;e3e&" " #3$($* YB4&T&Z 1lyp m W t OVAAI ON pl I D HS CURVED BUI LDI NG PANEL Thi s
I nvention rel a longitudinally curved panel w th upstandi n% fmﬁﬁf
on i tﬂ“wm‘“m mmﬁjes particularly a curved architectural ceiling gt
panel nvention al so.relates.to a.bracket for nmounting the

panel . Aredwwozcts often design buil dings.quith arched ceilings to enhance
the buil dings' appearance. For entrance halls of conference centers,

hospi tal s, government buil di ngScURVEYBBILIDING PANELhe | i ke, arched or
mul tiple-curved ceilings are often specified. These ceilings can be

constructed froma plurality of longitudinally curved ceiling panel s, the
10 upstanding | ateral si.de flanges, o are .con ected to rting
structure. In mah-sf‘f Yentigp gelgres earlagpg\g.\éﬁg,ﬁ&.ﬂuﬁved% W’rtrlé‘(‘%ﬁta ﬁ%e’f}anel
whi ch is 1 oggid gl Pé!iéé ity 326Hved aIRRIral dHldPbALA Blrkl

| ongi t udi nal | ;/ rg ﬁas Epstan Sllng | at er al f’]ﬁge il agﬁges ﬁ% probl em has

been to dorrbivmﬁnm aleongd dies tpaxrlirac:lmtﬁxrhnouhﬂngtlermnﬁw se or | ongitudinal
stability, with cross-sectional uniformty In_order to curve an

al uni num panel wiArphitestsioiienidagien beikdings \snﬂdércmdawglé@&t@ ephange Hethwdldings] y

con’ be. used iPRAanef R AR s of PorR R RL e e BostiaR, ke ih ok SCiﬁl
be used to Qﬁﬁ@rs%@é’%ﬁ@iﬂélﬂd&eaﬂcﬁéc%r%ulﬁpl@ﬂﬁnféﬁ oRilin @hreﬂffféﬁ'spédxﬁbﬂ traggous| y

with | ongitudinal curving of the panel her convent i onal " netal -form ng
machi nes canelahgsncand)ermdstruomsﬁ m@nta@hbehtusaéébngltudmuy wayed Geling pariels, the

| | | b d
ongi tuddhanfyRadtne plside Habigd of WA e cRatitdiDe s AT BRI, w t hout
danmegi ng the Pang) & REE TR béiati%‘é&}}hinoﬁ@efM@ﬂaf‘@éxi1ﬂ%§)ﬂfel’€{tﬂ1cﬁ%| ing panels

can be obtained, ‘using-an apparatus-as described in 0 403 131. For w der

panel s whi cﬂnx@&udﬁxaﬁy tonchaeandivrgloavex, trefativelgilarg bhgingiisallyi and lsasgener al |y
necessary to proyide stress reduction features in their upstanding |ateral

side fl ange§PStéQ41%% latesel siderflanges, hesproplem hss beemiaombipactireagthy particularly
ongt {00 o8 BRI MRS RS 5100,
/32 r 2 f( ? rerﬂsgl ?I ; a 3‘8 ?ﬁd?ﬂw @A arSilh@ifmi FheCith Dpsteadibg Bitdrsl siddflatgas tdy of

longltudmally concave or convex configuration, an apparatus as described in EP 0 403

131 can be used. Alternatively, a modified conventional roll-form machine can be used

to bend upwardly the lateral sides of a flat panel simultaneously with longitudinal

curving of the panel. Other conventional metal-forming machines can also be modified

20 to be used in this way.

) Generally, aluminum panels of small lateral widths, e.g. up to 100 mm, can be
curved longitudinally after their lateral sides have been bent upwardly, without
damaging the panels permanently. Such longitudinally curved ceiling panels can be
obtained, using an apparatus as described in EP 0 403 131. For wider panels which

25 usually have higher lateral side flanges, it is generally necessary to provide stress-
reduction features in their upstanding lateral side flanges; otherwise, the panels will be
damaged when curved longitudinally. Also, the accuracy of the cross-sectional panel

shape is important to allow subsequent mounting thereof on a supporting structure. An

example of a conventional stress-reduction feature is a plurality of parallel slits, cut in

ARG
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10 .MAR 2003 .z_ each of the lateral sides of a netal panel, fromthe free
edge thereof, prior to bending and curving the panel as described in DE 295
14 994 (U1l). However, the upstanding lateral side flanges of the rdduMAR 283
| origi tudi nal |y curved panel are weakened substantially by having been slit
and therefore are not able to resist suffi'l_ci ently deformation during ~5
transport and installation of the panel. ™o strengthen the slit upstanding

| ateral side fl , yed flat b ib heets h b
addi t  onal | yadh Gidfe fakerg! sidss famistalgang) Fpmgheites edeshergst, prottadending enbugh
this h : ' ' ing t

handl i ng, ¢ Ra AP PG RS deREI6ed 10 305124 SDARYL L otk e pRARRREL(@RE, |
Mor eover, t RRfedlanges ¢fahé teulgidg ichgadidaMeedvédpandl i frakétet Qibstaddtially by

| ongi tudi nal curvature of the exposed panel surface, w thout distortions
caused by t hevingbeemsittand theseforeqarenotiabee tolresiss suffivieatly dettameonduringt hi s

i ti th t andi ] at | side f f.al i,.t udi L. d,
bui 1 41 ng SpaERTiT e grOURAIRGE £ RSk P Sirghegroe ¢ SRR uaE LeraFidber t ur es,
preferably ‘Hah?es?cﬁ@@@ﬂ@ﬂﬂa)‘s N AR Barrb Rl 3heddd Bav@PLansRREASY Yixk@ &g inye! ¥

small 1 S and That are advantageously distributed substantially uniformy
over the sumedieg gfluiagohrivbtam)do thehe Adtheughithsshas fombwhatireduead indesirable be

advant ageous| y punched.,in the | ateral nmargins, of tructural, netal,6 sheet
prior to berak amgwa}%/trmsgorﬁ anchapdling, 4 %adsdéu?ﬂa@lﬁga%athm%eﬂﬂs £p8s by r ed
Cross-secti (A | dj I 1 : esired
| ongi t udi naigfgﬂé}{- %@?gﬁgﬁb}]egi@g?&ee&%ggﬁpk g%orng@}lgd;@\ﬁfaﬂde&(églsféraan F%gﬁnlrﬂfépgr al side
flanges @f UdgidQinaB&utAthRtbitRnaipobsd phakl darfase, \athobtdibttiehs RaARel bkl not

weakened by providing themw th the apertures, and therefore, they do not
def or m dur i mecrememslpwiture afitheistitst al | ation of the panel. . Also in accordance
with this invention, a,mounting bracket is provided for.,s endi.ng a pair
of adj acent IongiIPﬂgﬁoﬁ%ﬂnlcﬁwd'ng'@dr_“ﬁB l?lﬂidﬁeguxg%%qﬁ?m?ﬁlidg%ﬁ%ﬁérﬂfiaon 25 from
a suppor ti ngosphdifna Y Surved SuRIHA JaRdl JP& ﬁx%'&ﬁlted%{ﬁpilblﬁfaﬂgj oftstR-fed@étigaar al | el
| egs; means for attaching the Iegs to the supporting structure; and neans
for cl anpi ngpetees ipdefetablysiitlea genarallyf Vishapegthat are atihantdgedhidy rejatpaehyedsall
together, Further in accordance.with this invention, a method js provjded
for makihy |aaa§}a@ammmtag@u&yé&twtr%%taﬁ% qn@&ﬁbw‘sermjw écgqfreeﬁgh of :
providing a o : - : al ;
punchi ng th(gf ab?%r%‘l%g? %ﬁﬁgg ; (s)ftrh gs@%&%??%gggdgggtra%@gQ%%%@Eﬁ%l[agg?%l mar gi n
of the | enginbargihs e efrudtiriabinetabstivdt pribrith Beddngipwatilysitbcleferareidas to gibeida
transversely profiled cross-section having two upstanding | ateral side

f1 anges i ncaisish theidesirecherossatestional phapgi assvelbascrios iyprouidingit Withdhe desirgdt he

t | .ofilad | h of | w5, Still f i

wih th s IWEREHRTS s e el SRt eB! B Tognans e M Flos BN B o
t he curver Besultdi et i hdl avd st RveaRéh [ i

out walrJdI y tgfgr?ggi.gqg\nvant aaélggggﬁg@ggmgggg? one&mt er ae{a%g:ﬁg%ﬁ??gﬁ%égﬁ g‘uht he

curlved bui | dheapepures) atdetbersfore;ibsyadaiiat deformeatiring srangport and imttedintiopefithe can
be engaged in f\ﬁel | known support stringers to retain the ceiling panel in
pl ace. 10 FEPR%er aspects of this invention will be apparent fromthe

detail ed descri ptjin; 2t : I : I-NQS
t hereof, in whi cﬁ%lg(? I égl\rﬁgﬂéle‘?@ gﬁ%'g&ggggg?gghw e &gggggls}é}re\slﬁt&%%odi ment

of a | ongi t ydspeadiing againofddjasgidonditydinaliy aveed bwidingpanelneflthis invehtion
Fnvent! Oz”é from a supporting structure; the mounting bracket comprising; a pair of parallel legs;
means for attaching the legs to the supporting structure; and means for clamping the
side-by-side pair of flanges of the building panels together.
Further in accordance with this invention, a method is provided for making

longitudinally curved building panel, comprising the steps of: providing a flat length of a



- Figure 2 is an enlarged plan view of a pattern of generally V-shaped,
stress15 reduction apertures in the upstanding |ateral side flanges ofl 0t MR 2003

ceiling panel of Figure |I; - Figure 3 is a top plan view of a nmetal sheet
W th punched-out stress-reduction apertures in its lateral margins, prior
to bending and curving the sheet to formg.he ceiling panel of Figure I; 20

- Figure 4 is a schematic side view of a roll-form ng machi ne, bendi ng and

curving the (§1agta) efeeFh@iH; ﬁ)tl%}gﬁlﬁ%tlﬂ cdﬁr%f'ﬁ/ cﬁ%trleésn@d ﬁla thurgé ﬁ%rale_h fateral

Figure 5 is a cross-sectl ol g panel Flg fgure 6 is

a perspect i \neargineoftiod leagtnof shqet metalirbeading ehd lleﬂgh@ﬁs\lsdet m@taednt@fa. tanplerfeltt i ty
of curved ceill ng panels; 25 - Figure 7 is an _expl oded perspective view of
€

a nounting refdr roswe%l@mhé‘élpgﬁ@o pprdanggng latem! sigle fangesdncasperating thedatsrabf

two adj acent_ceilin n f FLgur ct.ure {not
shown) |- rgeseAR B el b B BahSeRsSIRRE I EREH kDGt 5

I ongi t udigal | ycurmldﬁmﬁ%raewdﬁﬁemqms G®entiog a@waﬁlonefoftﬂeqlpsfmm@ on with
outwardly 10 MAR 2003 -4 turned beads, on its lateral side flanges,

mount ed on datexappide ﬂasgﬂsmﬁ@mqurﬁdgmrlémg%ngmaaabeszdfmmlmch varebsinsaodly ng
three further enbodi nent curved ceilin nel s, of the ventign, with
out war dl y aﬁ&°P%&lenF§r‘§‘i t5asuely’ gifeasiond Bierplside fange of the coryed f1 anges,

2 sohemat | c V) SuEarhe it o PRy PheeatiP ol b TP engas b BRELT) T

t he inventi &nowliBUpHc2tisttingets mﬁmmeséﬁmggaﬁelmﬁlheé ent fromt hat of Fi gures
8 and 9A-9C, and - Figure 11 is a perspective view of a portion of yet
anot her Hhbodi medturther aspegs Pf)‘ih@i inventina Wil be appasentdeom thegletriled desoriptipe

lent |, opki || d f th twardly t d
bongs on i ¢ Sy o Bl RodRbatAtd d B iNG RBBSE de bt O VBT U1 L of e
portion of the |Qn9F$g'd9é nﬁld;yer@é&e{@dnéa@bfaﬂ&t@&fb@ﬁmﬁntagwn itddingllyR0Ki ng

laterally inwardly of the panel); 15 - Figure 13 is a top plan vi ew of
portion of a netal eclreed, upmrdlpmhmjcelhngsaneésﬁtheem\cmtmmn apertures in |ts

panel “of Fi qure’ 1 1FEG i S R i . ST SRR VBB RS vi cue
R R ket et et e
structure; and of Figure 1;
- Figure 3 is a top plan view of a metal sheet with punched-out stress-reduction
apertures in its lateral margins, prior to bending and curving the sheet to form
the ceiling panel of Figure I,
20 - Figure 4 is a schematic side view of a roll-forming machine, bending and
) curving the sheet of Figure 3 to form the ceiling panel of Figure 1;
- Figure 5 is a cross-section of the ceiling panel of Figure 1;
- Figure 6 is a perspective view of a multiple curved ceiling constructed of a
plurality of curved ceiling panels;

25 - Figure 7 is an exploded perspective view of a mounting bracket for
connecting the upstanding lateral side flanges of two adjacent ceiling panels
of Figure 1 to a supporting structure (not shown);

- Figure 8 is a perspective view of a second embodiment of a longitudinally-

curved, upwardly concave, ceiling panel of the invention with outwardly



- Figure 15 is a view of the mounting bracket of Figures 14(a) and (b)
connecting two adjacent ceiling panels. Figures 1 and 5 show a first

enbodi mrent of an el ongated, |ongitudinally curved, ceiling panel 1 1d¥ Mémi108
invention+. The ceiling panel 1 is nade of sheet netal, preferably 25

al um num The ceiling panel 1 has two upsjanding lateral side flanges 3,
only one of which is visible in Figure 1. A plurality of stress-reduction

apertures 5, each p&ﬁ.ﬁ@'@%&g% omi{gggtgragsegﬂgﬁ%eg &(’o&zﬂ@cp ng?@@oﬁ%@&%&q out of

each upstanding | atera _ _ pper - nos Ss-reduction
apertures 5 in each Ripggtaodig(ark 3tiehakic Sidie shawirghwe fudlie eadodinéntd 6 t op
al ong the upper edge of the upstanding lateral side, but it is believed
that 10 MAR 2003 c@vehpelingpansls ofdbewsention, withousvdrdly aad devadht taoed7

connects each upstapding sid l,.ange 3,t. he adjacent |ateral edge of a
contral portion s opeadtormeachohtidfient ide ifedhiBitien sy fdon ra
portion 9% of the cekiling+ fRioWelgl generally face the floor of the

buil ding, in which 't e1 panea€+s gl\#set dl led. Thus, the ceiling panel 1 of
Figure 1 is 5 | ongi Figlre1 b0 isyeschevagttt wiew ofia atik fmtten embsdiadeheof adurbed he | ower

face 11 of its central portion 9. facing dowmwardly. However, the ceiling
panel 1 can al so becoiiaspats! phthe inventian, mpugted o HiHPPYTt singeliffersshiran when

installed with the f fy &S, gentral portion 9 facing
downwardly. In acco#hgigﬁgfé‘lg%e ﬁ]a%jﬁ?é %Ktr:fvaé1 tion, specific dinensions of the

ceiling panel 1 arepidhré10t is@l pekdpedtive Jidw ohh poRtREDF et dnbthef BinbodicheRpoed 1 of
this invention can suitably have, as shown in Figure 5 for exanple, a wdth
G of up t® 300 nmm otongindinalltcervederiiingpinehof the inyentiar (legkinglagdsellt 4 neters
or even nore. The upstandi ng | ateral side flanges can have a height H of
Sbout 3 0 rm or mor BAMRRAY PAtheuth vtk osrardy Brtethe R T S
ceiling panel 1 (i nﬂgﬁ%gre 1) can suitably be, for exanple, as little as
about 500 15 mm whereas’ the radius of curvature of a corresponding

upwar dl y convex cei Figuge paisal perspeptivefvdewabf g pahioutof 2@16ngitadinallyesuevedHowever ,
optimal benefits of the invention are generally obtained when the |ateral
width of the ceilingeiiasan 0§“ Eigner d @?PZ#P%IBEE&HYPBWW ofthgpangl); | s

nor mal | y,possi bl e tg. ' ' : i (R alo Mt hout
provi di b the. st res SEGE sk Bseki i b £ pbch ¥ Emeiflche R iAIBL Ao

V-shape, in their 2@réspsedirRtongpdrii&rialits tdtetal Ifnhl%ﬁtﬁkf?prioﬂibib%ndiﬁ% aad baemgse
the upstanding |ateral side flanges of narrower (smaller) ceiling panels
usual |y have a smal thershpetitefarmuhe ceiling paned afFigpreatléormodat es el ongati ons or

| engt h reductions caused by .l ongitudinal ,hending. Figure. 2 shows a.pattern
of generally V-sHapEkﬁur%stlr4X@§Pag@Lfé? F’Hﬁo eqﬁfslglg‘géve 1%# ‘i?fﬁélo%gflﬁ’?fm"_ﬁ%
l'ateral side flangegradk&ifof Eané@ingthduieiingliaterd) SidRPRMEAFIWE aBfaititde 25
i ncreased | ongitudinal deformability of the flanges 3 and serve to relieve

the stre2® on the cetilingganednefl Figuredits edupgortiemstiungpreresidcurving it to its
final longitudinally, curyed canfiguration, In this.regar it js believed
that the apertures %‘%ﬁyiffa?p‘fle‘f’ﬁg edﬂ%%{‘(t‘inﬁr%acia(ﬁt?fé{\@‘?@ gﬂ{é}@d[@?é metal of
the flanges 3 is st date reductions in |l ength
where the netal of %ﬁ&%ﬁa@%gﬂcﬁmglﬁ This effectively 10 MAR
2003 -6 results iFigeesnteahd Sngowatfirkthenbodinas ofhn klongitéd)donpidudiatly icoyedn t he

metal of the entire ceiling panel 1 and formng it with a flawfree snooth
curved cent reglingdrepplohofthistaeensiontt Therrgingarnelnlis saade 6§ shestimetal.qefgpdiy ur es

5is not,beljeved tg.he eritical... In this r [ th ner.al | v V- shaped,
ot osee 1Bl TBE, dhp i bk Bafd 1 s Rub UbSulr bR U8 CHRRE £ ol oie
Us hape?, vablﬁg@quibMiﬁlﬁ’@ﬁdl. Alphaaliylofktresdiradifign ShResh eadlPprefimIN
crescent - shaped.
with a generally V-shape, are punched out of each upstanding lateral side flange 3. The
upper-most stress-reduction apertures 5 in each upstanding lateral side, as shown, are

open at the top along the upper edge of the upstanding lateral side, but it is believed that



The. exact nunber, dinensions, |ocation and spacing of the stress-reduction
apertures 5 in each upstanding |ateral side flange 3 is al so not beJ" eRci
to be critical. As shown in Figure 1 and 2, for exanple, the genera (j\YA 003
V-shaped, stress-reduction apertures 10 5 of Figures 1-3 can have a

| ongi tudi nal extent A of about 6 nmm and about 2 nm hi gh and can have an
i nsi de angle B of about 120 degrees The ™ ongi t udi nal spaci ng C bet ween

d f th d b b 10 d
PRLACemt | or S Tl R K bRV iibg gr8e AR 7 RS e AR R e T 2
upst andi ng lt@ﬂﬁ%&iﬁ}acﬁhﬂ@tcfﬁh @&&E‘of\’a RANA Fo?t?ons@ 6ﬁﬁ§célﬁﬂg'§£de‘?'i merow £Red

arranged, as Figure 1, Iin a lurality of "Substanti al
paral | el , vdrtdfelkd cenahlyporton Spﬁdxe(tempgrphndllom@ geberallngJ:EInh@ﬂodrmétHd ange and
containing at |east three, preferably at |east five, ertures 5, one on

top of the @Edémg, Bawhich thetnapelis &stauﬁ?} Tdup, thegeling P%ﬂ@ £ Figyre Eith o
t L talts i t t
P eae”S S el bl Sy Btk Pyl SRR 8 5RER021 Phe OGB! 201 10

each verti cgbrfd 9Jf£Enfgfdo©@1Wa}d1§r FHoRe R hEXdBREpaheRT ki 418 b&'BaddsdBbi By of
its side flange 3, to the bevelled edge portions 7 between its side flange

3 and the cdongitdinally upwarddy mnvmerhcemsmdigd pathdhe Iowep fapeild e its eentegber t ur es
are not visible | opkin t the central portion of the ceiling panel,
as install edor ﬁ?gfﬁw‘@s‘g’w&g{fﬁ Yion apertures 5 can also be arranged in a
plurality of sub Wi this b % : aced
apart along the ﬁgﬁg‘%dhé’%#&(t he t%g uﬁx};g?gﬁ é? ?%@?g%ﬁg’%%@ b gﬁ%l a?&t he
cei ling prnelbt dritidal.tTnitlsis rdgumthmﬂm@pmnblalrdfyhlsnmna@lecawmbr& mag abe

aligned in a plurality of substantially parallel, |ongitudinallyextending
rows, evenl yheyadeHisupnt for&rc@ﬁglemyld% upde 38R aun gpmosmandRlongimtieal 3. | n

this regard, i nal | X resSin
each flangelmgrﬁ? ﬂgulggo OH{)A' Eeg% (5r eqlgg%l%% ﬁ‘g a&‘!lod]g £ é\%ﬁ%&%ﬁﬁ%ﬁ% 'fuhg

si gni ficant Ipgvé Eﬁelrghﬂl{diffanut'BOl?Mn or MbrdARe26HdE of turdMGe @8 SlePwabdyr adi us of
its curvature. For ‘exanple, in a ceiling panel 1 with an upwardly concave

curvat ure (&snedveweiling pﬁnejdr(m lilgurwﬂwmesmtabb' Yesforresampisf aslpitle asiatmmit 50Gir e
suitable for all t he be.provi ded,.with a radius of, curvature
cqual t ol o PR Hh A UG O f PoRRE v bfeonsEr Fa P

sui tabl e forg glkays) %&E%@@ﬂﬁﬁ of eoi:bemmvadsaléamehsﬁeofgﬁwen%n‘awvat ure
equal - to, ~or great about 1. hi ee rows of apertures are
sui t abl e f orgea¢raldinbbigiret evhpa tied latecal bedlhroﬁvhect@dmglpahelal is atire shanfaboutr M@t ur e
equal to, or greater than, about 5 m and.two (2) rows of apertures are
suitabl e formi $18¢R ki lzqs@a%m@ﬁﬂbtl%t%enema&@&uwetnﬁnawpa%ﬁlw U T T

- upuar il y PAIGRE the biSPredBBRU apdfuffh 5 bESMS ol apclBlalls 1BR8Ih it “
sui t abl e2¢ orupatah ding NgerahetdPfingles.tThidB sp leWudetﬁe\ﬁpithnCHng Bdérulssidd flagey af ur e

equal to, or greater than, about 1.6 m Bﬂ_rows of apertures are
sui t abl e foma@rpwsmsmllpﬁ@elbaa@ﬁnql-‘busweﬂbhw& Wl height whigh moreeasilhir vat ur e

equal to, eat .about ures are
Sﬂl tabl e fora gq Wﬁ ﬂlegablgﬂse?r %%gtgéégﬁf%?ﬁscfgﬁs(eaﬁ ﬁorég@gmagg %‘fm%ur vat ure
equal to, or gredgl reb%ﬂws 8 patdm 8f Eeﬂ&aIWshéle(s%essl&db@ﬁI&l ertBRESLiKI €S
are suitable for ‘all owing the panel "to bé provided a radius of

curvat ure edhebpstanding latprad atderflanpesr ofitbeceiling ganel 1 Ifflgmpertares Bowmsvide f | at
net al sheet .15 h t he st ct ert 5 n hed nits |ateral
mar gi ng %ri‘%?‘eéls\n& Mﬂéaﬁﬂ?ﬁaﬁﬁﬁkgﬁéﬁgﬁ‘?éj@%eWﬁ%r PPé(eél:Eqs’lt‘%eFéO‘banel 1
of Figure 14 ({1 gntew aRNeH B b¥ndh@hid &ﬁv@gﬁﬁé ltﬁmﬁr Bﬁga}dlﬂl ufveas The

met hod 20 used rovi di ng t e apertures int ate ns of the

met al sheet cbﬁﬁg@raﬁ@:t Thelis mgad, itds believed ﬂiacﬂnb,apmdes:boaxmﬁapomeﬂlongan@ﬂsm
punchi ng technlques can be used. Figure 4 shows schematically a

convent i onallengh wheesrthe meged Oﬁmeﬁlapa%%lsﬁ&ﬁmb%anzlzcanz-lﬁoeﬁ@pr%OM¢ ch can
| t udi || t he, fl.at et [y,
o e e rpdhyelO Y e Wekte FE ittal BE fgtnahigest is chfiodh R ceRRIVAPS L Y:

25 the ceiling panel 1 with its upstanding lateral side flanges 3 and its
bevel | ed edge portions 7. It should be understood, however, that the
transverse cross-section of the panel 1 with its upstanding flanges 3 is
usually obtained in a separate roll-form ng operation prior to the

| ongi tudi nal bending of the panel into a concave or a convex curvature.



1 ~ MAR Q03 _8 Figure 6 shows schematically a ceiling 30 made from

| ongitudinally upwardly concave, ceiling panels 1 and corresponding, MAR 7003
| ongi tudi nally upwardly convex, ceiling panels 2. The upstanding | tDer%ﬁ
side flanges 3 (not visible in Figure 6) of each ceiling panel 1 and 2 are
attached to conventional mounting bracketg (not shown in Figure 6) 5 which
can be used to suspend the ceiling panels. Figure 7 shows a nounting

br ack whi ch. d d. il | d f
convent i onafeib it eReHEnE PRt S BRI Ral Elndh 3R Ry Or PR Endeed o 10T 2
si de fl ange%eiﬁn%fpaﬁm aﬁﬁifbﬂrﬁiﬁg RaE a BhwiffdeSsnidoveairi@Ncentl@BRiti6n bhei r

curvature, can be securely held and supported by the bracket 40. The
bracket 40 has aThewrzadishapeiofiksy ttress-redoctivnsdpapents Hasipotdrlivwadto hepatical of

downwardl y directed,, substantiall rallel .l egs 44 and_46. anpi ng,,Screws
28 and 50° alb iRl PertngaLy SronenblisRes Tad iR aBenES ot M RS and
away fromt if 4 2 g : _ ; s 48
and 50 and {EEel Rebafd, Uishabl W sh e AP RBEL b ipkule GURGIUBE B BHE
cei l i ng paneiddnl desaerdt-shipedThe web of the U-shaped body 42 is provided with

a slot 52, which can be 15 engaged by a conventional adjustable ceiling
hanger 54 as desdhegsest nimben dingrisions; lacatpn|ang gpacgmof the stressseductiord t hat

h i ppi f d the flar 3 3b th | .
15, %0 15 cdpefifcs B A5 aamaRuE fuge e Tl TR Bsgor ey efR PR, 6"
stress-redughhph izglzi%gﬁéﬂ &%l 2 foflexaipld, 'tl?e??éfall Bd, strbssLizdB@lon@yedurehat

the use of the br t 40 is not limte o the curved ceiling panels of
t hi s i nvent iSaf Fagwtes hdtcan havem loaggwdifd egtentided ahowt@hmgadits) apout® ol d

striai ght ceiling panels on, supportin tructures. Fjiguyre .8 shows a second
erbodi ment  HEHACARE e eRiinsIdg aaele Biok kom0 Aegases. Tt praiainal spacisiC of
this inventi i I 1) i I T Oy =¥ and
for which C(l))(rg{r%eés@gg n@f’ ‘JFFS C?éesfgedrfg%ec%&lﬁ i @gr\g—%"lp %grg%%@g% C[?g} b%(%?ﬁtgllrbelﬁ%é %ndi bel ow
for descri bitigvdrtical epacigsP@ad begbRAaktsm. B geferredithdt Rachoaneindib@latess side pai r

of upturned |ateral side flanges 103, connected by bevel | ed edge portions
107 to oppodlange 3 haessitostress-sedpetiary anertyess i agiangeb as showrha Rigige df inggach

| at | side,fl 03 i t Lyt d b 156 . wi t d dl
turned ri PheBY S dohla o] PetiobRbged sttS hedpaf el gt BB 3
apertures 1QRngf atdéchtdinmgnt ie@ﬁ,m@é,qu%ﬁbgyat%éshﬁae dpértired 5, YonYoRhGPES ther e
provided in the |ateral srde flanges 1 MAR 2003 g 103" and preferably

al so in t heiothep Eashveiticat colwed chebaie altep-nzostotvhneneding Stthatriedpen atdts168. | n
this regard, it js preferred that the stress-redquciion aperfures 1 be
bunched ; n elroethe Paians of e Wrentiie Ahes Tt st Y cpBent ehrinedia
bef or e bendpag 8 Biyhe $1\8aR Eballclhl durRblek DQaRBAERA Ry hAd) [ S
gper ur ed flarll egp103, \bbiggg]s 15% an aricms 158, p5 uselb ng:d ?(E)}r exar‘rgl e; the
rol | - for2ter vdQomfoffsgidedlahge By @fthe bdlelled edperpoptborisiTdretwéendtscdideslatme 3l amdg e
103 has at | east one I,ongi t udi nal | yext endi ng roiav of stress-reduction

\

apertures 1682 cantal paron 8 @A the cedimgpagelyle PROVAdRGShe apertugssare RedusitlseViend each
i 158 t, Al | i Laad t i . t ducti
hpor tur ee 100Gt AR piRokYr B SRR PN ahdE 21 oo Pt nal Ty

el ongate, first suppaeis-SHidtit@eherhi@s Sdehalss b srralpee it bgﬂlrélﬁy Gr opean
patent 0 633 36S. The first support stringer 160 has a body 161 havi n‘% an
a

i nvert ed chanbssantialy pamilehbut staggered verist cobmnsnspacodbanisiadens the lengteofthanges
165, o e, \aneg ARS o0 o 1 ol 10 ik S B0
second | ug 186l STROEEMigHWE 8 Bluriifty OF Eftstanti@i®y parallel, longitudinally-

extending rows, evenly spaced apart along the height of each upstanding flange 3. In

this regard, the number of longitudinally-extending rows of apertures 5 in each flange of

the ceiling panel 1 can be reduced -- without affecting significantly its rigidity -- by



As seen in Figure 8, the first support stringer 160 is a nulti-purpaose
stringer, with two types of lugs 164, 166 that can support differenﬂ[}MH%@m
of ceiling panels of this invention. Each first lug 164 has a pair of upper
| ug" hooks 168 on longitudinally opposite sides and a pair of |ower |ug
hooks 170 on longitudinally opposite sides. The 20 ceiling panel 101 can be
installed by having the rim 158 on the b&€ad 156 of each of its lateral side
fl anges 103 .,engage the upper. or | ower_|lug hqoks 168, 170 of adjacent first

| ugs 164. manﬁagimgéhsfade fd@iquwr@alrﬁé*’ﬁépgam@e,ﬂg cRUingprRg) Livith g H%WHéL)Hs

156 on the rj | ;S | t lu
nooks. 168 of TR RivEre 8 shOVF fkiaRleds JAPASE Dn P RO SR WARHle .
further enbgel diRisg te paheingdk @ebvidedvait AidNRIOf YusdfuyEetual @), bi figatepihahs
201, 301 and 401 of this invention which are simlar to the cerling panel

101 of Fi gurabo@ Gahah: faur (hhiosts of eperbugsanelsuitpbledbealiowiog thepsnal to begresddet by
100, 200..and.3Q00, ,respecti vel re used bel ow, for, descri bj t he

SOt eapor Ntk rads SRRy atEe tuablor obpteg Rt Soa 1 0% e 1) B S
upturned | a 1 ] : adQ;; : er,
each ceili ntgaﬁ %ﬁgfﬁgggﬁ%@gﬁggggﬁygﬁh%%% e&%ﬁy@ﬁ?&%‘?g]@q? ﬁélﬁgad%f %dgg S 256 on
its | ateral eguadeo,fdranee tRG3 abmit tShn;ramd dwoniiaodis pf bpsrinees aré smtabletfor cei | i ng

panel 301 of Figure 9B has outwardly turned beads 356 wi th downwardly
turned ri s aHowingthe ganel iq ke proyided withjagadips ghepratarepqualip, Wseaterdhan. ng

panel 401 Ofabgliltgjlgrrﬁ. I?i%e@?s% %‘gg g?ﬂilﬂgéﬁg?ﬁ%}éﬁgﬁﬁrgﬁ%&é@c - tt\.t}e Ohere five

downwar dl y' turned ri’m on ol anges arrd™an

i nwar dl y1¢ uisiedwiefdpdnfedre BuitabUhOf Wid vy tﬁéﬁﬁdﬁ_@ﬁofbe;ﬂr&vﬁ@ed)@ith h¥adthder
lateral side flange 404. Nevertheless, a plurality of stress-reduction
apertures ofcutvaiuge equad b, oo gre@tenthaghaben) 1.6me fpunid) thenk dfrapertteres aresnibblei de

fl anges and preferably also in their heads 256,. 356, 456, 457 and rins 258,
356, Cag7 59 GIOWAR tapdo DEPITVINATER GULG o8 G4rv s STURbTD, ORGFBISLIED: a11
these ceil! BBoRaNehs 1784 (3) 30 of fbkrbRY aRQuIBYIE RSB M HEGAA SHPPOr!
stringer 260, 360, 460, spectively, of Figures 9A-9C as descri bed bel ow.
Fi gure 9A sipoowided with o radiusolf] @centire equdl i) @r geeater shaRDdbowb2.Btrechndniwbl{®) second

e A
stringer 26%}11“&5&&9%1}@{1?& ok'gpea?e@ﬂlc?ﬂaﬁooﬂt?.?i ~of upper lug hooks 268 on

| ongi tudi nal Ty "0ppo e’sides and a palr of |ower |ug hooks 270 on

| ongi t udi nal I'y omgst Behsws eslat hBal siekd 1gith tesuss2Riudtivnaphereo st war dl y
turned beads 256 on each of their lateral side flanges 203 engatged in one
;)

of the | onemuhechgdiin ik daterabmarginshpriern to dendingandauvisg tharhegteldontd the seiding

tri 260. In this 2 th d.256 _of the | fl 203 of
of tha cer & PR ard s d R ot el 0 aRg 2rBt shilfon o iy SUBe Agiofoon
270 of one efed 10 pldvidihg kiepertds 5antheRfer] 2RfiRY oftthe netad Bheet | #RGRHL 203 of

the other ceiling panel 201 engages the left lower |ug hook 270 of the sane
first lug 2b4dlieveddgabe cotical randscoaventiogilenesali funchjng tacbhiqaes cambgnset! on a

d t Stri 25 360, di t ~ :
Stringer 280 of *FEgHEd v sehemeBR Rt raEn e B0 BrEFRllen 2. of de
fl anges 303 Hui th zé%m/@ﬁ legngoh%ih'idmu?;%ﬁﬂ% t@esﬁatr}ﬁ‘%% I%e&CWBﬁ‘ViQ{M 3tygned rims

358. As shown 1 n Figure e ceirling panel lisinstarled wth the rim
358 of the bptddndhfatthe simse timfetbeid itsnpeerd @Barging &g a oonventonal glahnerap€ormt ug
hook 368 of one of the first lugs 364 of the second support stringer 360
and wi t 2% héhe eaitimgopanel § gvithuits upstanding latespl side-flangss 3 and ity pevealled edght f1 ange

303 engagi ng t.he lef K f I _ua.. f the
second supp%? fiiohs r7? r%seh;é%gg%e ﬁrﬁ){@&sﬁoﬁo@, B%Q%ﬁgv%&g% @iﬁléyélﬂaé ?)}8?4[ %%H%?éf&lg pair
of adj acent pagéll il Wih RRAtEndIAE f1AYEH B efusanllpobRiReAth & seHaad rodll fokmagr 460,
correspondi ril)gﬂtjo t he segond g%p%ﬂc?rét strin gr 5 260 of Figure 9A g%;ch

cei | i ng paneperafion piior ©ithe langd@linaldending of the paneldntela eondavefdr aregavex

curvature,



403 with an outwardly turned bead 456 having no downwardly turned ri nhm,fl
| eft lateral side flange 404 with an inwardly funed bead 4S7 havi ndna ﬂ
downwardly turned rim 459. As shown in Figure 9C, a first one of the
adjoining ceiling panels 401 has the inwardly turned bead 457 and rim 459
of its left flange 404 engagi ng the Ieft_éj_pper | ug 10 hook 468 of one of
the first lugs 464 of the second support stringer 460, and a second one of

t he adj oi ning ceid.i ng.panel s,401.. t he. ot e ead 456 of its
right 11 ange- 403 AL s REOE SedRRin AR M SR a eI yogR e | &1
flange 404 @ndabe, cfell[x%téaaﬁ@l's'l'a'ﬂg cBRBPondiad, BASuAlimy L@Natdh cORvek ORilg t he

| eft upper |ug hook 4 of the sanme first |lug 464 of the second support
stringer 46@andt 2 cthe wstapdinghatemtijide flamges Bi (gottvisible ih Figurd 6) ¢f eanlyesiling®3, 404

of the two adjacent ceilin anels 401 are thereby nounted on a,single
upper | ug haskel dgmd rarp aacded fnenpatiqa BguntgAratketsH{BOBEwR|D ?t@%g}

stringer 46Q.,.: k& QUF &p@ﬁ Ll er enbodi nent of an el ongated,

| ongi tudisﬁa&hiﬁic%?lvbged'?sg%el I egn%ptg%l%%dsm%g%egf this invention which is

simlar to the c@igirag shewsh nib@ti;tis(i))% biatkpe4e v&iaﬂ@hnfberuswio@méﬁ@rdrtﬁémndg ng
es

reference nuneral s égreat er by 400) are used 20 bel ow for cribing the
corr espondi mangiat wad 1z from geanyentinnabsyppprtingfstretpeecdat showin) | gpivrgly sthg 01
are nmounted,gon a .third support stringe 0., Each cgil.] panel 501 has a
et 1 of - upstfFal HEC AR A1t e IR LoHRS IO fe P E RO PRT SERAR d! y
turned bead%e&?@y%ﬂ%ﬁtsugﬁﬁﬂb‘ﬂ%ﬁ%y biabke1Q8. TheBrackRt BO Had pdnkrdlly inverted, |
stress-reduction”apertures of this i1nvention (not shown) are provided in

t he 25 | Bt elhbhapedbofly 4hgith agf cfrddwonmafdy diveoted, bebskrnsidKy paréllelflegsvet el | i ng

panel s 501. The third support stringer.560, shown jn Figure 10, has
di fferent fi4Pstlapipias sasowy bt HOWE fegeiverdt pRq alrin egs 46 dothaan kessioved

stringers of_FlI - I [, Shef first
l ug 564 is 6%‘5%@%%?@2“%@%%& §tn8’ ]Teg r4 %L?éoaasgggf}ﬁ g?cu%égg’eér%?‘%%egﬂhgéﬁgg‘@g% on

| ongi t udi nalzhy 50RRO Hd Rhé&ileess, ahe fifiyel B4 oid 3LIGF Dedr of Hlicent detlimpusanalsdy 1
0 MAR 2003 -12 turned beadggs556 ondmtghe | at er al f%eofﬂuges S(g%LﬁC)f t he

cei l i ng panehd 150Thewgaokthe Reshapedbodyd? i psxadainvitios slohs2,twhieki canlpmor t

stringer,560. Fiqures 11 gnd 12.sh t anot her, enpodinent of an .

ol ongat ek eBegReE BareenvoRieap Ui Bl g RS oS BRI or Biarilles 5.8 cn
is simlar tosd7aeCRiid bélvediMat th@%?ip@fng‘for%bgk@r&*fd%n%ﬂé’ﬂﬁﬁges%iaﬁ@3b by the
correspondi ng reference nunerals (greater by 500) are used bel ow for

descri bi ng tchepiog seepeddli Sigs pebstaptiallhentaecdd ythe areséncg Of theqgualipedfi  of
upturned lateral side flanges_603. At the top of ,each lateral side flange
563"1 5 an odtRRrEROnARGTELS dr B St Elv At e IAGRe 36 EB8 ar the
end of the : DIk akd ; -5%?' f
this invent :%g%%e%?&se[@}m ylcgmic%t%\)égﬁlfgg?]tgélgﬁg& V-'s é%%?nﬁeggs%%gﬁlggg%ﬁ%ﬁe

| at eral 20 déefusedhgbantagSomhctoiobs straddhit yeitihg panels dhwipponingwandiuyest ur ned
beads 656 and downwardlsé turned rins 658. In this regard, it |s preferred
that the stress- FagnresisBawapspcond embgdinens obanelprgnteds langudiaally sirvedhr gi ns
of the flat f al f Ei L 13 i Vi t he
cheet i nt o CREMEERTRG " Shatk PusttcHiFickh JRUBES BPORAPuBRE L SERUMRE LS 1
656 and ri Man % whish BarreshBhidifX pdFerefce dubterild (dredter HET003 Arenisefbeldfvefof -
Preferably, each portion of each side flange 603 has at |east one

| ongi t udi naldesczibingtheggrrespandihg partess- r educti on apertures 605. In this

d, h side,f] 603, h_bead.656 h,[km 65 '
ongi tudPhal | y- exiafGlg B0t 191 1oha PAper topmeebuaal o6f PReRt 107 gnBrded , eo

that the lo | I kRO ti ure
508 i 1 each T Ty O s D e bl ot

680 ext ends edchwhaveraldlide flangen10hiés dnoduitwanddy tuaredadeed 1 56 with @slotomardlyg tirned
central portion_609 of the ceiling panel . The length and width of each

60l .
sl ot 680 ar dipdps 8t theiead pf theberd b Ay plurality of iess-duetigirpsristes 480 of this
m nimim anqn\t/erx]l‘ta’loh,eﬁ}géepab%ff w?tﬁ%rkenerally V-shape, are provided in the lateral side flanges




25 .slot preferably extends nearly all the way to the bottomof its side

fl ange 603, to the bevel |l ed edge portions 607 and 607a between tht0dAR€0
flange and the central portion 609 of the ceiling panel 60, provided the
slots 680 are not visible when | ooking at the central portion of the
ceiling panel, as installed. Figures 14(ag. and (6) illustrate another

enbodi nent of a nounting bracket 740. 10 MAR 2003 -13 This is illustrated

scherat i cal |y i B i1y L SAMEEH] Al D BRI SR 0381 Rlard Ainld ARGES

703 a and 7 adj acent cerl1ng ‘pan 0’ a supporting

structure 7038, ThhRisrogdit, 0 prefagkeinat thdQtresicabdideion hp@tﬁé@/me%}im&ﬁtiﬁndi ng
|l egs 742 which 5 are resiliently-biased towards one another. The | egs

i ncl ude r ecdbslaterponaigniof thedint aretplishest 1796 Figure 3/beforetiendinggod zuming the
pushed over .adj.acent | ate si.de,  fl anges 4703a 703 0 f hat e
B1'e 11 angeshoRBo Uit Hne PRy, Piftds B Aroes 1P2gusdssc Bdnids 1hy

and as 114 Ukt &F ekfinpledthefoll-fornfeh 80 bpfRlAl 4 Si de flanges 703a and 703b are
formed with el 6hgate deflections 705 along their length. This deflection

705 10 provi des &rekferehiy, edcngdriign efk¢éachdidedlangelies las agleastoneddmpitgdmaliy si de
flange. Alternatjvely, the deflections 705 could be replaced by a series of
di screte di risfeadnamawpisiessqedustion apgrayes ta lrthnregard, s3gh pids flsageddh t he

| egs 742, t ral I [ L46. e . tion
708 50 as 1 SUREIETE HaBaaEh g shcBRa i PoRE R BRI BebS R
recess 744 sedwsioh@pérlres 1d% ceiling panels securely in 15 place. In this
respect, it will be appreciated that it is not necessary for the |legs 742
to have #0recess Thescedmesnaotl 101ns mavnted on ajlengitrdinaly closgateyfifsbsuppdrd | egs
742 to include an g&wa d abutti.ng .defl ection v@i ch can be | ocated beneath
the defl ect iSHHP&FHE00 RE iaisllﬁj‘getsf’rélfeg DERrHCERPESRS  t he nounting brackets 740

may be suppqygRBdRy The first support stringer 160 has a body 161 having an inverted channel

form with a central web 162 and two depending side flanges 163. Each side flange 163 is
provided with a plurality of longitudinally spaced, first lugs 164, and each pair of these

15 first lugs 164 has a second lug 166 interposed between the first lugs.

As seen in Figure 8, the first support stringer 160 is a multi-purpose stringer,
with two types of lugs 164, 166 that can support different types of ceiling panels of this
invention. Each first lug 164 has a pair of upper lug hooks 168 on longitudinally
opposite sides and a pair of lower lug hooks 170 on longitudinally opposite sides. The

20 ceiling panel 101 can be installed by having the rim 158 on the bead 156 of each of its

) lateral side flanges 103 engage the upper or lower lug hooks 168, 170 of adjacent first
lugs 164. In Figure 8, the ceiling panel 101 is installed with the beads 156 on the rims
158 of its lateral side flanges 103 engaging the upper lug hooks 168 of the first support
stringer 160,

25 Figures 9A-9C show three further embodiments of elongated, longitudinally
curved, ceiling panels 201, 301 and 401 of this invention which are similar to the ceiling
panel 101 of Figure 8 and for which corresponding reference numerals (greater by 100,
200 and 300, respectively) are used below for describing the corresponding parts.

Each ceiling panel 201, 301, 401 has a pair of upturned lateral side flanges 203,



support structure 706. 20 The nounting bracket 740 has an upwardly
extending plate section 748 with an el ongate protrusion 750. \Were, as
preferred, the nounting bracket is produced fromnetal plate, é(bwﬁﬁamh48
may conprise a single plate fol ded over and the protrusion 750 provi ded as
a section pressed out fromeach part of {he plate 748. The support
structure 706 includes an el ongate channel having i nwardly 25 extendi ng

arnms 708 whiyg A8 r e :

i1 lustrated, ? % fiB?/%{léﬁgélhch %%%%p?ﬁgﬁﬁ?@&@%%gy Ouaﬁ%geﬂ?pusaed up

bet ween t he b@éd’ﬁ&%% it 1&teral Bide Manges 208, @ith PP do@nivaklPhaied TS thetdaling he
protrusion 750 and the nounting bracket 740 held in place by 't he protrusion

750. As il | penel@Oéeaf Figurs Yirhas Dabvardly tumed heads 334 withedpwiavaraly erded riom a

singl e shee ~ A NA 3. t al oin 752. Each
el 7 of *t e 5P AP ke sideiangs T e 108 sRife bRl A0V BYFRES 55 H b
756 which i BIE | t wo
hal ves o::5 tﬁ’é‘{‘%gﬁgu%gf’ﬁ% havengﬁfzvg% glﬂtr%etdsr%)dr?l&rygﬁggoe{rn? lﬁeﬁleélggm ght

be a danger ﬂaﬁgésh@ﬁaabanﬁﬁﬁarﬂryaﬂ‘n&é[béﬂcﬁ#ﬂmlthladom{mﬁﬁy tgnédeémbidSenifs2.
Therefore, ~5 ' the hase 752 '"is provided wth an sperture 758 and each
hal f of the omeaﬂvéemhsedmﬂ@ng@ 404y erecrthelessymipiuialisy of slaessirpdustion aperpes fr e 758.

L L TR S AL BB S MBSRRT 0
t ﬁP: g gsgt stﬂﬁeéld\g?ggdzg? fstsg(rfsébam aV s 058 FsBaANTE 259 BftalObf thBReilih@heneld8. | n
) 10 201, 301, 401. Moreover, all these ceiling panels 201, 301, 401 can be mounted on a
second support stringer 260, 360, 460, respectively, of Figures 9A-9C as described
below.
Figure 9A shows a pair of adjacent ceiling panels 201 mounted on the second
support stringer 260. The second support stringer 260 has only a plurality of first lugs
15 264 which are longitudinally spaced along the second stringer 260. Each first lug 264
has a pair of upper lug hooks 268 on longitudinally opposite sides and a pair of lower
lug hooks 270 on longitudinally opposite sides. The ceiling panels 201 have the
outwardly turned beads 256 on each of their lateral side flanges 203 engaged in one of
the lower lug hooks 270 of the first lugs 264 of the second support stringer 260. In this
20 regard, the bead 256 of the left flange 203 of one of the ceiling panels 201, in Figure 9A,
) engages the right lower lug hook 270 of one of the first lugs 264, and bead 256 of the
right flange 203 of the other ceiling panel 201 engages the left lower Iug hook 270 of
the same first lug 264.
Figure 9B shows a single ceiling panel 301 mounted on a second support stringer
25 360, corresponding to the second support stringer 260 of Figure 9A. The ceiling panel
301 has a pair of lateral side flanges 303 with outwardly turned beads 356 having
downwardly turned rims 358. As shown in Figure 9B, the ceiling panel 301 is installed
with the rim 358 of the bead 356 of its left flange 303 engaging the right upper lug hook
368 of one of the first lugs 364 of the second support stringer 360 and with the rim 358



10 base 752 will thenselves hold the two halves of the plate 748 toget her

such that the aperture 758 and tongues 760 are unnecessary. This invention
is, of course, not linited to the above-described enbodi ments whi chl ¥R 28é
nodi fied wi thout departing fromthe scope of the invention or sacrificing

all of its advantages. In this regard, tlag.terns in the foregoing

description and the follow ng clainms, 15 such as "upstanding”, "upwardly",
" downwar dl y'of thd i 356 of 118MHght fladl WatengagiN@itel16RLpper lug hakSIRIdf Ynother
"l ongitudinally”, "bottom and "top" have been used only as relative terns

t o descri be firktdug 8b40f thesbeqnd soppdriwringeri360s el enents of the curved ceiling
panel, the nethod_ of nmeking it. and the bracket for nmounting it of this
i nvention. For exdgyeeC shewspdioiiiegperHans 9f appisfpdnsentreHygpands 49k thi s

i nvention c . I L I .

acoor dance. AT RERRES® BubottBlrngeRRhEbis s in e MR sfnl sPbhor fringes ng
panel tha a0 dfFigeedAL Badhodeiling Ja@eloion Ui Fighre 0 C; Usvefgituateil side flafgl , such
as a wall or ceiling panel, which has |ateral side flanges having a

plurality oft03tvithsan pwwartly sunedhead dpebavingao fpwawaidly wined rpased abedhmpr i si ng
a flat netal ,sheet, havi ng.th lural ity of ,stress-reductjon apertures in
its |ateral #HERLMHE ?1ag%e 4aWﬁ}ég'? %@me‘ﬂ)ﬁiﬁda i/ HgVige atdr?é"%g‘ﬁY&llFr@g‘?axe in
each of a pl h t . bal 1.af 2 RV | | ums,
Shaced apar riiios s HovET AR 58 ¢ MR BAGH b aglofif (Hilid FALRNA s BR

| ongi t udi nalihwardiy weckdhend dbanddimeds9 of its Tefeflidget408 ehgabingthp defebppet vyd ai m 1
wherein the apertures each have aﬁgeneral ly V-shape. 3. The flat bui] ding

pan)le: of ldQ‘,I Sopk 468 pEpRg of tgﬁ@”éb&&s f‘@gt@rsécmdssﬁg.b(g&l?“%@ﬁéﬂe@d a)é%‘l’i&befj%
i - e . .
st 1ape otn_§ gﬁ&eeda: J%l%@%ﬁfzﬂg lpgéliﬂﬁ%&%rtﬁémgfdl%ﬁim a%@@gfﬂ% ﬁéklnjr]rg 1.3

nmoon crescen apea- I'ng” pane any ogle o

wherein the f&ﬁ%é 103 REtiAg 6n (e ofithe iwardiylrhedTbad (45atbf thel bl Flagganraadf thé any
one of clains 1-4 wherein the apertures are distributed substantially
uni form y ovisst ceHimgnanelAdd anfl alsgaesting andep offthe laft eppeblug ok 6P ahtie semeal | y

R R N T S
e PRCTLAQLT, SISOl oo e horaO b ahall Ll
aperture at uaptrdtighabk é68loHdneadahe first lugs 464 of the second support stringer 460.
Figure 10 shows a still further embodiment of an elongated, longitudinally
curved, ceiling panels 501 of this invention which is similar to the ceiling panel 101 of
Figure 8 and for which corresponding reference numerals (greater by 400) are used
20 below for describing the corresponding parts.
) In Figure 10, a pair of adjacent ceiling panels 501 are mounted on a third support
stringer 560, Each ceiling panel 501 has a pair of upstanding lateral side flanges 503, on
top of which are outwardly turned beads 556 without downwardly turned rims. A
plurality of stress-reduction apertures of this invention (not shown) are provided in the
25 lateral side flanges 503 and preferably the beads 556 of the ceiling panels 501.
The third support stringer 560, shown in Figure 10, has different first lugs 564
from those of the first and second, support stringers of Figures 8 and 9A-9C. In this

regard, the bottom of each first lug 564 is generally U-shaped and forms a pair of lower

lug hooks 570 on longitudinally opposite sides of the first lug 564. Thus, the outwardly



colluim 111 a side flange is open at its lateral end, along the | ateral edge
of the side flange. 9. The flat building panel of any one of clai g (1M&R 2003
wherein the apertures are in a plurality of substantially parallel,

| ongi t udi nal | y-extending rows, evenly spaced apart along the later al wdth
of each upstanding flange. 10. The flat RQuilding panel of any ogle of
clains 1-9 which is a structural sheet netal. 11. The flat buil ding panel

O claim10 W a 1 , 12003 - 2. The,fl at
pui T ng. parbibpeRis s Ry et ok s A QB b od ottt nan 1 0o
111111, 13. 1dher hhdbolus1oiMmEe MadeLpsirt AANg@3800f claims 1-12 wherein a
bead is on at |east one of the |lateral side flanges. 14. The flat building

]E)iantel bof I g | ai m 13:iIEm: &l lani hbsltwaf]btiasqthﬁrt eﬁnhaaﬁmgmtpfmucmgatbé,gldngi?ﬂinange
at buildin nel...of cl ai wher ei.n e head .js an inwar rn
bead. 16. THEMEageilog Padaeﬁaé?péﬁéns igyentiQg, WhiRh 1 piny a5 trihe olipg PARel 101 R o
downwar dly t ' L & Hﬁ@q £ Ilydi ng
panel of %m}# %‘ﬁgféoﬂ?ﬁgﬁ é‘:” ﬁn%;ﬁ%gﬁ%goﬁﬂg% ie)%f%gegﬁee 0 ?lﬁgrfwgggﬁafé@itard%ﬁgfe anges
| aas an out \mtdil‘l'ﬁ)rtdiemﬁ@llgxhado@??oﬁdlﬂgpaﬂn@r | ater al side flange has an

i nwar dly tanned bead, 18. The flat building panel of Cailll 17 wherein
the inwardly tur e wsting naselsH03 bdpanciaptinpturned dateral side flamges PA2. At the top

bui 19119 DRl O 1060 o861 §'aR oSy e bad BEEVGE BERNAR 10
turned rim 658 at the end of the bead 656, A plurality of stress-reduction apertures 605
10 of this invention, preferably with a generally V-shape, are provided in the lateral side
flanges 603 and preferably also in their outwardly turned beads 656 and downwardly
turned rims 658. In this regard, it is preferred that the stress-reduction apertures 605 be
punched in the lateral margins of the flat metal sheet 615 of Figure 13 before bending
and curving the sheet into the ceiling panel 601, with its apertured flanges 603, beads
15 656 and rims 658, using, for example, the roll-former 20 of Figure 4.
Preferably, each portion of each side flange 603 has at least one longitudinally-
extending row of stress-reduction apertures 605. In this regard, each side flange 603,
each bead 656 and each rim 658 contain a longitudinally-extending row of the apertures
605.
20 It is also preferred that the lowest longitudinally-extending row of stress-

) reduction aperture 605 in each side flange 603 be provided with elongated slots 680.
Each slot 680 extends downwardly from the bottom of an aperture 605 towards the
central portion 609 of the ceiling panel 601. The length and width of each slot 680 are
not critical. Preferably, the width of each slot 680 is a minimum, and the length of each

25 slot preferably extends nearly all the way to the bottom of its side flange 603, to the
bevelled edge portions 607 and 607a between the side flange and the central portion 609
of the ceiling panel 601, provided the slots 680 are not visible when looking at the
central portion of the ceiling panel, as installed.

Figures 14(a) and (b) illustrate another embodiment of a mounting bracket 740.



20.. The flat building panel of claim 13 wherein each |ateral side flange

| eas an outwardly turned bead. 21. The flat building panel of cl ai l‘nUZMER'ZUUS
wherein each outwardly turned bead has a dONIWA.I'dly tIll'Iled rim 22. A
| ongi tudi nal Iy curved buil ding panel, such as a wall or ceiling panel,

made. by bendi ng the panel'of any one of-18} ai ns 1-2~ and whi ch conpri ses

| ateral side flanges having a plurality of stress-reduction apertures. 2-~.

A mounting lmacik éllustratedeoldnnaiclopintigired Spahfiectibg ddh \eantinguatedl sige panel s
of clai mz3~when appendant on clainms 1-21 and for 6igf);)orti ng said pair of
adj acent buiflaggesg’G3anad J03b eftivg asligspetrceiling ponels @ Linnd 7Qlado aSUPRATHRE br acket

conpri si ng; air,of parallel legs; neans for attaching the legs to the,
supporting §?W%Bfelﬂ()g,‘ arid neans for clanping the side-by~side pair of

flanges of the buig.djAdhtiRaBelcRets 996 IdRIdes twd dSwANRdB0 3R endinG legst74 fhod
of i making a bui | g BRcRet T s ta S e nstegpgg%? :ﬁzlrﬁgvi di ng

a flat | ehgtake @filienty biasdduivahrds beehnathéralThe pegs dindludg rebessqal portibast 344aind
stress-reduction apertures in each | ateral mar%i n of the, lepngth of sleet
metal ; bendilib§ 7theln wegthe legs 743 88 pusBedpver e adagans dsral sidg flanges 793amdcr oss

5 Section N3 P auRRANLOdsaEl SbashdS Lhangas LIRgIaRrAS N9 the

| at eral margins; ong I'nal’ "y curvi ng ansverse profited

I ength of sheet reéfatably?and Ihlub@itbdth FMEurel13] the 2derahadeflingded 203 £aaH To3ef
sheet netal is bent into a transversely prof |ed cross-section having two

upst andi ng laae¢ formed siitheelongatel deflgetionyi70h along thedrldngsh. This deflectis M5ai s 1321.
20 The IR hedtls chAkm AR e da i bl R e o' 5, P
. Adli sau b Alternatively, the deflections 705 could be replaced by a series of discrete dimples.
When the side flanges 703a,703b are pushed between the legs 742, the outwardly
sloping lips 746 are deflected by the deflection 705 so as to open the legs 742. The
deflection 705 then fits into the recess 744 so as to hold the ceiling panels securely in
15 place. In this respect, it will be appreciated that it is not necessary for the legs 742 to
have a recess 744 as such. In fact, it is only necessary for the legs 742 to include an
inward abutting deflection which can be located beneath the deflection 705.
As illustrated in Figure 15, the mounting brackets 740 may be supported by a
support structure 706.
20 The mounting bracket 740 has an upwardly extending plate section 748 with an
) elongate protrusion 750. Where, as is preferred, the mounting bracket is produced from
metal plate, the plate 748 may comprise a single plate folded over and the protrusion 750
provided as a section pressed out from each part of the plate 748.
The support structure 706 includes an elongate channel having inwardly
25 extending arms 708 which are resilient biased towards one another. Hence, as
illustrated, the plate 748 of the mounting bracket 740 may be pushed up between the
arms 708 with the arms 708 gripping the plate 748 below the protrusion 750 and the
mounting bracket 740 held in place by the protrusion 750.
As illustrated in Figure 14b the two arms 742 may be formed from a single sheet
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15 such as "upstanding", "upwardly", "downwardly", "left", "right", "height", "vertically",
"laterally", "longitudinally”, "bottom" and "top" have been used only as relative terms to
describe the relationships of the various elements of the curved ceiling panel, the method
of making it and the bracket for mounting it of this invention. For example, the
longitudinally curved building panel of this invention can be mounted on a wall, as well as

20 on a ceiling, in accordance with this invention.
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V-shape.
3. The flat building panel of claim 2 wherein the apertures are V-shaped, Y-shaped,
X-shaped, U-shaped, W-shaped, M-shaped, triangular-shaped, diamond-shaped or

half-moon crescent-shaped.

4. The flat building panel of any one of claims 1-3 wherein the apertures are relatively
small.
5. The flat building panel of any one of claims 1-4 wherein the apertures are distributed

substantially uniformly over the surface of each flange.

6. The flat building panel of any one of claims 1-5 wherein each column contains at
least three apertures, one laterally adjacent the other.

7. The flat building panel of claim 6 wherein each column contains at least five apertures,
one laterally adjacent the other,

8. The {lat building panel of claim 6 or 7 wherein an aperture at a lateral end of each
column in a side flange is open at its lateral end, along the lateral edge of the side
{lange.

9. The [lat building panel of any one of claims 1-8 wherein the apertures are in a plurality
of substan'ti'ally paralle], longitudinally-extending rows, evenly spaced apart along the
lateral width of each upstanding flange.

10.  The {lat building panel of any one of claims 1-9 which is a structural sheet metal.

11.  The flat building panel of claim 10 which is aluminum.
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rim is at the end of the bead.

17.  The flat building panel of any one of claims 13-16 wherein one of the lateral side
flanges has an outwardly turned bead and the other lateral side flange has an inwardly
turned bead.

18. The flat building panel of claim 17 wherein the inwardly turned bead has a
downwardly turned rim.

19. The flat building panel of claim 18 wherein the outwardly turned bead has no
downwardly turned rim.

20.  The {lat building panel of claim 13 wherein each lateral side flange has an outwardly
turned bead.

21.  The {lat building panel of claim 20 wherein each outwardly turned bead has a

downwardly turned rim.

22.  Alongitudinally curved building panel, such as a wall or ceiling panel,
made. by bending the panel’'of any one of claims 1-21 and which
comprises lateral side flanges having a plurality of stress-reduction
apertures.

23. A mounting bracket in combinaﬁon with a pair of adjacent building panels
of claim 23 when appendant on clalms 1-21 and for supporting said pair of
adjacent building panels from a supporting structure; the mounting bracket
comprising: a pair of parallel legs; means for attaching the legs to the
supporting structure; and means for clamping the side-byside pair of

flanges of the building panels together.
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26. The method of claim 23 or 24 wherein the length of sheet metal is bent by

roll-forming.



