PROBE ASSEMBLY W TH MULTI - DI RECTI ONAL FREEDOM OF MOTI ON AND MOUNTI NG
ASSEMBLY THEREFOR BACKGROUND OF THE | NVENTION Field of the Invention The
invention relates generally to testing of electronic devices and, nore
particularly, to a 5 nmounting assenbly for a test probe which allows

mul ti-directional freedomof notion of-the test probe. The invention al so
relates to a test probe assenbly. Background I nformati on Numerous types of
handhel d el ectroni c devices are known. Exanples of such devices include,
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devi ces feature wrel esMQENHNGCASSEMBa) AMBEREFORal t hough many such
handhel d el ectroni c devices are stand-alone. In order to assure proper
operation, the handhel d el ectronic devices are typically tested as part of
their assenbly process. HAEKGROIGNROE MHE BIVENOON ed on t he handhel d

electgggacg%§¥ice.often include a test of 15 radio frequency (RF) features

and r y of the device. As is known in the art, RF devices

enabl e, amyng imehEsn refitdd @EnerhllrowkdiRk OF SleSRITUMVERE b M@ﬁ&}h&dl&ﬂl}% of the
handhel d. el ectroni ¢ device. her radi o communi cati ons enabl ed

devi c&UnHBE #gambiyiferbigst prebenvhigh pliews mulirdjeections! ordenneiometicond’ thestastel lite
CO””“%hﬁﬁtﬂﬁ@uﬁ@ﬂmﬁﬁﬂﬁﬁékh%Qo@@%SP&BL%& ni cations, antenna

communi cat i ons i ng o ndheld electronlc 20 device' RF
featu@egimggﬁﬂpﬁmmhuylacconpl|shed by way of a switch and probe. Figures 1
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of Fi gifvhicatibiec %Hﬂ/daﬁﬂﬂ f thahy g‘l\}vn d 8&%@&&%&%9 Ere%%ﬂg%ﬁ%koﬂl to, for

~exanple, a coaxial not S T |rst en I nc es a
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Wre &@&g %ke In operation, the retractable portion 14 retracts into
t he eIonga By~ upon engaging the switch 4 (best shown in-Figure 2),
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m%g be cﬂ(t)) Qctlu%gcy 8&' )af‘ee{%l.rzrieg Eme e alterdcclilrlcﬁltry]bf the device. As is known in the art, RF
devices enable, among other things, the wireless communication capabilities of the handheld
electronic device. Other radio communications enabled by RF devices include, without
limitation, navigation communications, satellite communication and navigation and
telecommunications, antenna communications, and the like. Testing of handheld electronic

20  device RF features is typically accomplished by way of a switch and probe.

Figures 1 and 2 show a representative example of a probe 2, which may be an RF probe,

and a switch 4 for testing the wireless communication features of the handheld electronic device
(not shown). The probe 2 includes an elongated body 6 with a first, switch engaging end 8, a
second end 10 and a mounting plate 12 fixed to the body 6 proximate the second end 10. In the

25  example of Figure 1, the second end 10 includes a receptacle for connection to, for example, a
coaxial cable (not shown). The first end 8 includes a spring-loaded retractable portion 14 having
a switch-actuating probe, or wire 16 (Figure 2). In operation, the retractable portion 14 retracts
into the elongated body 6 upon engaging the switch 4 (best shown in Figure 2), theréby enabling

insertion of the wire 16 into the switch 4. The switch 4 may be mounted, on a printed circuit




board (PCB) 18, as shown in Figure 2. The switch 4 includes a receptacle 20
with sloped walls 22, 24 for guiding the probe wire 16 into the switch 4
in order to engage and open a novable contact 26 (Figures 3A and 3B).

Fi gures 3A and 3B generally show the novabl e contact 26 of switch 4. Figure
3A shows 5 the novable contact 26 in the closed position, while Figure 3B
shows the novable contact 26 in the open position after having been
engaged by the probe wire 16. As shown, engagi ng and opening the switch 4
with t ' h LLsemids o g sl at '
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nat _ﬂr ehﬂ}r‘]’g‘ﬁlﬂé’h&r%‘& dgrire Ulféﬂt%ﬁa‘é‘f“émgﬁo 3ratony T?;F PiPbEdde @&ﬁaaﬁlaé{weﬁlﬁanage
dur i ngTheakidgannSSaYRREESe gl%rbe@ ard RlMtYd oMERs s SR tHePRGSE 2 B0t i n
Figure 2, the probe wire 16 bends (not shown) upon hitting an adjacent

por t i ofirBgged JuriBg s testingsegeenge. sl oped side walls 22,24). Although the

rectract abl i : 21 i e ecess 32
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provide sufficient freedom of movement of the probe 2 and, therefore, renders the probe

incapable of accommodating misalignment between the probe 2 and the device under test (DUT)
and, more particularly, misalignment between the switch 4 on the DUT, and the probe 2. Due to
the small size of the components involved, i.e., the switch 4, the probe 2 and, in particular, the

25  wire 16, misalignment can easily occur, and in fact, frequently does occur. The small and thus
fragile nature of the probe wire 16 renders it particularly susceptible to damage during testing
sequences. Specifically, when misaligned, as shown in Figure 2, the probe wire 16 bends (not
shown) upon hitting an adjacent portion of the switch 4 (e.g., sloped side walls 22,24). Although
the rectractable portion 14 of the probe 2 includes a conical shaped recess 32 having sloped sides

30 34,36 which are adapted to assist in centering the probe 2, perfect alignment and insertion of the
probe wire 16 through the center of the switch receptacle 20 is seldom achieved. The rigid
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-2 nature of the probe 2, therefore, tends to result in the msaligned wire
16 being bent. Bending the wire 16 can danage (e.g., yield) and even break
it. Bending al so creates problens when the wre 16 is retracted foll ow ng
testing and when an attenpt is nmade to re-aimthe wire 16 during a
subsequent testing sequence. 5 There is a need, therefore, for a probe
nmounti ng assenbly and probe capabl e of accomobdating m salignnent between
the probe and the DUT, and for an associ ated nethod of enploying the
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can be tﬁﬁqﬁg%ébﬁglrudi ng a base and at least a first resilient nount
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Another aspect of the invention is to provide an improved test probe assembly that, in
response to being misaligned with the DUT, moves in accordance with one or more of a plurality
20 of directions of freedom of movement before yielding or fracture of the test probe occurs.
Another aspect of the invention is to provide an improved mounting assembly with at
least a first resilient mount for providing multi-directional freedom of movement of the test
probe.
Another aspect of the invention is to provide an improved mounting assembly for a test
25  probe of the type used to test an electronic device, in which the general nature of the mounting
assembly can be stated as including a base and at least a first resilient mount disposed on the
base, the at least a first resilient mount being structured to receive the test probe thereon and to
be at least partially deflectable to allow multi-directional freedom of movement of the test probe
with respect to the base. The at least a first support may include a spacer and a shoulder, the

30  spacer being disposed on the base, and the shoulder being disposed on the spacer, the at least a

first resilient element being disposed on one of the base and the shoulder and being structured to




first resilient el enent being disposed on one of the base and the shoul der
and being structured to -3 bias at |east a portion of the test probe toward
the other of the base and the shoulder. The at least a first support nay
include a first support and a second support, wherein the spacers of the
first and second supports are structured to extend through first and
second openi ngs of an attachnment nenber of the test probe. The at |east a
first resilient elenent may include a first resilient 5 elenent and a
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toward the shoulders of the first and second supports and are independently deflectable to

provide the multi-directional freedom of movement of the attachment member upon the smooth
- shanks. The test probe may be movable with respect to the base of mounting assembly in at least
a first direction and a second direction, wherein in the first direction, the test probe is movable
25 \ generally perpendicularly toward the base and wherein in the second direction, the test probe is
- pivotable to a position which is not perpendicular with respect to the base. The test probe may
also be movable in a third direction with respect to the base, the third direction inctuding
transverse movement of the attachment member between the smooth shanks of the first and
second supports. The first and second resilient elements may be movable between an
30 undeflected position and a plurality of deflected positions wherein both of the first and second

resilient elements being disposed in substantially the same deflected position of the plurality of




30 undefl ected position and a plurality of deflected positions wherein both
of the first and second resilient elenents being disposed in substantially
the sane deflected position of the plurality of -4 deflected positions
provi des the novenent in the first direction, and wherein each of the first
and second resilient elenents being disposed in a different one of the
undefl ected position and the plurality of deflected positions provides the
novenent in the second direction. BRI EF DESCRI PTI ON OF THE DRAWNGS 5 A
full u ¥ : ! Welc . gat he : i
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DESCRI BrbbehifeF THE PREFERRED EMBCDI MENTS For purposes of illustration, the
invention will be described as applied to a radio frequency (RF) probe for
engagi ng andiggEfaisiasghematissdor Dgﬁ%éﬂlzﬂbiiﬁch f Figuteelsbefmlé%sing@u'ga@d apthe 25
featurﬁEbgf a handhel d el ectroni c device. However, it will beconme apparent
that the invention could also be applied to any other known or suitable
type of proBigusid iswistlemdtiovidvest the § Fawiichl ef Figare ledffer 6éing engaged and syst ens
ang feature bof any electronic device. Directional phrases used herein,
suth a&otugiedbybepiibe |'oft . right, cl ockwise,

Figure 4 is an exploded, perspective view of a probe assembly including a mounting
assembly for providing multi-directional freedom of movement of the test probe in accordance
with the invention, and a switch.

Figure 5 is a perspective, assembled view of the probe assembly of Figure 4, modified to

20  employ a different base in accordance with another embodiment of the invention.

Similar numerals refer to similar parts throughout the specification.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

For purposes of illustration, the invention will be described as applied to a radio

frequency (RF) probe for engaging and actuating an associated switch to test RF circuits and
25  features of a handheld electronic device. However, it will become apparent that the invention
coqld also be applied to any other known or suitable type of probe and switch for testing a wide
variety of circuits, systems and features of any electronic device.
Directional phrases used herein, such as, for example, left, right, clockwise,
counterclockwise, up, down and derivatives thereof, relate to the orientation of the elements

30 shown in the drawings and are not limiting upon the claims unless expressly recited therein.




countercl ockwi se, up, down and derivatives thereof, relate to the
orientation of the elenments 30 shown in the drawings and are not limting
upon the clainms unless expressly recited therein. -5 As enpl oyed herein,
the term"fastener” refers to any suitable connecting or tightening
mechani sm expressly including, but not limted to, screws, bolts and the
conbi nations of bolts and nuts (e.g., without limtation, |ock nuts) and
bolts, washers and nuts. For exanple, the exenplary fastener shown and
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El ect r oni cs The foregol n% probe, swi tch conbination is conmmonly 25 used,

for exvoplaralifyst d@ﬁ%tmé rggpeet tﬁﬁe@d@s@hﬂﬁndwllrbammeﬁdlﬁmde@mﬂew@nd
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to in the art as microwave coaxial connectors and are commercially available from Murata
Electronics North America, Inc. of 2200 Lake Park Drive, Smyrna, Georgia. Similarly, the
switch 4, commonly referred to as a SWD type switch, which is compatible with the probe 102 is
also available from Murata Electronics. The foregoing probe, switch combination is commonly

25  used, for example, for characteristic measurement of handheld telephone and microwave circuits
and is, therefore, ideal for use in testing RF systems of handheld electronic devices (not shown).
It will, however, be appreciated that the mounting assembly 150 of the invention could
alternatively be employed with any known or suitable probe other than the one shown and
described herein.

30 As shown in Figure 4, like probe 2 of Figures 1-3, probe 102 has an elongated body 106

with a first, switch-engaging end 108, a second end 110 and an attachment member 112 disposed




descri bed herein. 30 As shown in Figure 4, |like probe 2 of Figures 1-3,
probe 102 has an el ongated body 106 wth a first, swtch-engagi ng end 108,
a second end 110 and an attachnment nenber 112 di sposed -6 proximte the
second end 110. The first end 108 al so includes the sane retractable
portion 114 which retracts into the body 106 to expose the
switch-actuator, or wire 116. Accordingly, probe 102 and the features
thereof nay be identical to probe 2 (Figures 1-3) or one or nore features
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identical in structure The support 156 incl udes a spacer 158 and
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invention, shown in Figures 4 and 5, spacers 158,170 of first and second
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be appreciated, however, that the resilient element 182,184 could alternatively be disposed on the

shoulder 160 and bias at least a portion of the test probe 102 toward the base 152.
In a preferred embodiment of the invention, shown in Figures 4 and 5, spacers 158,170 of
first and second supports 156,168 are disposed in first and second openings (e.g., first and
25  second slots 128,130) of the test probe attachment plate 112. In this embodiment, the at least a
first resilient element includes first and second resilient elements, such as the exemplary first and
second linear springs 180,184, shown. Each linear spring 180,184 has a through bore 182,186
through the center of the spring coils. Of course, other known or suitable types of resilient
elements (not shown) could be employed. Similarly, as best shown in Figure 4, the exemplary
30  supports 156,168 are threaded fasteners each having a first threaded end 162,174 and a second
end 164,176 with an enlarged head 166,178 having the shoulder 160,172, wherein the spacer of




t hrough the center of the spring coils. O course, other known or suitable
types of resilient elenents (not shown) could be enployed. Simlarly, as
best shown in Figure 4, the exenplary 30 supports 156,168 are threaded
fasteners each having a first threaded end 162,174 and a second end
164,176 with an enl arged head 166,178 having the shoul der 160,172, wherein
the spacer of -7 each fastener 156,168 is a generally snooth shank 158, 170
bet ween the shoul der 160,172 and the threaded first end 162,174. However,
any Knesw fadierzbi $eafdsas algéﬂrﬂﬁ;élﬂc%ﬂmﬁﬁm*:as 0 6@@&&&3& shotfiét fsperemm! oyed.
As best shown in ure 5, the snooth shanks 158, 170 of the exenplary
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(e.qg., 154,155) in accordance with the invention. Fof exanple

di  f er & lé%ﬁw"lr&t@ﬂd serand gesilient demensnge- 8. nhmmgsnr@gs 1B0akd) are, thé@@@e,t ively,
whi l e ﬁldle%éﬂrd&ﬁf &éﬁgpc%]ﬁ & IngQﬂcde rt%g'nl]lﬁl%{] cl%rﬁlpﬁre eﬁéﬁt ofoth@er than the

bi ases 152, 152", are t e exanp s of gures and 5, both
bases, mﬁ&hm@ﬂngumsﬂ4j2apdlﬁﬁzmo@ﬁmQM&e15317mave flrst and second t hreaded

apertures 1 192 9 192' .whi ch eneral |y ignedq with the.  openings
(OThr " or ot LReBE 15700 ke BopnintSeSibaehy a8 FBE b rat Bou i i o sbler 112,
Thi s i maiefial :ﬁfddﬁry He@ohfgirtd trodng sURMRERAINSR fin baer BRYSAddatOneadr tidte
attachnmept nmenber 112 upaon the snooth shanks 158,170 of the first and

second SHERERHLS (% 1644 SONBdesasdance withiilbe @H%IOBQEOELW twe tf@&!ﬂﬁ ei t her
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5), also include an oversized aperture rgure I gure 5)
whi ch testrpheassembdy i 60.@thef ¢hag.the biases 152,152”, are the same.
20 In the examples of Figures 4 and 5, both bases, 152 (Figure 4) and 152" (Figure 5), have

first and second threaded apertures 190,192; 1907,192" which are generally aligned with the

openings (e.g., slots 128,130 (Figure 4)) of the test probe attachment member 112. This is in
order to facilitate movement of the ends 194,196 of the attachment member 112 upon the smooth
shanks 158,170 of the first and second fasteners 156,168. Movement of the ends 194,196 may

25  occur either independent or simultaneous. Both bases, 152 (Figure 4) and 152 (Figure 5), also
include an oversized aperture 198 (Figure 4), 198 (Figure 5) which receives a portion (e.g.,
second end 110) of the elongated body 106 of the test probe 102 and allows the multi-directional
freedom of movement of the test probe 102 with respect to the base 152,152". The oversized
aperture 198,198 also provides access to the second end 110 of the probe 102 in order to, for

30 example, connect a coaxial cable (not shown) thereto. Additionally, bases 152,152" both include

a number of mounting apertures (e.g., 200,202 of Figure 4; 200°,202" of Figure 5). It will be




second end 110) of the elongated body 106 of the test probe 102 and al |l ows
the multi-directional freedomof novenent of the test probe 102 with
respect to the base 152, 152'. The oversized aperture 198,198 also

provi des access to the second end 110 of the probe 102 in order to, for 30
exanpl e, connect a coaxial cable (not shown) thereto. Additionally, bases
152, 152" both include a nunber of nounting apertures (e.g., 200,202 of
Figure 4; 200',202" of Figure 5). It will be -8 appreciated that these

mount i Bghrépaed mﬁﬁtﬁemomnga péfilfesSiyt R4 nd uﬁli%re Afthet MY doBHERGHAD
necessary for _connection of the nDuntlng assenbly 150 to a separate

st r uct DpEssEB, {§r compeation af sheamguntimigapsstbliol SGtosbprrate sidugbite Ceg.of stréetanng

equi p f <Fi e pai r
o' el orsment}s BRI biget )5 it R RERE: o el £b1 i fods 052 8T PME Pace
5 152, 4uiilides b psie ofl ddhgardd dpeginge2®,202cthtoaiels oppopinigiconierst 204206 bf Helbes

200., 202, pr.oxi nat oSi rners 06' . 1t is.understood that the
slots %?0 “g'ﬁlf)fjf‘%is]&gr g dﬁmﬁggn‘ilﬁ S a0 (‘lifpbé}léﬂ@)zoé 252 IPFRXRAE APPB Meecei ve
f ast engsriers 204", OV is @HdeRM6d A e SROW, 202 @gukeaw #dPast RNY Mg ARGHARI SM
structured to secure the entire test probe assenbly 100 fo the separate

st r uct Uiendedipaiedivestastanary (nofEhomem os ashether kno o ge suiiablefadiening wichanison, a
portio t to be
nsert aaerbd REREUE R Do ity BCY e Syt SO B ' ° s
152, 158fiechdnismeinay nicludw withdue limitpti@c b abebntdfidte seperatb asactére (gt shdbid), 152 ) may
be e e and sh .., For | e, ' , ure

geh ralﬁymf%%pg elwmgﬁiﬁﬁ?ﬂﬁéwvﬂ-n$%§%ﬂ€ﬁaﬁ@§@£%§84§£& tpsecuss and 210
(partla@kysnuayaﬂxaghlnd fastener 156 of Figure 5). However, the base 15
152 of Figure 4 has been nodified to renmove corners 208 and 210. Such a
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(e.g., springs; shoul der screms) can be readi e oye
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magy d blLIagfe%fﬁtckﬁe\ég %§u18fbe e%%io;ﬁ & G-10isa rigid, wear resistant material commonly used to

make printed circuit boards (PCBs).

Accordingly, in view of the foregoing, it can be appreciated that the mounting assembly
150 of the invention can be fashioned economically from existing or readily available
components (e.g., springs; shoulder screws), can be readily employed with a wide variety of

25  existing probe types, and can be easily adapted for use with many different types of testing
equipment (not shown).

Continuing to refer to Figure 5, the multi-directional freedom of movement provided by
the mounting assembly 150 of the invention, will now be described in greater detail. As
previously discussed, “multi-directional freedom of movement,” as used herein, refers to the

30  ability of the test probe 102, as provided by the mounting assembly 150 of the invention, to

move among an infinite number of directions and positions with respect to the base 152, 152"




equi pnent (not shown). Continuing to refer to Figure 5, the

mul ti-directional freedom of novenent provided by the nounting assenbly
150 of the invention, will now be described in greater detail. As
previously discussed, "nulti-directional freedom of novenent," as used
herein, refers to the 30 ability of the test probe 102, as provided by the
nmounti ng assenbly 150 of the invention, to nove anong an infinite nunber
of directions and positions with respect to the base 152, 152'. -9
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probe 2 1.5 respect to th ase 152' of the nDuntlng
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into first, second, and third directions. eIp epi ct these directions

of novEHERof othextest proles (¢85 Prake @ 96 Fisiupst e2)key and two axes 212,214 have
been added {@rdspaiifiealfy, ttles bldi@ 021 fiovibiy it RADBIRINIbAR 158 Ptpel 1 ect i on.

The second axi s IS al1 ghe I on e fiTst rection
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depict these directions of movement, a X,Y,Z Cartesian coordinate key and two axes 212,214
have been added to Figure 5. The first axis 212 is aligned with the X-direction. The second axis
214 1s aligned with the Z-direction. The first direction is indicated generally by arrows 216 and
218, which represent movement of the test probe 102 which is generally toward the base 152°
'25  (e.g. up and down in the Z-direction, with respect to Figure 5). Each of the resilient elements
(e.g., springs 180,184) is movable between an undeflected position (shown in Figure 5) and a
plurality of deflected positions (not shown) to provide this and other movements of the probe
102. Accordingly, in the example shown, it will be understood that movement in the first
direction is provided by deflection of both springs 180,184 between the undeflected position and
30 substantially the same deflected position of the plurality of deflected positions. Such movement
would entail both ends 194,196 (Figure 4) of the test probe attachment member 112, and thus the
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25 (e.g., up and down in the Z-direction, with respect to Figure 5). Each
of the resilient elenents (e.g., springs 180, 184) is novabl e between an
undefl ected position (shown in Figure 5) and a plurality of deflected
positions (not shown) to provide this and other novenents of the probe

102. Accordingly, in the exanple shown, it wll be understood that novenent
inthe first direction is provided by deflection of both springs 180, 184
bet ween the undefl ected position and 30 substantially the sane defl ected
posi ti @6t gbbd 12 ﬁﬂoh‘ﬁ@shﬁéﬁarﬁﬁﬂﬁﬁfe' Bk %ﬁt&@@totwaﬁf‘ﬁle b3 2 MBMBI B cioOul d
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(e.g., Tastgaery b%gart'té}e examelkry dots 1884 3hthigure 1) pfthe pitachment membasdd? zont al
X-Y pl foRitAL sddendi@iRndindhe ’thﬁﬂ Bﬁ%tf&ﬁebﬁw@%@ﬂlﬁeﬂt rﬂfén’rﬂé? g5 tg@%&gly
arr ows

category, are novements in directions generally Indica
224 anttaneg bewfﬁeéﬁhfafaéteg@ﬁhal‘éﬂs I1§8,|17t0 af blgowh. dvIOMﬂnt)m thé thirdh diteetigrer spect i ve

of 5l g%f‘caﬁ:} occmqn%rﬂ’la(ﬁé’ (ggsthe% '&pf).'lane% whidhis %ubs¥an!t1211y paralfél to the horizontal

X-Y plane of the base 152°. Among the movements included within this category, are
movements in the directions generally indicated by arrows 224 and 226, which are generally in
the Y direction (from the perspective of Figure 5), and arrow 228, which is generally in the X
direction (from the perspective of Figure 5). Of course, it will be understood that the ends

25 194,196 (Figure 4) of the test probe attachment member 112 may be moved different distances
and even in different directions thus providing additional movements such as, for example,
rotation of the attachment member 112 and test probe 102 about the X-axis 212, as indicated
generally by the arrow 230, or about the Z-axis 214, as indicated generally by arrow 232. It will
also be understood that the multi-directional freedom of movement provided by the mounting

30 assembly 150 of the invention also includes any possible combination of the aforementioned

movements and directions of movement.
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direction (fromthe perspective of Figure 5). O course, it wll be
understood that the ends 25 194,196 (Figure 4) of the test probe attachnent
menber 112 nay be noved different distances and even in different
directions thus providing additional novenents such as, for exanple,
rotation of the attachnment nenber 112 and test probe 102 about the X-axis
212, as indicated generally by the arrow 230, or about the Z-axis 214, as
i ndi cated generally by arrow 232. It will also be understood that the

mul ti - di r ecab@pd@helh! @8 G} ; i [ 0 assenbly
150 of the |nvent?gn al so ?%é Jggﬁg%§ﬁﬁ§§§?§ggk%%%%ﬁﬁgﬁﬁggaggag

af or enBARIPYIEHOUN DG eembly Eifdo mqvedﬂm@lmdmnmv&mtm of mq\zemomfdhm@sty t he

|nvent and an | ved
ot REBe ROBI G A0 ATRE RS0 e RO RIGE Y rf PR BfeomsTRABNE o
t he t estisalipmrodms béﬂﬁ)@em theaest probe 402 Enlitf ihe |swacm4| obge DT pabdubstamsally Ther ef or e,

t he |nvent|0chan a%%%ggodate L g&nent bet ween the test probe 102 and
t he? swHIERIZ (¢ PRipRH ALY ‘Tﬁrﬁ ¢34y 5 nininize the potential for
damage to tmn;ersp&ﬁiol&@eodmdt@oﬁn@ﬁh@h&ﬁ@@%éﬁ%&&m@& it §iail, § ”th?iFltHeO” have

been described in detail, it wll be appreciated by those skilled in the
art t haprredatedbisthagsaikilieddn iherest tamaapusemn@nﬁpax@gs rwl alteosdiveictodhdss detaibul d be

?ﬁ\e/elpg?(tﬁ?% B dé\}eg)ggd ﬁlf li g%hl? Sf (/@rllfl tetagﬁiﬁg JRe & Sd%&? OdAéc%rchl%ig %Pz}rf}%ul%rl n lng Y

dISC|OS ar e nhean be
and notrrdrigaments diselosddare heaxﬁct@beﬂmfstrzithe ohly dndwenlimbihgwlitcihe scope@fie gi ven

P corelitiih Bia b g e T ARG A reted sy 14 sy B84l pr obe, e

mount i aghivgafMBkyoLONPri sing: a base; and at Ieast a first resilient nount
di sposed on the base, the at least a first resilient nount structured to
receive the test probe thereon and being at |east partially deflectable to
allow multi-directional freedom of novenent of the test probe with respect
to the base. 2. The nounting assenbly of claiml wherein the at |east a
first resilient mount includes at |least a first support disposed on the
base and at least a first resilient elenent. 3. The nounting assenbly of
claim2 wherein the at least a first support includes a spacer and a

shoul der, the spacer being disposed on the base, and the shoul der being

di sposed on the spacer, the at least a first resilient elenent being
structured to bias at |east a portion of the test
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probe toward one of the base and the shoulder. 4. The nounting assenbly of
claim3 wherein the at least a first resilient elenent is disposed on one
of the base and the shoulder and is structured to bias the at |east a
portion of the test probe toward the other of the base and the shoul der.
5. The mounting assenbly of claim3 wherein the at least a flrst support
includes a first support and a second support, the first and second
supports each including a spacer and a shoul der; and wherein the spacers
of t he What gtcldifadd gecond supports are structured to extend through first
and second openi ngs of an attachment nenber of the test probe. 6. The
nounti ng asdenbl § reungipg pysemblgier atept nrolke, the meamsing asstinblytcompsisingent el ement
includes a first j%hent el ement and a second resilient elenent, the
first and second resilient elenents being i ndependently deflectable to
provi de the nul tat-lelist ®ftst mdientf meed divpoded o ientess, the/at 1dksea fidtrtiliag assenbl y
of claim3 erein the at |east a first sypport includes a t he spacer a
arroot Ak atietF Y kR dbe SR Rahepitat Bsst itrary etesiatiag oot he
snmoot hmughainkctional Haes:R ioPmolEm&TRPIHR 1630 pRvbe MithSEIpH&Y fIRDbaEQ be novably

di sposed within an opening of anattachnent nenbér of the test probe. 8.
The nounting assEppmouingassemblyzof ehaimudivhereimghe sdeast a fisstiesilignt hewnt

resili L i st support
el ud P st £ EREpoBH diciaich oiithe BRY Sl 3Py iy RSRE Ao 2“Shoot n
shank and a3shoullkempuriting astenibbasf clamf1 whereindbé itilesst a fitse sgpbrtidcdudenal udi ng

a first_resjl,ient .el epent havi.ng,a through . bore and cond resilient

el ement paﬁ%lrvalnﬁé 5 OUJ??{I’ %ﬁﬂacﬁg‘?eé? 9&'}5%958‘5 ft ﬂ’ﬁé’a%ﬁ%‘fﬂi‘e §ﬁ‘§ﬁ‘§e§%ﬁ‘f‘lg ldf'f‘_goﬁefi ©8t and
secondtiRupRer,ithe aNleasth GRORSTicH] didthdht bERE stritr@e@ o hAY £3eRf a pdifloh bf thé 1N
second r%5|llent el ements, and wherein the first and second resilient

el emenP©bs fevard pug el the Base gnd thgshewlder. at t achment nenber of the test probe
toward the ghoul ; ' :

i ndependent |y de?llﬁgel??%%llng&?s gidgg)g(\g/fl%@ﬁtiﬁﬁ%ﬁttlﬁ%@ﬁ%g??gsﬁ%&l Pteeﬁger%t(l)
mov enedispesgd phene of the bimernd theshibalder :@d isTHmictapedibibieg thsa dedst ypatiocbithen 2

wher ei t | east figst, sup t 1s.,gt least a first fastener, the at
| east §E¢ §%$mpgg eﬁgref%@ﬁﬁgﬁﬁagghFﬁbggggd first end threaded into the
base, a 5. The mounting assembly of claim 3 wherein the at least a first support includes a

first support and a second support, the first and second supports each including a spacer and a
shoulder; and

wherein the spacers of the first and second supports are structured to extend
through first and second openings of an attachment member of the test probe.

6. The mounting assembly of claim 5 wherein the at least a first resilient element
includes a first resilient element and a second resilient element, the first and second resilient
elements being independently deflectable to provide the multi-directional freedom of movement.

7. The mounting assembly of claim 3 wherein the at least a first support includes as
the spacer a smooth shank, the shoulder being disposed substantially at an end of the smooth
shank; and

wherein the smooth shank is structured to be movably disposed within an opening
of an attachment member of the test probe.'

8. The mounting assembly of claim 7 including as the at least a first resilient mount
a pair of resilient mounts, the at least a first support including a first support and a second

support that each include a smooth shank and a shoulder, the at least a first resilient element
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snmoot h shank, and a second end having a shoulder. 10. The nounting assenbly
of claim2 wherein the at least a first resilient element is at |least a
first spring structured to be di sposed between the base and a portion of
the test probe. 11. A probe assenbly conprising: a test probe conprising
an el ongated body and an attachment nenber, the body being disposed on the
attachnent nenber; and a nounting assenbly conprising: a base, and at

| east a first resilient nount disposed on the base, the test probe being

di spos gfth@ing derstesilie@enfent hiviig & ﬁﬁédg‘h%}e iﬂﬂk‘i@ecoﬂdt}@siﬁém Ieﬁ-ﬁl%ht avirol St
resilient mount being deflectable to allow multi-directional free om of

novene Hroggh kosd t est probe with respect to the base 12. The probe assenbl y

of claim 11 wher resil i ncl udes. at | east
o Trat support hiellfe Shoddf i Eof h Fhot SR ech & SupBRere alsfiieit SR
el ementhe thi®ugh harepoirhe fiess amhiseyndodesitibmtichondcatsvngl ei n the at | east a first

support includes sp a shou der, the spacer being djsposed on the
base, and the shg’ﬁ?ralé]rtﬁ?)gfsﬁﬁ)‘ldgqe ?RSis"EH %eIWQtS%%WW?%béﬁSﬂP%ast a first

resil i eftdchBleRiREhb AHietest Bhobk 8Adrd %e%ﬁﬁlﬁ@r@ oP{hetfﬁa ah&§écoﬁﬂ oft t@ one
of the base and the shoul der. 14. The probe assenbly of clai 1 erern

t he at be Bulspendent]y defleptable ke pravide termulti-digctietiab fresstoh oimavement totthe base and

t he sh l.ases the at |east a portion of the test probe toward
t he otﬁﬁiﬂﬁ?-ﬁﬂgngase and the shoulder. -14 15. The probe assenbly of claim

13 wherei n $he athd masiting aksendly sflggpon2 whﬂeinuﬂea least & fifsk suppoppOitticasnd a
second rt, ;,the firs eco suppor dj.n spacer and a
shoul d&F° ltl?%%ﬁ?@?fe#ﬁ aﬁ?ésté{‘tfi gtgfnﬁﬂ‘?f '}?E‘ﬁlﬂ'@';)@f ‘é"ldl BWS@%‘I lpﬁ’ég%%%’ A first
openrngnamﬂsammsaﬁnﬂam@naﬁﬂqum@aqhmh&ﬁe|n t he spacers of the first and

second supports are disposed within the first and second openings of the
at tachment henbefhe mguntmgasssmbbeolelajarihwhorsin the afilpast & fivgh easdient dléraendds | east

a firshEagh i m@{ﬁ%ﬁ%@l} ed th BE UNBGSA Bedvlel tnel 1834 dddH orfily @H%te@ﬂ:q g, Second

resilient elenen rst and second resilient
i ndependent 1 deﬁmawmﬂwmmwxmmnmumdﬁ the multi-directional freedom(ﬁ

rovement . a test probe comprising an elongated body and an attachment member, the body

being disposed on the attachment member; and
a mounting assembly comprising:
a base, and
at least a first resilient mount disposed on the base, the test probe being
disposed on the at least a first resilient mount, the at least a first resilient mount being deflectable
to allow multi-directional freedom of movement of the test probe with respect to the base.

12. The probe assembly of claim 11 wherein the at least a first resilient mount
includes at least a first support disposed on the base and at least a first resilient element.

13. The probe assembly of claim 12 wherein the at least a first support includes a
spacer and a shoulder, the spacer being disposed on the base, and the shoulder being disposed on
the spacer, the at least a first resilient element biasing at least a portion of the test probe toward
one of the base and the shoulder.

14, The probe assembly of claim 13 wherein the at least a first resilient element is
disposed on one of the base and the shoulder and biases the at least a portion of the test probe

toward the other of the base and the shoulder.
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17. The probe assenbly of claim 13 wherein the at |least a first support
i-ncludes as the spacer a snooth shank, the shoul der being disposed
substantially at an end of the snoboth shank; wherein the attachnment nenber
of the test probe includes at least a first opening; and wherein the snooth
shank is novably disposed wthin the at |least a first opening of the
attachnent nenber. 18. The probe assenbly of claim 17 including as the at

| east a first resilient nount a pair of resilient nmounts, the at |east a

first suppors. i nphdistbBGasterhbly oF cﬁumpwheﬁﬁ%@aﬁe&s@aﬁm% 'shlﬁiﬁa%tmclﬁ&b@ta fHach

include a snDoth shank and a” shoul der, the at | east resilient

el ementUrPAE ALY R Arpord synpPi: the &t pdsrcord sipports ¢al umgxdmgmcrg hnbare and a
second]¥ |.ient element having a through bore, wherein the smooth shanks
of the |rst and second supports are disposed within the through bores of
the first and seebereinrtiesatiacienént eleabenbsthe astprobeineluded Hirst dpcdingamnd asecond
reS|I|ent]§#enents ias the attachnent nenber of the test probe toward the
shoul det*§°BF°R°AEE$ i st and second supports and are i ndependent!y

deflectabl e to Rh&¥indR: Jpacribf the ﬁ@t%&?&éc@ﬁ@iup?éﬁsegé)ms PhsecHNMIEMAE k@ the
attachnment nmenber. 19. The Bmobe assenbly of claim 18 wherein the

at t achiishecordapsnings of the aitashmepirratraberi nci udes as the at |east a first

D )" STl b fip 67 0t 15 Qhircfififle WIBLEL ek EIRIPAL S anKS Of

the first and seco ar e osed rst and
secondinslvdesa fidOresiliant qkmndm axb s sbhd resflieal diément Thofist mchset:dsnel rediligtt and

d sl f nb I d
of t heoBEAE hiah < RerRen O BTRG P ETA P THomHDeteNed FEhoA QHERETSF 1 ho

first and s&tondTisResY dssembd} of dBEn P3 Q}B@reﬁﬁtﬁé’ Hﬁlb%t Qfﬁrsjeguﬁﬂaﬁrlﬁélﬁkiers Iﬁ?the
mul ti-directional freedom of npvenent includes the test Ero e bein

movabl PagFraPmedpdank.ihe theuldspbeing dispased wﬁaamtlail_y 2468 enhofthe ﬁmmth sh sr a
first direction gadeidy @l‘}n&h teP B th { Be glglsutd&eatfl%st\?é]ﬁglt 6]?3?1} he

test probe is translatab e general ly towar erern 1w the
secondamfi rection, the test probe is pivotabl e W|th respect to the base. 22.

I Br o0 25 o 4 SN S S oSl PR o B e, L1
t he fi ofthe ditdchaieninerabd.
18.  The probe assembly of claim 17 including as the at least a first resilient mount a
pair of resilient mounts, the at least a first support including a first support and a second support
that each include a smooth shank and a shoulder, the at least a first resilient element including a
first resilient element having a through bore and a second resilient element having a through
bore,
wherein the smooth shanks of the first and second supports are disposed within
the through bores of the first and second resilient elements, and
wherein the first and second resilient elements bias the attachment member of the
test probe toward the shoulders of the first and second supports and are independently deflectable
to provide the multi-directional freedom of movement to the attachment member.
19. The probe assembly of claim 18 wherein the attachment member of the test probe
includes as the at least a first opening, a first slot and a second slot; and wherein the smooth

shanks of the first and second supports are movably disposed within the first and second slots.
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i ncludi ng movenment of the attachment nenber between the snooth shanks of
the first and second supports. 23. The probe assenbly of claim22 wherein
each of the first and second resilient elenents is novable between an
undefl ected position and a plurality of deflected positions; wherein
deflection of the first and second resilient elements between the

undefl ected position and substantially the same deflected position of the
plurality of deflected positions provides the novenent in the first

direction; amd Whe! gbke %@éﬂ'lﬁl?toifeﬁirﬂfwwh%reﬁﬂ the Elrsgggt? §e%819<{'§10 s?fj[hlei ent
el ements between the wundeflécted position an ITTeren efl écted _
posi t i aftesheent membsrkeed onep cods, delebst etpedionadittel adiaehlmemt nwhﬂ\;\eﬁbdi@em:nﬁdne ?t in
th ' ' . ~4h rohe assenbly of claim 12 erein e a
Iegsfegali?g?égﬁ%gﬁg mﬁéoggwﬁgggpggmxmﬁfgﬁm%&stener, the at |east a first

fastener i n2l.udiTig @obdaseanias of il § MheRchht hfugipdRettioRilGrdeddin REERVerBentSNOOL h
d havi a_shoul der, the shoul der retaining the

shank, . apnd a,second. e X (

attac hﬁ’gﬁﬁes %%&Pm%{}?lﬂ%nﬁ% £ Ml respeeto e basepf timopntiigasseobbniplay of

cl ai m fedstrasiiRclidifandla o6@RILdiRAd]; St resilient element is at least a
first spring disposed between the base and the attachment nenber. 26. The

probe assenbly ovhupiaiimthetirstdirsetéon thettest pade istanshambhagentialy tamsd sl y

i ncl udgsean oversi zed aperture which receives a portion of the body of the
test probe to allowthe nulti-directional freedomof the body w th respect
to the base. - 16wherein in the second direction, the test probe is pivotable with respect to the

base.

22.  The probe assembly of claim 21 wherein the test probe is movable in a third
direction with respect to the base, the third direction being transverse to the first direction and
including movement of the attachment member between the smooth shanks of the first and
second supports.

23.  The probe assembly of claim 22 wherein each of the first and second resilient
elements is movable between an undeflected position and a plurality of deflected positions;

wherein deflection of the first and second resilient elements between the
undeflected position and substantially the same deflected position of the plurality of deflected
positions provides the movement in the first direction; and

wherein deflection of the first and second resilient elements between the
undeflected position and different deflected positions of the plurality of deflected positions
provides the movement in the second direction.

24.  The probe assembly of claim 12 wherein the at least a first support is at least a
first fastener, the at least a first fastener including a threaded first end threaded into the base, a
smooth shank, and a second end having a shoulder, the shoulder retaining the attachment
member on the mounting assembly.

25. The probe assembly of claim 12 wherein the at least a first resilient element is at
least a first spring disposed between the base and the attachment member.

26.  The probe assembly of claim 11, wherein the base of the mounting assembly
includes an oversized aperture which receives a portion of the body of the test probe to allow the

multi-directional freedom of the body with respect to the base.

-16-




