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@)  Permanent  mould  with  insert  for  casting  mill  balls  and  other  crushing  elements. 

CI 

<0 
O) 
CM 

00  
Is* 

i n  

@  The  subject  of  this  invention  is  production  of  permanent 
metal  moulds  (1)  with  insert  (2)  of  the  gating  system  for  cast- 
ing  mill  balls  and  other  crushing  elements. 

The  known  method  for  mill  balls  casting  are  those  using 
moulds  of  sand-binder  mixture  which  moulds  can  serve  for  a 
single  use  only.  Disadvantage  of  such  moulds  is  in  their  low- 
er  heat  conductivity  which  affects  the  structure  and  proper- 
ties  of  produced  balls.  To  get  the  appropriate  quality  grade 
of  balls  it  is  necessary,  apart  from  the  high  content  of  alloying 
elements,  to  apply  very  complex  thermal  treatment.  Authors 
of  this  invention  have  solved  the  problem  in  such  a  way  that 
one  metal  mould  can  serve  for  repetitive  use  of  several 
thousand  times.  With  regard  to  thermo-physical  properties  of 
the  mould,  cooling  of  cast  balls  can  be  very  intensive  owing 
to  which  the  casting  process  gives  such  structure  and  other 
ball  properties  that  balls  of  high  quality  can  be  produced 
even  from  materials  having  a  lower  content  of  alloying  ele- 
ments.  The  problem  of  ball  rising  is  solved  by  introducing  an 
insert  made  from  sand-binder  mixture  in  which  way  the  issue 
of  controlled  metal  solidification  in  the  mould  has  also  been 
solved. 

To  increase  the  operational  life  of  tools  (metal  moulds), 
and  to  make  them  easy  replaceable,  and  to  lower  the  costs 
of  mould  amortization,  authors  have  introduced  ball  crystal- 
lizers  (14)  in  the  mould  (1)  as  replaceable  part.  In  this  way, 

after  some  time  of  mould  operation,  only  the  crystallizers  (14) 
are  to  be  replaced  and  since  all  other  mould  parts  (2-13)  are 
rather"  resistantto  wear  and  teartheiroperational  life  will  last 
long. 

Crystallizers  (14)  are  made  from  alloyed  steel,  suitable 
for  water  cooling,  or  are  made  from  hard  copper  i.e.  Cu-Cd; 
Cu-Cr;  Cu-Ag  and  Cu-Be  to  which  the  alloying  elements  are 
added  in  small  quantities  which  do  not  affect  heat  conductiv- 
ity  of  copper  but  on  the  contrary  increase  its  hardness. 
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T e c h n i c a l   f i e l d  

T h i s   i n v e n t i o n   r e l a t e s   to  t he   c a s t i n g   a r t   and  more  p a r t i -  

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

f o r   c a s t i n g .  A c c o r d i n g   to  t h e   I n t e r n a t i o n a l   P a t e n t   C l a s s i -  

f i c a t i o n   t he   s u b j e c t   of  t h i s   i n v e n t i o n   is   c l a s s i f i e d   a n d  

c o d e d   as  B22  C  9 / 0 6   and   B22  C  9 / 2 2 .  

T e c h n i c a l   p r o b l e m  

T e c h n i c a l   p r o b l e m   s o l v e d   by  t h i s   i n v e n t i o n   is  how  to  d e -  

s i g n   and  p r o d u c e   c a s t i n g   t o o l s   i . e .   t he   p e r m a n e n t   m e t a l  

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

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

c a t i o n   of  p o u r e d   m e t a l .  

The  o b j e c t i v e   of  t h e   p r e s e n t   i n v e n t i o n   i s   to  p r o v i d e  a  

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

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

q u a l i t y   g r a d e   w i t h o u t   s h r  i n k a g e   c a v i t i e s   and  a l s o   to  e n s u r e  

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

l i f e   and  c o n s e q u e n t l y   a t   low  cosi ,   c a l c u l a t e d   p e r   u n i t   o f  

t he   f i n i s h e d   p r o d u c t .  

S t a t e   of  a r t .  

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

o t h e r   c r u s h i n g   e l e m e n t s   u se   m o u l d s   made  f rom  a  m i x t u r e  

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



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

T h i s   m e t h o d  h a s   n u m e r o u s   d i s a d v a n t a g e s   i . e . :  

For   e a c h  c a s t i n g   run   i t   is   n e c e s s a r y   to  p r e p a r e   a  n e w  
mou ld   so  when  mass  p r o d u c t i o n   of   m i l l   b a l l s   is  c o n c e r -  

ned  s u c h   m e t h o d   r e q u i r e s   e x t e n s i v e   u se   of  m a c h i n e s   a n d  

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

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

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

p r o c e s s .  

Mou lds   made  f rom  s a n d   and  b i n d e r   m i x t u r e   h a v e   a  l o w e r  

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

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

a r e   of   l o w e r   p r o p e r t i e s   and   t h i s   i s   p a r t i c u l a r l y   t r u e  

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

c o n s e q u e n t l y   t e a r   and  w e a r   of   t he   b a l l   i t s e l f .  

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

m o u l d s   made  of   m i x t u r e   of   s a n d   and  b i n d e r ,   i t   is   n e c e s -  

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

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

h i g h   t e m p e r a t u r e s .  

For   p r o d u c t i o n   of  m o u l d s   f rom  t h e   m i x t u r e   of  s and   a n d  

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

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

a l s , i t   i s   n o r m a l   to   u s e   d i e s   and  m o d e l s  m a d e   f rom  wood. ,  

l i g h t   and  n o n - f e r r o u s   m e t a l   a l l o y s   and  s t e e l .   Which  m a -  

t e r i a l   w i l l   be   u s e d   f o r   m o d e l s   and  d i e s   d e p e n d s   on  t h e  

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

s a n d   and  b i n d e r .  

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

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

s o l v e   a l l   t h e   p r o b l e m s   w h i c h  n o r m a l l y   a p p e a r   in  t he   k n o w n  



c l a s s i c   t e c h n o l o g i e s   of  c a s t i n g   s u c h   a s :  

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

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

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

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

f l o o r   a r e a   in  t h e   f o u n d r y   and  s m a l l   n u m b e r   of  w o r k e r s .  

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

is   c h a r a c t e r i z e d   by  b e t t e r   h e a t   c o n d u c t i v i t y   c o m p a r e d   t o  

s a n d   m o u l d s ,   o w i n g   to  w h i c h   m i l l   b a l l s   p r o d u c e d   in  3 s u c h  

m o u l d s   a r e   of  a d e q u a t e   p r o p e r t i e s ,   of  e v e n   l o w e r   c o n t e n t  

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

mal  t r e a t m e n t   p r o c e d u r e .  

The  i n v e n t i o n   r e f e r s   to  m e t a l   mou ld   w i t h   an  i n s e r t   of  t h e  

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

c r u s h i n g   e l e m e n t s .   M i l l   b a l l s   and  o t h e r   c r u s h i n g   e l e m e n t s  

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

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

the   mou ld   by  means   of  i t s   g a t i n g   s y s t e m   i n s e r t s .  

The  b a l l   as  a  g e o m e t r i c   body   has   t h e   s m a l l e s t   d e v e l o p e d  
s u r f a c e   and  v o l u m e   as  c o m p a r e d   to  a l l   o t h e r   g e o m e t r i c   b o d i e s  

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

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

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

same  p h y s i c a l - t h e r m a l   p r o p e r t i e s .   The  p r i n c i p l e   w h i c h   h a s  

to  be  s a t i s f i e d   in  c a s t i n g   t e c h n o l o g y   is   t h a t   t h e   p a r t  

w h i c h   is  c a s t   must   s o l i d i f y   f i r s t   t h e n   the   r i s e r   w h o s e  

r o l e   is   to  " r i s e "   the   c a s t   as  to  p r e v e n t   o c c u r i n g   o f  

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

s y s t e m   s e r v e s   f o r   b o t h   p o u r i n g   the   m a t a l ,   i . e .   f o r   f i l l i n g  

of  mou ld   c a v i t y   w i t h   m e t a l , a n d   " r i s i n g "   t h e   c a s t   b a l l s  

to  p r e v e n t   o c c u r i n g   of  c h i r m k a g e   h o l e s   in  t he   b a l l s .  

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

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

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

of  b a l l s   w h i c h  i s   d e s c r i b e d  h o r e w i t h   in  r e f e r e n c e s   w i t h  



V a r i a n t s   p r e s e n t e d   and  f i g u r e s   e n c l o s e d .  

V a r i a n t   I,  p e r m a n e n t   mou ld   w i t h   i n s e r t   h a v i n g   o b l i q u e  

i n g a t e s   and  c r y s t a l l i z e r   f o r   b a l l   f o r m i n g ,   in  w h i c h  

c r y s t a l l i z e r s   made  f rom  s t e e l   or   c o p p e r   a l l o y   a r e   i n s t a l -  

l e d .  

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

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

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

in   w h i c h   t he   f o l l o w i n g   m o u l d   p a r t s   a r e   n u m e r i c a l l y   m a r k e d :  

1.  m o u l d   b o d y ;   2.  s h e l l   i n s e r t   f o r   g a t i n g   s y s t e m   i n s e r t i n g ;  

3 .  p o u r i n g  c u p ;   4.  s p r u e ;   5.  o b l i q u e   i n g a t e ;   6.  c a v i t y   i n  

w h i c h   b a l l   is  f o r m e d ;   6 ' . g a t i n g   s y s t e m   c a v i t y   f o r   i n s e r t i n g  

t h e   i n s e r t ;   7.  c o o l i n g   c h a m b e r ;   8.  c o n n e c t i o n   f o r   f i l l i n g   t h e  

c h a m b e r   w i t h   w a t e r ;   9.  c o n n e c t i o n   f o r   d r a i n i n g   w a t e r   f r o m  

t h e   c h a m b e r ;   10.  p l a t e   f o r   c o o l i n g   c h a m b e r   c l o s i n g   and  f o r  

i n s t a l l i n g   t h e   m o u l d   on  t h e   m a c h i n e ;   11.  c a n a l s   f o r   g a s  

e s c a p e   f rom  m o u l d   c a v i t y ;   12.  c e n t e r i n g   p i e c e s .  

F i g . 2   r e p r e s e n t s   t h e   c r o s s - s e c t i o n   of  c l o s e d   m o u l d   w i t h  

g a t i n g   s y s t e m   i n s e r t ,   w i t h   o b l i q u e   i n g a t e s   and  c r y s t a l l i z e r s  

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

w h i c h   t h e   f o l l o w i n g   mou ld   p a r t s   a r e   n u m e r i c a l l y   m a r k e d :  

1.  mou ld   b o d y ;   2.  s h e l l   i n s e r t   f o r   g a t i n g   s y s t e m   i n s e r t i n g ;  
4.  s p r u e ;   5.  o b l i q u e   i n g a t e s ;   6.  c a v i t y   i n  w h i c h   t h e   b a l l  

i s   f o r m e d ;   6 ' .   g a t i n g   s y s t e m   c a v i t y   f o r   i n s e r t i n g   t h e ' i n s e r t ;  

7.  c o o l i n g   c h a m b e r ;   8.  c o n n e c t i o n   f o r   f i l l i n g   t h e   c h a m b e r  
w i t h   w a t e r ;   10.  p l a t e   f o r   c l o s i n g   t he   c o o l i n g   c h a m b e r  

and  i n s t a l l i n g   t he   mould   on  t he   m a c h i n e :   12.  c e n t e r i n g  

p i e c e s ;   13.  c o o l i n g   c h a m b e r   s e a l  r i n g ;   14.  b a l l   c r y s t a l -  
l i z e r   made  f rom  a l l o y e d   s t e e l   or   c o p p e r .   14'   c a v i t y   i n  

w h i c h   c r y s t a l l i z e r   is  i n s t a l l e d .  

C r y s t a l l i z e r s   in  w h i c h   b a l l s   a r e   f o r m e d   a r e   made  f rom  a l l o y e d  
s t e e l   or   c o p p e r ,  i . e .   f rom  c o p p e r   a l l o y   w i t h   s i l v e r ,   c a d m i u m  

or  c h r o m i u m ,   w i t h e  r e s p e c t   t o  g o o d   h e a t   c o n d u c t i v e i t y  a n d  o r  c h r o m i u m .   w i t h   r e s p e c t  t o   g o o d  h e a t   c o n d u c t i v i t y   a n d  

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



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

e f f e c t s   t h e   q u a l i t y   of  b a l l s   in  t h e   p o s i t i v e   s e n s e .   I n c r e a s e  

of  t h e   o p e r a t i o n a l   l i f e   in  t h i s   v a r i a n t   of  t h e   mould   b y  

s e v e r a l   t e n t s   more  c o m p a r e d   to  t h e   v a r i a n t   I,  is  r e f l e c t e d  

t h r o u g h   t h e   c o s t   of  t he   mou ld   and  e c o n o m y   of  m i l l   b a l l s  

p r o d u c t i o n .  

V a r i a n t   I I ,   p e r m a n e n t   mou ld   w i t h   g a t i n g   s y s t e m   i n s e r t ,   w i t h  

h o r i z o n t a l   i n g a t e s   and  c r y s t a l l i z e r s , a s   shown  in  F i g s .  

3  a n d   4,  is   made  f rom  g r e y   or  n o d u l a r   c a s t   and  in  w h i c h  

m o u l d s   c r y s t a l l i z e r s   of  a l l o y e d   s t e e l   or  c o p p e r ,   i . e .   c o p p e r  

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

F ig .  3   r e p r e s e n t s   t h e   f a c e   s i d e   of  one  h a l f   of  the   mou ld   w i t h  

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

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

e l e m e n t s ,   and  in  w h i c h   f i g u r e   t h e   f o l l o w i n g   mould   p a r t s   a r e  

n u m e r i c a l l y   m a r k e d :  

1.  mou ld   b o d y ;   2.  s h e l l   i n s e r t   f o r   g a t i n g   s y s t e m   i n s e r t i n g ;  

3.  p o u r i n g   cup ;   4.  s p r u e ;   5.  h o r i z o n t a l   i n g a t e ;   6.  c a v i t y   i n  

w h i c h   b a l l   is  f o r m d ;   6'  g a t i n g   s y s t e m   c a v i t y   f o r   i n s e r t i n g  

the   i n s e r t ;   7.  c o o l i n g   c h a m b e r ;   8.  c o n n e c t i o n   f o r   d r a i n i n g  

w a t e r   f rom  c o o l i n g   c h a m b e r ;   10.  p l a t e   f o r   c l o s i n g   the   c o o l i n g  

c h a m b e r   and  i n s t a l l i n g   t he   mou ld   on  the   m a c h i n e ;   11.  c a n a l s  

f o r   gas   e s c a p e   f rom  t he   mou ld   c a v i t y ;   12.  c e n t e r i n g   p i e c e s .  

F i g . 4   r e p r e s e n t s   t h e   c r o s s - s e c t i o n   of  c l o s e d   mou ld   w i t h   g a t i n g  

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

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

f i g u r e   t h e   f o l l o w i n g   p a r t s   of  t h e   mould   a r e   n u m e r i c a l l y   m a r k e d :  

1.  mould   b o d y ;   2.  s h e l l   i n s e r t   f o r   g a t i n g   s y s t e m   i n s e r t i n g ;  

4 .  s p r u e ;   5.  h o r i z o n t a l   i n g a t e ;  6 .   c a v i t y   in  w h i c h   b a l l   i s  

f o r m e d ;   6 ' .   g a t i n g   s y s t e m   c a v i t y   f o r   i n s e r t i n g   the   i n s e r t :  

7 .  c o o l i n g   c h a m b e r :   8.  c o n n e c t i o n   f o r   f i l l i n g   the   c h a m b e r  

w i t h   w a t e r ;   10.  p l a t e   f o r   c o o l i n g   c h a m b e r   c l o s i n g   and  f o r  

the   mou ld   en  t h e  m a c h i n e ;   12.  c n e t e r i n g  p i e c e s  

13.  c o o l i n g   c h a m b e r   s e a l   r i n g ;   1A.  c r y s t a l l i z e r   made  f r o m  



a l l o y e d   s t e e l   or  c o p p e r ;   14 '  .   c a v i t y   in  w h i c h   t h e   c r y s t a l  

l i z e r   is   i n s t a l l e d .  

P e r m a n e n t   m o u l d s   a c c o r d i n g   to  v a r i a n t s   I  and  I I   d i f f e r   in  r e s -  

p e c t   of   t he   i n g a t e   p o s i t i o n   in  r e l a t i o n   to  s p r u e .   In  v a r i a n t   I  

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

s p r u e ,   and  in  v a r i a n t   I I   i n g a t e s   a r e   p o s i t i o n e d   a t   90°  a n g l e  
in  r e l a t i o n   to  t h e   s p r u e .  

In  b o t h   v a r i a n t s   t he   c a v i t i e s   in  w h i c h   b a l l s   a r e   f o r m e d  

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

s p r u e   is   c o n n e c t e d   w i t h   t he   p o u r i n g   cup .   B e t w e e n   the   p o r i n g  

cup  and  t h e   s p r u e   a  c h o k e   can   be  p r o v i d e d   in  fo rm  of   i n g a t e  
" b o t t l e n e c k " .   At  t h e   end  of  t h e   i n g a t e   w h i c h   can   be  p o s i t i o n e d  

at   an  a c u t e   or   r i g h t   a n g l e ,   f o r   h o r i z o n t a l   p o u r i n g ,   a t   t h e  

c o n t a c t   of  i n g a t e   and   b a l l   a  t o o t h   w i l l   be  f o r m e d ,   t a n g e n t i -  
a l   to  t he   b a l l ,   whose   r o l e   is  to  fo rm  a  n o t c h   on  i n g a t e s .   T h i s  

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

of  b a l l s   f r om  t h e   g a t i n g   s y s t e m .  

The  g a t i n g   s y s t e m   w h i c h   i s   f o r m e d   in  t he   i n s e r t   has   t h e   r o l e  

to  i n t r o d u c e   m e t a l   to  t h e   mou ld   c a v i t y   in  w h i c h   b a l l s   a r e  

f o r m e d , a n d   a t   t h e   same  t i m e   i t   s e r v e s   as  a  " r i s e r " .   M a t e r i a l  

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

d u c t i v i t y   c o m p a r e d   to  m e t a l   f r om  w h i c h   m o u l d   is   p r o d u c e d .   B e c a u s e  

of  t h a t   t h e   g a t i n g   s y s t e m   i n s e r t s   a r e   made  f rom  m o u l d i n g   s a n d  
i . e .   f r om  t h e   m i x t u r e   of   s a n d   and  b i n d e r   w h i c h   may  b e  o f  

o r g a n i c   or  i n o r g a n i c   n a t u r e .   The  g a t i n g   s y s t e m   i n s e r t   i s  3   t o  
5  mm  t h i c k .  

BEST  MODE  FOR  CARRYING  CUT  THE  INVENTION 

For  c a s t i n g   m i l l   b a l l s   and  o t h e r   c r u s h i n g   e l e m e n t s   in  p e r m a n e n t  

m o u l d i t h   s y s t e m   i n s e r t   i t   i2  n e c e s s a r y   to  d e s i n g   a n d  g a t i n g  

p r e p a r e :  

-  c o r e   box  f o r   g a t i n g   s y s t e m ,   a n d  

-  met  a l   m o u l d .  

The  c o r e   b o x  i s   t o  b e   made  f rom  g r e y   or  m o d u l a r  c a s t   a d j u s t e d  

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



w h i c h   u s e s   a  m i x t u r e   of  r e s i n s   of  o r g a n i c   n a t u r e   as  t h e   b i n d e r .  

The  mos t   a p p r o p r i a t e   i s   S h e l l   p r o c e s s   f o r   w h i c h   c o a t e d   s a n d   i s  

u s e d .  

The  m e t a l   mou ld   is  mos t   a p p r o p r i a t e l y   made  in  t h r e e   p a r t s :  

c o o l i n g   c h a m b e r ,   mould   body   and  c r y s t a l l i z e r s .  

The  c o o l i n g   c h a m b e r   can  be  of  w e l d e d   or  c a s t   s t r u c t u r e ,   w i t h  

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

and  w i t h   c o n n e c t i o n s   f o r   w a t e r   i n l e t   and  o u t l e t .  

The  mou ld   body   is  to  be  c a s t   f rom  g r e y   or  n o d u l a r   c a s t .   In  t h e  

mou ld   c a v i t i e s   f o r   g a t i n g   s y s t e m   i n s e r t s   and  c r i s t a l l i z e r s  

s h o u l d   be  p r o v i d e d .   For   c o n n e c t i n g   t h e   mou ld   body   to  t he   c o o l i n g  
c h a m b e r   a  f l a n g e   i s   p r o v i d e d   w i t h   e y e l e t s   f o r   c e n t e r i n g   p i e c e s  

m o u n t i n g .  

C r y s t a l l i z e r s   a r e   t he   mos t   s e n s i t i v e   and  most   l o a d e d   p a r t s   o f  

t he   p e r m a n e n t  m o u l d .   B e c a u s e   of  t h a t   t h e y   a r e   made  f rom  s u c h  

m a t e r i a l   w h i c h   has   good   h e a t   c o n d u c t i v i t y   and  w h i c h   a l l o w s   c o -  

o l i n g   w i t h   w a t e r   or  w i t h   some  o t h e r   f l u i d .  

At  t h e   c o n t a c t   c r y s t a l l i z e r - m o u l d   body   a  s e a l   b a s e d  o n   a s b e s t o s  

and  g r a p h i t e   i s   u s e d .   The  c r y s t a l l i z e r   is   c o n n e c t e d   to  t h e  

mou ld   body   by  means   of  b o l t s   or  s p e c i a l   n u t s .  

The  o p e r a t i o n a l   l i f e   of  s u c h   a  p e r m a n e n t   mould   w i l l   d e p e n d  

to  a  l a r g e   e x t e n t   on  t h e   o p e r a t i o n a l   c o n d i t i o n s .   The  c o n d i t i o n s  

f o r   p r o p e r   o p e r a t i o n   of  a  p e r m a n e n t   mou ld   a r e :  

-  b e f o r e   o p e r a t i o n   w i t h   t he   p e r m a n e n t   mou ld   i t  m u s t   b e  

p r e h e a t e d  a t   a  t e m p e r a t u r e   of  40  to  5 0 ° C . .  

-  A f t e r -   h e a t i n g   t h e  m o u l d   to  t h e  a b o v e   t e m p e r a t u r e ,   t h e  

mou ld   c a v i t i e s   c h o u l d   be  c o a t e d   w i t h   a c e t y l c n i c   s o o t .   T h i s  

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

-  B e f o r e   c a n t i n g ,   t he   c o o l i n g  c h a m b e r   must   be  f i l l e d   w i t h  

w a t e r .   D u r i n g   c a s t i n g   p r o c e s s   t h e   mou ld   must   be  i n t e n s i v e l y  

c o o l e d   t a k i n g   c a r e   t h a t   t he   t e m p e r a t u r e   v a r i a t i o n   b e t w e e n  

o u t p u t   water dees not  e x c e e d   1 5 ° C .  



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

d e p e n d   on  b a l l   s i z e .  



1.  What  is   c l a i m e d   is   PERMANENT  MOULD  WITH  INSERT  FOR  CASTING 

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

w h e r e b y   c e n t e r i n g   p i e c e s   a r e   p r o v i d e d   f o r   p r o p e r   c l o s i n g ,  
w h i c h   mou ld   c o n s i s t s   of   t h e   body   (1)  c h a r a c t e r i z e d   by  a  

c h a m b e r   (7)  c o n n e c t e d   f rom  o u t s i d e   to  t he   b o d y ,   or  c h a r a c t e -  

r i z e d   by  c o o l i n g   p i p e s   s e r v i n g   f o r   c o o l i n g   t he   body   f r o m  

i n s i d e ,   in  w h i c h   body   (1)  c a v i t y   (6)  is  p r o v i d e d   f o r   f o r m i n g  

b a l l s   and  w h i c h   c a v i t y   i s   c o n n e c t e d   w i t h   c a v i t i e s   ( 6 ' )   i n  

w h i c h   c a v i t i e s   i n s e r t   (2)  is  p r o v i d e d   made  f r o m e   c o r e  

m i x t u r e   f o r   i n s e r t i n g ,   w i t h   p o u r i n g   cup  (3)  on  top   o f  

t h e   i n s e r t   (2)  and  o b l i q u e   or  s t r a i g h t   i n g a t e s   (5)  c o n -  

n e c t i n g   c a v i t i e s   (6)  f o r   f o r m i n g   b a l l s   to  t h e   s p r u e   ( 4 )  

w h i c h   is   p r o v i d e d   in  t h e   m i d d l e   of   t h e   i n s e r t   (2)  a n d  

w h i c h   c o n n e c t s   t he   p o u r i n g   cup  (3)  w i t h   i n g a t e s   ( 5 ) .  

2.  P e r m a n e n t   mou ld   w i t h   i n s e r t   f o r   c a s t i n g   m i l l   b a l l s   a n d  

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

C l a i m   1,  w h i c h   mou ld   c o n s i s t s   of  t h e   body  (1)  c h a r a c t e -  

r i z e d   by  a  c a v i t y ( 1 4 ' ) i n   w h i c h   c r y s t a l l i z e r   ( 1 4 ) i s  

i n s t a l l e d   h a v i n g   a  c a v i t y   (6)  f o r   f o r m i n g   b a l l s   w h i c h  

c a v i t y   (6)  is  c o n n e c t e d   w i t h   c a v i t y   ( 6 ' )   w h e r e b y   i n s e r t   ( 2 )  

i s   p r o v i d e d   in  c a v i t y   ( 6 ' )   f o r   i n s e r t i n g ,   and  in  w h i c h  

i n s e r t   t h e   i n s e r t   i n g a t e s . ( 5 )   a r e   p o s i t i o n e d   at   an  a c u t e  

a n g l e   in  r e l a t i o n   to  s p r u e   ( 4 ) .  

3.  P e r m a n e n t   mou ld   w i t h   i n s e r t   f o r   c a s t i n g   m i l l   b a l l s   a n d  

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

C l a i m ( 2 )   w h e r e b y   i n g a t e s   (5)  a r e   p o s i t i o n e d   at   r i g h t   a n g l e   i n  

r e l a t i o n   to  s p r u e   ( 4 ) .  
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