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(54) Title: IMPROVEMENTS IN WELDING HOLLOW FLANGE MEMBERS

(57) Abstract: An apparatus for in-line ERW welding of hollow flange steel members in a cold forming mill comprises a seam
roll stand (60) rotatably supporting at least one seam roll (68) adapted in use to guide a free edge (34a,34b) of a contoured metal
strip (30) into linear alignment with a predetermined weld axis spaced from said free edge on a surface of the metal strip. The
apparatus also includes a weld box stand (61) supporting at least one pair of squeeze rolls (84a,84b), in use, adapted to urge the free
edge (34a,34b) when heated to a predetermined temperature into fused engagement with a correspondingly heated weld axis on the
surface of the strip (30). The squeeze rolls (84a,84b) co-operate to guide the free edge through a predetermined linear trajectory
substantially along an incidence axis of a subsequent weld junction between the free edge (34a,34b) and the surface of the metal
strip (30) whereby energy imparted to the cold formed member is focussed by a proximity effect along the predetermined weld axis.
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Exanpl es ' of speC|f| C purpose TeikKict ural beans are
shown in United States Patents 5,012,626, 3,362,056 L
and 6, AV RECVEMENTSINIMELEYNG HER O WF IANGE MENBERS

'corrugat ed web and pl anar or rectangul ar section 20

hol | ow fl anges. Aust FELROPIHENNVENRONescri bes a
truss incorporating hollow flange chords. O nore

recent years, Tl fhybAf] LGP‘?qs Hcﬁﬂ%d’f\mﬁ% thezmé’rﬂﬁaéture of cold

shaped cross- sectl on have fo avour in relatively

| ow, | oad SI t hot

o oueg 2Rk, Behae e 89, e ob P WRIAAE Bracde, 7O
section capacity, per .unit nass ol d

purlins do haVBe l%we@ﬁpm%%%cem%ﬁﬁ%r{]?‘@ @I&\Oﬂéﬁl&ﬂtexcluswely
capacity as the length of the beam increases due t

numith thé nataridfaciuneg of aclkll forrgedndeal welded, hallow ﬂ@age strhctural
Patents 2 093 886 and 2 102 465 illustrate :

resprehberel y cold-formed J- and | 5 or Hsections
whil e International Publication 96/23939 describes a

C section mmerBA(‘:KGﬂO@N@E@FOﬁHEHWﬁMIW on the
section eff|C|ency of cold fornmed purfin-Ilike

secti ons, g@gggéﬁ’?lﬁ gs?rre%‘éﬂg cohfi QaltIBﬁ’ﬁchfas@l%%tural beams

menber s to in ange
onsequent or at | east ant penal,t
mas BluptiategHn @ exighsve Esravrﬁfegoroﬁ 'éPfoc? H?%@&JOFQV ofthese
beari ngs are shown in United v
beams have been designed with a specific end use in mind. A number of

these prior art dlsclosures 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



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

w®@20080@231, all of which described hoI I ow f | anpetAbBBsB00897
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of triangular cross-section with "open" flanges i.e.;,
they were not formed with 15 continuous wel d seans to
optim ze the torsional strengtif of the fl ange

el ements. United States Pat nts 5e§ %225
5, 3BYPENOr sectionecanaciyper URg & I §<a|e'd°e§§%¢ PPH'HS do have
title thereto, described for the first time cold

f or reighificenit! mitatiemsyén bnamnprzanmw ay fhsdlﬂlgﬂv\mfdih@g beam
process to produce 20 "cl osed" flanges of a circular

Cr 0gf8creasés anal tosh aimberefaliffiténg baeklimpamdes oftfaiure. British
flanges were wel ded al ong the edges of the central web

me ey en%@ogcgg ﬁh'szﬂGBJﬁlaétrétlﬁ%egﬁéct% &id ftﬁfhe@ed and I-

shape ter vve I'ng to produce ol 'ow flanges wth a

L &'q‘:risﬁﬁ'b%ﬁi%rhgﬁ%'ﬂ%%@i@/ﬁ?%é FEA - seston

beans havi ng triangul ar Cr 0SS- section flanges were -
knoWReMRef-he mar ket pl ace as "Dogbone" (Registered

Trade Mark) beans. Al though generally satisfactory for

its intended porgosedeavesr talirpravs @nﬂgepa@mgfﬂc'ency of cold
adopt ed for the manufacture of "Dogbone" beans 5

suf fferaed apmlintlike eéctidigy, tic amasgsropbsegatat istnplay viedlibw-flange
stability and a 'imitation in the range of fl ange

Cr Osrﬁeﬁfﬁ% %‘ﬂcréé@%é’ﬂ&n é’sééﬁ@ﬁ%fﬁ%uf rol;drﬁ@qﬁéﬁi 6F at least
one enmbodi nent stress lures in the weld were

o ﬁ%%f@.’b%%%ﬁ%ﬂ)sﬁ%%‘?%g@ UPF%&@“‘JEQZH’?L%Z?EE
gﬁpfﬁﬁﬁ'cflnon qjﬁﬁ%ghéf ﬁgllogl{lt%@ @2‘%‘?%( Og§r %E’elss SWi%n United

“induction coils/i ngeders to create a current
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mentSiategdatent 8r342:0 0% Russiarciventatis Certificate 82i7n723 and United
States Patent 3,698,224, all of which described hollow fIanged beams 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



resi stance wel ding. Accordingly, it is an aimof the
present invention to overcone or alleviate at |east

wa oove/oai1g he shortcom ngs of the prior art " DopdbDAE2005/000897
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dual 15 wel ding process and to provide a wel ding

process suitable for the production of hollow flanged

cold formed steel members. SUMMARY OF THE | NVENTI ON
According to one aspect of the invention there is .,
pr ovirdsstsectiqr dtamgesf were nknawie inethe nyadeetpiace oag "“Dogbone
flange steel menbers in a cold formng 20 mll, said

pr ogesyistonse Tizidedviahg beaass of : formng a contoured
surface adjacent at |east one edge of a netal strip;

wel ding, by a ﬁ%ﬁhogérﬁallyaséﬁﬁﬁc@%%roﬁs ﬁﬂéﬁdé@b@kp?se, the

strip adjacent sard contoured surface to a surface o

sal d t@élailtgg#r%g%%é%goﬁ?dd fgpr"th%orlrl'aﬂWf]afclt%QSf %Bwréﬂgoeams

al on rocess characterize

or ccRTBrad AuTIE ! shpcomTes, n Pt iend pipitation

and said at |east one free edge is quided through a
pr edpthke rangecdfiifiangacresseseationalsizzoade tmexq%sw@g@@mg costs. In
axis of a subsequent weld 5 junction between said at
| easgnd eethoaimeati gtress datimied inutheaweldvnare bgausedebyexcessive
inparted to said cold fornmed nenber is focussed by a

Pr oxXjiidng ofthkafdrdehed Weldkeh et SHaping Se s rdofik mill.

on sald surface prior to fusing said free edge

(nereto, LRI Bk ey 78980 BNV i etocti

Qg‘ﬁ{ r%gﬁgarfcl@r C(irgfigésgt i ag\ﬁ%@?ﬂl@l dfsrinf ' 8i\fti\edri "Conticts or induct{ion
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



Said free edge of said netal strip may be urged into
abutnment wth said circunferential shoul der by a

w@eonboenesl guide roll. Suitably, said netal stPCPAU2005/000897
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supported centrally by opposed 15 cylindrical roll |
surfaces adjacent said weld regli on as said free edge
is urged into abutnment with said-circunferential

shoul der The seam r, ol ll?) alg .ge ?dj ustably nmounted to . di
gui dellawiflange extensip@along:a 3ide aF a wabe SAIPrPELF Y14 ACg rized in
predeterm ned angle relative to said strip surface., )
20 thaifsaichfrey edgaiisialignes linggely writheapredetermined wiejd s on said
gui ded through said predeterm ned trajectory by a '
contsorfacd df@akesip ahd said ehdBasy oneeiree saige isaguided &uough a
surface of said netal strip between spaced ’

sub ?g@&l%%ﬁhinﬁéd Iiﬁ%éﬁ{rﬂ%btd\i;g :&h@r@ arfl AeRenes agBiofa subs%quent weld

contoured squeeze ro energy may be inparted to

said free nd_.saj.d e r i

by ot PE s R N EBRCOE Bolboty, BEI 0TS Mhereby
current, said coil extend) substantiall,y around said . .
ot AL TEPATER (0 seth 0K Ber el ManTae" Jor eimec P2 ppximity
a longitudinal axis thereof. If required, an elongate, .
r od-elffectaliong seid predetaseired welshaxis en said sutagedorion i vging said
extend within a hollow interior cavity of said

contfraer edyssthel@ioe to a region adjacent a said closure
regi on where said free edge is fused to said surface

of said nmetal |sldguited ASHQ Fréen@ideds algrhdibwitA sarOkeldfaxis by one
the invention there is provide an apparatus for -

" s"Bo e A% Ralinfi [iRlfeRiRE| SABABEE préfiding an

ormn appar at us conpr
seam.r ol | and.rptatably supporting at | east one seam
r ol |abu?men§ foi'said fe8'e gey PP g

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



adapted, in use, to guide a free edge of a contoured
metal strip into linear alignnent with a
wpemdeotmwisti ned wel d axis spaced from said freePeEnygB2008000897
a surface of said netal strip; and, 15 a weld box
stand rotatably supporting at éeast one pair of
" squeeze rolls, in use, to urge said free edge when
heated to a predeterm ned. tenperature into fused
engREfsiaieMined HN%Jdcr@igi%g’Mn%ﬁ yotieaateh CQHP'&"\A@ g source of
axis on said surface, said pair of squeeze rolls o
co- eleetritt curgent said seil exiengingorsibséantially aseunshspid taetalgikip in a
" a predetermned |linear trajectory substantially along
20 planbrmjbéﬁmauypbﬂoafdi@lamﬂasaemu@rmdman exi Whetteiobn
bet ween said free edge and said surface of said netal

strip wher ebylﬁegﬁ%dyiaﬁ%ﬁgﬁie}&-ﬁ@é AdGetich iﬁﬂj’e’&@'slalpported at

~menber is focuss a proximty effect along sai
predetermn A i i

5 sai 8”8@851’?‘5@8%&9& rfaihg ﬂﬁ)\&%tgggp{: n\ﬁ@gqugiﬁ r%(gﬁé%eg surface
and 6 said weld regiaqn el ect.ri cal contAactor .
T imBireslon st sy cireure Egioh Whast SAfFEEEAge 5 fused to
edge and said weld region. Preferably, said electrical
cur saidt surfaderefisaitimetalsiiipl free edge and said weld
region by an induction coil transversely surrounding

said netal 5Agtoiding tv angthenasest pétid iouéatiort thege is provided
direction of travel of said nmetal strip therethrough.

Pr efaﬁrﬁ:fﬂa)f?tyu%tf& Rafle PRV elgingbftdilibwilarfisieePmiephbesrs in a

i s angular adj ustabl e in a plane perpendicular to a
10 5 6 Qo R 5l o B Spalns L0 LeL el v
o ustable el Aol S B, e BFleks) Bodsgam ro
. la%lg;s)ted(,) nr? ugcfe, t%agi;ung aai frree? fedgg %?%Zgonrtgthrle%' metal strip into linear
alignment with a predetermined weld axis spaced from said free edge on a
surface of said metal strip; and,
15 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
20 | 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 weld box includes web support rolls
rotatable about parallel respective axes

w@epemditul ar to a direction of travel of a netEAU2M5000897
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strip nenber therebetween. If required, a web support
roll may have a contoured outery, edge to function as
one of said pair of squeezelwﬂqs The apparat us nay

i nclude nore than one se required

L R Webh Eediph Sy et qanActaR b ENeAELD sebetal stip

seamroll having a circunferential shoul der thereon,

sai cadjacenishig frae iedgesincisaidweld regiee, provi ding an

abutment for said free edge of said netal strip.

Suitably, a comefsraply, gaidddectathl dusrentdyindieded imsaiddree edge

to urge sald free. e ge of said netal strip.into

abutpRig ﬁn H’{Hu%'héﬁbbﬂkraﬁg\%#bél?%urrbﬁndm% said metal
=S ape

il
requi rec? a ro i mpeder supported at one en

st armi o f B PhiBsnifefon RCa YirdtRbR 7SI osqid, metp! st

edge, regi on of said netal strlp BRI EF DESCRI PTI ON ‘OF

THE ¢ QE8M n order that the invention may be nore

fully understood and 5 put into pract] cal ef f ect

reference wil|Piebevably, atlgestengelesaid paigo f suesae rellsis angularly
illustrated in the acconpanyi ng draw ngs i n which:

F Gaoﬁuﬁbbl@nman@beqmdoycmrdolajdweﬁtionfafrtnavagofradld metal strip
for hollow flange nenbers; FIG 2 shows schematically

a Prihefebdtivedyal wel d process; 10 FIG 3 shows
schematically a prior art squeeze roll region in a

vel d box of a goldef ghl of S5l Péir B suekrCrors 015 adjustable

schematical |y 'an"enl ar ged Cross-sectiona
relative to the other of said 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



view of the weld box roll configuration of FIG 3;
FIG 5 shows a side el evational view of portion of a

w@edod/ooid®s f ormi ng m |l incorporating form ng red1t/AU2005/000897
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searri roll and weld box stands; FIG .6 shows portion

of a'formng flower pattern of_a hol | ow fl ange beam
fromthe | atter stages of forrr?ng to just prior to

entry into the weld box; FIGS. 7a and 7b show

schtheseok; alpsjreano of saig ORADITMeFE SERBWII smdﬁhéxtends into a
configuration of the seamguide roll stand; FIG 8

shonsliee eterd 6fbd bpntduesd edge gegian iod saiulf miked siwip.d box
stand; FIG 9 shows schematically the configuration of

the rolls in tBRIEF@E’SQR’FP?W@F)THE BRAWINGS FI G

10 shows schematically a phantom perspectlve vi ew of '

th I

Shovs. schomat a9 RLAGIRRARA oy B gt affk dngbhstogd and
f t d
schzugﬂﬂsozfm%cg&zr@gzceea%ww%ﬁe B, grtoned

coi | /i mpeder assenbly of FIG 12, in use, with a

hol eEWodirargts ilustrated in thecaegampaming-Aayvings in whighsw
cross-sections of hollow flange nenbers made pursuant

to the net hodFi@d1abpwsachematicalidarapld colt fegming mill for hollow
invention. 10 Through the draw ngs, where

appﬂgﬁ@éﬁq&nbégske reference nunerals are enpl oyed for
li ke features for the sake of clarity. DETAILED

DESCRI PTI ON' O dHs sﬂ%\é\’mmatlcally a prior art dual weld process; /

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
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,
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;



FIG 1 shows schematically a typical general

configuration of a roll forming mll which my be
weapboyeds i n t he manufacture of hol | ow fl ange PABAU2005/000897

menbers as exenplified in FIGS. 11 to 14.

Sinplistically, the mll conpri,ses a formng station

11, a welding station 12, and §“ shaping station 13.

Form ng station 11 conprises alter nagi ve drive sgands

14 and form fGr B0 shawssehemaficafly p poagtosn perspgclygyiew of the

coupled to a conventional mll drive train (not

shovai)s inutthe iweld bast stdndkopFEy.idig cont oured form ng

rolls to 20 assist in the shaping process, plain

cylindrical r@Gs1asroweBChyBEtitallyghé posfigebtiosand reldffonship
in a central region corresponding to the web portion

of tolﬁgnriﬁéﬁﬂt&a%i{aﬁ@ﬂﬂ?ea .formng roll stands 15 are

forned as separate palrs 154, 15b each equi pped with a

set of contour, ral lers ad L f.o : :

5S¢ ange porti orﬁ%n 1%p§|6%\fv§ }cﬁ?b@iw%@ ?héﬂagg?%%%tléﬁyrr\@?\gl of the
16 as it passes through WO 2006/ 000018 9 the formn
st atindretoragoil/ e aFRPRRY | Ofs?gfrdgglg‘ayi%bwga %’gl“o‘%’ flange
require coupling to a drive train as in conventi onal
col dectibn tHeveim; agdni [ |'s, forming roll stands are
readily able to be adjusted transversely of the

| ongi tudi nal #GS. df3-16 lsaowi drbsé-seeatimranubhaliey flahjewnembers
fl ange beans of varying width. 5 Wien fornmed to a

desig, ?D&i&ygﬁﬂﬂeor%@thdboﬁﬁﬁ EHFéﬁdﬂ%‘acé&ﬁin dfe invention.
SErip |

forne enters the welding station I2 wherein
the free edge f ed.ponti.on Oy d

10 nto contact WiTRUeRePEe 6PAIRGs PSS pAbRigt, (R, raference
approach in the esence. of _an E | di n rat us.
To, dunarels are aRloVEA ToF “*%%f@#%@%é@? skt ety a
desired weld 10 region on the strip_ surface, the

formed strip PETAIERRESCRIBIKIN S¥atHRIPEAWINGS

stands 17 into the region of the ERWapparatus shown
schemat i cal | y FHG. 1hawsAfchematicallysa typicad dgasralednfigigation of a
wel d seam |l ine region on the face of the
roll forming mill which may be employed in the manufacture of hollow flange

| 15 members as exemplified 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 stands 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

20 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 resultant

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 are heated to fusion tenperature, the strip
passes through a weld box stand 18 to urge the heated

w@osiaoss t oget her to fuse closed flanges. ThePABAU2005/000897
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wel ded hol | ow fl ange section then proceeds through a
succession of drive roll stands 19 and shaping roll
stands 20 to formthe desired Xross-sectional shape

of the menber and finally through a conventi gnal .
t ur Wesfdraning rstation. sAsilae Forming falhatandsr H5aAPRNHA Joinkpauire
thence to issue as a dual welded hollow flange beam

22. cdiistingRy\ave veerain e it conventionakodd roltformimg rilleforming roll
edges of 20.the strip and respective adjacent regions

of ét‘éﬁd%’i’% %éaug%b% PrRAdustedaidrRobrsdhesaetoryifudieal axis of

edge and the nearest portion of the web. Because the

t he SENne ' j ' ; i BRI pate

oi - e B Rod MRy oarhs 3P Eiy AR P

fl ange, additjqgnal_ener is required to,. i . .

suf f ?ci ent he ?%f%n‘?ﬂg%véae?'é%ﬁ?bﬁoﬁséseeqlgbgggﬁﬁfgugﬁhOn' the
with the free ed%e. WO 21)1)6/1111111118 PCT/ H2§1113

/ 11edge Brener! stap ﬁlietntﬁrsﬁlaﬁwsaldmsiﬁéiaﬂd2t\fmﬁfewct gdiasedges of

conventional roll formng techniques and an ERW

proedgs furplenlyipugtiore areaguided dhtcercanggctr edii rtbe web at a

heat the inner strip portion to fusion tenperature is

SUCP GfeténifddShdidof dpeackda the pesentenofl arrERW welding
to row as nolten gl obules away fromthe 5 edge. As a

" eSUbhathud M@ astitt R 160 Sthe O RABERTERETE b Adsired weld

are ange was reduced significantly an

contrql of the strip edge into [ :

o2 B bE i St Hh e BB BB flough spam auide

prior art technique for high _f uency ERW wel ding. ..

10 roll staods 47 ntadhasegion ke EBVH2aparatys, %\e’ﬂﬁbeﬁ‘at!ca“y at

cross-sectional = shape in an endeavour to minimze the ‘

ext difa. tAftasthe btripheddes anshihe weldesam lingisepion apethe face of the

formed to bring the free edges into contact wth the

edgatfyf afdeated to fusion temperature, the strip passes 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.



web 30: Pairs of contactors 32,33 coupled to
respective sources 34 of high frequency alternating

weoseoniel ectricity were | ocated adj acent thepdT/862005/000897

edge 15 34 of each flange 31 and adj acent the edge of
the web at which a weld seam s to be formed. As can
be seen, the free edge 34 ofeach hollow flange. 31
approached the wel d seam at

" both in a ver tlitbgrto 'bWé‘ﬁefo'alﬂ@ tgasm%\f f"gﬁﬂta%ﬁqwﬁpglﬂ'eal r,gﬂ(gormmg

3illustrates a typical prior art weld box roll
confeajniguitesoand ao mEpeess ererloying thesplantityoftanergy required

"shaped flanges 31 inwardly in a horizontal direction
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lower support rol

whi teheainihelneer &ﬁfwlmn tol fusioditemperafues & such &8 tchcause the
38 urge the heated free edges of

t hefrtele to' kSEébn‘?@ ﬁcmeh AMd b o eatrﬁ@ilterf g@bgrésaéwémom the

edge of to effect fusion therebetween.

2%85% “ °éi§%'§5">ﬁ SR f@ﬁéﬁ%if}ﬁ’%l%‘%ég%ﬁfﬁlﬁ% 3yeg of the

1 by the side. rol and s rolls 37 is
of 1 B0g8 wiap tedlupe Saniioaiy e GNRGET kP sam i he weld
effectively reducin |ts dianeter. FIG 4 is an
enl potdbecapwssmoee ditieidl: vi ew t hrough the wel d box -
roll assenbly shown in FIG 3. Prior to entry into the
wel d box rol | FiGse@rshyws Sschieovaticgyexr ariby aat tehniquee for high
free edges 34 of flanges 31 are spaced above an

ultf@bgn@ﬁm\ﬁeﬁé{uin@gati ons 40 on netal strip 30 as
shown in the cutaway region in a sonewhat exaggerated

manner in phang ﬁﬂ*t; $5hd Pfgbrﬁ \A/aé el in %@Catr&%le cr%ss-sectional

proceeds throug he wel'd "box ro asse

ST Ao AR Ay s
53 o b 1 SRS 0B i of e

they contact the surface thereof at respect ive weld
seamgo30.t Pairs ofl 0ontactors 32,33 coupled to respective sources 34 of high

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 for%med.' As can be seen, the free edge 34';;of‘each hollow flange.
31 approached the weld seam line 35 at an angle thereto, 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 flangee 31 inwardly in a horizontal
direction while centoured squeeze rolls 37, co-operating with lower support
roll 38 urge the heated f;ee 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



During the "sweeping" notion of the free edges 34, the
heat "shadow', induced in the web by the proximty of

wo bwehomes edges 34 was 15 caused to nove out viedTIAY2005/000897
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froma position 41, represented by the shortest

di stance between the free edge 34 and the upper

surface of the web, towards tide wel d seam position 40

at which fusion occurred. Because of the inability. to

f ochisthensidaealls 3G 1and equenzetlis BY iseiieatyebf toaol theneritﬁe flange
ultimate weld seamsite, a substantial anmount of heat

eneé@dtndfﬁﬁhﬂﬁt%‘iﬂel@ﬁ@@? rédudimeitsveiamé@rand t he adj acent
regions of hollow flanges. In order to overcone energy

di ssi pation, Efpe fiseé?ltéril?@led%thers@'éectlbﬁﬁlqiie\mlﬂﬁou%h the weld box
i ncreased to conpéensate heat energy | osses however

:Rlescglxé% endetﬁy]gﬁo%ﬁri Eﬁ@ ﬁorf@ge%t @)tﬁre (\)ﬁré]?h ?oﬁ Sssembly
e i TLE b TR, 1P 420 ot abovoa

overheat the flange edges to |nduce sufficient heat

i nt altinfete walt) sedgelocatiais 40 Ananeiglsirie 3Ras shawedn e cutaway
was exacer bated by edge buckling which resulted in :
| 0s fedibn Weh Gonicbihatidxaggetatédmanmer frephaniost.ofertie roll formed
that the aforenentioned difficulties 5 can be

Ovegcom @%g@b&gfngaﬁgﬁ Bt (6182 0RFERasserhbly 30, Biedfreeréddis 34 of

the Inten ne as it is heated and t hen

R AR TP SRR oy oo

direction cor ondln '

| ncPERSEUERD O WS PO PRETRERg 58'?% 35? ﬁ@ W%%SBY 3@‘? Jipe,pdges 34
flange edge in the vicinity of the weld s

gui dsweep'trcrossthelsuréangeoforeh 3\@ UﬂF'b‘i‘i‘@¥ cg%%ctéh%%@l‘f@q:ﬁ thereof
predeterm ned trajectory, the "sweeping" effect
causefespectibe weid seamrpasitidrise4d.| ange in the squeeze

rolls of the weld box avoided the probl em of inducing

heat into an yifeeeasivelpitigtendtiinhof 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 wes 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



extending away fromthe desired weld seamline as the
free edge was brought into alignnent with the desired

wowdodos®asn | i ne. 15 The far greater control ofpPehavukiognooss?

frequency electrical resistance or induction welding
process has led to inproved prﬂ?uction efficiencies
and significantly inproved manufacturi ng tol erances on

he dual nb d
 acedPidiemeRt 5 Ovaraent be tehdh erba u diice St hegt into the

" to the invention. 20 FIG 5 shows a side el evational
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vi ewelt gslgier iawbitinaadesupte oveld intraiitngvas leixacerbated by edge
i ncorporating portion of the formng station 11 and

t he kenbisting prhegharestuited imfodswelwbld gtatilityi on 12 of FIG

1. In FIG 5 a mll bed 50 supports a driven form ng

roll 51, an ijdhgs n&kl%@n@?sco%réd“t‘%'tth@@ﬁeﬁtfbrn%réﬂ‘ﬂcultles

stand 53, a further i1dler stand 54,

21

Sl OB Pe RSB haalige ek én@eléﬂti«%nﬂ%e P ptended
For Mot e e Hralesbariins Lald e oS egge odine stointp contact
seam gui de rol | st and 60 and a four roll weld box
staitothe heglgdeweberogion aloagds sWaightl mihwey ainwer direction

coil 62. 5 FIG 6 is illustrative of a flower pattern
f or cartespbodingltamgiesinedrangle of indideade betwéden thd web portion and
portion shown in FIG 5. Section 6A is illustrative of

t he thd pstfloR mflmqtﬁeag@mth@ MicirfifyasTthe wald Sefh B? g‘g?iﬁ the free

illustrative of e shape energing fromroll-

seCtdqaR o gﬁ? Igﬁpg ggé "ag%'l o goﬁlrSHQ%rﬁﬁWébeté% foH, e 508 ping”

seam UI sectlon

g A MBE i DAL e et
51 O SHROGE fhet Prabiom G4 1L Brgni ERaRSEaRRATM wide path
and eweending 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 supports a driven forming roll 51, an

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



edge 40 of web 30 and as the section approaches the
seam guide roll stand 60, the cross-sectional shape

wtoobh@ono! | ow fl ange as shown at 6C has 15 adet/atd20m5/000897
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somewhat ovoid shape. It also will be seen that the
position of the flange edge 34 has been fixedly

| ocated relative to the edge 4% of web 30 in the
region of the induction coil 62. FIG 7 shows
schanrdtripegler ybrablestc 651 iaguuadriven efige Hermingnstandig6, a further

roll stand 60 of FIG 5 in which FIG 7a is a

dowpadmeiedeioahinyethnd 5Zya driden Rnfigrolldtans 58with side rolls
upstream el evational view. FIG 7a shows schematically

god?g“ﬁsr&?ﬁgl S‘l&ég?ﬁfémaé%n i 66 andhg fSGBINALId 56,28 nd 61. |

stand 60 conprises a support frane
65,, 0n .t A unted a pair
of Lﬂ%ﬁg%&g‘&%@@gfﬁ?@@n@g%ﬁd ggﬂ%%u\&gr soﬁlpép%rt rolls
66, 66a each | nal |l ed for. rotatipn abo
2006/ 000018 PO AP V%@%@ﬁﬁai@%f&é&fﬁm Bplgw flange
axes 67,67a and seam gui de rolls 68, 68a rotatably
j oumeshbercproduced prethel mél pattion sbewaNe$169569a. Seam
gui de roll.s 68,68a serve to guide the free edges
34a, 34b of hoketloi bANgHisstativilef thetshaperegnergiigtadm roll stand
alignment with a desired weld seamline as the cold

f s | -
or g@lg%e;&@flﬂms iiRsHRAUE BEMRSSHap eﬁﬁé&@ﬂ??frém rbBst@hdB8esection

wel Locat ed about the inner "'edges of seam

o £ & Bsirae B iapd BrIAFRortlSRERT oK o) Sand 60 and

Ehosectionges Nistiatvept e hERE ol Bl 19 Bied s5ueh b to entry

Bot h seam gui de rolls 68,68a and support rolls ?6, 66a
ar eintaiedd Pox stanes@ hbhe cap besesmibadipiediely he frergege 34 of

menbers of differing sizes. Simlarly, seam guide
r ol hsli®8 fladge lefollowstaapath ofdeastalistancs bppueen edgend4 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'ollow 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 relativ_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
foil 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



65. FIG 7b is an upstreamview of the seam guide roll
support 15 stand 60. Located within the arched frane

wW®20080@088 cyl i ndrical seam guide roll 71 and BCT/AU2005/000897
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cylindrical support roll 72, each rotatablyjournalled

about respective rotational aﬁgs 73,74. Support roll

72 includes contoured end regi'Ons 72a to acconmobdate
portion of the hollow flanges 31 while beaded 20 ends )
75, 7T@igoedsedationdl daxeso 07 ,.676c &nd 8@ ghide rollsr 68 fas rotatably
40 of web 30 with the free edges 34 of hollow flanges

31 gbutrialled oagespedtivelinclipedsaes 88@daoSeamajuide folls B8[B8a serve
30 is firmy clanped between the cylindrical portions

of rgldidd the fBE el B4 SHSBF hblik flaRges PArPR{ into longitudinal
particularly adjacent edges 40. FIG 8 shows the

conf j on.of the. faour Jol ld b ' :
21) 1%'%)*%2%@1% ‘%%F%ﬁug’ﬂ‘glge@“ﬂ@ﬁ%ﬁé Iiglf\g%rﬂeg section
5. Weld box 61 conprises, a | indrical,, top roll 80

and 2PRGRE fl‘.@aqqra%eggépll§ B\p%eé’f{gwqq’f hnt gured edges

8la, each of rolls 80,81 being rotatably journalled

about respect ibasated abouiihe inpasedges o8 seaprgwde sells 68,68a are
squeeze rolls 5 84a, 84b rotatabl e about respective

i ncl peripthesaideatizd, Rigesaiewhithseed: a®an abgémehtaganstadhich the
free edges 34a, 34b of hollow flanges 31 into

| resprsd ipvges AL theVRbHow SRifiges NAay @@ aRfedicPBligh fifose flange
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oppobsed boundaries 40 of web 30 to effect fusion

ther‘%ﬁgg\éw@ggﬁ@?ﬁégagﬁmg@c%nuous weld seam It wll

be cavities fined between squeeze

of eyl i nar i cal BalERR Site ol aPBRE BN SuRbOG el 6B ea are

simlar to the cross-sectional shape of the hollow .

1 ar@jéallyzdjustapledsaecemmgdale bollw fignoe memesrsgf 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 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
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



The free edges 34a, 34b are urged toward respective
weld lines in a linear fashion perpendicular to the

WO e®peabis/e rotational axes 85a, 85b of 15 sqUBEE&U2005/000897
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rolls 84a,84b without a transverse "sweepi ng" action
t hereby mai ntai ning stable induction "shadows" or

pat hways on or at the desired 1éosition of the weld
seans between respective free edges 34a, 34b and the
oppdd&d Shoundari es 40 of web 30. Cylindrical rollers
80,81 are adjustably nmounted for novenent 20 in an

upright plane \ngicigoxi61 oBimprises a\eylifdricartopesIPES hhd alcylindrical
the screws 86,87 being coupled to roll 'carri ages

88 q8werrNEST Wi ltﬁ gﬁ&ﬁ%ﬁ?ﬂgégwgg it rolféjg@gbl.tbéziﬁ@l:@tatably

Squeeze ro y noun

Fr afgaisySy sBBLL SR N (Pt S BB d b onsBRR e 7o rolls
PCT/ uzgng?/ OO&%? 16 -adjustnent al ong respective

o iRk ERiatble Gay FRSARHYE BREY:Aan Bo% 8 ate ariapted to
Squeeze roll port frames 93,94 are, in turn,

adj ugganhg h fr@e ¢dges: 34m3dbrafchationeflamgesHp1 dntocrespective
98 coupling nountings for support franes 93,94 by a

t hr emdéel wielf sedifl linadedions afurigihe appoesd boubiafies 40 @Msveb 30
100. Preferably, roll support franes are pivotally

nouR edfeenffsi @H%er@@et@@enﬁb@%éﬂe %Eﬁ%us@b@f&t seam. It will be

respectlve axes ‘parallel to the direction of

St a8 B g Geflntlr G brd g@lsa%%aaséb and

range of hoIIo flan e ers of va nsi ons
a0 TEPRRNE o ton Sl G17 of Buinaicg! Supomeohal e ovoid in

in the weld box W|th extrenmely precise control over -
t he ShRRpesiMdlay tohthr gerossrseptional shane adgthe dblloweflanges 31
hol | ow f I anges travel towards a precisely [|ocated

web.
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



FIG 9 shows schematically the configuration of the
rolls in weld box 61 of FIG 8 to nore clearly

wo bdoaseaoat e t he gui dance of the free edges of PABAUN®S/000897
hol | ow fl anges into the weld seans along the edges of
the web. In the drawi ng a sonewhat exagger at ed '
position of the formed hollow &l anges 31 and their
respective free edges 34 is shown in -phantom As the
f or nadjustaentorlongpespedive sliding exes &6MH hytmeans lodladpustment
flanges 31 are urged inwardly towards the contoured

endssdidws 097 sePquicdze roll bepsor fradfesvaiBedn s ! gsondatijustably
“the novenment of rollers 84a, 84b al ong respective

sli %BGh@&%r%ar%@g%% RloQBhhenk bﬂqfsg'%}“é P%@lerﬁ%?ﬁti"gs for

can be seen that about half of ( r
s 1 Speften R By Bt ALt 08 sdTob g §R8Tement by

wher eby t al t flat region.of the flan WO

5 50063 TDNB 1D PETP IR GHBP SIS i e EHEquntad on frame
edge 34 and a correspondi ng portion of the opposite

si de90 &r pidetal mowgmentaboul vespactiyetaxes pasakiel daitbadjrection of
portion towards roll 81 whereby deformation of the

‘r emanoivamenoof a biollol flahged Ineergbe pricxirentrdugh wdlgebalOstand 61.
of the web 30 is acconmmopdated in the contoured edges

8la of rolls 8fne adfduié Yoll Mouttihh PRDRREA Willdrahdteof hollow

free edge 34 of the web 31 travels in a straight Tine

trajgpct r%ge}n%etrg Sf:f%gﬁggﬁ)rg%f\siwﬁg aﬂg %gﬁt@%ﬁaﬁ@éﬁhgumﬁons to

seam | or med. OWs scne

phant om nl.arge erspective view,of the .
10] o1 ahs BeblrchoRe fve bBR B el pitise pomenl qypsihe tigiectory
- and | ower support rolls 80,81 as the free edges 34 of

£ | artjeaugimwhich thefree @doas of Mqilﬁw/ﬁangesﬁ@vsgm% aprecisely

40 of web 30. In the enbodi nent shown, |ower support

r ol llo8dtedsweldl sezim fne ddpsentbpaatiheledgeswofiibé imzmbet Web.
el ements, each
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
15 . 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
20 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



with a contoured outer edge 8la. FIGS. 11 and 12 show
schematically the high frequency 15 electrical energy

WO pbaoedoosn appar at us 100 enpl oyed with the appeCEAU005/000897
according to the invention. Apparatus 100 conprises an

- i-nductor coil assenbly 101 haV|ng a shaped sheet

. copper coil 102 which substantIZIIy surrounds a hol | ow
fl ange beam 103 as it travels between the seam-gui de
r ol ladjaceritdine éned ddye 2Dame actdnespomding pstiembf thelddpasite side:
supported at opposite ends by copper nounting
br acif @i fidide #d driver BYEthePhs anmitad) poioARSWaldR! ol 85 whereby

t her ebet ween. For med over the surface of coil 102 and

out 1ot e ERRRinb Ao BP UM & o@?é“w%é‘ﬁﬂheedge% of

h 102
e Y4, B e B /ﬂtéééa(ﬁ]'asof rols 81
/1111118 9 7 18 capacity of 400-800 Kw AC outp
5 100 bayally, Bcuill e weenithat the fieeledgec3diafiths web h°6| IFBV@IS in a

flanges 109 of -beam 103 are el ongate. inpeder support
r odsstraightHimei tngjectdry idithe @idgei 4pelieved 30 Wharedbbedeld seam is
thereto. As shown in FIG 5, inpeder support rods 5 »
110 fafrgegupported on a bracket 55 upstream of the
wel di ng station 12 by members (not shovvn) extendl ng

into the flangggcay t|sﬁ§¥\,%0§cp{é@889ﬂ d R B Hﬁﬁ?nalﬁ hénlarged

free edge of the ho | ow tl ange ad) acen

ai v efanectvs B0 ar PR PRttt %%%%é?%%iql@%%aa??%ig upper

edge of the flan adj acent_ side of t
10 web ¢ !QWEEJISVP%O’%&! %%ﬁé@ﬁﬁ@e fregadges s %f?ﬂansﬁa afe “Ulded
stream of cool air-to inpeders 111 containing ferrite
r oddntprfasioshwiii the blogadariss #6 ofevethd: dnribe-embpedimegt shown,
range of exanples of hollow
lower support roll 81 is illustrated as separately Journalled 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



fl ange nenbers able to be manufactured in accordance
Wi th the process and the apparatus of the invention.

wd 20000183 shows a hol |l ow fl ange nenber 120 hedT/Ay2085/000897
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pair of «circular cross-section hollow flanges 121
| ocated al ong the edges 122 of web 123. Menber 120
may be enpl oyed as a structurall8renber as it is or it

may be used as a precursor to hollow flange beans
havi egpadityrnfed0e80h K ACratipuirat 4000€Hzsect i ons. 20
FIG 14 shows a hollow fl ange beam of the "Dogbone"

(Regi stered Trpgeatblinkithie dthéitmioat tanties oqiembwomges 109 of
generally in United St at es Patent 5,163,225, FIG

h h I h
showsesimhebs oy é’é!etr si I;gr}SH%aLppl B cylindrical

according to co-pen |ngAstraI| ten

2003 / 1 PCT./ 11 5

T 11 bt 117 tbhed gt o ot By ot poortrods
vvith ct angul ar use as chords in

corpbLF Bt Pitiadtont afn & braskeh ba Uneirearm. ptifimwekiiae station 12 by
and apparatus according to the invention is

par t nennbers (naldshewalextesdingr intal #p flange aaviieschdhni the gap

sections such as that illustrated. Wile it mght 5

ot hetsetiveenlthe ficbladyel df the hotdwl flahge floeaineidtie sefjadent side of the
hol | ow flange to the surface of a web |ntermsd| ate

i ts \wbisle Coduat c%ﬁl%tléﬁrt%’éis 1 1»8rd 'aYn ﬁf tuga%el R tend through the

because of an inability to control ree e

dee

e PR B A sl e B o
[ ifi t rocess, due t ecise flan

10 3G QVER 16 rIPPIA 8 TECPERNG, Y OBkt Brtia@mzpl cool air to

person skilled in the art that nodi fi cati ons and

var i iEtedgEs bl coptairing femite rds ot Q%Qwa)spect s of the

present invention w thout departing fromthe spirit
and scope t herld@&S. 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.



For exanple, the configuration of the formng rolls,
the seam guide rolls and the squeeze roll conbination

worepch@oaapt ed to permit 15 differing angl espef/AU2005/000897

approach of a free edge of a hollow flange to a weld

"seamto ensure that, as far as possible, in the

subsequent shapi ng of the holl flange to a desired
cross-section, little or-no stress is inposed on the

wel d seam whiFt®. ¢®shdwk @dubliow Bangeskedraiwithr rectangular flanges
21)1)6/1111111118 PCT/ AU21111 5 /1111118 9 7 20

CLAKRiselas dhd?l8 S SohPosite trus 8 Beul stiuegurel TheWeliing process
flange steel nenbers in a cold formng mll, said

R AN 08 g s
L el i Rt SRR 5058, e o

surface of said netal strip to forma holl m;fl?n e

oxt oHEmisebo diffielsiogusldithe fipereddsicn holavedange fo the surface
characterized in that said free edge is aligned

| i neérd webi interanaqtiateeite sidenedges whex farmead dwyardiyoof the web
surface of said strip and said free edge is guided

- thr geghuse bf afahabilliyedcoritioieieé fleeagdiisodeemimthe etrannel with
“incidence axis of a subsequent weld junction between

10

15

:ﬁiegg;ﬁ/h %;Gﬂ%troflé Sfonhity g@g@?lgﬂ? g?ﬁ%egs SUfRaR JhREakYDb greatly

nparted to menber i s
focussed. by, a proximty effec or 31.d
o SR R AT Lo 08 o PO 18 hage pyrrl
fusing said free edge . 15 theretg. 2. A pro S, as
claimed in cl & Fﬁaﬁﬂw}l@%agﬁﬁ@“&t‘é@ B%‘&Qnié(ﬁeﬂ INyHggart that
with said weld axis by one or nore seamrolls each n
havimanymcciificatiohe ment vaslations unajebe prase ta e various aspects of
abutment for said free edge.
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.



3. Aprocess as clained in claim2 wherein free edge
of said 20 netal strip is urged into abutnment with

wa agodoaiong unf erenti al shoul der by a cont our edp@UAUR005/000897
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roll. 4. A process as clainmed in claim2 wherein said
metal strip is supported centrally by opposed
cylindrical roll surfaces adja@@nt said weld axis as
said free edge is urged into abutnment with said

ci r dbipARM®nti al WO 2006/ 000018 PCT/ AU2005/ 000897 21
shoul der. 5. A process as clained in claim2 wherein

sai df seam r ol | & ppdRss 6k iHShdReIdIMgWitellol Aafige dtest Aigibers in
free edge toward said closure region at a

pre ' I j i Ik face. 5
6. ° & SFRTERAMGIR Sl Bhe RN B oot e
edge of said tal strip is. quided through, said

pr edet er mi ned %F‘Q]'@c? SPQPWG%%HH%P%W&FG@%EG@?S opg gdge of a
extendi ng over said contoured surface of said netal ‘
strifpetadstiien. spaced substantially parallel contact

faces of said contoured squeeze roll. 10 7. A process

as clai ned i n welding, byvareERW pretesse meiresy edge of ispic medal strip
to said free edge and said predeterm ned weld axis by

an i adjueéntoshid eBhtoussd BUEECE ¢ @ SwficeeobEaidimetal istrip to form a
current, said coil extending substantially around

sai dhé]E)Wl @é %ﬁegﬁﬁpg a@éﬁ% siisTands dald/ prbcgss clzr%argcteArized in

per pendi cu ngl Inal  axis thereo

perebean e dpe paloted e W & e deltuRiBld aXjs pn said

 ona s Bt At e R BB B minec
wherein an el ongate rod-1|ike
linear trajectory along an incidence axis of a subsequent weld junction
between said at least free c;ne edge and said surfacé 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 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



i nduction i npeder supported at one end extends within
a hollowinterior 20 cavity of said contoured surface

w0 2008/000g8 on adj acent a said closure regi on WEI/RUSME/00897
- free edge is fused to said surface of said netal
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strip. 10. An apparatus for in-line ERWwelding of

hol | ow fl ange steel nenbers idla cold forni ng mil,

sai d apparatus conprising: a seamroll stand rotatably
suphouidey. at | east one-seamroll WO 2006/ 000018

PCT/ AU2005/ 000897 22 adapted, in use, to guide a free
edges. of a contRyresksdeisatiamhéd n thim 2 wheedin sald gearamblls are
with a predetermned weld axis spaced fromsaid free

edg f | g Ry i i

pox, 2 iBohHONAER BT ElTHe® edye (iarBnaid Botfittegion ata
squeez olls, .in use, .t ' edge when
heat@ﬁg‘?{?r@'ﬁdea%glgrrﬁ{aﬂgg téj% %ﬁp%ﬁé‘? Hﬁégg'nt o fused
engagenent with a correspaqondingly.heated said weld .
axi $-on said SNPFESS %&?Q!n'ﬁé’i' c msG‘UE@'?é“ §%|p}?geeedge of said
co-operating, in use, to guide said free edge through '
a prradt strip iseglitiec daough spiscpredetermirediirmjestory by aagntoured
an incidence axis of asubsequent weld junction between

sai tyfuceeeertiiceafdihg swirdsaidr éattourdd saifdceresfaaidtmetal strip
wher eby energy inparted to said cold fornmed nenber is

foc y LBfantishy Peralfll Wihts&l fhces of said contoured |
pre eter%ﬁngﬁaﬁqoﬁhgga?ﬂ oy;%gaei‘d surface. “11. An

apparat u y clainmed in claim10 wherein said
el ecﬁarqec,ezfaﬁgu‘current is induced in said free edge and

said weld region by electrjcal , 15 contactors. slidabl .
engaGi ng said &eﬁ‘@lceﬁ rqspdégpﬁﬁle'ﬁt clggpd‘?fvyl%%reghé/\@q@rﬁﬁlergy IS
said weld region. 12. An apparatus as clained in claim
10 vimpasied tosiait Beeedge and saislpredatermingchwaleaxis by aajngduction.

free edge and said weld region by an induction coil
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 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



transversely surrounding said netal strip in a plane
perpendicular to a 20 direction of travel of said
woreioahomis i p t heret hrough. 13. An appar at us aspct/aUined000897
in claim1l0 wherein at |east one of said pair of
..squeeze rolls is angularly adjustable in a plane
perpendicular to a direction4# travel of said netal
strip therebetween. 14. An apparatus as clainmed in
cl aptapRdMirenss oajuideasteoadgebf Wantyured/ mated stripling> linear
PCT/ AU21111 5 /1111118 9 7 23 said pair of squeeze

r ol 'aﬁgl‘gﬁeﬁfj\llvlfﬁtaa&ESefeﬁ‘nﬂ{éd/ﬁeldoaiIQepééétﬁfroﬁf saldifidepsdge on a

rection perpendicular to a rotational axis of
sald aL.qypair of squeeze rolls. .15.
Hﬁ%?%gﬁ§&g§n§aggﬁ® hﬂﬂ claim 10 wherein said weld
box 5 includes sup rotatabl e ;
paral | el resp8cYEl b9§égan%é9%é?1®}'c§ﬂp&o?tfr}9 3?2?#(%0%60#3“ of
of travel of a nmetal strip nenber therebetween. 18. .
5 An sgpeeza wilsap uskaioraeisaidires afaewhgahepiedip arigdetermined
one of said web support rolls has a contoured outer

edgeerhpefatnetinwfussd engagément with azmrreepomﬂn@y;heated said weld
rolls. 10 17. An apparatus as clainmed in claim 10

| nClyfdl dWisarg %@rf"aBé‘réa‘M‘ﬁalr éﬁéﬁﬂlé&é rofis 86bpetingiin use, to guide

apparat us as claimed in claim10 wherein at |east one

a C,S%@Lﬁ?%ggg% pbgﬁ%ﬁf}gaei&ﬁ*ﬁm@aﬁfaﬁ%@tbﬂfléuH%?éﬂtfé@y along

cburtaRcasare 8xp 87 pubFo e LIS Ly REB HehieT e reg sdge and

1o L S A o s
said free edge of said netal strip into abutnent with
sai' gneinbevisffecesseddly sproxindiéy effect along said predetermined weld 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
15 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
20 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



20. An apparatus as clainmed in claim12 wherein a.
rod-shaped 20 inpeder supported at one end thereof,

wapesoaans of said one or nore seam roll standBCT/AU2005/000897

10

15

20

extends into a hollow interior of a contoured edge
region. of said netal strip.

said pair of squeeze rolls is adjustable relative to'the other of said pairin a
direction perpendicular to a rotational axis of said at Ieasf 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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