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Speed Control of Steel Rolling Mill using Neural Network
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Absiract

in this paper o filly newral neowork-based structure have
been proposed to control speeds of rolling stands of a sieel
roltimg mitl. The structure has properiy of conirelling the
mioiors speed sweh thai the foop height betwsen each
successive stands tracky the required height reference.
Synchronizotion between Hese ytands i also merninined so
that the metal flow rate from fivst siand to the last stand is
kept constand, This siructire If vobust againsi the
disurbonce  effecrs swch  as, torque loading,  plont
parameter change... efe. The results reveal performance af
the striicture a3 a comparison with the conventional coniral
method for a procticed worksheed dofa,

Keywords:
Steel Rolling Mill, Neursl Networks, DC-Motor speed ™
contre), and Multimachine contral.
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1. Intraduciion

Stee] production is still one of the major basic industnes
with 3 huge amount of material end energy consumption.
taults on the rolling line system caose ko reduce the
benefits and 10 waste lime, Most af these causes are due o

weak in speed controf of the rolling machines and loosing
in synchronization of the rolling system [1].

Meural Nerworks (NNs) have been implemented practically
in several industries, New schemes based on NMs are
developed for a tumber of different rolling provess |
problems such as estimaling the exact rolling force fo
achicve the right thickness [2], and an estimator employed
for papdition monitoring and fault diagnosis [3],
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Figure I- Stee! Rolling svstem

Speed regulation of Ihe motors and synchronization
maintain betwecn the successive stands anc Imporiant
problems (o be handied in. hot line rotling mills [1].
Conventional controllers {such as Pl-algorithm) are lack of -
robustiess, thercfore  disturbances affect the  syslem
synchronization and quality of the production. Loopers -
have been wiilizad 1o construct loops between the
suecsssive skands to increase qualing of the production,

In this paper NN technigue is empleycd ta control driver of
the rotling stand motor that is of a DC-Motor type. MM
based loop beight controller is also presented, This form of
control has property of synchronizalion maintan between
different stands., Hence, 2 fully-NN techmnique for steel
rolling system is developed. :

2. Steel Rolling Mill

Holling is a process of shaping the steel inte a linear
clerment with & constaml cross-scotion. The line production
consists of a specific number of relling swands depending on
type of the praduct or size of ils cross-section, Each relling
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siand cotitains two rolis, which are driven by a DC-Motor,
as shown in Figure |,

The production starts rofling from first stend, which is
source of the steel metal, with 2 specific size of cross-
section, The metal is passed through all the stands with
different cross-sections. last stand represents  speed
govermner of the train and here the outpat product will have
the desired cross-section [4),

3. Combined comirolled DC-Mator {CCTHCMS

Due o the permission for wide range of speed operation
and the precise conirol of a separately exgited DC-Mators,
50 thot these molors gre widely wsed in industrial processes,
CUTICM has separate sources on the armature and the tield
windings, whith could drive dese motors over their rated
speed valiues,

In & CCDKCM armature valtage condroller alone is employed
for the motor speeds under its rated value at constant field
voltage, When the speed ewceeds itz rated value the field-
weakening controlter will enter in operation it combination
with the armature controller [4]. Complete noo-lincar
#quations of the THC-Motor are described below {57,
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Where, M1y -motor speed, o{r)= fiekd flux, L0} =armature
current, i{f) = load wrgue, f-(f = field current, ¥ {1 =
attature volage applied, and F{# = ficld voltage applied.
Other parameters are detailed in Appendix A

Bleck disgram representaion of a CCDCM including its
coniroliers 15 shown i Figee 2. Controller parameters arc
oblajined such that the following constraings  are
investigated:

- Motor speed A(r) tracks its reference,
- Back emf e, (# nol excercds its rated value,
- Artnature current £, (1 below its mazitiom, and

Ficld voltage Vr(f), and consequently Jr{#}, are above their
minima.

M Armalure Fan
controd 5 M)
De- !r
Toster
v Field
control Vi)

Figure 2 — CCDUM block diagram

4. Loop Control and Syschronizatinn Maintaln

Cruality of the production can be improved by incloding
loaps hetween subsequent ratling stands, which will reduce
effect of the tightets when tensions are not required. Loops
are formed by loopers, which are either rolls nsen by a
piston or & duel arms rsen by motors, [oopers are put to
work when head of the production coecrs the next
(downstreant} stand, where sensors are uscd o detect
exisling of the production fL].

Speed synchronization between the swccessive stands can
be achicved by ensuting the flow rate of maal from the first
stand 1o the last one be constant. The flow rate relavion is
shown i (4) from [ 1],

VI‘S]="’2'SIE'“="'J‘S.‘=""”"M'SM (4}

Where, v = lingar velocity of stand ¢, and S, = output ¢ross-
section of stand /. Change of velocity of any stand will
cause W chamge the loop teteth between this stand and the
downstream stand, and consequently the loop height.
Length of the Ipop and its height can be obtained fom the
following relations [4],

b =70t -0 (5)
hj(:}=u.s.ﬁm-ﬂ {8)

Where, /(i) = loop lenpth of stand §, T, = time span of the
tine to rcach the downstroam stand, g = S@%,= cross-
section correclion fagtar, . = reference loop length, £ = 1he
distance between successive stands, and A, (£ = loop height.
Biock diagram representation of the eolling system is
shown in Fipure 3 for M stands, where the block Con,
represents the loop length and its height measurements, The
loop control is based on & Pl-algoritm,

A Loop | [DC-Motor | DE-
- conttol| | controller
L3 )]
i Loop | [ DC-Motor
s controd | | controtler
.1 1)

Loop | | DC-Motor
control) | contoller

Negiat DC-Muotor
contrplier p—a

Figtre 3 - Rolfing syetem
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5, Fully-based Neural Network Structure

Lroplementation of antificial NN as intclligent tochniques in
rolling mill processes promises for obtaining better results
and reduces cost of operation [2], [3]. A fully-based NN
structure employs two different networks in the coniral.
One of them utilized as a DC-Motar contenller and the
other as 2 loop conteoller.

In the last decade various works have bsen emerged
showing that Dynamic Neural Network (DNN) is quite
effective i moedeling nor-tinear dynamical systems [6].
NN is a povel configuration composed of interconnection
of fecdforward jlayer and recurrent NNs. Narendra
discussed two types of contral, which are direct and indirect
adaptive control where he employed an indirect conlrol
method depending on separation of the contral input, hence
prior knowledge of the plant is required [6].

Diirect contre] methed is poor of the plant lacobean, due 1o
its pasition, which is in front of the plant. Psaltis cmployed
a5 @ repiscement a simple difierence cquation [7]. Widrow
used an catra NN as a path for the oulput emot Propagation
tor the I8N controller employing feedforwacd NN [8). Sucha
similar method was utilized by Lightbody using NN and
Jacnbean of the plant was reptaced by a sensitivity mudel
bascd on linearization of the plant idenifier [5].

Above inethods are poor of generality or the path denhifier
is relied on approximate metheds, therefore Al erployed &
DNN 1o the controlisr as ihe path based oo the
Backpropagaiion learning algorithm o pass the output erear
to the controller [10). Both control methods (the direct and
the inditecty will be wsed in the rolling structurt for the
purpose of generaliy.

&, BC-Motor Conrrol

The problem is to design a controller, which generate the
gesired control inputs (¥, () and ¥ ()} such that the DC-
Motor output Atf) tracks a desired refgrence mode! and
achicves the requirsd constraints of the plant mentiened
previously.

The DO-Motor controdler used is hased on indirect cuntrol
method using inverse contrel. Inverse Dymamic Meural
Network {TDINNY with the structure shown m Figure 4,
wherc it u$es.npat and output dymamics of the plant as its
izputs. TDL represents a time delay line of = elemenis.
The patterns {input-output pair} used 10 train the 1IN are
two randomly selecled o the speed set-point, New, {Oine
belongs to the armature controlter operation region and the
ather belongs to the field controtler operation regiof. The
values are { ¥, =875 RPM, Me=2100 RFM).

‘This network has thc following characieristics, & = 9,
b - 20, ¢ = 2, where a, b, and ¢ are number of neurons in
the inrut, the hidgden, and the cutput layers, respetively. A
tangem activation function is emplayed in neurons of the
hidden Layer.

N | DE-Motor N{f+H13

cantraller

Figure 4 - Inverse Identification

Dypamic back-propagation algorithm is utilized to find the
optimum weights of the DNN smployed, which uses the
following equations to update the weights, {6], [1ai,

'I.-'ﬁ{k +1}l‘= 'P'ﬂ{k:l+1']v -ﬂ\’ﬂ [:k:l,

wolh + 1= ik} + 7y, - AwglE) {7
ﬁ.\'ﬂ{k}l Lol —EEUI} ! a'lr'ﬂ{k},,
Btk = $ 22 {9
g=1
E k)= pi(k) -y ER) ]

Where, v, i5 he weight connection betwesn ¥ output
neuron and #f hidden neuron, wy is the weight connection
hetween #1 hidden neuron and ¥ input neuron, #, and 7.
are lcarning rates of the weights #, and w, respectively.
Avy and Aws are gradient of the sum squarcd error E(k)
with respect 1o their corresponding weights k) and wilk)
respectively. e A} is the difference belween the NN outpul
5 (&) wad the ptant output {or input) ¥5{k) 10 be identified

On-ling training is the most suitable method for dynamical
systemns and esperially in practical applications [111, [12]
This method of updating is used throwghout the paper
becaus it 5 much gquicker than off-line (batch update) and
ir helps the nerwork to escape from local minima fi3).

Adaptation of the weights is continued till the performance
measure, which is the emar squared A{k), s converged
towards zeta as shown in Figure 5. The leamed network
can mow be employed 0 conmol the [C-Motor as
teprescnied by the structure shown in Figure £, A non-
linear Modcl Reference Adaptive System (MRAZ) is used
fLel.

Figure 7 represents the motor speed and s reference
responses for 1400 RPM set-point. Where it is tested woa
load change of 20 Mm, at tme 40 sec., and a set-point
change to a valus of 2100 RPM {ie sbove rated apeed of
ihe TK=Maotor by about 350 RPM) at time 30 sec.,
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Figure 7 — Modor speed vesponses vader feais

T. Leop Contrel

A DNN was employed in the toop control, which uses the
direct control wethod. A path s roquired to propagate the
ermor hetween the height refersnce and the actual loop
height to update weights of the loop control nerwork,
Thersfore, an extra 1NN is proposed o he vsed as the path,
where identification structure of the path is shown {n
Figure 8,

NN

el toller I—h

Nﬂﬂ'ﬁ 1NN
coninfler

DHN

P
Figure 8 — Identification of the loap controf path

[Toi]

This netwark has the following characteristics, a = 15,
b=40,¢c= ], and a mngent activation function employed in
neurcnz of the hidden layer. Leaming was complete by
{51 000 cpochs) as illustrated by the performance messure
shewa in Figure 9,

Structurc of the Joop controd is shawn in Figure 10, where it
cmplerys a DNN. The Toop controlter is wained by applying
8 sel-point of (N, = 1925 RPM) end 2 heighi reforonce of
(A = 0.3 m1), where Figure 1 reprasents training of the laop
hetght contraller,

Pettinrmemce nesasure Fk)
=
o

1
Wk

(I I A
SRR B
a LGo 200 300 400
nme (sec.)
Flgure U - Evvor response of identifler of the loop
cantrofler parh
L
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Fgure 10— Divect Comtrod of the Loap contrafler
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Figure [} — Loap height response befween two siands

T test the relling system against distorbence effects, data
from a typical worksheet has been chosen that is named as
150 [sehemne 245 [1], which 15 of 10 stands. Figure 12 and
Figure 13 illustrate motors speeds and the lpop height
responscs for the conventional control method. The systcm
bas been disturbed owice, firstly a load change on stand
nurrber ¥ gt time B0 sec, #nd secondly the viscous
patameter chenge of stand number 5 at time 120 sec., and
the cffects arc obyioos. These tests have been applied on
the fully-newrl network olling systerm 85  shown in
Figutes [4-13, where Figure 14 eepresents DOC-Mooors
speeds and Figure |5 represents the Toop heighl responses,
A obvious the load torgue effect and 1he pamameter changs
hias been muinimized clearly.
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Figure 12 — Motors speed responscs using Fioconirol
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Figure 14 — Motors speed responses wying ONN controlfer
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Figure 15 - Loop height responses ueing DINN corirolier

8. Conclusions

Bath types of control, the divect and the indirect adaptive
eontrel, have been cmpleyed successfully on controdlers of
the Steel Rolling Process. Inverse dynamics of the [3C-
Motor have boeen identificd comectly using 2 DIWM. The
inverss network obtained s vsed o controd speed of the
DC-Motar below and owver s rated wvalue to obiain a
CODCM. A robust DC-Meotor agrinst disturbance effects
has been obtained, and the simulation results reveal that,

A fully-based NN control structure have been propossd o
contr the Joop keight and 1o maintain the synchrenization
between different rolling stands. The loop controller is
hazed on the direct comral method wsing DN, The sysiam
i5 robost against the coramon relling process pertarbations,
likes plant parumeter change, loading and sct-point changes.
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Appendix A
DC-Motor plant paraméters:

The following paramcters are chosen from a typical
nameplzie sheet and the frame sclects is Frame 505 [17,

J- rofational inertia J =22 kgim?

A viscous friclion conglant £=0314 Nm.s/rad,
T, :mechanical lime constant T, =iB=Ts

L, armature inductange L, =008 H

R, armature résistance k. =0112

%, . armature Wme constant ,=0085

L, field inductance Ly=00H

R;: field resistance Ry=750

g field time constant §--Ly /Ry LH s

and K. 18 the magnetizaton Meld current saturation curve
with slope 6.25 mWiv A and saturated at 10 mWh,
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