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(57) Abstract: A cold roll forming mill for the manufacture of hollow flange seam welded beams from a single strip of metal
@ comprises a forming station (1), a seam guide and welding station (2) and a shaping station (3). Either or both of the forming and
& shaping stations (1, 3) comprise independently supported side engaging roll combinations (7, 12) adapted, in use, to roll either or
@\ both of opposite sides of the strip. Adjacent transverse pairs of side engaging roll (7, 12) combinations are selectively movable
relative to each other in a transverse direction perpendicular to a direction of travel of said strip through said mill. At least some of
the side engaging roll combinations (7, 12) are driven. Drive rolls (6) spaced within the forming and shaping stations (1, 3) engage

the strip between opposite edges thereof.



BACKGROUND OF THE INVENTION It is known to produce hollow

flange members by cold forming light gauge steel strip to form a section
wohang@aanar web and hollow 15 triangular cross-section fREEYAE2005/000898

extending along opposite sides of the web. United States Patents 991603
and 3,342,007 describe the manufacture of such beams by a cold forming
process wherein the free edge of the hollow flange lies adjacent the edge

of the web but is not secured thereto. Thgpeghollow flanges are known as

"open" flanges and lack torsional resistance. 20 United States Patent

3,698,224 describes thesmapuROiUrFORMWING ARRER&AWS Y a cold

forming process wherein seam welded steel tubing is subjected to a

shaping process which flattepgthp ©PeTidFoVENDION flange beam

with a pair of juxtaposed webs. In order to improve the section efficiency

of "open"” flange W@ QaRPHiIdh0i& G b ibNASHt20 bemaststinasold roll

been proposed to secure the edges of the hollow flanges to the web to
5iImpragerimngieRmksstifiness in the flanges. United States Patents

6,436,552, 6,115,986, 6,397,550 and 5,692,353 describe cold formed thin

gauge hollow flanggheamserivieinia lipdnoeeddlopatticutiiie obittmbagh not

hollow flange is secured to the web intermediate its edges by fasteners,

clinchepelferadignswihoepiditg of theddid. Ruissaminge mhill' sictetiitate flange

827723 describes a cold formed thin gauge hollow flange beam wherein

the fraqepslasis of the hollow flanges are formed as internally folded lips or

formations to support the hollow

10
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More particularly, the invention is concerned with aspects of a
cold roll forming mill for the continuous production of dual welded hollow
flange beams.

BACKGROUND OF THE INVENTION

It is known to produce hollow flange members by cold forming
light gauge steel strip to form a section having a planar web and hollow
triangular cross-section flanges extending along opposite sides of the web.
United States Patents 991603 and 3,342,007 describe the manufacture of
such beams by a cold forming process wherein the free edge of the hollow
flange lies adjacent the edge of the web but is not secured thereto. These
hollow flanges are known as “open” flanges and lack torsional resistance.

United States Patent 3,698,224 describes the manufacture of
hollow flange beams by a cold forming process wherein seam welded steel
tubing is subjected to a shaping process which flattens the tube to form a
hollow flange beam with a pair of juxtaposed webs.

In order to improve the section efficiency of “open” flange



10 flanges against localized crushing under load. A side wall of the hollow
flange is welded by a fillet weld to the edge of the web to form a "closed" -
Waolanpe0w rder to reduce the costs of manufacture of cold foRA&MU2005/000898
“closed" hollow flange beams, an in-line dual welding process was

devised 15 and described in United Stateg Patent 5,163,225, in respect of
which, the assignee of the present invention is the successor in title. The

dual welshng iP1osebeERSSIdpRBEY thedtsiémeasdyetnef highHeiweflayges to

induction or resistance welding process wherein a free edge of a hollow

flangenuagel eldrshievaadasiermdltbersisasahrridldndesn dniteld Sestas Patents
adjacent the 20 edge of the web of the hollow flange beam so formed. In

that peses 552, VS 08626397 B el )802 3d3nted telpsastidegormed thin
hollow flange beams having circular cross-section flanges at the weld

statiogatieChs At Flangeseetintsiangesin ubsipafniiycheiopgithpeddge of the
triangular cross-section to form "Dogbone"” (Registered Trade Mark)

sbeampol¥@ AAAGHRESRET /HUBOMSIN IR NAticiteadydly by fasteners,
satisfactory for a relatively narrow range of web and flange widths and a

narrowlifstoperfangtiahelr spotvasidingordapthikion to a conventional mill
structure was considered to be not only limiting in the scope of beam

sizes but also ineffiRgssiand wapitdristCosifieate 6273 28 Beequlewpacold formed
large number of roll sets of large diameter which caused considerable

unproghisigeiewoliowe Sashdiveam wheleingeefaeredyes of techollow flanges
different beam size. Moreover, difficulties in maintaining weld seam
are formed as internally folded lips or formations to support the hollow
10 flanges against localized crushing under load. A side wall of the hollow
flange is welded by a fillet weld to the edge of the web to form a “closed”
- flange.
In order to reduce the costs of manufacture of cold formed
“closed” hollow flange beams, an in-line dual welding process was devised
15 and described in United States Patent 5,163,225, in respect of which, the
assignee of the present invention is the successor in title. The dual welding
process described for the first time an in-line high frequency induction or
resistance welding process wherein a free edge of a hollow flange was
welded to the face of the strip of metal to form a weld seam adjacent the
20 edge of the web of the hollow flange beam so formed. In that process, a
conventional tube rolling mill was adapted to produce hollow flange beams
having circular cross-section flanges at the weld station, the circular cross-

section flanges subsequently being shaped to triangular cross-section to

form “Dogbone” (Registered Trade Mark) beams.



stability imposed severe limitations on yield due to a high reject rate. One

proposal to address some of the shortcomings in the 10 original
WOoDRoHNeIYprocess was described in United States Patent SPADBAIBH05/000898

This document proposed a tandem mill structure with separate spaced

cold forming mills inclined to a longitudinalgaxis in a forming section of the

mill. Shaped flanges, independently produced from separate strips of

metal were broughifggitgen ity mraforelrskitvelyaahentinge of web

edges 15 of the web protruded between the free edges of the flanges prior

to welghadlah§e wialiearmd FRIrinoratRiwosiests stipstaniiely dreaskipaation to
as those described in United States Patent, 5,163,225. As used herein,

the expeeigRtiETRY\meeradupieassalorrsiiipat ecobendottonmlyuidiing in the
using either contacts or induction 20 coils/impeders to create a current in

the megpper gBRiheEsismdof alectivatficksistandecapidinintérisian ainterms of
of the present invention to overcome or alleviate at least some of the

sdisadpsqiaas af migearuntibedst arull aggteraifiddaydhdiapnederctiohich caused
hollow flange seam welded beams. WO 2006/000019

PCT/AbIRE858R8ARpASUIINEARWAME-HatN ¥ TA Gdll Bhemigingds required
one aspect of the invention there is provided a cold roll forming mill for

the mesruiagitisrepl il SixegelMorsovee)diifficudtunsriramintaingig sveid seam
of metal, said mill comprising: 5 a forming station;
stability imposed severe limitations on yield due to a high reject rate.
One proposal to address some of the shorticomings in the
10 original “Dogbone” process was described in United States Patent
5,403,986. This document proposed a tandem mill structure with separate
spaced cold forming mills inclined to a longitudinal axis in a forming section
of the mill. Shaped flanges, independently produced from separate strips of
metal were brought together with a third planar web strip such that the edges
15 of the web protruded between the free edges of the flanges prior to welding.
The welding and forming stations were substantially the same as those
described in United States Patent, 5,163,225.
As used herein, the expression “ERW” refers to electrical
resistance or induction welding using either contacts or induction
20 coils/impeders to create a current in the member and other forms of electrical
resistance welding.
It is an aim of the present invention to overcome or alleviate at

least some of the disadvantages of prior art methods and apparatus for the

production of hollow flange seam welded beams.



a seam guide and welding station; and, a shaping station, said mill

characterized in that either or both of said forming station and said
WQRegsg08tation comprises independently supported side endaigia0l5/000898

combinations adapted, in use, to roll opposite 10 sides of said strip,

adjacent transverse pairs of said side engaging roll combinations being

selectively movable relative to each other in a transverse direction

perpendicular to a directios ghvitdveR ¢fORIT HEINSENDIDNome or all of
said side engaging roll combinations are idler rolls. 15 If required, some

or all of said side engagirgiigltc@nbiaspens oirthdrinesnlisnRhefrradlprovided a
drive rolls, spaced within said forming station and spaced within said

shapigg|atablinfenarge it eol ahecaipmofamaidstop Holibvedafgemedam welded

edges thereof. 20 If required, some or all of said drive rolls may engage

said spéamydransabsiigatiprobmetateshidatitbeorfprisinigedges of said

strip. Alternatively, some or all of said drive rolls may engage said strip
sadjacent a central pafoemisestedifiom said formed edges. In a still further

alternative, some or all of said drive rolls may WO 2006/000019

PCT/AU2005/000828seapn grariesait] stpdéniesiativapposked formed

edges thereof. The transverse pairs of side engaging roll combinations
may be mounted oa esipnt\statitirstaaidi inaithelsaracterized in that either or both

of said forming station and said shaping station comprises independently
supported side engaging roll combinations adapted, in use, to roll opposite

10 sides of said strip, adjacent transverse pairs of said side engaging roll
combinations being selectively movable relative to each other in a transverse
direction perpendicular to a direction of travel of said strip.

Suitably, some or all of said side engaging roll pombinations
are idler rolls.

15 If required, some or all of said side engaging roll combinations
are drive rolls.

Preferably, drive rolls, spaced within said forming station and
spaced within said shaping station engage a central region of said strip
between formed edges thereof.

20 If required, some or all of said drive rolls may engage said strip
over a substantial portion thereof between formed edges of said strip.

Alternatively, some or all of said drive rolls may engage said
strip adjacent a central portion spaced from said formed edges.

In a still further alternative, some or all of said drive rolls may



If required, transverse pairs of said side engaging roll 5 combinations

may be movably mounted on a common roll stand frame. Suitably, said
Woslhatianh fPames are selectively movable transversely of a niiCB&dIZV000898

transverse pairs of side engaging roll combinations may be aligned in a

transverse plane perpendicular to a directign of travel of a strip 10 of

metal between said side engaging roll combinations. Preferably, each of

said SShRPELAP HfeBEREPKDERY fetifRI0 FiYwsithersded in a

respective longitudinally spaced transverse plane perpendicular to a

direction of travel offpstrmeleretpp Sirdwesids dugaiiegiodagimbititions may be
combinations. 15 If required, at least one of a side engaging roll of a side

engaghyl rd £ ombaypEtile REthlydmewnésd on an inclined axis lying in
a transverse plane perpendicular to a direction of travel of a strip of metal

through said side efgagidrerll caartvet. pdilasforaisideideganigaging roll
roll of a side engaging roll 20 combination may be rotatably mounted on a

shorizQRERiRibIRONTRY HEaRmEeIss Riaueteerpenglicotaniorarditeting fime.
travel of a strip of metal through said side engaging roll combination.

Suitak_)Iy, at Igast orgusigelgngngopllsthacideaargaging redlectively movable
combination is rotatably mounted on a vertical axis. WO 2006/000019

F’_ST/&HRQWQ&Q%%W egiired, said drive rolls may alternate with said
o The transverse pairs of side engaging roll combinations may be
aligned in a transverse plane perpendicular to a direction of travel of a strip

10 of metal between said side engaging roll combinations.

Preferably, each of said transverse pair of side engaging roll
combinations is located in a respective longitudinally spaced transverse
plane perpendicular to a direction of travel of a strip of metal between said
side engaging roll combinations.

15 If required, at least one of a side engaging roll of a side
engaging roll combination is rotatably mounted on an inclined axis lying in a
transverse plane perpendicular to a direction of travel of a strip of metal
through said side engaging roll combination.

At least one side engaging roll of a side engaging roll

20 combination may be rotatably mounted on a horizontal axis lying in a
transverse plane perpendicular to a direction of travel of a strip of metal
through said side engaging roll combination.

Suitably, at least one side engaging roll of a side engaging roll

combination is rotatably mounted on a vertical axis.



engaging roll combinations along a mill bed. Suitably, any or all of said at

least one of a side engaging roll of a side engaging roll combination is
WOoEieosh an axis selectively angularly 5 adjustable in a plBG&/M12605/000898

perpendicular to a direction of travel of a metal strip in said mill.

Preferably, said drive rolls are located betv@een pairs of longitudinally

spaced side engaging roll combinations along said mill bed. Suitably, said

seam guide and weidirgair®n satldrie sells Afagualterabiganith said side
having at least one seam guide roll having a circumferential shoulder

pivotadlygagingieslicsbatbinaliived mitsipaakilkiselling in a transverse plane
perpendicular to a direction of travel of said strip. If required, said at least

one seam guide rolSuiiggbine anlectindlyf satyableasdbogeaithisidmedgaging roll of
15 The rotational axis of said seam guide roll may be selectively angularly
adjustpbigereagishiraieceemblimatioRnelrytiihblthersaaraxis sletively angularly
welding station includes a weld box stand having at least one squeeze
sroll pigeljakyablevintedparaniyieynestpenidimnial &oia Wirertion ohirsvelsef a metal

plane perpendicular to a direction of 20 travel of said strip. Suitably, said

at leastriphin stie@@aitl.roll may be selectively movable along said inclined

axis. If required, the rotational axis of said at least one squeeze roll may

be selectively anguRwferdjpigtasEidn deie tralisvense fdaatedVietween pairs of
2006/000019 PCT/AU2005/000898

longitudinally spaced side engaging roll combinations along said mill bed.

Suitably, said seam guide and welding station includes a seam

10 guide roll stand having at least one seam guide roll having a circumferential

shoulder pivotally mounted on an inclined rotational axis lying in a transverse

plane perpendicular to a direction of travel of said strip.

If required, said at least one seam guide roll may be selectively

movable along said inclined axis.

15 The rotational axis of said seam guide roll may be selectively

angularly adjustable in said transverse plane.

Preferably, the seam guide and welding station includes a weld

box stand having at least one squeeze roll pivotally mounted on an inclined

rotational axis lying in a transverse plane perpendicular to a direction of

20 travel of said strip.

Suitably, said at least one squeeze roll may be selectively

movable along said inclined axis.

If required, the rotational axis of said at least one squeeze roll

may be selectively angularly adjustable in said transverse plane.



7 Preferably, one or more of said forming rolls and/or said shaping rolls

may be rotatably journalled in a mounting frame releasably securable to a
Woesp@etd forming roll stand and/or a shaping roll stand. If reQGiF&d]20p&000898

or more sets of said forming rolls and/or said 5 shaping rolls may be

rotatably journalled in a mounting frame refeasably securable to a

respective forming roll stand and/or a shaping roll stand. Suitably, said

mounting frame is JufisreiRily Inongaps\vawe plasaigefpenitigulailéo and/or said
direction of travel of said strip through said mounting frame. 10

PrefesmalipiriicbBeatiag Wideratadangidivgrstdiéehincmpraatting $esnerodleasably
stand rotatably supporting at least one seam roll adapted, in use, to guide

a freesedpepia teoniesinstiivgdoraing rfiksidndatal/strip sh@pingaoll stand.
alignment with a predetermined weld axis spaced from said free edge on

a surface of said mitpdgifieichrathelbravwoetddatx ofasaid deataivly rolls and/or said
supporting at least one pair of squeeze rolls, in use, to urge said free

sedge whsifeattd inayhedeziabiejotenalediiura intodntied frame releasably
engagement with a correspondingly heated said weld axis on said
surfacscfrighigtodd sssieectiveofreingpeibttandranséota ghidpirgpiolfretand.
edge through a predetermined linear trajectory substantially along 20 an

incidence axis of a Sulita®iyesdid atsbuminig fiaete dereshis tableeiiga drathsverse
said surface of said metal strip whereby energy imparted to said cold

formeglamenpegpémtiiculsetbby adireotimitycf firavvelon§ said strip through said

predetermined weld axis of said surface.
mounting frame.

10 Preferably, said seam guide and welding station comprises:
a seam roll stand rotatably supporting at least one seam roll

adapted, in use, to guide a free edge of a contoured edge region of said
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
squeeze 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 axis 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
of said surface.

Suitably, said electrical currentis induced in said free edge and



Suitably, said electrical current is induced in said free edge and WO
2006/000019 PCT/AU2005/000898 8 said weld region by electrical

W@emeononsslidably engaging said metal strip adjacent said fre€Taslgzoeiied0898

said weld region. Preferably, said electrical current is induced in said free
edge and said weld region by an inductiorgcoil transversely surrounding
said metal 5 strip in a plane perpendicular to a direction of travel of said

metalggiiPwER piyiBHaby Bledaishlcaitiaasrosrdeisipidrepigpisasieearetal strip

rolls is angularly adjustable in a plane perpendicular to a direction of

travel gfjsashnainl fiee dhgechedveeni widldiegrst.one of said pair of

squeeze rolls may be adjustable relative to the other of said pair in a

direction perpendicppstigablptatianaleatfiz il aaikat isasd ooedahseatifede edge
of squeeze rolls. Suitably, said weld box includes web support rolls

rotataiel sbieLiveRy adgioie semiiriasaspesiarsisviastiasdireaiaglsaid metal

travel of a metal 15 strip member therebetween. If required, a web

ssuppatriglimaypiane pegrndiadauter acdpedtidhinstieanasl afesaidaitbtal strip
pair of squeeze rolls. The apparatus may include more than one seam roll

standthBrsaviiegh at least one of said seam roll stands includes a 20
seam roll having a circumferential shoulder thereon, said circumferential

Sthpulder, in use, preyisiingialy, 2 isastirierssaisidrpaiccige oésairolistalangularly

o adjustable in a plane perpendicular to a direction of travel of said metal strip
therebetween.

10 At least one of said pair of squeeze rolls may be adjustable

relative to the other of said pair in a direction perpendicular to a rotational

axis of said at least one of said pair of squeeze rolls.

Suitably, said weld box includes web support rolls rotatable
about parallel respective axes perpendicular to a direction of travel of a metal
15 strip member therebetween.

If required, a web support roll may have a contoured outer
edge to function as one of said pair of squeeze rolls.

The apparatus may include more than one seam roll stand.

If required, at least one of said seam roll stands includes a
20 seam roll having a circumferential shoulder thereon, said circumferential
shoulder, in use, providing an abutment for said free edge of said metal strip.

Suitably, a contoured guide roll is provided, 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



Suitably, a contoured guide roll is provided, in use, to urge said free edge

of said metal strip into abutment with said circumferential shoulder. If
WOoe0erewoErod-shaped impeder supported at one end WO 200&/J0009000898

PCT/AU2005/000898 9 thereof, upstream of said one or more seam roll

stands, extends into a hollow interior of a gontoured edge region of said

metal strip. According to another aspect of the invention there is provided

a metherkof calsktraioringaidnohevoiiangeenaherdibstansisiglextirigs into a
of 5 metal, said method comprising the steps of: driving a metal strip

througiv kel teniigrafralldoy ived eallfe eogiasing sadametakstripl region

of said strip; forming a contour along at least one edge region of said strip

by forming rolls; 10 Acotrding $tyssrsthensdgiag bfthe infRNiprottese & fsesvided a
edge of said at least one edge region to a surface of said strip along a

predetgsthiogdb it regldonaifeyma adibievidaggenanbehfipimgassingle strip of
hollow flange by shaping rolls to form a shaped hollow flange of desired

Fcrosspetihalidenéthudtcomphding therstepsiefor more of said forming
rolls may be driven. In addition, or alternatively, one or more of said
shaping rolls may kiridifigea.rielithistyifdhronglosaadodliingflaniheysdriven rolls
effected by one or more forming rolls rotatably supported about a pivotal
axis irgHigagiag anplanar central region of said strip;
forming a contour along at least one edge region of said strip
by forming rolls; |
10 continuously seam welding by an ERW process a free edge of
said at least one edge region to a surface of said strip along a predetermined
weld region to form a hollow flange; and,
shaping said hollow flange by shaping rolls to form a shaped
hollow flange of desired cross-sectional configuration.
15 If required, one or more of said forming rolls may be driven.
In addition, or alternatively, one or more of said shaping rolls
may be driven.
Suitably, forming of said hollow flange is effected by one or
more forming rolis rotatably supported about a pivotal axis inclined at an
20 angle between vertical and horizontal in a transverse plane perpendicular to
a direction of travel of said strip of metal.
If required, shaping may be effected by one or more shaping

rolls rotatably supported about a pivotal axis inclined at an angle between

vertical and horizontal in a transverse plane perpendicular to a direction of



20 angle between vertical and horizontal in a transverse plane

perpendicular to a direction of travel of said strip of metal. If required,
WQRegs60May be effected by one or more shaping rolls rotataPETSARIIOF D898

about a pivotal axis inclined at an angle between vertical and horizontal in

a transverse plane perpendicular to a diregigon of WO 2006/000019

PCT/AU2005/000898 10 travel of said strip of metal. Forming of said

hollowtragauefsald kerigffettadtay. forming rolls mounted in longitudinally
spaced transverse operating planes, said spaced operating planes being

parallel to each oth@oamingespeaidi ¢ianowofraniiie chian be effsated dlyFaitning rolls
strip of metal. Suitably, shaping of said hollow flange may be effected by

shapingoiehethirukiegiindirdijushaeky sparadteensperatimpplatisg, said spaced
planes, said spaced operating planes being parallel to each other and

perpepgistdtingplartitictn graliel tofeot ottipreimipatpéndicaler dbbydirection
prior to said step of continuous seam welding, said free edge is aligned

Sinearlyfwidvel pfestdtestriped mieldlaxis on said surface of said strip and
said at least one free edge is guided through a predetermined linear

trajectory along an Baitiisige stxipivicp slubaieh heliowefldngaatay beiveffacted by
said at least free one free edge and said surface whereby 15 energy

impartsithisirgpio| ot fitetbie toagitelimaiycpsestidiyan prorsaivpeziting planes,
along said predetermined weld axis on said surface prior to fusing said at
least eaddfepaceldepbeatitny planes being parallel to each other and perpendicular
to a direction of travel of said strip of metal.
10 Preferably prior to said step of continuous seam welding, said
free edge is aligned linearly with a predetermined weld axis on said surface
of said strip and said at least one free edge is guided through a
predetermined linear trajectory along an incidence axis of a subsequent weld
junction between said at least free one free edge and said surface whereby
15 energy imparted to said hollow flange member is focussed by a proximity
effect along said predetermined weld axis on said surface prior to fusing said
at least one free edge thereto.
If required, said at least one free edge is aligned with said weld
region by one or more seam rolls each having a circumferential shoulder
20 providing an abutment for said at least one free edge.
Said at least one free edge of said metal strip may be urged
into abutment with said circumferential shoulder by a contoured guide roll.

Suitably, said metal strip is supported centrally by opposed

cylindrical roll surfaces adjacent said weld region as said at least one free



If required, said at least one free edge is aligned with said weld region by
one or more seam rolls each having a circumferential shoulder 20

W@ ro0ding) th abutment for said at least one free edge. Said aPIEE33A¢s/000898
free edge of said metal strip may be urged into abutment with said
circumferential shoulder by a contoured gditle roll. Suitably, said metal
strip is supported centrally by opposed cylindrical roll surfaces adjacent

said velgd 4908 paslaueasintndtfiemid/ Cir200G&880aPshoulder.
PCT/AU2005/000898 11 edge is urged into abutment with said

circumferential shogdierabisiastbleafteeedyearardecrgaydee tnutad said closure

toward said closure region at a predetermined angle relative to strip
surfacediymcitsaphedstamiztdeanyleolire|atRefty atijp ssitfattedst @ajustably
free edge of said metal strip is guided through said predetermined
trajectanubyed eeaipuisitt squeeze roll extending over said contoured
surface of said metal strip between spaced substantially parallel contact

sfaces of said contolrrefergbde zeaidllal/edd teoregirevaydue iofpsaiddtetal strip is
said free edge and said 10 predetermined weld region by an electrical

inductipidesi| througticshidsp id tanilinat teijeg toup dinriaby troredispideze roll
metal strip in a plane substantially perpendicular to a longitudinal axis
there@fxténelingredensaitbogateurst | kerfadeioseichpeetet strjjpbebuesn spaced
one end may extend within a hollow interior cavity of said contoured
surfacgibdidntiaiig giaratidjaceiaat faes of agithcohtrersdidqudeadst rofie
free edge is
Weld energy may be imparted to said free edge and said
10 predetermined weld region by an electrical induction coil or contactors, said
coil extending substantially around said metal strip in a plane substantially
perpendicular to a longitudinal axis thereof.
If required, an elongate rod-like induction impeder supported at
one end may extend within a hollow interior cavity of said contoured surface
15 to a region adjacent a closure region where said at least one free edge is
fused to said surface of said metal strip.
BRIEF DESCRIPTION OF THE DRAWINGS
In order that the various aspects of the invention may be more
fully understood and put into practical effect, reference will now be made to
20 preferred embodiments illustrated in the accompanying drawings in which:
FIG. 1 is a schematic side elevational view of a forming station
and edge preparation and welding station of a cold roll forming mill;

FIG. 2 is a schematic side elevational view of a shaping station

of a cold roll forming mill;



fused to said surface of said metal strip. BRIEF DESCRIPTION OF THE

DRAWINGS In order that the various aspects of the invention may be
WOorzgs/ i understood and put into practical effect, referenceRgill AGAW15&)00898

made to 20 preferred embodiments illustrated in the accompanying

drawings in which: FIG. | is a schematic sige elevational view of a forming

station and edge preparation and welding station of a cold roll forming

mill; FIG. 2 is a schenglig SHevaicyationltically & &ohBBIsd:tIBHASF afdtiven roll
cold roll forming mill; WO 2006/000019 PCT/AU2005/000898 12 FIG. 3

showssphé adig allitradigateliigyation of a driven roll stand fitted with side
rolls; FIG. 4 shows schematically a rear elevation of a forming roll stand;

5 FIG. 5 shows schegn@itisalhyovecsciedevatioallgfarserrslgvidio ot atddhing roll
FIG. 6 shows schematically a side elevation of a welding apparatus; FIG.

7 showmaghematically a front elevation of a weld box 10 stand; FIG. 8

shows schematically the operation of the squeeze rolls in the weld box

stand; FIG. 9 showsrschaahitvad's Siesnsiidaignd rear elevationsoptaaseam guide

roll stand;
FIG. 6 shows schematically a side elevation of a welding
apparatus;
FIG. 7 shows schematically a front elevation of a weld box
10 stand;

FIG. 8 shows schematically the operation of the squeeze rolls
in the weld box stand;

FIG. 9 shows schematically front, side and rear elevations of a
shaping roll stand,;

15 FIG. 10 shows schematically side and front elevations of a

turk’s head roll stand.

As used herein, the expression “front elevation” means a view
in the direction of travel of a strip of metal therethrough.

Moreover, like numerals are employed for like features in the

20 drawings for the sake of clarity.

DETAILED DESCRIPTION OF THE DRAWINGS



shaping roll stand; 15 FIG. 10 shows schematically side and front

elevations of a turk's head roll stand. As used herein, the expression
WOfRedd/elendtion” means a view in the direction of travel of a RGF/AURNOEAI00898

therethrough. Moreover, like numerals are employed for like features in

the 20 drawings for the sake of clarity. DESAILED DESCRIPTION OF

THE DRAWINGS WO 2006/000019 PCT/AU2005/000898 13 In FIGS. |

and 2, the cold forming IGH.corardEstadaBiNtbrataig milll 2oreggees a forming
preparation and welding station 2 and a shaping station 3. Conventional

slit stapseRihharisagnpriss afatiohsanasiierin@statdarzrang Skiigsirg station 3.

and flying saw and take-off table assemblies at the downstream 5 end of

shapiag gialifo R §iPsHiELEbIPh el itk @nd /araHt. iolIE |Gpstraaith édsetforming
support a conventional entry table 5, a series of drive roll stands 6, a

seriesgitioRminshipfiyiag dav. sitetark-assebldies SemishesragtigedoWnstream
stand 9, a weld coil 10 and a weld box 11. FIG. 2 shows a downstream

sportiogref Hreskalsiigrstinmmal atd srhredinforithecsisie sifuparityrive roll
stands 6, shaping roll stands 12 and a turk's head roll stand 13. FIG. 3

shows a front elevalipoRiGyiennsifl hads rolbaapstta obrivisatibnahintoyl table 5, a
stand differs from other roll stands 6 only in that it includes side rolls to
steadydhegosmeaairiphrtatrierayanseties ssfaforgiiag roll stands 7, side roll
assemblies 8, a seam guide roll stand 9, a weld coil 10 and a weld box 11.
FIG. 2 shows a downstream portion of the cold forming mill
10 wherein mill beds 4 support drive roll stands 6, shaping roll stands 12 and a
turk’s head roll stand 13.

FIG. 3 shows a front elevational view of drive roll stand 6a of
FIG. 1. This roll stand differs from other roll stands 6 only in that it includes
side rolls to steady the formed strip prior to entry into the seam guide roll

15 stand 9.

Drive roll stand 6a comprises a pair of spaced frames 20 in
which are journalled roll shafts 21, each supporting a respective cylindrical
drive roll 22. Roll shafts 21 are coupled via universal joints 23 to drive shafts
24 coupled to a conventional drive train (not shown). As can be seen, drive

20 rolls 22 engage the central web 25 of a formed hollow flange beam member
26 and because the grip on the web is so good, it has been found
unnecessary to drive any of the forming or shaping rolls in the mill. A

conventional height adjustment mechanism 27 provides vertical height

adjustment to upper roll shaft 21 to adjust the nip between upper and lower



15 stand 9. Drive roll stand 6a comprises a pair of spaced frames 20 in

which are journalled roll shafts 21, each supporting a respective cylindrical
wW@lzws/N22. Roll shafts 21 are coupled via universal joints 2P €T tN2905/000898
shafts 24 coupled to a conventional drive train (not shown). As can be

seen, drive 20 rolls 22 engage the central yyeb 25 of a formed hollow

flange beam member 26 and because the grip on the web is so good, it

has begmsf@mdouasesanPYiER ddNfany ohthal fetnpndedstegineniokaess. If
in the mill. A conventional height adjustment mechanism 27 provides

verticabhaigid, adilesiteant e piodls ratizshdié Zotiadiedt theasigidieiwéeming or
upper and lower WO 2006/000019 PCT/AU2005/000898 14 rolls 22 to
acconyhggiats ivifevintlamgésl. strip feedstock thickness. If required,

selected drive rolls may be contoured to assist in forming or shaping

hollow flanges. Mouvitashtstaon patrepstreita efdelostesiti stans Baide eollide roll
5 assembly comprising a pair of side rolls 28 supported on respective

gnoungrgdiristitetpribrising rellpad eviatethe w8y §appest@d @n respective
member 26 for precise lateral location prior to entry into the seam guide

roll staipiiAtimgd rsckdapted. foiSklerad kxljRsStrenghly thenalthusttaiddes 30 of
and for vertical adjustment by screw adjusters 32. 10 FIG. 4 illustrates a

rear elaeatione? @ity pfeciypikrbraidovatiofmopndngorethiiaimortsb @sang guide roll
pair of frames 35 adjustably mounted on a base 36 for selective relative
lateralstandedramd byeasimitedy foalatey shestidsmnent by screw adjuster 31 and for

vertical adjustment by screw adjusters 32.

10 FIG. 4 illustrates a rear elevational view of a typical undriven
forming roll stand 7 showing a pair of frames 35 adjustably mounted on a
base 36 for selective relative lateral movement by a shaft 37 having threaded
portions 38,38a of opposite hand engaging in respective slide blocks 39,39a.
Frames 35 are slidably adjustable between inner and outer stops 40,41
15 respectively.

Upper and lower forming rolls 42,43 are supported on
respective mounting brackets 44,45 and upper mounting brackets 44 are
slidably mounted on frames for vertical adjustment by adjusting screws 46 to
accommodate differing thicknesses of the metal strip feedstock or differing
20 roll set configurations.

FIG. 5 shows a rear elevational view of a seam guide roll stand
9 having a base 50 and a support frame 51. On the downstream side of the

frame as viewed are a pair of contoured support rolls 52 which support the

hollow flange regions 30 on either side of web 25. Rolls 52 are rotatably



portions 38,38a of opposite hand engaging in respective slide blocks

39,39a. Frames 35 are slidably adjustable between inner and outer stops
Waad/0a®respectively. Upper and lower forming rolls 42,43 aP€ BA30960898
on respective mounting brackets 44,45 and upper mounting brackets 44

are slidably mounted on frames for verticalsmdjustment by adjusting

screws 46 to accommodate differing thicknesses of the metal strip

feedsjecirrilidiifaiirgveltonisappoattigiviaiiess slidaldyshowsted earframe 51 and
elevational view of a seam guide roll stand 9 having a base 50 and a

suppofidiaibR Fatepdlljhe Reve stestorsisib of Bycafr appoditeipMaddsd threaded
pair of contoured support rolls 52 which support the hollow flange regions

30 ongitee sjeshingabs2s. Retizdizad)estoteiaialy W 2NF0000- Brackets 53 is
PCT/AU2005/000898 15 journalled in lower roll support brackets 53

slidablchievsteyaticatarizhded adiastdie 55te Sdlyrmadaiive tollsBBntrtounted
by an oppositely handed threaded screw adjustment 54. Vertical

smdjustorenppblover solbporpbrabketkes¥ vhishaahéemaslted for lateral relative
screw-threaded adjusters 55. Seam guide rolls 56 are mounted 5 on

upperriivannaeriopr dekels 57 Whichijarsten@dieslfog latetaiftelgivith oppositely
movement on frame 51 by adjuster 58 having a shaft 59 with oppositely

handeghseiewsidraadaread suatdfatseidicad icalentarinvyra iy atjusteestews 60.
60. Seam guide rolls 56 have a circumferential shoulder 61 which

provides an abutmeBéagaguitieitblths6reaved eicunffacdiovalising@ @ 81 which
10 urged. Seam guide rolls rotatably journalled in slide blocks 63 which

are provides an abutment against with the free edge 62 of hollow flange 30 is
10 urged. Seam guide rolls rotatably journalled in slide blocks 63 which are
linearly adjustable along respective rotational axes 64 by adjuster screws 65
and, if required slide blocks 63 may be pivotally mounted on upper roll
support brackets for angular adjustment in a transverse plane perpendicular
to a direction of travel of the metal strip feedstock therethrough.

15 Mounted on a front side of frame 51 is a pair of web support
rolls 66,67, upper support roll 66 having a circumferential rim 68 engaging
between the free edge 62 of the flange 30 and the side of web 25 as shown
in the cutaway region 69. The end wall 70 of support roll 66 also serves as
an abutment for free edge 62 of flange 30. Also shown in cutaway region 69
20 is a contoured end wall 71 of lower support roll 67 which also supports the
hollow flange 30. Relative vertical movement between web support rolls 66
and 67 is achieved by adjuster screw 72.

FIG. 6 shows a high frequency electrical induction welding

apparatus 10 shown schematically in FIG. 1 between seam guide roll stand 9



linearly adjustable along respective rotational axes 64 by adjuster screws

65 and, if required slide blocks 63 may be pivotally mounted on upper roll
waappardotackets for angular adjustment in a transverse plan@CT/AU2005/000898

perpendicular to a direction of travel of the metal strip feedstock

therethrough. 15 Mounted on a front side d¢6frame 51 is a pair of web

support rolls 66,67, upper support roll 66 having a circumferential rim 68

engaging Wwelkivber the free edge 62 of the flange 30 and the side of web

25 as shown in the cutaway region 69. The end wall 70 of support roll 66

also serves as an aleldisgEiopdratued@cthpfifesge Bllustmsivilassembly 75

cutaway region 69 20 is a contoured end wall 71 of lower support roll 67

whichial tiees gy s thesiedip vogregel @t Rélathchesticedumdeeandoilow flange

between web support rolls 66 and 67 is achieved by adjuster screw 72.

FIG. Gredrober figh frpgusesynaesticalghd dciom 7éakisup popedattitsiftee ends

shown schematically in FIG.1 between seam guide roll stand 9 WO
52006/080Y I s ttive 20etiepfrs dbppord bratkéisx 9kepsriaied by an electrical

apparatus 10 comprises an induction coil assembly 75 in the form of a
sheetingpfingspediunh B8O, sCoib asderably|ithvislaogledrimmbeateT Tedritulating in
passes therethrough. Loop 76 is supported at its free ends 5 78 by
respectippshtdies pascppdicdaaskestbyd’separated by an electrical
insulating medium 80. Coil assembly 75 is cooled by water recirculating in
copper tubes 81 setueated withimedet hollovafleagatBhindbe tegdiow of coil 76 is
flange 30 in the region of coil 76 is
an impedance device 82 comprising a fibreglass tube filled with ferrite rods
10 (not shown). Each impeder 82 is supported by an elongate rod 83 supported
by a bracket 84 (shown in FIG. 1) which extends into the hollow interior of a
‘respective web via the gap between the free edge of the hollow flange and
the side of the web as seen in FIG. 5. Cooling water is recirculated through
the impeder 82 via tubes 85 and a source of compressed air is pumped
15 through the impeder 82 via tube 86. After the free edges of the hollow
flanges and the weld seam lines along the respective sides of the web are
heated to fusion temperature by the welding apparatus 10, the heated free
edges of the flanges are urged into contact with respective heated weld
seam lines by squeeze roll sets, shown schematically at 87, in the weld box
20 11 of FIG. 1.
FIG. 7 shows the configuration of the four roll weld box 11 in
FIG. 1.

Weld box 11 comprises a cylindrical top roll 90 and a cylindrical

lower roll 91 with contoured edges 91a, each of rolls 90,91 being rotatably



an impedance device 82 comprising a fibreglass tube filled with ferrite

rods 10 (not shown). Each impeder 82 is supported by an elongate rod 83
waappareddy a bracket 84 (shown in FIG. 1) which extends iGTA RS089S
interior of a respective web via the gap between the free edge of the

hollow flange and the side of the web as 9en in FIG. 5. Cooling water is
recirculated through the impeder 82 via tubes 85 and a source of

compjfeasesllatl ishowmnpesghbtiveaugititrealmres @2823viS tnibeLBéd Atiaeeze rolls
the free edges of the hollow flanges and the weld seam lines along the

respegieeBidestitiidevabarerdymietivo iclinedeaxesr88adbp thee adapted to
welding apparatus 10, the heated free edges of the flanges are urged into
contagirgétithe dnestiad freatedges| G2 62b lioEhdijosg fleegesoliGatto respective
shown schematically at 87, in the weld box 20 11 of FIG. 1. FIG. 7 shows

the cansiglereiiaricbEdanidimer edigiceid hlond the dpiposedbeldriataries of web 25 to
comprises a cylindrical top roll 90 and a cylindrical lower roll 91 with
Fontogftstedgsion e rebaivwdan o rSdtdaincomiatadlg WeEld seam. 1t will be

2006/000019 PCT/AU2005/000898 17 journalled about respective
rotationsteaketh &2, 8 Qavitiesedlstinedzbethecdvizqudbentatadlle dta®4b and
respective inclined axes 95a,95b are adapted to urge the heated free
edgeségpestiveotbatiowddegie8® racofesylidiiealhaztpd ivetdl $daare ovoid in
line regions along the opposed boundaries of web 25 to 5 effect fusion
therelsttamen to create a continuous weld seam. It will be noted that the
cavities defined between squeeze rolls 94a,94b and

The free edges 62a,62b are urged toward respective weld lines
10 in a linear fashion perpendicular to the respective rotational axes 95a,95b of
squeeze rolls 94a,94b without a transverse “sweeping” action thereby
maintaining stable induction “shadows” or pathways on or at the desired
position of the weld seams between respective free edges 64a,64b and the
opposed boundaries of web 25.
15 Cylindrical roller 90 is adjustably mounted for movement in an
upright plane by adjustment screw 96, the screw 96 being coupled to roll
carriage 98, slidably mounted in support frame 100.

Squeeze rolls 94a,94b are slidably mounted in respective
carriages 101,102 of squeeze roll support frames 103,104 respectively for
20 slidable adjustment along respective sliding axes 105,106 means of
adjustment screws 107. Squeeze roll support frames 103,104 are, in turn,
adjustably mounted for transverse movement by a screw 108 coupling

mountings for support frames 103,104 by a threaded shaft 109 and for

upright movement by screws 110. Preferably, roll support frames are



respective contoured edges 91a of cylindrical support roll 91 are ovoid in
shape. The free edges 62a,62b are urged toward respective weld lines 10

Wwaorzeofimeenifashion perpendicular to the respective rotational a€E 862005000898

of squeeze rolls 94a,94b without a transverse "sweeping" action thereby
maintaining stable induction "shadows" orqgathways on or at the desired
position of the weld seams between respective free edges 64a,64b and

the opREEAN RRsIRRIEES O @R 260 ¥6reWbtdiinriveliesiisoudiksipbltive axes

mounted for movement in an upright plane by adjustment screw 96, the

screvh3peing eruriredadnlbCaerands: sfidahbilovwdlaiessd awnpedr moving

frame 100. Squeeze rolls 94a,94b are slidably mounted in respective

carriagﬁgdéﬂv&ga Plosastapae1rell support frames 103,104 respectively for
20 slidable adjustment along respective sliding axes 105,106 means of

adjustment screws TR . Sefjlustabieredlshinetinperesbles 4 Mduaramgeliof, hollow
adjustably mounted for transverse movement by a screw 108 coupling

5MOUNRAGPhEHRIE drransnPdichehdip e thnebsted sBatitidiabashfigurations to
upright movement by screws 110. Preferably, roll support frames are WO

2006/98QI ARG e 2A416/08R8%h &Rtrivesh)pracisetedrmroiiaves thelirajectory

for pivotal movement about respective axes parallel to the direction of
movefrgsligh winielicvefregedi g ianliow flanyegtraetd tovvastial precisely

11. The adjustable roll mounting enables a wide range of hollow
located weld seam line adjacent or at the edges of the member web.
FIG. 8 shows schematically the configuration of the rolls in weld
10 box 11 of FIG. 7 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 30 and their respective free edges 62 is shown in phantom.
As the formed section approaches the roll combination, hollow flanges 30
15 are urged inwardly towards the contoured ends 91a of separate rollers 91
which correspond to the movement of rollers 94a,94b along respective
sliding axes 105,106 as shown in FIG. 7.

Importantly, it can be seen that about half of the outer portion
of the hollow flanges which terminate in the free edges 62 is urged in the
20 direction shown by arrows 111 whereby the almost flat region of the flange
adjacent the free edge 62 and a corresponding portion of the opposite side
of the flange are driven together as a unitary portion towards roll 91 whereby

deformation of the remaining portion of the flange adjacent the boundary 79

of the web 25 is accommodated in the contoured edges 91a of rolls 91.



5 flange members of varying dimensions and cross-sectional
configurations to be welded in the weld box with extremely precise control

W@eersthedendjectory through which the free edges of the holloWGIEAgE805/000898

5

10

travel towards a precisely located weld seam line adjacent or at the
edges of the member web. FIG. 8 shows $ehematically the configuration
of the rolls in weld 10 box 11 of FIG. 7 to more clearly illustrate the
guidapgaaiithe WekseeswihhecthelibecledgesdtofttieviEdgedddravels in a
along the edges of the web. In the drawing a somewhat exaggerated
positigia§ Heikerngdcteriay therlgesrisRpntixoivetspBativerdheedgis seam is
62 is shown in phantom. As the formed section approaches the roll
combfpaiied. hollow flanges 30 15 are urged inwardly towards the
contoured ends 91a of separate rollers 91 which correspond to the
movement of roller§ Q2le0¥Hode aghegiegtivk stiidth§2aEBI B2 Witcesin FIG. 9a
shown in FIG. 7. Importantly, it can be seen that about half of the outer
portiog Didae beNewdigdewitB tSbrimatsidetbistattoadyes BEEs9c is a front
urged in the 20 direction shown by arrows 111 whereby the almost flat
regiojelttibflangiewdjacent the free edge 62 and a corresponding portion
of the opposite side of the flange are driven together as a unitary portion
towards roll 91 wheRellly stiridrmaticomitiecse aniranchedrtiolatef-ike frame 120
flange adjacent the boundary 79 of the web 25 is accommodated in the
contotsipdorded P havebroly attadie@absiieondsterEtyetieamdobaase 120 is
19 Equally, it will be seen that the free edge 62 of the flange 30 travels in
a straighpbrtedrajactayaophesbdd@dand 7@ dtided Biingheyethd dkIfor ease of
seam is

handling. Track members 124,125 slidably locate a shaping roll carriage 126

which is transversely adjustable by adjuster screw 127. Mounted about a
central aperture 128 in frame 120 are shaping roll support frames 129, each
slidably locating a roll mounting bracket 130 in which is rotatably journalled a

shaping roll 131. Roll mounting brackets 130 are slidably adjustable in

15 respective support frames 129 by adjuster screws 132 which move the

shaping rolls 131 in a transverse plane perpendicular to the direction of travel
of a hollow flange 133a of a beam 133 moving therethrough. Shaping rolls
131 are mounted with respective rotational axes in a common transverse

mounting plane represented at 134 in FIG. 9b and respective adjuster

20 screws 127 move the shaping rolls 131 in their common mounting plane in a

direction perpendicular to respective rotational axes.
Just visible via aperture 128 is a set of three shaping rolls 131a
engaged about an opposite hollow flange 133b of beam 133 on the other

side of frame 120.



formed. FIG. 9 shows a shaping roll stand 12 of FIG. 2 wherein FIG. 9a 5

is a rear elevational view, FIG. 9b is a side elevation and FIG. 9c is a front
W@RNae9Pview. Roll stand 12 comprises an arched plate-lik@GEAIE2AER 00898
reinforced by a web 121 attached about an outer edge thereof. Frame 120

is supported on base pads 122 and inclugss lifting eyes 123 for ease of

10 handling. Track members 124,125 slidably locate a shaping roll

carriage 126 whichAg gandeetaiy adinsRIBS 9taaliserr séromt éRXational view
Mounted about a central aperture 128 in frame 120 are shaping roll

suppast frRieepRR eiichaatidsbiydstatirginidehtivelieticg strthektebll 38ritage 126
which is rotatablyjournalled a shaping roll 131. Roll mounting brackets

130 afe glisisibbeadigstad| it thaespeetive stepholioirafizaryd2e33 spaced from

adjuster screws 132 which move the shaping rolls 131 in a transverse

plane meliprnitieiger183h dlitestividtbf dfathel vedia thellebetweea.133a of a
beam 133 moving therethrough. Shaping rolls 131 are mounted with

Fespective rotationafitkesadh likeoreferentamsimerelshavetingspla@neployed for like
represented at 134 in FIG. 9b and respective adjuster 20 screws 127

move féatsiayinge olfdrdhde thameoatsnfor rineu fidiaty @anenntie dirextidace are
perpendicular to respective rotational axes. Just visible via aperture 128 is

a set qfigtirepitiharing religitiEl a engaged about an opposite hollow
flange 133b of beam 133 on the other side of frame 120. WO
2006/000019 PCT/Al2entodacsh2ihtages conferred by this configuration of roll
stand, whether for shaping rolls or forming rolls is its adaptability to a wide
10 range of sizes of hollow flanged beams with a wide range of cross-sectional
shapes possible in the hollow flanges. Moreover, location of the roll sets for
opposite flanges in longitudinally spaced planes permits the ruse of multiple
roll combinations such as that illustrated without the interference with an
adjacent set of rolls in the same plane for shaping or forming of an opposite
15 hollow flange. By using a three roll set of forming rolls as shown hollow
flange beams with closely spaced or otherwise relatively deep flanges can
now be rolled without the limitations otherwise imposed in conventional mills.
A still further advantage of a roll stand as illustrated in FIG. 9
with a three roll shaping set is that by operating one of the rolls with an
20 inclined rotational axis as shown, a tapered edge roll of a relatively small
diameter can still provide a deep support face for an upright flange edge
without “scrubbing” the face of the flange as a result of the forming velocity

differential across a planar side wall of a cylindrical roll.

The roll stand shown in FIG. 9 is considered to permit



As can be seen from FIGS. 9b and 9c a front elevational view of the

shaping roll stand is substantially identical except that roll carriage 126 is
WQlOIHWd D the left to accommodate hollow flange 133b spa®€d/&ba905/000898

hollow flange 133a by the width of the web therebetween. 5 Although like

reference numerals have been employed for like features, the reference

numerals for the features on the front face are distinguished by a prime.

The paiihetdatiaticastagameieiridostiofrolivide mdidinnfe@rsstdiad-30% less
whether for shaping rolls or forming rolls is its adaptability to a wide 10

rangetipapizesridmitnaiiaopedibprtssvithaywite emgiogeéd.  Moreover, the
cross-sectional shapes possible in the hollow flanges. Moreover, location

of theggpiseibifity eptnsitelfralessrddagitidinglly spbesthpkines panits rolled
the ruse of multiple roll combinations such as that illustrated without the

interfeyitheaMitving tadiffeenisibtivangis isintisshnaeanadaashahirges in web

forming of an opposite 15 hollow flange. By using a three roll set of

sformingidenls Aghehrewsilehinvgfoneerdgainesl witheldsely sipawgd ibrhollow flange

otherwise relatively deep flanges can now be rolled without the limitations
othenpisannaiased dorsigyerticonal mélelyfotithhirtenartbeptagesssa aabmplete
stand as illustrated in FIG. 9 with a three roll shaping set is that by
operaisly eaerieighe chiingédtven Rajndisedifeictiohahaxisimsteboand asimilarly
tapered edge roll of a relatively small diameter can still provide a deep
suppaeprasefaeat ofuighd diathes redl derackestoals tscarbben g ffeatdd capitithe
flange as a result of the forming velocity differential across a planar side
wall of a cylindrical Fi. Titestodvegandaiizle sided @ries headsiokstand 13 having
permit
10 a configuration similar to shaping roll stands 12 shown in FIG. 9.
Referring in particular to FIG. 10b, turk’s head roll stand 13
comprises a plate-like frame 140 with top and side reinforcing webs 141,142
respectively. A mounting base 143 is adapted for mounting on a mill bed as
shown in FIG. 2 and lifting eyes 144 are provided for handling purposes.
15 Mounted on opposite faces of frame 140 are roll mounting plates 145 with
aligned central apertures 146. Mounted about apertures 146 are roll
mounting frames 147 slidably locating roll mounting brackets 148 which are
axially adjustable by respective adjuster screws 149. Roll mounting plates
145 are axially adjustable by adjusting screws 150.
20 Roll mounting frames 147 are mounted on a face plate 151 in
turn rotatably mounted on roll mounting plates 145 and at least partial
rotation of face plate 151 relative thereto is effected by adjusting screw 152.

Relative rotational adjustment between the face plates 151 on the front and

rear sides of the turk’s head frame 140 permits any twisting or axial



WO 2006/000019 PCT/AU2005/000898 21 substantial cost savings in the

cost of roll sets as diameters of 25-30% less than conventional roll
WQlRpGeeeisifnay be employed. Moreover, the adjustability of tRE€T6AE2005/000898

allows a large range of beam sizes can be rolled without having to effect

roll changes simply to accommodate chargges in web 5 width. Where roll

changes are required either fora change in hollow flange beam size or

configlgriipthabAEiplythiy mellsenaange Usparesioa bempleisvedl by idler rolls
carriage changeover may be effected in minutes and similarly

replacgypemsaof 85eaing pifdratiebalen progdressitacied fiyid))sawGr the like
10 shows a double sided turk's head roll stand 13 having 10 a

configyrpéaiesérdldineospriagermistandadiishown in FIG. 9. Referring
in particular to FIG. 10b, turk's head roll stand 13 comprises a plate-like
frame 140 with top Rirgagithe valinferapiaresit solgelrsel?s skilfsebiiviie. st that many
mounting base 143 is adapted for mounting on a mill bed as shown in

5FIG. Zryanfidsneneyand 4hnstigrevidey b handiirtg phepoadsubaspects of the
Mounted on opposite faces of frame 140 are roll mounting plates 145 with
alignggveaiion withsuterepaftinddroie thatspitinprdsespbihereab!
mounting frames 147 slidably locating roll mounting brackets 148 which
are axially adjustable by respective adjuster screws 149. Roll mounting
plates 145 are axially adjustable by adjusting screws 150. 20 Roll
mounting frames 147 are mounted on a face plate 151 in turn rotatably
mounted on roll mounting plates 145 and at least partial rotation of face
plate 151 relative thereto is effected by adjusting screw 152.



Relative rotational adjustment between the face plates 151 on the front
and rear sides of the turk's head frame 140 permits any twisting or axial
WO 2006/000019 PCT/AU2005/000898 22 deformations in the hollow
flange beam to be removed by idler rolls 153,154,155 and 156 before the
beam progresses to a flying saw or the like to be severed into
predetermined lengths. It readily will be apparent to persons skilled in the
art that many 5 modifications and variations may be made to the various
cLaspects of the invention without departing from the spirit and scope
thereof. 23 CLAIMS: 1. A cold roll forming mill for the manufacture of
hollow flange seam welded beams (26, 133) from a single strip of metal,
1. said mill OnSEHSiFY! dOrERRR Jritafon 0, RaircdiiaLhhe aitRnge seam
station (2); and, a shaping station (3), said mill characterized in that either
weldpdBaRMF 42/ himid e StAisINels st Llidsiap R SMHbRABPESHRBrises
independently supported side engaging roll combinations (42, 43; 131)
adapted, ia fesmitey retht@ither)or both of opposite sides of said strip,
adjacent transverse pairs of said side engaging roll combinations (42, 43;

131) bein selectivelémor\]/‘é@\ble@elati\é? io eéaé‘?jh other in a transverse

direction ge?ﬁé‘ﬁ‘&%kﬂ ¥ 3" JEEHNh DA er &r i strip through said

mill, wherein all forming and shaping rolls of either or both of said forming

station (1 )pasitlesaing sttapory Sptiesid Intoabatadtesidesidindigdgiither or both
of said forming station (1) and said shaping station (3) comprises independently
supported side engaging roll combinations (42, 43; 131) adapted, in use, to roll
either or both of opposite sides of said strip, adjacent transverse pairs of said side
engaging roll combinations (42, 43; 131) being selectively movable relative to
each other in a transverse direction perpendicular to a direction of travel of said
strip through said mill, wherein all forming and shaping rolls of either or both of

said forming station (1) and said shaping station (3) consist of said side engaging

roll combinations (42, 43; 131).

2. A mill as claimed in claim 1 wherein some or all of said side

engaging roll combinations (42, 43; 131) are idler rolls.

3. A mill as claimed in claim 1 wherein some or all of said side

engaging roll combinations (42, 43; 131) are drive rolls.

4. A mill as claimed in claim 1 wherein drive rolls (22), spaced within
said forming station (1) and spaced within said shaping station (3) are adapted to

engage a central region (25) of said strip between formed edge regions thereof.



roll combinations (42, 43; 131). 2. A mill as claimed in claim 1 wherein

some or all of said side engaging roll combinations (42, 43; 131) are idler

rolls. 3. A mill as claimed in claim 1 wherein some or all of said side

engaging roll combinations (42, 43; 131) are drive rolls. 4. A mill as

claimed in claim 1 wherein drive roll$422), spaced within said forming

station (1) and spaced within said shaping station (3) are adapted to

engage a central region (25) of said strip between formed edge regions
5. thereof. 24 Blilh asilctainrineClaidainvhenedicsorents @llanfagaidigrive rolls

drive rolls (22) are adapted to engage said strip over a substantial portion
(22)iesecatipptaddp Goangd sdigeseponseoasaibstaptisl parinadhaseekbsatveen

claim 1 wherein some or all of said drive rolls (22) are adapted to engage
ormegestep mygnmebsadadiiportion (25) spaced from said formed edges.

7. A mill as claimed in claim 1 wherein some or all of said drive rolls (22)

6. are adaptadiqiensagsisrid frQAtaseNherNASSShie BEdIPEeRaMRIRGE rolls
8. A mill as claimed in claim 1 wherein transverse pairs of side engaging

22)rguecga%bvr@alqase(€g?a JBeaRLRS RE PREREREHHIASA 3BNShaced from

frames (35, 120). 9. A mill as clalm in claim 1 wherein transverse pairs

saidoforaidElegEesgaging roll combinations (42, 43; 131) are movably
mounted on a common roll stand frame (35, 120). 10. A mill as claimed in

claim8or9 whereln said rol| stan frames
A m gl Stand frame

| as claimed in claim egeln some or all of said drive rolls

(22) are adapted to engage said strip adjacent opposed formed edges thereof.

8. A mill as claimed in claim 1 wherein transverse pairs of side
engaging roll combinations (42, 43; 131) are mounted on respective roll stand

frames (35, 120).

9. A mill as claimed in claim 1 wherein transverse pairs of said side
engaging roll combinations (42, 43; 131) are movably mounted on a common roll

stand frame (35, 120).

10. A mill as claimed in claim 8 or 9 wherein said roll stand frames (35,

120) are selectively movable transversely of a mill bed.

11. A mill as claimed in claim 1 wherein said transverse pairs of side
engaging roll combinations (42, 43; 131) are aligned in a transverse plane
perpendicular to a direction of travel of a strip of metal between said side

engaging roll combinations (42, 43; 131).

12. A mill as claimed in claim 1 wherein each of said transverse pair of

side engaging roll combinations (42, 43; 131) is located in a respective



120) are selectively movable transversely of a mill bed. 11. A mill as
claimed in claim 1 wherein said transverse pairs of side engaging roll
combinations (42, 43; 131) are aligned in a transverse plane
perpendicular to a direction of travel of a strip of metal between said side
engaging roll combinations (42, 43; $31). 12. A mill as claimed in claim 1
wherein each of said transverse pair of side engaging roll combinations
(42, 43; 131) is located in a respective 25 longitudinally spaced
longitanineiisesprerd feapeneiseplana areretoaictiaalel afdirestipropfrisaael of a
between said side engaging roll combinations (42, 43; 131). 13. A mill as
stripcRfimetpirbelayeen whiersifeaergrgivad elideostyjagtinnsolft Hr43sit1).
engaging roll combination (42, 43; 131) is rotatably mounted on an

13. Inclined aXsyiNgs A HEPYR'SRIRAUPRIRGR HUE RIS OoR HIEREE Uhghging roll

travel of a strip of metal through said side engaging roll combination (42,

of é%id‘@@nééﬁﬁg?”%ﬁscﬁﬁﬂmiwléﬁm Lywherein g 'Rﬁéﬁéﬁ];l $if#unted on an

engaging roll of a side engaging roll combination (42, 43; 131) is rotatably

inclimyaiad Bing Rosizpaialaxie Ipiagdny trRMNEIsS R BeRIBRIFIGUIRAE of a
a direction of travel of a strip of metal through said side engaging roll

strigPeMialiandAdn4%id 3e Endh gl asiFiaimerhinieiaipl wherain at least
one side engaging roll of a side engaging roll combination (42, 43; 131) is
rotatably mounted on a vertical axis. 16. A mill as claimed in claim 1

14. wherein s&idHHS BRITSS) Qe Ete! WHSEIY Aideasi fRsirgd61eNgaging roll
inati 42, 43; 131) al ill bed. 17. A mill laimed in clai

of aioar;] ép&aﬁons, 59'%1993 gﬁﬂgﬁ% Eg ]131) EQI rg%tca Ilg/nem(;ﬂr%gl on a

horizontal axis lying in a transverse plane perpendicular to a direction of travel of a

strip of metal through said side engaging roll combination (42, 43; 131).

15. A mill as claimed in claim 1 wherein at least one side engaging roll
of a side engaging roll combination (42, 43; 131) is rotatably mounted on a vertical

axis.

16. A mill as claimed in claim 1 wherein said drive rolls (22) alternate

with said side engaging roll combinations (42, 43; 131) along a mill bed.

17. A mill as claimed in claim 1 wherein any or all of said at least one
side engaging roll of a side engaging roll combination (42, 43; 131) is rotatable on
an axis selectively angularly adjustable in a plane lying perpendicular to a

direction of travel of a metal strip in said mill.

18. A mill as claimed in claim 1 wherein said drive rolls (22) are located
between pairs of longitudinally spaced side engaging roll combinations (42, 43;

131) along said mill bed.



side engaging roll of a side engaging roll combination (42, 43; 131) is
rotatable on an axis selectively angularly adjustable in a plane lying
perpendicular to a direction of travel of a metal strip in said mill. 18. A mill
as claimed in claim 1 wherein said drive rolls (22) are located between
pairs of longitudinally spaced side epgaging roll combinations (42, 43,;
131) along said mill bed. 26 19. A mill as claimed in claim 1 wherein said
seam guide and welding station (2) includes a seam guide roll stand (9)
19. having at fedstloae staimesLitectaim(3eWvhaiaig aaitceearerantide shadilwelding
(61) pivotally mounted on an inclined rotational axis lying in a transverse
statigiae) jeqlericalseanodide tioh spndV@) diavig stripashrnsheradeguide roll
(61), in use, providing abutment for said free edge (62a, 62b) of said
(56 )nteayingrig. 2UcAMiarestahishayidenalfi 1 Pivesabih Bgrierkaenone inclined
seam guide roll (56) is selectively movable along said inclined axis. 21. A
rotafinalsaisydainncRilFANSRFRE diRas dMefibpal ik bie AddestiPygidsavel of
roll (56) is selectively é%qsularly adjustable in said transverse plane. 22. A

saichgirias SrthRPINAgEIR N vifdieh BERYiISiareRUideem dansaindreg.gage (62a,

(2) includes a weld box stand (11) having at least one squeeze roll (94a,
62bpapsaidanataibited on an inclined rotational axis lying in a transverse
plane perpendicular to a direction of travel of said strip. 23. A mill as

20. claimed inaClaim 22 MIsel inaltbihleash\iie & URRaeK0k A6 d 4k guide

selectively movable along said inclined axis. 24. A mill as claimed in claim

roll @5 \MBeJeIBch eI RGP B B RirRpihR] IRRled axis.

21. A mill as claimed in claim 19 wherein a rotational axis of said seam

guide roll (56) is selectively angularly adjustable in said transverse plane.

22. A mill as claimed in claim 1 wherein said seam guide and welding
station (2) includes a weld box stand (11) having at least one squeeze roll (94a,
94b) pivotally mounted on an inclined rotational axis lying in a transverse plane

perpendicular to a direction of travel of said strip.

23. A mill as claimed in claim 22 wherein said at least one squeeze roll

(94a, 94b) is selectively movable along said inclined axis.

24. A mill as claimed in claim 22 wherein a rotational axis of said at least
one squeeze roll (94a, 94b) is selectively angularly adjustable in said transverse

plane.

25. A mill as claimed in claim 1 wherein side engaging roll combinations
(42, 43; 131) are rotatably journalled on a respective mounting frame (35)
releasably securable to a respective forming roll stand (7) and/or a shaping roll

stand (12).



one squeeze roll (94a, 94b) is selectively angularly adjustable in said
transverse plane. 25. A mill as claimed in claim 1 wherein side engaging
roll combinations (42, 43; 131) are rotatably journalled on a respective
mounting frame (35) releasably securable to a respective forming roll
stand (7) and/or a shaping roll stand{12). 27 26. A mill as claimed in
claim 25 wherein said mounting frame (35) is adjustable in a transverse
plane perpendicular to direction of travel of said strip through said
26. mounting fxaié @5 klaimedniil elgioarhedhesiinsaidvrerentisgidragen(39) is
guide and welding station (2) comprises: a seam roll stand (9) rotatably
adjusiipbleriinatransiasae siann pfrEe)disdiatda, direciionodiewel pésaid strip
edge of a contoured edge region of said metal strip into linear alignment
throygh saitanetsttingdameld3bdis spaced from said free edge on a surface
of said metal strip; and, a weld box stand (11) rotatably supporting at least

27. One pair o, %Heﬁ%l@_ﬂ%@ﬁ@ém’ inwﬁéré%%gﬁj?é%ﬁe&ﬁ@&%%%lding
heated to a predetermined temperature into fused engagement with a

state @RIy feated said weld axis on said surface, said pair of
squeeze rolls (94a, 94b) co-operating, in use, to guide said free edge
through a predetermined linear trajectory substantially along an incidence
axis of a SiSSEHUEN RaRq A folPRRIYeR PRI R 9RE sarm roll (56)

surface of said metal strip whereby energy imparted to said cold forme
adaRighHBr US%odaeBHIn By aTIRERARE Al CaBIY CadssIendedinmaY Said meta

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 (11) rotatably supporting at least one pair of
squeeze rolls (94a, 94b), 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 (94a, 94b) co-operating,
in use, to guide said free edge through a predetermined linear trajectory
substantially along an incidence axis 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 of said surface.

28. A mill as claimed in claim 27 wherein the mill is adapted to induce
electrical current in said free edge and said weld region by electrical contactors
adapted to slidably engage said metal strip adjacent said free edge and said weld

region.



weld axis of said surface. 28. A mill as claimed in claim 27 wherein the mill
is adapted to induce electrical current in said free edge and said weld
region by electrical contactors adapted to slidably engage said metal strip
adjacent said free edge and said weld region. 28 29. A mill as claimed in
claim 27 wherein the mill is adapted 4g induce said electrical current is
induced in said free edge and said weld region by an induction coil (75)
adapted to transversely surround said metal strip in a plane perpendicular
29. to a directforindf @avelpgnssidmrieansi#ip wheethrdbghmdbisaadapied to induce
claimed in claim 27 wherein at least one of said pair of squeeze rolls
said ®lectyrn) isuarailiasiyndyasthine said ilaressia aiticarif tvaldiire@igsn by an
of travel of said metal strip therebetween. 31. A mill as claimed in claim 27
indugtiere Pl (Eakesiapists 4nd thansyersghie szeresing(Said gnelak stapidtasierlane
relative to the other of said pair in a direction perpendicular to a rotational
perpghslictiRiidoa Idlecipe of sanepalrsaidsaetalzatiplihesathrough. 32. A mill
as claimed in claim 27 wherein said weld box stand (11) includes web
30. support rollsfil a0 tatae Re W arRabe! (reRGHY St ¥RSt RABEHAIIRISIr of
a direction of travel of a metal strip member therebetween. 33. A mill as
squéiEngd|is ¢da @4%%%@%@%@]@@!&&& (@LhhafaAe CRBIBHIRACOIER O a

edge to function as one of said pair of squeeze rolls (94a, 94b). 34. A mill

dire8fcHMesVE eipdaid Meellsing theredbateane seam roll stand (9).

31. A mill as claimed in claim 27 wherein at least one of said pair of
squeeze rolls (94a, 94b) is adjustable relative to the other of said pair in a
direction perpendicular to a rotational axis of said at least one of said pair of

squeeze rolls (94a, 94b).

32. A mill as claimed in claim 27 wherein said weld box stand (11)
includes web support rolls (91) rotatable about parallel respective axes

perpendicular to a direction of travel of a metal strip member therebetween.

33. A mill as claimed in claim 27 wherein a web support roll (91) has a

contoured outer edge to function as one of said pair of squeeze rolls (94a, 94b).

34. A mill as claimed in claim 27 including more than one seam roll
stand (9).
35. A mill as claimed in claim 27 wherein a contoured guide roll (52) is

provided, in use, to urge said free edge of said metal strip into abutment with said

circumferential shoulder.



35. A mill as claimed in claim 27 wherein a contoured guide roll (52) is
provided, in use, to urge said free edge of said metal strip into abutment
with said circumferential shoulder. 29 36. A mill as claimed in claim 27
wherein a rod-shaped impeder (82) supported at one end thereof,
upstream of said one or more seam pgll stands, (9) extends into a hollow
interior of a contoured edge region of said metal strip. 37. A method of
cold roll forming a hollow flange member (26, 133) from a single strip of
36. metal, saif rmethas ctwitpasing ¢laisedd srharringaratkahapeg tirmeses (82)
cold rolling mill by driven rolls (22) engaging a planar central region (25)
suppprear atneasiheredhtopsteany ot kit dgeiegeareligtatis, (9)
by forming rolls (42, 43); continuously seam welding by an electrical
exterdsstaieca belkattieronefdrrppiogeed edeedegigs Gxaid7pPial sHi® at

least one edge region to a surface of said strip along a predetermined

37. Weld region {Qdfipisa %M@Wcﬂﬁf&ﬁﬁﬂk@ﬁ% ﬁBH’O\ﬁWPa(H%Q RRRIqYdlangs from
(30) by shaping rolls (131) to form a shaped hollow flange of desired

a siﬁ%@@%ﬁ%ﬁﬂtﬁ?@@érﬁf&ﬁdﬁh%ﬁiﬁr%“ﬂ@@?@d@%?: (4_2, 43) a_nd said
shaping rolls (131) consist of side engaging roll combinations being
selectively movable relative to each other in a transverse direction

perpendictidig 2 dPEbRIBPHRTRYER &GO P HRaU Bl FriveRgols (22)

method aﬁs claimed in claim 37 wherein one or more of said
engaging a planar central region (25) of said strip;

forming a contour along at least one edge region of said strip by

forming rolls (42, 43);

continuously seam welding by an electrical resistance or induction
welding process a free edge (62a, 62b) of said at least one edge region to a
surface of said strip along a predetermined weld region to form a hollow flange

(30); and,

shaping said hollow flange (30) by shaping rolls (131) to form a

shaped hollow flange of desired cross-sectional configuration,

wherein said forming rolls (42, 43) and said shaping rolls (131)
consist of side engaging roll combinations being selectively movable relative to
each other in a transverse direction perpendicular to a direction of travel of said

strip through said mill.

38. A method as claimed in claim 37 wherein one or more of said

forming rolls (42, 43) are driven to assist in driving said strip through said mill.



forming rolls (42, 43) are driven to assist in driving said strip through said
mill. 30 39. A method as claimed in claim 37 wherein one or more of said
shaping rolls (131) are driven. 40. A method as claimed in claim 37
wherein shaping of said hollow flange (30) is effected by shaping rolls
(131) mounted in longitudinally spacgg transverse operating planes, said
spaced operating planes being parallel to each other and perpendicular to
a direction of gravel of said strip of metal in said mill. 41. A method as

39. claimed irfclagtBrwarelaimest i selrimsted/ovberginuons searmore of said
welding, said free edge (62a, 62b) is aligned linearly with a

shapirgepdmiitEd wdlEXRNon said surface of said strip and said at least one
free edge (62a, 62b) is guided through a predetermined linear trajectory

40. along an NGKIGRER A4S QhRnEPHERISHH VEFIAHBTERN SRApReN SRLRE hollow

least free one free edge (62a, 62b) and said surface whereby energy

flaniBPEItsddosrigiBallgy Qﬁasmmqn §30) isdastsser MNRIRIBHENIY spaced
W

effect along said predetermine axis on said surface prior to fusing

tran8oktsY 5stANR) THarRA0-4RP8p62RY thER it pA MestBesthagselmaddreach

claim 37 wherein said at least one free edge (62a, 62b) is aligned with

otheTadpiVBEHSEAINBUMrAB R ifBele SO E0LS EPBhRASHIPSV B! in said mill.
circumferential shoulder (61) providing an abutment for said at least one

free edge (62a, 62b). 43. A method as claimed in claim 42 wherein at

41 least one feBEHYE (B2C18UBFEr Lhibl AT aP SrNE RGBTl oStk iter of
contihubua SSam WeIding. e rae sge 1625  ob) 58 Higred livedry with a
predetermined weld axis on said surface of said strip and said at least one free
edge (62a, 62b) is guided through a predetermined linear trajectory along an
incidence axis of a subsequent weld junction between said at least free one free
edge (62a, 62b) and said surface whereby energy imparted to said hollow flange
member (30) is focussed by a proximity effect along said predetermined weld axis

on said surface prior to fusing said at least one free edge (62a, 62b) thereto.

42. A method as claimed in claim 37 wherein said at least one free edge
(62a, 62b) is aligned with said weld region by one or more seam rolls (56) each
having a circumferential shoulder (61) providing an abutment for said at least one

free edge (62a, 62b).

43. A method as claimed in claim 42 wherein at least one free edge
(62a, 62b) of said metal strip is urged into abutment with said circumferential

shoulder (61) by a contoured guide roll (52).



44. A method as claimed in claim 42 wherein said metal strip is supported
centrally by opposed cylindrical roll surfaces (90, 91) adjacent said weld
region as said at least one free edge (62a, 62b) is urged into abutment
with said circumferential shoulder (61). 45. A method as claimed in claim
42 wherein at least one free edge (67a, 62b) is guided toward said
closure region at a predetermined angle relative to strip surface by
adjustably mounted seam rolls. 46. A method as claimed in claim 37

44. wherein slidragtbast @se fleémeihdn(etlains2BRodgdeinetsdistripigtal strip is
guided through said predetermined trajectory by a contoured squeeze roll

suppaurie b e ERIBH diviopResesidcybnesiaeld rallrsudasiesai®@in&h) Adiacent said
between spaced substantially parallel contact faces of said contoured
welggagiereas|seid atdanst snesfiee wodeaddairhel insclaBed Mithaksiment with
weld energy is imparted to said free edge (62a, 62b) and said
saidpigerBfentEiRl1aws§ioMny: an electrical induction coil (76), said coil
(76) extending substantially around said metal strip in a plane

45, substantiglly-pefineadiculas it ed anoiiinal 2xwkiRiRCht 48 a4t reRlIGrbaSedge
claimed in claim 37 wherein an elongate rod-like induction impeder (82)

(623 UPPOY R RRIFhRXIeadSIYRifa SgitVaintE PRI feteidhiRb &3 gle relative
contoured surface to a region adjacent a closure region where said at

to slRpuABESE SYaSHERM nfRlntisd esrpretid surface of said metal strip.

46. A method as claimed in claim 37 wherein said at least one free edge
(62a, 62b) of said metal strip is guided through said predetermined trajectory by a
contoured squeeze roll (94a, 94b) extending over said contoured surface of said
metal strip between spaced substantially parallel contact faces of said contoured

squeeze roll (94a, 94b).

47. A method as claimed in claim 37 wherein weld energy is imparted to
said free edge (62a, 62b) and said predetermined weld region by an electrical
induction coil (76), said coil (76) extending substantially around said metal strip in

a plane substantially perpendicular to a longitudinal axis thereof.

48. A method as claimed in claim 37 wherein an elongate rod-like
induction impeder (82) supported at one end extends within a hollow interior cavity
of said contoured surface to a region adjacent a closure region where said at least

one free edge (62a, 62b) is fused to said surface of said metal strip.



