has been subjected to any
translation notion or to any rotation notion. 5 Referring to Figure 46, it
may be seen that the notion cradle unét 500 and, therefore, the test head
have not been subjected to any translation notion; but that they have beeh

subjected to theta rotation.and to pitch or I taf i . Th
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subt ant | 019 G GHATEL S0 LS eI B e PSR tiTg Do i B Celett ng
appr opr i glgnesieritgdycnal to tinethats taxivealih a Firstetxepplenmembodinintitbh uideyui ded
byt hlg e's?&'é%tn% éjaef\r?%ilota\?eq‘s are arranged so that the theta axis, defined by the
centers of the circles containing the guide slots, passes through the
approximate center of gravity of the test head load. This embodiment may be
advantageous in terms of providing a substantially weightless condition of the
_ test head with respect to theta motion. In an alternative embodiment, the
20 guide and the cam followers are arranged so that the theta axis and the
centers of the circles containing the guide are not at the center of gravity of the
test head load. This rﬁay have an advantage when the test site of the test head
is not located near the test head’s center of gravity and is desired to provide
theta motion about the center of the test site. If desired a substantially
25 weightless condition may be achieved by adding or deleting appropriate
weights to the test head.
Pitch or tumble rotation is guided by the elements described
above. Pitch rotation may be clockwise or counter clockwise as shown by
arrow 548 in Figures 4A, B and C.
30 Attention is now turned to a further description of theta and
tumble rotations and the associated changes in the configuration of lock shaft
543A,B, connecting shaft, 545A,B, mounting stud 546A,B, and universal joints
544a-D. As previously mentioned, Figure 4A shows cradle motion units 500 at



above. Pitch rotation may be cl ockwi se or counter clockw se as shq_m M. 006
“arrow 548 in Figures 4A, B and C. 30 Attention is now turned to a tUr 'e?
description of theta and tunble rotations and the associ ated changes in
the configuration of |ock shaft 543A, B, connecting shaft, 545A B, nounting
stud 546AxB o3afsq4ni versal joints 544a-D. As previousl ycressiied, Figure
"4A shows cradle notion units 500 at WD 03/089834 -17 PCT/US03/11312 their
nom nal positions with zero in/out translation, zero tunble rotation, and
zero theta rotation. This nmay be retarred to as the "zero, zero, zero
position."™ To overconme any optical illusion fromthe perspective of Figure
4A,. Figures 8A and B show a top view and an insi
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uni ver sal aggiRbxitfate 44@igitdina they & dmsprictdtely gentereld dveehe Hppeweurfaaeni ver sal
above { heolLigde iR 208 R0 WHEN 1o FedBeErTtsD ey aur cofie e BRBOEE T vorsal
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o or" SR aes e P D LR el IR 2100 a0
to its respectReferr?y wr FiglesAAE AitD2A 08B Bas aﬁhml’ﬂpemtebindtaq%lpasﬁﬁ ons in
D Craleoy R e Segrb oG A ROPST PRI BN A ot ve
theta rot@iinfirsdl ieintsVo44Bdndd Mot rebpadivebt wiblthemt Heiweyker 528¥eRave been
o i PR AR BN B AP B BB gt et
above the upper surface of their respective cradle side 4204, B. Universal joints
| 544A and C may only translate parallel to cradle sides 420A and B as lock
shafts 543A and B slide in their respective lock blocks 540A and B. For each
unigue position of an attachment plate 525A or B with respect to its respective
20  cradle side 420A or B, there are unique positions in space for the two ends of
the respective connecting rod 545A or B relative to the respective cradle side
420A or B. ‘
To assist the description of theta rotation, the two ends of test head
attachment block 525A have been designated as 525AA and 525AB. Figure 4B
25  shows that test head attachment block 525A has been rotated about the theta
axis approximately five degrees in a clockwise direction, but no translation
motion has taken place. Such rotation can be observed by observing that end
525AB has been rotated clockwise so that it is somewhat away from cradle side
420A and end 525AA has been rotated clockwise so that it is somewhat closer
30  to cradle side 420A. This rotation of test head attachment block 525A can be
more easily observed by comparing Figure 4B with Figure 4A. This clockwise
rotation is further enabled by the bending of universal joints 544A and B.
Figure 4B shows that universal joint 544B has moved inwards towards the




axis approximately five degrees in a clockw se direction, but no 30 Jut 2006
"translation notion has taken place. Such rotation can be observed by
observing that end 525AB has been rotated cl ockwi se so that it is sonewhat
away fromcradle side 420A and end 525AA has been rotated cl ockwi se so
that it i§o3geat closer 30 to cradle side 420A. Thi spepiabhem of test
head attachnment bl ock 525A can be nore easily observed by conparing Figure
45 with Figure 4A. This clockwise rotation is further. enabled by the

bendi ng of universal joints 544A and 8B.- Figure 4B shows that universal

j oi nt 5448 has noved i nwards towards the WD 03/089834 -18 PCT/US03/ 11312
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This upward rotation is further enabled by the bending of universal joints 544A
and B. Figure 4B shows that universal joint 544B has moved downwards
towards the upper surface of cradle side 420A. Similarly, universal joint 544D
20 has also moved downwards towards the upper surface of cradle side 420B.
Consequently, connecting shafts 545A and 545B each point downwards from
universal joints 544 A and C toward their respective cradle sides 420A and
420B. To accommodate the required positions of connecting shafts 545A and B,
lock shafts 543A and B slide as necessary in lock blocks 540A and B; and
25 universal joints 544A-C bend as necessary.
In Figure 4C test head attachment block 525A has been rotated about
the theta axis approximately five degrees in a counter clockwise direction.
Such rotation can be observed by observing that end 525AA has been rotated
counter clockwise so that it Is somewhat away from cradle side 420A and end
30  525AB has been rotated clockwise so that it is somewhat closer to cradle side
420A. This rotation of test head attachment block 525A can be more easily
observed by comparing Figure 4C with Figure 4A. This clockwise rotation is
further enabled by the bending of universal joints 544A and B. Figure 4C shows




| ock shafts 543A and B slide as necessary in |ock blocks 540A and_,B; and 25
“universal joints 544A-C bend as necessary. In Figure 4C test heada U JU 2005
attachment bl ock 525A has been rotated about the theta axis approximtely
five degrees in a counter clockw se direction. Such rotation can be
observed {y RRsRIyI Ng that end 525AA has been rotated pEMGEBH138E OCKW Se soO
that it Is somewhat away from cradl e side 420A and end 30 525AB has been
rotated cl ockwi se so that it is somewhat closer to cradle side 420A. This
rotation of test head attachnent bl eak-525A can be nore easily observed by
conparing Figure 4Cwith Figure 4A. This clockw se rotation is further
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Again, this rotat|on can be more easily observed by comparing Figure 4C with
Figure 4A. This counter clockwise rotation Is further enabled by the bending of
universal joints 544A and B. Figure 4C shows that universal joint 544B has
moved upwards away from the upper surface of cradle side 420A. Similarly,
20  universal joint 544D has also moved upwards away from the upper surface of
cradle side 420B. Consequently, connecting shafts 545A and 545B each point
ubwards from universal joints 544 A and C away from their respective cradie
sides 420A and 420B. To accommodate the reqmred positions of connectmg
shafts 545A and B, lock shafts 543A and B sllde as necessary in Iock blocks
25 540A and B; and universal joints 544A-C bend as necessary.
Two sets of two locks each are provided in order to prevent mation in
three degrees of freedom. One set comprises in/out lock block 540A and
tumble lock 530A on cradle side 420A. The second set comprises in/out lock
block 540B and tumble lock 530B on cradle side 420B. In order to prevent
30 motion in three degrees of freedom it is only necessary to activate one of
in/out lock blocks 540A,B together with one of tumble locks 530A,B. Two sets
are provided for redundancy and operator convenience. The invention may be

practiced.in alternative embodiments with only one of each lock.




cradl e side 4208. Consequently, connecting shafts 545A and 545B giﬁh Qi@%
" upwards fromuniversal joints 544 A and C away fromtheir respect eI 2P e
si des 420A and 420B. To accomobdate the required positions of connecting
shafts 545A and B, |ock shafts 543A and B slide as necessary in | ock bl ocks
25 540A afgh Bisaand universal joints 544A-C bend as necepSpishsnf® sets of
two | ocks each are provided in order to prevent notion in three degrees of
freedom One set conprises in/out |ock block 540A and tunble | ock 530A on
cradl e side 420A. The second set conpoises in/out |ock block 540B and
tunbl e | ock 530B on cradle side 420B. In order to prevent 30 notion in

three degrees of freedomit is only nec ar 0 actli e of in/out

| ock bl ocks 5ReRrEng sgdiHEE &fi SHIGRATBY gf@%‘?{‘ééqso"i‘:ﬁ@\éggﬂv%?cﬁm sets are
provi ded éFéRfersr&OWé’a%nmé Etfte GNEHPLOSIiIdRYINENISU0C Fhe Tidth ofveint Bbh may be
practice i

03/ 0898340%@%9&%%%&;&;&5&%8%@% %H@H%@F@?gg}@;@%ﬁ |h Wégglr(h \5/\?0
i ncl udes ifnakqd. Adknatiibighsiot 52V eigese Brmid and diecentantenidtiltAs giovl i di ng
openi g $16'9ue B fRTETHRY: SEHEVE KEK ST BRRe Darged L BEBeREE oy The arced
and of copahfts¥d tH Brm AL 5SdriheSsions Fi githin Slidifig arexaitpl Actuatitgnbl e | ock
oo oo 535 rsvest B Do P SRS B M R e, 1% %3
515 rel ative FarthkifoRg [aeksiekts 5434 bhe Bmuet slideckitbinabtls bB4BAS4A8 B nust
cach new s EFRRCONRUCRETIeE SEOTBRTOR e Faner s B P ot s
547 Qp I GhalioPR RhesEtSH bl ihfetaxdxb47 bASotmtion whbLieelkersti@tBaxisn order to
be act uatsd PrmRiFEP ooty TooreT ARG Bab oernet HEERR e, oven i
one of i Ffautort,aeisbla46ksB Freor BE0RIatust betasiirted nmedditionitollogsi | | resul t
e Skl b B8 05050 WO, byt I et pom L on
provi ded ddigdted, turibleambtiok wWiiBSH Beduitsindh snitveetioraas gapeertingghéitent i ng
i n/ oult'S tr&r}’sall%bggnconi?é ingvr‘} p%rsl%otnhet a rotation notion, as previously
Thus, actuating a lock 540 A,B prevents motion in two degrees of
freedom, provided that a tumble lock 530A,B has also been actuated,
preventing in/out translation motion and theta. rotation motion, as previously
defined. Theta rotation is prevented because, when a lock block 540A,B is
20 actuated, the corresponding shaft 543A,B cannot slide through lock block
540A,B and, consequently, universal joints 544A-D are prevented from further
bending, thereby further preventing clockwise and counterclockwise theta
rotation of the cradle motion units. This similarly prevents further in/out
motion. Thus, lock 540A,B locks two degrees of freedom, one translational and
25 one rotational, in particular infout motion 547 and rotation about theta axis
549 simultaneously with lock 530A,B locking rotation about tumble axis 548.
Thus, two locks effectively lock rotational motion about two orthogonal axes
and translation motion along a third axis which is orthogonal to both rotation
axes. ,
30 Although the invention is illustrated and described herein with reference to
specific embodiments, the invention is not intended to be limited to the detalls
éhown. Rather, various modifications may be made in the details within the

scope and range of equivalents of the claims and without departing from the




defined. Theta rotation is prevented because, when a | ock block 540A, B is

"~ 20 actuated, the corresponding shaft 543A B cannot slide through 3 6ckitbhR®sk
540A, B and, consequently, universal joints 544A-D are prevented from
further bending, thereby further preventing clockw se and countercl ockw se
theta rowatosospsef the cradle notion units. This siml apdyusmsesents further
in/out notion. Thus, |ock 540A B | ocks two degrees of freedom one

transl ational and 25 one rotational, in particular in/out notion 547 and
rotation about theta axis 549 simul-tZneousl y with | ock 530A B | ocking
rotation about tunble axis 548. Thus two | ocks effectively |ock
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i nvent i OmarB:)UsnglﬁéS atewernd thedovartied deer ke mplettented gy efhes to  specific
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shown. Ra?'ﬁg? g'&% #ﬁﬁéﬁ '# "85%5 bﬂr@%%ﬁ%ge&%ﬁgeé'nﬂshggﬁééﬁa arH]s within the
scope anct:lmaﬂg:E W)!hlleetlm paite of sheofvehigort haverbeamdhowt o wne deprdemsdti r om t he
WO 03/.089834 P /USO 11 21 invent] More specifically, the invention
has béen W&%PF@% PEss ?:Xf\ﬁe h atnﬁgg%%érrfgﬁﬂg’ figures. However, the invention
.can be i npl enghirecamplet dredle rapbadunisrR0d magtbef latdtedideden te iseadlevent i on as

expl ai ne\(,i\?‘ﬁq(ae%{gjbed ﬁggwel tﬁégﬁﬂres t}fa%{!%]n'?otf?ﬁrﬁrﬁt %Otnl?&?y baYRAkPN have

been sho Sone arts may be arrange
differ entéwth@onts@eaaﬁmtmdlecmdeﬂ 420vbt 42418 tmacccomood@tye Eblé)aldd‘tfmltﬂjacl oser to

cradl e e@ﬁléreﬁ-ljtos#ag lcﬁ (?ei }Q’%il!:lﬂ al?ﬁw% %’Z i\\g igfbfﬁeﬂg% '5%6“5“ d/oP00 may

be | ocat cra e SI to accommo ate a | oad
havi ng a mdyﬂ:feeerealtlers h@pmm@lSdﬁ i6BIm 7% ma}’i brya afiffiersn0 shee RAG/ET &NaY f f er ent
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shape an arger |"ower a may be placed in a location
that is nantet oHren sugpoiérbltaﬁk %QnTs-mel?J@rFthQil hﬁakmeza;sserr@ﬂwbﬁ%o gia¥oavsear i ng

assenbl e
out si deyogé%&?%%g%ﬁea?ﬂ{ghmﬁf E‘QH ﬂ%@z%@r at 'g?%?ﬁgﬁ I-l%lgtav\cfgebn&mﬁl ng arm
510 and ablocs 5385 raﬁmréaan@ﬁtwgemﬁltcamaﬁ@ Fieandarmfddd IkREUr ectly to
‘test d t th

€s gg datg%%‘ﬁ'ﬁ#] tceggg%%gﬁgnsd[re&w)ﬁgﬁst PaLdb aMB¥hPRNPbReRGABet ween t he

t est one e notion unit 500 y be used
i nst ead ofnather PEDFtem@Y @@I@amfybetaf@én i¥oe gest head and block 525. Only one

cradie motion unit 500 may be used instead of two. The cradle may have more
than two cradle side arms and a cradle motion unit may be attached to each
cradle side arm. Cradle motion units may be attached to the inside or the

20  outside of various cradle arms depending on need.




than two cradle side arns and a cradle notion unit nmay be attached to each
cradle side arm Cradle notion units nmay be attached to the 3 gsike2@6 the
20 outside of various cradle arns depending on need. - 22 Wiat is C ained:
5 1. An apparatus attached to a side of a cradle for positioning a | oad
relative to the cradle, the apparatus conprising: a sliding armstructure
between the side of the cradle and the load for translation notion along a
first axis; an arm support block, also between the side of the cradle and
the load, for 10 rotating the |oad about a second axis orthogonal to the
first atWhkat s @airdedbl ock structure, at |east a portion thereof being

hi 19 alre ohagena s aueRiea FoRLtRlf 2 Rt F abdhRhingls ISR g e ot @

appar at 4§ thé ehdlenthe Whpaeitiistdoen@ididg: bl ock structure includes at 15
| east one circular arc shaped slot that defines the second rotation notion,
the third axis being |ocated at a,center_qf the, at

i %6 of e

| east, o circular arc
shaped & YING armaTuptiue feliwegp tREFIGR ¢ Feadle epd @Fi 'BPHSOEH m structure
is attaghadiddon Aeotkdfigioplg & Resicaagl e, the arm support block is adjacent to
the sliding armstructure and between the 20 sliding armstructure and the

gui de bl ock structure, and the guide block structure is coupled to the
cradl e. angarnyisgpapRablacisalsp hatwiesn thewideef the pAdigiang the Iopdsfon ock

coup|,ed rbpatg@em RileabAtd §e§<ﬁ&P?QisL&e}ﬂfcI§§d§tﬁa‘Pg§§hECﬁr%f‘ﬁx%';i ding arm

structure, rein actuation of t second | ocks prevents the
translation notion, the first rotation notion, and the second rotation

mot i on. a6guidgpek strusbiver af ikpst@ pedion thereof peisg kesmsensihegside fof tee | ock;
and - Z%ra&e;aﬁ'?g‘gaoio%%lkfo%%ﬁbg&ﬁgtIBQ&a%b%g tﬁﬁ’ddadtiggﬁ'gl% arfal’l t@?ﬁ t said

second axis ut said XI'S"i's prevente on of the
first | dickt axig dritethseeseamhd adk. 6. Apparatus according to claim1, further
conprising a plate coupled to the

2. The apparatus of claiml, wherein the guide block structure includes at
15 least one circular arc shaped slot that defines the second rotation motion, the

third axis being located at a center of the at least one circular arc shaped slot.
3. The apparatus of claiml, wherein
the sliding arm structure is attached to the side of the cradle,

the arm support block is adjacent to the sliding arm structure and between the

20 sliding arm structure and the guide block structure, and
the guide block structure is coupled to the cradle.
4, The apparatus of claim1l, further comprising
a first lock coupled to the cradle; and
a second lock coupled to the sliding arm structure,

25  wherein actuation of the first and second locks prevents the translation motion,

the first rotation motion, and the second rotation motion.
5. Apparatus according to claim 1, further comprising

a first lock; and




side of the cradle for providing the translation notion along the first
axis that is substantially parallel to the side of the cradlgg Jun 2006
Apparatus according to claim1, further conprising: at |east one guide

bl ock coupled to the load, the at |east one guide block having a circular
arc shaped slot, wherein a center of the circular arc shaped slot is
aligned with the third axis, and the2gi+cular arc shaped slot is |ocated on
a circle that is orthogonal to the third axis. 8. Apparatus according to
clainb, further conprising: a | east one guide block coupled to the | oad,

the at Resespngudde bl ock having a circular arc shaped slot; and at | east
one camfollower attached to the plate for insertion into the circular arc

shaped Slfl-cindmotBAIBhY SaRef t(yﬂ?aé | Glidscofdibkfaeand ABBUL 849 at | east

one cam f ower attach tot Insertion into e clrcular arc
shaped shiod axishisrprienentes oy lacwaé:roraoﬁtl'sﬁ’\ﬁmtdoskendathd gegendtlotibast one cam
follower are arranged so that rotati on about the center is not at a center

f t 6 d it
For *poskt | onPryatets R pilnd wleifbay e RatBaShg el K Bg )
provi desldehdsfemad@gﬂ@ﬁarquoﬁ/rc&eglmhe tearislmchn hostign alothgathesfise @aisdtHabdk. The

:Ereegeggﬁégq%%&% nypra?"ael?g 1R t rev?rtlr'%ee%rb%efact uation of the first |ock and

7. Apparatus according to claim 1, further comprising:

at least one guide block coupled to the load, the at least one guide block having

a circular arc shaped slot, wherein
a center of the circular arc shaped slot is aligned with the third axis, and

the circular arc shaped slot is located on a circle that is orthogonal to the third

axis.
8. Apparatus according to claim6é, further comprising:

a least one guide block coupled to the load, the at least guide block having a

circular arc shaped slot; and

at least one cam follower attached to the plate for insertion into the circular arc

shaped slot.
9. Apparatus according to claim 7, further comprising

at least one cam follower attached to the plate for insertion into the circular arc

shaped slot,

wherein the circular arc shaped slot and the at least one cam follower are
arranged so that rotation about the center is not at a center of gravity of the

load.






