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CONTROL OF HOT ROLLED PRODUCT CROSS SECTI ON UNDER
LOCALI ZED TEMPERATURE DI STURBANCES The i nventi on

WO 2008108596 0 a nmet hod of controlling the rol |l i npCDiB2804/004396
conti nuous wel ded billet having weld joints at
successive |locations along the billet. Traditional
mll control and operation has been acceptable for the
rolling of single billets, but with the advent of the
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In continuous rolling mills, the material can be present in many pairs of
rolls at the same time and the relative speeds of the roll pairs must be balancea to avoid
either accumulation of material between stands of the roll pairs or tension in the
material.

In so-called roughing stands, automatic tension control is set solely on
the conditions at the head of the billet. Any deviation of temperature between the head
of the billet and the remainder of the billet will result in an mcorrect speed setting. A
cold head can result in an accumulation of material between the stands and a hot head in
tension in the material.

The accumulation of material between stands is an unstable and
hazardous condition and operators normally set the relative speeds to avoid this

condition and thus carry out rolling with tension in the roughing stands. It is this tension

that is the cause of the dimensional change in the welded joint.
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cold head can result in an accunul ati on of materi al

bet ween the stands and a hot head in tension in the
woasnsebo The accunul ati on of material bet weePCHIE200E£004396

is an unstabl e and hazardous condition and operators

normal ly set the relative speeds to avoid this

condition and thus carry out rolling with tension in

the roughing stands. It is this tension that is the

cause of Cherdicaebscamabowhogitied fortrhgenivt bdg@all cross-section

joint.Control can, be continuously applied for materi al
byghe usdf loppess i the it eradisle anddmishmestandsobeprers ponttd the

i [ inishi . contral the
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stand. The speed control is thus applied to the wong
part of tlh& ameabigct af thisjinvangion o pisjvisista méthed taeliminate the

[ hventd on rovide.,a nethqd t |imnpnate the tension
oo SR B Baion 08 AR P ol fufiearod Ry Apmofgpe m the
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di mensi onal variation created upstream and downstream

stapfls.t he stands. In accordance with the invention, the
ed of the rqllers.in toller stands adj usted. in
Fbsponse 1ialdidunss o B e, Bedbrc) ot B AAEpHgraands
ard RjINtOIHGEsFRNPIASES pfe:@eﬂce o BSveM Jolitin Ble ke taVBiuEL! Nt

downstreamof the rollers and upstream of the next
corpvassion émthe dilken dt tho weidydint dowostpraessf theirdliers dve upistreah of the

t . the weld jqint and build up of erial thereat. i
e AP SR B TSR TG e S agind build
upldfendi Qi Ripgye st ands and applies control of conpression

of the material at variable levels and tine periods to

sui t t he Tetresthed ofghd invehtitimigacks tdi Wweld tisoagidtheroughing stands

anll g i g:rs Eﬁgt%(ﬁgip%%g{ gp thg %’a@gr}ai Staxga:ri%gfe Té‘:’ve suaInEi %i?rlleeperiods to
suit the material and welding conditions and the performance is monitored downstream
using suitable measuring instruments.

The invention can also be applied to other detectable transient
disturbances in the rolled material.

Brief Description Of The Figures Of The Drawings

Figure 1 diagrammatically illustrates apparatus for rolling a billet through
successive stands of a mill.

Figure 2A is a diagrammatic illustration of rolling a billet with a welded
joint between successive stands according to the known art.

Figure 2B is similar to Figure 2A showing the effect of the method of the
invention.

Referring to Fig. 1 of the drawing, therein is seen a rolling mill 1 having

a succession of stands 2 for rolling a billet B. Each of the stands 2 includes rolls 3
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The invention can al so be applied to other detectable
transient disturbances in the rolled material. Brief
we®sndgbvd on Of The Figures O The Draw ngs Fi BOT/E82004/004396

diagrammatically illustrates apparatus for rolling a
billet through successive stands of a mll. Figure 2A
is a diagrammatic illustration of rolling a billet

with a wel ded joint between successive stands

widEIE At bntHe billet tBSHrédMRVA fdished FdlBHPEORB.i S sim lar to
Figure 2A showi ng the effect of the nmethod of the
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elingisbe ircegelirites produasd lin the ‘qﬂla@tat ‘élhawah)s tThetsizerad dilna:leliettaha

wel.ds. Atrck' adj u 7 1S conne dtoth
Xt BT P 195t §6°08 b Sl BPTIEEa ST heh B S ppd the
sdehﬁfoﬁhﬁt‘ﬂﬁﬁs"fé?lt%'théf&d?ﬁﬂﬁeﬂiregu' arities produced in the

billet at the welds. The size of the billet as it
exits fr dbxifting rhill sbntselapsteds ssroaeoritol Faegback method to adjust the

ed and shown n a dis 8 an S|ze
mifl sperdge F%Iﬁeqtgfw@@ae BRI D X%f?%f?f élilaté; tdieafgeemf fqusion or
mlﬁiglgttcﬁ %l:t félﬂﬁ fs. aTH@ﬁEﬁsﬁketﬁéﬁ%dQ@?&eﬂgggpﬂ%e t1r811111% process

st t peeds to correct neasured errors
andadjuahmass drh applredftd) el follbhengimatesel. of ten3| on or

m smat ch bet ween st and speeds.. The nea nment s
taken af tidfteEtioR AfGrrsg e e éhe matanialdy %?é’?ﬁt‘éﬂ@éﬂlés passed

thl%%%h 'tl%dstétﬁi @J d aily %Jeer :ég%lgw ;Et@feyféreh %kne—h%taﬁc? {11 qﬁll fstREL &)r the

e on the material has passed
next downstream stand. Any transient error at less than half the distance between stands

will not be corrected and could induce adverse speed changes in the following material.
The existing mill control system can not respond to the new billet welding process in
which hot spots of 1%4-second duration are developed.

It was foreseen that identification and tracking of a known transient error
to the roll stand would enable appropriate adjustment to be made to correct the transient
error alone while not disturbing the remainder of the rolled material.

Measurements show that the transient error induced by the high
temperature at the weld was consistent for each rolling setup and the dimensional error
was evident from the roughing stands onward through the rolling process to the finished
product.

The invention is based on the application of compression to the material
during rolling to relieve tension which causes reduced size and to induce size increase
from the compression to send oversize material to the downstream stands.

Fig. 2A shows a typical arrangement according to the prior art when a
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through the stand by a di stance equal to between

one-half and the full distance to the next downstream
wat@i@3978my transient error at |ess than half P&EIB2004/004396

di stance between stands wi l4 not be corrected and

coul d i nduce adverse speed changes in the foll ow ng

material. The existing mll control system can not

respond to the new billet welding process in which hot
bilkpdDss mivanaﬁdmmzieedute?ﬁs Ohaad €2 dgd/ﬁhexp%d billet ?w‘{("eld joint 13.

foreseen th identification and tracking of a known

transi entY %‘%‘SPYHP% cpphitions| qf specgf@nixel e Enhs(ircreased

teﬁp%ﬁﬁ’é LAhE vl _]Bﬁllgl & I't]ﬁe V#Rﬁlgf}aﬂgcgﬁ 1? agtglfl&(‘;otehv%een stands 11 and

ansi ent error
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d f
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rolbing péthedtllet hewopexisdng dhanefotesthe ﬁtwscnaag@lm thesphedwdmitomeat of
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endnd are regul ated by the conputer 5 to superinpose a
speed ch e ogn the rolls in.order t rod ce a
cgn'pr essi CRVPHIORALONRIS 8‘?““‘]31‘1’(%1‘36 §Eﬁ? vﬂ#’@ﬁls‘%r%n end
e e GOt MU T S OHEE Fn il 88: ind fter the

weddkaschassed. By freezing the control for the period of passage of the weld joint this

ot

unnecessary adjustment is eliminated and the dimensions after the joint are stabilized
while also reducing mechanical wear on the drive components.

The principle of feeding forward information on the temperature can be
applied to other deviations in a product that can be sensed and corrected by speed
changes in the mill rolling stands.

The method can be applied to correct dimensional variations arising from
uneven heating in a furnace by modifying the stand speed from the measured
temperature upstream of the stand. The invention can also be employed to control
dimensional variation arising from chilled skid marks of a walking beam furnace.

In a typical rolling process of billets with welded joints, the billets pass

through a number of roll stands in the mill. The computer regulates the roll speed in the
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control on the rolls not only is the tension in the

weld joint renoved but additionally the increase in
walkovsosd7on at the weld joint prepares the nmat ePCBHIBXGH004396

the subsequent rolling in the downstream stands. The

stiffness of the billet between stands di m nishes as

the rolling of the billet proceeds and therefore the

mai n change in the speed adjustnent of the rolls takes
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hag iweldgbhlkﬂpal‘ml&ed distarice af kbag 12 ninefersedniddsa contifi@us welded
wel der, this . information is supplied to the conputer

bﬂwtn & e Welgt inints apetia temRea A2 Qofmsbees thadpsi of sherhilist. In
ordd8§ dco?ﬁ h&?e fo‘fl ]lﬁe t%%lip%:{éﬁ%rg %{cﬁ‘%ﬁg‘ atStB? ggfdeh ﬁfsogl%%ﬁec%irof the

Corrpres ron int jOI in o
1onm¢hnmamsaif ¢hef mill @ jhcreasdd in order to produce a uniform rolled rod. The

speed increase is maximum at the first roughing stands of the mill and gradually
diminishes as the section stiffness reduces. The speed increase is shown Table 1

hereafter as a function of the position of the stand in the rolling mill.
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Weld
before
stand 1

Stand 1 speed increase
Stand 2 speed increase
Stand 3 speed increase
Stand 4 speed increase
Stand 5 speed increase



Stand 3 speed increase 1 20% 0.90% 0.50% Stand 4
speed increase : ''""'S/ " : ,/vIS- "-4"' """ 0 90%
W@ 2868839796t and 5 speed increase i " " " ,  YYPCHEHYB2004/004396
0. 50%he effect of the speed adjustnments can be
further refined by applying the speed increase for
varying weld positions and tine periods between
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t enper at uike dffédtef érispatd hiseens tdebeaktliecrefinédbpaphing the
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wel d joints at successive |ocations along the billet
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in two successive stands after a welded joint of a

conti nuous wel ded billet has passed one stand and is
between the two stands to
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produce conpression at said welded joint and an
i ncrease of cross-sectional area at said wel ded joint.

wQ@ 20058970t hod of claim, wherein the rolling PCT/IB2004/004396
conditions are adjusted by 80 increasing speed of the
roll pair of said one stand. . The nethod of claim 2,
conprising controlling roll speed at each roll stand
by a respective speed controller and connecting all of
sai d speed controllers tg@Acoutg ol conputer to
regul ate roll speed at the stands. 4. The method of.

L. cI a| m vineraethod ﬁérql,lmarQﬂntlnwm@dedrl@&@ha@ggmmﬁ@at

f
surtestin et e BE el et 1R ol Vs i o
adiieH *tlﬂﬁugli rdIRiRF SfoceRive THIEstERIN 1 iRbrdileicM domprising:
conpri sing di spl aying size of the billet and supplying

t he si ze asusting raJling emditions etwooniceaskive smpdst ader agveldddgoint

hod of cl conpr i ee
of RIS il e RS e e S e e i BRS Sl o
r@&%é%brr?@é@ﬁbntah%d wla@ea Ritead ef ifPeRE oPEro8RL&dtiBAR area at said
st and The nmethod of "claim6, wherein the increased
welgdesdydint.n t he rol | stands dlnlnlshes as the billet
advances hr ough d roII nds. .8. In a,.
2 e hod of THesRrRg SEAREH LAt eslie Bidifiae Reddinged by
mc%ésﬂlgl s%b&i §f @k r@l@ %%%n\é%tdnacat i ons al ong t he
[ et "and mhereln the continuous billet is advanced
3. t hr ough r d@dhe rrpﬂmrdsaf@ialmacomﬁmsug cromtﬂollmganlﬂ sped¢dha each roll
rovenent. conpri sin ustin d rolls i
stangpq adeshrgtiyhsheed ﬁ%%ﬂlef & wgnﬁt%g@ﬂeisag Saeqﬁeqoatrp@?rﬁ foa
on in the billet at
co?ﬁ &ﬁﬁgﬁ%gﬁg?é 3&%@? g%?% b eé%oll stand and
4.upst ream @he hta:mdde)ftclaain\amwhﬂemrthe odaﬂtrcﬂtcamputet heewbytracking

[ {
R TN RN T A TN
spSRYs LB b the PR oW apged of the rolls at the
5. The method of claim 4, comprising displaying size of the billet and

supplying the size of the billet to the control computer.
6. The method of claim 2, comprising increasing the speed of the roll pair of
the other of the two stands by an amount lower than the increased speed of said one
stand.
7. The method of claim 6, wherein the increased speed in the roll stands
diminishes as the billet advances through downstream roll stands.
8. In a method of rolling a continuous welded billet having weld joints at
successive locations along the billet and wherein the continuous billet is advanced
through roll pairs of successive roll stands, the improvement comprising;

adjusting speed of rolls in a roll stand in response to the presence of a
weld joint in the billet to produce compression in the billet at the weld joint downstream
of the roll stand and upstream of the next downstream roll stand, thereby producing a
build-up of material in said weld joint between the stands.

9. The method of claim 8, comprising controlling speed of the rolls at the

S,
EW&.Q TR M A a e
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supplying information to said conputer regarding

wo owansoopo of wel d joints and effecting the adjPST/iBAG040§04396
the speed of the rolls in &@roll stand when a weld
joint is downstream of one stand and upstream of the
next successive stand. 10. The nethod of claim?9,
wherein the stands are present in a roughing stage of

rdI0dthd B By a-cohhi6l dBbiRs, &fd stbpllyieInforiSiei 16 swidtdd@iphuter regarding

adj ustlng1 t he speed of the rolls, a neck-down woul d be
logatieiueloveld jointy @nd/@ff@ptlps ithet adiising of thersppeshofthe ealls peal rolhstand

he b| et _an aIIy ure
Vgt AtV er & 15%‘2 g of H’éeq 56%“2%%8 ‘fPSffﬁaénngﬁes“%%‘mSS“’e
stagsequent buil d-up of material at the weld joint
conpensating for said neck-down. 12. The net hod of
1@l ai mD, whiBreenethodef Jpoxl] vdferdihtherstdnds afespriesent messmughing
afte & wel d joint has passed the upstream stand and
Siget Br'@'"%e wel d j oi nt reaches the next downstream rol |

18tand. . e ABhEr Qhinfd, 1B S wiREHE Fustifg Yﬁé%p@&f@ﬂﬁ@ rolls,

of a weld joint, the conputer regul ates the speed
apb@c dowh srotd lpﬂprddwdat the v eddijdmit| duetto mmdlomdewlapaﬁeh aihe billet

i.s detect d, e Cc uter ses ipcrease.qf the
APlogelisget FumFie o ool Biintrid pUNTREPeIoeeR a sppls and
R SORLOIE RGOS 55, ok bl Lt

124. The nelteadetbdd of daim 9.|,3vhewmtlm sped:chef the eslBricmchse after a
et ect ed based n tr i.nf or pat i,on

mﬁdd' ) gﬁ@é@ gispstfﬁﬁ@ staadirad sfpr%ﬁ]& fg@mwﬁ%h@ themgzt

db&ﬁ&&%ﬁﬁoﬁfsta'hpe speed of the rolls is dimnishedin
downstreamro stack and eventually is phased out.

13. The method of claim 9, wherein in the absence of a weld joint, the
computer regulates the speed of the rolls to produce a rolled billet and when a weld joint
is detected, the computer causes increase of the speed of the rolls on the stand upstream
of the weld joint to produce compression at the weld joint before the weld joint reaches
the next downstream roll stand.

14. The method of claim 13, wherein the presence of a weld joint is detected
based on tracking information from a welder.

15. The method of claim 13, wherein the increase of the speed of the rolls is

diminished in downstream roll stack and eventually is phased out.



