
2 6 MAR 2007 WO 2005/039790 PCT/IB2009/004396  1 CONTROL OF HOT ROLLED
PRODUCT CROSS SECTION  UNDER LOCALIZED TEMPERATURE DISTURBANCES  The
invention relates to a method of controlling the rolling of a continuous
welded billet having weld joints at successive locations along the billet. 5
Traditional mill control and operation has been acceptable for the rolling
of single billets, but with the advent of the new technology of continuously
welded  billets, control strategies and operations have to be rethought to
obtain the full benefits  of the process. These benefits include increased
yield and productivity, reduced cobbles  and more consistent tolerances.
However, the welding process raises the joint 10 temperature above the
remainder of the billet and produces a small region that is softer  and less
resistant to rolling forces. This high temperature can produce 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 continuous 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 must be balanced to avoid  j 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 cause
of the dimensional change in the welded joint. 2 6 MAR 2007 WO 2005/039790
PCTIIB2004/004396  2 Control can be continuously applied for material of
small cross-section  by the use of loopers in the intermediate and finishing
stands. Loopers control the  relative roll speeds in the stands by measuring
the displacement of a loop of material  formed between adjacent stands.
Arising loop increases the speed differential, and a 5 falling loop
decreases the differential by adjusting the upstream stand. The transient
effect of the weld joint is to briefly raise the loop height but only after
the weld has  passed the stand The speed control is thus applied to the
wrong part of the material. It is an object of this invention to provide a
method to eliminate the  tension in the welded portion of the material and
furthermore induce compression in the  )lo billet to correct the dimensional
variation created upstream and downstream of the  stands. In accordance with
the invention, 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 in the
billet at the weld joint and build- up of material thereat. The method of
the invention tracks 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. 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  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 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 2 6 MAR 2007 WO 2005/039790 PCT/IB2004/004396  3
which act on the billet to produce a finished rolled product. The speed of
the rolls 3 in each stand is controlled by a respective speed  control
device 4 under the control of a computer 5. In accordance with the
invention, the billet is a continuous welded billet  5 and the welds in the
billet are tracked by information supplied from a sensor 6  associated with
a welder (not shown) that produces the welds. A tracking adjuster 7 is
connected to the computer 5 to provide speed adjustment of the rolls in the
stands to  eliminate irregularities produced in the billet at the welds. The
size of the billet as it  exits from the last stand 2 shown in Fig. 1 is
measured and shown on a display S and the ) 10 size information is fed to
the computer 5. Existing mill control systems use a control feedback method
to adjust the  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. 1s 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 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 20 which hot spots of 11/2-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 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  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 2 6 MAR 2007 WO 2005/039790 PCT/1B2004/004396  4 billet 10
is advanced between stands 11 and 12 and when the billet has a weld joint
13.  Under normal conditions of speed control, due to the increased
temperature at the weld joint 13 the tension produced in the billet between
stands 11 and  12 will produce a neck-down or reduced size of the billet at
the weld joint 13. This 5 leads to dimensional changes in the billet and the
welded joint after rolling which is  outside of specified tolerance for the
product and renders the product unacceptable.  Referring to Fig. 2B, the
rolls 20 and 21 of the stands 11 and 12 are 



regulated by the computer 5 to superimpose a speed change on the rolls in
order to  produce a compression in the billet in the zone between the stands
11 and 12 and 10 thereby produce a build-up of material at the weld joint
13. By superimposing the speed  control on the rolls not only is the tension
in the weld joint removed but additionally the  increase in dimension at the
weld joint prepares the material for the subsequent rolling in the
downstream stands. The stiffness of the billet between stands diminishes as
the  rolling of the billet proceeds and therefore the main change in 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 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 25 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. 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 2 6 MAR 2007  WO 2001/039790 PCTIIB2(04/00.1396  stands
according to the size of the billet at the entry of the rolling stage and
the desired  size at the end of the rolling stage. When a weld joint is
detected in the billet based on  



tracking information in the welder, this information is supplied to the
computer which  regulates roll speed. The computer adjusts the speed of the
roll at the various stands to 5 produce compression in the billet at the
weld joints in order to compensate for any neck  down at the weld joint due
to tension at the weld joint while the weld joint is still at an  elevated
temperature. Because the weld joints are at their highest temperature when
they leave the welder and section stiffness is highest when entering the
roughing stage of  rolling, the speed increase of the rollers will be
highest in the stands of the roughing 10 stage and the speed increase
gradually diminishes as the rolling progresses downstream  and the
temperature differential between the welded joints and the rest of the
billet  diminishes. By way of example, 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  is rolled rod of a diameter of 25mm The
temperature of the billet upon entry into the rolling mill is 1000C 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 200C above the rest of the billet.
In  order to compensate for the temperature increase at the welded joints,
the speed of the 20 rolls in the stands of the mill are increased 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 I  hereafter as a
function of the position of the stand in the rolling mill. 2 6 MAR 2007 WO
2005/039790 PCT/1B2004/003396  6 in,  IM" o 0 0 0 0  00 O O O O O  
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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
3h1 stands.  s 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 in 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. 2 6 MAR 2007  -8 What is
claimed is: 1. 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 through roll pairs  of successive roll stands, the
improvement comprising: adjusting rolling conditions in two successive
stands after a welded joint of a continuous  welded billet has passed one
stand and is between the two stands to produce compression at said  welded
joint and an increase of cross-sectional area at said welded joint, wherein
the rolling conditions are adjusted by increasing speed of the roll pair of
said two  stands, wherein the increase of the speed of the roll pair of the
other of the two 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: 2 6 MAR 2007  -9
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, controlling speed of the rolls at the roll stands by a control
computer, and supplying  information to said computer regarding location of
weld joints and effecting the adjusting of the  speed of the rolls in a roll
stand when a weld joint is downstream of one stand and upstream of  the next
successive stand, 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. 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 after 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 2 6 MAR 2007  -10 temperature from a welder, the
weld joints being at a higher temperature than the rest of the  billet, the
welded billet being advanced through roll pairs of successive roll stands of
a rolling  mill, the improvement comprising: adjusting rolling conditions in
two successive roll stands, in an upstream region of the roll  mill at which
the billet and weld joints are at high temperature, said rolling conditions
being  adjusted such that after a welded joint of the continuous welded
billet has passed one stand and is  between the two successive stands to
produce compression at said welded joint of high  temperature and cause
bulging of the welded joint to produce an increase of cross-sectional area
at said welded joint such that at the end of the rolling mill, the weld
joints of the now rolled billet  will have uniform size and proportion. 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. 




