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(g)  Pulverizing  mill  having  pure  rolling  motion  between  the  grinding  roll  and  the  bowl. 
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@  A  pulverizing  mill  (10)  having  a  grinding  bowl  (12)  mount- 
ed  so  as  to  be  rotatable  about  a  central  axis  (14),  and  a  frusto- 
conical  grinding  roll  (20)  which  is  in  parallel  relationship  with 
the  grinding  surface  of  the  bowl.  The  bowl  is  mounted  at  an 
angle  (15-60°)  to  the  horizontal.  The  bowl  and  roll  are  con- 
structed  such  that  the  ratio  of  the  horizontal  radial  distance 
from  the  axis  of  the  bowl  to  the  lower,  inner  end  of  the  roll 
where  it  lies  adjacent  to  the  bowl  surface  (Ri),  compared  to 
the  radius  of  that  point  from  the  axis  about  which  the  roll  rota- 
tes  (ri),  is  equal  to  the  ratio  of  the  horizontal  radial  distance 
from  the  axis  of  the  bowl  to  the  upper  end  of  the  roll  at  the  point 
where  it  lies  adjacent  to  the  bowl  surface  (R2),  compared  to 
the  radius  of  that  point  from  the  axis  about  which  the  roll  ro- 
tates  (r2),  so  that  as  the  bowl  and  roll  rotate  about  their  respec- 
tive  axes  (14,  22),  the  roll  surface  moves  across  the  bowl  sur- 
face  with  only  rolling  movement,  rather  than  a  combination  of 
rolling  and  sliding  movement,  to  thereby  reduce  the  wear  on 
these  surfaces. 



BACKGROUND  OF  THE  INVENTION 

One  means  of  burning  coal  in  the  furnace   of  a  s team 

g e n e r a t o r   is  to  grind  the  coal  to  a  f l o u r - l i k e   c o n s i s t e n c y ,  

t r a n s p o r t   i t   to  the  furnace   in  an  a i r s t r e a m ,   and  burn  i t   i n  

suspens ion .   One  means  of  p u l v e r i z i n g   the  coal  is  in  a 

p u l v e r i z i n g   m i l l ,   where  the  coal  is  ground  between  a  r o t a t i n g  

g r ind ing   bowl  and  one  or  more  c o a c t i n g ,   g r ind ing   r o l l s .  

Because  of  the  na ture   of  the  coa l ,   and  p a r t i c u l a r l y   h a r d  

i m p u r i t i e s   con ta ined   t h e r e i n ,   such  as  small  amounts  of  m i n e r a l  

m a t t e r ,   the  outer   s u r f a c e s   of  the  bowl  and  r o l l s   are  sub j ec t   t o  

heavy  wear,  n e c e s s i t a t i n g   r ep lacement   of  the  pa r t s   on  a  r e g u l a r  

b a s i s .   Much  time  and  e f f o r t  h a s   been  expended  in  a t t emp t ing   t o  

i n c r e a s e   the  time  span  between  r ep lacement   of  the  bowl  and 

r o l l s   of  the  p u l v e r i z i n g   m i l l .  

SUMMARY  OF  THE  INVENTION 

In  accordance  with  the  i n v e n t i o n ,   a  p u l v e r i z i n g   m i l l  

is  provided  having  a  g r ind ing   bowl  mounted  for  r o t a t i o n   about  a 

c en t r a l   ax i s ,   and  also  having  a  f r u s t o c o n i c a l   g r ind ing   r o l l ,  

the  outer   su r f ace   of  which  is  in  p a r a l l e l   r e l a t i o n s h i p   with  t h e  

g r ind ing   su r f ace   of  the  bowl.  The  bowl  and  roll   a r e  

c o n s t r u c t e d   such  t ha t   the  r a t i o   of  the  h o r i z o n t a l   r a d i a l  

d i s t a n c e   from  the  axis  of  the  bowl  to  the  su r f ace   of  the  r o l l ,  

where  i t   l i e s   a d j a c e n t   to  the  bowl  s u r f a c e ,   compared  to  t h e  

rad ius   of  t ha t   poin t   from  the  axis  about  which  the  r o l l  

r o t a t e s ,   is  a  c o n s t a n t   r a t i o   over  the  whole  length   of  the  r o l l  



from  i t s   inner   d iameter   to  i t s   outer   d iamete r .   The  rol l   and 

bowl  l i n e r s   are  contoured   to  achieve  th i s   r e l a t i o n s h i p .   Thus 

as  the  bowl  and  roll   r o t a t e   about  t h e i r   r e s p e c t i v e   axes,   t h e  

roll   su r face   moves  across   the  bowl  sur face   with  only  r o l l i n g  

movement,  r a t h e r   than  a  combinat ion  of  r o l l i n g   and  s l i d i n g  

movement,  to  thereby  reduce  the  wear  on  the  s u r f a c e s .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

Figure   1  is  a  side  e l e v a t i o n a l   view  in  s ec t i on   of  a 

bowl  mill  c o n s t r u c t e d   in  accordance  with  the  i n v e n t i o n ;   and 

Figure  2  is  a  schematic   showing  the  g e o m e t r i c a l  

r e l a t i o n s h i p   of  the  g r ind ing   roll   to  the  bowl .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

Refe r r ing   now  to  the  drawing,   there   is  d e p i c t e d  

t h e r e i n   a  p u l v e r i z i n g   bowl  mill  10.  Ins ide  the  housing  11  i s  

p o s i t i o n e d   a  r o t a t a b l e   bowl  or  r ing  12,  mounted  on  sha f t   14 .  

The  sha f t   14  along  with  the  a t t a ched   bowl  is  r o t a t e d   by  means 

of  worm  wheel  18,  which  engages  worm  16  mounted  on  a  m o t o r  

driven  sha f t .   One  or  more  g r ind ing   elements  or  r o l l e r s   20  a r e  

r o t a t a b l y   mounted  on  sha f t s   22.  Genera l ly   the re   are  t h r e e  

r o l l e r s   e q u i d i s t a n t l y   spaced  apa r t .   Ad jus t ab le   h y d r a u l i c  

loading  urges  the  r o l l e r   20  towards  the  inner  su r f ace   of  t h e  

g r ind ing   ring  12,  by  ac t ing   a g a i n s t   rod  24,  by  e x e r t i n g   a  f o r c e  

on  arm  23.  The  roll   20  is  p i v o t a l l y   mounted  on  t runn ion   s h a f t  

25.  A  stop  member  26  p reven ts   the  roll   from  a c t u a l l y   coming 

into  c o n t a c t   with  the  g r ind ing   su r f ace   of  the  bowl.  Such  m e t a l -  

to-metal   con t ac t   would  cause  rapid  wear  of  the  s u r f a c e s .   The 

stop  26  is  set  to  leave  a  very  small  gap  between  these  two 

gr ind ing   s u r f a c e s .  

Coal  is  i n t roduced   into  the  mill  through  i n l e t s   36 .  

Air  en t e r s   through  opening  27,  and  flows  upwardly  through  t h e  

annular   space  32  to  convey  the  ground  ma te r i a l   pass ing   over  t h e  

l ip   upwardly  through  the  mill  i n t e r i o r   and  into  the  c l a s s i f e r  

30.  The  a i r   and  coal  en te r   the  c l a s s i f i e r   through  i n l e t s   28 .  

The  l a r g e r   p a r t i c l e s   of  i n s u f f i c i e n t l y   ground  coal  fa l l   back 

onto  the  g r ind ing   sur face   through  bottom  opening  34  for  f u r t h e r  



g r i n d i n g ,   and  the  f i n e r   p a r t i c l e s   are  c a r r i e d   along  by  the  a i r  

and  are  d i s cha rged   through  o u t l e t   38 .  

As  can  be  seen,  the  su r face   of  the  bowl  on  which  t h e  

g r ind ing   takes  place  is  at  an  angle  to  the  h o r i z o n t a l .   This  i s  

to  enable  the  coal  p a r t i c l e s   to  have  some  r e t e n t i o n   time  w i t h i n  

the  bowl,  so  t h a t   they  will  be  s u b j e c t e d   to  g r ind ing   a c t i o n  

between  the  th ree   r o l l s   and  the  bowl.  The  l ip   40  also  aids  i n  

giving  the  coal  p a r t i c l e s   r e t e n t i o n   time  before   they  are  f l u n g  

off  the  bowl  into  the  annular   space  32  to  be  picked  up  by  t h e  

a i r s t r e a m .  

Since  the  coal  p a r t i c l e s   to  be  p u l v e r i z e d   are  r a t h e r  

hard,   and  con ta in   a  c e r t a i n   pe r cen t age   of  fo re ign   mat te r   such 

as  ash  and  mineral   m a t t e r ,   the  su r f aces   of  both  the  g r i n d i n g  

bowl  and  the  r o l l e r s   are  s u b j e c t e d   to  exce s s ive   wear  r e l a t i v e  

to  o ther   pa r t s   wi th in   the  m i l l .   This  n e c e s s i t a t e s   r e g u l a r  

r ep l acemen t   of  these  i tems,   which  is  c o s t l y   and  time  consuming ,  

s ince  the  mill  must  be  shut  down  in  order   to  make  such 

r e p l a c e m e n t s .   In  accordance   with  the  p r e s e n t   i n v e n t i o n ,   t h i s  

wear  on  the  rol l   and  bowl  su r face   is  kept  to  a  minimum,  by 

making  the  geometry  of  the  r o l l s   and  the  bowl  such  t ha t   t h e r e  

is  pure  r o l l i n g   motion  between  the  roll   and  the  bowl,  r a t h e r  

than  a  combinat ion   of  r o l l i n g   and  s l i p p i n g   or  s l i d i n g   m o t i o n .  

This  geomet r i ca l   a r rangement   is  shown  in  Figure   2.  Minimum 

wear  is  accompl ished  by  making  the  r a t i o   of  the  h o r i z o n t a l  

r ad ia l   d i s t a n c e   from  the  axis  of  the  bowl  to  the  lower,  i n n e r  

end  of  the  rol l   where  i t   l i e s   a d j a c e n t   to  the  bowl  s u r f a c e ,  

compared  to  the  rad ius   of  t ha t   poin t   from  t h e  a x i s   about  which 

the  rol l   r o t a t e s ,   equal  to  the  r a t i o   of  the  h o r i z o n t a l   r a d i a l  

d i s t a n c e   from  the  axis  of  the  bowl  to  the  upper  end  of  the  r o l l  

at  the  po in t   where  i t   l i e s   a d j a c e n t   to  the  bowl  s u r f a c e ,  

compared  to  the  r ad ius   of  t h a t   po in t   from  the  axis  about  which 

the  rol l   r o t a t e s .   0r,  in  o ther   w o r d s , -  .  This  s 

r e l a t i o n s h i p   e x i s t s   when  the  ex t ens ion   of  the  l ine   50  on  which 

the  bowl  g r i nd ing   su r face   l i e s ,   i n t e r s e c t s   the  ex t ens ion   52  o f  

the  rol l   ax i s ,   at  the  axis  54  of  the  sha f t   14.  The  above 



geometr ica l   a r rangement   produces  t rue   r o l l i n g   ac t ion   at  e v e r y  

point   on  the  su r face   of  the  roll   20,  as  i t   r o l l s   on  the  s u r f a c e  

of  the  bowl  12,  as  the  bowl  r o t a t e s   with  the  sha f t   14.  T h i s  

would  not  be  t rue  if  the  r a t i o   of  R1 r1 did  not  equal  R 2  r 2 .   For  

example,  if R1 r1  w e r e  l a r g e r   t h a n R 2  r 2 ,   then  when  there   was 

true  or  pure  r o l l i n g   motion  at  point   r2,  there   would  b e  R  
s l ippage   between  the  roll   and  the  bowl  at  point   r1.  I f  R1 r1 

were  smal le r   than  R 2  r 2 ,   then  when  there   was  pure  r o l l i n g  

motion  at  point   r1,  the re   would  be  s l i ppage   between  the  r o l l  

and  the  bowl  at  point   r2.  When  there   is  s l i d i n g   motion,  t h e  

two  par t s   are  sub jec t   to  more  wear  than  when  there   is  r o l l i n g  

motion  between  these  two  p a r t s .  



1.  In  a  p u l v e r i z i n g   m i l l ,   a  g r i n d i n g   bowl  mounted  on 

a  c e n t r a l ,   v e r t i c a l   s h a f t ,   means  for  r o t a t i n g   the  sha f t   and 

bowl,  a  f r u s t o c o n i c a l   g r ind ing   r o l l ,   the  outer   su r face   of  which 

is  in  p a r a l l e l   r e l a t i o n s h i p   with  the  g r i n d i n g   su r face   of  t h e  

bowl,  so  t h a t   ma te r ia l   can  be  p u l v e r i z e d   t h e r e b e t w e e n ,   the  r o l l  

being  mounted  so  as  to  be  r o t a t a b l e   about  a  c e n t r a l   ax i s ,   t h e  

g r ind ing   su r f ace   of  the  bowl  lying  at  an  angle  to  a  h o r i z o n t a l  

p lane ,   with  the  inner   rad ius   of  the  bowl  being  lower  than  t h e  

outer   rad ius   t h e r e o f ,   the  roll   being  of  f r u s t o c o n i c a l   s h a p e ,  

with  the  lower,   inner   end  being  of  l ess   d iamete r   than  t h e  

d iameter   of  the  upper,   outer   end,  c h a r a c t e r i z e d   in  tha t   t h e  

bowl  and  the  roll   being  c o n s t r u c t e d   such  t ha t   the  r a t i o   o f  

the  h o r i z o n t a l   r ad ia l   d i s t a n c e   from  the  bowl  sha f t   to  t h e  

lower,  inner   end  of  the  rol l   at  the  poin t   where  i t   is  a d j a c e n t  

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

the  axis  about  which  i t   r o t a t e s ,   is  equal  to  the  r a t i o   of  t h e  

h o r i z o n t a l   r ad ia l   d i s t a n c e   from  the  bowl  sha f t   to  the  upper  end 

of  the  rol l   at  the  poin t   where  i t   is  a d j a c e n t   to  the  bowl 

s u r f a c e ,   compared  to  the  rad ius   of  t ha t   poin t   from  the  a x i s  

about  which  i t   r o t a t e s ,   so  t ha t   as  the  bowl  and  roll   r o t a t e  

about  t h e i r   r e s p e c t i v e   axes,  the  roll   su r face   moves  across   t h e  

bowl  su r face   with  only  r o l l i n g   movement,  r a t h e r   t h a n  

a  combinat ion   of  r o l l i n g   and  s l i d i n g   movement,  to  t h e r e b y  

reduce  the  wear  on  these  s u r f a c e s .  

2.  The  p u l v e r i z i n g   mill  set  fo r th   in  Claim  1 ,  

c h a r a c t e r i z e d   in  t ha t   the  r a t i o   of  the  h o r i z o n t a l   r a d i a l  

d i s t a n c e   from  the  bowl  shaf t   to  any  poin t   of  the  rol l   at  a 

point   where  i t   is  a d j a c e n t   to  the  bowl  s u r f a c e ,   compared  to  t h e  

rad ius   of  t ha t   poin t   from  the  axis  about  which  i t   r o t a t e s ,   is  a 

c o n s t a n t .  
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