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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



connectors. 30 In order to enable such precise alignment of fragil €9 Jur 2003
electrical 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 ace@r-dance with an exenplary enbodi nent
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
or ot i ¢ BPEAR qrﬂéieﬁnefér sThe ﬁoeafpnebﬁveﬁenauI@ﬁgcerw@nzeé&lm ANEXEAPPIGAY about
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No. 5,450,766 cra rovi des at two of the required
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pr obl engpdtaMebPeRnithi(UCST PeEENtINEaBERY, FU, tieiréinl ivich asdrbted bheeferradd:@ into
pl ace after it has been docked with the peri pheral. SUWARY OF THE

| NVENTI ONi$ RatRtfiaenees fiRasitignesgssembly V\tmeh ieRgBIfsoh testHgas tasbg iR ded
An 25 %Q%Eﬁﬁﬁly%é%ﬁlﬂl%gs BnaitRindgn®to &AWt §|9rde@ﬁ§é§ bPRieRgofn.| 0ad

relative to the ‘cra t he apparatus conprising: a sliding armstructure
bet Ween the side dh arder &e aubwiderthetsie degrees of freedams Itheitest head omyal ong a

first a)geséttached to a cradle assembly, which may be a U-shaped holder for the test
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;




3’0 J UN 2006 an arm support bl ock, also between the side of the3dr adine6is
and the load, for rotating the |oad about a second axis orthogonal to the
first axis; a guide block structure, at |east a portion thereof being
between the side of the <cradle and the |oad, for rotating the |oad about a
third axis orthogonal to the first asgi-s 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

Fi gur e B33 saPperisklecki dlso\naiwesn theeside of the seadie anshthshleadnfor eat ur es

| n accorganas, id mabf%dg{tgégg&%@m%m% &l b Thetirke aRigher spective view

of a vertic not 1 on e test h posi tioner system of Figure
"1B. Figure 2B is a perspective view of the vertical notion plate with rails
and 15 apguidedilpdestrupiuyer et emsts popiarspwmreot bevigdvetvieentibevside iof dhenot i on

b 22 Sl BIPRES WY fdtafht WeliBSd Rl BT uB SRR fope’ ov

di recti ons: I'§ a perspective view o

subsy st dmstodxisland thessedomaldaxiesi ti oner system of Figures 1A and 1B. 20
Figure 4A is a perspective view of a test head cradle assenbly in
accordance with the present invention, shown in a neutral position. Figure
4B i s anot her perspective view of the test head cradle assenbly in

accordance with the pre&raEF DESERIPTION SOFOMME DRAYVMAAEPUl at ed position.
Figure 4C i s another perspective view of the test head cradle assenbly in

25 accor danc& WentA Hea PeEsReftivenviem plom postienuef ienfesh HerdPostiansil at ed
POSi 1| OBystdih Gkgcihahcd WK SREGE¥gYheh@na cradl e motion unit of the

test head cradle asse y. ure 6A Is an expl oded view of the test head
cratll e assenthigurgnkB isha pecspeiity enviehodfl the tesbheatesystan shoadng featiures

assenbl Yn aggoﬂagleé%\gg?gﬁ pgé]se?ﬁgmgﬁtqoﬁ/! ew of the cradle notion unit -

provi di ng greater area”within circle 6B in Figure 6A. 3 0 J
u n 2006 - 3&igure 2A is a perspective view of a vertical motion plate of the test head

positioner system of Figure 1B.
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 6C is an exploded view the cradle notion unit providing greater
detail of ‘the area within circle 6Cin Figure 6A. Figure 7 is an &{pNodes
vi ew of another side of the cradle notion unit. Figure 8Ais a top view of
a cradle side, attached cradle notion unit, and 5 associ ated conponents.
Figure 8B is an inside elevation view#®f a cradle side, attached cradle
notion unit, and associ ated conponents. Figure 9 diagramatically shows the
six degrees of freedom of the system shown in the figures. 10 DETAI LED
DESCRI PTI ON ¢iaumeebE NvBENT>@lede e vigat Hhe srasfie postian onérproyidieggreatesr e shown
in Figur . e j re i ovi ded a support colum 102. The
details dge a'iéggﬁgta}%%lwd%hﬁnWﬁygér:gﬁsﬁ%l‘\'/ﬁ, fBr%'or exanpl e, in published patent
application RYPO® 21536 ekpl@Bd6ic300fNENGB0SARSSf the BEAIETASYIAA Jihk.

publ i shed July 20,_,2000 .and.appldcatipn no. PCT/US/ 00/00704, filed January
o 5000 whifaiieseAds BupPvERTala aiade sife afacorderale Diian Bk X9 1 on
sur face sgboGHpPEOMPOhEAts. 102, vertical rail 104 is attached to the front
surface of support_columm 102. Vertical rail 104 extends, 5 for exanple,
al ong t he | edddyeoPB d3gpdrside slevatiopyievwef acradlg siderpyached cdied 2C, and
as furthesrisieemid e %‘fg@teé‘%mﬁﬂﬂﬁen{-&o is coupled to a vertical support,

or main arm structure sonetines referred to as vertical notion plate
108, so that Fguneutidiagrenatioglpwhewsiiler six aegreeswnfiiregdahonfthesystecal rai |

104. Ref i n =l gure 1A, appropriate bunpers 107A-D may be 10 situated
at the Eﬁ%{é"rﬂ ﬁ#ﬂ%tﬁg%sromer limt of vertical rail 104 to limt the range

of toravel of vertical DEVAIKHD PESGRIPTEORNOF THESINUEMTIQNWar d and downwar d

al ong verti cg.l rgl | .104. Vertical potiaon ball slides 105 engage and slide
al ong vertic ihe, detailg @4 positioner system 150 are shown in Figures 1A"and 1B in

which there is provided a support column 102. The details of support column
102 are shown, for example, in published patent application WO 00/41536
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_Referring to Figures 2A and 2C, vertical notion plate 108 is

vertical 15 ball slides 105. Thus, as vertical Ball sl i des 1ggtiﬁrﬁgﬂé§%
upward and downward al ong vertical rail 104, vertical notion plate 108 al so
noves upward and downward along with vertical ball slides 105. A plurality
of cabl eswif3esses att ached to vertical notion plate 108pcibsesimmans for
attaching cables 106 to vertical notion plate 108 is not shown, but 20 the
attachment can be acconplished in a manner that is known to those skill ed
in the art. These cables are received-into pulley assenblies 922. The
cables extend over pulley assenblies 922 and back down into a counter

wei ght  syst h h
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prate I'S 8 fﬁﬁﬁ@egﬂﬁ%ﬁ%ﬁ%ﬁ fsuE@H&’coYlﬁﬁE 1@9' vEPcﬁdaPF’alpi@% 108 is

abl e to nove |n a ubstantial | y-wei ght| ess condition
by virt U%t“l@f:hedi %o &iid sohtremtateooft suppooueniemn L. awe@cgygq@m%ateeaa es 106.
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vertical %,%P?Pk&t%asur o ﬁat\éej.ﬁ? cale [RidveR WvidE SldoiewAnga b, provide

respectl rail hol der 112a provides two
hor i zont allorsuvérdicebraiil Pe4. 112d surface 112c faci ng upwards and surface

112d faci ng d%ﬁﬁ%esﬁ‘l@ Byl & dab 1gPihg ) SRS sl A33B vatsl piipyDdles two

112t aci Refortmguenfigarcel 3 pha z’gmzéééq%é%oltéﬁﬁq%f‘ecié‘%ﬁ it oA aa | o
situated on Lhe ypwarf, fagk RaNQT baPRiidds 165 eidd dpward aad downward
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




~holder 112a and faces upwards. Horizontal rail 114b is att
downwar d facing horizontal surface 112f of rail hol der 11230h$’ﬂuts% ¢a’%* 2006
114b 15 projects downwards. Rails 114a and 114b are substantially parallel
to each other and are coupled to vertical notion plate 108 via rail

hol der s 1\_’1;;2;51)3@5;@34 112b. Ball slides 116a are a pair of pegosoegsit hat are
engaged with and slide along rail 11l4a. Thus, ball slides 116a are
situated above rail 114a. 20 Furthernore, ball slides 116b are another pair
of bearings that are engaged wth r&i-l 114b. In other words, ball slides

. 116b are situated below rail 114b. Thus, ball slides 116b sI i de along rail

114b. Ball slides 105 and 116 LS 1
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supports the test h
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gs wel | . hb‘heorﬁual can IDD4a m@bmte@ ohdhé zpmead fading Bzmtabfaﬁ% iL6h of &al
etermn %Hmlﬁ atcﬁ P@a SPRET AbRshnel al(;\ baly is Sidtasd tdbse b, which in

turn is respective
downward facmg horlzontal surface 112f of rall ho?der 112b, Thus, rail 114b

15  projects downwards. Rails 114a and 114b are substantially parallel to each
other and are coupled to vertical motion plate 108 via rail holders 112a 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




.10 and orientations. The inventor has discovered that by having thg J0¥2505
rails 114a,b nmounted on horizontal surfaces so that they project in a
vertical direction the friction is substantially reduced in conparison to
that which is experienced when the rails are nmounted so that they project
hor i zont alsoms/okassan al ternative enbodi ment rail 114a neyrbssamant ed on the
downwar ds facing 15 horizontal surface 112d of rail holder 112a so that it
proj ects downwards, and rail 114b may be nounted on the upwards facing
horizontal surface 112e of rail hot@er 114b so that it projects upwards.
For further enbodinents, it is clearly possible to nmount rails 112a,b such
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T horizontal surface 112d of rail holder 112a so that it projects downwards, and
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




bearing bl ock 122a and |ower bearing block 122b. At the |ower endg

" cylinder 124, cylinder projection 132 is located. Cylinder prOJec |on %@5
I ncl udes an opening to accomobdate | ock 154. Lower o0 bearing block 122b
i ncludes a circul ar-arc-shaped sl ot 156 that accommodates | ock 154. Thus,

| ock 154 extmensi®s4 hrough cylinder projection 132 and | op&r/esoeti131156. By
actuating lock 154, friction is provided along a bottom surface of | ower
bearing block 122b through |l ock slot 156 in order to prevent rotational
notion of cylinder 124. 15 Lower bedring bl ock 122b may al so include an
optional bunmpér slot (not shomn). An optional bunper may be affixed to a
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of cylinder 124.
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 218 is
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



novenent of belt 216. The novenent of belt 216 causes pulley 210 35 199

“visible drive shaft, and cradle nounting flange 211 to rotate. dT'lé 005
220, shown, for exanple in Figures 113 and 4A, is attached to cradle

" nmounting flange 211. Thus, as cradle nounting flange 211 rotates, cradle

220 al so watmstoems4 Bracket 212 is attached to the rear obPcpukdsayi210. Cable

trowel 214 is attached to bracket 212. Thus, cables, which connect the

test head to a test system cabinet (not shown),. extend fromthe test head

and 10 through the cable trowel befor®-reaching test system cabinet (not

shown). Thus, by turning crank. 206, the cables are able to nove within
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slides 116a, 116b also couple horizontal support structures to the rails so that
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 cradle 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
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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




. WO 03/ 089834 PCT/ US03/ 11312 - 10 about theta axis 549. These features and
capabilities will now be explained in further detail. The at t achnmfit Jof 2005
cradle nmotion unit 500 to cradle 220 is better shown in Figure 6B.
Specifically, cradle side 420A is shown. Lock block 540 is 5 attached to
cradl e side 03d88s4 Lock bl ock 540 includes an opening thpowgssavhich | ocking
shaft 543A is inserted. As shown, |ock shaft 543A is coupled to connecting
shaft 545A by neans of universal joint 544A. Connecting shaft 545A is
coupled in turn to mounting stud 546A0by means of universal joint 544B.
- Mount i ng stud 546A is connected to connecting bracket 518A by neans of nut
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consi der ed 1.0,508 . BLMRENH-BEGIS hBRsB26 In order to attach test head attachment
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 block structure may be considered to be between the side of
the cradle 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.




the cradle and the load as long as it is located in a plane that 4§ jy» o8
" situated between the cradle and the load and that intersects the Space
between the cradle and the | oad. WD 03/089834 -11 PCT/US03/ 11312 Cam
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bl OCk15525f0?1§>wfep|6!l'8¥\%xté6r‘§ds%%%5'%gp of cam follower block 640. Cam follower
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




~above, the test head is rigidly attached to test head attachment Rlpgk5E®.
Test head attachnment bl ock 525 is attached to top guide block 520 and to 30
bott om gui de bl ock 522. Therefore, when the test head is rotated about the
tunbl e axis 548, test head attachnent bl ock 525 rotates about the tunble
axi s  548woheesgse top and bottom gui de bl ocks 520 and B@fuswseisatt ached to
test WO 03/089834 12 PCT[US03/ 11312 head attachnent block 525, they rotate
along with the tunble rotation of test head attachment block 525. Also as
expl ai ned above, camfollowers 610b-d8d 610c protrude horizontally from
the top of the front face of cam follower block 640 and press 5 agai nst
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-downwar d cam § noves upward 5 Accordingly, the test head
i s all oweid ¢aon fadtostes hlnclelﬁ%ﬂhefrarﬁf@iwﬂf&b%%ﬂ rotates clockwlisé about

15  tumble axis 548 as cam follower 610b moves downward and cam follower 610f
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 follower 610a into the
30  theta guide slot in the undersurface of top guide block 520 ;Emd 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




~the tunble axis as long as the camfollower block 640 is all owed
When the test head rotates about theta axis 549, novenent of testt‘ﬁga@h%[ﬁs
attachnment block 525, top guide block 520, and bottom gui de bl ock 522 (the
gui de bl ock structure) is guided by the insertion of camfollower 610ainto
the 30 twetmogssde slot in the undersurface of top guieeridewesisib20 and the
insertion of camfollower 610e and the not-shown camfollower into theta
gui de slot 622 in bottom guide bl ock 522. Wen the guide block structure
rotates about theta axis 549, cam fdBlower bl ock 640 and arm 515 do not
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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




~test head that has been rotated clockw se approximtely 5 degrees '
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transmtted 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 i nwig @ueess 5, 6C and 7, arm 515 incl udes an openpamusdtrzip
accommpdate |ock 530. As best shown in Figure 7, camfollower block 640
has a circular opening 30 750 that serves as a tunble pivot bearing
receptacle. As best shown in Figures18B and 7, sliding arm510 is included.
Sliding - arm 510 is coupled to cam follower block 640 and arm 515 via the
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Thi s trangbasi dmeaptgubde ral @T[&b:ladicslzueaa@séall slide mounting bracket 772,
15  and sliding arm 510 comprise a sliding arm structure.
The ways in which the elements of cradle motion unit 500 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




. 20 sliding arm 510 is coupled to ball slide 770 and ball slide 7784sl4d
along guide rail 670. Because sliding arm510 is so coupled to the cré?@g
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rotate about either tunble axis 548 or theta axis 549. Therefore, in the
absence oi{ydgapssation notion, sliding arm 510 renmai nspgif/Bdsa@sy when
other parts of cradle motion 25 unit 500 nove about any rotation axis. Arm
515 is coupled to sliding arm 510 via tunble pivot bearing assenbly 650
and tunbl e pivot bearing receptacl e-456. Therefore, when arm 510 noves in
an in/out translation direction, arm515 noves along with it. That is,
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in gui de flllowkes 5208, 522e, Bhdtaother cam follower that is not shown operating in
15 circular arc shaped guide slots 622 included in guide blocks 520,522, Theta
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
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cannot rotate because it is attached to the cradle side 420Awith only a
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cannot r ofalgesdessabout theta axis 549 because they are mompoggisip the
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planes orthogonal to the theta axis. In a first exemplary embodiment the guide

15  slots and cam followers 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



cl ockwi se or countercl ockwi se as shown by arrow 549 in Figure 4B. érHeJUr' 2005
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descri bed above. The circular arc shaped guide slots are |ocated on
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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




approximate straight line that is approxi mtely centered over thed@pper 2005
" surface of cradle side 420B and which is approxinmately parallel to both

t he upper and 10 side surfaces of cradle side 420B. The sim | ar conponents
attached to cradle side 420A are arranged in a simlar fashion in the

zero, zergo@dRgdsposition. Referring to Figures 4A-C apcrShsnh as
attachnent bl ocks 525A and B are noved in three degrees of freedomw th

respect to cradle sides 420 A and B universal joints 5448 and D nove
respectively with them However, uni-vi®rsal 15 joints 544A and C remain
approximately centered and at a constant hei ght above the upper surface of
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rotation can be more easily observed by comparing Figure 4B with Figure 4A.
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




5 Consequently, connecting shaft 545B points from universal joint _544C
"outwardly away fromthe center of cradle 220. To acconmpdate the ?é)qdiuf"e?g's
positions of connecting shafts 545A and B, |ock shafts 543A and B slide as
necessary in |ock blocks 540A and B; and universal joints 544A-C bend as
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parallel to cradle sides 420A an B. Figure 4B al so shows tunble rotation of

approximately five degrees clockw se. This clockw se rotation may be
observed by noting the relative posiigi-ons of arm 515 and sliding arm 510
in Figure 4B. That is, arm 515 has been rotated cl ockwi se relative to

sliding arm510. However, both sliding arm15 510 a arm 515 ain
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J U r: 2086nW8s503s08334t 86t/ 1isha/idkl Rldive tbBliding arm 510. However, both
15 sliding arm 510 and arm 515 remain substantially parallel to cradle side 420A!.
Again, this rotation 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 required positions of c;onnecting
shafts 545A and B, lock shafts 543A and B slide as necessary in lock 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 infout 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.




that universal joint 544B has noved towards the outside of cradle i€€,
" 420B; and, consequently, connecting shaft 545A i s pointing fron1%ai ?QQP
joint 544A outwardly away fromthe center of cradle 220. In conparison

uni versal joint 544D, which is coupled to the cradle notion unit 500B
attached {\@ Bhadte Side 5 420B has noved i nwards towar dgct/bsszaest er of
cradl e 220. Consequently, connecting shaft 545B points from universal

joint 544C inwardly towards the center of cradle 220. To acconmobdate the
requi red positions of connecting shabts 545A and B, | ock shafts 543A and B
slide as necessary in lock blocks 540A and B; and universal joints 544A-C
bend as necessary. Al's

bot h sl.i di 1 . 10 5 i
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counter cl ockw

W se rotation may he observed b in t ative
posi t i ongoFTides Wit thayKarieys eesidens Wﬁ@&'(?qeﬂ“'é gﬁﬁ% & gza:n #ﬁaﬂéﬁ'gys, arm 515
has been i Qledde hidrAsSHVEIG EsIbEb al vy b® asdaddirtofaconster®. wikidweAseshovpot h 15
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s S e S it e e T Bl chagpradle side
A M AU S teas e siosabansiteg s tucemminanaclod 5y
j oi nt 5448230 PRRXARES Wﬁkﬁog%f FF’B%HI%EI%\{)%% glﬁjﬁ? gﬂﬂ\éﬁoér adl e side
420A. Si ni | ar Ipyirth2Pmypi, MeEis shafi054BA brid B iast slideowitbineldcluploakel S48Aay from
S45A" and ST GRER MR T Oreeha T T Tenaa porueE LAERR By
f r omh heirhoti®s pewhhsigtion albing ingdudexist20Aonnatadizf Bbolb elbernthedtiaxié t he
e o2 SReutbaT el ST s SN g Salalal) <, 5o a0 @
544A- C bepskdasn,eees8 addks 5BOR sef30bmustwelstlkated it hdditiengedetised in or der
| ock. bl oc@apnSihi o bithr T BEKSBaR b Y R AR 02 ha set
~conpri sespdumdteds turablke mbtios kilb40Bresutt inuntdus rhoiddn B30 errtingaiiaE si de 420B.
neceddar PARUCHRM B BRE ASPUOMY out I ock bl ocks. 540A B ¢ oget her i th one
of tunbl e | ocRHuUERAAUBtLIng wdosle640 AqB @revents dedidroin tweddeargfe ¢f and oper at or
conven! eNelome prONa0h Lok IRimBR 108 356A B¥hd Ns@bkeh etlated,enbodi ment s
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



WO 03/ 089834 -20 PCT/US03/11312 Referring to Figure 6A, sliding arm510
“includes a slot 511, which traverses nearly the entire width of $Didlihgos
arm 510. The width of slot 511 <coincides with the various positions which
opening 516 in arm515 nay traverse. Alternatively, slot 511 nmay be arced
and of cowstoangesyd dth. As shown 5 in Figure 5, for examptwBusednisamnbl.e 1ock
530 may be inserted through the opening 516 in arm 515 and the slot 511
within sliding arm510. Actuating |ock 530 prevents tunble notion of arm
515 relative to sliding arm 510. Furtdlernore, |ock shafts 543A and B nust
slide within |l ock bl ocks 540A and B respectively in order to accommodate

h . it whet h t.h 10 - i | o t i
537 or 1 JRUETRIT abLT SEPETEIC His DVERRT gk bebh ARSHMOSd: Sl O (TP
prevent nmefricas figures.t Mewedegribe infentfonemaorg irtpleblentédoketh®80A or 530B nust

be actuated,in addit] . . r..5 . w se, even if
one of i n?'BB?d’ gtt%%grﬂh%‘“g‘ﬁ'g%ﬁ%g{%ﬁgﬁgﬁ,aste%%%'%égrfo%%%ﬂb%ﬁc’ll%}gsti Il result
i n i n/ outclamiddorwiite ttenparts bhtheshatntiorl based beenljshews in @netagrat@@TReSi t i on.

Thus, actuating._a lock 540 A B pr . tion in two degrees of freedom
provi ded T8t OEHE%HB&E Taeke gg@ﬁ,gggﬁélgieﬁg 50 been actuated, preventing
i n/out transl #ore@xamyleomradiednbtien anitd0at may bedocated desepiterasie| v
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theta e cradle notron uni _ prevents further
in/oub nmeyde sialler, Opekngs0A, B arockss may kiregrdiféerest sharedddor oy

transl ati I [ e ti HRAOM iRk iked 547 and
rotation %%%ﬁgg?g:eﬁ f@)‘bﬁ%grc@% @?ﬁubl’et%ﬁ%é&ﬁgéy%%?ﬁn It@é:k 5n30A, B I ocki ng
rotation carger of amblsepasitd!ekes40. Thusbletnivot| krekingersserbiy 659 maychave

rotational dﬁeﬁ%ﬁ@sl@&%u%rﬁ%ﬁg{)} %‘%9%&@ o BE oG bF 285t el cdBBiePR 2l ong a

third axis s or D rotation axes. 30 Although the
i nvent i onblbgk BRB usthexttbdn detwerrs didin@drndrid andhetA T8k eksiras ofo

15  attaching the test head load directly to test head attachment block 525,
another part may be placed between the test 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.




specific enbodi nents, the invention is not intended to be limted to the
details shown. Rather, various nodifications may be nmade i n3ghati@iail s
within the scope and range of equivalents of the clains and w thout
departing fromthe WO 03/089834 PCT/US03/11312 -21 invention. Mre
specifically, the invention has been described as shown in the various
figures. However, the invention can-be inplenented in other enbodinents
that fall within the invention as expl ai ned, described, and clained. Wile
the parts of the invention have been shown in one arrangenent, 5 some of
t he parNﬁhMﬁ&tﬂehaedanged differently. For exanple, cradle notion unit 500
e Iocat closer to.cr

S habe Hos roh fbRahet RBtRgl fp fias of diothid it edaidshinals JoH FIHLES oo

420B t o tacpemradial eha appachtie\tongprasingli f f erent shape. Sl ot 511 in sliding
arm 510 may have a different shape and/or 10 may be smaller. Opening 516 in
be a different shape be,l ar foll ower 610a

ﬁ;y ﬁéiﬁ‘ng@‘ag PRMLSHrYEte fet Wﬁgf‘ tﬁgds{jfg% ngwq Readle @ gtﬁ'ieolpag] il support bl ock

640. TumpdisI P ndiea hiRegas siestd s 650 may have a different shape and/or
may be placed on the outside of test head attachnment block 525 rather than

between sliding arm 510 and arm 515. Instead of 15 attachi ng the test head
| oad di &R SHpPPEsPloRkadlisathetwrsBthefidR RT 5pe cradie sinkethepad, fRly be

pl aggd @gi%gd;ﬁé%atd CaoteRde @it Bk R RrbndPbXnaTst kgl e moti on unit

500 na |nstea of two. e crad may have nore 'than two cradle
si de arm; and a cradle notion unit nay be attached to each cradle side

arm Cr adgeidediloon sunictwemay least a pedivedtheseeheingdietwesn thigeside ofdbei de of
vari ous gééﬁg o%%p‘?&d ittt tﬂ%qga abgat\évm rd SxiSiod rf@%lnaq’ «$
ative

appar at u acra positionin
to the cﬁrsidbﬂs arictatl'mps@mmdjsxmorrprl sing: a sliding armstructure between
the side of the cradle and the load for translation notion along a first

axis; an arm ort n the,side of, the cr.adl nd the
AR R o e B A LR I A T TR TS
axi §5 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




a guide block structure, at |least a portion thereof being between the side
of the cradle and the load, for rotating the | oad about a thg pd!taxp§s
orthogonal to the first axis and the second axis. 2. The apparatus of
claim, wherein the guide block structure includes at 15 | east one
circular arc shaped slot that defines the second rotation notion, the third
axis being located at a center of the3at |east one circular arc shaped
slot. 3. The apparatus of claim, wherein the sliding armstructure is
attached to the side of the cradle, the armsupport block is adjacent to

t he sli disegoadrnoe,ructure and between the 20 sliding armstructure and the
gui de bl ock structure, and the guide block structure is coupled to the
cradle. i FNE 3 : ol t LS i 4l ock

coupl oa " ErenoRRRAhY SRl LKA, ol Rk SPEBRY b3lthd Abblt Shid

st r uct utleird 2xisnsepreivantest b eictuatufn ofithd firgtloakhdnddbermecoodleclpr event s t he
translation notion, the first rotation notion, and the second rotation

notion. 5. r -d] ai i.S) i | ock;
and - 28 o COPRRS RESRYf e Aty e by Rlng R BRgteS Ry pA B PG
second aiiesofatind eadid forgirdvidihg the ararss|atsomp meotéort ekbnlgythectinsaaixenthat is he
first Iocé and, L{he se? nd Ihock. 6, Qgparﬂt us according to claim1l, further
conpr i seHBst@NGilly Pakpliglitedhesi¢n ot tae §E2de: the cradlie for providing the
translation notion along the first axis that is substantially parallel to

the sideg, of ipacstad RcordindRpaahg, AceREdogprigirg:ai m 1, further
conprising: at |east one guide block coupled to the | oad, the at |east one

gui de bl ock having . a circul ar arc shaped slot, wherein a center of the
i r cul ant gast g gdds Rlpck Coupleg 18dPR AT Fe phicast AP UIdR BRGNPl ar

arc shaped;-eli@t dré shasad ebtoWtrréin cl e that is orthogonal to the third
axis. 8. paratus according to claint, further conprising: a |l east one

gui de bl ock coupled to the |oad, the at |east guide block having a
a center of the circular arc shaped slot is aligned with the third axis, an

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.




circular arc shaped slot; and at |east one camfollower attached to the
plate for insertion into the circular arc shaped slot. 9. Appag@t 286
according to claim7, further conprising at | east one camfollower attached
to the plate for insertion into the circular arc shaped slot, wherein the
circular arc shaped slot and the at | east one camfollower are arranged so
that rotation about the center is not24at a center of gravity of the | oad.
3 0 JUN 2006 -24 ABSTRACT A cradle notion unit for positioning a test

head. The test head has a support structure which provides three degrees of
freedom a first lock, and a s second |ock. The three degrees of freedom
are prevented by actuation of the jpigiadock and the second | ock.

A cradle motion unit for positioning a test head. The test head has a
support structure which provides three degrees of freedom, a first lock, and a
5 second lock. The three degrees of freedom are prevented by actuation of the

first lock and the second lock.




