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©  Control  for  high-temperature  electric  refractory  furnace. 
(I?)  A  control  apparatus,  for  starting  and  operating  a  high- 
temperature  electric  furnace  (F)  for  melting  refractory  materi- 
als,  includes  a  three-phase  power  supply  (Phase  A,  Phase  B 
and  Phase  Qfor  supplying  energy  to  three  electrodes  (E1,  E2 
and  E3)  of  the  furnace.  Included  in  the  connections  between 
the  power  supply  and  the  furnace  electrodes  are  three  input 
transformers  (T1,  T2  and  T3)  one  for  each  phase.  The  primary 
of  each  transformer  includes  a  tap-changer  section.  Con- 
nected  between  the  power  supply  and  the  tap-changer  are 
two  current  paths  connected  in  parallel.  The  first  current  path 
is  non-inductive.  It  includes  at  least  one  silicon  controlled 
rectifier  (SCR-A,  SCR-B  and  SCR-C).  This  path  is  used  after 
steady  state  conditions  have  developed.  The  second  current 
path  is  highly  inductive.  The  inductance  is  controlled  by  a 
continuously  variable  transformer  (BT-A,  BT-B  and  BT-C) 
commonly  known  as  a  Variac.  This  path  is  used  during  start- 
up.  The  combination,  in  series,  of  the  tap-changer  and  Variac 
controlled  inductance  in  a  second  path  which  is  used  during 
start-up,  provides  a  vernier  control  of  the  voltage,  and,  hence, 
the  current,  applied  to  the  furnace  electrodes  (El,  E2  and  E3) 
during  start-up,  with  the  inductance  providing  protection 
against  sudden  current  surges  which  would  otherwise  tend  to 
blow  fuses  and  open  circuit  breakers  (CB1,  CB2  and  CB3). 
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  A  control  apparatus,  for  starting  and  operating  a  high- 
temperature  electric furnace  (F)  for  melting  refractory  materi- 
als,  includes  a  three-phase  power  supply  (Phase  A,  Phase  B 
and  Phase  C)  for  supplying  energy  to  three  electrodes  (E1,  E2 
and  E3)  of  the  furnace.  Included  in  the  connections  between 
the  power  supply  and  the  furnace  electrodes  are  three  input 
transformers  (T1,  T2  and  T3)  one  for  each  phase.  The  primary 
of  each  transformer  includes  a  tap-changer  section.  Con- 
nected  between  the  power  supply  and  the  tap-changer  are 
two  current  paths  connected  in  parallel.  The  first  current  path 
is  non-inductive.  It  includes  at  least  one  silicon  controlled 
rectifier  (SCR-A,  SCR-B  and  SCR-C).  This  path  is  used  after 
steady  state  conditions  have  developed.  The  second  current 
path  is  highly  inductive.  The  inductance  is  controlled  by  a 
continuously  variable  transformer  (BT-A,  BT-B  and  BT-C) 
commonly  known  as  a  Variac.  This  path  is  used  during  start- 
up.  The  combination,  in  series,  of  the  tap-changer  and  Variac 
controlled  inductance  in  a  second  path  which  is  used  during 
start-up,  provides  a vernier  control  of  the  voltage,  and,  hence, 
the  current,  applied  to  the  furnace  electrodes  (E1,  E2  and  E3) 
during  start-up,  with  the  inductance  providing  protection 
against sudden  current  surges which  would  otherwise tend to 
blow  fuses  and  open  circuit  breakers  (CB1,  CB2  and  CB3). 





Background  of  the  I n v e n t i o n  

This  i n v e n t i o n   r e l a t e s   to  the  p lac ing  in  opera t ion   of  h i g h -  

tempera ture   e l e c t r i c   fu rnaces   for  mel t ing  r e f r a c t o r y   m a t e r i a l s .   Such 

furnaces  are  well  known  in  the  a r t ,   as  exempl i f i ed   by  the  a p p a r a t u s  

d i sc losed   in  the  pa t en t s   to  de  Bussy,  United  S ta tes   Patent   Nos. 

3,147,328  and  3 ,659 ,029 .   Furnaces  of  this   type  generate   e x t r e m e l y  

high  t empera tures   in  t h e i r   i n t e r i o r s ,   of  the  order  of  2,000°C.  Such 

tempera tures   are  necessa ry   to  melt  m a t e r i a l s   such  as  m u l l i t e ,   a  com- 

b inat ion   of  aluminum  oxide  (A1203)  and  s i l i c o n   dioxide  (Si02)  which 

is  used  in  the  manufac ture   of  ceramic  f i b e r s .   Heating  in  such  f u r -  

naces  is  accomplished  through  the  use  of  e l e c t r o d e s   which  l ie   s u b -  

merged  in  a  bath  of  molten  mater ia l   within  the  furnace.   It  i s  

common  to  find  th ree   e l e c t r o d e s   in  such  a  furnace ,   spaced  at  equal  

i n t e r v a l s   around  a  furnace   vesse l .   Also,  in  some  fu rnaces ,   t h e  

output  nozzle,   through  which  molten  mater ia l   leaves  the  f u r n a c e ,  

also  func t ions   as  an  a d d i t i o n a l   e l e c t r o d e .   The  e l e c t r o d e s   d e l i v e r  

power  on  the  order  of  500  k i l owa t t s   to  the  furnace .   Because  of  t h e  

extremely  high  t e m p e r a t u r e   involved,   it  is  necessary   and  d e s i r a b l e  

to  control  p r e c i s e l y   the  shape  and  the  l o c a t i o n   of  the  pool  of  mol ten  

mater ial   within  the  fu rnace .   These  parameters   are  c o n t r o l l e d   by 

ad jus t ing   the  p o s i t i o n s   of  the  e l e c t r o d e s   within  the  molten  p o o l .  

Although  the  mel t ing  of  r e f r a c t o r y   m a t e r i a l s   is  very  s i m p l e  

in  theory,   the  actual   p lac ing   in  ope ra t ion   of  an  e l e c t r i c   f u r n a c e  

presents   ser ious   d i f f i c u l t i e s .   Before  cu r r en t   is  suppl ied  to  t h e  

e l e c t r o d e s ,   a  " s t a r t e r "   m a t e r i a l ,   such  as  c u l l e t   (made  from  b roken  

or  crushed  g lass )   is  placed  within  the  furnace  and  melted  by  p ropane  

or  ace ty lene   t o r ches .   The  c u l l e t   will  melt  at  about  300°C,  at  which 



point  cu r r en t   may  be  supp l i ed   to  the  e l e c t r o d e s .   The  p resence   o f  

the  molten  c u l l e t   f a c i l i t a t e s   the  t r a n s m i s s i o n   of  heat  to  the  s t i l l  

so l id   m u l l i t e   su r round ing   the  c u l l e t .   While  the  m u l l i t e   is  s t i l l  

so l i d ,   i t s   r e s i s t a n c e   is  r e l a t i v e l y   high,  but  as  i t   mel t s ,   t h e  

r e s i s t a n c e   d e c l i n e s .   Because  of  the  inhomogeneity  of  the  m u l l i t e ,  

and  also  because  of  the  movement  of  the  e l e c t r o d e   which  is  n e c e s s a r y  

to  control   p rope r ly   the  p o s i t i o n   of  the  molten  pool  the  r e s i s t a n c e  

of  the  m u l l i t e ,   as  seen  by  the  e l e c t r o d e s ,   is  not  c o n s t a n t   d u r i n g  

the  s t a r t - u p   p r o c e d u r e .  A s   an  e l e c t r o d e   is  being  moved  through  a 

region  which  happens  to  have   expe r i enced   melt ing  f a s t e r   than  a n o t h e r  

region,   a  sudden  surge  of  c u r r e n t   appears  in  t h e  e l e c t r o d e ,   and  t h e  

d e l i c a t e   ba lance   of  c u r r e n t   in  the  e l e c t r o d e s ,   which  is  nece s sa ry   f o r  

the  proper  p o s i t i o n i n g   of  the  molten  pool,   is  u p s e t .  

While  the  e l e c t r o d e   fu rnace   is  o p e r a t i n g ,   the  c u r r e n t  

supplied  to  the  e l e c t r o d e s   is  c a r e f u l l y   r e g u l a t e d ,   t y p i c a l l y   b y  t h e  

use  of  s i l i c o n - c o n t r o l l e d   r e c t i f i e r s .   But  while  the  furnace   i s  

being  s t a r t e d ,   the  s i l i c o n - c o n t r o l l e d   r e c t i f i e r s  a r e   endangered  by 

the  sudden  surges   of  c u r r e n t   as  de sc r i bed   above.  I t  i s   a  common 

p r a c t i c e   to  place  fuses  in  s e r i e s   with  the  s i l i c o n - c o n t r o l l e d   r e c t i -  

f i e r s .   But  because  of  the  sudden  s u r g e s  o f   high  c u r r e n t ,   t h e s e  

fuses  must  be  capable   of  w i t h s t a n d i n g   la rge   flows  of  c u r r e n t .   To 

replace   several   fuses  which  have  blown,  each  time  a  furnace   i s  

s t a r t e d ,   would  involve  loss  of  time  and  c o n s i d e r a b l e   e x p e n s e .  

Furthermore,   the  surges  tha t   can  occur  may  be  so  sudden  t h a t   t h e y  

can  dest roy  the  s i l i c o n - c o n t r o l l e d   r e c t i f i e r s   before  the  p r o t e c t i v e  

fuse  has  a  chance  to  break  the  c i r c u i t .   The  d e s t r u c t i o n   of  t h e s e  

s i l i c o n - c o n t r o l l e d   r e c t i f i e r s ,   which  have  been  designed  to  h a n d l e  

power  of  the  order   of  500  k i l o w a t t s ,   would  also  be  a  very  c o s t l y  

a c c i d e n t .  

When  the  m u l l i t e   and  the  o ther   r e f r a c t o r y   ma te r i a l   w i t h i n  

the  furance  has  been  mel ted ,   and  the  e l e c t r o d e s   have  been  a d j u s t e d  

to  provide  the  des i r ed   s ize   and  shape  of  the  molten  pool,  the re   i s  

no  longer  any  c o n s i d e r a b l e   danger  of  sudden  cur ren t   surges .   The 

e l e c t r o d e s   no  longer   need  be  moved,  and  the  pool  of  molten  m a t e r i a l  

r e t a ins   a  r e l a t i v e l y   s t a b l e   shape.  During  this   s t e a d y - s t a t e  o p e r a -  

t ion ,   there   is  l i t t l e   danger  of  sudden  s u r g e s  i n  c u r r e n t ,   and  t h e  

s i l i c o n - c o n t r o l l e d   r e c t i f i e r s   may  be  used  wi thout   undue  r i sk   o f  



damage.  The  s i l i c o n - c o n t r o l l e d   r e c t i f i e r s   are  useful  in  p r e c i s e l y  

r e g u l a t i n g   the  amount  of  c u r r e n t   suppl ied  to  the  e l e c t r o d e s .  

Summary  of  the  I n v e n t i o n  

It  is  a  primary  ob jec t   of  the  present   i nven t ion   to  p r o v i d e  

improved  control   appara tus   for  s t a r t i n g   and  ope ra t i ng   h i g h - t e m p e r a t u r e  

e l e c t r i c   furnaces   for  mel t ing  r e f r a c t o r y   m a t e r i a l s .  

A  more  s p e c i f i c   ob jec t   is  to  provide  control   appara tus   f o r  

s t a r t i n g   and  o p e r a t i n g   high  t empera tu re   e l e c t r i c   r e f r a c t o r y   f u r n a c e s  

so  as  to  avoid  the  sudden  cu r r en t   surges  which  have  h e r e t o f o r e   o c c u r r e d  

during  the  s t a r t i n g   up  of  such  type  furnaces  and  which  have  caused  

fuses  to  blow  or  breakers   to  open .  
A  f u r t h e r   ob jec t   is  to  provide  an  appara tus   such  as  d e s c r i b e d  

above  which,  once  the  s t a r t - u p   h i g h - c u r r e n t   surge  stage  has  been 

passed,   can  be  switched  to  a  control   system  wherein  the  supply  o f  

e l e c t r i c   cu r r en t   is  r e g u l a t e d   by  s i l i c o n   c o n t r o l l e d   r e c t i f i e r s ,   as  

is  d e s i r a b l e .  

The  foregoing   ob jec t s   are  achieved,   in  accordance  with  t h e  

p resen t   i n v e n t i o n ,   by  p rov id ing ,   between  the  power  source  and  each 

e l e c t r o d e   of  the  fu rnace ,   a  f i r s t   non - induc t ive   c u r r e n t   path  which 

inc ludes   a  pa i r   of  p a r a l l e l   connected  s i l i c o n - c o n t r o l l e d   r e c t i f i e r s  

(SCR's)  for  c o n t r o l l i n g   the  amount  of  cu r ren t   suppl ied   to  the  t a p -  

changer  primary  of  said  input  t r a n s f o r m e r ,   and  a  second  i n d u c t i v e  

cu r r en t   path  which  inc ludes   a  con t inuous ly   v a r i a b l e   t r ans fo rmer   f o r  

c o n t r o l l i n g   the  amount  of  inductance   which  is  placed  in  se r i es   w i t h  

a  t ap -change r   primary  of  the  input  t r ans fo rmer .   Also  provided  are,  o f  

course ,   the  necessary   switches  and  switch  con t ro l s   for  s e l e c t i n g  

e i t h e r   the  i nduc t ive   path  or  the  non- induc t ive   cu r r en t   path.  During 

s t a r t u p ,   power  is  suppl ied   through  the  induc t ive   path  which  is  con-  

t r o l l e d   by  the  con t i nuous ly   v a r i a b l e   t r an s fo rmer ;   the  second  pa th  

is  open.  Following  s t a r t u p   and  during  steady  s t a t e   o p e r a t i o n ,   t h e  

n o n - i n d u c t i v e   path  is  closed  and  the  induc t ive   path  is  open.  Power 

is  then  suppl ied   to  the  furnace  e l ec t rode   through  the  s i l i c o n   con-  

t r o l l e d   r e c t i f i e r s   and  the  t a p - c h a n g e r  p r i m a r y   of  the  input  t r a n s -  

f o r m e r .  



Brief   D e s c r i p t i o n   of  t h e  D r a w i n g s  

Fig.  1  is  a  diagram  of  a  control   panel  accord ing   to  t h e  

p r e s e n t   i n v e n t i o n ;  

Fig.  2  is  a  schemat ic   diagram  of  the  cont ro l   c i r c u i t r y  

accord ing   to  the  p r e sen t   i n v e n t i o n ;  

Fig.  3  is  a  diagram  i l l u s t r a t i n g   the  swi tches   and  r e l a y s  

which  are  opera ted   by  the  con t ro l   knobs  loca ted   on  the  control   p a n e l .  

De t a i l ed   Desc r ip t i on   of  the  P r e f e r r e d   Embodiments 

Refe r r ing   f i r s t   to  Fig.  2,  a  r e f r a c t o r y   furnace   F  is  shown 

as  having  three   e l e c t r o d e s   El,  E2  and  E3  at  app rox ima te ly   120°  s p a c i n g .  

As  has  been  i n d i c a t e d   p r e v i o u s l y ,   each  of  these  e l e c t r o d e s   is  a d j u s t -  

ably  movable  to  a  l im i t ed   e x t e n t  t o   the  r igh t   or  to  the  l e f t   so  t h a t  

the  o p e r a t o r   may  find  the  p o s i t i o n   which  is  bes t ,   at  the  moment,  f o r  

the  p a r t i c u l a r   c o n d i t i o n   of  melt  of  the  r e f r a c t o r y   ma te r i a l   in  t h e  

f u r n a c e .  

Power  to  the  th ree   e l e c t r o d e s   of  furnace   F  is  s u p p l i e d  

from  a  t h r e e - p h a s e   e l e c t r i c   power  l ine .   While  not  i n t end ing   to  be 

l i m i t e d   to  any  p a r t i c u l a r   value  of  vol tage ,   i t   may  be  said  tha t   i n  

one  p a r t i c u l a r   i n s t a l l a t i o n   the  l ine   vol tage  between  each  phase  o f  

the  t h r e e - p h a s e   power  supply  is  480  volts   AC. 

Three  main  c i r c u i t   b r e a k e r s ,   i d e n t i f i e d   CB1,  CB2  and  CB3 

in  Fig.  2,  control   the  connec t ion   of  the  power  supply  to  the  c o n t r o l  

c i r c u i t r y   provided  by  the  p re sen t   invent ion   and  which  is  c o n n e c t e d  

between  the  main  c i r c u i t   b reake r s   and  the  three   e l e c t r o d e s   of  t h e  

f u r n a c e .  

Each  of  the  three   e l e c t r o d e s   El,  E2,  E3,  is  s u p p l i e d  

d i r e c t l y   from  the  secondary  winding  of  an  input   t r a n s f o r m e r ,   Tl,  T2 

and  T3,  r e s p e c t i v e l y .   One  end  of  each  secondary  winding  is  c o n n e c t e d  

to  a  common  ground,  as  is  the  d i scharge   nozzle  N  of  the  furnace  F. 

Voltage  meters  and  cu r r en t   meters  are  shown  connected  to  the  s e c o n -  

dary  winding  of  each  input  t r a n s f o r m e r   so  tha t   the  vo l t age   and  c u r r e n t  

to  each  e l e c t r o d e   may  be  moni tored .   Each  of  the  input   t r a n s f o r m e r s  

Tl,  T2,  T3,  has  a  primary  winding  which,  as  shown  in  Fig.  2,  i n c l u d e s  

a  t a p - c h a n g e r   s ec t ion   having  an  a d j u s t a b l e   arm.  

Connected  between  each  of  the  three   main  c i r c u i t   b r e a k e r s  

CB1,  CB2  and  CB3  and  the  arm  of  the  t ap-changer   s ec t i on   of  t h e  

primary  winding  of  the  r e s p e c t i v e   input  t r a n s f o r m e r   Tl,  T2  and  T3, 



are  components  which  form  two  p a r a l l e l   cu r ren t   paths,   for  each 

phase.  The  f i r s t   cu r ren t   path  is  n o n - i n d u c t i v e   and  includes  s i l i c o n  

c o n t r o l l e d   r e c t i f i e r s   (SCR's)  which  cont ro l   the  cu r ren t   to  the  p r imary  

winding  of  the  input  t r a n s f o r m e r .   The  second  path  is  i n d u c t i v e .  

The  magnitude  of  the  inductance   is  c o n t r o l l e d   by  a  Variac  which  i s  

a  well-known  t rade  name  for  a  c o n t i n u o u s l y   va r iab le   t r a n s f o r m e r .  

Only  one  of  the  two  p a r a l l e l   c u r r e n t   paths  is  used  a t  any  one  t i m e .  

The  i nduc t ive   path  is  used  during  s t a r t - u p .   This  path  is  r e f e r r e d  

to  herein  as  the  by-pass .   The  n o n - i n d u c t i v e   path  is  used  d u r i n g  

s t e a d y - s t a t e   or  "melt"  c o n d i t i o n s .  

Reference  is  now  made  to  the  induc t ive   path  which  i n c l u d e s ,  

in  p a r a l l e l ,   the  primary  winding  P  and  the  p a r a l l e l e d   s e c o n d a r y  

windings  S1  and  S2  of  the  c o n t i n u o u s l y   v a r i a b l e   t r ans fo rmers   BT-A, 

BT-B  and  BT-C.  For  convenience ,   these  con t inuous ly   va r i ab l e   t r a n s -  

formers  will  sometimes  be  r e f e r r e d   to  as  Variacs  but  it  is  to  be 

understood  that   they  may  be  products   of  manufac turers   other   than  t h e  

owner  of  the  t r a d e m a r k .  

Assume  that   it  is  s t a r t - u p   and  that   the  a t t e n d a n t   will  be 

using  the  i nduc t ive   path.  In  such  case,   he  closes  the  m a n u a l l y -  

c o n t r o l l e d   switch  DS-1,  and,  as  l a t e r   descr ibed   in  more  d e t a i l ,   he 

throws  a  control   switch  to  ene rg ize   a  re lay   1C  to  close  the  r e l a y  

c o n t a c t o r s   1C1,  1C2  and  1C3.  The  t h r e e - c o n t a c t   switch  DS-2  i s  

always  closed  and  assuming  the  main  b reakers   are  c losed,   c u r r e n t  

flows  through  the  primary  and  secondary  windings  of  the  V a r i a c s .  

Since  the  l ine   vol tage  appl ied   to  the  secondary  and  primary  w i n d i n g s  

of  the  Variac  are  in  phase,  the  e f f e c t   of  moving  the  c o n t i n u o u s l y  

movable  s l i d a b l e   arm  on  winding  S2  will  be  as  follows:  when  t h e  

arm  is  all  the  way  down  (as  viewed  in  Fig.  2)  all  the  cu r r en t   from 

the  power  source  flows  through  winding  S2  and  none  flows  t h rough  

winding  Sl.  In  such  case,  since  the  secondary  winding  S1  is  s h o r t e d ,  

the  mutual  coupling  of  S1  with  primary  winding  P  is  maximum,  and 

maximum  induced  cur ren t   flows  through  secondary  winding  S1.  The 

vol tage  drop  across  the  primary  winding  P  is  then  minimum,  and ,  

since  the  Variac  and  the  t a p - c h a n g e r   secondary  of  the  input  t r a n s -  

former  are  in  se r i es   in  a  v o l t a g e - d i v i d e r   arrangement,   the  v o l t a g e  

remaining  for  a p p l i c a t i o n   across  the  input  t r ans formers   T1,  T2,  T3 

is  maximum. 



When  the  c o n t i n u o u s l y   s l i d a b l e   arm  is  placed  at  the  u p p e r -  
most  point   on  winding  S2,  cu r r en t   flow  through  winding  Sl  o r i g i n a t i n g  

from  the  power  source  is  maximum,  and  the  mutual  coupl ing  between  Sl 

and  primary  winding  P  is  minimum.  The  vo l tage   drop  across  the  p r i m a r y  
P  is  then  maximum,  and  the  vol tage   remaining  for  a p p l i c a t i o n   a c r o s s  

the  input   t r a n s f o r m e r   is  minimum. 

It  will   be  seen  from  the  f o r e g o i n g ,   tha t   when  the  i n d u c t i v e  

or  by-pass  path  is  being  used,  the  p o s i t i o n   of  the  s l i d a b l e   arm  con-  

t r o l s   the  induc tance   of  the  c o n t i n u o u s l y   v a r i a b l e   t r ans fo rmer s   BT-A, 

BT-B  and  BT-C  and  hence  con t ro l s   the  vo l tage   a v a i l a b l e   for  a p p l i c a t i o n  

across   the  t a p - c h a n g e r ,   and  thus  c o n t r o l s   the  vo l tage   a v a i l a b l e   f o r  

a p p l i c a t i o n   to  the  e l e c t r o d e s   of  the  f u r n a c e .  

It  will  be  seen  tha t   the  combina t ion ,   in  s e r i e s ,   of  t h e  

Variac  and  the  t a p - c h a n g e r   primary  of  the  input   t r a n s f o r m e r ,   p r o v i d e s  

a  Vernier   type  of  con t ro l   of  the  vo l tage   developed  a c r o s s  t h e   s e c o n d a r y  

of  the  input  t r a n s f o r m e r s   Tl,  T2,  T3,  for  a p p l i c a t i o n   to  the  e l e c t r o d e s  

El,  E2,  E3  of  the  f u rnace .   The  t a p - c h a n g e r   gives  a  s t e p - b y - s t e p   a d -  

jus tmen t   in  r e l a t i v e l y   l a rge   incremental   s t eps .   The  c o n t i n u o u s l y  

s l i d a b l e   arm  of  the  Variac  gives  a  cont inuous   and  very  fine  a d j u s t m e n t .  

Re fe r r ing   now  to  Fig.  1,  p r o v i s i o n   is  made  on  the  c o n t r o l  

panel  for  manual  cont ro l   of  the  var ious   c i r c u i t s   and  components.  The 

cont ro l   panel  i n c l u d e s ,   for  example,  (1)  a  BREAKER switch  for  c o n -  

t r o l l i n g   the  c o n d i t i o n   of  the  main  c i r c u i t   b r e a k e r s ;  ( 2 )   a  MODE  SELECT 

switch  for  c o n t r o l l i n g   whether  power  to  the  t a p - c h a n g e r   input  t r a n s -  

former  is  suppl ied   through  a  f i r s t   path  which  is  n o n - i n d u c t i v e   o r  

through  a  second   path  which  is  i n d u c t i v e ;   (3)  an  SCR  switch  for  c o n t r o l l i n g  

the  s ignal   app l i ed   to  the  gate  lead  of  the  SCR's;  (4)  a  TAP  SELECT 

switch  for  s e l e c t i n g   the  tap  p o s i t i o n   on  the  t a p - c h a n g e r   primary  o f  

the  input  t r a n s f o r m e r ;   (5)  a  FREEZE-UP  OFF-SET  swi tch;   e t c .  

O p e r a t i o n  

Pr ior   to  the  s t a r t - u p ,   the  a t t e n d a n t   makes  sure  tha t   t h e  

BREAKER  SWITCH  on  the  cont ro l   panel  (Fig.  1)  is  in  the  TRIP  or  OFF 

p o s i t i o n .   All  th ree   main  c i r c u i t   b reakers   CB1,  CB2  and  CB3  (Fig.  2) 

are  open.  The  a t t e n d a n t   puts  the  MODE  SELECT  switch  on  the  c o n t r o l  

panel  (Fig.  1)  in  the  OFF  p o s i t i o n ,   and,  if  c lo sed ,   he  opens  m a n u a l l y  

the  DS-A,  DS-B  and  DS-C  c i r c u i t   b reakers   (Fig.  2 ) .  

To  s t a r t   up  the  fu rnace ,   the  a t t e n d a n t   wants  to  f i r s t   u se  



the  i n d u c t i v e   path.   He  does  this   by  f i r s t   tu rn ing   the  MODE  SELECT 

switch  (Fig.  1)  to  the  BY-PASS  p o s i t i o n   (Figs.   1  and  3).  T h i s  

ene rg izes   the  3CR  re lay   coil  (Fig.  3)  and  c loses   the  n o r m a l l y - o p e n  

con tac t s   3CR1,  3CR2  and  3CR3  (Fig.  3).  The  a t t e n d a n t   next  m a n u a l l y  

c loses   the  DS-1  c i r c u i t   breaker   (Fig.  2).  Next,  the  a t t e n d a n t   p u t s  

the  BY-PASS  switch  (Fig.  1)  in  the  HAND  p o s i t i o n .   This  allows  manual 

ad jus tment   of  the  th ree   con t i nuous ly   v a r i a b l e   t r a n s f o r m e r s   BT-A,  BT-B 

and  BT-C  (Fig.  2).  Next,  the  a t t e n d a n t   puts  the  TAP  SELECT  s w i t c h  

(Fig.  1)  in  a  des i r ed   p o s i t i o n .   This  puts  the  arm  of  each  of  t h e  

three  t a p - c h a n g e r   p r imar ies   (Fig.  2)  in  the  same  p o s i t i o n .  

Having  done  the  above,  the  a t t e n d a n t   is  now  ready  to  t u r n  

on  the  power.  He  does  this   by  tu rn ing   the  BREAKER  switch  (Fig.  1) 

to  the  CLOSED  or  ON  p o s i t i o n .   This  c loses   the  three   main  b r e a k e r s .  

Next,  the  a t t e n d a n t   pushes  the  START  button  (Fig.  3).  This  e n e r g i z e s  

the  coil  of  the  1C  re lay   and  causes  the  normal ly-open  c o n t a c t o r s  

1C1,  1C2  and  1C3  (Fig.   2)  to  close  and  causes  the  n o r m a l l y - c l o s e d  

c o n t a c t o r   1C4  (Fig.  3)  to  open .  

Since,   as  p r ev ious ly   i n d i c a t e d ,   the  DS-2  switch  (Fig.  2) 

is  always  c lo sed ,   the  c los ing  of  c o n t a c t o r s   1C1,  lC2  and  1C3  a l l o w s  

cur ren t   to  flow  through  the  secondary  windings  S1,  S2  of  each  of  t h e  

Var iacs .   This  c u r r e n t   is  in  phase  with  the  cu r r en t   through  t h e  

primary  winding  P.  Thus,  the  g r e a t e r   the  flow  of  cur ren t   (non-  

induced)  through  the  secondary  winding  S1,  the  smal ler   the  mutual  

inductance   between  windings  S1  and  P.  The  a t t e n d a n t   f i r s t   a d j u s t s  

the  TAP  SELECT  switch  on  the  control   panel  (Fig.  1)  to  a c h i e v e  

approximate ly   the  r e s u l t s   des i r ed .   Then  he  swings  the  Variac  arms 

up  and  down  to  r e f i ne   the  des i red   r e s u l t .   In  one  p a r t i c u l a r   i n -  

s t a l l a t i o n ,   now  being  d e s c r i b e d ,   the  l ine   vol tage   between  each  phase  
of  the  t h r e e - n h a s e   power  source  is  480  vo l t s .   The  swing  of  t h e  

Variacs  is  17  percent   of  480  vo l t s ,   or  a  swing  between  0  and  80  v o l t s .  

When  the  workers  at  the  furnace  no t i fy   the  a t t e n d a n t   t h a t  

they  are  s a t i s f i e d   with  the  cond i t ion   of  the  melt,   the  a t t e n d a n t  

does  that   which  is  necessary   to  switch  from  the  i nduc t ive   or  b y - p a s s  

path  to  the  n o n - i n d u c t i v e   or  SCR  path.  To  do  t h i s ,   he  f i r s t   t u r n s  

the  BREAKER  switch  to  the  TRIP  or  OFF  p o s i t i o n .   This  opens  the  t h r e e  

main  c i r c u i t   b r e a k e r s .   The  a t t e n d a n t   then  manually  opens  c i r c u i t  

breaker  DS-1  (Fig.  2)  and  he  pushes  the  STOP-START  switch  (Fig  3)  t o  



the  STOP  p o s i t i o n ,   thereby  d e - e n e r g i z i n g   the  coil  of  the  lC  r e l a y  

(Fig.  3)  and  opening  c o n t a c t o r s   lCl,   1C2  and  1C3  (Fig.   2 ) .  

The  a t t e n d a n t   next  turns  the  MODE  SELECT  switch  (Fig.  1) 

from  the  BY-PASS  to  the  MELT  p o s i t i o n .   This  e n e r g i z e s   the  c o i l  

of  the  1CR  r e l ay   (Fig.  3)  and  c loses   the  normal ly-open  c o n t a c t o r s  

of  tha t   r e l a y .  

The  a t t e n d a n t   now  turns  the  BREAKER  switch  (Fig.  1)  t o  

the  CLOSED  or  ON  p o s i t i o n ,   thereby  c los ing   the  th ree   main  c i r c u i t  

b r eake r s .   Next,  the  a t t e n d a n t   manually  c loses   the  b reake r s   DS-A, 

DS-B  and  DS-C.  He  next  turns  the  MELT  sub-swi tch   of  the  MODE  SELECT 

switch  to  the  RESET  p o s i t i o n   (Fig.  1).  This  f i r e s   up  the  th ree   SCR's ,  

namely  SCR-A,  SCR-B  and  SCR-C  (Fig.  2).  The  MASTER  KW  r e g u l a t o r  

(Fig.  2)  or  the  manual  knob  on  the  control   panel  c o n t r o l s   the  s i g n a l  

to  the  gate  leads  of  the  SCR's  and  the  SCR's  cont ro l   the  c u r r e n t   t o  

the  t a p - c h a n g e r s   of  the  three   input  t r a n s f o r m e r s .   In  th i s   manner ,  

the  vo l tage   and  c u r r e n t   to  the  three   e l e c t r o d e s   of  the  furnace   a r e  

c o n t r o l l e d   during  the  "Melt"  phase  of  the  o p e r a t i o n .  



1.  An  appara tus   for  c o n t r o l l i n g   the  s t a r t - u p   and  o p e r a -  
t ion  of  a  high  t empera tu re   e l e c t r i c   furnace  for  mel t ing  r e f r a c t o r y  

m a t e r i a l s ,   said  furnace  (F)  having  a  p l u r a l i t y   of  e l e c t r o d e s   (El,  E2 

and  E3),  said  control   appara tus   comprising  a  source  of  AC  l ine  power,  

an  input  t r a n s f o r m e r   (Tl,  T2  and  T3)  having  a  primary  winding  and  a 

secondary  winding,   a  f i r s t   cu r r en t   path  connected  between  said  s o u r c e  

of  l ine   power  and  the  primary  of  said  input  t r a n s f o r m e r   (T1,  T2  and 

T3),  said  f i r s t   path  being  r e l a t i v e l y   n o n - i n d u c t i v e ,   at  l e a s t   one 

s i l i c o n   c o n t r o l l e d   r e c t i f i e r   (SCR-A,  SCR-B  and  SCR-C)  in  said  f i r s t  

path,  control   means  for  varying  the  signal  on  the  gate  lead  of  s a i d  

s i l i c o n   c o n t r o l l e d   r e c t i f i e r   (SCR-A,  SCR-B  and  SCR-C),  thereby  t o  

con t ro l   the  cu r r en t   to  said  input  t r ans fo rmer   (T1,  T2  and  T3),  means 

for  applying  the  vol tage   developed  in  the  secondary  of  said  i n p u t  

t r a n s f o r m e r   (T1,  T2  and  T3)  to  an  e l e c t r o d e   (El,  E2  and  E3)  of  s a i d  

furnace   (F),  c h a r a c t e r i z e d   by  a  t ap -changer   sec t ion   and  an  a d j u s t a b l e  

arm  a s s o c i a t e d   with  said  primary  winding  of  .said  input  t r a n s f o r m e r  

(Tl,  T2  and  T3);  a  control   means  for  varying  the  p o s i t i o n   of  s a i d  

a d j u s t a b l e   arm  on  said  t a p - c h a n g e r ;   a  second  cu r ren t   path  connec t ed  

between  said  source  of  l ine  power  and  said  a d j u s t a b l e   arm  on  s a i d  

t a p - c h a n g e r ,   said  second  path  con ta in ing   an  induc tance ;   a  c o n t i n u -  

ously  v a r i a b l e   t r an s fo rmer   (BT-A,  BT-B  and  BT-C)  o p e r a t i v e l y   a s s o c i -  

ated  with  said  inductance   for  c o n t r o l l i n g   the  magnitude  of  s a i d  

i nduc t ance ;   a  control   means  for  varying  said  con t i nuous ly   v a r i a b l e  

t r a n s f o r m e r   (BT-A,  BT-B  and  BT-C)  for  c o n t r o l l i n g   the  magnitude  o f  

the  inductance   in  said  second  path  thereby  to  control   the  magni tude  

of  the  vol tage   appl ied  across  the  primary  of  said  input  t r a n s f o r m e r  

(Ti,  T2  and  T3);  and  means  for  completing  said  second  cu r r en t   pa th  

and  i n t e r r u p t i n g   said  f i r s t   cu r r en t   path  during  s t a r t - u p   and  f o r  

i n t e r r u p t i n g   said  second  cu r r en t   path  and  complet ing  said  f i r s t  

cu r r en t   path  a f t e r   s t e a d y - s t a t e   cond i t ions   have  d e v e l o p e d .  

2.  An  appara tus   as  in  Claim  1,  c h a r a c t e r i z e d   in  t h a t  

the  con t inuous ly   va r i ab l e   t r a n s f o r m e r   (BT-A,  BT-B  and  BT-C)  i n c l u d e s  

a  secondary  winding  having  a  con t inuous ly   s l i d a b l e   a d j u s t a b l e   arm 

in  contac t   t h e r e w i t h .  



3.  An  appara tus   as  in  Claim  1 or   2 ,  c h a r a c t e r i z e d   in  t h a t  

said  f i r s t   path  inc ludes   a  pa i r   o f  s i l i c o n   c o n t r o l l e d   r e c i t i f i e r s  

(SCR-A,  SCR-B  and  SCR-C) in  p a r a l l e l .  

4.  An  appara tus   as  in  Claim  1,  2  or  3,  c h a r a c t e r i z e d   i n  

t ha t   the re   are  at  l e a s t   th ree   of  each:  sources  of AC  power;  
e l e c t r o d e s   (El,  E2  and  E3);  input   t r a n s f o r m e r s   (Tl,  T2  and  T3);  s a i d  

f i r s t   cu r r en t   paths;   said  second  cu r r en t   pa ths ;   c o n t i n u o u s l y  

v a r i a b l e   t r ans fo rmer s   (BT-A,  BT-B and  BT-C);  cont ro l   means  f o r  

varying  the  p o s i t i o n   of  s a i d  a d j u s t a b l e   arm  on  s a i d  t a p - c h a n g e r s ;  

con t ro l   means  for  varying  said  c o n t i n u o u s l y   v a r i a b l e   t r a n s f o r m e r s  

(BT-A,  BT-B  and  BT-C);  means  for  c los ing   t h e  s e c o n d  c u r r e n t   p a t h s  

and  opening  the  f i r s t   c u r r e n t   paths  during  s t a r t - u p ,   and  for  open ing  

the  second  cu r ren t   paths  and  c lo s ing   the  f i r s t   c u r r e n t   paths  a f t e r  

s t e a d y - s t a t e   cond i t i ons   have  developed;   and  means  f o r  a p p l y i n g   t h e  

vo l tage   developed  in  the  secondary  of  the  input   t r a n s f o r m e r s   ( T l ,  

T2  and  T3)  r e s p e c t i v e l y   to  one  e l e c t r o d e   (E1,-E2  and  E3)  of  s a i d  

fu rnace   ( F ) .  
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