Title: 1 MPROVEMENTS | N VELDI NG HOLLOW FLANGE MEMBERS
[err] Abstract: An apparatus for in-line HRWwel di ng

wtoohobdoosv f | ange steel nmenmbers in a cold formPamAmedos/000897

conprises a seam roll stand (60) rotatably supporting
at | east one seamroll (68) adapted in use to guide a
free edge (34a, 34h) of a contoured netal strip (30)

~into linear alignment with a Preéeterm ned wel d axis
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spaced fromsaid free edge ol urface of the netal

strip. The apparatus also includes a weld box stand .
(61) SHMRROVEMENTSdNMVELRENEHOLAOWtlcANSE MIEMBERS

(84a, S4h), in use, adapted to urge the five edge

(34a, 34h) when heat eg|RID @FTHENYENTEINt enper at ur e
into fused engagenent with-a correspondi ngly heated

wel d axis on *?@i{,ﬁ’%ﬁ@?ﬁ% HorcBehed SRth( 86 -er'rillﬁacture of cold

squeeze roll's co-operate to guide the free

edgg thrau a. pr edet ] ' [ ' r

cub e By e Pt Bt el Byt BeRihg phassssen

wel d junction_between the free edge,.(34a, 34h nd.the .
surface of th@hﬁﬁi\@m'ogﬁ‘?%‘c@m‘ﬁm&jﬁa@y%‘M not exclusively
inmparted to the cold fornmed nenber is focussed by

apr with ithe ynaidfacturalobngldt foempd edealeveltied dhallovaflange structural
TI TLE "1 MPROVEMENTS | N VEELDI NG HOLLOW FLANGE - MEMBERS"

Fl Exlan§ber§HE | NVENTI ON This i nvention is concerned
with the manufacture of cold 5 forned hollow flange

menbers by an i MyQUREREGUNDIOFPTIIESRYENTION nventi on
is concerned particularly although not excl usively

hol Low 1 ange 81 PHa ifere #tedmptl Sor i teBhpti ibeyra) beams
St r BUE AT 1B EARXIOT T AL OLAT AL SEEUIST i L)y B these
prior art disclosures, the majority of these _ beans v
havbeamsrhakssbegredesigned it SPeFitic @nd ussein Ring. nty number of
r»]unJ’?heerseofprior arf disclosures have however sought to provide a general
purpose structural beam which could compete with the more common
general purpose structural beams such as timber including laminated timber
* “beams and hot rolled I-beams, H-beams and hof rolled channels.
Examples: of specific 'purpose structural beams are shown in
United States Patents 5,012,626, 3,362,056 and 6,415,577’which despribe
composite beams having a corrugated web and planar or rectangular section
hollow flanges. Australian Patent 716272 describes a truss incorporating
hollow flange chords.
Of more recent years, cold formed purlins of C-, Z- and J-

shaped cross-section have found favour in relatively low load bearing

situations as a replacement for hot rolled sections as generally they have a



these prior art disclosures have however, sought to
provi de a general purpose structural beam which could

w@owpetmwisv t h t he nore conmon 15 general pur poBEI/AU2005/000897
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structural beams such as tinber including |am nated

ti mber beans and hot rolled |I-peans, H beans ‘and hot

roll ed channels. Exanples of eci fic purpose

structural beans are:shown jn United States PaéentS‘

5, 0 FRPetier sectisspcanssity gl HNE 12As57 7Sugh epldfegped parlins do have
conposite beans having a corrugated web and pl anar or -

r ectsigniidant Emaitaiions iR Ombolenbvedpagifyess thestength af the beam
Patent 716272 describes a truss incorporating hollow

f | angereabes dsie tof a Mahtheresfaliffenspbackiiny thddesrafcfailure. British
purlins of C, Z- and J- shaped cross-section have

founshiE NS5 Bgé Shat! M 464 mg%ﬂrr&%gteégﬁtivggr cold formed J-and I-

situatrons .as a replacenment secti ons

cap PSRl e i Gopd £ BB, 94123530, Bfkribeg g C-section

have significant [imtations in nonment capacity as -

t he M@MER of the beam increases due to a number of

di ffering buckling nodes of failure. British Patents

2 093 886 and Ia aroendessvaur tedmpeave erdpesectian gffisiangy of cold
formed J- and | 5 or Hsections while International
Publfoeagd opufin/ik3988ctitars rit beas gpropsesed i ton emmlopetollonflange
an endeavour to inprove on the section efficiency of

col %eﬁﬁgﬁgowﬂ?ﬁréééb kK AaBGe LEBASH witholBa cEHr%I@fQFéﬁt bOat least

enpl oy I ange nbers to increase the ange

ne
o1 o e BERFEHERS B W GRRR | [ Cgin.

Exanpl es of h are.shown i

i red- st at o xATeles & B0t dandRe S aingt ftinshpwa in United

"Certificate 827723 and United States Patent
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3, 6BiatemPatent 334200 Rursia Inveatars CenlificaterfAd 25anekUnited
° States Patent 3,698,224,‘all of which described hollow flanged beamé of
triangular cross-section with “open” flanges i.e., they were not formed with
continuous weld seams to optimize the torsional strehgth of the flange
elements. |
United States Patents 5,163,225 and 5,373,67‘9 to the present
assignee as successor in title thereto, described for the first time cold formed
hollow flange beamé producedﬁ by a dual weiding process to produpe
“closed” flanges of a circular cross-sectional shape where the free edges of
the flanges were welded along the edges of the central web member. The
generally circular flanges could then be shaped after welding to produce

hollow flanges with a variety of cross-sectional shapes such as rectangular,

- hexagonal, triangular, or the like. Hollow flanged beams having triangular



triangul ar cross-section wth "open" flanges i.e.,
they were not fornmed with 15 continuous wel d seans to

w@piosovmes t he t orsional strength of the flangePCT/AU2005/000897

el enents. United States Patents 5, 163, 225 and
5,373,679 to the present assignee as successor in
title thereto, described for t first tinme cold
formed hollow flange beans produced by a dual wel ding

~ pr ocsress-secinrodlangesoweee dewwn finathgesnarkedplare cas alDogbone”
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cross-sectional shape where the free edges of the

fl angeyisiereel Teldeddar) beanisie edges of the central web
menber. The generally circular flanges could then be

shaped after vgiH génaéwgaﬁsfaewrywﬁé #HI8RGeMplifpdse, the
vari ety of cross-sectTonal shapes such as rectangul ar,

hexagonal ., fri r 1K »
bean@%mlﬂ@gt% Sglagp%&%é %grr{ggs'?]sagc |%'?1'ng {)gﬂggg&v\rgr ebeams
known in the rketpl ace as "Dogbone" Regj stered, . . ..
T achuialPR NoBaRS Of ANDHGUMageR BRTapr el SlRu A p gimiation
its intended purpose, the dual weldi ng} process .

adopinde fangetofdlangaeress-seationnl sizryyBentoexsessive tepling costs. In
suffered a nunber of shortcorings, in particularweld

st abpnd eyntodiment istriesatfaiuresnint fhe welthwvesé ddusedeby excessive
cross-sectional sizes due to excessive tooling costs.

N ROk ERteRtd el Eohd IH B2 érrapﬁr(lijgew@ttdh vrethe mill.
caused excessive working of the hardened weld zone

in the shaping i ot ] ; .Aﬁgg,u Ry! i
expression "E el%'teefqgﬁg%% tgig’e%%ér%%%'ﬁﬁ r esiﬁ%g%'gntcotegf‘ectncal
or "i nduction wel. di,ng. usi ng .either. contacts_ or . .
 ndUBEISRNCR o1 éf’%%&fbr S sing SHRG feiiasts £henduction
menber and other forns of electrical resist angg{ .
wel deailg/impedersioniegte a eurentimthe mewiber aad pines éorms of electrical
invention to overconme or alleviate at |east sone of
t he estamcewelgbngf the prior art "Dogbone" dual
Accordingly, it is an aim of the present invention to overcome or
alleviate at least some of the shortcomings of the prior art “Dogbone” dual
welding process and to provide a welding process éu‘itable forthe production
of hollow flanged cold formed steel members.
SUMMARY OF THE INVENTION
According to one aspect of the invention there is provided a |
process for in-line welding of hollow flange steel members in a cold forming
mill, said process comprising the steps of:-
forming a contoured surface adjacent at least one edge of a
metal strip;

welding, by a ERW process, a free edge of said metal strip

adjacent said contoured surface to a surface of said metal strip to form a



15 wel di ng process and to provide a wel ding process
suitable for the production of hollow flanged cold

wo oooamabosg eel nenbers. SUWARY OF THE | NVENTI QMCT/AU2005/000897
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According to one aspect of the invention there is
provided a process for in-li ne1f wel di ng of hol | ow
flange steel nenbers in a cold formng 20 mll, said

process conprising. the steps, of, formng a.contqured . .
P Lr adlanSapae extenting G650 AES alig wetn Sad Hievers Giiragerized n
wel ding, by a ERWprocess, a free edge of said netal .
st r ithat sadj tee etigsis aligneek heedy véilva presetermined weltaxigon said
said nmetal strip to forma 4 hollow fl ange extendi ng

al ongrfacsidiesaid sipvahd said dt jeast ene Tbaratigeeisi guided through a
that said free edge is aligned linearly with a ’

pr e%%a‘écfg'hﬂﬁ{éd%bar RYjeBtdty aﬁzangdan merdfeﬁg@ a% of aisdbséduent weld

and 'sald at |east one free edge 1s guided through a

redet ' i ' i ngi
o Sk B SAl 4(BHSE R SR8p A ISR, whereby
o aneity Fosued 4 el ot limit e S ekase ] Bproamiy
proximty effect along said redetermned weld axis . .
on sdfedt slongseis pedeteriined welspdapa safd wufaggguior to fusing said

thereto. If required, said free edge is aligned with

sai draseddyethesefoy one 10 or nore seamrolls each
having a circunferential shoul der providing an '

abutment for spjeduire8esHid G@e Rjeds hligeeAilR sald walddxis by one
nmetal strip nmay be urged . into abutnent wth said -

S TG Behel BCYAE Pl SHELRNERARL SR byguang an

PSR aeth o Skl b gl O SV ces 2 acent said

4 ‘ Said free edge of said metal strip may be urged into abutment
wi’rh said circumferential shoulder by a contoured guide roll.

Suitably, said metal strip is supported centrally by opposed
cylindrical roll surfaces adjécent said weld region as said free edge is urged
into abutment with said circumferential shoulder

" The seam rolls may be adjustably mounted to guide said free |
edge toward said closure region at a predetermined angle relative to said
strip surface.

Preferably, said free edge of said metal strip is guided through
said predetermined trajectory by a contoured squeeze roll extending over
said contoured surfaee of said metal strip between spaced substantially

parallel contact faces of said contoured squeeze roll.

Weld energy may be imparted to said free edge and said



into abutnment with said circunferential shoul der The
seamrolls may be adjustably nounted to guide said

wo ee/00moye toward said closure region at a  PCT/AU2005/000897

predeterm ned angle relative to said strip surface.
20 Preferably, said free edge pf said netal stripis

" guided through said predeternined trajectory by a

cont our ed squeeze roll extending over said cgntoured ;
sur PERdisteamisad gveld: regiofn Pvpafbé'af?\sé‘éwnsﬁ%@@aup'e to-a source o
substantially parallel contact faces of said o

conelectricurprdegad coll Extending sibstaytialipparownd spdmietal $tip in a

" said free edge and said 5 predeterm ned wel d region

~a longitudina
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by pranenslibatariially petparaigUiadiot® lohgitadinat axib theteaft ri c
current, said coll extending substantially around said

metal strip i firé iRl BR e%ﬁg%tégsd-ﬁké MdOefictaRtp | 3lipperted at

I's thereof” If required, an el ongate

rod-like . in td i, r .

cxct e e TR xR T Ho P BREELE ot el EprtB6rebrface
cont our ed, surface to,é\ eg’i on adéa ent aE’Zﬁai d @I osuge dt
r egfQA rapienaciacant @ fad SIRFHre Eegio Xherg SalLiige STOF g bused 1o
of said netal strip. According to another aspect of

t he saichvaunfaceroftsain metal sifipvi ded an apparatus for -

in-l1ine ERWwel ding of hollow flange steel nenbers in

a- 10 col d fopecoalim td ancthédasyerd oathesinvention tieng is provided
seamroll stand rotatably supporting at | east one seam

rol bR fol h-RIREERVY vBIHiRG of Holle® Rt ttePmembers in a
cont our netal - strip into linear alignnent wwth a

o Se L R e s o

SLand ot LGRS R Al R 8 gpe soam ol

heata%gpte%, ?n Brsg,d t%tsuricrireie rzl\ef?ée edge of a contoured metal strip into linear
alignment with a predetermined weld axis spaced from said free edge on a
surface of said metal strip; and,

a weld box stand rotatably supporting at least one pair of
équeeze rolls, in use, to urge said free edge when heated to a predetermined.
temperature into fused engagement with a correspondingly heated said weld
axis on said surface, said pair of squeeze rolls co-operating, in use, to guide
said free edge through a predetermined linear trajectory substantially along

| an incidence éxis of a subsequent weld junction between said free edge and
said surface of said metal strip whereby energy imparted to said cold formed
member is focussed by a proximity effect along said predetermined weld axis

on said surface."

Suitably, said electrical current is induced in said free edge and



tenperature into fused engagenent with a
correspondi ngly heated said weld axis on said

waebaa®]s sai d pair of squeeze rolls co-oper at PEYAUR005/000897
use, to . guide said free edge through a predeterm ned
i near- trajectory substantially along 20 an inci dence
axi s of a subsequent weld junctq on between said free
edge and said surface of said netal ri p whereb

- enerSyd Welhregian by elegticalAaMadpis lde&?&@rggaglgg sa
focussed by a proximty effect along said
pr echstiasant isaitl free ¢dgeiand said ywildiregienace. Suitably,
said electrical current is induced in said free edge
and 6 said weP@fsraplypsaiklelettecardurentdoimdacedirssaid free edge
slidably engaging said netal strip adjacent said free

edgeyRyhig deld t%éﬂ-u ibgﬂh HuchbR©8N ﬁﬁh&ve@él&@uﬁgﬁﬁgilhg gald metal

current 1s'ind sald free edge and sai

regi Qn an. ind L on: coll,t V. e r ] :
5 gar et Pl BE ity to, A YRAERG A ALY gl Thetal st
directign of travel of said netal strip therethrough.
Pr eftBRENPUGRt | east one of said pair of squeeze rolls
is angularly adjustable in a plane perpendicular to a
direction of tRrefermbly; atlgnat one ef said paipof squsegs s2llsdeangularly
10 At |l east one of said pair of squeeze rolls may be
adj usdjadthble ina plane petperdiculart tber dindctioai af trarel of saidimetal strip
direction perpendicular to a rotational axis of said
at ‘lipasdhePReeff said pair of squeeze rolls. Suitably,
sai d wel d box i ncludes web support rolls rotatable

1p about parall el of %ﬁ??é@é ;(l)? %ﬁﬁa?%%@tﬂ%g@@h}g@y%e adjusfable

i metal strip

direction of trave

o CORPAPAA e iR AT Pairn A gy SRR ReR o Bf g 4 6atonal

pai r of squeeze rolls. The apparatus may jnclude nore -
t harexio ef saidratieast onefgaid pair of squeeze folls.

Suitably, said weld box includes web support rolls rotétéble
about parallel respectfve axes perpendicular to a direction of travel of é\metal
15 strip member there.bet\n(een. |
If required, a web support roll' may have a contoured outer
edge to function as one of said pair of squeeze rolls.
The apparatus may include more than one seam roll stand.
If required, at least one of said seam roll stands includes a
20 seam roll having a circumferential shoulder thereon, said circumferential
shoulder, in use, providing an abutment for said free_edge of said metal strip.
| - Suitably, a contoured guide‘ réll is brovided, in use, to urge said
free edge of said metal strip into abutment with said circumferential shoulder.

If required, a rod-shaped impeder supported at one end



If required, at |east one of said seamroll stands
includes a 20 seamroll having a circunferenti al

we bmahowis t her eon, said circunferential shoul dBET/AUZN05/000897
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use, providing an abutnent for said free edge of said

metal strip. Suitably, a cont9ured guide roll is

provided, in use, to urge said’ free edge of said

nmetal strip into abutnment with said circunferenti al .
shotheteef, upstieaguiof sajd ane ou- wRED s§aMFRlUstansigppyiandsg into a
at one end .7 thereof, upstream of said one or nore :

seappllaw intetionda certotnet edge cegion lnbshimietdlstiipr of a
contoured edge region of said nmetal strip. BRIEF

DESCRI PTI ON OF gRYEF PhAE NESTION OFFHE DRAWINGS

i nvention may be nore fully understood and 5 put into -

practical eff : L] |

preferred enﬁgéﬂéﬁ{‘gtﬁﬁﬁﬁ\éﬁtigtne@gyvr?%?ﬁgpg?é Sr‘p”éjr?ﬁtﬁgd and
draw ngs,in whj.ch: 1 shows schematical cal d
CorPuf IRt rhraRisal eBeShofarenee) Sk iRk B8 olady &8 Preferred
shows schematically a prior art dual weld process; 10

FI cembosiimmastssiiusirated dmtheaccommpaiying drawjngs fewhigh:-

region in a weld box of a cold roll .formng mll;

FIG 4 shows §tBetshonsl dohematiealaagedd pall forming mill for hollow
cross-sectional view of the weld box roll ’

conflhqye atdAbedt FIG 3; FIG 5 shows a side
el evational view of portion of a cold 15 formng mll

| noor por at | n9 gfr Sihgslchen®RaN o ok RSl BRdcoss;

stands; FIG Shows portion o

paLtern of o Rkl ool kaRiE AR 4 At % hPLLEL o egionn

wel d box; FILGS. 7a and 7b show schematically fromrear
and Weldhex ef agpld roll forming mill; A

FIG. 4 shows schematically an enlarged part cross-sectional
view of the weld box roll configuration of FIG. 3,

FIG. 5 shows a side elevational view of portion of a cold
forming mill incorpo}ating forming roll, s'e’arﬁv roll and weld box stands;

FIG. 64‘s‘hogws portion of a‘formingﬂﬂov;/er pattern of a hollow
flange beam from the latter stéges of forming to jus;c prior to entry into the
weld box; |

FIGS. 7a and 7b show schematically from rear and front views,
the configuration of the seam guide roll stand;

FIG. 8 shows schematically the configqration of the weld box
stand;

FIG. 9 shows schematically the c_onfiguration of the rolls in the

weld box stand g_f FIG. 8;



20 the configuration of the seam guide roll stand,
FIG 8 shows schematically the configuration of the

wowdodowoxs stand; FIG 9 shows schematical ly tPEI/AU2005/000897
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configuration of the rolls in the weld box stand of
FIG 8 8 FIG 10 shows scheréati cally a phantom

perspective view of the rolls~in the weld box stand
of FIG 8; FIG 11 shows schenati cal hy t he . '
confi gur at i on F4@d10 shews sehamatically a ghantam petspegtiyq view of the

and inpeders;. 5 FIG 12 shows schematically a :
cr osslissiadhée aveddi boxestard of RKS. 8;nduct or coi | /i npeder
assenbly of FIG 12, in use, with a hollow flange

section ther eifig. andh&vESchddatiCalyitheconfipaati@candreationship
of hollow fl ange nenbers nade pursuant ‘to the nethod

and 2BRIKGLMST gﬂpgﬁ&lﬁ,ﬂ eli@st he invention. 10 Through

the drlavm ngs, lere gpfroplr! Et e, like reference -
nuner .
o ol ar ity i oo seh AR FiesBierliRed Ry of the

1 shows schematically a typica eneral confgurati
of *iaciol COUTTRSRETASSEI o TS b By il holgw flange

manuf acture of hollow flange 15 nenbers as
exergptlién tereim; BhGS. 11 to 14. Sinplistically, the
mll conprises a formng station 11, a welding station

12, and a' sha|@$. si3at6 showdcross-geotiots of hollaw flahge members
conprises alternative drive stands 14 and formng

rol 'mé@?@ﬁ%u%%t chfHe‘ér%_eﬁ*él‘f‘é’ﬁd éﬂ;()éfa@uéiﬁé%rémgtt@ tAe invention.

conven rive train (not- shown) but instead

oL o4 9 IS0 i e, Sl ApRpaR) S Forerence
enpln%ﬁgra}soar rérﬂpfgygglfor like features for the sake of clarity.
DETAILED DESCRIPTION OF THE DRAWINGS
FIG. 1 shows schematically a typical general configuration ofa
roll forming mill wﬁich may be employed in the manufacture of hollow flange
members as exemﬁlified in FIGS. 11 to 14. Simplistically, the mill comprises
a forming station 11, a welding station 12, and a‘shapiﬁg station 13.
Forming station 11 comprises alternative drive étands 14 and
forming roll stands 15. Drive stands 14 are coupled to a conventional mill
drive train (not shown) but instead of employing contoured forming rolls to
assist in the shaping process, plain cylindrical rolls are employed to grip steel
strip 16 in a central region corresponding to the web portion of the resultanf
beam. The forming roll stands 15 are formed as separate pairs 15a,15b

each equipped with a set of contoured rollers adapted to form a hollow

flange portion on opposite sides of the strip of metal 16 as it passes through



strip 16 in a central region corresponding to the web
portion of the resultant beam The form ng rol

wae@andeois are fornmed as separate pairs 15a, 15BCT/&E2005/000897
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equi pped with a set of contoured rollers adapted to

forma hollow flange portion sS)n opposite sides of the
strip of netal 16 as it passes®through WO 2006/ 000018

9 the formng station. As the formng roll stanqgjis .
15athestording statiang uis dhe Jeupinaneplt staidgr 192 16b-d¢ ngd require
in conventional cold roll formng mlls, form ng roll

st apgisplingeo aeRiveltraimbs in canveatiatalote bltfoemingentle) fprising roll
the longitudinal axis of the mlIl to accommobdate

gogét%WdE g\?é' Asadig abie t@fbé/al@djuét@a thirdBrsely Was Iéryitueshalaxis of

esired cross-sectional ‘configuration, the edge

el by .S, ML SRS A gyl el
'aBtp?oggﬂt ot t%?} it A hgﬁirﬁﬁgﬁ%ﬂ?gﬂgggmﬁaggn, the

To assist in location of the fee edges relative to a
desedge faraiead stdp A8 ginters dhe wekling $1i%0§dr2f%hf‘er?"ﬂ%§ free edges of
formed strip is directed through seamguide roll

st agdge 1forimeido ddnonse giren goidech dnERwanbactr atths tbhoweb at a
schematically at 17a. After the strip edges and the ’

wel ezn%%é?nH'hBG &Rl 5T @vproBeh fiaceopreseace sofr ap BRE welding
hea {e to flusi on enpe?‘gﬁ ure, the s?ri p passes through

f‘oggbﬁ%:%‘?qsd T 809t 108tln06T thB el Ralged rBRlivL 0% desired weld

use cl ose anges. The™15 wel ded hol

fl ange sectjon, then _proceeds t . a ' :
05 i SRS G REE Cu SHIs Br SR 5B Som auice
formthe desired cross-section sha of , t he nber.

and rol sands 17 oG re0ien Ry 15 BN ePPaIEUS Shadf seBpmatically t
stand 21 for final straightening and thence to issue :
as d7du#ftenthe sttipreddesmand thenyeldmsam line ragien pnr\the face of the
wel der inparts a current into the free edges of 20 the

st r ighipar liefee s fustorntirapenatureetiieostsp passae threligh weweld box

to a proximty effect between a free edge and the

nearsesiy RENS ke e hBSWRSbLIiERS B3RhéM® fuse closed flanges. The
welded hollow flange section then proceeds through a succession of drive
roll stahds 19 and shaping roll stands 20 to form the desired cross-sectional
shape of the member and finally through‘ a conveAntionaI turk’s.head roll
stand 21 for final straightening and .thence to issue as a dual welded hollow
flange beam 22. The ERW welder imparts a current into the free edges of
the strip and respective adjaéent regions of the web due to a proximity effect
between a free edge and the nearest portion of the web. Because the
thermal energy in the web portion is able to dissipate bi-directionally

compared with a free edge of the flange, additional energy is required to

induce sufficient heat into the web region to enable fusion with the free edge.



thermal energy in the web portion is able to dissipate
bi-directionally conpared with a free edge of the

wo bangeoiaddi ti onal energy is required to i NARCEAU2005/000897

sufficient heat into the web region to enabl.e fusion
with the free edge. WD 21)1)6/1111111118 PCT/ AU21111 5
/1111118 9 7 10 Hitherto it s found that by using

tional roll forni t echni _and RW o
e ol oiftnertonk waadrund hat e gy Saraaabdd rofl forming

heat the inner strip portion to fusion tenperature is
sucteciniquescandan BRIV prpeesseigployingtbesvantity efanesgyrequired

"to flow as nolten globules away fromthe 5 edge. As a
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r estd heaf thehinesstrip poeiityetd fasion tehperatuss issswdh asitd cause the

area of the flange was reduced significantly and

contegledfe fohk?ecf%?'tlié %&@ﬁéaﬁdéfooféé\ﬁ as\WhRbItbn gblles away from the

becane. . rmore di cult. FI shows schenmatically a
priQr._art .t [ o] PN el f c \ i

P BBy o' SFURELF 0 5 S AR fhoa of the
cross-sectional hape.. i n.an_endeavour . to m ni m ze the

ot BRTGE Braience SUddeRY A o) of tiSapdis fio e weld
formed to bring the free edges into contact with the
edgpoit besameneigradiffii.r s of contactors 32,33 coupl ed

to respective sources 34 of high frequency

al ternating cliGer2 skbwstscheirtatically e pdoataet] teahiniquenfor high
the free edge 15 34 of each flange 31 and adjacent the

edgﬁeghehBFE‘F@N\ﬁéldlf@.Ch a wel d seam was to be

forme As’ can be seen, the free edge 34 ofeach holl ow

flange. 31 app Eg?ﬁi‘,qﬁe hRp W%sa fd?ﬁf@d'ih 38 aPoudtk cAbs-sectional

angl e thereto in averti plane and a
hori zontal pl ane. Fl 3 il.lustra | gal [
O L aPh a8 ePASav ek ok e B384 nol anges 1
si dekkrolls 36 urge the shaped flanges 31 i nv&%i n
a héedsrheformad Bbinghthgniree edgns o p&?ﬂ%ﬁé@ thegpqge of the
37, co-operating with | ower support roll 38 urge the ]
heawesb 30.ePaird gf sontactare 32| 3Bnemiplehtorespactiva saurces a4 of high
heated _ .
frequency alternating current electricity were located adjacent the free edge
34 of each flange 31 and adjacent the edge of the web at which a weld seam
was to be formed. Ascan be seen, the free edge 34:of each hollow flange.
31 approachéd the weld seam line 35 at an angle théreto, both in a vertical
plane and a horizontal plane.

FIG. i3 illustrates a typical prior art weld box roll configuration
wherein side.rolls 36 urge the shaped flanges 31 inwardly in a horizontal
direction whil§ cdntoured squeeze rolls 37, co-operating with lower support
roll 38 urge the heated f;ée edges of the flanges into contact with a heated

region at the edge of web 30 fo effect fusion therebetween.

The combined forces applied to the free edges of the ﬂanges



region at the edge of web 30 to effect fusion
t her ebet ween. the conbined forces applied to the free

weeyesowis t he flanges WO 21)1)6/1111111118 PCTPER1TAMD1/000897
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5 /1111118 9 7 11 by the side rolls 36 and squeeze

rolls 37 is effectively to roll the entire flange

section whilst effectively redJC|ng its dianeter. FIG

4 is an enlarged cross-sectional view through the weld
boxby thal sidasalss gnd boueederolis 87 iseffestively togob fhe gntire flange
into the weld box roll assenbly 5 shown generally at

39, sédtpnf WRitefigetvaly redudingitgdiarddtear e spaced above
an ultimate. wel d seam | ocations 40 on netal strip 30

as shown in tpgsC aé??é/r] 88 cRissLdbcloRAINERW Birough the weld box
exagger at ed rrarntr%]eﬂsl n pha tor?\ ASS the-roll forrrge

o B AE gub Mg Bla B fﬁ%'g%%ﬁ??massemb'v
urged downwardly and out war :gl{ ftﬁ i ned 10 b
pre§EQM’éQeﬁﬁr9£”M@t§8 @&ére;t?fafysr ? e§ 3%%?&0889 ovean

the free edges 34  "sweep" across the surface of web
30 uliimatetvwelg seant @catlmm% anfaetal siierabas shewn in the cutaway
respectlve wel d seam positions 40. During the -

W@%rﬁlﬁh ariawhatiexapgefated medges irBghanioen.hAatthe roll formed
h i nduced in the web by the proximty of the

freg f%éeM@ﬁ'n ro&ﬁ? GRUGSIE Hox rEPuSsatHb@odthe fradestddges 34 of

p05|?|on 4 represented by the shortest di stance

fbet \fﬁeeﬁ%wﬁg q:%s fﬂgfedﬁﬁggﬁgwg\%ﬂ@%‘?{gooﬁﬂ?vfaﬁf bgfthé E&mbined
| o praRstree b o8 diyorsiatng colarasy TaRt WS Ry 2k RE edges a4

ultimte weld seamsite, a substanti al armunt of %
enef*gyeem’samos&ﬂmwtaqemftw@ we pintibiey sentast %F%\"é@?ﬁ hereof
regions of hollow flanges. In order to overcone energy

di ssit pedpentive Wedd skant pasitidnseder gy i nput  was

i ncreased to conpensate for heat energy | osses however

this tended ty, lé@@tvebbmgf hesticerglthef frédedged 3dothe heat

the extent that nolten netal
“shadow”, induced in the web by the proximity of the free edges 34 was

caused fo move outwardly from a poéition 41, represented by the shortest
distance between the free edge 34 and the upper surface of the web,
towards the weld seam position 40 at which fusion 'occurred. Because of the
inability to focus the heat induced by the proximity effect in the ultimate weld
seam site, a substantial amount of heat energy wés dissipated in the web
and the adjacent regions of hollow flanges.

~In order to overcome energy dissipation, the electrical energy
input was increased to compensate for heat energy losses however this
tended to overheat the free edge of the web to the éxtent that molten metal

was lost from the free edge of the flange by melting. Moreover, the



was | ost fromthe free edge of the flange by nelting.
Mor eover, the WD 2006/ 000018 PCT/ AU2005/ 000897 12

WO aaieenent to overheat the flange edges to iPCAaAB2005/000897

sufficient heat into the web edge to obtain adequate
wel d integrity was exacer bat ed1 y edge buckl i ng which
resulted in loss of weld stabilTty. It has now been

di d t t d difficult r
* be’ JRURRERENLD ay e BRAH e JRrUe B RengHce RulTo Geat nto the

" with the intended weld line as it is heated and then

ur giRP taslger fe Sbsaigeadgquate weldi iptagiity wamexacerbatach by edge
the heated web region along a straight pathway in a

di r dattokbing which sssuitediim fpssofavele statslityangl e of

i nci dence between the web portion and the regi on of

fl-ange edge ing hQ@nMW%eBthdbfveFétﬁth‘éﬂHe erﬁ)bned difficulties
guiding the free 10 edge of the flange e ge ong t

5 Pr eqeaid
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calulsede%y tﬁ%"?‘g‘?bﬁb ﬁﬁl}‘lp t{'nﬁ?reﬁ é‘%egbfﬁ\le f@ieq‘&@%%e intended
neatnsifine 28 {15 heateeBhdWeéh idiat i oS axBe ol ine flindys Sontact

fromthe desired weld seamline as the free edge was

br oY§it thet beatedymebniregiph halorg desiraight \ratawegaim a direction
line. 15 The far greater control of the high frequency

el ecoriespbndingdo st desired@nglendiiatidencabletivesn threogels portion and
has led to i nproved production efficiencies and

Si grthér Bh by fla inThE VickifyWrtREwer] &41C B gaif
dual ded hol ow@ange merr%lers made in accgggar!]cée%efree

Wi t %d‘a@%f@ﬁ%ﬁﬁﬁ?a@ﬂ@e amath%t% Qfe? II%C{'Q%} otr\r/‘qhe “sweeping”

i nventi on a SI eva v’l ew 0

portj a r ol mIl ncor

por & |f%ﬁt g ?%%SY g??nrﬁat'g'? % prenﬁ‘ﬂg%ﬁh }ﬁw%q 'rofl of the weld
preparati 0 wel di ng station 12 of FIG 1. In FIG

5, %4\40'%@}@ KobyRB of dnauicing beat intr anpnesessasily wigle path
idler stand 52, an undrlven edge form ng stand 53, a

f ur extanding eéway fom e desired weld seam line as the free edge was

brought into alignment with the desired weld seam line.

The far greater control of the high frequency electrical
resistance or induction welding erocess has led to improved production
efficiencies and significantly improved manufacturing tolerances on the dual
welded hollow flaﬁge members made in accordance with the process and
apparatus according to the invention.

FIG. 5 shows a side elevational view of portion of a cold roll
forming mill incorporating portion of the forming station 11 and fhe edge
preparation and welding station 12 of FIG. 1.

In FIG. 5, a mill bed 50 supporte a driven forming roll 51, an

idler stand-52, an undriven edge forming stand 53, a further idler stand 54,



WO 21)1)6/1111111118 PCT/ AU21111 5 /1111118 9 7 13 an
i npeder bracket 55, an undriven edge form ng stand 56,

w@2doanodoes undriven edge form ng stand 57, a BET/XE2005/000897
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formng roll stand 58 with side rolls 59, a six roll
seam gui de roll stand 60 and a four roll weld box
stand 61. Located between stamds 60 and 61 is a work
coil 62. 5 FIG 6 is illustrative of a flower pattern
f or an igeldew traekefe 55 ranbendijesdeded forming stand 56, a further

portion shown in FIG 5. Section 6Ais illustrative of

t heyfdvis SRS inghd stanu 50| & devemfbrniisy ralltand 68 G&thiside rolls
illustrative of the shape energing fromroll stand 58,

SECkhog g cngoll c?érh' gé ggn $earkf 60 MMSHIOG RIMBKGISL Steid 61.

seam gui and 10 section 6C is

il stratl d section

pri tgdaﬁ?wééngﬂqﬁbossﬁgngg)l 'Q?a\xr’}(gf]kﬁ"%gecan be seen
thetrajector f the free ed | ow fl ange

31 fol ove a FienSop usiGive; & a foweschalfash 1os g gl flange
and the edge 40 of web 30 and as the section

app maerprodecee inthgunilkpartion sbewndn F6G; 5t he
cross-sectional shape of the hollow fl ange as shown at

6C has 15 adopeetiom6adsiivbirbtivevoitieshape eméergaigsioomirdll stand
be seen that the position of the flange edge 34 has

bee B3fdaedidhsB @?IRIS%@W@ bfihe\ehabe érﬁ@r oxﬁ%ﬂ’étahﬁ 5838ection

the region of the induction coil 7 shows
fgrﬁﬁai% élﬁ%l gév%;%? g‘?%@ﬁg mﬁqgmﬁﬁ@@%ﬁpm&%ﬂ%@nd 60 and
UpeBreian o dy BiSbafie of tehepaor 15 widimed sefid edon fgent

a downstream el evational view of the seamroll stand

60 info mialil bex stasid 65t Apgasbeseeprihe dajertarynidhe frepgdge 34 of

65, on the downstream face of which are nounted a pair

of holiepdadgetdyfollowsr path of deasiuligtdnce bpbween etlge 34 and the

66, 66a each journalled for rotation about WO

200849890153 B3 N\aRAQB/RE88&TbN approaches the seam guide roll stand
60, the cross-sectional shape of the hollow flange as shown at 6C has
adopted a somewhat ovoid shape. It also will be seen that the position of the
flange edge 34 has been fixedly located relative to the edge 40 of web 30 in

~ the region of the induction coil 62.

FIG. 7 shows schematically the configuration of the seam guide
roll stand 60 of FIG. 5 in which FIG. 7a is a downstream elevational view and
FIG. 7b is an upstream elevational view.

FIG. 7a shows schematically a downstream elevational view of
the seam roll stand 60 in FIG. 5. Roll stand 60 comprises a support frame

65, on the downstream face of which are mounted a pair of independently

mounted, contoured support rolls 66,66a each journalled for rotation about



14 aligned rotational axes 67,67a and seam guide rolls

68,68a rotatably journalled on respective inclined
W@xms/0@®169a. Seam gui de rolls 68, 68a serve tBCTAUZI®S/000897

the free edges 34a, 34b of hollow flanges 31,31a into

| ongi tudinal alignment with a _desired weld seam|line

as the cold fornmed section 3gproaches t he squeeze

rolls of the weld box 61. Located about -the inner

edgedlighedseiationsdl daxasoBi7<5 768 apgaseae gpidei pilsr 86,682 rotatably

-beaded edges 70 which serve as an abutnent agai nst

‘whi gbutriatled ohrrespestyesndihediaxes89/69al Seaf quigerlis®B,68a serve
urged to align those flange. edges with the edges 40

of %11;66 6tﬁ&fréetéag%§a3negy4@@f h@llé\ﬁ flBRgES21a9mh mnﬂfgutudmau

rolls 6a are axial adj ust abl e to acconmodat e

hol léﬂgu |tﬁeg‘06c§gsgr of vs}é'l& feh h?qﬁnﬁyﬁsme §éﬂ‘ FéHed section

seam g5 Are pIvo nount

s pport frams 65. stream vi ew of the
searﬁ%?ﬁ%hqsome %ﬁ&éﬁtmﬁﬁg%@? 823(5’ t?(?'zlcat ed within

the arched frane 65 are cylindrical seam quide roll

71 and a cyl i riddaed abg@tﬁbwnrﬁﬂadgw of sgafn guide rolls 68,68a are
rot at abl yj ournal | ed about respective rotational axes

73, Tgeripheppidvdaded|ddgéd T10whicHsereoas anabdtreedt agaigstomkich the
72a to accommodate portion of the hollow flanges 31

- whi lpedeaged 30 of iets héfow Glapiges aRaY Bd dRyedotd ahgmwse flange
ovef the inner edges 40 of web 30 with the free edges

Ny h I
enldsédg(*é% rlol ﬂ%?@%4§%%‘5ti¥q P?ﬂ 392: gfr:)e:j geltov\ggﬁrt he
t f 7
10p4cki g ¢ her dath Beartife s’ e eBRertd sugeBiaTe gagoa are

8 shows the conflguratlon of. the four roll weld box 61
i n vaxiellyadiestablete pecomnmesiatabeliaw lagop membaks of difering sizes.

Similarly, seam guide rolls 68,68a are pivotally mounted on support frame
-65.
FIG. 7b is an upstream view of the seam guide roll support
15 stand 60.

Located within the arched frame 65 are a cylindricél seam
guide roll 71 and a cylindrical support roll 72, each rotatably journalled about
respective rotational axes 73,74. Support roll 72 includes contoured end
regions 72a to accommodate portion of the hollow flanges 31 while beaded

20 ends 75,76 of seam guide roll locate over the inher edges 40 of web 30 with
the free edges 34 of hollow flanges 31 abutting against the planar ends of
“roll 71. Web 30 is firmly clamped between the cylindrical portions of rolls 71
and 72 to prevent buckling thereof, particularly adjacent edges 40.

FIG. 8 shows the configuration of the four roll weld box 61 in



FIG 5. Weld box 61 conprises a cylindrical, top roll
80 and a cylindrical lower roll 81 with contoured

weogeso®in, each of rolls 80,81 being rotatabl BCT/AU2005/000897

journal | ed about respective rotational axes 82, 83.
Cont oured squeeze rolls 5 84a, 84b rot at abl e about
respective inclined axes 85a, 898 are adapted to urge
the heated free edges 34a, 34b of holl ow fl anges 31
int Flfedpective heated weld seam |ine regions al ong
t he opposed boundaries 40 of web 30 to effect fusion

ther ebet ween tWelf iggit &1 BoPREES 8@y RndladtopgalB0 hhd widylindrical

noted that the cavities defined between squeeze

5yB1folFSD vAf Lol BRI 1 RN SEILBOET ting rotatably

cylindrical support e ovold 1n

71 arlginelGe SPEyf BReAFE foy e BB R . G lied Sngoze roli

free, edges 34a,34b are urged toward respective weld
51 n&“ayg‘ﬁo 5°tﬁ?a@%nabpa§ FRNIPCHYe prslied axgs 827,88k are adapted to

respective rotati onal axes 85a,85b of 15 squeeze

r ol lg84he heated freewedgest 34asdbrafcholonefianges’ 34dnicorespective
t hereby mai ntaining stabl e induction "shadows" or

pat hemyed weldsesh lihbeegions afshg thesipposad douhbarigeld of web 30
seans between respective free edges 34a, 34b and the

0PP Qs FFBOFLRGEH {r@eﬂ&mféfen%kbrggt?e &bh%d@ghﬁéﬁ? It will be

80, 81 are adjustably nounted

P e M0 3B oA gk BiR0BerT oo ez, R, 848,840 ana

movenent

10 o' eSS FanVe e ARasR 1 of 6y sise) SWaRATE Ball B e Gvoid i
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respective ~carriages 91,92 of squeeze roll support
f r arfBapPe3sioailar elop dlae | cress-seetionali shape qﬂﬂlwo(m@ﬁ
PCT/ AU2005/ 000897 16 adjustnent al ong respective
sl i deprpsartedd DbsOidny6DedfdGo6. adj ust nent ,

ooofammges 31

The free edges 34é,34b are urged toward respective weld lines
in a linear fashion perpendicular to the respective rotational axes 85a,85b of
squeeze rolls 84a,84b withouf a transverse “sweeping” action thereby
maintaining étable induction “shadows” or pathways on or at'the desired
position of the weld séams between respective free edges 34a,34b and the -
opposed boundéries 40 of web 30.

Cylindrical rollers 80,81 are adjustably mounted for movement
in an upright plane by adjustment screws 86,87 respectively, the screws
86,87 being coupled to roll carriages 88,89 respectively, slidably mounted in
support frame 90.

Squeeze. rolls 84a,84b are slidably mounted in respective

carriages 91,92 of squeeze roll support frames 93,94 respectively for slidable



screws 97. Squeeze roll support franmes 93,94 are, in
turn, adjustably nounted for transverse novenent by a

WE&2em®B coupl i ng nountings for support franesT/AB2004/000897
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by a threaded shaft 99 and for upright novenent by 5
screws 100. Preferably, roll q%port franes are

pi vot al | y nmounted on frame 90 pi vot al novenent

about respective axes parallel to the direction of

mov earjustmgntaalnog Irespddtivagaiiding: Aes IHRB by mbaosigh adjustment
wel d -box stand 61. The adjustable roll nounting

enabdorewe S¥.deSquswre adll bapparivirarhes @3, 9k mber b afrn, adjustably
“varying di mensi ons and cross-sectional confi guratl ons

to  hBuntR f&?'tfiﬁ%vb&‘.et ﬁgvéﬁ{e‘i‘\t *a Wiy 9Kt o“t‘.@ﬁh% mouyntings for

precise control over t trajec ory throug

e B, Al A 8 Sho B Fpgyerment by

edges of t web. FlI G shows schengti cal |

5¢he %%ﬁwd@ﬁa{ﬁgﬁ?rabwt R SUpPPe e At DIV Maintd en frame
8 to nore clearly illustrate the guidance of the free
edge®0 &ir pivetal moveptenfiabious igereative exerdaallel tedhelirection of
al ong the edges of the web: In the draw ng a sonmewhat

‘exaggevemedt pba ihioliow flahget endrabermoviny theoudH welgieisox3stand 61.
and their respective free edges 34 is shown in

phantom — As tige baju¥esbis 6l h%n%ﬁ@ré?\%%i&sa Wige rr@tﬁde of hollow
conbl nati on, hollow fl anges are urged 1 nward

a‘@@%ﬁ%@%&ﬁ*?mﬁ{éﬁ*’eﬁ%@@%ﬂ?%"?g : «%tfeo&g*@sﬁg%twns o
S' IRk We .}sﬁs .we?%éd' BAnESEFmelpregiin oA ovBr theaalectory
outer portion the holl ow fl anges which term nate

in tﬂa@ughe\ah@bjb% frea edges pfe hallowlanggsitayel iowasasaprecisely
by arrows 101 whereby the alnost flat region of the

f | arigeaiéd v26Id &R0 (s aBjatent 2085he alges dof the atgrabenweb.
the free edge 34 and a corresponding portion of the

RGP Bt it
box 61 of FIG. 8 to more clearly illustrate the guidance of the free edges of
the hollow flanges into the weld seams along the edges of the web.

In the drawing a somewhat exaggerated position of the formed
hollow flanges 31 and their respective free edges 34 is shown in phantom.
As the formed section approaches fhe roll combination, hollow flanges 31
are urged inwardly towards the contoured ends 81a of separate rollers 81
which correspond to the movement of rollers 84a,84b along respective
sliding axes 95,96 as shown in FIG. 8.

Importantly, it can be seen that about half of the outer portion

of the hollow flanges which terminate in the free edges 34 is urged in the

direction shown by arrows 101 whereby the almost flat region of the flange



deformation of the remaining portion of the flange
adj acent the edge 40 of the web 30 is accommodated in

wo bwsoaniour ed edges 8la of rolls 81. 5 Equal | BCT/AU2005/000897

will be seen that the free edge 34 of the web 31

~travels in a strai ght l'ine trajgectory to the edge 40

. of web 30 where the weld seam il
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fornmed. FIG 10

shows schematically in phantoman enl arged

per syuadant ¢he frew axfget eand bator@spbngingfpdrtien sﬁﬂxeeamoosnte side
rolls 84a,84b to upper 10 and |ower support rolls.

80, Sk trsfiaige Afecdriviaegethér 8§ afurtagesorfidn 36\Qais! ranee1 whereby

into fusion with the boundari es 40 of web 30. In th

nb m'é ),
|el I Sg-'.jtfr at edpsgs seeprél3 % ?‘9 ij ou(?ﬁngr @d*l?% é@lacent tpe edge 40 of
eac

Shoare ket B Reoiiio it '?efggu%%“ref%?%%hﬂacgf tils 81

ene;ﬁqy i nductj on apparatus 100 gﬁ)l oyed with th

appdraually, tawltl heiisegnithat the fragadgenas Qidbsr\aelasﬂmevels in a
conprises an inductor coil assenbly 101 having a
shasémigitdine trajeptary doithe 20gevd ofi walb30 aviiéralthg weld seam is
surrounds a hollow flange beam 103 as it travels :
bet ieghed he seam guide roll station and the 20 wel d
box. Coil assenbly 101 is supported at opposite ends

by copper mouyfjg ngg b%@ﬁ%ﬁt §c%&ﬂa’l’i€:élﬂl 45}'0? lgto?rfl an ﬁnlarged

i nsul ating materi al er ebet ween over

06 HarenctiEaiewrt tAPeRo ATt 1 SafbSet FIRTEA HRETp voper

coolin wat er ther 2 is coupled to a .
oo iAnoueT siibeod rl A1 A bam e Boaststs S Tienges sare guided

PCT/ AU21111 5 /1111118 9 7 18 capacity of 400-800 Kw
AC datopiusioa witly dhekpundaries 48 afiweh 30t He thelenabediment shown,

cavities of hollow flanges 109 of beam 103 are
el ongeéesuppuetiel 8lup jllustratedds sel@riteiyijograiléd ruliréleraknts, each
with a confoured outer edge 81a.

FIGS. 11 and 12 show schematically the high frequency
electrical energy induction apparatus 100 employed with the apbaratus
according to the invention.

Apparatus 100 comprises an inductor coil assembly 101 having
a shaped sheet copper coil 102 which substantially 'surrounds a hollow
flange beam 103 as it travels between the seam guide roll station and the
weld box. Coil assembly 101 is supported at opposite ends by copper
mounting brackets 104 with a layer of insulating material 105 therebetween.

Formed over the surface of coil 102 and brackets 104 are

copper tubes 106 with inlet and outlet ports 107 for circulation of cooling

water therein. Coil 102 is coupled to an oscillator (not shown) having a



I npeders 111 attached thereto. As shown in FIG 5,
i npeder support rods 5 110 are supported on a bracket

wooapamieam of the wel ding station 12 by nmenber/avtaosnooss?

shown) extending into the flange cavities 108 via the
gap between the free edge of the hollow flange 109
and the adjacent side of the wéb. Cool ant circul ation
tubes 112 and an air tube 113 extend through the gap
bet wezpaditief400e3tiKw AE quiputfatatiPeKtiao and t he

adj acent side of the 10 web to supply a recirculating

l'i quid cool ant Leduted withigahe diolie@aoctawiiss @ hdllﬂﬁﬁﬂ&ﬁgﬁas 109 of
111 containing ferrite rods (not shovvn) FI GS.

16 Shoxa1p9Natd 'Bléri erlﬁFwﬂe‘Pf a@iﬁdrﬂé 8ds 0?16‘%4% cylindrical

fl ange menmbers able be "manuf

RS TR DS AR thor

In accor

CII‘CU| Cros n hol l.ow fl anges 12
5ol Blais SHEPRTs BhRbrapkat 55 Upsiearpal thaweiing station 12 by
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may be enployed as a structural nmenber as it is or it

my Mmegbesednalsshownkeextendingt intththe dange aayiicset08 via the gap
havi ng flanges of non-circular. cross-sections.: 20

FI G beteshdhe freclaalget the aoliew Hlaage aD9tdme thEeussmt side of the
(Regi stered Trade Mark) configuration as descri bed

genaggh. Y)o'o!!ar#’%irb@l@tloﬁu%é%ﬂ f?ﬁﬁ&”an%nlﬁl%ezﬁﬁ ?gt%ﬁg tHdugh the

shows a hol I ow fl ange beam w t

a°°%?%W%&?%ﬁ?ﬁ%?%b%&?%ﬁ?ﬁ%a% side of the

/1111 | o I an e beam

0 ¢ e de pptae Facayeind iy, Se0fat ast aceifeam o Gool air to
composite truss beam structure. The wel ding process

and iBpedes 141 gestainingdewriée tads (neb shewoh i s

particul arly advant ageous for deep or narrow channel
sections such E&S.Hattoi16lsiwiv ahenHiniirig range ofiexdihples of hollow

rectangul ar f

flange members able to be manufactured in accordance with the process
and the apparatus of the invention.

FIG. 13 shows a hollow flange member 120 having a pair of
circular cross-‘sectio‘n hollow flanges 121 located along the edges 122 of web
123. Member 120 may be employed as a structural member as it is or it may
be used as a precursor to hollow flange beams having flanges of non—circulér
cross-sections. |

FIG.. 14 shows a hollow flange beam of the “Dogbone”
(Registered Trade Mark) configuration as described generally in United
States Patent 5,163,225, |

FIG. 15 shows a hollow flange beam with rectangular flanges

according to co-pending Australian Patent Application 2003903142.



5 otherwise be difficult to weld the free edge of a
hol l ow flange to the surface of a web internedi ate

wo t@emomes edges when formed i nwardly of the webCT/AU2005/000897

because of an inability to control the free edges’

"deep inthe channel with seamguide rolls, formng

the holl ow fl anges outwardly ot9the web greatly
sinpli-fies the welding process due to precise flan?e
edge control . FI®. 16 sheadid lyollew flange beararvetit rectangular flanges
person skilled in the art that many nodifications and

var kgt senss ERFdth BEmpotité sy Behmiisnatiec The Weldihg process
present invention w thout departing fromthe spirit

d . 3 . .
oD bl orfig (S1ASThonrshc SAMARHYP biddhsbeous fo
it ABPPR PATEPEERSITELRPORY Bicroas Ra ERER " i3t might
hollow flange to a weld seamto ensure that  as fa{ as
pos stharwise be dificultissuelddhe frerRsldePist helipw fangelp the surface
flange to a desired cross-section, little or no stress

i s iofeoset mternediatel ifs siteardges ovharofarmadeiavargly of the web
stress failure. WD 21)1)6/1111111118 PCT/ AU21111 5

1 11504488 of aROnablify tfcoritrol Ahg freeesdydsodeemin theechannel with

~wel ding of hollow fllange steel nenbers in a cold

10

15

formy 4l [ hS fia atl
for neag: Juids: ol frPiRF FRnARIPHaLES oLl FOTINE veh greatly
of a, 5 metal strip; weldi :

Fr e SraaBe e sl e s 10 B RN $852 Sanel:
surface to a surface of said netal stri!p to f.Prcgna that
hol | ow f I ange lesaashiyiwill ba arpaeniite@ persangifiedin the art tha
process characterized in - that said free edge is n
al i gnany hiouifioatipnsiani variatiods eabe dardeiaithexyarios aspects of
said 10 surface of said strip and said free edge is

gui drd préyernit tvemtipnadttowt bieparing froadhe spiit eadacppe thereof.

al ong an incidence axis of a subsequent weld junction
For example, the configuration of the forming rolls, the seam
guide rolls and the squeeze roll combination may be adapted fo pérmit
differing angles of approach of a free edge of a hollow flange to a weld seam
to ensure that, as far as possible, in the subsequent shaping of the hallow

flange to a desired cross-section, little or no stresé is imposed on the weld

seam which could lead to stress failure.



between said at | east free one edge and said surface
whereby energy inparted to said cold formed nenber is

wo comase@dls by a proximty effect along said  PCT/AU2005/000897
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predeterm ned weld axis on said surface prior to
fusing said free edge 15 thereto. 2. A process as
clainmed in claim1 wherein sai d0f r ee edge is aligned
with said weld axis by one or nore seamrolls each
haviQIQAMSci rcunf erenti al shoul der provi ding an
abutnment for said free edge. 3. A process as clained

inclaim2 V\heAgdeefséf?&iﬁdi@@v&éldﬁg!dﬂhoﬂ&mﬂﬂah?és€éel1 hfembers in
is urged into abutnent with said circunferential

sho n r ' i ess as
ol ai e Rhufhg, SO0t bRty e sfert ot
supported centyally by opposed Lindeical [,

surfaces adj ac{QHP'réa‘f‘ &omgﬁgeggyﬁécggd@e&t ?& EG@S&?BS 4dge of a
urged into abutnment with said circunferential WO ‘
2006NnetSIr®; PCT/ AU2005/ 000897 21 shoul der. 5. A

process as clainmed in claim2 wherein said seamrolls

are adj ust ablwelkdingytbycart BRYMipstecass, @ ree edgdgd saislwnadal strip
said closure region at a predeterm ned angle relative

t o sadjfcsitrddid eBhfciesd sbrflce Ao pr owesse ebsaitianetd strip to form a
claim1l wherein said free edge of said netal stripis

gui dﬁﬂloWﬂé’r@‘eﬁ@h&ﬁng{alﬁqgf éigl%r!ﬁ‘é WéIRisBfd BfoteBY cRaracterized in

cont oured ueeze r ing over sald contoured

ubsPaFeRt e sudp Alifed [eab TR BroEftned sy axisn said

squeeze roll. ;10 7. A process as ¢l ai| inclaiml .
Ahor SiaGRpsa St Ba iR pade HOWAEY thitughaBistetarmined
said predeterm ned weld axis by an induction coil L
coupliresrt ajectony Btengp Bnelneidence axis réra subseduerdi weld junction
extendi ng substantially - :
between said at least free one edge and said surface whereby energy
imparted to said cold formed member is focussed by a proximity effect along
said predetermined weld axis on said surface prior to fusing said free edge
thereto.
2. A process as claimed in claim 1 wherein said free edge is
aligned with said weld axis by one or more seam rolls each having a
circumferential shoulder providing Van abutment for said free edge.
3. A process as claimed in claim 2 wherein free edge of said
metal strip is urged into abutment with said circumferential shoulder by a
contoured guide roll.
4, A process as claimed in claim 2 wherein said metal strip is

supported centrally by opposed cylindrical roll surfaces adjacent said weld

axis as said free edge is urged into abutment with said circumferential



around said netal strip in a plane substantially
perpendi cular to a longitudinal axis thereof. 15 B. A

weemceamias clained in claiml wherein wel d enBrmyXU2m®s/000897
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~inmparted to said free edge and said predeternined weld
axi s by one or nore contactora coupled to a source of
el ectric current. 9. A process ds claimed in claim7
wherein an el ongate rod-Iike induction inpeder
suphoutsitrat one end extends within a holiow interior
20 cavity of said contoured surface to a region

adj azent a saiAl pebseudras claghed in vlaime waerbif saikl selgn rolls are
is fused to said surface of said netal strip. 10. An

TR I g n
CoT B T CABR g
B W RS

22 adapted, in use, yide .a free e . k .
cont®ur ed rreta?\PEQ‘-‘ﬁSE 313 qudag img Wﬁ%mﬁa@fﬁ?%dge of said '
predeterm ned wel d axis spaced fromsaid free edge

a svefahstipis guided through said predaterminedwrieckery bytaaﬁgntoured
rotatably supporting at |east one pair of 5 squeeze

r ol | squeiete U, extendingeowsr saifir esntodgel shfacd exdtseid troetal strip
predeterm ned tenperature into fused engagenent wth

a COidiRRBANShAHY snﬁft'aﬁﬂaﬁ}ﬂ'p@rélﬁl CordxdtSfaRessef daid contoured |

surface, saird palr of squeeze rolls co-operating, in

use, said free edge through a predeterm ned

[i ne%?ruete?'%rgﬁt ory substantially along an inci dence

aX|s of asubsg&uent weld juncti,on between ﬁal d f i(g
edgel-and 10 saihdP'OGRER@ES GlaigH gnneiplp tW Jpnergy is
energy inparted to said cold forned nenb

f oc uspadteshtosajst e atlgy asd saist pr@d@tﬁgﬁ%ﬁdﬂ\ﬂ/eld axis by an induction.
predeterm ned weld axis on said surface. 11. An

ar)p%cﬁltatmlpﬂéd tchaoure ofrelettdt mutr@ntysaicetoil extedding substantially
’ eC;rroIUI:Z said metal strip in a plane substantially perpendicular to a longitudinal
axis thereof.
8. A procesé as claimed in 6Iaim 1 wherein weld energy is
imparted to said free edge and said predetermined weld axis by one or more
contactors coupled to a source of electric current.
9. A process as claimed in claim 7 wherein an elongate rod-like
induction impeder supported at one end extends within a hollow interior
cavity of said contoured surface to a region adjacent a said closure region
" where said free edge is fused to said surface of said metal strip.
10. | An apparatus for in-line ERW welding of hollow flange steel

members in a cold forming mill, said apparatus comprising:-

a seam roll stand rotatably supporting at least one seam roll



current is induced in said free edge and said weld
region by electrical 15 contactors slidably engagi ng

wa 2000000018l strip adjacent said free edge and PGEAU2005/000897

wel d region. 12. An apparatus as clained in claiml10

. wherein said electrical current is induced in said
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free edge and said wel d regi orddy an induction coil

transversely surrounding said netal strip in a plane

per paagiedyirusé, doayuidd adrecetigenf afcanteured rétad atrip into linear

metal strip therethrough. 13. An apparatus as clai ned

In gl rﬂbﬁfwm%rﬁrbae@?mﬁr%ﬁ&/em@%ra% floRpédid fifee edge on a
S

squeeze ro I's angul arly adjustable in a plane

per pendi [t J [ ion of travel of said netal

str ggﬁgﬁéﬁtgw\)\ﬁgﬁi S@E.’ Sﬁé, apparatus as clained in

claim 10 wherein at |east one of WO 21 6/ 1 8 .

PCT/ AU21111 53/&'9%1?% Sand TStgtably E?O%g’}& a i%ﬁle%i%"]e pair of

rolls is adjustable relative to'the other of said gaéer .

in squeezerlisdn user fodiae saidivee sdge wheahealnd toagredgiermined

said at |east one of said pair of squeeze rolls. 15.

An agrpperitus iak fubad erdagemehtivith a@oneepaidinglyheatesi said weld

box 5 includes web support rolls rotatable about

par aklsedn §A3RARRLY, K Bair oPSGRSSYE 1oHb 86-dperatird), irecse, 4o guide
s

of travel of a netal rip member therebetween. 16.
o e S8k 0B Pl B BB AIGR gt Rl RO sttty aong
"o 1 haigeRse adA o5 suPSe el itk Bro R i roe edge and

including nore than one seamroll st and.ad_tl8 AN
appaeit sface disaitisetal strin wherehy aneegimPaiied tosgid gofd formed
of said seamroll stands includes a seamroll . having i
a cimembteisdotusseddyaprdimity effed alongsaidipredetermined weld axis
circunferential shoulder, in use, providing an

abutgpsdid lsaFfasai d

11. An apparatus as' claimed in claim 10 wherein said electrical
current fs induced in said free gdge and said weld region by electrical
' c;ontactors slidably engaging said metal strip adjacent said free edge and
said weld region. |
12. An apparatus as claimed in claim 10 wherein said electrical
éurrént is induced in said free edge and said weld region by an induction coiIA
transversely surrounding said metal strip in a plane perpendicular to a
direction of travel of said metal strip therethrough. |
13. An apparatus as claimed in claim 10 wherein at least one of
said pair of squeeze rolis is angularly adjustable in a plane perpendicular to a
directidn of travel of said metal strip therebétween.

14, An apparatus as claimed in claim 10 wherein at least one of



15 tree edge of said netal strip. 19. An apparatus as
clainmed in claim18 wherein a contoured guide roll is

w@emeioawdy in use, to urge said free edge of sSECTATBEI&H00897
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strip into abutnment with said circunferenti al

shoul der. 20. An apparatus as clained in claim12

wherein a. rod-shaped 20 inpeddr supported at one end

t hereof, upstream of said one or nore seam roll

st ansid pait afradgieent colis iscdjustabletrefdtive totheothentofsaiadpair in a

edge region. of said netal strip.
direction perpendicular to a rotational axis of said at Ieast one of said pair of
squeeze rolls.
15. An apparatus as claimed in claim 10 wherein said weld box
includes web support rolls rotatable Aabout parallel respective axes
perpendicular to a direction of travel of a metal strip member therebetween.
16. | An apparatus as claimed in claim 15 wherein at least one of
said web support rolls has a contoured outer edge to function as one of said
pair of squeeze rolls.
17. An apparatus as claimed in claim 10 including more than one
seam roll stand.
18. | An apparatus as claimed in claim 10 wherein at least one of
said seam roll stancis includes a seam roll having a circumferential shoulder
thereon, said circumferential shoulder, in use, providing an abutment for said
free edge of said metal strip. |
19. An apparatus as claimed in claim 18 wherein a contoured guide
roll is provided, in use, fo urge said free edge of said metal strip into
abutment with said circumferential shoulder.
20. An apparatus as claihed in claim 12 wherein a rod-shaped
impeder supported at one end thereof, upstream of said one or more seam

roll stands, extends into a hollow interior of a contoured edge region. of said

metal strip.
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