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15 Title: IMPROVED VIBRATOR-DRIVEN TABLE APPARATUS /

Related Application
This application is a continuation-in-part of co-

pending application serial no. 08/576,122 filed on
20 December 21, 1995, and now abandoned.

Field of the Invention
This invention relates generally to measuring and
testing and, more particularly, to vibration testing and
25 tables used therefor. :

Background of the Invention
Few products are sold by their manufacturer without

some type of testing being conducted. Such testing may

30 be as simple as manually ascertaining whether certain
parts are securely affixed -- or as complex as "stress
testing." In stress testing (or "stress screening" as it
is sometimes called), products exhibiting "infant
mortality" fail outright during the test. Or as the

35 result of such testing, a product may evidence the
likelihood of early failure in the operating environment.



180[err]F. over a period of, say, 30 m nutes. Another type of test reginen
I nvol ves using a test chanber to 15 repetitively and dramatically change
the relative humdity.of air around a product. And hum dity-based testing
may al so be acconpani ed by tenperature-based testing and vice versa. Yet
anot her type of stress testing involves &hftlng 20 a product by
subjecting it to vibrations of the type ch m ght be encountered in
actual product use. For exanple, U S. Patent No. 2 438, 756 (Larsen)
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in conjunction wth testing using another reginen, ‘Pﬂ% enperature

Vi bration t esEXagPilLesc dnGladieo RrOdRhsu iSedy h LRndr@iecl ¥ be t est ed
upon sormssorﬁugﬁtalr@t fe@{u eritafalnei @li@dhm V(:éll’ga.t } fug.édiﬂdrﬁbi aéwl ng a
rotati’ng eccen i near. vi brat es af devi.ces. used to create
U brat ofy. ot PURCEFEMSREAR LAl R oA Rl ERh R AHFIRAAS SF Patant Nob.
4,106, 586 ( St etbend)addy B1154ypes .35 (Baker deceased et al.). In
general, tables us S d s ilon to
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such products are 0O types, nane e and rigid. An
exanpl e of thdiféewenti wagisscl ned tiypeUos. tﬁ@&e#@gmwennlnayhxﬁy (Baker et

al.) andihas ampb8%HEe rARARE! extr@me @hRAAGRKCAMD tHnigeEldt! hz?dee&metm
pl ates. An exaﬁ%le o?e th eelattme I's disclosed |n F| ures 2-14 of U. S

Patent No. 5, B¥9dystE- (H@ﬁb?P SERZE - a3 FGEF ffer and
| ower plates. cilahbe the gemperature bifatoprioduces Haaftweebemow and

180°F. over a period of, say, 30 minutes. Another type
of test regimen involves using a test chamber to
15 repetitively and dramatically change the relative
humidity of air around a product. And humidity-based
testing may also be accompanied by temperature-based
testing and vice versa.
Yet another type of stress testing involves testing
20 a product by subjecting it to vibrations of the type
which might be encountered in actual product use. For
example, U.S. Patent No. 2,438,756 (Larsen) explains that
the apparatus described therein is used to vibration-test
electrical apparatus for airplanes, ships and the like.
25 The unit described in U.S. Patent No. 3,748,896 (Barrows)
is said to be used for testing parts of a motor vehicle.
And vibration testing is often conducted in conjunction
with testing using another regimen, e.g., temperature.
Vibration testing is carried out by mounting the
30 product . to be tested upoﬂ some sort of platform or table
and then vibrating the table using a rotating eccentric
or a linear wvibrator. Examples of devices used to create
vibratory motion are shown in the Barrows patent and in
U.S. Patent Nos. 4,106,586 (Stafford) and 5,154,567
35 (BRaker, deceased et al.).
In general, tables used to stress test products by
application of vibration to such products are of two



general ly satisfactory for their intended purposes, they 10 . are not

W t hout di sadvantages. One relates to perceived manufactured cost. The
flexible table described in the Baker et al. patent is made using a
plurality of undul ated sheets bonded together to forma honeyconb
structure. Seem ngly, making such a structyre is [abor 15 I nt ensi ve and
may involve internmediate materials (undul ated sheets) not readily

avai lable. One rigid table disclosed in the Hobbs patent has a slab into
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Baker et al. patent is made using a plurality of
undulated sheets bonded together to form a honeycomb
structure. Seemingly, making such a structure is labor

15 intensive and may involve intermediate materials
(undulated sheets) not readily available.

One rigid table disclosed in the Hobbs patent has a
slab into which cores are drilled to a depth less than
the slab thickness. The drawing suggests that such cores

20 are drilled over only a part of the slab surface.

Another table disclosed in the Hobbs patent requires
a relatively-thick solid core machined to have a number
of small cavities. Even using a numerically-controlled
machining center, such machining is likely to be somewhat

25 time consuming. Cost is added to the product which, in
view of the invention, is unnecessary.

An improved vibrator-driven table apparatus
overcoming some of the problems and shortcomings of the
prior art would be a distinct advance.

30
Obijects of the Invention
It is an object of the invention to provide an
improved vibrator-driven table apparatus overcoming some
of the problems and shortcomings of the prior art.
35 Another object of the invention is to provide an

improved vibrator-driven table apparatus which is easily
made and assembled.

tionis



5 inproved-vi brator-driven table apparatus which exhibits a requisite
degree of rigidity but is-yet sufficiently flexible to resist cracking.
Anot her object of the.invention is to provide an inproved vibrator-driven
tabl e apparatus which may be 10 used for sinultaneous vibration and
thermal stress screening. How these and other objects are acconplished wl|
becone apparent fromthe foll ow ng descriptions and fromthe draw ngs. 15
Summary of the Invention The invention involves a vibrator table apparatus
of the type used t @rtsthessohjestt’ of prhed dstveruimredi s Hey qurobideidn at i ng
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from the drawings.

15 Summary of the Invention
The invention involves a vibrator table apparatus of

the type used to "stress test" a product mounted thereon
by vibrating the product. The apparatus has a primary
table member driven by at least two vibrators. Each

20 vibrator extends along a vibrator long axis and the axes
are spaced from and angular to one another.

The "slab-like" primary table member has a plurality

of holes formed in it and includes an upper surface and a
lower surface which are coextensive and substantially

25 parallel to one another. The holes extend between the
surfaces, thereby configuring the primary table member to
resist cracking.

In a more specific aspect of the invention, the

plurality of holes includes first and second groups of

30 holes. Each hole in each of the first and second groups
has a center axis and the center axes of the holes in the
first group are coincident with and normal to a first
reference line. Similarly, the center axes of the holes
in the second group are coincident with and normal to a

35 second reference line. The second reference 1inelis
angular to the first reference line and, most preferably,

is perpendicular to such first reference line.



of the holes of the first group is cylindrical and such two hol es have a
web portion between them:Such web portion has a mninumthickness which is
| ess than the 5 di aneter of either of the two holes of the first group.
In still another aspect of the invention, the upper surface of the primary
table menber includes a plurality of sockets formed in it and a separate

t hreaded standoff stud is received in each socket. A platformis coupled 10
to the standoff studs and the studs nmaintain the platformin a spaced

relationship to theL_rPFiFLEE %él?éﬁ-a%dﬂ Aeaihd NeREPOHGH, Ubslen SEress test
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details of the invention~are set for in the follow ng detaile

description ar@dYex dptegprafadyPetween the platform and the upper sur-
15 face. The insulating layer includes an upper surface and

a lower surface, the platform is against the upper sur-
face and there is a support sheet against the lower sur-
face. To put it in other words, the insulating layer is
"sandwiched" between the support sheet and the platform.
20 And the sheet, the insulating layer and the platform
are in spaced relationship to the upper surface of the
primary table member. The insulating assembly (comprised
of the sheet, the layer and the platform) is spaced above
the table member and when a product is undergoing test,
25 such product is mounted to the apparatus by fasteners
attached to the standoff studs and is spaced above the
assembly.
In yet another aspect of the new vibrator table
apparatus, each hole through the primary table member has
30 a wall defining a hole area. The table member has a
perimeter edge defining an area and the total of the hole
areas is in the range of 40% to 60% of the area defined
by the perimeter edge. Most preferably, the total of the
hole areas is about 50% of the area.defined_by the
35 perimeter edge.
Further details of the invention are set forth in
the following detailed description and in the drawings.



-6- .Brief Descriptions of the Drawings FIGURE 1 is an expl oded view of one
eonfiguration of the new*table apparatus. FIGJRE 2 is an edge view of a
variation of the table 5 apparatus of FIGURE 1. Parts are broken away.
FIGURE 3 is an edge view of the variation of FIGJRE 2 taken along the

view ng plane 3-3 thereof. Parts are brokgn away. FIGURE 4 is an edge view
of the table apparatus of 10 FIGURE 1. Parts are broken away. FlI GURE 5
is an edge view of the table apparatus of FIGURE 4 taken along the view ng -

pl ane 5-5 thepegbf Bakkgi teohrsobentma raWiGd8E 6 i s an edge view of
anot her variation 5. table ara of_ Fl
br oken away. FIGUR%E?bEg i 1§d88 ﬁﬁg t%gzvaPFaPS%?E%Lqﬁigﬁéﬁ%ﬁ{%ken

al ong the viemhaganapeb1e7appere@hs Parts are broken away. FIGURE 8 is a
plan view of the bg&%bﬁ% 3r ?%r t‘e e RH:”i‘eW %%Cfa' %irl%ﬂ‘tlfolhb%?f HHRMddle

FI GURES 2 and 3. arts are IS a perspective view of
the el ongate BoRarA§usr e& FIGURE ﬂnteP§§§§|éﬁeobrﬁk@@béMaﬁH a plate- |ike

ggﬂber ShO\C/im in Fl Eséfaﬁﬁya 3s Gnamdgé vRakt %faﬁ:@le25‘arll&ft(1kﬁﬂ EWERL GUREGURE
O i SO0 el e e RS on Sl RIS o R
i's an edge ylgmbkéntaeayomer portion of 30 the apparatus of FIGURE 1

T a BﬁrQSZLHSQtVF‘Zﬁ 3 BBofp SPFedirrelt Motk srobeats GRes 10
and 11. Part FIGURBkan akayts are broken away.

FIGURE 5 is an edge view of the table apparatus of
FIGURE 4 taken along the viewing plane 5-5 thereof.

Parts are broken away.
FIGURE 6 is an edge view of another variation of the
15 table apparatus of FIGURE 1. Parts are broken away.

FIGURE 7 is an edge view of the variation of FIGURE
6 taken along the viewing plane 7-7 thereof. Parts are
broken away.

FIGURE 8 is a plan view of the bonding area at

20 intersections of tubes shown in FIGURES 2 and 3. Parts
are broken away.

FIGURE 9 is a perspective view of the elongate
bonding area at the intersection of a tube and a plate-
like member shown in FIGURES 4, 5, 6 and 7. Parts are

25 broken away.

FIGURE 10 is an edge view of the upper portion of
the apparatus of FIGURE 1 showing resilient material
between tubes. Parts are broken away.

FIGURE 11 is an edge view of the lower portion of

30 the apparatus of FIGURE 1 showing resilient material
between tubes. Parts are broken away.

FIGURE 12 is a perspective view of a block of
resilient material shown in FIGURES 10 and 11. Part is
broken away.

35 FIGURE 13 is a side elevation view of the new table
apparatus shown in connection with vibrators and a

resilient table mounting arrangement.



35 , FIGURE 13 is a side elevation view of the new tabl e apparatus
shown in connection with vibrators and a resilient table nounting
arrangenent . -7- FIGURE 14 is a bottom plan view of the table apparatus,
vi brators and nmounting arrangenent of FIGURE 13 taken al ong the view ng

pl ane 14-14 thereof. FIGURE 15 is an expl qded vi ew of another 5
configuration of the new table apparatus. FIGURE 16 is a cross-sectional
side elevation view of portions of the apparatus of FIGURE 15. Parts are
broken away. Fl GUREFiGURE a4t ©p pl botvbavwpdanavpewt bénthé thelz0

apparatus of FIGURE 15. Spaces between cerfain of_th S ar Lled

WTh Tesi | ent“RRRERFF: PPEFRECTS Foaansapbind, RrzafSchar° of SravEESs,

the tabl e appatattuskeh &lGuREthe Paewingrplénekdf-adapheFrGERE 19 is a top

pl an view of a portieRuRE: ige-%San gg@g&gé&svgéwFgglgﬁb&ﬁe§homdng anot her
IS a

arrangenent of tubes. Fl GURE 2 ross-sectional side elevation view of
a variati oh of CeREigppAFHPRsOEf the REstablanarradrabyfts are broken away.
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i s an expl oded® é?%ﬁ%%??%eg%igﬂ%sﬁ@&?ﬁﬁt?ﬁeogngggﬁaél6gk p ?FﬁﬁnaﬁF a
vibrator. 25 brokenFh&IRE 26 i s an expl oded view of a third configuration

of the new table a Sy F ' vaki gn_ \i f _th abl e
appar at us of FIGUFEP@%@EEO%% #%1%E%§%n%??@gvﬁéﬁhgg %r §5§¥bﬁn grﬁpést.
Parts arel®rokappaxatus 30f FIGUREFLSURESPaces hetvweenerevhainnofi sheof the

new tabl e tubes are filled with resilient material.
FIGURE 18 is a perspective view of a portion of the
table apparatus of FIGURE 1. Parts are broken away.
FIGURE 19 is a top plan view of a portion of the

15 apparatus of FIGURE 15 showing another arrangement of
tubes.

FIGURE 20 is a cross-sectional side elevation view
of a variation of the apparatus of FIGURES 15 and 16.
Parts are broken away.

20 FIGURES 21, 22, 23 and 24 are top plan view of a
portion of the apparatus of FIGURE 15 showing yet other
arrangements of tubes.

FIGURE 25 is an exploded perspective view showing
the impact block portion of a vibrator.

25 FIGURE 26 is an exploded view of a third
configuration of the new table apparatus.

FIGURE 27 is an elevation view of the table
apparatus of FIGURE 26 shown in conjunction with a
product under test. Parts are broken away. .

30 FIGURE 28 is a side elevation view of the new table
apparatus of FIGURE 26 shown in connection with vibrators
and a resilient table mounting arrangement.

FIGURE 29 is a top plan view of the table member, a
component of the apparatus of FIGURE 26. Surfaces of -

35 parts are shown in dashed outline.

FIGURE 30 is a section elevation view taken along
section 30-30 of FIGURE 29.



apparatus of FIGURE 26 shown in connection with vibrators and a resilient
tabl e nmounting arrangenent. FIGURE 29 is a top plan view of the table
menber, a conponent of the apparatus of FIGURE 26. Surfaces of 35 parts
are shown in dashed outline. FIGURE 30 is a section elevation view taken
al ong section 30-30 of FlI GURE 29. -8- EBGURE 31 is an el evation view of
a standoff stud, another conponent of the apparatus of FIGURE 26. Interior
~surfaces of the stud are shown in dashed outline. 5 Detail ed Descriptions
of Preferred EnbodiFRFHRE TFe ivan ablevalppen aview 10f i a3 dgtanfofEdstwndt hree

primary confi GANONSodiinddd Se |EHO| A5 FAAEESE Iridudl 26and 18, the
- second i nvol ves FlI GURES 17 and_19-24 and the third | nvol ves_Fl GURES

 26-31. The vi HheFiqKk isriasenRhdme iug aprehaen in daghed 5re
applicable toqidiignfigurations. Referring first to FIGURES 1 through 7,
the new 1 tabl e apparatus 10 in its cross-tube configuration wll be
descri bed=first. Such apparatus 10 includes first and second spaced-apart

menbers 11 an@®ekRilesd Meddwigtyiodsacdt rrdfaridd Hibodimemter abl y enbodi ed

as a substantially flat plate. A vibration-transmtting 20 structure 15
is between the nentidres neW tEdlendpgpaystys 60 vidrédd sohsséd obn t tlxeerenber

100 1 8 LSS AL i o T i i s
pluralityOof Smeedd serawl invalsiqs FEBESeEh T heamdnbdras 1and 13,
More speci fi C%'hey,tﬂlw € rivio13rdd IFSHGURER 26l B 0f hoid o brLedAnddwe | i near
tubes 17 flxe%f@éﬂ%éﬁgségnbé(%f ES 13, 14 and 25 are applicable to
all configurations.
Referring first to FIGURES 1 through 7, the new
15 table apparatus 10 in its cross-tube configuration will
be described first. Such apparatus 10 includes first and
second spaced-apart members 11 and 13, respectively.
Each member 11, 13 is preferably embodied as a
substantially flat plate. A vibration-transmitting
20 structure 15 is between the members 11, 13 and propagates
vibrations from that member which is driven by one or
more vibrators (e.g., member 11) to that member 13 on
which a product to be tested is mounted.
The structure 15 has a plurality of spaced tubes 17
25 interposed between the members 11, 13. More
specifically, there is a first group 19 of hollow,
rectangular linear tubes 17 fixed with respect to the
first member 11. Such tubes 17 are generally parallel to
one another and each tube 17 and the member 11 adhere to
30 one another along substantially the entirety of the
length of each tube 17 and along the entirety of the
surface of the member 11. _
Similarly, there is a second group'zl of hollow,
rectangular linear tubes 17 fixed with respect to the
35 second member 13. Such ﬁubes 17 are generally parallel
to one another and each tube 17 and the second member 13
adhere to one another along substantially the entirety of



first nmenber 11. Such tubes 17 are generally parallel to one another and
each tube 17 and the nenber 11 adhere to 30 one anot her al ong
substantially the entirety of the length of each tube 17 and al ong the
entirety of the surface of the nenber 11. Simlarly, there is a second
group 21 of hollow, rectangular |inear tubes 17 fixed with respect to the
35 second nenber 13. Such tubes 17 are generally parallel to one another
and each tube 17 and the second nenber 13 adhere to one anot her al ong
substantial |y tie kemgtktgfotach t@bet hé andgabong thehentbrety edfidthkong

the entirety ber pddyyEPOXYnl ScBBoRSHER abl e

adhesi ve for:ﬁ%éﬁﬁ%ﬁgéﬁﬁgﬁ?Sﬁgéggﬁg?%gnb%ésfyegg.%ntége§p1§ﬁa%d menber 13,
to one anot heradhesive fornathachingngbaehubefodRdi HepPEHRESS29and tYPeEhe
tubes 17 of theyfidstmaneer 19, cevtsné andrtngdhere directly to the tubes 17
of the second group_21.. 1n such arrangenent, .ar adhesi.on 2 as shown
in FIGUREB) are gehtraif2EHaRgemeqp shown 1Pn§§§8§ﬁ§rgaﬁpgn3enghg shown
in FIGURES 1, thewl 57 dfethophiastsgtbupl 38 bastacti andl adhersedi ate

menber 25, e. gy, er _plate, Jnterposed. bet h | J.St.gro f
tubes 17 and t %F%ggiikﬁ%r%ﬁé E&E%% %ﬁb%g 388 %gﬁﬁ%r §ﬁé%£b%%hg gﬁtégﬁgd to
one anot her, tamweandgmeynt sareaseofiadhegionp2io(aadshawnsin7FEEURRe83econd

group 21 are epch fdA&acher,tonthgei ntermedi ate menber 25 by adhesive

bondi ng, for exanﬁ?%. But as %%om% in FIGJURES 6 and_7, the apparatus 10 is
not 1imtéd to havity 3WRGF AFFRRIFReNGt BhAWRHER BECUBES lg,&naB@pir at us
10 may have a dHé rdppHeuug 110falsdesad 7a apdrt r shtépdegdes08dmenbermedi at e

mb 25, 29, tively. Tubes, 17 of the third {
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19 of tubes 17 and the second group 21 of tubes 17.
Rather than being attached to one another, tubes 17 of

15 the first group 19 and tubes 17 of the second group 21
are each attached to the intermediate member 25 by
adhesive bonding,'for example. '

But as shown in FIGURES 6 and 7, the apparatus 10 is
not limited to having a single intermediate member 25.

20 Such apparatus 10 may have a third group 27 of tubes 17
and first and second intermediate members 25, 29,
respectively. Tubes 17 of the third group 27 are
"gsandwiched" between and attached to both intermediate
members 25, 29. And further stacking of intermediate

25 members and "layers" of tubes 17 is possible.

An advantage of using one or more intermediate
members 25, 29 is that the area of the bonded tube
surfaces away from one of the members 11, 13 is
substantially increased. Specifically, each tube 17 is

30 bonded to an intermediate member, e.g., member 25, along
the entire tube length as represented by'the area 31
bounded by the dashed lines in FIGURE 9. Each tube 17 is
also bonded‘to at least one intermediate member, e.qg.,
either the first intermediate member 25 (as shown in

35 FIGURES 1, 4, 5, 6 and 7) or to the second intermediate

- member 29 as shown in FIGURES 6 and 7 along the entire
tube length. In FIGURE 9, the strip—like area of bonding




menbers 25, 29. And further stacking of internediate 25 menbers and
"tayers" of tubes 17 is possible. An advantage of using one or nore
‘internediate menbers 25, 29 is that the area of the bonded tube surfaces
away fromone of the nenbers 11, 13 is substantially increased.
Specifically, each tube 17 is 30 bonded-i®- an i nternedi ate nenber, e.g.
menber 25, along the entire tube | ength .as represented by the area 31
bounded by the dashed lines in FIGURE 9. Each tube 17 is also bonded to at
| east one i nt e3hels dbetweabetheectgbe siddesurfiacésr 38, Abeanddist atnthier

25 (as shown i &g 135' Réﬁaltuﬂe gTd%ﬁ%n@hg)1ﬂ£e£ﬁfagﬁtéeﬁ8ﬂﬂer 25.

i nt er medi at e wn I n the entire tube
length. In Fl GURE QASt‘ﬁ@ %‘E‘]P?po}”?-%’ét%?b%noft%n'éﬁlhgs 17, $9mPB'}SP§9béPﬁeen

the tube side giré@ @§ 1§5aféldgé1§eﬁélli3€pa#§£1é!?nt@f ohBeahdbBet? and the
I nt er medi at e nenper ube orientation, the t 9?5 17 c rising the

first group 19'83ked &l ??m%’r%‘f‘%ltl?% %‘T’féoﬁ‘?lo?ﬁ‘é?pS Gl 8 ose
conpri sing thegamﬂ:ﬂ.grpazpamhrtso abrs® gyeoehet |y Pachl tebet d70ha ahet her.

Each tube 17 d h 17
[ ﬁct heusgcondlég]} o%‘g éﬁ&%d% Oijg glg?jge?‘g%ﬁ r%%é)gc{;igge‘%ggiﬁgtﬁgguyigﬁ
those in the dihersegong QnolapeZhn%ﬂ@d sy (pref@oablpo] tubest 7ok one
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FI GURES, such apparatus 10 transmts vibrations substantially undi m nished.
However, 3 br ARHE ROPeHP iPE 2P A red. To that end and 15  referring
particularly to Fl GIRESED, appararud 210 tie plagtal ahgd ebnstbastéd hscl udes

et o Con bt O 2! 08 oD 44y B0 cdd Byt 5R0CT VoLV
mat eri al cont acibrat baedh sdbstamtiaibbs Wididimished. However,
vibration dampening is preferred. To that end and
15 referring particularly to FIGURES 10, 11 and 12, the
plurality of tubes 17 includes first, second, third and
fourth tubes 17a, 17b, 17¢ and 174 respectively. The
apparatus 10 includes an elongate, block-like piece 37 of
resilient material contacting each of such tubes 17a-17d.
20 Most preferably, each piece 37 of resilient material
is selected to have a width and length such that a piece
37 contacts each of two adjacent tubes, e.g., tubes 17a
and 17b, along substantially the entire length of each
tube 17. Further, each piece 37 of resilient material is
25 selected to have a thickness such that the piece 37
contacts the immediately-adjacent first member 11, the
second member 13, one or more intermediate members 25,
29, as the case may be.
Stated another way, resilient material contacts the
30 tubes 17, the members 11, 13 and the intermediate
member (s) 25, 29 and fills substantially all of the space
39 between tubes 17, between a member 11 and a member 13
and between a member 11 or 13 and an intermediate member
25, 29. And the resilient material has a function in
35 addition to vibration dampening. When temperature-
related testing is also being performed and the second
member 13 is at a temperature higher or lower than that



20 Most preferably, each piece 37 of resilient material is selected
te have a wdth and | ength such that a piece 37 contacts each of two

adj acent tubes, e.g., tubes 17a and 17b, along substantially the entire

| ength of each tube 17. Further, each piece 37 of resilient material is 25
sel ected to have a thickness such that theypLece 37 contacts the

I mredi at el y-adj acent first nenber 11, the second nenber 13, one or nore

i nternmedi ate nenbers 25, 29, as the case may be. Stated anot her way,
resilient natepfatheopisetsmeBed011,t thesrégiltibatnmualterdall alkd awdd he

i nt er medi at e nenber 2 fil S ia aII space 39
bet ween tubes i§ éﬁ%ﬁggl 1§§§E§F°fla§ﬁ EBE&%H% h a%etweeﬁmgﬁﬁﬁﬁh
11 or 13 and anhenmemhedsaié nmé@ber 25, 29. And the reS|I|ent mat eri al has
a function in 35 Aqt r aki Bp ”EH&- 1¥heR gqgﬂgggnfg
related testing is g g%&t Q ¥i o?%egﬂggg Ee secgnggneﬁber Is at a
tenper at ur® hi@n@rléy Fbﬁeleﬁ nmﬁﬁhﬁr 110Pr?ﬁérﬁbﬂ¥tlﬁ§%ﬁéﬁslf t he

resilient matepidladitp 8€t BodEsasliheaftl ehBEULBMEI oZNGhikh Birles ued to
transfer between the nenbers errlng F‘g?ngn to FIGURE 1 and al so
p

AR IR S R R TR R RS s
plurality of hDbeatifidnsat (eesissosebefapbrebiateduskett @ISURESH 18 lnat or s

43 to the first, nenber at (1 b I t ed
Chat CF GURES 1t TRAC sherpelentALigHS 1AEREERD ol Lhold char 8 RABRRR °C
10 43 cdah be4mnummeueamoanyednetoannvoaeobromererOﬁnpaeanglm@r&nd at any
of several qu£ﬁ§9g§ Eeggg a§¥v%9913288§§153s3VCh hol es 41 for

installing bolts or t ow sl eeves 45 are_ interposed between the
nmenbers 11, 13 (andfmwstzsaéy 4op ageesgotoj pugheBPLERd4dr £9Fn registry

with holes 47 pigkead 1indob8Bt4%+NthEe1VRESI h8BTER sidevkB asspeeific

interposed between the members 11, 13 (and members 25 or

15 25, 29, if used) and are in registry with holes 47 and
with holes 49 in the upper member 13. 1In a specific
embodiment, the holes 49 in the upper member 13
correspond in number with those holes 41 in the lower
member 11 and are in vertical registry with such holes 41

20 . and with the sleeves 45. In the arrangement of FIGURE 1
(which includes an intermediate member 25), holes 47 in
such member 25 are sized and located to permit a
respective sleeve 45 to pass therethrough. The apparatus
10 may also include edge trim strips 51 for improved

25 aesthetics.

Another embodiment of the table apparatus 10
(sometimes referred to as the "upright tube" version)
will now be described. Referring also to FIGURES 15 and
16, such apparatus 10 has a plurality of spaced tubes 59,

‘30 e.g., first through fourth tubes 59a, 59b, 59c and 594,
respectively. Such tubes 59a, 59b, 59c, 59d are
interposed between the members 11, 13 and the apparatus
10 includes resilient material 61 contacting each of such
tubes 59. (In FIGURE 17, resilient material 61 is shown

35 to contact and fill spaces between only some of the tubes

'59. This illustrates the fact that the apparatus 10 is
useful with or without such material 61.) As_shown in



enbodi nent, the holes 49 in the upper nenber 13 correspond in nunber with
those holes 41 in the I ower nenber 11 and are in vertical registry with
such holes 41 20 and with the sleeves 45. In the arrangenent of FIGURE 1
(which includes an internmedi ate nenber 25), holes 47 in such nenber 25 are
sized and located to pernmt a respective sigeve 45 to pass therethrough.
The apparatus 10 nay al so include edge trimstrips 51 for inproved 25

aest hetics. Another enbodi ment of the table apparatus 10 (soneti nmes

flef er{edF} (C)BU gsE'r'Sﬁétﬁz U.%Kilgfésiy_f_@q"t Vﬂiélmﬁn\@; Lén@%rﬁﬁeﬂﬁﬁgrhﬁedn&@f glri ng
also to an as U t ce

t ubes 59, 30 ]]g‘" eaf‘fl'r“s‘?f ef%taj't?éj'h ??fb%%c% a {éb°£5é‘éc%n§8
respectively. ﬂld}ldnd)etshéganﬁ% t 88, 1&gt arand ncenp@ses t;ebweeapt he -
menbers 11, 13 t th rial 61
contacting eadlf IAl'T srpusghéf% }EQalJ% d%k%eREdéﬁ&%%gﬁl |%¥1§£rrater| al 61 is
shown 35 5to cont Rapending |upeipdodes RONELIUBRE OB one - 3f - t PAVinGed 50.

Thi s "'ustratch%sg&esé oﬁat@tsﬁatfe acppaf@é Eqwlazzs USShRE wgoﬁé $Ehéput

such materi al own_in 12- FI QJ resHle nﬁul ating and
~ danpeni ng mat Qqcme"@;llq|‘F<P%f’e$é??‘to’f°fih@1f%b"e235‘9aycbﬂt‘ﬁ]& e%‘& egf L Zu‘gﬁ
tubes 59 al ongd ma:éar&rfamgé@euitﬁng&és;aéwt copteatls other caguphrtubas 63

ont 1 gur at | oot T b S AT S are FEReAEERT: oung
or sone atoher Wﬂs}ras: a:mréxagnp]a&,l amn tdeel ateanggmént whf CRIGURES 177or 59
e angec ! S Salad o PoBl oiiod 5 RV oglcts 59 Bitieth ™
ar r angement oftfﬁnGJRl-"_ESTlll];ar]J}& the tubrs 3¥ H?eFIWeH9t%aﬁ%v§P§9§§es 39
between them ¢ Bdtafden thin ! Ubes Shoul &K Roddd Nenge SERELS would be
no spaces 39 if such rectangular tubes 17 were located
15 contiguously and were of such a number that they occupied
substantially all of the surface area of the member 11,
13.)
As represented in FIGURE 17, the resilient material '
61 also fills the spaces 67 and extends to and contacts
20 both the first and second members 11, 13. As with the
cross-tube version described above, the resilient '
material 61 dampéns vibration and, when temperature-
related testing is being performed, inhibits heat
transfer between members 11, 13.
25 Referring particularly to FIGURE 15, at least the
first member 11 extends along a plane 6% and the tubes 59
are angled with respect to the plane 692, preferably at an
angle of 90°. Each of the tubes 59 has a central axis 71
and, preferably, the axes 71 are generally parallel to
30 one another and generally perpendicular to the plane 69
of the first member 11.
The tubes 59 may be attached to each member 11, 13
in either of at least two ways. As shown in FIGURE 20,
attachment may be by using adhesive 73 bond the lower
35 ends of the tubes 59 directly to the first member 11.
The tube upper ends are similarly bonded directly to the
second member. -In a more preferred arréngement shown in



67 between them (It should be noted that there would be no spaces 39 if
such rectangul ar tubes 17 were | ocated 15 contiguously and were of such a
nunber that they occupied substantially all of the surface area of the
menber 11, 13.) As represented in FIGURE 17, the resilient material 61 al so
fills the spaces 67 and extends to and copjacts 20 both the first and
second menbers 11, 13. As with the cross-tube version described above, the
resilient material 61 danpens vibration and, when tenperature- related
testing is berrgupesfosngedd ie)i dttsehsnt oheapsher shbehagen rakkeeadlyy 13.

25 Ref e rln artlc | ar to. Fl GURE 15 t h t 11
ext ends al ong® %@ %ﬁﬁ §#%g?€bgssg§cg fﬁ%@légam%%% res%g%Frgngﬁ;

pl ane 69, [Neﬁmdamhg appavatug| 20 oind®Djides] a Eaphpotftibs ﬁabestegpn§§da
central axis {d £'elBl! dnal 74 2H&ScHd eiffeeasggékyleara&hglca

one anot her gener y per pendi cular to the first nber
11. The t%be@@@tm &> has a@me@m@l@acmm%e@vg{lamema Ehensubgr egd

| east two waypy, ASi SHOWNaSukd GIRE £Hs1aét§ﬁbﬁ§8é Ma¥ BRoh)Usiknaradhasi ve
73 bond the Iomer 35 . _ends of the_tubes 59 _directly to the first nenber

11. The tube‘Hﬁﬁé?u%ﬁﬂgeaﬁ%xg?ﬂ?l%ﬁl?uBBnﬁ%ﬁ dfrectiy to the second menber.
In a nore preferresl GompapLssntos PIGURBS 16-48d £0ChRESmakeandtlGleatr

| east one tube 59 has a tube e b t f
the first me 93P dﬁﬁth%n%pggr%f%sg %Egg%?%gesygeiékggo%¥vggg S8y rgm
i nt er posll beddisesivde7d um ETE@URRE Bhdis hquitessuhehaatléllwgéeéﬁﬁm

portion 63 hasa AR SoyLhon By QUEEEARPENGS | I EuBERANY o7 dncekbberia ound

t he inside sur around the outside_ surface of such end 77.
A conpari son B? ?1@I%&§$16t%ﬁdt@beaﬁ@dnﬁieénl? paggicular position.

And the attachment plate 81 of the cap portion 63 has
adhesive 73 across its entire surface as at location 83.

15 Any of several configurations of the upright tube
version is possible and gives acceptable results. 1In
that shown in FIGURES 15, 17 and 19, the tubes 59 are
generally cylindrical and have the same diameter and the
same wall thickness. In another arrangement shown in

20 FIGURE 21, the plurality of tubes 59 includes first and
second groups 87, 89, respectively, of tubes 59. The
exemplary first group 87 includes tubes 59e and 59f, the
exemplary second group 89 includes tubes 59g and 59h.

The cross-sectional area Al of at least one tube 59%e

25 in the first group 87 is greater than the cross-sectional
area A2 of at least one tube 59h in the second group 89.
And the tubes 59 (whether of the same or dissimilar
cross-sectional areas) may abut one another (as in FIGURE
17), may be spaced from one another (as in FIGURE 19) or,

30 as in FIGURES 21-24, may be mounted with some tubes 59 in
abutment and other tubes 59 spaced from one another.

In yet another configuration of either the cross-
tube or the upright-tube arrangement, the first plate-
like member 11 is made of a first material and the second

35 plate-like member 13 is made of a second, different
material. The apparatus 10 thereby has differing



why cap portions 63 are preferred. The area covered by 10 adhesive 73 in
FIGURE 16 is quite substantially greater than that covered by adhesive 73
in FIGURE 20 and the rim79 "locates" the tube end 77 in a particul ar
position. And the attachnment plate 81 of the cap portion 63 has adhesive 73
across its entire surface as at |ocation_§3.. 15 Any of - sever al
configurations of the upright tube version is possible and gives acceptable
results. In that shown in FIGURES 15, 17 and 19, the tubes 59 are generally

cylindrical a%é&i@d&q&aﬁx@@@t erstd ! ha warRmand th tddiass . add
anot her arrangenent own in _20 FI GURE 21, the plurality of tubes 59

i ncl udes firs ﬁ%ﬁ%}ﬂ}&ﬁé’ gRtexgalSesnectively, of tubes 59. The
exenplary first grm.qfe‘ﬂ:ungcln&ies ol IRTURS: zamd Eefaudd eo e xehp | mirgi Segond

group 89 inclu t uhe 59 e at
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cross- secbi onsomer &t Mleof"aitartp@m"omtthmé‘ll@gh a vitratase A wawep 89.
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nmay abut one anot as In FI GURE be spaced from one anot her (as

in Fl GURE 19) vabrasi@r 43s sy emudpRed Mty W%ﬁﬁmﬁ%ﬂdlwf% IRACY ubes
59 in abut nEnblyek GihedadelRES THEFTONECRE fnmmmﬂr?e Fey hatamp e y etsudiot her

configuration_qQf either, the cross- tube . or the ri tu ran enent,
the first pl atbgr ?ﬁ FEhEr 34 IPEEGe 15F 3R ﬁdlrjag’[tq%@rq% e"ssecond
35 pl atte- | i betmermethe3 mmnmdagoﬂe&mmd armdl ftfrey enduntairey |kwaclﬁte

apparatus 10 Laereluy s TSl [ on ol SUANS Jf SAGPEhe SLoe!

al um num and fi'tan um are a Iary mat er | rlng next to
FI GURE 25, bebdosk &8 ttl¢etrh|eg|fdmsyt menheer idbl e apparatus 10, it .

preferred to noder fefedring0Wyadh +0° FIERAERNASS and iy Wi ruudbrasor 43

woul d
to be tested is mounted atop the second member 13 and

15 secured there by bolts or the like. One or more
vibrators 43 are energized and shake the apparatus 10 and
the product 101 for a time and in a way that is usually
predetermined for a particular product 101.

It is to be appreciated that while "pieces" 37 of

20 resilient material are mentioned above, there are other
ways to provide such material. For example, a highly-
viscous foaming material may be injected into spaces 39,
67 and allowed to solidify. |

A third configuration of the new apparatus 10 is
25 shown in FIGURES 26, 27, and 28 and includes a primary
table member 105 driven by at least two impactors or
vibrators 43. Each vibrator 43 extends along a vibrator
long axis 107 and the axes 107 are spaced from and
angular to one another.

30 Referring also to FIGURE 29, the primary table
member 105 has a perimeter edge 109 defined by the
generally planar surfaces 111, 113, 115, and 117. The
surfaces 111 and 115 are parallel to one another as are
the surfaces 113 and 117. And the surfaces 111 and 113

35 are perpendicular to one ancother. The table member 105
also has upper and lower surfaces 119 and 121,

respectively, which are coextensive, substantially



ot herwi se shake the apparatus 10. To that end, each vibrator 43 is equi pped
with a sonewhat-resilient inpact block 93 nade of TEFLON[err] or '
DELRIN[err], for exanple. Such block 93 is in an opening in an adapter

bl ock 95 and is 10 bet ween the vibrating device 97 and the nounting
bracket 99 used to couple notion of the dg Eife 97 through the block 93 to
the first nmenber 11. Referring again to FIrGURES 13 and 14, a product 101 to
be tested is nmounted atop the second nmenber 13 and 15 secured there by

bolts or the balf:%lle@%d)roﬂ@ra‘?ld&@zata@fcﬁcﬂﬁl f:&i@erﬂa?om@de&&@ke the
apparatus 10 and the product. 101 for a_tine and in a way that is usually

predetern1nedSP6¢a§eﬁaﬁﬂﬂcuﬂé@'pﬂﬂéhcﬁ-101. It is to be appreciated that
whi l e "pieces" 37 ahe2Galas Ime&miemtoesr ihais H@Wﬂﬂmd:ﬂbm&ﬂxréahﬁdi are

ot her ways to r QVi sugc eri hi o) foam ng
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i npactors or Vi Vi brat or 43 exte rator |ong

axi s 107 and The Zedes)FR3aextaps betWesn ihe ﬁ@iﬁa&e%é e kot her. 30
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edge 109 defi ned t he neral I'y rfaces. 111,. 1 and 7
The surfaces ¥¥#C 6‘911591'2% 'allg’e ?‘d‘ggﬂé’ RrSERRr ek eé‘ii?‘% N f
113 and 187. étﬁdthl&ehm]xefsaaes bktendd thrdush thar me}nﬂfqlerld]&ldrid ncme:me
anot her. The e 5 alsq RP and
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anot her and cbasi gucdessEd lendhe edge surfaces 111, 113, 115, 117.

The plurality of holes 123 includes a first group of

holes made up of holes 123a and forming a row 125. Each

15 of the holes 123a has a center axis 127. Such plurality
also includes a second group of holes made up of holes
123b and forming a column 129. And each of the holes
123b also has a center axis 127 which is coincident with
the center of a circle defined by its respective hole

20 123b. (It is to be appreciated that the row 125 and the
column 129 are exemplary and that the table member 105
includes additional rows of holes, e.g., rows 125a, and
additional columns 1l29a.

The center axes 127 of the holes 123a in the first

25 group are coincident with and normal to a first reference
line 133 and the center axes 127 of the holes 123b in the
second group are coincident with and ﬁormal to a second
reference line 135. The second reference line 135 is
angular to the first reference line 133 and, most

30 preferably, is perpendicular to such first reference line
133.

Each of two of the holes of the first group, e.g.,
holes 123al and 123a2, is cylindrical and éuch two holes
123al, 123a2 have a web portion 137 between them. Such

35 web portion 137 has a minimum thickness T which is less
than the diameter D of either of the two holes 123al,
123a2.



The table nenber 105 has a plurality of unthreaded, generally cylindrical
hol es 123 fornmed in it and nost 5 preferably (at |east fromthe standpoint
of ease of manufacturing), such holes 123 are of uniformdianeter. The

hol es 123 extend between the surfaces 119, 121 thereby configuring the
-tabl e menber 105 to resist cracking. That _is, in a highly preferred

enbodi nment, all 10 of the holes 123 exté&fd t hrough t he nenmber 105 and
none of the holes 123 are "blind," i.e., none of the hol es 123 has a cl osed

end. The plurality 3 %@hﬁ% a f s | e de up of
hol es 123a and forﬁ%%quh%%wi% gI %g g¥ t he %b eg&ﬁggé ﬁgg?a center
axis 127. Suthbﬂ)leummbﬁ\}‘ a1050 ingdiudess ag Pdedadd tgt efp ssickasisesiItade up of

hol es 123b angdotpEdl ARG 3tCOl @&ehlégcké%d 183Ch 0fartiNa dapltR katp el sadas a
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its respectivd fAeparage thysgded rspapgqfé F&ushddcils e@asidied e @artn2s
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hol es 123al, ggace 119.
As shown in FIGURES 29 and 30, sockets 139 (except

15 for those adjacent to the perimeter edge 109) are
terminated by an enlarged relief region 151. Such
regions 151, the formation of which involves metal
removal, reduce the weight of the table member 105.

As particularly shown in FIGURE 26 and 27, the new

20 apparatus 10 has an assembly 155 comprising a thin,
relatively rigid upper platform 159, a thin, relatively
rigid support sheet 161 and an insulating layer 163
interposed between the platform 159 and the sheet 161.
That is, the platform 159, the layer 163 and the sheet

25 161 are contiguous. And the platform 159, the laver 163
and the sheet 161 are parallel to one another and to the
surfaces 119, 121 of the primafy table member 105. Most
preferably, the platform 159 and the sheet 161 are glued
to the layer 163 with adhesive.

30 In a highly preferred embodiment shown in FIGURE 27,

' the total thickness of the platform 159, layer 163, and
sheet 161 is somewhat less than the height of the neck
145. So configured, the ends 167 of the necks 145 extend
slightly above the platform 159. A product 101 _

35 undergoing test may thereby be conveniently bolted to any
combination of standoff studs 141 by extending fasteners



-16- Referring to FI GURES 26, 27, 29, 30 and 31, the table nmenber 105
includes a plurality of sockets 139 formed in it. Each socket 139 is
drilled and tapped and a separate threaded standoff stud 141 is received in
each 5 socket 139. More specifically, each stud 141 has an externally
.threaded shank 143 which is received in a spcket 139 and an upwardly
extendi ng neck 145 with an interiorly t hrehlded cavity 147. A nut portion
149 is between the shank 143 and t he neck 145 and when the stud 10 141 is

installed, th t ' 494 S311d . | t p faces 119,
t her eby settifl.lgéqétjhtekplagel{l 1ﬂtntltleo ?%%étgac ntec 12%&%)({&2%%5913%0\5% %Eggtsabl e
menber upper skfT Rf aabeched speds i F ¥ GURES 29 and 30, sockets 139
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y an enlargead reil regl on . uch regl ons e r no I C
i nvol ves met alSR arel %?let%t’:\?;‘ﬁt'%fﬁe’f HRUTERTS %:Lﬁ‘o‘gf J:"ng tg‘gﬂg

particul ard y skamser m o3 GIRE Zbs@ k2t atimet mevp2dductappdt atnsalSphasdan
assenbly 155 ¢o | Si t.hj e | L gi d r a , _
thin, relati vexl-éyﬂ)grdllgcji’@&%pgé '[E %%eéegéél@%n#%h |éln<§'§?a?}i%ngi%g§/g]r }égBagd

i nt er posed bettieerepaces| bl3 dredp G9retelct hehe eeedudd . 1dhaunder shress

pl at f or m 159, I ﬂégiz%%% E%Fﬁ% L gUQU t he
pl at f orm 159, %%%I%yf{cgé 163 an %{uﬁes ee gl%mat?igé ﬁé%fée)ﬁ%o?gnin%ng? er
and to the surghfas L6 heips cﬁrQ‘Fﬁ}“’pr‘?%rlyaY%I%GMP 43BILNGst
preferablyg thduedd aine @ 4he sheet 161 are glued to the |ayer 163

27, the total thi cRRESFTIY A T S TIGHE A Sad chebe Yol o
somewhat | ess thwudhe teeimhimaty tteble chenibér 106 doad | guiebe aheaecBAls 167
o L onecks i YU A UMY A0 P ARG AR %S, 10130
and 117) defines an area PEA and the total of the hole
15 areas HA is in the'range of 40% to 60% of the area PEA
defined by the perimeter edge 109. Most preferably, the
total of the hole areas HA is about 50% of the area PEA
defined by the perimeter edge 109.
Referring to FIGURES 26, 28, 29 and 30, the upper
20 ends of the vibrators 43 are attached to the table member
105 by fasteners extending downwardly through the holes

174 and depressions 175 formed in the upper surface 119
of the member 105 and aligned with respective holes 174.
Such depressions 175 are provided as something of a

25 "countersink" so that the fasteners are flush with or
somewhat below such surface 119.

‘The primary table member 105 has significant
flexibility and is configured to avoid (or at least
dramatically reduce) stress concentrations in the member

30 105. Such stress concentrations are likely to arise if,
for example, the holes 123 were drilled to a depth and
closed at one end. (So-called "stress risers" occur
whenever there,is an abrupt change in the direction or
contour of a surface.) And the new table member 105 is

35 easy to manufacture, especially with a computer-

- controlled machining center of the automatic tool-
changing type. Such a machipne is able to locate and



conbi nati on of standoff studs 141 by extending fasteners -17- 169

t hrough the product nount 171 and into the cavities 147 of sel ected studs
141. The studs 141 thereby maintain the assenbly 155 in a spaced
relationship to the upper surface 119 of the table 5 menber 105 and al so
mai ntain the product 101 in a spaced relatjgnship to the assenbly 155. Both
the layer 163 and the spaces 173 hel p protect the product 101 under stress
test fromheat transferring fromthe apparatus 10 and the sheet 161 hel ps
prevent the | aypi1168nkr ABL&80G0RY 18he BebweeR tRe ShdluclesdiRIy nivig
particularly to F| GURE 29, each hole 123 through the primary table nenber
105 has a hol eWBti8 WRALFRE Sérineter edge 109 (conprising surfaces 111,
113, 115 aﬂd 117) dE?i]DéSthé -preacfli’ﬁaéehandft Baet thlendzfidrhgldwhezebﬁl ar eas
HA is in the range o 0% %,0f, _t rea.PEA i ne e perineter
edge 1009. MostZPre e?%élé%ggﬁggthéP SgnﬁﬁggﬁSPewéiéagugAa¥gkgbout 50% of
t he area PEA defibodiméntsheipeisntoebeecdgdetbbooefdennly tthakl GuURES 26,
28, 29 and 30, 2 d f oED j t are.att:as o the
tabl e nenber Uﬁ%ﬁg g@%gngfg ggtgﬁ iﬁg g%ﬁ i?dﬁéatéighgﬁtt%?ﬂ%%%i?ﬂ]4
and depressions 175 forned in the upper surface 119 of the nenber 105 and
aligned with respective holes 174. Such depressions 175 are provided as
sonmet hing of a 25 "countersink” so that the fasteners are flush with or
somewhat bel ow such surface 119. The primary table nmenber 105 has
significant flexibility and is configured to avoid (or at |east
dramatically reduce) stress concentrations in the nenber 30 105. Such
stress concentrations are likely to arise if, for exanple, the holes 123
were drilled to a depth and cl osed at one end. (So-called "stress risers”
occur



whenever there is an abrupt change in the direction or contour
surface.) And the new table nenber 105 is 35 easy to manuf a(“nmmllll“I""'II"IIII
especially with a conmputer- controlled machining center of the sautonatie s =
tool - -changing type. Such a nmachine is able to | ocate and drill the

hol es 105, the sockets 139 and depressions 175 while unattended. Wiile the
principles of the invention have been showh®and described in connecti on

with but a few5 enbodinents, it is to be understood clearly that such

enbodi nents ar Yay of exanple and are not |limting. -19 - CLAIMS

What i s clai med: 1. In a vibrator table apparatus including a

primary table menber driven by at |east two vibrators and wherein: -each

vi brator extends alwpg-a;¥ib{iatipeglong axis; -the axes are spaced from and
angul ar to one 10 another; -the primary table nenber has a plurality

of holes forned therein, and -the menber_includes an uﬁgir surface and a
| over surface; 15 1-  In_gneibratoychable RRPRFACPRAIAGLEE1BR 8nd bet ween

the surfaces, phfiiieby €Hléonenbgrt@eipen by yat abbestesher vibraesirst and
cracking. 2. %%f qg aratus of claim1 wherein: 20 -the plurality of
hol es i ncl udes"¥¥%t™ and second groups of holes; -each hole in each of the
first and second greszgsh vibrator extends along a vibrator long axis;

-the axes are spaced from and angular to one

10 another; .
-the primary table member has a plurality of holes
formed therein; and
-the member includes an upper surface and a lower

" surface; |

15 -the improvement. wherein the holes extend between
the surfaces, thereby configuring the primary table
member to resist cracking,.

2. The apparatus of claim 1 wherein:
20 ~-the plurality of holes includes first and second
groups of holes;
-each hole in each of the first and second .groups
has a center axis;
-the center axes of the holes in the first group are
25 coincident with a first reference line; _
-the center axes of the holes in the second group
are coincident with a second reference line which is

angular to the first reference line.

30 3. The apparatus of claim 2 wherein the reference
lines are perpendicular to one another.



has a center. axis; -the center axes of the holes in the firs

coincident with a first reference line; -the center axes of H}Immmu“ml“ﬁn”“l
' I ¢h ks ®» s *

t he second group are coincident with a second reference |ine wh

angular to the first reference line. 30 3. The apparatus of claim?2
wherein the reference |lines are perpendicular to one another. = -20- 4.
The apparatus of claim1l wherein: -the plﬁ?%rity of holes includes first
and second groups of holes; -each of two of the holes of the first group is

5 cylindrica%; _%gg_$§%gﬁ%%9§8%§?§%aﬂﬂlESWRLrEEﬁ’firSt group have a

web portion therebefeen;

as a mninmumthickness; and

-the ni ni num t hi cknetlkeiplurakityiaefthel@sappedndgs forst and gecwad of the
said two of the holgﬁogﬁstgg_ﬁéiég;group. 5. The apparatus of claim4

wherein: -the

formed therein; and-€3CRephrire < Faer

upper~surface includes a plurality of sqckets 15
go%?ﬁdofstpﬁcszﬁﬂ BROYRCcKSsocket .

6. Tredappﬁrﬁtus of%p%?m@tﬁcanplgding a.proﬂuct 20 support pLathrn}
coupled to the stan studs,_an ei e studs Lntain_the atfaorm
in a spaced relatioﬁgm?ps?b tﬂ%ou%€2€ﬁ§uﬂ?;%§.°%.gﬁﬁg%éﬁﬁgrgFﬁgpb a¥FaPm 6

i ncl udi ng an i
upper surface.

nsul avéngo@btioh aykerebeewpesed between the platformand the
8 The,anpab Adise £hn Chak ") TmifiEhGh"Eni bREEES VLAY NO | aver

i ncl udes an upper surface a

10

15

20

25

30

35

-the minimum thickness is less than the diameter of
either of the said two of the holes of the first
"group.

5. The apparatus of claim 4 wherein:

;the upper surface includes a plurality of sockets
formed therein; and

-a separate standoff stud is received in each
socket.

6. The apparatus of claim 5 including a product
support platform coupled to the standoff studs and
wherein the studs maintain the platform in a spaced
relationship to the upper surface.

7. The apparatus of claim 6 including an insulating
layer interposed between the platform and the upper
surface.

8. The apparatus of claim 7 wherein:

-the insulating layer includes an upper surface and
a lower surface; ' '
-the platform is against the upper surface; and
-the apparatus includes a support sheet against the
lower surface.

9. The apparatus of claim 8 wherein the support
sheet is coupled to the standoff studs and is in a spaced
relationship to the upper surface.



30 a lower surface; -the platformis against the upper i
-the apparatus includes a support sheet against the | ower surfFﬂgiﬂmﬂllnwm""'m
9. The apparatus of claim8 wherein the support sheet is couple 0 e s w
standoff studs and is in a spaced relationship to the upper surface.

-21- 10. The apparatus of claim1 wherein:,yeach hole has a wall defining a
hol e area; -the table nenber has a perineter edge defining an area; and 5

-the total of the hole areas is in the range of 40%to 60% of the area

defined by the perijgterrgdogppdtatdbconPPBaBhUS Rhepbdhm 10 wherein the
total of the hole areas is ﬁbout 509601 t&g area defhnid by the 10
perineter edge. 12. 9¥ehBPLfaldas drvwelli #eEinineoAnlALei 8RR th a product
under test and wheretihe tabteappabatUlasngl pedesmavetrnsdgat dagiasagnahy 15
spaced above the table nmepber; and -the product is spaced above the

i nsul ating assenbly?rﬁﬁf %2 combi nation of claim 12 wherein: 20

-the insul&ti ng assenid ytosahovofit ebetholdecareds eiseiberthbyrangeuoél #0§ of

standof f studs extqggi@@%igfotﬂgeafééeg@%yﬁeggﬁﬁ6$$§S€éggﬂg%%}seggg@ted to

the apparatus by fasteners attached to the st uds.

11. The apparatus of claim 10 wherein the total of
the hole areas is about 50% of the area defined by the
10 perimeter edge.

12. The apparatus of claim 1 in combination with a
product under test and wherein:
~-the apparatus includes an insulating assembly
15 spaced above the table member; and
. -the product is spaced above the insulating
assembly.

13. The combination of claim 12 wherein:

20 ~-the insulating assembly is mounted to the table
member by a plurality of standoff studs extending
into the assembly; and
-the product is mounted to the apparatus by
fasteners attached to the standoff studs.

25



