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Abstract

The production of hot-rolling strips of prescribed dimensions requisgmplg and tracking
of the steel’s dimensions along the production line. This paper isefdarsa determination
of the edger’s influence on the final strip width on the basixistieg measurements on the
edger. Steel slabs are rolled (top and bottom) several timesensirg rougher mill (RM) to
prestrips, while edger synchronously with RM rolls slab widths gled right). Beside initial
slab width, edger provides additional influence on final strip width. Exiggluence on final
strip-width is estimated by combination of energy consumed fdr-width rolling (the
deformation energy) and edger’s roll gap, observed through all thesghssagh RM and
edger.

In order to calculate the deformational energy for the slabawalling a mathematical model
of an unloaded edger was built, which uses velocity as an input. Modelladded edger
provides estimation of power needed for accelerations of edger’s rollstardatating parts.
The edger total power is measured by current and voltage on the angtng Subtraction of
unloaded edger power, obtained by simulation of mathematical mooiel,freasured total
power, yields power used for rolling (deformation) of slab width. hatisgn of this power
yields deformation energy. Deformation energy is determinedviEnyegass through the RM
and edger. The acquired information is instantly written in a degadnad, at the same time, is
used in a charge-width report. The generated charge-width repertstaaed in pdf file
format, and are then distributed to the end-users using a web server.
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1 Intoduction V unloaded Pin
The production of hot-rolling strips in Acroni htse d Vv edger

following stages: the prepared melt is cast on a Ht —| model P
continuous caster, the slab surface is cleaned and rol

wetted (optional), the slabs are reheated anddiledr
on a reversing rougher mill, and the transfer Izar i P +
rolled on a finishing mill (steckel mill) to thenl U—» el
thickness. In order to reduce production costditiad ><
width of the hot-rolled strips should be as close a
possible to the desired customer-dependent width. Fig. 1 Scheme for determining the power consumed
During the process of continuous casting théor slab-width rolling. The measure of the edger
slab dimensions are difficult to control, and thevelocity v(t) / m/s is used as a model input. The
dimensions of the cast slabs vary depending orrakeveproduct of the voltag®l(t) / V and the currenit) / A
variables. The most influential for an individualof the edger motor is a measure of the electrical
material are the casting speed, the melt temperatysower. Subtraction of the model's estimated power f
and the ferrostatic pressure of the melt. The siagth the unloaded edgét,,(t) from the measured electrical
and the slab thickness are slightly different factke power yields the power consumed only for the slab
slab and this is more evident through the wholeolling Py (t).
charge. Unfortunately, due to the high temperatire
the slabs, measuring the width of the slabs iscdiff All three input variablesy, U andl, in Fig. 1 are
and expensive. measured values. First, we develop a dynamic model
A vertical edger roller mounted on a rougher nidllai  of the unloaded edger, where the model input is the
device for rolling of the slab sides synchronoughwi edger velocity and the output B,.(t), the power
the slab top and bottom rolling of the rougher millconsumption of the unloaded edger. The product of
The edger is the only device for adjusting the slathe other two measured variableXt) andI(t), which
widths in the production line. The transfer barsdma are DC values, is the electrical powd?y(t)
on the rougher mill are rolled to the final strip the consumption. If we subtract the calculated power of
finishing mill. Here, the strip-width measuring dsv the unloaded edgd?,,(t) from the measured value of
is mounted. the electrical power being consumed by the edger
The strip width is influenced by the two mostmotor Pg(t)), the result is the power being consumed
important factors. The first is the initial slab-for the side rolling of the slal®. (t). Integration of
thickness/slab-width ratio, which is not measufBte P, (t) over the time for a slab pass through the edger
second factor is the use of the edger. roller yields the energy consumption for the slates
The purpose of this work is to numerically estimateolling of a particular pass, i.e., the deformation
the influence of the edger on the strip width. Thenergy. First, let us present the mathematical
estimation of the edger’s influence can then beltise background of the unloaded edger model.
optimize the continuous casting process to ensure
slab width within the prescribed tolerances and t
optimize the operation of the edger. The influente The unloaded edger can be viewed as a stiff rgtatin
the edger on the strip width is estimated from thbody [2] that is driven by an electrical motor. hi
energy consumed for slab-width rolling. approximation does not generate an important
systematic error. The electrical power is transtm

2 Analyses of the edger measurements  into mechanical power

The following measured signals are available from t Pa()= Pren(t)- 1)

edger: the edger velocityt) / m/s, the voltag&J(t) /  Considering the definition of power for a rigid atihg

V and the curreni(t) / A of the edger’s motor and the body [2] and using the definition of electrical pew
edger roll gapd(t) / mm. A sample of the signals is Pe(t)=U(t) 1(t) results in the following equation

| —

831 Mathematical model of the unloaded edger

presented in Fig. 2, diagrams 3 and 4. U)I(t) = M) w(t) . 2)
The basis for the extraction of the desired infdioma d(Jo)
from the edger measurements is a mathematical mod#le momentum M is defined [2ls M = ——~%,
of an unloaded edger. The unloaded edger model dt
describes the rotational movements of the edger, onlg is defined as w = v/r and the associated
without the influence of the transfer bar. The idea do 1dv

be seenin Fig. 1. diﬁerentiala= FE Substituting the above
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relations into Eq. 2 and changing the velocityhe power of rollingP,,, which is the base signal for

o o dv . additional analyses.
derivative notation— = Vv yields N
dt 2.2 The edger model as a source of additional
information and the obtained results

-9
vmIn= r_ZV(t)V(t) ' ®) As described in the previous section, the mathealati

2 model presents a basis for the extraction of autthti
In Eq. 3, J and r” are unknown model parameters i sormation from the edger measurements. For a
Both are constant and therefore the ratiQetermination of the rolled/not-rolled slab widthet
J following empirically obtained integral criteriors i

r_2: const.= K is constant. The second input signal 4
of the model isV, which can only be numerically '[U||dt
derived fromv. The derivation of signals increases the
signal noise; therefore, we use the following R= tpass 10°. ()
numerical derivation. The left and right differeacee I (UI 1 jz

. V, —V, . V., —V, .
calculated as/, , = *——*L andv,, = XL . 2v+ 008

’ At ’ At pese

respectively. The average of these is used as the. .
V. 4V R is always positive an®R values between <R<1
Lk " YRk

“The determine that edger has rolled slab sides. Vs
2 determine, that edger did not roll slab sides. The

numerical derivation and the short sampling time arcriterion is calculated for every slab pass throtigh

the weakest points of the modeling. 1 ) . .
Eg. 3 has a single unknown parameter, which can edger. The part2V+0.08 in the lower integral in

be found using the least-squares methdéor a Eq. 4 accents the powerontributions where the
determination ok with the least-squares method th%/elocity is not changing rapidly and vice-versee th
U, I as well asvandv need to be available and mustpower contribution of the samples with rapid vetpci
originate for the period of time when the edger washanges are descended. The ratio of both integrals
unloaded. Other details on data requirements for @so independent of the slab length and the number
determination of the parameters with the least+&ia samples. Note that for the calculation of tRe
method are described in the literature [1]. characteristics, the measured value of the pdugs
The unknown parametek was determined in the used rather tha,,. The choice ofP as the base
following way. The edger measurements for severgignal and the incorporation of the acceleratigmai

rolled slabs were available in separate ASCIY for theR characteristics are due to the sequence of
formatted files. From all the different ang-glalmej the research work. The first question we were gy
grades a total of 20 random slab-rolling files wergnsyer was: Did the edger roll the slab-width o?no
used, and on each a parameter-fitting process Wafjs question was answered with Reharacteristics,
performed and the resulting model-paramédewvas \yhich do not requir®;o.

stored. This was done for two reasons: to verif thrne npext calculated characteristic for each pass
repeatability of the obtained parameters and atso fhrough the edger is the energy consumed during the

check the extent to which the model could bgg|iing in a particular passE.. This value can be
extrapolated. Each of these parameter-fitting ta&s ,ptgined simply by an integration &%, over the
visualized and verified to exclude possible unsléa ol pass of the slab through the edger. The

data files, e.g., errors in the data files, un$léta following integration is performed

dynamics, etc. The average of these 20 model

parameters was used as a model parameter in the

subsequent analyses. The model-parameter value E.,= J.Proldt . (5)
varied from 390’ to 4710°, and the average value tpass

was found_ to pdx:47-103. The agreement between theThe integration is performed over the particulasga
moqel estimation and the measured_ value can be sggha tpass Where additional conditiorBy >0.02 Prax

in Fig. 2, on the upper graph from tlmesta.mpllros bind |Prol [>3 Py, are satisfied. The power is summed
140?” Whefe th.e edger- is unloaded. The siggah a for those samples wheRy, is at least 2 percent of the
particular time interval is a measured value amille&  |\ovimum edger poweP,,, and where the absolute
seen as a true value of the model's output. They e ofp,, is more than three times higher than the
agreement between the model’s power predictigp, power of the unloaded edgeP,. Where both

and the measured value of the pow., is onditions are fulfilled, the integration is pernfoed.
satisfactory, taking into account the long samplmg—he sum of the time when these two
period of 0.5s. The second diagram in Fig. 1 prssen

derivative valuev at timek V,_, =
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Fig. 2 Example signals. In the first diagram thevppestimation of the unloaded edger rotatiBpscalculated
using this model is presented next to the measumbge of the poweP,. The signals fit where no slab-width
rolling is present. The second diagram presBpts P, -Py,, the power consumed for slab-width rolling. On the
third and fourth diagrams the edger source measmtsmare presented: U, | in diagram 3 and the roll gap in
diagram 4.

Tab. 1 Calculated integral criteria for the sigretl®wn in Fig. 2. Th&® characteristic is calculated using Eq. 4
and determines whether the edger has rolled thevgtdth or not. The energy of rolling;,, is calculated using
Eq. 5. The average power of rolling for a particslab pass is calculated using Eq. 6.

Roll pass No. 1 2 3 4 5 6 7
R 21.25 0.64 0.20 0.11 0.76 8.51 42.74
E;o/KWh 0 0.068 0.448 0.443 0.086 0 0
P, /KW 0 34.9 201.9 145.1 44.3 0 0
Start time / s 22 39.5 56.5 75 93 110)5 124
End time / s 35 54 715 91.5 108.5 122|5 138.5

This characteristic provides information about the

conditions are satisfied is referred to tas All the

above integrals are calculated numerically anddger loading, which is useful for determining the

therefore the discretely equivalent criteria aredus suitability of the edger settings during the railin

The third calculated characteristics for each pags3 Discussion of the obtained results

through the edger roller is the average value ef th_et us first comment on the example data shown in

Fig. 2, diagrams 3 and 4. Seven passes through the

edger roller are detected for the sample data. The

presented integral characteristit for the example

data yields the presented values in Tab. 1.Rbeing

greater than 1 means that the slab-width rollinth&

particular pass was not detected.

rol From Tab. 1, looking at th values one can conclude
that in 29 39 4" and %' passes the edger has rolled

edger power during the detected roIIirE. This is

calculated simply by dividing the rolling energy the
time for which the rolling was performet,.

— E

F::ol — troI ) (6)
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the slab sides. This is also visible from Fig. ignal 4. Energy consumed for rolling for first six

D : edger passels,, of each slab (bar). The sum
Po. The B, is calculated using Eq. 6, and for the of all the edger passes is presented in the

sample data presented in ﬂg 2, yields the values graph as a lineE,=0 indicates that the slab
presented in Tab. 1. Note thB, is the average value side was not rolled in the particular pass.

of the signaP,, over the actual rolling time,,. 5. The average power of the edger (Eng the
rolling for the first six edger passel§,, of

3 Charge-width report each slab, represented with bars. The average
value of the power through all the edger
passes for a particular slab is plotted with a
line.

The most important information, which was the
reason for beginning the estimation of the edger’'s
influence on the strip width, is the traction of the
relative influence of the edger’s operation througl,me more details on the presented diagrams.

the whole charge. To assemble data from all then diagram 1 the strip width is presented along its
slabs/strips belonging to a particular charge angngth, and the strip thickness is presented igreia
visualize them a charge-width report is2. The measured values (width or thickness) along
automatically generated for each charge. strip length are presented in the space between the
The charge-width report is in pdf format, which isparticular and the following slab number (x-axis)
independent of operating system and is a suffilyientindependent of the strip length. Both data are
compact file format. measured on the finishing mill.

Diagrams 3, 4 and 5 show how the observed process
variables are changing through tii&d the &' pass on

A sample of a charge-width report is presented ithe edger. If more than six passes appear during
Fig.3. The charge-width report consists of a doaumerolling, the 7' and higher passes are not presented on
head with a charge number, a quality code and the diagram. This happens rarely.

quality name. The body of the report consists oé fi

diagrams, successively presenting the following

process variables (Fig. 3) 4 References

3.1 Structure of the charge-width report

1. Reference (dash-dot-dot), measured (dots)
and tolerance border value (solid) of the hotf1] Isermann R. Identifikation dynamischer Systeme
rolled strip width 1. Grundlegende Methoden, Berlin: Springer
2. Reference (dash-dot-dot), measured (dots) Verlag; 1992.
and tolerance border value (solid) of the hotf2] Goldstein H. Classical mechanics. 3rd ed. San
rolled strip thickness Francisco: Addison Wesley; 2002.

3. Edger roll gag; (line)
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Fig. 3 An example of automatically created chargdtiwreport. All the diagrams have the same x axtsich is
the slab number sequence, belonging to a partichiarge. Diagram 1 presents the strip width medsonethe
finishing mill together with the reference valuedahe tolerance borders. Diagram 2 similarly preséme strip
thickness measured on the finishing mill. The refiee thickness and the tolerance limits of thektiéss are
presented as well. Diagrams 3, 4 and 5 accompangribtess of rolling on the edger for the firsts@sses and
some characteristics through all the passes farticplar slab. Diagram 3 presents the roll gaghefedger for
the first six passes. Diagram 4 presents the enssggumed for rolling (Eqg. 5) with bars and the sointhe
energy through all the passes (line). Diagram Sents the average rolling power (Eq. 6) with bdrshe
average value of power
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