
g l e c t r i c  arc  furnaces f o r  prodimtion steel a l l oys .  Yo 

inprove t h e  c o . ~ t r o l  in such f u r s a c a s  t h e  a p r o p e r  coo- 

p e r a t i o n  betzeen three  septuate co:tzi 01 systems ( t h r e e  

T k t  ia, w c o m i d s r  the elect;.rc aro furnace as s ml- 

t i v a r i a b l e  o b j e c t .  Also P t  co; : tdrw i . d u s t r i a 1  p r a c t i s o l  

d e t a  a n d  t h e o r i t i c a l  a n l a y s i s  t o  i:!~;so:iclce the  mode- 

of arc r s g u l c t i o n  processes. ':'hit par rc . e te r s  o f  t h e  or15ecz 

unuer cona ide rn t i on  %re presac ted .  The i n v s s t i g u t i a u  . t . ~ c ~ n  

t n a t  the arc  hpedance  is very  a m a l l ,  even the  d i f l e r a : ~ - e  

betvieen the vclues of c o n t r o l l e d  qb jecc  ars v e r y  srdll. 
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I- I n  t r o & w  t i  on : 

I n  s t e e l  ujakirg processes,  the S l r c t r i c  arc furnac~s 

have a w i d e  application f o r  p roduc ing  s t e e l  alloys. I n  

this type af  t he  furnaces,  t r a ? s f o m t i a n  of e l e c t r i c  e1itl- 

rgy into heat energy is  carried out by electric discharge 

across a gap between an e l e c t r o d e  a d  m t n l  through gw or 

vcrcou. .lo ionsaquent l y  , the e l e c t r w i e  p o s i  tion i s  one 

of the  miin cor i t ro l led  parameters In such furnaces. Gener- 

a l l y  che e lec t r ic  aro mnay be characterized by t he  followin,: 

p a r ~ i m t e r a  : 

1. a r c  jt3i~t.h L, 

2. ars v o l t q e  Va, 

3. Garrent tfiroilgh the elect rode I, 

4. Voltage - t o  - current  r a t io  V8/I 

5 .  Yowar P .  

Theae are t o  be considered f r o m  the poin t  of view of 

p o s s i b i l i t y  t o  employ thea as c a a t r o l l a b l e  variables of 

the ero regime [I] , Of coarse electrodes posit lon ars 

changed i w t a n t a a u s l g  and hence all the parasetera of 

the  object. The purpoae of th is  ar t ic le  I t  t o  measure the 

sctlial a~rc  ixyzedance, to find the parameters ~f our obj-  

e c t  m d  mthen?etical moelel aP such technologica l  processes. 



11- Aiiplidyne-type d i i i e r e n t i a l  c o . , t r o i l t r  33 esl~ti.. 

sys t e x  i n  t h e  i n b u s t r y ,  

t:ie c o n t r o l  d n d i u g .  Pb i s  the  feednack winding.  i nde r  a 

c e r t a i n  a d a s t s l e n t  of AT, Cil and R2, t h e  csarrent through 

t h e  c o n t r o l  winding i a  ze ro .  This  s t a t e  corrosgondos t o  

? + e x ;  ' a rlasired v o l t a g e  t o  cur ren t  r a t i o  *en the a 3 . e ~  . , L . L ~  1s 

kept n o v e l a s s ,  '&hen t h e  r a t l o  differs from i t s  d e s i r e d  

magnitdde, o c u r r e n t  begins t o  flow t h m *  zhe c a - i - r o l  

winding, Then  the amplidyne i s  e x ~ i t e d  and p r o d u c ~ s  i t s  

r t i o u a l  t o  the c u r r e n t  fn t he  c o n t r o l  w i n d i n g  GY!, m i l e  

t n a  p o l a r i t y  i s  &te rn i r&d  hjc d i r e c t i o n  of  c u r r e a s  ia t - ~ e  

ssile vdndir-kg. So Vo i s  f u n c t i o n  of d e v i a t i o ~  o f  :he s c t . m i  

v o l t e g e - t o  cu r r en t  r a t i o  I r o m  i t s  d e s i r e d  va1.m. 2he v o l z s s  

Yo i s  a p p l i e d  t o  t ne  0.C. t y p e  notor S with s e ~ c r . j t e  ax-1- 





In t h e  proposed eya ten  t o  i ~ p r ~ v e  t h e  c o n c r o l  tile <:,re 

' m y  je of a proper  c o o t e r a t i o n  between tar+- .~:;: ic.ied 

, a tpe ra te  syuzeaa t o  ge t  orke t u ~ i c ~ c !  ~ i i L r o l  systes. I ' i : t : ~  L S ,  

tJe coliviiier the  e l e c t r i c  arc P u w c e  as a o b j s a t ,  hsvlr., ii 





-c7 ti- 

Z1,Z2,Z3 are the b p e d w c e  sf tne arc in the first, second 

a;ld t W d  phassesi A El, A H 2 , A E 3  are the displacenent or' 

the corrospanciing elsotrodas. m.5 Shows the  block ditigrws. 

For flirJpliCity, If we oonnrider the furslslae in i t s  

steady state condition at a certain operating palnt aa In 

caee oi refining pesiad, so I Y,~! c o n t e s  statio s l e a e ~ t s  

only [ I] , 121 ; [ 3 ]  and [ 4 ]  . *hen the cbose object eqnar 

t ion become a. 



In a si&ple oase, the inpe-ce m y  be estimated as 

pure reslsttmces, end 30 f a c t o r s  all, a12, ". *. ., a 3, 

ere ecalar numbera. 



IV-Induetrial  p r a a t i c a l  data and deterrJlnation the 

cllaractdristic of Blectrio a r o  flwmce under invaet igat ion 

Bxperimntrsl h t ~  were o b t a i w d  at 25-%on oapacfty fumecs 

at couppor works p U t ,  BLexsr;lJrlta. '&a t e a t  mere made by vaxia- 

tion of electrode displacmnts  aocmparrtisd with measuring volt- 

age and current; o f  eacob phase, from Bbzioh tb obsolute volues of, 

phase hpedance Zl,g2 and Z j  were odoulated  aiterwards.  These 

experirrental data raa rag;lattard and tabukted in the fo l lowing  

table.  



Table of e x p r i a n t a l  data t o  c b t t d n  s b j e o t  equatioas, 

3y a u b s t ; i t u t h y  the experixwucal ; w r i c ~ i l  data from the 

prrevious table into tb oSJect  equations 3 ,  4 and 5 we get8 



XProu &ioh  we calculate 

.". The object matrix is, 



'4i;u~ -tile characteristics of t h e  controlled arc f u r n x e  

were u e t e m h e d  exper+iaentally. 

V- Lodelling of Biectric arc furnaces 

ZLLIw the previous experiraerltal data i t  is c lear  t o  not-rce 

zhat the value o f  controlled variable &ich represents tiie 

impedance of the a r c  ia very 9-11 v e l ~  ~~(0.01 ohm., even 

tua deferewes betwarn  each irxpdame o f  electrodes are very 

m a l l .  Bet~ially it Is difficult to maswe this value cikest ly. ,  

end it i a  aat aocurate t o  d e 8 i . a  ?A8 suitable c c t n t r o l i u r  by 

i w i ~ i g  the imer se  matrix techniqw,  For t h i s  reason ws mesn,-ire 

the ualm of elactr@de l e v a 1  H,cid a ~ l  observable parw ter  func t -  

ion of arc bpedanoe Za in m i l l  o b ,  t o  fiad the a t k e n i a t i c d  

n o 3 a l  for such processes. 

g r a d i e n t ,  irreepective of +he c w r e n t ,  strtmgly d e p n d a  an 

Prac t i cc l ly ,  the vo l tage  Va oorass the u o  cannot be 

d i r a z e i y  w a a ; ~ ~ . e d  because of a very fbw teqexature. Only 



The vafuea of b; and o( are depeucting on i;he te-pratzwt? 

md. current  respect ive ly  . 
Lf we take the  arc  i m p e d e m e  a5 eb c o n t r o l l a b l e  paraide- 

t e r  La. It t a b s  the fom of YB/X m d  can be s t a b i l i z e &  t o  

enaurs the the f o 1 1 ~ v ~  condition 

H e m e  t h i a  method enables s tabi l i ze t ion  of t h e  arc  

resistance it8 (together ~ 5 t h  the resist&~.ce of tna e lec-  

t r o d e )  by moving the e~ecxrode  l .e .  varying N m d  a.mfiging 



i . t  follows t n e t  t u e  :,ore i the less I @d ~ l d e  V t ? T 3 B .  

-::e : ' ~ 1 1 ~ ~ : l n g  dq. rsyre3e:lts t h e  rute of ciisnge arc  ler&t;h 

L z.r .t . t u e  cu r ren t  I. 



Ifenze the t o t a l  circuit's i u , p e d ~ i c e  t s k s  tnr? lo\, ,  

hie to ttre d i a t u ~ ~ t i o ~  botvaen t 2 e  & p i n s  K ,  mid n - v ' 
%!LC change of L i s  acccmpu iad  chflnges i n  the u u r r m t  

m d  vol tage  i n  oppos i te  aence u n t i l  t h e i r  desired r u t i a  i . r  






