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@  Spherical  surface  grinding  device. 

The  device  of  this  invention  has  a  holder  (12, 28)  for  hold- 
ing  the  work  (9,  27),  work  shafts  (25,  26)  on  each  of  which  the 
holder  is  mounted,  and  each  of  which  feeds  in  the  work  in  the 
axial  direction,  and  grinding  tools  (15,  16)  each  arranged  at  a 
specified  slope  angle  for  grinding  the  aforementioned  work  (9, 
27)  to  the  prescribed  spherical  shape,  the  aforementioned 
work  shafts  (25,  26)  and  grinding  tools  (15,  16)  being  adapted 
for  rough  grinding  and  for  precision  grinding,  respectively,  and 
it  is  equipped  with  a  transferring  device  (11,  13,  32,  33)  for 
bringing  the  holder  (12,  28)  holding  the  aforementioned  work 
(9, 27)  to  the  work shaft  (25)  for  rough  grinding  and  to  the work 
shaft  (26)  for  precision  grinding,  further,  the  work  shaft  (25) 
for  rough  grinding  being  provided  with  a  mechanism  for  forced 
cutting-in  against  the  grinding  tool  (15),  and  the  work  shaft 
(26)  for  precision  grinding  with  a  mechanism  for  constant  pres- 
sure  cutting-in,  whereby  well  finished  surface  may  be  realized 
at  high  efficiency  and  after-processings  are  spared.  According- 
ly,  this  invention  is  quite  advantageous  in  maintenance  and 
control  of  precision  and  cost  reduction. 



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

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

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

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

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

w i t h   s t r u c t u r e   p a r t i c u l a r l y   as  shown  in  FIG.  1,  a  l e n s  

3  h e l d   by  a  c o l l e t   c h u c k   1,  w h i c h   i s   m o u n t e d   on  a  

r o t a r y   s p i n d l e   2,  t o   be  t u r n e d   t h e r e b y   a t   a  low  s p e e d ,  

i s   s u b j e c t e d   t o   s p h e r i c a l   g r i n d i n g   by  means   of  a  d i a m o n d  

g r i n d i n g   s t o n e  7   t u r n e d   a t   a  h i g h   s p e e d ,   m o u n t e d   on  a  

h i g h   s p e e d   r o t a r y   s p i n d l e   6  w h i c h   i s   i n c l i n e d   a t   a  

s p e c i f i c   s l o p e  a n g l e   by  a  s l o p i n g   s l i d e   s h a f t   4  a n d ,  

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

p a r a l l e l   s l i d e   s h a f t   5.  In  d o i n g   t h i s   w o r k ,   t h e   g l a s s  

s t o c k   i s   b r o u g h t   t o   t h e   c o l l e t   c h u c k   by  w o r k e r ' s   h a n d  

or  by  an  a u t o   l o a d e r ,   t o   be  h e l d   t h e r e b y ,   and  i s   t a k e n  

o u t   by  t h e   same  m e a n s .   The  d i a m o n d   g r i n d i n g   s t o n e  

g e n e r a l l y   u s e d   i s   METAL  BOND  of  t h e   o r d e r   of  # 1 0 0 ~ # 4 0 0 ,  

w h i c h   p r o d u c e s   a  f i n i s h e d   s u r f a c e   r o u g h n e s s   of  2 - 6   R m a x .  

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

METAL  BOND  p e l l e t   and  RESINOID  BOND  p e l l e t   and  i n  

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

s u c h   a b r a s i v e   as  C e 0 2 ,   e t c .  

In  t h e   d e v i c e   as  a b o v e - d e s c r i b e d ,   h o w e v e r ,   t h e  

l e n s   3  h e l d   by  t h e   c o l l e t   c h u c k   1  can  be  g r o u n d   o n l y   b y  



one  d i a m o n d   g r i n d i n g   s t o n e   7.  When  i t   i s   f u r t h e r   t o  

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

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

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

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

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

f o r   p r e c i s i o n   g r i n d i n g .   A c c o r d i n g l y ,   r o u g h   g r i n d i n g  

and  p r e c i s i o n   g r i n d i n g   can  n o t   be  p e r f o r m e d   a t   h i g h  

e f f i c i e n c y .   S i n c e   t h e   f o r c e d   c u t t i n g - i n   m e t h o d   i n  

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

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

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

o b t a i n e d .   Thus  t h i s   d e v i c e   was  u n a b l e   t o   be  p u t   t o  

u s e   f o r   p r o d u c t i o n   in  t h e   same  t a c t   t i m e .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   in   one  a s p e c t   a  

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

h o l d i n g   t h e   w o r k ,   c h a r a c t e r i s e d   by  work   s h a f t s   on  e a c h  

of  w h i c h   t h i s   h o l d e r   i s   m o u n t e d ,   t o   be  t u r n e d   t h e r e w i t h ,  

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

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

so  as  t o   g r i n d   t h e   a f o r e m e n t i o n e d   work  t o   t h e   p r e s c r i b e d  

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

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

g r i n d i n g   and  f o r   p r e c i s i o n   g r i n d i n g ,   and  s a i d   d e v i c e  

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

t h e   h o l d e r   h o l d i n g   t h e   a f o r e m e n t i o n e d   work   to   t h e   w o r k  

s h a f t   f o r   r o u g h   g r i n d i n g   and  t o   t h e   work  s h a f t   f o r  

p r e c i s i o n   g r i n d i n g .  

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

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

c a p a b l e   of  h o l d i n g   t h e   w o r k ,   c h a r a c t e r i s e d   by  a  c h u c k  

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

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

p o s i t i o n   f o r   r o u g h   g r i n d i n g   of  t h e   work  and  t h e   p o s i t i o n  

f o r   p r e c i s i o n   g r i n d i n g s ,   two  work  s h a f t s   e a c h   of  w h i c h  



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

c h u c k   u n i t ,   i s   r o t a t a b l e   and  moves   up  and  down,   o n e  

b e i n g   a d a p t e d   f o r   r o u g h   g r i n d i n g   of  t h e   w o r k ,   and  t h e  

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

p l a c e d   r e s p e c t i v e l y   f a c i n g   t h e   two  work  s h a f t s ,   w h i c h  

a r e   in  c o n c e r t   c a p a b l e   of  g r i n d i n g   t h e   work   to   t h e  

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

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

work  s u r f a c e .  

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

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

c a p a b l e   of  h o l d i n g   t h e   work   c h a r a c t e r i s e d   by  a  c h u c k  

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

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

f o r   r o u g h   g r i n d i n g   of  t h e   work   and  t h e   p o s i t i o n   f o r  

p r e c i s i o n   g r i n d i n g ,   two  work   s h a f t s   e a c h   of  w h i c h  

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

c h u c k   u n i t   and  h o l d s   i t ,   and  w h i c h   a r e   r o t a t a b l e   a n d  

move  up  and  down,   one  of  t h e m   b e i n g   a d a p t a b l e   f o r  

r o u g h   g r i n d i n g   of  t h e   work  and  t h e   o t h e r   f o r   p r e c i s i o n  

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

f a c i n g   t h e s e   two  work   s h a f t s ,   w h i c h   in   c o n c e r t   a r e  

c a p a b l e   of  g r i n d i n g   t h e   work   h e l d   by  t h e   h o l d e r   to   t h e  

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

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

s u r f a c e ,   t h e   work   s h a f t   f o r   r o u g h   g r i n d i n g   b e i n g   s o  

a r r a n g e d   as  to   f e e d   in  t h e   work   t h e   p r e s c r i b e d   d i s t a n c e  

a g a i n s t   t h e   g r i n d i n g   t o o l ,   and  t h e   work   s h a f t   f o r  

p r e c i s i o n   g r i n d i n g   to   f e e d   in   t h e   work   a t   a  p r e s c r i b e d  

p r e s s u r e .  
The  d e v i c e   a c c o r d i n g   t o   t h e   i n v e n t i o n   i s   q u i t e  

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

and  r e d u c t i o n   of  c o s t .  



FIG.   1  i s   a  p l a n   v i e w   s h o w i n g   a  p a r t i c u l a r  

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

g r i n d i n g   d e v i c e ;  

FIG.   2  i s   a  c o n c e p t u a l   d i a g r a m   s h o w i n g   t h e  

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

t h i s   i n v e n t i o n ;  



FIG.   3  i s   a  p l a n   v i e w   s h o w i n g   t h i s   s p h e r i c   s u r f a c e  

g r i n d i n g   d e v i c e ;   a n d  

FIG.   4  i s   a  f r o n t   e l e v a t i o n   o f   t h e   s a m e .  

THE  MOST  PREFERABLE  MODE  IN  EXERCISING  THE  I N V E N T I O N  

In  t h e   f o l l o w i n g ,   an  e m b o d i m e n t   o f   t h i s   i n v e n t i o n  

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

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

f o r   t r a n s f e r r i n g   t h e   w o r k .   t h e   l e n s   9  on  c o n v e y o r   8  i s  

t r a n s f e r r e d   in   t h e   d i r e c t i o n   o f   a  by  a u t o - h a n d   10  a n d   i s  

t a k e n   in   by  a  h o l d e r   12  s u p p o r t e d   on  a  c h u c k   u n i t   11 ,   t o  

be   h e l d   t h e r e b y .   The  c h u c k   u n i t   11  i s   on  i n d e x   t a b l e   1 3 ,  

t u r n e d   by  120°   i n   t h e   d i r e c t i o n   o f   b,   t o   c o n d u c t   t h e   r o u g h  

g r i n d i n g ,   t h e n ,   f u r t h e r   t u r n e d   by  120°   in   t h e   d i r e c t i o n  

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

by  1 2 0 °   in   t h e   d i r e c t i o n   o f   d  t o   t h e   f o r m e r   p o s i t i o n ,  

w h e r e   t h e   l e n s   9  i s   d e t a c h e d   f r o m   t h e   h o l d e r   12 ,   t a k e n  

o u t   i n   t h e   d i r e c t i o n   o f   e  a n d   p u t   on  a  c o n v e y o r   1 4 .   T h e  

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

a n o t h e r   in  t h e   s ame   t a c t   t i m e .  

FIG.   3  p r e s e n t s   a  p a r t i c u l a r   e m b o d i m e n t ,   g i v i n g   a  

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

F I G .  4   i s   i t s   f r o n t   e l e v a t i o n .   In   t h i s   f i g u r e ,   1 5  

d e n o t e s   a  d i a m o n d   s t o n e   f o r   r o u g h   g r i n d i n g ,   METAL  BOND 

o f   t h e   o r d e r   o f   # 1 0 0  ~   # 4 0 0 .   N u m e r a l   16  d e s i g n a t e s   a  



d i a m o n d   g r i n d i n g   s t o n e   f o r   p r e c i s i o n   g r i n d i n g ,   METAL  BOND 

of   t h e   o r d e r   of   # 8 0 0  ~   # 1 5 0 0 .   N u m e r a l s   17  and   18  g i v e  

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

s t o n e s ,   and   19  and   20  t h e i r   d r i v i n g   m o t o r s .   N u m e r a l s   2 1  

and   22  d e s i g n a t e   s l i d i n g   d r i v e   m o t o r s   f o r   t r a n s f e r r i n g  

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

p o s i t i o n s .   F u r t h e r ,   by  d r i v e   m o t o r s ,   n o t   shown  in  t h e  

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

p i v o t i n g   a r o u n d   23  and  24.   N u m e r a l s   25  and   26  d e n o t e  

r o t a r y   s p i n d l e s   on  e a c h   o f   w h i c h   t h e   c h u c k   u n i t   28  h o l d i n g  

t h e   l e n s   27  to   be  g r o u n d   i s   m o u n t e d ,   and  w h i c h   t u r n   a t  

a b o u t   5 n,  50  rpm  and   29  a n d   30  d e s i g n a t e   t h e i r   d r i v e   m o t o r s .  

The  r o t a r y   s p i n d l e   25,   b e i n g   f o r   r o u g h   g r i n d i n g ,   i s  

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

d i a m o n d   g r i n d i n g   s t o n e   15 ,   r e a l i z i n g   t h e   g r i n d i n g   in   t h e  

f o r c e d   c u t t i n g - i n   way .   The  r o t a r y   s p i n d l e   26 ,   b e i n g   f o r  

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

s t o n e   16  a t   a  s p e c i f i e d   c o n s t a n t   p r e s s u r e ,   r e a l i z i n g   t h e  

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

N u m e r a l   31  d e s i g n a t e s   an  a u t o - h a n d   f o r   t a k i n g   t h e  

l e n s   s t o c k   27  i n t o   t h i s   s p h e r i c a l   s u r f a c e   g r i n d i n g   d e v i c e ,  

w h i c h   p e r f o r m s   t h e   o p e r a t i o n   o f   g e t t i n g   t h e   work   t o   b e  

h e l d   by  o r   t a k e n   o u t   o f   t h e   h o l d e r   28,   e t c .   N u m e r a l   3 2  

r e p r e s e n t s   t h e   c h u c k   u n i t   w h i c h   s u p p o r t s   t h e   h o l d e r   2 8  

and   i s   m o u n t e d   on  r o t a r y   i n d e x   33,   and   34  s t a n d s   f o r   t h e  



m a c h i n e   b a s e .  

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

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

i s   d e s c r i b e d .  

F i r s t ,   t h e   a u t o - h a n d   31  t a k e s   in   t h e   l e n s   s t o c k   2 7  

f r o m   o u t s i d e   and   s e t s   i t   on  t h e   h o l d e r   28,   to   be  h e l d  

t h e r e b y .   The  h o l d e r   28,   as  i t   i s ,   b e i n g   h e l d   by  t h e   c h u c k  

u n i t   32 ,   i s   t u r n e d   by  120°   in   t h e   d i r e c t i o n   of   f  by  t h e  

r o t a r y   i n d e x   33,   to   be  s e t   in   p o s i t i o n ,   and   i s   s e c u r e d   b y  

t h e   r o t a r y   s p i n d l e   25  u p o n   t h e   c h u c k   u n i t   32  r e l e a s i n g   i t .  

The  d i a m o n d   g r i n d i n g   s t o n e   15  so  a r r a n g e d   as   to   g r i n d   t h e  

l e n s   s t o c k   27  t o   t h e   d e s i r e d   r a d i u s   of   c u r v a t u r e   i s  

r u n n i n g   a t   as   h i g h   a  s p e e d   as   8 , 0 0 0  ~   1 , 2 0 0   rpm.   A g a i n s t  

t h i s   s t o n e ,   t h e   l e n s   s t o c k   27  f i x e d   on  t h e   a f o r e m e n t i o n e d  

r o t a r y   s p i n d l e   25  i s   f o r c i b l y   s u b j e c t e d   t o   a  c o n s t a n t  

d i m e n s i o n   c u t t i n g - i n ,   w h i l e   t u r n i n g   a t   5  <   50  rpm,   f o r  

p e r f o r m i n g   t h e   r o u g h   g r i n d i n g .   A f t e r   t h i s   g r i n d i n g ,   t h e  

h o l d e r   28  i s   r e l e a s e d   f r o m   t h e   r o t a r y   s p i n d l e   25,   a g a i n  

s u p p o r t e d   by  t h e   c h u c k   u n i t   32  a n d ,   t h e n ,   t u r n e d   f u r t h e r  

by  120°   in   t h e   d i r e c t i o n   of   f ,   t o   be  s e t   i n  p o s i t i o n .  

Then   t h e   l e n s   s t o c k   27  s e c u r e d   on  t h e   r o t a r y   s p i n d l e   26  

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

a t   a  c o n s t a n t   p r e s s u r e ,   w h i l e   t u r n i n g   a t   5  ~   50  rpm,   f o r  

p e r f o r m i n g   t h e   p r e c i s i o n   g r i n d i n g .   A f t e r   t h i s   g r i n d i n g ,  

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



32  and   a g a i n   t u r n e d   by  120°   in   t h e   d i r e c t i o n   of   f ,   t o   b e  

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

f i n i s h e d   by  t h e   p r e c i s i o n   g r i n d i n g   as   a b o v e - d e s c r i b e d   i s  

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

m e a n s   o f   t h e   a u t o - h a n d   31.   A  s e r i e s   of   o p e r a t i o n s   a s  

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

same  t a c t   t i m e .  

A c c o r d i n g   t o   t h e   e m b o d i m e n t   a b o v e - d e s c r i b e d ,   Rmax  o f  

t h e   o r d e r   of   0 . 2   um  can   be  r e a d i l y   a c h i e v e d   a f t e r   f i n i s h i n g  

by  p r e c i s i o n   g r i n d i n g   w i t h   t a c t   t i m e   a b o u t   2 0  ~   50  s e c   a n d  

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

INDUSTRIAL  A P P L I C A B I L I T Y  

A c c o r d i n g   t o   t h i s   i n v e n t i o n ,   t h e   h o l d e r   h o l d i n g   t h e  

work   i s   t r a n s f e r r e d   to   t h e   w o r k   s h a f t   f o r   r o u g h   g r i n d i n g  

and   to   t h e   w o r k   s h a f t   f o r   p r e c i s i o n   g r i n d i n g   a n d ,   f u r t h e r ,  

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

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

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

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

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

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

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

be  s p a r e d .   B e s i d e s ,   a u t o m a t i o n   o f   t h e   p r o c e s s e s   i s  



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

a r e   e a s y .  



1.  A  s p h e r i c a l   s u r f a c e   g r i n d i n g   d e v i c e   h a v i n g   a  

h o l d e r   (28)   f o r   h o l d i n g   t h e   w o r k ,   c h a r a c t e r i s e d   b y  

work  s h a f t s   ( 2 5 , 2 6 )   on  e a c h   of  w h i c h   t h i s   h o l d e r   i s  

m o u n t e d ,   to   be  t u r n e d   t h e r e w i t h ,   and  e a c h   of  w h i c h  

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

( 1 5 , 1 6 )   e a c h   a r r a n g e d   a t   a  s p e c i f i e d   s l o p e   a n g l e   s o  

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

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

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

g r i n d i n g   and  f o r   p r e c i s i o n   g r i n d i n g ,   and  s a i d   d e v i c e  

b e i n g   e q u i p p e d   w i t h   a  t r a n s f e r r i n g   d e v i c e   ( 3 2 , 3 3 )   f o r  

b r i n g i n g   t h e   h o l d e r   h o l d i n g   t h e   a f o r e m e n t i o n e d   w o r k  

to   t h e   work  s h a f t   f o r   r o u g h   g r i n d i n g   and  t o   t h e   w o r k  

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

2.  A  s p h e r i c a l   s u r f a c e   g r i n d i n g   d e v i c e   h a v i n g   a  

h o l d e r   (28)   c a p a b l e   of  h o l d i n g   t h e   w o r k ,   c h a r a c t e r i s e d  

by  a  c h u c k   u n i t   ( 3 2 )   f o r   g r i p p i n g   t h i s   h o l d e r   a n d  

c o m p r i s i n g   a  t r a n s f e r r i n g   d e v i c e   (33)   c a p a b l e   o f  

m o v i n g   b e t w e e n   t h e   p o s i t i o n   f o r   r o u g h   g r i n d i n g   of   t h e  

work  and  t h e   p o s i t i o n   f o r   p r e c i s i o n   g r i n d i n g s ,   t w o  

work  s h a f t s   ( 2 5 , 2 6 )   e a c h   of   w h i c h   r e c e i v e s   t h e   h o l d e r  

t r a n s f e r r e d   f rom  t h e   a f o r e m e n t i o n e d   c h u c k   u n i t ,   i s  

r o t a t a b l e   and  moves   up  and  down,   one  b e i n g   a d a p t e d   f o r  

r o u g h   g r i n d i n g   of  t h e   w o r k ,   and  t h e   o t h e r   f o r   p r e c i s i o n  

g r i n d i n g ,   and  two  g r i n d i n g   t o o l s   ( 1 5 , 1 6 )   p l a c e d  

r e s p e c t i v e l y   f a c i n g   t h e   two  work   s h a f t s ,   w h i c h   a r e   i n  

c o n c e r t   c a p a b l e   of  g r i n d i n g   t h e   work   t o   t h e   d e s i r e d  

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

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

s u r f a c e .  



3.  A  s p h e r i c a l   s u r f a c e   g r i n d i n g   d e v i c e   h a v i n g   a  

h o l d e r   (28)   c a p a b l e   of  h o l d i n g   t h e   w o r k ,   c h a r a c t e r i s e d   b y  

a  c h u c k   u n i t   (32)   f o r   g r i p p i n g   t h i s   h o l d e r ,   a n d  

c o m p r i s i n g   a  t r a n s f e r r i n g   d e v i c e   (33 )   c a p a b l e   o f  

m o v i n g   b e t w e e n   t h e   p o s i t i o n   f o r   r o u g h   g r i n d i n g   o f  

t h e   work  and  t h e   p o s i t i o n   f o r   p r e c i s i o n   g r i n d i n g ,   t w o  

work  s h a f t s   ( 2 5 , 2 6 )   e a c h   of  w h i c h   r e c e i v e s   t h e  

h o l d e r   t r a n s f e r r e d   f rom  t h e   a f o r e m e n t i o n e d   c h u c k   u n i t  

and  h o l d s   i t ,   and  w h i c h   a r e   r o t a t a b l e   and  move  u p  

and  down,   one  of  t h e m   b e i n g   a d a p t a b l e   f o r   r o u g h  

g r i n d i n g   of  t h e   work  and  t h e   o t h e r   f o r   p r e c i s i o n  

g r i n d i n g ,   and  two  g r i n d i n g   t o o l s   ( 1 5 , 1 6 )   p l a c e d  

r e s p e c t i v e l y   f a c i n g   t h e s e   two  work   s h a f r s ,   w h i c h   i n  

c o n c e r t   a r e   c a p a b l e   of  g r i n d i n g   t h e   work   h e l d   by  t h e  

h o l d e r   to   t h e   d e s i r e d   s p h e r i c a l   s h a p e ,   and  e a c h   o f  

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

r e l a t i v e   to   t h e   work   s u r f a c e ,   t h e   work   s h a f t   f o r  

r o u g h   g r i n d i n g   b e i n g   so  a r r a n g e d   as  t o   f e e d   in   t h e   w o r k  

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

and  t h e   work  s h a f t   f o r   p r e c i s i o n   g r i n d i n g   to   f e e d   i n  

t h e   work   a t   a  p r e s c r i b e d   p r e s s u r e .  

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



C l a i m   3  w h e r e i n   t h e   a f o r e m e n t i o n e d   t r a n s f e r r i n g   d e v i c e   i s  

r o t a t a b l y   i n s t a l l e d .  

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

C l a i m   4  w h e r e i n   t h e   a f o r e m e n t i o n e d   t r a n s f e r r i n g   d e v i c e   i s  

p r o v i d e d   w i t h   t h r e e   c h u c k   u n i t s .  

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

C l a i m   3  w h e r e i n   t h e   a f o r e m e n t i o n e d   g r i n d i n g   t o o l s   a r e  

a d j u s t a b l e   t o   t h e   s p e c i f i e d   a n g l e s   and  p o s i t i o n s ,  

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

i n t e n d e d   t o   h a v e .  
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