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DEVICE TESTING SYSTEM WITH CABLE PIVOT AND METHOD OF
INSTALLATION

BACKGROUND QF INVENTION

3. Field of Invention .

The present invention relates, in general, to a
system for testing electronic devices in which an '
electroni¢ test head is positioned to connect to and dock
with a handler of the device to be tested. More
specifically, this invention relates to a pivot (and a
method of installation) by which cable can be attached to
and move with a movable test head.

B. Descriprion of Related Axt



BACKGROUND®* OF INVENTION A. Field of Invention The present
in?entiaﬂ relates, in general, to a systemfor testing electronic devices
in which an electronic test head is positioned to connect to and dock wth

a handl er of the device to be tested. Npre specifically, this invention

“relates to a pivot (and a nethod of installation) by which cable can be
attached to and nove with a novabl e test head. B. Description of Related
Art -2-

In the automatic testirg of integrated circuits
and other electronic devices, special device handlers
have been used which place the device to be cested in
position. The electronic testing itself is done by a
large and expensive automatic testing system which
includes a test head which comnects to and docks with the
device handler. The test head uses high speed electronic
timing signals so that the electronic circuits must be
located as close as possible to the device under test.
Accordingly, the test head is densely packaged with
electronic circuits in order to achieve the high speed
testing of the sophisticated devices.

A positioner, able to move along a sSupport
structure, carries the test head to the desired location
at which the test head is positioned to commect to and
dock with the device handler. The test head is attached
to the positioner so that the test head can achieve six
degrees of freedom.

A major problem is connecting a heavy cable,
extending from a cabinet containing part of the automatic
testing system, into the test head. Because the test
head can be moved to a desired location and into a
desired position, the heavy cable must move with the test

head.



In_-the automatic testing of integrated circuits and other electronic
de?ices? speci al device handl ers have been used which place the device to
be tested in position. The electronic testing itself is done by a |l arge and
expensive autonatic testing system which includes a test head which
connects to and docks with the device MWandler. The test head uses high
speed electronic timng signals so that the electronic circuits nust be

| ocated as cl ose as possible to the device under test. Accordingly, the
test head is densely packaged with electronic circuits in order to achieve
t he hi gh speed testing of the sophisticated devices. A
positioner, able to nove along a support structure, carries the test head
to the desired | ocati dfPRYeRGRARL RS REFEMMEES usefosPt PEA¥EIE0 connect to
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positioner so that the test, head can achi eve six degrees of freedom

A maj or probfdhh | FERYHHY | HFA %\F?C@gﬂré-,eséxtcéﬁi nBET’PSﬁFEPEaBFﬁet

 contai ni ng paikbld- tAse atramidmarirast i ng system into the test head.
Because the test head can be noved to a desired location and into a desired
position, the heavy cable nmust nove with the test head.

In the tumble type, the cable is slung Lkeneath

the test head s$¢0 that it connects to the side of the test
head opposite the mechanism by which the test head is
attached, at its center of gravity, to the positioner.
This arrangement avoids the complexity and expense of a
cable-pivot type approach. However, for a number of
different orientations of the test head, this arrangement
allows the cable to hang beneath the test head to beyond
the side of the test head. Thus, the cable often gets in
the way of the operator of the test system and very large
test heads are limited in how low they may be positioned
before the cables will touch the floor when the test head
is in its down position when the interface plane is
perpendicular to the f£loor. MNMoreover, the tumble-type
arrangement requires a lengthy cable because it extends
completely acroes the bottom of the test head for certain
orientations of the test head.

A variety of cable pivot-type arrangements are
known. In one, the test head is also held at its center
of gravity by the positioner. The cable and positioner
are attached to the test head on opposite ends of the
test head. One disadvantage of this type of arrangement



-3~ - Conventi onal arrangenents used to provide synchronized
novenment between the test head and cable fall generally into two
categories: cable pivot-type and tunble- type arrangenents.

the tunble type, the cable is slung beneath the test head so that it
connects to the side of the test head‘oﬁpbsite t he nechani sm by which the
test head is attached, at its center of gravity, to the positioner. This
arrangenent avoids the conplexity and expense of a cabl e-pivot type
approach. However, for a nunber of different orientations of the test head,
this arrangenent allows the cable to hang beneath the test head to beyond
the side of the test head. Thus, the cable often gets in the way of the
operat or of tHethastisysasnoanacoesy, |fxge tmddrieds dorizofiread i n how

low they maypPgn@OfkhiP88E which are built like two pedestal office
desks; the positioner stands where one pedestal of such a
desk would be located.

In

A second cable pivot-type arrangement involves
passing the cable through the mechanism by which the test
head is attached to the positioner. This mechanism is
arranged to permit pivotal movement of the test head.
Typically., such mechanisms inciude an inner ring which,
through bearings, is spaced from and able to rotate in an
outer ring. One disadvantage of these mechanisms is that
the mechanism is expensive: the bearings themselves and
the precise machining necessary to load the bearings ir
the ring are costly.

With the above discussion in mind, it is omne
object of the present invention to provide a device
testing system which protects the cables which
interconnect the test head to the test system. Continual
bending, twisting, and insertion/removal cof such cables
is inherent when the system is used to test a variety of
probers and handlers. Accordingly, the fatigue life of
the cables is an important concern. Because fatigque life
of materials from which cables are made decreases with
increaging stress and the applied stress is propor:ional
to the length of cable over whic¢h a bend or twist occurs,



before the cables will touch the floor when the test head is in its down

posi ti ofi when the interface plane is perpendicular to the floor.

Mor eover ,

the tunbl e-type arrangenment requires a |lengthy cable because it extends

conpletely across the bottomof the test head for certain orientations of
arrangements are

of gravity by the
test head on

t he test head. A variety'oﬁ cabl e pivot-type
known. In one, the test head is also held at its center
positioner. The cable and positioner are attached to the
opposite ends of the test head. One di sadvantage of this
arr angenent -4 S
access, fromunderneath, horizontal plane handlers which
pedest al

encompassing the bend cor twist.

Another object is safety and ease of ¢operation

type of

that it cannot

are built

of fiels advantageous to control the lergth of the cable

i ke two

of the test head positioning system. Related objects are
to provide a system which properly balances the test
head in the cable pivot arxangement for acceptakle
handling. Still another object is to provide a system
able to dock to a variety of prcocbers and handlers,
including these built like pedestal desks, and to
position especially large test heads low to the floor
without having the cables touch the floor. It is alse

advantageous to allow mounting of the test head diractly
to the cable pivot arrangement. Finally, an object of
the present invention is to provida a system whizh can be
manufactured cost efficiently, especially by eliminating
alignment tolerance requirements.

SUMMARY OF THE INVENTION

To achieve these and other objects, and in view
of its purposes, the present invention provicdes a device
testing system with a support structure and a positioner
able to move along that support structure. Also included
is a cable pivot housing defining a substantially
circular passage and having a connecting structure on
only one side, 0 that the passage is partly closed on



desks; the positioner stands where one pedestal of such a desk would be

| o¢at ed® A second cabl e pivot-type arrangenent involves passing
the cabl e through the mechani sm by which the test head is attached to the
positioner. This nechanismis arranged.to permt pivotal novenent of the
test head. Typically, such nmechani sns ihcl ude an inner ring which, through
bearings, is spaced fromand able to rotate in an outer ring. One

di sadvant age of these mechanisns is that the nechanismis expensive: the
beari ngs thensel ves and the precise machi ni ng necessary to | oad the
bearings in the ring are costly. Wth the above discussion in
mnd, it is one object of the present invention to provide a device testing
syst em whi cheiabtetde and completady APSHA dhenopposiset 848ehead to the
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cables is in ent en.tﬁe systemis used totest a varie of probers and
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through an opening included in the ring. The testing
system further includes a test head, attached to the test
head adapter ring so that pivotal movement of the test
head is permitted; a test cabinet; a cable connected
between the test cabinet and the test head and passing
through the test head adapter ring:; and a cable support.

It is to be understood that both the foregoing
general description and the following detailed
description are exemplary, but are not restrictive, of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understocd from the
following detailed description when read in connection
with the accompanying drawings, in which:

FIGURE 1A is a perspactive view of the support
structure of a device testing system constructed in
accordance with the present invention, which also shows
the six degrees of freedom of the system; Figures 1B and



It is advantageous to control the length of the cable enconpassing the bend

@

or ,twisf. Anot her object is safety and ease of operation of the
test head positioning system Related objects are to provide a system which
properly bal ances the test head in the cable pivot arrangenent for
acceptabl e handling. Still another ob]ékf Is to provide a systemable to
dock to a variety of probers and handl ers, including those built |ike
pedestal desks, and to position especially large test heads low to the
floor without having the cables touch the floor. It is also advantageous
to allow nounting of the test head directly to the cable pivot arrangenent.
Finally, an object of the present invention is to provide a system which
can be manufiCtaredcress E34ignadt IWiewss fadies ajpopg dinasnaBrif and

1C-1C in Figure 1A, respectively,

Figure 2A is an exploded view of the test head
adapter ring support structure according to an exemplary
embodiment of the present invention showing one way of
attaching a test head t{o thes adapter ring.

FIGURE 2B is a perspective view of the test
head adapter ring support structure, according to the
exemplary embcdiment of the present invention of Pigure
2A showing the test head attached.

Figures 3A-B are perxspective drawings
illustrating installation of the single piece test head
adapter ring to the cable pivot housing;

FIGURE 4 is a perspective view of the test head
adapter ring support $tructure according to ancther
exemplary embodiment of the present invention showing a
further way of attaching a test head to the adapter ring.

FIGURE 5 is a perspective view of the test head
adapter ring support structure, and of a third embodiment
of the attachment between the test head and the ring, of
a device testing system constructed in accordance with
the present invention; and



al i.gnment tol erance requirements. SUMVARY COF THE | NVENTI ON

To,achi &ve these and other objects, and in view of its purposes, the
present invention provides a device testing systemw th a support structure
and a positioner able to nove al ong tjmg support structure. Also included
Is a cable pivot housing defining a substantially circular passage and
havi ng a connecting structure on only one side, so that the passage is
partly closed on that side and conpletely open on the
opposite side. A

FIGURE 6 is a perspective viaw of the test head
adapter ring support structure having an offset holding

arm.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1A is a perspective view of an
electronic device testing system constructed in
accordance with the present invention. The system is
generally similar to the one described and illustrated in
U.§. patents No. 4,893,074 and 4,589,815.

The system includes a suppert structure {(not
shown:) which maintaine a main shaft 10 in the vertical
direction (the y-direction of Figure 1) and a positioner
12. Positiomer 12 can move vertically along shaft 10 in
the y-direction and can rotate about shaft 10 in the 8y
direction. Positioner 12 can be fixed relative to shaft.
10 by tightening main lock collar l4 using main lock 16.
Positioner 12 includes a main arm 18, a forearm assembly
20, and a wrist assembly 22, Forearm assembly 20 is
attached to main arm 18 at forearm mount blocks 34 so
that forearm assembly 20 can move vertically along shaft

10 in the y-direction.



S|ngle pi ece test head adapter ring is rotatably positioned in the passage
of 't he fousing. The ring is installed in the housing by a nethod of

i nstal | ation which incl udes attaching camfollowers to the housing through
an opening included in the ring. The testing systemfurther includes a test
head, attached to the test head adapttﬁ9|ﬁ ng so that pivotal novenent of
the test head is permtted; a test cabinet; a cable connected between the
test cabinet and the test head and passing through the test head adapter
ring; and a cabl e support. It is to be understood that both the
f oregoi ng general description and the follow ng detail ed description are
exenpl ary, but are not restrictive, of the invention. BRI EF DESCRI PTI ON
OF THE DRAW NGS Forearmmrassemalk izt Has Beyenticedsedbavwf sbatthe
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acconpanyi ng_draw ngs, in whic i'S a per spective
view of the BLER®¥IkER JoRIR esléﬁ*-ta %\Aﬁ:éht%% sfﬁ’?@ﬁhﬂ!‘oﬁ%ﬁ i¥d in

20 can rotate in the ey direction abou: shaft 28 relative
to main arm 18. Lock ¢ollar 30, activated by elbow lock
32, fixes forearm assembly 20 on shaft 28.

Wrist assembly 22, in turn, is attached to
forearm assembly 20. Wrist assembly 22 includes a wrist
housing 36 having a circular portion, through which a
vertical wrist shaft 38 is disposed, and a block face.
The circular portion and block face of wrist housing 36
may be formed as a single casting. Vertical wrist shaft
38 is further displaced in the z-directien from elbow
shaft 28 and main shaft 10. Note that the combination of
possible rotations about the three, separate, vertical
shafts 10, 28, and 38 allows the test head 56 (see Figure
2A} to be positioned along the x and z axes. Wrist
assembly 22 can rotate in the 8y direction about vertical
wrist shaft 38--unless locked in place by vertical wrist
lock 40.

Wrist assembly 22 can alsgo rotate about the z
axis. As shown in Figure 1B, wrist assambly 22 also has
a horizontal circular portion through which a horizontal
wrist shaft 44A is disposed. Horizontal wrist shaft 44A
has a flange portion 44B which is attached to the
circular flange end 48 of cable pivot adapter 4§. To



accordance with the present invention, which also shows the six degrees of

fréedonfof the system Figures 1B and 7-
ic are cross sectional views taken along lines IB-1B and 1C-1C in Figure
1A, respectively. Figure 2Ag s an expl oded view of the test

head adapter ring support structure according to an exenplary enbodi nent of
the present invention show ng one way of attaching a test head to the
adapter ring. FIGURE 23 is a perspective view of the test head
adapter ring support structure, according to the exenplary enbodi nent of

t he present invention of Figure

prevent such rotation, horizontal wrist lock 42 can be
used to fix horizontal wrist shaft 44A of wrist assembly
22 in positian. Cable pivet adaptex 46 is affixed to
horizontal wrist shaft 44A by comventional screws, bolts,
pins, or the like.

For acceptable handling, it is very important
that the cantilever load created by, among other
components, the cable and cest head 56 (shown in Figure
2B and described in greater detail below), be balanced in
test head adapter ring 54 for 8z movement. Without
proper balancing, a human operator rotating a 500 kg test
head in the 6y direction would be handling approximately
1600 Nawton-meters ©f torque. For a human operator toc be
handling this amount of torgqus is unsafe.

Fig. 1C shows one way in which balancing is
achieved. A spring assembly 106 is attacked through
spring housing 108 to wrist housing 36. Inside housing
108, two, separate springs are provided to compensate for
the cantilever load. On the load side of cable pivot
housing 52 (in the positive x-direction}, spring housing
108 contains a disc spring 181. Disc spring 181 is
guided by disc¢ spring piston 183 and installed by a disc
spring screw 110. A gimbal pin 112A connects the disc
spring and piston assembly of spring assembly 106 to
wrist assembly 22 via horizontal wrist shaft 44A.
Opposite the load side of cable pivot housing 52 (in the



2A showi ng the test head attached. Fi gures 3A-B are perspective
drawing§ illustrating installation of the single piece test head adapter
ring to the cabl e pivot housing; FIGURS 4 is a perspective
view of the test head adapter ring suppqrt structure according to anot her
exenpl ary enbodi nent of the present invéntion show ng a further way of
attaching a test head to the adapter ring. FIGURE 5 is a
perspective view of the test head adapter ring support structure, and of a
third enbodi ment of the attachnment between the test head and the ring, of a
device testing systemconstructed in accordance with the present invention;

and , .
negative x-direction), spring housing 108 contains coil

apring 185. Coil spring 185 is guided by coil spring
piston 187 and adjusted by a coil spring screw 114.
Gimbal pin 112B connects coil spring 185 and coil spring
piston 187 of spring assembly 106 to wrist assembly 22
via horizontal wrist shaft 44A. The coil spring is used
for calibration, to compensate for tolerance izherent in
disc spring 181.

Cable pivot adapter 46 includes flange 48 and a
beam 50. Beam 50 is attached (welded or formed as an
integral casting, for example} to flange 48 on one end.
Cable pivot adapter 46 is affixed to horizontal wrist
shaft 44A by conventional screws, bolts, pins, or the
iike which extend through openings in flange 48 to he
received in respective corresponding openings in flange
portion 44B. Beam 50 ls attached (through screws, bolts,
or the like) to a cable pivot housing 52 on its opposite
end, thereby comnecting flange 48 and cable pivot housing
52. Cable pivot housing 52 retains test head adapter
ring 54, allowing ring 54 to xotate (in the 8y direction)
within housing 52 in a manner described below. Test head
56 is attached to ring 54 in a number of possible ways,
some of which are described below, allowing ring 54 te
transfer movement to test head 56.

Test head 56 interacts with the electronic
interface components (connectors, pogc pins, printed



FIGURE 6 is a perspective view of the test head adapter ring support
stfuctufe having an offset holding arm DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Figure 1A is a perspective view of an electronic
devi ce testing system constructed in_ag_ rdance with the present invention.
The systemis generally simlar to the one described and illustrated in

U S. Patents No. 4,893,074 and 4, 589, 815. The systemincl udes a
support structure (not shown) which naintains a main shaft 10 in the
vertical direction (the y-direction of Figure 1) and a positioner 12.
Positioner 12 can nove vertically along shaft 10 in the y-direction and can
rotate about shaft 10 in_the directiqn. Positioner 12 can be fiéed

I
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assenbly 22. Forearm assenbly 20 js attached to main _arm 18 at .forearm

mount b|ock31q§pg£%ce compongkts £ fon amage or excessive wear during
the docking and undocking action between test head 56 and
the system, motion of the test head during such action
must be precisely in line with the motion axis of the
electronic interface components. Accordingly, tast head
56 must be able to move accurately and effortlessly inm
any or all of the six degrees of motion freedom of a
Cartesian coordinate system during the docking and
undocking action. These six degrees of freedom, as shown
in Figure 1, include linear motion in the x (horizontal;
left to right), y (vertical), and z {(horizontal; in and
out) axes and rotation about each axis in the 8y, 8y, and
8, directions--all relative to the center of the
interface board plane on which the electrical

interconnect components are mounted.

The invention achieves six degrees of freedom
of motion by carefully assuring that balance is
maintained (as described below) on each axis of motion in
the design of both the positioner 12 and the test head
adapter ring 54 elements of the device testing system.

A cable, usually composed of a number of
individual cables {(not shown), extends into test head 56
through test head adapter ring 54. Electronic signals
generated by test head 56 and power are delivered along



thgt forearm assenbly 20 can nove vertically along shaft 10 in the

y-di recfion. - 9- For ear m
assenbly 20 has a vertical elbow shaft 28 displaced in the z-direction from
the vertical axis along which main shaf{410 is di sposed. Forearm assenbly
20 can rotate in the Oy direction about shaft 28 relative to main arm 18.
Lock collar 30, activated by el bow | ock 32, fixes forearm assenbly 20 on
shaft 28. Wist assenbly 22, in turn, is attached to forearm
assenbly 20. Wist assenbly 22 includes a wist housing 36 having a
circular portion, through which a vertical wist shaft 38 is disposed, and

a block facey,Iig hhSULAEoPIEE PR RlACKRGR Y YndiRS' Mo
carry the cables, a2 telescopic¢ cable support 58 is
providad. Support 58 has spherical bearings on each end
which allow freedcm of movement. Support 58 is more
fully described in U.S. Patent No. 4,893,070.

As shown in Figures 2R and 2B, cable pivot
housing 52 only partially surrounds test head adapter
ring 54. Housing 52 has a 1ip 60 having two holes 62
into which two horizontal cam £ollowers 64 are inserted
(in the x-direction). Perpendicular to horizontal cam
followers 64, three radial cam followers 66 are inserted
into the inside radial surface 68 of cable pivot housing
52 inco three holes 63. The wall 70 of housing 52 which
faces tegt head 56 is open; wall 70 does n¢t contain a
lip or flange similar te lip 60 on the opposite side of
housing 52.

Cable pivot housing 52 engages test head
adapter ring 54, holding ring 54 in position, allowing
ring 54 to rotate within housing 52, and transferring the
location-fixing movements of positioner 12 to test head
56. Test head adapter ring 54 is formed as a single
piece ring, generally as aluminum plate or tubing. Ring
54 includes guide 82 and groove 84, Steel may also be
used. However, steel is typically heavier than aluminum
and more expensive.



may be formed as a single casting. Vertical wist shaft 38 is further

di splackd in the z-direction from el bow shaft 28 and nain shaft 10. Note
that the conbination of possible rotations about the three, separate,
vertical shafts 10, 28, and 38 all ows fthe-~test head 56 (see Figure 2A) to
be positioned along the x and z axes. Wist assenbly 22 can rotate in the
Oy direction about vertical wist shaft 38--unless | ocked in place by
vertical wist |ock 40. Wist assenbly 22 can al so rotate about
the z axis. As shown in Figure | B, wist assenbly 22 al so has a horizontal
circular portion through which a horizontal wist shaft 44A is disposed.

Horizontal wist shaftgddf s iz Foned Bebina@ntAdEoubitlei 6Eatégehed to

the circular flange end 48 of cahle |vot ada ter ,46. Io
10 - head adapter ring 54 in t a sid posite wall 70.

Horizontal cam followers 64 engage guide 82 when ring 54
is in position inside cable pivot housing 52. Similarly,
a radial groove 84 is formed around the circumferance of
ring 54. Groove 84 engages radial cam followers 66 when
ring 54 is in pesition inside housing 52.

Horizontal cam followers 64 and radial cam
followers 66 are standard hardware, forming complete
units containing needle bearings. Such cam followers are
inexpensive relative to the big-diameter ball bearings
previously used in conventional cable pivot arrangements,
although they are as useful in high-load carrying parts
such as test head adapter ring 54.

Rccording to the present invention, two
horizontal cam followers 64 and three radial cam
foilowers 66 are preferable. The horizontal cam
followers 64 are disposed perpendicular to the radial cam
followers 66. Moreover, the two horizontal cam followers
64 and two of the three radial cam followers 66 are
linearly disposed aleng imaginary, intersecting lines,
with the third radial cam follower 66 disposed midway
between the two horizontal-radial cam follower pairs.

Such an arrangement of the cam followers is
advantagecus because it minimizes alignment tolerance



prevent such rotation, horizontal wist |lock 42 can be used to fix

hofi zongal wri st shaft 44A of wist assenbly 22 in position. Cable pivot
adapter 46 is affixed to horizontal wist shaft 44A by conventional screws,
bolts, pins, or the |ike. Fojgacceptable handling, it is very

I nportant that the cantilever |oad created by, anong other conponents, the
cable and test head 56 (shown in Figure 28 and described in greater detai
bel ow), be balanced in test head adapter ring 54 for Jerr] novenent.

W t hout proper bal ancing, a human operator rotating a 500 kg test head in
the err] direction would be handling approxi mately 1600 Newton-neters of
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Spring screw 2A connecfs the disc spring and plston
assenbly of bﬁﬁlﬁéexsyéﬁﬁﬁy 3ve §@ be in line so that they properly

shared the load. Because only two horizontal cam
followers 64 are used, their perpendicularity is not as
critical and alignment tolerances are more easily met.

Figures 3A-3D illustrate attachment of test
nead adapter ring 54, to housing 52. First, as shown in
Figure 3A, after cam followers 64 are inserted into holes
62, cam followers 64 are engaged into guide 82. Opening
125 is then used to install cam followers 66. As shown
in Figure 3B, test head adapter ring is rotated so that
opening 125 coincides with one of the holes 63. Cam
follower 66 is then ingerted through hole 125 and into
one of the holes 63. Next, ring 54 is rotated, as shown
in Figures 3C and 3D so that hole 125 coincides with
another hole 63. Another cam follower 66 is then
inserted in hole 63. As shown in Figure 3D, ring 54 is
again rotated so that hole 125 coincides with the
remaining hole 63. Remaining cam follower 66 is then
ingerted into remalning hele 63. In this manner, ring 54
is attached to housing 52.



wrist assenbly 22 via horizontal wist shaft 44A. Opposite the | oad side of
capl e pEvot housing 52 (in the negative x-direction), spring
housi ng 108 contains coil spring 185. Coil spring 185 is guided by coi
spring piston 187 and adjusted by a qo&% spring screw 114. G nbal pin 112B
connects coil spring 185 and coil spring piston 187 of spring assenbly 106
to wist assenbly 22 via horizontal wist shaft 44A. The coil spring is
used for calibration, to conpensate for tolerance inherent in disc spring
181. Cabl e pivot adapter 46 includes flange 48 and a beam 50.
Beam 50 is attached (welded or fornmed as an integral casting, for exanple)

to flange 48 on one end.
J Test head 56 may be mounted to test head

adapter ring 54 in a variety of ways. Threse embodiments
of the attachment between the test head 56 and the ring
54 are illustrated in the drawing. Turning zagain to
Figure 2A and Figure 2B, a test head mount 86 can be
affixed to thke inside suxface 88 of test head adapter
ring 54 or to both the inside surface 88 and the face 104
of ring 54 (or to face 104 as ghown in Figure 4 and as
described below). Radial screws, pins, or the like 90
engaging passages 92 in test head mount 86 may be used to
position test head mount 86. A rod 94, affixed to test
head 56 on one end, is attached t¢ (and may be integral
with) test head mount 86. Rod 94 may extend beyond test
head mount 86 and attaches to cable support 58 on its
opposite end.

Figure 4 shows an alternative attachment
between the test head 56 and the test head adapter ring
54. In that embodiment, a cradle, harness, or yoke 96
supporting test head 56 is attached directly to the face
104 of ring 54 without using additiomal structure such as
test head mount 86 and rod 94. Conventional screws,
bolts, pins, or the like 98 may be used to attach the

elements.

Figure S'illustrates a third embodiment of the
attachment between the test head 56 and the test head
adapter zing 54. A projection 102 is formed on test head



Cabl e pivot adapter 46 is affixed to horizontal wist shaft 44A by

convent i'onal screws, bolts, pins, or the Iike which extend through openings
in flange 48 to be received in respective correspondi ng openings in flange
portion 44B. Beam 50 is attached (thrqughk screws, bolts, or the like) to a
cabl e pivot housing 52 on its opposite end, thereby connecting flange 48
and cabl e pivot housing. 52. Cable pivot housing 52 retains test head
adapter ring 54, allowing ring 54 to rotate (in the Ox direction) within
housing 52 in a manner described bel ow. Test head 56 is attached to ring 54
In a nunber of possible ways, sone of which are described bel ow, allow ng

ring 54 to transf venent .tqQ test head 56 Test head 56
interacts wi tﬁ’n‘t h?@r%‘c‘ﬁ?jtﬂﬂ é‘q%ntcéf‘f DB ALLAFBRENt BY( EBH“%EFB?%?{]pogo pi ns,

printed means, directly to ring 54. -12-

The outside diameter of ring 54 is desirably
smaller than the thickness ¢f test head 56 so that ring
54 is below the top surface of the docking plate
positionad on tcp of test head 56§. This praevents
interference with docking to laxge handlers.

Given the constraints on the outside diameter
of test head adapter ring 54, the inside diameter of ring
54 is reduced as the thickness of face 104 is increased;
but that inside diameter must be sufficient to pass the
relatively large cable to test head 56. By providing an
open cable pivot housing 52, the present invention can
incorporate a thinner face 104 yet achieve the consequent
mounting advantage.

In any event, the center of gravity of the load
of test head 56 {and its associated cables) should pass
through the center of ring 54 so that the tast head
remains balanced as it is rotated about the 68y axis. The
center of gravity (Cg)of the test head load may not be
symnetrically aligned if, for example, the cable does not
connect to test hgad 56 symmetrically about the Cg {i.e.
the cable may be attached to an edge of test head 56 in
certain designs). Such misalignment can exacerbate the
balancing difficulty.



circuit boards, and the like) of the systemto be tested (not shown). In
orfler t® protect the fragile electronic interface conponents from damage or
excessi ve wear during the docking and undocki ng action between test head 56
and the system notion of the test headduring such action nust be
precisely inline with the notion axis of the electronic interface
conponents. Accordingly, test head 56 nust be able to nove accurately and
effortlessly in any or all of the six degrees of notion freedomof a
Cartesi an coordi nate system during the docking and undocki ng action. These
si x degrees of freedom as shown in Figure 1, include linear notion in the
X (horizontal; left toright), y (vertical), and z (horizontal; in and out)
axes and rotation about each axis in the Qerr], derr] and Jerr]
directions--all rel at I'Thee temdddineant @f ahel peeiseher Lavenbdandshbane on

Fventi on ach e 1% i Hbiing RERRAREYT 1050 +8 58y Hare e 3°8%sur i ng

that bal anceof sthamasu rexhd al@nfeddisi besoodbbed cabdesh.axThabf lgadi on in

the desion laPalil 'ﬁ&@r wifndi Ll9nbea! sR2dflzadankab)
JéVICE test Sy Bl e

in
el enents of e, usua g)éonposed
of a nunber W¥OVIGHing R/t dbﬁﬁde§d@@(§rﬁrsﬁ'éﬂﬁ) S4ciknepBsof ABBLt est head 36

position, as shown in Figure 6. To assure that the

center of gravity of the load passes through the center
of ring 54 in the x-direction and through the center of
flanqge 48 in the z-direction, beam 50 is formed in a z-

shaped conficuration.

Usually prasent as part of the cable pivot of
the present invention, is a conventional cable pivot lock
knoeb 189. Such a lock knob is typically placed in cable
pivot housing 52 and can engage test head adapter ring 54
to lock ring 54 in position.

Although the invention is illustrated and
described herein as embodied in a device testing system,
which comprises a support structure, a positioner, a
cable pivot housing defining a substantially circular
passage completely open on one side, a single piece test
head adapter ring, a test head, a test cablnet, a cable,
and a cable support, it is nevertheless not inteanded to
be limited to the details shown. Rathexr, various
modifications may be made in the details within the scope



through test head adapter ring 54. Electronic signals generated by test
head 56%*and power are delivered al ong - 13-
these cables to and froma test cabinet (not shown). To carry the cables, a
tel escopi c cable support 58 is provided. Support 58 has spherical bearings
on each end which al |l ow freedom of novehent. Support 58 is nore fully
described in U S. Patent No. 4,893, 070. As shown in Figures 2A
and 2B, cable pivot housing 52 only partially surrounds test head adapter
ring 54. Housing 52 has a lip 60 having two holes 62 into which two

hori zontal camfollowers 64 are inserted (in the x-direction).

Per pendi cul ar to horizontal camfollowers 64, three radial camfoll owers 66
are insertedand range of equivalents of the claims and without

departing from the spirit of the invention.



into the inside radi-al.  surface 68 of cable pivot housing 52 into three

hol es 63. The wall 70 of housing 52 which faces test=head—56-is-onen; wall

70 does not cont ai mﬂm ﬂml E” simlar to |ijpTE® SHEFhEASEEESI tle si de
of housi ng 52. vot Qusi ng 54 enga@aﬂmsn head adapt er
ring 54, holdlngrlng 754|n p05|t|on al'l ow ng rimg ‘hin

housi ng S3ynhandclalwasiser ri ng the location-fixing m)vements of p05| tioner 12
to test head 56. Test head adapter ring 54 is formed as a single piece
ring, generally as alum num plate or tubing. Ring 54 includes guide 82 and

groove 84. Steel may, al sq b@aw@g{mgsy&mvafcmdmge@kestﬁeaayfart‘eahxhxu&geav' ir

t han al um pum and, npre expensi ve. -
electroni¢ devices comprising:

a movable positioner;

a cable pivot housing including an inside curved surface and 2 lip on one
side of said housing;

means for attaching said cable pivor housing to said positioner,

a test head adapter ring including 2 single piece for rotatably positioning
said test head adapter ring while abutting said curved surface and said lip of said cable
pivor housing, said test head adapter ring including an opening extending between a) an
outside surface aiong the outer circumference of said test head adapter ring and b) an
inside surface along the inner circumference of said test head adapter ring;

first attachment means for artaching said test head adapter ring to said
cable pivot housing; :

second attachment means for attaching said test head to said test head
adapter ring for pivotal movement of said test head.

2. A device testing system as claimed in claim 1 wherein:

(a) a face of said test head adapter ring adjacent said lip has a guide
formed in said face,

(b) the outer circumference of said test head adapter ring has a radial
groove,

(c) a pluralicy of horizontal cam followers are positioned on said lip of
said cable pivor housing for engaging said guide, and

(d) a plurality of radial cam followers are positioned on said inside radial
surface of said cable pivot housing for engaging said radial groove.

3. A device testing system as claimed in claim 2 wherein said
horizontal cam followers are positioned perpendicular to said radial cam followers.

4, A device testing systemn as claimed in claim 3 wherein there are
rwo horizontal cam followers and three radial cam followers.

s, A device resting system as claimed in claim 1 wherein said
second artachment means includes:

This Sheet Has Been Reﬂ
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CGuide 82 is formed_around the outside of test head adapter r| ng 54 “nn the
si de opposite wall 70. Horizontal cam followers 64 engaggequtg

(i:]lrggvg48l4$| !snf g?ﬁ%”lmmnﬂ“twﬁﬁl P s nggug:‘ ng-lﬁigz-%4 G oove 84 engages

radial cam fol l owerd 66 wher ri‘ng 54 |s | n position inside housing 52.

Hori zontal cam f ol | ol Sed fenitofitdied 8 Taiddhiiay Rirfacb Of e sl Radar d

har dware, form ng cohplete units contalining need earings. Such cam

fol |l oners mfeifrﬁ@%p ive relative to the big-dianeter ball bearings
previously used in cgy)uaodiaffiel t6 it Gesphetdtonodriesnd ANt Bhgagingy daltbughheatiey are
as useful in high-load carrying parts such as test head adapter ring 54.
Accordi ng PQUthe present invention, two horizontal camfollowers 64 and
three radial camfollowers 66 are pref erable. The horizontal camfollowers

two hor | zontal cam o1 1 ovihVish e oleB & clifiea 8 clatt Suein Sl COVELL e
?ﬁ a& el ijnmonqamhmsmMSom@udmgdohasqpponmg@mfl@cﬂaanftgp;lrﬁatdb'sencwsms t he
ird radi n the two
':agﬂepl h el HRARFEsTedi G¥aphi e

horlzontal-ra wer® pal rs.

7. A device testing system as claimed in claim 1 wherein said
second attachment means includes a projection formed on said test head and connected
directly to said test head adaprer ring.

8. A device testing system as claimed in claim 1 wherein the outside
diameter of said test head adapter ring is smaller than the thickness of said test head.

9. A device testing system as claimed in claim 1 wherein the center
of gravity of the cantlever Ioad carried by said test head adapter ring passes through
the center of said cable pivor housing.

10. A device testing system according to claim 1, further comprising
a cam follower adapted to be received into said opening and to be attached 1o said
inside curved surface of said cable pivor housing.

11. A device testing system according to claim 1, further comprising
a cable connected to s2id test head and passing through said test head adapter ring.

12. A device testing system according 1o claim 1, wherein said ring
includes a groove on said outside surface and said first atachment means includes a
projecting member inserted in the opening and secured to said cable pivot housing and
in slidable relation to the groove thereby to secure said ring o said cable pivot housing.

13. A device testing sysiem according to claim I, wherein said ring
includes an additional groove ou 2 side surface of said ring and said first attachment
means includes an additional projecting member in slidable relation to the additional
groave.

Sheet Has Been RTlaced
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Such an_arrangenment of the camfoll over s S advangageoué he@a@
m ni mi z8s al i gnnent_t requi f-ement &Wlmwd%r share
the cantilever | oad ‘!M ﬁm H%H head adapt er ring 547 *thes 11 | ower s
must be in |ine. capptol | oners 64 were used, for
exanpl e, they mould not onIy have to be critically perpendicular to the

radi al camfol |l owers186, Buhethbe Yorvunedting a¢able pivoe housidg toea @st Hebdit t hey

sed, ¢ hei AR SMAVERT 4 peeg DCHRBoRRE bt Peab BRER S SO ol er ances.
are nore easily net. Figures 3A-3D illustrate attachnent of

test head adapter ripgq2dye bRob AbiRinSnAades ) s insicHV Srtabe, b) a lip on

one side of said housing, c) a plurality openings formed in said inside
curved surface, each for receiving a respective one of a plurality of cam
~ followers, and d) a further plurality of cam followers atrached to said

lip;

said test head adapter ving includes a) an outside surface along the outer
circumference of said test head adapter ring, b) an inside surface along
the inner circumference of said test head adaprer ring, and ¢) an opening
extending between said inside surface and said outside surface;

said method comprising the steps of:

atraching said test head adapter ring to said further plurality of cam
followers attached to said lip;

rotating said test head adapter ring so that said west head adapter ring
opening coincides with one of said plurality of openings formed in said inside curved
surface;

inserting one of said plurality of cam followers through said test head
adapter ring opening;

attaching said one of said plurality of cam followers to said one of said
plurality of openings formed in said inside curved surface;

rotating said test head adapter ring so that said opening in said test head
adapter ring coincides with another of said plurality of openings formed in said inside
curved surface;

inserting another one of said cam followers through said test head
adapter ring opening; and

o
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Figure 3A, after cam-foltowers 64 are i nserted |nt-‘a hol-es 62, _camfollowers

64. ar e .8ngaged into g 125 is then used to-4 nls;(al’l"'&“‘
followers 66. As s ﬂim test head adapter rlng,\usxrof:at d so
t hat opening 125 c one of oghe hol es 637 --Cam-f-ol Lower 6

then inserted through hoI e 125 and into one of the holes 63. Next, ri ng 54

is rotated, as Sho""’htﬂaﬂuﬁgﬁiﬂﬁﬁmﬂ& o%@%f@ﬁd%rhmtof*&ﬁh%ﬂ%e@% g@udes with
anot her hoI e . 63. An ‘ﬁgldﬁj Ilower 66 serte hoI e 63. As

Shown i n FAGHEEORLPE 54 of s fomeddn 88 i SIRAESuEBeScor nei des
with the remai ning hole 63. Remaining camfollower 66 is then inserted into

remai ni ng hole 63. IR thi A q‘ragég?&%g% abrcép%&%%nﬁggkoo E%Pﬁéaﬁg 52.

Test head 56 nay be unt'ed
adapter ring according 0 14 further comprising the step of connecting a cable to said

test head by passing said cable through said test head adapter ring.

-
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adqpter,ring 54 in a variety of ways. Three enbodi nents of the attachnent
between*the test head 56 and the ring 54 are illustrated in the draw ng.
Turning again to Figure 2A and Figure 2B, a test head nount 86 can be
affixed to the inside surface 88 of test head adapter ring 54 or to both
the inside surface 88 and the face 104 ot ring 54 (or to face 104 as shown
in Figure 4 and as described below). Radial screws, pins, or the |like 90
engagi ng passages 92 in test head nount 86 nay be used to position test
head nount 86. A rod 94, affixed to test head 56 on one end, is attached
to (and may be integral with) test head nount 86. Rod 94 may extend beyond
test head nount 86 and attaches to cable support 58 on its opposite end.
Figure 4 shows an alternative attachnment between the test head 56 and the
test head adapter ring 54- In that enbodi nent, a cradle, harness, or yoke
96 supporting test head 56 is attached directly to the face 104 of ring 54
W t hout using additional structure such as test head nount 86 and rod 94.
Conventi onal screw balg s, pins, or the like 98 way be used to attach the
el enent s. Figure 5 illustrates a third enbodi nent of the

()
at t achnent bet«ﬂﬁEI!U“ test head 56 and the test head adapter ring 54. A
proj ection 10‘ ipdhon test head

34~

/ .

14

34—
12~




- 17 - 56. Projection 102 can be attached, by conventional neans,
disrecth§ to ring 54. The outside dianeter of ring 54 is
desirably smaller than the thickness of test head 56 so that ring 54 is
bel ow the top surface of the docking plate positioned on top of test head
56. This prevents interference with dock#ng to |arge handl ers.

G ven the constraints on the outside dianeter of test head adapter ring 54,
the inside dianmeter of ring 54 is reduced as the thickness of face 104 is

i ncreased; but that inside diameter nust be sufficient to pass the
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rel,atively large cable to test head 56. By providing an open cable pivot
housi ng©52, the present invention can incorporate a thinner face 104 yet
achi eve the consequent nounting advant age. In any event, the
center of gravity of the |oad of test head 56 (and its associ ated cabl es)
shoul d pass through the center of ring 53 so that the test head, renmins
bal anced as it is rotated about the 6[err] axis. The center of gravity
(err])of the test head | oad may not be symretrically aligned if, for
exanpl e, the cable does not connect to test head 56 symetrically about the
Cerr] (i.e. the cable my be attached to an edge of test head 56 in
certain designs). Such m salignnment can exacerbate the bal anci ng
difficulty. 50




The enbgdinent of the present invention shown in Figure 1A use spring
assenbky 106 to balance the | oad of the test head (and its associ ated
cables). That |oad may al so be bal anced, wi thout using a spring assenbly,
by providing test head adapter ring 54 in an offset position, as shown in
Figure 6. To assure that the center of gffavity of the |oad passes through
the center of ring 54 in the x-direction and through the center of flange
48 in the z-direction, beam50 is forned in a z- shaped configuration.
Usual | y present as part of the cable pivot of the present invention, is a
conventional cable pivot |ock knob 189. Such a |l ock knob is typically

pl aced in cable pivot housing 52 and can engage test head adapter ring 54
to lock ring 54 in position. Al t hough the invention is
illustrated and described herein as enbodied in a device testing system
whi ch conprises a support structure, a positioner, a cable pivot housing
defining a substantially circular passage conpletely open on one side, a
single piece test head adapter ring, e?ékst @ad, a test cabinet, a cable,
and a cabl e support, it is neverthel ess [ nded to be limted to the
details shown. -Rather, various

54

125

FIG. 3B FIG. 3C



nodi fécations may be made in the details within the scope

- 219 -a® and range of equivalents of the clainms and w thout departing
fromthe spirit of the invention. Substitute sheet - 27
May 1997 I TC 169 -20- What is dained

is:- 5




1. gﬁéréevice testing system including a test head, for evaluating

ebett rofi ¢ devi ces conpri si ng: a novabl e positioner;

a cabl e pivot housing including an inside curved surface and a |lip on one
si de of said housing; means for attaching said cable pivot
housing to said positioner, 6 a test bead adapter ring

i ncluding a single piece circular nenber for rotatably positioning said
test bead adapter ring while abutting said curved surface and said |lip of
sai d cabl e pivot housing, said test head adapter ring including an opening
extendi ng between a) an outside surface along the outer circunference of
said test bead adapter ring_and b)ggan inside surface al ong the inner
cirunference of said test h8&d adapt g4 ri ng; first attachnment
g , Isgering to said cable pivot

ans for attaching said test head
novenent of said test head.
{n clai nP@ wherein:

j ace ald |ip on said one
' - v 3]l < JP (0 de forned in san~d_face,
(b) the outer Ci I/, @R £ »{ head adapter ring hd

housi ng; se
to said test head adapter
2. A devi ce testis&g SY
(a) a face of s tgst




radi al

groove, | TC- 169 -21-

(c) a plurality of horizontal camfollowers are positioned on said |ip of
sai d cabl e pivot housing for engagi ng said guide, and
plurality of radial camfollowers are positioned on sai-d i nside radial
surface of said cable pivot housing for engaging said radial groove.
3. A device testing systemas clainmed in claim2 wherein said horizontal

cam foll owers are positioned perpendicular to said radi al

(d) a

cam f ol | ower s.

4, A devDENICBSTESHING SS¥STEN WITHNEABLE RIVEITmANDWMEBHODt B¥re are two

hori zont al (QgmidtoMers and three radial camfoll owers.

A device testing systemas claiined in claiml wherein said second
attachnment means i ncl ude: ABSTRACT (a) an inside surface forned on
said test head adapter ring,

A device testing system of the type in which an
elactronic test head is mounted for pivotal movement
about three orxrthogonal axes. Cables are connacted
between a test cabinet and the test head to carry
electronic signals. The test head is directly mounted
to, and the cable is introduced to the test head through,
a single plece cable pivet. The single piece cabla pivot
is attached to its housing by a method of installation
which includes attaching cam followers to the housing
through an opening included in the ring.

6.



i
1

' : o T
(b) :a test head nount affixed to said inside surface of!lsai d-agaemggég
n o

adapter ring, and i ) arod affixed to slidt r;1§e
end and engagi ng SMHmMH'“}MMM 7. - _ A devite tésting
systemas clained IR ctalm n sai d sec@ubsaittitec bhieet - AZaMayi T3 Zides
a yoke sum_tlggg and at least partially enclosing said test head aitached
directly t0 sald test head adapter riyg. 8. A device
testing systemas clainmed in claiml1™wherein said second attachnent neans

i ncl udes ahptojeciaimed bssved on said test head and connected directly to
said test head adapter ring. | TC- 169 C L M S

-22- 10. A device testing systemas clained in claim1l

wherein the centery of i for tal r ‘g%«,@;d t est
head adapter ring %r')assgegs#‘ﬁ%tﬁﬁx‘?@sgﬁt%%ﬁgﬁ%é?%qggg{i’efdgiq:vo ofisi ng.
11. A netlesdroni¢ deyicas ROMPUSIDEAD| e pi vot housing to a test head adapter
ring which is used for supporting a test head, wherein

a movable positioner;

a cable pivot bousing including an inside curved surface and a lip
on one side of said housing;

means for attaching said cable pivot bousing to said positioner,

a test head adapter ring including a single piece circular member
for rotatably positioning said test head adapter ring while abutting said curved
surface and said lip of said cable pivot housing, said test head adapter ring
including an opening extending between a) an outside surface along the outer
circumference of said test head adapter ring and b) an inside surface along the
inner circumference of said test head adapter ring;

| first attachment means for attaching said test head adapter ring to
said cable pivot housing;

second attachment means for attaching said test head to said test
bead adapter ring for pivotal movement of said test head.

2. A device testing system as claimed in claim 1 wherein:

{a) a face of said test head adapter ring adjacent said lip on said one
side of said cable pivot housing has a guide formed in said face,

(b) the outer circumference of said test head adapter ring has a
radial groove,



l'ip on one side of said housing, c) a plurality opening

said inside curved receiving a respecti Iz?ar:ggg : n\'\. ES? ----- l
plurality of cam foﬁlmluﬁﬂ" Imﬁn”'ml further g|${55§ﬂ E’Ve "'___"____ R

R "._"1',
said cabl e pivot housing includes a) an inside curved sggfae:afh)“a SHE |‘
I

fol | owers ﬁga‘.«:@ed to sdid'lip;, s * i ng
I ncl udes a ut side surface al ong th&l- outer circunference
of said test head adapter ring, b) an i nsi de surface al ong

the inner circunferenge aid_tes d ad ring, and
c) an openng extendi @%g{"ﬁé\gﬁ"g;ﬁ“ %&PH’GES afsgpositioned on said lip 5 ¢
out si de suof said;cablespivdt hmﬂinglfmagﬁgmid@ﬁdﬂand of

attaching said test head adapter ring to said further plurality of cam
followers attached to said lip rotating said test head

adapter ring so that{®a glumlny dfe’adlahduptfeﬂomrﬂgmgmnu@cdmmmdensxdcth one

nserti ng. Tl Si¥Ete TR Ot pROFEOReToF Corlbing Rt gPINECT oo

adapter ring openi.ng; attaching said one of said plurality

of camfollowers to said Angvide el BydR!ds!faifledIRUUIRDS WREBRAedi@ S

i nsi de curyed surface,
horizontal cam followers are positioned perpendicular to said radial cam

followers.

4. A device testing system as claimed in claim 3 wherein there
are two horizontal cam followers and three radial cam followers.

6. A device testing system as claimed in claim 1 wherein said
sccond attachment means include:

(2) an inside surface formed on said test head adapter ring,

(b) a test head mount affixed to said inside surface of said test head
adapter ring, and

(c) a rod affixed to said test head on one end and engaging said test
head mount.

7. A device testing system as claimed in claim 1 wherein said
second attachment means includes a yoke supporting and at least partially
enclosing said test head attached direcdy to said test head adapter ring.

8. A device testing system as claimed in claim 1 wherein said
second attachment means includes a projection formed on said test head and
connected directly to said test head adapter ring.



. ey ares S
| TC- 169 . - 23- }Lﬂﬁé‘t—-éﬂ-ﬁ‘g sai
test head adapter’ring so that said—opening in said test head a {aaNQ !
coi-nci des wi th anot ' I lity of openings forme@l*ni%am@de“ﬂ
curved surface; nm’m@,’m’m’mrﬂgﬂr ting anot heubaneu®f sisedtd SAMAPIIGYET S
t hr ough s?#ﬂ:t t head adapter §i openi ng; amd attachrng
sai d anot ‘(} of said plurality of cénfollowers to said another one of
said plurality of openings forned in said inside curved surface.

13. A device testin sys‘&em according to claim1, wherein said first
attachnent neans i ncdesAdeyise Esung sstern dsslameddnsdaim d evhersin theo sai d
openi ng argéntsy ofegravitgafatie canidlaver lodd icderied by 88idswst ead ﬁag&%‘rﬁgam €

:

pi vot housi ng. 4. device testing system acco ng to
claimi, fﬁ%@%ﬂ%‘?%’&é&ﬂ E‘fwﬁrﬂﬁ‘é‘t‘t SHB-sai d test head and passing
t hrough said test head adapter ring. 15. A nethod for

11, “Fur ther. compri 5 by E@“@%@tﬁdﬁr s e

adapter ring which is used for supporting a test head, wherein

said cable pivot housing includes a) an inside curved surface, b) a
lip on one side of said housing, c) a plurality openings formed in
said inside curved surface, each for receiving a respective one of a
plurality of cam followers, and d) a further plurality of cam
followers attached to said lip;

said test head adapter ring includes a) an outside surface along the
outer circumference of said test head adapter ring, b) an inside
surface along the inner circumference of said test head adapter
ring, and ¢) an opening extending between said inside surface and
said outside surface;

said method comprising the steps of:

attaching said test head adapter ring to said further plurality of cam
followers attached to said lip;

rotating said test head adapter ring so that said test head adapter
ring opening coincides with one of said plurality of openings formed in said
inside curved surface;

inserting one of said plurality of cam followers through said test
head adapter ring opening;

attaching said one of said plurality of cam followers to said one of
said plurality- of openings formed in said inside curved surface;



sai d ‘test head .by passing said cable through said test h Eé‘q?*‘“rfr:' \
16. A device testing syste ng to claim1l, whereiin sal Bn@m

i n¢l udes a groove jﬁl E ﬁ rface and said first \atst,@(;hmant msari;c:;;
i ncl udes a proj ect d in the opebstityteshagbedZNaoToG/d
cabl e p|v g-@qggl ng and |n slldable rel.gfion to the groove thereby to

secure said Ting to said cable pivot housing. 17. A device
testing systemaccording to claim1l, wherein said ring includes an

means. i nel udes an adetin e s AER %@%ﬂeéﬁﬂwfﬁh&*ﬁkéﬁéﬁﬁmé
addi t i onalhegdaslapter ring coincides with another of said plurality of openings formed in
said inside curved surface;

inserting another one of said cam followers through said test head
adapter ring opening; and

attaching said another one of said plurality of cam followers to said
another one of said plurality of openings formed in said inside curved surface.

13. A device testing system according to claim 1, wherein said
first atrachment means includes a cam follower adapted to be received into said
opening and to be attached to said inside curved snrface of said cable pivot
housing.

14. A device testing system according to claim 1, further
comprising a cable connected to said test head and passing through said test head
adapter ring.

15. A method for attaching a cable pivot housing to a test head
adapter ring according to 11, further comprising the step of connecting a cable to
said test head by passing said cable through said test head adapter ring.

16. A device testing system according to claim 1, wherein said
ring includes a groove on said outside surface and said first attachment means
includes a projecting member inserted in the opening and secured to said cable
pivot housing and in slidable relation to the groove thereby to secure said ring to
said cable pivot housing.

17. A device testing system according to claim 1, wherein satd
ring includes an additional groove on a side surface of said ring and said first
attachment means includes an additional projecting member in slidable relation
to the additional groove.



