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A structural panel which finds use as a ceiling panel or wall panel, includes an

outer sheet having a plurality of spaced dividers protruding from one face thereof and
15 a connecting sheet, or the like, parallel to and spaced from the outer sheet connecting

the dividers together along their sides distal the outer sheet. The dividers are

compressible for at least some period of time when pressure is applied thereto to

reduce the thickness of the panel when desired, for example, for shipping purposes.

20 Description of the Relevant Art

Structural panels used in the finish or decoration of building structures have
taken numerous forms from drywall to decorative or acoustical ceiling panels. While
such panels obviously have different characteristics, the panels have had numerous
shortcomings, such as from a weight standpoint, a shipping standpoint, a lack of

25 aesthetic or acoustical variety, and the like.

Some of these panels are used, for example, in drop ceiling systems wherein a

gridwork of inverted T-shaped support members define rectangular openings in which

acoustical panels or the like are placed. Such acoustical panels are typically rigid in



nature and sonewhat brittle. As a result, they are difficult to insert or
renmove from the supporting gridwork and in many cases are easily damaged
during swdopsweess. Further, the ceiling panels are rel B€TW80yI2bESavy and
are of a fixed thickness so that their shipping dinensions are the sane as
their installation dinmensions. Due to their 5 weight and bul k during

shi ppi ng, the g@ste AGoBOHRAL Britfl00As Dfesati Gy RANBIRul fo IRk RrirdtedW frofd gh.

Drywal | is also relatively heavy, difficult to work with and has a shipping
size identi cakets@pidigdg RdwiotiSandns fndhy @bkdsQR: sukifEdambB&d &ﬂin%@hdhqn&@g. for
drywall is, therefore, also relatively high. 10 It wll be appreciated

fromthe abovephfigh e EdiGidifaglls RRAGAS HIRE Y dld bRQT a FRBSIIALSE Ohaf | NI Sh and
decoration of building structures suffér nunerous shortcom ngs. A panel
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in the art upon readi ng o resent osure. ament a
however, the panel would typically include an outer sheet of sem-rigid
material with aﬂblurality of dividers protruding fromone face 20 thereof.
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10 It will be appreciated from the above that structural panels used in the
construction, finish and decoration of building structures suffer numerous
shortcomings. A panel that would overcome such shortcomings would, therefore, be

desirable.

15 SUMMARY OF THE INVENTION
The structural panel of the present invention can be used for a number of
different uses as will be evident to those skilled in the art upon a reading of the
present disclosure. Fundamentally, However, the panel would typically include an
outer sheet of semi-rigid material with a plurality of dividers protruding from one face
20 thereof. A connector in the form of a sheet or similar means is secured to the distal
edges of the dividers. The connector could take the form of another sheet of material,
strands of connective fibers, or the like.
The dividers are collapsible in nature and could take numerous forms. In

some of the described embodiments, the dividers are elongated cells having



col | apsi bl e sides so that when lateral or transverse pressure is applied to
the cell in predetermned directions it will collapse into a shall ow
space. Tiveodi/gie8ers can be formed fromfolding a strip oPCHERIYRIG d

mat erial such that the longitudinal sides or partitions fold inwardly or
outwardly when the divider is conpressed |laterally. The 5 dividers are
constructed socaspliBleRRIHTY thiit s UTE-aRd teXPaRE gdssare i€ ¥pBRdeskhposi fi on  of
pr edet er mi ned conplguratlon and are resilient so as to return to that

configuration pafitemmiRardinRg:hRenyileomRsmerh shhil@y dhakt deKesdiditists sacsy ed to
t he outer sheeF and the connector so as to remain in position relative

thereto. As w kb rd3RRORE AL £h oﬂ%&hn?d@@a‘?&ial §€h fclﬁ[ﬁﬁ@‘i’ongitﬁdlﬂ‘dl kige@gsume an
expanded 10 formin its normal rest condition, but by applying pressure

to the outer s %hor%rfofdflﬁwarﬁfgm?%ﬁ&&fdly hé éﬁ'le@{ i3 cé’th:eEs@&'%a‘%‘éi’aﬁyo ﬁ@' ! apse

allowing the entire panel to’assune a very thin th ness or prof

Thi's, of £oursgdefs éfgééﬁsﬁgc‘f?d‘éogig?ooﬁb?mﬁ asSPhPR X t%and@&’BPé?&é'}l%e os?uogr eat er

nunber of panel's can be confined in a contal ner an I's possl W th

prior art pa”e' Eé‘e% zofiigh? a%;{og%%rhlﬁ%hgg ég'rbréhere@%ﬁ%bﬂ}%u?a@ﬁnuse The

15 panels are a ) pre om na air ore

lightweight. 11wl rth PRy ted f
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direction to faci |tate nst al ceiling or the Ilke but are

resilient to r8@%?%”?%@?toﬁ@P%HPPBprgfkgﬁ @PFlOn Further, the panels are
not brittle and do not The furt be cut ry sinply
20 into any predete@ﬁﬁﬂgg g&?@“ﬁ ﬁ?a8§ﬁ¥?) P%T%HH” EﬁB@FQ?F@@n%% ets can
al so be pverlaid aonto the outer eet onnector sheet oy the |ike of
e panell o o e S HAA T daR by S PHIETE PIeoO R s ahist 808 Shect
of wood veneer, vinyl, patterned or contoured paper, colored paper, thin

metal, pol yestemectsr Hisrdiaders pecpusediocelianse allqwipg fhe entirg pangh{iraisurgt @ t he

| i ke, can be overlaid so 3 i i ) o
very thin thickness or profile. This, of course, is very advantageous for shipping

purposes as a greater number of panels can be confined in a container than is possible
with prior art panels that have a uniform thickness during shipping and use. The
15 panels are also predominantly air filled and, therefore, are very lightweight.

It will further be appreciated from the more detailed description hereafter that
the panels can be bent at least in one direction to facilitate installation in a drop
ceiling or the like but are resilient to resume their normal at rest position. Further, the
panels are not brittle and do not damage easily. They can, further, be cut very simply

20 into any predetermined size and/or configuration.

Decorative sheets can also be overlaid onto the outer sheet, the connector

sheet or the like of the panel to give the panel a desired aesthetic look. For example, a
1 sheet of wood veneer, vinyl, patterneci or contoured paper, colored paper, thin metal,

polyester, other synthetic material, fabric, non-woven, or the like, can be overlaid so



WO 01/81684 PCT/ US01/ 12998 that the panel, when in use, has any desired
appearance. Further, the panel can be interiorly or exteriorly lined with
nmet al foiwovuswhange the properties of the panel. O her aBEPUBG/120%at ur es
and details of the present invention can be nore conpletely understood by
reference to the following detailed description of a 5 preferred

enbodi ment, takppe llijaﬁ@,ﬂizﬁbﬂ(iﬁ bRMhadlabNddshied dbpaahiiaes Fatidr, fiiemmnéleen BPpended
clainms. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an isonetric view of a

panel forned i h@esgoragesorty fndd W@ nREL SR chafde KRREetRB of fib PaneR i S a
fragnentary isonetric view |l ooking upwardly at a drop ceiling in a

bui I di ng structure, owet Rspbhie RARE 1 Qbtaltd & thelprbREOHRAKiBE 84 Hehgrei n. Fig. 3
is an enlarged fragnentary section taken along line 3-3 of Fig. 2. Fig. 4

is a front el eyghpenyfndds®bl bPre@hed®icth Aok MebhlbSiesdifionbelgr of the 15
panel of the present “invention is made. Fig. 57is a front elevation of the

strip of 4mter| %tken%ﬁ%%o&iﬁleﬁ{ %k%rﬁin%ftljﬁﬂctﬁﬁ SARGEL dr&x@ilnEQ i g 9{:&1&1&&"95-

Fig. 6 is a fr el evation o e strip of material "shown 1n Fig. 4 after
having been crgased as shown in Fig. 5 20 Fig. 7 is a front elevation of
the strip of materiral shown in Fig. 6 having been folded along the
preformed fold lines. Fig. 8 is a front elevation of the divider as shown
in Fig. 7 having been conpressed. Fig. 8A is an enlarged section of the

circled area of Fig. 8 4  pppRPESCRIPTION OF THE DRAWINGS
Fig. 1 is an isometric view of a panel for.med in accordance with the present
10 invention.
Fig. 2 is a fragmentary isometric view looking upwardly at a drop ceiling in a
building structure, with the panels of Fig. 1 incorporated therein.
Fig. 3 is an enlarged fragmentary section taken along line 3-3 of Fig. 2.
Fig. 4 is a front elevation of a strip of material from which a divider of the
15 panel of the present invention is made.
Fig. 5 is a front elevation of the strip of material shown in Fig. 4 being creased
to form pre-fold lines.
Fig. 6 is a front elevation of the strip of material shown in Fig. 4 after having
been creased as shown in Fig. 5.
20 Fig. 7 is a front elevation of the strip of material shown in Fig. 6 having been
folded along the preformed fold lines.
Fig. 8 is a front elevation of the divider as shown in Fig. 7 having been
compressed.

Fig. 8A is an enlarged section of the circled area of Fig. 8.



WD 01/ 81684 PCT/US01/12998 Fig. 9 is a front elevation simlar to Fig. 8
with a |ayer of adhesive shown in dashed |ines positioned above and bel ow
the divideoosiegt 10 is a front elevation simlar to Fig. POTARMIN2998 out er
sheet and a connector sheet being positioned above and bel ow the | ayers of
adhesive. 5 Fig. 11 is a front elevation show ng the conposite illustrated

in Fig. 10 being hegat9aenminesisediod shiRen Meatyinth e FeMhssivéihgwnl? 1S a
fragnentary end el evation of a panel formed in accordance with the present

invention and whdhBd BndlgpSitiatddviBolcay@belod Bdi@néal bei ng adhesively secured
to the outer sheet of the panel. 10 Fig. 13 is a fragnentary end el evation

of the panel as shop igishiffbnt deval6l ABilaGOTRY 9S8@GnRalVARE: Agat ed press
el enents. Fig. 14 is an end elevation of a panel as shown in Fig. 12 having

di viders vith (ARUERPULGRAThHRISARIIbAGy isaRAEhaldiby eXpanded.

Fig. 15 is an end elevation simlar to Fig. 14 w t he panel being

partiallys 15 conpr P =1 ! : L s 1P ig. 15
W th the panel beingial SRIS FarphaPvaBia. Subkn: Baalqih il Iovand

el evati on Si”ihéﬁc&@gﬁ&@db&@e&%ﬁ%@éggkd%% el being fully conpressed. 20
0 p

Fig. 18 is an isonetric view anel as shown in Fig. 14. Fig. 19 is

B ot S BRSP4

conpressed co n%etplrgsght invention and with a decorative layer of material being adhesively secured

to the outer sheet of the panel.
10 Fig. 13 is a fragmentary end elevation of the panel as shown in Fig, 12 being
compressed between heated press elements.
Fig. 14 is an end elevation of a panel as shown in Fig. 12 having dividers with
asymmetric partitions and with the panel fully expanded.
Fig. 15 is an end elevation similar to Fig. 14 with the panel being partially
15 compressed.
Fig. 16 is an end elevation similar to Fig. 15 with the panel being slightly
further compressed.
Fig. 17 is an end elevation similar to Fig. 16 with the panel being fully
compressed.
20 Fig. 18 is an isometric view of the panel as shown in Fig. 14.
Fig. 19 is an enlarged isometric view of a portion of the panel shown in Fig.
18.
Fig. 20 is an isometric view of the panel shown in Fig. 18 in a fully

compressed condition.



5 WO 01/81684 PCT/USQOL/ 12998 Fig. 21 is an enlarged isonmetric view of a
portion of the panel as seen in Fig. 20. Fig. 22 is an isonetric view of a
pluralitwobypmsel s stacked together while in a conpressedrwsedi2pison. 5
Fig. 23 is an isonetric view of the panels shown in Fig. 22 in an expanded
condition. Fig. 24 is an enlarged fragnentary end el evati on of the panel

shown in Fig. 14 wrighoeRdn SMRREd {ssmétee vieae)fla@aﬁiontoﬂthb?mebhgseémﬁlI—ﬁ inel from
bending. Fig. 25 is a fragnmentary section taken along [ine 25-25 of Fig.

24. 10 Fig. 269hs a fragmentary isonetric with parts renoved show ng an end
support on one end of the panel and a second end support being installed

on the opposite endpig0fs {hg iBRABEIL v1e'5d <§f a p%?ralht? ofpdrtRYMBIRIIAS LW hICAl a
section taken througﬁ a portion of the panel ?Iustratlng an alternatlve

enbodi nent of Egﬁ]g§¥&g§mn%mereln the divider |ncludes an 15 inner |ayer
of a metallic foil. 28 1s a fragnentary vertlcal section taken through

the panels similar tﬁlgFiglsan?sg{m%?ﬁW}er&goﬁﬂé%!nr SEENALL YA T angenent

of the divider wherei"n a neta to t e outer ace of the
di vider. Fig. %ghdﬁ? a transverse section taken t hrough the panel as shown
in Fig. 14 with 20"t he panel bei ng conpressed on its top surface. Fig. 30

Is a section taken ﬁj 0 égls an fﬁar%?(% %9%%entag§ &id 6%6‘8’8.(210'?1' c(r)fthedbr]a\lll h&h ﬁl’ﬁ%ell evat hon

of the panel shomm anel concav

upwardly. with end supports for the panel to inhibit the panel from bending.

Fig. 25 is a fragmentary section taken along line 25-25 of Fig. 24.

10 Fig. 26 is a fragmentary isometric with parts removed showing an end support
on one end of the panel and a second end support being installed on the opposite end
of the panel.

Fig. 27 is a fragmentary vertical section taken through a portion of the panel
illustrating an alternative embodiment of the divider wherein the divider includes an

15 inner layer of a metallic foil.

Fig. 28 is a fragmentary vertical section taken through the panel similar to Fig.
27 showing still another alternative arrangement of the divider wherein a metal foil is
applied to the outer surface of the divider.

Fig. 29 is a transverse section taken through the panel as shown in Fig. 14 with

20 the panel being compressed on its top surface.

Fig. 30 is a section taken along line 30-30 of Fig. 29.
Fig. 31 is an end elevation of the panel shown in Fig. 14 with the panel being

curved concave upwardly.



6 WD 01/81684 PCT/USOL/ 12998 Fig. 32 is an end elevation of a panel in
accordance with a second enbodi nent of the present invention wherein the
partitiomeoof/steBe di viders are symmetric rather than asyP@®pUSIICI2098 Shown
in Fig. 31. Fig. 33 is an isonetric view showing a panel in accordance with
the present 5 invention wherein the connection neans are el ongated strands

or fibers that are Fpetuikafl eddeléVaBoslbivd SHAEISH décdidhéeywit Db tienMotiRiens heet .
Fig. 34 is an'enlarged isonetric showing a portion of the panel illustrated

in Fig. 33. FifhePrsts iRnichOMREih e ph@io oftiedi PaAS breSHAWBIicRathid. 33
wi th the panel 10 having been bent or curved so as to be upwardly concave.

Fig. 36 is an epd .geMaki anehnd Pgmel formed in accordance with the
present invention and corresponding to the panel shown in Fig. 32. Fig. 37

Is an end elevati O”F%‘éﬁi*é%n &%Hx@!éice' evaokﬂaﬁ#ne@@a%%dg?éegﬁgﬁnﬁ@ esenpgrtg‘;ll Ly

conpressed. 15 Fig. IS an en tio t he pane n Fi

havi ng. been TUbl \uiGARE8R 58 on Ll Al 8 AL AOITAGACor Bl e Pane

shown in Fig. In a conpressed con I on. isS an isonetric

view of a po.rtisé)cﬁie%{toEh%%i\ﬁ@&@?&iftﬁlﬁ&%@ng%oglige(?gh%ﬁ ina 20 fully expanded

condition. Fig. S an I sonetric vi urality of panels of the
ype show 1o RS BRGNS ORARRRG OB LA O 2
Fig. 33.
Fig. 35 is an isometric view of the panel shown in Fig. 33 with the panel
10 having been bent or curved so as to be upwardly concave.
Fig. 36 is an end elevation of a panel formed in accordance with the present
invention and corresponding to the panel shown in Fig. 32.
Fig. 37 is an end elevation of the panel shown in Fig. 36 with the panel
partially compressed.
15 Fig. 38 is an end elevation of the panel shown in Fig. 37 having been fully
compressed.
Fig. 39 is an isometric view of the panel shown in Fig. 38 in a fully
compressed condition.
Fig. 40 is an isometric view of a portion of the panel shown in Fig. 36 in a
20 fully expanded condition.
Fig. 41 is an isometric view of a plurality of panels of the type shown in Fig.
36 having been compressed and stacked together.

Fig. 42 is an isometric view of a portion of the panels of the type shown in

Fig. 36 having been stacked in a fully expanded condition.



Fig. 36 having been stacked in a fully expanded condition. 7 WD 01/81684
PCT/ USOL/ 12998 Fig. 43 is a diagrammatic end el evation of -a panel with
asynmet riwodi/gie8ers il lustrating di nensi onal characteri seCTostleesof . Fig.
44 is a diagrammatic end el evation of a panel with symetric dividers
illustrating dinmensional characteristics thereof. 5 Fig. 45 is an enl arged
end el evation of a piy 43 Bn dfgrdniieatiR@ne bleadtiofriofa p#h3! with hyydinteaid digdat her

di mensi onal characteristics. Fig. 46 is an enlarged end el evation of a

portion of theipag@ingtfimbristbnaharatietidtizt thafebNg ot her di nensi onal _
characteristics. Fig. 47 is an end elevation simlar to Fig. 45 show ng the

panel conpressed 18iwWi4 3 adlidgPin@fatic-enfbiBvatidB of $paR] Vs di9fesi M lar to
Fig. 46 showi ng the panel conpressed wth a force F. Fig. 49 is an

i sometric viewpfsyatdhgEnserRdhBRtistRl tRredf vi der for use in the panel of
the present invention. ' 15 Fig. 50 is an end el evation of the divider

shown in £ g. 49. Fpg 454 ah%ﬁ%%e@,&&h GLANA b boondr BRMahel Pl UY NG &

plurality of the dividers shown in Fig, 49 i'n an expanded-form Fig. 52 is

a reduced end %glﬁi{é‘ﬁrlg%heﬁ’fdirﬁéﬁﬁo{?ﬁ'Eﬁzirac?é}g\ﬁ&.i n Fig. 51 in a conpressed
53 IS

form 20 Fig. n 1sonetric view of still another enbodi nent of a

e L 2 1 s Rl LI LGSR, KRNk o an enc
illustrating other dimensional characteristics.
Fig. 47 is an end elevation similar to Fig. 45 showing the panel compressed
10 with a force F.
Fig. 48 is an end elevation similar to Fig. 46 showing the panel compressed
with a force F.
Fig. 49 is an isometric view of another embodiment of a divider for use in the
panel of the present invention. ’
15 Fig. 50 is an end elevation of the divider shown in Fig. 49.
Fig. 51 is an end elevation of a panel including a plurality of the dividers
shown in Fig. 49 in an expanded form.
Fig. 52 is a reduced end elevation of the panel shown in Fig. 51in a
compressed form.
20 Fig. 53 is an isometric view of still another embodiment of a divider for use in
the panel of the present invention.
Fig. 54 is an end elevation of the divider shown in Fig. 53.

Fig. 55 is an end elevation of a panel formed in accordance with the present

invention and utilizing the divider of Fig. 53 with the panel in an expanded form.



Fig. 55 is an end elevation of a panel forned in accordance wth the
present invention and utilizing the divider of Fig. 53 with the panel in
an expanaoedof/erwes 8 WO 01/ 81684 PCT/ US01/12998 Fig. 56 i BCHUS@dzessd end
el evation of the panel of Fig. 55 in a conpressed form Fig. 57 is an
isometric view of still another enbodi ment for a divider for use in the

panel of the presentigl sWRAkbMBed dndklatir ki ARkl 8NEigeS EMAloRPreddedt he
di vider shown in Fig. 57. Fig. 59 is an end el evation of a panel utilizing

t he divider of ¢ffhg. 57 with the panel shown in an expanded form Fig. 60
is a reduced end el evation of the panel shown in Fig. 59 in a conpressed

form 10 Fig. 61 ispgnst 8ANRbkeGicWidMbiatil Shdthdr eiEHBQcﬁlﬁl%ﬁt fgf Y 5i9REr foPliseuse i n
the panel of the present invention. Fig. 62 is an end el evation of the

di vi der shown i an end el evation of a panel utilizing
t he di vi der Shg&%ﬁ?&ml§ﬁhegk&mig§mhﬁnh t he panel in an expanded form 15

Flg. 641is a reduceﬁlg g%m%%%{@&&%fn?gfethé‘&iv%f‘ 'owﬁli!r\fl’ll‘ffg 4t Fig. 63 1ina

conpressed form Fig i's an explo |sone ric M/of a panel simlar

to that shown in Fi 91 %9 tag%tldg at1?§g{' a'ngllu%lh %qlet@{w gr tO%? .t i onal

dividers at the ends®of” tHe pa e ext'end erpendi & primry
dividers. 20 Fi ation of the panel shomn in Fig. 65.

Fig. 67 is an g%glg(g@gpﬁ%HM%?d$% Vpanel shown in Fig. 65.

Fig. 60 is a reduced end elevation of the panel shown in Fig. 59 in a
gompressed form.

10 Fig. 61 is an isometric view of still another divider for use in the panel of the
present invention.

Fig. 62 is an end elevation of the divider shown in Fig. 61.

Fig. 63 is an end elevation of a panel utilizing the divider shown in Fig. 61 and
with the panel in an expanded form.

15 Fig. 64 is a reduced end elevation of the panel shown in Fig. 63 in a
compressed form.

Fig. 65 is an exploded isometric view of a panel similar to that shown in Fig. 1
that has been rigidified by providing additional dividers at the ends of the panel that
extend perpendicular to the primary dividers.

20 | Fig. 66 is a side elevation of the panel shown in Fig. 65.
Fig. 67 is an end elevation of the panel shown in Fig. 65.
Fig. 68 is an end elevation of a further embodiment of the present invention in

which the panel can be bent at a right angle.

}



Fig. 68 is an end elevation of a further enbodi nent of the present
invention in which the panel can be bent at a right angle. 9 WO 01/ 81684
PCT/ USO1MIQ9D81684i g. 69 is an isonetric view of a panel fpenBdozRIISN Fig.
68 with the panel in a fully conpressed condition. Fig. 70 is a side

el evation of the panel shown in Fig. 69. Fig. 71 is an end el evation

simlar to Fig. 68 pikldbikheipaneic viw hiayel fotiehas in g @BRAMAREpankl iga 72 1S
an isonmetric view of the panel’ of Flg 68 havi ng been bent along a right

angl e and wi t hahiReopaRsledicbhdidoreXpanded. Fig. 73 is an end el evation of the
panel as shown in Fig. 72. Fig. 74 is an fragnentary isonetric view of an

end of a panel withpg ﬁﬁgq%mae1e=1£%109fofEﬂa%amaedwnhaﬂg;egbeen partially cut.
Fig. 75 is a fragnmentary isonmetric simlar to Fig 4 with the partially

cut segnment of ft hemgaﬂ%' R ayd é]&a%l&?ﬁm@l%ﬁi?g%@%tﬁ% p"éﬁé'shé}ﬁl@%&tﬁe?f recei pt
of an elongated clip. Fig. 76 is a fragnentary isonetric sinmlar to Figs.

74 and 75 show,pg ke clip 15 having been nounted on the conpressed
segnent of the ﬂﬁh Fig. 77 is a fragnmentary isonmetric simlar to Fig. 76

wherein the clip ”%@t%xs af?ﬁo ElC%W%@?@&Qelso?@ Béhaﬂfm Lfk%nBé{Eﬁiﬁ %ﬁ bei ng

fol ded upwardly. Fig i's a fragnmen sonettic 5| ar to

wherein the cli nt t S segnent of the panel has been
f ol ded 900 |ntogg%§ aﬁ Wﬁﬁphlg%ﬂ%ﬁgﬂmﬁéﬁﬁgnd of the panel Fig. 79 is an

enl arged fragment arﬁ(ig.s 1ts Iar(?gn € evaﬂon ofqtﬂgpe{nlelnaes lec?wer% Pog. 75' g. 78.

Fig. 74 is an fragmentary isometric view of an end of a panel with a segment
10 " of the panel having been partially cut.

Fig. 75 is a fragmentary isometric similar tc; Fig. 74 with the partially cut
segment of the panel having been compressed and positioned for receipt of an
elongated clip.

Fig. 76 is a fragmentary isometric similar to Figs. 74 and 75 showing the clip

15 having been mounted on the compressed segment of the panel.

Fig. 77 is a fragmentary isometric similar to Fig. 76 wherein the clip mounted
on the compressed segment of the panel is being folded upwardly.

Fig. 78 is a fragmentary isometric similar to Fig. 77 wherein the clip mounted
on the compressed segment of the panel has been folded 900 into abutment with the

20 new end of the panel.
Fig. 79 is an enlarged fragmentary section taken along line 79-79 of Fig. 78.
Fig. 80 is a fragmentary isometric view of an alternative arrangement of a

ceiling system wherein panels are suspended from rather than supported by a

supporting gridwork.
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Fig. 80 is a fragnentary isonetric view of an alternative arrangenent of a
ceiling system wherein panels are suspended fromrather than supported by a
supporti mgogrsweork. 10 WO 01/81684 PCT/ US01/ 12998 Fig. BATAUSO1an998sonetri c
view of a panel for use in the ceiling systemshowm in Fig. 80. Fig. 82 is
a fragnmentary isonetric view of an end of a clip nmenber used in the panel

of Fig. 8l. 5 Fig. B3 $SisanibaSiRA Of d ;AT UsE inth&¥iRg dyR8mGhédwn Bf Fi 0.
82 nounted on the |ongitudinal end of the panel shown in Fig. 81. Fig. 84

is an enl argedgfs ggnentary | ongi tudi nal section taken along |ine 84-84 of
Fig. 80. Fig. 85 is an enlarged fragnentary sectional taken along |ine

85-85 of Fig. 80. &) &) Q.o BEmbSad iSonRITNUREYaneal bF £ 8lip S8GbA A% ShMd ar to
Fig. 85 with the conventional acoustical tiles rem)veoP fromtheir

supported rel ak&gp?pﬁi 410 the support nenbers. - Fig. 87 is a fragmentary
transverse vertical séction taken through the panel of Fig. 81 show ng the

outer shagt ext endeghe! £0m: Ak IAkAl. S5 BOB% Sryf hS ARk on kS FI O

88 is a fragnentary vertic sectron simlar e extended

out er sheet be@gﬁ@ﬁgﬂd%hgggwgs%gﬁiiﬁ/ﬁl%sfecur ed to a |longitudinal end of
1g. . Fi g.

t he panel of I's a fragffentary vertical section simlar to
L9, 55, ML, hepane y AbL Okt SO Bl oyt
of Fig. 80.
Fig. 85 is an enlarged fragmentary sectional taken along line 85-85 of Fig. 80.
10 Fig. 86 is a fragmentary vertical section similar to Fig. 85 with the
conventional acoustical tiles removed from their supported relationship to the support
members.
- Fig. 87 is a fragmentary transverse vertical section taken through the panel of
Fig. 81 showing the outervsheet extended from a longitudinal side edge of the panel.
15 Fig. 88 is a fragmentary vertical section similar to Fig. 87 with the extended
outer sheet being folded up and adhesively secured to a longitudinal end of the panel
of Fig. 81.
Fig. 89 is a fragmentary vertical section similar to Fig. 88 with the panel
slightly compressed.
20 Fig. 90 is a fragmentary vertical section similar to Fig. 89 with the panel
further compressed.

Fig. 91 is a fragmentary vertical section similar to Fig. 90 with the panel

substantially fully compressed.

11



further conpressed. Fig. 91 is a fragnentary vertical section simlar to
Fig. 90 wwth the panel substantially fully conpressed. 11 WO 01/ 81684

PCT/ USOLMIQ9D81684i g. 92 is a fragnentary |ongitudi nal verpCTakoiseedsi on
show ng the outer sheet extending longitudinally fromone end of the panel
of Fig. 81. Fig. 93 is a longitudinal fragmentary vertical section simlar
to Fig. 92 with a Bigl §4 Bndfaghtitithy ISGigRpdindl &ertiodl stdi@n Shdvahg BB eakr éxtensi on.
5 Fig. 94 is a longitudinal fragnentary vertical section simlar to Fig. 93

with a clip segdiidl lofgitlitha0ytieh best ofekd gisli FFig Big. 95 is a
| ongi tudi nal fragmentary vertical section simlar to Fig. 94 with the clip

bei ng fol ded upwar dij. 93)1sQ\I&@th@nilHﬁgﬂn@rﬂﬁiztv%bzﬂ@écti%ﬁGmﬁfar td@g maratha Fi gs.
92A-95A are views identical to Figs 9 respectively, showng an 10

al ternative SY§&§&HQﬁpE’Eﬁﬁ@%t&d%tﬁe@&tbr&h&é@eit@@sm%ﬂd of a panel with the end
of the panel being conpresse in a nmanner to replace the stiffener strip

used in FHgs. 92- 95F1 FoQis aqgng'ltﬁdﬁﬂ fﬁ@h@ﬁtﬁ?Qexftl'&QQE%@B hhlat [ARS WBISig er ti cal
section taken along I'i ne - 97 is a transverse section

with portions pgemmy d% @M%HQrQEQxQ&M&QPV 15 belng renmoved to facilitate a
fol ding of the pane IS a transverse section wth portions renoved

R
f‘ﬁegf‘ { : gﬁ' aﬁg hcglﬁ%g%ﬁ gﬁg%&%?dl?%”o%ﬂiie the 16 AGHN AR BE e Phieh the present
Figs. 92A-95A are views identical to Figs. 92-95, respectively, showing an
10 alternative system for mounting a clip to the end of a panel with the end of the panel
being compressed in 2 manner to replace the stiffener strip used in Figs. 92-95.
Fig. 96 is an enlarged fragmentary transverse vertical section taken along line
96-96 of Fig. 81.
Fig. 97 is a transverse section with portions removed showing one divider
15 being removed to facilitate a folding of the panel.
Fig. 98 is a transverse section with portions removed similar to Fig. 97
showing the panel folded about the space where the divider was removed as seen in
Fig. 97.

Fig. 99 is a graph illustrating acoustical comparisons between a panel in

20 accordance with the present invention and other panels.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The compressible structural panel 50 of the present invention is probably best

shown in Figs. 1 and 12 to include a plurality of collapsible preferably parallel
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The conpressi bl e structural panel
50 of the present, invention is probably best shown in Figs. 1 and 12 to
i ncl ude av@buswmBity of coll apsible preferably parallel 12r@DUSdV/R9%34
PCT/ US01/ 12998 - dividers or beans 52 extendi ng between an outer sheet 54
(not seen in Fig. 1) and a connector sheet 56. A decorative sheet 58, as

seen in Figs. &ivaRe dkdealiBy2 HEendn@be@kReh al Sut@\eBdek 5 (obscbRGEFiE0) hace
rel ationship the outer sheet 54. As will be explained in nore detai

| ater, the pan@énn'e@toflﬂﬁ&%s N dcorafivefedt 58, 43 0648A FRY PaRdad, SR6H frbAfeds hown
inb5 Flgs 1 and 12 to a fully collapsed or conpressed conditi on as shown

in Fig. 17. Theg oRraRsh rAs-t8k=e ré?ﬁi&ﬁﬁl% fie bikeOdMBetlst 2R N BE e FN4iRQlih Hdre AS
will be described in nore detail later, but can be rigidified to inhibit

bending in any g %@ér' t‘ﬂ@ anbl'8 c%gx%émﬂléfr&&lﬁt% REmal G;&Hﬁc'iéd%%ﬁ’dﬁ&%hb%n‘?ﬁ air and

is, therefore, very |g and y to handl'e. The ‘panel 50 has many

possi bl e yises 'Fgga. 2] UEHBI R or SHER 85 col fon AnGKARLE 17! gt gt be

used as a wal | I Xxe I'ng pan as panels cel ling,

or the like. | 2 Couallsg t%f?da'%f‘e e; t?agmfeﬁs%%fe{t%ﬁ? &s%n%@%&fch?édmﬁEho%é‘@étalL0' | ows

that the pane erent sizes sone o

nor dinat ely | 8 gl BOTRAELE AR sentfayng% LRSS pHaed fuahepu' aing

structures. For purpo i'sc

illustrated of Sonve t|o apd celllng as shown
inFig. 2. In T@bﬁega Os@ﬁ (c))fpalrcae?lg § Hlerefore Vgrr}’; i Ihpan%e ngancg ‘el ongat ed

convent i onal |y p?ﬂppiﬁﬁp et 3Rt 51%552%9%%?%&%8%5@5{?%@?%{%@@@% Bhoular
openings 52, and Bt BNl 2o SHBPRLL SESS B Shcundhose. pnenigs on v cf
panel s, not belceﬂﬂng? %?9haetfilkg I(%r\ml(l)glgg eV\glp%?emated%%lmethe %gs%ngtllcfnftlllz&?lli[ow;[s that
the panels could be made of different sizes some of which might be inordinately large
in comparison to conventional panels used in building structures. For purposes of the
present disclosure, the panel is illustrated of conventional size and for use in a drop
15 ceiling as shown in Fig. 2.
In a typical drop ceiling system, a gridwork of elongated inverted T-shaped
support members 60, as seen in Figs. 2 and 3, are conventionally supported from a
ceiling thereby defining rectangular openings 62 and peripheral support edges 64
around those openings on which a ceiling tile or panel 50 can be positioned.
20 Traditional ceiling panels, not being bendable or otherwise pliable, are difficult to
insert into the rectangular openings 62 and due to the fact that they are also brittle,

they are many times damaged or broken when being inserted. The panel of the

present invention, as will be appreciated with the description that follows, is
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insert into the rectangul ar openings 62 and due to the fact that they are
also brittle, they are many tinmes damaged or broken when being inserted.
The panelwobi/stees present invention, as wll be appreci at pATARMI2098e
description that follows, is 13 WD 01/81684 PCT/ USO1/ 12998 inherently
bendabl e so as to facilitate its insertion into the rectangul ar opening of
a drop ceil i nghsistlependitsle en@o FaRilidiateinvdrlidn ihRShdRc@ngegiop&tnd dfal pl anar
orientation. As probably best seen in Fig. 12, the dividers 52 are forned
from i ndi vi dualiropetiling Syseén 4rfdl ice #hpiet wilbfeitha@h davheChatppaner Hranips.e- creased
and folded into a desired 5 configuration so that when incorporated into
the panel 50 are trARsMBESIEbt Soh S 12! e dBlidedSNGe thBePRB8IndiAIRE
conpressed if desired. The dividers are secured along top portions thereof

to the connect gkipsbEetig, @pﬁﬂg&ﬁhQﬂ&mhﬁﬁéQQheﬁiééﬁaﬁmﬁﬁaﬁéﬁﬁm}Q&%ﬂ&i outer
sheet 54 with the connéections desirably being nmade with adhesive 68, but

other  systens .f o, GRRR G b\ PhdHoRRMRANGRE: Mokl 9 a?@tr&%'b&?eisf c&uq]?m@s e

skilled in the art. 10 The outer sheet is, I1n turn, adhesively or otherw se

secured in facendnt 8ESAA AL QAR if BtlE HERIRL XE SORTBopthi ch s

t he sheet that Is expo to the“interior ding stru rein

LD, P AR i R A TR 0 B

pi eces of material 1nter jorned to

e e o oo, SRy ML A5 SO YRRl R PR A,
A e T s
R RO R M IR s
O e L S b et o SLORS B iR oS A 9

building structure in which the panel is incorporated. A sheet may be defined as one
or more pieces of material interlocked, bonded, welded, or otherwise joined to define
a broad expansive surface. The decorative sheet could be any material such as real or
15 synthetic wood, vinyl, patterned or contoured paper, foil, polyester, other synthetic
material, fabric, non-woven, or the like. Of course, this material would normaily be
selected for the desired decor of the room in which the ceiling panel is being
incorporated but might also be selected for its acoustical properties.
In the disclosed embodimént, the outer sheet 54, the connector sheet 56 and
20 the dividers 52 may be, but would not necessarily be, made from the same material.
That material might be a fiberglass sheet composed of randomly oriented glass fibers
bonded together in a resin. As will be explained in more detail later, the resin could
be a thermosetting resin or a thermoplastic resin depending upon the desired

characteristics of the panel. The adhesive 68 used to join the various components of

14



That material mght be a fiberglass sheet conposed of randomy oriented
glass fibers bonded together in a resin. As wll be explained in nore
detail | av@n1/8tBe resin could be a thernosetting resin oPCHUSHIERospl astic
resin dependi ng upon the desired characteristics of the panel. The adhesive
68 used to join the various conponents of 14 WD 01/81684 PCT/ USQOL/ 12998

the panel m ghtndpaRbiGakhityReas vk B%{dﬂiﬁ%%{tﬁlg@Qhe@ﬁ_@,e@ﬁi&?bon\d@ﬁx@ﬁdjﬁ@ﬂﬂs t he

adj acent conponents upon attaining a predetermned tenperature.

I'l'lustrations @fmpstich@Rben atﬁﬁﬁi@%& %(@éetéeﬁmeq tdrifet S, TROVRVES of sRRANYLT €t hane
resins, copolyester hot nelts, ho mel t pol yuret hane reactive adhesi ves,

two part epoxi §ghestMOwBAk incdBIHARGS, MifhrdilNe radink! dop69B&S hotH&itsThot! ders 52,
as best illustrated in cross-section in Fig. 12, mght, in conbination, be

formed from On%e(l:tg%ﬁ}%ug%llﬁ)i\'? reak 'Je&d&%sgg?g@% Fﬁg %&gfes,i tio &)5&? uﬁjsitq%]f‘}ésoaﬁg RV

enbodi nent are ea I dua ongated cellular or tubular
configurajion. fach divider is formed fromthe strip 66 of material such as
fiberglass 10 1n a manner as shown in Figs. 4-11. In Fig. 4, a front view

of the flat strip 66.1s.il]lustrat fore it is passed iNtQ.a. creaser. In
the creaser, as geeﬁh?%WﬁFﬁgaé%%?ﬁghﬁﬁ?géF&F&¥éa%§s£%§?b§?mé%%lPotary

Cr eSO o2 SRl PR PR bbb D R RS 0

| ocations. In th 5 preferred.system, the creasi eel s have an arcuate
creasi ng edge 55%?%%?&5¥%W§£3“hﬁ¥§%ggk%ﬁﬁg?%ﬂoﬁﬁﬁ%gﬁ@ﬁﬂégiﬁﬁgwroIIers are
of 90-duroneter hardness /{.h thi appar at us, efficient fold line is
created wit hout RHEIRY Fﬁ%mirﬂfkgﬁ éfmﬁff?‘a?t eééfﬂ’tﬁ%n%nf%{?l Suﬁgﬁ%’gl?eﬁ%}a%ny, i f
any, of ihe glass fibers so that a spring force is retained in the

mat eri al 10 As ™ will # M3BneE AHTIORPAR BgS- stlarting at the left of the strip of

material as i , i o . i
In Fig. 4, a front view of the flat strip 66 is illustrated before it is passed into a

creaser. In the creaser, as seen in Fig. 5, the material is passed between rotary
creasing wheels 70 and back up rollers 72 so that longitudinally extending creases 74
are formed in the material at predetermined laterally spaced locations. In the

15 preferred system, the creasing wheels have an arcuate creasing edge approximately a
1/32" diameter and the back-up rollers are of 90-durometer hardness. With this
apparatus, an efficient fold line is created without cutting the material or at least
without damaging man)‘r, if any, of the glass fibers so that a spring force is retained in
the material. As will be appreciated, starting at the left of the strip of material as

20 shown in Fig. 5, a crease 74a is placed near the left edge in the top surface and
another crease 74b is placed in the top surface at a location spaced slightly to the left
of center. Between these two locations a crease 74c¢ is placed in the bottom surface of
the strip. Corresponding creases are placed on the right side of the strip so that the

strip upon exiting the creaser has six creases formed therein as illustrated in Fig. 6.
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20 shown in Fig. 5 a crease 74a is placed near the left edge in the top
surface and another crease 74b is placed in the top surface at a | ocation
spaced siw@ht/ds4 0 the | eft of center. Between these twoPCDUSI/I2PSS a
crease 74c is placed in the bottomsurface of the strip. Corresponding
creases are placed on the right side of the strip so that the strip upon

exiting the crgasekipaof Siaterielie BSE foldAovBithntl ARG HHR 1aithlihMStdagdsesl i n Fi g.
6. 15 WO 01/81684 PET/USCHI12998 The strip 66 of material is then folded

over and al ong_nﬁdmatle@ﬂml%uﬂsw 8&'bﬁ§g?1§§th@§1debcllée'sl% behE6kip fogkindr at 4, 8 and 8A
bringing the side edges 76 of the strip together at a centered |ocation on

the top of the c%té’r‘e&jﬁ)rcatﬁ% onfthehs bRRE MivideP §2. DRI Y ibaaRih e Hlaﬁlfeter the fibers
inthe material is Iess than the conbi ned thickness of the fol ded nateri al

so 5 that m ni fR gpef dln%QYmatQ?a”?s%’ss%ﬁlﬂﬁescothﬁeﬁ%uélén@%ro% t}fé%l'd&gm‘é@llléi'sﬂg When

so fornmed, the divi forms an elongated tube or cell conprised of two

t runcat ed5 tri a%ltgﬁ.%%é‘h %,1 (%Q, %mtcu EEihbk mg \()ﬂleh%o%} Qd qf her.

The lower tria der ase p er trlang '80. The

fiberglass matgf)al dS @g%@@hg{? ed {16 &fic¥h 9&{1 rlséd 5@9{% tlluﬁcate%ecmnr%ﬁésg’gqnéo that

it can be flexed an ong crease nes but remal

SUbSF anti al l y tﬂhatgt;mv ?e?a%?et agﬁsothéa‘p%g r\]f»%r agglgl’)%ﬁas aobrg) y as

configured in P Cal’direction onen S of the

cell to coll apsge t hat I assunes onfl ration as
Shown 1B g g tuet wandls G oy e alaﬁﬁa%lafa DR HR S P 8 1 O
applied across the.t. nd. bot t e adhesi ve
oreferably bei ﬁ@%ﬂ%lﬁé? ki £ e o %%3&%@%%@8%%@3& Hprea 15 in
any of various er woul d . be readi

271 Pea T e stbsiantalichos R Sen Sigh sy ooy Rﬁw?ra&%%ﬁ%st%ni% fve 68
applied to its upg and |lower faces is then ﬁed bet ween the outer
sheet 54 and tﬂ: d}ﬁﬁégrtuaq,l dgﬁ:é]é;p c%esathacomponents of the cell to collapse so that the

divider assumes a compressed configuration as shown in Fig. 8. In the compressed
configuration, the adhesive 68 can be applied across the top and bottom of the divider
with the adhesive preferably being a thermosetting or thermoplastic adhesive applied
15 in any of various different ways, which would be readily known to those skilled in the
art.
As seen in Fig. 10, the divider 52 with adhesive 68 applied to its upper and
lower faces is then passed between the outer sheet 54 and the connector sheet 56 and
as seen in Fig. 11, the entire laminate is then compressed between heated plates 82
20 which activate the adhesive 68 in the cése of thermoplastic adhesives or act as a
catalyst in the case of thermosetting adhesives. Subsequent heat may be used to
increase the curing rate of a thermosetting adhesive if selected.
If a thermosetting resin is used in bonding the glass fibers within the strips 66

and sheets 54 and 56 of material, the panel 50 will naturally expand to its preformed
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as seen in Fig. 11, the entire lamnate is then conpressed between hefted
pl ates 82 20 which activate the adhesive 68 in the case of thernoplastic
adhesi vewon1/sis84 as a catalyst in the case, of thernoset PCHyS@Edes ves.
Subsequent heat nay be used to increase the curing rate of a thernosetting
adhesive if selected. If a thernosetting resin is used in bonding the gl ass

fibers within t&elitsdnl hdho®f in BB 25 ML heviAbaah dompre@bd MRl Wil togdiite. anel 50
will naturally expand to its preforned 16' WD 01/81684 PCT/ USOL/ 12998

condition, as sRQWn béhditighe didss bl aﬂﬂ&%&d?&s@@ﬁﬂpﬁ@ﬁﬁf fnsRdoaprsfgnded
together. If the resin bonding the glass fibers is a thernoplastic resin,

Pt owill remai npGORI 685 86 renbiia HASKE AMKvileneRNBRLEAn@Me! 6 nSd sy Wi | |
i nherently expand under the heat, which m ght be applied, for exanple,

with a hair drygrn pbagefd aBYeGldpRURRL 8RR drybNURBNGY circh il 1Rhel
e sel [ r

i nherently expand or ectively expandéd to a désire el ght” o

thi cknessy  Wiheiinty MRULHNRSp &M B0k LV Eraliida 6 alseh NBglt Lo modi Ty

the material from I'viders out'er sheet connect or
sheet 56 are mgdg...and in fact they could each be nade of different
materials, for purposes of the present disclosure, 10 the follow ng

reCer L have Deenyay Ao ARhAOL gy ol bRyt At o
el st o Gghil. S XIG MEPOOERILL S e S b dA HIREPeL 10
7S 2 h 7 oS80 3R St e TR P e BBl L o
xanpl e, for the auter, heet o U, connect of ety B 09k, L9 the
connector sheets as well as the dividers:
IJM type 8802-100GSM (Glass Mat with thermoplastic resin) or JM type
MF5020GSM (Glass Matt with thermosetting resin), each made by Johns-Manville
Corp. of Denver, Colorado; or Ahlstrom type 51 50 GSM (Glass Tissue with
15 thermosetting resin) made by Ahlstrom of Karhula, Finland.
There are other materials that might work well, for example, for the outer
sheet or the connector sheet but not for the dividers and, conversely, there are some
materials that might work well for the dividers but not for the outer and connector
sheets. For example, the outer and connector sheets could be one of many different
20 sheet types of material, such as paper, cardboard, metal, plastic, polyester, other
synthetic material, or the like. It does not even need to have structural stability as
such stability is given to the panel by the dividers. The dividers, on the other hand,

while preferably being made of fiberglass, could be made of a carbon fiber mat, some

papers, cardboards, woven materials, films, or combinations thereof, with the
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materials that m ght work well for the dividers but not for the outer and
connector sheets. For exanple, the outer and connector sheets could be one
of many avéheswst 20 sheet types of nmaterial, such as papeeT/us@rthesar d,
nmetal, plastic, polyester, other synthetic material, or the like. It does
not even need to have structural stability as such stability is given to

the panel by t h@pdtiani et beitigehdd thely devreSsome PrddberntihdiBhodidiichf resiMahdye
preferably bei ng made of fiberglass, could be made of a carbon fiber nat,

SoMe papers, gMiBbRAhEspeciioekerARt@htiAtSabolé, WhEch MowS ¥k t8 Bt Qs tuper eof ,
with the 17 WD 01/81684 PCT/ US01/12998 inportant feature being that they

have some pr ededn@fiiicRentMPadé HsteRhls hRIH bd 8BLY¥d to AR fold lided af MScusR@ci fic
materials identified above, which allows themto be folded but remin

resilient. If fal?k?v_eriﬁ%&lrnie&ioﬁ_vﬁfh%ib?e%%ﬁ?m%{eﬁasﬁ% oSl tREmE Hathrihl ABH &S
di scussed above in connection wth fiberglass material, it Is inportant

that the gqmater gl J&ERIP RS FRPMHR b%ﬁ{r 2bd, WHRGY oo bRE, DAY PEn Deen

creased, which, of course, Is’true wth ergl ass or carbon fiber

materials. As $68601kdbSon iBer di&iflecor ati ve sheet 58 coul d al so be
posi ti oned betme%ﬁa t he oa?ermgﬁeeﬁ'54 and the heat press 82 with a

sui tabl e adhesive IG%?I rg Iﬁ%ﬁ?%t Wg@o%?ogatmgge& E]@ﬁg%?fﬁgoaﬁe{ ]%{)giti%&(%{g}et\il&n

face-to-face rel at r sheet. e resulting panel , of

course, is ill &%}oﬁﬁé%e% &y ﬁlithe @E%%prg%@%a wbl nadsiuﬂgolézﬁ1 eggec é)6r t%grigl\ée?wge@letg t to the

outer sheet an fonto teérnatives nentl oned above, a porous

decorative sheet, can be . .used whi.ch.i bonded .t o. the cover .sheet w.th
adhesive in a g‘r”ilddt%%?ecﬁﬁur‘{ gh(f et 185“%061%%‘ cheEa_% ql%tovfg%?u LT Gw %nrgsq A nati on

o [ReEY aRRSR B AT SRR oSBT BBl %, o
t he cover sheet, the transmssion_ of sound through the |anm nate would be
door eased. ~ Thr B IEHET AnoHEEn N LB LT ELS s HoTGIHEY Fpay! TRE B8 Beoor at | ve
sheet can be used which is bonded to the cover sheet with adhesive in a grid or printed
dot pattern. This would allow the lamination to more freely pass or transmit sound
therethrough. Conversely, if a continuous layer of adhesive were used to join the
15 decorative sheet and the cover sheet, the transmission of sound through the laminate
would be decreased. Through the lamination process, a relatively unstable decorative
sheet can be rendered flat and stable with the resultant flat surface possibly also
providing impact and puncture resistance superceding that of the cover sheet. It will
be appreciated that the acoustics of the panel can be changed by varying the outer
20 sheet material, the strip material, the adhesive, the connector sheet, the spacing
between the sheets; the manner in which the assembly is joined together, or the like.
Other materials could cover or be laminated to the connector sheet 56 as well.

For example, films could be applied over the connector sheet or an additional sheet of

non-fiberglass material laminated thereto. The panel in such case could be handled
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sheet can be rendered flat and stable with the resultant flat surface

possi bly also providing inpact and puncture resistance supercedi ng that of
the coverw@husgtes4 It will be appreciated that the acoustiBeT/oRott2e98panel
can be changed by varying the outer 20 sheet material, the strip material,
t he adhesive, the connector sheet, the spacing between the sheets, the
manner in whi chvithbe gdeaemhit fibsrglat Aatbe bBESlORId otidiwisé Barhifld@o expkder
materials could cover or be lamnated to the connector sheet 56 as well.

For exanpl e, fiskiib Fa@hdr GhdEinepflkinReic @Y Ehe $dMBeE@RNEE EOEouIBSHrinId Wifh a
addi tional sheet of non-fiberglass material |amnated thereto. The panel

in such case ceihtfab@rdrdnihecatidd omuo&-fn@&s@ﬁtgg £ello PR Hhd 2998 n% thWiphdh e

gloves in that fiberglass can be abrasive and ot herwi se har to exposed

skin. Further, dEM:édfsizEsrnF%lhh&aéﬂdrh%tn?enﬁ&{edtp%l&l%l’Oﬁﬁtrég]amﬁﬂa%‘é o@é_sﬁ&%g_ be
printed with a nmanufacturer’s identification or with a measuring grid to

facilitate cuttihgsi &&%%ElllhpcoufbeaéJ&%véﬂla%@éntoﬁie chfifiyor 30 @S Menti oned
previously with regard to the outer sheet 54, 5 porous lamnates or filns
could al so be Q&ﬁ{léﬂguﬁa @ the connector sheet for acoustical purposes.
As nentioned, numerou terials night have applicability in the present

i nvention, but in the n%hff&?n%ﬁrlﬁ%egi‘}lgﬁhatérﬂﬁ n?gﬂ}%%% i&’%h%ﬁﬁ}% m%ﬂ%%r%%%t dividers

are nmade of t he sane m ber

Johns- N_anVi e, c\:lor %%tl lale Oqél‘éeod thd% hF FOHHC%?]I‘ S%g% %e%wg gsoa?dynhge 0f5802 or

one demgnated%ﬁn As- V&M I's a

d of 10 PE-||_/ 65% | /| 25% 8Q er t
Composed of Lodheetr R Wﬁ Sron oo dealIragninn b MR e Sububiaerbn f or
| | d d whi ch ibit f
her moscl 7 sl e BT PUSRE Uact Mot S PPl Teniol YEcgt BRlsis * °
erephthal at . DL vl et TS, L) B L0 Slol S SRR s 00 L o

glass/25% MF. The 5803 is a 100 g/m® mat composed of 12% PET/68% 16-micron

glass/20% MF. MF is an abbreviation for melamine formaldehyde resin, which
exhibits the characteristics of a thermoset resin. PET is an abbreviation for a

15 polyethylene terephthalate. Dividers made from either of the 5802 or 5803 material
have the ability to expand with little or no addition of heat after having been creased
and folded as described previously and after having been fully compressed. A more
complete description of the Johns-Manville products and related products can be
found in U.S. Pat. Nos. 5,840,413, 5,942,288, and 5,972,434, which are herein

20  incorporated by reference.

The preferred outer sheet is a composite lamination of an aesthetically

pleasing textile material, which has been laminated to a glass non-woven base using a
co-polyester hot-melt adhesive. Three different laminates are equally desirable. The

first laminate utilizes a base substrate in the nature of a thermal bond polyester non-
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have the ability to expand with little or no addition of heat after having
been creased and folded as described previously and after having been
fully compoesswss A nore conplete description of the JohpreFWaowi2bIse
products and rel ated products can be found in U S. Pat. Nos. 5,840,413,
5,942,288, and 5,972,434, which are herein 20 incorporated by reference.
The preferred owverhdhgetbasis waighORpRSiah@ Jf apkd 17 i/@hanf cadbe pashdred ireal | y

pl easing textile material, which has been |lam nated to a gl ass non-woven

base using a eRRRIVES £ \RE ofEbid, &lﬁ@ﬁ‘ﬁi:r%ﬁﬁla The aBedid fae@nked @M nates are
equally desirable. The first lamnate utilizes a base substrate in the

nature of a theferBiyand tRGokReEES beRAN thedn \WEvEHH B EftdirdtCH{ IR0 13 2998

woven having a basis weight in the range of 45 to 75 g/n2 and can be

purchased fromyistlphia SPRT hé b@taﬁln Nemse &fthé:clnﬁétheeV\éW‘heM §BAINRat- The
adhesive pattern used to thermally bond the polyester fibers in the

non. wovers base b 5k BRF AR R Mfka of hitdlimABL S 8 WO bkt t om

surface of the outer sheet. Wen poi nt ondlng pattern with a
bondi ng area OF lgps?ér%h TRNEL HatlrliliSopesed attéél%gﬁffo‘?ﬁ drﬁe\l'c}éé% er
non-woven mnate IS one e5|gnated by ﬁ% gsworth and Vose as

TR2ISA-B. Whefteds| ALge PRy Y BORdl G BALLEED, e Sl aRRERsoR ol v 21%

bondi ng area e pre si gnate

Hol I'i ngsworth %ngdm%/%ga 'tlh&_agl %@E{?&B?ﬁ%ﬂé’l\%\/ﬁ a%‘esdel“ %E(t:f @? ﬁofh \Aﬁskxﬂ)?t'ﬁ ang’ €en

coat ed using an acr ane P arda coa
addi ti onal melQp ornu ated to

15 to 25
i ncrease the du Oéebogflt 8! n%n(fgw%en%ﬁse SU%V% S%ﬁ%%ﬁ&gﬁg%%?m "€ AP EC addi ng flame
tard Th t bst r at by th h
2 hot -mel® T or PReEdE R B e R S B S et or

adhesive fro for ei ni i ca of ner, North
Carol i na, m coating car?bnép ormulatl\/?to mcrease %e’ﬂ?lrayhty n?t{le non- woven%ase substrate

’ while adding flame retardant. The polyester non-woven base substrate can then be

run through a hot-melt roll coater/laminator where a flame resistant co-polyester
adhesive from, for example, EMS Chemie North America of Sumter, North Carolina,

15 is applied to the surface of either the polyester non-woven base substrate or the
material to be coated thereon. The coating weight of this adhesive is dependent upon
the bond strength desired to achieve between the polyester non-woven base substrate
and the glass non-woven materials. Generally an adhesive having a basis weight in
the range of 30 to 45 g/m2 has been found desirable. A Gravure roller, preferably

20 having a crosshatch 25x25 pattern thereon is used to compressively laminate the glass
non-woven to the polyester non-woven base substrate. The depth of the engraving on
the Gravure roller is a main variable related to the adhesive weight per area being
applied. The adhesive formulation obtained from EMS Chemie is a 50:50 mix of two

materials with the materials designated by EMS as Grilltex D1573G and Grilltex
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15 is applied to the surface of either the polyester non-woven base
substrate or the material to be coated thereon. The coating weight of this
adhesi ve w@ odgpendent upon the bond strength desired to BChiUSwE2b#st ween

t he pol yester non-woven base substrate and the glass non-woven materi al s.
General ly an adhesive having a basis weight in the range of 30 to 45 g/ n®

has been foundviesia@biie EMS Grillvax NP 160L¢ &compb@ided ith ¥ 28 1baid & aa
crosshat ch 25x25 pattern thereon is used to conpressively lam nate the

gl ass non-wovgmahie ph&h%h&@hélﬁzﬁﬁ@ﬂétaﬂﬁﬂt; VWO @R uliag §0:50/ B8t pratigves 4 ABaldRBleh Of
the engraving on the Gavure roller is a main variable related to the

adhesi ve wei ghtetf@snt Ma8Rc REhfSoxiRRRlyI 18%%. TR RHRERd MpliELORYE At h@RsQbt ai ned
fromEMS Chenie is a 50:%0 mx of two nmaterials with the materi als

desi gnated by BB @8 sdefdct b B %@?@%@@9%@ ik hisive Q 100 iR LG8
PCT/ USCOL/ 12998 ~ VP1692G The E Gilltex VP1692G is conpounded with a 25%

oading of an -AERANE:POASERN QS AT L ALATHRNinc AR FESHLEAI 50: 5O i X

produces a final flanme-"retardant |o approxi matel y"13.5% Fol | owi ng

the applicatiog,qof, Ui é?a:%'gﬁﬁl-%@ven‘{f’@gfﬁhg&ttlﬁ!f'{lffn%%téafs862@g]@%‘({){?%aﬂ{n

non-woven, the adhesiv ept nolte it 5 reac e'nip &f the
oL coator | SO BB IO Sl ARG T
D3 2981 ban, ool 2B AN SRR ARPLRRaET, o
T $19610-00,1100 (80,8 gB)et SOMOS B LT ROk IoRE Mk DoLle
corblned, 4 1 e LSl e LA BN SO0, Lhe | GRELD oLt col 1
chadows 1 Uhe, S ear IELE LR CELLS1 TR T, SNRloNig, o 2. g8 oo
makes it possible to see shadows in the areas where two cells meet.
The shadowing can be decreased if desired, by using, in lieu of the afore-noted
polyester non-woven, an aesthetic material having a silver, gray, or black color upon
15 its back side. The backside is the one, which receives the hot-melt adhesive and is
subsequently laminated to the glass non-woven matting. The coloring reduces the
amount of light which can travel down the cells and up through the surface thus
reducing the shadowing effect.
An alternative aesthetic material to the polyester non-woven described above
20 is a knit material, which has a silver, gray, or black appearance oﬁ one side. To
achieve this, a knit material from Gilford technical textiles of Greensboro, North
Carolina, has been used with the knit material being composed of two different types

of yarns in a single knit construction. The preferred yarns used are nylon and

polyester. The nylon yarns are mainly observed on one side of the matting and the
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pol yester non-woven, an aesthetic material having a silver, gray, or black
color upon 15 its back side. The backside is the one, which receives the
hot - mel t vedhe8iese and i s subsequently | am nated to the gl RBEFURIN298YEN
matting. The coloring reduces the anount of |ight which can travel down
the cells and up through the surface thus reducing the shadow ng effect.
An al t ernati vepagsddiehites diidreTheknitid@l thiieridd & ‘¢ ass-ayedn ofith bOME dy-d &M thdped
above 20 is a knit material, which has a silver, gray, or black appearance
on one side. Toaveagfig\er thBhfon anddBavingthé psliedter vheinGoldr OAdlahRGBRIdaA
textiles of Greensboro, North Carolina, has been used with the knit

mat eri al bei ng agDaHNG8I8Eke Aayla¥® bdbidea itk dle/R@Sforfila¥@!. MheikRit & HéNl € knit
construction. The preferred yans used are nylon and polyester. The nylon

yarns are nain ktﬁblﬁ?&fearn\ﬂ%%é?ﬂmﬁg sl aqg’edqg sfifie (ABtabiid) gl‘lﬁrl&iuttrﬁlﬁer?ai-ca\ﬁ@lgll/ 81684
PCT/ US01/ 12998 pol yester on the other. The knitted material is

‘cross-dyed” Wht ibhAGK, ¥ est ébfafe%la&rﬁﬁs&or 6 BB tht Rhit YoaleRlh1 b AR g%k géh-and

| eavi ng the polyester White in color. A flame retardant and soil rel ease

may al so be ad%ger{ I(Battsga eag}ﬁ%vg@&l? g%s%ﬂgd'vﬁm tﬂﬁgolﬁgﬁr ﬁﬂértmdtélaﬁ hﬁﬂ: stabilized

and a nelamne resin a to st he fa e knit material can

then 5 be run pREGHIRLAR. KAkl pGoALELd bl 3L Bork Rulank ey e ki ¢

material to th ss non- \en mat er | as previous escribed with the

polyester fibey rﬁﬁh&rieﬁ'dot&%a 2R Fhih Qeﬁn% e hte(?lggﬁvg@é%@éﬁ‘ve sed in

this case i s oné navin om conp ut eri z n-an ichis
wel | known in the L d h. ver or bl ack e he knit
is lamnated t§%nd %Faggeﬁgﬁe&%ggﬂmﬁb? a%ﬁrmP“KWP]TBqua%§&¥%Eance

t hr ough e Ianlnat re e of the r | ayer. The
vi sual ggearaHB@mB g“@ﬁ&ﬁgq%m¥?edﬁF'm?a%ﬁ eHﬁ?aFF(ﬁﬂ ef%% appear ance
of a perforat%g ?I celllqg?g nel . You can al so Ianlnate t he ite side
Of t he knl t € visual appearance the sur ace is unique m that 1t mimics the appearance or a

perforated metal ceiliflg panel. You can also laminate the white side of the knit

material to the glass non-woven material and when doing so, the appearance of the

knit Jamination mimics a metal screen material but also eliminates the shadowing
15 effect.

Another method of reducing reflected light and transmitted light shadowing is
the use of a colored black, gray, or silver glass non-woven material. If the pigmented
black, gray, or silver glass non-woven is laminated to either the polyester fiber mat or
the knit matting described previously, the shadowing effect can also be reduced.

20 It should also be noted that the coloring of the aesthetic material, whether it be
the polyester fiber matting or the knit material, could be obtained by printing or
coating the materials with a colored pigment. This would involve a secondary

printing or coating step, which would add to the cost. The use of colored or
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material to the glass non-woven material and when doing so, the appearance
of the knit lamnation mmcs a netal screen material but also elimnates
t he shadow ngsiedb ef fect. Another nethod of reducing reflpcr/@dolizgdst and
transmtted |light shadowing is the use of a colored black, gray, or silver
gl ass non-woven material. If the pignented black, gray, or silver glass

non-woven is | %@nibﬂieﬁ%dﬁ&iv@ﬁa@%[so%ngpl%é_ﬁ%ta%wfcbé@%luﬂi@{to%e shﬁ&lﬁvh‘&«f]i t
matti ng described previously, the shadow ng effect can al so be reduced. 20

I't shoul d al so Rgonateskel Batact RRirGR,QIFRGeRhedcRen@Rst hetic material,

whether it be the polyester fiber matting or the knit material, could be

obt ai ned by printi ngig0ria. £ARkdAR hORsEMIET |:AbiS0th bReRGAPE AL gIrent . Thi s
woul d i nvol ve a secondary printing coating step, which would add to the

or
cost. The use of,GOIQLAR 1L 1 %h%@ng 3408t Pl H&Qﬂ]xéejd%%gﬁ ot .tlj?qn
e e o%/e (0] he érﬁl;%%w ng

adhesive may al so np as a cost solution tot

and/ or ingreas i Ne aesthetic material. Figs. 14-17
ne %C}u@g&n%@gsgd \ég%ogﬁ?gsgéd Shailid}f

illustrate the as in progressively conpressed conditions
with Fig. 14 showi ng the panel ip.a fully. n ndition and Fig. 17 in
5 afully coIIapsedggﬁmggﬁﬁ?gggggmggﬁﬁé%?%%ﬁgﬁHg?%%ﬁgf?éc gwgfmgPFthe panel
50 is shown in_Fig.. n..enl arge t the f LN Fi.g, 19. 1t wl

there be readi Itvr%g&lélg?@?e}gwgﬁg?e EJ %]éegglpy\ﬁpalgf;l {eg%aét'hg dé‘@%ﬁ“i é? arg ﬁ‘éegﬁ/'ld from
each other while extendi arallel to eac t her. and | i tudinally of

The panel . Of cotirdsomeattea e vhils Sxpitag st el it end B el Ritina v « n
the panel 10 bein h fully conpressed in coryesponding views 20 and 21,
respectivel y. K"“‘éi%ﬂéi m&e\k‘% “)t/%lﬁ% lans)ﬁgaI%‘e(PéP?limr]*&ﬁbﬁ’ff@flgﬁdlg"ém’ttﬁ%&’aqehey
remai n of the sane size _and thickness durjng shipnment, installation and
use. A d&ir abPeing sbawWi @llgf:orppfgss%ﬁqurraspondmg views 20 and 21, respectively.

A problem with conventional ceiling panels is that they remain of the same size
and thickness during shipment, installation and use. A desirable feature of the panel of
the present invention resides in the fact that, while the panel has a predetermined at
rest thickness that might correspond with that of conventional ceiling panels when

15 fully expanded, it can be compressed for shipping purposes so that far more panels can
be packed in one container for shipping purposes thereby improving shipping costs
considerably. When the panels are removed from the shipping container, they will
either naturally expand if a thermosetting resin was used in the fiberglass material or
can be heated to expand if a thermoplastic resin was used. While the panel could be

20 expanded to any desired thickness, a preferred panel for ceilings might be in the range
of 12 to 26 mm in thickness when desirably expanded depending on the span of the
panel but could be thicker or thinner depending on use, and approximately 3-4 mm in

thickness when fully compressed.
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the present invention resides in the fact that, while the panel has a
predeterm ned at rest thickness that m ght correspond with that of

conventi omab1/g®B4 i ng panel s when 15 fully expanded, it carCbh®Sconpressed
for shipping purposes so that far nore panels can be packed in one
cont ai ner for shipping purposes thereby inproving shipping costs

consi derably. Wen nheepasrelisFigra, tepant do tanoaamsily e feRedai vegt iedmteaieier , t hey
will either naturally expand if a thernpbsetting resin was used in the

fiberglass mat ef ikdldire¢tionGaRhik theangded dvRMRaNdxticid @ fhdIRHRIER iagktid dfesi n
was used. Wiile the panel could be 20 expanded to any desired thickness, a

preferred panekheffnelGb e @fpdii @ttt drdplteilindeLexatblel 2n f20t, #@ pawBli N
t hi ckness when desirably expanded dependi ng on the span of the panel but

coul d be thi ckefn 8 prbfotRaeh taR8NDLASrAHUS Bhat BNCheBRREANIFREEl Y 3-4 nmin
t hi ckness when fuIIy conpressed. 23 01/ 81684 PCT/ USO1/ 12998 As best

seen in K g. 3lend Vé}?atl@ﬁ@l?dulcf’@c&@e’a BA bk YesB8d fdr 6%RGreBon 0 8RE pirkPRBMRS SEl Yy Of
the direction in he el ongated dividers 52 extend to facilitate the

i nsertion of tﬂ'&?opﬁe{gﬁ ﬁ%&ﬁlyﬁ@ﬁle% PRRE 1re'?:¥15ﬁ’%%§ﬁﬁ’éct1@n gr oRcfgL! 1 ng, for

exanple. In fact can preformed in bent” configuration so

thal i S DeCORRRdt ..l 68 B AR ARI AL QﬂP? liokA Ausiedcpage! be

desired for sone reason. The pane ex’ of very easily in

the opposite d' L&G hoWev% ggnrlfcagl e%@:}s{anpal r1 %cr'so tan it 1?1n¥11b§it§&]§ I%Xt end,

as the tubul ar con igura ion 1 Di
desired, homev%

an ntlaII so tha
i bi ted 11 omPERI ST B e AT A S argas %ﬁpi% rsReng 75 federiy” fipport
86 of thiD t ubuF B BARCEITAP dh CarVy 4w RGOS BRATEIhBrGU G BEn of t hor
of & i1 d confiOaTRPT SIS YRS TR pce it atipseiee! Henbet T €1E)
(such as plastic, aluminum, etc.) of a rigid configuration, as illustrated in Figs. 24 and
25, or can be strips 90 of adhesive material, for example, which are adhered to the
ends of the panel as illustrated in Fig. 26. While the strips of adhgsive material would
15 have some flexibility, it would have enough stiffness so that when incorporated onto
the ends of the panel, it will inherently prevent the panel from bending in a transverse
direction relative to the longitudinal direction of the dividers. Plastic or vinyl tapes or
the like would be an illustration of a suitable adhesive strip. As a further alternative
and as shown in Figs. 65-67, a divider 52a could be placed at each end of the panel to
20 cover the open ends of the parallel dividers 52. The outer sheet 54 and connector
sheet 56 are extended to cover the dividers 52a which serve to rigidify the panel in the
cross direction.
The panel can also be rigidified in a cross-direction by incorporating cross

dividers (not shown) at selected locations throughout the panel. The cross dividers
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25, or can be strips 90 of adhesive material, for exanple, which are
adhered to the ends of the panel as illustrated in Fig. 26. Wile the
strips ofwadhgssye material would 15 have sone flexibilitpcTAUSoMedsd have
enough stiffness so that when incorporated onto the ends of the panel, it
wi Il inherently prevent the panel frombending in a transverse direction

rel ative to theouRngh bergbdidduleid 18€ pliaty Afvidddeandinyibpt@kfumeRnagdnti€ar 0F Vi nyl
tapes or the like would be an illustration of a suitable adhesive strip.

As a further alvﬁ@é’d%hflgﬂﬁatlcﬁngt@%ro%ﬁﬁ’é@ﬂoﬁa‘ﬂcdﬂﬁ%ﬁratl%oﬁﬁ@ prdméty MIVElREs. @ia coul d
be placed at each end of the panel to 20 cover the open ends of th e

paral | el divideggseddhe IAE dQJYHe?srcoﬁta%%tad}%éw@l? ok RN HE Bhnel ?‘{(}%%‘16

extended to cover the dividers 52a wh sérve to rigidi t he panel in the

di I b
cross directi O@Prgs %1@9‘8‘? Tlfr‘eai{é kéﬂhﬁ&‘wf kAl Qheftl'l ‘E‘n 'Be%fl 8'é£t8iﬁt' on by

i ncorporating Ividers ot S at s t1ons r oughout

the panels ThecfkosgidadAels g%aAn WAL ¢ g&@%%g’%éah{é%éﬁe%%%gmdwdhﬂ A Un

perpendlcular to the primary dividers an sune an i tic
vari ed configu cross-secti onal conflguratlon of the prlnary
dividers. O c%%%%@m&€ﬁéggross di viders coul d be adhe5|vely bonded in the

panel the sane as t i Vi ividers
whet her they be prlﬁgF?£§|V| éﬁ%]%“%gﬂgﬁgécsgﬂg? eF%m % gﬂgxmﬁgmﬁarled

across the w dth_ of a ed, structur nd.aest hetic

of focts. To chagse PhEBSHH E%Iraiﬁoebehawa%?@f%F?Oé%eral?eef‘ WandlPA B s 52, the
outer or inner ¥&hace ﬁ Lhe dlvhgﬁ ﬁag | so be.l.am nate h anot her
sheet of mat er PRFIOZNYCBEE SR JPaletifreteal’ e r?ﬂ@éfherﬁié‘fl S impterighs Sh BR™ ender s
t he divi der naterlal S|I?ht|¥ nore 10 rigid, as | ustrat ed in Figs. 28 and
27, resphtti verigid 3¢ iHuiteaiodiie Fighed@nd g1 rerpagtyaly- ﬁ’f‘?‘%t ic shst Vol Alsp

characteristics of the panel. Fig. 27 shows the netallic sheet
affect the thermal characteristics of the panel. Fig. 27 shows the metallic sheet

material on a panel with a support member 88 while Fig. 28 does not include a
support member. Of course, the lamination process would take place during the
formation of the divider and preferably immediately before creasing.

15 As seen in Figs. 29 and 30, the panel formed in accordance with the above
process is unique in that pressure applied at any one location to one surface of the
panei will only depress the panel at that location and will not deform the opposite side
of the panel. The panel will also support multiples of its own weight without
deflection on the opposite side of the panel. By way of example, a panel formed in

20 accordance with the present invention that is 26 millimeters thick when expanded and
which is 24 inches wide.by 48 inches long weighs approximately .9 kilograms (1.98
pounds). The panel can support up to 2.9 kilograms load (6.38 pounds) in the form of
a circular weight 10 inches in diameter with minimal deflection observed on the

opposite side of the panel. Point loads of approximately 2 inches in diameter and
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material on a panel with a support nenber 88 while Fig. 28 does not include
a support nenber. O course, the |am nation process wul d take place
during tveoof/gersemt i on of the divider and preferably i medparesy/fzed8or e
creasing. 15 As seen in Figs. 29 and 30, the panel fornmed in accordance
with the above process is unique in that pressure applied at any one

| ocation to oneesingaci8logfant 2€ po@ﬁdk?bre}&isb'eas@l@'aﬁso@%ﬁfbﬁ% sahi€ pRRNRLthab t hat
| ocation and will not deformthe opposite side of the panelp. The panel

wi Il al so supp@kfiecith bi B 8BSt suefase. OWN wei ght wi t hout deflection on the
opposite side of the panel. By way of exanple, a panel fornmed in 20

accor dance wi th thewniigseihol RYEA! §095, Lalsk SBGftbld de UBLRI 54 fhi ok when

expanded and which is 24 1nches” w de-by 48 inches | ong wei ghs
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panal . Polni 1 CaaLTar LY BE LA IRSRKR -1 ARRAR S £BS860 01/ 61684

PCT/ US01/ 12998 i.ghi o K| ., 2 und ar | SO. il bsor bed
by the sane pagg&vﬁgﬁﬁ%B%Ib'%gé?&g%%n%%&%’fwfﬁeor80 ot %%%E%P%g%%ﬁgwgtﬁgr ef erence
to Figs. 33-35,_ a sre(:oqdC nbC di ment hOftad an {) 94f i S, .ill I ubst rdﬁt edl\/\/nerei n
the connector Sheet B4 fHas Desn Fsép () g/iofﬁ % RORhEet 61" S URE 75" or m of
a plurality of elongate | exi bl e. but non: extensible str r fibers 96.
These ot rands. SEPTRorE ebintiig Sytites PV paRRlE et rdiihr s o
having the sa r simlar characteristjcs, The strands.or fibers of

mat er il | can b CARESPORSHOBE A b TiF SOH G AR NS SRR 1o QIEsTs A5

whil e extending transversely thereto and with the fibers spaced from each
ot her pr &t er abPyoe #* 8° E’EPE\C} ‘%laéllbere%ﬁﬂé{ﬂ%eﬁisoﬁibﬁmt%%Wtegfrh%‘g: SSanprlisein 94 so

formed can be easily flexed or _bent, as illustrated in Fig. 35 1in a
direction transverse to the longitudinal direction of the dividers as with the préviously

described panel.
In each of the afore-described embodiments of the invention, the dividers have
i&entical side partitions 98 (Figs. 12 and 34) which have longitudinal fold lines 100
15 therein so that the side partitions collapse inwardly when the panel is compressed.
The side partitions thereby define upper and lower portions 98a and 98b, respectively,
which are rectangular in configuration but wherein the upper portion 98ais of a
smaller dimension than the lower portion 98b. This arrangement might be referred to
as an asymmetric arrangement in that the upper portion of the divider is of a different
20 size than the lJower portion.
A third embodiment of the present invention is illustrated in Figs. 36-42 and in
this embodiment, a panel 102 is identical to that shown in Fig. 12 except that the
partitions 104 in the dividers 105 are symmetric in configuration. In other words, the

panel 102 includes an outer sheet 54' and a connector sheet 56' interconnected by
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transverse to the longitudinal direction of the dividers as with the
previously described panel. In each of the afore-described enbodi nents of
t he i nvemoongieshe di viders have identical side partiti oP6T/9801(EPEs. 12
and 34) which have longitudinal fold Iines 100 15 therein so that the side
partitions coll apse inwardly when the panel is conpressed. The side

partitions thergahyersdwith patiieRehd AR idcRIVBh dBREdHvVE PsneP§R o PdHindBb outer
respectively, which are rectangular in configuration but erein the upper

portion 98a is spdet & desiftl! F6l ENRIBIUAB e }ARitoRE 100 WS evRR blel OB SRR 50 THI S
arrangenment mght be referred to as an asymretric arrangenent in that the

upper portion ol bibgy At Yeicgﬁéulifr%oﬁfonQO@i S Qe HtitioRUs S fRalls{38 4 13G/et OWer

portion. A third enbodi nent of the present 1nvention i's illustrated in

Figs. 36-42 anqaﬁggﬁﬁp&ﬁigppﬂgjqﬁp mmpﬂﬁgﬁg%ﬁkaﬁghgp%?gﬂyical to that shown

in Fig. 12 except at™ t partitions 1 ers 105 are

SymeCT | 1 con | S4teli g ALl LR, ot e pnprneln Byl AsE an
PCT/ US01/12998 a eCiths!t gdslso\é‘\#ﬁér%taﬁfﬁ%%sg 94 grgﬁb%gﬂ%yvrﬂl%g lagg%gcéﬁgcf t%%tgﬁg %&Igl\éﬁ panel

58" overlying the ou iTed. I nes

partitions 104, h er, are sitioned t ha n r_rectangul ar
bortion 104a of“bacpt b arefeReh Badepf Eauae erdthe B MRERAC SRR T or
portion 104b. Thqr anel 102 can again be conpressed. 5 The conpressed and
expanded forns ‘31" tHe panel 102 shown in Figs. 36-38 are illustrated
isonmetrically in Figs. 39 and 40 it will he appreci ated . that the pane
can be fully conpr eg’ﬁ éﬁ%l%ﬁﬁs'(féﬁpﬁﬂgrw%ﬁﬁq Haéaf Pfﬁtsgflge%f %?OnFlggrgbaiF han its
normal expanded condition. As seen in Figs. 41 apd 42  when the panels are
st acked, 1 c Onérlf”(ff@l?‘t piace can be saved by compressing the panels, which, of course, saves

considerable expense when shipping as, more panels can be compressed and shipped
in one container than with conventional ceiling panels.

An advantage of a panel using symmetric dividers resides in the elimination of
telegraphing that can, if not carefully watched, exist in compressed panels.

15 Telegraphiﬁg is a phenomenon that can result in compressed panels of the type
described herein when a sheet is compressed tightly against other components of the
panel such as dividers or partitions. If the pressure is too great or the dividers exert
too much resistance, a visual pattern can be seen through the sheet where a partition is
secured thereto and where it is not.

20 By reference to Fig. 17, which illustrates a panel with asymmetric dividers, it
will be appreciated there are spaces between the dividers along their connections to
the connector sheet, but such a gap hardly exists when using symmetric dividers as
best seen in Fig. 38. Accordingly, in a panel using symmetric dividers as shown in

Fig. 38, telegraphing is virtually eliminated regardless of the pressure applied to the
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10 anobunt of space can be saved by conpressing the panels, which, of
course, saves considerable expense when shipping as, nore panels can be
conpr essado anglieshi pped in one container than with convenPCDU&d1/12e48 | ng
panel s. An advantage of a panel using symetric dividers resides in the
elimnation of telegraphing that can, if not carefully watched, exist in

conpressed panghfl. #Hhole] LG RPHREiaed, RwWRAENANBA PhhelshatheGRRedt@Siehiiod N
conpressed panels of the type described herein when a sheet is conpressed

tightly agai nstyi@themeeRMP e SiOfividBe, (hf8 Nakss$Habcd SordbNESHiS: ®le to
partitions. If the pressure is too great or the dividers exert ~too nuch

resistance, a VieSahRahtehe cGiecBesheaeitotd %'xglf{kvatr@lg aézl}ﬁ‘sﬂhe‘@f‘i"ﬁ&e@s,%ey ,
partition is secured thereto and where it 1s not. 20 By reference to Fig.

L7 o | UShOAES Ak W B ASUBLL© M BRh e blbseulith] e

appreci ated there are spaces betwee hei r connecti ons

0; e connectfuhietonbilb: UGl AL ORRDALILY 3L Rplihen gl ng Symetric

di viders as bes en in ccordi ngly,  I'n a pane ng symretric
di viders as sh ih. Fig. 38, telegraphing is virtually elimnated
regardl ess of ?%%gﬁﬁggéure applied to the 27 WO 01/81684 PCT/ USOL/ 12998

. It should al so be appreci ated,..h er,~t.hat i anel s of ..the
B?ggent i nvention %ffﬁ”§§%ﬁgﬁngo%Pf%§§ﬁ§§ ?y?l F%*é@?@?hﬁﬂégguﬁggﬁéss
SRR L R R M S e
but si |y compress so th an.adequate pressure for. 5 bondi h
connect br s hootet o ertir G ganeS A B s e LIt T A e] ghe s
t el egraphi ng. By. changi the |l qcation of the fold |line 106 in each side
part?tigﬂso? a® Wﬁﬁ@%kg%5§¥“Fﬂé?W@éW§?QﬁE%W%FIlﬁ%4ﬁﬁﬁ%p’ﬁbdﬁﬁﬁpression can

al so be regul ated. For_ exanple, in . o .
angle (a) is formed in the side partition 98 which is greater than the corresponding

angle (d) in the partition 104 as shown in Fig. 46 of a symmetric panel. The height A
of each panel in the expanded form is, however, identical. Note also the difference in
the length B and C of the upper and lower portions 98a and 98b, respectively, of the
15 side partitions of the asymmetric divider, whereas in the symmetric divider illustrated
in Fig. 46, the length D of the upper partition portion 104a and the lower partition
portion 104b are identical.
The greater the angle () or (d) in the side partition, the more resistance there
will be to compressing the panel, as illustrated in Figs. 47 and 48. In Figs. 47 and 48,
20 an equal force F is shown being applied to the asymmetric divider panel 50 in Fig. 47
and the symmetric divider panel 102 in Fig. 48 and it will be seen that the same
amount of force compresses the symmetric divider panel a greater amount. This is
because the angle in the side partition in the symmetric divider panel is smaller than

the angle in the asymmetric divider panel.
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the at rest expanded position of an asymmetric panel 50 such as discl osed
as the first 10 enbodi nent of the present invention and shown in Figs. 43
and 45, amoobswse angle (a) is forned in the side partitipOT/@80MiPesh i s
greater than the corresponding angle (d) in the partition 104 as shown in
Fig. 46 of a symmetric panel. The height A of each panel in the expanded

formis, however, i g\%ﬁ/ G NRLE 2 rﬁ)?lihlgtgtgg%fnfa%aﬁacfgnﬂeﬁ elll'l %&%rdl gty B and

C of the upper and portions 98a an respectiv of the 15 side

artitions of ] | Wi Rt i i vider
Pllustrated i%Q§¥§$%ﬁ%§%ﬁﬁgwﬁ%¥égﬁ*f9§Q84ﬁ@gﬂ%gﬁ?ﬁggi%ggﬁ%ﬁ“%8g%?%n 104a
ol Lhe Lver A GERPREk SR RaL 5 SRR 58in yTIEOIRRGS e 200 e
conpressing th anel illustrated in Figs. 47 and 4 In Figs. .47 and
48,np 20 an equ§FB¥@?§§&2%¥?sgﬁ§ﬁﬁ’%Epﬁﬁngﬁﬁ%%@aé?%m?ﬂg' swﬁﬁggﬁgiﬂﬂPvider
panel 50§ n Fi .f4 .and the symetric divider panel 102 in Fig. 48 and it
will be seen tH&t O thE"EERE™amount of force conpresses the symmetric divider
panel a greater anoynt. Thi% is because the angle in the side partition in
the symmetric divider pé%@ﬂ'ﬂ%msnaller than the angle in the asymetric
di vi der panel. 28 WD 01/81684 PCT/US01/12998 By way of illustration and
not limtation, in & pardl®©F8MRd i n accordance with the present invention
whi ch has been found to provide satisfactory performance and wherein the
outer sheet, connecfor s £26&4H8 dividers are all made of 100GSM Johns
Manvi |l | e #8802 gl ass nattin%, the paraneters identified in Figs. 43 through
46 fall in 5 the fBFl ov #9gl0BHges: X= 5 to 10 nm S= 20 to 40 mm

10 C= 13.5 to 17 mm
D= 13.5t0 15 mm

a= 100 to 120 degrees

(e
1

100 to 120 degrees
In another alternative embodiment 108 of a panel in accordance with the

15 present invention shown in Figs. 51 and 52, the connector sheet of the previously
described embodiments is eliminated by the use of a unique divider 110. The divider
110, as best seen in Figs. 49 and 50, is of generally hourglass configuration defining
two truncated triangular zones 112 and 114 inverted relative to each other similarly to
the first described embodiment of the present invention, but the top of the divider has

20 a long horizontal leg adapted to overlap an adjacent divider so as to have a segmented
connector sheet 116 that is composed of a plurality of interconnected strips defined by
the horizontal top leg of the divider. While the divider 110 has been shown to be
asymmetric, it could, in fact, assume a symmetric configuration similar to that shown

in the third described embodiment of the present invention. The divider, therefore,
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A= 15to 26 mm B= 8 to 10 mm 10 C= 13.5 to 17 mm D= 13.5 to 15 nm a= 100
to 120 degrees b= 100 to 120 degrees In another alternative enbodi nent 108
of a panavOopbnsmscordance with the 15 present invention shOWUSOWI2B48gs. 51
and 52, the connector sheet of the previously described enbodinents is
elimnated by the use of a unique divider 110. The divider 110, as best

seen in Figs. 49 a0d. 504 . Gl GEARLALLYNOHG0LAS5, ERRL 1 9HLALLAR daf i ni ng

two truncated tri angu zones PVe to each other
simlarly to e i niyt%ntll on, but

escr

the top of theparll\t/lf)%féarw Qfﬁlor%ﬂ 4hacr)1fllr{§éc:nt§%ﬁcu}g atp% pﬁrgaot 0 oveflfap an
dj t divid t ector
Composed of ' BPORA Ty %F““'F%e‘m ﬁﬁ%”@%* & urTPRRREL P SRRy R e RN zont a
top leg of the.div as be
asSrmetg ric, it CJ?B‘ %‘Fmﬂﬁe BgbetQ?E’s%l e‘ﬁ"@?ﬁ#&?i’@%@ﬁ?’ﬂ’z ]g% %ﬁwﬁgﬁflar to
t hat sh the third descri i.men resent inv ntlon The
i dor - her oPHF @6 (PR BIEY2 BER AL ThaD §b&e il TG SHES o er

de partition_ 120 a r artition W t Sj
Eém i onl hiam RErZenFS fﬁgiaﬁ'tf%rnt#%k%f%ﬁ%%ﬁ%gt sla%%eff%ﬂg? fe%ltﬁsoffhfp Bot h
of the side partitions have a crease line 128 so that the side partitions
will col | apse WHeHT ot Bakiypeerligsand gysriaptthe Borizqatal i9p lagrl 2B 6f the miehi diyider
di vider. The horizontal top leg 126 of the right 5 side partition is

approxi mat el y a t hi pgisdrestsgen it R 1 ovhenpelyplity gkthe dividerssl 106§ pasitiengdhe

horizontal leg 124 fromthe left side divider is sli htly longer than the
base 118 of t hénimmediately adjacent or contiguous side-by-side relationship, the top horizontal leg

10 124 from the left side partition 120 extends beyond the right side partition 122 and
into overlapping relationship with the top horizontal leg 124 of the left side partition
120 of the next adjacent partition to the right. The overlapping horizontal top legs
124 from the left side partitions thereby form in combination a segmented but
integrated connector sﬁeet. Of course, the top horizontal leg 124 from the left side

15 partitions of each divider is adhesively secured to the top horizontal leg 126 from the
right side partition and also to the top horizontal leg 124 from the left side partition of
the divider that is to the immediate right thereof. A cover sheet 130 is secured to the
base 118 of each of the dividers to interconnect the dividers along their bases and, of
course, a decorative sheet (not shown) can be secured to the lower face of the outer

20 sheet or the segmented connector sheet if desired.

Still another embodiment 132 of a panel formed in accordance with the

present invention is shown in Figs, 53-55, and in this embodiment, the dividers 134
are not cellular in and of themselves but are rather strips of material that have been

folded into a zig-zag pattern and secured between an outer sheet 136 and a connector
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divider so that it overlies and overlaps the horizontal top |leg 122 of the
right divider. As is best seen in Fig. 51, when a plurality of the dividers
110 are podpt/dweed in inmediately adjacent or conti guousPET/@ee19%si de
relationship, the top horizontal leg 10 124 fromthe left side partition
120 extends beyond the right side partition 122 and into overl appi ng

rel ationship wishdet 138sol@ o fophiazemila comp@ssiid padel. thkingfiitigiyde FiR@rdsi tion

120 of the next adjacent partition to the right. The overl appi ng hori zont al

top legs 124 GLhos, tohediligéd 138iidRrRaridrh h SRS of RetBRMwIlie Khsiapaié erbigat i on a
segnented but integrated connector sheet. O course, the top horizontal

leg 124 from t Berali@fcteasd HRs 150 RAIihue: 'gga@el efcaRamBs tiowud i ke Adbeshyel v
secured to the top horizontal leg 126 fromthe right side partition and

al so to the topnhosdiZoBtdeRl id §Post4itdiRm idiend i]gﬁ‘ﬁér A:?éageeu&%&ihé 'fo@&dgﬁ the

divider that is to the imediate right thereof. cover sheet 130 is

d to th : ; YA il t
securead t9p € OF‘E%?? dikdBioRd. £ gﬁp%f%fttaéh%n@u}’i’a&§ Ig?m ida S GHES ﬁﬂrh%ﬁ (145 he

di vi ders al ong bases and, course, a decorative sheet (not shown)

can be secured tﬁe?eb&%ﬁ#@‘é%?wég??ﬁ e &Q%e %H&sﬁ%lgégc}rgﬁt%ﬁ% §§éeg ?Q@oﬁtﬁg gﬁf)‘t ed

connector sheet IfT anot her e a pan f or med

i accordance Wiflh Lo (HLEIHI VSN AN § RNQA shdb FlR (R aG and in

thi s enmbodi nent, I VI are not cellular 1n and o ensel ves

bu ar "o her 1 g kol R e REAN Lo G R 70

pattern and secure n an outer s

Q1/ 81684 PCT/ US01/ 12998 3 t : | 1 ul i bl
panel . Look ng EPHPB1a0 Py Rt gl ta¥oingt Bids e afiSrb o PR oo
froma siﬁip of material which, ai.r of outer, paral e |ines

140 and thner BVJJF%FF‘%S!V“&? BEEe 1? ?}%’Qg‘i flitgiftc’fwetrﬂarglﬁﬁl “8htSe &E!&P%’rég “ i nes
being fol ded i oRROSLLE, Sieghhonaand; e oner crsasecd Les bel no 1ol dec
144 and 146 ar %xpanded and compressed condition, respectively. '
Another divider 152 is shown in Figs. 57 and 58 for use in a panel 154 shown
in Figs. 59 and 60 in an expanded and collapsed condition, respectively. The divider
15 152, as seen in Figs. 57 and 58, includes a pair of parallel outer crease lines 156 with
folds in the same direction therein spaced inwardly from the side edges 158 of a strip
of material from which the divider is formed and a third intermediate crease line 160
between the parallel outer crease lines. An upper marginal zone 162 is defined
between one edge of the strip of material and one of the outer crease lines and a
20 second much larger lower marginal zone 164 is defined along the bottom of the
divider between the associated edge of the strip of material and the adjacent crease
line. A fold in an opposite direction is provided at the intermediate crease line 160 so

that the divider has upper and lower marginal zones of different widths that both

project to the right, as viewed in Fig. 8, from their adjacent fold lines 156. The upper
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t hereby defined between the outer crease lines 140 and the side edges 148
of the strip which can be secured in any suitable manner to the outer
sheet anovoheswennect or sheet respectively. |In between tpherESomEr2gisnal
zones of the dividers, an intermediate portion 150 of the divider has the
two inner folds therein allowing the strip to collapse 10 when transverse

pressure i s applakgehl oneLickvetachidividieisad@idala cape®r shkbelgpangialkB2 forned
with the dividers 134 of Figs. 53 and 54 is shown in Figs. 55 and 56 in an

expanded and C@gﬁ’ﬂ%@@é’d LeRtbhE Wil the RSREMbighRAl YoneA QL BEhd:Ricd idISlenkRd 1S
shown in Figs. 57 and 58 for use in a panel 154 shown in Figs. 59 and 60

in an expanded gangheld ARS8 GRMPotiloRns iHe@eReQ MR idided PR iMdeRe 15 152,
as seen in Figs. and 58, includes a pair of parallel outer crease |lines

156 wi th. fol dsoidabhite R nflldiRe Lérdak RENRIT0 SRAGEH: IHBWRY fntide’-gM the side
edges 158 of a strip of material fromwhich the divider is forned and a

third inter medigleycf Sasenbh D100« 1BRINREN LA BAALALY 8 10 Stusblpase

| i nes. An upper rgl zone 162 1's define en-one edge of the strip

of material, angor%@%f @% iéspgcti%l ﬁfde%.r %@%@urgéf Egé%) Qe %e%?(n?tﬁsgxg\g I&;H h larger

| ower margi nal zone S defined along ottomo vi der between

t he associ ated f. I i al dj.acent crease |ine.
A fold in an oB%%ggggH&%?%%%%g%gygigggéﬁgg)eaﬁqgﬁ%mﬁﬁﬁgﬁﬁgggﬁ¥§wgéease l'ine
160 so that tg,igiv%ggg r_and | ower margi nal zones of different

as. u
wi dt hs that bot %Fbjeé?}?éxfﬁggPﬁﬁﬁt, as viewed in Fig. 8 fromtheir

8
dj t fold Ii 156., Th 1 01/ 81684 PCI/ U /12998 .nar gi nal
Sono 262 of each d disaaye Habe BRI b QB ahet n ke LT bBRe. agael Lol
al | aced locations, while the, | ower marginal,. zon 64 .are adapted to
ot ond t B 2E e sTPaRimaial iy s wiha mak Pf GUnT B WS § for i S At

divider to the ri . The verl apping |l o mar gi nal zones are_secured to
each ot her t herc@sgpq%n&l%l Hﬁregﬁtween, 5 1th ulgaper a¥1\§ fower marginal zones 176 and 178 being

~ defined between the edges 180 of the strip and the outer crease lines 172. The folds at

the outer crease lines 172 are in an opposite direction to the fold along the
intermediate crease line 174 so that the outer and lower marginal zones both project

15 horizontally to the right, as viewed in Fig. 62. As will be appreciated, both of the
horizontal zones extend horizontally beyond the intermediate crease line 174 and are
adapted to overlap the upper and lower marginal zones of adjacent dividers to the
right so that they can be secured thereto in any suitable manner to form the panel
shown expanded in Fig. 63 and compressed in Fig. 64.

20 In a further embodiment of a panel 182 made in accordance with the teachings
of the present invention, and as seen in Figs. 68-73, the panel again has an outer sheet
54, a connector sheet 56 and a plurality of dividers 184 extending therebetween. As is
probably best seen in Figs. 68 and 71, the dividers 184a in a part of the panel are of Z-

shaped cross-section while the dividers 184b in the other part of the panel are of
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5 integrated segnented outer sheet 168 formed fromthe plurality of |ower
mar gi nal zones of the respective dividers. O course, a decorative sheet
(not shownd ovemBd overlie the interconnected | ower margi pal/ugarmegIsor t he
connector sheet to provide variety to the aesthetics of the panel. A
simlar enbodi nent 170 of a divider is shown in Figs. 61-64 where, again, a
10 strip of nmak&kisalz-shapddrcass-setdom Ahthaldeatiidn 186 apwhieh therd@asnloftes 172 and
an internediate crease line 174 therebetween, wth upper and | ower

mar gi nal  zones divifradhengdes hdpinBcan B bermiada bl weaRad fen BUGESTIEM T sot he
strip and the outer crease lines 172. The folds at the outer crease |ines

172 are in an eppesiphe] did, @Gtk @it Folidietht Rlght-AlcRAGoktb@s bNbBIdpRdI at e crease
line 174 so that the outer and | ower nargi nal zones both project 15

hori zontal I'y t @oﬂlpﬁqeﬁisg)ﬂtwhléﬁt N inRBEd] Porfdk8mplB 2he AheMiduld teawaRRE &FJual ed,
both of the horizontal zones extend horlzonga I'y beyond the internediate

crease ligie 174 ec?a{ﬁgul%r ctiRBE tﬁ@'t}IpQ t}BYﬁEéh@He fodRd paﬁ%'i;se%f’cdn@i{@{n fHEGl nal

zones of adjacent dividers to right” so that t can be secure
thereto in anyaﬁgkk 128ie manner to form the panel shomn expanded in Fig. 63
and conpressed 1n Fig. 64. 20 In a further enbodi rent of a panel 182 nade

|0 accordance with kgl Eagh a0 96 awl etr»glﬁ%@tap@gas% bﬂﬂer%{ﬂ%aﬂﬁ seen in

Figs. 68-73, the pane has“an ou conne I 'Sheet 56

and a pluralit m%onglé%ﬁ' %gnas}fﬁlagtfiﬁgwg eLs an}e%il%peedtm oRs-secfiond [obabl y

SO
best seen in Firgs e dirv ers art or %t He” panel are

panel are of 33 f}% Sirbyanape ?ﬁgé%?iﬁ%‘ééé%f sTeleides bren Spdie el 8% ect i on.
At the I atlo ég Qich the greg |one%f 2 V|derCt Qanges t he
panel cah be bOHE SR W ﬁmg Agr e Es L st ?wgé?gg? QISP Chat the
panel Can’ For edge oq:phe uppe eg to thé {gft ed ego'} heal C’?h tf“ﬁa%ec? £1v1 grlsllgéla 9
are, of course, formed similarly to those described previously by placing crease lines
in strips of material from which the dividers are made and then folding the strips of
material along the crease lines. The reverse Z-shaped dividers 184b on the left side of
15 the panel, of course, have an upper horizontal leg 194 that extends to the right, a
lower horizontal leg 196 that extends to the left and a diagonal connecting leg 198
that extends from the left edge of the upper leg to the right edge of the lower leg.
As is best seen in Figs. 68 and 71-73, at the location 186 where the direction
" of the dividers changes, (in the illustrated panel, near its center) the panel can be
20 folded at a right angle. The panel can then be fully expanded as shown in Figs. 72

and 73 so that the legs of the dividers are perpendicular to each other thereby forming

rectangular cells.
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conponents on which it is nmounted. For exanple, the panel could be wapped
around 5 rectangul ar ductwork of the type that m ght be found in a house
for condweoongieBorced air or the like. Referring again tpCFU§6/1268 and 71
it wll be appreciated on the right-hand portion of the panel that the

di viders 184a are Z-shaped in cross-section so as to define an upper

hori zontal |eg 188 thatreRxhen@Figs063 &l doet tvill Be Appyeeiatddlidt ZRandl chegsd 90 10
that extends to the right and a di agonal connecting |eg 192 that connects

the right edgeecebmploged pp@ith thegadier deb@ibk@bhbREtGENtOHf Jahds madsh | eg. The
Z-shaped dividers 184a are, of course, forned simlarly to those descri bed

previously by ptaedang &ﬁ}@ﬂ;@?rdséﬂﬁﬂﬁlen{[dﬁ, strips of material fromwhich the
di viders are made and then folding the strips of material along the crease

lines. The reverse ZnsHaBEdadh MhERHR tggéllalfﬁauanhﬁ alcfJsd- d§éc@i@n ﬁlfar;iémtepe panel ,

of course, have an upper horizontal |eg 194 that extends to the right, a

| ower hor4 zont e ecting
| eg 198 %hat ggﬁgﬁg%ﬁgﬁgi??ﬁg Fgﬁ?qggggn%gﬁghgagﬁﬁggg ggk?ggﬁﬁgdﬁggﬂt edge

of the | ower | gen(ﬁ%gﬂe& éﬁﬁ?& ﬁrﬁﬁg& éu?étl:@gﬁf cu@ﬁég{ggugz\%ﬁe c%ﬁxé tsﬁ'e%t k@grﬁit Ion

186 where the Irection ers-’chan Iustrated

panel , near %lhccﬁ?xﬁ?r )52 ggg dﬁga(e?h Rg toztge feﬁ%tg %9th§§hv?de¥§& ggkélo‘?peq/l ﬁl{iﬁ The

panel can then xpanded as SROWN 1N SO t t he

Foct angul ar S'elWedo%‘%é%%%%@@?%ﬁ%ﬁﬂéﬁﬁ%@?ﬂ“ e LR o o
68 d 69,

e st e EOATABS AL B 2
the pr esf(g ct : o In hlg!% H]élﬁ ﬁg? Rla’(ﬂe dlscl;lgse(cllllersngocﬁrrrrlgriilt%3 ofesult)s?antlalgy ]d shaiaec ctrgs%p 'na

cross-di

section having a long side 95, a spaced parallel short side 97, a connecting wall 99
interconnecting corresponding edges of the long and short sides and a lip 101
depending from the long side aloné the opposite edge from the connecting wall 99.
The clip is mounted on the compressed band of material so as to retain the material in
15 a compressed state. The clip and compressed material can then be folded upwardly as
shown in Figs. 77 and 78 to form a rigidification along the end of the panel. Of
course, the rigidified band of material can be adhesively secufed in position after it
has been folded upwardly as illustrated in Figs. 78 and 79 if desired.
The clip, with appropriate modification readily evident to those skilled in the
20 art, can also be used as a mounting clip for suspending the panel from ceiling support
members (not shown) such as of the type described in co-pending application Serial
No. 08/752,957, filed April 10, 2000, entitled A Cladding System and Panel for Use

in Such System, which is of common ownership with the present invention. That

application is hereby incorporated by reference.
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5 illustrated in Figs. 74-79. It wll there be appreciated that a segnent
of the panel near an end thereof can be partially cut at 89 by cutting

t hrough ™Weovswsect or sheet 56 and the dividers 52 (in arpdi/usei/izess
transverse to the length of the dividers) but not severing the outer sheet
54. This cut fornms -a small band 91 of material, which can be independently
conpressed as il | usttiseéedbd furthtrGnddbobdfré8 €l b6vedekdrptich bythogartukp 93. 10
The rigidifying clip in the disclosed enbodi nent is of substantially

J-shaped cr0SSem$6diklet oh ¥ iphgerd idveitbnthA eheWviddds ERAGHR WRfuskdatlresshart si de
97, a connecting wall 99 interconnecting correspondi ng edges of the |ong

and short si dego@ige tchipBraldinto d@RRNE bRABodimeiy. t BewhPiExaheie oflyoRg t he
opposite edge fromthe connecting wall 99. The clip is nountéd on the

conpressed band,Q h@icG/kt fdrtisR RthelsRiepali@bRs it VIRb&Y difibiers Br the ufper QHPT essed
state. The clip and conpressed material can then be fol ded upwardly as

shown in i 9s. 1ffer ﬁHﬂioK@ofttﬁe &/Qﬂs@eﬁarﬁtir%itﬁé plp&aatnﬂ @&Ye@kﬁﬂﬁné BEnE B9 LhE

panel. O course, 'the rigidified band of 'naterial can be aghe3|veTy

d i .2 . e S e d i

B s 78 and 74 FRgBLEFh! GpBRTorRSE R, bk Nl oAb BB i 1y
'd h . . I . .

evident to tho rtl’?éﬁ' Jnhglg ch&g} She %%leaiﬁ Fhe s?c%gﬁ%lggr? gpfc}%gl‘glgxgcragéef ?])11(1) aglﬁlé :Nnn?

clip for suspending t pan rom-cerlling

h f the t ' [ - ' licati Ser | :
Rl S A R AR M AR
Us in Such S ich i f . hi ith t ) t
e oot PR 8 SRTE O BT ARt SRR IER 04 v
01/ 81684, PCT/ US01/ 12998 = |t | d be . th d d f th b
descri pt1%n ofEPW%”%ﬁg?Sﬂ%h%§ﬁ§§?ﬁ%ﬁggﬁ3@°Fﬁ%tggégéﬁﬁﬂﬁﬁvﬁ%@g%n Shgtorﬁe
di vi ders each Eave.uni ue features that, could _be i corpoagﬁ&ﬂ into }he

ot her embodi meif§mIBE O PAAMSTS FFAR WighipEe)@ that the length'and Widih of a pane

(i.e. the span) can be significantly enlarged without altering strength or bonding

characteristics of the panel simply by increasing the depth of the dividers. Also, as
mentioned previously, numerous aesthetics and acoustical properties can be created
15 by laminating different types of decorative sheets to the outer sheet of the panel so
that one might create a different color, pattern, texture, or the like to the interior of the
room in which the panel is used.
It will further be appreciated from the above description that the material from
which the outer sheet, connector sheet or dividers is made can be varied to achieve
20 different characteristics for the panel. For example, the materials could be varied to
obtain different acoustic characteristics for the panel or to obtain different light
transmitting characteristics. Also, the materials could be fire retardant to inhibit the
spread of a fire in a building in which the panels were being used. It would also be

possible to utilize different materials in the panel with for example the cover sheet or
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upper and |l ower portions of the side partitions of the various dividers or
the upper and 5 | ower portions of the walls separating the upper and | ower
mar gi nal wongsieepul d be of the sanme or different di mensi POFUS@/2398 O
define symretric and asymetric dividers. Further, sinply changing the
angle in the side partition of a divider causes one panel to be nore

conpressi bl e t fRRoARRIN Sect BRNH thafeldf theR¥ms PGS erthlvdnd MeSdiRle 9T €at er
di stances, the panel would be nore easily bendable in a transverse

direction to thg, %Qngin\éaéi@ﬁaanatafm AR Qe b6 HMEHS o el df Rl B9erdt:f eCt

the strength of the panels (assum ng other paraneters remain unchanged) SO

that the |engt Borﬂl@goy\éh@&tp e (ﬁVlHﬁQ@rlemsél\/cs%gﬁtm% agd d@f@f&ngﬁatéﬁag o e’hcant l'y

enl arged wi thout altering strength ondi ng racterlstlcs 0 e panel

simply by increg le gnetl h?or%?%@lc%rtaéﬁ]&vf%wrﬁ rd%*lcf%ﬁ tq Gbtain TRILRAE tha

previ ously, nune aest het i acoustl propertles can be created 15

by Iam naing QJF{L{)I@{S?O@& b RESE B SRR LN a3 RER R ﬁt%etppo S Tar hget of

t he panel one nlg t cr erent cor ern exture, or
the like to th ry Q p neI S | t |
further be apprg%)cl?tgcge r nsmt1 %go ol\g}gét g%“éf’?f’a 1|h1(t':)1n ?fgﬁetpaf]ﬁle Ar%g gnrelpalf‘el?rom

whi ch the outer % 8 be varied to
Ol

¢ sta%keg Efegmﬁr spruceq%re?o e[ﬂ%:r ﬁle acoulstlc E&@gggﬁ%ﬁtmg t he

achi eve 20 difreren aract erist5i’cs pane

materi al s couldh h q d btain dlfferent acoustic characteristics for
the panel or t§ %%%%P mﬂ?fﬁé%@ light transmtting characteristics Al so,

the materials coul d fire retardant to.i i bit of. afirein a
bui l ding in which m@qﬁgﬁéﬁagelwgow 5ol e AringPean GCE R Bl b et o
utilize |fferent erials in the panel w.th for exanple the cover sheet

or 35 b1/ 818%8" 1’[‘5@6&9@?@@8“’“*’( RePusiiahidet Brt ahepodi Wghhdkarst t he
sane or different materials and the dividers also being mde of a materi al
Chat i s the saRPPSS smasIsIof @ e Ceriing igHEkohe pHe! Ge\pemagied slghily so as

to also be suspendable from the same T-shaped support members. As will be
appreciated, by suspending panels of the present invention from the T-shape support
members 60, the panels can be used to replace or renew an existing ceiling system

15 with or without removing the acoustical tiles positioned or supported on top of the T-
shaped support members 60,

A panel 200 that has been modified to be suspendable from or supportable by
the T-shaped support members 60 is shown in Figs. 80-96 with a plurality of the
panels shown in Fig. 8 installed in underlying relationship to existing acoustical

20 panels 202 supported on support members 60. As will be appreciated, each panel 200
is of the general type previously described and as seen in Figs. 84-86 has an outer
sheet 204, a connector sheet 206, and a plurality of parallel cellular dividers 208
therebetween. The cellular dividers are preferably, as previously described,

compressible in nature and best seen in Figs. 87-91 as being formed from individual
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connector sheets. The dividers thensel ves m ght be nmade of different
materials in a single panel. For exanple certain dividers nmay be provi ded
to obtai woheswesilient and 5 conpressi ble feature of thePOuUSOI/M2ME8 e ot her
di viders m ght be provided to vary the acoustics, light transmtting or
fire retardant capabilities of the panel. Al so, the panels could be

stacked in a buiripslbNgatsiidlWigd: Ui teen @bdsed arddfeldac aUsttd Beffie eldngdttd fubesnsm tti ng
characteristics of the panels. Wile the panels previously described have

principally beﬁﬁ‘v@%ﬁ@fthb@ﬁie(ﬂ Bfani84 arch®2 Aband 211 £ PhRESFBAY ubéh &ERYABE i onal
acoustical tiles are supported on the T-shaped support nenbers of a

drop ceiling grhewRiders 208%aRAMEbpsHANINRemMEMSE: §ide & a8l mh;tuwfo&gu@mmo al so be
suspendabl e fromthe same T-shaped support members. As will be appreci at ed,

by suspendi ng %ﬁ%laﬁo%hé he \pmsgathef w{ﬁpgellwarﬁmmm ﬁhzﬁgga@ewmort
nmenbers 60, the panels can be used to replace of renew an existing ceiling

system 15 wi t he an?‘"oﬁ%l LEIBYh ﬂ%l%p%7 ALPYSd gﬁdln%lyoﬁ%nﬁ&%&tdfoned or

supported on top o the - shaped support ne ers A panel 200 that has

b dified d
suppor  menber STE S EREAAAN, B} SO G5 FHRER K03 eBn ayibg Bl FARRT anel s
SO 1119 8040193k HOHSEL bR LG ST

20 panel s 202 supported on support e apprecl ated, each

panel 200 is I vi ously descri bed and as seen in Fi gs.
84-86 has an 08%%%Q&$ ]&ﬁ galkxﬁﬁggﬁﬁector sheet 206, and a plurallty of

N Bl R I R
pCT/ U011 2008 4 BT élgpg%1§8°f{§ﬁ”?e&‘%fe§ﬁl%&$léév@ ety iﬁﬁp&a&ed so as
to define el On%g&lgagec} alljntc)l%referably extruded members of a rigid material such as aluminum,
plastic, or the like and are generally of inverted J-shaped configuration as probably
best seen in Fig. 82. They therefore define a vertical main flat body 220 with a lower
protruding lip 222 from the bottom edge of the main body. An upper downwardly
15 opening hook-shaped channel 224 extends from the upper edge of the main body.
Also along the upper edge is formed a second or horizontally opening hook-shaped
channel 226 which protrudes from the main body in the opposite direction as the lip
222. An obliquely protruding rib 228 extends downwardly from the upper edge of the
main body beneath the horizontally opening channel 226.
20 With reference to Figs. 92-95, the clip 218 is secured to the end of the panel
200 either by notching the end of the panel, as described previously, so that the outer
sheet 204 protrudes longitudinallyfrom opposite ends of the panel or the outer sheet

can be made slightly longer and wider than the remainder of the panel so that it

naturally protrudes from opposite ends and opposite sides as shown in Figs. 87 and 92
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having two truncated triangular areas 210 and 212 superi nposed upon each
other. The dividers 208 have collapsible internediate side walls 214 with
fold |inawo2L81684 whi ch all ow the side walls to either col papesonessr dly as
shown in Figs. 89-91 or 5 expand outwardly as shown in Figs. 87 and 88
dependi ng upon a nunber of conditions including the type of binder used in

the fibergl ass Jemiihd Hled bR 1dn@ludifiQ B te¥Mtng D3d 1 Ftey kker iep] BxBRER A0d t he
treat nent of the dividers to heat and cold which w1l be described in nore

detail later. e@ﬁ%@te@ Bhai e sﬁﬂf‘&ur&%ﬂ?ﬂ Zﬁo@h@h Rircht bO R @P&HIRAM %hfﬁ{mﬁrﬁe

cel lul ar divider 10 a unique clip 218 as seen best in Figs. -

is secured to LAS RARELr thlNke, G dcﬂﬂésl@'iﬁbonﬁé@t'agl?ctt%)lq s@fde B GE Qﬁtélmhé!etex'[ r uded
menbers of a rlgld material such as 4l um num astic, or the i ke and are

general l'y of ?&%’[tﬁﬁg?l‘%xéhmO%H 19#% e? ?rg?lstgpgﬂﬂ %g \ﬂa&ﬁﬁﬁd (ﬁ%@ B!l N Fig.

82. They there ine a vertical

protrudi ng lip (t)}geggﬁalft%%&%)tﬁ)egd Cﬁ’g% %g %tﬁxds@lget%nfgﬁcﬂnﬂ%k@%@&?%nd @ sHﬂ&%fs as

downwardl'y 15 annel exten romthé upper edge

of the main boglbfown fA‘I Fgfh% 9§|bg %%erhag th"ejggﬁtl;nef gg%gmﬁ ou%?.| g[%gtl 81115‘[? or

hori zontal |y openi ng chann romthe main
228 oxt ends 33&3@%8‘5%18341@%?%”% mga@gh%%%%&ndﬁ%‘* aﬁﬂﬂ%ﬁé QERUR The
Clip 218 is soRiPETibUE ﬁl@ezéaﬁg%fngfﬁs & RS ERE T e ot i iy < he end
o1 ot udba. | ongl VBTG Fr BhobEpUer edes GRet s A el 61T ERETEEr sheet

can be nmmde sllghgly | onger an mnder t han t he remai nder of theéganel SO

that it Hatural BPYRL WY e PIRgE R Bleetrddtih Hig capseer thee'si8é5 as shown

in Figs. 87 and 92, 37. WD 01/ 81684 PCT/ US01/ 12998 .
opposite ends of the panel is received between the horizontally opening J-shape

channels 226 and the oblique ribs 228 of clips. The underside of the horizontally
opening J-shaped channels 226 can then be adhesively or otherwise secured to the
connector sheet 206 to hold the clip in the position illustrated in Fig. 95.

15 The oblique rib 228 of each clip projects beneath the connector sheet 206 so as
to hold the panel in a fully expanded position. By following the same procedure at
each longitudinal end of the panel, it will be appreciated that each panel will have a
clif) thereon and the horizontally opening J-shaped channels 226 are positioned to be
secured to a flange of the T-shaped support member 60 as shown in Figs. 84 and 85.

20 An alternative way for securing a J-shaped clip to ends of the panel is shown
in Figs. 92A-95A. In the alternative system, at an open longitudinal end of a panel, a
cut or slit is made downwardly through the connector sheet 206 and the open ends of
the dividers 208 as shown in Fig. 92A, so as to define a slight gap between the

severed portions of the connector sheet and the dividers and the remainder of the
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defining outer sheet |ongitudinal extensions 230 and outer sheet |ateral
extension 232. An elongated straight stiffening strip 234, which m ght be
made of pVast/8ws4 al um num  paperboard, or the like, is aBtp®swel2y9sbonded
to the top surface of the outer sheet |ongitudinal extension 230 where it
protrudes fromthe ends of the panel and clips are 5 thereafter positioned

over the outer pahgetrnd @nfdckdidhddind@ti@ns e Men30Mpleied Sbwi2ARLKoas shown
in Fig. 94 by |nsert|ng the stiffener strips and outer sheet | ongitudinal

extensi ons 'ntQk%&?a@Q%ﬂ%@hﬁ&%h%ﬁﬁﬂhﬂgmﬁa§MQﬁQ@4&@Q&@%&ﬁ1%%édﬁﬂkﬁﬁﬁ9t to
the main bodies wth the Iip 222 hanging over the innernost edge of the

stiffeners. W tlptif@refinlonfe %@@ﬁ&% ﬁ%J sihgﬁed@ﬁ&rﬁ@ls sheet int E’lﬂgéottﬂzg' nal
extensions 230, stiffener 234 and c 1 can be fol ded upmard y as

shown in Fig. %{%1&5‘22'2'ofEH&%hE%Yg‘é‘%b&fthélhﬁe?ﬁlos?cfé@g@éftheod%ﬁﬁ:gésééﬁ L eF the

panel is received between t hori zontal Iy opening J s 226

and the opli q“gla&hﬁg r{ﬁn%%mf TR ugﬁvﬂim@ cg:g %ﬁ& gﬁteﬂ{ﬂ cwﬁnm@ drdR Ml ¥

openi ng J-shap I's 226 ¢C esively or erw se secured

to the connec tf&ﬁ%cﬁ.tbgﬁ%dlf stshggg ﬂﬂ%@ §5 an(cils«L,(erédQn nggt%&log eI“ers% Jt 1% ustrated in

Fig. 95. 15 The o eac cllp pro eneath e connect-or

sheet 206 so as . .to hol fpanded position. By

h n
fol l owing the sd%%”eﬁ%ﬁka Fﬁﬁfl%%mdwd%Mdo ?éﬁmnal end of the panel, it
ther nd t he

Il b d.t h
hor zomtal Py Sonant aas MtndREE A B?%ndﬁﬁﬁﬁ‘laﬁar%ﬁaﬁw pl a%e seeured to

o 2o v SR S0E SRR R BB AR PR B O %0
shown Fi 92A- 95A. the alternati ste en Io |tud|na
end of a?%angl ac‘%ﬁ’mn&‘iﬂateﬁrll glai"fde%ugp%@@ng%\ﬁﬁ\?\%}/ B IH?IBE‘GQ “?%é( t‘&g’ﬁ sct or

sheet 206 and the open ends of the dividers 208 as shown in_Fig. 92A so

as to define aS@FFﬁﬁPP@éBwH@PWgEﬁ“@H@t@@@@ﬂéﬁmﬂﬁﬁtPﬁh@nBPnWH@eEﬁﬁﬁector

sheet and the divjders and the remai nder of the 38
can be supported by a conventional gridwork of T-shaped support members in a

suspended rather than supported manner with or without another set of acoustical tiles
be\ing supported by the gridwork. In other words, the panels 200 with the clips 218

15 secured thereto can be used in connection with an existing gridwork or in connection
with a new gridwork in exactly the same manner. As will also be appreciated, the
clips of adjacent longitudinally aligned panels can abut each other (Fig. 85) so the
ends of the outer sheets of the panels are only slightly spaced to give a substantially
continuous appearance to the ceiling with virtually no view of the gridwork from

20 which the panels are suspended. Further, due to the fact that the clips hold the panels
in their fully expanded position, the lower or outer sheet 204 of each panel will be
horizontally aligned with the outer sheet of an adjacent panel to give a smooth
uniform appearance to a ceiling formed from such panels. Referring to Figs. 87-91,

the outer sheet lateral extensions 232 can be folded up into engagement with the
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WO 01/81684 PCT/ USOL/ 12998 panel. The connector sheet and dividers are
then conpressed downwardly into closely adjacent relationship with the
out er sheeo oP8%send this conpressed material is then i nsPCT/@donyB t he
downwar dl y openi ng J-shaped channels 224 of the clip so that the lip 222
of the clip hangs over the innernost edge of the conpressed material, as 5

shown in Fig. Qdjcentfi@evidil 146K thR oliREn &0 BRIdESSRGAREEhéS va duitgyle t herei n
is then folded upwardly as shown in Fig. 95A and secured in position,

preferably w tRiheadbesiiVeins Paba tifishRfbdleaidhg iRNGietegisnal end of a panel . As
illustrated in Fig. 83, the ends of the horizontally opening J-shaped

channel s 226 are spggadichdveh h’b’beﬂfcﬁlﬁ&bﬁﬂ@@ﬁﬂE?aﬂe@%hﬁdlzgéd?ﬁér offderRh the
clip 218 to 10 accommpdate a T-shaped support nenber 60 that extends

per pendi cul arl y,t,0- tygn Exe%ﬁ@e@@ﬁth@ Pfé@ Envgiﬁmﬂegucﬁgfél@ ONHI‘IYEH] ch¥e 1fiddeRn | S

secured. In this manner, the panels can supporte by a conventi onal
gridwork of T- %Hﬁ&ﬁ%uééﬂ I%Elf tnFéerHQﬁ’;E sJ‘us@rateéH?Iﬂ ?.n(f 978t eyt fialepippor t ed
manner mnth or not set o acoustlca bel ng supported by

the gridwork. lF%S 9’7 Hﬁ{ a M‘Mcﬁﬁostlﬁcﬂu&ﬂ‘%‘ﬁk %orﬁlQQco}"éhTeél 268 gcr is tﬁ)itoé ?h%re%?czﬁlec ured

t hereto can be ed 1 h connection an existing gr

con necjt I on s&e{%ﬁ‘%{o%{ t'1hg¥>%5alncfer ?ﬁrléa Ca%n'el{at E]he%o ajl on WH&‘Q g?c()]ld ofag al so be

appr eci at ed, the acen ne pane s can abut

onl'y sl ightly Spietip BEeyrs !s»aven'?é’ tg%{he B whergﬂﬁﬁfas%’f RSP dEe £ he

Eﬁ's'p'eﬂgeﬁ‘tEUY#%%%%%%%%@BS@V%%&%@Ecgfh%{o fﬂén%qecfggé‘%‘m%%a 'C“egsta$2| o
W11 be 0oy i 7 QR P ¢HiaR Uik PR EREN U PEFRBRELE TBTS T BBFdcent panel to

give a snDoth unlforn1§ppear nce to a,ceiling forned fronlsuch panel s.

Referring to FiPg@endiculaly to theyg eéa?rélpn wHB e quist ghest 20exsAding AQIDBNSEan be

folded up into engagenent W th t
around the bend so as to deflne a fully finished corner for the panel. Such a fold in

the panel might be desirable, for example, in a skylight where a window is raised
above the ceiling level into an upwardly recessed area and by following the procedure

15 shown in Figs. 97 and 98, a panel or panels can be folded to extend from the normal
ceiling level up into the recessed area of the skylight.

As mentioned previously, the preferred material from which the dividers are
made includes glass fibers and a mixture of a thermoset resin and a thermoplastic
resin. The material so formed wants to remain in a flat planar orientation even after

20 having been creased and folded as described previously into the configuration of the
divider as illustrated for example in Figs. 89-91. In order to retain the folded
configuration with the side walls 214 of each divider folded inwardly, the panel 200
over a long period of time needs to be held in at least some compression or the folded

side walls will fold outwardly in an effort to return to the flat planar orientation. Of
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39 WD 01/81684 PCT/USO01/ 12998 adjacent sidewall 214 of the outernost

di vider and secured thereto with a suitable adhesive to give the panel a
fini shedwooksmBong its side edges. Sonetinmes it m ght berpdeskeiatzbes to fol d
a panel around a corner or to forma corner. Wth the panel of the present
invention, such a fold or corner can be nade in 5 an aesthetically

attractive mangeirsdshel divid&t Eanbdeiuh witggStat Blanaeie@Btion ds théylake J2€urs®eEN i N
Fig. 97 that a divider 208 including the connector sheet 206 across the top

thereof can beichgwRItesladd M6 tHe@iRk Ber 202fand B&nP@fehe 206 B& thedG@ | On
where a fold or bend is desired in the panel |eaving the outer sheet 204

where the divi delis Wapove BRNEbriod BEtimE GYRI ﬂiaj%@\teﬂ%@ i AbheRf in CHBpRANG can be
folded in one direction or the other as 10 illustrated in Fig. 98 so that

one renai nder i LRl (NBasP BRI thdiSinRbdaf oREa oRERREALE By ﬁ?gy fo¥ndi0 the

other portion wth the outer sheet 204 ext'endi ng conti nuous around the

pend so ag 10 QliAfly fuddh dénbldl SRR 88 BRI tBQEidi{/&%%sSaﬂ:?@t%si@é’%Qﬂsaoff oldin

t he panel m gh esirabl e, nple, Thas ere a wndow is

e panel For |
ol Towi ng  he prncady Kol e By MBI FERTAREEL AR Al o
be fol ded : . Ll . i_nt. . d

areaof the skqt iany BEERRBE Monelifhe hiRoh YR n ol Db IRIERF T o

whi ch the dividers ar e i ncl ude l.ass fibers a a mxture of
t her noset resi rslﬁ%“%mﬁ %’ﬁg‘lra %‘D%t ASTIS §°rrg%1fqtﬁl.nt %O%?Sélﬁlfééjlam %c)’%]{aoclpﬁlé’get%@nt s to

in i flat pl i ent.ati ft 20 hayi ng _been creased and
fol ded as descPPBLOReoTaaar s he i ety Ay HRRP B RSt e di vi der as

o S s g S B RS BB e
panel 200 over a lqng period of tinme needs to be held in at | east sone
conpr essi on or uphrated spygqpment and a hot melt adhesive is applied to the strips or to the outer
sheet 204 and connector sheet 206 before they are laminated together. As mentioned
previously, unless the panels 200 are maintained in a compressed configuration such
as illustrated in Figs. 89-91, they will, over some period of time, expand into the
15 configuration of Flg 88 in which configuration the panel is no longer compressible.
This time period over which it takes for the dividers to convert from the configuration
of Figs. 89-91 to the configuration of Fig. 88 is dependent upon a number of factors
including the resin used in the material from which the dividers are made and also
whether or not heat is applied to the material while the dividers are in the compressed
20 configuration of Figs. 89-91. By adding heat to the dividers while they are
compressed, the time period it takes for them to expand into the configuration of Fig.
88 is lengthened. Also, by increasing the percent of thermoplastic resin used in the

formation of the material from which the dividers are made, the time in which it takes

for the dividers to transform from the configuration of Fig. 89 to the configuration of
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side walls wll fold outwardly in an effort to return to the flat planar
orientation. O 40 WD 01/81684 PCT/ US01/ 12998 course, the dividers cannot
return t owvohesfeBat planar orientation as they are secur edPCEUSHIg2PYSe t Op
and bottomto the outer sheet 204 and connector sheet 206 but the side
walls will over sonme period of tine try to straighten out if not held in

conpressi on  amg. BRedh KEahdeieased), Bpassotick @fiple,hed fimé paxidbithd @hdfsmeatdent at i on
of Fig. 89 to their 5 outwardly folded orientation of Fig. 88 wherein the

side wal | s abutnaybe veiidenwahdrsroh 15adhaeeBt2dbkders thereby being nutual I'y
reinforced and rigidifying the panel so that it is virtually

i nconpressi bl e. A paB&kdihfly) WikenIhIThANLO@ArE YornBE HINLEPSA, PheS afORGirdbIPN 1S
shown in Fig. 96. In other words, to maintain the conpre55|ble nat ure of a

conpl eted pangj; %%édhﬁ aShAlENWRlh $2R]6 ?jnaE Qre@a@ivél? A& OhdnheRE W aYe18SmHOWN i N
Fi gs. 89-91 10 e strips of material fromwhich the di'viders 208 are made

are fol degd Qcke&'%ﬂﬁ&ﬁ g GIWe[A 0P ol A epg&ruélﬁérgy 1&9@2&%% 63 appl i ed

to the strlps r to uter sheet 204 an nnect bef ore

they are | am nat e f SAPIEicaAes TR IEhONEEL, DE CY RSNt hE SR he_panel s

200 are nalntal conpr esse ura suc as 1| trated in

Fi 89-91, he 15
I gs. ?}yalg&\éd (!{eggl 0FGa Vﬁ]e?gﬁo Con#o(%glangi 1th HEtpﬁe%érR?&%Pﬁcm cbr;[ce the

conflguratlon (0] ura |on 'S Nno Ion er
OI’ th

conpressi bl e. L0 t akes ers to
convert fromt ﬁ’%neilzsoarrl fealtfrv a(flﬁ%rﬁ%e llpIE Comélé‘erg&m?’eve’i’ﬁ St grﬁrrn%élat% of Fig.

mat ot al 11 om VTERE PRSP LEPan s B bR R g Herop FRbrOhbar i s
cont i gur K Eﬂe&%&ctﬁﬁ gy b 5 ey h‘éee%%%argﬁa'n?m@g P ORABHET G e hey are
B I U NAEHANE T S AR N ORI
thermopl asti ¢ rs}?osvlznnm%?ge %8 Iwnhe;[e: the panel becomes incompressible. During that time period,
the panels can be cut to their desired shape and installed in a supporting grid system
before the panels become substantially incompressible. They can therefore be flexed
15 for easy insertion into the openings defined between support members in the
supporting grid system if inserted before becoming incompressible.
As mentioned previously, panels formed in accordance with the present
invention have desired acoustical properties and can be varied according to various
parameters. In comparing one embodiment of the present invention with
20 conventional acoustical tiles, one can see the acoustical benefit obtained from a panel
formed in accordance with the present invention. In Fig. 99, a graph comparing the
panel of Fig. 14 of the present invention with other acoustical tiles is illustrated. The

X-axis references frequency in hertz while the Y-axis references a noise reduction

coefficient. The three panels compared to the panel formed in accordance with Fig.
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formation of the material fromwhich the dividers are nade, the tine in
which it takes for the dividers to transformfromthe configuration of
Fig. 89 twoohegiesonfi guration of 41 WO 01/81684 PCT/ USO1/ 1POP8S01H2998 88 can
be increased. By way of exanple, the tinme period for the transformation
may be varied anywhere from 15 m' nutes to 32 hours. Accordi ngl y, when t he

panel s 200 are t1£ QF e dﬁes% nSVIgll’l & aré a fmrg?(mnera% a%c?uf%ca?? pane%h actur rabbé/ 5

corrpressed state SO a re atl ve panel’s can

Compar i son o MeanyeReRani R TRy, 128 Bhodhy PRe Bl Blerse | o
W Ch the pr oselEntiyE H%ﬁco%qﬁa*’?ﬁ%deﬁeﬁ g AR

cont ai ner, however, they expand i mediately fromthe configuration shown
in Fig. 91 thr HE&IHPWEWHBH‘F ‘ﬁﬁtﬁoélﬁ %ﬁﬁargwaﬁwns Hleﬁi‘bfaf@é “f%(eliﬁgﬁtcﬁe
configuration shown in will remain in the configuration of
Fig. 89 Yor tH@n‘éﬁﬁ%@d%g@Bwf Pﬁ’égli‘fe‘ffl%éferéfi@eﬁo@%ﬁdﬁldt?%? $HIORUQT ansf or m
into the configuration shown in Fig. 88 where the panel becones

i nconpr essi bl e! “’Bﬂl‘?fl?%)ct hat tinme period, the panels can be cut to their
desired shape and installed in a supporting grid system before the panels
becone substanti al | s Fancksripere i agpustioat penyel @%ﬁgtﬂ‘}e}eﬁf’m@%@mlﬁ/é&é@thr% for
easy insertion into the openings defined between support nenbers in the
supporting gri eospaseepanels af leger freqiemidsor erebae airfriny highdongpersssiapl e, As

ment i oned previously, panels fornmed in accordance with the present

i nventi on havepdéwins edmpaells i nwimplidpéequeasdesand can be varied according to
various paraneters. In conparing one enbodi nent of the present invention
with 20 Bbnvent i onalltbaghslie mesenttinteation lomydeondesged it aaevtis degred obenef i t
obtained froma panel forned in accordance with the present invention. In
Fig. 99, a grapirticdaday i isguntiéretood that the present disclosure has been made by way of

example, and changes in detail or structure may be made without departing from the

spirit of the invention as defined in the appended claims.
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panel of Fig. 14 of the present invention with other acoustical tiles is
illustrated. The X-axis references frequency in hertz while the Y-axis

ref erencasoal/swBse reduction coefficient. The three panebP€T/wsompessd to t he
panel fornmed in accordance with Fig. 42 WD 01/81684 PCT/US01/ 12998 14 of
the present invention are a hard mneral acoustical tile panel manufactured
by Arnmstrong under the trademark "G rrus,"” a glass fiber tile of two-inch
t hi ckness manufactured by Ecophon of Sweden under the trademark "Focus,"
and a 0.7 mm netal panel with perforations and an overlying sheet of a
non-woven fleece 5 manufactured by Hunter Douglas of Rotterdam Holl and,
under the designation Luxalon 300C. As cafpabgsseen, the acoustical panel

of Fig. 14 perfornms superiorly to the three conpared panels at |ower

frequenci es as wel| 189 ahmfdkiblosuili@ LreOERELES ifQehoRERLOT M Conpar ably
at internedi ate frequencies. hough the present invention has been

describedswith a certa nat@e%gtro%@ Sl BRI BB e ah by RS Bcp0d t hat

the present disclosure has been nade by way of anges in

det ai | t t t of th

mvent i on ZJSZ#LEJ?% TRuIRSSg %t?ﬁé’?er &8”%5%%%23&%% dson 12998

CLAIMS 1. A Conp e%i% an pro% rd’('a% ura ditl)mer ace saEED51V1%%>rrs]ge Inn Crr?rpgl B) cp 5 at
Rd %u?el? Pac

| east one outef erlra an i nner
plurality of d|V|ders tha in di t.ion ed and secured

to and protrude from sai %?nn?%oérmefﬁs }grﬂgﬁlﬁogd"u{}?%sé"?(gé%lgfﬁ Ofi‘? #essi bl e, and

locations distal from said outer sheet.

10
2. The panel of claim 1 wherein said dividers are elongated and extend in
parallel relationship to each other.
3. The panel of claim 1 or 2 wherein said dividers are made of a semi-
15 rigid material.
4, The panel of claim 3 wherein said dividers are independent of each
other.
20 5. The panel of claim 4 wherein said dividers are foldable into said

compressed condition.

6. The panel of claim 4 wherein said dividers are biased toward the

resting condition.
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connector neans for flexibly securing said dividers together at |ocations
distal fromsaid outer sheet. 10 2. The panel of claim1l wherein said

di vi der s o el/glo®hgat ed and extend in parallel rel ationshP@rA601ER2098 Ot her
3. The panel of claiml or 2 wherein said dividers are nade of a sem - 15
rigid material. 4. The panel of claim3 wherein said dividers are

i ndependent of each other. 20 5. The panel of claim4 wherein said
dividers are foldable into said conpressed.condition. 6. The panel of
claim4 wherein said dividers are biased toward the resting condition. 44
WO 01/ 81684 PCT/ USOL/ 12998 CLAIMS 1. A conpressible structural panel
conprising in conbination: 5 at |east onecuipgk sheet of material having an
inner and outer face, a plurality of dividers that in a resting condition

are expanded and sgc%@(&lﬂr&s %uﬂ&tﬁ&f%ﬂ@l&#@ﬁhﬁg IQCO@F@ .ace, said

di vi ders being conpress connect or ans )|y securing said

dividers dogether at |ogaL1Q d;'ﬁg oﬁ'de%% Al o &%{&1 i H%%elzﬂﬁ%hter %;8 2. The
panel of claim 1 wherein sal Ividers are e onga xten
parallel relationship t 0, gﬁ%ﬁty otf Iagfiders that in a resting condition are expanded and

secured to and protrude from said inner face, said dividers being compressible, and

connector means for flexibly securing said dividers together at

locations distal from said outer sheet.

10
2. The panel of claim 1 wherein said dividers are elongated and extend in
parallel relationship to each other.
3. The panel of claim 1 or 2 wherein said dividers are made of a semi-
15 rigid material,
4, The panel of claim 3 wherein said dividers are independent of each
other.
20 5. The panel of claim 4 wherein said dividers are foldable into said

compressed condition.

6. The panel of claim 4 wherein said dividers are biased toward the

resting condition.
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3. The panel of claim1l or 2 wherein said dividers are nmade of a sem - 15
rigid material. 4. The panel of claim3 wherein said dividers are

i ndependavio ov8168ach ot her. 20 5. The panel of claim4 whPeBRURIISE2DES
dividers are foldable into said conpressed condition. 6. The panel of
claim4 wherein said dividers are biased toward the resting condition. 44
WO 01/81684 PCT/ USOL/ 12998 7. The panel of claim®6 wherein said dividers
are made from i ndependent sheets of a sem -rigid but fol dable materi al,

sai d sheets being fol dedrisfhel@sclhéh 6@hédR safild@pgers H8nads Bod Grldpaiabe to
sai d outer sheet and said connector neans and a pair of 5 partitions

ext endi ng bet W@ﬁ‘é%ts&ﬁ'a@erﬁﬂﬁ?ﬂ betteREbIARH Bl chiCARAEBLIRY (JIRARSch 433 Gefine
partitions being collapsib The panef of claim7 wherein said

partitions areg ﬁsbt‘ﬂ’étaa?é ée&hrhMe RJ Qﬂﬂ%%e?gheeﬁé}ﬁ sQﬂd%Bﬁ{ectla@I\ﬁ'eé]ﬁ afid b gRELL udi nal Iy

extending fold therein which allows the partition to 10 be folded into
substantiqlly @%ﬁoﬁsoexie%‘&ﬁ %&b}%&dﬁ%ﬁs e sifdel Bty %{c]i%fxﬁe%?m a!ldq the
conpressed condition Re pane claim 7 whereln sal Heets are made

of fiberglass Iyl 1 Aality of glass fibers bonded together with a
resin. 15 10. eﬁlﬁaﬁugp%ocgl %Sgﬁm 9 wherein said resin is thermal setting.

11. The panel of claim9 wherein said resin is thermal plastic. 20 12. The
panel of claim9 wherein said outer sheet is fiberglass.

8. The panel of claim 7 wherein said partitions are substantially elongated
and planar having a longitudinally extending fold therein which allows the partition to
10 be folded into substantially face-to-face relationship with said flaps when in the

compressed condition.

9, The panel of claim 7 wherein said sheets are made of fiberglass

including a plurality of glass fibers bonded together with a resin.

15
10.  The panel of claim 9 wherein said resin is thermal setting.
11.  The panel of claim 9 wherein said resin is thermal plastic.
20 12.  The panel of claim 9 wherein said outer sheet is fiberglass.

13.  The panel of claim 12 wherein said connector means is a sheet of

material.
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13. The panel of claim 12 wherein said connector neans is a sheet of
material. 45 WD 01/81684 PCT/ US01/ 12998 14. The panel of claim 13 wherein
sai d conveabosieseans is a fiberglass sheet. 15. The panebPCDUSel2pe8 12
wherein said connector nmeans includes a 5 plurality of flexible but
non-extensi bl e fibers connected to said dividers. 16. The panel of claiml
or 7 wherein said panel Tt pandef tihifgl PRAGEin sdid conbBetoPaedk isaf fitaisd 7
wherein said partitions include a longitudinal fold 10 defining a pair of
partition portigas. 18. The panel of claim 17 wherein said panel portions
are of the sane size. 19. The panel of claim 17 wherein said panel
portions are of different 15 sizes. 20. The panel of claim1 further

i ncluding a decorative sheet secured to the outer face of said outer

sheet. 46 15.  The panel of claim 12 wherein said connector means includes a

5 plurality of flexible but non-extensible fibers connected to said dividers.

16.  The panel of claim 1 or 7 wherein said panel is a ceiling panel.

17.  The panel of claim 7 wherein said partitions include a longitudinal fold

10 defining a pair of partition portions.

18.  The panel of claim 17 wherein said panel portions are of the same size.

19.  The panel of claim 17 wherein said panel portions are of different

15 sizes.

20.  The panel of claim 1 further including a decorative sheet secured to the

outer face of said outer sheet.
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