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@  A  pulverizer,  i.e.,  grinding,  roll  (18)  of  the  type  that  is 
particularly  suited  for  embodiment  in  a  bowl  mill  (10)  where- 
in  the  roll  (18)  coacts  with  another  surface  (14)  within  the  mill 
(10)  to  effect  the  pulverization  therewithin  of  a  material  such 
as  coal.  The  subject  roll  (18)  embodies  a  trimetal  form  of 
construction.  More  specifically,  the  core  material,  i.e.,  the 
first  or  inner  layer  (50),  of  the  trimetal  roll  (18)  consists  of 
a  relatively  soft  material  that  is  noted  for  its  good  machina- 
bility.  The  next,  i.e.,  second  or  intermediate,  layer  (52)  of  the 
trimetal  roll  (18)  comprises  a  material  that  has  medium 
wear-resistant  qualities.  The  last,  i.e.,  third  or  outer,  layer 
(54)  of  the  trimetal  roll  (18)  comprises  a  material  having 
highly  abrasive  resistant  qualities.  In  addition,  there  is 
provided  a  method  of  manufacturing  such  atrimetal  roll  (18). 
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wear-resistant  qualities.  The  last,  i.e.,  third  or  outer,  layer 
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highly  abrasive  resistant  qualities.  In  addition,  there  is 

provided  a  method  of  manufacturing  such  a  trimetal  roll  (18). 



BACKGROUND  OF  THE  INVENTION 

This  i nven t ion   r e l a t e s   to  r o l l s ,   and  more 

s p e c i f i c a l l y   to  a  t r i m e t a l   p u l v e r i z e r   rol l   of  the  type  t h a t   i s  

in tended   to  be  used  in  bowl  mi l l s   for  purposes   of  e f f e c t i n g  

the  p u l v e r i z a t i o n   t h e r e i n   of  ma te r i a l   such  as,  for  example ,  

coal  and  to  a  method  of  m a n u f a c t u r i n g   such  a  t r i m e t a l  

p u l v e r i z e r   r o l l .  

An  e s s e n t i a l   component  of  any  steam  g e n e r a t i o n   s y s t e m  

of  the  type ,   which  u t i l i z e s   p u l v e r i z e d   coal  as  a  fue l ,   is  t h e  

a p p a r a t u s   in  which  the  coal  is  p u l v e r i z e d   in  order   to  r e n d e r  

it  s u i t a b l e   for  such  usage.   Although  the  p r i o r   a r t   is  r e p l e t e  

with  examples  of  va r ious   types   of  a p p a r a t u s   t h a t   have  been 

employed  for  purposes   of  a c c o m p l i s h i n g   coal  p u l v e r i z a t i o n ,  

one  form  of  a p p a r a t u s ,   which  in  p a r t i c u l a r   has  f r e q u e n t l y   been 

used  for  t h i s   purpose ,   is  t h a t   commonly  r e f e r r e d   to  as  a  bowl 

mi l l .   The  l a t t e r   o b t a i n s   i ts   name  p r i n c i p a l l y   from  t h e  f a c t  

t h a t   the  p u l v e r i z a t i o n ,   i . e . ,   g r i n d i n g ,   of  the  coal  t h a t   t a k e s  

p lace   t h e r e w i t h i n   occurs   on  a  g r i n d i n g   s u r f a c e ,   which  i n s o f a r  

as  c o n f i g u r a t i o n   's  concerned   resembles   somewhat  a  b o w l .  

For  an  exemplary  showing  of  a  r r i o r   a r t   form of   bowl 

mi l l ,   r e f e r e n c e   may  be  had  to  U.S.  P a t e n t   No.  3 , 4 6 5 , 9 7 1 ,   which 

is  a s s igned   to  the  same  a s s i g n e e  a s   the  p r e s e n t   i n v e n t i o n .  

P a t e n t   No.  3 ,465,971  c o n t a i n s   a  t e a c h i n g   of  both  the  na ture   o f  

the  c o n s t r u c t i o n   and  the  mode  of  o p e r a t i o n   of  a  bowl  mill  t h a t  

is  s u i t a b l e   for  use  for  purposes   of  e f f e c t i n g   t h e  



p u l v e r i z a t i o n   of  the  coal  t h a t   is  used  to  fuel  a  c o a l - f i r e d  

steam  g e n e r a t o r .   As  se t   f o r th   in  t h i s   p a t e n t ,   the  e s s e n t i a l  

components  of  such  a  bowl  mitt  are  a  body  p o r t i o n ,   i . e . ,  

housing,   wi th in   which  a  g r i n d i n g   t a b l e   is  mounted  f o r  

r o t a t i o n ,   a  p l u r a l i t y   of  g r i n d i n g   r o l l s   t h a t   are  suppor t ed   in  

e q u a l l y   spaced  r e l a t i o n   one  to  a n o t h e r ,   the  p l u r a l i t y   o f  

g r i n d i n g   r o l l s   are  s u i t a b l y   a r ranged   in  such  a  manner  so  as  t o  

coac t   with  the  g r i n d i n g   t a b l e   such  t h a t   coal  which  is  d i s p o s e d  

on  the  s u r f a c e   of  the  g r i n d i n g   t a b l e   is  capable   of  b e i n g  

ground,  i . e . ,   p u l v e r i z e d ,   by  the  r o l l s ,   coal  supply  means  f o r  

f eed ing   to  the  s u r f a c e   of  the  g r i nd ing   t a b l e   the  coal  which  i s  

to  be  p u l v e r i z e d   in  the  bowl  m i l l ,   and  a i r   supply  means  f o r  

p r o v i d i n g   to  the  i n t e r i o r   of  the  body  p o r t i o n   the  a i r   t h a t   i s  

r e q u i r e d   in  the  o p e r a t i o n   of  the  bowl  m i l t .  

In  order   to  s a t i s f y   the  demands  for  p u l v e r i z e d   c o a l  

of  a  c o a l - f i r e d   steam  g e n e r a t i o n   system  t h a t   embodies  a 

c o n v e n t i o n a l   form  of  c o n s t r u c t i o n ,   t he re   commonly  e x i s t s   a 

need  to  employ  a  p l u r a l i t y   of  bowl  mi l l s   of  the  type  which  a r e  

shown  in  the  a f o r e r e f e r e n c e d   p a t e n t .   In  t h i s   regard ,   note  i s  

f u r t h e r   made  here  of  the  f a c t   t h a t   in  terms  of  c a p a c i t y   each  

of  t h e s e   bowl  mi l l s   may  have  a  c a p a c i t y   of  up  to  one  hundred  

tons  per  hour  of  p u l v e r i z e d   coal .   In  a d d i t i o n   to  p o s s e s s i n g  

the  c a p a b i l i t y   of  o p e r a t i n g   at  i ts   maximum  c a p a c i t y ,   each  o f  

t he se   bowl  mi l l s   must  a lso  be  capable   of  o p e r a t i n g   at  l e s s  

than  fu l l   c a p a c i t y ,   i . e . ,   at  some  p e r c e n t a g e   t h e r e o f ,   e . g . ,  

25%,  50%,  75%,  e t c .   F i n a l l y ,   t hese   bowl  mi l l s   must  a lso  be  

capab le   of  use  with  a  v a r i e t y   cf  types  of  coal  t h a t   have 

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

With  f u r t h e r   r e f e r e n c e   to  the  a f o r e m e n t i o n e d   p a t e n t ,  

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

d e p i c t e d   t h e r e i n   is  such  t h a t   each  g r ind ing   rol l   is  d e s i g n e d  

to  be  mounted  on  a  s h a f t - l i k e   member.  As  a  r e s u l t   t h e  

g r i n d i n g  r o l l s   are  each  capable   of  movement  r e l a t i v e   to  t h e  

s u r f a c e   of  the  g r i n d i n g   t a b l e .   To  e f f e c t   the  assembly  of  t h e  

g r i n d i n g   rol l   with  the  a f o r e s a i d   s h a f t - l i k e   member,  each  

g r i n d i n g   ro l l   p r e f e r a b l y   has  a  through  passage  formed  t h r o u g h  



the  c e n t e r   t h e r e o f .   The  f u n c t i o n   of  t h i s   through  passage  i s  

to  enable   the  s h a f t - l i k e   member  to  be  p o s i t i o n e d   t h e r e w i t h i n  

in  mounted  r e l a t i o n   t h e r e t o .   A c c o r d i n g l y ,   in  order   t o  

f a c i l i t a t e   the  task  of  p r o v i d i n g   the  g r i n d i n g   ro l l   with  such 

a  through  passage ,   it  is  d e s i r a b l e   t h a t   the  g r i n d i n g   rol l   be 

composed  of  a  ma te r i a l   t h a t   is  c h a r a c t e r i z e d   by  i ts   ease  o f  

m a c h i n a b i l i t y ,   i . e . ,   a  r e l a t i v e l y   s o f t   ma te r i a l   such  as  g r a y  
i r o n .  

On  the  o ther   hand,  in  a d d i t i o n   to  it  being  d e s i r a b l e  

to  form  the  g r i n d i n g   ro l l   of  a  m a t e r i a l   t h a t   is  r e l a t i v e l y  

s o f t ,   t h e r e   e x i s t s   a lso   a  need  for  at  l e a s t   the  e x t e r n a l ,  

i . e . ,   ou te r ,   s u r f a c e   of  the  g r i n d i n g   ro l l   to  c o n s i s t   of  a 

m a t e r i a l   t h a t   is  c h a r a c t e r i z e d   by  i ts  good  w e a r - r e s i s t a n t  

q u a l i t i e s .   The  primary  reason  for  t h i s   is  t h a t   the  g r i n d i n g  

r o l l s   in  the  course   of  e f f e c t i n g   the  p u l v e r i z a t i o n   of  m a t e r i a l  

t h e r e w i t h   are  of  n e c e s s i t y   s u b j e c t e d   to  a  harsh  a b r a s i v e  

a c t i o n ,   the  l a t t e r   being  o c c a s i o n e d   by  v i r t u e   of  the  na ture   o f  

the  m a t e r i a l   t h a t   is  being  p u l v e r i z e d   as  well  as  by  v i r t u e   o f  

the  manner  in  which  th,is  p u l v e r i z a t i o n   t akes   p lace .   The 

r e s u l t ,   t h e r e f o r e ,   is  t h a t   the   g r i n d i n g   r o l l s   e x h i b i t   a 

s u s c e p t i b i l i t y   to  being  rendered   unusab le   in  a  r e l a t i v e l y  

s h o r t   per iod   of  t ime.  That  is,  the  r o l l s   are  found  to  have  a 

r e l a t i v e l y   s h o r t   o p e r a t i n g   l i f e .   For  obvious  r e a s o n s ,   it  i s  

d e s i r a b l e   t h a t   such  a  r e s u l t   be  avoided,   if  p o s s i b l e .   As  i s  

known  to  those   who  are  s k i l l e d   in  t h i s   a r t ,   the  wear,  which 

the  g r i n d i n g   r o l l s   t h a t   are  employed  in  bowl  mi l l s   a c t u a l l y  

e x p e r i e n c e ,   is  i n f l u e n c e d   p r i n c i p a l l y   by  the  g r i n d i n g  

c h a r a c t e r i s t i c s   of  the  ma te r i a l   t h a t   is  being  p u l v e r i z e d   as  

well  as  by  the  p r o d u c t i v e   ou tpu t   of  the  bowl  mi l l ,   i . e . ,   t h e  

amount  of  m a t e r i a l   t h a t   is  being  p u l v e r i z e d   in  the  bowl  m i l l  

in  a  given  pe r iod   of  t i m e .  

When  the  e x t e r n a l ,   i . e . ,   o u t e r ,   s u r f a c e   of  t h e  

p u l v e r i z e r ,   i . e . ,   g r i n d i n g ,   ro l l   becomes  s u f f i c i e n t l y   worn  so  

as  to  p r e c l u d e   any  f u r t h e r   use  t h e r e o f   for  purposes   o f  

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

r emain ing   p o r t i o n s   of  the  ro l l   are  normally  s t i l l   f u n c t i o n a l .  



That  is,   the  g r i n d i n g   ro l l   but  for  i ts   worn  e x t e r n a l   s u r f a c e  

would  s t i l l   be  s e r v i c e a b l e .   Thus,  from  the  s t a n d p o i n t   o f  

a c h i e v i n g   economies  of  manufac tu re ,   it  would  be  d e s i r a b l e ,   i f  

p o s s i b l e ,   to  e f f e c t   a  r e s u r f a c i n g   of  the  e x t e r n a l   s u r f a c e   o f  

the  g r i n d i n g   ro l l   such  t h a t   the  l a t t e r   might  once  again  be 

u t i l i z e d   for  the  p u l v e r i z a t i o n   of  ma te r i a l   r a t h e r   t h a n  

n e c e s s i t a t i n g   t h a t   the  worn  g r i n d i n g   ro l l   be  r ep l aced   by  one  

t h a t   is  e n t i r e l y   new.  F u r t h e r   to  t h i s   p o i n t ,   one  would 

normally  expect   t h a t   the  cos t   of  r e c o n d i t i o n i n g ,   i . e . ,  

r e s u r f a c i n g ,   the  outer   s u r f a c e   of  a  worn  g r i nd ing   ro l l   would  

be  s i g n i f i c a n t l y   less  than  the  cos t   a s s o c i a t e d   with  t h e  

manufac tu re   of  an  e n t i r e l y   new  g r i n d i n g   r o l l .  

In  a d d i t i o n   to  the  r e l a t i v e   cost   of  r e s u r f a c i n g   t h e  

e x t e r n a l ,   i . e . ,   ou te r ,   s u r f a c e   of  a  worn  g r i nd ing   ro l l   a s  

c o n t r a s t e d   to  the  cost   of  m a n u f a c t u r i n g   an  e n t i r e l y   new 

g r i n d i n g   r o l l ,   t h e r e   a l so   e x i s t s   the  mat te r   of  the  o p e r a t i n g  

l i f e   which  is  a c h i e v a b l e   with  a  r e s u r f a c e d   worn  g r i nd ing   r o l l  

as  c o n t r a s t e d   to  t h a t   which  is  o b t a i n a b l e   with  an  e n t i r e l y   new 

g r i n d i n g   r o l l .   Namely,  in  order   to  be  economica l ly   f e a s i b l e  

it  is  d e s i r a b l e   t h a t   the  o p e r a t i n g   l i f e   of  a  r e s u r f a c e d   worn 

g r i n d i n g   ro l l   be  a p p r o x i m a t e l y   e q u i v a l e n t   to  t h a t   which  o n e  

would  ob ta in   from  a  new  g r i n d i n g   r o l l .   That  is,  any  s a v i n g s  

which  are  a c h i e v a b l e   from  making  use  of  a  r e s u r f a c e d   worn 

g r i n d i n g   r o l l   as  c o n t r a s t e d   to  employing  an  e n t i r e l y   new 

g r i n d i n g   ro l l   should  not  be  d i s s i p a t e d   as  a  consequence  of  t h e  

f a c t   t h a t   the  o p e r a t i n g   l i f e   of  a  worn  g r i n d i n g   ro l l   is  such  

t h a t   s eve ra l   r e s u r f a c i n g s   t h e r e o f   are  r e q u i r e d   in  order   t o  

r e a l i z e   the  same  o p e r a t i n g   l i f e   t h a t   can  be  r e a l i z e d   with  a 

g r i n d i n g   ro l l   t h a t   is  t o t a l l y   new.  To  summarize,  if  in  t h e  

i n t e r e s t   of  o b t a i n i n g   comparable  o p e r a t i n g   l ives ,   m u l t i p l e  

r e s u r f a c i n g s   would  have  to  be  had  of  the  worn  g r ind ing   r o l l  

such  t h a t   the  cost   t h e r e o f   would  probably   equal ,   if  n o t  

exceed,   the  cos t   of  p r o v i d i n g   an  e n t i r e t y   new  g r ind ing   r o l l ,  

then,   the  advan tages   a cc ru ing   from  r e u s i n g   a  worn  g r i n d i n g  

ro l l   v i s - a - v i s   r e p l a c i n g   the  l a t t e r   with  a  new  g r i n d i n g   r o l l  

would  undoub ted ly   not  be  r e a l i z e d .  



It  has  been  known  in  the  p r io r   a r t   to  r e s u r f a c e   a 

worn  g r i n d i n g   r o l l .   F u r t h e r ,   the  r e s u l t s   o b t a i n a b l e   t h e r e f r o m  

have  proven  to  be  g e n e r a l l y   s a t i s f a c t o r y .   Most  o f t e n ,   t h i s  

r e s u r f a c i n g   has  been  in  the  form  of  p r o v i d i n g   the  e x t e r n a l  

s u r f a c e   of  the  worn  g r i n d i n g   ro l l   with  a  s u i t a b l y   d i m e n s i o n e d  

layer  of  weld  meta l .   In  view  of  t h i s   e x p e r i e n c e   which  t h e  

p r i o r   a r t   has  had  with  the  r e s u r f a c i n g   of  a  worn  g r i n d i n g  

r o l l ,   t h e r e   have  been  a t t emp t s   made  at  p r o v i d i n g   the  e x t e r n a l  

s u r f a c e   of  new  g r i n d i n g   r o l l s   with  a  hard  f a c i n g .  

U n f o r t u n a t e l y ,   however,  such  a t t e m p t s   app l i ed   to  new  g r i n d i n g  

r o l l s   have  not  h e r e t o d a t e   met  with  much  s u c c e s s .  

The  m o t i v a t i o n   behind  the  a t t empt   to  e f f e c t   a 

r e s u r f a c i n g   of  new  g r i n d i n g   r o l l s   has  l a rge ly   r e s i d e d   in  t h e  

d e s i r e   to  extend  the  o p e r a t i n g   l i f e   t h e r e o f .   One  of  the  ma jo r  

r easons   for  seek ing   to  extend  the  o p e r a t i n g   l i f e   of  new 

g r i n d i n g   r o l l s   is  t h a t   it  would  enable   the  per iod   to  be 

ex tended   between  when  shutdowns  are  r e q u i r e d   to  accompl ish   t h e  

removal  of  worn  g r i n d i n g   r o l l s   and  the  r e p l a c e m e n t   t h e r e o f  

with  new  g r i n d i n g   r o l l s .   Fur the rmore ,   when  c o n s i d e r a t i o n   i s  

given  to  the  f ac t   t h a t   each  bowl  mill  normally  embodies  t h r e e  

g r i n d i n g   r o l l s ,   each  of  which  p e r i o d i c a l l y   must  be  removed  and 

r e p l a c e d   when  it   becomes  worn,  as  well  as  the  f ac t   t h a t   a 

p l u r a l i t y   of  bowl  mi l l s   are  commonly  employed  to  p rov ide   t h e  

r e q u i s i t e   amount  of  p u l v e r i z e d   coal  to  a  c o a l - f i r e d   s t eam 

g e n e r a t i o n   system,  the  magnitude  of  the  problem  t h a t   i s  

p r e s e n t e d   by  the  need  to  e f f e c t   a  shut  down  of  the  bowl  m i l l  

for  purposes   of  a c c o m p l i s h i n g   the  removal  and  r e p l a c e m e n t   o f  

worn  g r i n d i n g   r o l l s   while   c o n c o m i t a n t l y   ensu r ing   t h a t   t h e  

power  g e n e r a t i o n   system  r e t a i n s   the  c a p a b i l i t y   to  p r o v i d e  

c o n t i n u o u s   u n i n t e r r u p t e d   s e r v i c e   should  be  r e a d i l y   a p p a r e n t .  

In  a d d i t i o n   to  the  above  t h e r e   is  a lso  the  mat ter   of  

the  e x p e n d i t u r e   of  time  and  e f f o r t   along  with  the  cost   per  s e  

t h a t   is  a s s o c i a t e d   with  the  act  of  removing  and  r e p l a c i n g   a 

worn  g r i n d i n g   r o l l .   Obvious ly ,   t h e r e f o r e ,   if  one  were  to  be  

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

which  g r i n d i n g   r o l l s   are  r e q u i r e d   to  be  r e p l a c e d   as  a 



consequence   of  t h e i r   having  become  worn,  cos t   sav ings   could  be 

r e a l i z e d   în  terms  of  the  time  and  e f f o r t   t h a t   is  r e q u i r e d   t o  

be  expended  to  e f f e c t   such  r e p l a c e m e n t .   There  has  been  shown 

to  e x i s t   in  the  p r io r   a r t   a  need  for  a  new  and  improved  form 

of  g r i n d i n g   ro l l   t h a t   is  c h a r a c t e r i z e d   by  the  f ac t   t h a t   t h i s  

new  g r i n d i n g   r o l l   p o s s e s s e s   a  s i g n i f i c a n t l y   longer  o p e r a t i n g  

l i f e   than  t h a t   commonly  found  to  be  pos se s sed   by  p r io r   a r t  

forms  of  g r i n d i n g   r o l l s .   In  a d d i t i o n ,   a  need  has  been 

demons t r a t ed   for  a  new  and  improved  method  for  m a n u f a c t u r i n g  

such  a  new  and  improved  form  of  g r i n d i n g   r o l l .  

It  is,  t h e r e f o r e ,   an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n  

to  p rov ide   a  new  and  improved  form  of  p u l v e r i z e r   r o l l .  

It  is  ano ther   o b j e c t   of  the  p r e s e n t   i nven t ion   t o  

p rov ide   such  a  p u l v e r i z e r   ro l l   which  is  c h a r a c t e r i z e d   in  t h a t  

it   embodies  a  t r i m e t a t   mode  of  c o n s t r u c t i o n .  

It  is  s t i l l   ano the r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n  

to  p rov ide   such  a  t r i m e t a l   p u l v e r i z e r   ro l l   t h a t   is  p r i m a r i l y  

in tended   to  be  employed  in  a  bowl  mill  for  purposes   o f  

e f f e c t i n g   the  p u l v e r i z a t i o n   t h e r e w i t h i n   of  a  ma te r i a l   such  a s  

c o a l .  

A  f u r t h e r   o b j e c t   of  the  p r e s e n t   inven t ion   is  t o  

p rov ide   such  a  t r i m e t a t   p u l v e r i z e r   ro l l   t h a t   i s  

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

A  s t i l l   f u r t h e r   o b j e c t   of  the  p r e s e n t   i nven t ion   is  t o  

p rov ide   such  a  t r i m e t a l   p u l v e r i z e r  r o l l   having  a  f i r s t   p o r t i o n  

t h e r e o f   t h a t   is  c h a r a c t e r i z e d   by  i ts   ease  of  m a c h i n a b i l i t y ,   a 

second  po r t ion   t h e r e o f   t h a t   is  c h a r a c t e r i z e d   by  the  fac t   t h a t  

it  e x h i b i t s   medium  w e a r - r e s i s t a n t   q u a l i t i e s ,   and  a  t h i r d  

po r t i on   t h e r e o f   t h a t   is  c h a r a c t e r i z e d   by  the  f ac t   t h a t   i t  

e x h i b i t s   h ighly   a b r a s i v e   r e s i s t a n t   q u a l i t i e s .  

Yet  ano the r   o b j e c t   of  the  p r e s e n t   i nven t ion   is  t o  

p rov ide   such  a  t r i m e t a l   p u l v e r i z e r   ro l l   t h a t   while  b e i n g  

r e a d i l y   employable   in  a  bowl  mill  yet  a l so   enab les   s i g n i f i c a n t  

cos t   savings   to  be  r e a l i z e d   through  the  use  t he r eo f   i n so fa r   a s  

the  o p e r a t i o n   of  the  bowl  mill  is  c o n c e r n e d .  



Yet  s t i l l   ano ther   o b j e c t   of  the  p r e s e n t   inven t ion   i s  

to  p rov ide   a  new  and  improved  method  of  m a n u f a c t u r i n g   such  a 

t r i m e t a l   p u l v e r i z e r   r o l l .  

SUMMARY  OF  THE  INVENTION 

In  accordance   with  one  a spec t   of  the  p r e s e n t  

i n v e n t i o n   t h e r e   is  p rov ided   a  p u l v e r i z e r ,   i . e . ,   g r i n d i n g   r o l l  

of  the  type  t h a t   is  p a r t i c u l a r l y   s u i t e d   for  employment  in  a 
bowl  m i l l .   When  mounted  in  the  bowl  mi l l ,   the  s u b j e c t   rol l   i s  

des igned   to  be  o p e r a t i v e   to  coact   with  ano ther   s u r f a c e   of  t h e  

bowl  mill  in  order   to  accompl ish   the  p u l v e r i z a t i o n   w i t h i n  t h e  

bowl  mill  of  m a t e r i a l   such  as  coa l .   To  t h i s   end,  the  s u b j e c t  

ro l l   embodies  a  t r i m e t a l   form  of  c o n s t r u c t i o n .   More 

s p e c i f i c a l l y ,   the  s u b j e c t   ro l l   i n c o r p o r a t e s   a  f i r s t ,   i . e . ,  

inner ,   p o r t i o n   which  is  made  of  ma te r i a l   t h a t   is  c h a r a c t e r i z e d  

by  its  ease  of  m a c h i n a b i l i t y ,   as  for  example,  gray  i r o n .  

F u r t h e r ,   t h i s   inner  p o r t i o n   has  formed  t h e r e t h r o u g h   a  p a s s a g e  
which  is  s u i t a b l y   d imensioned  for  r e c e i v i n g   t h e r e w i t h i n   a  

s h a f t - l i k e   member  on  which  the  ro l l   is  des igned  to  be  mounted 

in  suppor t ed   r e l a t i o n   t h e r e t o .   Next,  the  s u b j e c t   r o l l  

i n c o r p o r a t e s   a  second,  i . e . ,   i n t e r m e d i a t e ,   p o r t i o n   of  m a t e r i a l  

t h a t   is  s u i t a b l y   suppor t ed   in  adhered  r e l a t i o n   on  the  i n n e r  

p o r t i o n .   This  i n t e r m e d i a t e   p o r t i o n ,   which  is  s u b s t a n t i a l l y  

uniform  in  t h i c k n e s s ,   is  composed  of  a  ma te r i a l   t h a t   is  n o t e d  

for  i ts   medium  w e a r - r e s i s t a n t   q u a l i t i e s   such  as  a  m a t e r i a l  

l ike   Raymix,  the  l a t t e r   being  o b t a i n a b l e   from  a p p l i c a n t ' s  

a s s i g n e e .   L a s t l y ,   the  s u b j e c t   ro l l   i n c o r p o r a t e s   a  t h i r d ,  

i . e . ,   ou te r ,   p o r t i o n   t h a t   is  s u i t a b l y   suppor t ed   in  a d h e r e d  

r e l a t i o n   on  the  i n t e r m e d i a t e   p o r t i o n .   This  outer   p o r t i o n   i s  

s u b s t a n t i a l l y   uneven  in  t h i c k n e s s .   That  is,  those   areas   o f  

the  ou te r   p o r t i o n   of  the  s u b j e c t   ro l l   t h a t   are  known  to  wear 

most  r a p i d l y   are  p rov ided   with  a  t h i c k e r   t h i c k n e s s   o f  

m a t e r i a l .   F i n a l l y   t h i s   outer   p o r t i o n   is  composed  of  a  h i g h l y  

a b r a s i v e   r e s i s t a n t   ma te r i a l   such  as  a  weld  ove r l ay   m a t e r i a l .  

In  acco rdance   with  ano ther   a spec t   of  the  p r e s e n t  

i n v e n t i o n   t h e r e   is  p rovided  a  method  of  m a n u f a c t u r i n g   such  a 

t r i m e t a l   p u l v e r i z e r ,   i . e . ,   g r i nd ing   r o l l .   T h e  s u b j e c t   method 



i nc ludes   the  s t eps   of  forming  from  a  ma te r i a l   t ha t   i s  

c h a r a c t e r i z e d   by  i ts   ease  of  m a c h i n a b i l i t y   a  body  having  t h e  

genera l   c o n f i g u r a t i o n   of  a  r o l l ,   p r o v i d i n g   through  the  c e n t e r  

of  the  body  a  s u i t a b l y   dimensioned  through  passage   capable   o f  

having  a  s h a f t - l i k e   suppor t   member  p o s i t i o n e d   t h e r e w i t h i n   in 

mounted  r e l a t i o n   t h e r e t o ,   a f f i x i n g   in  suppor t ed   r e l a t i o n   t o  

the  body  a  f i r s t   s u b s t a n t i a l l y   uniform  layer   of  m a t e r i a l  

having  medium  w e a r - r e s i s t a n t   c h a r a c t e r i s t i c s ,   and  a f f i x i n g   in 

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

s u b s t a n t i a l l y   nonuniform  layer  of  ma te r i a l   having  h i g h l y  

a b r a s i v e   r e s i s t a n t   c h a r a c t e r i s t i c s .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

Figure   1  is  a  s ide  e l e v a t i o n a l   view  p a r t l y   in  s e c t i o n  

and  with  some  p a r t s   broken  away  of  a  bowl  mill  embodying 

p u l v e r i z e r   r o l l s   c o n s t r u c t e d   in  accordance   with  the  p r e s e n t  

i n v e n t i o n   and  manufac tu red   in  accordance   with  the  method  o f  

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

Figure   2  is  a  s e c t i o n a l   view  on  an  en l a rged   sca le   o f  

a  p u l v e r i z e r   ro l l   c o n s t r u c t e d   in  accordance   with  the  p r e s e n t  

i nven t ion   and  manufac tu red   in  accordance   with  the  method  o f  

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

Figure   3  is  a  s e c t i o n a l   view  on  an  en la rged   sca le   o f  

a  p u l v e r i z e d   ro l l   c o n s t r u c t e d   in  accordance   with  the  p r e s e n t  

i nven t ion   and  manufac tu red   in  accordance   with  the  method  o f  

the  p r e s e n t   i n v e n t i o n ,   i l l u s t r a t i n g   in  e x a g g e r a t e d   form  t h e  

uneven  na tu re   of  the  t h i c k n e s s   of  the  outer   por t ion   of  t h e  

p u l v e r i z e r   r o l l .  

DESCRIPTION  OF  A  PREFERRED  EMBODIMENT 

R e f e r r i n g   now  to  the  drawing,  and  more  p a r t i c u l a r l y  

to  F igure   1  t h e r e o f ,   t he re   is  dep ic t ed   t h e r e i n   a  p u l v e r i z i n g  

bowl  mi l l ,   g e n e r a l l y   d e s i g n a t e d   by  r e f e r e n c e   numeral  10. 

Inasmuch  as  the  na ture   of  the  c o n s t r u c t i o n   and  the  mode  o f  

o p e r a t i o n   of  p u l v e r i z i n g   bowl  mi l l s   per  se  are  well-known  t o  

those   s k i l l e d   in  the  a r t ,   it  is,  t h e r e f o r e ,   not  deemed 

neces sa ry   to  set   for th   here in   a  d e t a i l e d   d e s c r i p t i o n   of  t h e  

bowl  mill  10,  which  is  i l l u s t r a t e d   in  F igure   1.  Ra ther ,   it  i s  



deemed  s u f f i c i e n t   for  purposes   of  o b t a i n i n g   an  u n d e r s t a t i n g  

of  a  p u l v e r i z i n g   bowl  mill  10,  which  is  c a p a b l e  o f   b e i n g  

equipped  with  p u l v e r i z e r   r o l l s   c o n s t r u c t e d   in  a c c o r d a n c e  w i t h  

the  p r e s e n t   i nven t ion   and  manufac tu red   by  means  of  the  p r e s e n t  

i n v e n t i o n ,   t h a t   t h e r e   merely  be  p r e s e n t e d   here in   a  g e n e r a l i z e d  

d e s c r i p t i o n   of  the  na tu re   of  the  c o n s t r u c t i o n   and  the  mode  o f  

o p e r a t i o n   of  the  components  of  the  p u l v e r i z i n g   b o w l  m i l l  1 0 .  

For  a  more  d e t a i l e d   d e s c r i p t i o n   of  the  na tu re   of  t h e  

c o n s t r u c t i o n   and  the  mode  of  o p e r a t i o n   of  the  c o m p o n e n t s  o f  

the  p u l v e r i z i n g   bowl  mill  10,  which  are  not  d e s c r i b e d   i n  d e p t h  

h e r e i n ,   one  may  have  r e f e r e n c e   to  the  p r io r   a r t ,   e . g . ,   U . S .  

P a t e n t   No.  3 , 4 6 5 , 9 7 1 ,   which  issued  September  9,  1969  t o   J.  F .  

Dalenberg   et  a l . ,   and/or   U.S.  P a t e n t   No.  4 , 0 0 2 , 2 9 9 ,   which  

issued  January  11,  1977  t o  C .   J.  S k a l k a .  

R e f e r r i n g   f u r t h e r   to  F igure   1  of  the  drawing,  t h e  

p u l v e r i z i n g   bowl  mill  10,  as  i l l u s t r a t e d   t h e r e i n ,  i n c l u d e s   a 

s u b s t a n t i a l l y   c losed   s e p a r a t o r   body  12.  A  g r i n d i n g   t a b l e   14 

is  mounted  on  a  s h a f t   16,  which  in  turn  is  o p e r a t i v e l y  
connec ted   to  a  s u i t a b l e   dr ive  mechanism  (not  shown),   so  a s   t o  

be  capab le   of  being  r o t a t a b l y   dr iven  t h e r e b y .   With 

a f o r e d e s c r i b e d   components  a r ranged   wi th in   the  s e p a r a t o r   body 
12  in  the  manner  d e p i c t e d   in  F igure   1  of  the  drawing,  t h e  

g r i n d i n g   t a b l e   14  is  des igned  to  be  dr iven  in  a  c l o c k w i s e  

d i r e c t i o n .  

C o n t i n u i n g   with  a  d e s c r i p t i o n   of  the  p u l v e r i z i n g   bowl 

m i l l  1 0 ,   a  p l u r a l i t y   of  p u l v e r i z e r ,   i . e . ,   g r i n d i n g ,   r o l l s   18,  

p r e f e r a b l y   t h r e e   in  number  in  accord  with  c o n v e n t i o n a l  

p r a c t i c e ,   are  s u i t a b l y   suppor t ed   wi th in   the  i n t e r i o r   o f  t h e  

s e p a r a t o r   body  12  so  as  to  be  spaced  e q u i d i s t a n t l y   o n e  f r o m  

ano the r   around  the  c i r c u m f e r e n c e   of  the  l a t t e r .   The  na tu re   o f  

the  c o n s t r u c t i o n   as  well  as  the  method  by  which  e a c h  o f  t h e  

g r i n d i n g   r o l l s   18  is  manufac tu red   compr ises   the  s u b j e c t   m a t t e r  

t h a t   forms  the  e s sence   of  the  p r e s e n t   i n v e n t i o n .   A 

d e s c r i p t i o n   of  the  na tu re   of  the  c o n s t r u c t i o n   of  t h e  g r i n d i n g  

r o l l s   18  as  well  as  a  d e s c r i p t i o n   of  the  method  by  w h i c h  s u c h  

a  g r i n d i n g   rol l   18  is  manufac tu red   will  be  found  s e t  f o r t h  



h e r e i n a f t e r .   F i r s t ,   however,  note  is  made  here  of  the  f a c t  

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

the  drawing  only  one  g r i n d i n g   rol l   18  has  been  shown  in  F i g u r e  
1 .  

As  f u r t h e r   r ega rds   the  g r i n d i n g   r o l l s   18,  each  of  t h e  

l a t t e r ,   as  bes t   u n d e r s t o o d   with  r e f e r e n c e   to  F igure   1  of  t h e  

drawing,   is  p r e f e r a b l y   suppor t ed   on  a  s u i t a b l e   s h a f t   ( n o t  

shown)  such  as  to  be  r o t a t a b l e   r e l a t i v e   t h e r e t o .   Moreove r ,  

the  g r i n d i n g   r o l l s   18  are  a l so   each  s u i t a b l y   suppor t ed   in  a 

manner  yet  to  be  d e s c r i b e d   for  movement  r e l a t i v e   to  the  u p p e r  

s u r f a c e ,   as  viewed  with  r e f e r e n c e   to  F igure   1,  of  the  g r i n d i n g  

t a b l e   14.  To  t h i s   end,  each  of  the  g r i n d i n g   r o l l s   18  ha s  

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

g e n e r a l l y   d e s i g n a t e d   in  F igure   1  by  r e f e r e n c e   numeral  2 0 .  

Each  of  the  h y d r a u l i c   means  20,  as  will  be  d e s c r i b e d   more 

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

loading  on  the  g r i n d i n g   rol l   18  t h a t   is  a s s o c i a t e d   t h e r e w i t h .  

The  e f f e c t   of  t h i s   loading  is  to  cause  the  ro l l   18,  which  i s  

s u b j e c t   t h e r e t o ,   to  e x e r t   the  r e q u i s i t e   degree  of  force   on  t h e  

coal  t h a t   is  d i sposed   on  the  g r i n d i n g   t a b l e   14,  and  t h e r e b y  

accompl ish   the  d e s i r e d   p u l v e r i z a t i o n   of  t h i s   c o a l .  

The  m a t e r i a l ,   e . g . ,   coal ,   t h a t   is  to  be  p u l v e r i z e d   in 

the  bowl  mill  10  is  fed  t h e r e t o   by  means  of  any  s u i t a b l e  

c o n v e n t i o n a l   form  of  feed  means.  By  way  of  e x e m p l i f i c a t i o n   in 

t h i s   r ega rd ,   one  such  feed  means  t h a t   may  be  employed  for  t h i s  

purpose  is  a  b e l t   feeder   means  (not  shown).  Upon  b e i n g  

d i s c h a r g e d   from  the  feed  means  (not  shown),  the  coal  e n t e r s  

the  bowl  mill  10  by  means  of  a  coal  supply  means,  g e n e r a l l y  

d e s i g n a t e d   by  r e f e r e n c e   numeral  22,  with  which  the  s e p a r a t o r  

body  12  is  s u i t a b l y   p rov ided .   In  accordance   with  t h e  

embodiment  of  the  p u l v e r i z i n g   bowl  mill  10  i l l u s t r a t e d   in 

F igure   1,  the  coal  supply  means  22  inc ludes   a  s u i t a b l y  

dimensioned  duct  24  having  one  end  t h e r e o f ,   which  e x t e n d s  

outwardly   of  the  s e p a r a t o r   body  12  and  p r e f e r a b l y   t e r m i n a t e s  

in  a  f u n n e l - l i k e   member  (not  shown).  The  l a t t e r   member  ( n o t  

shown)  is  s u i t a b l y   shaped  so  as  to  f a c i l i t a t e   the  c o l l e c t i o n  



of  the  coal  p a r t i c l e s   e n t e r i n g   the  bowl  mill  10,  and  t h e  

gu id ing   t h e r e a f t e r   of  t hese   coal  p a r t i c l e s   into  the  duct  2 4 .  

To  t h i s   end,  as  shown  in  F igure   1  of  the  drawing,   the  duct  end 

26  p r e f e r a b l y   is  s u i t a b l y   s u p p o r t e d   wi th in   the  s e p a r a t o r   body 
12  through  the  use  of  any  s u i t a b l e   form  of  c o n v e n t i o n a l  

suppor t   means  (not  shown)  such  t h a t   the  duct  end  26  i s  

c o a x i a l l y   a l i g n e d   with  the  s h a f t   16  t h a t   suppor t s   the  g r i n d i n g  

t a b l e   14  for  r o t a t i o n ,   and  is  located   in  spaced  r e l a t i o n   to  a 

s u i t a b l e   o u t l e t   28  provided  in  the  c l a s s i f i e r ,   g e n e r a l l y  

d e s i g n a t e d   by  r e f e r e n c e   numeral  30,  through  which  the  c o a l  

flows  in  the  course   of  being  fed  onto  the  s u r f a c e   of  t h e  

g r i n d i n g   t a b l e   14 .  

In  accord  with  the  mode  of  o p e r a t i o n   of  p u l v e r i z i n g  

bowl  mi l l s   t h a t   embody  the  form  of  c o n s t r u c t i o n   dep i c t ed   in 

Figure   1,  a  gas  such  as  air  is  u t i l i z e d   to  e f f e c t   t h e  

conveyance  of  the  coal  from  the  g r i n d i n g   t a b l e   14  through  t h e  

i n t e r i o r   of  the  s e p a r a t o r   body  12  for  d i s c h a r g e   from  t h e  

p u l v e r i z i n g   bowl  mill  10.  The  a i r   t h a t   is  made  use  of  in  t h i s  

regard   e n t e r s   the  s e p a r a t o r   body  12  through  a  s u i t a b l e   o p e n i n g  

(not  shown)  formed  t h e r e i n   for  t h i s   purpose .   From  t h e  

a f o r e s a i d   opening  (not  shown)  in  the  s e p a r a t o r   body  12,  t h e  

a i r   flows  to  a  m u l t i p l i c i t y   of  annula r   spaces  32  s u i t a b l y  

formed  between  the  c i r c u m f e r e n c e   of  the  g r i n d i n g   t a b l e   14  and 

the  inner  wall  s u r f a c e   of  the  s e p a r a t o r   body  12.  The  air   upon 

e x i t i n g   from  the  annu la r   spaces  32  is  d e f l e c t e d   over  t h e  

g r i n d i n g   t a b l e   14  by  means  of  s u i t a b l y   p o s i t i o n e d   d e f l e c t o r  

means  (not  shown).  One  such  form  of  d e f l e c t o r   means  ( n o t  

shown),  which  is  s u i t a b l e   for  use  for  t h i s   purpose  in  the  bowl 

mill  10  of  F igure   1  compr ises   the  s u b j e c t   mat ter   of  U . S .  

Pa t en t   No.  4 ,234 ,132   which  issued  to  a p p l i c a n t   on  November  18,  

1980,  and  which  is  a s s igned   to  the  same  a s s i g n e e   as  t h e  

p r e s e n t   a p p l i c a t i o n .  

While  the  a i r   is  f lowing  along  the  path  d e s c r i b e d  

above,  the  coal  which  is  d i sposed   on  the  s u r f a c e   of  t h e  

g r i n d i n g   t a b l e   14  is  being  p u l v e r i z e d   by  the  ac t ion   of  t h e  

g r i n d i n g   r o l l s   18.  As  the  coa l  becomes   p u l v e r i z e d ,   t h e  



p a r t i c l e s   are  by  c e n t r i f u g a l   force   thrown  ou tward ly   away  from 

the  c e n t e r   of  the  g r i n d i n g   t a b l e   14.  Upon  r e a c h i n g   t h e  r e g i o n  

of  the  c i r c u m f e r e n c e   of  the  g r i n d i n g   t a b l e   14,  the  c o a l  

p a r t i c l e s   are  picked  up  by  the  a i r   e x i t i n g   from  the  a n n u l a r  

spaces  32  and  are  c a r r i e d   along  t h e r e w i t h .   The  combined  f low 

of  a i r   and  coal  p a r t i c l e s   is  t h e r e a f t e r   c ap tu red   by  t h e  

d e f l e c t o r   means  (not  shown),  which  has  been  r e f e r r e d   t o  

p r e v i o u s l y   h e r e i n a b o v e .   The  d e f l e c t o r   means  (not  shown) ,  

in  t u rn ,   is  o p e r a t i v e   to  cause  t h i s   combined  flow  of  a i r   and 

coal  p a r t i c l e s   to  be  d e f l e c t e d   over  the  g r i n d i n g   t a b l e   14 .  

This  n e c e s s i t a t e s   a  change  in  d i r e c t i o n   in  the  path  of  flow  o f  

t h i s   combined  s t ream  of  a i r   and  coal  p a r t i c l e s .   In  the  c o u r s e  
of  e f f e c t i n g   t h i s   change  of  d i r e c t i o n ,   the  h e a v i e s t   coa l  

p a r t i c l e s ,   because  they  have  more  i n e r t i a ,   become  s e p a r a t e d  
from  the  a i r   s t ream,   and  fa l l   back  onto  the  s u r f a c e   of  t h e  

g r i n d i n g   t a b l e   14,  whereupon  they  undergo  f u r t h e r  

p u l v e r i z a t i o n .   The  l i g h t e r   coal  p a r t i c l e s ,   on  the  o ther   hand,  

because   they  have  less  i n e r t i a   con t inue   to  be  c a r r i e d   along  in 

the  a i r   s t r e a m .  

Af ter   leaving  the  i n f l u e n c e   of  the  a f o r e d e s c r i b e d  

d e f l e c t o r   means  (not  shown),  the  combined  s tream  c o n s i s t i n g   o f  

a i r   and  those   coal  p a r t i c l e s   t h a t   remain  e n t r a i n e d   t h e r e i n  

flows  to  the  c l a s s i f i e r   means  30  to  which  r e f e r e n c e   has  been 

had  here in   p r e v i o u s l y .   In  accord  with  c o n v e n t i o n a l   p r a c t i c e  

and  in  a  manner  which  is  well-known  to  those   s k i l l e d   in  t h i s  

a r t ,   the  c l a s s i f i e r   30  o p e r a t e s   to  e f f e c t   a  f u r t h e r   s o r t i n g   o f  

the  coal  p a r t i c l e s   t h a t   remain  in  the  a i r   s t ream.   Namely, 

those   p a r t i c l e s   of  p u l v e r i z e d   coal ,   which  are  of  the  d e s i r e d  

p a r t i c l e   s i ze ,   pass  through  the  c l a s s i f i e r   30  and  along  w i t h  

the  a i r   are  d i s c h a r g e d   t h e r e f r o m   and  thereby   from  the  bowl 

mill  10.  This  d i s c h a r g i n g   of  the  coal  p a r t i c l e s   is  e f f e c t e d  

through  the  o u t l e t s   34  with  which  the  bowl  mill  10  is  s u i t a b l y  

p rov ided   for  t h i s   p u r p o s e .  
On  the  o ther   hand,  those   coal  p a r t i c l e s ,   which  in 

s i ze   are  larger   than  d e s i r e d ,   are  r e t u r n e d   to  t h e  s u r f a c e   o f  

the  g r i n d i n g   t a b l e   14  whereupon  they  undergo  f u r t h e r  



p u l v e r i z a t i o n .   T h e r e a f t e r ,   t hese   coal  p a r t i c l e s   a r e  o n c e  

again  s u b j e c t e d   to  the  p rocess   t h a t   has  been  d e s c r i b e d   a b o v e .  

That  is,  t he se   p a r t i c l e s   are  thrown  ou tward ly   of  the  g r i n d i n g  

t a b l e   14,  are  picked  up  by  the  a i r   e x i t i n g   from  the  a n n u l a r  

spaces  32,  are  c a r r i e d   along  with  the  a i r   to  the  d e f l e c t o r  

means  (not  shown),  are  d e f l e c t e d   back  over  the  g r i nd ing   t a b l e  

14  by  the  d e f l e c t o r   means  (not  shown),  the  h e a v i e r  p a r t i c l e s  

drop  back  onto  the  g r i n d i n g   t a b l e   14,  the  I ; g h t e r   p a r t i c l e s  

are  c a r r i e d   along  to  the  c l a s s i f i e r   30,  and  f i n a l l y   t h o s e  

p a r t i c l e s   which  are  of  tne  proper  s ize   pass  through  t h e  

c l a s s i f i e r   30  and  e x i t   from  the  bowl  mill  10  through  t h e  

o u t l e t s   3 4 .  

C o n s i d e r i n g   f u r t h e r   the  mat te r   of  the  p u l v e r i z i n g  

ac t i on   to  which  the  coal  d i sposed   on  the  upper  s u r f a c e ,   as  

viewed  with  r e f e r e n c e   to  F igure   1,  of  the  g r i n d i n g   t a b l e  1 4   i s  

s u b j e c t e d   by  the  g r i n d i n g   r o l l s   18,  the  amount  of  force   t h a t  

must  be  e x e r t e d   on  the  l a t t e r   in  order   to  e f f e c t   the  d e s i r e d  

degree  of  p u l v e r i z a t i o n   of  the  coal  mill  vary  depending  on  a 

number  of  f a c t o r s .   For  example,  one  impor tan t   c o n s i d e r a t i o n  

in  t h i s   regard   is  the  na tu re   of  the  coal  i t s e l f .   That  is,  t h e  

amount  of  fo rce   r e q u i r e d   to  p u l v e r i z e   the  coal  will  be  a 

f u n c t i o n   of  the  g r i n d a b i l i t y   of  the  coal  to  be  p u l v e r i z e d ,  

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

impor tan t   f a c t o r   in  d e t e r m i n i n g   the  amount  of  force   t h a t  t h e  

g r i n d i n g   r o l l s   18  must  e x e r t   to  accompl ish   the  d e s i r e d   d e g r e e  

of  p u l v e r i z a t i o n   of  the  coal  is  the  depth  to  which  t h e  c o a l   i s  

d i sposed   on  the  g r i n d i n g   t a b l e   14,  which  in  turn   is  a  f u n c t i o n  

of  the  ou tpu t   r a t e   at  which  the  bowl  mill  10  is  b e i n g  

o p e r a t e d .  
As  bes t   unde r s tood   with  r e f e r e n c e   to  F igure   1  of  t h e  

drawing,   the  amount  of  g r i n d i n g   fo rce   which  the  g r i n d i n g   r o l l s  

18  apply  to  the  coal  on  the  g r i n d i n g   t a b l e   14  is  a  f u n c t i o n   o f  

the  amount  of  fo rce   with  which  the  g r i n d i n g   r o l l s   18  a r e  

b iased   into  engagement  with  the  coal  on  the  t a b l e   1 4 .  I n  

accord  with  the  na tu re   of  the  c o n s t r u c t i o n   shown  in  F igure   1,  

the  g r i n d i n g   ro l l   18  d e p i c t e d   t h e r e i n ,   which  is  s u i t a b l y  



mounted  for  r o t a t i o n   on  a  s h a f t   (not  shown),  is  s u i t a b l y  

s u p p o r t e d   so  as  to  be  p i v o t a b l e   about  the  p ivo t   pin  36  i n t o  

and  out  of  engagement  with  the  coal  t h a t   is  d i sposed   on  t h e  

g r i n d i n g   t a b l e   14.  Although  only  one  g r i n d i n g   ro l l   18  i s  

shown  in  F igure   1  and  a l though  t h i s   d i s c u s s i o n   is  d i r e c t e d   t o  

t h i s   one  g r i n d i n g   ro l l   18,  it  is  to  be  under s tood   t h a t   as  has  

been  mentioned  p r e v i o u s l y   h e r e i n b e f o r e   the  bowl  mill  10  i s  

normal ly   p rov ided   with  t h r e e   such  g r i n d i n g   r o l l s   18.  

T h e r e f o r e ,   t h i s   d i s c u s s i o n   is  in tended  to  be  e q u a l l y  

a p p l i c a b l e   to  each  of  t hese   t h r e e   g r i n d i n g   r o l l s   18 .  

C o n t i n u i n g   with  the  mat te r   of  the  force   exe r t ed   by 

the  g r i n d i n g   ro l l   18,  the  l a t t e r   in  accord  with  the  na ture   o f  

the  c o n s t r u c t i o n   i l l u s t r a t e d   in  F igure   1  is  designed  to  be 

b iased   h y d r a u l i c a l l y   into  and  out  of  engagement  with  the  c o a l  

t h a t   is  on  the  g r i n d i n g   t a b l e   14.  More  s p e c i f i c a l l y ,   to  t h i s  

end  the  h y d r a u l i c   means  20  is  c o o p e r a t i v e l y   a s s o c i a t e d   w i t h  

the  g r i n d i n g   ro l l   18.  As  d e p i c t e d   in  F igure   1,  the  h y d r a u l i c  

means  20  i nc ludes   a  c y l i n d e r   38  s u i t a b l y   mounted  to  t h e  

e x t e r i o r   wall  s u r f a c e   of  the  s e p a r a t o r   body  12.  Within  t h e  

c y l i n d e r   38,  a  p i s ton   40  is  s u i t a b l y   suppor t ed   for  movement 

t h e r e w i t h i n .   A t t ached   to  the  p i s ton   40  is  a  p i s ton   rod  42  of  

s u f f i c i e n t   length  so  as  to  extend  into  the  i n t e r i o r   of  t h e  

s e p a r a t o r   body  12  whereupon  the  f ree   end  of  the  p i s ton   rod  42 

engages  an  u p s t a n d i n g   member  44  t h a t   comprises   a  po r t ion   o f  

the  suppor t   means  for  the  g r i n d i n g   .roll  18.  A  s u i t a b l e  

opening  46  is  formed  in  the  s e p a r a t o r   body  12  to  enable   t h e  

p i s ton   rod  42  to  p r o j e c t   into  the  i n t e r i o r   of  the  l a t t e r .   In 

a  manner  well-known  to  those   s k i l l e d   in  the  a r t   of  h y d r a u l i c s ,  

the  c y l i n d e r   is  f i l l e d   with  a  s u i t a b l e   h y d r a u l i c   f l u i d ,   such  

t h a t   a  h y d r a u l i c   p r e s s u r e   is  app l i ed   by  the  f l u i d   to  b o t h  

faces   of  the  p i s ton   40.  The  h y d r a u l i c   f l u i d   which  f i l l s   t h e  

c y l i n d e r   38  is  p rovided   t h e r e t o   from  a  s u i t a b l e   source  t h e r e o f  

(not  s h o w n ) .  

Accord ing ly ,   the  e x t e n t   to  which  the  f ree   end  of  t h e  

p i s ton   rod  42  p r o j e c t s   into  the  i n t e r i o r   of  the  s e p a r a t o r   body 

12  for  engagement  with  the  member  44  is  a  func t ion   of  t h e  



d i f f e r e n c e   i n  h y d r a u l i c   p r e s s u r e ,   which  is  app l i ed   to  t h e  

faces   of  the  p i s ton   40.  In  tu rn ,   the  e x t e n t   to  which  the  f r e e  

end  of  the  p i s t o n   rod  42  extends   into  the  i n t e r i o r   of  t h e  

s e p a r a t o r   body  12  d e t e r m i n e s   the  e x t e n t   to  which  the  g r i n d i n g  

ro l l   18  is  h y d r a u l i c a l l y   b iased   into  engagement  with  the  c o a l  

on  the  g r i n d i n g   t a b l e   14,  and  c o n c o m i t a n t l y   the  amount  o f  

g r i n d i n g   force   being  app l i ed   to  the  coal  by  the  g r i n d i n g  r o l l  
18.  That  is,  the  p i s t o n   rod  42  is  f i x e d l y   a t t a c h e d  t o   o n e  

face  of  the  p i s ton   40  such  t h a t   as  the  p i s t o n  4 0   m o v e s  i n  

r e s p o n s e   to  the  d i f f e r e n c e   in  h y d r a u l i c   p r e s s u r e   being  a p p l i e d  

to  the  faces   t h e r e o f ,   the  p i s ton   rod  42  moves  a l o n g  

t h e r e w i t h .   It  is  to  be  unde r s tood   in  t h i s   connec t i on   t h a t   t h e  

opening  46  p rov ided   in  the  s e p a r a t o r   body  12  through  which  t h e  

p i s ton   rod  42  passes   is  equipped  with  s u i t a b l e   s e a l i n g   means 

(not  shown)  o p e r a t i v e   to  p r even t   the  leakage  through  t h e  

opening  46  of  h y d r a u l i c   f l u i d   from  the  c y l i n d e r   38  to  t h e  

i n t e r i o r   of  the  body  1 2 .  

By  way  of  e x e m p l i f i c a t i o n ,   the  more  the  f ree   end  o f  

the  p i s t o n   rod  42  ex tends   into  the  i n t e r i o r   of  the  s e p a r a t d r  

body  12,  the  more  it  will   cause  the  member  44  to  move  i n  a  

c l ockwi se   d i r e c t i o n ,   as  viewed  with  r e f e r e n c e   to  F igure   1 ,  

about  the  p ivo t   pin  36,  and  the reby   have  the  e f f e c t   o f  

i n c r e a s i n g   the  amount  of  g r i n d i n g   fo rce   t h a t   the  g r i n d i n g   r o l l  

18  e x e r t s   on  the  coal  t h a t   is  on  the  g r i n d i n g   t a b l e   1 4 .  

Conve r se ly ,   the  less  the  f ree   end  of  the  p i s ton   rod  42 

p r o j e c t s   into  the  i n t e r i o r   of  the  s e p a r a t o r   body  1 2 ,  t h e   l e s s  

c lockwise   movement  t h e r e   will  be  of  the  member  44  about  t h e  

p ivo t   pin  36,  and  thus  the  less  g r i n d i n g   force   the  r o l l  1 8  

will   e x e r t   on  the  coal  t h a t   is  d i sposed   on  the  t a b l e   1 4 .  

L a s t l y ,   in  accord  with  the   p r e f e r r e d   form  o f  

c o n s t r u c t i o n ,   the  h y d r a u l i c   means  20  is  p rov ided   with  an 

accumula to r   48.  The  f u n c t i o n   of  the  l a t t e r   is  to  o b v i a t e   any 

p o t e n t i a l l y   damaging  consequences   t h a t   might  o t h e r w i s e   f l o w  

from  the  o c c u r r e n c e   of  some  form  of  t r a n s i e n t   o p e r a t i n g  

c o n d i t i o n .   For  example,  should  some  fo re ign   o b j e c t  b e  

i n t r o d u c e d   into  +he  bowl  m i l l  1 0   along  with  the  coal  t h a t   i s  



to  be  p u l v e r i z e d ,   and  should  t h i s   f o r e i g n   o b j e c t   become 

d i sposed   on  the  g r i n d i n g   t a b l e  1 4 ,   the  e f f e c t   of  the  g r i n d i n g  

ro l l   18  engaging   t h i s   f o r e i g n   o b j e c t   would  be  to  r a i s e   t h e  

ro l l   18  away  from  the  t a b l e   14,  i . e . ,   would  be  to  cause  t h e  

ro l l   18  to  move  about   the  p ivo t   pin  36  in  a  c o u n t e r c l o c k w i s e  

d i r e c t i o n ,   as  viewed  with  r e f e r e n c e   to  F igure   1.  As  a 

consequence   of  t h i s   a c t i o n ,   the  member  44  would  be  made  t o  

apply  a  fo rce   a g a i n s t   the  f ree   end  of  the  p i s t o n   rod  42  

t e n d i n g   to  cause  the  p i s ton   40  to  move  in  a  d i r e c t i o n   away 
from  the  wall  s u r f a c e   of  the  s e p a r a t o r   body  12.  F u r t h e r ,   a s  

the  p i s t o n   40  moves  in  t h i s   manner,  the  h y d r a u l i c   f l u i d  

loca t ed   in  t h a t   p o r t i o n   of  the   c y l i n d e r   38  towards  which  t h e  

p i s t o n   40  is  moving  would  t end ,   absen t   the  p r e sence   of  t h e  

accumula to r   48,  to  r e s i s t   the  movement  of  the  p i s ton   40.  T h i s  

could  r e s u l t   in  damage  being  i ncu r r ed   by  the  v a r i o u s  

components  t h a t   are  o p e r a t i v e l y   a s s o c i a t e d   with  the  g r i n d i n g  

ro l l   1 8 .  

A c c o r d i n g l y ,   the  f u n c t i o n   of  the  accumula to r   48  is  t o  

permi t   h y d r a u l i c   f l u i d   to  flow  t h e r e i n t o   as  the  f l u i d   is  b e i n g  

forced  from  the  c y l i n d e r   38  by  the  advancing  p i s ton   4 0 .  

However,  as  soon  as  the  g r i n d i n g   ro l l   18  passes   over  t h e  

f o r e i g n   o b j e c t ,   the   g r i n d i n g   ro l l   18  is  once  again  r e s t o r e d   t o  

i t s   normal  p o s i t i o n ,   i . e . ,   n o n t r a n s i e n t   c o n d i t i o n .   T h i s  

occurs   by  v i r t u e   of  the  flow  from  the  accumula to r   48  into  t h e  

c y l i n d e r   38  of  the  h y d r a u l i c   f l u i d   which  had  been  made  to  f low 

into   the  former  from  the  l a t t e r ,   because  of  t h e  

c o u n t e r c l o c k w i s e   movement,  as  viewed  with  r e f e r e n c e   to  F i g u r e  

1,  of  the  g r i n d i n g   ro l l   18  about  the  p ivo t   pin  36  caused  by 

the  r a i s i n g   of  the  ro l l   18  as  the  l a t t e r   engaged  and  p a s s e d  

over  the  fo re ign   o b j e c t   loca ted   on  the  t a b l e   1 4 .  

For  p J r p o s e s   of  s e t t i n g   fo r th   a  d e t a i l e d   d e s c r i p t i o n  

of  the  s t r u c t u r a l   na tu re   of  a  p u l v e r i z e r   ro l l   18  c o n s t r u c t e d  

in  accord  with  the  p r e s e n t   i nven t ion   as  well  as  the  method  by 

which  such  a  p u l v e r i z e r   ro l l   18  is  manufac tured   in  accord  w i t h  

the  p r e s e n t   i n v e n t i o n ,   r e f e r e n c e   will  now  be  had  p a r t i c u l a r l y  

to  F i g u r e s   2  and  3  of  the  drawing.  It  is  impor tan t   to  t a k e  



note  here  of  the  f a c t   t h a t   F igu re   2  in  c o n t r a s t   to  F igure   3  i s  

in tended   to  simply  p rov ide   a  genera l   i l l u s t r a t i o n   of  a  

p u l v e r i z e r ,   i . e . ,   g r i n d i n g ,   ro l l   18  c o n s t r u c t e d   in  accord   w i t h  

the  p r e s e n t   i n v e n t i o n .   F igure   3,  on  the  o the r   h a n d ,  a s  w i l l  

be  more  f u l l y   se t   f o r th   h e r e i n a f t e r ,   i l l u s t r a t e s   with  more 

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

p u l v e r i z e r   ro l l   18  t h a t   is  manufac tu red   in  a cco rdance   with  t h e  

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

With  the  above  as  a  frame  of  r e f e r e n c e ,   it  can  be 

seen  from  F i g u r e s   2  and  3  t h a t   the  g r i n d i n g   ro l l   18  embodies  a  

t r i m e t a t   form  of  c o n s t r u c t i o n .   More  s p e c i f i c a l l y ,   as  b e s t  

u n d e r s t o o d   with  r e f e r e n c e   to  F igu re s   2  and  3,  the  g r i n d i n g  

ro l l   18  embodies  a  main  body  p o r t i o n ,   g e n e r a l l y   d e s i g n a t e d   by 

r e f e r e n c e   numeral  50,  t h a t   embodies  the  o v e r a l l   c o n f i g u r a t i o n  
of  a  r o l l .   In  a d d i t i o n   to  the  body  p o r t i o n   50,  t h e  g r i n d i n g  

ro l l   18  f u r t h e r   embodies  two  o ther   d i s s i m i l a r   p o r t i o n s   o f  

m a t e r i a l   a r r a n g e d   in  layered   r e l a t i o n   to  each  o ther   as  well  a s  

to  the  body  p o r t i o n  5 0 .   To  t h i s   end,  one  of  these   two 

p o r t i o n s ,   i . e . ,   t h a t   denoted  g e n e r a l l y   by  the  r e f e r e n c e  

numeral  52  in  F i g u r e s   2  and  3  of  the  drawing,   is  s u i t a b l y  

p o s i t i o n e d   in  super imposed   r e l a t i o n   to  the  body  p o r t i o n   50  o f  

the  g r i n d i n g   ro l l   18.  S i m i l a r l y ,   the  o the r   of  t h e  

a f o r e r e f e r e n c e d   two  p o r t i o n s ,   i . e . ,   t h a t   d e n o t e d  g e n e r a l l y   by 

the  r e f e r e n c e   numeral  54  in  F i g u r e s   2  and  3  of  the  drawing,  i s  

s u i t a b l y   p o s i t i o n e d   in  supe r imposed   r e l a t i o n   to  the  p o r t i o n  

5 2 .  

As  f u r t h e r   r ega rds   the  body  p o r t i o n   50  of  t h e  

g r i n d i n g   ro l l   18,  the  l a t t e r   in  accord  with  the  bes t   mode 

embodiment  of  the  i nven t ion   is  made  of  a  r e l a t i v e l y   s o f t ,  

e a s i l y   mach inab le   m a t e r i a l ,   such  as  gray  i ron.   Moreover,   w i t h  

p a r t i c u l a r   r e f e r e n c e   to  F igu re s   2  and  3  it  can  be  s e e n  

t h e r e f r o m   t h a t   the  body  p o r t i o n   50  has  a  passage  56  fo rmed  

e n t i r e l y   t h e r e t h r o u g h   at  s u b s t a n t i a l l y   the  cen te r   t h e r e o f .  

The  through  passage  56  is  s u i t a b l y   d imensioned  so  as  to  be 

capab l e   of  r e c e i v i n g   t h e r e w i t h i n   in  assembled  r e l a t i o n  t h e r e t o  

the  s h a f t - l i k e   member  (not  shown)  to  which  r e f e r e n c e   ha s  



p r e v i o u s l y   been  made  h e r e i n b e f o r e ,   and  on  which  the  g r i n d i n g  

ro l l   18  is  s u i t a b l y   s u p p o r t e d   so  as  to  be  capable   o f  

f u n c t i o n i n g   in  the  manner  d e s c r i b e d   above  and  as  shown  in 

F i g u r e   1 .  

Next,  with  regard   to  the  po r t i on   52,  i . e . ,   t h e  

i n t e r m e d i a t e   l ayer ,   with  which  the  t r i m e t a l   p u l v e r i z e r   rol l   18 

is  p rov ided ,   in  accord  with  the  bes t   mode  of  the  i n v e n t i o n  

t h i s   p o r t i o n   52  p r e f e r a b l y   compr ises   a  ma te r i a l   t h a t   is  n o t e d  

for  i ts   medium  w e a r - r e s i s t a n t   q u a l i t i e s .   In  t h i s   r egard ,   a 

m a t e r i a l   t h a t   has  been  found  s u i t a b l e   for  use  for  t h i s   p u r p o s e  
is  a  m a t e r i a l   r e f e r r e d   to  by  the  name  Raymix.  Raymix,  which  

has  a  known  c o m p o s i t i o n ,   can  be  o b t a i n e d   from  the  Monongahela  

p l a n t   of  a p p l i c a n t ' s   a s s i g n e e .   The  reasons   why  a  m a t e r i a l  

having  such  q u a l i t i e s   is  s e l e c t e d   for  use  in  t h i s   c o n t e x t ,   and 

the   manner  in  which  the  po r t i on   52  c o n s i s t i n g   of  Raymix 

p r e f e r a b l y   is  adhered  to  the  body  p o r t i o n   50  will  be  found  s e t  

f o r th   with  more  p a r t i c u l a r i t y   h e r e i n a f t e r .  

The  l a s t ,   i . e . ,   p o r t i o n   54,  of  the  t h r e e   p o r t i o n s ,  

which  c o l l e c t i v e l y   comprise   the  t r i m e t a l   p u l v e r i z e r   rol l   18 

p r e f e r a b l y   c o n s i s t s ,   in  accord  with  the  bes t   mode  embodiment  

of  the  i n v e n t i o n ,   of  a  m a t e r i a l   t h a t   is  c h a r a c t e r i z e d   by  t h e  

f ac t   t h a t   it  is  h ighly  a b r a s i v e   r e s i s t a n t .   One  m a t e r i a l ,  

which  is  s u i t a b l e   for  use  in  t h i s   r ega rd ,   is  t h a t   known  t o  

those   s k i l l e d   in  t h i s   a r t   as  n iha rd .   As  in  the  case  of  t h e  

p o r t i o n   52  the  reasons   for  employing  a  m a t e r i a l   to  form  t h e  

p o r t i o n   54,  i . e . ,   the  outer   layer  of  the  t r i m e t a l   p u l v e r i z e r  

ro l l   18  t h a t   has  the  c h a r a c t e r i s t i c s   d e s c r i b e d   above,  and  t h e  

manner  in  which  the  p o r t i o n   54  is  a f f i x e d   to  the  po r t ion   52 

will   be  found  se t   fo r th   h e r e i n a f t e r   with  more  p a r t i c u l a r l i t y .  

S u f f i c e   it  to  say  at  t h i s   po in t ,   however,  t h a t   t h e  

r easons   for  c o n s t r u c t i n g   the  g r i nd ing   ro l l   18  from  a  p l u r a l i t y  

of  d i s s i m i l a r   m a t e r i a l s   t h a t   are  a r ranged   in  a  layered  a r r a y  

are  as  a  r e s u l t   of  r e c o g n i t i o n   being  had  f i r s t   to  the  f a c t  

t h a t   t h e r e   is  a  need  to  p rov ide   the  body  p o r t i o n   50  with  t h e  

through  passage  56,  and  secondly  to  the  f ac t   t h a t   the  o u t e r  

s u r f a c e   of  the  p u l v e r i z e r   ro l l   18  is  s u b j e c t e d   to  a  h a r s h  



a b r a s i v e   a c t i o n   in  the  course   of  e f f e c t i n g   the  p u l v e r i z a t i o n  

of  coa l .   The  r e s u l t ,   t h e r e f o r e ,   is  t h a t   on  the  one  hand  it  i s  

d e s i r a b l e   t h a t   the  body  p o r t i o n   50  be  made  o f  a   r e l a t i v e l y  

s o f t ,   e a s i l y   mach inab le   ma te r i a l   so  as  to  f a c i l i t a t e   t h e  

f o r m u l a t i o n   t h e r e i n   of  the  through  passage  56.  In 

c o n t r a d i s t i n c t i o n   to  t h i s ,   t h e r e   is  a  need  for  at  l eas t   t h e  

ou te r   s u r f a c e ,   i . e . ,   t h a t   encompassed  by  the  i n t e r m e d i a t e  

layer ,   i . e . ,   p o r t i o n   52,  and  the  outer   l ayer ,   i . e . ,   p o r t i o n  

54,  to  be  made  of  m a t e r i a l s   t h a t   are  c h a r a c t e r i z e d   b y  t h e i r  

c a p a b i l i t y   to  r e s i s t   wear,  and  in  p a r t i c u l a r   t h a t   kind  of  wear  

which  is  o c c a s i o n e d   by  a b r a s i v e   a c t i o n .  

Inso fa r   as  concerns   the  i l l u s t r a t i o n s   t h a t   c o m p r i s e  

F igu re s   2  and  3  of  the  drawing,   as  was  noted  p r e v i o u s l y  

he re in ,   F igure   2  is  simply  in tended   to  i l l u s t r a t e   in  a  g e n e r a l  

fash ion   the  na tu re   of  the  c o n s t r u c t i o n   in  accord  with  t h e  

p r e s e n t   i n v e n t i o n   of  the   p u l v e r i z e r ,   i . e . ,   g r i n d i n g ,   rol l   18 .  

F igure   3,  on  the  o the r   hand,  is  in tended   to  i l l u s t r a t e   a 

g r i n d i n g   ro l l   18  c o n s t r u c t e d   in  acco rdance   with  the  p r e s e n t  

i nven t ion   wherein  t h e r e i n   is  dep i c t ed   in  e x a g g e r a t e d   f a s h i o n  

the  f ac t   t h a t   the  ou te r   layer ,   i . e . ,   p o r t i o n   54,  embodies  an 

uneven  t h i c k n e s s   in  c o n t r a d i s t i n c t i o n   to  the  i n t e r m e d i a t e  

layer ,   i . e . ,   p o r t i o n   52,  which  is  of  s u b s t a n t i a l l y   u n i f o r m  

t h i c k n e s s .   More  s p e c i f i c a l l y ,   the  e x t e r n a l   s u r f a c e   of  t h e  

ou te r   p o r t i o n   54,  i . e . ,   t h a t   denoted  by  the  r e f e r e n c e   numeral  

58  in  F igure   3  is  p rov ided   with  a  s p e c i f i c   c o n f i g u r a t i o n   which 

is  in tended   to  c o n s t i t u t e   a  r e p l i c a t i o n   of  the  wear  p a t t e r n  

t h a t   a  p u l v e r i z a t i o n ,   i . e . ,   g r i n d i n g ,   ro l l   18  develops   as  a 

consequence   of  i ts   being  u t i l i z e d   to  e f f e c t   the  p u l v e r i z a t i o n  

of  a  m a t e r i a l   such  as  coal  w i th in   a  bowl  mill  10.  That  i s ,  

the  e x t e r n a l   s u r f a c e   58  of  the  ou te r   p o r t i o n   54  of  t h e  

g r i n d i n g   ro l l   18  is  s u i t a b l y   c o n f i g u r e d   such  t h a t   those   a r e a s  

t h e r e o f   which  based  on  past   e x p e r i e n c e   it  can  be  a n t i c i p a t e d  

will   be  s u b j e c t e d   to  the  g r e a t e s t   degree  of  wear  are  made  t o  

have  a  t h i c k e r   t h i c k n e s s   of  m a t e r i a l ,   e . g . ,   n ihard ,   t h e r e a t .  

The  i n t e n t   in  doing  so  is  to  a t t empt   to  achieve   a  uniform  wear  

r a t e   of  the  ou te r   p o r t i o n   54  by  means of   p r o v i d i n g   more 



m a t e r i a l   in  those   a reas   whereat   i t   is  expec ted   t h a t   the  r o l l  

18  will  e x p e r r i e n c e   the  most  wear  based  on  pas t   e x p e r i e n c e  

a p p l i e d   to  the  use  to  which  the  ro l l   18  is  in tended  to  be 

put .   To  summarize,  the  ou te r   po r t i on   54  of  the  p u l v e r i z e r ,  

i . e . ,   g r i n d i n g ,   rol l   18  is  i n t e n t i o n a l l y   made  to  have  a 

nonuniform  t h i c k n e s s   such  t h a t   more  ma te r i a l   is  p rovided  in 

those   a reas   whereat   more  wear  is  p r e d i c t e d   to  take  place,   and 

less  m a t e r i a l   is  p rov ided   in  those   areas   whereat   less  wear  i s  

expec ted   to  o c c u r .  

Next,  a  d e s c r i p t i o n   will  now  be  had  of  the  method  by 

which  in  accord  with  the  p r e s e n t   i nven t ion   the  p u l v e r i z e r ,  

i . e . ,   g r i n d i n g ,   rol l   18  is  p r e f e r a b l y   m a n u f a c t u r e d .   This  w i l l  

then  be  fo l lowed   by  a  d e s c r i p t i o n   of  the  b e n e f i t s   t h a t   f low 

from  the  use  of  a  p u l v e r i z e r   rol l   18  which  embodies  a  t r i m e t a l  

form  of  c o n s t r u c t i o n .   Insofa r   as  the  method  of  manufac ture   o f  

the  p u l v e r i z e r   ro l l   18  is  concerned ,   in  accord  with  the  b e s t  

mode  embodiment  of  the  i nven t ion   a  c e n t r i f u g a l   c a s t i n g   p r o c e s s  

is  employed  for   t h i s   pu rpose .   P r o c e e d i n g   with  the  d e s c r i p t i o n  

of  the  s u b j e c t   method,  in  accord  with  the  f i r s t   step  t h e r e o f  

the  r e q u i s i t e   amount  of  m a t e r i a l ,   e . g . ,   Raymix,  needed  to  f o r m  

the  i n t e r m e d i a t e   p o r t i o n   52  of  the  p u l v e r i z e r   rol l   18  i s  

poured  in  known  fash ion   into  a  s u i t a b l e   mold.  In  a c c o r d a n c e  

with  the  known  t e c h n i q u e s   of  c e n t r i f u g a l   c a s t i n g ,   the  Raymix 

under  the  i n f l u e n c e   of  c e n t r i f u g a l   force   moves  o u t w a r d l y  

wi th in   the  mold  and  forms  a  layer  t h e r e o f   in  a b u t t i n g  

engagement  to  the  inner  s u r f a c e   of  the  mold.  Once  t h e  

i n t e r m e d i a t e   po r t i on   52  of  the  p u l v e r i z e r   rol l   18  is  fo rmed,  

the  next  s tep  in  accord  with  the  s u b j e c t   method  is  to  e f f e c t  

the  pour ing   into  the  mold  of  the  r e q u i s i t e   amount  of  m a t e r i a l ,  

e . g . ,   gray  iron,  to  form  the  inner,   i . e . ,   body,  po r t i on   50  o f  

the  p u l v e r i z e r   ro l l   18.  In  accord  once  again  with  the  known 

t e c h n i q u e s   of  c e n t r i g u a l   c a s t i n g ,   the  gray  iron  under  t h e  

i n f l u e n c e   of  c e n t r i f u g a l   fo rce   forms  a  layer  in  a b u t t i n g  

engagement  with  the  inner  s u r f a c e   of  the  i n t e r m e  i a t e   p o r t i o n  

52.  A  s u i t a b l e   bonding  agent  is  p r e f e r a b l y   u t i l i z e d   to  c a u s e  

the  ou te r   s u r f a c e   of  the  inner  po r t i on   50  to  adhere  to  t h e  



inner  s u r f a c e   of  the  i n t e r m e d i a t e   p o r t i o n   52.  Af te r   t h e :  

p u l v e r i z e r   ro l l   18  has  been  p a r t i a l l y   formed  in  t h e  

a f o r e d e s c r i b e d   manner,  the  p a r t i a l l y   formed  rol l   1 8  i s  r e m o v e d  

from  the  a f o r e r e f e r e n c e d   mold  and  the  ou te r   s u r f a c e   of  t h e  

i n t e r m e d i a t e   p o r t i o n   52  to  the  e x t e n t   deemed  neces sa ry   i s  

p r epa red   for  r e c e i p t   t he reon   of  the  outer   p o r t i o n   54.  This  i s  

fo l lowed  by  the  a f f i x a t i o n   of  the  ou te r   p o r t i o n  5 4   to  t h e  

i n t e r m e d i a t e   p o r t i o n   52.  To  t h i s   end,  in  accord  with  the  b e s t  

mode  embodiment  of  the  method  of  manufac tu re   of  the   p r e s e n t  

i n v e n t i o n ,   the  ou te r   p o r t i o n   54  is  p rov ided   in  the  form  of  a 

weld  o v e r l a y .   Moreover,   as  d e s c r i b e d   p r e v i o u s l y   h e r e i n b e f o r e ,  
the  ou te r   p o r t i o n   54  p r e f e r a b l y   is  a p p l i e d   i n  t h e   form  of  a 

nonuniform  t h i c k n e s s   of  ma te r i a l   such  t h a t   t h e  t h i c k e r  

t h i c k n e s s   t h e r e o f   is  loca ted   in  those   areas   wherea t   it  i s  

b e l i e v e d ,   based  on  the  use  to  which  it  is  known  the  p u l v e r i z e r  

ro l l   18  will   be  put,   the  g r e a t e s t   wear  will   be  e x p e r i e n c e d .  

It  is  to  be  noted  here  t h a t   in  accord  with  the  method 

d e s c r i b e d   above,  the  th rough  passage   56  is  formed  t h r o u g h  

s u b s t a n t i a l l y   the  c e n t e r   of  the  body  p o r t i o n   50  dur ing  t h e  

c a s t i n g   p r o c e s s .   Thus,  the  need  to  machine  such  a  passage  56 

t h e r e t h r o u g h   is  o b v i a t e d   excep t   for  any  m i n o r  m a c h i n i n g   t h a t  

may  be  r e q u i r e d   to  p r epa re   the  passage   56  for  the  r e c e i p t  

t h e r e i n   of  the  s h a f t - l i k e   member  (not  shown)  on  which  t h e  

p u l v e r i z e r   ro l l   18  is  des igned  to  be  mounted  in  s u p p o r t e d  

r e l a t i o n   t h e r e t o .  

A t t e n t i o n   will   now  be  d i r e c t e d   to  the  mat te r   of  t h e  

b e n e f i t s   t h a t   flow  from  the  use  of  a  p u l v e r i z e r   ro l l   t h a t  

embodies  a  t r i m e t a l   form  of  c o n s t r u c t i o n .   To  t h i s   end,  t h o s e  

b e n e f i t s   which  are  to  be  found  enumerated   h e r e i n a f t e r   a r e  

p r e s e n t e d   by  way  of  e x e m p l i f i c a t i o n   and  not  l i m i t a t i o n .  

F i r s t ,   the  p u l v e r i z e r   rol l   18  by  v i r t u e   of  i ts   t r i m e t a l   form 

of  c o n s t r u c t i o n   embodies  a  body  p o r t i o n   50  t h a t   is  capable   o f  

being  made  from  a  m a t e r i a l   t h a t   is  r e l a t i v e l y   easy  to  work 

the reby   e n a b l i n g   economies  of  manufac tu re   to  be  r e a l i z e d   f rom 

the  use  for  t h i s   purpose  of  t h i s   m a t e r i a l ,   e . g . ,   gray  i r o n .  

Secondly ,   the  p u l v e r i z e r   ro l l   18  t h a t   embodies  a  t r i m e t a l  



s t r u c t u r e   has  an  e x t e r n a l   s u r f a c e   t h a t   c o n s i s t s   of  an  o u t e r  

p o r t i o n   54  which  c o n s i s t s   of  a  r e l a t i v e l y   hard,  i . e . ,   h i g h l y  

a b r a s i v e   r e s i s t a n t   m a t e r i a l   such  as  n ihard  t h a t   is  capable   of  

r e s i s t i n g   the  a b r a s i v e   ac t ion   produced  in  the  course   o f  

e f f e c t i n g   the  p u l v e r i z a t i o n   t h e r e w i t h   of  a  ma te r i a l   such  a s  

coa l .   Moreover,   because   of  the  f a c t   t h a t   the  ou te r   po r t ion   54 

is  p rov ided   with  a  t h i c k e r   t h i c k n e s s   of  ma te r i a l   in  the  a r e a s  

which  are  most  s u b j e c t   to  wear,  the  p u l v e r i z e r   rol l   18  i s  

c h a r a c t e r i z e d   by  the  f a c t   t h a t   the  ou te r   po r t ion   54  wears  more 

s lowly ,   i . e . ,   wears  more  u n i f o r m l y .   That  is,  be fore   the  o u t e r  

p o r t i o n   54  wears  through  in  those   areas   which  are  s u b j e c t   t o  

the  g r e a t e s t   wear,  a  more  uniform  wear ing  of  the  e n t i r e   o u t e r  

p o r t i o n   54  is  r e a l i z e d .  

In  a d d i t i o n ,   it  is  most  impor tan t   to  note  here  t h a t  

the  e x t e r n a l   s u r f a c e   of  the  p u l v e r i z e r   ro l l   18  is  n o t  

composed  of  s imply  the  ou te r   po r t i on   54.  But  r a t h e r ,   t h e  

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

52,  which  a lso   c o n s i s t s   of  a  ma te r i a l   having  w e a r - r e s i s t a n t  

q u a l i t i e s ,   e . g . ,   Raymix.  As  a  consequence ,   even  when  t h e  

ou te r   p o r t i o n   54  is  worn  th rough ,   the  p u l v e r i z e r   ro l l   18  s t i l l  

remains   s e r v i c e a b l e   in  t h a t   the  i n t e r m e d i a t e   po r t i on   52  i s  

a l so   capab le   of  pe r fo rming   the  w e a r - r e s i s t i n g   f u n c t i o n .   It  i s  

of  course   t rue   t h a t   the  ma te r i a l   which  compr ises   t h e  

i n t e r m e d i a t e   p o r t i o n   52  is  not  as  hard,  i . e . ,   is  not  a s  

a b r a s i v e   r e s i s t a n t   as  the  ou te r   po r t i on   54.  N e v e r t h e l e s s ,   t h e  

p u l v e r i z e r   rol l   18  is  s t i l l   capable   of  being  used  with  t h e  

i n t e r m e d i a t e   p o r t i o n   52  exposed,  i . e . ,   s e r v i n g ,   as  t h e  

p u l v e r i z i n g   s u r f a c e .   The  s i g n i f i c a n c e   of  t h i s   is  t h a t  

c o n t i n u e d   usage  may  be  made  of  the  p u l v e r i z i n g   ro l l   18.  

Namely,  no  longer  is  i t   necessa ry   to  immediately  r e p l a c e  

p u l v e r i z e r   r o l l s   when  the  outer   s u r f a c e   t h e r e o f   wears  t h r o u g h  

for  fear   of  damaging  the  r o l l ,   i . e . ,   so  to  p rec lude   t h e  

r e s u r f a c i n g   of  the  worn  r o l l .   In  c o n t r a d i s t i n c t i o n ,   with  t h e  

p u l v e r i z e r   ro l l   18  of  the  p r e s e n t   i nven t ion   it  is  p o s s i b l e  

most  f r e q u e n t l y ,   to  await   the  next  scheduled   shutdown  of  t h e  

bowl  mill  10  in  order   to  e f f e c t   the  removal  and  r ep l acemen t   o f  



the  ro l l   18  a f t e r   the  ou te r   p o r t i o n   54  t h e r e o f   has  worn 

t h rough .   This  is  because   the  i n t e r m e d i a t e   p o r t i o n   52  s e r v e s  

as  an  adequa te   s u r f a c e   to  e f f e c t   the  c o n t i n u e d   p u l v e r i z a t i o n  

t h e r e w i t h   of  coal  wi th in   the  bowl  mill  10.  Normally,   the  l i f e  

of  the  i n t e r m e d i a t e   p o r t i o n   52  be fo re   it  a l so   wears  through  i s  

such  as  to  enable   a  s u f f i c i e n t   pe r iod   of  time  to  exp i r e   t o  

reach  the  next  s chedu led   shutdown  of  the  bowl  mill  1 0 .  

Another  advan tage   t h a t   de r ive s   from  the  use  o f  

d i s s i m i l a r   m a t e r i a l s   for  the  i n t e r m e d i a t e   po r t i on   52  and  t h e  

ou te r   p o r t i o n   54  is  t h a t   it  is  p o s s i b l e   to  v i s u a l l y   r e c o g n i z e  

when  the  ou te r   p o r t i o n   54  has  worn  through  In  one  or  more 

p l a c e s .   This  v i sua l   i n d i c a t i o n   is  had  by  no t ing   the  d i f f e r e n t  

a p p e a r a n c e ,   e . g . ,   c o l o r ,   e tc .   of  each  of  the  two  d i s s i m i l a r  

m a t e r i a l s ,   i . e . ,   the  Raymix  of  i n t e r m e d i a t e   p o r t i o n   52 and  t h e  

n iha rd   of  ou te r   p o r t i o n   54.  To  f u r t h e r   enhance  t h i s  v i s u a l  

r e c o g n i t i o n ,   i t   is  p o s s i b l e   to  co lor   with  a  s u i t a b l e   medium, 

e . g . ,   red  p a i n t ,   the  ou te r   s u r f a c e   of  the  i n t e r m e d i a t e   p o r t i o n  

52  so  as  to  p rov ide   the  l a t t e r   with  a  r e a d i l y   v iewable   s u r f a c e  

be fo re   the  ou te r   p o r t i o n   54  is  a f f i x e d   t h e r e t o .  

In  summary,  not  only  does  the  p u l v e r i z e r   ro l l   18 

c o n s t r u c t e d   in  a cco rdance   with  the  p r e s e n t   i n v e n t i o n   p rov ide   a 

ro l l   t h a t   has  a  measurably   longer  o p e r a t i n g   l i f e   than  do  t h e  

r o l l s   which  have  h e r e t o f o r e   been  c o n s t r u c t e d   in  a c c o r d a n c e  

with  the  t e a c h i n g s   of  the  p r i o r   a r t ,   but  a l so   the  p u l v e r i z e r  

ro l l   18  is  c h a r a c t e r i z e d   by  the  f ac t   t h a t   even  when  the  o u t e r  

p o r t i o n   54  t h e r e o f   becomes  worn  t h rough ,   by  v i r t u e   of  t h e  

p resence   of  the  i n t e r m e d i a t e   p o r t i o n   52  c o n t i n u e d   usage  may  be 

made  of  the  p u l v e r i z e r   rol l   18  for  e f f e c t i n g   the  p u l v e r i z a t i o n  

of  a  m a t e r i a l   w i thou t   the  ro l l   18  s u s t a i n i n g   damage  t h e r e t o .  

This  o b v i a t e s   the  need  to  e x p e r i e n c e   many  of  those   shu tdowns  

of  the  bowl  mill  10  which  have  been  o c c a s i o n e d   h e r e t o f o r e   by 

the  need  to  accompl ish   the  removal  and  r e p l a c e m e n t   of  a 

p u l v e r i z e r   ro l l   t h a t   had  been  c o n s t r u c t e d   in  acco rdance   w i t h  

the  t e a c h i n g s   of  the  p r i o r   a r t .   L a s t l y ,   by  p r o v i d i n g   t h e  

ou te r   p o r t i o n   54  with  a  nonuniform  t h i c k n e s s ,   a d d i t i o n a l   wear  

is  o b t a i n a b l e   from  the  p u l v e r i z e r   rol l   18  before   the  o u t e r  



p o r t i o n   54  t h e r e o f   wears  th rough;   namely,  those   areas   of  t h e  

ou t e r   p o r t i o n   54  which  e x p e r i e n c e   shows  are  s u b j e c t e d   to  t h e  

g r e a t e s t   wear  are  p rov ided   with  the  t h i c k e s t   layer  o f  

m a t e r i a l .  

Thus,  in  accordance   with  the  p r e s e n t   inven t ion   t h e r e  

has  been  p rov ided   a  new  and  improved  form  of  p u l v e r i z e r   r o l l .  

Moreover,   the  p u l v e r i z e r   rol l   of  the  p r e s e n t   inven t ion   i s  

c h a r a c t e r i z e d   in  t h a t   i t   embodies  a  t r i m e t a l   mode  o f  

c o n s t r u c t i o n .   In  a d d i t i o n ,   in  accord  with  the  p r e s e n t  

i nven t ion   a  t r i m e t a l   p u l v e r i z e r   ro l l   is  p rovided  t h a t   i s  

p r i m a r i l y   in tended   to  be  employed  in  a  bowl  mill  for  p u r p o s e s  
of  e f f e c t i n g   the  p u l v e r i z a t i o n   t h e r e w i t h i n   of  a  ma te r i a l   such  

as  coa l .   F u r t h e r ,   the  t r i m e t a l   p u l v e r i z e r   ro l l   of  the  p r e s e n t  

i nven t ion   is  d i s t i n g u i s h a b l e   by  i t s   r e l a t i v e l y   long  o p e r a t i n g  

l i f e .   A d d i t i o n a l l y ,   in  accordance   with  the  p r e s e n t   i n v e n t i o n  

a  t r i m e t a l   p u l v e r i z e r   ro l l   is  p rovided   which  has  a  f i r s t  

p o r t i o n   t h e r e o f   t h a t   is  c h a r a c t e r i z e d   by  i ts   ease  o f  

m a c h i n a b i l i t y ,   a  second  p o r t i o n   t h e r e o f   t h a t   is  c h a r a c t e r i z e d  

by  the  f ac t   t h a t   it  e x h i b i t s   medium  w e a r - r e s i s t a n t   q u a l i t i e s ,  

and  a  t h i r d   p o r t i o n   t h e r e o f   t h a t   is  c h a r a c t e r i z e d   by  the  f a c t  

t h a t   i t   e x h i b i t s   h ighly   a b r a s i v e   r e s i s t a n t   q u a l i t i e s .   A l s o ,  

the  t r i m e t a l   p u l v e r i z e r   rol l   of  the  p r e s e n t   i nven t ion   w h i l e  

being  r e a d i l y   employable   in  a  bowl  mill  yet  a lso  e n a b l e s  

s i g n i f i c a n t   cos t   sav ings   to  be  r e a l i z e d   through  the  u s e  

t h e r e o f   i n s o f a r   as  the  o p e r a t i o n   of  the  bowl  mill  i s  

conce rned .   F u r t h e r m o r e ,   in  accord  with  the  p r e s e n t   i n v e n t i o n  

a  new  and  improved  method  of  m a n u f a c t u r i n g   such  a  t r i m e t a l  

p u l v e r i z e r   ro l l   is  p r o v i d e d .  

While  only  one  embodiment  of  my  inven t ion   has  been  

shown,  it  will   be  a p p r e c i a t e d   t h a t   m o d i f i c a t i o n s   t h e r e o f ,   some 

of  which  have  been  a l l uded   to  h e r e i n a b o v e ,   may  s t i l l   be 

r e a d i l y   made  t h e r e t o   by  those   s k i l l e d   in  the  a r t .   I ,  

t h e r e f o r e ,   intend  by  the  appended  c laims  to  cover  t h e  

m o d i f i c a t i o n s   a l l uded   to  here in   as  well  as  all  the  o t h e r  

m o d i f i c a t i o n s ,   which  fa l l   wi th in   the  t rue   s p i r i t   and  scope  o f  

my  i n v e n t i o n .  



1.  A  p u l v e r i z e r   ro l l   of  the  type  s u i t a b l e   for  use  in  

a  bowl  mill  for  purposes   of  e f f e c t i n g   the  p u l v e r i z a t i o n  

t h e r e w i t h i n   of  a  m a t e r i a l   such  as  coal  c o m p r i s i n g :  

a.)   a  f i r s t   po r t i on   formed  of  a  m a t e r i a l  

c h a r a c t e r i z e d   by  i ts   ease  of  m a c h i n a b i l i t y ,   sa id   f i r s t   p o r t i o n  

having  a  through  passage   formed  t h e r e i n   s u i t a b l y   d i m e n s i o n e d  

so  as  to  be  capab le   of  r e c e i v i n g   t h e r e w i t h i n   a  member 

o p e r a t i v e   for  e f f e c t i n g   the  mounting  t he reon   of  the  p u l v e r i z e r  
ro l l   in  s u p p o r t e d   r e l a t i o n   t h e r e t o ;  

b.)  a  second  po r t i on   formed  of  a  m a t e r i a l   noted  f o r  

i ts   medium  w e a r - r e s i s t a n t   q u a l i t i e s ,   said  m a t e r i a l   of  s a i d  

second  p o r t i o n   being  d i f f e r e n t   from  said  m a t e r i a l   of  s a i d  

f i r s t   p o r t i o n ,   said  second  p o r t i o n   being  adhered  to  said  f i r s t  

p o r t i o n   in  layered   r e l a t i o n   t h e r e t o ;   and 

c.)   a  t h i r d   p o r t i o n   formed  of  a  m a t e r i a l   noted  f o r  

i ts   h ighly   a b r a s i v e   r e s i s t a n t   q u a l i t i e s ,   said  m a t e r i a l   of  s a i d  

p o r t i o n   being  d i f f e r e n t   from  both  said  m a t e r i a l   of  said  s e c o n d  

p o r t i o n   and  sa id   m a t e r i a l   of  sa id   f i r s t   p o r t i o n ,   sa id   t h i r d  

p o r t i o n   being  a f f i x e d   to  sa id   second  p o r t i o n   in  l a y e r e d  

r e l a t i o n   t h e r e t o .  

2.  The  p u l v e r i z e r   ro l l   as  se t   fo r th   in  Claim  1 

wherein  sa id   m a t e r i a l   of  said  f i r s t   p o r t i o n   compr ises   g r a y  
i r o n .  

3.  The  p u l v e r i z e r   ro l l   as  set   fo r th   in  Claim  2 

wherein  sa id   f i r s t   p o r t i o n   compr ises   a  layer  of  s u b s t a n t i a l l y  

uniform  t h i c k n e s s   of  gray  i r o n .  

4.  The  p u l v e r i z e r   ro l l   as  set   fo r th   in  Claim  1 

wherein  said  ma te r i a l   of  said  second  p o r t i o n   c o m p r i s e s  

Raymix.  
5.  The  p u l v e r i z e r   rol l   as  set   fo r th   in  Claim  4 

wherein  sa id   second  p o r t i o n   compr ises   a  layer  of  s u b s t a n t i a l l y  

uniform  t h i c k n e s s   of  Raymix.  

6.  The  p u l v e r i z e r   ro l l   as  set   fo r th   in  Claim  1 

wherein  said  m a t e r i a l   of  said  t h i r d   p o r t i o n   compr ises   n i h a r d .  



7.  The  p u l v e r i z e r   rol l   as  set   fo r th   in  Claim  6 

wherein  said  t h i r d   p o r t i o n   compr ises   a  layer  of  nonun i fo rm 

t h i c k n e s s   of  n ihard   with  the  t h i c k e s t   t h i c k n e s s   of  n i h a r d  

being  loca ted   at  those   areas   of  said  t h i r d   po r t i on   t h a t   a r e  

p r e d i c t e d   to  be  s u b j e c t   to  the  g r e a t e s t   w e a r .  

8.  The  p u l v e r i z e r   rol l   as  se t   fo r th   in  Claim  1 

wherein  the  d i s s i m i l a r i t y   between  sa id   ma te r i a l   of  said  t h i r d  

p o r t i o n   and  sa id   ma te r i a l   of  said  second  p o r t i o n   enables   a 

v isual   r e c o g n i t i o n   to  be  had  of  when  said  t h i r d   po r t ion   has  

worn  t h r o u g h .  

9.  A  method  of  m a n u f a c t u r i n g   a  p u l v e r i z e r   r o l l  

having  a  t r i m e t a l   form  of  c o n s t r u c t i o n   and  of  the  t y p e  

s u i t a b l e   for  use  in  a  bowl  mill  for  purposes   of  e f f e c t i n g   t h e  

p u l v e r i z a t i o n   t h e r e w i t h   of  a  ma te r i a l   such  as  coal  c o m p r i s i n g :  

a.)  forming  from  a  ma te r i a l   c h a r a c t e r i z e d   by  i t s  

ease  of  m a c h i n a b i l i t y   a  f i r s t   p o r t i o n ;  

b.)  p r o v i d i n g   the  f i r s t   p o r t i o n   with  a  p a s s a g e  

e x t e n d i n g   t h e r e t h r o u g h   s u b s t a n t i a l l y   at  the  c en t e r   t h e r e o f ;  

c.)  forming  from  a  m a t e r i a l   noted  for  Its  medium 

w e a r - r e s i s t a n t   q u a l i t i e s   a  second  p o r t i o n ;  

d.)  adhe r ing   the  second  p o r t i o n   on  the  f i r s t   p o r t i o n  

in  layered   r e l a t i o n   t h e r e t o ;  

e.)  forming  from  a  ma te r i a l   noted  for  i ts   h i g h l y  

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

f . )   a f f i x i n g   the  t h i r d   p o r t i o n   on  the  second  p o r t i o n  

in  layered  r e l a t i o n   t h e r e t o .  

10.  The  method  as  set   f o r th   in  Claim  9  wherein  t h e  

f i r s t   p o r t i o n   is  formed  as  a  layer  of  s u b s t a n t i a l l y   u n i f o r m  

t h i c k n e s s   of  gray  i r o n .  

11.  The  method  as  st   fo r th   in  Claim  10  wherein  t h e  

f i r s t   p o r t i o n   is  formed  by  means  of  a  c e n t r i f u g a l   c a s t i n g  

p r o c e s s .  
12.  The  method  as  se t   fo r th   in  Claim  9  wherein  t h e  

second  p o r t i o n   is  formed  as  a  layer  of  s u b s t a n t i a l l y   u n i f o r m  

t h i c k n e s s   of  Raymix.  



13..  The  method  as  set   f o r t h   in  Claim  12  wherein  t h e  

second  p o r t i o n   is  formed  by  means  of  a  c e n t r i f u g a l   c a s t i n g  

p r o c e s s .  
14.  The  method  as  se t   f o r th   in  Claim  9  wherein  t h e  

t h i r d   p o r t i o n   is  formed  as  a  layer  of  nonuniform  t h i c k n e s s   o f  

n ihard   with  the  t h i c k e s t   t h i c k n e s s   of  n ihard   being  loca ted   a t  

those   a reas   t h a t   are  p r e d i c t e d   to  be  s u b j e c t e d   to  the  g r e a t e s t  

w e a r .  

15.  The  method  as  set   f o r t h   in  Claim  14  wherein  t h e  

t h i r d   p o r t i o n   is  formed  as  a  weld  o v e r l a y .  

16.  The  method  as  se t   f o r t h   in  Claim  9  wherein  t h e  

second  p o r t i o n   is  adhered  to  the  f i r s t   p o r t i o n   through  the  u s e  

of  a  bonding  a g e n t .  

17.  The  method  as  set   f o r th   in  Claim  9  wherein  t h e  

t h i r d   p o r t i o n   is  a f f i x e d   to  the  second  p o r t i o n   by  means  o f  

w e l d i n g .  
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