Y 2005 - 1 COLD-FORVABLE METAL- COATED STRI P The present invention
rlgl zl\i/fes to cold-formable steel strip that has a corrosi on-remgéa’%Y_ZUUS
coating. 5 The present invention relates particularly but not exclusively
to steel strip that has a corrosion- reS|1stant nmetal coating and can be
painted and thereafter cold formed (e.g.~ By roll forming) into an end-use
product, 10 such as roofing products. The present invention relates .
particularly but not exclQ¥iD/@IORMARLE METAYSCORTES StrrE netal coating in
the formof an alum niun.zinc alloy. 15 The pr esent Invention rel at es
particularly but not exclusively to high tensile strength steel strip. The
term"high tensile strBfyRresent noererbien Pelaeeei to tcohdafiothablé he
tensile stremgsdyistaip|enst 200 o \PorrdbeoRLEctL baVCObLOGeEl Ates
parti cul %rly but not exclusively to netal-coated steel strip that is 25
produced™by a hot-dip coating nethod. In the hot-dip netal coating nethod,
steel strip generall rhzagsesddy digheiio® r oM N8M {1 G IBIY migr naces

' [ t nol ten 30 coating netal held in a
coating pot e koAl M kel Hertn B P hetl HRFTERLP ¢ he coat | ng
pot by the ReSistantemetall iomalcing sandheastisé ppatauedd YaRki tiseiderheat
treat ment fwWdiar e Miad ak §f or]:gratlecgl]f ng]latg%‘ Xi {n&put e or. sné)utrt hatt di ps ‘
into the bath. Wthin the bath the strip %asses AP U O TR si nk

Ra T Slchas FRRfride products.

rolls a

The present invention relates particularly but
not exclusively to a corrosion-resistant metal coating in
the form of an aluminium/zinc alloy.

15

The present invention relates particularly but

not exclusively to high tensile strength steel strip.

The term “high tensile strength” is understood
20 herein to mean that the tensile strength is at least 350
MPa,.

The present invention relates particularly but
not exclusively to metal-coated steel strip that is
25 produced by a hot-dip coating method.

In the hot-dip metal coating method, steel strip
generally passes through one or more heat treatment
furnaces and'thereafter into and through a bath of molten

30 coating metal held in a coating pot. The coating metal is
usually maintained molten in the coating pot by the uge of
heating inductors. The strip usually exits the heat
treatment furnaces via an elongated furnace exit chute or
snout that dips into the bath. Within the bath the gtrip

35 ©passes around one or more sink rolls and is taken upwardly
out of the bath. After leaving the coating bath the strip

passes through a coating thickness station, such as a gas



out of the bath. After |eaving the coating bath the strlp pas hr ough a
coating thickness station, such as a gas 1 3 MAY 2005 - knlggfﬁb\

W ping station at which its coated surfaces are_subyected to jets Qf
wiping gas to control the thickness of the coating. The coated strip then
passes through a cooling section and i's%ubjected to forced 5 cooling. The
cooled strip thereafter passes successively through a skin pass rolling
section (al senkfewpragas venmpeg stetiongasewhion) 1a§dcaategebhrﬁgct;ﬁgcts lt ?Inp
The main pur e S IS co | 0

surface (3nt£?§;$#é§ﬁét g %eggﬁgeéﬁc %E§g a%n%%tﬁoFﬁﬁogokéﬁrface An
addi ti onal behbFrress %ﬁlﬁh%a%%a¢bmgrngThs coatéﬂaStempsuhéncgadeéects

such as pi n-titesgrng é@ﬁifﬁﬁesé@@§§n Mg équbfgéégﬁetge% ?are ]
present. The ose of levelling the strip i1s orm rip so that
it is sdffi #%gé)% f1Re %ﬁ°¥%5§%ﬁﬁﬁﬁtt%@%%%%%?ﬁgpa$@¢se&%ﬂ@¢@61me1$ a

pai nt coati rlgnl'om_m O:Desr}ain s £ Jl“tb'g:hlﬁé)eﬁgcﬁio:@ (&1 sd eRsdvm 1000 nEéHpeJhe
ski n pass rq@# velled ) ed at,a coiling station.

maj or mar ket t aefc coal%)eaEl aﬁ er%YﬁJaf’rIF SREGIOR/ al THE hadn me
steel stripaf %Isua Hegrd staplcld o reipai sitrip nias iidilaéo:@@piyoza o r\gt,_eﬂatl ng to

the surface Qfreddie G108 mitink ﬁiﬁkﬂé%‘ o et I ssr?m%%fggs%ﬁ%/ to

conmmer ci al appl i cati ons an In the ma| ori cas
col d fotfh (SIHEaEE by AbIadFidrimnag herreei?is: praﬁ rtleth snassp rollinterig o

produce finalankn sl sFectdICnash racgafﬁﬂg_rggpgycgéq didrdsad rrportant

that netal - ated steel strlp that i s produced by a net coating |ine,
such as a hot: e s ﬁ‘?d’ef o4t AR RA9S9R: ol yThe nuxpise
form ng of levelllng the strip is to deform the strip so that it is

sufficiently flat for subsequent processing, for example in

15 a paint coating line operating at high speed (i.e. at least
100m/min). The skin pass rolled and levelled strip is
coiled at a coiling station.

A major market for metal-coated, particularly

20 zinc/aluminium coated, steel strip is as a feedstock for
paint lines that apply a paint coating to the surface of
the steel strip. Paint line products have a range of
commercial applicationgs and in the majority of cases it is
necessgary to cold form (such as by roll forming) the

25 painted strip in order to produce final end-use products,
such asg roofing products.

It is important that metal-coated steel strip

that is produced by a metal coating line, such as a hot-~dip

30 metal coating line, for use ultimately as a cold forming
feedstock be produced reliably with properties that confer
adequate formability under the cold forming operation. More
particularly, providing cold forming operators with coils
of painted metal-coated steel strip feedstock that behave

35 congistently and reliably during a cold forming operation
is an important consideration for the operators.

Specifically, congistent qqality cold forming feedstock



feedst ock be produced reliably with properties that confer adequate
formability under the cold form ng operation. Mre particul ar_ﬂ%, Wogﬂ%i ng
cold formng operators with coils of painted netal-coated steel strip

f eedst ock that behave 35 consistently qng reliably during a cold formng
operation is an inportant consideration-for the operators. Specifically,
consistent quality cold form ng feedstock 13 MAY 2005 - 3 enables

operat ors t CPRRIRR PRVFIPHF ned Produce obld-feomedspeodigt hofhaqual ity

W thout havidgnd Dst@ely Shih fdeal e AN h R RabengoLd A0k o gqui prrent

to corrpensateljﬁg%.coil to.coil variations in the cold formn
properties of*THE" T3 AEHSERRIROTP i $9L S LpEniegdedeiphenbated st eel
strip feedstaomkpdresae st o @ES I 19| Yol IPR4E B ik NN GRETco1&NBbIRIng

strengt hest | | i s inherently nore 10 difficult to col orm A
gener al gbj C o%%xrétzhees \;,)\Ar]fegtg}ﬁ Ftion is to provi de a net hod of

produci ng col d-formabl e, netal-coated, steel strip consistently and

reliably. 15 A nore pathi J e _present_i.nventi o isto

provide a net hod of p%&iﬁrﬁm%%?é%%oﬁfe&%sﬂ%e%s n%‘a[trallp"ctor?atte‘ﬂagstefﬁ]gh

qual i ty sur fSeH iffeds tark Kamamasenincrgns ind hubipodtaht oritetbinidlyer

conpar ed to teHgia |9 RhAmidakle seg), SiHid i fﬁ%%ﬁ% oollfe the
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present_ jnventian, th criterja according to which Ity is
assesse b i %%ﬁ‘éﬁu%%ﬁ Fdhifa5Pof the roll-formed profile -

A general object of the present invention iz to
provide a method of producing cold-formable, metal-coated,
steel strip consistently and reliably.

15

A more particular object of the present invention
is to provide a method of producing metal-coated steel
strip that has high quality surface finigh and consistent
and reliable cold formability compared to currently

20 availlable steel strip.

In the context of the present invention, the

criteria according to which cold formability is assessed
include:

25

(i) quality of the roll-formed profile -

' considered in relation to parameters such as
severity of imperfections, two of which are
cil canning and edge ripple;

30

(ii) performance in a roll former; and

{iii) congistency of the form and shape of the
roll formed profile.
35 ,
According to the present invention there ig

provided a method of producing a metal-coated steel strip



considered in relation to paraneters such as severity of inperfections,
two of which are oil canning and edge ripple; 30 (ii) perfornaﬁdbbﬂh’@Mﬁ
roll former; and (iii) consistency of the formand shape of the rol
formed profile. 35 According to the presgnt_invention there is provided a
met hod of producing a netal-coated steel strip 19 MAY 2005 - 4 which

i ncludes the steps.of- (a) formng a netal coating on a steel strip; and 5
10 15 (b) cofats cﬁﬁ?&?éﬁ% %%?f%i%p%fofhe metal -coated steel strip by
snmoot hing the surface of .the strip, the conditioning step producing

resi dual stress of no re ..100 i the,strip. According to the
present invention ther(e%i s Eal 50 &%r%ﬁ%é%{'ac%‘fﬁ%% 8’5 ?)r%'a?l%fn gﬁlm

met al -coated steel strip vi#R&h includes the steps of: (a) forming a neta
coating gn a steel strip; 20 (b) conditioning the surface of the: '

metal -coated steel strip by snpothing the surface of the strip, the
condi ti oning step prod®i nFndttirning ridie trfrcard thamaodl Meated

steel strip by smoothing the surface of the

strip, the conditioning step producing

residual stress of no more than 100 MPa in
10 the strip.

According to the present invention there is also
provided a method of producing a metal-coated steel strip
which includeg the steps of:

15

(a) forming a metal coating on a steel strip;

(b) conditioning the surface of the metal-coated
steel strip by smoothing the surface of the
20 strip, the conditioning step producing
residual stress of no more than 100 MPa in
the strip; and

{(c¢) forming a paint coating on the conditioned
25 : strip.

The present invention is based on the realisation
that residual stress in metal-coated steel strip,
particularly high tensile strength steel strip, causes

30 problems during cold forming (such as roll forming) the
strip.

In particular, the present invention is based on
the realisation that the conventional practice of levelling
35 metal-coated steel strip, particularly high tensile '
strength steel strip, that has been skin pass rolled can

introduce considerable amounts of residual stfess in the




the strip; and (c) formng a paint coating on the conditioned 25 strip.
The present invention is based on the realisation that resi dual.’egtﬂgfsgg@g
nmetal -coated steel strip, particularly high tensile strength st r4e;
causes 30 problens during cold form ng_(g,ugh as roll formng) the strip.
In particular, the present invention is based on the realisation that the

conventional _practic el 35_netal -coated steel strip

particul arl f%% ?Iécﬁsﬁ?eer%e? e"’f'l%g%]%c%t%‘%’fe%?‘?ﬂﬁ tl{‘?la?o%sf‘b’éféﬁpkk%%’p%%s
rolled can b refdhuiqe. consi derabl e anmounts of residual stress in.the 13 MAY
2005 -5 strip and thereby affect adversely the cold formability of the
strip. Mre particularly, the present invention is based 5 on the

real i sati on that roll iMeFersedticodteadlint ddie strdgmntpaitvenit iand ﬁsl’llk_gi'sed

tensile §te&ln SiHd Pred N L3I0 t&a@%%ir?% rﬁé}:ea])sucg%oﬁ?ed A dde ( by

deformng the strip to produce a snoot ace be car’t e ‘out
under rol | BRFHGTdiaslghdight anddire s tael et rimsiiduairdsr dgs 10 wit hin

the strip. Idbddiaicanta Sfrthe pesan étﬂe’fﬁ'tﬁﬁlﬁ defo}&ﬂEL tl{ee%%a 15

stress" is L{:nders od to nean.residual stress o no nore

I'n addition,"9 PRIEEoft SAGH FHFTRSe R4 1 din G TI9RAHUARAAT ess” s
under st ood tmeIigay tdonditdsirduathast passhidy aughiddie ddd daes stfeddre strip.
Accor di ngl Y wiefi6f et@fee%t&q_ﬁl.r esi dual stress" herein should

In the context of the present invention, “minimal
residual stress” is understood to mean regidual stress of
no more than 100 MPa.

15

In addition, in the context of the present
invention, “residual stress” is understood to mean the
residual stress through the thickness of the strip.
Accordingly, references to “residual stress” herein should

20 be understood as references to through-thickness residual
stress.

It is relevant to note that there are two
distributions of residual stress in strip. One is the
25 through~thickness distribution mentioned in the preceding
parégraph and the other is the distribution of residual
stress across the width of the strip. The across-width
distribution of residual stress is usually of small
magnitude in the case of thin strip.

30
Preferably, step (b) of conditioning steel strip
produces residual stress of no more than 90 MPa through the
thickness of the strip.
35 The applicant has found that producing metal-

coated steel strip, particularly high tensile gtrength

gsteel strip, with minimal residual stress makés it possible



20 be understood as references to through-thickness residual stréanMAy“jaﬁj
relevant to note that there are two distributions of residual stress in ’
strip. One is the 25 through-thickness distribution nentioned in the
preceding paragraph and the other is thg distribution of residual stress
across the wdth of the strip. The across-width distribution of residual

stress is usually of smal magni tude jn the case of thin strip. 30
Preferably, %?é%g?%ﬁS%égki¥mﬁ?ékﬁﬁ¢EF§i%e¥°§%r?%rmpF%ﬂu%%ElPesiduar stress
of no nore than 90 MPa through the thickness of the strip. 35 The

appl i cant has found t ' net.al -- coated stee] strip,, particularly
hi gh tensile strengt hllqlsetﬂgeﬁ%q:s riq%je Vi S T S e ’rségT’oq}'éltesr?sr’eﬁes makes it
possi bl e 1Fwenggostesl Snipconsistently and reliably roll formthe
strip. Pgeferably the steel strip is high tensile strength steel strip.
Preferably the tensile strength of the steel strip is at |east 400 MPa.
More preferably the té’ﬁﬁflegag’t eitdteth temside ftamngtho off rtihe isteml | east 450

MPa. Pref er adnirstiep (wa)1erfstf oy Mpd he nmetal coating on the steel strip
i ncl udes recovery annealing the strip before formng the netal coating on

the strip. 1520 Preferably step (a) of formng the netal coating
More preferably the tensile strength of the sgteel

10 strip is at least 450 MPa.

Preferably step (a) of forming the metal coating
on the steel strip includes recovery annealing the strip
before forming the metal coating on the strip.

15

Preferably step (a) of forming the metal coating
on the steel strip includes hot-dip metal coating the strip
in a bath of molten coating metal.

20 Preferably step (a) of forming the metal coating
on the steel strip includes the steps of recovery anmnealing
steel strip, thereby producing high tensile strength steel
strip, and thereafter hot-dip metal coating the strip.

25 ‘The term “recovery-annealing” isg understood
herein to mean heat treating steel strip so that the
microstructure undergoes recovery with minimél, if any,
recrystallisation, with such recrystallisation being
confined to localised areas such as at the edges of the

30 strip.

Preferably step (b) of conditioning the steel
strip smoothes the surface of the steel strip so that it
is suitable for painting in a paint line.

35

Preferably step (b) of conditioning the steel

strip smoothes the surface of the steel strip'so that it is




on the steel strip includes hot-dip netal coating the strip in 3§ath of
nolten coating netal. Preferably step (a) of formng the netal cda iM@Y 805
the steel strip includes the steps of recovery annealing steel strip,

t hereby producing high tensile strength steel strip, and thereafter
hot-dip nmetal coating the strip. 25 The term "recovery-annealing” is

under st ood i ating steel strip,so fhat the )

m crost ruct ugrlgfﬁn eéfrg:o s%%%@%r%éﬁé?ll%%?%%? "i‘fp%‘@? i?‘é%r?%?’éﬁ"r%%ti on,
with such retf ystagh izutd®Gh ofids ourdd rmegx trouh qoeddisedh on ehbns uspeas. at
the edges of the 30 strip. 35 Preferably step (b) of conditioning the
steel strip snoothes the surface of the steel strip so that it 1is

sui tabl e for painting Bnefensdilnt stere. (Ipr offeqmdl tshaspirich s tsfe Ic ayidiitm oni ng
the steeb stainraimmotdies dheswdmcanindhe siael st AP s dPain id is 13
MAY 2005 - 7 .suffi.ciently smooth for painting in a paint line operating

at | east at 0% of 1% rated nmaxi num production line speed. Preferably step
(b) of conditioning steel strip 5 maintains the strip sufficiently flat

for painting in a pai Lne. . .er.m "sufficiently flat" is understood
herein in the cont exFﬂtgf ltgg‘rﬁflpl ;gitl%gljftlwlteﬁlté‘ﬁ"p 35 atlé‘yr‘?ﬁﬁaedrﬁ coth hergddhar ds,
such as O asd Ahgngoatexs B (compdesinepedcitih edbpiap:Stesredatat idGY 1365.
Preferabby stemdaisol eeidiald @1iadg e Q8las St M e dides Jald g the

strip. 15 ,
P in Standard AS/NZ 1365.
Preferably step (b) of conditioning the steel
strip includes rolling the strip.
15
The rolling conditions may be selected as
required to condition the surface of the strip and to
produce residual stress of no more than 100 MPa.
20 Preferably the rolling conditions are selected to
produce residual stress of no more than 60 MPa.
More preferably the rolling conditions are
selected to produce residual stress of no more than 50 MPa.
25

More preferably the rolling conditions are

selected to produce residual stress of no more than 30 MPa.

Appropriate rolling control parameters include,
30 by way of example, any one or more of:

(i) strip extension;
(ii) roll force;

35

(iii) roll bending; and




The rolling conditions may be selected as required to condition nge
surface of the strip and to produce residual stress of no nore th o Map 3$5
MPa. 20 Preferably the rolling conditions are selected to produce residua
stress of no nore than 60 MPa. More prefgrably the rolling conditions are
sel ected to produce residual stress of no nore than 50 MPa. 25 Mre
preferably the roIIing.cinitions are selected to produce residual stress

of no more than 30 MPa *VApptHhy ARA (1% gPRHIRR ol paraneters include, 30
by way of exanple, any one or nore of: 35 (i) strip extension; {(ii) roll
force; (iii)roll bendjng. .and 13,MAY 2005 -8 (iVv) entry and exit.tension.
5 Preferably the met a%%ﬁ%&’q&% € ﬁ%'?tl '}?a?satfé/tsrﬁetﬁgn%s“a 5% fore than
1nm More prigfieagRinsgs tdfe netmdreddtasd stmeel strip has a thickness of no
nore thag 0. 6nm According to the present invention there is also 10

provi ded a netal -coated steel strip having a residual stress of no nore
than 100 MPa. Pref er abioye perefexalblat the metglgiecadesi [s¢eedt mdngirh hsteeel

strip. 15 Prefigiiaidnedd @& oS iddd-S ot ¢dm t he steel  strip is at |east
400 MPa.

According to the present invention there is also
10 provided a metal-coated steel strip having a residual
stress of no more than 100 MPa.

Preferably the steel strip is high tensile
strength steel gtrip.
15
Preferably the tensile strength of the gteel
strip is at least 400 Mpra.

More preferably the tensile strength of the steel
20 strip is at least 450 MPa.

According to the present invention there is also
provided a metal-coated steel strip that is suitable for
use as a feedstock for a paint coating line and has a
25 residual stress of no more than 100 MPa.

Preferably the steel strip is high tensile
strength szteel strip.

30 Preferably the temsile strength of the steel
strip is at least 400 MPa.

More preferably the tensile strength of the steel
strip is at least 450 MPa.
35
According to the present invention there is alsd

provided a feedstock for a paint coating linelproduced by



More preferably the tensile strength of the steel 20 strip is at |east 450
MPa. According to the present invention there is also provided a MAY 907
netal -coated steel strip that is suitable for use as a feedstockfgér é 2065
paint coating |line and has a 25 residual _,stress of no nore than 100 Mra.
Preferably the steel strip is high tensi Pe~ strength steel strip. 30 35
Preferably the tensile strength of the steel strip is at |east 400 MPa.
More pref er d1% 3RV EIRFFElRad MRERPDf the steel strip is at | east 450
MPa. According to the present invention there is also provided a feedstock

for a paint coating |line rg&) ced by 13 MAY 2005 - 9 the above-described
met hod. Preferably théf’rreef%dr tifteyrﬁeg%i%% i Sigdngransisiedtrangth 5
Preferably tédtedlerstidie strength of the steel strip is at |east 400 MPa
More preferably the tensile strength of the steel 10 strip is at least 450
MPa. According to the present invention there is also provided a painted,
met al - coat ed, steel sthigferakilyy the resigils sHrasmrivfomaH®ra-ddian 100

MPa. 15 Prefral Mg Re Stegle slod RegsS high tensile strength steel strip.

More preferably the tenszile strength of the steel
10 strip is at least 450 MPa.

According to the present invention there is also
provided a painted, metal-coated, steel strip having a
residual stress of no more than 100 MPa.
15
Preferably the steel strip is high tensile
strength steel strip.

Preferably the tensile strength of the steel
20 strip is at least 400 MPa.

More preferably the tensile strength of the steel
strip is at least 450 MPa.

25 ‘The present invention is deszcribed further by way
of example with reference to the accompanying drawings of
which: '

Figure 1 is a schematic drawing of one embodiment
30 of a continuous production line for producing coated metal
strip in accordance with the method of the present
invention; and

Figures 2 to 6 are a geries of plots that
35 summarise the results of trials carried out by the

applicant to evaluate the present invention.



Preferably the tensile strength of the steel 20 strip is at |easf 400 Mpa.
Mor e prefgrably the tensile strength of the steel stripis at |e st 1 %02095
MPa. 25 The present invention is described further by way of exanple with
reference to the acconpanyi ng draw ngs_ :L which: Figure 1 is a schematic
drawi ng of one enbodi nent 30 of a continlous production line for producing
coated netal strip in_accordance with the nmethod of the present invention;
and Figures 2 to 6 ard'itherekaretcy tn Figure B dumeesi seoile oBsbld of

trials carrimesiDad @weéilestﬁpﬁléﬁélrﬁné&fé@' é@té‘ntﬁ&?c&{f&? tsé&‘l\r’f&ﬁ'fn 13
MAY 2005 - 10 reference t in use, coll rol | ed

Fig ,
steel strip ®% %%%%??Sé’dv%tuléﬁofﬁ%% f‘?%ﬂﬁ at¥ o?lt’ilpa?ﬁes‘ﬂ%%@%%l e=d U oi | ed

| engt hs of stnd poware weldied 2rahd of ormcha byomt Ighéles Pergdich f OF @ GONt i NUOUS
length of strip. 5 The strip is then passed successively through an

accumul ator 3, a strip cleaning section 4 and a furnace assenbly 5. The
furnace assenbly 5 thdhe mdinidesisa therereaterd @ quealidiate Ive HiddwgH Wrhace,

and a reducifigtifdHdiace, aTha. st ;;f'cP.Léagnl t add ac';ed méhe UIEIFE)accetehe

assenbl 5 by careful caontrol rocess varla es 1 nc
t enper a%/ur e ap%‘lgcﬁ“?mé? it tThe fﬁ]%rﬁ‘eﬁf'& agganblhd rféthjtlwlgakﬂi concentration

in the furnansemedtdd,) o hegamt RWdELS; éﬂﬂ&w té}ﬁx frn@ffsingnd (iv)

strlpr%ldefqlcrentlnemthe furnaces (ie Iine speed).

The strip is heat treated in the furnace asgsembly
5 by careful control of process variables including:(i) the
temperature profile in the furnaces, (ii) the reducing gas
15 concentration in the furnaces, (iii) the gag flow rate
through the furnaces, and (iv) strip residence time in the
furnaces (ie line speed).

The process variables in the furnace agsembly 5
20 are controlled so that there is recovery annealing of the
steel to produce high tensile strength gtrip, removal of
oxide coatings from the surface of the strip, and removal
of residual oils and iron fines from the surface of the
strip.
25
The heat treated strip is then passed via an
outlet spout'downwardly into and through a bath of molten
coating metal held in a coating pot 6 and is coated with
metal. The coating metal is maintained molten in the
30 coating pot by use of heating inductors {not shown).
Within the bath the strip passes around a sink roll and is
taken upwardly out of the bath.

After leaving the coating bath 6 the strip passes
35 vertiéally through a gas wiping station (not shown) at
which its coated surfaces are subjected to jets of wiping'
gas to control the thickness of the ceoating. |



The process variables in the furnace assenbly 5 20 are controlled so that

' ' |t roduce high tensile s§me -
there is recovery annealing of the stee op g %Qei%‘%ﬁ

strip, renmoval of oxide coatings fromthe surface of the strip,: : )
renoval of residual oils and iron finesja{r_(_)mthe surface of the strip. 25

The heat treated strip is then passed Vi

Y
o

an outlet spout downwardly into

and through a bath of molten coating netal held in a coating pot 6 and is
coated with netal. The coating netal is nmaintained nolten in the 30

TR L

coating pot by use of Meatdortdn et B Sid NS OWMYeg ML

[ ' ly out
strip passes und sink roll t aken upwardly
After | eavi nsg Jéo%olgtar %
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gas Wi ping station (not shown) at which its coated surfaces are subjected
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The coated sitrarp 100 Mrer,edfd eheL@dfgp at @ coiling station 10. The rolling

section 8§ may be of any suitable 15 configuration.

The coated strip is thereafter coiled at a

coiling station 10.

The rolling section 8 may be of any suitable

15 configuration.

By way of example, the rolling section 8 may be a
conventional skin pass rolling assenmbly, such as a four

high mill, of an existing metal coating line which ig

20 controlled to operate under rolling conditions that produce

regquired surface conditioning and flatness of the strip,

and minimal residual stress.

By way of further example, the rolling section 8
25 may be a conventional skin pass rolling assembly and

downstream leveller assembly of an existing metal coating

line which are controlled to operate under rolling

conditions that produce required surface conditioning and

flatnegs, and minimal residual strezs.
30

By way of particular example, the rolling section

8 may be a conventional gkin pass rolling assembly and

anti-camber stages of a conventional downstream leveller
assembly of an existing metal coating line which are

35 controlled to operate under rolling conditions that produce

required surface conditioning and flatness, and minimal

regsidual sgtress.



By way of exanple, the rolling section 8 nmay be a conventional ,6skin pass
rolling assenbly, such as a four high mll, of an existing met &3 H@Ht?[ﬂ]@
line which is 20 controlled to operate under rolling conditions that
produce required surface conditioning-a flatness of the strip, and
m nimal residual stress. By way of further exanple, the rolling section 8
25 may be a conventional skin pass rolling assenbly and downstream | eveller
assenbly of an existing netal coating  line which are controlled to operate
under rolling conditi BH 105 sk tiapd mey e fdefinshdist izt ng and
flatness, antiidabIelrdXsih PasdhkdSsrs I -Bindae M rd 5it§l&gaénc%3’ﬂ]%@l e, the
y

rolling sectiQ .08 nay be a .conventional skin pass rolling asse and
R

anti - camber & %o TorrhhtI gl e camieaird ialie preesAginof an
exi sti ngSnettdlatc omyt Mg |darm d It @erdfudcd i | detl s qpesatea: undey

rol 1'ing condiai produce . required surface conditioni ng and
f1atness, agﬂ ln%%nr%‘%%tr’estﬁlfuaﬁndstu es SPR3 i Fppd e rol ling

condi ti ons rREfaFmefefateedtsiamromsgialg o suwd iang malenRie thd atdHigp Y egar d
to the end- us® @M 151GatI Lf Gt I t:he inter.rediat r.ogessing 5
that may be .required lto produgé:ry{]he erilﬂﬂ -u?&’q’plrlog%é{!?n ln@icfrfﬁ gwcr:)otr?t‘i%%t, t he
end- use appl"i"e:g’t BETOXRE CEhEY SFonantdafedissch & ik yiroddsdineFgsuch as
painting0the strip) may nake it necessary for the rolling conditions to

take into account other Bro erti g: such as strip flatness. 10 Wiere strip
flatness is a particul'afrri sggé?,lpa% atness is a particular issue, as

typically would be the case where the strip is to be
painted, it may be appropriate to carry out a two step
rolling operation with the sgecond step being principally

15 concerned with producing flat striﬁ while maintaining legs
than 100 MPa residual stress.

Typically, the rolling conditions in the rolling
section 8 may be defined by reference to the parameters of
20 strip extension, roll force, roll bending and strip tension
(in situations where the rolling section 8 includes
entry/exit bridles).

' In one ccoating line of the applicant, the
25 preferred rolling conditions in the rolling section 8 (a
gkin pass rolling assembly) for procesgsing strip having a
thickness of 0.42mm and a width of 940mm in accordance with

the present invention are as follows:

30 (i) extension: no more than 1% and preferably no
more than 0.2%;

{ii) roll force: no more than 4 MN;

35 (iii)roll bending (expressed as force applied to
the rolls): 250 kN; and
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20

25

30

35

lcant evaluated the present invention by
means of:

(1) a series of trials carried out at a
commercial roll forming plant in Newcastle,
NSW, Australia operated by the Building
Products Division of the applicant;

(ii) comparisons of the performance on several
commercial roll-forming lines of metal
coated strip produced in different ways.

The trials at Newcastle were carried out on three
different days on strip having a base metal thickness of
0.42mm and a width of 940mm, producing roll formed sheets
with a corrugated profile. The comparisons on other roll-
forming lines involved various thicknesses and widths of

strip, and various roll-formed profiles (but often gutter
and fascia profiles).

The trials evaluated properties of strip that was
brocessed in accordance with atandard plant operating
conditions involving skin Pass rolling and thereafter
tension levelling the strip.

The trials also evaluated properties of strip
that was processed by conditioning strip under conditions
that produced minimal residual stress in the strip in

15
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profiles). 30 The trials evafuate FﬁBerties of strip that was processed
i n accordance with standard plant operating conditions involving skin pass

[ ' [ ' 35 The trials also
rolling and thereafternd eisdan dhavell 5w fdhe strip, ne :
evalua?ed properties of strip fhat was propé§§é lﬁF?ﬁﬁﬁhq Ty i p s
under condi tf n??ﬁu°§w%ﬁﬁkﬂuﬁ%ﬁ?ﬁ¢mﬂfrth&cmﬁwammtess tmatrwaffrlpthn
MAY 2005 - Ifeasoat M%wiﬁ_ﬁﬁ&@é%r&n'ﬂ%@rﬁdfﬁhfs S%@%év':&é"‘q%%éelwﬁ
condi ti ons &achi eved by skin pass rolling and no enst on 1% g
the strip gﬁﬁhéldﬁﬁﬂqﬁﬁﬁ B &t WAt Fess through the thickness of
stripis 6ne of the paraneters that was neasured for strip processed in

the iriahs at Newcasthel Redhlablle SO NS A OWIeY (ilas, 10 The
techni que u%%%é%%éggai%;%dggi stggés distribution is based on that
described by RG Treuting and WD Read, Journal of Applied
Physics, Vol. 22, pp 130-134, 1951. The technique
comprises the following steps. A small sample ig cut from
15 a steel strip (size iz not critical, usually about 50 x
100mm). One surface of the sample is progressively etched
away in an acidic solution and the other surface is
brotected from attack by the acid by the previous
application of a flexible, acid-resistant coating. The
20 change in curvature of the strip is recorded as the
thickness is reduced. The residual stress distribution isg
calculated from the curvature ag a function of the
thickness. |

25 ‘The results of the trials and meagurements in the
laboratory are summarised in Figures 2 to 6.

Figure 2 is a plot of prosition through the
thickness of coated strip (in mm meagsured from the bottom
30 surface) versus the longitudinal component of residuél
stress (in MPa) for strip processed in accordance with
standard operating conditions {i.e. skin pass rolled and
levelled). Tensile stress ig regarded as positive and
compresgive stress as negative.
35

Figure 2 iz also a plot of position through the
thicknesas of coated strip (in mm measured from a bottom
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and not | evaldFimust fop)pedk) compressive residual stress of
approximately 150 MPa.

It is algo evident from Figure 2 that the -
15 residual stress in strip could be maintained at a minimal
level, i.e. well below 100 MPa (approximately 25 MPpa), by

skin pass rolling and not subgequently levelling strip.

Figure 3 is a plot of peak tensile and peak
20 compressgive residual stress (in MPa) versus nominal
levelling extension for strip processed in accordance with
standard operating conditions (i.e. skin pass rolled and
levelled) over a range of levelling extensions up to 0.35%.
The peak tensile and peak compressive stress values were
25 determined from through-thickness measurements at the same
position across the width of the strip.

It is evident from Figure 3 that the peak tensile
residual stress increased quickly from approximately 25 MPa
30  to approximately 400 MPa as the levelling extension
increased to approximately 0.15% and remained at that level
as the levelling extension increased beyvond 0.15%.
Similarly, it is evident from Figure 3 that the peak
compressive stress increaged quickly from approximately 25
35 MPa to approximately 200 MPa as the levelling extension
increased to approximately 0.05% and remained at that level

as the levelling extension increased beyond 0.05%.
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t he IeveII| ansl PN ihsr e be ond 0, 05% 16 Figure 4
is a plot of pea reé? sﬁq 1dual stress at all positions

acrosgs the W1dth of the strip.

15 Figure 5 is a plot of edge ripple height (in mm)
versus peak tensile residual stress (in MPa) for each of
the three separate trials at Newcastle. The peak tensile
residual stress values were determined from through-
thickness measurements at selected points on the strip.

20

Figure 5 records the effect of increasing peak
tensile residual stress in strip on edge ripple (an1ness
of the edge) of the roll formed profile.

25 ‘Specifically, it is evident from Figure 5 that in
each trial the effect of increasing peak tensile regidual
stress in strip was to increase the edge ripple height of

profile. Edge ripple ig one of a number of undesirable
physical effects.
30

Accordingly, Figure 5 establisghes that minimising
regidual stress (in this instance peak tensile regidual

stress) is important in terms of minimiging edge ripple in
strip.
35

Figure 6 is a plot of edge ripple height (in mm)
versug distance along the length of a coil of strip
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30 Accordingly, Figure% ’e%t%‘b"rq%sflf%tf'#ﬁ‘med §ithat redgeluaipsieess (in
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m ni m shRg &4 pple é .. strip. 35 Figure 6 i's a plot of edge ripple
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Specifically, it is evident from Figure 6 that
lower levels of residual stress produced profile having
significantly lower edge ripple height.

15

In addition to measurements of edge ripple height
at Newcastle, the applicant has observed that the presence
of high levels of residual stress in strip is often
associated with increased severity of the oil-canning

20 defect in roll formed profiles.

In one particular example, oil-canning (wavinesgs)
in the base of a gutter profile was barely detectable in
the case of strip with low residual gtress. However, for

25 strip with a peak longitudinal residual stress of 400 MPa
oil-canning increased to a peak height of 0.3 mm with a
wavelength of 160 mm.

In another example, a roll formed channel profile
30 displayed oil canning with a peak height of 0.5 to 0.6 mm
when formed from strip with low residual stress, but this
increased to 0.8 mm when formed from strip with high
residual stress.

35 Many modifications may be made to the preferred
embodiment described above without departing from the
gpirit and scope of the Pregent invention.



13 MAY 2005 - 17 processed for the first 25-30%of its length in
accordance wth standard processing conditions (i.e. skin pass rdIBd\MY =i o)
| evel l ed) which introduced a peak residual stress of 250 MPa and
thereafter for the renainder of the coi | kﬁngth 5 in accordance with the

met hod of the present invention .e. wth mnimal residual stress). It is
evident fromFigure 6 that edge r| ppI e height was significantly affected

by the | evel of residual 10 stress in strip. Specifically, it is evident
fromFigure 6 that | owBy vwayebs eiampsedmlﬁéﬁe%e s e prof i [ e havi ng

significantlyehs ekl e ddItIQn t o neasurenents of
edge ripple hei gﬁ?imgﬂgNg\%\nggtL %QE{-‘% %1’65??%3?1 PazdthsBetal ¢patirgethe
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Wi th increasegxceM@si ty byt defect in roll -
profiles. In one particular %ﬁ%%me&aﬂ%ﬂ%%n%ipngmiV%W%eiﬂet?% ‘E‘h%t’o%%e of

a gutter prof‘f’?e SSB%‘?%W‘:H&‘eCt able in the case of strip with |ow
residual stress. However, for 25 strip with a peak |ongitudinal residual

stress of 400 MPa oil Ec qﬂ_b ncreased to a peak height of 0.3 nmwth a
wavel ength of 160 mm etlﬂ‘écf"‘ A let $heomrefonnsd crboddmentofid e 30

di spl ayed oi Itltfanmtigadm irhnhlqml@étm@&y aindba iy %t@éﬂﬂg@}eﬂ: f.or from

strip with |%1¥I§‘§é@ i thi increased tq mm-when 1 or ned
fromstrip wt L@Arseéé{liﬂ al {H" lh I\F%)Prrﬂ?diqﬁl G’étqhoﬁsew@oe made to

t he preferrexF rené%h strip, the present invention ig not so limited and
extends to high and low tensile strength steel strip and to
high tensile strength steel gstrip that is produced
otherwise than by the described recovery annealing step.

15
Furthermore, whilst the preferred embodiment of
the method includes rolling metal-coated steel strip, the
present invention is not go limited and extends to any
suitable method of conditioning the surface of strip by

20 smoothing the surface without pProducing residual stress in
excegs of 100 MPa.




: : : L irit and
enbodi ment descri bed above w thout departing fromthe spiri _ Yoﬁﬂ
the present invention. 1 3 MAY 2005 - 18 By way of exanple, mhllsf%fﬂg b

odi nent of the method includes hot-dip nmetal coating the
g[gzﬁrgfgip?n?he present invention is notygo_limted and 5 extends to any
suitabl e method of applying a metal coating to the steel strip. g
Furt her nor e, Eﬁh& .the preferred enmbodi nent of the nethod inclu es1 O
recovery annealing steel strip in the 10 furnace assenmbly 5 (Figure 1)
produce high tensile strength strip, the present invention is not so

i m ' ' | strip and to
limted and extends to d lowtensile strength stee ind
high tensile gfrength s%g%?9%$@ %%t?ﬁﬁgﬁ%lﬁgdﬁmﬁﬁﬁ THRAYES et eeth syrime

i ectbéfl dnAduflemgtheeptens Gfirthernore, whilst the preferred
gﬁ%é&:ﬁiﬁ&:of thz met hod i%cludes rolling nmetal -coated steel strlp,htge f
present invention is not so limted and extends to any suitable method o
condi tioning the surfactbf %?Fmﬁn%yEZ@e%mbo¢¢at@p¢rmnsmréﬁmi?vwﬁiFwé
producing residual stress inapexcess of 100 MPa. 1 3 MAY 2005 - Y 2 Ldes
CLAIMS: 1. A nethod of producing a netal-coated steel strlp whi ch inclu
the steps of: (a) formng a netal coating on a steel strip; and 10

(b) conditioning the surface of the metal-coated

10 steel strip by smoothing the surface of the
strip, the conditioning step producing
residual stress of no more than 100 MPa in
the sgtrip.

15 2. The method defined in claim 1 wherein step (b) of
conditioning steel strip produces regidual stress of no
more than 90 MPa through the thickness of the strip.

3. The method defined in claim 1 or claim 2 wherein
20 the steel strip is high tensile strength steel strip.

4. The method defined,in ¢laim 3 wherein the tensile
strength of the steel strip ig at least 400 MPa.

25 5. ‘The method defined in any one of the preceding
claims wherein step (a) of forming the metal coating on the
steel strip includes recovery annealing the gtrip before
forming the metal coating on the strip.

30 6. The method defined in any one of the preceding
claims wherein step (a) of forming the metal coating on the
steel strip includes hot-dip metal coating the strip in a
bath of molten coating metal.

35 7. The method defined in any one of claims 1 to 5
wherein step (a) of forming the metal coating on the gteel

strip includes the steps of recovery annealing steel strip



(b) conditioning the surface of the netal -coated steel strip by snpothing
the surface of the strip, the conditioning step producing residualféiﬁﬁ¥sﬂm5
of no nmore than 100 MPa in the strip. 15 2. The nethod defined in claiml
wherein step (b) of conditioning steel -stpi p produces residual stress of

no nore than 90 MPa through the thickness of the strip. 3. The nethod
defined in cl ahm thekeslapis agredn . 2 g.,steel strip is high tensile
strength steeh strip, 4?a?heaﬁgﬁﬁgdhggPiggégﬁ%ec gFﬁPgtbhﬁF%?ﬁ gﬁﬁlPeﬂ§ﬁle
strength of t BQ§F@EFe§tPPB‘ﬁépaﬁeté&scoﬂb®n@Pahe2§t5ipThe net hod defi ned

in any one of the preceding clains wherein step (a) of formng the netal

coating on th steel strip includes recovery annealing the strip before
form ng the nefal coati‘#beolﬂe'fhﬁ%ds‘iﬁ’ﬂi’e%ol%.aqﬁl’\eonmtmd:l'chefpirmﬂadinmny one

of the précedthying|whesetheseer cbpPof adofdif L6MiAg Lhe JBiy g;,gla)% ng on
the steel Stél{l(poéﬁl%é u%@gﬁgﬁﬂgé%enﬁt@ coating the strip in a bath of

nol ten coating netal. > THE Fret hold et TRt Firisoriaal aiss 1 to 5
wherein step f¥dtahle ofer nppimimetih £qedimg Dind he steel strip includes
the steps of recovery annealing steel strip 1 3 MAY 2005 - 20 and thereby

produci ng hi tensile strength steel strip and thereafter hot-dip netal
coating the strip. 8. Tihe M dsfiinad iim any ome of theipseaediong 5
cl ai n8 whér eiwhesteeim (d9e®f (IO td M NG I 06 St I-p ot hes the
surface of thg steel strin sq_f?t hat it is . su%sttgg% esﬁ:tf%‘!r1 SZﬁr?HﬁP. r‘?é“oloﬁq’fspai nt
line. 9. The Tt hod detd féd § SrPOnSHIR |80 ddhat tis 4s sufficiently
smooth for painting in a paint line operating at least at
80% of its rated maximum production line speed.

15 10. The method defined in any one of the preceding
claims wherein step (b) of conditioning the steel strip

maintains the strip sufficiently flat for prainting in a
paint line.

20 11. The method defined in any one of the preceding
claims wherein step {b) of conditioning the steel strip
includes rolling the strip.

12, The method defined in claim 11 wherein the
25 rolling conditions are selected to produce regidual stress
of no more than 100 MPa.

13, The method defined in claim 12 wherein the
rolling conditions are selected to produce residual gtress
30 of no more than 60 MPa.

14. The method defined in claim 13.wherein the
rolling conditions are selected to produce residual stress
of no more than 50 MPa.

35
15. The method defined in any one of the preceding

claims further includes forming a paint coating on the



10 wherein step (b) of conditioning the steel strip snoothes the surface of
the steel strip so that it is sufficiently snooth for painting1i&b@hbimm§

| ine operating at |least at 80%of its rated maxi mum production |ine speed.
15 10. The nethod defined in any one of -the preceding clains wherein step
(b) of conditioning the steel strip maintains the strip sufficiently flat
for painting tBnditRahBl Lkipe % &L h haod fined in any one of the
preceding clainms wherein steB gf oFegoﬁ i %8 iﬁg?fhe steel strip

includes rolling the strip. 12. The nethod defined in claim 11l wherein the
25 rolling conditions axemseiectOdet® PEQAYCE LESI tress..of _no nore

t han 100 NPa.S%§é ;he net hod defjned in clain11§EWﬁ%€%?§ %h%gs}éﬁ? ng
conditions are se?ec?gdn?omﬁfﬁdﬁﬁénrégpdﬂﬁﬁ-stress 30 of no nore than 60
MPa. 14. TPhe nethod defined in claim13 wherein the rolling conditions are
sel ected to pypduce residual stress .of no nore than 50 MPa. 35 15. The

met hod defined in any %e ) afh%oapif%%e%l’r?‘%l et ial thersyHahiresf9r mi ng
a pai nt coat i%Ef i thefdePs vk 2005 a Rdintonshtinqerss rim prpsuced in
step (b). 16.rAsimifl -soaded St e L phavi esidual stress of no
nore than 100 MPa. 5 17. A netal -J():org(%{é%l ts‘?%élﬂg? ﬁf%athat is suitable for
use as a feedstock for a paint coating line and has a residual stress of

no nore fhan 1100 MPa. A feedstock for a paint coating line produced by
the method defined in any one of claims 1 to 15.

19, A painted, metal-coated, steel strip having a
residual stress of no more than 100 MPa.



10 18. A feedstock for a paint ceating |ine produced by the method defined
in any one of clainms 1 to 15. 19. A painted, netal-coated, steel $tJMAY 2005
having a residual stress of no nore than 100 Mra. COLD- FORVABLE

METAL- COATED STRI P ABSTRACT A net hod of producing a netal -coated steel
strip includes the steps of formng a netal coating on a steel strip and
conditioning the surface of the netal -goated steel strip by snoothing the
surface of the strip. The nmethod is characterised in that the conditioning

step produces resi dulogity $33nAhr a0 MRS, RATet’ 3N | N the strip.

ABSTRACT

A method of producing a metal-coated gteel gtrip inclides
the steps of forming a metal coating on a steel strip and

5 conditioning the surface of the metal-coated steel gtrip by
‘gmoothing the surface of the strip. The method is
characterised in that the conditioning step produces
regidual stress of no more than 100 MPa in the strip.

Figure 1



