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Abstract.

This work deals with imgroving the perferuance of
Electric arc furnaces for preduction sieel alloys. To
impreve the coatrol in such furnaces the a proper coo-
peration between three separate cout:ol systems (three
Electrods) was taken to get one united centrol system.
That is, we consider the electric sr¢ furnace as s mul-
tivariable object. Also it contalns industrial practicsl
data and theoritical anlaysis to iniroduce the modelling
of arc regulation processes., The parancters of the objecs:
under consideration are presanted. The investigation shows
that the arc ilmpedance is very small, even the difference

between the values of contrelled abject are very small.

% This work was carried out in Copper Vorks plant,
Alexandria A.RH.E., Purnacesses department, 25 ton ~lesctric
arc Purance.

%% Abdel-Aziz El-Sayed Abdel-Nalem, H.35ce Blect. Eng.,hi.Sc.
& Ph.D. in Automation of Technological processes. Lecturer
of Automatic Control., Production Eng.& Machine lesign
Dep., Faculty of Eng. & Tecnnclogy, Menufis University.
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I~ Introduction:

In steel making processes, the Hlectric arc furnaces

have & wide opplication for producing steel alloys. In

this type of the furnaces, transformation of electric ene-
rgy into heet energy 1s carried out by electric discharge
across s Zap between an electrode and metal through ges or
vacoum. Plgl.l. Consesquently, the electirode position is cne
of the msin controlled parameters in such furamaces. Genere
ally the electric arc may be charscterized by the following

parameters:

l. arc Length L,

2. arc voltage Va’

3. Current through the electrode I,
4, Voltage - to - current ratio Va/I

5. Power P.

These are to be consgldered from the point of view of
pogsibility to employ them as controllable variables of
the arc regime [1) « Of course electrodes position are
changed instantanusly and hence all the parameters of
the object. The purpose of this article it to measure the
actual arc impedance, to find the parameters of our obj-

ect and mpthematical model of such technologlcsl processes.
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I~ Amplidyne-type differential coutroller ags existi.c

system in the Indusiry.

Amplidynes are now widly used in ths electrice—ire-
furngces automation us g sepusrate coutrol system. A

ircuit diagram of such controller is given in Fi_.zZ,.

O
—

The phage current and voliuge affect the confrol winding
UW of tne mmplidyne A via the current iraasfarmer OU,
autotransformer AT, current rectifer, CH, voltage transf-
ormer VP and voltage reciifier Vit - the rectified current
pass through the sdjustsble registors Rl, 82 and tlirough
the control winding. Pb is the feedback winding. Under a
certain aduistmenf of AT, Rl and RZ, the cu$rént thirough
the control winding is zero. This state corrospondes 1o

a desired voltage to current ratio when the electroce is
zept moveless, dhen the ratio differs from its desired
magnitude, & current begins to flow through the couirol
winding. Then the émplidyne is extited and produces 1its
output voltage ¥ whose magnitude is approximately propo-
rtional to the current in the control winding CV, while
the polarity is determined 4wy direction of current in tae
same winding. So V, is function of deviation of the sctual
voltage-to current ratio from its desired value. The voltage

VO is applied to the D.C. type motor 1 with separate exci-
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tation oy thRe voliwuge v o Inis wlor arives the zleciroade

o
antil the desired voltage =~ to - current ratio is reinonsid.
o=
Lzl .

In this system egch electrad sonniders as a siclo
)

object. For each electrode of tihres, the {mpedance 4

{1 = 1,2,3) of tne urc is w@asured rurough measurniiii o

fot

the electric current and voltage acrogs tae ar:.ding@
is then fed to stabvilizing countroller; where it is co purod

- with three reference command ;i the latter belng corresus-

©

-
[ 2]
"y

onded to the desired neating rate. tnere 1s any aciual

deviation Zy = &, - Zio; the .controller moves the i, th
‘elesctrode, thus changing thétlength of the ith arc H; to

get Zi -——)»Zio. It Z > Zi , the ith electrode moves in
dawenward»direcation and v;c@_;@rsa Flgad iudioats tre pria-

ciple .scheams. This metnod necls three seperate fesdbnol

co.trol system Flig.4 corrogponding to the three elactrods.

IiI~ Zlectric arc furnace o3 a ud*ulvarlnnle obiect:

In the proposed system to iamprove the control the care

i N L e 3

“may bE taken of a proper cooperation between tnres menitiouned
sguerate Systems to get one united conirol system. That

we cousider the electric arc flvazce as a oogevt aving a

‘transfer matr*x whicn relates the all output cont

edancas (Z ) to all input are lengths & Hy, 1.e.
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[zj= 3, ‘;pﬁgﬂ SH, |
63 A_HB
— of .‘
e 231 812 813
igob] = a a a

21 22 23
831 832 ‘assj

21,22,23 are the impedance of the arc in the first, second
and third phasses; & Hl, Akﬂa,lsﬁj are the displacement of
the corrogpending eleotrodaa.vFigoﬁ Shows the block disgrams.

For sinplicity, If we consider the furgnece in its
steady state condition at a certein operating peint as in
case of refining period, =so tw°h! containg static elements
only[:lj s [2] ’ [3] and [4} « Then the obove object egqua~

tion becomes.
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Z.1 = 8,8 Hl + alza.tiz + aDAhj

in a sglusple ocase, the impedance may be estimated as

pure resistances, and so factora By By sepecy B4y

are scalar numbers.

Experimental deten.ination of them is available for an
industriasl furnsce. To get 9 uninown f.actora aij' at least
9 experiuents should be performed. each cantalning different
set aof Zi,AHi. Bach experiment will give one equation vhich

numerically known Zi, A& H  and unknowns 840 3loving these 9

i
nunerical equations we can get nusericel values of By4e ‘these

experimental equations cen be arranged as follows:
B =8y o)y ety +ayallhy g

312 = 8115“' HZI + &12A522 + QIBQ H"aB 3 00.-.3

a H

213 = 810ty + e sH, vaygalyy
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2oy = apy PHyy + 8y, 0l v oy aH;5
Zy, = 856 H2l + ey, 00, + E‘QBA.HZB; ",""(4)

Zy3 = 818831 ¥ 8y, 05 ey Sty

..

Z3) = a3l v Ay, AH), 4 ey BH
fyg = ByphHy) + 8358 Hpy ¥ aga0Hyy 5 | eeeen 9)

Z

we

43 = 8336H3; + a3, Alg, + ay a g,

IV-Industrial practicel dats aend deteruination the

charactériatic Vof Electric arc furnace under investigation.

Experimgntal d&ta were obtalned at 25=ton capacity furnsace
at couppor works plaent, Alexandria. The teat were made by varia-
tion of electrode displacements accompanied with measuring volt-
age and current of each phase, from which the obsolute volues of,
phase impedance 21,22 and Z3 were calculated afterwards. These
experiuental data was registerd and tabulated in the following
table.
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Table of experimental data to obtain osbject equations-

e oo e e

Var&g?les Hy,on § Hy,em | Hyyom | v,volt] I,Kamp % = %‘
of exper. Eilli oh.
1 20 25 15 311 !13.0 23.9 = le
2 15 '?0 10 290 15.5 18.7 = & 5
ﬁ; ' - ié 5 20 260 21 12:4 = le
4 20 25 15 300 14-2 >21.1 = 221
. -4
5 15 20 10 295 | 15 19.7 = 2, |
6 10 5 20 255 | 22 11.6 = %,
7 20- 25 | 15 285 1l 17.8v= 231
! 8 | 15 ?0 10 265 | 20 133 = 232 §
| 9 10 5 20 300 14.5 20.7 = 233.

By substituting the experimental numerical data from the

prrevious table into the object equations 3, 4 and 5 we get;



23 .9
18.7

12.4

21.1
19.7

11.6

17.8

13.3

20.7

Prow which we

&1

a5y = =12.650

20 819 *
15 ay) +

10 219 +

20 &21 +
15 8y +
10 8sy +
20 a31 +

15 a3y +

10 a.,, +

31

= 1,494 3 3

331 = "3 564'2

BQ ay, + 10
5 By, + 20
25 a,, + 15
20 a5, + 10

5 8y, + 20

25 8yp + 15

5 a3, +20

calculate

ﬂlzalb

0
N
2

bl
)
(5}

-y

568 3

3.22 = 80024 H

832

+'e The object matrix is.

¥op =

"'1 0494

"'12 065

~3.642

= 2 q250

-e

1.568
8.024

2,250

-

A S S I

&D = U0975
85y = 4,900

"0975
4.9001
2.293

-
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Yhua the characteristics of the controlled arc furnace

were uetermined experiumentally.

V-_wodelling of Blectric arc furnaces

¥row the previous experimentgl data it 1s clear to notice
that the value of coatrolled varigble which represents the
inpedance of the arc is very asusll value Za<:0’01 onm., even
tne deferences between esch impedance of electirodes gre very
asmall, Actualiy it is difficult to measure this value directly,
and it is not accurate to design the sultable controcller by
wsing the inverse matrix technique. For this reason we measure
the valug of electrode level H,cw aB observeble parame ter funct-
ion of arc impedanoce 2& in mill ohm. to find the mathematical

modsl For such processes.
Fro.u ¥ig l. the length of power ful arc ¢am be expressed

by the formula .

: v
L =-£ ) R RN ] (6}
& B

Wnhere 3 = potentisl gradient in the arc. The potential
gradient, irrvespective of the current, strongly depends on
tempeature varying from B-12 V/mm for the cold chearge up %o

#=1.1 V/m: for tae hot metal inside the furamce [1] .

?ractically; the voltage Va soross the arc cannot be

directly measured because of a very high temperature. Only
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& part Va of the suppiy roltage c¢can be megsured. Then

we have
V -
L = 2
B
OJ,‘VBu°<+ BL B &)
whe re = gum of the anpgde and cathode voltage drops

being in magatude of 25 - 40% of V [ 1]

The values of B and o« are depending on the te.perature

and current respectively.

1f we take the arc impedance as g controllable paraus-
ter 4 . It takes the form of V_/I and cam be stabilized to

ensurs the the following condition
aIusz-aO.
where a and b are constants, i.e.
Va
R a-~2 = g = Constant ....eoe..s(4)
& I

Hence this method enables stabilization of the arc
resistance R (together with the resistance of the elec-
trode) by moving the eiectrode 1.e. varying H end changing

the arc lenghCh L,
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vonsidering the enilre secondary circnit, thot
congists of taw furaice wiw & conpecting line, ied by

4

sransformer tap voltage it we have the expregsion.

&)

F 5 o
¥, = (V_ + Ir} + (1lz)°~ TR =) |

H s
in verich r anu X are regitaace and reasctance of the line

fro.. waich the value of V_ can be obtained accordiag to

the following Formula

~d

Vo2 82 - : .
. /sz/it - (ix) - Air ‘..-......(ﬁ)

‘gubstituting the value 0f’¥s rrow £q. 7 in Zge 9 we have

Led ¢ Jv.? - (ix)¥ - ir-&) ..40
0

It follows tnet the wore L the less I and vice verssa.

whe rollowing Bg. represents the rate of change arc length

I wersls the current I. -
.- L2
SATS ix + T

£
o
(w
<
ro
i
~
+
o
~
1AW
<
N

X ceeee.s (A1)

#
§

o
+
H
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Hence the total circuit’s lmpedauce taks the fonu

v L7
, ,
-]-?"- = 7(1{8 + 1) o+ x° P @ 1))
How the terw arc gain Ky can be interoduced and
takes the rorms a . al
' ar
. E(l  + r)
aL el el Ky » —f e (12)
dL. &L aH Z

2
I +r Ra + X

‘the Last Bq. represenis the chunge in the current pusaing
tarouagh tne electrode with resspect to src length L or
electrode position H. Algo with respent t9 arc volbuge gain

L, 1t can taxks the rowms i, where

v v
av av:
R - SR - S (13)
“' B &% 0¥ F
v aL dL P ,

Due to the diatinction between the ygaing KJ.' arnd 'Lv'
the change of L is accormpanied changes in the ocurrent
and voltage in opposite sence until thelr desired rutio is
ensured., The last two Lqs are reprepenting the mdmamatical

wodels of the arc impedance conrol ia electric are Turance.

IV. Conclusions

Yrom tne previous nraciical &mathematicel davs this

article presents tne following results:
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~ 1t im possivle to iwpove the percirmance co.. r ..l of

iz are furance, we consider it as g muitivariabie

o
@
|

Cwastral system by taking the proper cooperation betveen the

slectrodes position ag Individual countrol system o et oue
united control sy stem,
~ Determination of the parameters of the eleciric urc

forwice under consideration wid mathsmatical model of arc

rasuintion srocesses.,

Y

~ It i not acourate nd actually difficult to &ppl
the rules of inverse truansfer natrix techinque to dealgn

“the optimal controller in such techmological processes.

14 G, Tikhonov and V.V. Ue vsky., AJtomatiu nroceas
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2y roptryagin L.S. and others, Optimel processes theory.
Lascow, 1361, im Rusion.
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Leorge J.Thaler and Robert G. Brown, Analysis and

o
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Jepign of 2ddbasck control systems, kcoGraw-Hill Sook

Logakusha company, Ltd, fokyo, 1660.
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