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“invention relates to a method of controlling the rolling of ti"fuous
- wel ded bi IWeRHAPHRY wel d joi nts at successive | ocati onsPET/BRYIHMEI | let. 5
Traditional mll control and operation has been acceptable for the rolling
of single billets, but with the advent of the new technol ogy of continuously
wel ded billets, control strategi es and operations have to be rethought to
obtain the full benefits of the process. These benefits include increased
yi el d and product i ¢ONIRGe OFIEQTARIMHLLER PROIIUAG T EROSH SEGENN t ol er ances.
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billet wi ldnddessa¢sistany tayrpllingclorqeec This highdemperatung canproduce excessive
dimensional change at the welded joint outside of the specified tolerance for the product

and is unacceptable.
The behavior of the rolled material through a roll pass in hot rolling is
15 governed by many factors. The most variable of these factors is the temperature of the
material. Higher temperature material has a tendency to elongate more during rolling
while colder material will spread more. The change in elongation and spread results in a
variation in product exit speed.
In contmuous rolling mills, the material can be present in many pairs of

20 rolls at the same time and the relative speeds of the roll pairs mnst be balance& 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
25 of the billet and the remainder of the billet will result in an incorrect 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
30 condition and thus carry out rolling with tension in the roughing stands. It is this tension
that is the canse of the dimensional change in the welded joint.



~cold head can result in an accumul ati on of material between the stands and a
hot head in tension in the material. The accunul ati on of mkﬁ%ﬁg [ﬁetween

- stands is an unstable and hazardous condition and operators P y set

- the rel at W@209pe8a@% to avoid this 30 condition and t hus F&EIBYOEH3PGI | i ng

with tension in the roughing stands. Pt is this tension that is the cause

of the dinensional change in the welded joint. 2 6 MAR 2007 WO 2005/ 039790

PCTI 1 B2004/ 004396 2 Control can be continuously applied for material of

smal | cross-section by the use of |oopers in the internmediate and finishing
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control of conpression of the material at variable |l evels and tine periods
to suit tH&8%mterial and wel ding conditions and the performance is

moni tored downstream ;ccordance with the mvention, the speed of the rollers in roller stands

are adjusted 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 rollers and upstream of the

15 next downstream stand to produce compression i the billet at the weld joint and build-
up of material thereat.

The method of the invention fracks the weld through the roughing stands
and applies control of compression of the material at variable levels and time periods to
suit the material and welding conditions and the performance is monitored downstream

20 using suitable measuring instruments.
J The mvention can also be applied to other detectable transient
disturbances in the rolled material
Brief Description Of The Figures Of The Drawingg
Figure 1 diagrammatically illusirates apparatus for rolling a billet through
25 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. |

30 Referring to Fig. 1 of the drawing, therein 1s seen a rolling mill 1 having
a succession of stands 2 for rolling a billet B. Each of the stands 2 includes rolls 3



20 using suitable neasuring instrunments. The invention can also be applied
to other detectable transient disturbances in the rolled material. Brief
Description Of The Figures Of The Drawi ngs Figure 1 di agrammat iZ&éa4ARy2007

i1l ustrat eWORPpHE3819s for rolling a billet through 25 saCTteBdhv@izsands of
amll Figure 2Ais a diagranmatic ill#&stration of rolling a billet with a
wel ded joint between successive stands according to the known art. Figure
2B is simlar to Figure 2A showing the effect of the nethod of the
invention. 30 Referring to Fig. 1 of the drawing, therein is seen a rolling
mll 1 havivhigh aat suibeddist proffucstadfindshe rélled praduct.ng a bill et B. Each of the
stands -2 incl udes ro{rgs 3 g ? MAR 2007 WD 2005/ 03979Q PCT/1B20Q04/ 004396 3
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Bxisting mill control systems use a control feedback method to adjust the

b

mill speeds to correct measured errors in variables that reflect the degree of tension or
mismatch between stand speeds. The measurements are taken after the rolling process
and adjustments are applied to all following material.

15 Detection of errors is made on the material after the material has passed
through the stand by a distance equal to between one-half and the full distance to the
next downstream stand. Any fransient 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 rcspond to the new billet welding process in

20 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

25 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 mvention is based on the application of compression to the material
during rolling to relieve tension which causes reduced size and to induce size increase

30 from the compression to send oversize material to the downstream stands.

Fig. 2A shows a typical arrangement according to the prior art when a



and adjustnents are applied to all followng material. 1s Detection of
errors is made on the material after the material has passed}gtMaRoggh t he
stand by a di stance equal to between one-half and the full di stance to t he
next down¥Or@8¥i3818nd. Any transi ent error at | ess t han PRA[BZIOHE3st ance
between stands will not be corrected*and coul d i nduce adverse speed changes
in the followng material. The existing mll control system can not respond
to the new billet welding process in 20 which hot spots of 11/2-second
duration are developed, It was foreseen that |dent|f|%é£|on and tracking of
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t he downstream stands. Fig. 2A shows a typical arrangenent according to the

prior art when a 2 Befming20Gig. B, 2609/1020 2902 Pofithe Bpod:1 Deddbared bil | et 10

i s advanced Ef & tan nifl and .12 and wh he bi.l | eh%has a weld joint
13, e FoBBID R IR s PP BRR S ARE PO Aot 7 {1 TR SR dieed
L enmer al Updite 4 8 %; dﬁkﬁ@mﬂ&ﬂhﬁzbﬁa%meﬁﬂﬁ%ﬁgw Aud hg f’ﬂt 4!l et between

stands 11" an produce a neck-down or reduced size o he billet at
t he)wvel d plerebly pi@ined. hn bsﬂcﬁup efinhstcrial ailthaawslldgmat 13: hBn grqsem]q)dsing thd $geed and t he

wel ded joint after | 1'ing which is utsid oeC|f Ier nce for the
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rolls 20 gRflaglin Aimdnden St #RRAPeld joift Heptesthe material for the subsequcnt rollmg
in the downstream stands. The stiffness of the billet between stands diminishes as the

rofling of the billet proceeds and therefore the main change i the speed adjustment of

15 the rolls takes place at the entry end of the mill in the roughing stage. The speed control
diminishes along the travel of the billet until it is no longer practical at the downstream
end.

Conventional loopers controlling the speed at the downstream end
respond to the speed increase due to the weld passage by slowing the stand after the

20 weld has passed. By freezing the control for the period of passage of the weld joint this
) unnecessary adjustment is eliminated and the diroensions 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

25 changes m the mill rolling stands. _

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

30 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



regul ated by the conputer 5 to superinpose a speed change on the rolls in
order to produce a conpression in the billet in the zone between the stands
11 and 12 and 10 thereby produce a build-up of material at th RdUWoint

13. By suMe} HRPB¥™My the speed contraol on the rolls notPABY4Q%8BMe t ension
in the weld joint renoved but additionally the increase in dinmension at the
weld joint prepares the material for 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 nmain change in the
speed adj wndpatcoptng © thsize of the billsk atsthe prteeoiibe rofingesiagsansithe désiele ni |l in
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increase due to the weld passage by slowing the stand after the 20 weld has
passed. Byegulatesmoigpedde Thsrionpluter ediusth theppesdef the rofbassheywarifus staedsidel d j oi nt

this wunnecessary adj ust t.is elimnated and the dinensions after the
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can be applied to other deviations in a product that can be sensed and
cor r ect ed elpyatep éerupezBurch Bagewseithe whid joints|are gl thembpghest iatsperdthe wistnhod can be

applied to, cqrrect dinensi.onal. varjations arising .fro uneven heati.ng in a
fgrpnace b)';h‘??aﬁar"?&]il%ﬁ'elg%ewétsﬁ Wsﬂ%b}ﬁ?ﬁgﬁ%%gﬁ?@ef%%@%ﬁe@fugst ream

of the st i j %ﬂ']ﬂ%nsi onal
vari ati onqg@?%%ﬂe%%&%éﬁ?gﬁgg@em%ﬁgﬁ%ﬁgﬁ\%%%l%%Egggnﬁo rnace. 30 In a
t yp?)mal r gtalge agd thecpesienatadsigradealy daitishee kethe rplihgpeogrédees duvirlsetanpass

t hrough a nynber of roll. stands in the m|l. The conputer reqgulates the roll
speed in taﬁéthf igmpgrptuspdiffereppnlistrisen seergeldppminmdibe aest 58 billst ands
accordi ng h& size of the billet at the entry of the rolling stage and

the desired size at the end of the rolling stage. Wien a weld joint is
detected in the bil Bytwayasfestample, a billet with a 125mm square section is introduced

into a rolling mill having 15 stages in which the size of the billet is reduced to produce
15 rolled rod of a diameter of 25mm. The temperature of the billet upon entry into the
rolling mill s 1000°C and the billet is supplied at a speed of 0.2 meters/min. The billet
has weld joints spaced at a distance of about 12 meters and is a continuous welded
billet. The welded joints are at a temperature of 200°C above the rest of the billet. In
order to compensate for the temperature increase at the welded joits, the speed of the
20 rolls in the stands of the null are increased in order to produce a uniform rolled rod. The
speed increase is maximmm at the first roﬁghing stands of the mill and gradually
dininishes 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.



- tracking information in the welder, this information is supplied to the
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The effect of the speed adjustments can be further refined by applying the
speed increase for varying weld positions and time periods between stands.

The speed increase to compensate for temperature differential between
the welded joints and the rest of the billet is phased out between the 7" and 8* stands.

As a result, the rolled billet will have a substantially uniform size and
uniform properties at the weld joints of the rolled billet.

There will now be obvious to those skilled i the art, many modifications
and variations of the apparatus set forth hereinabove. These modifications and variations

will not depart from the scope of the invention as defined by the following claims.



The effect of the speed adjustnments can be further refined by applying the
speed increase for varying weld positions and tinme periods between stands.
The speed increase to conpensate for tenperature differential befWaBAWt he
‘wel ded joints and the rest of the billet is phased out between the 7' and
3hl stands. s As aresult, the rolled billet will have a substantially

uni formsize and wuniformproperties at the weld joints of the rolled
billet. There will now be obvious to those skilled in the art, many

nmodi fications and variations of the dpparatus set forth herei nabove. These
nodi fications and variations wll not depart fromthe scope of the

i nvent i ; {ned by the followng clains. 2 6 MAR 2007 -8 What is
clainegﬂﬁggﬁ%gﬁ%%ﬂé met hod of rolling a continuous welded billet having weld
joints at successive l|ocations along the billet and wherein the continuous

wel ded biIIFt istﬁd ance .throu&h rol | i.rs OE successi.ve roll stands, the
- pr ovénent e BBFPaY 9. oime A CPRoRt el cBile tainE Welt d9iRt st ReEsTvE
st ands|itioRs aRn¥elcdfeti AH WheRfin theCBRtiAUBUOUSIdeNBlIRER b4l tHissshnaA pers one

stand and |s.be?ﬁgen the two stands to produce conpression at said welded
j oi nt ahycesssivaollestands,dhe imrpsevement eanprisingar ea at sai d wel ded j oi nt, wherein

n L i oy . . ' . ¢
sai d tvo tURREE RS Bl AR H RAE St BT A PGPy Rl OBl BEL T P
ot her otldedbillewinsgiassed 9ne stahdwet is tetvasen thwetwornstanda seeprodpeadbngiressian dt ik

stand. 2. The method of claim1, conprising, controlling roll speed at each
roll s’f"&lﬂﬁdwté‘“é AR EYERES rgsﬁ'ééﬁ“’%]rﬂr?aoa}tlsgﬂ "?llfi?dé‘b‘ﬁhecti ng all of said

speed contr ghé@insthé Ralﬁngemr@hs ﬁr@'ﬁ?\#ﬁ@ﬂ by %réa@ﬁgls?ée% Jrehd rofiRARGS 8id e
stands. 3. The nethod of claim 2, erein the control conputer receives

t racki signdsnf or mati on of welds from a wel di ng neans and produces output for

control of @gérleinstﬂg %’%r(pa%é & th%%p%etzieoft haedl f)‘egr oPhhe Bk WB ilStwo stands is lower

than the increased speed of said one stand.

2. The method of claim 1, comprising controlling roll speed at each roll stand by a
respective speed controller and connecting all of said speed controllers to a control computer to

regulate roll speed at the stands.

3. The method of claim 2, wherein the control computer receives tracking information of
welds from a welding means and produces output for control of roll speed based on the tracking

of the welds.

4. The method of claim 3, comprising displaying size of the billet and supplying the size of

the billet to the control computer.

5. The method of claim 1, wherein the increased speed in the roll stands diminishes as the

billet advances through downstream roll stands.

6. 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:



4. The nethod of claim3, conprising displaying size of the billet and
supplying the size of the billet to the control conputer. 5. E@@HEthOd of
claim1l, wherein the increased speed in the roll stands di m ni 440t he
bill et advances through downstreamroll stands. 6. In a nethod of rolling a
continuous welded billet having weld joints at successive |ocations along
the billet and wherein the continuous billet is advanced through roll pairs
of successive roll stands, the inproyenent conprising: 2 6 MAR 2007 -9
adjusting speed of rolls in aroll stand in response to the presence of a
weld joint in the billet to produce conpression in the billet at the weld
joint downstreamof the roll stand and upstream of the next downstreamrol
stand, thereby producing a build-up of material in said weld |joint between
t he stands, adustingsbtdadnef ropeéda odll stirel ingksponse totthe prasérice sif anvigdd fginaingbat r ol
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stand whieBard ofeGhektdoNnsiréantl ONGAndCBIBY pRydacisf abdildag ob paterigbiisall weldie next
succesva%$stand, wherein in the absence of a weld joint, the conputer
regul atW¥ befreen Hisstingds. the rolls to produce a rolled billet and when a weld

e s d i h |1
joint is eg@ﬁ;oggl;ge%sdog?yﬁ@ews £USF LR RhtrbN&mERGS dnd® Sugpifing © o

on the stand ups wel d joint to produce conpression at the we
j oi nt bddroration tresaibtampusenregardiag hemtiom ef weldtjoidtvardtaffeating bk ladmstanghof the The
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rolls tReegansR@i@Ndtandoui | d-up of material at the weld joint prevents any
neck-down at the joint. 9. The nethod of claim®6, wherein the speed of the
rolls is i nthersiield the alsenge oot avejdoiofit, tha somputss exgulatis the spaed oitlag w8 tand

bef or ef)ltoagce"\@ ek Hifle HBA0NGES HER ijﬁ?ftis Gﬁwé}, rtﬁ@%rﬁﬂl.g!zr ShieQincrtse oFife MET hOd
of clafm®b, erein the presence a weld joint 1s detecte ased on
t racki smged iofither nolls ioorthd stand apstehuesf. the weld joint to produce compression at the weld

joint before the weld joint reaches the next downstream roll stand.
7. The method of claim 6, wherein the stands are present in a roughing stage of rolling.

8. The method of claim 6, wherein said adjusting the speed of the rolls and consequent

build-up of material at the weld joint prevents any neck-down at the joint.

9. The method of claim 6, wherein the speed of the rolls is increased afier a weld joint has

passed the upstream stand and before the weld joint reaches the next downstream roll stand.

10.  The method of claim 6, wherein the presence of a weld joint is detected based on tracking

information from a welder.

11, The method of claim 6, wherein the increase of the speed of the rolls is diminished in

downstream roll stands and eventually is phased out.

12.  In a method of rolling a continuous welded billet having weld joints at successive

locations along the billet and wherein the continuous welded billet is advanced at high



11. The nmethod of claim6, wherein the increase of the speed of the rolls is
dimnished in downstreamroll stands and eventually is phased %Lﬁm Z]DET In a
met hod of rolling a continuous wel ded billet having weld joi nts2 a
'successive locations along the billet and wherein the continuous wel ded
billet is advanced at high 2 6 MAR 2007 -10 tenperature froma welder, the
weld joints being at a higher tenperature than the rest of the billet, the
wel ded bill et being advanced through W_I | pairs of successive roll stands of
arolling mll, the inprovement conprising: adjusting rolling conditions in
two successive roll stands, in an upstreamregion of the roll mll at which
t he bi it IR0l i I itions
e S A R L S

bi | | et biflels theaweldet! biblet be¢ingrddwanded througbtrok gairs hesuonessacol stindeofse anllisg t o

pr oduce.lgghr%)r essi on ﬁct said wel ded joint of high tenperature and cause

bul gi n6n HETRSTER Ojanrﬁfngto produce an increase of cross-sectional area
at said wel §lﬁﬁk;ti11§ir<511in$3 védifidhalin Bo dudesSiNElrddf stdrlde, ih @h upsitkatil rekion bh@e vl d
joints of the nowrolled billet wll have uniformsize and proportion. 13.
The mefibat which|the illep and oyt jaints groopobigliteraparatarek s#g PHMgrowaditions bfing he

wel ds {4 s : (Wale® r .S, :14. The
ot hoc S SRR led B bElee cBtrhlhe  BRREEIE e B bhe RAld i, | 2
rol | sbawds tli mvoissbessies stdnds bo | preducaduampesionoata saldvwwslided gomt @fitdgh of t he
rolling mll. 15, The thod of claim.12, conprising controlling roll speed
at eacHmiPgTeRire Fihepus bY gt he wEIOE it 1h BFRUEY FLETEaT IO LURTEEIoNG HPY o

sai d spegd waidd jBlnt 8ich tha aBtheRAl bPthe GOIMRE hEN, thOwERIUING! & thé AW rcteé8Hledt t he
stands. . 16. The nethod of claim 12, conprising increasing the speed of the
rol | p#ilthaye usdpmn siesand prepwiiet-eam rol | stand by an anpbunt |ower than the

i ncreased speed of said one stand.

13.  The method of claim 12, comprising providing tracking information of the welds from the

welder for controlling roll speed of the roll pairs.

14. The method of claim 12, wherein the adjusting of the rolling conditions in the roll stands

diminishes as the billet advances to a downstream region of the rolling mill.

15. The method of claim 12, comprising controlling roll speed at each roll stand by respective
speed controllers and connecting all of said speed controllers to a control computer to regulate

roll speed at the stands.

16. The method of claim 12, comprising increasing the speed of the roll pair of said next

downstream roll stand by an amount lower than the increased speed of said one stand.





