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©  Method  and  apparatus  for  electric  current  supply  of  pots  for  electrolytic  production  of  metals,  particularly  aluminium. 

Method  and  relevant  apparatus  for  the  electric  current 
supply  to  pots  for  the  electrolytic  production  of  metals, 
particularly  aluminium,  arranged  in  side-by-side  or  end-to- 
end  relationship  and  electrically  connected  in  series,  consist- 
ing  in  carrying  most  of  the  electric  current  in  the  circuit  of 
said  series  of  pots  by  means  of  conductors  all  having  the 
same  cross-section  and  being  always  combined,  in  the 
individual  circuit  sections,  in  couples  of  the  same  length,  all 
said  couples  of  conductors  being  furthermore  symmetrically 
positioned  with  respect  to  the  transverse  median  vertical 
plane  and/or  to  the  longitudinal  median  vertical  plane  of  the 
single  pots  In  the  series. 

By  the  present  invention,  and  in  compliance  with  the 
objects  thereof,  a  high  compensation  and  the  total  symmet- 
rization  (with  respect  to  the  vertical  median  planes)  of  the 
components  of the  induction  magnetic  field  in  the  single  pots 
of  the  series  and,  by  consequence,  the  minimization  and  the 
total  symmetrization  of  the  effects  of  the  magnetic  forces 
operating  in  the  molten  areas  of  said  pots  are  achieved. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   a n d  

r e l e v a n t   a p p a r a t u s   f o r   t h e   e l e c t r i c   c u r r e n t   s u p p l y   t o  

p o t s   f o r   t he   e l e c t r o l y t i c   p r o d u c t i o n   of  m e t a l s ,   i n  

p a r t i c u l a r   f o r   t he   p r o d u c t i o n   o f   a l u m i n i u m ,   s a i d   p o t s  

b e i n g   c o n n e c t e d   in   s e r i e s   and  a r r a n g e d   t r a n s v e r s a l l y  

or  l o n g i t u d i n a l l y .  

B a c k g r o u n d   of  t h e   i n v e n t i o n  

As  i s   known ,   a l u m i n i u m   i s   c o m m e r c i a l l y   p r o d u -  

ced  in  p o t s   e l e c t r i c a l l y   c o n n e c t e d   in   s e r i e s   by  e l e c -  

t r o l y t i c   r e d u c t i o n   of  a l u m i n a   d i s s o l v e d   in  m o l t e n  

c r y o l i t e ,   e a c h   of   s a i d   p o t s   e s s e n t i a l l y   c o n s i s t i n g  
of  a  r e c t a n g u l a r   c r u c i b l e   h a v i n g   t h e   c a t h o d e  

(  f o r m e d   by  j o i n e d   c a r b o n   b l o c k s   w h i c h   em-  

body  i r o n   c a t h o d e   b a r s )   on  the   b o t t o m ,   w h i l e   t h e  

a n o d e s   (  c o n s i s t i n g   of  s e p a r a t e   c a r b o n   b l o c k s  

c o n n e c t e d   by  i r o n   y o k e s   to  a l u m i n i u m   anode   r o d s )  

hang  v e r t i c a l l y   o v e r   e a c h   p o t   and  a re   i m -  

merged   in  t he   e l c t r o l y t i c   m o l t e n   b a t h   of  c r y o  

l i t e - a l u m i n a .   The  a l u m i n i u m   p r o d u c e d   by  e l e c t r o l y s i s  

d e p o s i t s   o n t o   t h e   c a t h o d e ,   u n d e r   s a i d   m o l t e n   b a t h .  

The  e l e c t r i c a l   c o n n e c t i o n   in  s e r i e s   i s   a c c o m p l i -  

shed   by  c o n n e c t i n g ,   by  means   of  a l u m i n i u m   c o n d u c t o r  

b a r s ,   the   c a t h o d e   o u t p u t s   of  an  u p s t r e a m   po t   w i t h   t h e  

anode   bus  b a r   of  t h e   a d j o i n i n g   d o w n s t r e a m   p o t ,   s a i d  

u p s t r e a m   and  d o w n s t r e a m   p o s i t i o n s   b e i n g   r e f e r r e d  -   a s  

is  u s u a l l y   c o n v e n t i o n a l  -   .to  t he   p r e v a i l i n g   c u r r e n t  

d i r e c t i o n   in  the   p o t - l i n e .  



G e n e r a l l y ,   in  t h e   p l a n t s   f o r   t h e   e l e c t r o l y t i c  

p r o d u c t i o n   o f   a l u m i n i u m ,   t h e   p o t s   o f   t h e   p o t - l i n e   a r e  

a r r a n g e d ,   f r o m   a  g e o m e t r i c a l   p o i n t   o f   v i e w ,   on  one  o r  

more  p a r a l l e l   r o w s ,   and  a r e   o r i e n t e d   in   e a c h   of  s u c h  

rows  in  a  s o - c a l l e d   e n d - t o - e n d   r e l a t i o n s h i p ,   or   in   a  

s o - c a l l e d   s i d e - b y - s i d e   r e l a t i o n s h i p ,   d e p e n d i n g   o n  

w h e t h e r   t h e   l o n g   s i d e   o f   s a i d   p o t s   i s   a r r a n g e d   p a r a l -  

l e l l y   or   p e r p e n d i c u l a r l y   to   t h e   p r e d o m i n a n t   d i r e c t i o n  

of  t he   c u r r e n t   in   t he   s e r i e s .  

E a c h   o f   t h e   two  a r r a n g e m e n t s   ( e n d - t o - e n d   and  s i d e -  

b y - s i d e )   e x h i b i t s   own  t y p i c a l  k n o w n   a d v a n t a g e s   and  d r a w  

b a c k s   of  v a r i o u s   k i n d   , b u t   f o r   b o t h   s a i d   a r r a n g e m e n t s  

the   e l e c t r i c   c u r r e n t   c a r r i e d   by  w h o l e   c o n d u c t o r   s y s t e m  

( i . e . : t h e   a n o d e s , t h e   m o l t e n   e l e c t r o l y t e   and  m e t a l , t h e -  
c a t h o d e s   and  t h e   o u t e r   bus   b a r   s y s t e m )   g e n e r a t e s   m a -  

g n e t i c   f i e l d s   of  c o m p a r a t i v e l y   h i g h   i n t e n s i t y ,   w h i c h  

c a u s e   in  t h e   e l e c t r o l y s i s   b a t h   as  w e l l   as  in   t he   m o l t e n  

m e t a l ,   due  to  t he   i n t e r a c t i o n   w i t h   t h e   c u r r e n t   f l o w i n g  

t h r o u g h   s a i d   f l u i d s ,   f o r c e s   o f   e l e c t r o m a g n e t i c   n a t u r e  

d i s s y m e t r i c a l l y   d i s t r i b u t e d .  

S a i d   m a g n e t i c   f i e l d s   and  c o n s e q u e n t   f o r c e s   ( w h i c h  

a re   the   m o r e   i n t e n s e ,   t h e   h i g h e r   i s   t h e   c u r r e n t   i n t e n -  

s i t y   i n v o l v e d ,   b e i n g   a l s o   known  t h a t   a t   p r e s e n t   t h e  

t e n d e n c y   of   t h e   t e c h n i q u e   i s   to   c o n s t r u c t   p o t s   o p e r a t -  

i n g   a t   1 5 0 - 2 0 0   kA  and  o v e r  )   c a u s e   s e r i o u s   d i s t u r b a n -  

ces   to  t h e   b e h a v i o u r   of   t h e   p o t s ,   w i t h   r e l a t e d   d e t r i m -  

e n t a l   e f f e c t s   on  the   t e c h n i c a l - e c o n o m i c a l   r e s u l t s   o f  

t he   e l e c t r o l y s i s   p r o c e s s .  

Yore   p a r t i c u l a r l y ,   s a i d   d i s t u r b a n c e s   and  d e t r i m -  

e n t a l   e f f e c t s   may  be  s u m m a r i z e d   as  f o l l o w s  :  



-  L o c a l i z e d   e r o s i o n s   in   t h e   f r o z e n   r i n g   of   e l -  

e c t r o l y t i c   b a t h   and  in   t he   s i d e   l i n i n g   m a t e r i a l s   o f  

the   p o t s ,   w i t h   c o n s e q u e n t   n o n - h o m o g e n e o u s   o p e r a t i o n  

of  t he   p o t s   and  p o s s i b l e   d a m a g e s   to  the   p o t   i r o n   s h e l l ,  
s u c h   e r o s i o n s   and  d a m a g e s   l e a d i n g   of   c o u r s e   to  a 

s h o r t e n i n g   of   t he   l i f e   of   s a i d   p o t s .   The  a b o v e - m e n -  

t i o n e d   d r a w b a c k s   a re   i m p u t a b l e   c h i e f l y   to  t he   m o -  

t i o n s   i n d u c e d   in   t h e   b a t h   and  in  t h e   m e t a l   by  t h e  

e l e c t r o m a g n e t i c   f o r c e s   ( t h e   f o r c e s   a c t i n g   on  the   t w o  

i n d i v i d u a l   f l u i d s   b e i n g ,   f u r t h e r m o r e ,   d i f f e r e n t   a s  

to  m a g n i t u d e   and  d i s t r i b u t i o n ) ,   t h e r e f r o m   r e s u l t i n g  

e x t e n d e d   h o r i z o n t a l   v o r t e x e s   a s y m m e t r i c a l l y   a r r a n g e d  

w i t h   r e s p e c t   to  t h e   m e d i a n   a x e s   of   t h e   p o t s   and  c h a r -  

a c t e r i z e d   by  h i g h   p e r i p h e r a l   s p e e d s ;  

-  F o r m i n g   of  w a v e s   of   c o m p a r a t i v e l y   c o n s i d e r a b l e   a m p l i t  

ude  on  t he   b a t h - m e t a l   i n t e r f a c e   s u r f a c e ,   s u c h   w a v e s  

c a u s i n g   l o c a l   r e d u c t i o n s   of  t he   c u r r e n t   e f f i c i e n  

cy  as  w e l l   as  o c c a s i o n a l   s h o r t - c i r c u i t s   b e t w e e n  

c a t h o d i c   m e t a l   and  a n o d e ,   w i t h   c o n s e q u e n t   h i g h   p o w e r  

s p e c i f i c   c o n s u m p t i o n .   S a i d   f o r m i n g   of   w a v e s   ( w h i c h  

i s   s t r i c t l y   c o n n e c t e d   w i t h   t he   v o r t i c o s e   m o t i o n s  

m e n t i o n e d   h e r e i n a b o v e )   i s   p r e v a i l i n g l y   due  to  t h e  

d y n a m i c   f r i c t i o n   i n t e r a c t i o n   b e t w e e n   t h e   two  a b o v e -  

s a i d   f l u i d s   in  m o t i o n ,   s a i d   i n t e r a c t i o n   b r i n g i n g  

a b o u t   p h e n o m e n a   of   l o c a l   a c c u m u l a t i o n   of  t he   mass  o f  

m o l t e n   m e t a l  w i t h   r e s p e c t   of  t he   b a t h   and  v i c e - v e r s a .  

W i t h   a  v i e w   to  o b v i a t i n g   the   d r a w b a c k s   and  d i s -  

t u r b a n c e s   c i t e d   h e r e i n b e f o r e ,   s e v e r a l   m e t h o d s   a n d  

a p p a r a t u s   have   b e e n   p r o p o s e d   ( s u c h   as ,   e . g . ,   t h e  

o n e s   d e s c r i b e d   in   U . S .   p a t e n t s   3  969  213  a n d  



4  132  6 2 1 ) ,   w h i c h   h o w e v e r   a re   g e n e r a l l y   c o m p l i c a t e d  

or   s u c h   as  n o t   to  s a t i s f a c t o r i l y   r e d u c e   t h e   e f f e c t s .  

o f   t h e   a b o v e s a i d   m a g n e t i c   f o r c e s .  

Summary   of   t h e   i n v e n t i o n  

Thus ,   t h e  o b j e c t   o f   t h i s   i n v e n t i o n   i s   to  p r o v i d e  

an  i m p r o v e d   m e t h o d   and  a  r e l e v a n t   a p p a r a t u s   f o r   t h e  

e l e c t r i c   c u r r e n t   s u p p l y   t o  p o t s   f o r   t he   e l e c t r o l y t i c  

p r o d u c t i o n   of   m e t a l s ,   in   p a r t i c u l a r   a l u m i n i u m ,   c a p r -  

a b l e   of  m i n i m i z i n g   t h e   d e t r i m e n t a l   e f f e c t s   of   t h e   m a g -  

n e t i c   f o r c e s   a c t i n g   6n  t he   e l e c t r o l y s i s   p o t s ,   s a i d  

p o t s   b e i n g   e l e c t r i c a l l y   c o n n e c t e d   in   s e r i e s ,   and  a r -  

r a n g e d   s i d e - b y - s i d e   o r   e n d - t o - e n d   on  one  row  or   m o r e  

r o w s .  

T h i s   and  s t i l l   o t h e r   o b j e c t s ,   w h i c h   w i l l   be  m o r e  

c l e a r l y   a p p a r e n t   to  t h o s e   s k i l l e d   in   t he   a r t   f r om  t h e  

d e t a i l e d   d e s c r i p t i o n   g i v e n   h e r e i n b e l o w ,   a r e   a c h i e v e d ,  

a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   by  a  p r o c e s s   c o n -  

s i s t i n g   in  c a r r y i n g   m o s t   of   t h e   c u r r e n t   in   the   c i r -  

c u i t   o f   s a i d   p o t   l i n e   by  means   of   c u n d u c t o r s   h a v i n g  

a l l   t h e   same  c r o s s - s e c t i o n   and  b e i n g   a l w a y s   a s s o c i a t -  

ed ,   in   e a c h   s e c t i o n   of   t he   c i r c u i t ,   in   c o u p l e s  
of   e q u a l   l e n g t h ,   a l l   s a i d   c o u p l e s   of   c o n d u c t o r s   b e i n g  
f u r t h e r m o r e   a r r a n g e d   s y m m e t r i c a l l y   to  t h e   m e d i a n   v e r t -  

i c a l   l o n g i t u d i n a l   a n d / o r   t r a n s v e r s e   p l a n e   of   t h e  

s i n g l e   p o t s   of   t h e   s e r i e s , a n d   b e i n g , t h e   r e v e r s e   b u s  

b a r s   to  the  r e c t i f i e r   s t a t i o n  -   t h e y   too   d i v i d e d   i n t o  

s y m m e t r i c a l   p a i r s   of  e q u a l   l e n g t h   and  c r o s s - s e c t i o n  -  

b e i n g   p o s i t i o n e d   s i d e   by  s i d e ,   o v e r   the   w h o l e   e x -  
t e n s i o n   of   t he   s e r i e s ,   w i t h   the   bus   b a r s   w h i c h   d i r e c t -  



l y   c o n n e c t   e a c h   c o u p l e  o f   s u c c e e d i n g   p o t s .  

The  d o u b l e   s y m m e t r i c a l   c u r r e n t   p a t h s   so  p r o v -  

i d e d   p e r m i t   to  o b t a i n   a  h i g h   c o m p e n s a t i o n   a n d  

t he   t o t a l   s y m m e t r i z a t i o n   ( w i t h   r e s p e c t   to  b o t h   m e -  

d i a n   v e r t i c a l   p l a n e s   of   s a i d   p o t s )   of   t he   m a g n e t i c  

f i e l d   c o m p o n e n t s   and ,   by  c o n s e q u e n c e ,   a  t o t a l   s y m -  

m e t r i z a t i o n   of   t h e   m a g n e t i c   f o r c e s   i n d u c e d   by  t h e  

i n t e r a c t i o n   of   s a i d   m a g n e t i c   f i e l d   w i t h   t he   p o t   c u r -  

r e n t .  

S a i d   s y m m e t r i z a t i o n   of   f o r c e s ,   in   i t s e l f   e x t r e m e  

l y   a d v a n t a g e o u s   f o r   t he   p u r p o s e s   of   a  u n i f o r m   d i s -  

t r i b u t i o n   i n   t h e   po t   of   t h e   e f f e c t s   of   s a i d   f o r c e s ,  

i s   c o u p l e d ,   due  . to  t h e   p a r t i c u l a r   a r r a n g e m e n t s   o f  

t h e   c o n d u c t o r s   a d o p t e d   i n   t h e   i n v e n t i o n ,   to   a  m a r k e d  

d i f f e r e n c e   in   t h e   b e h a v i o u r   and  a c t i o n   o f   s a i d   f o r c e s  

in   r e s p e c t   of  t h e   p r i o r   a r t ,   w h a t   r e s u l t s ,   on  t h e  

w h o l e ,   in   a  s u b s t a n t i a l   d e c r e a s e   of  t he   a b o v e s a i d   u n -  

d e s i r e d   d r a w b a c k s   and  d e t r i m e n t a l  e f f e c t s   in   t h e   a b o v e -  

m e n t i o n e d   p o t s   and  r e l e v a n t   e l e c t r o l y t i c   p r o c e s s .  

In   f a c t ,   b o t h   the   s t r e s s   a c t i o n   on  t h e   s i d e   l i n -  

i n g   of   t he   p o t   by  t h e   f l u i d s   in   m o t i o n ,   and  t h e   " o n -  

d u l a t i o n "   of   t h e   b a t h - m e t a l   i n t e r f a c e   b e c o m e   p r a c -  

t i c a l l y   h o m o g e n e o u s   and  a r e   c o n s i d e r a b l y   r e d u c e d   ( i n  

t h e   f o u r   s e c t o r s   i n t o   w h i c h  e a c h   p o t   in  q u e s t i o n   may  

be  i m a g i n e d   to  be  d i v i d e d   by  s a i d   two  m e d i a n   v e r t i c a l  

p l a n e s ) ,   t h e   who le   r e s u l t i n g   in  an  e x c e l l e n t   s t a b i l i  

ty   of  the   o p e r a t i o n   of  s a i d   p o t s  ,   in   a  s e n s i b l e   i m  

p r o v e m e n t   of  t he   c u r r e n t   e f f i c i e n c y   and  in  a  s u b s t a n -  

t i a l   e n e r g y   s a v i n g .  



B r i e f   d e s c r i p t i o n   o f   t h e   d r a w i n g s  

The  i n v e n t i o n ,   as  s c h e m a t i c a l l y   i l l u s t r a t e d   h e r e i n -  

b e f o r e   and  t h e   r e l e v a n t   a d v a n t a g e s   a r e   d e s c r i b e d   h e r e -  

i n a f t e r   more   in   d e t a i l ,   m a k i n g   r e f e r e n c e   to  f i g u r e s   1 

to  11  f o r   p l a n t s   w i t h   s i d e - b y - s i d e   p o t s ,   and  to  f i g -  

u r e s   12  to  18  f o r   p l a n t s   w i t h   e n d - t o - e n d   p o t s .  

S a i d   f i g u r e s   s c h e m a t i c a l l y   show  some  a r r a n g e m e n t s  

of  t h e   c o n d u c t o r s   i n t e n d e d   f o r   c a r r y i n g   the   c u r r e n t   i n  

p l a n t s   f o r   t h e   e l e c t r o l y t i c   p r o d u c t i o n   o f   m e t a l s ,   i n  

p a r t i c u l a r   a l u m i n i u m ,   f i g u r e s   1  to  3  and  12  to  14  r e f e r -  

r i n g   to  c o n v e n t i o n a l   a r r a n g e m e n t s ,   w h i l e   f i g u r e s   4  to  11 

and  15  to  18  r e f e r   to  a r r a n g e m e n t s   a c c o r d i n g   to  t he   p r e s  

e n t   i n v e n t i o n .   More  p a r t i c u l a r l y ,   w i t h   r e f e r e n c e   to  t h e  

s i d e - b y - s i d e   p o t s  :  

-  f i g u r e   1  shows   t h e   a r r a n g e m e n t ,   in   a  p l a n   v i e w , o f   a  

p o t   l i n e   and   r e l e v a n t   bus   b a r   c o n d u c t o r s   in   a  known  c o n -  

v e n t i o n a l   p l a n t ,   in   w h i c h   s a i d   l i n e   e x t e n d s   on  two  p a r -  

a l l e l   r o w s ;  

-  f i g u r e   2  shows   more   in   d e t a i l   a  c o n v e n t i o n a l . s u p p l y  

scheme   to  a  d o w n s t r e a m   p o t   C   by  t h e   c o r r e s p o n d i n g   u p -  

s t r e a m   p o t   CM  o f   t h e   same  r o w ;  

-  f i g u r e   3  shows   a  s i m p l i f i e d   s c h e m e   r e l a t i n g   to  a  c o n -  

v e n t i o n a l   p l a n t   o f   t h e " m o n o - r o w " t y p e   in   w h i c h ,   as  t h e  

p o t s   a r e   a r r a n g e d   on  a  s i n g l e   r o w ,   t h e   c l o s i n g   of   t h e  

s e r i e s   c i r c u i t   i s   s e c u r e d   by  two  i n d e p e n d e n t   r e v e r s e  

bus   b a r s ;  

-  f i g u r e   4  shows   a  s i m p l i f i e d   s c h e m e   c o n c e r n i n g   a  p l a n t  

w i t h   s i d e - b y - s i d e   a r r a n g e m e n t   a c c o r d i n g   to  the   p r e s -  

en t   i n v e n t i o n ,   in   w h i c h ,   by  way  o f   e x a m p l e ,   the   p o t - l i n e  



e x t e n d s   on  two  p a r a l l e l   r o w s ;  

-  f i g u r e   5  s h o w s   a  s cheme   of   a  t y p e   of   a r r a n g e m e n t   o f  

the   c o n d u c t o r  b u s   b a r s   a c c o r d i n g   to   t h i s   i n v e n t i o n   a n d  

r e f e r r e d   to  as  " c r o s s   s y m m e t r i c a l   a r r a n g e m e n t " .  

( In   t h i s   f i g u r e ,   l i k e   in  t he   f o l l o w i n g   f i g u r e s   6  t o  

10  and  1 6 - 1 7 ,   t h e   bus   b a r s   l y i n g   u n d e r n e a t h   t h e   b o t -  

tom  p l a n e   of   t h e   p o t s   a re   i n d i c a t e d   w i t h   d a s h e d   l i n e s ) ;  

-  f i g u r e   6  s h o w s   a  v a r i a n t   of   t he   a r r a n g e m e n t   of   f i g . 5 ,  

r e f e r r e d   to  as  " r h o m b u s   s y m m e t r i c a l   a r r a n g e m e n t " ;  

-  f i g u r e   7  s h o w s   a  s c h e m e   of   a n o t h e r   t y p e   of   a r r a n -  

g e m e n t   of   t he   c o n d u c t o r  b u s   b a r s   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n ,   r e f e r r e d   to  as  "  c o r r i d o r   s y m m e t r i c  

al  a r r a n g e m e n t " ;  

-  f i g u r e  8   s h o w s   a  v a r i a n t   of   t h e   a r r a n g e m e n t   o f   f i g .  

7,  r e f e r r e d   to  as  "  h e x a g o n   s y m m e t r i c a l   a r r a n g e m e n t " ;  

-  f i g u r e   9  s h o w s   a  s c h e m e   of   a n o t h e r   t y p e   of   a r r a n g -  

e m e n t   of   t h e   c o n d u c t o r   bus  b a r s   a c c o r d i n g   to  t h e   p r e s -  
en t   i n v e n t i o n ,   r e f e r r e d   to  as  " r e c t a n g l e   s y m m e t r i c a l  

a r r a n g e m e n t " ;  

-  f i g u r e   10  s h o w s   a  s cheme   of   s t i l l   a n o t h e r   a r r a n g e m -  

e n t   o f   t he   c o n d u c t o r   bus   b a r s   a c c o r d i n g   to  t h e   p r e s e n t  

i n v e n t i o n ,   r e f e r r e d   to  as  " s h e a f   s y m m e t r i c a l   a r r a n g e m  

e n t ;  

-  f i g u r e   11  s h o w s ,   f i n a l l y ,   in   a x o n o m e t r i c   p r o j e c -  

t i o n  -   t h e   w h o l e   e l e c t r i c   c i r c u i t   of   t h e   c r o s s   a r -  

r a n g e m e n t   as  p e r   f i g u r e   5  ( f o r   t he   s a k e   of  i l l u s t r a t -  

i ve   c o m p l e t e n e s s ,   t h e   d r a w i n g   shows   a l s o   t h e   s e r i e s  

r e v e r s e   bus   b a r s ) .  

M a k i n g   now  r e f e r e n c e   to  t he   p o t s   a r r a n g e d   in   e n d - t o -  

end  r e l a t i o n s h i p  :  



-  f i g u r e   12  s h o w s   t h e   a r r a n g e m e n t ,   in   a  p l a n   v i e w ,  '  

of   a  s e r i e s   o f   p o t s   and  r e l e v a n t   bus   b a r s   in   a  k n o w n  

c o n v e n t i o n a l   p l a n t ,   in   w h i c h   s a i d   s e r i e s   e x t e n d s   o n  

two  p a r a l l e l   r o w s ;  

-  f i g u r e   13  s h o w s   in  g r e a t e r   d e t a i l   a  known  c o n v e n -  

t i o n a l   s c h e m e   o f   . the  s u p p l y   to  a  d o w n s t r e a m   p o t   C  

by  t h e   c o r r e s p o n d i n g   u p s t r e a m   p o t   CM,  the   two  p o t s  

b e i n g   p o s i t i o n e d   in  t he   same  r o w ;  

-  f i g u r e   14  s h o w s   a  s i m p l i f i e d   s c h e m e   r e l a t i n g   to  a  

known  p l a n t   of   t h e " m o n o - r o w " t y p e   in   w h i c h ,   s i n c e   t h e  

p o t s   a re   a r r a n g e d   on  a  s i n g l e   r o w ,   t h e   c l o s i n g   o f  

t h e   s e r i e s   c i r c u i t   i s   s e c u r e d   by  two  i n d e p e n d e n t   r e -  

v e r s e   bus   b a r s ;  

-   f i g u r e   15  s h o w s   a  s i m p l i f i e d   s c h e m e   c o n c e r n i n g   a  

p l a n t   w i t h   t h e   e n d - t o - e n d   a r r a n g e m e n t   a c c o r d i n g   t o  

the   i n v e n t i o n   i n   w h i c h ,   by  way  o f   e x a m p l e ,   t h e   p o t -  

- l i n e   e x t e n d s   on  two  p a r a l l e l   r o w s ; '  

-  f i g u r e   16  shows   a  scheme  of   a  t y p e   of   a r r a n g e m e n t  

of   t h e   c o n d u c t o r   b u s  b a r s   a c c o r d i n g   to   t h e   p r e s e n t  

i n v e n t i o n ,   r e f e r r e d   to  as  " s h e a f   s y m m e t r i c a l   a r r a n g -  

e m e n t " ;  

-  f i g u r e   17  s h o w s   a  s cheme   of   a n o t h e r   t y p e   of   a r r a n  

g e m e n t   o f   t h e   c o n d u c t o r   bus  b a r s   a c c o r d i n g   to  t h e   p r e s  

e n t   i n v e n t i o n ,   r e f e r r e d   to  as  " c o r r i d o r   s y m m e t r i c a l  

a r r a n g e m e n t " ;  

-  f i g u r e   18  f i n a l l y   s h o w s  -   in  a x o n o m e t r i c   p r o j e c -  

t i o n  -   t h e   w h o l e   e l e c t r i c   c i r c u i t   of   t h e   c o r r i d o r  

a r r a n g e m e n t   of   f i g u r e   17  ( f o r   t h e   s a k e   of   i l l u s -  

t r a t i v e   c o m p l e t e n e s s ,   the   d r a w i n g   shows   a l s o   t h e  

s e r i e s   r e v e r s e   bus   b a r s ) .  



D e t a i l e d   d e s c r i p t i o n   o f   t h e   i n v e n t i o n  

R e f e r r i n g   to  t h e   a b o v e   f i g u r e s ,   t h e r e   i s   c o m p l e t e d  

h e r e i n b e l o w   t h e   i l l u s t r a t i o n   of   t h e   known  t e c h n i q u e ,  

and  i s   p r o v i d e d ,   in   c o m p a r i s o n   w i t h   s a i d   t e c h n i q u e ,   a  

d e t a i l e d   d e s c r i p t i o n   of   t h e   p r e s e n t   i n v e n t i o n .  
@  

As  i s   k n o w n ,   t h e   m a g n e t i c   f o r c e s   F  w h i c h   i n f l u e n c e  

t h e   b e h a v i o u r   o f   an  e l e c t r o l y t i c   p o t   a re   g e n e r a t e d   b y  

the   i n t e r a c t i o n   of   t h e  m a g n e t i c   i n d u c t i o n   f i e l d   B  c r e a t  

ed  by  t h e   c u r r e n t s   f l o w i n g   t h r o u g h   t h e   o u t e r   and  i n n e r  

c o n d u c t o r s ( i n   r e s p e c t   of  t h e   p o t ) , w i t h   t he   c u r r e n t   d e n -  

s i t y   f i e l d  J  e x i s t i n g   i n s i d e   t h e   m o l t e n   a r e a s   o f  

t he   p o t   (  m o r e   s p e c i f i c a l l y  :   b a t h   and  m e t a l . )   a c -  

c o r d i n g   to   t h e   v e c t o r i a l   r e l a t i o n s h i p  

@   @  @  
w h e r e i n   b o t h   F  and  J  and  B  a r e   i n t e n d e d   in   g e n e r a l   to  b e  

f u n c t i o n s   of   t he   p o i n t   of   o b s e r v a t i o n ,   b e i n g   s u c h   p o i n t  

r e f e r r e d  -   in   t h e   p r e s e n t   c a s e  -   to   an  o r t h o g o n a l   r e -  

f e r e n c e   s y s t e m   h a v i n g   t h e   c e n t e r   c o i n c i d i n g   w i t h   t h e  

c e n t e r   of   t h e   c a t h o d e   p l a n e   of   t h e   p o t   ( m e t a l   b o t t o m ) ,  

the   x  a x i s   d i r e c t e d   as  t h e   g e n e r a l   f l o w   of   t he   c u r r e n t  

in  the   p o t l i n e ,   t h e   y  a x i s   a r r a n g e d   a t   90°  c o u n t e r  

c l o c k w i s e   and   t h e   z  a x i s   d i r e c t e d   u p w a r d s .  

At  t h e   d e s i g n   and  a s s e m b l i n g   s t a g e s   t h e r e   i s   u s u a l -  

l y   d e v i s e d   and  c a r r y e d   ou t   a  p e r f e c t   g e o m e t r i c a l - s t r u c t u r  

al  s y m m e t r y   o f   t h e   p o t   w i t h   r e s p e c t   to   i t s   two  m e d i a n  

v e r t i c a l   p l a n e s ,   s u c h   g e o m e t r y   and  s t r u c t u r e  t h e o r e t i c a l -  

l y   s e c u r i n g   a  s y m m e t r i c a l   d i s t r i b u t i o n   o f   t h e   c u r r e n t ,  
@  

and  t h e r e f o r e   of   J ,   i n s i d e   t h e   c a v i t y   c o n t a i n i n g   t h e  

f l u i d s   ( b a t h   and  m e t a l ) .  

A  p o s s i b l e   d i s s y m m e t r y   in   t he   m a g n e t i c   f o r c e   f i e l d  



F  i n   s a i d   c a v i t y   i s   t h e r e f o r e   s u b s t a n t i a l l y   a s c r i b a b l e  

to  f i e l d  B ,   Such   d i s s y m m e t r y   i s   a  c o n s e q u e n c e ,   i n  

t u r n ,   o f   t h e   d i s s y m m e t r y   of  t h e   o u t e r   c o n d u c t o r  

bus   b a r   s y s t e m   of  the   p o t ,   s i n c e   t he   i n n e r   c o n d u -  

c t o r s   (  f r o m   t h e   a n o d e   r o d   s y s t e m   to  t he   c a -  

t h o d e   b l o c k )   a r e   u s u a l l y   s y m m e t r i c a l l y   a r r a n g e d .  

In  t h e   c o n v e n t i o n a l   known  p l a n t s   f o r   e l e c t r o l -  

y t i c   p r o d u c t i o n   o f   a l u m i n i u m   t h e r e   a r e   two  p r e v a i l i n g  

t y p e s   o f   d i s s y m m e t r y   of  t he   f i e l d   B :   one  i s  

t y p i c a l   of   t h e   b i - r o w   ( o r   m u l t i - r o w )   p l a n t s   and  i s   d u e  

to  t h e   p r e s e n c e   and  c o n s e q u e n t   i n f l u e n c e   of   a  p o t   r o w  

in   r e s p e c t   of  t h e   o t h e r   row  ( a d j o i n i n g   r o w ) ,   s i n c e   i n  

s a i d   two  rows   t he   e l e c t r i c   c u r r e n t   c a r r i e d   by  t h e   b u s  

b a r s   f l o w s   in  o p p o s i n g   d i r e c t i o n s , a s   i s   shown  in  f i g u r e s  

1  and  1 2 .  

The  e l e c t r i c   c u r r e n t   w h i c h   f l o w s  -   w i t h   d i r e c t i o n  

p a r a l l e l   to  x  -   t h r o u g h   t h e   a d j o i n i n g . r o w   c a u s e s   in   t h e  

p o t s   o f   t h e   o t h e r   row  a  s y s t e m a t i c   u n b a l a n c e   of   t he   f i e l d  
@  
B  w i t h   r e s p e c t   to   t h e   m e d i a n   v e r t i c a l   p l a n e   xz  ( " t r a n s v e r s  

al  p l a n e "   in   t h e   t r a n s v e r s a l l y   a r r a n g e d  p o t s   and  " l o n -  

g i t u d i n a l   p l a n e "   i n   t h e   l o n g i t u d i n a l l y   a r r a n g e d   p o t s ) .  

The  s e c o n d   t y p e   o f   d i s s y m m e t r y ,   as  i s   shown  i n   f i g -  

g u r e s   2  and  13,  i s   c o n v e r s e l y   due  to  t h e   n o n - s y m m e t r i c -  

a l   a r r a n g e m e n t   o f   t h e   c o n d u c t o r   bus   b a r s   and  o f   t he   c u r -  

r e n t s   w i t h   r e s p e c t   to  t he   p l a n e   y z , i . e . t o   t he   m e d i a n   v e r t -  

i c a l   p l a n e   of   t h e   s i n g l e   p o t   p e r p e n d i c u l a r   to  t h e   d i r -  

e c t i o n   of   t he   c u r r e n t   in   t h e   row  ( " l o n g i t u d i n a l   p l a n e "  

f o r   t r a n s v e r s a l l y   a r r a n g e d   p o t s   and  " t r a n s v e r s a l   p l a n e "  

f o r   l o n g i t u d i n a l l y   a r r a n g e d   p o t s ) ,   and  c a u s e s   an  u n -  

b a l a n c e   of   f i e l d   B   b e t w e e n   t he   u p s t r e a m   and  the   down  



s t r e a m   h a l v e s   of  the   p o t .  

In   t h e   known  m o n o - r o w   p o t - l i n e s   ( a s   i s   shown  in  f i g -  

u r e s   3  and  1 4 ) ,   t h e   f o r m e r   of  s a i d   two  t y p e s   of   d i s -  

s y m m e t r y   i s   n o t   p r e s e n t .  

The  same  may  a p p l y   to  t h e   p o t - l i n e s   ( e i t h e r   m o n o - r o w  

or  m u l t i - r o w )   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   s i n c e  

(as   f i g u r e s   4  and  15  show)   t h e   e f f e c t   o f   t h e   a d j o i n i n g  

r o w  -   w h i c h   i s   a c t u a l l y   o n l y   t h e   e f f e c t   c a u s e d   by  t h e  

c o n d u c t o r   bus   b a r s   of  s u c h   row  w h i c h   a r e   p a r a l l e l   to  x  

and  c a r r y   t he   c u r r e n t   f r o m   e a c h   p o t   to   t h e   s u c c e e d i n g  

o n e  -   i s   c o m p l e t e l y   a n n u l l e d   by  t h e   p r e s e n c e   of  t he   r e -  

v e r s e   bus   b a r s   p o s i t i o n e d   s i d e - b y - s i d e   t h e r e t o .  

T h e r e f o r e ,   f o r   t he   p u r p o s e   of   e l i m i n a t i n g   the   d r a w b a c k s  

and  d e t r i m e n t a l   e f f e c t s   c i t e d   h e r e i n a b o v e ,   r e f e r e n c e   i s  

to  be  made  in   t h e   p r e s e n t   c a s e   o n l y   to  t h e   s e c o n d   t y p e  

of  d i s s y m m e t r y   m e n t i o n e d   h e r e i n a b o v e .  

In   t h e   c o n n e c t i o n s   b e t w e e n   p o t s   o f   t h e   known  c o n -  

v e n t i o n a l   t y p e   ( p a r t i c u l a r   r e f e r e n c e   i s   to  be  made  t o  

f i g u r e   2  f o r   t h e   c a s e   o f   p o t s   a r r a n g e d   s i d e - b y - s i d e ,  

and  to  f i g u r e   13  f o r   t h e   c a s e   of   p o t s   a r r a n g e d   e n d - t o -  

- e n d )   i t  i s   a p p a r e n t   t h a t   t h e   a r r a n g e m e n t   of   t he   b u s  

b a r s   i s   r e m a r k a b l y   d i s s y m m e t r i c a l   w i t h   r e s p e c t   to  m e -  

d i a n   v e r t i c a l   p l a n e   yz  ( n a m e l y   b e t w e e n   u p s t r e a m   a n d  

d o w n s t r e a m ) .  

Such   d i s s y m m e t r y   c o n c e r n s   a b o v e   a l l ,   and  w i t h   s e r -  

i o u s   e f f e c t s   in   t e r m s   of   t h e   g e n e r a t e d   m a g n e t i c   f i e l d , t h e  

d i r e c t i o n   of   t he   c u r r e n t   f l o w i n g   i n   t h e   bus   b a r s   p a r -  

a l l e l   to  x,  s a i d   d i r e c t i o n   b e i n g   o r i e n t e d   e x c l u s i v e l y  

f rom  u p s t r e a m   to  d o w n s t r e a m   ( a n d   t h e r e f o r e   b e i n g   c o m -  

p l e t e l y   a b s e n t ,   f o r   r e s t o r i n g   t h e   s y m m e t r y   , a n y   c o r r e s -  



p o n d i n g   bus  b a r s   d i r e c t e d   f rom  d o w n s t r e a m   to  u p s t r e a m ) .  

F u r t h e r m o r e ,   a l t h o u g h   w i t h   d i f f e r e n t   a l t e r n a t i v e s  

c o n n e c t e d   w i t h   d i f f e r e n t   s c h e m e s   o f   c o l l e c t i n g   t h e  

c u r r e n t s   c a r r i e d   by  the   o u t p u t   c a t h o d e   b a r s ,   the   t o t a l  

c u r r e n t   c a r r i e d   on  t he   two  s i d e s   o f   t h e   row  f rom  t h e  

two  s e t s   of  c a t h o d e   bus   b a r s   p a r a l l e l y   to  t h e  

x  d i r e c t i o n   i s   n e v e r   c o n s t a n t  ,   as  i s   c l e a r l y  

a p p a r e n t   f r o m   the   e x a m p l e s   i l l u s t r a t e d   in  t h e  

a b o v e - m e n t i o n e d   f i g u r e s   2 - a n d   1 3 .  

T u r n i n g   now  to  t he   d e t a i l e d   d e s c r i p t i o n   of   t h e   p r e s  

e n t   i n v e n t i o n  -   in   t he   fo rm  of   p r e f e r r e d   b u t   n o t   e x -  

c l u s i v e   e m b o d i m e n t s   t h e r e o f  -   p a r t i c u l a r   r e f e r e n c e   i s  

made  to   f i g u r e s   5  t h r o u g h   11  ( w i t h   g r e a t e r   d e t a i l   i n  

f i g u r e   11)  f o r   p o t s   a r r a n g e d   s i d e - b y - s i d e   and  to  f i g -  

u r e s   16  t h r o u g h   18  ( w i t h   g r e a t e r   d e t a i l   in   f i g u r e   1 8 )  

f o r   p o t s   a r r a n g e d   e n d - t o - e n d .  

P o t s   a r r a n g e d   s i d e - b y - s i d e  :  

a)  The  t o t a l   c u r r e n t   c a r r i e d   by  t h e   o u t p u t   c a t h o d e  

b a r s   i s   a l w a y s   s y m m e t r i c a l l y   c o l l e c t e d   i n   f o u r   e q u a l  

p o r t i o n s   a l o n g   the   two  l o n g   s i d e s   o f   t h e   p o t   and  c o n -  

v e y e d   t h r o u g h   the   c a t h o d e   bus  b a r s   to   t h e   f o u r  

p o i n t s   A ,   A21  B1,  B   s y m m e t r i c a l   w i t h   r e s p e c t   to  t h e  

two  m e d i a n   v e r t i c a l   p l a n e s   of   t h e   p o t ,   s a i d   p o i n t s   b e -  

i n g   p o s i t i o n e d  

-  f o r   t he   a r r a n g e m e n t s   as  p e r   f i g u r e s   5  and  6  :  

a t   t h e   f o u r   c a t h o d e   o u t p u t s   c l o s e s t   to  t h e   t r a n s v e r s a l  

m e d i a n   p l a n e ;  

-  f o r   the   a r r a n g e m e n t s   as  p e r   f i g u r e s   7  a n d  8  :  

a t   f o u r   i n t e r m e d i a t e   c a t h o d e   o u t p u t s   on  the   f o u r  

h a l f   l o n g   s i d e s ;  

-  f o r   t he   a r r a n g e m e n t s   as  p e r   f i g u r e s   9  and  1 0  :  

a t   t h e   f o u r   c a t h o d e   o u t p u t s   f a r e s t   f r o m   t h e   t r a n s v e r s -  



al  m e d i a n   p l a n e .  

b)  The  c u r r e n t   so  c o n v e y e d  i s   c a r r i e d   d o w n w a r d .  

by  m e a n s   o f   two  c o u p l e s   o f   c o n d u c t o r s   a1,   a2 ;   b 1 , b 2  

( f i g .   11)  o f   e q u a l   l e n g t h   and  c r o s s - s e c t i o n ,   p r e f e r -  

a b l y   v e r t i c a l l y   a r r a n g e d   and  s y m m e t r i c a l l y   p o s i t i o n e d  

w i t h   r e s p e c t   to   t he   two  m e d i a n   v e r t i c a l   p l a n e s ,   u p  

to  t h e   f o u r   s y m m e t r i c a l   p o i n t s   A'1 ,  A'2,  B ' ,   B'2  ( f i g .  

11)  a r r a n g e d   on  a  p l a n e   ( h e r e i n a f t e r   r e f e r r e d   to  a s  

" l o w e r   p l a n e " )   l y i n g   b e n e a t h   t h e   b o t t o m   of   t h e   p o t  

and  p a r a l l e l   to   t h e   r e f e r e n c e   p l a n e   x y .  

The  l e v e l   a t   w h i c h   s a i d   l o w e r   p l a n e   i s   p o s i t i o n -  

ed  h a s   no  r e l e v a n t   i n f l u e n c e   on  t he   d i s t r i b u t i o n   a n d  

m a g n i t u d e   o f   t h e   m a g n e t i c   f o r c e s   in   t h e   b a t h   and  i n  

t h e   m e t a l ,   a t   l e a s t   f r o m   a  c e r t a i n   v a l u e   o n w a r d .  

For   e x a m p l e ,   t he   d i f f e r e n c e  -   in   t e r m s   o f   i n d u c -  

ed  f o r c e s  -   i s   min imum  f r o m   a  l e v e l   of   - 1 . 5   m  to  a  

l e v e l   of   - 2 . 0   m  w i t h   r e s p e c t   to  t he   p l a n e   x y .  

c)  The  c u r r e n t   so  c a r r i e d   to  t he   f o u r   a b o v e s a i d  

p o i n t s   A 1 ' ,   A 2 ' ,   B 1 ' ,   B2'   i s   c o n v e y e d   by  two  c o u -  

p l e s   of   c o n d u c t o r s   of   e q u a l   l e n g t h   and  c r o s s   s e c -  

t i o n   c1,   d1;   c2 ,   d2 '   p r e f e r a b l y   h o r i z o n t a l ,   w h i c h   f o l  

l o w   s y m m e t r i c a l   p a t h s   w i t h  r e s p e c t   to  m e d i a n   v e r t i c a l  

p l a n e s   xz  and  y z  -   a c c o r d i n g   to  t he   a b o v e s a i d   a l t e r n -  

a t i v e   " c r o s s   a r r a n g e m e n t   "  ( f i g .   5 ) ,   " r h o m b u s   a r r a n g -  

e m e n t "   ( f i g . 6 ) , " c o r r i d o r   a r r a n g e m e n t "   ( f i g . 7 ) ,   " h e x -  

agon   a r r a n g e m e n t "   ( f i g .   8 ) ,   "  r e c t a n g l e   a r r a n g e m e n t "  

( f i g .   9 )  -   to  two  p o i n t s   M1,  M2  of  t h e   l o n g i t u d i n a l  

m e d i a n   p l a n e ,   s y m m e t r i c a l   w i t h   r e s p e c t   to  t h e   t r a n s -  

v e r s a l   m e d i a n   p l a n e ,   b e i n g   i t   a l s o   p o s s i b l e   to  a s -  

s e m b l e   s a i d   p o i n t s   M1,  M2  t o  a   s i n g l e   p o i n t   M  -   i n  

t he   " s h e a f   a r r a n g e m e n t "   a l t e r n a t i v e   ( f i g .   1 0 )  -   c o r -  

r e s p o n d i n g   to  t he   v e r t i c a l   p r o j e c t i o n   of  t h e   p o t  



c e n t r e   on  t h e   l o w e r   p l a n e .  

d)  From  s a i d   p o i n t s   M1,  M2  ( o r   M) ,  by   m e a n s   o f  t w o  

c o u p l e s   o f   s i d e - b y - s i d e   c o n d u c t o r s   e1,   f 1 ;   e2,   f 2  

of  same  l e n g t h   and  c r o s s - s e c t i o n ,   t h e   c u r r e n t   i s   c a r -  

r i e d ,   p a r a l l e l l y   to  t he   g e n e r a l   f l o w   of   t h e   c u r r e n t  

in   t h e   s e r i e s ,   f r o m   the   l o n g i t u d i n a l   m e d i a n   p l a n e   o f   t h e  

u p s t r e a m   p o t   to  t h e   l o n g i t u d i n a l   m e d i a n   p l a n e   o f   t h e  

d o w n s t r e a m   p o t , u p   to  t he   p o i n t s   N1,N2  ( o r  N   in   f i g u r e   1 0 ) ,  

s u b s t a n t i a l l y   h o m o l o g o u s  -   when  t a k i n g   i n t o   c o n s i d e r -  

a t i o n   t h e   c o n n e c t i o n   in  s e r i e s   o f   a l l   t h e   p o t s  -  

to  t h e   a f o r e s a i d   p o i n t s   M1,  M 2  ( o r   M ) .  

e)  From  s a i d   p o i n t s   N1,  N2  ( o r   N ) , b y   m e a n s   of   t w o  

c o u p l e s   o f   s i d e - b y - s i d e   c o n d u c t o r s   g1,  h1;   g2,   h 2  

( f i g u r e   11)  of  same  l e n g t h  a n d   c r o s s - s e c t i o n ,   t h e   c u r -  

r e n t   i s   c a r r i e d   u p w a r d  -   a c c o r d i n g   to  p a t h s   s y m m e t r i c -  

al  w i t h   r e s p e c t   to  t he   two  v e r t i c a l   m e d i a n   p l a n e s  -  

up  to  t h e   a n o d e   b u s   b a r   t  in   t h e   two  s y m m e t r i c a l   p o i n t s  

P1,  P2  ( f i g .   1 1 ) ,   s a i d   anode   bus   b a r   b e i n g   so  s y m m e t r i c -  

a l l y   s u p p l i e d   a t   t h e   h e a d s   o f   t h e   p o t .  

f )   The  t o t a l   f e e d i n g   c u r r e r r t l   w h i c h ,   c o m i n g   f r o m  

t h e   r e c t i f i e r   s t a t i o n ,   s u p p l i e s   t h e   f i r s t   p o t  

i n   t h e   s e r i e s   i s   d i s t r i b u t e d   ( a t   l e a s t   f r o m   a  c e r t -  

a i n   p o i n t   o n w a r d )   in   f o u r   e q u a l   p o r t i o n s   in   two  p a r a l -  

l e l   c o u p l e s   o f   s i d e - b y - s i d e   c o n d u c t o r s   o f   e q u a l   l e n g t h  

and  c r o s s - s e c t i o n , s a i d   c o u p l e s   b e i n g   l i n e d ,   up  t o  

t h e   i n t e r s e c t i o n   p o i n t s   w i t h   t h e   l o n g i t u d i n a l   m e d i a n  

p l a n e   o f   t h e   a b o v e s a i d   f i r s t   p o t ,   w i t h   t h e   a f o r e c i t e d  

c o u p l e s   of   c o n d u c t o r s   e1,   f 1 ;   e  ,   f 2 '   so  t h a t  a  

" c o n t i n u o u s "   i s   p r a c t i c a l l y   o b t a i n e d   f r o m   t he   r e c t i f -  

i e r   s t a t i o n   to  t h e   l o n g i t u d i n a l   m e d i a n   p l a n e   of   t h e  



l a s t   p o t   in   t he   s e r i e s ,   s u c h   " c o n t i n u o u s "   b e i n g   r e -  

p r e s e n t e d   by  two  C o u p l e s  o f   s i d e - b y - s i d e   c o n d u c t o r s ,  

e a c h   c o u p l e   c a r r y i n g ,  i n   t h e   x  d i r e c t i o n ,   a  c u r r e n t   e q u a l  

to  1 / 2 .  

g)  The  f o u r   r e v e r s e   bus   b a r s   a re   d i v i d e d   i n -  

to  two  c o u p l e s  m 1 , n 1 ;   m  ,   n2  ( f i g .   11)  of  e q u a l   l e n g t h  

and  c r o s s - s e c t i o n ,   a r r a n g e d   a l l t h r o u g h   t h e   p o t l i n e  

and  up  to  t h e   r e c t i f i e r   s t a t i o n   in   p r o x i m i t y   of   a n d  

p a r a l l e l l y   to  t h e   two  c i t e d   c o u p l e s   r e p r e s e n t i n g  

t he   " c o n t i n u o u s "   m e n t i o n e d   in  p o i n t   f)   a b o v e ,  

e a c h   of   s a i d   c o u p l e s   o f   r e v e r s e   bus   b a r s   c a r r y i n g   a  

c u r r e n t   e q u a l   to  1 / 2   h a v i n g   a  d i r e c t i o n   o p p o s i t e   to   t h e  

g e n e r a l   f l o w   d i r e c t i o n   o f   t he   c u r r e n t   in   t h e   p o t l i n e ,  

w h e r e f o r e   a  c o m p l e t e   c o m p e n s a t i o n   b e t w e e n   t h e   c u r -  

r e n t   f e e d i n g   t h e   s e r i e s   and  the   r e v e r s e   c u r r e n t   i s  

p r o v i d e d   in   t h e   f o u r   c o u p l e s   o f   s a i d   c o n d u c t o r  

bus   b a r s ;   as  a  c o n s e q u e n c e   t h e r e o f ,   t he   m a g n e t i c  

f i e l d   g e n e r a t e d   by  them  i s   f u l l y   a n n u l l e d   and ,   t h e r e -  

f o r e ,   any  c a u s e   o f   d i s s y m m e t r y   due  to  t he   c u r r e n t s  

w i t h   r e s p e c t   to  t h e   l o n g i t u d i n a l   v e r t i c a l   p l a n e s   o f  

t he   p o t s   i s   r e m o v e d .  

P o t s   a r r a n g e d   e n d - t o - e n d  :  

h)  The  t o t a l   c u r r e n t   c a r r i e d   by  t h e   o u t p u t   c a -  

t h o d e   b a r s , a l w a y s   s y m m e t r i c a l l y   c o l l e c t e d  -   b y  

m e a n s   of   t h e   c a t h o d e   b u s   b a r s  -   in  two  h a l v e s   a t  

m i d d l e   p o i n t s   A,  B  of  t h e   s i d e s   of  t he   p o t , i s   c a r r i e d  

d o w n w a r d  -   by  m e a n s   o f  a  c o u p l e   of  c o n d u c t o r s   a,  b  o f  

e q u a l   l e n g t h   and  c r o s s - s e c t i o n   b e l o n g i n g   to  t he   t r a n s  

v e r s a l   m e d i a n   p l a n e ,   s y m m e t r i c a l l y   p o s i t i o n e d   w i t h  

r e s p e c t   to  t he   l o n g i t u d i n a l   m e d i a n   p l a n e  -   up  to  a  



p l a n e   l y i n g ,   o p t i o n a l l y ,   u n d e r n e a t h   t he   p o t   b o t t o m  

( h e r e i n a f t e r   r e f e r r e d   to  as  " l o w e r   p l a n e " )   in   t w o  

p o i n t s   C,  D  s y m m e t r i c a l l y   a r r a n g e d   w i t h   r e s p e c t   t o  

the   l o n g i t u d i n a l   m e d i a n   p l a n e .   In   t he   " s h e a f   a r r a n g  
e m e n t  o f   f i g u r e   16,  s a i d   two  p o i n t s   C,  D  a re   a s s e m b l -  

ed  i n  a   p o s i t i o n   c o r r e s p o n d i n g   to  t h e   v e r t i c a l   p r o j e c  

t i o n   of   t h e   p o t   c e n t r e ;   in   t h e   " c o r r i d o r   a r r a n g e m -  

e n t s " o f   f i g u r e s   17  and  18,  t h e   two  p o i n t s   a re   s e p a r -  

a t e d ,   b e i n g   r e s p e c t i v e l y   o u t s i d e   ( f i g u r e   17)  o r  

a t   ( f i g u r e   18)  t h e   v e r t i c a l   p r o j e c t i o n s   of  a b o v e s a i d  

p o i n t s   A,  B .  

i)   From  s a i d   p o i n t s   C,  D  -   by  m e a n s   of   a  c o u p l e  

of  c o n d u c t o r s   c,  d  o f   e q u a l   l e n g t h   and  c r o s s - s e c t i o n  -  

t he   c u r r e n t   i s   c a r r i e d ,   a c c o r d i n g   to  a  p a t h   p a r a l l e l  

to  t he   g e n e r a l   d i r e c t i o n   of   t h e   c u r r e n t   in  t h e   s e r i e s ,  

f rom  t h e   t r a n s v e r s a l   m e d i a n   p l a n e   o f   t he   u p s t r e a m   p o t  

to  the   t r a n s v e r s a l   m e d i a n   p l a n e   of   t he   d o w n s t r e a m   p o t ,  

up  to  p o i n t s   C ' ,   D ' ,   w h i c h   a r e   s u b s t a n t i a l l y   h o m o l o -  

g o u s  -   when  t a k i n g   i n t o   c o n s i d e r a t i o n   t h e  c o n n e c t i o n   i n  

s e r i e s   of   a l l   t h e   p o t s  -   to  t h e   a f o r e s a i d   p o i n t s   C , D .  

In  the   " s h e a f   a r r a n g e m e n t - a l t e r n a t i v e   of  f i g u r e   1 6 ,  

s a i d   c o n d u c t o r s   c,  d  a r e  p o s i t i o n e d   s i d e - b y - s i d e .  

1)  From  t h e   a b o v e s a i d   c o u p l e   o f   p o i n t s   C ' ,   D '  -  

by  m e a n s   of   a  c o u p l e   o f   c o n d u c t o r s   a ' ,   b '   of   e q u a l  

c r o s s - s e c t i o n  ,   w h i c h   f o l l o w   p a t h s   p a r a l l e l   t o  

the   p r e c e d i n g   c o u p l e   of   c o n d u c t o r s   a,  b  (  a n d  

t h e r e f o r e   h a v i n g   t h e  s a m e   l e n g t h   o f   t he   l a t t e r   a n d  

b e i n g   l i k e w i s e   s y m m e t r i c a l l y   a r r a n g e d   w i t h   r e s p e c t  

to  the  l o n g i t u d i n a l   m e d i a n   p l a n e )  -   t he   c u r r e n t   i s  

c a r r i e d   a g a i n   - f r o m   s a i d   l o w e r   p l a n e -   to  t he   l e v e l  

of   the   c a t h o d e   o u t p u t s   of   t h e   p o t s ,  t i l l   r e a c h i n g ,  



a t   the   l o n g   s i d e s   of   t h e   d o w n s t r e a m   p o t ,   t he   t w o  

p o i n t s   A ' ,   B"  , w h i c h   a r e   s u b s t a n t i a l l y   h o m o l o g o u s   t o  

t h e   two  p o i n t s   A,  B  o f   t he   u p s t r e a m   p o t .  

T a k i n g   i n t o   a c c o u n t   t h e   c o n n e c t i o n   in   s e r i e s   of  t h e  

p o t - l i n e   t h e r e   a r e   by  c o n s e q u e n c e  -   in  a  same  p o t  -  
two  c o u p l e s   of   s i d e - b y - s i d e   c o n d u c t o r s   ( n a m e l y   a,  a ' ;  

b,  b ' )   s y m m e t r i c a l l y   a r r a n g e d , o n   t h e   t r a n s v e r s a l   m e -  

d i a n   p l a n e ,   w i t h   r e s p e c t   to  t h e   l o n g i t u d i n a l   m e d i a n  

p l a n e ;   f u r t h e r m o r e  -   w i t h i n   e a c h   c o u p l e  -   the   t w o  

c o n d u c t o r s   c a r r y   t h e   same  c u r r e n t s   ( e q u a l   e x a c t -  

l y   to  I / 2 ) , b u t   d i r e c t e d   in   o p p o s i n g   d i r e c t i o n s .  

m)  From  p r e c e d i n g   p o i n t s   A ' ,   B '  -   by  means   o f  

two  c o n d u c t o r s   e,  f  ( a n o d e   r i s e r s )   o f   e q u a l   l e n g t h  

and   c r o s s - s e c t i o n ,   and  a r r a n g e d   on  t h e   t r a n s v e r s a l  

p l a n e ,   w h i c h   f o l l o w   s y m m e t r i c a l   p a t h s   w i t h   r e s p e c t  

to   t he   l o n g i t u d i n a l   m e d i a n   p l a n e  -   t h e   c u r r e n t   i s  

f i n a l l y   c a r r i e d   u p w a r d ,   up  to  a n o d e   bus   b a r   t ,   a t  

p o i n t s   E,  F  ( f i g u r e   1 8 ) ,   so  t h a t   s u c h   anode   bus  b a r  

i s   s y m m e t r i c a l l y   s u p p l i e d   in  c o r r e s p o n d e n c e   of  t h e  

c e n t r a l   p o i n t s   of  t h e   l o n g   s i d e s   o f   t he   p o t .  

n)  The  t o t a l   f e e d i n g   c u r r e n t   I  w h i c h ,   c o m i n g  

f r o m   t h e   r e c t i f i e r   s t a t i o n ,   f l o w s   to   s u p p l y   t h e  

f i r s t   p o t   in   t h e   s e r i e s ,   i s   d i v i d e d   ( a t   l e a s t   f r o m  

a  c e r t a i n   p o i n t   o n w a r d )   i n t o   two  e q u a l   p o r t i o n s   on  a  

c o u p l e   of  p a r a l l e l   c o n d u c t o r s   o f   e q u a l   l e n g t h   a n d  

c r o s s - s e c t i o n ,   s a i d .  c o u p l e   b e i n g   l i n e d ,   up  to  t h e  

i n t e r s e c t i o n   p o i n t s   w i t h   t h e   t r a n s v e r s a l   m e d i a n  

p l a n e   of   t he   a b o v e s a i d   f i r s t   p o t ,   w i t h   t he   c i t e d  

c o u p l e   of  c o n d u c t o r s   c,  d,  so  t h a t   a  " c o n t i n u o u s "   i s  

p r a c t i c a l l y   p r o v i d e d   f rom  t h e   r e c t i f i e r   s t a t i o n  



to  t he   t r a n s v e r s a l   m e d i a n   p l a n e   of   t he   l a s t   p o t   i n  

t h e   s e r i e s ,   s u c h   " c o n t i n u o u s "   c o n s i s t i n g   of   a  c o u p l e  

of   c o n d u c t o r s   p a r a l l e l   to  d i r e c t i o n   x,  e a c h   c a r r y i n g  

a  c u r r e n t   e q u a l   to  1 / 2 .  

o)  The  r e v e r s e   c u r r e n t   i s   c a r r i e d   by  t w o  c o n d u c t -  

o r s   m,  n  ( f i g .   18)  of   e q u a l   l e n g t h   and  c r o s s - s e c t i o n ,  

a r r a n g e d   a l o n g   t h e   a l l   p o t - l i n e   and  up  to  t h e   r e c -  

t i f i e r   s t a t i o n   c l o s e   and  p a r a l l e l l y   to  t h e   two  c o n -  

d u c t o r s   c o n s t i t u t i n g   t he   " c o n t i n u o u s "   m e n t i o n e d  

in  p o i n t   n)  a b o v e ,   e a c h   of   s a i d   r e v e r s e   c o n d u c t o r s   c a r -  

r y i n g   a  c u r r e n t   e q u a l   to  1 / 2   h a v i n g   a  d i r e c t i o n   o p p o s i t e  

to  t h e   g e n e r a l   d i r e c t i o n   of   t he   c u r r e n t   in   t he   s e r i e s ,  

w h e r e f o r e   a  c o m p l e t e   c o m p e n s a t i o n   b e t w e e n   f e e d i n g   c u r -  

r e n t   and  r e v e r s e   c u r r e n t   i s   o b t a i n e d   in  t he   two  c o u p l e s  

of   a b o v e s a i d   c o n d u c t o r s ;   as  a  c o n s e q u e n c e   t h e r e o f ,   t h e  

m a g n e t i c   f i e l d   g e n e r a t e d   by  them  i s   c o m p l e t e l y   a n n u l -  

l e d ,   and  any   c a u s e   of   d i s s y m m e t r y   o f   t he   c u r r e n t s   w i t h  

r e s p e c t   to  t he   t r a n s v e r s a l   v e r t i c a l   p l a n e s   o f -  t h e   p o t s  

i s   t h e r e f o r e   e l i m i n a t e d .  

From  w h a t   h a s   b e e n   e x p l a i n e d   and  e x e m p l i f i e d   h e r e i n  

b e f o r e   t h e r e   a r e   a p p a r e n t   t h e   a d v a n t a g e s   of   t h e   p r e s e n t  

i n v e n t i o n ,   w h i c h   a r e   l i s t e d   and  i l l u s t r a t e d   in   t he   f o l -  

l o w i n g  :  

I)   The  c o n d u c t o r s   u t i l i z e d   f o r   c a r r y i n g   the   c a -  

t h o d e   c u r r e n t   can  h a v e   u n i f o r m   c r o s s - s e c t i o n s   in  t h e  

w h o l e   p l a n t .   T h i s   d e p e n d s   on  the   f a c t   ( c l e a r l y   e v i d e n c  

ed  by  f i g u r e s   11  and  18)  t h a t   f r o m   t h e   c u r r e n t   c o l l e c -  

t i n g   p o i n t s   a t   t h e   l o n g   s i d e s   of  e a c h   s i n g l e   u p -  

s t r e a m   p o t   up  to  t he   j o i n s   to  the  a n o d e   bus  b a r   of  t h e  

a d j o i n i n g   d o w n s t r e a m   p o t , t h e   c o n d u c t o r s  -   h a v i n g   t h e  

same  l e n g t h   and  c r o s s - s e c t i o n   in  t he   s i n g l e   s e c t i o n s  -  



f o l l o w   t o t a l   p a t h s   o f   e q u a l   l e n g t h   and  a  c o n s t a n t  

c u r r e n t   e q u a l   to  1 / 2   f l o w s   t h e r e i n   on  e a c h   s i d e   o f  

the   r o w .  

In   t h e   p r i o r   a r t ,   c o n v e r s e l y   ( f o r   e x a m p l e   a c -  

c o r d i n g   to  t he   a r r a n g e m e n t   of   f i g u r e s   2  and  1 3 ) ,  

t he   c o n n e c t i o n   b e t w e e n   u p s t r e a m   p o t   and  d o w n s t r e a m  

p o t   i s   p r o v i d e d   by  c o n d u c t o r s   w h i c h   f o l l o w  

p a t h s  -   o f   d i f f e r e n t   l e n g t h   and  c a r r y   d i f f e r e n t   c u r  

r e n t s ,   w h a t   f o r c e s  -   in   o r d e r   to  s e c u r e   t h e   e l e c -  

t r i c a l   b a l a n c e   o f   t h e   p o t  -   to   u t i l i z e   c o n d u c t o r s  

w i t h   d i f f e r e n t   c r o s s   s e c t i o n s .  

B e s i d e s ,   t he   c a l c u l a t i o n   of   t h e s e   s e c t i o n s ,   due  t o  

the   p r e s e n c e   o f   p a r a s i t e   c o n t a c t   r e s i s t a n c e s   o f  

v a r i o u s   t y p e s   i n   t h e   c i r c u i t s ,   i s   o f t e n   a f f e c t e d   b y  

e r r o r s   w h i c h   i n v o l v e   n o n - h o m o g e n e i t y   in   t he   o u t p u t  

of   c u r r e n t   f r o m   t h e   p o t ,   e s p e c i a l l y   b e t w e e n   u p s t r e a m  

and  d o w n s t r e a m .  

The  u t i l i z a t i o n   o f   t he   a b o v e s a i d   u n i f o r m   c r o s s -  

s e c t i o n ,   e x t e n s i b l e ,   on  t he   b a s i s   of  w h a t   i l l u s -  

t r a t e d   a t   p o i n t s   f ) ,   g ) ,   n)  and  o)  h e r e i n a b o v e ,  a l s o  

to  t h e   s e p a r a t e   b u s   b a r s   f r o m   and  to  t h e   r e c t i f i e r  

s t a t i o n ,   i n v o l v e s   u n d e n i a b l e   t e c h n i c a l   a d v a n t a g e s  

and  e c o n o m i c a l   s a v i n g   as  r e g a r d s   d e s i g n ,   a s s e m b l y  

and  m a i n t e n a n c e .  

I I )   The  w o r k i n g   f l o o r   o f   t h e   p o t s   i s   l e f t   f u l l y  

f r e e  -   in   a l l   o f   t h e   a l t e r n a t i v e s  -   w i t h   t h e   e x c e p -  

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

T h i s   r e s u l t s   i n   a d v a n t a g e s   and  s i m p l i f i c a t i o n s   w i t h  

r e g a r d   to  t he   o p e r a t i o n   of  t h e   m e c h a n i c a l   e q u i p m e n t s  

a r o u n d   t h e   p o t s .  

I I I )   The  o r d e r e d   and  s i m p l e   g e o m e t r i c a l   a r r a n g e m -  



e n t   of   t he   c o n d u c t o r s   r e s u l t s   in   a  s i m p l i f i c a t i o n  

of  t he   b a r   s y s t e m   a s s e m b l y   and  d i s a s s e m b l y   o p e r -  

a t i o n s ,   as  w e l l   as   in   a  u n i f o r m i t y   and  h o m o g e n e i t y  

of  a c c e s s   to  t h e   o u t e r   w a l l s   of   the   i r o n  p o t - s h e l l   u n d e r  

o p e r a t i v e   c o n d i t i o n s   ( f o r   e x a m p l e ,   f o r   a c c o m p l i s h i n g  

m e a s u r e m e n t s   and  c h e c k s ) .  

IV)  The  p r e s e n c e   of   o n l y   one  d i r e c t   c o n n e c t i o n  

b e t w e e n   t h e   m e d i a n   p l a n e s   yz  of   two  s u c c e e d i n g   p o t s   f a -  

c i l i t a t e s   t he   b y - p a s s   o p e r a t i o n   of   one  o r   more  p o t s  

which   n e e d   to  be  s e p a r a t e d   f rom  t he   r e m a i n i n g   p o t s  

in   t he   s e r i e s   (a  c o m p a r i s o n   s h o u l d   be  made  w i t h   t h e  

more  c o m p l e x   s i t u a t i o n   e x i s t i n g   in  t h e   c a s e   of  t h e  

known  a r r a n g e m e n t s   of   f i g u r e s   2  and  1 3 ) .  

V)  The  c o n d u c t o r   a r r a n g e m e n t   a d o p t e d   r e d u c e s  

to  t he   e s s e n t i a l   t h e   p o r t i o n s   o f   o u t e r   c o n d u c t o r s  

w h i c h   a r e   u n s h i e l d e d ,   f rom  a  m a g n e t i c   p o i n t   of   v i e w ,  

by  t he   s t e e l   x h e l l   of  t h e   p o t .  

F u r t h e r m o r e   i t   s h o u l d   be  n o t e d   t h a t   a  b e n e -  

f i c i a l   and  s y m m e t r i c a l   s h i e l d i n g   a c t i o n   i s   e x e r t e d  

by  t he   i r o n   s t r u c t u r e s   e m p l o y e d   f o r   t he   c o n t a i n -  

ment   and  s u p p o r t   o f   t he   p o t - s h e l l   on  t h e   c o n d u c t o r s , i f  

any,   p l a c e d   u n d e r n e a t h   t h e   b o t t o m   of   t h e   p o t .  

VI)  The  d o u b l e   g e o m e t r i c a l   and  s t r u c t u r a l   s y m m e t r y  

of  t h e  s t e e l  s h e l l   and  of   t he   t o t a l i t y   o f   c o n d u c t o r s  

s e c u r e s ,   f i n a l l y ,   a  d o u b l e   s y m m e t r y   o f   t h e   s t e e l  

s h e l l   s h i e l d i n g   a c t i o n .  

V I l )   The  s y m m e t r i c a l   d i s t r i b u t i o n   of   t h e   " r e s i d -  

u a l "   c o n d u c t o r s   ( i . e .   t h e   o n e s   w h i c h   d e t e r m i n e   a  

non  i d e n t i c a l l y   n u l l   f i e l d )   w i t h   r e s p e c t   to  the   t w o  

m e d i a n   v e r t i c a l   p l a n e s   ( t h e r e f o r e ,   a  " d o u b l y   s y m -  

m e t r i c a l "   d i s t r i b u t i o n )   c a u s e s   in   t he   b a t h   and  i n  



t h e   m e t a l   " d o u b l y "   and  t o t a l l y   s y m m e t r i c a l   d i s t r i b -  

u t i o n s   of   t he   m a g n e t i c   i n d u c t i o n   f i e l d  B  a n d   of   t h e '  
@  

m a g n e t i c   f o r c e s   f i e l d   F,  w h a t   g e n e r a l l y   i n v o l v e s   a  

u n i f o r m   o p e r a t i o n   of  t h e   p o t   in   t h e   f o u r   p o r t i o n s  

w h e r e i n t o   i t   may  be  i m a g i n a r i l y   s u p p o s e d   to  be  d i v i d -  

ed  by  t h e   a b o v e s a i d   m e d i a n   v e r t i c a l   p l a n e s ,   t he   u n -  

b a l a n c e s   b e t w e e n   u p s t r e a m   and  d o w n s t r e a m   and  b e t w e e n  

r i g h t   s i d e   and  l e f t   s i d e   ( w i t h   r e s p e c t   to  the   g e n e r -  

al  d i r e c t i o n   of  t h e   c u r r e n t   f l o w   in   the   s e r i e s )   h a v -  

i n g   b e e n   e l i m i n a t e d .  

V I I I )   The  " d o u b l y "   s y m m e t r i c a l   d i s t r i b u t i o n   of   t h e  

m a g n e t i c   f o r c e s   i n   t h e   p o t   l e a d s   to  a  " d o u b l y "   s y m -  

m e t r i c a l   d i s t r i b u t i o n   o f   t h e   h o r i z o n t a l   v e l o c i t y  

f i e l d   in   t he   b a t h   and  in   t h e   m e t a l ,   w i t h - c o n s e q u e n t :  

-  e l i m i n a t i o n   of   t h e   e x t e n d e d   a s y m m e t r i c a l   h o r i z o n t  

al  v o r t e x e s   t y p i c a l   of  t h e   p o t s   w i t h   c o n v e n t i o n a l l y  

a r r a n g e d   c o n d u c t o r s ;  

-  g e n e r a l i z e d   r e d u c t i o n   o f   t he   v e l o c i t i e s   in   t h e  

m e t a l ;  

-  r e d u c t i o n   of   t he   w a v e s   a m p l i t u d e   a t   t he   b a t h -  

- m e t a l   i n t e r f a c e .  

T h u s ,   w h i l e   e l i m i n a t i n g ,   on  one   s i d e ,   b o t h   e r o s i o n  

and  d a m a g e s   of  t he   s i d e   l i n i n g s  ,   i t   b e c o m e s  

p o s s i b l e ,   on  t h e   o t h e r   s i d e ,  -   by  l o w e r i n g   the   a n o d e -  

- c a t h o d e   d i s t a n c e  -   to  r e d u c e   t h e   p o w e r   d i s s i p a t i o n  

in  t h e   b a t h   due  to  t he   J o u l e   e f f e c t   ( and   t h e r e f o r e  

t h e   o h m i c   d r o p   of  t h e   p o t ) ,   s t i l l   s i m u l t a n e o u s l y   i m -  

p r o v i n g   the   c u r r e n t   e f f i c i e n c y .  

IX)  T h e r e   i s   o b t a i n e d   a  s u b s t a n t i a l   a b s e n c e   of  a b n o r  

mal  b e h a v i o u r s   in  the   p o t s   p l a c e d   a t   the   b e g i n n i n g  



and  a t   t h e   end  of   t h e   s e r i e s  -   as  i s   f o u n d   in   t h e  

known  c o n v e n t i o n a l   p l a n t s  -   b e c a u s e   t h e   m a g n e t i c   e f -  

f e c t s   i n d u c e d   by  e a c h   p o t   in   t h e   a d j o i n i n g   o n e s   a r e  

e x t r e m e l y   r e d u c e d .  

T h i s   f a c t   p e r m i t s   a l s o   to  a v o i d   known  e x t e n s i o n s  

( f o r   m a g n e t i c   c o m p e n s a t i o n )   o f   t h e   bus   b a r s   c o n n e c t e d  

to  t h e   t e r m i n a l   p o t s   of   t he   r o w s .  

X)  In  t h e   s i d e - b y - s i d e   p o t s ,   t h e   c o n d u c t o r  

a r r a n g e m e n t s , a s   p r e v i o u s l y   d e s c r i b e d   and  i l l u s t r a t -  

ed  in   f i g u r e s   4  t h r o u g h   11,  c a u s e   a  c o n s i d e r a b l e  

r e d u c t i o n ,   in   a l l   t he   a r e a   of   t h e   m o l t e n   m e t a l ,   o f  

t h e   d e t r i m e n t a l   p o r t i o n   of   t h e   l o n g i t u d i n a l   c o m p o n -  

e n t   of   t he   m a g n e t i c   f o r c e  ,   s u c h   d e t r i m e n t a l  

p o r t i o n   b e i n g   e x p r e s s e d   by  - J  B  ,   w h e r e   J  i s   t h e  
x  z   @  

t r a n s v e r s a l   c o m p o n e n t   o f   c u r r e n t   d e n s i t y   J  and  B 
@  

i s   t h e   v e r t i c a l   c o m p o n e n t   o f   m a g n e t i c   i n d u c t i o n   B .  

Such  r e d u c t i o n   h a s   a  c o n s i d e r a b l e   p r a c t i c a l   a d v a n t -  

age  as   i t   p e r m i t s   to  t h e   p o t   to  o p e r a t e   - w i t h o u t   a n y  

h a r m f u l   e f f e c t s  -   w i t h   a  t r a n s v e r s a l   h o r i z o n t a l   c o m -  

p o n e n t   Jx   o f   t h e   c u r r e n t   by  f a r   h i g h e r   t h a n   t h e   o n e  

e x i s t i n g   i n   t h e   c o n v e n t i o n a l   p o t s .   T h i s   p e r m i t s   t o  

s e n s i b l y   r e d u c e   t h e   h e i g h t   of   l i q u i d   m e t a l   d e p o s i t  

in   t h e   p o t ,   w i t h   c o n s e q u e n t   s a v i n g   in   t h e   d e f e r r e d  

c o s t s   f o r   t h e   m e t a l .  

X I )   In   t h e   e n d - t o - e n d   p o t s ,   t h e   s i d e - b y - s i d e   a r -  

r a n g e m e n t   o f   c o n d u c t o r s   in   c o u n t e r c u r r e n t   a l l  t h r o u g h  

t h e   bus   b a r   s y s t e m  -   f rom  t he   p o i n t s   c o l l e c t i n g   t h e  

c a t h o d e   o u t p u t s   in  c o r r e s p o n d e n c e   of   t he   c e n t e r s   of  t h e  

l o n g   s i d e s   of  the   u p s t r e a m   p o t   up  to  t he   h o m o l o g o u s  

p o i n t s   on  t he   l o n g   s i d e s   of  t he   d o w n s t r e a m   p o t   - s e c u  



r e s   t he   t o t a l   e l i m i n a t i o n   of  t he   m a g n e t i c   e f f e c t s   c a u  

s e d   by  s a i d   c o n d u c t o r s . I n   o t h e r   w o r d s , t h e   " r e s i d u a l "  

m a g n e t i c   f i e l d   ( i . e . :   non  i d e n t i c a l l y   n u l l   f i e l d )  

is   o n l y   t h e   one  g e n e r a t e d   by  o u t e r   p o r t i o n s   of  c a t h o d e  

by  the   b a r s ,   r u n n i n g   a l o n g   the   p o t   l o n g   s i d e s ,   b y  

t h e   r i s e r s ,   by  the   anode   bus   b a r   and  b y  

t h e   c o n d u c t o r s   i n s i d e   t he   p o t ;   a l l   t h e   a b o v e s a i d  

c o n d u c t o r s   b e i n g   s y m m e t r i c a l l y   a r r a n g e d   w i t h   r e s -  

p e c t   to   b o t h   m e d i a n   v e r t i c a l   p l a n e s .  

I t   s h o u l d   be  p o i n t e d   o u t ,   in   p a r t i c u l a r ,   t h a t  

t h e r e   i s   e l i m i n a t e d   t h e   m a g n e t i c   f i e l d   g e n e r a t e d  

( i n   t h e   c o n v e n t i o n a l   p l a n t s )   by  t h e   c u r r e n t s   p a r a l -  

l e l   to  y,  c a r r i e d   by  the   c o n d u c t o r s   a r r a n g e d   i n   t h e  

c o r r i d o r s   b e t w e e n   one  po t   and  t he   s u c c e e d i n g   o n e ,  

s u c h   c u r r e n t s  -   as  i s   k n o w n  -   c a u s i n g   v e r y   h i g h  

v a l u e s   of   t h e   v e r t i c a l   m a g n e t i c   f i e l d   a t   t h e   h e a d s  

of   t he   p o t s .  

I t   s h o u l d   be  a l s o   n o t e d   in  p a r t i c u l a r   t h a t ,   a s  

t he   a n o d e   r i s e r s   a r e   p l a c e d   in  c o r r e s p o n d e n c e   of  t h e  

m i d d l e   p o i n t s   of  t he   p o t   l o n g   s i d e s ,   t h e r e   i s   a  

l o w e r i n g  -   w i t h   r e s p e c t   to  t he   known  a r r a n g e m e n t s  -   o f  

t h e   t r a n s v e r s a l   c o m p o n e n t   By  of  t h e   m a g n e t i c   f i e l d ,  

w h i c h   i s   r e s p o n s i b l e   f o r   t he   d e t r i m e n t a l   l o n g i t u d i n -  

al  f o r c e s ,   a g a i n s t   a  r i s i n g   of   t h e   l o n g i t u d i n a l   c o m p o n  

e n t   B x , r e s p o n s i b l e   f o r   t he   l e s s   h a r m f u l   t r a n s v e r s a l  

f o r c e s .  

X I I  )   In  t h e   e n d - t o - e n d   p o t s ,   t he   c o n d u c t o r s   a r -  

r a n g e m e n t s ( a s   p r e v i o u s l y   d e s c r i b e d   and  i l l u s t r a t e d  

in   f i g u r e s   15  t h r o u g h   18)  i n v o l v e   t h e   p r a c t i c a l   e l -  

i m i n a t i o n  -   in   t h e   f l u i d   a r e a s   of  m e t a l   and  of  b a t h  -  



of   t h e   h a r m f u l   t o t a l   l o n g i t u d i n a l   c o m p o n e n t   of   t h e  

m a g n e t i c   f o r c e ,   e x p r e s s e d   now  b y  F x   =  J  B  -   J z B y ,  

s u c h   p r a c t i c a l   e l i m i n a t i o n   b e i n g   due  to  t h e   s i m u l t -  

a n e o u s   s e n s i b l e   r e d u c t i o n   of   t he   v a l u e s   of   B  a n d  

B  .  
z  

In   p a r t i c u l a r ,  i n   t h e   w h o l e   a r e a   of   m o l t e n   m e t a l ,   a n  

a l m o s t   t o t a l   e l i m i n a t i o n   of   t e r m   J y B z  i s   o b t a i n e d ,  

s u c h   t e r m   r e p r e s e n t i n g   t h e   p r o d u c t   o f   t h e   t r a n s v e r s -  

al   c o m p o n e n t   of   t h e   c u r r e n t   by  t he   v e r t i c a l   c o m p o n -  

e n t   o f   t h e   m a g n e t i c   f i e l d .   S a i d   e l i m i n a t i o n   of  Jy  Bz 

p e r m i t s   t h e   p o t   to  o p e r a t e   - w i t h o u t   d e t r i m e n t a l   e f -  

f e c t s -   w i t h   a  t r a n s v e r s a l   c o m p o n e n t   of   t h e   c u r r e n t  

J  m u c h   h i g h e r   t h a n   the   one  e x i s t i n g   in   t h e   k n o w n  

c o n v e n t i o n a l   p o t s . T h i s  e n t a i l s   t he   p o s s i b i l i t y   o f   r e  

m a r k a b l y   r e d u c i n g   t he   l i q u i d   m e t a l   d e p o s i t   i n s i d e   t h e  

p o t  ,   w i t h   a  c o n s e q u e n t   a p p r e c i a b l e   s a v i n g   in  t h e  

d e f e r r e d   c o s t s   f o r   t he   m e t a l .  

X I I I )   In  t h e   p l a n t s   w i t h   p o t s   a r r a n g e d   e n d - t o - e n d  

-  w h e r e   t h e   c o m p e n s a t i o n   of  t h e  c u r r e n t   c a r r i e d   b y  

t h e   c a t h o d e   bus   b a r   s y s t e m   i s   in  any   c a s e   t o t a l -   i t   i s  

n o t   n e c e s s a r y   to  c a r r y   t he   c u r r e n t   on  a  " l o w e r   p l a n e " ,  

as  i t   i s   p o s s i b l e   to  e l i m i n a t e   ( f i g .   18)  t h e   c o n d u c t -  

o r   s e c t i o n s   a,  b,  a ' ,   b '   in  o r d e r   to  p l a c e   t he   s e c t i o n s  

c,  d  ( a n d   c o n s e q u e n t l y   t he   r e v e r s e   c o n d u c t o r s   m,  n  of  t h e  

s e r i e s )   a l l   a t   t he   l e v e l   of  t he   c a t h o d e   o u t p u t s   p l a n e ,  

so  as  to  p r o v i d e   a  v a r i a n t   of   the   c o n d u c t o r s '   a r r a n g -  

e m e n t   as  p e r   f i g .   17,  r e f e r r e d   to  as  " p l a n e   s y m m e t r i c -  

al   a r r a n g e m e n t " .   ( S u c h   a r r a n g e m e n t ,   or   s c h e m e ,   i s   r e -  

p r e s e n t e d   once   a g a i n   by  f i g .   17,  p r o v i d e d   a l s o   t h e  

c o n d u c t o r s   i n d i c a t e d  i n   d a s h e d   l i n e s   a r e   i m a g i n e d   to  b e  



p o s i t i o n e d   on  t he   p l a n e   of   t he   c a t h o d e   o u t p u t s ) .  

Such  v a r i a n t   r e s u l t s  -   f o r   s a i d   l o n g i t u d i n a l l y   a r -  

r a n g e d   p l a n t s  -   to  be  t h e   m o s t   a d v a n t a g e o u s   f rom  t h e  

p o i n t   of   v i e w   of   t h e   u se   and  c o n s e q u e n t   r e q u i r e m e n t  

of  a l u m i n i u m   c o n d u c t o r   b a r s , b e c a u s e   in  s a i d   v a r i a n t   s u c h  

c o n d u c t o r   b a r s   a r e   r e d u c e d   to  t he   a b s o l u t e l y   e s s e n t i a l .  

The  p r e s e n t   i n v e n t i o n ,   w h i c h   i s   m a i n l y   and  p r e -  

d o m i n a n t l y   d e v i c e d   f o r   p l a n t s   e q u i p p e d   w i t h   s i n  

g le   r e v e r s e   c o n d u c t o r s   s y m m e t r i c a l l y   a r r a n g e d   s i d e -  

- b y - s i d e   to  f e e d i n g   c o n d u c t o r s ,   can  be  a d v a n t a g e o u s -  

l y   a p p l i e d   a l s o   to  p l a n t s   i n   w h i c h   t he   p o t l i n e ,   a r -  

r a n g e d  o n   two  or   more   p a r a l l e l   rows   ( f i g u r e s   1  a n d  

1 2 ) d o e s   n o t   h a v e , a c c o r d i n g   to  t he   c o n v e n t i o n a l   s c h e m e s  

s a i d   r e v e r s e   c o n d u c t o r s   a r r a n g e d   in   c o u n t e r c u r r e n t .  

In  s u c h   c a s e ,   h o w e v e r ,   t h e   b e n e f i t s   i n d u c e d   by  t h e  

s y m m e t r i c a l   a r r a n g e m e n t   of   t he   c a t h o d e   bus   b a r s  

a r o u n d   a  s i n g l e   p o t   a r e   a t t e n u a t e d   due  to  the   p e r -  

m a n e n c e   of   a s y m m e t r i e s   in   t he   m a g n e t i c   f i e l d ,   and  b y  

c o n s e q u e n c e   in   t he   f i e l d   of   f o r c e s ,   w i t h   r e s p e c t   t o  

the  m e d i a n   v e r t i c a l   p l a n e s   of   t h e   p o t .  

For   s a i d   c a s e ,   t he   a s y m m e t r y   w i t h   r e s p e c t   to  p l a n e   x z  

c a u s e d   by  t h e   " a d j o i n i n g   row"  ( t h i s   b e i n g   a  k n o w n  

p r o b l e m   common  to  a l l   t h e   n o r m a l   b i - r o w   or   m u l t i - r o w  

p l a n t s )   c a n . b e   c o r r e c t e d  -   as  i s   k n o w n  -   by  s e p a r -  

a t e   c o m p e n s a t i o n   c i r c u i t s   ( a s   i s   d i s c l o s e d ,   f o r   e x -  

a m p l e ,   in   U . S .   p a t e n t   3 , 6 1 6 , 3 1 7 ) .  

As  r e g a r d s   t he   a s y m m e t r y   w i t h   r e s p e c t   to  p l a n e   y z  

c a u s e d   by  t h e   c u r r e n t   f l o w i n g   in  the   c o n d u c t o r s   c o n -  

n e c t i n g   the   m e d i a n   p l a n e s   of   a d j o i n i n g   p o t s   p e r p e n d -  

i c u l a r   to  t h e   g e n e r a l   d i r e c t i o n   of  t h e   c u r r e n t   in  t h e  



s e r i e s ,   i t   i s   to   be  p o i n t e d   o u t ,   h o w e v e r ,   t h a t ,   d u e  

to  t h e   f a c t   t h a t   s a i d   c o n d u c t o r s   a r e   e q u i v a l e n t   to  . 

two  u n i q u e   c o n d u c t o r s   in   w h i c h   c o s t a n t   c u r r e n t   1 / 2  

f l o w s   a l o n g   a l l   t h e   l e n g t h   of   t h e   s e r i e s ,   t h e i r   e f -  

f e c t   i s   s y s t e m a t i c   and  u n i f o r m .   In  o t h e r   w o r d s ,   t h e  

m a g n e t i c   f i e l d   g e n e r a t e d   by  s u c h   c o n d u c t o r s   i s   c o n s -  

t a n t   a l o n g   a  s t r a i g h t   l i n e   p a r a l l e l   to  a x i s   x,  w h e r e -  

f o r e   t h e  e f f e c t s   o f   g r e a t e r   u n b a l a n c e   of   t he   m a g n e t i c  

f i e l d   b e t w e e n   u p s t r e a m   and  d o w n s t r e a m   e x i s t i n g  

in  t h e   known  c o n v e n t i o n a l   a r r a n g e m e n t s   (  f o r  

e x a m p l e   t he   o n e s   o f   f i g u r e s   2  and  13)  a re   e l i m i n a t e d .  

A d d i t i o n a l l y ,   t he   o p t i o n a l   p o s i t i o n i n g   of   t h e  

a f o r e s a i d   c o n d u c t o r s   u n d e r n e a t h   t h e   p o t   b o t t o m   ( o n  

t h e " l o w e r   p l a n e " )   e n s u r e s   i n   any   c a s e  -   as  c o m p a r e d  

w i t h   t h e   c o n v e n t i o n a l   known  p l a n t s  -   a  s e n s i b l e   r e d u c -  

t i o n   of   the   v e r t i c a l   m a g n e t i c   f i e l d .  

F i n a l l y ,   i t   i s   to  be  n o t e d   t h a t   the   s y m m e t r i c a l   a r -  

r a n g e m e n t   of   t h e   c o n d u c t o r s   a c c o r d i n g   to  t he   p r e s e n t  

i n v e n t i o n   a l w a y s   p r o v i d e s   t h e   a d v a n t a g e s   i n d i c a t e d   a t  

p o i n t s   I )   t h r o u g h   V)  h e r e i n a b o v e   a l s o   in   t h e   c a s e   o f  

p l a n t s   in   w h i c h   t h e   p o t l i n e   i s   a r r a n g e d   on  two  or   m o r e  

rows  and   t h e   c i r c u i t   d o e s   n o t   h a v e   s i n g l e   r e v e r s e   c o n d  

u c t o r s   a r r a n g e d   s i d e - b y - s i d e   s y m m e t r i c a l l y   to  t h e   f e e d  

i n g   c o n d u c t o r s .  

The  i n v e n t i o n ,   as  i s   d e s c r i b e d   and  i l l u s t r a t e d  

h e r e i n b e f o r e   and  c l a i m e d   h e r e i n b e l o w ,   may  be  m o d i f i e d  

w i t h   t e c h n i c a l l y   e q u i v a l e n t   e l e m e n t s ,   b u t   a l l   i n c l u d e d  

in  t h e   s c o p e   of   the   i n v e n t i v e   c o n c e p t   of  t he   i n v e n t i o n .  

In  p a r t i c u l a r ,   e a c h   s i n g l e   c o n d u c t o r   may  be  s p l i t t e d  

i n t o   two  c o n d u c t o r s ,   e a c h   of   w h i c h   h a v i n g   a  c r o s s - s e c -  



t i o n   e q u a l   to  h a l f   of   s a i d   s i n g l e   c o n d u c t o r .  



1.  A  m e t h o d   f o r   t h e   e l e c t r i c   c u r r e n t   s u p p l y   t o  

p o t s   f o r   t h e   e l e c t r o l y t i c   p r o d u c t i o n   o f   m e t a l s ,   p a r t -  

i c u l a r l y   a l u m i n i u m ,   a r r a n g e d   in   s i d e - b y - s i d e   or   e n d -  

- t o - e n d   r e l a t i o n s h i p   and  c o n n e c t e d   in   s e r i e s   on  one  o r  

more  r o w s ,   c a p a b l e   of   m i n i m i z i n g   t he   m a g n e t i c   e f f e c t s  

in   s a i d   p o t s ,   c h a r a c t e r i z e d   in   t h a t   i t   c o m p r i s e s   c a r -  

r y i n g   m o s t   of   t he   c u r r e n t   in   t he   c i r c u i t   o f   s a i d   p o t  

s e r i e s   by  m e a n s   o f   c o n d u c t o r s   a l l   h a v i n g   t h e   s a m e  

c r o s s - s e c t i o n   and  b e i n g   a l w a y s   c o m b i n e d , i n   t he   s i n g l e  

c i r c u i t   s e c t i o n s ,   in   c o u p l e s   o f   e q u a l   l e n g t h ,   a l l   s a i d  

c o u p l e s   o f   c o n d u c t o r s   b e i n g   f u r t h e r m o r e   s y m m e t r i c a l l y  

p o s i t i o n e d   w i t h   r e s p e c t   to  t h e   m e d i a n   v e r t i c a l   l o n g i t -  

u d i n a l   a n d / o r   t r a n s v e r s a l   p l a n e   o f   t h e   s i n g l e   p o t s   i n  

t h e   s e r i e s .  

2.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   i n  

t h a t   t h e   c u r r e n t   c a r r i e d   by  t h e   r e v e r s e   c o n d u c t o r s   o f  

the   s e r i e s ,   w h i c h   f o l l o w s   a  p a t h   p a r a l l e l   to  b u t  

d i r e c t e d   in   o p p o s i t e   d i r e c t i o n   w i t h   r e s p e c t   to  t he   g e n  

e r a l   d i r e c t i o n   of   t h e   c u r r e n t   in   t he   s e r i e s ,   i s   d i s -  

t r i b u t e d   in   e q u a l   p o r t i o n s   on  c o u p l e s   of   c o n d u c t o r s   o f  

e q u a l   l e n g t h ,   s a i d   c o n d u c t o r s   b e i n g   s y m m e t r i c a l l y   a r -  

r a n g e d   w i t h   r e s p e c t   to  t h e   v e r t i c a l   m e d i a n   p l a n e   p a r a l  

l e l   to  t h e   g e n e r a l   d i r e c t i o n   o f   t he   c u r r e n t   in  t h e  

s e r i e s   and  b e i n g   p l a c e d  e x t e r n a l l y   and  c l o s e   to  the   c o r  

r e s p o n d i n g   c o u p l e s   of   f e e d i n g   c a n d u c t o r s , f u r t h e r m o r e  

the   c r o s s - s e c t i o n   of  s a i d   r e v e r s e   c o n d u c t o r s   b e e i n g  



a l w a y s   t h e   same  and  e q u a l   to  t he   c r o s s - s e c t i o n   of   t h e  

f e e d i n g   c o n d u c t o r s , i n c l u d i n g   t h o s e   w h i c h   f e e d   t he   c u r  

r e n t   to  t h e   f i r s t   p o t   in  s a i d   s e r i e s .  

3.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1,  in  w h i c h   t h e   p o t s  

a re   a r r a n g e d   s i d e - b y - s i d e ,   c h a r a c t e r i z e d   in   t h a t :  

-  t h e   t o t a l   c a t h o d e   o u t p u t   c u r r e n t   of   e a c h   s i n g l e  

p o t   i n   t h e   s e r i e s   i s   s y m m e t r i c a l l y   a s s e m b l e d   i n  

f o u r   e q u a l   p o r t i o n s   a l o n g   the   f o u r   h a l f   l o n g   s i d e s   o f  

s a i d   p o t   and  i s   c o n v e y e d  -   by  m e a n s   of   c a t h o d e  

bus  b a r s  -   to  f o u r   p o i n t s   s y m m e t r i c a l l y   p o s i t i o n e d  

w i t h   r e s p e c t   to  b o t h   m e d i a n   v e r t i c a l   p l a n e s  -   l o n -  

g i t u d i n a l   and  t r a n s v e r s a l ,   r e s p e c t i v e l y  -   of  s a i d  

p o t ;   w h e r e a f t e r  

-  f r o m   s a i d   f o u r   p o i n t s ,   t h e   c u r r e n t   i s   c a r r i e d   d o w n -  

w a r d  -   by  m e a n s   of  f o u r   c o n d u c t o r s   o f   e q u a l   l e n g t h  

and  c r o s s - s e c t i o n ,   s y m m e t r i c a l l y   a r r a n g e d   w i t h   r e s -  

p e c t   to  b o t h   s a i d   m e d i a n   v e r t i c a l   p l a n e s  -   up  t o  

f o u r   p o i n t s   l y i n g   on  a  " l o w e r   p l a n e "   u n d e r l y i n g   a n d  

p a r a l l e l   to  t he   b o t t o m   of  s a i d   p o t ,   s a i d   f o u r   p o i n t s  

r e s u l t i n g   to  be  s y m m e t r i c a l l y   p o s i t i o n e d   w i t h   r e s p e c t  

to  t he   a b o v e s a i d   two  m e d i a n   v e r t i c a l   p l a n e s ;   w h e r e -  

a f t e r  

-  t h e   c u r r e n t   i s   c o n v e y e d  -   by  m e a n s   o f   two  c o u p l e s  

of   c o n d u c t o r s   of   e q u a l   l e n g t h   and  c r o s s - s e c t i o n   w h i c h  

f o l l o w   p r e f e r a b l y   h o r i z o n t a l   p a t h s   s y m m e t r i c a l l y   a r -  

r a n g e d   w i t h   r e s p e c t   to  t he   a f o r e s a i d   m e d i a n   v e r t i c a l  

p l a n e s  -   to  two  p o i n t s   in  t h e   m e d i a n   l o n g i t u d i n a l  

p l a n e ,   s u c h   p o i n t s   r e s u l t i n g   to  be  s y m m e t r i c a l l y   a r -  

r a n g e d   w i t h   r e s p e c t   to  t he   m e d i a n   t r a n s v e r s a l   p l a n e ,  

such   p o i n t s   b e i n g   f u r t h e r m o r e   o p t i o n a l l y   c o i n c i d e n t ;  



w h e r e a f t e r  

-  f r om  t h e   a b o v e s a i d   two  p o i n t s  -   by  m e a n s   o f   t w o  

c o u p l e s   of   s i d e - b y - s i d e   a r r a n g e d   c o n d u c t o r s   of   e q u a l  

l e n g t h   and  c r o s s - s e c t i o n ,   o p t i o n a l l y   c o m b i n e d   to  f o r m  

a  s i n g l e   s h e a f  -   t h e   c u r r e n t   i s   c a r r i e d ,   p a r a l l e l l y  

to  t he   g e n e r a l   d i r e c t i o n   of   t h e   c u r r e n t   in   t he   s e r i e s ,  

up  to  t he   l o n g i t u d i n a l   m e d i a n   p l a n e   of   t he   a d j o i n i n g  

d o w n s t r e a m   p o t ,   b e i n g   s a i d   p l a n e   i n t e r s e c t e d  

by  s a i d   c o n d u c t o r s   in   two  p o i n t s   s u b s t a n t i a l l y   h o m o -  

l o g o u s   to  t h e   a f o r e c i t e d   p r e c e d i n g   p o i n t s ;   and  f i n a l l y  

-  t h e  c u r r e n t   i s   c a r r i e d   u p w a r d  -   by  m e a n s   of   t w o  

c o u p l e s   of   s i d e - b y - s i d e   a r r a n g e d   c o n d u c t o r s   of  e q u a l  

l e n g t h   and  c r o s s - s e c t i o n   w h i c h   e x t e n d   s y m m e t r i c a l l y  

w i t h   r e s p e c t   to  t h e   m e d i a n   t r a n s v e r s a l   p l a n e   of   t h e  

a b o v e s a i d   d o w n s t r e a m   p o t  -   up  to  t he   l e v e l   of   t h e   a n o d e  

bus   b a r ,   in   o r d e r   to  a l l o w   t h e   s y m m e t r i c a l   s u p p l y   t o  

s a i d   bus   b a r  i n   c o r r e s p o n d e n c e   of  t he   m e d i a n   a r e a   o f  

the   h e a d s   of   s a i d   p o t .  

4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   3,  c h a r a c t e r i z e d   i n  

t h a t   t h e   c u r r e n t   c a r r i e d   by  t h e   c a t h o d e   bus  b a r s ,  

once   c o n v e y e d   t o   s a i d   f o u r   s y m m e t r i c a l   p o i n t s   o f   t h e  

l o n g   s i d e s   o f   e a c h   s i n g l e   p o t ,   i s   d i r e c t l y   c a r r i e d  -  

by  m e a n s   o f   f o u r   c o n d u c t o r s   of   e q u a l   l e n g t h   and  c r o s s -  

- s e c t i o n   w h i c h   f o l l o w   p r e v a i l i n g l y   h o r i z o n t a l   p a t h s  

o u t s i d e   t h e   o u t l i n e   o f   t h e   p o t ,   s a i d   p a t h s   b e i n g  

f u r t h e r m o r e   s y m m e t r i c a l   w i t h   r e s p e c t   to  t h e   two  m e -  

d i a n   v e r t i c a l   p l a n e s  -   to  two  p o i n t s   of   t he   m e d i a n  

l o n g i t u d i n a l   p l a n e ,   s a i d   two  p o i n t s   r e s u l t i n g   to  b e  

s y m m e t r i c a l l y   a r r a n g e d   w i t h   r e s p e c t   to  t he   m e d i a n  



t r a n s v e r s a l   p l a n e   and  p l a c e d   o u t s i d e   t he   h e a d s   of   s a i d  

p o t ,   and  s a i d   two  p o i n t s   b e l o n g i n g ,   f u r t h e r m o r e ,   to  t h e  

p l a n e   of  t he   c a t h o d e   o u t p u t s   o r   to  a  p l a n e   c l o s e   t h e r e -  

t o ,   in   o r d e r   to  p e r m i t   t he   p r e v a i l i n g   p a r t   o f   t he   c o n -  

d u c t o r s   c a r r y i n g   t h e   c a t h o d e   c u r r e n t   to  e x t e n d   on  a  

p l a n e   s u b s t a n t i a l l y   c o i n c i d e n t   w i t h   the   p l a n e   of  t h e  

c a t h o d e   o u t p u t s .  

5 .   A  m e t h o d   a c c o r d i n g   to  c l a i m   1  in   w h i c h   the   p o t s  

are  a r r a n g e d   e n d - t o - e n d ,   c h a r a c t e r i z e d   in   t h a t  :  

-  the   c u r r e n t   c a r r i e d   by  t h e   c a t h o d e   o u t p u t   b a r s   o f  

each   s i n g l e   p o t   in  t he   s e r i e s   i s   s y m m e t r i c a l l y   c o l l e c t e d  

on  the   f o u r   h a l f   l o n g   s i d e s   o f   t h e   p o t   and  i s   c a r r i e d ,  

by  means   of   f o u r   i d e n t i c a l   c a t h o d e   b u s   b a r s ,   to  t w o  

c o l l e c t i n g   p o i n t s   b e l o n g i n g   to  t he   t r a n s v e r s a l   m e -  

d i a n   p l a n e   and  s y m m e t r i c a l l y   p o s i t i o n e d   w i t h   r e s p e c t   t o  

the   m e d i a n   l o n g i t u d i n a l   p l a n e ;   w h e r e a f t e r  

-  the  c u r r e n t ,   f rom  the   two  a f o r e s a i d   c o l l e c t i n g  

p o i n t s ,   i s   c a r r i e d  -   by  m e a n s   of   a  c o u p l e   of  c o n d u c t o r s  

of  e q u a l   l e n g h t   and  c r o s s - s e c t i o n ,   w h i c h ,   on  the   m e -  

d i a n   t r a n s v e r s a l   p l a n e ,   a r e   s y m m e t r i c a l l y   a r r a n g e d   w i t h  

r e s p e c t   to  t he   l o n g i t u d i n a l   m e d i a n   p l a n e  -   up  to  t w o  

s y m m e t r i c a l   p o i n t s   of   t h e   m e d i a n   t r a n s v e r s a l   p l a n e ,  

o p t i o n a l l y   l y i n g   -on  a  " l o w e r   p l a n e "   u n d e r l y i n g   the   b o t  

tom  of  t he   p o t ,   s u c h   p o i n t s   b e i n g   f u r t h e r m o r e   o p t i o n a l -  

ly  c o i n c i d e n t ;   where   a f t e r  

-  f rom  t he   a f o r e s a i d   p o i n t s  -  b y   means   of   a  c o u p l e  

of   c o n d u c t o r s   of  e q u a l   l e n g t h   and  c r o s s - s e c t i o n ,   o p -  

t i o n a l l y   a r r a n g e d   s i d e - b y - s i d e  -   t he   c u r r e n t   i s   c a r r i e d ,  

p a r a l l e l l y   to  t he   g e n e r a l   d i r e c t i o n   of  the  c u r r e n t   i n  

the   s e r i e s ,   up  to  t he   m e d i a n   t r a n s v e r s a l   p l a n e   of  t h e  



a d j o i n i n g   p o t   in   d o w n s t r e a m   p o s i t i o n , b e i n g   t h i s   p l a n e  

i n t e r s e c t e d   by  s a i d   c o n d u c t o r s   in   two  p o i n t s   s u b s t a n -  

t i a l l y   h o m o l o g o u s   to  t he   p r e c e d i n g   p o i n t s ;   w h e r e a f t e r  

-  t h e   c u r r e n t   i s   c a r r i e d  -   by  m e a n s   o f   a  c o u p l e   o f  

c o n d u c t o r s   o f   e q u a l   l e n g t h   and  c r o s s - s e c t i o n   w h i c h ,   o n  

the   t r a n s v e r s a l   p l a n e   of   t h e   d o w n s t r e a m   p o t , a r e   p a r a l -  

l e l l y   a r r a n g e d   to  t h e   a b o v e s a i d   c o n d u c t o r s   on  t h e   t r a n s -  

v e r s a l   p l a n e   o f   t h e   p r e c e d i n g   u p s t r e a m   p o t   ( and   t h e r e -  

f o r e   h a v e   t h e   same  l e n g t h   o f   t h e   l a t t e r   and  a r e   e q u a l -  

l y   s y m m e t r i c a l l y   a r r a n g e d   w i t h   r e s p e c t   to  t he   m e d i a n  

l o n g i t u d i n a l   p l a n e )  -   up  to  two  p o i n t s   o f   t he   l o n g  

s i d e s   of   s a i d   d o w n s t r e a m   p o t ,   w h i c h   a r e   s u b s t a n t i a l l y  

h o m o l o g o u s   to   t h e   two  a b o v e - m e n t i o n e d   c o l l e c t i n g   p o -  

i n t s   of   t h e   u p s t r e a m   p o t ;   f i n a l l y  

-  t h e   c u r r e n t   i s   c a r r i e d   u p w a r d  -   by  means   o f  

two  c o n d u c t o r s   o f   e q u a l   l e n g t h   and  c r o s s - s e c t i o n   w h i c h ,  

on  the  m e d i a n   t r a n s v e r s a l   p l a n e ,   a re   s y m m e t r i c a l l y   a r -  

r a n g e d   w i t h   r e s p e c t   to  t he   l o n g i t u d i n a l   m e d i a n   p l a n e  -  

up  to  t h e   a n o d e   b u s   b a r   of   s a i d   d o w n s t r e a m   p o t  i n   c o r  

r e s p o n d e n c e   o f   t h e   m e d i a n   a r e a s   of  t he   l o n g   s i d e s .  

6.  A  m e t h o d   a c c o r d i n g   to   c l a i m   5,  c h a r a c t e r i z e d   i n  

t h a t   t he   c u r r e n t   c a r r i e d   by  t h e   o u t p u t   c a t h o d e   b a r s  

once  c o n v e y e d   by  m e a n s   of   t h e   c a t h o d e   bus   b a r s  

to  s a i d   two  s y m m e t r i c a l   p o i n t s   a t   t he   h a l f   s i d e s   o f  

each   s i n g l e   p o t ,   i s   d i r e c t l y   c a r r i e d  -   by  m e a n s   o f   t w o  

c o n d u c t o r s   o f   e q u a l   l e n g t h   a n d  c r o s s - s e c t i o n ,   p a r a l l e l  

w i t h   t he   g e n e r a l   d i r e c t i o n   o f   t he   c u r r e n t   in   the   s e r i e s  

and  s y m m e t r i c a l l y   a r r a n g e d   w i t h   r e s p e c t   to  the   m e d i a n  

l o n g i t u d i n a l   p l a n e  -   to  t he   two  h o m o l o g o u s   p o i n t s   o f  



the   t r a n s v e r s a l   p l a n e   of  t h e   a d j o i n i n g   d o w n s t r e a m   p o t ,  

in  o r d e r   to  p e r m i t   the   p r e v a i l i n g   p a r t   o f   t h e   c o n d u c t -  

o r s   c a r r y i n g   t h e   c a t h o d e   c u r r e n t   to  e x t e n d   on  a  p l a n e  

s u b s t a n t i a l l y   c o i n c i d e n t   w i t h   t h e   p l a n e   of   t h e   c a t h o d e  

o u t p u t s .  

7.  An  a p p a r a t u s   f o r   t he   e l e c t r i c   c u r r e n t   s u p p l y  

of  p o t s   f o r   t h e   e l e c t r o l y t i c   p r o d u c t i o n   o f   m e t a l s , p a r t -  

i c u l a r l y   a l u m i n i u m ,   a c c o r d i n g   to  t he   m e t h o d   as  c l a i m e d  

in  any  of   t h e   p r e c e d i n g   c l a i m s ,   c h a r a c t e r i z e d   in  t h a t  

i t   c o n s i s t s   of   c o n d u c t o r s   a l l   of  e q u a l   c r o s s - s e c t i o n  

and  a l w a y s   c o m b i n e d ,   in  the   s i n g l e   s e c t i o n s   of  the   c i r  

c u i t ,   in  c o u p l e s   of  e q u a l   l e n g h t ,   a l l   s a i d   c o n d u c t o r s  

b e i n g   f u r t h e r m o r e   d i v i d e d   i n t o   c o u p l e s   p o s i t i o n e d   a l -  

ways  s y m m e t r i c a l l y  w i t h   r e s p e c t   to  t h e   m e d i a n   l o n g i t u d -  

i n a l   a n d / o r   t r a n s v e r s a l   v e r t i c a l   p l a n e   of  t h e ' s i n g l e  

p o t s   in  t he   s e r i e s ,   f u r t h e r m o r e ,   t he   r e v e r s e   c o n d u c t o r s  

to  t he   r e c t i f i e r   s t a t i o n  -   t h e y   too   d i v i d e d   i n t o   sym 

m e t r i c a l   c o u p l e s   o f  e q u a l   c r o s s - s e c t i o n   and  l e n g t h  

-  b e i n g   s i d e - t o - s i d e   a r r a n g e d   a l o n g   t h e   t o t a l   e x t e n  

s i o n   of  t h e   s e r i e s   to  t h e  f e e d i n g   c o n d u c t o r s   w h i c h   d i  

r e c t l y   c o n n e c t   e a c h   c o u p l e   of  s u c c e e d i n g   p o t s .  
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