TI TLE "1 MPROVEMENTS | N VWELDI NG HOLLOW FLANGE NMEMBERS!
FI ELD OF THE | NVENTI ON This i nvention i s concer ned

waowdok/ootees manuf act ure of cold forned hol | ow f | PEAU2005/000897

menbers by an inproved wel di ng process. The invention
I's concerned particularly although not exclusively
with the manufacture of cold formed, dual wel ded,

- hol I ow fl ange structural ntf_ﬁg‘% BACKGROUND OF THE

10

15

20

| NVENTI ON Al t hough there are configurations of

structural beans illustrated in an extensive arra

of .
prior 4MPROYEMENTSIN W DING HQLL QW FlhaNeBhMEMBERS”

have been designed with a specific end use in mnd. A

nunber of these pri oF|RID OF TEIEONVENTIGNe however
sought to provide a general purpose structural beam

whi ch coul d C‘Fﬂfée’rﬁ/eﬁ’tlér"\‘ i5 r@)rfb‘éh?ed:‘%ﬂffpﬂ\é]?ﬁ@rﬁ@bcture of cold
pur pose structural beans such as tinber incl udlng

eans
anciagiec oy Pandth REFRIE oy EbsFe ek RgBroceate e
structural beans are shovvn in Unt t at e Patents
2 012, 626, 3. 368 InUSBtiARM eoNppmasHa SRy @%%chkfé’texc'us"’e'y
conposite beans having a corrugated web and pl ana
r ecwithdhe anasfaciuos of 6plddiarmedngual welded B@ll%ﬂm@% ﬁtructural
716272 describes a truss incorporating hollow fl ange :
choptégmbédks, nore recent years, cold fornmed purlins of
C, Z- and Jshaped cross-section have found favour in
relatively |ow | gecReEROUMD OF THE INVENTION
‘Although there are many configurations of structural beams
illustrated in an extensive array of prior art disclosures, the majority of these
beams have been designed with a specific end use in mind. A number of |
these prior art 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 |-beams, H-beams and hot 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 describe
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



situations as a replacenment for hot rolled sections as
general ly they have asuperior section capacity per

wa@riob/omass. Such cold formed purlins d o have PCT/AU2005/000897
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significant I'imtations in nonment capacity as the

| engt h of the beamincreases dug to a nunber of
differing buckling nodes. of faitfure. British Patents 2
093 886 .and 2 102 465 illustrate rgs ectivel olq.‘

£ or b@eliOr seelicropanaci fer SRS MASS cSHsh BPAprBagPUins do have
Publ i cati on 96/ 23939 descri bes a Gsection nenber. In -

an eigrdficanir limidations dvemoment ecapasity oas ethei tengticyofothe beam
cold formed purlin-like sections, it was proposed to
enpligareBsks evef foad geimbartrdiffédng backiime nidiesf dfefafigre. British
section wi thout a consequent or at |east significant

pen‘?"é%ﬂs@ @Q@GEG%%E oPRI2 ABY ﬁIH!;t‘?é‘i%,trBspgé &id ffrmed J- and I-

hol I'ow flanged bearings are shown in United States

Pat en 4 (o RUSS] : h :
27 P+ Erdiyn idle LBl PAERCSforEa685356 UpRidhes a C-secton
whi ch descri bed holl ow fl anged beans of triangul ar -
cr odB8€HWEfi on with "open" flanges i.e., they were not
formed with continuous weld seans to optimze the,

t orsi onal st r dngarhendeavear o imgeovs emdie sectign ediigiency of cold
States Patents 5,163,225 and 5,373,679 to the present
assifgnmed apudindikes sections, tit twas t fvepesed tbe emmploy dhdltow-flange
the first time cold formed holl ow fl ange beans

Pr oqyeRbeRY t& intshsdid FiaggP SREESS withobt adstifsequbAEHat least

flanges of a circul ar cross-sectional shape where the

freeﬁ%éﬂggn tﬁg‘?'ﬁ\;‘gﬁf‘ kgg e @grﬁgrwﬁltq&gqtﬁl ong the edges

of t er. gener y circul ar.

s, ¢oul S LeheRe SBRERy Tonder ELFbR, b BYSVHCR Uniea

" shapes such as rectangul ar,
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20

States Patent 3,342,007, Russian Inventor’'s Certificate 827723 and United
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



hexagonal , triangular, or the |ike. Hollow flanged
beans having triangul arcross-section flanges were

whp@sodoms t he mar ket pl ace as " Dogbone" (Regi stRP€EAU2005/000897

Trade Mark) beans. Although generally satisfactory for
its intended purpose, the dual | di ng process adopt ed
for the manufacture of "Dogbon beans suffered a
nunber of shortcom ngs, in particular weld stabilit

~and cros$-section dlangest Were akypvinfing thggnarketplace as %ogbone”
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cross-sectional sizes due to excessive tooling costs.

I n oRegistbred Trerle Marlgdeafs.| ures in the weld were
caused by excessive working of the hardened weld zone

in the shapi ngagesiidiPgeMdrally afldfabtorf\Ioie thtBRAGH Puiptsse, the
expression "ERW refefs to electrical resistance or

i ndugt i | dj [ ' 0 ' i Qn»

coi 199! lEiochiEels dtbptid B ECRiaREiatite LEEbGHE” beams
ot her for of electrical resistance wel ding. .. o
e CrHllenE 3 Moot sholombis: Resiaueel kit ape pgmitation
overcone or alleviate at |east sonme of the | .
shorindoerrangs offflange gsesoseciionat sisemhave to expassiveltepling costs. In
process and to provide a wel ding process suitable for

t he gredutiddiment shreisk dailfiteanigethecwiett Wwareschusedeby excessive
menbers. SUMMARY OF THE | NVENTI ON According to one

aspegbrkig bhel KtaBhEQ Welld'268e irbther shapiesl sectisrreebe mill.
for 1n-line welding of hollow flange steel nenbers in

0 o o s, TRl BB SBOERL ERID [ herni Bcica

f ?g:re%ffé%%e t@%iiaé%ﬁ)@ m@%ﬁ%%g’uskﬁ){g AefhY PIRRESE of inductrion
coils/impeders to create a current in the member and other forms of electrical
resistance welding.

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

Accérding to one aspect of the invéntion there is provided a
process for in-line weldi‘ng of hollow flange steel members in a cold forming
mill, said process comprising the steps of:-

forming a contoured surface adjacent at least one edée 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



adj acent said contoured surface to a surface of said
nmetal strip to form ahol |l ow fl ange extendi ng along a

wge@e/oafo1e web, said process characterized i n PEEAUS®SME00897

10

15

20

free edge is aligned linearly with a predetern ned
wel d axis on said surface, of sq{qd strip and said at
| east one free edge is guided through a predeterm ned

linear trajectory along an i.nci dence axjs of a . .
sub i EngeIagnsies ADRO.E s oh s diahy Sad rdgeds faracterized in
one edge and said surface whereby energy in_'parteq? tQ )
sai dhalsadd free edgeisafigned lmer%wly@g“eajp elerpripgd weld,axis on said
effect along said predeterm ned weld axis on said '
sur fsagfacerdfaaid stripiand saidiad [dasteoredfyee tdugeeisoguidéd through a
required, said free edge is aligned with said weld

axi $,rbYet@Rfird IeaPtraR2m Y aldry APMRideArs Blisdf a subsequent weld
circunterential shoulder providing an abutnment for

2 1655 GRag R 4 G788, 5o 94t A0 Sy hpiodhory
oy RS T  SaREF A Mo BslipPby « prosimiy

cylindrical roll surfaces adjacent said weld region_ as )
sai effectalonggeid predetprmingd welthaxisensald suifagg piior to fusing said
circunferential shoul der The seamrolls may be

adj fedeadsdige thewetoed t o gui de said free edge toward said
closure region at a predetermned angle relative to-

said strip sunfegirelr sdigfelladgesigafighedwitpdar wéldexisby one
metal strip is guided through said predetermned -

traj g@gfaf s@¥g@rcﬁl%”éé’él{ %g@ggge&n@yrgﬁ&en%% @Egitjfc‘mlgg%‘f&ﬁding- an

sai oureéd surface o stri
spaced ,subst anti al | rall el contact faces of said
0 trpg e

contBHBENE &

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



Wel d energy may be inparted to said free edge and
sai dpredeterm ned wel d regi on by an induction coil

weowplamis o0 a source of electric current, sai dPCDAD2005/000897

extendi ng substantially around said netal strip in a
pl ane substantially perpendi cukar to a |ongitudi nal

“axis thereof. If required, an élongate rod-Iike

i nducti on i npeder supported at one, end . ext.end

wi t Riasdeienpined Wweldt g ﬁDb!afi',f? tlﬁl&?ﬁlogawr%\«\?%&?r@da source of
surface to a region adjacent a said closure region .
wheelectrin curferdesaid goil extendingosihstantiadly aneund saigmetal strip in a

" nmetal strip. According to another aspect of the

.stand rotatab
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| NV pRneubshgitRilly Peptendicidar ora kphudinas akisrthéreofi ne
ERW wel di ng of hollow fl ange steel nenbers in a cold

formng mll, llfirég&r@o?@ﬁraém@até%ﬂlrikéinageﬁo@inﬁ@@lr E@bported at

upporting at | east one seamrol

adapted, i n Lee . .of

re; Ane ey Btsnitiyih dofoliARrBLERI.or3akARRLNRL sprface
wel d axi s, spaced from,sajd free .ed on a.surface of

sai i AdeaORGAdIAGHNt 2 tRId SIoRur RGN Whara sast Tegsrge Ts fused to
supportilg% at | east one pair of squeeze rolls, in use,

to saigeswidas ofrsaid owid@l sStien heated to a predeternined
tenperature into fused engagenent wth a

cor r espondi nglAscheiimeth smottenaspeciof theinvenfich theré isclerovided
said pair of squeeze rolls co-operating, in use, to

gui g6 SHHafusssr R ERVWYEIdRgRsfeittiber lampdsteena®mbers in a

trajectory substantially along an incidence axis of a

cai SO R SRR PRI | “Crergy

et v iRy B SR AR B R ol

sal dadzlsgda,l%r? use, to guide a free 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



Suitably, said electrical current is induced in said
free edge andsaid weld region by electrical contactors

W@ kiodatloys engagi ng said netal strip adj acent sBCTAT2®&000897
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edge and said weld region. Preferably, said electrica
current is induced in said free,edge and said weld
region by an induction coil transversely surrounding

said netal strip in a plane perpendicular to .a . .
of r &S89 Wb egion by elegtical itaktars glq%\%ﬂ}’ pREA%pg salignetal strip
Preferably, at |east one of said pair of squeeze rolls

i s adjadcentspidhfipaedgpland said wsildfrgigBr pendi cul ar to a
direction of travel of said netal strip therebetween.

At |east one dPres@iaBlypsaid elécisiqalemreentds Irelucey ibsaid free edge
adj ustable relative to the other of said pair in a

di r egld fid Wd’%&éﬁg% ah _iﬁdhc:fﬁoh Q:bﬂh‘éﬁ@@érsél&isﬁrr@ﬁnéiﬂ%; daid metal

at | east one of “said pair of squeeze rollS. Suitably,

sal fﬁtﬁ\g[ﬁ aefj %Eﬂﬂergég%&%ld’ﬁﬁgr fUBPRFctibh $istr151\g<%lat%1g§’éli8 metal strip

abo I'Ve aXes perpendicu

directi of travel of a netal strip nenber '

t hert S@ga@é&gh: If required, a web 'support roll may

have a contoured outer edge to function as one of said

pai r of squeezRrefeyably, atieastyreiaaid Pakgf saiaesa olieds angularly

than one seamroll stand. If required, at |east one of
sai dadjestableohla slhneperperdicudastoa dissctionaifitravelofrepidmetal strip
circunferential shoul der thereon, said circunferenti al
shouhdfdbetivBeRse, providing an abutnent for said free
edge of said nmetal strip. Suitably, a contoured guide

(01l e B Rl OHESY St BERETRACLS TEIHR Y acjutabl
cl rcrlé?gtﬁ/%etgtthglotﬁgrogg sdaelcri pair in a direction perpendicular fo a rotational
axis of said at least one of said pair of squeeze rolls.

Suitably, said weld box includes web support rolls rotétéble
about parallel respectfve axes perpendicular to a direction of travel of é\metal
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
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, a rod-shaped inpeder supported at one

endt hereof, upstream of said one or nore seamroll
w@t@adeno1ext ends into a hollow interior of a chel/auc@d000897

edge region of said netal strip. BRI EF DESCRI PTI ON OF

THE DRAW NGS I n order that the_invention my be nore

fully understood and put into practical effect,

reference will now be nade to preferred enbodi nent

i || thareek atpstieann of seihapars mgreiseaMhall skands: extends into a

FIG 1 shows schematically a cold roll forming mll :

f or hbldw intefibrofie contdueed edge @giﬁnﬂﬁea&i wekalsfiip.cal | y

a prior art dual weld process; FiG 3 shows

schematical l'y BFQEFQDESCRIISW@QDF TeIH DREGVINGS a
wel d box of a cold roll formng mlIl; FIG 4 shows

schemati cal | Y I r
the wel d box r@pr&éc}c}ﬁ??@%r'a |[jglr?‘1:l Iﬁg?ibé%gké)ﬂ'ﬂg g #58bd and
shows i de el. evat| I view of n, of

5 For FihgniR (et soeat i Frjerich v apR" o8 afad £ prgferred
wel d box stands; FIG 6 shows portion of a' formn
fl o@ﬁrbmeamllwtrﬁeﬁéﬂ\FWW%@%“MHWW'GSW%WW Ter
stages of formng to just prior to entry into the weld
box; FIGS. 7aFi@d1&hostscschectadicatly aztdly rol tarmirgumilfar hollow
front views, the configuration of the seam guide roll
st amdn Ehﬁémﬁe@OV\B schematically the configuration of
t he vve?d box stand; FIG 9 shows schematically the

configurationpgs, ?2*%‘?100\%' dchehihticAfly a prior art dual weld process;

10 FIG. 3 shows schematically a prior art squéeze roll regionin a
weld box of a cold roll forming mill; | /
~ 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
15 forming mill |ncorporat|ng forming roll, seam roll and weld box stands;

FIG. 6 shows portion of a formlng flower pattern of a hollow
flange beam from the latter stages of forming to jus;c prior to entry into the
weld box; |

FIGS. 7a and 7b show schematically from rear and front views,

20 the configuration of the seam guide roll stand;

FIG. 8 shows schematically the configqration of the weld box

stand;

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

weld box stand g_f FIG. 8;



wel d box stand of FIG 8;FIG 10 shows schematically a
phant om perspective view of the rolls in the weld box

war@adowis FI G 8; FIG 11 shows schematical |y PEEAU2005/000897
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configuration and rel ationship of an inductor coil and
i npeders; FIG 12 shows schematjcally a
cross-sectional view of the i n uctor coil/i npeder
assenbly of FI.G 12, in use, f\¥a hol |l ow fl a

section t her eifhS. Hhah w@che_[g HWBM@EB@gngﬁl‘geWOfthe |

of hollow flange nenbers nade pursuant to the nethod
and ralfspiarthe weeld boarstamd of 6IG.H& ‘i nventi on.  Through t he
drawi'-ngs, where appropriate like reference nunerals

are enpl oyed G, i1 khoiveathematitally theeostidugatién and relationship
clarity. DETAILED DESCRI PTI ON OF THE DRAWNGS FIG 1

Sho"c‘ﬁeﬁ‘]ﬁ&u’@&f&@ii??‘d P¥ﬁél%al general configuration of
ro

f formn?m may be enpl oyed in the

manuf acture o ol 50 22 e

FIGS. 11 to p8 1&%‘2‘9’?%&%%%?m‘gg%%r‘{’é%' gl of the
ormng statjon 1 a weldin n12

shapidHptat sw/tmpq%er ﬁ%ﬁf‘rmh@ & Blé i ES%W({Qe% hollow flange
alternative drive stands 14 and form ng roll stands

15. sbctiowe thgraimdand4 are coupled to a conventional mill

drive train (not shown) but instead of enpl oying

contoured forHIGS.r3-16 showassssisettiongef boligw fignge members
process, plain cylindrical rolls are enployed to grip

st eerjna%é Bbl%u%@t kdiHe ﬁ}%ﬂﬁddihntﬂ %ﬁPQI“ét@@éé@@rﬂﬁ@ﬂoﬂﬂetuﬁNentlon

ortion of the resultant beam The form ng

roII st ands 15@%@0&"%@3% lnggp@v}?etrg ?@;:)Fo%né{éa Illgekagference'

each equi pped set nt our I"ér's ada

to forma, hol
numer%ls gre employed for 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 exemelified 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 etands 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



fl ange portion on opposite sides of the strip of netal
16 as it passes throughthe form ng station. As the

w0 oooaiemy18 ol | st ands 15a, 15b do not require cPCPAU2ZIYS/000897
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to a drive train as in conventional cold roll formng
mlls, formng roll stands are,readily able to be

adj usted transversely of the I%ngi tudi nal axis of the

mll to accommodate holl ow f| ange beans of varyi nq1 .
Wi dthe. fosving ftatinsy A® the deETINGITalt stancseteadaal do hot require
configuration, the edge formed strip 16 enters the i

vel gbugingiteta drivelfaimas ireconvendiohakeid dyksrroingsaije, forming roll
fornmed portions are guided into contact with the web

at I EadiliseanrarvBrdoly dftheforgiruiral axis of
of gtr?ﬁggﬁ(\%v%v\e dg"ggggtggir a?ﬂs? To assi gﬁ“i’n Iocaltﬁgiaon of

t he,f ee. I ' ' n the

st r 15 BBl hAiRw Y SemBRr vahi®y pRIE,

seam gui de ro]l stands /17 into.the region: . .
appar at us shoWhe:ﬂ:ﬁ’éWﬁdil@a‘? Eﬁg'ééd f‘?%?sgﬁc?'@?‘g{ hgﬁ"ﬂsﬁﬁg\éon, the
edges and the weld seam|ine region o tf}(;ﬁéf acﬁ?‘ f thg
strefdgcaf@me@bat@ﬁ16@ﬂt@§ﬂ'@%W@Hﬁ&$@@leﬂg?w el P&feee ges of
passes through a weld box stand 18 to urge the heated

por tiiges fdraget hportions faree grideskdnid ongdact with bpdueb at a
hol | ow fl ange section then proceeds through a : ’

SUCE?&Et@@niﬁEd dingle dfohpprobsnda the presesbapofngnrBRW welding
stands 20 to formthe desired cross-sectional shape of

the ggﬁgﬁqﬂs.af@a%é‘qh'fl%?ét S HReFes ;B@:g%@trb%% t6 & desired weld

hea St an I nal straightening and thence

to issue as,a dual | ded . T .

e sapaen In s surtfiel fe Rithiett b I BFe 88 ThdRih K¥am guide

the strip and respectiyve j acent regigns of the web..

due relbstangs 3y PP GRUIBEOT B1S GEUH aRPALES sOgun SraCTTRLcal at

nearest portion of the web. Because the thermal energy )

i n tifa. Witerpbe stripnedgesandtheovaldsssiasa liee region on the facé of the

bi-directionally conpared with a free edge of the

f I args arddédtbatafusioretaypemturegtiier sidptomsses through a weld box
stand 18 to urge the heated portions together to 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 conventional 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 adjacent regions of the web due toa 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.



i nduce sufficient heat into the web region to enable
fusion with the free edge.H therto it was found that

whgooasdegs conventional roll form ng techni quesPEndU2005/000897

ERW process enpl oying the quantity of energy required
to heat the inner strip portiogbto fusion tenperature
is such as to cause the free edge to becone nolten and

resultof t i SRt sisconat diat e TendSesuBRpBRL RN forming

area of the flange was reduced significant |'¥M and .
conteafinigyes ard sn ERVGIgeessemplayind e usaitiit ofanesgyerequired

‘more difficult. FIG 2 shows schematically a prior art
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t eckmhgaethieoinnéi giipfposiipretrcfusisRiempedatuge 9 sudH & t@cause the

the web 30 was forned in an arcuate cross-sectional

shap@el g RMEHEANE Wiolleh aNd1iaTIcR ashRok gRbules awagfrom the
the hollow flanges 3 1 had to be formed to bring the

%gsggﬁé é%&fl?%‘ﬁ@%fﬁ@f) ?agbhlﬁa@ﬂfé Blosk R iERaliea of the

fre
Pai r contactors otpled to respective

e il A AP T D G ot e el

each flange 31 and adj acent the edge of the web! at

whi eRin beeamesewne dificulb be fo med As can be seen, the
free edge 34; of each hollow flange 3 1 approached the

wel d seam | i nd1G85 2ashaws ssafiemativatlgtao priootart techmique for high
vertical plane and a horizontal plane. FIG 3

i1 welgiahey ERWYRéERIg. prior art wel d box roll
configuration wherein side ; rolls 36 urge the shaped

M N R R

Sﬁulo%%ra}ae in an endeavour to minimize the eﬁent to which the hollow flanges 31

‘had to be formed to bring the free edges into contqct with the edge of the

web 30. Pairs of contactors 32,33 coupled to respective sov','lrces 34 of high

frequency alternating current eIectﬁcity 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 for%med.' As can 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 pféne. |

FIG'.'“”B illustrates a typical prior art weld box roll configuration

wherein sidesrolls 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



roll 38 urge the heated free edges of the flanges into
contact with a heated region at the edge of web 30 to

wetdoem000iigisi on t her ebet ween. the conbi ned f or cRGT/AU2005/000897
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applied to the free edges of the flangesby the side

rolls 36 and squeeze rolls 37 is effectively to roll

the entire flange section whi 1dt effectivel y redu0| ng

its diameter. FIG 4 is an enlarged cross-section

vi eby the sidgholis2s art dqueszerrolls 33 isefestivedniovnll the @tee flange
3. Prior to entry into the weld box roll assenbly

showsctisnehidtleffeativa@§ redining itedisrdeies. 34 of flanges 3
1 are spaced above an ultinmate wel d seam | ocations 40

on metal strip Roarid) é‘@eﬂ'&réééesédﬂ”bﬁam{ewmgghthb\ﬁeld box
sonmewhat exaggerate mann i-n phantom As the roll

for secti.on. proceeds hp I
assﬁgﬁf’eﬁp‘ FH PH%E?@G%e ﬁ% %'nls/he tglleﬁlg%qu g&‘rﬁa'éf%‘s%emb'y
1 are urged downward|y and conbi n

pr egbgwggeaﬁrtﬁbf@té@ t%efr%ﬁ ?(?Hfsrv@{ ?éf)(awy%% %&P@F&ﬁﬁbm’e an
the free edges 34 "sweep" across the surface of web

unt ultimateyweld seaot Iotcats&oimﬂ@ 88 @@ﬂ@éﬁ@@ﬁ%@s ﬁB@W@dE\ T%Cutaway

wel d seam positions 40. During the "sweeping” notion

of tdyioh irea sedgmshaexapyerdiedmarsiendvphaniomiudedhe woll formed
the web by the proximty of the free edges 34 was

caugggiddp l?é\é@dé’ Eﬂr%gﬁ’ khe Welmox rBpas&darably4b, the free edges 34 of
represente ortest di stance between the free

edg $nd BSmbined
ﬁweséa'i‘ﬂvﬂﬁéﬁi?&ﬁ*’% GRS i Bty
Because of t i nabi | i t
he phrsires ) Tep r2eopriat Rt %ﬁiiggooﬂ?%gekﬁﬁ? 34 Biges o4
substanti al anmount of heat energy o&?@&ag in
t he “sweeprarrose thaipuitage ofrveef Shdingttheyq the gudace thereof
order to overcome energy dissipation, the electrical
eneragyespective weld seam 'positions 40.
During the “sweeping” motion of the free edges 34, the heat
“shadow”, induced in the web by the proximity of the free edges 34 was
caused fo move outwardly from a poeition 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 was 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 extent that molten metal

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



i nput was increased to conpensate for heat energy
| osses however this tended to overheat the free edge

wokoobleoreb to the extent that nolten netal waRCT/AaB2005/000897

fromthe free edge of the flange by melting. Moreover,
t herequi rement to overheat the,fl ange edges to i nduce
suffici-ent heat into the web edde to obtain adequate

T esdehlSent fa SUenSaE I ks pqdss 0 folss S deat into the
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di scovered that the aforenentioned difficulties can be
over¥ebredge o iahfaingadenuate cxelddigtedsity twas feixaperbaled lpy edge
the intended weld line as it is heated and then urging

t he Huolding s\duclofeduiited s tdss dfivweld stattilitgt Wi th t he

heated web region along a straight pathway in a

di-rection corrieRROASWHch@istoVBrid hat HAfBrathentioned difficulties
i nci dence between the web portion and the region o

fla clnit t S _

our 40,57 BEetBrid By kiRl e Hee e Bl ihe"fitlle il the intended
predet.er.m ned. .t raj ect or the "sweeping", effect caused

by (Hld IBe 46 n hERerRnT e eind thBos adae At taustip ingp contact -
the wel d box avoided the probl em of inducing heat into

an WHedbesheateg wele rpgion alenenai ﬁtgalghhwat?uwm ea direction
desired weld seamline as the free edge was brought

i nt costeispanding taia dedited adgde ofidcidende betweédn thee wabeortion and
far greater control of the high frequency electrical

r esitihé ﬁe&glﬁn Of flamghIedg @M the VibinG dTtes fefd $iim! BY guRling the free
i nproved production efficiencies and significantly

PR ONRG 3,351 EPREB Il Sh ooy

hol I ow f 1 ange ma a

5 ot ERUAEBTIER KReBRA R DiCleide ke Siiheedous o the weld

roll form.n ill incorporatin ortion of the formn
st atﬁoc’fr?‘@id%% & H@b&{g@??ndaucmgghgat into an unnecessarily nge path

extending away from the desired weld seam line as the free edge was
brought into alignment with the desired weld seam line. |

Thé far greater control of the high frequency electrical
resistance or induction welding brocess 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 supporté a driven forming roll 51, an

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



preparation and wel ding station 12 of FIG 1. In FIG
5, a mll bed 50 supports a driven formng roll 51, an

WO dioeoo®teand 52, an undriven edge form ng staneCBAP2@5/000897
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further idler stand 54, an i npeder bracket 55, an
undriven edge form ng stand 56, a further undriven
edge form ng stand 57, a drlve1r?’form ng roll stand 58
with side rolls 59, a six roll seamguide roll stand
60 andmpedenrbracket 66) @nburdriveingdee. forméng stanskBfeén further

stands 60 and 6 1 is a work coil 62. FIG 6 is

i || yadrasr edgeformind stead 5Faa teven farmiag rall dtand EBavitheside rolls

nmenber produced in the mll portion showm in FIG 5.
Secr%goa s%é\rélﬁsééﬂnu?ﬁhaétrbngtaﬁd Sb%nﬁhéﬁéuﬁfmlf\ﬂéﬂgbéi sfand 61.
roI stand-53, section 6B is illustrative of the shape

f I t
[ I I Lg{%&g{j t{?g‘mgéﬁ k a%@gﬁgﬁéﬁg%n%g%r%% 6szs(;am gU| de
roll stand 60 d _sectign 6C i | ustr
shape of the FECEI 6¢igri r%l%(@t‘?fs ey PR ergrﬁolr)p f}ﬂﬁ%w flange
wel d box stand 6 1. As-can be seen the trajectory of
t henfarekergeigdugad b1 theomilpertipasjews in HG Pows a pat h
of | east di stance between edge 34 and the edge 40 of
web 30 and as Skktos 64tis dlushafiveoaitheshape eswengirngirara roll stand
roll stand 60, the cross-sectional shape of the holl ow

fl aBges@c"cIo‘ﬁIEH% llﬁls’u@@v@ ?FthRAMRIREMReRMTERbRLrol¥RInd 58, section
shape! 1t also wll be seen that the position of the

S A S B B A oo

of eatan b aiaR of GeaRaPec He ﬁ*@gr@eﬂﬁ'e&ﬁé@h b0 entry

FIG 7a is a downstream el evati onal vi ew and
i s infoueld bexstandht Assan bgisagn thﬁ@amtoa'rﬂfvtge : free o0 edge 34 of

schematically a downstream el evati onal view of
hollow flange 31 follows a path of least distance between edge 34 and the

edge 40 of web 30 and as the section approaches the seam guide roll stand
60, the cross-sectional shape of the h'oIIow flange as shown at 6C has
adopted a somewhat ovoid shape. It alsb will be seen that the position of the
ﬂénge edge 34 has been fixedly located reIatIv_e to the edge 40 of web 30 in
o the region of the induction coil 62.

FIG. 7 shows schematically the configuration of the seam guide
IoII 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



the seamroll stand 60 in FIG 5. Roll stand 60
conprises a support franme 65, on the downstream face

w@Rooskomws are nounted a pair of independent|y POUAU2M5/000897

contoured support rolls 66,66a each journalled for
rotation aboutaligned rotational axes 67,67a and seam
guide-rolls 68,68a rotatably |j final 1 ed on respective

i nclined axes 69,69a. Seam guide rolls 68,68a serve

gui cRligned rqt@@ormjg@@saﬁé’,@@o g Reamoguidearajiss 68, Gﬁasretatably
-into longitudinal alignment wth a desired weld seam

| i ndoamailbé onabspéativetklinedtaxes 68 i9aodehryuiterdly 68¢8a serve

rolls of the weld box 6 1. Located about the inner

edgeré |déﬁ?érrraélét@ers034a53£@oﬁﬁarw¢|angés RASI R nrrwﬂﬁrgitudmar
edges 70 which serve as an abut rrent agai nst which the

free fot I f e

al i gn'atﬂ ose%fvlﬂra?mge‘ﬂ:'gsd&(ai Wé §e Sgg @% g{)gwe?% . section
Both seam @_, rolls 68 68 and ai{)doc%ﬁj rolls 66, 66a

Sare aagﬁrgf"? SURRAURSEE Pﬂ)s X %ol | ow fI ange

nmenbers of leferln Si zes Slmlarly, seam gu

ol s 66,684 dkasaied sbakl hemnTiasges ot sappuauIde ralss 68a are
65. FIG 7b is an upstreamview of the seam guide roll

suppeeripheralrbatieéd dduyest #iwhichisenve as anabuédent agansibahich the
are a cylindrical seamguide roll 7 1 and a

- cyl i sk iegigbs BHPBP e h@llbw%ng@@Qha\”éQieah@J@thd aliginlthesk flange
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about respective rotational axes 73,74. Support roll

72 i ons 72a to accommodate
porti O\&ﬁh ﬁ{@%&’ﬁseﬁo g’r%:%US 1 whi I e beaded ends

o 70 o seam g 14 s Uit LATgh A58 000 ar

31 gxtr)gﬁyt ardr}gstgg% tgsértccgm?ngcliaatg%Eallgvr\]/?lgnge members of differing 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
stand 60.

Located within the arched frame 65 are a cylindricel 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
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



roll 7 1. Wb 30 is firmy clanped between the
cylindrical portions of rolls 7 1 and 72 to prevent

who@klodtgs t her eof , particul arly adj acent edgesP@DAUEI0§000897
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8 shows the configuration of the four roll weld box 6
1inFIG 5. Weld box 6 1 conprises a cylindrical top
roll 80 and a cylindrical lower!Sroll 81 with
contoured edges 8la, each of rolls 80,81 being

rot adtl&b1S joumal | ed about respective rotational axes
82, 83. Contoured squeeze rolls 84a,84b rotatabl e about

respective i ncielbloxa8¢sofiplis85h oytitdrivdtpadi 80 aHd @Q:ylmdncal
the heated free edges 34a, 34b of holl ow'flanges 3

i Nt qoiv@p RAFET V\ﬁthftﬁﬁﬁ&ﬂeﬁ’%dﬁe%e@’ga 'e'g%ﬁ dfergf ?8@'5@?19% rotatably

t he opposed boundaries 40 to e

be rIgHERTER PP B adfindlaie @??%@e@'ﬂau@é%q“eeze roll

roII 84b d respective cqontoured edges 8la of
5yl 1647 S0 OBl AP ORI FF SRS oLV a6 AKe BEnaEE 2re adapted to
simlar to the cross-sectional shape of the holl ow
f.1 arljge the heaied feeredapsnydaddbi erh(ﬂbmﬂarm&s 36.intphres pective
free edges 34a, 34b are urged toward respective weld

| i ndweated weld sesam lihasbgions péomeind spposedtbounbiaries 40 of web 30
respective rotational axes 85a, 85b of squeeze rolls

84a,184Hraet FkmeH tr@réusawe\éwt%ecrem@esrabﬁanua@ we‘g $d18h e will be

mai nt ai ni ng stabl e i nduction "shadows™ or pat hways on

R rfé?@e%ﬁgg%@e;e?gza@ﬁ 5k anc
bound

e RSt S bR et St rShe T asBiigeoic i
adj ust nent screws 86,87 respectively, the screws 86, 87

bei ihapgupinailart to e | cregsseaberalgshame rcésﬁ@chou@wﬂanges 31

slidably nmounted in
represented by section 6D of FIG. 6.

The free edges 34a,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



support frame 90. Squeeze rolls 84a,84b are slidably
mounted in respective carriages 9 1,92 of squeeze roll

wWaEappoeto1$ r anes 93, 94 respectively for PCT/AU2005/000897

sl i dabl eadj ust ment al ong respective sliding axes 95, 96

by nmeans of adjustnent screws 97. Squeeze roll support
frames 93,94 are, in turn, ade@tany mount ed for
transverse novenent by a screw 98 coupl.ing nountings_

f or adjpplonentfalang gespedivepsliding axea@SP6 thyf meads axiddjustment
for upright noverment by screws 100. Preferably, rol
suppsorewkr eesSquiecze valk slipportrdramhesi 93104 mageirdurh oadjustably
pivotal novenent about respective axes parallel to the

di r%bhﬁféooforqpéimg@gf%oﬁfovén@hlt 'g?V\é stanpof é&ﬁ‘{ﬁlg@? mountings for

nmovi ng through x stand 1. The adj e rol

of vRrERAREE RS Aty AR nton Bl foP DB B Tont by

figuratians to be welded in the weld box with
5 cxt rEHENG 1906 EierEb: FUiSUBPOH R ftg RUPRIY ManiegAn frame
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which the free edges of the hollow flanges travel
t owe@ forapigetat imauemed acsll regpectiye axesiparabrljtadbatdirection of
at the edges of the nenber web. FIG 9 shows

schemavemant vf & hellowflainged aembepmoving thedugh weldiedxdstand 61.
box 6 1 of FIG 8 to nore clearly illustrate the

gui dance of - thepé %@ﬂs@ﬂﬂ@%l@fﬂd@ﬁn?féda‘b‘ﬂés’ & ANGEFamgy Bf hollow
the wel d seans al ong the edges of The web. In the

e eI VAR RhE0R9RH S-Sl (HRthtons o

hol | ow®1 anges respective Tree

t e PP BAG T DOR ot cupr g pisciea SSp B GhEEs Hajectory
inwardly towards the contoured ends 8la of separate .
r ol | tereigh whighites fregedgep ehthe: nllowdlanggsteavel towards a precisely

roll ers 84a, 84b al ong respective sliding axes 95,96 as
shovincatedPvead s&am line adjacent or at the edges of the member web.

FI1G. 9 shows schematically the configuration of the rolls in weld
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



Importantly, it can be seen that about half of the
outer portion of the hollow flanges which termnate in

w0 bwehomes edges 34 is urged in the direction sPOAURYS/000897
arrows 101 whereby the al nost flat region of the

- flangeadj acent the free edge 34_and a correspondi ng

. portion of the opposite side ofl 7t he fl.ange are driven
together as a unitary portion towards roll 8 1 whereby

def @djetentihe freeheigecdhand agopmspoodingfpdrtien bf thegepposite side
adj acent the edge 40 of the web 30 is accommpdated .in

t he gt AaRGslarRIGPRE Bibgeter B8kl uhiBly p&ﬁ@ﬁ'td)wardstro%ﬂ Whereby
be seen that the free edge 34 of the web 1 travels

Qie'?&rn"i‘ét%}f 8* iHeerettﬁeﬁh rﬂoﬁ g @?aeq%ﬁ%ﬁaé‘%ceﬁt f?(‘%ted'ﬂe 40 of

vvhere the we seami s

2?“3ﬁ*“vlv§$'4% B%Er%é’ %&ﬁ[}b g Bges 44 b fors 61,
and | ower support roll? 80,81 as the free ed?
534 diauRllincalizba saee tyal thaifeatadaa,3f af terwebrid tavels in a

boundaries 40 of web 30. In the enbodi nent shown,

| owestraighigimet trajeictorg ta the edgeudd ohned 36 vﬂwertheeweld seam is
journalled roll elenents, each with a contoured outer :
edggofied. FI GS. 11 and 12 show schematical ly the high
frequency electrical energy induction apparatus 100

enpl oyed wi t h gipe E}Bp%hg S sBRERAGRHER IndEHSntom an enlarged

i nvention. Apparatus conpri ses a ctor corll

i EErtaR R g PRRReB A Rhe RORBRra e %%aaﬁﬁ%% upper
10 T A6 BVRG 2 UPRSR SR R 5 116 FoPScims th langes 31 are guided

opposite ends by copper nounting brackets 104 with a
| ay dntodiusiamswitatthe dormdariest0 gsveln 8PedBtthe eimbodiment shown,

Iower support roll 81 is illustrated as separatelyjournalled roll elements, each
with a confoured outer edge 81a.

FIGS. 11 and 12 show schematically the high frequency

1) 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

20 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



Formed over the surface of coil 102 and brackets 104
are copper tubes 106 with inlet and outlet ports 107

wo erosodaoekil ati on of cooling water therein. Coi PC/AR20G0S/000897

coupled to an oscillator (not shown) having acapacity
of 400-800 Kw AC output at 400 KHz. Located within the
hol | ow cavities of hoIIOM/fIangB% 109 of beam 103 are
el ongat e i npeder support rods 110 having cylindrica

i npegepacity of 400:-30h Kwv AGarudpet atddIKben in FIG 5, -

I npeder support rods 110 are support.ed on a bracket 55

upst r eam of thEombdiwimiﬁtthbihUIIoMc@Mti@@lmedloWﬂén%es 109 of
shown) extending into the flange cavities 108 via the

gap b&imeenst Ar fé]&ﬁgeﬁgg%pfédetrh@uébﬂﬂ Y6 ! ?f@%é\ﬁﬁg 8ffindrical

the adj acent side of” the web. Cool’'ant circu

AR e A A P S B Bhoor o

ation

dj agent side of the web | i.rcul ati
51T qui 10 e paAROeAOF & Pracket 5 "Urstiedat BT ths Wellogatation 12 by
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111 containing ferrite rods (not shown). FIGS. 13 to

16 smeheradnol shewnhgxieading ioto éhenfiphge cavitles! 108vvia the gap
fl ange nmenbers able to be manufactured in accordance

wi t hbetiveeprtbe éee alye dfithe aphow flange D9t the\erijadem side of the
FIG 13 shows a hollow fl ange nenber 120 having a pair

of el U0l RReuREeh it A
al ong t he gdges 1%2 of %&f‘f{z%ﬁ Nggb%eeﬁ%%?%aé?%gaemmugh the

I oo oy
b FHEBefiinch B H08 L8R AR TEngS 100t &e, abiaft S of the
R e
Trade Mark) configuration as described generally in

Uni tiegpeders 111 containing ferrite rods (not shown?.

FIGS. 13 to 16 show a non-limiting range of examples of hollow
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.



States Patent 5, 163,225. FIG 15 shows a hol |l ow fl ange
beam wi th rectangul ar fl anges accordi ng to co-pendi ng

woe@bnatoien Pat ent Applicati on 2003903142. FI G PABAS@w3600897

a hollow fl ange beamwi th rectangul ar flanges for use

"as chords in a conposite truss beam structure. The

5

wel di ng process and appar at us Hcordi ng to the

invention is particularly advantageous for deep or

nar r ow channeFIGet6ishowssuladiloxsflamga beamusith egcdangular flanges
VWiile it mght otherwse be difficult to weld the free

edgoQfsctad\@hdrawin & abapdsiie tlies debirestrictirea Thelivelding process
internediate its side edges when fornmed i nwardly of

the ng b%;gagaggﬁ(%eqcﬁgo r@iﬂgi 0 "’EFE {Iimh\ﬁntfo?i iS Cﬁﬁrfiﬂgalﬂyg ?Fgéﬁﬁgeous for

edges e nne seam gul

258 450 SRR I3 A v o
L Sk i R e

variations may be nmade to the various aspects of the
preséra webvmterintedialet ite sidel egges iwhert fameachivedly of the web
and scope thereof. For exanple, the configuration of

"t he YephOb& @f a8l ihability® catrol ghé deer eddes' deep irhthe channel with
~squeeze roll conbination may be adapted to permt
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15

di Fiap) Euﬂ%grlo?& fbfrmﬁfboﬂ'%aﬁé‘lldw flAn§ &€ BURAIEIYOST fhe web greatly
o0 a weld

hol I"ow T Fange seamto enSure that, as far as
possi bl in the subs ' ‘
P = suap e Paodrio B PHEE bud 1B T 6% 5Bl o
is inmposed on the wel d _seam whi ch could | ead.to, stf,ess
fai I ure, CLAI M repdix il R SBPRENT 9.4 PRISORGY "%"b%e art that
hol I ow fl ange steel menbers in a cold formng mll, "
sai dnpmy vexskficatiops iasidrariations ey bemade & tHhenyaripus aspects of
contoured surface adjacent at |east one edge of a
the present invention without departing from the spirit and scope thereof.
For example, the configuration of the forming rolls, the seam
guide rolls and the squeeze roll combination may be adapted to permit
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.



5 nmetal strip; welding, by an ERWprocess, a free edge
of said netal strip adjacent said contoured surface to

wa@2@danb@ee of said netal strip to forma hol | omCT/AE2WS/000897

aXI S on sail

thereto. 2. A process aat:?‘i{}{% %nggcg e\‘ﬁﬁ&%%%%ﬁ edge Ofa(

said free edge Ir@'rkﬂ?g?ﬂ

extending along a side of a web, said process
characterized in that said free edge is al i gned
linearly with a predeternined %8 d axis on said 0
surface of said strip and said free edge is gui-ded

t hr dOgAIMSpr edet ermined | i near trajectory al ong an

i ncidence axis of a subsequent weld junction between

sai dfat | east AppsceeBdoiddinearsidigiof hollowaeagekesstmembersin
energy inparted to said cold formed nenber is focussed

e&%ﬂlg ﬁgﬁ |if eafd beass Eéi nemgctﬁé%& §81d wel d

ace lor to fusing said 'tree edge 5

nore seamrolls each having a circunferenti al

Sshoumgl siRivi di ng an. abutnent for said free edge. 3.

A process as clained in claim2 wherein free edge of
said (j metal welding,iby am GR¥Viptocess a fieeedgetai seid metal strip
circunferential shoul der by a contoured guide roll. 4.

A pradjassnicsaié lcantirfed Burbed o 2 sivéicy of saiddnetd atrip to form a
strip is supported centrally by opposed cylindrical '

%?lgls | Seuﬂ%rg%jﬁ?ggiggutl&nggn?s%ﬁidg agf‘g?%, safd rcesé ERBracterized in
cl ai %rrg aﬁﬁe&% '#@ﬂgé%‘#rﬁ?%ﬁmgﬁgﬁe ] ueﬁ+l E‘Ie%Hn lSd0 n said

to guid d f t owar d
104 p?ébzaeé’% st Shipyad paliifes 6956 S aiigad hroycbik PhcBtermined
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linear trajectory along an incidence axis of a subsequent weld junction
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 qlaim 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 s;crip is
supported centrally by opposed cylindrical roll surfaces adjacent said weld

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



6. A process as clainmed in claim1l wherein said free
edge of said netal strip is guided through said

w@e@deomist ned traj ectory by a contoured squeer€r/Atbdos/000897
- extendi ng over said contoured surface of said netal

Sel ofjat e rod I
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strip between spaced substanti gl |y parallel contact

faces of said contoured squeez Troll. 7. A process as
claimed in claim1 wherein weld energy is inparted to

sai cshiouteredge and sai d predeterm ned weld axis by an

i nduction coil coupled to a source of electric

currgnt, sai d &@rbcewstandairged ibskaimtd ahbyeinsaithseamirdlls are
rret al strip in a plane substantially perpendicular to

| . é‘c‘f}gﬂlétﬁglmbuﬁf@dﬁ V\quﬁdéagéld floe Sdg RWART sAfd 6Ib§b|@t@glon ata

energy is |n'parted to said

Eéfiorgﬂﬁfem“ﬂ%@gh@sﬁﬁ%ﬁ%35 B RERR St

current. rocess as clained, in i n,an .

| R pBiana e O AR Gl ﬁwﬁswrﬂ sdea gt of said
end extends within a hollow interior cavity of said
controgtad dtrijuisf guided thraugl gaishpssicirrained trajgcdory| kysa centoured
regi on where said free edge is fused to said surface
of s&jubezet Al ektehdinglOverAsaidpeantatires] Burface-dfi sed EReYal strip
wel di ng of hol |l ow fl-ange steel nenbers in a cold

for mdigeBhl bpastl SuBBRALAN LB EcHtAEE facksSER&aldokbntoured
stand rotata ?y supporting at | east one seam

roll in use, to guide a free edge of a
com%?ﬁ@' strip into Ilnear alignment with a
pr edet er m ned | d axis St% d rorrfsa fﬁee eg&z on. .
a sufface of s@iAOFERSIASLIFHEARCAN IV& F5i Weld Fhergy is
rotatably supporting at |east one Pal I
impare/ed to said free edge and said prede ermmed weld axis by an induction.
coil coupled to a source of electric current, said coil extending substantially
around said metal strip in a plane substantially perpendicular to a longitudinal
axis thereof.
8. A process as claimed in claim 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



squeeze rolls, in use, to urge said free edge when
heated to a predeterm ned tenperature into fused

wengagewesit with a correspondi ngly heat ed sai dP@EAU2005/000897

axis on said surface, said pair of squeeze rolls

- .co-operating, in use, to guide said free edge through
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a predetermned |inear traj ect%’%y substantially al ong

an incidence axis of a.subsequent weld junction _

bet weaptesiindués oo Ride adret sdgel of ardanteuret] melad strigt iato linear
strip whereby energy inparted to said cold forned

mg’ggnm%nf %H\%ﬁﬁﬁ%a@ﬁémﬁ@mm aMs ephesd frahpsdld $@ededge on a

pr ermn axis on said surface. 11. An

app Loclad ol | aim 10 wherein said .

el eg[’ﬁ?géf’?gﬁ'é’ﬁj@ﬁa@'pr %Hgbed in said free edge and

said weld region el ectrica ntactors si| Y, :
engagi ng sai dan’é’?gybgi( ﬁ%%n%\d?gé%ﬂy S&Btp rtfr}geglt i%%é[ Qg pair of
said weld region. 12. An apCEaratus as clainmed in clajm .
10 whueeraraliai i Useeisturme sAkires edge Mben gatatiopradetgmined
free edge and said weld region by an induction coil

t r anevipessise into fused engagemiedt with alcosespgridingly hpatadesaid weld
perpendicular to a direction of travel of said netal

st 1 igRid Jips AL RUAHEE salBpaifof Squrss A tefls 86-operatingy in use, to guide

claim 10 wherein at |east one of said pair of squeeze

01 8] Fag Bk BploF A R it Rk oA Ryalong
whoreBi Rcidenre ae o§aguBPEdyalt ikl FElyeéh B e e and
gldjl‘ éﬁda&r?m{;%%vg@ﬁﬁér{'@wﬁéh ; é’r{%sgﬂngﬁeg tgifsnagci%!d formed
at | east one of said pair of squeeze rolls. 15. An )
appanamnber efoclisseddry a proxinaityieffectatengsaid pesdetaiivedwrld axis
on said surface.
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

direction of travel of said metal strip therebetween.

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



i ncl udes web support rolls rotatable about parall el
respective axes perpendicular to a direction of travel

wotota/on®isal strip nmenber therebetween. 16. An BPEPAD2108/600897
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as clainmed in claim15 wherein at | east one of said

web support rolls has a contoured outer edge to

function as one of said pair of23squeeze rolls. 17. An
apparatus as claimed in claim210 including nore than

one saidrpairdfl scaieerd rolisis adjusipplerretaiiveds tiod atherdfisaid pair in a
claim10 wherein at | east one of said seamroll stands

i ncl didestion Fapehdiellar Py retatiensl d)@él@ﬁﬁ’& Bt leabt Shwot $Hd pair of
t hereon, said circunferential should in use,

pr ov butment for said free edge of said netal
strléf)&uél% a'&n@appar atus as clained in claim18 wherei n

a coptoured gu de roll rOVId to.ur

sai d%ree edge Bfa@gf%tuﬁeq ?Iag’re?q?w Fi@i’Bu@gWﬁ %%i'q Weld box
sal d cj rcum‘ erential shoul der. An appar atus as

Scl ai REldes wely BupPPoh&pls rrogataal@ ahapbParapeldepspective axes

supported at one end thereof, upstream of said one or

nmor eperpendiculdr te aalistior of travel of atroetal bivipl rnemiber éhdérebetween.

of a contoured edge region of said netal strip.
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.



