-1- TITLE OF | NVENTI ON SEALI NG GROMVET FI ELD OF THE | NVENTI ON
[ 0002] The invention relates to gromets and sim |l ar devices used for

seal i ng opgBipdm2i1Hs Pressuri zed encl osures such as thosgRiQyided7{f or
supplying conditioned air to electronic equipnent in data centers and

the Iike while allow ng cables, hoses, conduits and the like to pass
t hrough the openi ngs. BACKGROUND OF THE | NVENTI ON [ 0003] I n data
centers in particular, and in a variety of other circunstances as
well, there is a need and desire to preiti de for the passage of

cabl es, conduits, hoses and ot her pass-through el enents, through
openings in floors, walls, ceilings, cabinet panels, etc., while
providing for effective sealing of the opening and at the sane tine
acconmodati ng the efficient add*Tm%ﬁF£Wﬂ§$WONeanal and/ or
rearrangenent of the pass-through elements as nmay be required from
time to tine. A typical data center, for exanple, will house a |arge
nunber of conputer servers, arraBgsdNGGRAOMWEES, which are connected by
cables to other servers, networks, etc. These data centers typically

are highly dynamic in the sense - 2 -
FIELD OF THE INVENTION

[0002] The invention relates to grommets and similar devices
used for sealing openings in pressurized enclosures such as those
provided for supplying conditioned air to electronic equipment in data
centers and the like while allowing cables, hoses, conduits and the like to

pass through the openings.
BACKGROUND OF THE INVENTION

[0003] In data centers in particular, and in a variety of other
circumstances as well, there is a need and desire to provide for the
passage of cables, conduits, hoses and other pass-through elements,
through openings in floors, walls, ceilings, cabinet panels, etc., while
providing for effective sealing of the opening and at the same time
accommodating the efficient addition andfor removal and/or rearrangement
of the pass-through elements as may be required from time to time. A
typical data center, for example, will house a large number of computer
servers, arranged in racks, which are connected by cables to other servers,

networks, etc. These data centers typically are highly dynamic in the sense



that equi pnent is continually being added and renoved, rearranged and
reconnected, as networks are expanded, and restructured.

[ 0004] Becwgqoﬁﬁozﬁllgm ficant heat generated by servers ddi/d26@ido173
center, and the detrinental effect of such heat on conputer
performance, it is customary to provide for cooling the servers,
usual |y by supplying conditioned air to the equi pnent racks. To this
end a typical data center is constructed with a raised fl oor,

provi ding a space for cabl es, hoses, -conduits and ot her service

el ements, and al so functioning as a plenumfor the supply of
conditioned air. The elenents of the raised floor, typically netal
"tiles", are ptetiedgdmenttin copidciaty bginpladdet andirdretvedprairaggedf @rd t he
di scharge of cpq nt of a rack of
servers. The congbrﬁcﬁg%g‘%@or&% 52{,@, adte?@éere%pﬁcturhgr pressure than
the anbient air in the data center, |s di scharged upwardly al ong the
front O}‘ Llhe rack qmﬂqijstBe?cmSGi ot @lghiﬁ%ﬁtﬁﬂbt/bdmétedej’yvaﬂ’rﬁerb%n ah

i nterna ower,s, provi ded there 5 0 ed with the
server racks atd%ta %M { and g“%ldgg'rménqqm%lecs c\gl%\hl i'fe Wc SRMREE S ng
ot her service per@mmanse utos bestpagydd prcbwdmufghcchdmeg ﬁHSOEEHTVEtHB | ussialfyr mym t he
under-fl oor sp ; r

somet i mes 1 ef os By S nEAARERY B3¢ Syl RIKE! o R SRR AN,
t he before nent¢derels mﬁrt@xtect)p@huawg@serdoﬂoqron@mngn@@mer for|qables,

i nportant to Nhpdddl &6ndufts RaCARS Qm&&%@nﬁén@%d%éo hlHcRsHY bhese
servi ce openi ngs because air released through these OEFnIngS sinply

n xes with ambPERYMderthe gurrheoirepditienasalr Higelempeys Rbihegrised feer.

effi :j ci ent dor efypraly MQtfaD(ﬂleTh Rgk: %viﬂ@@w&l&;si?@j’aﬁy pRted b@uel‘slamlﬁgsrfar it
is desired to pro orteeas ef fi nt .in atio
removal and otﬂ'@ g'?&?f ﬂ‘b&?fﬁ‘ﬂo" ?‘?fl "Q'] ﬁ&eme ﬁ?ﬂ ?fh%sr@qgf-ﬁ'vi ce
openi ngs. Accoseivegl yTheantyncmmabd radf, IﬂB@&TSreaaﬁw;:lhlghed pms*sdwestba:rh the
openi ngs needs C Lr n same
time providing %B'Ea&lpm t:g\(/:%%{é{;' Cﬁ&ha%gg(agﬁ 2l V%%rlpﬁtgghﬁﬁ eogltr}eed

| oss of condit rasheddds dramdeto the dstivigual S$r®$mtttsrentpl‘r@hulmvslpalrew@m1 ow
the raised flogye;} 0006] One particularly advantageous form of seal
for achieving the objectives stated above is described in the
Senmpliner et al US Patent No. 6,632,999, the disclosure of which is
i ncor por at ed by refijangnce Also ia*ssncmtﬂd with yhe ddreer' 1961 amtmet odmeead oses
a formof gro fr

2oron o opon e OGR! MIRT e il TR S Eb Ao Yo L 2

whi ch ext end atvogh thadloopdies feprothe bederflaprespacd, '@eroaenqcbng dsittet any
f1ow of conditiged. aitheld UpeAnB CISHEIAES raBELOSYT forlh B SRR PACE
into the anbient air onet%gcgpoepggm te s‘f de o ror{me

brush-1ike el eﬁé?ﬂ'@sa@&ﬁﬁ%é\t@eﬁ@rﬂéhﬁrk@i@ﬁd@efﬁpnﬁg%ﬂqth‘PRﬁ'}@‘IS for

el enent s, SUChcé\ﬁilﬂbﬂ@rh af. |t:@rmh5b,tt§n t€ niniriiai the e§éﬂb‘étrﬁrﬁoh@|hér)éd air
mn|m2|ng air flow throu Femn Tearrangement al so

acconmodat es aH#CY9Rc HePe o eé‘§°? rF@e ings dfecayseoalr G thigygh these

rearrangenent eoperdimi® $Ap-rhikeOUIh a@ibREalrsn A% tsta I‘tﬁﬁt%s&&ﬂ Wok# nbhe

dynam ¢ envir OBH)?/%te e?f]:cie%t gra:taf?ecﬁ\?e cc%llng oH?‘n/'c\e/ps‘erveg: A-Q_Fe same 'hl%leq}lls
desired to provide for the easy and efficient installation, removal and other
rearrangement of service elements in these service openings. Accordingty,
any sealing means associated with such openings needs {o accommeodate

such rearrangement while at the same time providing for an effective seal



[ 0007] The present invention relates to an inproved form of sealing
gronmmet of the general type disclosed in the above-nentioned ' 999

pat ent, Wéﬁoilfﬂ(jﬂﬁ?mat es a novel form of inperneabl e,PCfr{lggdlmﬂg)ln
el astoneri c seal 1 ng nmenber providing highly efficient sealing under

all operating conditions. An al nost perfect seal is provided when no
pass-through el enents are present, and a highly efficient seal is
provi ded when one or nore pass-through el enents extend through the
gronmet because the character and confsi-gurati on of the el astoneric
seal ing nenber enable it to closely envel op and forma seal around
t he pass-through el enents and reduce to a practical mnimum any open
space around thmst thi undadired 2iB4< SPCINdiiicB20 14v 083t iBessude fronf00G@8] | n

one advant ageo t f the i nventi on has opposed,
i nper meabl e, glﬁml: ﬁ%‘:{e lpaﬁ) or nmég%df% €l astoneri c seal i ng nenbers,

formed with deep corrugations. The corrugated sealing nenbers pr ovi de
a highly efficient [@eql Wi ke pa}dcummtwuantg@d@hewma@%balqoﬁmqﬂ the

Th nb
o Pove. subst antegs Srpd bdis.8 sesatist g e iing: o U PRFR o
the sealing nmeNbe6$32,98®rihé¢ disclosure w§ahit |smmpngatetbm)eafereacreem its
undi sturbed (t Qﬁtﬁetg 1Th’é%9é’b§t8h?&§éio aa[o?r%béfﬁé%m&t N&En Q%ﬁ.%‘% arough
0 Seal1ng ers prefera

el enent) the corru ions™ o ppose y are
al i gned subst aframnal pgsitiohed pharseVeraJ@&wmmapenimaamd ewvidad yvitbforeher

opposed seal i ”%@Hﬁ&%ﬁ-ﬁﬁ‘%f’neﬂ@ REPLRERA %Er@ QLe%I% i@aéf the fram
t her ebet ween. en a canbl e or er pass- t roug e Nt exten
through the gramfhearve tofesistrany flewE cerfditioned é@?rpmg?anrpwgzeaﬂr@c@ﬁgrm aced

away from theipr "|aﬁunﬁ 8gdce MBI arﬁs.énﬂw@%@,opbmecsmfdfwgfowmof the
seal ing nenbers, derived fromthe nPo(gCO”u gations therein in

relation to th&Gtds-ie ’E’ﬁ@eBtﬁeﬂ?cﬁa] Aten IS PERFANGEa 05 F@sEHECH e bl e
el astoneric sealbmagtsnemnedsscmspb@ﬁelty et) il Rubdigntiembinthirhizing lalirdi ng
very |l arge cab es .or q}ﬁd es_of caﬁﬁes% and HE Pst ai n_subst antlrﬁl
closure of a shdfifgueh & BREWREn YEaPiASHSHDEFS, *CORHHAtR e

cabl e i s di spl tcitithtdsr tbenirtshtedlaticen) reemoval andesagrogament pDHe Passrthrough
corrugations Oraleﬁwlaﬁts%%% ﬁé&s%@%édﬂaﬁﬁ@é%gﬁma{t% a data center.

SUMMARY OF THE INVENTION

[0007] The present invention relates to an improved form of
sealing grommet of the general type disclosed in the above-mentioned ‘999
patent, which incorporates a novel form of impermeable, flexible
elastomeric sealing member providing highly efficient sealing under all
operating conditions. An almost perfect seal is provided when no pass-
through elements are present, and a highly efficient seal is provided when
one or more pass-through elements extend through the grommet because
the character and configuration of the elastomeric sealing member enable it
to closely envelop and form a seal around the pass-through elements and

reduce to a practical minimum any open space around them.



arranged in a repeating wave shape, with sem circul ar apex and trough
portions interconnected by generally vertical side portions. O her
repeating @B@hﬁ(}lﬂzu?peat' ng (e.g., variable) wave for nsdBYs#HoRS019$
sui t abl e, si ne wave, square wave, triangle or saw toot 11
waves and the like. [00olo]ln certain forns of gronmet seals, it may
be advantageous to formcross corrugations, particularly near the
free ends of the sealing nenbers. The cross corrugations, which can
be provided in one or nore rows, provigde for a softer action at the
free ends of the sealing nmenbers and can further enhance the ability
of the sealing nenbers to - 5 - closely envelop, and forma seal
around, any pass-t loameigh elhexmeratjgantziaeeus:fonﬁshegromgatofthSnv[enm‘nerabl y

| | hal |
of the ceal | ng e aene. BaHRRE0E, Rl shofndit BB B begRecar Ty

i ncl udes a r el atembelsy faringd mtpdeemtmmaatldnsaﬂfbe cqurt@faadaﬁslalwgof a hard

plastic materi WO
general ly Ushgrlpe(y%ﬂsc*}?\qsecﬁégl S, JHE wr”@é?*‘?'é’hg E@oﬂa %’Sgng | e,
corrugat ed seaFhrﬁl@hﬁb%@mmﬁiuﬁh%mﬁwmmﬁ@ﬂ@' Oiél@tqoﬁ’ﬁgﬁt@d peAling t wo

hal f - gr ommet s. m%e?é"&loﬂ@lsﬂbﬁérﬁimcﬁalr ®ass ih?dbtgh'ﬂga iAtedbOQIMIn dgi t . are

j oi ned together when installed forma conplete grommet. A S|ngle

hal f - gr omret nﬁ}ﬁ%?é're&wma%ra WPeEé'?Et%”Hg%tFFé%ﬁPEEmrS 4§ where a
floor or panel upgistoibeg (tabus-moadwbéedwyaxdwormfrb@ﬁmm purface that

serves as a boupdar ai nst . whi ch the open 5| t aIf gr onmret
s posi ti oned. °(-GBBNIT THOGGIFTE RO FFThe s RABEV A ed 10 ¢he
frame aligned substantially “in-phase” such that the free ends of the opposed

sealing members abut one another and form a seal therebetween. When a
cable or other pass-through element extends through the grommet, the free
ends of the corrugations are displaced away from their "at rest” positions
However, the configuration of the sealing members, derived from the deep
corrugations therein in relation to the width of the opening, enables and
causes the flexible elastomeric sealing members to closely envelop the
cable (including very large cables or bundles of cables) and maintain
substantial closure of a sealing line between sealing members, even when

the cable is displaced from the center of the grommet.

[0009] The corrugations of the sealing members preferably are
arranged in a repeating wave shape, with semicircular apex and trough
portions interconnected by generally vertical side portions. Other repeating
and non-repeating (e.g., variable) wave forms may also be suitable, such

as a sine wave, square wave, triangle or saw tooth waves and the like.

[00010] In certain forms of grommet seals, it may be
advantageous to form cross corrugations, particularly near the free ends of
the sealing members. The cross corrugations, which can be provided in
one or more rows, provide for a softer action at the free ends of the sealing

members and can further enhance the ability of the sealing members fo



menbers in various ways, a preferred and advantageous way is to
co-nold the elastonmeric sealing nenbers with the frames such that the

seal i ng 25ﬁ,05ﬂ5§n a strong bond with the frame sectip@Rgis20lf039173
particul ar advantage, the el astoneric nmaterial of the sealing nenbers

is electrically conductive, and the co-nol ding procedure is carried
out in such a manner that a portion of the conductive material is
caused to flow frominside the frane to one or nore | ocations on the
outside of the frame to provide el ect.si-cal contact with the surface
on which the grommet is nmounted. (usually a netal tile). [00013] For a
nore conpl ete understandi ng of the above and ot her features and
advant ages of tlheely eweltipi and forme b eed meing hatyl pdhsbHthromteldneentd eThe

foll ow ng det aj 1Rt . @%@WW ] WO
011/ 02031 5pCTFEES o FRBAS pttraf) Srd Aiduls B B A NGs
[00on] FI G 1 afdeepprimasy perrugptartsiof thesealiug reroparabove of "nml e" and
"fermal e" type half sections respectively of one preferred form of

S O a0 0 b B e SRR FGioe o, o' 0P
t he i nventi on. relatively rigid peripheral frame, preferably of a hard plastic material, such
as ABS. The frame may be formed from iwo generally U-shaped half
sections, with a resiliently deformable, corrugated sealing member mounted
in each half section to form two half-grommets. The two half-grommets,
constituting a grommet kit, are joined together when installed to form a
complete grommet. A single half-grommet may be utilized in certain
circumstances, as where a floor or panel opening abuts a wall or other
confronting surface that serves as a boundary against which the open side

of the half-grommet is positioned.

[00012] Although the sealing members may be fixed to the frame
members in various ways, a preferred and advantageous way is to co-mold
the elastomeric sealing members with the frames such that the sealing
members form a strong bond with the frame sections. To particular
advantage, the elastomeric material of the sealing members is electrically
conductive, and the co-molding procedure is carried out in such a manner
that a portion of the conductive material is caused to flow from inside the
frame to one or more locaticns on the outside of the frame to provide
electrical contact with the surface on which the grommet is mounted.
(usually a metal tile).

[00013] For a more complete understanding of the above and
other features and advantages of the invention, reference should be made

to the following detailed description and to the accompany drawings.



[00016]FIG 4 is a cross sectional view as taken generally on line
4-4 of Fig. 3. [00017]FIG 5 is a cross sectional view as taken

general ly Q@ hifB.355 of Fig. 3. [Ouns]FIG 6 is an en'l%ﬁ%%wms)ns
fragmentary cross sectional view of an encircled portion "FIG of

Fig. 5 showng structural details. [00019]FIG 7 is a cross sectlon
view as taken generally on line 7-7 of Fig. 3. [nonFIG 8 is an

enl arged, fragnentary cross sectional view of an encircled portion
"FIG 8" of Fig. 7. [00ini]FIG 9 is -abottom plan view of the

seal ing grommet of

BRIEF DESCRIPTION OF THE DRAWINGS

[00014] FIG. 1 and 2 are perspective views from above of “male”
and “female” type half sections respectively of one preferred form of sealing

grommet according to the invention.

[00015] FIG. 3 is a top plan view of one form of sealing grommet

incorporating features of the invention.

[00016] FIG. 4 is a cross sectional view as taken generally on line
4-4 of Fig. 3.

[00017] FIG. 5 is a cross sectional view as taken generally on line
5-5 of Fig. 3.

[00018] FIG. 6 is an enlarged, fragmentary cross sectional view of

an encircled portion “FIG. 5" of Fig. 5 showing structural details.

[00019] FIG. 7 is a cross section view as taken generally on line
7-7 of Fig. 3.

[00020] FIG. 8 is an enlarged, fragmentary cross sectional view of

an encircled portion "FIG. 8” of Fig. 7.

[00021] FIG. 9 is a bottom plan view of the sealing grommet of
Fig. 3.

[00022] FIGS. 10 and 11 are side and end elevational views

respectively of the sealing grommet of Fig. 3.

[00023] FIG. 12 is a cross sectional view as taken generally on
line 12-12 of Fig. 10.



Fig. 3. [00022]FIGS. 10 and 11 are side and end el evational views
respectively of the sealing gromet of Fig. 3. [0O0023]FIG 12 is a

Cr 0SS Secty
7 - [00024

EP@II%%?W as taken generally on line 12-12 qjCTﬁ}ngw;l,Qﬂn -

Is an enl arged, fragnentary cross sectional view

of an encircled portion Kof Fig. 12. [owmns]FIG 14 is an enl arged,
fragnentary perspective view of an encircled portion "FIG 14" of

Fig. 1.

-7-

[00024] F1G. 13 is an enlarged, fragmentary cross sectional view

of an encircled portion K of Fig. 12.

' [00025] FIG. 14 is an enlarged, fragmentary perspective view of
an encircled portion “FIG. 14" of Fig. 1.

[00026] FIG. 15 is an enlarged, fragmentary cross sectional view
as taken generally on line 7-7 of Fig. 3, illustrating further details of

grommet construction.

[00027] FIG. 16 is a simplified schematic view illustrating the use
of a half grommet according to the invention used for sealing an opening in
a floor, panel or the like, where one side of the opening is defined by a wall

or other surface disposed at right angles thereto.

[00028] FIG. 17 is a simplified schematic view illustrating the use
of a sealing grommet according to the invention in connection with a
plenum providing a space for service elements and supplying conditioned

air under pressure for controlled discharge through selected openings

[00029] FIG. 18 is a top view of an alternate form of the new

grommet showing a pass-through element enveloped by the grommet seal.

[00030] Fig 19A is a side elevational view of an alternative
embodiment of a grommet according invention having a round configuration

for use in connection with a circular service opening.
[00031] Fig. 19B is a top plan view of the grommet of Fig. 18A.

[00032] Figs. 19C and 19D are cross sectional views taken

generally along lines 19C-19C and 19D-19D respectively of Fig. 19B.



[ 00026] FIG 15 is an enlarged, fragnentary cross sectional view as
taken generally on line 7-7 of Fig. 3, illustrating further details

of grommet ion. [00027]FIG 16 is a sinplifie I
\{vﬁ%ﬁ%k‘l‘i fbﬁ?{%mkhﬁ?s

view illustrating the use of a half grommet according

i nvention used for sealing an opening in a floor, panel or the |ike,
where one side of the opening is defined by a mall or other surface
di sposed at right angles thereto. [00028]FIG 17 is a sinplified
schematic view illustrating the use ofga sealing gromret according to
the invention in connection with a plenum providing a space for
service elenments and supplying conditioned air under pressure for
control | ed di schar gesotd)r oujh. 1€l ieat end elpeniong) ignWOFH2EOGrbinfRet 48 i s a
top view of an g%gﬁ{nate formof the new gronmet show ng a

pass-t hrough eF envel oped by the grommet seal. [00030]Fig 19A is
a side elevational view of an alternative enbodi nent of a gromret

accordi ng inventi ortodaaw NOFig. 19PUNE b6@shh paH Wi (Tithd gbmkheeof .
connecti on WItH@&\ circular service opening. [00031]Fig. 19B is a top
g

pl an view of t romret of Fig. 19A

[00035] Fig. 19G is a cross sectional view as taken generally
along line 19G-19G of Fig. 19B.

[00036] Fig. 19H is an enlarged fragmentary view of a portion of

the grommet shown in the encircled portion of Fig. 19F.

[00037] Figs. 20A and 20B are bottom and fop perspective views
respectively of the grommet shown if Figs. 18A-19G.

[00038] Fig. 21 is a collective view of the embodiment of Fig. 19,
comprising top and front perspective views of male and female grommet
parts and enlarged, fragmentary views showing details of circled portions of

the perspective views.

[00039] Figs. 22A and 22B are an exploded view and a top
perspective view respectively of another embodiment of the invention, in
which the individual corrugated elements of the elastomeric seal are

arrayed in a circular configuration, sealing against a floor tile or the like.

[00040] Fig. 23 is a collective view comprising a boftom view and
a side view of the sealing element incorporated in the embodiment of Fig.
22.

[0c041] Fig. 24 is a bottom perspective view of the sealing
element of Fig. 23.



[ 00032] Figs. 19C and 19D are cross sectional views taken generally
along lines 19C 19C and 19D 19D respectively of Fig. 19B. WO

2011/ 022115BGH{14$2Q40/ 039173 - 8 - [00033]Fig. 19E is % 10,03)173
el evationgj‘_a Vi ew o? the grommet of Fig.19A [00034]Fig. 19 0 a

bottom pl an view of the gromet of Fig. 19A [00035]Fig. 190 |s a
cross sectional view as taken generally along |ine 19G 19G of Fig.
19B.
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DETAILED DESCRIPTION OF THE INVENTION

[00042] Referring now to the drawings, and initially to Figs. 1-4
thereof, the numeral 10 designates generally a sealing grommet according
10 a preferred embodiment of the invention. The grommet comprises an
external frame formed of two half-sections 11, 12 of generally U-shaped
configuration. Each frame section 11, 12 has a back portion 60 and two
opposed side portions 62, 64 extending from opposite ends of the back
portion 60. Each of the back and side portions 60, 62, 64 preferably has an
inverted L-shaped cross section defined by a vertical wall 13, 14, 15 (see
Fig. 7), dividing the frame into inner and outer portions, and an outwardly
extending horizontal flange 16, 17, 18. The illustrated grommet is intended
to be seated in or over a generally rectangular service opening (not shown)
of about 6 by 8 inches in size, although it will be understood that the
grommet of the invention may take a variety of shapes and sizes depending

upon requirements.

[00043] Figs. 1 and 2 illustrate individual half-grommet sections
that are configured to be securely but releasably joined together to form a
frame of closed, rectangular configuration. To this end, one half section 11
is a "male” section and is provided at free ends 66, 68 of the side portions
62, 64 with vertically extending, tapered tongue elements 19 arranged to be
received in complimentary shaped vertical grooves or slots 20 located at
corresponding positions in the opposite or “female” half section 12. The
slots 20 are open at the bottom and closed at the top, and are tapered to
correspond to the taper of the tongue elements 19 to provide a releasable,
friction fitting joint when the two frame sections 11, 12 are joined. See Figs.
12, 13. Desirably, the two frame sections 11, 12 of the grommet are not
symmetrical, in that both of the tongue elements 18 are provided on the
male frame section 11 and both slots 20 are formed in the female section
12. The free ends 66, 68 of the side portions 62, 64 of the U-shaped



[ 000361Fig. 19H is an enlarged fragnentary view of a portion of the
grommet shown in the encircled portion of Fig. 19F. [00037] Figs. 20A

and 20B argobeii@gmand top perspective views respecti veler@hoiosyirs
grommet shown if Figs. 19A-19G [00038]Fig. 21 is a collective view

of the enbodinent of Fig. 19, conprising top and front perspective
views of male and fermal e grommet parts and enl arged, fragnentary
views showi ng details of circled portions of the perspective views.
[ 00039] Fi gs. 22A and 22B are an expl edéd view and a top perspective
vi ew respectively of another enbodi nent of the invention, in which
the individual corrugated elenments of the elastoneric seal are
arrayed in a cfamak tisme eedtion (2 atd tbus flad@adl campblegeiibaivg battdd fsh ta ¢l e or

the [ike. [0006LELGaoHR: b oRofl LAbAR bl ANLE QRSN AL Lom Vi ew

and a side view O e seal 1 ng el enent “i ncorporated 1n the enbodi ment
of Fig. 22. [oeediengpighe grpmmetip bryuitized ip@ppigetate giscupstances. t he
seal i ng

[00044] Pursuant to aspects of the invention, each of the U-
shaped frame sections mounts a resiliently deformable sealing member 21
forming an air barrier of unique and advantagecus configuration. The
sealing member has a corrugated portion formed of a relatively soft and
flexible web-like elastomeric material which is impervious to air, and which
is shaped in a repeating wave form propagating over at least a portion of
the width and/or depth of the sealing member, but more typically from one
side portion 62 to the other side portion 64 of the frame and for the full
depth of the frame. The corrugated portion has a corrugated free end
portion and a base portion opposite to the free edge. The corrugated free
end portion is resiliently deformable toward the base portion. Where the
corrugated portion extends for the full depth of the sealing member, the

base portion will be located at the back portion of the frame.

[00045] In the illustrated form of the invention, thé repeating wave
form is in the nature of a set of deep corrugations 22 defined by apex
portions 23 and trough portions 24 of generally semi-circular cross-section
and generally vertical wall portions 25 connecting the apex and trough
portions. In an illustrative but non-limiting example of the invention, a
suitable form of sealing member may have a corrugated wave form in
which the corrugations propagate parallel to a horizontal propagation axis
(X} (Fig. 1) and oscillate parallel to a vertical oscillation axis (Y) orthogonal
to the propagation axis. For a common grommet size having a 8 inch by 6
inch frame opening, an advantageous configuration of the sealing member
can be a deeply corrugated form, as shown in the drawings, with a wave
length (parallel to the propagation axis X) of about cne inch and an

amplitude (parallel to the oscillation axis Y} of about 1.5 inches (the term



el ement of Fig. 23. - 9 - DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[ 00042] Referring now to the drawings, and initially to Figs. 1-4

thereof, tRg puBs@s 10 designates generally a sealing pgRMHL039173
according to a preferred enbodi nent of the invention. The gromret

conprises an external franme formed of two hal f-sections 11, 12 of
general ly U-shaped configuration. Each frame section 11, 12 has a
back portion 60 and two opposed side portions 62, 64 extending from
opposite ends of the back portion 60-1Each of the back and side
portions 60, 62, 64 preferably has an inverted L-shaped cross section
defined by a vertical wall 13, 14, 15 (see Fig. 7), dividing the
frame into i nn&mgdihdetas esediibrauglons, retercto gaaletotrasgt laynpbttenich ng

hor i zontal 11 20gg. fin) o bl Foldh| WA EbeAl YEOUEY nbss  AeRdcd t0

be seated in or over a gene / ( ar service’openi ng (not
shown) of abouef @oblorg- fpw@ihlesh iwith sidjagent peakscanghroughsapding dsanegterer st ood

that the grompg yaigehBgiy Wﬁ%ﬁw&@ﬁﬁWSE%ﬁlnﬁ nvaﬁue@w.sq%s.ers and

si zes dependlng upon requi renents. [0 g | l'ustrate
i ndi vi dual hal fefgiothifest %@émut@%dﬁhﬁahachrpeme@ ? rtthe amed 1o &curel y

but rel easabl yeihiemh 4@@@mﬂén dieochien (7) arthdgdnE! t@Botﬁ'tt@ﬁﬁ[i)adaﬂ% atngul ar
sectl on

configuration o this end lis

oo i S et A uTEn R Hgs 33’%%’%#88@58 WYt OB AP UEY, i 1

verti Caljl y ext eérﬁhab@, it tsa:petteﬁﬂlatedmgaten@iye:ml navd frias rraplgcsd bta(z)oble ;

recei ve in co nt ar a vertl ca rooves or slots ocat e
TRlebRCA Mrdorh e REfuor Bl oot o2 -

at correspondi or "fermal e" half section
12. The slots 20 are open at the bottom and cl osed at the top, and

are tapered to cor fﬁ}%n?nd Hop pdeficdl ?d%@én&fnsb@eﬁa@l@%@hh@é Wfoﬁnéﬁ to
prowdeareleasable riction fitting join

fra
sections 11, 18 %“éa]‘wq}’édengﬁé@"q'—‘?r@@'t ?Verl Ef%é@‘i”i‘z?gﬁhﬁ CO?Vﬂf‘t‘i%
frame sections pdﬂton diZh@&edling n@Hdenet. Htﬁv@evﬁ@&vhswﬂﬁstréd aed waven t hat

both of the to gemsgtos 19 &1] n{)rngded tE erﬁh %égra 0sectl on
11 and both slId 2 Gé‘reB"fc{r’ar[@(H RN gﬂ%ﬂ £ pa?ﬁ Free
ends 66, 68 of &kis) widdethgaoeng mZ)aﬂtheas@atuig mmsbdy: dihagredl, itis H8siredf enal e

frame section g, el Lajn 30 SRR Fodfc BENBBBLARAcTbysh o

or closely agal ns an ‘external con ace, enabli
hal f - secti ons efalingaegbgndbbe tromighoutt? tp japeld 6|ttm°ﬁﬁmwth ()ef the

Ci rcumst ances. gorrugated portion, where the arc length (L) is the length of the arc created
by the wave form and the width (W) is measured generally parallel to the
propagation axis (X). Thus, where the corrugated portion spans from one
side portion 62 of the frame to the other side portion 64, the width (W) will
be the distance between such side portions. Also, in general, a ratio of
amplitude of the wave form to its wave length desirably is a number greater
than one. Thus, in the typical and non-limiting example above, a sealing
member for a grommet frame having an eight inch opening might
advantageously be formed with 8 full corrugations, each having an
amplitude of about 1.5 inches, a wave length of about 1 inch, and an arc
length of about 3.5 inches. The overall arc length (L) for the eight inch
sealing member as described would be approximately 28 inches and the
ratio of arc length(L) to width (W) would be approximately 3.5. A preferable

ratio of arc length to width is somewhat variable, depending on the nature



[ 00044] Pursuant to aspects of the invention, each of the U shaped
frame sections nounts a resiliently deformabl e sealing nenber 21
form ng anwg dpippinkser of uni que and advant ageous conf igufgdhRRserihe
seal ing nmenber has a corrugated portion formed of a relatively soft
and flexible web-1ike elastoneric material which is inpervious to
air, and which is shaped in a repeating wave form propagati ng over at
| east a portion of the width and/or depth of the sealing nenber, but
nore typically fromone side portion-62-to the other side portion 64
of the franme and for the full depth of the frame. The corrugated
portion has a corrugated free end portion and a base portion opposite
to the free edgétheFhaingarantlrgaimatkrial, ebaperamdsizetof sealing meabel 26rid vy

def ormabl e t owg C ~ L on
extends for the ?p%%h%cf%%ﬁt%q{a% %%ueg\ﬁy%rﬁerﬁ%n% 'Qé‘&é{gﬁq%gg@i?'g%%tl on
will be |ocat e@“eaﬁlb”ttm@ﬂﬂﬁ%ﬂ@“mbmﬁmﬁrféﬁnv @p andxgeal arpeha B3ssn t he

ilTlustrated folg@ih ééﬁedtﬁ&ﬁfﬁde@%thb@%rﬁrﬁ&@@& LI AMEYFUAGBAL el N The
nature of a set of deep corrugatjons 22 defined by apex portions 23

and trough por@WH%tof@xﬁ?SSggﬁ i3] §UprodRsting B Past- @rowsh@?@@ééfﬂq on and
general l'y vert irgtlof wal éngiotol Wit Shadid 66 BieCds tb @rdvidie saRRieddshréd eugh

portions. In anlljustratlvebt nnI| mpl e. of

Pvention, a oQHTLBrESF gPiibar: Snifiee bt Wil BRBo dered BRout o
wave form i n wprachicdl minimomr Gepéids Imgﬁmr;ﬂramp&a@mhgbpapmbbrﬁte tvhe@ the

hori zont al pr O[P ﬁ'ltdf(ﬂ*ne (%wu %0%% {nkﬁlxedjel)ndg%df %Se%'dg |§ 0?1 Fratﬁgjl }nel to a
vertical oscil I Ion axi's na [fe ﬁ ion axis. For
a common gr onmifte @@E@Ierf@acrlt@dé.le&:m mrhex@lyple, @rmremamter@énfthg an
advant ageous C%Qélfng‘rﬂe%de%s@sstﬂgﬁbléea' ing nenber can be a deeply
corrugated form as shown in the drawings, with a wave | ength
(parallel to the propagation axis X) of about one inch and an

anpl i tude (par al | elodnerit heTopovité &ifr mmantng o thé) seafingalember215n theches
(the term "a -trough
anpl i tude of gp 'J\%gj%yqf 1’2h?' 2 #ﬁlﬁ% *%993%5%%‘385@35; }quggghh%hg wave
may have a r adiflargesf26adyoaxtentieg vestivallh fromdihe end-mbstadiragations, gedks and

troughs being GQHGQ%&ma*H?eE@%h&ﬁ%Q{eﬁbé é(loNge{hB'ﬂﬁi%dtW%Jf{r% sealing! N€
sealing nmenber 21 is resifiently defornmab | east 1 n towdrd the

back portion 60%HToef fed Whighs "lt‘?cgfah‘ﬁ'th tF%Pa%‘ﬂﬁﬁP@hPﬁoﬁugféP'&%tl on
direction (Z) erdi&raeiQnas sﬁj@ﬂléhﬁ&ela Z6h@d R pRed th@%aé?@lar@@@f&%‘@me' | ation
(Y) axes. Wile the des %S veformls.ﬁiﬁ lra%g/fde%lrable it
i s contenpl ate&oﬁnﬁﬁts‘?f"a 1 ﬁ% Pdhregistiednayhan (?” Sr &bl e, as
her et of ore rrentsemmgdaen{ﬂéﬂomz] featingpmambere abn be amantad itd theSrapieef er abl e
to utilize wave, fo onst ant t h. and over the
Full i den of  ERIREBr HobAPLRR BN SR eE e RERR A R P i
However, wher ermsctwedgdetahébaaﬂwalbﬁépm150féhw’éamgse13tloaSTpThl$cme may be
d al t Z) of
varied along L i dbheh/1abBnaRanRkLiod, Bl sl fLiehBl haifbantpt s 7) ©

the sealing ne I's desire pattern
l ength or arc M’éhgtﬂ?ﬁt'érﬁ)oﬂﬁ‘ﬁ invgationdpe gegline Mepiiet isea-regidedie tlseaal i ng
nmenber 21 be frgmeabaihaidnt faifaeyb, &7, bs gPeSméiB-%oH‘&é#tB tr(evﬁan% whike

corrugated portlon where the arc length (L) th of the arc
created by the Halfe 19-0f s H'i?d'd??léf%SHPW'O(W"'W%Ofﬁ%%“?F@BE%éﬁBE‘ ally

parallel to th@rcﬂfd@@ﬁf@ﬂﬁfe@tﬂnr@g(é@néﬁ@es a'srlwéﬁ TMé'l@tl’-ﬁhoFdh@; ;ﬁ@feﬂUl@@t ed
portion spans from one 4{55@%%[6% q éhe fr é ther si de
portion 64, théewrﬁfﬂadwow eeg;tag WE%"‘S %‘?He
portions. Al sopftha sgding hambess, iclbd desefibeaitpiréinaice of the wave formto
its wave length desirably is a nunber greater than one. Thus, in the
typi cal and non-limting exanple above, a sealing nenber for a

grommet frame having an eight inch opening m ght advantageously be
formed with 8 full corrugations, each having an anplitude of about



of the sealing nenber material, shape and size of sealing nenber 21,
the shape and size of the pass-through el enment, etc. However,

i nasmuch %Otzgnﬁmgﬂllg ity of the sealing nenber to envel %Tﬂ@%ﬁ/ﬁﬂns

around a pass- rough el enent p05|t|oned in the gronmet 1s a
substantial function of the anbunt of "excess" material surrounding
t he pass-through elenent, the ratio of arc length to width should be
such as to provide a desired degree of such "excess" material.
Typically, a ratio of 2 would be consizlered to be a practical

m ni rum Ratios higher than 3.5 may be appropriate where the length
of the corrugations (fromfixed ends to free ends) is longer than in
t he exanpl e descri hedadper ehaxshotvoiin Eganpdre, 2, meoM'regﬂohklEZamt erial of

of the sealt ng Rerai a8 isec g e e ar B HELER R Ay ool 0T 1
advant ageous| yinaastilexsr fasbionifiom the tackilaagg tesa pant Sﬂghﬂymvtmddfmg

vertically fro r W@% Vi fl ange
28 whi ch exten?*ﬂfoﬁgg%t@?) Iqtijt\{/vlk’gﬁ?cﬂ cyfgﬁh sez%z&%ééﬁﬁ%thg%gﬁ% whi ch
is integral wi erdsidiéhesudapastinns 68764 @féh%ta@m@@bﬂﬁdm@om thpfaagessabl v,
the side fl ang‘?@m&ﬁe @5@3 cg?hd kL W)t fihd BeaRflent ik andehaBwhén fae

corners (see Fig. 12) a farma three-sided, U shaped su port for
t he sealing ma%@? Se"f"ﬁﬁs %Eé?l%‘@lo}?@ﬂﬁbmg ”@&HE’HEF%’CBF?(%C@? tHe franme

el ements 11, 1aormga&ammongotth@s§andgr@ﬁd;eksamkmftérﬁmgﬂ@h@ﬁandzﬁ’us 28 to
t he respecti ve Sisl&?tland ack I |s 13 ctions.

This can be doh® ¥ GUPRIRSed 3%%%?’(@%90‘“&%3 a'%’lﬁthf)?% 898%(‘9 and in
accordance w t bn ehick #eliwe seélnnphnmnnbmaﬁut OAdditmmaliye dHe cogrupativhe P21 s

| ded
o1 - bonded t ot Mo #PEtY ERriridt5eliRfi 10 BRMGaPn ofdse, St e
superi or joi ni egfedndideges oitho perigstiensdf phe sealies membef fatiewiaidg

econoni es as Waldcy AR tﬁ&od@iéﬁhféa &y &%Sﬁbtfa%né Sk étﬁenﬁé’e%ﬁr?q' n
conpatibilities between the rarre material and the materi of the

seal i ng nenber ¥¢Mbgr-be descri bed hereinafter. - 13 -

[00049] In a particularly advantageous embodiment of the
invention, the corrugated free end portion of the sealing member 21 is
formed with an end flange 29 which broadens the end surface of the
corrugations. The end flanges of opposed sealing members can thus
remain in sealing contact even though the opposed corrugations become
slightly out of phase during use, as when pertions of the sealing members
are displaced by pass-through elements, or by temporary displacements
resuiting from repositioning or removing pass-through elements. In the
illustrated embodiment, the end flange 29 preferably is in the form of an
arcuate portion which terminates in a flat outer end portion 29a. The flange
29 turns downwardly and the outer end portion 29a is disposed
substantially at right angles to the web material of the sealing member,
substantially parallel to the sealing plane 32 containing the ends of the
primary corrugations. To advantage, the thickness of the material forming
the corrugations 22 is tapered slightly from the fixed ends thereof to the

corrugated free end portion. As an illustrative and non-limiting example,



[ 00048] As shown in Figs. 1 and 2, the corrugations 22 are integral
with and fixed at their back ends to the back flange 28 and extend in
cantil everwhasiii@m£rom the back flange to a point sli gr{y:PRN%
(for exanp?%, aéout 0. 010 inch beyond) a sealing plane 32 connecting
the outer ends of the side portions 62, 64 of the frame 11, 12
(ignoring the tongues 19 in the case of the frame 11). The
arrangenent is such that, when two frane sections 11, 12 are joined
in the manner heretofore described, thé-corrugated portions of the
sealing nenbers will interfere slightly and thus be slightly
conpressed to assure an effective seal along the sealing plane on

whi ch the two #eahatagal meythers adibicknessAacibout@ 15 inch atires fixed eodjat i ons 22
of the respectiy j : i i such t hat
the out erond NG BT TR SEHITBEn Lol L8NG NebRBT G P2 | 08
and directly abortion Herasfitoea finahthickdepssf sbout 6/046 ghithie ond flafget frogtiont her
seal i ng nenber 5g[ 00049] In a particul arly advantageous enbodi nent of
the invention, the corrugated free end portion of the sealing nenber
21 is fornmed with an end flange 29 which broadens the end surface of
the corrugations. Toes@nd Ad dogetedofartiopldgpdigedland@, aehib&igs 18an t hus
remein in seal Lng conAGtcaYRlHBRYIR ;5 RPRISH, GRE LiERkIPNS become
slightly out of phase uring use, as en portions o e seal i ng
menbers are di spitianeef thycqugstiansi28ungdy asveniegrossly be fisped avith arsat of

di spl acenent s i : eyl o) alam -44nr ough
el ements. In t%géyli #B@? ?%{{%@? %@E@g:ﬁ%ﬂ%ﬁg’ ﬁe&génd_ I\lrlzliJ gtédaggﬁ’p%1ef erably
i s in the formwichigriliigte digplaceioent pbife rAMaTy coEHgAteRS 83 Caused by thet out er
end portion 293resdh@ drladagetréSluighWidiserfl aNmuas Mpfodnte bbifty @piher end
portion 29a is di sposed substanti al

, at right angle 0 the web
material of th&d@ m%eﬁE’rﬁFEF'PPéG‘Eﬁ%/EAHEOFa‘F gyaﬁsaﬁhgﬂggléed‘??”f?@"eseal i ng
pldane 32 con':] abl&%@gerbh%ir&ﬂ?iﬁgﬁfosﬁrh%ldﬂgﬁrlrws’eyaling]ﬂﬁntgm b&wwsen To .
avantage,tetlc ness o t.he er.l a rmnag. tn rru I1ons
oy LI g5t Prdhe Plesttdrs, IR BN ot Bhp b M ERbE IRk, o
free end porti dn2 arks1@anhe $daiimg mambere ldncudese-firstouteN geendayl e, WO

20111022115PCT/ Hﬁ%ﬁ - - = ] a thickness
of about 0.075°i gJe g‘gﬁ %ﬁ@%?icgﬁégﬂfﬁpﬁém&?@ gﬁhlgtgg%ne?ﬁ;@gdual ly or
in steps towar @mpliadeitheigeroadary cereugstiensyoey desrrashdpedhe ingesiof i nal
thickness of abpubuid s84hdaty oo, FbrBEmpROtHe difkr 28conibign As

illustrated particularly in Figs. 1 and 2, and in Fig. 15 and in
accordance wi t RoRygation s0 may BaYear#mpliie; of oout 0§50 inchewpila the ingaly
porti ]Qns of t hge@PHAYEBEigHSN Eﬂgfé?lyﬁa@éja(%@&@d%muﬁbﬁob@oJu@D.UE&iin%.th a
set of one or re relativ shal | ow secqndar or_"gcrqgss"

cor rugat ] ons. 300e VG TEh of biPRIHE o o ROR KPS SPrSIFE ety y
corrugati ons 28.6¢awhedn practidabepbatiesrde ofthe avpa®s; 4 atiowfamplitedesnt and
al so inprove t L]t f I NG Lt I eal
around a pass-p' %‘r’%@éb\he{%( gkjﬁ%&%%@#ggsgﬁ% g bﬁ%’??}f@l\éﬁioﬁgo'ﬁ%gﬁre
al ong t he seal i1H§.50baheut327 ethaeeplivge oblbd sewatlamgomegaiensis | n t he
form of the invgnkieRyidsk r E%IH%'E& Hudedr #adri t he sealing
menber 21 i ncl é%e's'&a Hrsstuﬁﬁjoﬂ%@r sécoﬁgey ceorrugparﬂ‘?ac% 30 and a
second (i nner) coEEHeRFr4d2- corrugati on 31. The anplitude of the
secondary corrugations nay decrease fromthe inner to the outer

30 rmy have.an amplfSEde o BREH Ry SubefitR SonHakMRy FRkiget ' o
secondary cor r pgaii¢ldma 3dcamdgry eapagationexisdr) \alflifh istoritleganial tathotixthe. 025
inch. The wave ' ; st ant
Lt about 0. o7 PERSA(Sn k) drBRARAE KoC O R e torRcRE, RS,

ratio of anplitude to wave |length of the secondary corrugati ons may
be in a range of fromabout 1:13,5 to about 1:27. The anplitude of



[ 00051] The secondary corrugations 30, 31 preferably propagate
parallel to a secondary propagation axis (Z) which is orthogonal to

both the p‘ﬁ'B%ﬂﬂ’Eiﬁ’? (X) and oscillation (Y) axes of the. ardiBEY,. s
e

corrugations - 15 - secondary propagations oscillate nornal
(i.e., perpendicular) to the surface of the primary set of
corrugations. (00052)In a preferred enbodi nent of the invention, the
corrugat ed sealing nenbers 21 are formed by co-nolding of the sealing
menbers with the frane sections 11, 125-The co-nol di ng operati on

i nvol ves pl acenent of pre-fornmed franme sections into a nold and
thereafter injecting the material of the sealing nenber into the

mol d. The co- rrsdaaihdgy@p@égétioﬂaosdulmd icumaoisl yerhbendimildrhie tiseairiang
menber and bond |ts fl anges 26, 27,28 to side and back

wal I's 13, 14, 15 %P”Tﬁ@sfarcgfn "”%a(%'f’? To this end, the respective
materials of the frane sections and the seal i ng rrenbers must be

conpati bl e in orderags: achhggefgrréi,e&hlg&mﬂémloe@,gl,%HMnmebet ween t he
frames and sealln

Sir t he frame sect

formed of a bl EYl ?e ﬁ&ﬁ@'@d?%?ﬁﬁ 21 ﬁpr%cfor&”%‘itt%}’rcé’r{@o%'a%Bﬁﬂ agaga such
?s ABS. guclh arﬂé&ibefslva’[h th@&ambeeabnemgt1la fhdcéﬁr@ilcﬁﬁgt}pe&ﬁiﬁhr ed for the

rame and al so, th essa ite ratin rt i nt seryice.
Ui tably compaliVVE REEA L oI pRd raldor i e POROTE i gankr
t her nopl asti ¢ jezdtopive matoimhefitos sddlipg eneaibbribtogdhd mof. (The cR?ﬁFbtdmgmany
of Wnona M\ S
Ot orod byt he B HUBLbAARBIN ARG S IR hd bl RS T ERG |
desi gnati on RTPamggﬁ 36, ?.?mamde'ﬁhé baﬁwaﬂaﬂém%ﬂ’é@fihalfrarr@ flexible
and soft, wit hs@cﬂ&tﬂW@tlﬁ@érﬁﬁﬁ%%sp@fztn@%@ﬁ‘dlé@tﬁé ¥arfld &ctlgﬁssaﬂd\ﬁe

necessary fire rating (UL94 40) nport ant | ¥]|s el ectrostatically
di ssi pative (ESPinggegdbergmpyd baﬁP'@p@t@'edP§§1%§3t%C veddeddat i ¢ char ges

EBSBSE’I?XI ?ﬁVe" ﬁi@le’c?aﬂlﬂfﬁ@iﬁdeh@éﬂt rtigd flré1ﬁ§s AHd s’éaﬁiﬁ}frﬁeﬁlﬁérbebeswably thle y

ou a I no | C ela ria | S | CUl ar

oo ol oo Ra e S E e B et 74 RET pLBhErRNatS ERE A SR | o &

can be used toba@maﬂmamSdesm a&m:eratra@t!eﬂalIhesreie_sm'bngmah@rigmityce. For

exanpl e, non- tQE&:@B%rﬁetfrac r?cgél&% Qéssh&%ﬁ%ﬁﬁg%ﬁme%ﬁ&e%mrs nay
en-‘the ranes

be utilized where a ol ecul ond
2011/ 022115 Pcrsenﬁzﬁlelsgw]y?cbmpatlble matenal for the sealing members 21 is a

thermoplastic elastomer commercially available from the RTP Company of
Winona MN. A particularly desirable thermoplastic elastomer is offered by
the RTP Company as of the filing date hereof under its designation RTP
2099 E x 123155A. The indicated material is flexible and soft, with a Shore
durometer of approximately 47A, has the necessary fire rating (UL94-40)
and, importantly is electrostatically dissipative (ESD) so as to be able to
dissipate electrostatic charges that may develop in normal operations of a

data center.

[00053] Although a thermoplastic elastomer material is
particularly desirable for use in the grommet of the invention, other
materizls can be used to advantage with an acceptable level of
performance. For example, non-thermoplastic elastomers or incompatible

elastomers may be utilized where a molecular bond between the frames



- 16 - and the sealing nenbers is not a requirenment. In such cases,
the sealing nmenbers may be secured to the franmes by suitable

adhesi ves ,@,P%ﬁrmggﬁhani cal fasteners. [00054]1n order g&,ﬁﬁgmogﬁyg

advant age o characteristics of the thernopl astic el astoner,
provi sions are nmade for causing a portion of the elastoner to flow
during the nolding process to positions in which contact areas 36
formed thereby will be in electrical contact with a floor tile or

ot her grommet - supporting structure whegs-the gronmet is nounted in a
servi ce opening. For exanple, the elastomer may fl ow underneath the
outwardly extending horizontal frane flanges 16, 17 such that, when
t he grommet iSahm&b&bhm@rﬂﬂn&nsehemarmnﬁémymcmndmmmbms fheaealirigi |
(typically use ot her, conq# rlegwsurf ce, t he

B Tar e ineofbefitndy BE R ISHso e IS AR kNS BL IS, T0e L

with the floor n‘telchmlttabqutGOWSde one or nore conductl ve paths fromthe
seal ing nenbers for electrostatic discharge. To advantage, the

contact areas 36 p05| ti oned fl anges , fully or
partially encircle,8r4ar e'"c?t“%é?%ag%%@ eé’i?l?cégﬁ 8@@%‘?@}‘08

fast ener openi afde tmmbplaﬁuchmménque\Ss@& aré ﬁ‘l’aﬂE&)ricauélrligéa boraoges f or
securing the g talled

and secured wit W%%Tesﬁ%ﬂ%rtgho‘ﬁﬁ}‘\@\mﬁ%g}(’gﬁ@%m&ﬁ%% %cf'lsb\?/ﬁﬁ Erlt"}q}écq\smderl yi ng
el ast oner cont acitaciraeses BGorared tuavelp il be th életticacandact il b flogrdlle

contact wth t%?gtﬁ@@g@ﬁgg%@ &R@%&uc’i&‘r&%ﬁﬁ t%%r%*(me}g%ﬁ]e}!% LOUs

arrangenent can ausin ast omer
under neat h thesﬁﬂvl&ﬁ@é%mmﬁ Forexample. tb&alﬁ@tp@ef peylowbnderesath Be nor e

gate openi ngs Gﬂ%rtﬁ?%dlﬁdhdr‘@&ﬁét fr@ﬁfetﬂaﬁ@e% 1, 17 BfcrSthatewhén iack wal |'s
13, 14, 15. One preferred arrangenent, however, is to provide one or

more flow pat h§TOMBHS insielRyl oroaneledrioally mdgct've)ﬂowﬁf'e wéplff%!r PRATEN of
Si flle wal |'s I1|3 dat oamérsb bpyhehNaRtiSe SGrfdch, the hiatadial Sfud faksg of such
walls, to allow a

a narrow strip ”l?g‘ ‘LY"Q' gﬁgﬁ%cﬁrﬁg@ﬁ-‘@g&mp iﬁ@%ﬁ%ﬁﬁ@h&@%ﬁ I (r)uram °
wal | s 13, 14, opswardo@ @ndudtibepaths from the sealing members for electrostatic

discharge. To advantage, the contact areas 36 positioned under the

flanges 16, 17 fully or partially encircle, or are otherwise closely associated

with, fastener openings, such as screw holes 33, formed in the flanges for

securing the grommet in place. When the grommet frame is installed and

secured with screws or other fasteners (not shown) the underlying

elastomer contact areas 36 are compressed into good electrical contact

with the conductive support surface below.

[00055] Various arrangement can be provided for causing a flow
of elastomer underneath the flanges 16, 17, for example, providing one or
more gate openings (not shown) in upper portions of the side or back walls
13, 14, 15. One preferred arrangement, however, is to provide cne or more
flow paths, comprising notches 34 (Fig. 6) in the bottoms of side walls 13,
14 and flow channels 35 in outside surfaces of such walls, to allow an
interconnecting portion, preferably in the form of a narrow strip 38 of

elastomeric material, to flow underneath the walls 13, 14, upward along the



- 17 - outside surfaces thereof and then outward under the horizontal
fl anges. The notches 34 and channels 35 preferably are aligned with
the screw Rghef3aas and channel ing neans are provi ded Yraalis>§10839173
hori zontal flanges and/or in the nold to cause the conductive

el astoner to fl ow outward al ong the bottom of the horizontal flange
and preferably to fully or partially encircle the screw hole 33 as
shown at 36 in Figs. 6 and 9. The encircling contact areas 36 of the
el astoner preferably project a short-dfstance (for exanple, about

0. 015-025 inch) below the bottomof the horizontal flange material 37
surroundi ng the screw hole 33 such that, when the gromet is

install ed i n aosleideisodacep therend and ﬁenfohm@urx@rthemorimrﬁalﬁal’lgpsr ests
upon the encir

ti ght ened d0\/vn€r\}/1v%J ﬁt%clﬁéé%&@%oo?%ﬁ%ﬁbsqrgg{agwgaﬁ{?’%d%tﬁ@ﬁ%&c |ng cont act
areas 36 are cbfpsdsswd channednaimpansfre pgiced éﬁﬂqf&ﬁehor@ﬁﬂtgdléﬂges

el ectrical contagbrin ﬁl‘%orﬁéélcf)éﬁfs@'ﬂ%hioﬁduéhb@e]ﬁ&ﬂh@ﬂto fidveRAfvas®along
i nt erconnectin portlons and corrug at ed OrtlonS are Integrally

formed in the HSIRHMAY %F@d@ﬁ@”t@dﬁwqmtpr?fﬁ@bwm wle ey ng porti ons
connect the ?30éﬁ&l@@ttﬁ&s@%hblﬁ@&éﬂstsh%\hﬁl@t :{eq?rfg@m aﬂicﬁQSTfﬁeD(:énﬂraglga f
continuous el ectri or ar an electri.ca arge from
The. soal | ng. moREETCIBIAR D of GGG PO AGY PERS AR bUNAE kg
structure. [ Ooaﬁah]uilm dbbet 0. 01&(H5r|®dh¢delawd1qmcmtbmafmb Immiamdalrmnge of the

i nvention, thes t d wth
verti cal f| ns §‘§‘ EWSL{@U&% Sg'few hrg)‘Feo:)tsé':’ | o%'aifﬁvhemh%aé ?mh%hgest rips
38 of conducti mtaé¢chu;taﬁmnceeoaeemdlthgﬂwmet1lﬁcéﬂ Iniiiaw ©eig uphethend wal | s.
The fins 39 sepygm ajcpé&ﬁanstée' Wion OaBARAck isARnicEq 88 ina
service opening an Fotect the conductive strlf rom abrasi ve
contact with of¢iews §Wth%’6€f‘§elvﬁﬁ$ dine ?ﬁcgﬁtngd:e@tﬁ&t@éeﬁﬁr 6 ave eprrpgssedhe
conductive pat B\ayYapnsioy uefdmnel frRyodd EleBficat contdd. - [ 00058] Al t hough
typi cal usage of the gromret sections of Figs. 1 and 2 invol ves
assenbling the two half frames to forma grommet of closed
configuration, thern®ostie iefecably, tieraonimstaeeeds, interogrinehiing rortivgk e
U-shaped gro ﬁrm?u N i eis
shown in Fi gm?%am éﬁ%}ﬁlp{aﬁloﬂé rfgg'ﬁtr[e@%"%o sed(ili %%@!él?@??%ggﬁm ng 40
in a floor, cabighdbat ”’r!f&'ﬁ@lrc%lﬂe@'ﬂ"’ﬁ@P”@ﬂﬁ)‘ﬁ%ﬂ?ﬂéf&ﬁ‘f‘-’é@éa@ﬁ’PG&'PBIW@“ 41,

where the ser thﬁ%oﬂﬁ@t@r@& fﬂﬁnlhéa@&ﬁtlnl&@@ élél:trﬁt%i batHYorde@ha?glé bage
structure 41 and in part an a%acen boun ar%)astructure 42, such

as a wall di spS@%‘HCE'FB?YQ%f(SWﬂF%Se BY PEM@rcia i fidogng REOHBEaroR@et-
structure 41 asghoftingistigetareconfronti ng boundary surface. In such a
case it is feasible, and in some cases preferable, to install a
single half section of a grommet into the service openin with the
exposed outer edgedoM8¥71t heln 8y ilupgated @ngprafertad ambadineend et éng nenber

21 positioned ﬁfﬂ@rﬁt@ﬁtthé BRie RRUSGRMY of teUainésa 1422 ak 9 micliwith vertical
configuration, al f_ grommet section formed with . a female frane

section 12 vvouf”EP :f)geW'@HbBré’WC { FPrp A @PEIHINREA%ER! 1Be FIoRSRPTSORHICEY S ect i on

11, to enable biaetomadéxtafduﬁd\@nwanteaiwm@ﬁ@w@ﬁs Tk fidk 30 Berver ame
sectl on 12 to be ﬁsﬂh ned | ush %ﬁal nst the boundar%‘ nag@gture 42.
|r|g

[ 00059] Pr ef er aB9NY QRENPHR G POTIRN MRGICMME KL 3 BHVIE20R P1ed

protect the conductive strips from abrasive contact with other surfaces
which might degrade or interrupt the conductive pathway provided by the
strips.



in the service opening 40, the ends of the frame side walls 13, 14
are positioned against the confronting surface defined by the
boundary s#pusimwie142. Because the corrugated free end maiiden0@173 he
corrugated portions of the sealing el enent projects slightly beyond
the ends of the frame wall, this will cause the ends of the
corrugations to be conpressed slightly (e.g., 0.010 inch) to assure
an excellent seal. [nomAlthough sealing grommets according to the
i nvention can be enployed in a variety8ef ways, a comobn usage is in
connection with raised flooring structures of the type typically
enpl oyed in data centers. Such raised flooring provides under-fl oor
space for wiring arigeosilherAlengh ypicelusagneishe glomet secticns efdiigeeds and
ot her el ect I 0nigfiy Iofi S assembing SRSl Pimddle 1t RorcaRleeer adipd al so
forms a pl enum space for supp ﬁ{ng conditioned alr under pressure for
cool i ng of t he cefigutadian, iere g aaPUSEilsHMaEReaTde Bish aisingknidwhaped
schematical | y gbrithétfraié mfYbeChtefelbdiSORELES drclmbtaRsd is biRAFd iRFig.
structure 43 supported _above a base floor 44, t ,|cally gy spaced
apart vertical ! dﬂﬁﬁ@ﬂg”?¢%ﬂméﬁhﬁﬁb?S%M“%&ﬁ?ﬁﬁﬁ%ﬁ”?é@R’ﬂ e,
Zupporte? on tE@mﬂ@iﬁfdribﬁ@f%4&ceammeyﬂhgmkhyﬂ@?mhgmn$emnguuber of
evi ces (not sho at _ma e eratin n a 24 asi.s.
Lcan G osel'y adh Seobe Mg BRire R RicpaaR i By R Bosn | o
provi ded wi t h bnendafy shuctkiresd, sdehsatmwglediemend fgsexdplenperpbndidulapw
condi tioned ai i j P ; ; age floor
44 and rai sed %1@gg9&§%%%¥?ﬁﬁﬁﬁéﬁ@qﬁﬂh%ﬁ%gﬁF@ﬁWﬂﬁ§%§§£¥EQﬁEBdﬁﬁcharge
openi ngs 46 ar eudfa eassiilis felabiblesndan sgiagasesiugfb@bleaivdndtaonsinge t o
provide for a fgfLidin by Gomot FRPb BenRE LN RN ViR id\Epbatiots:

typically upwardly al ong ront he rack;, ow ng the devices
to draw i n t he®8ersl §fHip @Imuongd pertipr oighe penling membeaAkposiiosed adj acent

to the rack 45agsing tSLBolnESy SREAIeA24Eor thit@HEuraMah CAhaM drésmee abl es
and ot her service, el ene

ts 49, 50 are passed. e service elenents
25 50 ext end CHHIBOGHTER LT PR SRR A RS THEBLGh ¢ ho
servi ce openi ngred&enastb ©he fosmsed p aradd s=ctisrom , ttdenabie thd eaddatrtigesidggpeni ngs
46 and may be %8.@185’9623%%%%.Ia%cs%mﬁoo'ﬁefﬁ;%? sigcl %H‘ﬁﬂ&ﬁaagaﬂs?{h‘é' N9
t hough a given™servi Ceé ‘opening may be conne PEELT0 "one or hore racks,
dependi ng on t beurslanestiyetverd2.0f a particular data center. [mu]ln the
arrangenent of Fig. 17, a sealing grommet 10, forned of a pair of

gronmet half sections 10, 1l is.installed in {he servige o i ng 48
to allow the servi d&®%le rf?geraj‘@’,’ “’%‘8" thg %%@e{ '?f’?fo'i‘i‘ﬁtr‘?ntﬁé" g@&{l}gc@e
openi ng whi |l e guthskamice abéning4@ theghds béihepiamersieagalis st 14 dre
uni ntended | oss _of caonditi.oned air,.in the. . i The two
hal f sections, " %{'0 8ﬁﬁ?’”?}ghea%c’é]zr%tfngcfbﬁﬁgesﬁ?etf@;@%ﬁ{ﬁ% Ibéﬁ)@%éf onmet to be
install ed witheutctureddi Beeayse ttiestomugated free eed pdrtioresfitise ¢arugated
di sconnect ed. bbllfigﬁ\é 8he éé%:lir?d glg%eﬂtq;réjgétg Qﬂg]htly beyond the ends of the

frame wall, this will cause the ends of the corrugations to be compressed

slightly (e.g., 0.010 inch) to assure an excellent seal.

[00060] Although sealing grommets according to the invention
can be employed in a variety of ways, a common usage is in connection
with raised flooring structures of the type typicaily employed in data
centers. Such raised flocring provides under-floor space for wiring and

other service elements connected o servers and other electronic devices



- 20 - new service elenents, or re-arrange previously installed
el enents, the grommet sections can be separated easily, if necessary,

to facilitghe,afeass to and through the service openi ngARsxd008hH 9-
18 illustrates an alternate and sinplified formof sealing gromret

according to aspects of the invention, in which a corrugated form of
gronmet seal has neither cross (secondary) corrugations nor flanges
at the free ends of the corrugations. The illustration of Fig. 18
shows a relatively large dianeter (e-@¢9; greater than one inch)
service el ement passing through a standard 6 inch by 8 inch gromret
openi ng seal ed by two opposed, corrugated sealing nenbers. It can be
seen in Fig. l1lBousedtat thkelatorentegaindcilssdaimsregplerambsyase falsupm@yigd

consl der abl y dFgrgit?)ﬁgéjai?nﬁdeqgﬁetsigﬁrg?&’cogirng of e%ebig & l/QB('B,cgll S%IEH

seal ingly envel0p & Service arenent cand substanti al y €l ose

t oget her al ongatrtrgeoent is showesdhemgti¢allnin Fig-Hé. welalh ingrajgsomaisedof t he

invention thusgpip 'sﬁl@a 4%'59{9,!,&@9%85@/3 §éb‘é%br0£4 Wpfcam%gfép%ﬁe@eal

than sealing gro heretfof ore known e retaining or
i nprovi ng uponaﬁm‘ﬁn'%ﬁ&ﬁﬂ%@’ﬁbﬂmﬂv@étm @@'Rﬂ‘eﬂ% fﬁﬁm%f‘r Yiprertad on

[00064] I't W || tHagaigyd flents ity SEAPDBitsinaa dumbdiey dea@sInoteeRpOr at i ng
the principles _of the invention n‘frgﬂnot be in the specific form

herein ill ustr§@b@ay Be GPLIAtRG O/ 8ASFray, for exanpl e be formed in
an extended | ength and nay be adapted to be cut to desired | engths at

a job site and/or g@hgﬁgd %E’%@géed;g qﬁé ‘ﬁfﬁﬁ’m%f‘ ra%ﬁ%'srtﬁg OJ;Q@ i§eal S

may al so be enpl oy € acconmo atlon of
pass-t hr ough eP@"ﬂé’ﬁ@ yith gae PfranGra#ﬁdr'ﬁ@h%{Q% é&@”"!ﬂét“\ﬁe\é‘hm‘ﬁ flPvext ended

panel secti Onscorﬁr{%he@&r é’urfd[étpw!?la @"Mbnﬂﬁﬂ dpacd @ﬁ@(ﬁﬁbérﬂth?}@ﬁéé 11600 44
al t hough the sealing nenbers of i nvention mygi‘%je manuf act ured by

mol di ng pr oces@%ra'%ﬁéoﬁﬁtPgﬁngi?f“&eop'e”””?ipace FIREAQF £ r ame
sections, ot heppdrimgeduress aR)table skepdhapethuhbetiaid Beatbhe sesis ed

forms of sealli Pog a%%gipe%ﬁgva of cooling air flow to the rack 45, typically upwardly along
the front of the rack, allowing the devices to draw in the cooling'air by
means of internal fans. Also adjacent o the rack 45 is a service opening
48, through which wires, cables and other service elements 49, 50 are
passed. The service elements 49, 50 extend through the plenum space 47
and exit through the service opening 48, which is separate from the air
discharge openings 46 and may be spaced some distance therefrom.
Elements extending though a given service opening may be connected to
one or more racks, depending on the arrangement of a particular data

center.

[00062] In the arrangement of Fig. 17, a sealing grommet 10,
formed of a pair of grommet half sections 10, 11 is installed in the service
opening 48 to allow the service elements 48, 50 to pass through the service
opening while substantially sealing the opening against the unintended loss
of conditioned air into the ambient space. The two half sections, which may
be assembled on-site, enable a grommet to be installed without requiring

existing service elements fo be disconnected. Likewise, in order to install



[ Oous] The illustrated form of corrugated sealing nenber is both'
efficient and easily manufactured. However, other repeating or

non-r epeatyGoiRnshis vari able) wave formns (or ot her shaR&sYs2HMN34193
utilized in the design and nmanufacture of corrugated sealing nmenbers.
It is advantageous that the wave form of the corrugated portion has
an arc length (L) significantly in excess of the wwdth (W of the
corrugated portion (or of the opening between the side portions of
the grommet frane). Preferably, the rapio of L to Wis between about
2:1 to about 6:1 so that, when a pass-through el enent is accommobdat ed
in the gromret, the substantial "excess" arc |length of the corrugated
portion of thenseakivitg efeprdnés; oemreaiaege plegioaslgmsifled dleme@althmg nmenber
to partially u and
to partially s Eoﬁrﬂ% GtEH§C$98$£é6%h%J %%é; r%(g)st?éﬁ;%l egrl“etﬁﬂt e'{égé%o

seal around t héo gukthrouph theghrvidecpenng 48d to cl ose the sealing I|ne

al ong which a pair of sealing nenbers neet. [00067] Where a gromret of

cl osed conflguratlonlsa om a alr of 0o ) hal f
sections, it is not[ourqg%essa{?gtét ﬁg{ra&eﬁgngg P?tﬁﬁnﬁﬂqg)ﬂ%dﬁﬁﬁn%i ch the
respecti ve seakedling gemestacomditg heaspests waihglinvehiionein whichtani s r espect,
t he corrugated i . vy or ot her
configuration {3 Eﬁf@}e@&@@?ﬁg&%ﬂ&gﬁ%&i ﬁas%nt@%r@?t%s%‘f%}cgn%d e

confi gur at i ons cofugatignsi nor 8angseal hedregentieeishacarigetimisertbat ary such
that, in the aheenasn of Fig. RATEWS AOMARYALERRRmediEC BrEITA [T ce
end port| ons contact each other over t of the sealing
i ne. mowwhi | e ob®BchyssATiRe elygpent Rassing ABFaupd A sfagdeye '”‘FFhWﬁ WER ured in
two nutually eg %%ﬁ%@nﬁ@ééal&ﬂﬁﬁtb@'@?p@d’é@ ¢oTruBEEH sbkifh enMaed) It

manuf actured in two section t he beneflts of the invention
may be - 22 - °pRBF peRRIN Fig- i’% P"GE?%FB'E”Q%GWE’W BEELYE FHPLCwave form
seal i ng nenber sow@rawmﬁmm:reataad dlstdrt@daarélaﬁlem eloself arageabigle| osed
configuration 1The variou th e | ustrat ed
her ei nabove r eF«E\Ye 3?%'&%@(‘59 \/\1S ?'WD%'BP?U%%Y 8@38 {ég?tﬂgr éio'?ghé? are
configured in ftemtal fs&ﬁmg lirveh lfhe Sehlmgmrmpmgmﬂthmnmmsn tus pheyidgs iamar y
corrugations i i e
corrugat ed por t§ |ghfﬁ5§ﬁgsu r o%\é{'Ftl‘['amértstt)a\é}f tb & ?&dhaggﬁgﬁ{egf%shteﬁé fc§ﬁh| nder,
or wave forms, kpewn @remphile, re@mlmrwr@a@@umwtmﬁr@sé@mge@h\s axis of the
primary corrug@gdnggssomgwqg%nqagrespondl ngly non-linear, such as
arcuate, cylindrical or wavy. For exanple, such a nonlinear
propagation axis could be an arc or spline in a plane parallel to a
pl ane defined by tHeoogdx) dheil¥evireidhatireremelatand ethgr sedtee cor rugat ed
portion coul d Sﬂ arc
in a plane par gﬁ?@?’%'ﬁ&ﬂg nmé‘b%@;%%@g&?}%%ﬁ@& h%’be Jé( Eb@gfggﬂ The
function such @ﬁ@msﬂatﬁduMF@émﬁ?@cﬁmahs@fﬁéméled’é§‘éfmel§éfﬁjan| n that

the corrugated efct"eﬁ&aoq&‘ibtiﬁ)%& r'nQ;'ﬂbé’Bdéd?é‘d tﬁ% cut tﬁ%élr&iqérﬁdiwét%quor tion
would forma seal in cooperation with boundary surface (gl anar or

ot her wi se), foﬁ't"emll‘%!”e‘jo‘?"”\/\?m?f s&“%&dﬁ@f*ﬁ?ﬁnﬁﬁseﬁﬁrmaﬁs Pl ar or

conplimentary aaptdyedRapurpessi et #anaRe a@;romcaaﬁdm p@@é Hhr@ighar cuat el y
configured seal | enents.coul d Be URN Nedos g & cl osend frame
of correspondi ﬁ&ﬂ%ﬂ%ugﬁ @ %rﬁytgeg seal between oexten e panel eclions, suci

as a floor and wall.

[00065] In addition, although the sealing members of the
invention may be manufactured by molding processes, and particularly co-



[Oom Figs. 19-21 illustrate an enbodi nent of the invention in which
corrugated sealing nenbers 70-71 of the general type shown in Figs.
1-17 are cq@hoauwpedsto be nounted in a circular franme Bgrus2010/039173
advant ageously formed by two sem -circular half-sections 73, 74. The
corrugations 75 of the sealing nmenbers are aligned in the sanme
direction, perpendicular to a sealing plane 76 extendi ng between the
seal ing nenbers 70, 71. The corrugated free end portion of each
seal i ng nenber woul d project slightly2beyond such sealing pl ane,
absent the opposing sealing nmenber. Thus, the sealing nenbers are
conpressed when the frane sections are assenbl ed. The characteristics
of the seal i ngmeldingentreme-seg®ns, giherfnseagdiings may ba smplsyod togiasive ised

W th respect tQ.8Ra%H S%eséﬁﬁbﬁ%ngﬁﬁyndth to arc length, anplitude to
wave |l ength, preferred materia etc. To advantage, the main or
primary corrugations 75 are formed with secondary or cross
corrugations 83 as[mme@torﬁmemdeamdMhedﬁbnnmpmnBEBManmmbawshﬁh
enbodi nent of r I menber s
70, 71 are posclian sy EE, e P o4y RpBRrRER s, TC
corrugat ed por tépeating (a.gptvatahle)aeve froms (rextherishag@ishmapbe Uﬂfhed in
corrugations 7§1eQ:IesI?H% V\gﬁ%hhﬁgmmgfréga@é arrﬁg%%eais%/u@ve

downt ur ned flang mai ntain an effective seal even if the
opposed corrugéa %F@eﬁ'&%ﬁféh%w%ﬁ@ OW%EP”'@H?&!’ RoRtiofdwas anEno72] As

shown parti cul ghbin L&r@rﬂﬁntly&ﬁeﬂé&s%ﬂhe%hﬁﬂ flthdc REporin 71 are
formed with generall sem -circular, vertical % ext en 81%Pflanges 81,

82, respectivelgfof IhﬁtOBS'P'%I’ beivesn Ihﬁe"“d@cﬂoftlﬁ’ﬁﬁf’ftﬁ grofuNet{igEe).| anges 81,
82 serve the feﬂﬂénaﬂg taé ratnbefbm:w raambrﬁietaddtangesbmftsnr@tmtevi ously
descri bed enbodi % ﬁhs resgect %ﬁ%@ h]cularl referred
enbodi ment, th¥ %ar’r‘%s- B &R ﬁaﬁ‘é"“&’B" a ev&II?'II”‘F eframes 73,
74 to provide ambseam[aleameys”sirwkengjhhnﬁtmd cbehg@ernpctrlrrm cffn!wmlrmmd seal i ng
menbers. Addit| I I @EHI

hori zontal fl alrIq%EgJ o%{n%bLegEE? ‘f?% \%%S%‘? th% 3% %ﬂﬂlopenr ngs
(not shown) tolopetrqmqftrae fasethreahtdhement eed rca:rarfrﬁlyﬁtrrén@éami Agvanber s

(e.g., thermpI@%set@I@tm&tw@ﬁgmarohnahe&e&rrﬁélryw&ffér@ndl ng
hori zontal flanges so he material, preferably sonewhat

el ect r o- conducfhd®, C'Q?&H%S%%"@cﬁlﬁ@c"(h'w 1 PRI ‘Pféeﬁ'I"@d?e‘Fk?EI’%m&ﬁH
provides a path for the dissipation of electrostatic charges fromthe

e e e AL WA by s Loy g
accommodat e from a pair of opposed half sections, it is not necessary that the sealing line
along which the respective sealing members meet be a straight line. In this
respect, the corrugated free end portion could be of arcuate, wavy or other
configuration (as viewed from above} as long as the edge configurations of
a pair of sealing members are complementary such that, in the absence of
a pass-through element, the corrugate free end portions contact each other
over the full length of the sealing line.

[00068] While the grommet of the invention is best manufactured
in fwo mutually engageable half sections and is most useful when
manufactured in two sections, many of the benefits of the invention may be



- 24 - assenbly of the two hal f-sections around service el enents (not
shown) already in place in a service opening. [00074] The circul ar

gronmet ofwhl@fy2di9521 is intended for "tool - |ess" inst@ahabip@wizd n
that it can be snapped or friction fit, or otherw se securely placed

in an opening in a floor tile, cabinet , panel, etc. (not shown)

w t hout the use of a hand tool or the like. To this end, clip

el emrents 78 may be fornmed on the exterior walls of the frames 73, 74
to engage the floor tile when the fra@®-is inserted. Were
appropriate, fastening elenents (not shown) may be used to secure the
gronmmet flanges to an underlying support surface [00075]1n anot her
preferred enmbodiatiegs insfructites inwidelt drsror rdiewave ferrFisgaling enghers are

seal i ng menber i AQ:oh:&f in acaﬂe' Bikel ifle 6f<aro%d WirrBurafish, Pr opagati on axi s

of its corrugateg waves 97 formng a circle anof the oscillation axes
of the waves being radially disposed. The sealing nenber has an
integral, annul ar tjogped]l ange: @tiowdioahs titheinvendiba didsivatéhhereinaisivesi vel y

or otherw se. | fesh delih® BACKI A8 3b8oR2nerE HAGHIAH Btk 92 1o

provi ded with WO Or~nore spacer arrange ass ough
openi ngs 94 i nwhhee the propagation pxié bbihg @ridary chrragajiooniseingar r}rlolwséeratl on,

|5 positi oned QYA b REIYddHanARR kD bbudn HeaPbmbet RaPhe Ot her

panel 96 and secured ereto by suit e screws ‘or steners
(not shown) di f&wedds empwshckiiRdersprarave fpast Br exameple, é'h\@ﬂ“ﬁh 695¢t he
spacer posts a%é%?é@é@;@%lﬁéﬂs 6f$h§b¥ﬁﬂar9b§ﬁudah&1§vﬂ%ﬁfb@€@ﬁas@$ncﬁﬁgﬁl

corrugations 97 are sli gl?e-? npressed agali nst the surface of the

tile or panel 88nlifggru FF@B GFVB'F%Caltq’i o FUGERTBIRsSUS? 24108 f or med
Wi th outtur HEdIlfﬁéaaﬂgjpég&%nlaﬂlstcbﬂdfbalm aPEATIPlinedf amlah‘éi;:ﬁuﬂlbb/todescri bed

the seal i ng meABES ErRdEy el o haR P MR e shhiPRPfne

servi ce openi ngo@dbe Eabihesed mith cﬂid*mopmtim ods dimgremars if aplanghown) can

be passed 2g.':lr'allel to a plane defined by the (X) and (Z) axes. The function such
grommets would be the same as above described, in that the corrugated
free end portion of the non-linear corrugated portion would form a seal in
cooperation with a boundary surface (planar or otherwise), for example, or
with a second grommet part of similar or complimentary non-linear
configuration, or a mating pair of arcuately configured sealing elements

could be mounted in a single closed frame of corresponding arcuate shape.

[00070] Figs. 19-21 illustrate an embodiment of the invention in
which corrugated sealing members 70-71 of the general type shown in
Figs. 1-17 are configured to be mounted in a circular frame 72,
advantageously formed by two semi-circular half-sections 73, 74. The
corrugations 75 of the sealing members are aligned in the same direction,
perpendicular {o a sealing plane 76 extending between the sealing
members 70, 71. The corrugated free end portion of each sealing member
would project slightly beyond such sealing plane, absent the opposing
sealing member. Thus, the sealing members are compressed when the

frame sections are assembled. The characteristics of the sealing elements



t hrough the opening and between the flanged | ower ends of the
corrugations 97 and the surface of the tile or panel 96. The deep
corrugat i oRg 28f1,0b31§5 seal i ng nenber cause and enabl e t heciRIsgihB0173
thereof to closely envel op and seal around the service elenents in a
hi ghly efficient manner, with m ninal |eakage of conditioned air. The
function of the circular gromet formis nuch the sane as that of the
hal f -grommet shown in Fig. 16, where the sealing elenent is
confronted by a boundary surface, suefBas a wall. In the case of the
circular gronmmet, the confronting boundary surface is the tile or
panel . p0077]1f desired, the corrugations 97 of the gronmmet of Figs.
22- 24 can be ppfastdyamaswhrd gestrilad withgespscblotopergiveratiereoifvigtn of a
truncated cone,] ; i e i ical corfiguration.
[ 00078] A gr om%%ggge%?ﬂégépelﬁ%%ﬂ)M{agggngﬁb%ﬁ%iwﬁh %%%%23@225m al so be
formed as a pop#venkpgesthe majn ermberary gorggationn 78 aee formerd Whiggggndary

posi tioned W t B &B& dodrBgaiRAs 8HHS h&etddiE destibaDRicoRM e REHel N

contact with a confronting boundary surface and a cl osure surface
(not shown), ePThedmeRkdrgal 1-4f i ncorporated into the structure of
the grommet frane or sealing nenber, extending across the chord of

the arc. [00079] I\/agl%{]soglf] bt b8, Rl E%ﬁaﬁ’ﬁeﬁﬁﬁﬁéﬁg‘”gw ﬂday(fgnt ages of

the invention can € I NCOr pore . _ rommret of circular
confi guration pegtonghdut eagh atipareith shelidasnestivectornpaied pertigrsint ed

Wi thin a circupgdsel s28MRwAMsNAFiIgA26 OThE dat RRHIBA 15 Fthd RaiRd Wi th
primary corrugations propagating in a circle about a center of the

g . 1 €
grommet and pr BREREISREY eI ave deyies fignaes HE whidhiaidein@name,
where the pri nBfactigOsdalevn iDRS opFdsed @omlic0beSsHcyRk Blidht Wiriaidiedg wave
| ength fromoutside to inside of the gromet. Secondary or cross
corrugations, ["fYSGtilized, would propagate radially with respect to
the radially disposed corrugations. - 26 - [00on]As di scussed above,

seal ing grommets angofR MO ol PdribMadeih Hidse2@ BRI N8k deRlidor | zont al
fl oor panels. Therefore, in the foregoin escription, sone features

of the gromet MREPEsHOeA! arerpmed wihidsnerabyeami-cireriaiors ¥y al  and
vertical direckkienfing RingePBRIEd, @Bk WaEdtaldiihard tamGatians 7she | i ke.
However, it w &I e under st ood tﬁh?t sucg del{igi t(% ogsﬂare "ﬁtéely for
conveni ence as ' tHEEFD ehYs B unston ok fip Racs oY paganges ehaP
orientations, puehbusiydestribedsanbidieerapbnhisgespectaineegdriicuidlywal | panel ,
upsi de down in A [l [ -
Therefore the a%{eﬁ%fjtef@%gﬂ%gﬁbmee&@éﬁrﬂéﬁQ&S?&Qﬁéecrgb{gﬁ;ré?ﬁt\bvi r espect
to hori zont al / frames €l74460 prawida ad exiosmein singdiond hetweek thediegrasend

?ﬁzo' ‘rlf)remg[i entafih@RembRH AMRIiEhNy! Rb b WRid ShdilouRi@y ekigdding es of
J " horizontal flanges of the frames 73, 74 may be provided with openings (not

shown) to permit a fliow of the material of the sealing members (e.g.,
thermoplastic elastomer) underneath the outwardly extending horizontal
flanges so that the material, preferably somewhat electro-conductive,
makes good contact with the floor tile and provides a path for the

dissipation of electrostatic charges from the sealing members.

[00073] The two half sections 73, 74 of the grommet frame are
provided respectively with slots 79 and tongues 80 to accommodate



[00081] It should thus be understood that the specific forns of the
I nvention herein illustrated and described are representative but not

limting ofyoldagdzpMenti on, and reference shoul d be nadepdudb@/039173
foll ow ng appended clains in determning the full and fair scope of
the invention. -27- Wat is clainmed is: 1. A sealing gromret,
conprising: (a) a franme having one or nore franme sections; (b)
first and second sealing nenbers connected to the frane, each sealing
menber formng an air barrier and havikhg a corrugated portion; (c)
each corrugated portion having a set of corrugations, having a base
portion, and having a corrugated free end portion opposite the base
portion; (d) websendyefiaivedalfrseetionndrapod semise elemsats{ngleibivilg menber

being resili enra|r%aoge;r§ ﬁgg@mlaeie}@mﬁég@ge associ ated base portion; and

(e) the first and second sealing nme rs being positioned with the
corrugated free end portions thereof in a closely abutting
rel ati onshi p and wibdor4he et ciellacgomughti figs 16421 tidietehdedsior 4ol second

seal i ng menber ?es@'%h&glla?ibrh,gpﬁ%t 14,( Qarpg'eas%%pped or friction fit, or otherwise
securely placed in an opening in a floor tile, cabinet , panel, etc. (not
shown} without the use of a hand tool or the iike. To this end, clip elements
78 may be formed on the exterior walls of the frames 73, 74 to engage the
floor tile when the frame is inserted. Where appropriate, fastening
elements (not shown) may be used to secure the grommet flanges to an

underlying support surface

[00075] In another preferred embodiment of the invention, shown
in Figs. 22-24, a sealing member 90 is of a cylindrical form, with the
propagation axis of its corrugated waves 27 forming a circle and the
oscillation axes of the waves being radially disposed. The sealing member
has an integral, annular top flange 91 which is co-molded with or
adhesively or otherwise joined with a backing plate 92. The backing plate
92 is provided with two or more spacer posts 93 arranged to pass through
openings 94 in the annular top flange 91. The grommet, in operation, is
positioned over a service opening 95 in a floor tile or other panel 96 and
secured thereto by suitable screws or other fasteners (not shown} directed
through the spacer posts. The length of the spacer posts advantageously
Is such that the lower ends of the corrugations 97 are slightly compressed
against the surface of the tile or panel 86. In a preferred form, the
corrugations 97 are formed with outturned flanges 98 in the same manner

as previously described embodiments.

[00076] In the operation of the grommet of Figs. 22-24, the
sealing member 90 of the grommet forms a seal surrounding the service

opening 85. Cables and other service elements (not shown) can be passed



2. A sealing grommet as in claiml1, wherein (a) each sealing el enent
is formed with a back flange extending along and integrally joined

with the hggeyRpsihon of the corrugated portion thereofpcraRshiohid)zat he
frame includes first and second back portions, and the back fl anges

of the first and second sealing elenents are connected to the first
and second back portions, respectively. 3. A sealing grommet as in
claim?2, wherein - 28 - (a) each sealing nenber is fornmed with
integral side flanges at opposite sides-thereof; (b) the frane

i ncl udes spaced apart side portions; and (c) the side flanges of the
seal ing nenbers are secured to and supported by the side portions of
the frane. 4. Atsaghitmgompnograpt basveen thel fengedliowahedeiofthe( a) each

seal 1 ng Mermber o ighMLRf Al 1Al e b RS Bl faleh Yo Hriieddipt | ve

el astoneric nate
corrugations of the sealing member cause and enable the material thereof

to closely envelop and seal around the service elements in a highly efficient
manner, with minimal leakage of conditioned air. The function of the
circular grommet form is much the same as that of the half-grommet shown
in Fig. 16, where the sealing element is confronted by a boundary surface,
such as a wall. In the case of the circular grommet, the confronting

boundary surface is the tile or panel.

[00077] If desired, the corrugations 97 of the grommet of Figs. 22-
24 can be splayed ocutwardly from top to bottom in the form of a truncated

cone instead of the illustrated cylindrical configuration.

[00078] A grommet of the general type shown in Figs. 22-24 may
also be formed as a portion of a cylinder (i.e., an arc, not shown),
positioned with the flanged ends of the corrugations placed in contact with
a confronting boundary surface and a closure surface (not shown), either
external or incorporated into the structure of the grommet frame or sealing

member, extending across the chord of the arc.

[00079] Many of the principles, features and advantages of the
invention can also be incorporated in to a grommet of circular configuration
(not shown), in which a sealing element is mounted within a circular frame
and has a corrugated portion formed with primary corrugations propagating
in a circle about a center of the grommet and projecting radially inwardly
from the circular frame, where the primary corrugations have a
progressively diminishing wave length from outside to inside of the
grommet. Secondary or cross corrugations, if utilized, would propagate

radially with respect to the radially disposed corrugations.



(b) the frame has an inner portion connected to at | east one sealing
menber and an outer portion adapted to engage with an electrically
conduct i vewgrgim@insupporting surface; (c) a contact pQfydQofossird
of electrostatically dissipative elastonmeric material is positioned
on the outer portion of the frame; and (d) an interconnecting
portion of electrostatically dissipative elastoneric materi al
integrally joins the sealing nmenber with the contact portion and
provi des a continuous electrical path26romthe one sealing nmenber to
the contact portion. 5 A sealing grommet as in claim4, wherein (a)
the one sealing nenber, the contact portion and the interconnecting
portion are of unitleaogy] nohsldiscusesrsabovetseslng gomimetsigre térembnlame
defines a flow,p a terlal
fromthe one se ngsERnc@%@BHH%ﬂﬁﬁgn%gnaltl g%%tr%n&é ?ﬁe%?ﬁ(el @9@

seal i ng gr orrrrefor@@lrisrﬂ%p@mﬁn@omfeat@reﬁ of ma)grqmiéetfhﬁaﬁéewa%eﬂaﬁd
outwardly ext eqgth hehpbttah A&i28Rtal A1R1 VRRICET difefidns 08t UpWarefid dowhlhrd he
contact portion is positioned on an underside of the outwardly

ext endi ng f| an§EeHALS: 5F Bledke-sHews &l itavilhBe %"i‘ﬁﬁrﬁ@?d( lihB‘nS”@‘F d?ﬁ{‘ét'oﬁﬁt war dl y

extendi ng fl angg m&@rﬁ&yoonmcbhetmrmmét Yareod @wRdiaRg inslafegia | s
secured to the porting surface, the con%caqwa ort on is

pl aced under 08%& Qe %Iﬁn uch as in a service opening in a verti pane
upside down in a ceiling panel, or in some other orientation. Therefore the

definitions of the features of the grommet with respect to horizontal/vertical
or upward/downwards or the like are not absolute orientations, but merely

relative to the other features of the grommet.

[00081] It should thus be understood that the specific forms of the
invention herein illustrated and described are representative but not limiting
of the invention, and reference should be made to the following appended

claims in determining the full and fair scope of the invention.



7. A sealing grommet as in claim-<d, wherein (a)each sealing nmenber is
of nol ded construction and formed of thin, flexible, web-like

el astoneric material. 8. A sealing grommet as in claim?7, wherein
(a)the corrugated portion of each sea%%ng menber is of tapered

t hi ckness narrowi ng fromthe base por€{on to the corrugated free end
portion thereof. 9.A sealing gromret as in claim8, wherein (a)the
el astoneric material is a thernoplastic elastonmer. 10. A sealing

gronmet as,i.n.clai .wherein (a) the corrugations have wave | engths
and anpl i?‘{ﬁ?gés, C@ha”é?léﬁ the anplitudes are equal to or greater than

t he wave | engt hs.

1. A sealing grommet, comprising:

(a) aframe having one or more frame sections;

(b) first and second sealing members connected to the frame, each
sealing member forming an air barrier and having a corrugated portion;

(c}  each corrugated portion having a set of corrugations, having a base
portion, and having a corrugated free end portion opposite the base portion;
(d)  the corrugated free end portion of each sealing member being
resiliently deformable toward the associated base portion; and

(e) the first and second sealing members being positioned with the
corrugated free end portions thereof in a closely abutting relationship and with
the set of corrugations of the first and second sealing members being aligned

in phase.

2. A sealing grommet as in claim 1, wherein

(a) each sealing element is formed with a back flange extending along and
integrally joined with the base portion of the corrugated portion thereof; and
(b} the frame includes first and second back portions, and the back flanges
of the first and second sealing elements are connected to the first and second

back portions, respectively.

3. A sealing grommet as in claim 2, wherein



-30- 11. A sealing gromet as in claim 10, wherein (a)a ratio of the
anplitude to the wave length is in a range of fromabout 1:1 to about
2:1. 12. A sealing grommet as in claim 10, wherein (a) each
corrugated portion has a width al ong 2 propagation axis and an arc

| ength; and (b) a ratio of the arc 1 %gth to the wdth is in a range
of fromabout 2:1 to about 6:1. 13. A sealing gromet as in claim 12,
wherein {&) teach seatnghawember isaiokmedrwithh istegral sidw flapges @t apapsite
side portions; and (b) the corrugated portion of each sealing nenber
ext ends ssidet dimdreaf:l y from one side portion to the other side portion
and fromthe corrugated free end portion thereof substantially to an

associ at eghybacd¥pahbifclBled SfaddPiFart side portions; and

(c) the side flanges of the sealing members are secured to and supported

by the side portions of the frame.

4. A sealing grommet as in claim 1, wherein

(a) each sealing member is formed of an electrostatically dissipative
elastomeric material;

(b} the frame has an inner portion connected to at least one sealing
member and an outer portion adapted to engage with an electrically
conductive grommet-supporting surface;

(c) a contact portion formed of electrostatically dissipative elastomeric
material is positioned on the outer portion of the frame; and

(d) an interconnecting portion of electrostatically dissipative elastomeric
material integrally joins the sealing member with the contact portion and
provides a continuous electrical path from the one sealing member to the

contact portion.

5. A sealing grommet as in claim 4, wherein

(a) the one sealing member, the contact portion and the interconnecting
portion are of unitary, molded construction; and

(b) the frame defines a flow path to accommodate a flow of elastomeric

material from the one sealing member to the contact portion.



14. A sealing gromret as in claiml, further conprising: (a) the
corrugations of the set thereof conprise primary corrugations; (b)
the corrugated portion of each sealing nenber having a set of
secondary corrugations propagating or%§ogonal to a propagation axis
of the primary corrugations; -31 - {€Jfhe secondary corrugations
oscillating normal to a surface of the primary set of corrugations.
15. A sealing gromet as in claiml, wherein (a)the corrugated
portions of the first and second sealing nmenbers are in conpression
agai nst e@gch oAlsmaling @rémseslasrig clgimniyethersini n cl aim 1, wherein

(a) the frame has an outwardly extending flange on the outer portion
thereof;

(b) the contact portion is positioned on an underside of the outwardly
extending ffange and projects below a bottom portion of the outwardly
extending flange whereby, when the outwardly extending flange is secured {o
the grommet-supporting surface, the contact portion is placed under

compression.

7. A sealing grommet as in claim 1, wherein
(a) each sealing member is of molded construction and formed of thin,

flexible, web-like elastomeric material.

8. A sealing grommet as in claim 7, wherein
(a) the corrugated portion of each sealing member is of tapered thickness

narrowing from the base portion to the corrugated free end portion thereof.

9. A sealing grommet as in claim 8, wherein

(a) the elastomeric material is a thermoplastic elastomer.

10. A sealing grommet as in claim 1, wherein
(a) the corrugations have wave lengths and amplitudes; and

(b) the amplitudes are equal to or greater than the wave lengths.



(a) the corrugated free end portion of the corrugated portion has an
end flange portion; and (b) the end flange portion follows a path of
the set of corrugations and is disposed at an angle relative to a
direction fromthe corrugated free endg portion to the base portion of
the corrugated portion. 17.A sealing“gQGnnet as set forth in claiml,
wherein (a) said franme has two franme sections, (b) each of said two
frame sections nounting one of said first and second seal i ng nenbers,
and (c) said two frane sections being releasably joinable to form

said franmg1, 18ATEealingpdmaidies infclamst®vwhagelr onret, a surface
structure and a boundary structure, the conbination conprising: -32

- (@) the,gr oftratio bR the Sndblittide o BRAWAY IBNGtR 1S %3l RMGEESHIRSm about

connect ed
1:1 to about 2:1.

12. A sealing grommet as in claim 10, wherein

(a) each corrugated portion has a width along a propagation axis and an
arc length; and

(b)  a ratio of the arc length to the width is in a range of from about 2:1 to

about 6:1.

13. A sealing grommet as in claim 12, wherein

(a) the frame has two back portions and two spaced-apart side portions;
and

(b)  the corrugated portion of each sealing member extends substantially
from one side portion to the other side portion and from the corrugated free

end portion thereof substantially to an associated back portion of the frame.

14. A sealing grommet as in claim 1, further comprising:

(a) the corrugations of the set thereof comprise primary corrugations;
(b)  the corrugated portion of each sealing member having a set of
secondary corrugations propagating orthogonal to a propagation axis of the

primary corrugations;



to the frane,

the sealing menber formng an-air barrier and having a

corrugated portion; (b) the corrugated portion having a set of

corrugati ons,

havi ng a base portion, and having a corrugated free end

portion opposite the base portion; (g% the corrugated free end

portion being resiliently defornmable

ward the base portion; (d) an

opening in the surface structure, the opening bei ng bounded by the
surface sfo)uct ihessepsndanecorsugaiiong ascillaging mermal @) a shdaes of Hise
structure and the boundary structure being in fixed positions

rel ative pdmaneseétrsftdoetugatiods. (f) the grommet being di sposed in
sealed relation to the opening and the corrugated free end portion of
the corrugated portion of the sealing nenber being disposed in
contact with or closely adjacent the boundary structure.

15.

(a)

A sealing grommet as in claim 1, wherein

the corrugated portions of the first and second sealing members are in

compression against each other.

16.
(a)

A sealing grommet as in claim 1, wherein

the corrugated free end portion of the corrugated portion has an end

flange portion; and

(b)

the end flange portion follows a path of the set of corrugations and is

disposed at an angle relative to a direction from the corrugated free end

portion to the base portion of the corrugated portion.

17.
(a)
(b}

A sealing grommet as set forth in claim 1, wherein
said frame has two frame sections,

each of said two frame sections mounting one of said first and second

sealing members, and

(c)

18.

said two frame sections being releasably joinable to form said frame.

The combination of a sealing grommet, a surface structure and a

boundary structure, the combination comprising:



-32.-

(a) the grommet having a frame and having a sealing member connected
to the frame, the sealing member forming an air barrier and having a
corrugated portion;

(b)  the corrugated portion having a set of corrugations, having a base
portion, and having a corrugated free end portion opposite the base portion;
(c) the corrugated free end portion being resiliently deformable toward the
base portion;

(d}  anopening in the surface structure, the opening being bounded by the
surface structure and the boundary structure;

(e} the surface structure and the boundary structure being in fixed
positions relative to one another; and

(f) the grommet being disposed in sealed relation to the opening and the
corrugated free end portion of the corrugated portion of the sealing member

being disposed in contact with or closely adjacent the boundary structure.



