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©  Crankpin  grinding  machine. 

A  cylindrical  grinding  machine  for  grinding  a  pair  (P1, 
P2)  of  axially  and  angularly  offset  crankpins  (P1  to  P6)  on  a 
crankshaft  having  a  plurality  of  main  bearings  comprises  a 
grinding  wheel  assembly  including  a  grinding  wheel  for 
effective  stock  removal  from  a  crankpin  having  a  selected 
axial  location  and  rotatively  driven  about  a  predetermined 
axis  (A1).  The  machine  also  includes  axial  displacement 
means  for  presenting  one  (P2)  of  the  crankpin  pair  (P1,P2)  to 
be  ground  at  the  selected  axial  location  with  the  axis  of  the 
one  crankpin  coaxial  with  the  predetermined  axis  (A1),  a 
workholding  fixture  (12)  including  chuck  means  for  clamping 
a  crankshaft  placed  therein,  and  means  for  presenting  the 
other  one  (P1)  of  the  crankpin  pair  (P1,P2)  to  be  ground  with 
the  axis  of  the  other  crankpin  coaxial  with  the  predetermined 
axis  (A1).  The  presenting  means  includes  a  spindle  housing 
(23),  a  first  spindle  (16)  rotatably  supported  within  the 
spindle  housing  (23),  a  second  spindle  (14)  eccentrically 
supported  within  the  first  spindle  (16)  for  rotation  therein, the 
workholding  fixture  (12)  being  secured  to  the  second  spindle 
(14)  with  the  axes  of  rotation  of  both  pins  (P1,  P2)  of  the  pin 
pair  (P1,P2)  being  equidistant  from  the  axis  of  rotation  (A2)  of 
the  second  spindle.  An  indexing  means  is  provided  for 
rotating  the  second  spindle  (14)  relative  to  the  first  spindle 
(16)  a  degree  selected  to  locate  the  axis  of  the  other  pin  (P1) 
coaxial  with  the  axis  of  rotation  (A1)  of the  first  spindle  (16). 



The  c r a n k p i n s   of  a  c r a n k s h a f t   may  be  g r o u n d  

by  s e q u e n t i a l l y   t r a n s f e r r i n g   the   c r a n k s h a f t   t h r o u g h   a  

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

to  the   g r i n d i n g   of  one  of  t he   c r a n k p i n s .   Such  a  c r a n k  

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

d i s c l o s e d   in  U . S .   P a t e n t   Nos .   4 , 0 0 3 , 7 2 1 ,   4 , 0 3 0 , 7 2 1   a n d  

4 , 0 3 3 , 0 7 6 ,   i n c l u d e s   a  p l u r a l i t y   of  c y l i n d r i c a l   g r i n d i n g  

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

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

s e l e c t e d   a x i a l   and  r o t a r y   p o s i t i o n .   The  c r a n k h e a d  

a s s e m b l y   of  e a c h   such   m a c h i n e   i n c l u d e s   a  c l a m p i n g  

f i x t u r e   w h i c h   s e l e c t i v e l y   c l a m p s   one  end  of  t h e  

c r a n k s h a f t   on  e a c h   of  the   p l u r a l i t y   of  ma in   b e a r i n g s  

l e a d i n g   to  t he   c r a n k p i n   to  be  g r o u n d .  

I t   is  an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   an  i m p r o v e d   c y l i n d r i c a l   g r i n d i n g   m a c h i n e   w h i c h  

is   i d e a l l y   s u i t e d   f o r   i n c l u s i o n   in  s u c h   a  t r a n s f e r   l i n e  

h a v i n g   an  i n d e x a b l e   c r a n k h e a d   a s s e m b l y   fo r   s e q u e n t i a l l y  

l o c a t i n g   a  p a i r   of  a n g u l a r l y   and  a x i a l l y   o f f s e t  

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

f o r   s t o c k   r e m o v a l   by  the  g r i n d i n g   w h e e l .  

O t h e r   o b j e c t s   and  a d v a n t a g e s   of  the   p r e s e n t  
i n v e n t i o n   w i l l   become  a p p a r e n t   f rom  t he   f o l l o w i n g  

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

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

R e f e r r i n g   to  the   d r a w i n g s :  

F i g u r e   1  is  an  e l e v a t i o n a l   v i e w   of  t h e  
h e a d s t o c k   a s s e m b l y   of  a  c r a n k p i n   g r i n d i n g   m a c h i n e   m a d e  
in  a c c o r d a n c e   w i t h   the   t e a c h i n g s   of  t h e   p r e s e n t  
i n v e n t i o n ;  



F i g u r e   2  i s   a  s c h e m a t i c   a x i a l   v i e w   of   t h e   h e a d -  

s t o c k   a s s e m b l y .  

F i g u r e   3  i s   an  e l e v a t i o n a l   v i e w   i n   s e c t i o n   o f  

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

i n   F i g u r e   1 ;  

F i g u r e   4  i s   an  e l e v a t i o n a l  v i e w   of  t h e   r o t a r y  

i n d e x i n g   m e c h a n i s m   of   t h e   s p i n d l e   a s s e m b l y   shown  i n  

F i g u r e   3;  a n d  

F i g u r e   5  i s   an  e l e v a t i o n a l   v i e w  o f   t h e   s t o p  

g e a r   of   t h e   i n d e x i n g   m e c h a n i s m   shown  in  F i g u r e   4 .  

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

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

p i n   on  a  c r a n k s h a f t   10  s c h e m a t i c a l l y   shown  i n   F i g u r e s  

1  and   2.  I n s t e a d   of   t h e   n o r m a l   t h r e e   120°   r e l a t e d  

c r a n k p i n s ,   t h e   i l l u s t r a t e d   V6  c r a n k s h a f t   h a s   t h r e e  

p a i r s   (P1 ,   P 2 ) ,   ( P 3 ,   P 4 ) ,   (P5,   P6)  o f   120°   r e l a t e d  

c r a n k p i n s   w i t h   t h e   p i n s   of   e a c h   p a i r   b e i n g   o f f s e t  

by  3 0 ° .   The  c r a n k s h a f t   i n c l u d e s   f o u r   c o a x i a l   m a i n  

b e a r i n g s   B1,  B2,  B3,  B4,  t h e   i n b o a r d   t h r e e   o f  w h i c h  

a r e   s e c u r e d   w i t h i n   c l a m p i n g   f i x t u r e s   01 ,   C2,  C3  of  a  

c r a n k h e a d   a s s e m b l y   12.   R a d i a l l y   i n d e x i n g   a  c r a n k s h a f t  

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

i n   U . S .   P a t e n t   No.  2 , 4 5 4 , 1 8 6 .  

The  c r a n k h e a d   a s s e m b l y   12  i s   s e c u r e d   to   an  i n n e r  

s p i n d l e   14  ( F i g u r e   3)  w h i c h   i s   l o c a t e d   e c c e n t r i c a l l y  

w i t h i n   an  o u t e r   s p i n d l e   16.  The  i n n e r   s p i n d l e   14  i s  

n o r m a l l y   f i x e d   r e l a t i v e   t o   t he   o u t e r   s p i n d l e   16,  b u t  

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

s p i n d l e   16  i s   s u p p o r t e d   f o r   r o t a t i o n a l   and   a x i a l   m o v e -  

men t   i n   a  s p i n d l e  h o u s i n g   23  v i a   a  h y d r o s t a t i c   b e a r i n g  

a r r a n g e m e n t .  



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

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

s p i n d l e   a x i s   A1  w h i c h   i s   c o a x i a l   w i t h   t h e   a x i s   of  c r a n k -  

p i n   P2  a t   a  l o c a t i o n   w h e r e   a d v a n c e m e n t   of   a  r o t a t i n g  

g r i n d i n g   w h e e l   18  can  e f f e c t  s t o c k   r e m o v a l   f r o m   t h a t  

c r a n k p i n .  

At  t h e   c o n c l u s i o n   of  s t o c k   r e m o v a l   f r o m   t h e  

c r a n k p i n   P2,  t h e   o t h e r   p i n   P1  of   t h e   c r a n k p i n   p a i r  

w i l l   be  l o c a t e d   a t   t h e   a x i a l   and   r a d i a l   g r i n d i n g   p o -  

s i t i o n   by  s e l e c t i v e l y   a x i a l l y   and  r a d i a l l y   i n d e x i n g  

t h e   w o r k p i e c e .  

A x i a l   i n d e x i n g   i s   e f f e c t e d   by  a x i a l l y   d i s p l a c i n g  

t h e   o u t e r   s p i n d l e   16  to   t h e   l e f t , f r o m   i t s   p o s i t i o n  

shown  i n   F i g u r e   3  w h e r e a t   an  o u t e r   s p i n d l e   s h o u l d e r  

or   c o l l a r   25  a b u t s   a g a i n s t   a  r i g h t - h a n d   t h r u s t   f a c e  

24  of   t h e   h y d r o s t a t i c   b e a r i n g   in   t h e   h o u s i n g   2 3 , t o   a  

p o s i t i o n   w h e r e a t   an  o u t e r   s p i n d l e   s h o u l d e r   o r   c o l l a r  2 6  

a b u t s   a g a i n s t   a  l e f t - h a n d   t h r u s t   f a c e   22  of  t h e   h y d r o -  

s t a t i c  b e a r i n g .   A x i a l   d i s p l a c e m e n t   of  t h e   o u t e r   s p i n d l e  

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

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

or   f l u i d   r e s e r v o i r s   in   t h e   o u t e r   s p i n d l e   16  and   o p e n i n g  

i n t o   t h e   s h o u l d e r s   or  c o l l a r s   25  and  26.   The  f a c e s  

24,  22  and  s h o u l d e i s o r   c o l l a r s   25,  26  a r e   a x i a l l y   l o -  

c a t e d   so  t h a t   t h e   d i s t a n c e   of   a x i a l   m o v e m e n t   of   t h e  

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

two  p i n s   P1,  P2  of   t h e   p i n   p a i r   to   be  g r o u n d .  

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

ved  by  an  i n d e x i n g   m e c h a n i s m   w h i c h   r o t a t e s   t h e   i n n e r  

s p i n d l e   14  a b o u t   i t s   a x i s   A2  b e t w e e n   f i r s t   and  s e c o n d  

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



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

e i t h e r   of   t h e s e   two  p o s i t i o n s .   A  s i n g l e   c o u n t e r -  

w e i g h t   30  i s   s e c u r e d   to   t h e   o u t e r   s p i n d l e   o p p o s i t e  

t h e   a x i s   A2  of   t h e   e c c e n t r i c   i n n e r   s p i n d l e   to   b a l a n c e  

t h e   s p i n d l e   a s s e m b l y .  

An  i n d e x i n g   a s s e m b l y   50  i s   s e c u r e d   t o   t h e  

r i g h t - h a n d   end  of  t h e   o u t e r   s p i n d l e   16  and  i n c l u d e s  

r e d u n d a n t   or   d u p l i c a t e d   g e a r   d r i v e   m e c h a n i s m s   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   a  d r i v e n   g e a r   52  s e c u r e d   t o  

t h e   i n n e r   s p i n d l e   14.  E a c h   g e a r   d r i v e   m e c h a n i s m  

i n c l u d e s   a  h y d r a u l i c   m o t o r   54  i n c l u d i n g   a  r a c k   m e m b e r  

56  w h i c h   i s   o p e r a t i v e l y   e n g a g e d   w i t h   a  p i n i o n   g e a r   5 8 .  

A  b a r   l i n k   60  i n t e r c o n n e c t s  e a c h   p i n i o n   g e a r   58  w i t h  

an  a s s o c i a t e d   g e a r   62  w h i c h   d r i v e s   g e a r   64  so  as  t o  

s t e p - u p   t h e   d i s p l a c e m e n t   o f   t h e   r a c k .   A  g e a r   6 6 ,  

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

g e a r   64  i s   o p e r a t i v e l y   c o n n e c t e d   to   t h e   d r i v e n   g e a r   5 2  

w h i c h   d r i v e s   t h e   i n n e r   s p i n d l e .  

The  d r i v e n   g e a r   52  i n c l u d e s   a  s t o p   m e c h a n i s m  

w h i c h   h a s   two  s e m i c i r c u l a r   c h a n n e l s   70  e n d i n g   w i t h   a n  

end  s t o p   s u r f a c e   72.   F i r s t   a n d  s e c o n d   s t o p   p i n s   7 4  

( F i g u r e   4)  t a n g e n t i a l l y   e n g a g e   t h e   s t o p   m e c h a n i s m  

of  t h e   g e a r   52  w i t h i n   t h e   two  c h a n n e l s .   When  t h e  

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

f i r s t   s t o p   p i n   74  w i l l   e n g a g e  t h e   end  s t o p   s u r f a c e   7 2  

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

p o s i t i o n   of   t h e   i n n e r   s p i n d l e ,   and   when  t h e   i n n e r  

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

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

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

s p i n d l e .  



1.  A  c y l i n d r i c a l   g r i n d i n g   m a c h i n e   f o r   g r i n d i n g   a  

p a i r   of   a x i a l l y   and  a n g u l a r l y   o f f s e t   c r a n k p i n s   (P1  t o  

P 6 )  o n   a  c r a n k s h a f t   ( 10 )   h a v i n g   a  p l u r a l i t y   of  m a i n  

b e a r i n g s   (B1  to   B 4 ) ,   c o m p r i s i n g   a  g r i n d i n g   w h e e l  

a s s e m b l y   i n c l u d i n g   a  g r i n d i n g   w h e e l   ( 1 8 )   f o r   e f f e c t i v e  

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

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

a x i s ,   means   f o r   p r e s e n t i n g   one  (P2)   of   t h e   c r a n k p i n  

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

t h e   a x i s   of   t h e   one  c r a n k p i n  c o a x i a l   w i t h   t h e   p r e d e -  

t e r m i n e d   a x i s   ( A 1 ) ,   c h a r a c t e r i s e d   b y  

a  w o r k h o l d i n g   f i x t u r e   (12)   i n c l u d i n g   c h u c k  

means   (01 ,   C2,  C3)  f o r   c l a m p i n g   a  c r a n k s h a f t   ( 1 0 )  

p l a c e d   t h e r e i n ,   a n d  

means   f o r   p r e s e n t i n g   t h e   o t h e r   one  (P1)   of   t h e  

c r a n k p i n   p a i r   to   be  g r o u n d   w i t h   t h e   a x i s   of   t h e   o t h e r  

c r a n k p i n   c o a x i a l   w i t h   t h e   p r e d e t e r m i n e d   a x i s   ( A 1 )  

i n c l u d i n g  

a  s p i n d l e   h o u s i n g   ( 2 3 ) ,  

a  f i r s t  s p i n d l e   ( 1 6 )   s u p p o r t e d   by  s a i d   s p i n d l e  

h o u s i n g ,  

a  s e c o n d   s p i n d l e   (14 )   e c c e n t r i c a l l y   s u p p o r t e d  

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

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

w i t h ,   i n   u s e ,   t h e   a x e s   of  r o t a t i o n   of  b o t h   p i n s   of  t h e  

p i n   p a i r   b e i n g  e q u i d i s t a n t   f rom  t h e   a x i s   of   r o t a t i o n  

(A2)  of  s a i d   s e c o n d   s p i n d l e ,   a n d  

means   f o r   r o t a t i n g   (50)   s a i d   s e c o n d   s p i n d l e  

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

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

a x i s   of   r o t a t i o n   (A1)  of  t he   f i r s t   s p i n d l e .  
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