CURVED BUI LDI NG PANEL, BUI LDI NG STRUCTURE, PANEL CURVI NG SYSTEM AND METHODS
FOR MAKI NG CURVED BUI LDI NG PANELS This application clainms priority to U S
Pat ent Apwbi2oski68332No. 12/ 314,555, filed Decenber 12, 2@08;USkéve/066389 r e
contents of which are incorporated herein by reference. BACKGROUND [ 0001]
Field of the D sclosure [0002] The present disclosure relates to curved
bui | di ng panel s nade from sheet materials, building structures nmade using
such cur vetURVIEDIBUJLPINE BANST] BURDING STRUCTURE PANEDICHRVINGAt i ng
curved bui IS¥SDEPPARIDSMEPRORS FORKUARING ICURVIN BOTLDINCAPAKemsent i onal

met hods are known in the art for form ng non-planar building panels nade
from sheet natefj oo I: : il ding
panel s can be g'%l !tsgdkglé%ﬂg}lagg[%ﬁg&é%qgéﬁ $'§%Irtﬁn§§%§ El%%%%ﬁ%ilﬁgqgﬁ??’di ng

st ruct ur efilddyDacemberel H 2008 ehstmteagotdicms of Whichurd dcopopsaidicseih bgnsel ves.
That is, suych building panels can exhibit a noment of inertia suitable to
provi de eHot§iSstrength under applied |loads (e.g., snow, wind, etc.) so

t hat supporting beans or colums within the building structure are
unnecessary. [0005] Such buildi @A@{@F@mﬁ be conventionally curved in
the longitudinal direction (along the length of the panel) by inparting

transvers @Qgrugrq&h%@ﬁleipﬁgog p:g bui Il ding panel, i.e., wherein the
corrugati ons are ntially in a direction that is transverse
to the lopgityudinal directiqgn. These transverse. corrygati.ons cause the
ength of Rl Cor Phsgheai ot an ey RETBR I G Eparar ede BRI n 1 he

| ongi t udi paterdis! BEildiANstAlc@nss mAg RanelucheuAlkl bailliag panclsanhd dgahqd portions
of the building panel, thus causing the building panel to forminto an

arched sheap&ing sypigm fos fabeagtig, cu ugldoigaynelsi | di ng panel s can then be
attached ﬁindag by-@cggmﬁ Q 1 ﬁl{ﬁé&% §if, building structure. [0006] The present
i nventors avL 0 ing transverse corrugations in a building
panel can_significantl aken a buyildin ane%. Additionally, the
corrugati il _ %léfan%ﬂﬁmﬁwéwey wneF st &ﬁ%ﬁ%%ﬁqg% such as paint
in corruggfigfing fHAWadf ré8hdYinliNg LanelyAnddcarl aestliehi odlcdy detract
froma snooth appearance. The present inventors have also observed that
at t enpt i nuilding panwlssdaorbgiattadiedaldedyrside ionfolruistiismgpopamgsbuildingrout i nparting
transver S Strictired! agf{rt%gsof %el sltrength of the building panels themselves. That is, such

building panels can exhibit a moment of inertia suitable to provide enough strength

under applied loads (e.g., snow, wind, etc.) so that supporting beams or columns

within the building structure are unnecessary.

[0005] Such building panels can be conventionally curved in the longitudinal

direction (along the length of the panel) by imparting transverse corrugations into the

building panel, i.e., wherein the corrugations are oriented substantially in a direction

that is transverse to the longitudinal direction. These transverse corrugations cause

the length of the corrugated portion of the building panel to shrink in the longitudinal

direction along the panel relative to non-corrugated portions of the building panel,

thus causing the building panel to form into an arched shape along its length. Such

arched building panels can then be attached side-by-side to create a building structure.

[0006] The present inventors have observed that forming transverse corrugations

in a building panel can significantly weaken a building panel. Additionally, the

corrugations can lead to unwanted loss of protective coatings such as paint in

corrugated regions of the building panel and can aesthetically detract from a smooth

appearance. The present inventors have also observed that attempting to form a



typically lead to, or require, buckling in sonme areas of the building pane
and that such buckl ed areas can also significantly reduce the strength of

t he bui | dvogopmensed32 SUMMARY [ 0007] Accordi ng to an exenplCamngs@opesssy a
bui | di ng panel forned fromsheet material is described. The buil ding panel
extends in a longitudinal direction along its length and has a shape in
cross section in a plane perpendicular to the |ongitudinal direction, the
bui | di ng pagghdiagirpisiaduidngpud vdenueinpetiid wamshdrs€E@ffatesd wioh, a pair
of side portions extending fromthe curved center portion in cross section,
and a pai PPy depddetarigaysss Prohas ex s urItee qfrtB?rP‘ﬂlfan&P%l@lﬁkﬂr‘thﬁbns in cross
section. ! i i : conpri si ng
R e e A R S AT il e
segnents in cross section, the plurality of segnents extending in the

| ongi tudi nal direction. The building panel being curved in the |ongitudinal
direction along its I ength w t houtSUMMARM r ansverse corrugations therein
and a particular segnment of the plurality of segnments has a depth greater

t han t hat [(07hnotAsiordrg tedt cxicmpha ¢ asprorabailding phed goredi frdh sieaet ve i n t he
bui | di ng panel .. [0008] According to another exenplary aspect, a huilding

st r uct ur eIt isiepgibsdpiThe Arildie paned gtpndsun dpieg UgHIREIECHOR AELAY t oget her
i s descri i : i : i : bui | di ng
panel is g%%%@%@ggg?gh%%gng?ﬁ%%%n%%%h%@%?ﬁB&B%%??gﬁgbg@§gﬁéﬁgfaéent

bui | di ng paewiont the bordmg pendd gdingiisey asturvectognier p§riod 9 créscwcdom@ pao anot her
exenpl ary aspect,. a machj.ne.for_. curvi uch a huil ding panel, is.described.
The bui | dPhYCHENEPTS SXFRitHE B tsked R POHION 1BCESA SRR WA t udi nal

di recti onopéABctideSdr@BtdRicABm g theSBRRridhsGh @fSs §&%ibh OMhé Burded! ane

per pendi cular to the |ongitudinal direction. The building panel includes a
curved centrder pootarn ionludes aplordity sagnicots, comppiging rofltipicdatywardly axtendeg endi ng

fromthe curved center. porti in _cross secti.on, and..a ir,of. copnecting
por ti ons. S5 415 LR ke S s SaBers i ProsS ot udh n b 8 Ve

cent er pokdan@ntd dxedndeligng tige ]@hgﬂt@iﬁdﬂdi@@tmmth% HdaREi pah&lbeMg dur@dénout war dl y
extendi ng segnents and nultiple inwardly extending segnents in cross
section, thedongitwdyal ﬂye%wnﬁwﬁéﬁtl@ngé&%%@w@vm RSV I WIPIUGHIHs|  directi on.
The syste I I [ Vi i

asserbl y. efaand aaruldisBmEH ot WA AAREIE Ll Fa o PEGF G UL,

cur vi ngas ganbf ahothbheedmdns to auebmninglagsbe bk itudinglcudhesn ahd buikling paacke and

G B N e NN R TR

plurality of such building panels connected together is described, wherein the one of
the connecting portions of one building panel is connected to one of the connecting
portions of an adjacent building panel to form the building structure.

[0009] According to another exemplary aspect, a machine for curving such a
building panel is described. The building panel is made from sheet material, extends
in a longitudinal direction along its length and has a shape in cross section in a plane
perpendicular to the longitudinal direction. The building panel includes a curved
center portion in cross section, a pair of side portions extending from the curved
center portion in cross section, and a pair of connecting portions extending from the
side portions in cross section, the curved center portion including a plurality segments
comprising multiple outwardly extending segments and multiple inwardly extending
segments in cross section, the plurality of segments extending in the longitudinal
direction. The system comprises a first curving assembly and a second curving

assembly, the second curving assembly positioned adjacent to the first curving



| ocations to contact the building panel as the building panel passes al ong
the multiple first rollers in the longitudinal direction. The second
curvi ng aseentwossisacl udes a second frame and nul tipl e secon$200l0b6&8%
supported by the second frane, the nultiple second rollers arranged at
second predeterm ned | ocations to contact the building panel as the
bui | di ng panel passes along the nmultiple second rollers in the | ongitudinal
di r ect i onassdimdlys yRiedirst quevitigesembpoistiudesd figt frecmband amltiglatirgpesiterd s
changing a relative rotational orjentation between the first curvjng
assenbl y SHPOHREG DY éft,ecf?fat YPSi M Sytollarwa@ée%%ftréﬁﬁr%ﬁerwdng t he
bui I di g pRRR19RGEUThOBRildn hRRPad RE bihS BhR1 bhdsst albl IR Suippd t he

mul tiple secoﬁg ro?+ers, aﬁaﬂg?%ont%op sysfe%?forbcgnt%o %%ng tﬁ@

posi ti oni fAgt ndhami ther omgitedinglalieoidr. ol'het deeordeduating esseoibéit inoludes or i ent at i on
between the first curving assenbhly and the cond curvin ssenbly as the
bui 1di g SRS BT AL FRERIE SEHORAF S e PG TR P i S ORPlr o and
the nmul ti pc@nd BARRarFRsb@hiSsebéhd FIEIRAMIAQS 18 AionQ DOEddsht DRI busdInge i n the
bui I di ng panel. The system being configured to formthe | ongitudinal curve

in the bupimgl aythedudingipengd pessesrplang thegneltipleseersiaodes ingatlpegigdingt o t he
buil ding panel, The JULLiphelrStbolletenand M LERLE Gegandarol ! ers
bei ng arr n%e& 50 98VY 9" LRUEES AP OPRETEa ST Y g%ppﬁ of” a d%rglcular
segment ofelithe rplatib@dl iotiyntafiors Bgwest the dirstichs/ihuhdsethbly fpdned sccendccommodat e
the formation of the |ongitudinal curve in the building panel. [0010]
Accor di ngSHEIngResdehly sis@yeetsystannier Avdingfthe byildipgypapchlongidndisalpafens usi ng a
panel curyj t i j . ildi i e-from sheet
rator i ol HlsaRSHE R bR SR et PPt b R A b o R 1 R

havi ng a shapglingthe postosiaghicohanism 8o pd @r@nper the ndatiwe! ratatiboalt he

| ongi tudi nal direction. The building panel includes a curved center portion
in cross SHEHM beiwers the Grst Spyigyspem ﬁ@%%@eﬁ%@%ﬂlﬁ%ﬁ%@b@lﬁwgﬂ cent er

portion ipgy diﬂ%ﬁa&?ﬁIokQﬂonEiﬁEhiﬁallgﬁdléngﬁthe MIRE GLA IR SRS nfi 81 ng Trom

the side portiohs in cross sectl the curved center portion including a
pl uralitys®egdesiiess odhprebsiong mohgitpliel outvear teypuddingrpdinelg Thegpstains and

mul tiple [nwardly extendin e ts. in cross,section, .th urality of
cegrent s BRPEROT TR HOURE PirIg DN TP S PO e RN IHEBE L vi ng syst em
conpr i si Ngngarfihg &hnsGbiisY tHGuASiSBIRLYthabilding PaRNd ThE hiltde Fsd eay . The

nmet hod conprlskgggrece|V|ng the building panel at the first curving

assenbl y ambimg seagnd redletsiicing antpngeched asdp chusmantingsbasefin pdeptholl Rer s of t he
St e OSSR RIS bR hEb I RRER A oo

the formation of the longitudinal curve in the building panel.

[0010] According to another aspect, a method of curving a building panel using a

panel curving system is described. The building panel is made from sheet material

and extends in a longitudinal direction along its length and having a shape in cross

section in a plane perpendicular to the longitudinal direction. The building panel

includes a curved center portion in cross section, a pair of side portions extending

from the curved center portion in cross section, and a pair of connecting portions

extending from the side portions in cross section, the curved center portion including

a plurality segments comprising multiple outwardly extending segments and multiple

inwardly extending segments in cross section, the plurality of segments extending in

the longitudinal direction, the panel curving system comprising a first curving

assembly and a second curving assembly. The method comprising receiving the

building panel at the first curving assembly and engaging the building panel with

multiple first rollers of the first curving assembly, translating the building panel



with multiple second rollers of the second curving assenbly while a second
portion of the building panel is engaged with the first curving assenbly,
and cont raebI2orgess3posi ti oni ng nechanismwi th a control PEISAS06639t O
cause the first curving assenbly and the second curving assenbly to be in a
rotated orientation relative to each other while the building panel noves
longitudinally along the first curving assenbly and the second curving
assenbly tavard éfcadyorfdasumiag haogbtyidrabagitig ¥ €irdt pottive divhd Bliikigngoganel Wi t hout
i mparting transverse corrugations into the buildin anel , whereln t he

mul ti pl e Piithdpul PB]IGIS%?‘%ldéH]éerﬁﬂf @Pﬁ?@@é&%@g apmblygv g'afeea sepahpetion 8l as t o

cause an Iy urality of
Cognente URARERRE Haflfs URBER Qi h R Ly inE o RERIR hd Sond Dyl Pl

| ongi t udi pemtumung/meclmnnsmewluhlal c@htngl ates so a{s@@ dzaljse ,ﬁktﬁcﬂnsmunglngQSQnrbﬂ)her
exenpl ary aspect, st em fo I made, of. sheet
o Cort o P B Shiod sit g ey Ry S bt g relaet oD A R Rl N e |

hol der supmQE iR UIMidaRnSIURBRL osditub flaHY 8lohg &hmlsﬂémng a&RhiblPinsheet
material, a panel formng F paratus supported by the support 'structure and
b/

posi ti onedleﬁﬁmndrmr‘eng h@emb toflagrefesr formr@éowh@lﬂnaﬂ OWIYE ngtha;bpsldlagus
configured t rm.a i.tudi nal | stral mthe heet
mat eri al aneagm?%utﬁmya m% JELPYAY O¥%’ Hl q|O(§lgea ulfjdha%% anc e<raelpar§fel curvi ng

appar at us nfURRerikse ol Rys iﬂd&nﬁlﬁp&@eborﬁ:ﬁrﬁﬂ@r&lafeearﬁdﬁ@ecpﬁksastﬂo(w@sﬂ: 4ar oxi mate the
panel form ng apparatus to receive the straight building panel fromthe

panel f or HcFRgsapradeptiuel ap%@cw&rf@gm@u&qﬁth@plamm afwgn@aﬁﬁqu&m‘@wl 18 | npart a
| d bui | di
ongi tu 'géﬂel ?(}J%C}\{':Smhﬁld%{% %) rlngh&gomg nc{nggh |ca Mﬂgh@@%@{&%l ui I'di ng

panel , rein e col I's orie rotation
axis of t f1dpi | Aaloedng t@arp&reabk@hplh@ apa(ermy@ahlfd)mr:a@iﬂgmbmm ein the

panel formng a tus is oriented vertically so as to receive sheet
material B cLAgR Ol theat %ﬁeflﬁldaﬁesgsrlgﬁ% e BEtryCTRRSHLE A SRS SUYFUEheet
material, 5 g hyfaer ﬁippglft%tﬁb PRREip i MhRArARR 'b?cﬁ#rglﬁa b&lQﬂ‘éh%@ttrﬁQeMﬁré' cally so

as to receive the s t” bui |ng pane irectly fromthe panel forning
appar at us parBRIERIMEGQRI4ATY @memahmmummmd pﬁs&mechpd)xundtter

f eat ures d advant ages of the present _.di scl os. becone
ot or ContBr Seben e p ) AR Sebao o B R M btk o PRy e nded

clai ns, a&@a@lﬁ%ﬁﬂﬂﬁq@m&ﬂt@%ﬁ%tmdﬂ%ﬁi tofilaSe ahe&&édtb%srs%@tﬁm@ﬂs %5@”13' ary
bui |l ding panel with a curved center portion having a plurality of segnents

bef or e anéndi pael ﬁ@@élg\ﬂpngfab(lslsbp@rteddm’ﬁm suppex étragtoreganid pesitiengst h accor di ng

to an exe%x?nrlé/te ?hsep anel forming apparatus to receive the straight building panel from the

panel forming apparatus, the panel curving apparatus configured to impart a
longitudinal curve to the building panel along the length of the building panel,
wherein the coil holder is oriented vertically such that a rotation axis of the coil holder
is parallel to a vertical direction, wherein the panel forming apparatus is oriented
vertically so as to receive sheet material oriented in a vertical plane directly from the
coil of sheet material, and wherein the panel curving apparatus is oriented vertically

s0 as to receive the straight building panel directly from the panel forming apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and other features, aspects, and advantages of the present disclosure
will become better understood with regard to the following description, appended

claims, and accompanying drawings.



[0014] FIG 2 illustrates an exenplary cross sectional shape of a building
panel that is straight along its length prior to being curved

| ongi t udiweal2b/@messer di ng to an exenpl ary aspect. [0015] PET@ES289i0b438%t r at es
an exenpl ary cross sectional shape of an exenplary buil ding panel having a
| ongi tudi nal curve along its |length according to an exenpl ary aspect.
[0016] FIG 4 illustrates an exenplary connection between two exenpl ary
bui | di ng pg8] s fHIG. fl dliusttags an bxérhplarygbusidingciantlewlc 6 otdd geriter mti@xenpl ary
aspect. [0017] FIG 5 illustrates an exenplary gable style building that
can be foPHEES a8lWY ol FEHGIREHUE dnd alerrerayng &l puguRbs iy hialong tan

exenplarykﬁﬁgﬁﬁkﬂﬁh@g$gheg&?%mﬁg%bgg§trates an exenplary circular (or arch)
r

styl e bui ng that “can be usi ng buil di ng panel s described herein
accor di ngl@0d4hn adénplillusyrams peekemplogl@dssEe@iondl shapesf a hvibbn@parexenpl ary

doubl e-radi us (or -radjus) style huilding, that c be forned usin
Dot i g b Bt 8Bne 36 et o nobar iR i e Gt [ S020)
FIG 8A ibiéﬁﬁwﬁﬁﬁﬁkd@ | eft side view of an exenplary panel curving system

according to an"exenpl ary aspect. [0021] FIG 8B illustrates a right side
vi ew of t H¥18kenpiléx y ilhastreles euewémplagyaosssestidnabshape etian exepipary8A. [ 0022]

FIG 8Cillustrates,a.magnified view of a panel . .farmn ortion.of the
exempl ar y *pibd BET bREE €l iy gl A RGau T BR Ml B, eoa
magni fi edaspeetw of anot her panel formng portion of the exenplary panel
curving systemof FIG 8A [0024] FIG 9 il]lustrates an exenplary panel
curvi ng aﬁ}%ﬁht ud 18 & ol ertrates ap cxgmpltBrgINaeGHoadsEen tVOERSPIENG, 10

illustrates: > i . . i ppar at us

shown | n Pt PERIPAREHLY LARAZ ARIAE R ord e PRABIafHEY el

il lustrat @01dh exdGpbailytatsbn guemplhoneablie ayik bujddiag tiolt car se imtte exenpl ary
10 according to an exenplary aspect.[0027] FIG 12

' Ust £t BSTE VRS PRSP SBABIFEE 1 B GIAH a¥¥&hpl ary cur ving
assenmbly @fo18] G Fi6. biotdes bl BkerhSiay ARUBPEGIHUS sl ORGRIind & cahde
illustrates a three dinensional 1sométric view of an adj acent
formed using building panels described herein according to an exemplary aspect.
[0019] FIG. 7 illustrates an exemplary double-radius (or two-radius) style
building that can be formed using building panels described herein according to an
exemplary aspect.
[0020] FIG. 8A illustrates a left side view of an exemplary panel curving system
according to an exemplary aspect.
[0021] FIG. 8B illustrates a right side view of the exemplary panel curving system
illustrated in FIG. 8A.
[0022] FIG. 8C illustrates a magnified view of a panel forming portion of the
exemplary panel curving system of FIG. 8A.
[0023] FIG. 8D illustrates a magnified view of another panel forming portion of
the exemplary panel curving system of FIG. 8A.
[0024] FIG. 9 illustrates an exemplary panel curving apparatus according to an
exemplary aspect.
[0025] FIG. 10 illustrates an exemplary curving assembly of the panel curving
apparatus shown in FIG. 9 according to an exemplary aspect.

[0026] FIG. 11 illustrates an exemplary configuration of multiple rollers of the

exemplary curving assembly of FIG. 10 according to an exemplary aspect.



exenpl ary curving assenbly |ike that showmn in FIG 10 froma left rear
perspective. [0029] FIG 14 illustrates a portion of an exenplary curving
assenbl y wo 20tve6siz3gence of rotation between adjacent cuPCIrn$2@9966389 i es.
[0030] FIG 15 illustrates a portion of an exenplary curving assenbly with
rotati on between adjacent curving assenblies. [0031] FIG 16 illustrates a
top view of the exenplary panel curving machine of FIG 9 with a

| ongi t udi [E2F7Y stHIG. ghillpanes ailrsedinedsiohariedmetaic ozmddithe txenaglagxenpl ary
aspect. [0032] FIG, 17 illustrates another top view of the exenplary panel
curvi ng neENigassmbty ef FE*-VJAOtfﬁorflﬁél@glhrqaapﬁgpeﬁﬁﬁ@ inserted and with

relative i o i : ferTal=lh i lies to
pronot e Igﬁg?iudpﬂgfq%ﬁ§§F%§£%Pnﬁﬁgmgﬁgﬁﬂ?ﬁg pah%?g%{%%%éﬁi%%%P 18

i 'l ustrat esmgplatylvarvingpssembly ldfe thiteshews npFHY.\i Odaome b lefureai peysperthé.ne of FI G
9 with th [ 1di nel inserted and rel ative rotati on,between second and
third pantlo2dli vitle DEABiPEES Pofsm BT EReP I S ARGHREI T BTG ew of ¢ he
exenpl ary ;RRR& oGela¥ibh GctiREN MG chiviag Qsabiftst he buil ding panel inserted
and relative rotation between'third an§ fourth curving assenblies. [0035]

FIG 20 i 100381 r atld&. ahdtustratees papioaroy abgkéraplary quavieg assicnblyawdhr ved cent er
portion h%%%ﬂ%l%n&&?ﬁﬂ%é%X(inﬁe ng%ﬁr§efore and after receiving a
Iongitudina? CUTVe A 6% |E§HYe%g%ﬁ C%Ording to an exenpl ary aspect.
[0036] FI@032] 1 iHGUS6 ilaisastean tepaEbRcibe dicaptars paidl omaingshagencdf an
exenpl ary buil di ng panel having a | ongitudinal curve along its | ength

. panel :
accor di ngFte %vitkRédepgidipaby peaght qapei3ngered thergp apgardige tappexempige vi ew of
anot her e? ary panel curving nmachi ne according to another aspect. [0038]
FIG 23 illTfustrates a three dinensional isonmetric view an exenpl ary panel
curvi ng apsepl y K. t hdlpanet atathatitog vicacdtithecxainffapa?d.cuhdB9] FI G 24
illustrates another three dinmensional .isonetric. yiew of the exenplary panel
curving a8¥ehpr ot B#G-ﬁ@th%.wgmpap?l@seé@ APY péinrelpdye ratiopdryseny

819 ”‘;:'I %U r ggh@ An@®locBh bAmd Bur el RSt fes I BrofRRh BYdiRARGH ifH6Mh89 assenbly

building panel.

[0033] FIG. 18 illustrates another top view of the exemplary panel curving
machine of FIG. 9 with the building panel inserted and relative rotation between
second and third panel curving assemblies.

[0034] FIG. 19 is another top view of the exemplary panel curving machine of
FIG. 9 with the building panel inserted and relative rotation between third and fourth
curving assemblies.

[0035] FIG. 20 illustrates another exemplary building panel with a curved center
portion having a plurality of segments before and after receiving a longitudinal curve
along its length according to an exemplary aspect.

[0036] FIG. 21 illustrates an exemplary cross sectional shape of an exemplary
building panel having a longitudinal curve along its length according to an exemplary
aspect.

[0037] FIG. 22 illustrates a side view of another exemplary panel curving
machine according to another aspect.

[0038] FIG. 23 illustrates a three dimensional isometric view an exemplary panel
curving assembly of the panel curving machine of FIG. 22.

[0039] FIG. 24 illustrates another three dimensional isometric view of the

exemplary panel curving assembly of FIG. 23.



[0041] FIG 26 illustrates nmultiple rollers of the exenplary panel curving
assenbly of FIG 23 with the addition of supplenental rollers. [0042] FIG
27 i1l ustwaten/msizep vi ew of the exenplary panel curvi n@gCRauskéimpcsto FI G 22
with a longitudinally straight panel inserted therein according to an
exenpl ary aspect. [0043] FIG 28 illustrates another top view of the

exenpl ary panel curving machine of FIG 22 with the building panel inserted
and w th [0048] i veFIGoRAtliwtrateemessmflatysonfigetasacontulpipialollend oV ihrg
assenblies to pronote | aongitudinpal_ curving of the building panel. [0044]
FIG 29 iPremlpyineacleybtip@psseapngdiCotst he exenpl ary panel curving machi ne

of FIG 2{-’0%} h the, @ﬁhmw@s Hﬁnggee %@fﬁ% %%%g{lﬁjg%tahé'ﬁuf&lﬁ tion between

second and Ird panel curving a I'G 30 ilTustrates an
exenpl ar yassemblyodf HGs 22 mithehasddrgort o supplemenspediess. of a panel curving

ool ar y ek at driCh A FFEEEs Ein P8 SBte eBitny Py VARt Ho 1o an
exenpl ar Y FRs P2 it PEFALERPESGRHIT M i EXENRARKENROD MENTS [0047] An

exenpl ary buil di ng panel as described herein having a |ongitudinal curve
al ong it sckemyety aspectbe fabricated by curving a building panel that is

R A N s R IR

its |engt S an strai'g X an%g panel 10 t hat

that can heckive $eHIGI20Ngtathe®RPiing Padlingditt@eid With kelbdvd otatloan exenpl ary
curved buil di ng panel 10a according to one aspect of the disclosure. As
descr i bedbefaiean frst apdsqcapdpaned pyraingyassanblies thpronwihigngiarbnal towinsef be
formed by, b%lﬁgﬁ Snbhat includes both applying a torque to the building
panel and torci %jj déf or i ng longitudinally extending segnents to change
t he cross|(dd} i orEG. 2hdpstrats biehdruop dicngofpanetempling pandeassngray be
referred to as an_"active" approach herein for conveni ence insofar as it
i ncl udes P’&P]%‘PEP@Fﬁg@@r"rﬁ%@eﬁ’BHg‘iﬂg@% Aeped Jbiehitvg reaueRhtYCH t h
appropri a%&oﬁ@hﬁ@{hﬁ‘dp—gﬁ@l ngihglid%ggmgg&el 10 is formed from sheet material,
such as, for exanple, structural steel sheet netal rangi ngfrom about 0.035
i nches to|MW6Lt FIOBOA0 ilhshetss amexdmmknyesstrolHystehuiclativetp gheredspddds efan be
formed fromother.sheet materials as wel as other types of steel,

{ { sucht
gal val ume? PIRY EIVieSY S ARCHIAHE 92N SHRBPI P ng material that is suitable

for [0046] FIG. 31 illustrates an exemplary operator interface console of a control

system according to an exemplary aspect.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0047] An exemplary building panel as described herein having a longitudinal
curve along its length can be fabricated by curving a building panel that is initially
straight, i.e., which does not have a longitudinal curve along its length. FIG. 1
illustrates an exemplary straight building panel 10 that that can be curved along a
longitudinal direction L to form an exemplary curved building panel 10a according to
one aspect of the disclosure. As described herein, the longitudinally curved building
panel 10a can be formed by a process that includes both applying a torque to the
building panel and forcibly deforming longitudinally extending segments to change
the cross sectional shape of the building panel. The process may be referred to as an
“active” approach herein for convenience insofar as it includes forcibly deforming
longitudinally extending segments with appropriate rollers. The building panel 10 is

formed from sheet material, such as, for example, structural steel sheet metal ranging



construction. The thickness of the building panel 10 may generally range
from about 0.035 inches to about 0.080 inches ( 10 %, dependi ng upon the
type of sweeviwmssei al used. O course, the buil di ng pamrelr/usRoommye3de f or ned
usi ng ot her thicknesses and using other sheet building materials and as

|l ong as the sheet materials possess suitable engineering properties of
strength, toughness, workability, etc. [0048] The buil ding panels 10 and
10a ext entroimabaul @03 tnetéstalaboitroe@30i iached o thckne &y, rTHedugtimg. pakeir10st r ai ght
bui | di ng panel (10, the longitudinal direction L is parallel to the length
of the buf¥PHi§rHshEPm othe SBEﬁtu%ﬂt?fgﬂb%ﬁn\@?life%{l 1s0ther lyRet OAPGRly its 1 ength,

and the 'gﬂ%lhﬁféi @ﬂ&alahé,ed thnd, Br SEt biRGR: Ihaleﬁmﬁang Lilablerol he 1 engthwi se

curve of e bui'lding panel 10a’at any particular [ocation on the building
panel 10aconkhecton. Tte Hyclpesedt thObuildng pance d0 thag generalherdnge fiotuabional

direction w.thout hayin nsyver gorrugations therein. .[0049] The

strai ght B:%%ﬂﬁcg‘ STﬁﬁg}l&}é&g‘r’i‘ﬁh‘ﬁh@e@uﬁ/éialg%]ﬁtfqui‘ﬂﬁ’&t GREF of : e‘haye a curved
shape in gLe$R1 QAL AMoliRe AhPbAINEN P FARE M0 hiay R Toinged iehd ARG t udi nal
direction L. An exenplary plane P and |ongifudinal direction L at one end

of the bullicknagpepambibsin®ather shept Huildinganaiarialp aml @ long ag heshectimatargdy at i on of

FIG 1, the Sst rsa{tg[gt bunill dli n%r(pae@t(iael OJfO hﬂ'i a Iihngasr lr% }lft] %‘f. The

| ongi t udi R4 F? CuTve g burT de g ppangl TOARY S PV B P hel” 10, however,

has shor t gj048] nearhd triging faheld 10 @n@n 0pextbidin 4 lbegiamlint airpaioadidig a | i near

| ength C2 at an upper go'rti on thereof because the bottomportion at Cd is
S

ef f ect i vetpirdprathe ey suaight wrilding nasall & tha lnagitudina) diectiond- stmedlelier ds, the
| I near 'eﬂ}%tlg?%gﬁé OF&%.bBHhihg;anﬁP%ﬂ%u&&{Pgﬁa&‘?tloz?ﬁ%h%g%‘i‘%lﬁgtsgg@gt ongi t udi nal

direction at regi ons e connec g portions he
t erm nol ogiyd thppetgi@adihal divetioairethasede & tapdeytiflab teolwghivereanieroftionnect i on

wth the orientations illustrated in FIG 1 and. are not intended to be
liniting PHI H%PW&;.I&[_‘%T(?%]W%‘IC aréocg}amnﬁ]ﬁb@ﬂgﬁgmaﬁa 1080 Ee_gvé@fﬁ%nm shape
of the Stpalddiby RiuhGut RARElonkRudihdiiret ford QAL AL MR rafilcKNa. AS

illustrated 1n FIG 2, I ng pane I ncludes a curved center
porti on 30¢rregapany thefeirsi de portions 36 and 38 extending fromthe curved

center porgti 30..in, cr Section nd air ,of ..connecti ortions 32
ond 54 Doldaadl o HicOnFinbuRRES hoR! 1 BRt BeRinGe SaIGRERREL PORRG A | o o oes
secti on. Eﬁl@e@ﬂ&?@hﬂ cr@_bﬁslebﬂ@h Rfa ﬁlﬁﬁe_ p‘éﬂﬁé&ﬁl‘i’cu%% He IE@giiddﬁ{M gRedt®nill. | ustrat ed
by the curved dotted IineC Connecting portion 32 may include a hook

portion 32a casmplaryplenal edd langrpdinalxlirdstion Lt gehendx! thiuiking pasice

confi gur aj ba? fke ] 1¥strl231'[eedl’1|1§ %?Gf lo.rlnttﬁee i3 ?o%tgfr%qGP?,rt}lie (s)t?aighzt'building panel
10 has a linear length C2. The longitudinally curved building panel 10a derived from
panel 10, however, has shorter linear length C1 a lower portion thereof compared to a
linear length C2 at an upper portion thereof because the bottom portion at C1 is
effectively shortened due to the longitudinal curving. In other words, the linear length
of the building panel 10 is not shortened in the longitudinal direction at the regions of
the connecting portions 32 and 34. The terminology upper and lower are used simply
for convenience in connection with the orientations illustrated in FIG. 1 and are not
intended to be limiting in any way.
[0050] FIG. 2 shows an exemplary cross sectional shape of the straight building
panel 10 prior to longitudinal curving. As illustrated in FIG. 2, the building panel 10
includes a curved center portion 30, a pair of side portions 36 and 38 extending from
the curved center portion 30 in cross section, and a pair of connecting portions 32 and
34 extending from the side portions 36 and 38, respectively, in cross section. The

overall outline of the curved center portion 30 is illustrated by the curved dotted line



Simlarly, connecting portion 34 may include a hem portion 34a, the hook
portion 32a and the hem portion 34a being conplenentary in shape for

j 0i ni ng twWe 2buvdesidag panel to adjacent buil di ng panel s. PEHOUSI@9/0668Y

sui tabl e conpl enentary shape nmay be used for the connecting portion 34 that
permts connecting portion 34 to be joined to connecting portion 32. [0051]
As shown in FIG 2, the building panel 10 also includes a plurality of
segnents {2,Cobfectib@, pottBon Z0may thelikid,a ok poioaB2a e dhstraedieRlG. 2%tend in

t he | ongi t udi nal direcgion L along the | ength of the'buildjn%gpanel 10.
These segHeRRISTahaYY sHi@pleranhigyrationpnay be yeedighicicqansrine aefvn gt i ons,

| ongi t udi 14 I: ki bs,,: I ngt hen
the bl | e e by bR T B BR e e ndar o R of PETRL o
exanpl e, sedtirehes [R2tio1P3Ma Ringeon8menttmnd shapeviar wining theduddmggpantli on, and
segnents 12, .14, 16, .18 an extend in dly in cross, section. For

r ef er encelpifh apfsefe@l,ﬂdn}grmr:@" PhwReCary srEpl ol En G gY Shianay Yeonetric
center of y{dagoeheeenRRahE Portidh 38 M :pleﬂhi'f@coﬁﬁ&ﬁing PRAthn PAULWRISinedRANS
farther fromthe geonetric center of the cross section of a building panel.

As shown tenrRFi@g portieripacent segnents extend in opposing directions (e.g.,

ds. i dl dj d dly).
T the extBEE or B G She T fd BEEM I IOETE kst €pRHURINE (0 (he” )

adj acent segiRn 1,118, B, d8pi) 20, 24The af¢ps hThak sthaemegient & taé t he strai ght
bui | di ng panel may all be the sane, as illustrated in the exanple of FIG

2, or ! he @éﬁ%@al@re@ﬁ@l salpmaibslengp it rldineanehl). afsneemnbos52] f The
oy 85 BRaSge SHah &) o PRy elpg TGS SO RRYERS T

segnment s @2Pthe2ike, 2d,seRB)to stdetigtianhie buildilepacdi 0 agHing bdtingxhéndi ng

segnents and.i nwayd|y extending segnents y _be used. For exanple, the
number of gﬁtﬂﬂ%v‘&{eplO@Q%-ewaﬂﬁgfxg@a%eﬁ‘»ﬂg@ee@%d2%@%@9%&”6@# upggdbhan the

nunber of i ¥a Ao %hE MG SOITRNGS 18 YAd b@URieRd El%r(ﬂ?% BED&Ltion.

conbi nati ons of segnents "may be used dependi ng upon the cross sectional
shape desFoecfirencelparimsed, dinmgr@aaselsed h@om3hedak Cosd tsh@esmetie cenes sf
sectional ,shape of.th ui l.din anel.. 10a ip cros ectio e.g.,.at plane
5 honn 1 FRAES SEtion gt g HEQ oS sl Aui BGP: Fgngr BB el FRBetie bed

el sewher echifé@ifMhle créfiescbli @SSt SRR NS AP o ithFeGSE i @bt s@%\ﬂ:ﬁik ng panel
10, i.e. before the |ongitudinal curV|n?2process, is showmn in FIG 3 as a

dashed pr eftehdmomwposingdireeitony €. pusqgowas [2 adends|igwandht whereas gdjagen3, t he

bui | di ng E)eagrtlneelnt %9 gxtiegc?sl olill({jv%grd?y). In the example of FIG. 2, the depth of a given
segment relative to the adjacent segments is a depth d. The depths of the segments of
the straight building panel may all be the same, as illustrated in the example of FIG. 2,
or the depths of the segments may differ from one another.
[0052] The exemplary straight building panel 10 illustrated in FIG. 2 includes five
inwardly extending segments (12, 14, 16, 18, 20) and four outwardly segments (22,
24, 26, 28), but other numbers of outwardly extending segments and inwardly
extending segments may be used. For example, the number of outwardly extending
segments could be greater or less than the number of inwardly extending segments.
Various sizes and number combinations of segments may be used depending upon the
cross sectional shape desired in the building panel.
[0053] FIG. 3 shows the cross sectional shape of the building panel 10a in cross
section, e.g., at plane P shown in FIG. 1, following a longitudinal curving process
(described elsewhere herein). The cross sectional shape of the straight building panel

10, i.e. before the longitudinal curving process, is shown in FIG. 3 as a dashed profile



curved center portion 30, a pair of side portions 36 and 38 extending from
the curved center portion 30 in cross section, and a pair of connecting
porti ons 80 2arvdhe8s82ext endi ng fromthe side portions 36 &0u/U33009/066339
respectively, in cross section, simlar to that of straight building panel
10. The overall outline of the curved center portion 30 is illustrated by
the curved dotted line C. The curved center portion may have a sem

circul ar sdrapest@tivopiosedr duallestatdnie FIAS3,ahd Bdlding et hia iaclosésng process,
however, the cross-sectional praofile of the segnents undergoes changes. The
| ongi t udi REVPY CIUFROBIB Y. @iPAY 9 aids PoHLtpRs ﬁﬁé}l@?gégxtﬁﬁ@eﬁg & @ﬁt%wafl ng

Segment s g‘%ﬁeri%)a- HA%@?]] crés%%ectﬁ)‘ﬂga aiﬁ@ﬂcoﬂﬂé%@%oﬁﬂcﬁfétﬁrﬁqg Rg segments 22a,

24a, 26a a lustrated 1n FIG 3, due"to longitudinal curving, a
parti cul aextsedngfiomahe side pbdrgs Badndas,Irgspeutivedyl ibardsslsargopasnellarioa wi | |

have under,gone a.chan ind h_greater than at of anot her .se nt. In

the exampiia. of stk Dgang paist Lo 18 SFHEN auiER ob e culisdie bR R o

inwardly {dn166Rsse1 Heht ceReBYoddl RRENThOhve@BhidRritenthlly Riveneicghbor i ng

segnent 1l4a |nvvardly£%/ an anmount Dd2, wherein DdI' is greater than Dd2.
cr

Si mi | arl y¢irewar sheps ¢r segaterhan aAts i aasgk of thewandng piegesanharmygntthdad 3,
e D2 SR R0 B SORRE Rl 58 sbin RRS L RART By G ©f the
curved cefaY poP]tll Fh7'36 Cand Hal The "Gl ear &t Fl'ange i p% dqrrvany of the

segnent s buildisg pateedod Mctudes xargy exehdift Gegndontd (54 a, 116a,t I3k saredcmap! e,
since the straight building panel_ 10 ZE]?ssessed segnents of uniformdepth d

as shown Pl eytEardly extanding scescgtelfas2af 2eurbeBaputy HpstpbindilG1da wi || have
diff t , t angi. tudi i 0. ; h
R e e T e e

in depths o e various s nts a have a
gr eat er deatch 104 @il hive vndtgbn®s thangg @sdepeh gichtce titaa thhef dephdrscghent her

segnents. _In particular, as shown in the exanple of F|G 3, the depth of
segnent 16aNEERERBS of T sb dprccagpls, ﬂwafreaﬂwSﬁg@P@slé% BGCOHVF SNt 5

out er most ;dgesioR B¢ aﬂ%ﬁﬂﬁ%dli‘_gnéﬁlgr&%g% ojf‘ﬂ@igﬁiﬁé&gg‘rjsggﬁleﬂﬂ BaaRG g2 1 nwardly

fromits outernost edges, wherein distance dlI" Is ter than distance d2.
Si m | ar| yby segmenit AdPa whxteendd] & gtegergahaeAd3 Smwkrkyl thefdeptindftssgroertter nost

edges, and,the distanc 2 is greater than, djstance d3. ghent 16a, which
" bosi 11 S aEesinnany B7 8t SpRURCA, sl Ranes Bl B 487 FeEihe gr eat eot
depth dl  06a {shRsisieEEAaSmidd]UsTitRa&Rded Rentd oA Rd s FHleGreatest | N Vi ew of

t he expl anation above, it will be appreciated that to achieve a

| ongi t udi Adnigy icdepiled! By dfdhaspeprents|illesigiasin shedampde PN Gagpr oxi mat el y t he

same dept rbﬂ%ﬁfor q'n@l%s tegantllﬁg, RI&FRL gtraqighs[%luﬁallﬁrg%anel 10 possessed segments of
uniform depth d as shown in FIG. 2, various segments of curved building panel 10a
will have different overall depths after longitudinal curving. Based on the changes in
depths of the various segments described above, segment 16a will have a greater
depth from its outermost edges relative to the depths of other segments. In particular,
as shown in the example of FIG. 3, the depth of segment 16a extends a distance d1
inwardly in cross section from its outermost edges, and neighboring segment 14a
extends a distance d2 inwardly from its outermost edges, wherein distance d1 is
greater than distance d2. Similarly, segment 12a extends a distance d3 inwardly from
its outermost edges, and the distance d2 is greater than distance d3. Segment 16a,
which is positioned at a middle of the curved center portion 30, has the greatest depth
d1 of the segments illustrated in the example of FIG. 3. In view of the explanation
above, it will be appreciated that to achieve a longitudinally curved building panel
segments all having approximately the same depth according to the present disclosure,

a straight building panel having non-uniform segment depths to start with would be
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a straight building panel having non-uniform segnent depths to start with
woul d beneeded (e.g., a straight building panel with shall ower segnents
near the woadiowesiser eof and deeper segnents near the edges/ush@wmeddsnoul d be
needed). The identification of appropriate starting segnent depths of such
a straight building panel is within the purview of one of ordinary skill in
the art, e.g., by limted trial-and-error testing, in view of the

i nformat i aeeded g dedirdighteiuildingGRnd] wilts sidills Gusssgehents newrr e ddtidic] el sewhere
herein, as the straight building panel 10 illustrated in cross section in

FIG 2 isthetralaed fesmgs %qgmeﬁ%me@rﬁhﬁ%g%dhﬁrra@fnw%éhépeeﬁ@@ i Theust r at ed in
Cross SeCEdeﬁﬁEmloﬁlomPﬁ }%ﬁé}g saﬁm%hs%%&&n {R\8 s@&%ﬁ%%t bhang

bR
accomodat e the for glt naI curve e grea?g change in
dept h Ddl isneitlat itheepureievid oob af gelinany dlapitil tHod2t, agc dyrioui&tdesal-dral-droormat | on of

the |l ongitudi nal curve in_the buildi anel 10a by permtting the
accunulat%%ﬁn%ﬂn¥ﬁgéftﬁ%?%@?%ﬁmpﬁﬁﬁ“@%l HE 16a in connection with a

| engt hwi sgyeeBPr t exy MgcRfed ilndbidbdil RERBHGIncAkRR a8thd d@ighk gﬁl@dlhg)pa&w i ng
| ongi tudi nal curving conpared to other | ocations on the building panel 10a

t hat exhi b9 nllusést@d ieergshseicen BNd: ans ﬂg‘vecsiongmachna,lly inteebugidegt inclchange i n

d h Dd2 h h h
fof mat i on B MEREAF kbt B oo AP iR D REERET 8M per i ¢ ¢ ng

t he accumidcabingstiaef ths ieatatisRbetheabndifitimabagi®nThelg@dateNcia@poecddpn Wi th a
| engt hwi se shortening of the building panel 10a at that |ocation during

| ongi t udi Adll Tlve tﬁ@h%@%a? Bdopth ddhegeompragdates e fepmatia ofuhe di ng panel 10a
that exhi Rin%n{ﬁﬁ% NG Y G ﬁlagﬁmdbgoyl RTel?&n g&%@‘@%&ﬁ%ﬁﬁ&{ Lbgg of the

bui | di ng pafie a near segnen ails i e re ver
shorter | engtial G@to sn‘gntelnelmmcdnmnpﬂmﬂh alleagthtvise hhcbrte(nlucg/m“rthe bmdxahg on as

conpar ed tof%hg IOHgg | engt he bui.l di ng pa ﬁt t he. (upper)

regi ons oP2RhdVEHihEp5aHg %B??g N fYrving cofEpar lpgagiony On As” not ed
' crbuil 1 ibit'] ¢ ni S 1 T

above, 1 hg.g flhﬁlf g‘g %tﬂ%%&‘h bi ”@s@'i Jgﬁﬂaéé‘ﬁl (tniapd %aﬁﬁpﬂ{esg Breause the

| ongi tudi nal ly c bui l di ng panel I0a i1s erlv from-a sttai ght
bui | di ng plzamgb imd)emlazadhgelmmtmtlheacrhaug@msde@éutsdbadad) a@hameac‘awd tle uni form

| engt h. th udi.nal curvin ocess de ed herel t he dept hs of
var Dous sbtraies SE iR dmalin P hORRRE piRT S048Y et ichizte | nt ho

bui | di ng Q@dﬂﬁiuleﬂtﬁ)ﬂ dﬂsﬁé’é@ﬁiatérﬁﬁm’ﬂ@%n{eﬂt i fPiRrdonkdcABR WBIhSLlcR@RRALGAt | ons i nto
the building panel 10a. G eater degrees of |ongitudinal curving,

cor r esponshargning of led buakdireapiine! Yla ag tray fncavien denng lasgibidpeshcedingy gr eat er

S?Zg?gf ! Qoﬁlhaerecgﬁdn otper 18(];3.‘[1%1619 ﬂ{esouﬂ%en%rf)%r%lslOa?ﬁeﬁtegglb%tlesgrleenagﬁlvwse relatively

shortening. The lengthwise shortening of the building panel 10a near segment 16a is
illustrated by the relatively shorter length C1 of the building panel 10a at that (lower)
location as compared to the longer length C2 of the building panel at the (upper)
regions of the connecting portions 32 and 34, as shown in FIG. 1. As noted above,
the difference between linear lengths C1 and C2 occurs because the longitudinally
curved building panel 10a is derived from a straight building panel 10 having a
similar cross sectional shape and a uniform length. In the longitudinal curving
process described herein, the depths of various segments change to accommodate the
longitudinal curve in the building panel 10a without the need to impart transverse
corrugations into the building panel 10a. Greater degrees of longitudinal curving,
corresponding to smaller radii of curvature, are accompanied by greater changes in
the depths of segments. Segments located at areas of relatively greater linear shorting

of the panel due to the longitudinal curving exhibit relatively greater changes in depth.
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of the panel due to the longitudinal curving exhibit relatively greater
changes in depth.[0056] The present inventors have produced |ongitudinally
curved buwbadpbrigegmnel s such as illustrated in FIGS. 1 amdTa/Se@9e33e eel
sheet nmetal of approximately 0.060 inches in thickness ( 10 %9 to have a
radius of curvature as small as 25 feet or as large as infinity (i.e., a
longitudinally straight panel). It is believed that |ongitudinally curved
bui | di ng pH36] s CER feescpt deleined hase pesacdddedgieimilly cwiviell budding peficlcur vat ur e
as small as 20 feet and_perhaps sonewhat snaller from steel sheet netal

havi ng a PYihaRidesdraied g ﬁh%@@ Drsingheg! SB?%??t%lé’f apyaxingidg-Yofiches.

L0057] Longhiuleidits eur o (Bublel AdiRaNehSaal ienivRosblushrated i n

FIGS. 1 a 2 that do ssess transverse corrugations may have vari ous
advant age®rgyvarinfioitg(iteu diloadifudinally vea ghiupdndi) ndf ip belelvsd thaatonigriedinaéy

transverse coryugations, First, bui | di n nel. according to the present
i ol osur EeahbaRes B e e Ber bt Frrdr o pes e
transver semgiPhd MRkt Qﬂﬁp&ha{p%%o&%ﬁma{amelnﬁoﬁ%&emgﬁﬂet%ymixbgtla I di ng panels.
In fact, experinental tests carried out by the present inventors have shown

t hat a buthieknggs ipahetangeehabeut .08yt abapre@ 0BGichasS. 1 and 2 made 0. 060 inch
thick ste eet, and having a dius of curvature.pf 25 ft an i ncrease
Pl e BB e AR e R MRS

in streng excess r 0 a Cco ion ng panel

Wi th transye? st 6@ hougatdsotandiatst RerhfrioaaiRy hadk wuiicanddvameeges bah t he sane
steel thickness. The increase in strength permts buildings with

si gni fi calngiudigpliesurvedshipldaie reamels shat ingledorgansverprecoraigationst Jvista For

exanpl e, : V. i sheet
mecal of Bl Bt A CREREIAR pRAL AU YA EE SRRl feonltP LSt Bh ot %o

bui | di ng btildicg parel edhpransvong @nsghtions yppe coirmgrtivpacanhasikog sechw dt h rangi ng
from 110 ge&h to 155 feet can .be rrfnuf act ured, whereas conventi onal

bui | di ng S¥H4ig B¥ESS. FRAALACPETRENET 53 FYRGH CUdPhEF PISERrPEdi By MY ng panel s
havi ng 1 r aNSMPRSE: GAINORKIPURNUSTINGILEH FROCS Il Bhacd 00 R B

t hi ckness would be imted to a self-supporting maxi num span having a w dth
of 100 f eeteel sbbct@odhsang etrdrbus ¢fhiuckates €85 difhadtapehcredseat stnaigtl incoul d be

used, possi bl y,ting in even |arger. selfsupport.] spans, and the
exanpl & aBivay oI TtD e shPa Ak Ery TR siasF SR RSB 20dithon, < he
absence OforARSNERAS S LAE KM FIdARSand Mdddifthh 1He sRABQIcS] Mekasdi Mhct 0 the
present disclosure avolds the cracking of coatings such as paint, which

t ypi cal | yinstease & Stiengthipetigby inegssvidl significambereseussopputsdtspems. Bui | di ng

panel s aceoifl 0o, t.0, LG BLES B0} i, 854 5rThE SRR el o @
enhancements, using steel sheet metal of approximately 0.060 inches in thickness, it is
believed that a building structure comprising a self-supporting span having a width
ranging from 110 feet to 155 feet can be manufactured, whereas conventional
building structures manufactured from longitudinally curved building panels having
transverse corrugations using steel sheet metal of the same thickness would be limited
to a self-supporting maximum span having a width of 100 feet. Of course, other
thicknesses of steel sheet metal could be used, possibly resulting in even larger self-
supporting spans, and the example above is presented merely for comparison
purposes. In addition, the absence of transverse corrugations in building panels
according to the present disclosure avoids the cracking of coatings such as paint,
which typically occurs in building panels with transverse corrugations. Building
panels according to the present disclosure also have a much more streamlined and

acsthetically pleasing appearance compared to building panels with transverse

corrugations.
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aest hetical ly pl easing appearance conpared to building panels with
transverse corrugations.[0058] Building panels such as illustrated in FIGS.
1 and 2 awo 20v)/@eeri bed herein may be used to construcPCelsSapoases3bui | di ng
structure of various shapes by connecting a connection portion 32 of one
bui l di ng panel 10 to a connecting portion 34 of an adjacent buil ding panel
10. FIG 4 shows an exenplary junction of two building panels 10 joi ned at

t he hook piws8] on BaRlisnshnelsublem poastdtahinIdas. Aand 8 akdevwdestabédose of ski l |
in the arhé such Lunctions can be securely forned b continuou% seani ng

usi ng seahfiR BaXPTeedie eNFRA xREPLYY building peicdys obNVa 1Y SpRSS P4, t he hook
32a i's cr bRV eEdRSidHEIBrEARS 6 B Miikh odhaRBCHY 18 aSSARRcHTk B
configuratg%%sng%y %e uéegﬂ%o&?O%n @ﬁ% 6an g'such és g?%%%% ntu?ypes of
seans, | oBhbEan idsteanbuiblinpparship- Flégdtshews poexdrsplagnyndfonwtiited may be used

with the puil.din el s according the prese i scl osur 059] FIGS. 5-7
"1 st 1 ot DU BB AT B NP phrtiog 2 AT e b Rt SRt Rod uSi g

bui | di ng RARRA & @SS RQR NErBENjunBHGHIRE Do Qbcurdly @&n@a%ryi IlTustrated in
FIGS. 1 and 2. These exenplary building shapes include gable style

bui | di ngscommuexasepmengoisinghicamingsdey nowin F e a8, letheeuhaplesifyile.
bui | di ngs n.exapple of which .js,sh in FIG 6, and d | e-radius (or
tvio- 1 aap oy PEPGTE TR e o6 hEpER I ol B Shmh KT he exani e of

FIG 7. | poifi@rewaplagiby ubed lodbinghe ?iﬂe@bﬁh@diffei’enﬂy@gs oﬁseﬁms,h]@ﬁ@i,t udi nal I'y
curved buil ding panels are used to formthe roof sections, and straight
panel s ar &sig8ed, eronapniracthee foiptheany| oA wheHumaabe ussdoyittothe butdine pasfiapes can

al so be fﬁg%hﬁﬁ%?Q§F§%3h2ﬁ§05% an to" buildings which are taller at one

si de than ano ot her variations using conbi nati ons of building
panel s haj0059] | orldiGiSudi7nisilistyateencngdarpohipesnsbwtdivgythawanibadi i and bui | di ng

panel s having.strajght portions. [0Q60].. An exenpl ary panel. curving system
for manuf a]@{luﬁapwadwm&ﬁwglwﬂé a&ﬁ@%@ﬁé@(f Ygeia, FHRLQVHER 8 wil 1 mow be

descr i bedy WhREELIFICIE 1RARS! THYLAMETHS HEMIBL LA hehiicl dbRdpanel to have
h g transvers

a longitudinal curve w thout inparti corrugations thereto.
[ 0061] Anbeikdings, an yxamapie bf fvbrohiingheamdindliGy bgreslas stytn BOldingsj 40 ustrated in

o OB A LA SIS SR LA SR M RS vel ). The

nobi | e trgifl@hgPhRbLMPRE bhahichasRvn in the example of FIG. 7. In the exemplary
buildings illustrated in FIGS. 5-7, longitudinally curved building panels are used to
form the roof sections, and straight panels are used to construct the flat end wall
sections. Other shapes can also be fabricated, such as “lean to” buildings which are
taller at one side than another side, and other variations using combinations of
building panels having longitudinally curved portions of various radii and building
panels having straight portions.
[0060] An exemplary panel curving system for manufacturing building panels of
the types described herein will now be described, wherein the panel curving system
curves a building panel to have a longitudinal curve without imparting transverse
corrugations thereto.
[0061] An exemplary panel forming and curving system 50 is illustrated in FIGS.
8A and 8B (left side view and right side view, respectively). The system 50 includes
a support structure 52, shown in this example as a mobile trailer platform that can be
towed behind a truck so that the system 50 can be easily transported to a job site.
Supported by the support structure 52 is a coil holder 54 (decoiler) for supporting a

coil 56 of sheet material (e.g., steel sheet metal). The coil holder 54 permits the coil
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towed behind a truck so that the system 50 can be easily transported to a
job site. Supported by the support structure 52 is a coil holder 54

(decoi | erwof2oro/msg3porti ng a coil 56 of sheet material (@eCE/US2e0Med338heet
metal). The coil holder 54 permts the coil56 to rotate about an axis A
parallel to the vertical direction Z such that the sheet material can be
fed into the panel form ng apparatus 60. The coil hol der 54 may include any
sui t abl e sechamdts abdue ag axis dnparallledto theatertipabdies:tiag & sush that thadhedt sur f ace of
the coil 56) to prevent uncontrolled unraveling of the coil 56. It will be
appr eci at @@%etrﬁﬁ@aqb?efeémtp th?dqaaélrfommééﬁpﬁémm69céf§e el BpldeidsmA®d | ocat i on
sui tabl e i i Al,f: i i ition is
ot i m o 4SS R bRl . am AP RGOt et 4 ¥R Ty
suppl y 58theeod.56) & plicese unamgiolled unsvaingomphosaided It eilpbeepprediaicdar i ous

functions of .the.system50., A cont.rol st 62 is .also.provided, such as a
i cr opr ooHSbHt A TERE ShERbR Whcan fay JEHeddheston subhE Rl rshtgna
conput er ) nangiapBRNHEBENE 6 @nk ik pb{iacEe1GR¢ Lifteh idhedobitbs Mianelth ve di splay
screen, for controller the operation of the system50. [0062] Al so

suppor t edFHy. &endblpdB: Apewet wpelys8, g .a qiesabéngingy i algp prppdedtus 60 t hat

i ncludes nul tiple pan form asse ies 60a:60h that are configured to
generate Bt PeTnBR s BpRb e S GF 0, Y AR S el B7 b Bl SR Sat “has
desired crashsisaeniciPidlesshdpRd coioliy $4 oS Qompster dutalaudesrsanglanel curvi ng
apparatus 400 that includes multiple curving assenblies 324, 326 and 328
for i npar €9HBUtE) |aa¢hginiaylomﬁ%hmeclmewg<:@ 66.tsHeh B3 togrimges el display s€Eehai n

enbodi nent§.., &ﬁ£t@%é&£#8EQH?%%%§%§1 0 as shown in FIG 9 with multiple

curving asse I es ourth assenbly 107 could al so be
used. The[6062] em Ao algported by taesippatt ttrydtere|5e\veh pagl faaluse Afpasandk 60Ul ti pl e

equi pnent storage co rtments 80. [0063] FI 8C and 8D il lustrate
portions HFE A5 Rl SPitich r@ﬁ@aﬂé&%@lﬁééoaﬁg%@@rco ghicfitat i on. Each
panel for Q&&%t@ﬁ%ﬁﬁ&% g?@?'ﬂ@a@%étﬁ%h‘t‘gﬁﬁg@? @éé{gglﬂéﬂdttﬁatq{as b QkdifldSersyppor ted by

a respectrve frane, nther ers o successi ve panel form ng
assenbl y &Saosdbhagree Thenfstgur®dchliconcindessnpanebdurying mpparatuaddd thabnal shape to

the longitudinally.straight buildi el i.s being forped. In

par t1 oul ainetidgs mafialer 8y st 3R A 205 S dbed T8 MORERREEL o | er s
confi gur egy®® t&&@%ﬁﬁ&iﬁg%@ﬁél{ & sdHaibsthbsiingnRan@kl ARVinBdpFarkt9$60 gect i onal
shape such as that of building panel 10 illustrated in cross section in

FIG 3. TheowywandIG 8miihngultiobervbying ass60klis0H) 20 fl 0haféland dourihmagseapplar at us 60

can be driyen, BY aR¥ 8L Al CrilRY QS 5o Bo BXRIR! GurBRIR &S eINeks 70 and
multiple equipment storage compartments 80.
[0063] FIGS. 8C and 8D illustrate portions of the panel forming apparatus 60 at
greater magnification. Each panel forming assembly 60a-60h includes a plurality of
rollers supported by a respective frame, wherein the rollers of each successive panel
forming assembly 60a-60h are configured to incrementally impart additional shape to
the longitudinally straight building panel that is being formed. In particular, for
example, the panel forming apparatus 60 comprises rollers configured to generate a
straight building panel having a cross sectional shape such as that of building panel 10
illustrated in cross section in FIG. 3. The panel forming assemblies 60a-60h of panel
forming apparatus 60 can be driven by hydraulic motors, for example, powered by
power supply 58, and can be controlled with a programmable logic controller using
approaches and designs known to those of skill in the art. Approaches for configuring

and driving the rollers of a panel forming assembly 60a-60h to achieve a desired cross
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power supply 58, and can be controlled wth a programmable |ogic controller
usi ng approaches and desi gns known to those of skill in the art. Approaches
for confiwororgesssd driving the rollers of a panel fornPag/use@entd3gs 60a- 60h
to achieve a desired crosssectional shape for a building panel are within

t he purview of those of ordinary skill in the art. [0064] The panel curving
apparatus 400 includes a plurality of curving assenblies 324, 326 and 328.
The panel s&tiorilnfamstoeablildsg padkl a@Abitlkbin the3RByicundelost € octimiry okillof a
control system (e.g., a manual control systemor a m croprocessor-based
progr anmaBl 8¢PBgi ¢ controller), are configured to receive the straight

bui | di ng Rﬁﬁﬁi 10Fhe§%ﬁt c%?vih%%%%trz{tﬂé inf:Rl'aeseﬁ(ﬁlg}:m@y of &rﬁh&aﬁs’aépb ia¢ panel

curving apparatus 4 en | rts a longitudi curve to ul | di ng
panel and32tut3gatasd a28.oflge pandl aaling assembdids B4, 1380 agd paneinddGhe cenicil as
illustrated, for exanple, in FIGS. 1 and 2. [0065] In the exanple of FIGS.
BA and aEo 1 FNioL SRR (S8 bR oaTol S0 R RS g anpar At us
60 are co Idg%ﬁﬁ*olé% Stio#eBJars UsHYidhed totre&div @ihg RiraiBi thdid gel 10

bei ng forirare by the pggﬁ(él forequﬁ aFlg'apf)%r at U86601 can .lg%@f ed d?%e%ﬁly into the
panel cur V.rgclappilvstraied, 4o0cxaomplarpal tG. t3h e heqageltaueving kpraeatyed Alothemr m

bui | di ng pane Qa... A.shear i ng.,apparat us ot, shown) , ca e bl aced, at the
oxi t of _phner el SR OuRRBE Pl Bkl RORTH GRS "5 o
desired | gaigdihg p&nf0gunat Asdnsstard, Earkimpleon BHIHSal aRg2appar at uses are

known to those of skill in the art. The panel form ng, panel curving, and

shearing 10968t i orl8 thsagragiple ofeFleonBAGNKSH, fict el yisg apRasatsnd@dand 0066] | n
oh . . . ‘ oot on K of
banet s 100t Al abdi O BOANLnReliefit bEMARE s B bl flidtfel 20 K 0L

i 11 ustrat edilding parel 18Being orsndddyehs pareh Gwmingappatatus @Caartd f8ddirsdtliyc h
illustrate paortions of the panel form ng apparatus 60 at greater..
magni fi catftoHe PRABICUTYIRS ﬁmﬁagat%%%mwa%mﬁlpggf%@eliaéﬁl,m? Iﬁ%?‘EB]i uildfigder 54,

the panel Pérfé'i THNIARRSE la%gﬁaﬁgﬁ?cﬁgﬂmwﬁ)’&ntb@%l&gﬁ ¥{ 18 2T BEPRI) es 324, 326

and 328 are all oriente rtically, so that ‘fromthe tinme the straight

bui | di ng pawelg apPaiagisi4iD e stdaythdurdugipan¢lHOa pamddsiedtanigthy appar at us 60

through the tinme.the l.ongitudi pally curved bui] ding panel J10a exits the
banel Ccur boRGE A Gt S0 ST R sBlt iRt okt RE BEPRATETIE < 10°and
10a wi || he ahégned il hhgel \CBRinE ahd Shdafifb inafktiéns RHE Bl Be 6OMifdIRYr at i on
results in a "ohe step" process insofar as a straight building panel 10

does not Watheonwolggstewrdved from a
[0066] In the exemplary configuration shown in FIGS. 8A and 8B, the direction K

of panels 10 and 10a shown in FIG. 1 is aligned with the vertical direction Z
illustrated in FIG. 8A. This is also shown in FIGS. 8C and 8D, which illustrate
portions of the panel forming apparatus 60 at greater magnification. Thus, in this
exemplary configuration, the coil holder 54, the panel forming assemblies 60a-60h,
and the curving assemblies 324, 326 and 328 are all oriented vertically, so that from
the time the straight building panel 10 is initially formed by the panel forming
apparatus 60 through the time the longitudinally curved building panel 10a exits the
panel curving apparatus 400, the direction K of the building panels 10 and 10a will be
aligned with the vertical direction Z. Such a configuration results in a “one step”
process insofar as a straight building panel 10 does not have to be removed from a
panel forming apparatus located at one location and then transported to a panel
curving apparatus at another location for longitudinal curving.

[0067] While in the example illustrated in FIGS. 8A and 8B the coil holder 54, the

panel forming apparatus 60, and the panel curving apparatus 400 are all illustrated as
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panel form ng apparatus |ocated at one |ocation and then transported to a
panel curving apparatus at another |ocation for |ongitudinal curving.

[0067] WwDeoiomesise exanple illustrated in FIGS. 8A andP8B/ush@9med3do hol der
54, the panel form ng apparatus 60, and the panel curving apparatus 400 are
all illustrated asbeing oriented vertically, use of a common vertical
orientation for these apparatuses is not required. For exanple, the panel
form ng apgag aticise®Ocraingya usdio ft adlnem oo vdrtibgl cdientacon b thae appanfued is

hori zontal ly, i at an angl e of 90 degrees relative to the orjientations

. €.,
shown in PPCSIUEA- 98 CEBIPIFHEC RIS LSAYRS IRAFTAUHS aera wgabla e hrlieht ed
pr oxi mat e &8 b BFibARNhaH) ohidt ﬁé‘tﬁ%%g%'o fg@gegﬂags PRAER R ©0. € 0.,

co-located on a common supporf structu ., nobile trailer platforn so
t hat sheebtriembtamsahown onk (e 8éoind §B Tlecharnotat bl pddel cofilbrw Ingptabpar at us.

Then, in a "two step”. progess, a.longi.tudinally straight huildjng panel 10
coul d be Gt dir TREOF BRI OB BHS R P e g da s GTER o
first stepemaARd shplRi sthlnfe REE OMEbikd @zmerm@f,oﬁhf & @bt shsti halbRg Ranel 10
could be transported to and fed into a vertically oriented panel curving

appar at usthegedtie tbdgntoghelprick fasmingsappptus. stheacnaréyvo pED6GBIocess, 2 he panel
form ng appar.at.us,6Q a t anel .eur vi apparatus 400 ar qvi ded on
separ ace. SaBIHDLe ARG pEnRBER 15K TR RSN Bu} rite b 1 ot her

pl at f or meparit] sdieiigd AHarRabainusicoids] ahé tehigetkeadnd Ji, end draffht t he panel
form ng agp'ar'at us 60, i.e., adjacent to ft%ar,\el form ng assenbly 6Ch, to
shear t hebyiding el bYicowli by tigasnerted (o ad ferl o prvertsr iy pygntedipaicl ed | engt hs.

I ndi vi duahm%}élr gpg atLB%Ja I, Epgiﬁ@nezlt %ﬂ%@&ﬁ%{rqcthp:en be noved (e.g., by hand

or with the nce of a machi as a crane) and fed to the panel
curvi ng apws8ht udf 4dpahecldaimidgappaatnepbnad ehefpaatifoarvingashapouet@darby a

separate power supply, for exanple. [0069] The inventors have recogni zed
Chat the PBRVASHOSRERAEE SHPROSHYTUTY e & Sparidarale mW1bﬂané&ﬁ§?rapa9th&bo, t he

panel forgj Rak @ by Idceh 9l @Eex@Ar iR n3hdl (h&nihd @ vertical
orientati r?ﬁgﬂ%ﬁ gsé’aitr%ﬁléua??ar1 a@gég?ﬁbl%ﬁ%g.e@8A gre\)él gB, gggpéeci alll g co- | ocat ed
on a conmmeppasaippal,ti.cs tdjacen tepanes fomming dsnérhlgdst 60b, tblsbequalnd teughar exenpl ary

appar at uses. 400, 6 nd. .54 illustrated in these fi.qures.. The.jnventors have
Feeoqn zeuidiat priie 5iRg st R aRiired BreltEamdt i Shueb i e appl | o
to conve nbérféflbaid Youkd @A bBaRRkd t@g.m)ﬁ HarRigrayiat the %%iﬁﬂ@ewﬁ%acﬁﬁfe\éhag
appar atuses to produce new and particul arly conveni ent panel curving

systens. Fot crerarmudded b panad getvera appataths 0D [locagedeonpmsephrata plaghdmy machi ne

such as d Ial%: ;l)(9v§eergd B}rfl a lsJeSpa?e?tlé %cr)lxgverpé%%{)f.y? ?c;[riegerfmple.
[0069] The inventors have recognized that the convenience of arranging the panel
curving apparatus 400, the panel forming apparatus 60 and the coil holder 54 to all be
in a vertical orientation such as illustrated in FIGS. 8A and 8B, especially co-located
on a common support structure, is not limited to the particular exemplary apparatuses
400, 60 and 54 illustrated in these figures. The inventors have recognized that the
synergy of such a “vertical” arrangement can be applied to conventionally known
panel forming apparatuses and panel curving apparatuses to produce new and
particularly convenient panel curving systems. For example, such a system could
utilize a panel crimping machine such as disclosed in US Patent Application
Publication No. 2003/0000156 (“Building Panel and Panel Crimping Machine”) in
place of panel curving apparatus 400 and utilizing a suitable panel forming apparatus
in place of panel forming apparatus 60. The selection of suitable panel forming

apparatuses, panel curing apparatuses and coil holders for such a combined vertically
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Publ i cati on No. 2003/0000156 ("Building Panel and Panel Crinping Machi ne")
in place of panel curving apparatus 400 and utilizing a suitable panel

form ng appanswuessen pl ace of panel form ng apparatus 6@CTNise0098b@&6e 1 on of
sui t abl e panel form ng apparatuses, panel curing apparatuses and coil

hol ders for such a conmbined verticallyoriented systemis within the purview
of one of ordinary skill in the art dependi ng upon the cross-sectional
shapes andritmedsyistech salittdu thegsirotwtdfenbof bdimgy pldanéeh thedeisdepesting 0070]

Exenpl ary enbodi nents of the panel curving apparatus w. |l now be descri bed.
The first u@%ﬁﬁ CERSySestiondl Sharqs aﬁﬁéxor{%uﬂ%ﬁgmewf thesbyilding panglsidgsisgd- act i ve
def or mat i Rjp7aPPr QAR IS Rhdbdi Rl ParfePlir® il VARRBly teUr Vi ng

appar at usﬂg)r ePt hemgTﬂv%}g pos?%?egnedt{ soﬂ%lse to 'T;n%ra?g?uﬁ y ge?orm and increase
t he dept hdesofibedrTlai firssegmphirg cofbodinenbmaly d tigpughne astrelafimeiol antamtiec

| ongi t udi curving of the_ buildin anel. The second exenpl ary enbodi nment
oy et hGIGHTES RErEh SRS ot 6T Dl T hePBI bR “SRPFBAEI i nootar s

certainr ﬁiehﬁél%es?‘%@sitﬂﬁéh"sb anRdoWchlydRRSt AR BBRLWARN At AhSGCRAMRdat e the
accunul ati on of sheet material of the building panel as the |ongitudinal

curve is pegnmats dfrihe belding patichty ipeihitste lopgomtipal cpgingof the beiding pancdn
exenpl arypanel curvi apparatus 10 corndi to..an. exenmpl ary enbodi nent.
e ohonn’ THE Rt SXeryl AR i cpedB R LP L8 B PR ACH BIBLEY s 7ot

curvi ng agsferhhonlPraath aRoLnhs aften K1k B¢ pbdiorsachitngpt Mdretrtsasond
curving assenbly 104 positioned adjacent to the first curving assenbly 102,
and a t hi Facsomplodgtedbegenmylation opslct matesig! efdhabeitding panchas §econd cur vi ng
assenbly : ASHR r tuating di spl acenment of various
rollers aglogé%t%@n%%d egrs gul iﬂﬁglet]q]gldkl%iqag‘lglhg panel 10a is |located at an
exit side[0®71} he FiachiilhetrdQ0 aaetdeppiait pantlediradp apemitus 00a eotding @ cur vi ng

assenbly 106. Additiqnal curving assenblies could be added to provi de even
great er c%?%%mpqw thodns i Ag SPrwR 855G ﬁetm@elﬁaf‘@% eargenkll ¢ of

achi evi ng 1&[@'6& Q'ﬁréfft %glhjing%{ss&#ﬁlgqrﬂg laBan AMiraR0L Sidle Ef'{hg ?najcgﬁlei 1§)Op§§éc5ﬁcp nteﬂeat

an entrance side of the pane urving apparatus 100 and adj acent to

first curvimggassendyy04pasiaotdgdjades ta thst firai gintinp asdetibhgl (Paned a rade of
sheet of RQuilding mater| into.th anel curving apparatus .10 As not ed
above, °t hi sy dne sl g siinart BT e Mg SRR R R pane)
curving appRugh H@se&@g{ hesfopa&hARR difpl&deARat SG&kibANrdlRrs?nkl fan@riagr pendi cul ar
to the longitudinal direction that includes a curved center portion 30, a

pai r of sgeidingdhe beihingpanghd0B8 lecetadradiangxit pidmot te meaphined O8endler porti on,

and a pai {)oscf‘gionce %ﬂﬁ%&ﬁt@g tlpeotfutr(ii glﬁlr%in?’gzasgertln 19 L}Og .X}X?i(rill forq Jug'\pnrpg Elshsgm%iigse
could be added to provide even greater control of the curving process with the
potential benefit of achieving smaller radii of curvature. An entry guide 108 is
positioned at an entrance side of the panel curving apparatus 100 and adjacent to the
first curving assembly 102 and guides a straight building panel made of sheet of
building material into the panel curving apparatus 100. As noted above, the straight
building panel that is being guided into the panel curving apparatus 100 has a shape in
cross section in a plane perpendicular to the longitudinal direction that includes a
curved center portion 30, a pair of side portions 36 and 38 extending from the curved
center portion, and a pair of connecting portions 32 and 34 extending from the side
portions, and the panel curving apparatus is configured to accept the building panel
having such a cross sectional shape.
[0072] As shown in FIG. 9, the curving assemblies 102, 104, 106 and 107 each

include a frame 115. The frames 115 of curving assemblies 102, 104 and 106 include

a pair of plates 116 and various cross members 117 that join the plates 116 of any
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portions, and the panel curving apparatus is configured to accept the
bui | di ng panel having such a cross sectional shape. [0072] As shown in FIG
9, the cuwoinp/@mssenbl i es 102, 104, 106 and 107 each i neCuds2@9fs@ae 115.
The frames 115 of curving assenblies 102, 104 and 106 include a pair of

pl ates 116 and various cross nenbers 117 that join the plates 116 of

anygi ven curving assenbly 102, 104 and 106 together. The frame 115 of the
fourth asgeebkyrvifp/askeiablyd63, W4nddloe tqdedtice. TASrhinatl 1Sypperibsrth t s vari ous
conponents in }his,exanplen The ?Ia%gg 116 and cross nenbers 117 nmay be
made fronfHeBLY HEHnelslesia dngle plaio} I GdhpePRFOHYY At e FerapPOneRls N flisipl e, The

plates 116 oAy ¢f Rlakl rl‘l'gtghﬁ @ro@@ﬁw%ﬁ%ﬂé%? nﬁ&?&q?%{r%tﬁoﬁb.%gﬁ?lﬁﬁlwl I es

102, 104, 106 and 107 to nount ed and provi a rigi rane. For the
first curvieclgoasbeardoyg htRrial,Her éxaarpde. 1THe pratgs bed pensicdetmdtuse fori r st "

frame, where "first" is ed nerel S | abel f conveni ence, for

cor r espongius cpprppse] Fe psseabBerisRy 1836 T 1B bR EDHR gur ati on o
frame 115,sheol ArikldGraie. "B tRE AR tAVIME LRy adyant agLeUSs niythead suitable
frame for the panel curving apparatus 100 is not limted to any particul ar

conf i gur acenskder¢dy0 7Bt Amngh oilard ‘Hirftl’ G used merdly as p dabel Hncoivegicass bl y 102
also includes nultiple rollers 1 4., 135 36, 138, 140 d 142 (e.g.,
it plo FtrepplnbPlodpl i sy 492 gud SR pbPEuaitien ing

suppor t ed] byshdwe irAGE9 hidbechTosl ©fbeskiddtadedud, bat akditabid frardPieied at e t hat
many vari ations of hardware and support nenbers may be used to support the
nul tipl e P#Icl epyinggpparatis 109 asnot imgiediggny paticyaycondizuraigd: any sui t abl e

conbi nat i su r ' - . FIG
10 al 5.1 NS , SreESleh B TRG) B (R A BRI 1€ B i RAMERE, Dort e
by a Fuppgﬂhmﬂ%ﬁb?&@ﬂBﬁ,{ﬂ@ﬂg&]meFdOﬂze?%kﬁMh?uevmkwh?mayu?ﬁgqﬁﬂéi {?r I
exanpl e, fromO. i nch, thick steel or er strong erial. mul tiple
rollers 13%2 [obgltor 9 NiEBE) S&@%{ﬂeﬁm% a@ﬁé}%@%ﬁ@ﬁ@ﬁdﬂ_ﬁ}e%wﬁ%term' ned
| ocat | onSqfiGefate tidh bl vaRERAR P HHANGE. dRGAbDAN ottty §d §8LTo 35 @

conveni ent 1 abel) to contact the building panel as the building panel

passes al euppottiiee multiplpiodlersol32ei 3, 132, 1303438, 136 and 342, and8ny 4@brnd 142 in
the longitudjnal direction. The second curvihg assenbl 4 and the third
curvi ng  aSURNBRPrL BT et S oy CEAELES £6o 4R TRIRES ol Bor Bl T o

suppor t ediR¥trhte@ad EaiBste whbRBIl&s 1 Be 10lahl R4 afctdubpérEeddy 4 HppeMI Vi N
assenblies 104 and 106 are arranged at predeterm hed | ocations to contact

t he bui | dimstnbgahl ingbe fdvm Wi D dinggwpwhenaypsmeds, dreagmpleelram @.7pl e second

rollers in 1h&ck 929 &t ol LEGHL O rne RIGNRl 30N ert §5211548135, 136, 138,
140 and 142 are arranged at predetermined locations (e.g., “first” predetermined
locations, using “first” as a convenient label) to contact the building panel as the
building panel passes along the multiple rollers 132, 134, 135, 136, 138, 140 and 142
in the longitudinal direction. The second curving assembly 104 and the third curving
assembly similarly include frames 115 and multiple rollers supported by the frames,
wherein the multiple rollers of the curving assemblies 104 and 106 are arranged at
predetermined locations to contact the building panel as the building panel passes
along the multiple second rollers in the longitudinal direction. Exemplary relative
positions of the multiple rollers 132, 134, 135, 136, 138, 140 and 142 are shown in
more detail in FIG. 11, which will be described in greater detail below.
[0074] The panel curving apparatus 100 also includes a positioning mechanism
that permits changing a relative rotational orientation between the first curving
assembly 102 and the second curving assembly 104. The positioning mechanism may

comprise a number of components. An example is illustrated with reference to FIGS.
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positions of the nmultiple rollers 132, 134, 135, 136, 138, 140 and 142 are
shown in nore detail in FIG 11, which will be described in greater detail
bel ow. [ O904)10Mises3panel curvi ng apparatus 100 al so i ncl rd&aSa00pM66389 oni ng
mechani smthat permts changing a relative rotational orientation between
the first curving assenbly 102 and the second curving assenbly 104. The
posi tioning nmechani sm may conpri se a nunber of conponents. An exanple is

i I'1'ustr at edl 2aridnl 3, efhereerice 12 ohdw Ghth9ce diRicasionadl Jievnbfthe cinhving dkBersthiows a

t hree di nepnsional .view of the curving assenmbly 102 froma right rear

per spect | V&2 [Tad e rear prispectyespwviiose FHp ol %‘Pﬁ‘é AIERAMISERALYIC Y] acent

curvi ng_aspeiilof d0GiG LAl $64 (R ICREEAPERPLYR:. AS UMM s this exanple

illustrated tn FIGS, 9, 12 an e positionl ng nechani sm may incl ude
r ot at abl eexample dtustoasd beFKes R, 42 pat Ehtthepostiongngassarblshesay 02]ude04, 106 and

107 to permt, themto pivot relative ta one another. ro bl e
tomnect okt e R Beltiednadset utting Brograis G5: 151 I0e R 2R 56 i e
pi vot bl Oﬁﬁiﬂtﬁgmstb(ﬂ%t kdlatfle@ oS addiferatsuel RRstable cBhilcBodsl@n®e curvi ng
assenbly 102, and femal e pivot block 149 shown in FIG 12 and attached to

opposi ng ptoaided byenalppndienpilnpiveeblode, picheethaldpigogtosisl @8 shawh énal e pi vot
bl ocks 158 and 149, 4g sonneet ) the amalie. and,(Rmabe. pi vot. PLiocks 458 and 149

t hereby aliowng t VFNQg asse 0 pi Lich nal e and

fenmal e pi V99 sivseemtHIGes2 shdvttaahdd/totppoditg PRed] 160 Fiestdhidlay bepnre¢t second
curving assenbly 104 to third curving assenbly 106 and to rotatably connect

third cur threghauale gpd femagpivet blecks b Scandviitf do sewesighy matpand[fgmzls] The

posi tioni i j I: i I al so

i ncl ude aﬁggg@(égﬁ?%frﬁ%&s%g%&?byailkﬁééﬁﬁte%gﬁéﬂ %%@Pﬁéé?trﬂgfs grl)w%{%at connects
adj acent pivoui fighasdenid foamlypiaoronaaiblidsngmiddrbcdasn bk2Qed toabtazabdy at t ached to
pl ates 116, as sho in FIG Three such actuataors 0 are sh in FIG
9. It wil PO LSS A B af%@a@lyak%att@réj Gt riooly 1 paiors i dr aul i o
cyl i nder aGhidalifird At ARYCbUIIBLEIATAR, SuChnASI(A. rotary actuator

(e.g., screw drive) or other actuator could De used for actuator 110 in
t hi s exanf0§5] Theltegtogritoomg midobamma, suvk apdlustrated if duada@nple; ataybllocks 158

and 145 22 SR\ L, B.P T TSR oL L0 BT MLogLesgertl o0 102
control oty kindlicy Qi RhaédtRBModRE i1 2MtAt hientheiwes Plagdj1a6est curving
assenblies. [0076] The positioning nechanism such as in this exanple, may
al so i ncl sitevipig HIG. 9. Three such actuators 110 are shown in FIG. 9. It will be

appreciated that actuator 110 is not limited to a hydraulic cylinder actuator, and any

suitable actuator such as a rotary actuator (e.g., screw drive) or other actuator could be

used for actuator 110 in this example. The actuators 110 and the male and female

pivot blocks 158 and 149 are configured to permit movement of the curving

assemblies 102, 104, 106 and 107 at desired angles relative to each other, thus

permitting control of the relative rotational orientation between adjacent curving

assemblies.

[0076] The positioning mechanism, such as in this example, may also include ball

transfer mechanisms 112 attached at the bases of the frames 115 of curving

assemblies 104, 106, and 107, as illustrated in FIG. 9. The ball transfer mechanisms

112 permit smooth and easy movement of the curving assemblies 104, 106 and 107

notwithstanding the substantial weight of these assemblies. In this example, curving

assembly 102 would be rigidly attached to a supporting platform via angle brackets
119, as shown in FIG. 9.
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transfer nmechanisns 112 attached at the bases of the frames 115 of curving
assenblies 104, 106, and 107, as illustrated in FIG 9. The ball transfer
mechani srwORMR/@eF3i t snoot h and easy novenent of the ceCTiusgooadsaadl i es
104, 106 and 107 notw t hstandi ng the substantial weight of these
assenblies. In this exanple, curving assenbly 102 would be rigidly attached
to a supporting platformvia angle brackets 119, as shown in FIG 9.[0077]
It will beooappr edt ailete ippatciitbé tHaodictpositibnigg mhanisan ha lmoted tothd ed to the
exanpl e descri bed above and illustrated in FIG 9, which utilizes nmale and
femal e pi GEIMMF deseabethaboye PAiBIEted AnEIL i i hirdy wiignt melsapf dgmalssenbl i es to

pr ovi de -t foABiobidahd LB RGN CRNER o hahivRplial Bthanal ugri entat i on

bet ween adj acent curving asse .~ Any ot sui t abl e 'type of precise
posi ti oni aglityetolvhmgemnd eohdolbrelatisehtitmnehang@t@andetbornndjacetieunad@at i ve

rotation orientati on between adj acent curving assenbli.es. Far, exampl e, each
SRR S L R it T R st R et e O

transl at i RnéHaRk@hddnRLATHE Q&1ABy MNolddiof WiibAlRlien BARSH &djh@nEORIngual I'y noni tor
the positions and orientations of the curving assenblies 102, 104, 106 and

107 and t esspmbliesdd’ o grample, ¢akk ceiving sspgmiglyicowld|be niamtisaukitcomt r ol syst em
using the sensed sj;tions ;and orientations as f back cquld be used to
cont vol | R paceseBld R AR ET G BRI v BN T6R0 M6 ana o7

i ncl udi ngc&itinially rosR6MAEPESIAMsHNE oriehtaflely E\iBe tlieindesichefdics edAtlioye
rotational orientations at the desired tines. E0078] The panel curving
appar at us 14@andy] Woandrde prryede eongipl thereel:staysyigblaisodligk cord syiteining panel

| ongi t udi Hﬁh ﬁleasleﬁ&%ﬁ)tols"i@ioﬁ@“%? &hegl%rtl{gh%%l%%&’f%lgkn C%ﬁé be ju’ééi’ toljcéﬁtrolltﬁg’ 140 and

142 of curving assenblies 1 I's exanple, as shown in
FIG 9, mpicoesmedtlof thecugving hydndblibs t02y004r Doasndilbl uatludingdumable! ectri cal
notors, can be | ocated at each of the curving.aneanies 1q£’ 104 and 106
to drive SCTy¥EFchapisms. oRshicysihedesishrslagye migtiqpal enpntatign afge deyrediz4 - 135,
136, 138, (j440 and 142 to turn. For exanple, FIG 13 shows notor 114 coupled
to a first gear 214 that provides rotary notion to gear 216 and through a
shaft to §978tketT? phiel cirdhgappaiatos Gpalecinetudds 4 drivosyspnotketovad® provi des
rotary no

G L RN N T IR ST TS
ju oi nt 210 14@a@n 40eiurdhs ¥ReSBHA&CKR 1P RIS LR thB Ek’aﬁﬁoﬁéJ aslsRbWA ir200.
ni versal joint 200 provides rotary notion to gears 202 and 204. Cear 204,

whi ch engilfed, geders102,¢c.g., hydraulic motors as illustrated or electrical motors, can be
located at each of the curving assemblies 102, 104 and 106 to drive a gear train that
causes some or all of the rollers 132, 134, 135, 136, 138, 140 and 142 to turn. For
example, FIG. 13 shows motor 114 coupled to a first gear 214 that provides rotary
motion to gear 216 and through a shaft to sprocket 211. A chain from sprocket 211 to
sprocket 212 provides rotary motion to the upper and lower universal joints 210 via a
shaft connected to sprocket 213. Rotary motion is coupled from the universal joint
210 to an upper drive sprocket 208 and to universal joint 200. Universal joint 200
provides rotary motion to gears 202 and 204. Gear 204, which engages gear 202,
provides the counter motion to drive various counter-rotating ones of the various
rollers within the mechanism. For example, referring to FIGS. 9 and 11, upper and
lower sprockets 203 drive upper and lower rollers 138 and 142. Upper and lower
sprockets 208 drive upper and lower rollers 135, and upper and lower sprockets 201

drive upper and lower rollers 132 and 134. Sprocket 213 drives middle roller 136. A

chain tensioner 206 is provided for each chain connecting sprockets 201, 208 and 213
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provi des the counter notion to drive various counter-rotating ones of the
various rollers wthin the nechanism For exanple, referring to FIGS. 9 and
11, upperwendidums®se sprockets 203 drive upper and | ower PCOIUSe#09/086389 and
142. Upper and | ower sprockets 208 drive upper and |lower rollers 135, and
upper and | ower sprockets 201 drive upper and |lower rollers 132 and 134.
Sprocket 213 drives mddle roller 136. A chain tensioner 206 is provided
for each ahikin respaniBetrolig dsipe aploekas 20 drde? WBmainchi d13ii0 tehkieh durigg pect | ve
roller driyve sprock?ts in order to maintain chain tension during the

di spl acengitplagimem el thsirpiers duiRg Gy Vg vi ng. [ 0079] The panel curving

appar at us o) | S BRI DX ArAAN Ok YSHRRA% (881 BEHPB) ahl oh may

i ncl ude a m croprocessor controller conput er such as a
per sonal EWEBBY.evhiclamdy anawete-amohoprecdssirénfaomntreliettdas.ga coopoter sensi ti ve

di splay screen 66, for controlling actuators 110 (or nore generally, for
Contro |1 ME TSI eNElhoRG HECH - TGS 2 TG B A RL Y
rotati onaljjspha Qedt bQToPEINRAMgRealdrt $10 W8 geReARTNCoARSIIARE t he
second curving assenbly 104, and the relative rotational orientation

bet ween t hesigeahteehanyinngoas seedsitipl the4clative tdtationhl erebngaiionibavessdenbl y 106,

he buil ding. | | opgi tudinal ly al iple.roll 132,
134, 135, a0 ERSy D 1RR e S0% T s gRBL A, TR RSV, %00 106

t o t her ebyothtnal Gridrea@intbedidtalth€sbcued butvingestumblgil 0gampme khirdclreisg
sophi sticated contr ol S£sten1 such as user-nmani pul ated manual controls
coul d be @seablblfio, as e erdding pard sraveakegitednalhorlpeg themaltipledalisies sensor

feedback g, 1! pliedaq qs0er AANUAGE oSl e L AREORTS10PHId BLE sensors.

such as linéar an rotary encoders nay posi tioned at one or
nore of tHerdgfermhila@githfdal ddde mnte hOEdih@pamehi Adesstshghikteragidvoafrobui | di ng

panel 10 processed. Rotation sepnsors nay be %Eigably | aced (e.g., at male
and f emal &¥botcihiveesmegpuliic! magyal ctiainequid b¢ HEdr Btét i ve rotati onal

orientati Hﬂcrgﬁﬁo\gﬁggré%%&ﬂ%ou%i»'{h\é{ RS R i&tbadl fs%'éﬂ@\teid‘d{%é(’ i near

b :
sensors, e.Qg. d at or near actuators 110, nay be used to nonitor
| i near chahgemgeousdils tlanmeatiesweble paws,fsuddaploicat sndiatroeencraddasent

curving assenbl i wher.ei n .t he change i.n |inear. . displace an be

cor ol at o8y GO aH AR AT BR eLons RO st aar scdRe: ROANEe desentl i es.
| nf or mat i gdnftbOMme 1L MA RSB SIS G, PRofaBEN BaGkrsindythd fi@aiont r ol
system 62 to continually nonitor and adjust the functioning of the panel

curvi ng aphesdicus, aotlawyl feheleguestdilocksyi 88 and 54P) taduinitoothalrelaiéteai | s

regardi ngr(;[ta ?on%Pgrtiern?elltio%be&Vgen@andjl alcellljteculdvelggc ertsisgn%glieesl. S/Xelwc’nrr?e{tgfep,e il%ag'
sensors, e.g., placed at or near actuators 110, may be used to monitor linear changes in
distance between specified points between adjacent curving assemblies wherein the
change in linear displacement can be correlated to an amount of rotation between
adjacent curving assemblies. Information from these various sensors can be fed back
into the control system 62 to continually monitor and adjust the functioning of the
panel curving apparatus 100 and the overall system 50. Additional details regarding
the control system will be described elsewhere herein.
[0080] The panel curving apparatus 100 shown in FIGS. 9-13 is configured to
form the longitudinal curve in the building panel 10 without imparting transverse
corrugations into the building panel 10. This is evident from the absence of any
crimping blades in the curving assemblies 102, 104 and 106 or elsewhere in panel
curving apparatus 100. In this regard, the multiple rollers 132, 134, 135, 136, 138,
140 and 142 of the curving assemblies 102, 104 and 106 are arranged so as to cause

an increase in a depth of a particular segment of the plurality of segments of the
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[ 0080] The panel curving apparatus 100 shown in FIGS. 9-13 is configured to
formthe longitudinal curve in the building panel 10 wi thout inparting

t ransver swocorwusgBi ons into the buil ding panel 10. Thi #Craseavaessss f rom

t he absence of any crinping blades in the curving assenblies 102, 104 and
106 or el sewhere in panel curving apparatus 100. In this regard, the
multiple rollers 132, 134, 135, 136, 138, 140 and 142 of the curving
assenbl i ebuildi2g pdifddtceadothfddatcehafsrangado e &mgitodinalusevesin thabuikise in a

depth of a particular segnent of the pluraljty of segnments of thebuil ding
panel to a%i%aé%sxzﬂﬂ@eﬂwlﬁﬁmt%lno@%ﬁ h Wlﬁﬁéﬁl’f%ﬁ amutiplg eollers e

bui | di ng panaks 10, 148 1943ARN82 bBpddel Uit mdbednitlicEh 6, 153 andibsasShons the
multiple rol’l'ers 132, 134, 135, 1%6, 138, ©140 and 147 of panel’ curvi ng

assenbl i esell@2a stt@ightindldi@sanak] Ovel drosasediontengagpdtwibbuihbshi glesanel 10 in
Cross sectiqgn enga ith.t rollers. Buildin anel 10 sho in FIG
11 nei vabuding aioddo shhvein BT ol oRetpioe quivsed EhFT pBTRE BUMTHE 36 and 38,
connecti ngid@?é%tioﬁé‘% 3hd 30 GoRfoctial foRRANBN bR 32 anddegnbhts 1814206, 182, 24, 26
and 28. [0081] The curved buildi ng panei s and ‘panel” curving assenblies may

have any @d.A2ng#.adsanddit abl e for a desired application. In exenplary

enbodi nmen he -panel s be, for exa e 24" wide.and 10-1/2" deep.
Erongl aryldusth e ARISRERYgREnah S afE BN ek th sPRIRD T IREE Sy S S  avi ng

t hese di mamsdneivgs BEvabREfoAP e NBIpEMi 30 In icReigihghdmbodients, tHepirels and 24"
in length. The distance between pivot assenblies of these exenplary panel
curvi ng aB¥¥mB) fossxamgple BE” wissraadi 19at/&T Jeepp Exemplary pich giiviite wei ght of such

Fhe. exerplary P ASTEERHRRRIHAN, orif, PRRCIHTRL flole AR b I e 01 1 Crs of the
curvi ng asgeobhiagdy 802in Hbdehta30d id Aépthomard4Sen ienger Theldiefire b3Byeed40 and 142

supported by the frame 115, and in particul ar b%.the sgpport menher 118 via
sui t abl e RAPHFFBOlcHY thise sxeppipiyagehessving gspeniphiss may b appre Yed by the

frame 11534 %M@?@Jiﬁaﬁgﬁ‘%@gr&w&}aj&f &é&ih%%?s@mbii@&v%‘lh% rollers outer

rollers 132, 134, 7135 an are positioned to contact an outer side of
t he bui | dapgoparaédly 3200 Ibsoraoks section, and the inner rollers 138, 140 and

A LA ER A R AT S I
rollers apghvhgsRien®lic@UbEr104Qht Q08 camBrishianet oNerk 1 88. 149%nand226 descri bed
el sewhere herein.

supported by the frame 115, and in particular by the support member 118 via suitable

hardware, and outer rollers 132, 134, 135 and 136 supported by the frame 115 via

suitable hardware. As illustrated, the outer rollers outer rollers 132, 134, 135 and 136

are positioned to contact an outer side of the building panel 10 in cross section, and

the inner rollers 138, 140 and 142 are positioned to contact an inner side of the

building panel 10 in cross section. Other exemplary configurations that include a set

of inner rollers and a set of outer rollers are shown in FIGS. 25 and 26 described

elsewhere herein.

[0083] In the exemplary roller configuration of FIG. 11, a particular roller is

positioned to contact a particular segment of the building panel so as to increase a

depth of the particular segment as the building panel moves along the multiple second

rollers. As shown in the example of FIG. 11, a particular roller 136 is configured to

contact particular segment 16 of the building panel 10 so as to increase a depth of the

particular segment 16 to accommodate the formation of the longitudinal curve in the

building panel. This is evident by comparing the solid and dotted lines corresponding

to segment 16 shown in FIG. 11 (where the solid line represents the cross section of
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[0083] In the exenplary roller configuration of FIG 11, a particular
roller is positioned to contact a particular segnent of the buil ding panel
so as to woerwases3a depth of the particul ar segnent as trha/useédase3ge panel
noves along the nmultiple second rollers. As shown in the exanple of FIG
11, a particular roller 136 is configured to contact particular segnent 16
of the building panel 10 so as to increase a depth of the particul ar
segnment lhetsoraipbcaniefdahal buiklifgpanat 1 @andthetdotted tingrdpudcin@l chaigedni n t he
bui l ding panel .. This is evident by conparing the solid and dotted |ines
cor r esponHfmil of tregrghbhduale %eﬁawarﬁpﬁgr:r erﬁ% wHetlatly Hwpeanddopeie

e esent Sukhe 6148 SRR LOR AhLDEAITA! @it 100ARGLIRA-Ou kg panel 10

and the dotted liner esents a chang depth segnent 16 due to
def or mat i partibylar ddfbewnatibd6) 4 aBi hd teaadcymmedpierthafodmhoeveof tholdngrtsdind5 ar e

configured to.con aqa.builqing panel 10 so as to increase a depth of
particuIaFmHEPb&ﬁéP}lﬁgpfﬂaand 18 to accommmodate the formation of the

| ongi t udi Pg4fur Mg thdedchH1RY irbittr RenRaRion 4139841 1, dpaii@1sxen®! agy rol | er
configuration of FIG 11, a particular roller, e'ﬂ@J mddle roller 136, is
posi t i onethiédf edkent 36,05 pevotiansd edianent totweepposmg rellerh 1 #hauchghaient act i ng
surface portion (a surface portion of. the.raoller, that contacts.the building
panel of et Baefirdi it BRbaPOpdlioh Pkt ol ind Bl R litiRinon: act | ng

sur face ppidel)drSh®partibidait wWRIdePROSH TP ik disheded bhAladrdefcangdafresat i on
inparting condition. An outer-nost point of the contacting surface portion
of the paP@itiens akthe Ve eppossw rpHer@ilég LadE Arlctorpetian émpating PoNitiesABf t he

two oppos E{Ptgr-hl%%t'h&’i i %tﬁtiﬂ%§%ﬁl§§o§im oﬁfgeﬂi%lig%lﬁ%ﬁeﬂ 364Q" responds to

a change 1'n dep of the correspo segnen a glven stage of the
curvi ng pdsplasasblcSomiatdaokationantest-thosto egpusagtroddrs il 4¢ g adistanpp8il. and | ower

rollers 135 are displaceable toward the rotatjon axes of upper rollers 138
and 140 aﬁgls|déix@wers§|q0€@§°0f slcaganap el gt a%%spngﬁ{lgrﬁﬁg@w&f {f8hce 2
or r espongds; R sfe€ bR u%%@xgc%%%ﬂﬁﬂm ,Bﬁflélr-ﬁgfs{ &ﬁl@a%@gﬁr%&?{g&ﬂr‘?ms 14 and

c
18, respectively.” The dista Is controlled to be greater than the
di st ance 82l lomsofdleraklSrat deplat@dld ®wanhthe getrech 4x@s iofpppar rojteeal 3%

def ormation, i nt o buil di el han,.t he f ormat.i ons jyported by upper
and Iomra?do’%?@ P3E" ro@gﬁgggr%‘fiIJI%)E’_yf%?gt%{lr?ﬁg%jrhfsocb%tf‘%ceagozout a conmon axis
and are J@érﬂéswndiltgalcﬁ%%hhqle dpaR diisPdReepting PRBAts12lah@N8134 i ncreases
the depth of segnent 20 by an anount S3, while upper roller 132 is

conpr essetespectigely. tiheistange Sdfis eonirodled snlee gropteaiden fhy dsiaicsdd ingpf@nhance
f:hr 2;} Iagga% rgoilllgfl i%é}lgecglgﬁl ! drgcil poginﬂ)%pteglreajfeor'de%o%\ﬂ\l%{ioﬁ Pnltcl) Eﬁi?di%g’ %anaerl]?o %h?é% are
the deformations imported by upper and lower rollers 135. Upper rollers 132 and 134
rotate about a common axis and are jointly displaceable. Upon displacement, upper
roller 134 increases the depth of segment 20 by an amount S3, while upper roller 132
is compressed (e.g., by virtue of a urethane contacting surface to enhance traction
against the building panel 10. Lower rollers 132 and 134 are displaceable in the same
manner, undergoing compression to provide traction and causing undergoing
displacement S3, respectively.
[0085] The distance S1 for middle segment 16 is controlled to be greater than
distance S2 of adjacent segments 14 and 18 because the building panel 10 is being
longitudinally curved to a greater extent at the cross sectional middle portion of the
building panel 10a near segment 16 and is effectively having its linear length
shortened to a greater extent in regions where the building panel 10a has greater
longitudinal curvature, the greatest amount of longitudinal curvature occurring at the

middle of the building panel 10a near longitudinal segment 16. The linear length of
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manner, undergoi ng conpression to provide traction and causi ng under goi ng
di spl acenent S3, respectively. [0085] The distance SI for m ddl e segnent 16
i S controWbediwmwsise greater than di stance S2 of adj acenPCIagaretscdist and 18
because the building panel 10 is being longitudinally curved to a greater
extent at the cross sectional mddle portion of the building panel 10a near
segnent 16 and is effectively having its linear |length shortened to a

great er e&m&mﬂdm@;mﬁgn@nsnwhabﬂmkmanuuﬂbdgnngﬂﬂﬁbaﬁ@anﬂ35egmﬁabEr
Iongltudlnal curvature, the great est amount of |ongitudin cyrvature

occur ri ngthgtcoppreting gartiongp2 ?ﬂ‘e%uHPWFﬁ?j eaﬁelvn%%l%f@amgwéﬂgﬁ Ruildingal segnent

16. The ' Bcéu‘i’é1 goﬁfoh@‘é o0&Hh @é@ﬂex@@?ﬂt *Oniga108F th%'%ﬁ[lhl E%Qnéln the

Iongitudl direction at t e regions of the connecting ifons 32 and 34.
However , ﬂrm eThus rseshowsho Fi@ni, higr eochmtptaewthurel tte reggthaizbf ﬂlechcmgtuﬂmallpor tions

cl oser to se 16a a he nlddl t he bui Id| nel 10a. .This is
Shown i n_ BIeEd BUgigg Pk i 6 e G e ATy 1t P AR CorERaI it nal |y

curved bugtlrggmg)uﬂaﬂlglpaﬁm ol suﬁﬁeeﬂgtha@i ¥t 159@&@[&?@%&&%&1@&@ T;Ja n@f the
correspondi ng strai ght bui [ di ng panel 10, but the’length

| ongi t udi h@d Isyess thandc? besabgdi the rqgaerencat thy migldleed sha mwlwp@ebla@ge/eﬂhe regi on
near t hgom dd(l)S% ?I’le F%I?igfieﬁﬁn dIC{)]lgLPIpe&SIB%‘Heﬁ‘l (J%)u{lé{lnd ¢ hq lgoass&c&a e% Vﬁgheat er

| i near ressi on ate I'S greater

| ongi t udi gl grebieriongitinEadl culengrhdéhd ke Iﬁfddtehﬁftb@blhldh p@RRlquireéi res a
correspondi ng greater displacenent of sheet nmaterial in the mddle region
t o accommBiEseondies g@ﬁ%disahcme&tﬁéslw@h@mew lﬁathe vigdjeregiigs, as the

bui | di ng R@Bﬁl@cﬁﬁ]ﬂhg [l GHaYiSH f{hréqo Bﬁﬁﬁﬁfcur% s”Rst t%'bﬁ{ldﬁgg% d150 e' g

di spl aced grtu |naI near contraction mus bsor
somepl acejs antdt the “dkcpd abed mheed tlﬁmhsehsemg d@plawnﬂmtteﬁlealnﬁigu&lnmﬂ)sor bed in

the inwardly extendi ng segnent [ 0086] For anple, referring to FIG 11,
segment 1602 CHEFASTIARIUSHRE %hﬁgfbeélsweplme pad ﬁ]@ﬁl%%ﬁ%ahqehm@r?ealr egi on of

gr eat est hédﬁ%‘iat&sod?{dr@%éogc%d PR TRRLRI &y Btnd & oAl Hidef or med somewhat | ess

because they are position regi ons of relatlvely | ess |inear
contract|ﬁWSGBheéﬂnn&&epbamﬁﬂhagUJEKhﬂipwgnedtUﬂmdbﬁmmed&annwmﬂmpactlon of

t he buil din nel .10 .assacia Wi t h |tud|n curvi i,.§S.,taken up in
the |ong {GaPRATER B e i S MM den G " Rse B S A I8 hay ' 50
be consi dg&enst édnhBHal bs§ bRBusclhbPalosiEsfeAGEEiSnd dof rélalil@Pligss control | ed
fashi on where the building panel 10a is supported by multiple rollers of

mul tipl e boewicagiraesisenbhect satpR] thuois displated dee tiotear bratractien ¢fidhgi t udi nal
curve is {) 1d1k g péﬁnleli ?8 lélé[sogllajlgelalv&lllﬂglonglgud{\ﬁal Qgrl“\lftmg i9%aken up in the

longitudinally extending segments, which as noted previously may also be considered
stiffening ribs. This process occurs in a highly controlled fashion where the building
panel 10a is supported by multiple rollers of multiple curving assemblies 102, 104,
and 106 such that the longitudinal curve is formed without buckling and without the
need for transverse corrugations. The end result is a smooth building panel curved in
a longitudinal direction with segments having undergone greater changes in depth in
regions of greater lengthwise contraction of the building panel.

[0087] Referring again further to FIG. 11, upper and lower rollers 132 may
include a urethane contacting surface to provide the traction needed to grab and drive
the building panel 10 through the curving assemblies 102, 104, and 106. Similarly
upper and lower rollers 142 may include a section 144 that may have a urethane
contacting surface for traction and a section 146 with a steel contacting surface.
Upper and lower rollers 132 and upper and lower rollers 142 may be viewed as drive

rollers in this regard. The remaining rollers 134, 135, 136, 138 and 140 may be

24



need for transverse corrugations. The end result is a snooth building panel
curved in a longitudinal direction with segnents havi ng undergone greater
changes iwoOdemdssi3n regi ons of greater | engthw se contr CTiusr000/06438%€
bui | di ng panel. [0087] Referring again further to FIG 11, upper and | ower
rollers 132 may include a urethane contacting surface to provide the
traction needed to grab and drive the building panel 10 through the curving

assenbl i esoritldd of 104l andmhylKdtchr&herplassdl ty withsand dredvéaohe conditiber s 142 may
i nclude a section 144 that, nay have a urethane contacting surface for
tracti on SHFIENESIAQTHE o¥BleliStn a steel contacting surface. Upper and | ower

rollers 1 d m i rollers
o thi s r ERSBNT JRRScAn IR mibleb ot 452 T, 15, OISR A gre

bef or mred of paatebeirvmgdtsmgbhbe 1&21 rloAwngll 0 vall n«wvdmtdhmﬂmdi it ¢pmneganher

conditions. X erlen ed out si.de us 08 rati.on of the
mul tiple Mo Oflli’:)‘i[z{é %%é "%%’%1 f§§%1§4g1 é‘?‘flﬁ’r icgg’ Sof3 ™%ur vi ng
assembl | e?olﬂe@sZMO%Vl@@Qn bPfosid fordaayt aﬁeld[%ﬁsﬂsllbgdlwlwmm ol h the
exanpl e of FIGS. . As shown in FIG inner rollers 138 and i nner

rol l ers 1488, dﬁ@\andlé%mrecsppm@d)yfsapn@t mmbouib%(erg;,lmemg) paHch 534, 135 and

Do noy | Sionef by Btk B aq tRetfe FUPROLS SOt RIS SRSl 308 & o

rollers 131%,acﬂ1361 dils@ﬁcaduﬂmﬂ,g%caﬁene@ﬁ&myrﬁl(&esdmwillﬁmd)tuszlaﬂgthauﬁam mechani sm
(described below) toward the inner rollers 138, 140 and 142 when buil ding
panel 10 ralerni3sh Ad@andhl42hwhen bupiding pesskifbisyn placgin thg guryingpspemehlgase the

depth of gegs}/%ﬂst ﬁ%g%gé th%%egtthhof r’[;:%rgte @1)1‘[ (e s%%gé[mgﬁp KL Siowntin m ddi e

roller nor e an e acen 'ower rollers 135
so that s eyerent, ml@dlatolteh @36risdti$ptacetl nﬁdie tlﬁulthdadjg:epaﬁlgier dfxblowiel bollkasve t he

greatest increase in de and xanpl e deepest
segment . M- @1&?%@@?“ ﬁéa@ t%@lf&dé%éﬁﬁng 1P Pt 4 %)Wé}fgaeﬁﬁ%e@ﬁ St he panel
from shi fhicf&sé ﬁltd%ﬁa?d L¥q Hf’sro'n{égextaﬂﬁlés‘?ﬁ%@' ﬂe”tﬂ H@é ef:t gﬂné‘ﬁl R8RS Sted 0089]
Referring to FIGS. 11-13, the positioning o I 144, 135 and 136

is prOV|déﬂimthQQMngr@éﬂsé@)dmopamsmamﬂpmmhﬁmmqhﬂhng&mndhsdmﬁgnke150 and
camfollo shown in FIG 12 for curving assenbly 104, push rollers

r.152
135 tomarﬁggﬁgiB@ﬂWﬁW%pﬁﬁﬁﬁl 10 to provide the deformation that

facilitat Pﬁ)sbpnglﬁéféilrﬂgho CHBYI NG 3, BC¥Rionatd dmoMdrt M3Adiaystisngdting rel ative
rotationa rientation of adjacent curving assenblies (102 104, 106). The

cams 150 #rsovidehtheengha serips aff cansawdipystingmeghmnisyas. Cams 150 and cam
follower 152, shown in FIG. 12 for curving assembly 104, push rollers 135 toward the

building panel 10 to provide the deformation that facilitates longitudinal curving in
combination with adjusting the relative rotational orientation of adjacent curving
assemblies (102, 104, 106). The cams 150 are mounted to a plate 148 in FIG. 12 that
slides transversely on a shaft 154 and shaft bearing 156. Plate 148 connects to an
adjacent curving assembly via links 232 and mounting brackets 231 as shown in FIG.
13. The cam 150 forces the cam follower 152 to push the rollers into position by
virtue of motion of the plate 148 that is provided by links 232 attached to adjacent
curving assembly 102 shown in FIG. 13. As curving assemblies 102 and 104 are
rotated relative to one another (e.g., using actuators 110 shown in FIG. 9), the links
232 attached to curving assembly 102 (FIG. 13) will push the plate 148, which then
provides motion to the cams 150 and cam followers 152, which pushes the rollers
132, 134, 135, and 136 into position. As the rotation angle between adjacent curving
assemblies is increased under operation of actuators 110, the degree of longitudinal

curvature imparted to the building panel 10a also increases, and cams 150 and cam
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slides transversely on a shaft 154 and shaft bearing 156. Plate 148
connects to an adjacent curving assenbly via |links 232 and nounti ng
bracket s wBRom#es8isown in FI G 13. The cam 150 forces thectarsedoolobaaer 152
to push the rollers into position by virtue of notion of the plate 148 that
is provided by links 232 attached to adjacent curving assenbly 102 shown in
FIG 13. As curving assenblies 102 and 104 are rotated relative to one

anot her ( ﬁ)lg)werSJBSMOaldé vaitrespsndibQlyshaaorcs afd Gspl8¢emdnneo themklser232 at t ached
to curving%fssenbly 10 gFIG. 13) will push the p Iat§1148 whi ch t hen

provi des Fobildh tH Etnt@leBé prEnciesee hsdmon lotolormstion iase sGEmets hhddes t he

rollers 1381300, 1%%%9?&‘3135]0'3% :pﬂatc%eg/qgééhﬁ&gl to PRovidiEn EtRL é}ﬂrrﬁﬁ%e bet ween

adj acent curving asse ncre operation of actuators 110,
t he degreﬁx@heMnn§p¢mmMgmummqummeea®m$abumﬂngpmkméO®U|Id|ng panel 10a

al so incr , d cans 150. and canf ol | 1 rOVId correspondi ngly
more 1 or MG o i GEERedBnise! ChaahUIRe 15 58 Rriss TARA-FST o

i ncrease Figs anmiati 5qh c&%{eeﬁémvuﬁr&uﬁv@ngtmerﬁﬁgq@ltaﬁd%nhlﬁsmﬁ@ 1187and 20.
The cans 150 are precisely nmachined to provide a correct defornatlon for

the corr ebpbagi lﬂgstraé@nwamfﬁ@uﬁ veunicd toplateids bowhicklisrsgppertes bylshalt [ 0090] The

h fo I h d
Ta ana 15715 Sonlel o7 Wt 45 bebin Laudneley Pt SR bub ARl ) 107

I n these blhﬂvﬁ'%tdsailﬁlﬂﬁ306 aais 256 dtt&clfw.lwﬂﬁ‘ﬁfohﬂh pdsain®ly2HFy Wil hiohindisg suppor t ed
by shaft 154. As actuator 224 retracts and begins to rotate the fourth

assenbl y bevketaPdd. japplytferce e pliaﬁ‘gZS&sﬂélémt92&@‘6anﬂ14tw<tnggbroﬂalt ¥ehdds to t he
fourth asg ?r AL Jo%e %a%lmg%%% rc'B£ %Qﬁ&%ﬁé& r?ﬁ% ﬁ&&ﬁ%&ﬁﬂleﬁte 256 and

pl ate 256 trans I'at es roI ranstation of e campl ate

256 forcepnﬁmeobmabMthdM&r]Lﬁ&amQXﬁﬁkh@dmkﬁmnﬁhbﬁﬂmedapmﬁhqﬂﬁmwémihe cam

surface. ;Hg ganlproflle is determ ned %8 t he relatlonshlpégetmeen Ddl, the
it

rel ative ° FRAitwsanelsibstwesnstations pbihp detireddadiyyies: €8.1g0 see Table 1
bel ow) . Cgaph9! t%u&&é& LTI aaroE%’le ﬂegflm %iﬁﬁgggﬁ% Bbut'Qhaf g eabout a

shaft fixed to roll support arm asse opposite the cam
fol | ower b@llohppwl drnsagspobly 1Fd0MThs sedbpposit? the encohilstveal yeal 08 r ot at e

about rmount 171. te 256.transl a t owar e t he cam
ol oner - Tgropgirgneine | (Eintsrgrme Aot 178 A dn e m

assenmbly EAfk146s foMadt B ERE L 3H BN daml Dl olVBE T EDRII6RY S Gint Ploki®S anki36 tO nove

toward the panel by a distance S| and deform ng the panel by an anount Ddl.

[ 0091] Suiaredsithe tdtupporaadn wisdmbly bi0 tohetateeapreinmeuidgé tiebrelposausing t ype and

roller 136 to move toward the panel by a distance S1 and deforming the panel by an
amount Ad1.

[0091] Suitable depths and widths of the segments depend upon the type and
thickness of the sheet material used and the amount of longitudinal curving (e.g.,
radius of curvature) desired for the building panel. The determination of such
parameters is within the purview of one of ordinary skill in the art by limited and
straightforward preparation of test panels using various selections of the above-noted
parameters. As a non-limiting example, for a 24-inch wide finished panel having an
overall depth of 10.5 inches, made from 0.060 inch thick steel sheet metal, the present
inventors have found the deformation depths illustrated in Table 1 below to be

suitable depending upon the radius of curvature:

Radius
(ft) Ad]1 (in) Ad2 (in) Ad3 (in)
315 0.015 0.013 0.007
157 0.031 0.025 0.013
78 0.060 0.050 0.026
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t hi ckness of the sheet material used and the amount of |ongitudinal curving
(e.g., radius of curvature) desired for the building panel. The

det er m nawvpanioafessach paranmeters is within the purvi ew eCTarseofeesdi nary
skill in the art by limted and strai ghtforward preparati on of test panels
usi ng various selections of the above-noted paranmeters. As a non-limting
exanple, for a 24-inch wi de finished panel having an overall depth of 10.5
i nches, made from 052060 |i nchOB7 ck sit eel 0g¥1eet net al ,0.439e present i nventors
have found the defosgmatijon dgptihs 11| ust paed 1 n| Tablpgysk bel pw t o be

sui tabl e depending ypon |The [3aggus Of cupvVgpure: TABLE ghqy OF course, the
actual deformatiron iJlbb‘ptlb AR Y due LBI3766L Iuteld(ﬁ ttmtkness, yield
strength, har dness—gnd TQU|u§1gZ bulvatulﬁr and—the Knﬁ§ ert—gli scl osure i s
not intended tobe$itmtiedto dhy naarflmq 2 range—o gpt-hsy or
configurations @f skhnedts 82824 il ¢ he 01 di ny nar@@loo’lna [ 0092] The use
of cams 150 and|cam® ol llower 82352 as| des8rl®Bed above ®MH2 beep found to be
advant ageous from the stlandp6i2A of |si npli2di’ty apd cdsi25ef f ecti veness, but
ot her approaches cod d gl so be7ased to po@vde apd caont3wol the positioning
of rollers 132, 13433 135 and(3gb. FOH exgmpke, nj cropyp®essorf controlled
T
i

actuat ors and/ ol se@/omecnanbggg courd bggged tp no 612ne rollers 132,
134, 135 and 136—n 1U ttrerT 63447cu pusi‘bi (é:jb | du:bl’)f.jOUIl { he use of

separ at e nmechanir-s each—-peiw 32, +35{and 136 coul d
bepused SO as to nrlnc"-! sd I\/ nﬂ\3zblnnhh rnl I()Brl ’IQ') 13/!:0 35 and 136 into a

position to provi de t he opt| nmum deﬁéﬁ{qﬁlon to a segnent for obtaining the
curvature f%;glgi I urving
assenbl i e(s)@?g%@g ﬂbe[ Q&Li%g an %X%;@étp(lghsﬁogﬁgﬁ}}u(g&nal %/el{lgl&%gigl@ k%ﬁ%\sdl ng panel
wll now prelctiﬁsmgthbha&dmss land efdars&]fa:amamrﬂamthel}ﬁes’l@t diktlGSire 163019 show a top
vi ew of an exe uence for artl |tud| nal curve to a
bui | di ng gﬁf‘bge é@éﬁg%a@%%écutl% I%%EtgF ?f81 IgH[4e8E lsSe8BE M Sef or e any
curvi ng o{cor];ntég iPHiecliingehanal 1ogccurs. A strai ght building panel 10 is
inserted into the entry guide 108 of the panel curving apparatus 100. A

sensor 17P0092] pr oMiedsd of gafmsﬂeii)sa;trdlqaglifonllnwalrs lﬁﬂataﬁbmhbochabﬁvethhebtﬁmi | di ng

panel , 174 are i ded bet curMi ng ass lies for
ensur i no Qa5 B BeBheS SRR gl SER R ACRH b MRS P et
curving a@ﬁl@f@}ipYoz(cﬁés Eld AB& B hddAdo @rdvﬁ@dﬁid&ioh@ﬂl thbdbsitain®6f eMefsel ated to
rotation). suitable el ectrical and/or optical sensors for mnmeasuring

rotation éh%j/léﬁ 1302md| 1doi dar exmme nyswdreagssohrantradigd aetuatoxeand @s

servomechanisms could be used to move the rollers 132, 134, 135 and 136 into their

aapnh

correct positions. In addition, the use of separate mechanisms for each individual
roller 132, 134, 135 and 136 could be used so as to precisely move each roller 132,
134, 135 and 136 into a position to provide the optimum deformation to a segment for
obtaining the curvature needed.

[0093] An overall operation of the multiple curving assemblies 102, 104, 106 and
107 to longitudinally curve a building panel will now be described with reference to
FIGS. 16-19. FIGS. 16-19 show a top view of an exemplary sequence for imparting a
longitudinal curve to a building panel 10. FIG. 16 shows the panel curving apparatus
100 before any curving of the building panel occurs. A straight building panel 10 is
inserted into the entry guide 108 of the panel curving apparatus 100. A sensor 172 is
provided for measuring linear translation of the building panel, and sensors 174 are
provided between adjacent curving assemblies for measuring the rotation of one
curving assembly relative to an adjacent curving assembly (or for measuring a

translation that can be correlated to rotation). Any suitable electrical and/or optical
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of which are described below. Mtors 114 and associ ated drive nechani sns,
and drive rollers 132 and 142 nove the building panel 10 into place through
al | threewouwrw/egssassenbl i es 102, 104 and 106 wi t hout i mCTitskeog/os63parti ng
any |longitudinal curve to the building panel 10. At this stage, there is no
relative rotation between adjacent curving assenblies 102, 104 and 106, and
the cans 150 and camfollowers 152 therefore do not inpart a deform ng

force to salsbsrisr thdRurid@fotdidm @ddbridaslaicentteaisbdin wWisngggranalamplsi nser t ed
into curving assenmblies 102, 104 and 106, the control system 62 can
aut omat i c&f W';’}lcgéﬁﬁ serbgddielaw niylotere Tht, @ildﬁ%ﬁ@clﬂﬁﬁérwwemﬁmw, Pshgi t udi nal

di rect | onaancheal PaLRR 198EIRNPEARGSSk PR, AoSHRIRNA G 17, while

t he buil ding pane O I's being translate ongi tudi na the control
syst em 62cwoaugessadilisatl 62, [PAGnt d 06 etithbet wourally mypasise ainy longdddingl ati ve to

curving assenbl 02 by an gle al . Curving assenbly 102 is fixed in

ol nce. Courvvh e bumirkadna 0" ot sper bt BT SRV Rr LAICURIVH assendl y
104. A sepg@end &dtvir BsomRY 16211 103h& 10081dn8dhe &im€l RINHRANCOROSEAI ON sensor
for neasuring rotation (e.g., at a rotation point between adjacent curving

assenbl i e$)2 therifone dormahghpert daclpanige forge tearllgest 192, P01 Y5omntdaduiCncet s

di spl acengnt,) . be ed to precisely control, the position of egch curving
assonbly 102 EE PR RS BB S G e wh S 0k PP e s Ren G put F om

such sensgysgent bataiometcalatkginnidsiaomn thelbuiisteandA0 ifrthe 1oxgiMRlitl a
conventional rotation sensor may be used for sensor 174, such as the P502
sensor madEceipnpad begi GGV IBE HTAEKS: com) . An exenpl ary commercial |y

by 51 <. SHISHRRN H BRI RG L B e ALl o e R Alee Eo 00 10 o
t he bui | dioagitpdingly, itise coawobggicandécaulses atirave 220de rotath @uiviig z’u;emblyof t he
torque applied to the buildi | by th |tiple rol]ers 132, 134, 136,
138, 140 iﬁ%@we& CUN %%@enﬁggﬁﬁgﬁmg 19 D UTHZ B35607 {ylt(ﬁés §a€ﬁti onal
deformat i Eflv T : ' ssenbl y
102. The ?g%gﬁ%udlng%zﬁﬁ%%gw?éé?%%%rte uégéfﬁ%Qg%%ﬁgﬁ%%&%gﬁ2$9%%VZ; t hr ough
t he panf!smuowrh@egpﬁay?Mu®kmgﬂwagnhﬁ?pnnhqxﬁéedsﬁ@prﬁﬂaﬂamargelo4
corrugations.and without .causi uckl i. ng. .curvi ng,.assenbl y

o ey G e p A RO iy B P ERETRRTRS 232 move

pl ate 252¢ra@didal (@€ aRAulbl MBSto GaiBurd 3Q dapthcEABAth Blak PARES] thItedsly

previ ously di scussed to force rollers 132, 134, 135 and 136 to engaget he

panel andconiysathc posdonod gageudvisp ksscabnt 0 d04.NO6aril 407 hy vebugradnt s of t he
electrical signals output from such sensors that are fed back into control system 62.
For example, a conventional rotation sensor may be used for sensor 174, such as the
P502 sensor made by Positek (www.positek.com). An exemplary commercially
available translation sensor is the DGS25 optical incremental encoder made by
SICK-STEGMANN (www.sick.com).
[0095] As shown in FIG. 17, region 240 of the building panel is now beginning to
curve under the influence of the torque applied to the building panel by the multiple
rollers 132, 134, 136, 138, 140 and 142 of curving assemblies 102 and 104 and by the
additional deformation caused by rollers 132, 134, 135 and 136 of curving assembly
102. The longitudinal curve is imparted as the building panel moves through the
panel curving apparatus 100 without the need for transverse corrugations and without
causing buckling. As curving assembly 104 initially rotates relative to curving
assembly 102, the links 232 move plate 252, and plate 252 drives cams 150 and cam
followers 152 as previously discussed to force rollers 132, 134, 135 and 136 to engage
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bui | di ng panel. [0096] Next, as shown in FIG 18, while the building panel
is translating longitudinally and when the initially curved portion 240
arrives awvocorwiesiy2zassenbly 106, the control system 62 eaUAS30000665a2 or 222
to rotate curving assenbly 106 relative to curving assenbly 104 by an angle
Q@ that is greater than gl . As curving assenbly 106 initially rotates
relative to curving assenbly 104, |ink 234 pushes agai nst plate 254. Cam

pl at e 254ttdrpavielandamparl 5 Qe fonslingadiyfladchewetoghd dstag; eervnewsihe di scussed to
cause rollers 132, 134, 135 and 136 of curving assenbly 104 to engage the
bui | di ng P@HENS B#¥li npart additional deforning di spl acenent and force to

t he exi st ong i I 1ot Re bWl i trRE@ 242 of the
bui | di ng Bgﬁgl igm%ﬁ$§§§6%§hggKgJ§f??gﬁgktgﬂggﬁgﬁgﬁd%? théH%nfluence of the
t or que appingeddinalyt drel \olknl the ngtighnairvdsypdrhen M) arripbeatrcohiey sssdBBly 134, 136,

138, 140 142 of . curvi assenblies. 104 and 106 and by, t ddi ti onal
iotor i St Gulon $ ol P2 ERESIA S22 s M0 s s B b R R o
104. The apRi-exbBmbANO B ad A00e0S at Blordd (hdh MMBYA D& i @M Qnttdy 30, for

exanple. According to a non-limting exanple, for a 24-i nc% w de panel made
from 0. 06006 mitelyspaeds relnbest torparehg assemhiyyl Mdahgle 2 epusbenagrinshplats, and Q2

30. h i . whi h
bur 1 ai ng. paet RO Amcrte e dn b S n ARy SRR b R Sl e 1y

curved potd ¢a@8e ”RARrsaABR] VRS 135 afdil 36 6cuasing aikeinbhO0i4 tokagaenhé Blhildyst em 62
causes actuator 224 to rotate fourth assenbly 107 relative to curving
assenbl y rowl pyd mrpardgitonapdefagnipg displageraens and ferca the gristing | y r ot at es

relative V] w10 | ik . p . I 6. Plate
256 dri ve}so(?lggﬁr&sﬁ%lggosgoﬁ cam %rg 8\?\}érs %gﬁazs&g?%@flg%@ €a§1%|1 fsgé%g\%gg) to cause
rol | ers 132addifddnal AdbumnchddBhe difleucvofitge asgendyplicd @6tht buddigapendl he
bui | di ng panel. Sipce curyjing asse y was rofated by the sa ngl e as was
cur vi ng. aBEanYITREEOlIFTS | Atdith i}ﬁﬁ%@ﬁ@%éﬁ P%qugs%%?am Red0b™ o | er s
132, 134, 1éff’éncmﬂthé%ﬁd&ienélhﬁf&mah&& BRsPEREtoIREs £ Y3Ng38538H4 ¥r 106. The
multiple rollers 132, 134, 135, 136, 138 'and 140 of curving assenbly sinply

conti nue twvihngl asamdy d04.d€he hpproxiitath angulpareige dor Gltand®2esay Rejpof)’ 244 of

1 DuTL0, 0y BR0eL SO L5400, SAE AL, L i g oot

l'ongi t udi paké Yro;ﬁw.a@(ﬂthm di4bl BigeePARAM, - d14R8BlanddBetveagdt Ml 1Rl arfdlvi ng

process as descri bed above will continue’in this
may range between 0° and 30°.
[0097] Next, as shown in FIG. 19, while the building panel is translating
longitudinally and when the additionally curved portion 242 arrives at curving
assembly 107, the control system 62 causes actuator 224 to rotate fourth assembly 107
relative to curving assembly 106 by the angle 2. As curving assembly 107 initially
rotates relative to curving assembly 106, link 236 pushes against plate 256. Plate 256
drives cams 150 and cam followers 152 as previously discussed to cause rollers 132,
134, 135 and 136 of curving assembly 106 to engage the building panel. Since
curving assembly was rotated by the same angle as was curving assembly 106, no
additional deforming force is applied by rollers 132, 134, 135 and 136 to the building
panel of curving assembly 106. The multiple rollers 132, 134, 135, 136, 138 and 140
of curving assembly simply continue to hold and guide the building panel as it moves.
Region 244 of the building panel exhibits the same curvature as that exhibited at
region 242 of FIG. 186. Curving assembly 107 serves to guide and output the

longitudinally curved building panel.
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manner to produce curved building panels 10a as desired. A suitable
shearing device (not shown) of types known to those of skill in the art can
be positiwoediomssss2zt he fourth assenbly 107 to shear thePbuiusdimgeqgsanel 10a
at desired lengths for a given building project, and the shearing device
can be controlled by the control system62 as well. A sensor 172 (e.g., a
suitable optical or electronic sensor) can be used at one or nore | ocations
to malke Igmzssr di"Hte&ﬁ@gﬁ'tudB% umrehgrﬁrﬁce@i ash@:iscﬁl@erd dbbec Bill telitinge pathed | S

transl ate e.g., at the input to the panel curving system 100 or at sone
ot her | ocHRPBH)I0 PEKyCs pra¥ed g‘ﬁiﬁ’%ﬁr skt D2 @a Aetieds é*dswlfagkewge%gtqe&cesyst em 62

50 that t i CORINAIAXSKRIR R F30: SARNIT Bl it DR BRBEPAGREAERSR L O achi eve

| ongi t udi y curve ding panels 1Ca o esir ength and to achieve
bui | di ng framél assdmahty 197 mudheapthe brndding parshd 04 et dehmed begttie Sorraegver] 0099] As

shown in FI.G. 19, .an e rti.on,238 of .the bujldin anel, emanati ng from
oovg " abuling proifh g TP Piehiet 1 i e e rupdlo Byl PaRE TER L RS, T P
bui I di ng panela dhadr 1MIgt.gha shitdvid spdcdl bing&dtcdet doRid?) EdverNRBEht Giéroti NY

%:I G 16

apparatus 100 to initiate the curving process (see 6). Such straight
port i ons, Mg ohattanté mabebhear distanee moasurements v ebowp dartthobglding pansbivet i mes

N R N S T Y T

a doubl e- FAM -radi . SuUC n FIGS. 5 and

7. Entirelotage)vad thelel méadgrepRitlcan b6 & dcranhdeontiesysten b2k thaathe the curved
portions of arch style buildings such as shown in FIG 6. Straight sections
238 can beomiod gxiere &2 spn gentrql fechparingaoeash Iuachip vel )esudingly geyehe desired.

00100] A i f. @ . i accordin
o the proosire BN et ek AR Ak ¥l i PRl Ao RRRERBhR PODD € 1O
panel cur yddigstappbthat hesdekR@d.descri bed above can be viewed as relating to an

"active" deformatjon approach insofar as th nel .curvi ng apparatus
i ncl udes Nﬂﬁbrs%%lm@dp&# |19.ders Hf@@fli2é§§?§@§wé‘mn§mpg&qwnawg ding
panel, 1 he exerphahYseRBRC M Hrai@RSdch RRdh IOV IBRYhiRG] lteﬂgcﬂg)l?tthe()f as relating

to a "passive" deformation approdach insofar as certain Tollers are
posi t i onebundingpgmbthat hestdizahieln itsertat momtie gpand cuheng@appamiisatdoon of sheet

mat eri al of._.the buil.din anel e longjtudi nal. curye.is formed in the
Dot Tl g By Terhbyias AaPRASe % 105 P Uk SR Sy iieal ng
segnent s Whict With BliSed pIBME lare domctinRulddsiR®1ABRr@GHAL Shighatall n |1 ght of
the teachings herein the "active" approach and the "passive" approach need

not be cosssiigeied gablasiylkpuddioR os b deyblamglius (two-radius) style building, such
as shown in FIGS. 5 and 7. Entirely curved building panels 10a can be used to
fabricate the curved portions of arch style buildings such as shown in FIG. 6. Straight
sections 238 can be discarded or utilized in the building project as may be desired.
[00100]  Another exemplary embodiment of a panel curving apparatus according to
the present disclosure will now be described. Whereas the exemplary panel curving
apparatus 100 described above can be viewed as relating to an “active” deformation
approach insofar as the panel curving apparatus includes rollers that forcibly deform
various segments of the building panel, the exemplary embodiment described now
may be thought of as relating to a “passive” deformation approach insofar as certain
rollers are positioned with gaps therebetween to accommodate the accumulation of
sheet material of the building panel as the longitudinal curve is formed in the building
panel, instead of forcibly deforming longitudinally extending segments with rollers.
However, it should be appreciated that in light of the teachings herein the “active”
approach and the “passive” approach need not be considered mutually exclusive, and

variations on these curving approaches may incorporate aspects of both approaches.
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variations on these curving approaches may incorporate aspects of both
approaches. [ 00101] A discussion of a straight building panel and a
corresporipregid/osssset udi nal |y curved buil di ng panel is presarst@d/os633¢1 GS. 20
and 2 1 prior to describing the panel curving apparatus that utilizes a
passive curving approach. FIG 20 illustrates an exenplary straight
bui Il ding panel 10 that that can be curved along a |ongitudinal direction L
to form apoaReppl Adiscassionad abunlghi bgldianednel il a Birtrdspoiiinganel 10 shown in
FIG 20 iﬁ]liK% bui | di ng panel 10 shown in FIG 1. Aﬁ wi || be described
herei n, bifneHidigalpasieyedppldieorinel is Prasented i GG éPand 31 95ABLr espect s
rel ating : i : L&udinad i segnent s
H%’s c%%ﬁig S!Iiﬁalﬁleﬁaﬁ%ng l'&ﬁ{iarﬁﬁéﬁﬁ% ufifizds %ﬁ%ﬁééﬁéﬁhg %ég@&%&ﬂ Gt

as conpare ng pan Oa shown I n respects, such
as types andlusiratek aessamsplafy sshebt burities pade] 10hdt thet @mdercadiead abdngour vat ur e

of finished buildi anels. the prior description wt espect. to buil ding
panel s 100t GROEIEE & ke SBerelany vt Bt RiyepANeI Buiinting 10b
shown i n Bhfal 18QnoviinPaE 26 W e buliRIGE finE21 Pdhodn iHIPIPET 1.PAS LB Of bui | di ng
panel 10b is greater than length C of a |ower portion of building panel

10b due t desstibed enbingbwidingieanslii (tdshegnpakéli. 20difarts inlsemk ovspectpor tion for
reasons ORIALIBHRLRY R DEDEL uph SRRy EkGaehe deghggaL e oross

. relatin
sect i onal "stéjse I'n’ Cros ron, “e.g., at plane

P shown i Borfipdeed 20buifdld sieNasshb@AGh FLG! Nallh oSt YespEctplsQeiesstyfesaid bed

bel ow. The cross sectional shape of the straight building panel 10, i.e.
bef or e t hehigkgsgfics atisheal meatariah widthy swdeadil of eurypyigrofifipiiedbuddingas a dashed
profile f I Lve: i : ! e buil di ng
Pancl  obPiisly SR EXRRYS AR B0 bhlTLGEAA Id L ot 10, 700s 56
and 38 extgpidtablg té baidihd pareily Medhdci®btsaowpat FI@r2030n particnlagdegglc Clon, and a

pair of copnecting portions 32 an 4 extending fr t he side portions 36
and 38, r8 HbGHRCy BPion of BURAj34 Pe tl_glbﬁ,gr%%t?ﬁt@ tepghiliae! ot poflight
bui | di ng Bﬁﬁggdiéﬁpan-ghﬁ)tpdﬁ%r t@lsho@éﬁ}iﬂg m%@gui%cnﬁg ﬁé:lfe‘l’?@t) £ERL RfwdR bltiogn 30 1S

illustrated the curved dotte Ine The Turved center portion may have
a sem ci foutampnsdmpebalrprotibedly hereat e shape. As a result of the curving

, orb-h - ti I fil f ot ._und
Changes, MISOEEngibual SEMTy e Grvec-parars GARe e PRET Lice Forvar dl y
ext endi ngs&:@i@ﬂ?é?%?at%ﬂﬁle PdwnlifFIG1EH :folmngQ%I_lg@ﬂ%@lirﬁll@%aﬁlg?)’o&ﬁ endi ng
segnents 22b, 24b, 26b and 28b. As illustrated in FIG 21, due to

| ongi t udi deicribed kalony, The penss pestipaal shangradribic vfaightduildingipenadilAald y cur ved
g?i ngiotn%e gfl?)reel threL ?o%gWﬁ!iilrlalhc%\rl%nlgj Bgoecres%?pseshgwﬁ QI? PRE jlnas%edglglbedg;)rrgﬁfe%r than that
illustrative purposes. As illustrated in FIG. 21, the building panel 10b includes a
curved center portion 30, a pair of side portions 36 and 38 extending from the curved
center portion 30 in cross section, and a pair of connecting portions 32 and 34
extending from the side portions 36 and 38, respectively, in cross section, similar to
that of straight building panel 10. The overall outline of the curved center portion 30
is illustrated by the curved dotted line C. The curved center portion may have a semi-
circular shape or other arcuate shape. As a result of the curving process, however, the
cross-sectional profile of the segments undergoes changes. The longitudinally curved
building panel 10b includes inwardly extending segments 12b, 14b, 16b, 18b, and
20b, and outwardly extending segments 22b, 24b, 26b and 28b. As illustrated in FIG.
21, due to longitudinal curving, a particular segment of the longitudinally curved
building panel 10b will have undergone a change in depth greater than that of another

segment. In the example of FIG. 21, for example, the depth of segment 16b changes

inwardly in cross section by an amount Ad1, and the depth of neighboring segment
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segnent. In the exanple of FIG 21, for exanple, the depth of segnent 16b
changes inwardly in cross section by an anount Ddl, and the depth of

nei ghbor iwQ 208se3s2 14b i nwardly by an anount Dd2, wher eiPeTI$R000S6EIBLAt er
than Dd2. Simlarly, the depth of segnent 12b changes inwardly by an anount
Dd3, where Dd2 is smaller than Dd3. Segnent 16b is positioned at a mddle
of the curved center portion 30 and has the greatest change in depth of any
of the segmmﬁﬁﬁHMbbthMﬁkﬁthmzRﬁenﬁﬁaﬂmhﬁgQMBFmﬁhAﬂl SiHdkB3the n this
exanpl e, since the str ht buil di ng panel 10 ssed segnents of uniform
depth d (<4eudhef ggegment 1?3%1? PGS 1BETRNIPY 2B AR 3?11604 Fyis paaler thah wi | |

have di ffﬁﬁ?”ée%&%?%‘b iR B @bt £hid #OG t'h!a‘g{u%!i Q‘gér\/ |iGon FRSRLhQN the

changes in dept e vari ous segments describ ove, segnent 16b will
have a gr dmtgreatehe phdngt nodenth of oyt drthostgnedgeusteitcal inviee ¢>mntpih@oﬁilélﬁ hs of

ot her seggﬁnts. In particular, as shown in the exanple of FIG 21, the
dept h of 'gnment 16b extends a distance dl inwardly in cross section from

i ts outer [AD3EAURShis aRnME! GhRAahd agalgtﬁ%ﬁﬁ&ﬁlg pafdd mwss%@&d%égrﬁaﬂs gr di stance

d4 outwardly fromtheir outernost edgés, wherein distance dl "is greater
t han di stamé@nddlepﬂsd fick &l (Gy2), g@wm@gnQMbO%wmlblmmehltﬂn wilance d2

inwardly fro out st _.ed t he d| 4 i s greater than
i st ance 1% QRSN o8 EATRE B IS5 R0 g, BREOER 4Rl B2 out v ai y

from thei defand @ﬂtﬁ@samﬁﬁgegmexam dedchiBeditaivaneemda: i6h wiilldat ek gidaash di st ance
d5. And segnents 12b and 20b extend a distance d3 inwardly fromtheir
out er nost derily&om isnentermeostipdaca riaivggoithy dpptigtad othen segneings dppertyslarsegnent

16b, whi ch %h’%mf?ﬂ 'tﬂé %&ﬁ&lﬁfﬁdﬁ?%gg PinbP& @‘é&:ﬁﬁ’?&&& &s'a cﬂ&ﬁﬁ(ie(%ﬂ 30, has

the greatest depth d e segnen Ius e exanple of FIG 2
1. In V|emu@ﬁmyhﬁcﬂmpk&namﬁonlmb@nenumtmmgkMnbeegﬁbmm@;ﬁgﬁﬂn®n4bah@ achi eve
a longitudinally c rved ildin anel segnents V|ng appr oxi mately
the same g%?ﬁe%dc% Sy 4’ Buwgﬁb?régbﬁh?w&w&%% s i grﬂﬂa@l@tﬁlec i1 di ng
panel havidgeAannukianm &eARRanICRLARNL A48 LAL | Wl Endulstnbegneeded
(e.g., a straight buildi ng panel shal | ower segnents near the mddl e

t her eof annmmégﬁﬁmlﬁegnmnﬂsmﬂsa@eshndddgESmuheMe@gﬁmmuﬂmnwsumeedéd) The

identification of a tartin e such a straight
bui 1 ng DRI oM Feoel 258 el i TERE 08 PuBFRINGIP BT TR e ort
e.g., by bigeted thé idlanangk B cgr&{terttﬁﬁf diB@ncd db. VA RNs@chiie 2bRh@RORL i on
provi ded her ei n. [00104] As discussed in nore detail elsewhere herein, as

t he stralgﬁ@n®mdwﬂmngdbaﬁ@ﬂmYOhﬁgHQUKW@ﬂHDSMQ@@%dﬂ@&ﬁk&ﬂmwpd5bﬂlIdlng pane
10b 111 UStgrre% ﬂlan%scfe{n%% kN %%ét'ng L 1613 Fiuch is positioned at a middle of the curved

center portion 30, has the greatest depth d1 of the segments illustrated in the example
of FIG. 21. In view of the explanation above, it will be appreciated that to achieve a
longitudinally curved building panel segments all having approximately the same
depth according to the present disclosure, a straight building panel having non-
uniform segment depths to start with would be needed (e.g., a straight building panel
with shallower segments near the middle thereof and deeper segments near the edges
thereof would be needed). The identification of appropriate starting segment depths
of such a straight building panel is within the purview of one of ordinary skill in the
art, ¢.g., by limited trial-and-error testing, in view of the information provided herein.
[00104]  As discussed in more detail elsewhere herein, as the straight building panel
10 is curved longitudinally into building panel 10b illustrated in cross section in FIG.
21, the depths of various segments change to accommodate the formation of the
longitudinal curve. The greater change in depth Ad1 relative to the change in depth

Ad4 accommodates the formation of the longitudinal curve in the building panel 10b
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21, the depths of various segnents change to accomnmodate the formation of
the I ongi tudinal curve. The greater change in depth Ddl relative to the
change i rwoeptoneg%34 accommodat es the fornmati on of the | engiuse@omned33curve in
t he buil ding panel 10bby permitting the accumul ati on of sheet material into
segnment 16b in connection wth a | engthw se shortening of the building
panel 10b at that | ocation during |ongitudinal curving conpared to other

| ocat i onsbpperntigtinguhd sicogupaiorlof et iaakiabklo figinehebsh ineogiidvnbs evith
shortening. Simlarly, the gﬁ ater change in de[)th Dd4 relative to the

change .naéf‘é}&fwvlﬁfd%w&rﬁ@agézé v aedenelndbry tigtocaiooduringdorghdindldi nal
curve in lﬁ%@%trgggf& 83 !rloicgi?mﬁyonpcﬁé Buildih aﬁem@o%ﬁ%&qlm jcn of sheet

material 1 nto segments 24 26b i n conne |on W t engt W se
shor t eni ntgngthwiseeshbuehidg n§inpdankyl tht@oeatr dhhlme ihdlepthi ol rdlativertp thongi t udi nal

curving c ared .t | ocations o e huil anel 10b that exhibit
Coee 19 noOrRRE 5 atnth Riinflsg o niEeshe igfien b dar AN et i heng
relative B@lldlﬂ@pwmﬁlﬁb*‘ﬁeﬂﬁﬁﬁl tm&cahﬁ&u@ﬁw@ﬁyaﬂﬁh%amﬁo {cormtsi on of the

| ongi tudi nal curve in the building panel 10b by Qﬁgermttln he accunul ati on
of sheet Ak and 2fb m@m@@gm@@ leagihvared slmbemrrg hebeddiogpaticl h0at engt hwi se

shortenin 10b at th ca ion duri |tud| nal
curvi ng cglrarlgé)rcg (gu ntghgngqfuﬁ a? NS ESH PRE b%lO O atlo r%eqntQ%Bul?cﬂa% exhi bi t

| ess | engpinul $6b SROELIEBIL RYs 1eﬁgm\~ﬁste%hgﬁ@ﬁﬁ§rm(bamgethb @reﬁ&t@bhm@@%r el ative to
the change in depth Dd3 al so accommpdates the formation of the |ongitudinal

curve i In fleph B |r@lawge 9dhreshangp imgdepieAd? s AgronHeodasesihufoampben ofthe heet
chor t eni ni e FREATEN St REEb A o] IACRTIGHGE0 MY dLuul BB IMEE

curving conpaiabihtd segm@herlmbm@atlﬂbmscmetthm ot hdhnlgglwa@a‘lﬁiortéﬁhhgtoﬁ&te exhi bit
| ess | eng se s eni g The | engt hwi Se .Shortening UI | di ng panel
10b near %%@%Pa@gﬂﬁl? &t il lpeation duptp|Prefudip Icé‘f"i”{}%F BQEfOe‘Pt flength O of
the buil dwagnmrb%'thégakﬁﬁg %éléi 64 &%ﬁ%&%@g TeRBth A% GRERAT ﬁ‘g ARq e | onger
length C2 of the building panel at t (upper)~regions of the connecting
portions 8RamndhBye imdepsinddh rélativel tGth@hangs inndepddAdbave acqohencdiateB erence

bet ween 1i.n | engt a . an occur,s ,because t l.on |tud|n Iy curved
but 1t ng. Parmasg drdieBpeBaa Pt 2 LR SAGHE ot Boas i Benay g a
simlar ch@esudfhi@RRdct SRERRI AR snéRts 2bint @88 theonnBetidiewli®agi t udi nal
curving process described herein, the degths of various segnents change to

acconmmodateagthmasd shageniog pfmﬂnle b@ddmg paneltlfe abihiat Wicaiepnphumal lamhtudinehout t he

ggg?e;g IO?QP a{ntg ctognapgrse\ﬁe[o dfhef Pchtf (911astoln Az buﬂ"&n?g %)erﬂneel %Ib {ha][ n;&ul??f%ss 10b. Greater

lengthwise shortening. The lengthwise shortening of the building panel 10b near

segment 16b is illustrated by the relatively shorter length C1 of the building panel 10a
at that (lower) location as compared to the longer length C2 of the building panel at
the (upper) regions of the connecting portions 32 and 34, as shown in FIG. 20. As
noted above, the difference between linear lengths C1 and C2 occurs because the
longitudinally curved building panel 10b is derived from a straight building panel 10
having a similar cross sectional shape and a uniform length. In the longitudinal
curving process described herein, the depths of various segments change to
accommodate the longitudinal curve in the building panel 10b without the need to
impart transverse corrugations into the building panel 10b. Greater degrees of
longitudinal curving, corresponding to smaller radii of curvature, are accompanied by
greater changes in the depths of segments. Segments located at areas of relatively

greater linear shorting of the panel due to the longitudinal curving exhibit relatively
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| ongi tudi nal curving, corresponding to smaller radii of curvature, are
acconpani ed by greater changes in the depths of segnents. Segnents | ocated
at areas WO 208/m8i3eel y greater linear shorting of the paoglUusdes/0663e he

| ongi tudi nal curving exhibit relativelygreater changes in depth. An

exenpl ary curving apparatus enpl oyi ng a passive approach for generating the
panel illustrated in FIG 2 1 will now be described. [00105] FIG 22

i [l ustrat ggater shabgeyinalwpi. Ameenepiiply iy ipaagiarauy sthpigyingatpassvet00 accor di ng
to anot her exenpl ary enbodj ment. Like the panel curving machi ne 100, the
panel cur IPMGARORETSTADE thopaset élélétréftﬁfi gltlfl%sééa\ﬁﬁ ngycpetdessriPefanel curvi ng

assenbl | efpoigdy 346 Q@Mﬁétg%@g@g b BRLEL R bERS oftn i %hf%p 4N

multiple rollers supporte rane 415, e rollers
are arr angedrdng pracétee cxemgdryl enctatdiroers. fLokectbepact cotvergouadhdientOpanel as

t he buil di.n nel .passes. al t he ltiple rollers in. a |ongitudinal

di r ect i onthemabs! cxeviBe Birehing R0 Corarissar apeteovEansh BUR Bl GHD TG assenbl y
324, and RGinbRék B0V and 13N bachi HSVIRET SREGILY & MhRW 18fang Wiiiiing assenbly
326. FIGS. 25 and 26 show exénplary configurations of multiple rollers 260,

261, 262, ragss suppdrtedtpothe figme 4§8whorg the puiltipletolRT6are herengsdrit act a
bui Il ding panel 10. The.multiple rolle i nclude,outer. raollers 260, 261,
262, 203, PaRsterdad RafiThea B B6 hilded Bfrebivid Wit Pt litui ng. pane
10, and i pAwReg theahhigipk rdfidrs iRd Pongdudinalniire2ién.t Pidl. 26 @RbwE efiadgt | nner si de of
the building panel 10. FIG 22 shows supplenental roller sections 288
conpr i si nBerSRRsHV e st &fi cupang ayssmbly245anl Bl 280Bows A HaRL Side PreRecPs  whi ch
are positj . i i 3 - further
Support t HEVe ryibg sEhbl 8. ERTRLREEHSy AeheRg SRR 0 16
st ruct ur ahlujtipé rdlleas 260026 hQ6PATE|, 2641266 5 XH 7a PR AL LE741 0 Preethiotemiagt
described in_many respects except fhat panel curving apparatus 400
possessesagu@¢P¥8@%§9803%?P@@Hﬁ?F% r%?¢@§?P%?%“%ﬁﬁ“g@egghggﬁﬁgé’a cam cam
fol I oer BgehaR! Sl AR (ha'cofaCen' @hdt @l hEbsiIdiflt parkdh P00k ilichGoiRane! to
thereby increase the depth of a particular seghent. The use of three panel

curvi ng a36emilj &t and 27hHehgt anethctcnd vimey siap pé thethuslddh@Pahelsl Obdda. £dund t o be

S 2000y TR DS RIS BB TRR TRl ool e voed,

the firsts5e8iubRE iPBREMEl WhitRdre pARIGAEH aTihe AN asSoMiIRB2a PR Aldus 400
al so includes a ﬁOSl tioni na mechani sm that permts changing a relative
i

r ot at i onaP2%td larhen supporb dingipanélil0st curvi ng assenbly 324 and the

second ¢ uidﬂlﬂ@] a eerf)tgllngl c%%vesn'lg gf%ar%sa Er(RJ 8 ’strh&ﬁraﬂ?%in%ﬁa‘%% e panel curving
apparatus 100 previously described in many respects except that panel curving
apparatus 400 possesses a different configuration of rollers and does not use a
cam/cam follower mechanism to force certain rollers into the building panel to
thereby increase the depth of a particular segment. The use of three panel curving
assemblies in the panel curving apparatus 400 has been found to be advantageous, but
more than three panel curving assemblies could be used if desired. As shown in FIG.
22, an entry guide 290 is positioned adjacent to the first curving assembly 324.
[00107] The panel curving apparatus 400 also includes a positioning mechanism
that permits changing a relative rotational orientation between the first curving
assembly 324 and the second curving assembly 326. For example, the positioning
mechanism can include a rotatable connection between adjacent curving assemblies,
such as male and female pivot blocks 256 and 258 and pivot pin 286 illustrated in
FIG. 22. The pivot pin 286 connects the male and female pivot blocks 256 and 258

and permits the relative rotational orientation of adjacent curving assemblies to be
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mechani sm can i ncl ude arotatabl e connecti on between adjacent curving
assenblies, such as nmale and fenmal e pivot bl ocks 256 and 258 and pivot pin
286 il | uswoaredesss2Fl G 22. The pivot pin 286 connects ®Phe/usadoe/oedsdd f emal e
pi vot bl ocks 256 and 258 and permts the relative rotational orientation of
adj acent curving assenblies to bechanged and controlled. The positioning
mechani sm may al so include an actuator 282 (e.g., hydraulic actuator,
rotary actlhuilged aed caditdotied aChapdsitighineebennm mhpakaustudens actiaiirng
assenbly, e.g., 326 to rotate relative to an adjacent curving assenbly,
e.g., 324.28%%@-@@%1&9&?“@%@%afgtﬁalt%gfr GhaGeiuging Beclipaismylp spscer

mechani s i rLiGEd : RN ilitate the
positionrﬁggégv%%gg%ﬂgg%ﬁgfﬁggﬁg%%ﬁ%gb%%gggkﬁﬁé%%gﬂ[001%% Qﬁ ggkanel

curvi ng apjgaBa#udhdpesivdsng nechantas may disoweclsdesthabinransfer mepehangsosh24&ui | di ng

iple.rallers of .the curving assenblies
o st e

anel | ongitudinall al.on he mul ti
Do ape thah oyBE nefety i Bl gmoy srae LS LRGP e B SRy BEaul | o

not ors 25QsbReRtED@AIndgagh curving assenbly to drive a gear train that
causes rollers to turn. Afirst reduction set 252 will provide the final
speed and[(9d0Bk tThegrael qurdng apBaatuTHY geamctudas mdassygicn (gymawine t he
rotary mofiqn.for rollers af the curvin chine. Side pl ates 6 are used
to mount o eyl Sid iR Sl BENBRTNES ol Sulah S euPii ent
traction 8o4,B3RaNEIdHE2S. Tae chunplelithgdRensstchmb e R@ilddédiyaaluliy modord 260 hane
coating can be provided on rollers 260 and 267. This will provide enough
force to Hcpigd af erehisurvigg srgerphldp deive agegt taethabepaesaatens heytuimpdlr at us 400.

't will b aponeeAledss QA pﬁﬁpc{eotﬁghﬁ?ﬁ sﬁééhea{ndt A géap?r% Agatiypgs can be
used to enhance friction on'these Folle S, such as, Tor exanpl e ot her
coat i ngs, geetiain 254eailnpotsle thaotiryn edtisu féradcBss ofthe.cuedng bachihe.| Sidled t o

provi de added friction. [0010 The panel curvipg apparatus 400 can be
cont rol | eBlafy 266:%{9%%%}9&%821]211% @g%?rido@adwwp%ﬁ%n%mﬁo"rroeém olling the

osi tioni Ji: I r i o) i iLentation
posi ti oni REHPRGNRNLBAYS FaRatd ﬁlﬁ%{ﬁﬂh%l% L{)a{é&r}go lsﬁg?iEdd‘ifrﬁug, éérteﬂﬁﬁékoa@{ng '

between the first curving assenbly t he” second curving asséenbly 326
as t he butdrdbajgropianébn i@lampAeEsardaiédi tlik wal providk engughHerosud tliipd ther ol | er s
260, 261, 2 263, 264, 266, 267, .268, 272, 274, d 276 t ereby forma
ongi tudi haRTke POR! MRS tRE g yrarer S0 S RO bR ac s 400
i's confi ghsEadhes b@EMhbR GreingicbMtioh @hn BANE th Bnitdnge Rititldiondhsanel 10

W thout inparting transverse corrugations into the buil ding panel. The

mul tipl e radlersepechxsofor 2gamplp ether eERingg.guctaldgBIMABY, mapbgicd 3gidacep.74. and 276

of the i3l dNdiRg PV MbOPRRSE ™! ! es
[00109] The panel curving apparatus 400 can be controlled by control system 62
(described previously) for controlling the positioning mechanism so as to control the
relative rotational orientation between the first curving assembly 324 and the second
curving assembly 326 as the building panel 10 moves longitudinally along the
multiple rollers 260, 261, 262, 263, 264, 266, 267, 268, 272, 274, and 276 to thereby
form a longitudinal curve in the building panel. The panel curving apparatus 400 is
configured to form the longitudinal curve in the building panel 10 without imparting
transverse corrugations into the building panel. The multiple rollers 260, 261, 262,
263, 264, 266, 267, 268, 272, 274, and 276 of the first and second curving assemblies
324 and 326 are arranged so as to allow an increase in a depth of a particular segment
of the plurality of segments of the building panel 10 to accommodate the formation of
the longitudinal curve in the building panel 10b as a torque is applied to the building

panel by adjacent curving assemblies.
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324 and 326 are arranged so as to allow an increase in a depth of a

particul ar segnent of the plurality of segnents of the building panel 10 to

accomodawe 20tveBemat i on of the | ongitudinal curve in Prhg/useédas6339 panel

10b as a torque is applied to the building panel by adjacent curving

assenbl i es.[00110] The curved buil di ng panel s and panel curving assenblies

may have any di nensions suitable for a desired application, and such

Ioar anet Sr [0{11:10] denertdlr\tqudilmciilﬂhg paacls :aﬁauiﬁﬁrel surx trgaRsknsiizp enagthat ieny

ongi tudinally. curve uil ding panel that is desired. In exenplary

enbodi menfgnensigas &aﬁglesf%ge%@fl FplicEicpREsush paggier 3yl dependiupongeep.

Exerpl ary upaiileufh b Rld 8E RIS fiBlid YL 0k ot YAG Panel s having
be t " ght, “30" in de

t hese di nensions nmay approxi matefy 60" i n hei pth, and 16"
i n | engt hdesTird. th steand®y betbadmments, et paasls emy hee forekamplesd” evidapldary panel

curving a | | es e approxi mat el "..The approxi mate wei ght of such
panel | our YT AeCRnbr R ARRY eV R Gt BF JorsoBBn b T Re e i501 1)
Unli ke t hga\RREBlesCHinih iOn@RRAbEhpisrolitthicly BE” Hﬁ{&éhtp}ﬂ”}&hla@ﬁ)tﬁpﬁﬂr@’%_ 400
does not utilize a roller that itself forces an additional deformation into

an exi sti rggdegrhentistafcetbhbvasnipidit agsepidbied ofitbeselenemplaty, parisecurmingi pl e rol | ers
260, 261, 262,..263 64. 266 64,, 288, 272. 274, .and .276 are configured so
2s o i noloeael& TauE Bt R o s iR PRI B AURER 1o segment s
of the buthindgspaiiles whaldbteappsoaalelyeZ000abs. Recthui | di ng panel 10 via the
multiple rollers as a relative rotational orientation is inposed between

adj acent HW¥ihg Geldertbe pangl gpyingpgaragusd 08.28e pancl perveg apepiagtrs el noves

| ongi t udi pal y . LaLi yer of ati Vi
acoenbl | cLocanbiis y EPERL RO BRREMAREAMTI ORREFRR D, < 260
261, 262, st 3bthe bABGing PHR:I 107 Bystddihe andtiZé6olbausess 2di Ji2azerent of the

sheet material as th ui.l di ng nel 10 curves (and lipearly contracts in
r egi ons 056%,3@9{%@7,Pg%éﬂu%?ﬁmamp&wa@% uredsqyisde iR et BISI%) . This
di spl aced,shests tHRLALH Alinl&Nda KOt it Buiidif gaRe fesugnespnes ween
vari ous ohes of the Rultiple rollers 280, 261, 262, 2631 264 7266, 267,

268, 272, tiebjldenggpaddel0 vilibe nmilliplemolierbes adedanichetitiomlgriesthgon det ai | with
reference.to F . 25 and 26. [00112]..Fl sho a 0SS, sectional view
o an ex iRy CRUEFT GURSET i B Tt 62 oot g BEGTIBEMSES seq.
266, 267, nRR& lodditudiralh. T&ﬁ'ﬁto?cﬁﬁ ARt eS8 ﬂo&ti@ﬁ!b%!v&k@n@ﬁﬁ@r@is‘s&ﬁbl%%, 326 and

328. According to one éxenplary aspect, a particular roller 264 is

posi t i onegombingd eith th@)glliéipjéracﬁmp@fstﬁﬁgmtmw elleps7B0a 361 .| 264263, 264, 266,
268, 272, 274, and 276 causes displacement of the sheet material as the building panel
10 curves (and linearly contracts in regions of greater longitudinal curvature, as
discussed previously). This displaced sheet material tends to move into the gaps
designed between various ones of the multiple rollers 260, 261, 262, 263, 264, 266,
267, 268, 272,274, and 276. This will now be described in greater detail with
reference to FIGS. 25 and 26.

[00112] FIG. 25 shows a cross sectional view of an exemplary configuration of
multiple rollers 260, 261, 262, 263, 264, 266, 267, 268, 272, 274, and 276 present in
curving assemblies 324, 326 and 328. According to one exemplary aspect, a
particular roller 264 is positioned adjacent to upper opposing roller 276 and lower
opposing roller 276. Roller 264 is configured so as to impact the sides of segment 16
s0 as to permit the central portion of segment 16 to deform toward the opposing
rollers 276, thereby increasing its depth. Also, the particular roller 264 is positioned
adjacent to opposing roller 276 such that a contacting surface portion of the particular

roller 264 and a contacting surface portion of the opposing roller 276 contact
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opposing roller 276. Roller 264 is configured so as to inpact the sides of
segnent 16 so as to permt the central portion of segnent 16 to deform
toward thwoappussisg rol l ers 276, thereby increasing itsPdeshooIsbessy the
particular roller 264 is positioned adjacent to opposing roller 276 such
that a contacting surface portion of the particular roller 264 and a
contacting surface portion of the opposing roller 276 contactopposing sides
of the bubpsbsitg sdnel tHebudliding paaslt ldcdt arcegiadincglohewhérding gdrxéxd st s bet ween
opposi ng surfaces of the particular roller 264 and the 'OppOfi ng roller 276
adj acent PYVERRORRATNESIRESgiOS e Ragder g rollgra S SR e qrRoeing sdlet&éPion in FI G

25 is a stj.ai (W el 10 prior to inparting a |ongitudinal curve
Eé&??%p%ogtﬂg bb&?a%%@e& !

thereto. B ane Is intended to be transforned into a
| ongi t udi O] cwklseshdyui indirosy spetival in FIG. 2ush sasight bustingpad! | pHENGS. 25

and 26 by the panel, curvj.ng machi ne 4Q00. .Consi der.,. for anpl e, that
oo p g eSS olRg o, EuaiR RaRcIo R B 524 ahi ch i
st ati onar fan@Srmtddiih@ arlgn%%{a@ﬂzaéglz\aﬁ%dlbgggingtpq{laqlobx%@H mguit&@eéml tiple

rollers 260, 261, 262, 2 , 266, 267, 268, 272, 274, and 276 of
curvi ng abE¥ewid5iand 282y thepargp eurvimg mindinsud00diGrgsidandor ckampteathas t o curve

longitudinally, th 300, bet nroller 264 d | l.ers. 276 will be the
area wher Byubistt R 3Pe et RATe [yt Rgen Bl s bty 2hBalimg

di spl acedashédrling®inel malesSon@suditlllyldhgargnRnipld ftdlersRH0| 261,267, Jt3s a sl i ght
convex shape which helps direct the segnment 16 into gap 300. Rollers 276

whi ch ar e2¢b@ho e’ 86% IFoF 14, AichdHEr ofapvipg aggemblies J24andwi2d| Asdhy support
d i , ' t j th
ot or mad PEIRERIST 3 (BB lC RRIARIaI e ARl ERARE It Bpd VLIS

16b shownrdllerd276 willbe thd pea evifersegment & FGaddwilBoatfuethed dufdrarddybyf ur t her

deforned ih cannectjon with the |ongitudinal curvin y sor bi ng di spl aced
sheet rmt 8PSOHING GispEcedshegh ISy HeAE L ol SSHAD; %{Oﬁﬁ‘ﬁ f@i%aﬁgﬁm 10b.

[00114] Aéoxﬂiék%ﬂaﬁ%fv@mbmahé’%irpc@ﬁle%g%%ﬁ 185RELpB00 O RoILADE Wi GERL 16D i's

greater than the change | ept of adjacent segnments 24b and 26b of
| ongi t udi meuhted casuppdrtbudrhbtir 342 page D-dod) . willthielp suppoe eadipwvideghdfindldi ng

panel 10b .is being | itudinally curved to a.greater, extent at the mddle
Por t1 on_ oPPRQT BURIH b ARE SCEOR LS T AT N LREO et f oot | vel y
havi ng it shdet MaR¥ial, @NGHINcERMIE BR]MahNtA 68 KBA&VE I BXT. @0t Adjacksgi ons where the
bui I di ng panel 10b has greater |ongitudinal curvature, tf]'ue gr eat est anount

of | ongit sedinkeaks KuandaltB are sivu ey rfbleralefaried i efuingctsin witlethe longitudinal
curving by absorbing displaced sheet material so as to form segments 14b and 18b in
building panel 10b.
[00114] As noted previously, the change depth Ad1 of middle segment 16b is
greater than the change in depth Ad4 of adjacent segments 24b and 26b of
longitudinally curved building panel 10b. This is because the building panel 10b is
being longitudinally curved to a greater extent at the middle portion of the building
panel 10b near deformation 16b and is effectively having its linear length shortened to
a greater extent in regions where the building panel 10b has greater longitudinal
curvature, the greatest amount of longitudinal curvature occurring at the middle of the
building panel 10b near segment 16b. As the building panel 10b is curved, the
“excess” sheet material that is being displaced due to the longitudinal linear
contraction must be absorbed someplace, and the displaced sheet material
accumulates and is absorbed in the segments. Because segments 24b and 26b are

located at points of lesser linear contraction of the building panel 10b compared to
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bui | di ng panel 10b near segnent 16b. As the building panel 10b is curved,
the "excess" sheet material that is being displaced due to the |ongitudinal
| i near comoOranxieess2must be absorbed sonepl ace, and the @cIaiSavedcsheet

mat erial accunul ates and is absorbed in the segnents. Because segnents 24b
and 26b are located at points of |esser linear contraction of the building
panel 10b conpared tosegnent 16b, segnents 24b and 26b are | ess deforned

and | ess seemnt hél) ssgaemn4blanl 26 ae tksddforméd ddddesuteep danpegaass. [ 00115]
As shown in FIG 25, the multiple rollers are configured to have gaps
bet ween vaPh LTSI PEIhE CHIYARE PIQESSHy sizes and shapes consistent with the

expected RRYSE s Af sRARSh FA! 0F TR haRipR bR &g RA3b hensegigscri bed

above. In particular, segnent 16 1s permt orminto gap 300
bet ween r béthvees v@tolisaolibr2 6t haoving $izeveandIshafes conseententh thébxpethed shape of

t he segnent acco dated by. ga 0 i averned.b he apes of rollers
. e RS b felprretionah aiitigen TR RSPl bR B ool pe
direct di spinaceds shrehiRius aia@!rmiiﬂb;gagago BOQcePBRIAOEhd Mmdtdre thar gest gap

shown in FI'G 25. Upper and |ower gaps 308 are sonewhat snaller than gap
300 si nceultissdeliferpl segawnhiotof Thetvdepe efethe sdgmtent scoorpeetated tyheapes00as r easons

di scussed _above, nts 24 an 6 ,sho in FI re permtted to deform
"nto. gaps2a0g by RE MRS p{ YRR A 8o Rl s Ciattio 26l s BRI ebFog Moy o
276 have shmkw diggct digpiacatvhedt neatdnl ditb @ap 3d0. sghpeedissherigovat eri al
into gaps 308. The shape of the segnment acconmobdated by gaps 308 is

gover ned B3P sheavnsiRddes2of Uppsiriagd dovps £aphd g someghatea an ga3¥bwer gaps

302 are sQEEWAL i }ggée'tnﬁeﬁeth &%e&ﬁ&%giglqgﬁéﬂ;ae%ﬁ ftge‘?é %or%és%@{f@e[%@%d of sheet

material I's expec re. Segnen are perm o deforminto
gaps 302 hleowel Sepmbtetk 24 hiod 06 sSlkegneint RIGL 2 brapamliBdal tokofdreriato2ads e e a smal |
convex portion ich hel ps direct displaced sheet terial _into gaps 302.
The shapeu&lﬁﬁ%ﬂ%@g%@m@gwa@%@ﬁﬁr&@apgﬁl@flgéi§ll§tf227i6 RoVBRhENST t he shapes
of 1ol | o okt Rn3C diliRpakp@Ac 4ioNGha 3RS UpaStk. SRR oSHB! | er than
gaps 302. Segnents 22 ‘and 28 %re permtted to e?orn1|nto per and | ower
gaps 304 segment acretahgdafedrim sipg RehisgoR@incd by tRBhapdRaiflrelias 204aitbias. a snal |

convex port.i ich hel ps direct. .di splaced sheet teri i nt o. gaps 304.
The " shape e Gisran Bt ebmisaar iy i snst T8 b aPheteey¥he shapes
of roll er gisgfbemdrit DALt mARPAT isRRPeAMREcIBREMSHE 1268 $OHRVRALItRARS | er than
gaps 304. Segnents 12 and 20 are permtted to deforminto upper and | ower

gaps 306 tlefofrointp gepiERtte ultbatalydongisegments 14b and 18b. Rollers 268 have a

small convex portion which helps direct displaced sheet material into gaps 302. The
shape of the segments accommodated by gap 302 is governed by the shapes of rollers
274 and 276. Upper and lower gaps 304 are somewhat smaller than gaps 302.
Segments 22 and 28 are permitted to deform into upper and lower gaps 304 to
ultimately form segments 22b and 28b. Rollers 274 have a small convex portion
which helps direct displaced sheet material into gaps 304. The shape of the segments
accommodated by gap 304 is governed by the shapes of rollers 266. Finally, upper
and lower gaps 306 are somewhat smaller than gaps 304. Segments 12 and 20 are
permitted to deform into upper and lower gaps 306 to form segments 12b and 20b.
Rollers 262 have a small convex portion which helps direct displaced sheet material
into gaps 306. The shape of the segments accommodated by gaps 306 is governed by
the shapes of rollers 272 and 274.

[00117] In addition to the multiple rollers 260, 261, 262, 263, 264, 266, 267, 268,
272,274, and 276 described above, supplemental rollers may be positioned between

adjacent curving assemblies 324, 326 and 328. FIG. 26 shows supplemental rollers
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Rol lers 262 have a small convex portion which hel ps direct displaced sheet
material into gaps 306. The shape of the segnents acconmpbdated by gaps 306
i s gover €0 2bl/asBsB2shapes of rollers 272 and 274. [ 0011PLTius2@d@bd3Bon t o
the multiple rollers 260, 261, 262, 263, 264, 266, 267, 268, 272, 274, and
276 described above, supplenental rollers may be positioned between

adj acent curving assenblies 324, 326 and 328. FIG 26 shows suppl enent al
rol | er s50202,304, 5@0@spioatd rabaniae t]lieeﬂnattlp‘l/eeroﬂlhﬂ Zﬁ)l 261pbe2,roB| 2645 2860, 261,
262, 263, 264, 266 268, 272, 274, an he roll ers 502, 504 and 506
can be | o8& é’&%@ﬁv\é%%ﬂmeﬁ@llﬁréé@izfm%@ﬁﬁ carzbgloglgd Bolgveen qurving, pe

support ed, Qyngj; 0836 RIS a&fl@ah n e 9918%?&&1' Hr'}gaaTdf(?bf Bhdnfbep BRP, 5%‘9@ by the

frame 415, as shown'in FIG 2 e su l'ers 502, 4, 506
function rlog,sulpplmrstsupptmddthyl e hgmpedé) aslbbwanmd Fi@. 2$aﬂﬁteasupplbltmenthl nal form

302, 04, "3I55: P00 Aty opdn ey bl B R TERORES vl

formin thﬁamﬁﬂepwg&&qtsaﬁ%a%mgm dnbecBRMWItHRE IRESsupPrbmedB. 276. Such
buckling is aesthetically and structural Iy undesirable. 00118] An overall

oper at i onrafers {2, pethS06cthe biidingnansl ABb AQY tershtpbucklagr mﬂesmml@ f@ror vi ng

oo be doluPf A tiPns PEpRneS hE AR e BNE SuBbIIREIPE 1 L

of an exepgtiafivalbesidentetaly intpdrdbldlg a | ongitudinal curve to a building
panel 10. FIG 27 shows the panel curving machi ne 400 before any curving of
t he bui | dlMd1Banedn exeal speratian ofdhgpanchainviigigaghieet000Mpsisingsert ed i nt o

the entry f ur.yv 0 and
assoct at oo s tati iR 3E HoF i 08 TRANOG AR 5 L BB0REC "0 and
272 rove pinel ball hotvibg desunidbked BGthi rafeeenpt acEIGH 209N FGE. 2hegehdunvomg

assenbl i es. 324, 326 and 328 vmthout initially j.nparting y .l ongi t udi nal
curve to ViS¥ ‘meﬁnleéFlﬁﬁgﬁéWe&CG formppartingen @’Hgﬂt@%cﬁgﬁ@ a%@ Ifigg@ftdd into

curving a§? I 51(% 1 8Shdwd the g‘g%geladﬁgvﬁ% ﬁlacﬁllﬂg 46@ BEHR a Iﬁryfﬁltf\ﬁ\q% @f—’th%%gﬂdm

automati ca egin translating t di ng panel ngl t udi nar| ly and
begi n t hepanet vequgs. pf?&(straght b1{1td®1g]191;uelAH) IShIIIDSMGd mt@tlﬁenﬁg,guxdalﬂ% of e bui | di ng

panel 10 is ransl atin git udi 224 the r ol s st.em 62 .causes
hetuator DESIFE"FEIE A\éota M‘Qaé%l DRUR B S 3G s enbl y
324 by anrqped Bsodbet, 2@gr2/63ng7@mm Mo?@ﬁe'bﬁﬂ&hé%ﬁnélﬂOHﬁt@%oe%Mglﬂg

assembly 328 rot ates along With curvi ngg assenbly 326. A sensor, e.g., any
sui t abl e alpthirexaturpngabssotblionped. 3gdsiand 8 Wll‘[hﬁlstdmtléld}’imlparﬁ@&?mh ng rotation

longitudinal curve to the building panel 10. Once the building panel 10 inserted into
curving assemblies 324, 326 and 328, the control system 62 can automatically begin
translating the building panel 10 longitudinally and begin the curving process.
[00119]  As shown in FIG. 28, while the building panel 10 is translating
longitudinally, the control system 62 causes actuator 282 to rotate curving assembly
326 relative to curving assembly 324 by an angle 81. Curving assembly 324 is fixed
in place. Curving assembly 328 rotates along with curving assembly 326. A sensor,
e.g., any suitable optical or electronic position transducer for measuring rotation
and/or translation, such as described previously herein, may be used to precisely
measure the position of each curving assembly 324, 326 and 328. As shown in FIG.
28, portion 296 of the building panel 10 is now beginning to curve under the influence
of the torque applied to the building panel 10 by the multiple rollers 260, 261, 262,
263, 264, 266, 267, 268, 272, 274, and 276 of curving assemblies 324 and 326. The
longitudinal curve is imparted as the building panel 10 moves through the panel

curving machine 400 without the need for transverse corrugations and without
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and/or transl ation, such as described previously herein, may be used to
preci sely neasure the position of each curving assenbly 324, 326 and 328.
As shown w0 2B10B68338, portion 296 of the buil di ng panel POTIUS2000M06438g9i Nni ng
to curve under the influence of the torque applied to the building panel 10
by the nultiple rollers 260, 261, 262, 263, 264, 266, 267, 268, 272, 274,
and 276 of curving assenblies 324 and 326. The |ongitudinal curve is

i npart ed asustrgebuokiingli Agthpanslind Qkeopies:, kdpntumgunidhegmpaie bl thebvild@gmachi ne
400 wi t hout the need for:%ransverse corrugatlongﬁgnd Wi t hout causi ng

buckl i ng. PRl { havill fyther deforras dispiieed sheaiyRaistial tanms 1o sysinte 28ps 4% "bui | di ng

panel 10 ﬁbibOﬁUﬂkﬁ%&iﬂﬁ{%55%8&%91@9#% [y, sheet material tends to nove into
gaps 300, 302, 304, 306, and 308, as disctussed previously. [00120] Next, as

shown in F0E20PR9, Nar dsehowwe iobilG. @OnghpathelbuilGinigpanelafish ansigingongi t udi nal | y

and when the. i a cur tion 296 .arrives. at curvin enbly 328,
the contr bncisyBpibas wBREE B b e et S8 R SRR oe g
assenbly 328 tﬁ@&cﬁﬁﬂowystém 62' wusagam&% ABuYt03282 Ryrofile ANYING a%nmyagzs s
greater than gl . Redi on 298 of the building panel is curved by an

addi ti onatelzan@aﬂpunymge@fssqrhlelyﬁﬁﬁ byeneaglo®2thed it geefaethap il i Bdglp@ 29819f bui | di ng

I | | 260,1:281, 262 263, 1264 266 268 272,
2?28 and Ehfgb m§ lég%gg(gﬁ% %dlé%fd %ﬂllﬁ %e off dﬁﬁ and ql

are like nforea t@ﬂ%\fd@dﬁﬂgypada&fyrth@ﬁﬁﬂuﬂl@ﬂﬂl%ﬂs] 260061 Qﬂglzasdzml%staem ng
process as descri bed above will continue in thi s manner to produce curved

bui | di ng péhel’3, 241, a%d??ﬁm@fcalﬁvla%w%llew?&ﬂnﬁaﬁﬁﬁe T§ﬁé%ngeﬁ§>r&8\anéél( not
shown) as]%qﬁ%nh&%é% &w§§¢+¢ in the art can be positioned near the

curving asse ear € building panel 10 at desired | engths for
a given bunnalhg’ﬁﬁﬂp@@ﬁﬁnﬁhdn&h%Iﬁh@ﬁ$am@mdﬂMmQﬁoeawﬂbannmnénomhed by the
control system 62 as wel |l Q ensor uch %gglo%gn% %grlbed can be
used at OB thBraduE eyt iaIdnE Pl 10gtqonE Helestr b AR HoRR S | di ng
panel s 10Be\tel (i iRk s kAW IESE STRASHESHEAN Saf RRidied nbit hoie contr ol
system 62 so that the'control system 62 can control the shearing process to
achi eve medengﬁmdﬂEB§8m&me@ﬂhdbsﬂmegpMBﬂgﬂhtandedhmg&hdéw@gWumId|ng

s h | t I di . d that h
I N A R ek SRtk e e R TR s i e
assenbly 328, iassenbdrau@ts &@G@Hsﬂ? dEREHEd bah B Wedai®e dren@t modafmﬁﬁ% bU' | di ng
panel 10 that nust be |n|t|alué inserted into the panel curving apparatus

e

400 to |nnmkak@gwhém@wmmqn§mw buidding patedsbi beiry @rmed, angtiedse st r ai ght

portions, mvégslu(%gmecnqg] Ee'mntl)J Ot%a td the control system 62 so that the control system 62 can

control the shearing process to achieve building panels 10b of desired length and to
achieve building panels having multiple radii, should that be desired.

[00122]  As shown in FIG. 29, a portion 238 of the building panel emanating from
curving assembly 328 is straight because there is a minimal length of the building
panel 10 that must be initially inserted into the panel curving apparatus 400 to initiate
the curving process as shown in FIG. 27. Such straight portions, which continuously
connect with curved portions, are sometimes desirable to provide a straight wall
section for a gable style building or a double-radius (two-radius) style building, such
as shown in FIGS. 5 and 7. Entirely curved building panels can be used to fabricate
the curved portions of arch style buildings such as shown in FIG. 6. Straight sections
238 can be discarded or utilized in the building project as may be desired.

[00123]  As described above, both the active deformation approach of panel curving
apparatus 100 and the passive deformation approach of panel curving apparatus 400

can be used to impart a longitudinal curve into a building panel without buckling and
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connect with curved portions, are sonetines desirable to provide a straight
wal | section for a gable style building or a double-radius (two-radius)
styl e buiwgi2zog/068isech as shown in FIGS. 5 and 7. Entirel yCeorseed/ o di ng
panel s can be used to fabricate the curved portions of arch style buildings
such as shown in FIG 6. Straight sections 238 can be discarded or utilized
in the building project as may be desired. [00123] As descri bed above, both
t he acti veittlefitaherasddabr appseae bodligapane | Thausr ini lipdt aphanbdwsdci&iipting, t he
passi ve deformati on approach of panel curving apparatus 400 can be used to
i npart a PERETRSE Hagxe %aw%aén%laﬁq%ﬁw%ﬁgpﬂwg RBUR UBGE RIAY

andwi t hout, L he dgﬁgﬁt sq’ﬁaa/;t{%ﬁﬁ)gl\é@55@0&%'{%%'91?&158@1%%6@%@ gie%élélﬁglgtpgﬁél the

above descri pti acc to an exenplary aspect, curving a
bui | di ng pahelirusinvgngaaspamigly aod engagingaipp anidding paey webnpuliiple firsr i ous st eps,

i ncl udi ng receiyving the buil di panel. at the first cyrving assenbly and
engagi ng. EHE LR PG Ry CHHE S5y iGr rifee pridinchiinelone i lReA st
curving agredThl ¥f 1dhBRudIIl@idtghaRenlxtdndflgudiaNendhang] it&tbgogiHe a plurality
of longitudinal deformations extending in a |longitudinal direction of the

bui | di ng peitding pared thabuibiimgpgrehbdvilgy blrge an elespeeciion graplensection in a
pl ane perpendi cul.ar t he. | ongit udi na i rection, .the.building panel
Phetul noPrAchfsue o3 Bgl AR A ASnedbiigalenilsy hSuREM §h°C: Be por ti ons

ext endi ngsddtionatchsca Bemetpdiani, arpapaifisideortadid catchding f@m GRS ng portions
extending fromthe side portions. The nethod al so includes translating the
bui | di ng P& Porigeaapd & Rair oEegMactiig RATHENSLXEARIL TN theeridtaRiTHENSa fi r st
portion o ihdi. B ]?ql [Prell r e second
curvi ng aglsléeﬁlgf@ldﬁil Ilgggﬁ)%ggigﬁ%‘u%%tr i o%lhglﬁ%taﬁgq%igﬁdc}ﬁén%e%gg%e Wlfng engaged
with the fisesblycandwinpgeing s €éindlpyrtioand ticomtildidd pangl withasiltiplosécdogd mechani sm
with a contyol systemso as to cayse the first curvi ssenbly and the
second culd oAt AS BN CHramg IRy MHIS fSECBINSRIA FIGHe Pulding el B each

ot her whi IthIFRIRINEG! as SRS htMdhoa &g ehebheifd r st curving
assenbl y glgggtgtgﬁg@tgéc%ﬁﬁ 818?V|%na5 asse’rfabla;ggt o&t h%r(lgtﬁ%/{tlﬁ%r% aeEI Ol’ll{iji t udi nal
curve in whd amenirdi sygtepasveds taicause tlie firspanyinggstenths vat the sewnd ggatingons i nt o

the buildin nel. .In the method, the. multiple firs oJ]l.er.s and, mul tiple
cocond rofEmBRFde it P ahEa SEbnaton s btetad Tk ruibahd b Eide it of & ©
par ti cul amdve@hbineinaly Aefompeikdteirdig 4s8anbly uhakid %c&id denait udi nal
deformations of the building panel to accommbdate the formation of the

| ongi t udi askemblyrtpdhdrebyt feemiadpngitudinah awet in fhodrdding P! vathout inpsrtizg es an
exenpl ar ytrgr(ljsrxlfterrs(e) lCOI%‘XgSattl%IrlnS 919(9 theso%ﬁgingspaﬁeqmlﬁ ﬁlle method, the multiple first
rollers and multiple second rollers are arranged so as to cause an increase in a depth of
a particular longitudinal deformation of the plurality of longitudinal deformations of
the building panel to accommodate the formation of the longitudinal curve in the
building panel.
[00124] FIG. 30 illustrates an exemplary control system 600, such as control
system 62 of FIG. 8A, which can be used relative to other aspects of a panel curving
system according to an exemplary aspect. In exemplary embodiments, the control
system is a closed-loop feedback system configured to continually monitor and adjust
the relative rotational orientation between the curving assemblies as the building
panel moves longitudinally along the multiple rollers of the curving assemblies such
that a longitudinal curve is formed in the building panel as described above. The
control system is typically managed by a microprocessor-based central processing
unit (CPU) 602, for example a Windows OS computer, having interfaces to various

components. A less sophisticated control system, such as user-manipulated manual
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system 62 of FIG 8A, which can be used relative to other aspects of a
panel curving system according to an exenplary aspect. In exenplary

enbodi mrerwe,20tfesssent rol systemis a cl osed-| oop feedbaekTapstemseaenti gur ed
to continually nonitor and adjust the relative rotational orientation

bet ween the curving assenblies as the buil ding panel noves |ongitudinally
along the multiple rollers of the curving assenblies such that a

| ongi tludi d@itratsiconsd bsus‘edlrlismd rhisrdphecebisiribasadgopackdr capatdesticediemgabove. The
control systemis typically mnaged a_m croprocessor-based central
processi nFMR; fee @%}S Riyoved t@rbeé&%fﬁﬁi%- A hy(Hdo feecerss PERgHTR aRstruglaiisng
interface A ard . LSt stem such
s Lser - m L Py e R g SR o, S %

m cr opr oc emguetichhged alertmagnter menmpah lae opfical doski(v.igndp S haonthdreptiback i s
believed to b?mﬂ{§&F | e. The CPU .executes programinstructions stored in
a menory BEHAYO #3{}‘”1 HAY QL SY EMOPCHGRBY &R BICHIY-UERs a
magnetic gdigK .@r other magnetic nmemory, an optical disk (e.g., DVD) or
other optical nmenmory, RAM ROM or any other suitable nmenory such as Fl ash
menory, ntMdR§] cak dscr ieteracts[vo01ths CPA viganputiov@uadi@) davides thaem@plbevi a

i nput / out 1[0 _devices t.hat may be.collectiv r red to herein as a
- achi Hatseht S P/ GRoan ) o o PE R P st FRBIO Rk o' &' Toucn

screen di gl fonteirhFle e ©Qéh scacdhalifi0ar Bid®RGe 64)d laybRis 60608d aThe CPU 602
is also connected to a CPU power suppl% 610. [00126] The CPU 602 is
attached Uoasa0MysTher@RU 8QA w0 ¢ongestpdio PePVmeacasunpht ¢ ace (SPI) bus, to

an interf arl, &4 i f i : . ipher al
interfaceﬁggﬁggnéﬂF% sugﬁfggh%ﬁ%ﬁaggEgpgﬁgﬂ?gﬁﬁg%%géﬁg??g -%%Lanalog
conver t er intérdaceg B8P ibng touh putigadedoanic libe dic\intogadarpatdo fa iantudey | ous ot her

aspects of a _panel curving syste The interface board 616 y be, for
exanpl e, BN dntrigsecpbraEntesuch s gaHoso-igdalemd @?1-69-%55% and- al one

m crocont E&Neﬁgrsifgr &QHHQ_I@HE%H tBQtn?‘.récréiJiﬁgein %fﬁ)%vér%ts ok LL&S{Q@@ JrhsS own

onboard CPU and nenory. Intertface boar 16 communi cates wth a set of
cont rol bparteb ngrvBieXysteor Txantetfecemoades by mbe tie, et exaniphe, asmmpletlion with FI G

31, to receive various in In additi.on, the interf.ace board .616

Cormuni cabUleY RS AL et Bt misdSse o SR AARESE he pover
suppl y 58yitf-the CPE dd28BR|in@0dHsIE owdf onbbbed BAY alddichidher TRCtdpasd 616
drives a val ve bank 618, for exanple a set of sol enoids. The val ve bank 618

control s board£d6 gamongicags wath aieCol amtokbyjtons ey drfaueiampe pudaserieed r ot ary

actuator Sbé%wol;[l Qgﬁne%tclglllj \%tlth "MG. 31 , to receive various inputs. In addition, the interface

board 616 communicates with the engine control interface 614 that controls the power
supply 58, e.g., a diesel engine, of FIG. 8A. The interface board 616 drives a valve
bank 618, for example a set of solenoids. The valve bank 618 controls the actuators
282 of FIG. 22 (e.g., hydraulic actuators, rotary actuators or other actuating
mechanisms) and the drive system for moving the building panel longitudinally along
the multiple rollers of the curving assemblies (shown as panel drive motor 632). As
previously discussed, the actuators 282 control the relative angles of the panel curving
assemblies. For exemplary purposes, the actuators 282 are shown in FIG. 30 as
station 1-2 angle 620, station 2-3 angle 622, and station 3-4 angle 624 referring to the
relative angles between four panel curving assemblies in accordance with certain
embodiments.

[00127] The relative angle between the panel curving assemblies is monitored by
position sensors 626, 628, 630, for example by measuring the position of each of the

actuators. The position sensors may be any suitable component capable of providing
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mechani snms) and the drive system for noving the building panel
longitudinally along the multiple rollers of the curving assenblies (shown
as panel woi2ow/0e8330r 632). As previously discussed, thePatiusat00/0663282
control the relative angles of the panel curving assenblies. For exenplary
pur poses, the actuators 282 are shown in FIG 30 as station 1-2 angle 620,
station 2-3 angle 622, and station 3-4 angle 624 referring to the relative
angl es behwelearicaluigrpatethe ditevice hoasisbadihdiested the posidonlanthe asiubtor,cert ai n
enbodi ments. [00127] The relatlve angl e bet ween t he panel curving

assenbl i esiGhasnioRpxamRlE a9y spibdhle ?%O%WTW%“CGB%‘%%@G’P“F% exanpl e by
measuringefhg Ipoﬁietdugﬁht%?tlfegfog ii8h sLRBrARILAII6S0 128 bRASIUO TGRSO S MRY
be any SU|tabFe co ent c a% provi di igan el ectrical signal to the
i nt er f acebbadi6d6t lﬁhﬂ: paned loet mstdrlﬁéz pusiidds dorqoé tat skt thabording pekelas, for
exanpl e, an t abl e anal i.tion transducer or digital optjcal
oncoder | i B Fren it v b e SR CE crost FictEs Pl ack o
the inter E?ﬁﬁ t@%rlqte%@e b&@@ﬂ@ﬁﬁicaﬂﬁ%ﬁf’e 1&i§t96f@é%aﬂé1%dé§s%dt orque to
translate the buildin anel through the curving assenblies while panel
neasureneﬂﬂﬂé&bodﬁﬁ'é ﬂlwéﬁ@saﬂS@ﬂmémafwﬁ@hahmrdh@h@ﬂ$ﬁ@59@QE@Wboard 616

| ndi cat i ng ntro e a cor%} a{]e% r%cesg scrie F’O%lngi (isl | [ustrat es
an exenpl ? ra o? f'&r 9ac% 6%§8ng? hie>Cont ro1"msy qen1accord|ng
to an exeﬁ@ﬁ-&p)ﬁuﬁhéﬂeﬁéypaahe4 Em&rmgr@amna&%eleeﬁbmmloﬁ7p@wglpvam¢ﬁmrl c
keypad 704 for entering data and a selection portion 706, jﬁ vari ous
soft pushsefipeshrisitions dorspeeii iy Meyiaua Tirstions sHebtap das e SANELr  exanpl e,
PANEL LENGER s Ltk (08685 AR Whh 108 PANER ANBIGEIDRRE (AN RADIUS to
i nput the desire | INg pane I'us curvature e exenplary

oper at or ithrtdesitacsuiklonsminel rA0his af savatned. Uliesexamipye dpdratot trite@facswi t ch 708

for enabling or_stopping,the po r .suppl a start button 710 for
conmenci n@ovfsr%fe 7;@ OleaP@‘fsr?gkeﬁF adiion %zwgc[lw%gﬁmr@ﬁf%% forPiag Bpi ng t he

panel cur S power
supply 58¥b§%6ﬂ§ﬁ®%§e?§%ﬂéﬁﬂg?Zg)%ﬁ?&%ﬁgg%%gﬁgg&gﬁy@&Y§&§%%%§?%§R?he pane

curving pbmmHEQthdmpm@ngdwaxmsMpm%yg58xmﬂ sasegind statrbnigentite®r [00129]

Vhile th tion has been described i f
ermboai mont SR GRS DR U ST SR By SRS SRR 20 1 LRk EEPERGL " var i ous

modi f i cat jiRMansianrhs E&@@sshﬂ@ﬂ%ﬁb%ﬂsw& 59%padstaloﬂgméfgeﬂalédﬂe scope of the

i nvention as set for in the clains at is clainmed is: 1. A systemfor
curvi ng alt2Pli nyhpatelpresehieinperitionihag bpardsscrifsidng taved of exemplary

embodiments, it will be understood by those skilled in the art that various
modifications can be made thereto without departing from the scope of the invention

as set forth in the claims.
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fromsheet material, the building panel extending in a |ongitudinal
direction along its length and having a shape in cross section in a plane
per pendi cwbanimwsiske | ongi t udi nal direction, the buil di RgTA®2@9/06636% udi Ng a
curved center portion in cross section, a pair of side portions extending
fromthe curved center portion in cross section, and a pair of connecting
portions extending fromthe side portions in cross section, the curved
center portionWihutlisidiangedrispl ural ity segnments conprising nultiple outwardly
extendi ng segnents and nultiple inwardly extending segnents in cross
section, the phural Aty R ReeIRHes Sldadnel, i BulRidgqnablsétidahddi rection,
the systemconprising” a first curving assenbly and a second curving
assenbl y, fromeshselgoaterig uthe bngdiag pendd leytepdisg in o hegitadipalobrectiomalphgits i r st

curving assenbl v, the first. curving. assenbly inclydin first frame and
ml 11 e relrentoeh e LhR ey B AR SRR R AT g b £t

rol | ers agirén@adthabuflding pafl @ctelidigh 0@Eed 66k poRsor @ €@Risddion! Mgaibui | di ng
panel as the building panel passes along the nultiple first rollers in the
| ongi t udi AB$ideIperEiens eriendingelramdbhenrEed CaNtRY PAEHEH(CYOsP fRAUGHI H¢ dPadtecond
frame and i > r ted.-by . t he

mul tiple gec5%%8P%ﬂﬁ€@§ﬁg?%§ﬁg§éﬁg§H%E%%Hgg%gédé?gpﬁgﬁgggf%%a ig%s to
contact t bentyiortimigcipdingla Eeratityeschmichicogppsing imybiasis estvalrdlgg t he nul tipl e
second rollers in the longitudjnal direction; a positioning.nmechani smthat
permts cREAYIAY Sl BUBIEARY B4 SOrIOBH MRS EREEHCLR (s r st

curving a?ﬁl‘?z{lﬂ ¥t ehﬂ%x%ﬁﬁ%qn@wlﬁh%ﬂld%ﬁ %H’E’c}ti&n, ﬁae@?ét&% c%i@h@i for moving

t he buil ding panel "Tongitudinally along the multiple first | Ters and the

mul ti pl e second firglchiensg asagrdbly and ntseaindsystiegrnfsemblyotitersed dndrogritihg
positionin hanism so,.as to control the relative rotational orientation
bet ween tﬁge$$g’(“EHW9$Wﬂ? ?igﬂ%?@“ﬁﬁﬁ“@ﬁ%mﬁggﬁﬁd curving assembly as the
bui I di ng panel novegel oGl BakbhblyahoRdinheididh®he] hultple fikl | ers and
the nultiple second rollers to thereby forma | ongitudinal curve in the

bui | di ng padleed supporeedspsthe mrgdianty, dermulgpledustroll¢rs arranged at ngi t udi nal curve

in the buil din anel w t hout .i rii. transver s rrugations into the
Ui 1 pleb AR Rt 18 bnin RAL bl d FEREYTE BuiRAL BRI RN | ors! b ng
arranged si@ngshd AulCipléSrsedllbmicn eRI6ndifudthat@pédtioaf a particul ar segnent of

the plurality of segnents of the building panel to accomobdate the
formati on of the | ofgiseeridrarviagpssemply inpladingia) sgeeryl frame and multiple

second rollers supported by the second frame, the multiple second rollers arranged at

second predetermined locations to contact the building panel as the building panel
passes along the multiple second rollers in the longitudinal direction;

a positioning mechanism that permits changing a relative rotational orientation
between the first curving assembly and the second curving assembly;

a drive system for moving the building panel longitudinally along the multiple
first rollers and the multiple second rollers; and

a control system for controlling the positioning mechanism so as to control the
relative rotational orientation between the first curving assembly and the second
curving assembly as the building panel moves longitudinally along the multiple first
rollers and the multiple second rollers to thereby form a longitudinal curve in the
building panel,

the system being configured to form the longitudinal curve in the building

panel without imparting transverse corrugations into the building panel,
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panel . 2. The systemof claim11l, wherein: the nultiple first rollers of the
first curving assenbly conprise inner first rollers supported by the first
frame andwoubsroeiest roll ers supported by the first fracejustévg/oeasser first
rollers being positioned to contact an outer side of the building panel,
and the inner first rollers being positioned to contact an inner side of
the building panel; and the nmultiple second rollers of the second curving
assenbly conpr ilgeniltiperfirstaobad and hiuttite setppodrdlees tying headoed $6 ad toame and
outer second rollers supported by the first franme, the qQuter second rollers
bei ng posF%‘}SBH’é&w[f%‘s"cH}ﬁgﬂ%thP RPYticwar seepenodt tﬁ%lusadw a? irgsakal Bnd t he

i nner secgnhgl; I it d : : i i t he

bui | i ng. pana PR §y RELARARS (he RPRHO Do eI i R B PERS g
assenbly pasiti oned adjacent to the second curving assenbly, the third
curving assenbly including a third frame and nultiple third rollers
supported by the third franme, the multiple third rollers arranged at third
predeterm ned bocat irgRgydidn 6PALAE, WhGefui | di ng panel as the building pane
passes along the multiple third rollers in the |ongitudinal direction; and
anot her posi ti theimgtipledhrstiroHens ohte (petravirtisg essamlynepnaprise lizter Yiestr ot at i onal
orientatign, between the.s curvin enbly and th hitd curving
assenbly. lerERETed BRnE R Mkt IR ORe aPet By WAL (he

mul tiple greand ralrbBers beisg Positibhdanedoh@cteArdudg tsidene tRabuildedy g egment  of
the building panel so as to increase the depth of the particul ar segnent as
t he bui | diidythsanner fisgvelierabeing pPesidoned|te contact aadwied sidgiof reduildingThe syst em
of claiml, yhenein a particular roller of the nultiple second rollers is
posi ti oned adj acent to two opposing rollers of the nultiple secondrollers
such that a cotieandltipiy sstunidaockerpof theabcwld dubeng asstmblyl @inprt imer i s di sposed

bet ween contac¢ting surface portjons of the two opposing rollers under a
def or mat i éﬁr?or%%l g %@P%?f’dlm'i%s#{rstgwn&ﬁﬁné&%§Fcoa_6irﬁﬁer6ﬁuﬁpﬁ€e§Eml%fct ing
surface pard iQmeOfhetolfr Qécrohiilwl@g%éy@% besiifielng ciisRIACARN Fud gL d Totation

axes of the two opposing rollers I stance S. The systemof claim1,
wher ei n abpiktitg palehnnd ik limrer efconth eolhand béipg positioned to contact the inner side
of the building panel.
3. The system of claim 1, comprising:

a third curving assembly positioned adjacent to the second curving assembly,
the third curving assembly including a third frame and multiple third rollers supported
by the third frame, the multiple third rollers arranged at third predetermined locations
to contact the building panel as the building panel passes along the multiple third
rollers in the longitudinal direction; and

another positioning mechanism that permits changing a relative rotational

orientation between the second curving assembly and the third curving assembly.

4. The system of claim 1, wherein a particular roller of the multiple
second rollers is positioned to contact the particular segment of the building panel so
as to increase the depth of the particular segment as the building panel moves along

the multiple second rollers.

5. The system of claim 1, wherein a particular roller of the multiple

second rollers is positioned adjacent to two opposing rollers of the multiple second

45



second rollers is positioned adjacent to one or nore opposing rollers of
the multiple second rollers and is configured to inpact a side of the
parti cul awvosengmesi32so as to pernmt the side of the partiPCulsROOEBBNt t O
deformtoward the center of the particul ar segnent, thereby increasing the
depth of the particular segnent. 7. The systemof claim1l, wherein a
particular roller of the nultiple second rollers is positioned adjacent to

an opposi ndleroducrthadh chinacting durfatepaacn ofithe phttRubr seltd id diggosad cont act i ng
surface portion of the particular roIIer and a contactlng Sﬁfface portion

of the opbﬁgveﬁ@cqwqt@g Se meamﬂ% PE&RGHY osIrpes B Foltkeuisier f dpiagmpiitiel at a
cont act e i ces of the
Eﬂfgﬁ‘fﬁrg eMihens %eb{&e@nﬂ) S o‘ftﬂ%: &%fé%@gﬁg %@@i&g%ﬁﬂm%m@

particul a and ft opposing roller e contact region.
8. The sypirtinulef rotlkeabemd displaogablestowgrdmolatiop lagessafphd eveatmmkingablleas by
supported %' gpport menber, the support nenber supported by the second
frame, gﬁﬁ%? nmental rollers positioned between the first frame and the
second frane to support the building panel as it noves in the |ongitudinal

direction along the first curving assenbly and second curving assenbly. 9.
The system of 6l ai rrif he systann hé@lamﬂrpwh@ﬁmgt mﬂmﬁmlrolﬂ@mﬂthﬁgmabmé@r at us

posi ti One(sjecad r(ﬁF 1 1%1 5 fe{d C ntctgr\llllen i 1¥1 lll1r § m t1 (i ng
appar at us “¢Sh r|3|n§pﬁ% P 6ﬁ SYF6F g 358 ﬁ%?@%@ Bo% N 8 ‘l pSent to one
anot her, tdenpadirks zix@lrlsrbamgwaatbawsct@wm @uh@garh@ulﬁlosremnﬂ‘doads tsheet of the
sheet naterlal into said building panel having said cross-sectional shape
but wit hon@mgfa‘ihe sidg g ithounfirticatlar sagpent t¢ Hefopa rewart dhawamier @b frernatticdlasei ng

allgned “%%ﬂh %%%ﬁﬁw&%&xgsSengﬁﬁﬁ@hyp?ﬁmﬁgrJgﬁ%nghe strai ght building

panel rving and e secC curving assenbly so that
t he flrst curV|ng assenbly and the second curving assenbly can |npart sai d

| ongi t udi nal curve 0. The systemof claim9, whe e| form ng
apparatus, the flrsg‘%ﬁ%@?ﬁ@fgég%ﬁﬁWVﬂﬁﬁ&4?€¥WWHre i Eg@ﬂbly are

oriented \f,aq Yschd E?Bfﬂbﬁ&c&dga%nﬂ% raﬁ%gﬂbs%ﬁ ﬁ)rllmt Of th ?nu'lt%lg Lddddy nal

direction, the verti direction being parallel to a direction passing
t hrough t milepmwch tifat aonMacitngmgrﬁaoﬂ' porans obthe epmncugtr folemanhe csntalmqgo rtions of

the buildin anel m of ¢l ai m.10 a co hol der
o Peeds N TR SRRl g dposmE R B bEag aRSTR e Bilflad it o
form ng appas@téSon, WHEWkiMa gap exists between opposing surfaces of the particular

roller and the opposing roller adjacent to the contact region.

8. The system of claim 1, comprising multiple supplemental rollers
supported by a support member, the support member supported by the second frame,
the supplemental rollers positioned between the first frame and the second frame to
support the building panel as it moves in the longitudinal direction along the first

curving assembly and second curving assembly.

9. The system of claim 1, further comprising a panel forming apparatus
positioned adjacent to the first curving assembly, the panel forming apparatus
comprising multiple forming assemblies positioned adjacent to one another,

the panel forming apparatus configured to form a flat sheet of the sheet
material into said building panel having said cross-sectional shape but without said
longitudinal curve,

the panel forming apparatus being aligned with the first curving assembly so

as feed the straight building panel to the first curving assembly and the second
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rotation axis of the coil holder is oriented in the vertical direction. 12.
The system of claim 11, wherein the panel form ng apparatus, the first
curvi ng aseenlogssshe second curving assenbly, and the eciriush@boesssar e
supported by a common support structure. 13. A building panel fornmed from
sheet material, the building panel extending in a |ongitudinal direction
along its length and having a shape in cross section in a plane

per pendi culraingtagsdnlitdy ko tgt thedirmadurdhg estmbly, anidhke fucbhdltwgingaseimtdpnpr i si ng:
a curved center portion in ?ross section; a pair of side portions extending
fromthe EUYVRItcakkleReipKinal 6% VEn cross section; and a pair of connecting
portions extending fromthe side portions in cross section, the curved
center portion including a plurality segnents conprising multiple outwardly
ext endi ng segnétit s dhelsysidnn bpelein Aywshatby thxpaet langieapperatis, ihe fTstoss
section, the. Iuralit¥ f se%nents extqﬂding in the Iong}t$dinal direction,
the bui | dPHYISATIM Y] WSS‘??B? S VIS AR Y Al tsaiddr 29T ER B9 ong it s
l'engt h wi bhgeidifiay B9hd loARSMERE AirtQIdnU BRNANS] diR&HiBh Bein@ paalik] oyl ar segnent
of the plurality of segnents having a depth greater than that of another
segnent t diregtioompassieg Graugh thopai elugdinnedting povteons gxtehding diondihagidsanel . 14. The
bui | di ng B%%eh 8ﬁhc%ah%hl3am%herein the sheet of building materia

conpri ses Lhgdt Ot g a%Png a thickness between about 0.040 inches and
about 0.060 inches. 15. The buildi ng panel of claim 13, wherein one of the
plurality of segnents is positioned at a mddle of the curved center
portion. 16. ThE builheibyiéemahepingd 0.ogipmsmg a Gapdioddon ferfecding shigst connect i ng
portions { ] rt . .1 ng portions
Borpr i ses REn oD, froli S e ek i AT RRR M i b ORI 8D P

conpl ementastyon axisdfape céibholfiai inbrignttdn thuivbdicalglipatiel. t o adj acent bui | di ng
panels. 17. A building structure conprising a plurality of interconnected
bui | di ng panel s, each buil ding panel forned from sheet material, each

bui di ng panel ; gxt el Baud oPch 9] (RN ALt MhoABRGni! felegot h and
having a shape in cross section in a plane perpendi cul to the

| ongi t udi paivingj asswnblprihe eaohd bunvingj assenpEpeinddberpoil koldgrare supported by

a common support structure.

13. A building panel formed from sheet material, the building panel
extending in a longitudinal direction along its length and having a shape in cross
section in a plane perpendicular to the longitudinal direction, the building panel
comprising:

a curved center portion in cross section;

a pair of side portions extending from the curved center portion in cross
section; and

a pair of connecting portions extending from the side portions in cross section,

the curved center portion including a plurality segments comprising multiple
outwardly extending segments and multiple inwardly extending segments in cross
section, the plurality of segments extending in the longitudinal direction,

the building panel being curved in the longitudinal direction along its length
without having transverse corrugations therein,

a particular segment of the plurality of segments having a depth greater than

that of another segment to accommodate the longitudinal curve in the building panel.
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a curved center portion in cross section; a pair of side portions extending
fromthe curved center portion in cross section; and a pair of connecting
porti ons wRterdiesss2f rom t he side portions in cross sectiPOmUS2INQ/06438% ed
center portion including a plurality segnents conprising multiple outwardly
extendi ng segnents and nultiple inwardly extending segnents in cross
section, the plurality of segnents extending in the |ongitudinal direction,
t he buil di ng pamnel et bglding pacl bhclhine 13, 0mgiréin thawleetdifbaidtingmadring its

| ength wi t hout having transverse corrugations therein, a particul ar segment
of the pl GPEPIey shget g@&ﬁ@ﬁwgg AdRiFpsabdwpehakaue 4040 inchehandaboud-08hot her
segnent tgwﬁ&ﬁonnndate the | ongitudinal curve in the building panel,
wherein one the connecting portions of one building panel is connected to
one of the connecting portions of an adjacent building panel. 18. The

bui l di ng structure | aj.m 17, rein,the sheet of building materia
conpri ses shgeﬁgnetELeﬁQ@Lﬂ%pﬁkﬁﬁ?gﬂﬁ%zé‘Qﬁ?ﬂﬁ@ﬁea %ﬁﬂy 2510 i nches and
about 0. 0@&11'16?@8*1@?0&8@1165@_@a%ﬁhl@'o‘?ﬁleséq&%tdéhférBI)rti_%h?“ m 17, wherein one of
the plurality of longitudinal deformations is positioned at a mddle of the

curved center portion. 20. The building structure of claim17, wherein the

sheet material ,conprises., steel sheet. al, of. appreximately 0.060 inches in
Chi ckness. |t he i | arngoiFpEBenT dP ST rgein BERF B SRR 8o havi ng

a w dth rangpigs hmook pdicheal ah@hdiasf the@inne@ink: poftismtdoagriceahdrg a bui | di ng
panel using a panel curving system the building panel being made from
sheet mat Beitign, the Reolppertign Aed Pakem rRogtiehbeing complamesiari Mudrpeaior di r ect i on

heet mat & olopirg ) BTEBADH Fud
per penai clil Sreys RGP B0RERG D BnEpRRSs PE L0, 6lng panel i ncl uding

curved center portion in cross section, a pair of side portions extending

fromthe curved_center portion in cross section, and a pair of _ connecting
portions exteng7'ng Prigildingestaieyse %?Rrilsé‘}%aPlh‘mg%ggméf‘éE‘ﬁnSﬁ?dBWéCﬁ%rved

center pof)&ﬂe@sr,‘ eédi'lodLﬁ'IQi alﬁel%Hﬁ@d fr51¥1 sﬁ?eg m&&l,cé%mp Bhi?diﬁgﬁﬁﬁéll _Eh@ﬂuﬁn utwardly

ext endi ng” segnents and tiple 1 nward extendi ng seg ts In cross
section, trhelopkuwdhaltdyreoforsdgment Bngthtagd davigg nshipean lcomsghteatidnmak di recti on
the panel EulvlRg, SESEATEARENSINT delddiS taci Bl 238800l YisARd @ second
a curved center portion in cross section;
a pair of side portions extending from the curved center portion in cross
section; and
a pair of connecting portions extending from the side portions in cross section,
the curved center portion including a plurality segments comprising multiple
outwardly extending segments and multiple inwardly extending segments in cross
section, the plurality of segments extending in the longitudinal direction,
the building panel being curved in the longitudinal direction along its length
without having transverse corrugations therein,
a particular segment of the plurality of segments having a depth greater than
that of another segment to accommodate the longitudinal curve in the building panel,

wherein one the connecting portions of one building panel is connected to one

of the connecting portions of an adjacent building panel.

18.  The building structure of claim 17, wherein the sheet of building
material comprises sheet metal having a thickness between about 0.040 inches and

about 0.060 inches.
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curving assenbly, the method conprising: receiving the building panel at
the first curving assenbly and engaging the building panel with nmultiple
first rolwersioafesishe first curving assenbly; translati ngCrhus2eiobadsng panel
toward the second curving assenbly and engaging a first portion of the
buil di ng panel with nultiple second rollers of the second curving assenbly
whil e a second portion of the building panel is engaged with the first
curving assenbly; and controlling a positioning nmechanismwth a control

system so as to cause the first curving assenbly and the second. curving
assenbly to bel?n aTP%@%@ag Sricde &f PN A é1 Whergla ang o Harplghrofwhi | e the

bui 1di g RABRLAARURTANGR! MALOADAN Al oRilaketE uld &bl et BerRRSEMD! y and
t he second curving assenbly to thereby forma longitudinal curve in the
bui | di ng panel w thout inparting transverse corrugations into the building

panel , wherein e tiple first rollers and nultjple second rollers are
arranged so asE@o gih%hgéﬁngﬂgFgﬁgng ?ﬁlgéﬁ?%e@ﬁhgdﬁﬁ}@ﬁ@ﬂghr segnent of
the plurakbhyriel seemeatsetaf oftaproRithitelyoodvansles iR 1RG R ahf d e

formati on of the |ongitudinal curve in"the building panel. 22. The net hod

of cl ai m tyctwkepaprisinge sslreappastingsniandiavige maridih rangiogioni sekfestieet net al
havi ng a EQ%&%pess bet ween about 0.040 inches and about 0.060 inches. 23. A
system for curving a buil ding panel nade of sheet material, the system
conprising: a support structure; a coil hol der supported by the support
structure for holding a coil of sheet material; a panel form ng apparatus
supported by tRb suppdethod ewiye uikding pios) wsingnepanst exy mgtsestemetheoi |

hol der, t i [ i tudinall
atrai ght BOiTaF Fenel S5 AkaP ARAL el ey BeTelahd chRl AR b 0’ P ocY
sect i onal lmgapdnalaticcaorpaloeg itc lenyihngd dppiag atstspesiv ppas tedionyn b peansuppor t

oLt e, and posit) shel B opL LS e panl, feL g appa L (o recelve
curving apRA& oot Ané UEGHnt £ phiFBALille Portions extending from the curved
center portion in cross section, and a pair of connecting portions extending from the
side portions in cross section, the curved center portion including a plurality segments
comprising multiple outwardly extending segments and multiple inwardly extending
segments in cross section, the plurality of segments extending in the longitudinal
direction, the panel curving system comprising a first curving assembly and a second
curving assembly, the method comprising:
receiving the building panel at the first curving assembly and engaging the
building panel with multiple first rollers of the first curving assembly;
translating the building panel toward the second curving assembly and
engaging a first portion of the building panel with multiple second rollers of the
second curving assembly while a second portion of the building panel is engaged with
the first curving assembly; and
controlling a positioning mechanism with a control system so as to cause the
first curving assembly and the second curving assembly to be in a rotated orientation
relative to each other while the building panel moves longitudinally along the first
curving assembly and the second curving assembly to thereby form a longitudinal
curve in the building panel without imparting transverse corrugations into the building

panel,

49



| ongi tudi nal curve to the building panel along the length of the building
panel, wherein the coil holder is oriented vertically such that a rotation
axi s of twe2owovdesisel der is parallel to a vertical direcPtcons2aesasn t he
panel form ng apparatus is oriented vertically so as to receive sheet
material oriented in a vertical plane directly fromthe coil of sheet
material, and wherein the panel curving apparatus is oriented vertically so
as to receive whereat thainghitiplbdirdtatolngs pad@ultiple @cohd/rolesnré earpaded a or m ng
appar at us, . : : :

to cause an increase in a depth of a particular segment of the plurality of segments of

the building panel to accommodate the formation of the longitudinal curve in the

building panel.

22.  The method of claim 21, wherein the sheet of building material
comprises sheet metal having a thickness between about 0.040 inches and about 0.060

inches.

23. A system for curving a building panel made of sheet material, the
system comprising:

a support structure;

a coil holder supported by the support structure for holding a coil of sheet
material;

a panel forming apparatus supported by the support structure and positioned
proximate the coil holder, the panel forming apparatus configured to form a
longitudinally straight building from the sheet material so as to have a desired cross
sectional shape; and

a panel curving apparatus supported by the support structure and positioned
proximate the panel forming apparatus to receive the straight building panel from the
panel forming apparatus, the panel curving apparatus configured to impart a
longitudinal curve to the building panel along the length of the building panel,

wherein the coil holder is oriented vertically such that a rotation axis of the
coil holder is parallel to a vertical direction,

wherein the panel forming apparatus is oriented vertically so as to receive
sheet material oriented in a vertical plane directly from the coil of sheet material, and

wherein the panel curving apparatus is oriented vertically so as to receive the

straight building panel directly from the panel forming apparatus.
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