
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  @  Publication  number:  0   0 3 5   2 6 7  

Office  europ^en  des  brevets 

EUROPEAN  PATENT  APPLICATION 

Application  number:  81101479.4  ©  Int.  CI.3:  B  24  B  19/02,  B  24  B  4 1 / 0 6  

Date  of  filing:  02.03.81 

<§)  Priority:  05.03.80  GB  8007400 

@  Date  of  publication  of  application  :  09.09.81 
Bulletin  81/36 

@  Designated  Contracting  States  :  AT  DE  FR  GB  IT  SE 

@  Applicant:  TEKHNECON  SERVICES  LIMITED,  Valley 
Way  Rockingham  Road,  Market  Harborough 
Leicestershire  (GB) 

@  Inventor:  Lee,  Geoffrey  Foster,  Ashley  Nr.  Market 
Harborough,  Leicestershire  (GB) 
Inventor:  Maddaford,  John,  Appletree  Cottage 
Littleworth  Lane  Belton,  Nr.  Uppingham  Rutland 
Leicestershire  (GB) 

(74)  Representative:  Lewis,  Samuel  Hewitt  et  al,  Forrester  & 
Boehmert  Widenmayerstrasse  5/lV, 
D-8000  Munchen  22  (DE) 

An  improved  method  of  grinding,  grinding  machine,  and  mechanism  for  clamping  a  workpiece  in  position. 

(§5  The  invention  is  concerned  with  the  machining  of  lon- 
gitudinal  ball  tracks  into  the  inner  joint  members  of  uni- 
versal  joints.  A  workpiece  for  the  joint  member  is  clamped 
in  position  by  clamping  mechanism  of  a  spindle  mecha- 
nism  (22),  by  which  a  split  collet  (38)  is  opened  into  inte- 
rior  engagement  with  the  workpiece,  pulling  the  workpiece 
onto  an  annular  base  surface  (32)  and  into  engagement 
with  internally  curved  surface  portions  (35)  provided  by 
resilient  fingers,  which  engage  with  the  exterior  surface 

^   (82)  of  the  workpiece.  In  this  position,  the  longitudinal  axis 
J#  (LA2)  of  the  joint  member  coincides  with  the  longitudinal ™  axis  (LA1)  of  the  spindle  mechanism.  The  spindle  mecha- 

nism  (22)  is  then  moved  arcuately  about  a  further  axis 
^   (LA3)  relative  to  a  rotating  grinding  wheel  (14)  "so~that  the 
(0  grinding  wheel  effects  machining  of  one  of  the  bail  tracks 
£^  of  the  member.  Subsequent  to  retraction  of  the  grinding 

wheel,  the  spindle  mechanism  (22)  is  rotated  about  its  lon- 
10  gitudinal  axis  (LA1)  to  present  to  the  grinding  wheel  (14) 

another  surface  portion  of  the  joint  member,  and  another 
a   ball  track  is  machined  into  the  workpiece. 

CM; 
10 

O  

i n  

ACTORUM  AG 

T h e   invention  is  concerned  with  the  machining  of  lon- 
gitudinal  ball  tracks  into  the  inner  joint  members  of  uni- 
versal  joints.  A  workpiece  for  the  joint  member  is  clamped 
in  position  by  clamping  mechanism  of  a  spindle  mecha- 
nism  (22),  by  which  a  split  collet  (38)  is  opened  into  inte- 
rior  engagement  with  the  workpiece,  pulling  the  workpiece 
onto  an  annular  base  surface  (32)  and  into  engagement 
with  internally  curved  surface  portions  (35)  provided  by 
resilient  fingers,  which  engage  with  the  exterior  surface 
(82)  of  the  workpiece.  In  this  position,  the  longitudinal  axis 
(LA2)  of  the  joint  member  coincides  with  the  longitudinal 
axis  (LA1)  of  the  spindle  mechanism.  The  spindle  mecha- 
nism  (22)  is  then  moved  arcuately  about  a  further  axis 
(LA3)  relative  to a  rotating  grinding  wheel  (14)  so that  the 
grinding  wheel  effects  machining  of  one  of  the  ball  tracks 
of  the  member.  Subsequent  to  retraction  of  the  grinding 
wheel,  the  spindle  mechanism  (22)  is  rotated  about  its  lon- 
gitudinal  axis  (LA1)  to  present  to  the  grinding  wheel  (14) 
another  surface  portion  of  the  joint  member,  and  another 
ball  track  is  machined  into  the  workpiece. 



T h i s   i n v e n t i o n   is   c o n c e r n e d   w i t h   i m p r o v e m e n t s  

r e l a t i n g   to  g r i n d i n g ,   in  p a r t i c u l a r   to  t he   g r i n d i n g   o f  

p a r t s   f o r   u n i v e r s a l   j o i n t s   of  t he   k i n d   ( h e r e i n a f t e r  

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

i n n e r   j o i n t   member  p r o v i d e d   on  an  o u t e r   s u r f a c e   t h e r e o f  

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

n a l l y   e x t e n d i n g   b a l l   t r a c k s   in  t he   form  of  g r o o v e s ,   a n  

o u t e r   member   p r o v i d e d   on  an  i n n e r   s u r f a c e   t h e r e o f   w i t h   a  

s i m i l a r   number   of  c i r c u m f e r e n t i a l l y - s p a c e d ,   l o n g i t u d i -  

n a l l y   e x t e n d i n g   b a l l   t r a c k s ,   a l s o   in  t he   form  of  g r o o v e s  

and  t o r q u e - t r a n s m i t t i n g   b a l l s ,   e a c h   l o c a t e d   in  and  o p e r a -  
t i v e   b e t w e e n   a  b a l l   t r a c k   of  t h e   i n n e r   member  and  a  

c o r r e s p o n d i n g   b a l l   t r a c k   of  t he   o u t e r   member ,   p o r t i o n s   a t  

l e a s t   of  t he   t r a c k s   of  t he   i n n e r   member  b e i n g   c u r v e d   i n  

t h e   l o n g i t u d i n a l   d i r e c t i o n .  

In  t he   p r o v i s i o n   of  a  u n i v e r s a l   j o i n t   of  t he   k i n d  

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

means   is  p r o v i d e d ,   when  the   i n n e r   and  o u t e r   member s   a r e  

a r t i c u l a t e d ,   to  r e t a i n   t he   b a l l s   in  a  common  p l a n e   w h i c h  

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

j o i n t   m e m b e r s .   Such  means   may  be  a f f o r d e d   by  a  c age   f o r  

t he   b a l l s   w h i c h   is  o p e r a t i v e   b e t w e e n   the   i n n e r   s u r f a c e   o f  

t he   o u t e r   member   and  t h e   o u t e r   s u r f a c e   of  t he   i n n e r  

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

c e n t r e s   w h i c h   l i e ,   when  t he   i n n e r   and  o u t e r   j o i n t   m e m b e r s  

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

c e n t r e   of  t he   j o i n t .  



In  a n o t h e r   a r r a n g e m e n t ,   such   means   is   a f f o r d e d   by 

t h e   t r a c k s   of  t he   o u t e r   member   b e i n g   c u r v e d   in  t h e  

l o n g i t u d i n a l   d i r e c t i o n ,   t h e   c e n t r e s   of  c u r v a t u r e   of  t h e  

t r a c k s   in  t he   i n n e r   member   and  the   t r a c k s   in  t h e   o u t e r  

member   l y i n g ,   when  t h e   i n n e r   and  o u t e r   m e m b e r s   a r e  

a l i g n e d ,   on  t he   l o n g i t u d i n a l   a x i s   of  t h e   j o i n t   e q u a l  

d i s t a n c e s   on  o p p o s i t e   s i d e s   of  t he   c e n t r e   of  t he   j o i n t .  

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

n e c e s s a r i l y   p r o v i d e d ,   bu t   w h i c h   need   no t   be  f u n c t i o n a l   i n  

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

v e l o c i t y   r a t i o   c h a r a c t e r i s t i c s .  

The  p r e s e n t   i n v e n t i o n   has   been   d e v i s e d   p r i m a r i l y   f o r  

t he   g r i n d i n g   of  t h e   b a l l   t r a c k s   in  t he   i n n e r   m e m b e r s   o f  

u n i v e r s a l   j o i n t s   of  t he   k i n d   s p e c i f i e d ,   bu t   i t   i s   to   b e  

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

f i e l d s   whe re   a n a l o g o u s   p r o b l e m s   a r i s e .  

In  a  c o n v e n t i o n a l   m e t h o d   of  g r i n d i n g   t he   b a l l   t r a c k s  

in  t he   i n n e r   j o i n t   member   of  a  u n i v e r s a l   j o i n t   of  t h e  

k i n d   s p e c i f i e d ,   t he   member   is   m o u n t e d   on  a  s p i n d l e ,   w i t h  

t h e   l o n g i t u d i n a l   a x i s   of  t h e   member  e x t e n d i n g   a t   r i g h t  

a n g l e s   to  t h e   s p i n d l e   a x i s ,   and  t h e   c e n t r e   of  c u r v a t u r e  

of  t h e   b a l l   t r a c k s   c o i n c i d e n t   w i t h   t he   s p i n d l e   a x i s .   T h e  

member   i s   so  m o u n t e d   t h a t   i t   c a n  a l t e r n a t e l y   be  c l a m p e d  

in  p o s i t i o n   and  i n d e x e d   or  r o t a t e d   a b o u t   i t s   l o n g i t u d i n a l  

a x i s .   T h e -  o u t e r   s u r f a c e   p o r t i o n   of  t he   member  i s  

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

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

b a l l   t r a c k s ,   one  e a c h   s i d e ,   i n t o   t he   i n n e r   j o i n t   m e m b e r .  

On  c o m p l e t i o n ,   t h e   g r i n d i n g   w h e e l   i s   moved  c l e a r   of  t h e  

member   and  t h e   member   i s   i n d e x e d   a b o u t   i t s   l o n g i t u d i n a l  

a x i s   and  a g a i n   c l a m p e d ,   and  an  a d j a c e n t   s u r f a c e   p o r t i o n  

of  t he   member  is  p r e s e n t e d   to  t h e   g r i n d i n g   w h e e l   f o r   t h e  

g r i n d i n g   of  f u r t h e r   b a l l   t r a c k s .   T h e s e   o p e r a t i o n s   a r e  

r e p e a t e d   u n t i l   a l l   t h e   r e q u i r e d   b a l l   t r a c k s   ( u s u a l l y   s i x )  

have   been   m a c h i n e d   i n t o   t h e   i n n e r   j o i n t   m e m b e r .  



C o n v e n t i o n a l l y   in  such   an  o p e r a t i o n ,   a  g r i n d i n g  

w h e e l   of  some  600  mm  in  d i a m e t e r   is   u s e d .   T h i s   a l l o w s  

m e t a l   to  be  r e m o v e d   q u i c k l y   and  s m o o t h l y   f rom  the   j o i n t  

m e m b e r ,   w i t h   s p e e d y   d i s p e r s a l '   of  t he   h e a t   w h i c h   i s  

g e n e r a t e d .   H o w e v e r ,   t he   c o n s t r u c t i o n   and  a r r a n g e m e n t  

w h i c h   is  n e c e s s a r i l y   e m p l o y e d   i m p o s e s   l i m i t a t i o n s   on  t h e  

s i z e ,   and  h e n c e   the   r o b u s t n e s s   and  a c c u r a c y   of  t he   i n d e x -  

ing   m e c h a n i s m .   S i n c e   t h e   a c c u r a c y   of  t he   s p a c i n g   of  t h e  

b a l l   t r a c k s   in  t he   i n n e r   j o i n t   member  is  n e c e s s a r i l y  

d e p e n d e n t   upon  t h e   a c c u r a c y   of  o p e r a t i o n   of  t h e   i n d e x i n g  

m e c h a n i s m ,   h e r e t o f o r e   t h e   t o l e r a n c e s   to  w h i c h   t he   b a l l  

t r a c k s   have   been   p r o v i d e d   in  t h e   i n n e r   j o i n t   m e m b e r s   o f  

u n i v e r s a l   j o i n t s   of  t he   k i n d   s p e c i f i e d   have   been   g r e a t e r  

t h a n   a r e   in  t h e o r y   d e s i r a b l e .   The  l a r g e   t o l e r a n c e   w i t h  

w h i c h   b a l l   t r a c k s   in  s u c h   j o i n t   member s   have   h e r e b e f o r e  

been   p r o v i d e d ,   has  r e s u l t e d   in  t he   u n i v e r s a l   j o i n t   h a v i n g  

p e r f o r m a n c e   c h a r a c t e r i s t i c s   w h i c h   have   been   l o w e r   t h a n  

has  been   d e s i r e d .   T h i s   is   p a r t i c u l a r l y   t r u e   in  u n i v e r s a l  

j o i n t s   of  t he   k i n d   s p e c i f i e d ,   h a v i n g   c o n s t a n t   v e l o c i t y  

r a t i o   c h a r a c t e r i s t i c s .  

I t   is   one  of  t he   v a r i o u s   o b j e c t s   of  t h i s   i n v e n t i o n  

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

i n n e r   member  of  a  u n i v e r s a l   j o i n t   of  the   k i n d   s p e c i f i e d ,  

by  w h i c h  h i g h e r   a c c u r a c y   in  t he   s p a c i n g   of  t he   b a l l  

t r a c k s   a r o u n d   the   j o i n t   member  may  r e a d i l y   be  o b t a i n e d .  

A c c o r d i n g   to  t h i s   i n v e n t i o n   t h e r e   is  p r o v i d e d   a  

m e t h o d   of  g r i n d i n g   the   b a l l   t r a c k s   of  an  i n n e r   j o i n t  

member   f o r   a  u n i v e r s a l   j o i n t   of  t he   k i n d   s p e c i f i e d ,   i n  

w h i c h   the   j o i n t   member  is  m o u n t e d   on  a  s p i n d l e   m e c h a n i s m  

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

c o i n c i d i n g   w i t h   t he   l o n g i t u d i n a l   a x i s   of  the   j o i n t  

m e m b e r ,   and  t h e   s p i n d l e   m e c h a n i s m   is   moved  a r c u a t e l y  

a b o u t   a  f u r t h e r   a x i s   r e l a t i v e   to  a  r o t a t i n g   g r i n d i n g  

w h e e l   so  t h a t   t he   g r i n d i n g   w h e e l   e f f e c t s   m a c h i n i n g   of  o n e  

of  the   b a l l   t r a c k s   of  t he   member ,   s u b s e q u e n t   to  w h i c h   t h e  



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

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

of  t h e   j o i n t   m e m b e r ,   f o r   t he   m a c h i n i n g   of  a  f u r t h e r   b a l l  

t r a c k .  

The  g r i n d i n g   w h e e l   w h i c h   w i l l   be  used   w i l l   a d v a n t -  

a g e o u s l y   be  as  l a r g e   as  can  be  a c c o m m o d a t e d   w i t h o u t  

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

m e c h a n i s m   upon  w h i c h   t h e   i n n e r   member   i s   m o u n t e d .   T h u s  

t he   g r i n d i n g   w h e e l   w i l l   u s u a l l y   be  much  s m a l l e r   t h a n   h a s  

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

b e f o r e   d e s c r i b e d .   T h u s ,   p r e f e r a b l y   t he   d i a m e t e r   of  t h e  

g r i n d i n g   w h e e l   i s   l e s s   t h a n   250  mm.,  and  p r e f e r a b l y   l e s s  

t h a n   175  mm. 

The  i n v e n t i o n   may  be  u t i l i s e d   in  t he   p r o v i s i o n   o f  

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

f rom  the   l o n g i t u d i n a l   a x i s   of  t h e   j o i n t   m e m b e r .  

H o w e v e r ,   w h e r e   t h e   c e n t r e   of  c u r v a t u r e   of  t h e   b a l l  

t r a c k s   l i e s   on  t he   l o n g i t u d i n a l   a x i s   of  t he   j o i n t   m e m b e r ,  

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

a r c u a t e l y   moved  p a s s e s   t h r o u g h   s a i d   c e n t r e   of  c u r v a t u r e ,  

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

t he   s p i n d l e   m e c h a n i s m .  

D e s i r a b l y   t he   g r i n d i n g   w h e e l   is   i n i t i a l l y   a d v a n c e d  

l i n e a r l y   i n t o   a  p o s i t i o n   f o r   e n g a g e m e n t   by  t h e   j o i n t  

m e m b e r ,   s u b s e q u e n t   to  w h i c h   t he   s p i n d l e   m e c h a n i s m   i s  

moved  a b o u t   s a i d   f u r t h e r   a x i s   t h r o u g h   an  a r c   w h i c h   i s  

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

be  m a c h i n e d   i n t o   t h e   j o i n t   m e m b e r .   A d v a n t a g e o u s l y   t h e  

g r i n d i n g   w h e e l   is   a d v a n c e d   l i n e a r l y   in  s m a l l   i n c r e m e n t s ,  

t h e   s p i n d l e   m e c h a n i s m   b e i n g   o s c i l l a t e d   s u b s e q u e n t   to  e a c h  

a d v a n c e ,   to  c a u s e   t he   b a l l   t r a c k   to  be  m a c h i n e d   to  a  

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



S u b s e q u e n t   to  c o m p l e t i o n   of  t he   m a c h i n i n g   of  t h e  

b a l l   t r a c k ,   the   g r i n d i n g   w h e e l   i s   d i s e n g a g e d   f rom  t h e  

j o i n t   member ,   and  t he   s p i n d l e   m e c h a n i s m   is   r o t a t e d   a b o u t  

i t s   l o n g i t u d i n a l   a x i s   to  e n a b l e   an  a d j a c e n t   s u r f a c e  

p o r t i o n   of  t he   j o i n t   member  to  be  p r e s e n t e d   to  t h e  

g r i n d i n g   w h e e l   f o r   t he   m a c h i n i n g   of  a  f u r t h e r   b a l l   t r a c k .  

D i s e n g a g e m e n t   b e t w e e n   t he   g r i n d i n g   w h e e l   and  t he   j o i n t  

member  may  be  e f f e c t e d ,   e i t h e r   by  r e t r a c t i n g   the   g r i n d i n g  

w h e e l   l i n e a r l y   f rom  t he   j o i n t   member ,   or  by  i n c r e a s i n g  

t he   a r c   of  o s c i l l a t i o n   of  t h e   s p i n d l e   m e c h a n i s m   to  c a r r y  
the   j o i n t   member  away  f rom  t he   g r i n d i n g   w h e e l ,   or  b o t h .  

S u b s e q u e n t   to  c o m p l e t i o n   of  m a c h i n i n g   of  a l l   t h e  

d e s i r e   b a l l   t r a c k s ,   t h e   g r i n d i n g   w h e e l   can  be  r e t r a c t e d  

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

a n i s m ,   to  p r o v i d e   c l e a r a n c e   f o r   t h e   u n l o a d i n g   and  l o a d i n g  
of  a n o t h e r   w o r k p i e c e   to  be  m a c h i n e d .  

The  i n v e n t i o n   is  mos t   a d v a n t a g e o u s   in  t he   p r o v i s i o n  
of  i n n e r   j o i n t   m e m b e r s   f o r   use   in  u n i v e r s a l   j o i n t s   of  t h e  

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

c h a r a c t e r i s t i c s ,   s i n c e   i t   is   in  s u c h   j o i n t s   t h a t   a c c u r a c y  
of  m a n u f a c t u r e   is  mos t   d e s i r e d .   T h u s ,   w h e r e   t he   b a l l  

t r a c k s   of  the   i n n e r   and  o u t e r   j o i n t   member s   a r e   i n t e n d e d  

to  a f f o r d   the   u n i v e r s a l   j o i n t   w i t h   c o n s t a n t   v e l o c i t y  

r a t i o   c h a r a c t e r i s t i c s ,   t he   a x i s   a b o u t   w h i c h   t he   s p i n d l e  
m e c h a n i s m   is  moved  d u r i n g   g r i n d i n g   of  e a c h   b a l l   t r a c k  

w i l l   be  o f f - s e t   f rom  t h a t   p o i n t   w h i c h ,   when  t he   i n n e r  

j o i n t   member  is  a s s e m b l e d   w i t h   t he   o u t e r   j o i n t   member  i n  

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

j o i n t ,   c o r r e s p o n d s   to  t he   c e n t r e   of  the   j o i n t .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t he   i n v e n t i o n   may  b e  

u t i l i s e d   in  the   p r o v i s i o n   of  t he   c u r v e d   p o r t i o n s   of  b a l l  

t r a c k s   w h i c h   in  a d d i t i o n   c o m p r i s e   p o r t i o n s   w h i c h   a r e   n o t  

c u r v e d ,   or  wh ich   a r e   no t   c u r v e d   a b o u t   t he   same  c e n t r e .  



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

t he   m a c h i n i n g   of  b a l l   t r a c k s   in  t h e   i n n e r   j o i n t   m e m b e r s  

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

c o m p r i s i n g :  

(a)   a  s p i n d l e   m e c h a n i s m ;  

(b)  means   to  e n a b l e   t he   i n n e r   j o i n t   member   of  a  

u n i v e r s a l   j o i n t   of  t h e   k i n d   s p e c i f i e d   to  b e  

m o u n t e d   on  t h e   s p i n d l e   m e c h a n i s m   w i t h   t h e  

l o n g i t u d i n a l   a x i s   of  t h e   j o i n t   m e m b e r  

c o i n c i d i n g   w i t h   t h e   l o n g i t u d i n a l   a x i s   of  t h e  

s p i n d l e   m e c h a n i s m ;  

(c)   t h e   g r i n d i n g   w h e e l   m o u n t e d   in  a  p o s i t i o n   s u c h  

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

t he   j o i n t   member   when  so  m o u n t e d   on  t h e  

s p i n d l e   m e c h a n i s m ;  

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

ment   a b o u t   a  s e c o n d   a x i s   c o i n c i d e n t   w i t h   t h e  

a x i s   of  c u r v a t u r e   of  a  b a l l   t r a c k   to  b e  

p r o v i d e d   in  t h a t   s u r f a c e   p o r t i o n   of  t h e   j o i n t  

member   w h i c h   is   a d j a c e n t   to  t he   g r i n d i n g   s u r -  

f a c e   of  t h e   g r i n d i n g   w h e e l ; a n d  

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

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

l o n g i t u d i n a l   a x i s   by  a  d e s i r e d   f r a c t i o n   o f  a  

r e v o l u t i o n .  

P r e f e r a b l y   t he   g r i n d i n g   w h e e l   is  m o u n t e d   f o r   t r a n s -  

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

a d v a n c e d   p o s i t i o n ,   and  t h e   i n d e x i n g   m e c h a n i s m   i s  

o p e r a t i v e   to  r o t a t e   t h e   s p i n d l e   m e c h a n i s m   on ly   when  t h e  

g r i n d i n g   w h e e l   is  f u l l y   d i s e n g a g e d   f rom  t h e   j o i n t   m e m b e r  

b e i n g   m a c h i n e d .   T h u s ,   w i t h   a  s u r f a c e   p o r t i o n   of  t h e  

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

g r i n d i n g   w h e e l ,   t h e   g r i n d i n g   w h e e l   may  be  moved  to  i t s  

a d v a n c e d   p o s i t i o n ,   p r i o r   to  m o v e m e n t   of  t he   s p i n d l e  



m e c h a n i s m   a b o u t   s a i d   s e c o n d   a x i s .   Such  movemen t   of  t h e  

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

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

j o i n t   m e m b e r ,   m a c h i n i n g   of  t he   b a l l   t r a c k   b e i n g   c o m p l e t e d  

by  m o v e m e n t   of  the   s p i n d l e   m e c h a n i s m   a b o u t   s a i d   s e c o n d  

a x i s .  

P r e f e r a b l y   the   s e c o n d   a x i s   p a s s e s   t h r o u g h   the   l o n g i -  

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

t h e r e t o ,   and  p r e f e r a b l y   the   g r i n d i n g   whee l   is  m o u n t e d   f o r  

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

a x i s   of  r o t a t i o n   of  t he   g r i n d i n g   w h e e l   moves  a l o n g   a  l i n e  

w h i c h   i n t e r s e c t s   t he   p o i n t   of  i n t e r s e c t i o n   of  t he   l o n g i -  

t u d i n a l   and  s a i d   s e c o n d   a x i s   of  the   s p i n d l e   m e c h a n i s m .  

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

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

c l amp   an  i n n e r   j o i n t   member  to  be  o p e r a t e d   upon  by  t h e  

m a c h i n e ,   in  a  p o s i t i o n   in  w h i c h   the   c e n t r e   of  c u r v a t u r e  

of  t he   b a l l   t r a c k s   c o i n c i d e s   w i t h   t he   s e c o n d   a x i s .  

P r e f e r a b l y   such   c l a m p i n g   m e c h a n i s m   c o m p r i s e s   a  s u p p o r t  

m e m b e r ,   p r o v i d i n g   a  b a s e   s u r f a c e   l y i n g   in  a  p l a n e   e x t e n d -  

ing   at   r i g h t   a n g l e s   to  t he   l o n g i t u d i n a l   a x i s   of  t h e  

s p i n d l e   m e c h a n i s m ,   and  a  c l a m p i n g   d e v i c e   to  c l amp  t h e  

back  f a c e   of  t he   j o i n t   member  a g a i n s t   t he   b a s e   s u r f a c e .  

P r e f e r a b l y   t h e   s u p p o r t   member  c o m p r i s e s   means   t o  

e n s u r e   a x i a l   a l i g n m e n t   of  the   j o i n t   member  w i t h   t h e  

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

a d v a n t a g e o u s l y   c o m p r i s i n g   a  s u r f a c e   wh ich   is  i n t e r n a l l y  

c u r v e d ,   a g a i n s t   w h i c h   t he   e x t e r i o r   s u r f a c e   of  t he   j o i n t  
member  may  s e a t   when  t he   back   f a c e   t h e r e o f   is  c l a m p e d  

a g a i n s t   t he   b a s e   s u r f a c e   of  t he   s u p p o r t   m e m b e r .  

C o n v e n i e n t l y ,   s a i d   i n t e r n a l l y   c u r v e d   s u r f a c e   is  c o n i c a l  

and  a b u t s   t a n g e n t i a l l y   t he   e x t e r i o r   s u r f a c e   of  t he   j o i n t  
m e m b e r .  



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

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

of  t he   j o i n t   member   a t   w h i c h   the"  b a l l   t r a c k s   a r e   or  a r e  

i n t e n d e d   to  be  p r o v i d e d ,   t h e   s u p p o r t   member   t h u s   a f f o r d -  

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

s a i d   means   to  e n s u r e   a x i a l   a l i g n m e n t   of  t h e   j o i n t   m e m b e r .  

The  c o n s t r u c t i o n   of  the   s u p p o r t   member  is   such   as  t o  

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

to  t he   l o n g i t u d i n a l   a x i s   of  t he   s p i n d l e   m e c h a n i s m ,   as  may 
be  n e c e s s a r y   to  a c c o m o d a t e   any  s m a l l   i n t o l e r a n c e s   in  t h e  

d i m e n s i o n a l   a c c u r a c y   of  the   e x t e r i o r   s u r f a c e   of  t he   j o i n t  

m e m b e r .  

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

e n g a g e   an  i n t e r i o r   p a r t   of  t h e   j o i n t   m e m b e r ,   s u c h   as  a  

s u r f a c e   w i t h i n   t h e   i n t e r i o r   b o r e   of  t he   j o i n t   m e m b e r ,   o r  

an  u p p e r ,   e x t e r i o r   s u r f a c e   of  t he   j o i n t   m e m b e r .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t he   c l a m p i n g   m e c h a n i s m  

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

used   to  a d v a n t a g e   in   t h e   c l a m p i n g   of  an  i n n e r   j o i n t  

member   f o r   a  u n i v e r s a l   j o i n t   of  t he   k i n d   s p e c i f i e d ,   t o  

e n a b l e   a  m a c h i n i n g   o p e r a t i o n   to  be  c a r r i e d   ou t   on  t h e  

j o i n t   m e m b e r ,   o t h e r   t h a n   a  m a c h i n i n g   o p e r a t i o n   of  t h e  

k i n d   h e r e i n a b o v e   d e s c r i b e d .  

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

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

j o i n t   member  f o r   a  u n i v e r s a l   j o i n t   of  t he   k i n d   s p e c i f i e d ,  

c o m p r i s i n g :  

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

l i e s   in  a  p l a n e   d i s p o s e d   a r o u n d ,   and  a t   r i g h t  

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

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



r e s i l i e n t   f i n g e r s   e x t e n d i n g   r a d i a l l y   o u t -  

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

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

t u d i n a l   a x i s ;  

(b)  a  c l a m p i n g   d e v i c e   m o u n t e d   on  s a i d   l o n g i t u d i n a l  

a x i s   and  c o m p r i s i n g :  

( i )   a  c l a m p i n g   member  m o u n t e d   f o r   l i m i t e d  

m o v e m e n t   a l o n g   t h e   l o n g i t u d i n a l   a x i s   a n d  

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

moved  r a d i a l l y   o u t w a r d l y   of  t he   l o n g i -  

t u d i n a l   a x i s   f rom  i n n e r   to  o u t e r  

p o s i t i o n s ;  

( i i )   o p e r a t i n g   m e c h a n i s m   to  e f f e c t   such   m o v e -  

ment   of  t he   c l a m p i n g   m e m b e r ;  

the   c o n s t r u c t i o n   and  a r r a n g e m e n t   b e i n g   such   t h a t   w i t h   t h e  

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

j o i n t   member  may  be  p l a c e d   in  e n g a g e m e n t   w i t h   t he   s u p p o r t  

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

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

i n t o   e n g a g e m e n t   w i t h   an  i n t e r i o r   p a r t   of  t he   j o i n t  

member ,   and  s e c o n d l y   l o n g i t u d i n a l   m o v e m e n t   of  t he   c l a m p -  

ing  member  to  c l amp  t he   back   f a c e   of  t he   j o i n t   m e m b e r  

a g a i n s t   the   b a s e   s u r f a c e   of  the   s u p p o r t   member ,   e n g a g e -  

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

e x t e r i o r   s u r f a c e   p o r t i o n s   of  t he   j o i n t   member  s e r v i n g   t o  

e n s u r e   s u b s t a n t i a l   a l i g n m e n t   b e t w e e n   t he   l o n g i t u d i n a l  

a x i s   of  the   j o i n t   member  and  the   l o n g i t u d i n a l   a x i s   of  t h e  

c l a m p i n g   m e c h a n i s m .  

The  r e s i l i e n c e   of  the   f i n g e r s   may  be  no  more  t h a n   i s  

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

the   e x t e r i o r   s u r f a c e   of  t he   j o i n t   member ,   and  may  be  s u c h  

as  to  p e r m i t   m o v e m e n t   of  s a i d   s u r f a c e   p o r t i o n s   by  ( f o r  

e x a m p l e )   0 . 0 5 m m .  



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

c e n t r e   l y i n g   on  s a i d   l o n g i t u d i n a l   a x i s ,   c o n v e n i e n t l y  

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

c u r v a t u r e   of  t h e   e x t e r i o r   s u r f a c e   of  t h e   j o i n t   m e m b e r ,  

when  s a i d   e x t e r i o r   s u r f a c e   is  p a r t   s p h e r i c a l ,   when  s a i d  

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

of  t he   s u p p o r t i n g   m e m b e r .  

C o n v e n i e n t l y   t he   c l a m p i n g   member  is   a f f o r d e d   by  a  

s p l i t   c o l l e t .  

T h e r e   w i l l   now  be  g i v e n   a  d e t a i l e d   d e s c r i p t i o n ,   t o  

be  r e a d   w i t h   r e f e r e n c e   to  t he   a c c o m p a n y i n g   d r a w i n g s ,   of  a  

m e t h o d   of  g r i n d i n g   t h e   b a l l   t r a c k s   of  t h e   i n n e r   j o i n t  

member   of  a  u n i v e r s a l   j o i n t   of  t h e   k i n d   s p e c i f i e d ,   and  a  

m a c h i n e   f o r   c a r r y i n g   ou t   t he   m e t h o d ,   and  c l a m p i n g   m e c h -  

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

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

of  t h i s   i n v e n t i o n   and  w h i c h   have   been   s e l e c t e d   to  i l l u s -  

t r a t e   t he   i n v e n t i o n   by  way  of  e x a m p l e .  

In  t he   a c c o m p a n y i n g   d r a w i n g s : -  

FIGURE  1  is   a  s e c t i o n a l   v i ew  of  a  c o n s t a n t   v e l o c i t y  

r a t i o   u n i v e r s a l   j o i n t ,   t h e   b a l l   t r a c k s   of  w h i c h   a r e  

m a c h i n e d   by  the   use   of  t he   m a c h i n e ;  

FIGURE  2  is   a  s i d e   e l e v a t i o n   of  t he   m a c h i n e   w h i c h   i s  

t h e   p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n ,   s p i n d l e  

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

FIGURE  3  is   a  f r o n t   e l e v a t i o n   of  t he   m a c h i n e ;  

FIGURE  4  is  an  e n l a r g e d   s i d e   e l e v a t i o n ,   s h o w i n g   t h e  

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

m e c h a n i s m   of  t he   m a c h i n e ;  

FIGURE  5  is  a  p l a n   v iew  of  a  w o r k p i e c e   l o c a t i o n   r i n g  

of  t h e   s p i n d l e   m e c h a n i s m ;  



FIGURE  6  is  an  e n l a r g e d   s i d e   e l e v a t i o n ,   s h o w i n g  

c l a m p i n g   m e c h a n i s m   of  t h e   s p i n d l e   m e c h a n s i m ;  

FIGURE  7  is  a  v iew  s h o w i n g   the   c l a m p i n g   m e c h a n i s m   i n  

a  r e l e a s e   p o s i t i o n ;   a n d  

FIGURE  8  is  a  v iew  s h o w i n g   the   c l a m p i n g   m e c h a n i s m   i n  

a  c l a m p i n g   p o s i t i o n .  

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

a d a p t e d   f o r   t he   g r i n d i n g   of  b a l l   t r a c k s   in  i n n e r   m e m b e r s  

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

t he   k i n d   shown  in  F i g u r e   1  of  t he   d r a w i n g s , a n d   is  p a r t i -  

c u l a r l y   a d a p t e d   to  o p e r a t e   on  two  s u c h   j o i n t   m e m b e r s  

s i m u l t a n e o u s l y .   The  m a c h i n e   c o m p r i s e s   a  bed  6  upon  w h i c h  

g r i n d i n g   m e c h a n i s m   8  i s   m o u n t e d .   The  g r i n d i n g   m e c h a n i s m  

8  c o m p r i s e s   a  d r i v e   m o t o r   10,  and  a  b e l t   d r i v e   12  f o r  

e a c h   of  t he   two  s p a c e d   g r i n d i n g   w h e e l s   1 4 , w h i c h   a r e  

p r e f e r a b l y   f rom  75mm  to  115mm  in  d i a m e t e r .   The  g r i n d i n g  

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

a c r o s s   t he   bed  6  b e t w e e n   a  r e t r a c t e d   p o s i t i o n   ( shown  i n  

d o t t e d   l i n e s   in  F i g u r e   4)  and  an  a d v a n c e d   p o s i t i o n ,   a s  

shown  in  f u l l   l i n e s   in  t he   d r a w i n g s .  

A l so   m o u n t e d   on  t h e   bed ,   s p a c e d   on  e i t h e r   s i d e   o f  

t he   g r i n d i n g   m e c h a n i s m ,   a r e   two  j o u r n a l   b e a r i n g s   16  w h i c h  

have   a  common  l o n g i t u d i n a l   a x i s   LA3  w h i c h   l i e s   in  a  h o r i -  

z o n t a l   p l a n e   in  w h i c h   t he   a x e s   of  r o t a t i o n   of  the   g r i n d -  

ing  w h e e l s   14  a l s o   l i e .   E x t e n d i n g   b e t w e e n   j o u r n a l   b e a r -  

i n g s   16,  f o r   r o c k i n g   m o v e m e n t   a b o u t   t he   common  a x i s  

t h e r e o f ,   is   a  c r a n k e d   arm  18.  One  end  p o r t i o n   of  t he   a r m  
18  is  c o n n e c t e d   to  d r i v i n g   m e c h a n i s m   20,  a d a p t e d   t o  

e f f e c t   a  c o n t r o l l e d   r o t a t i o n   of  t he   arm  18  a b o u t   t h e  

common  a x i s   of  t he   b e a r i n g s   1 6 .  



M o u n t e d   on  a  c e n t r a l   p o r t i o n   19  of  the   arm  18  f o r  

r o t a t i o n   a b o u t   r e s p e c t i v e   l o n g i t u d i n a l   a x e s   LA1  a r e   t w o  

_ s p i n d l e   m e c h a n i s m s   22,   e a c h   of  s a i d   a x e s   p a s s i n g   t h r o u g h  

t he   p o i n t   of  i n t e r c e p t i o n   of  t he   common  a x e s   LA3  of  t h e  

j o u r n a l   b e a r i n g s   16,  and  t he   l i n e   of  m o v e m e n t   of  t h e  

c e n t r e   of  r o t a t i o n   of  one  of  t he   g r i n d i n g   w h e e l s   14 

b e t w e e n   i t s   r e t r a c t e d   and  a d v a n c e d   p o s i t i o n s .  

Each  of  t he   s p i n d l e   m e c h a n i s m s   22  is  c a r r i e d   by  a n  

i n d e x i n g   m e c h a n i s m   66  ( n o t   shown  in  d e t a i l ) ,   a d a p t e d  

u n d e r   a u t o m a t i c   or  o p e r a t o r   c o n t r o l   to  r o t a t e   i t s   a s s o c -  

i a t e d   s p i n d l e   m e c h a n i s m   22  t h r o u g h   a  p o r t i o n   of  a  r e v o l u -  

t i o n .  

Each  s p i n d l e   m e c h a n i s m   22  c o m p r i s e s   a  c l a m p i n g  

d e v i c e   24,   a d a p t e d   to   c l amp   a  w o r k p i e c e   in  a  p o s i t i o n   i n  

w h i c h   t he   l o n g i t u d i n a l   a x i s   LA2  o f  t h e   w o r k p i e c e   i s  

c o i n c i d e n t   w i t h   t h e   l o n g i t u d i n a l   a x i s   of  t he   s p i n d l e  

m e c h a n i s m ,   and  in  w h i c h   t he   c e n t r e   of  c u r v a t u r e   C  of  t h e  

b a l l   t r a c k s   to  be  m a c h i n e d   i s   c o i n c i d e n t   w i t h   t he   p o i n t  

of  i n t e r c e p t i o n   of  t h e   common  a x e s   of  t he   b e a r i n g s   1 6 ,  

and  t h e   l i n e   of  t r a v e l   of  t he   c e n t r e   of  t he   a s s o c i a t e d  

g r i n d i n g   w h e e l   14.   T h u s ,   t h e   c l a m p i n g   m e c h a n i s m  

c o m p r i s e s   a  w o r k p i e c e   s u p p o r t i n g   d e v i c e   26,   upon  w h i c h  

t h e   w o r k p i e c e   may  be  p o s i t i o n e d ,   and  a  c l a m p i n g   d e v i c e   28  

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

s u p p o r t i n g   d e v i c e .  

The  w o r k p i e c e   s u p p o r t i n g   d e v i c e   26  c o m p r i s e s   a  b a s e  

p o r t i o n   29,   to  an  u p p e r   s u r f a c e   of  w h i c h   a  s u p p o r t   m e m b e r  

30  i s   s e c u r e d ,   s a i d   s u p p o r t   member  30  p r o v i d i n g   a  f l a t ,  

a n n u l a r   b a s e   s u r f a c e   32  w h i c h   l i e s   in  a  p l a n e   d i s p o s e d  

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

t h e   c l a m p i n g   m e c h a n i s m ,   and  a  p l u r a l i t y   of  r e s i l i e n t  

f i n g e r s   34  e x t e n d i n g   r a d i a l l y   o u t w a r d l y -   ( s e e w F i g u r e   5 ) ,  

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

35  ( s e e   a l s o   F i g u r e   7 ) .   The  s u r f a c e s   35  l i e   in  a  c o n e ,  



and  a re   a r r a n g e d   to  be  e n g a g e d   t a n g e n t i a l l y   by  the   o u t e r  

s u r f a c e   82  of  t he   j o i n t   m e m b e r ,   when  c l a m p e d   in  p o s i t i o n .  

The  c l a m p i n g   d e v i c e   28  c o m p r i s e s   a  c l a m p i n g   m e m b e r  

a f f o r d e d   by  a  s p l i t   c o l l e t   38,  h a v i n g   c l a m p i n g   p o r t i o n s  

40  w h i c h   a r e   c a p a b l e   of  l i m i t e d   r a d i a l   o u t w a r d   m o v e m e n t  

f rom  the   p o s i t i o n   shown  in  F i g u r e   7.  The  c o l l e t   38  i s  

m o u n t e d   f o r   l i m i t e d   m o v e m e n t   a l o n g   t he   l o n g i t u d i n a l   a x i s  

of  t he   c l a m p i n g   m e c h a n i s m ,   an  i n n e r   end  of  t he   c o l l e t  

b e i n g   c a r r i e d   by  a  m o u n t i n g   member  42,  w h i c h   is   u r g e d  

i n t o   an  u p p e r   p o s i t i o n   by  c o m p r e s s i o n   s p r i n g s   44  ( s e e  

F i g u r e   6 ) .  

The  b a s e   p o r t i o n   29  of  t he   w o r k p i e c e   s u p p o r t i n g  

d e v i c e   26  is  s e c u r e d   to  a  c y l i n d r i c a l   s l e e v e   60,  w h i c h   i s  

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

r o t a t a b l e   a b o u t   t h e   l o n g i t u d i n a l   a x i s   on  b e a r i n g s   c a r r i e d  

by  an  o u t e r   c a s i n g   6 4 .  

The  c l a m p i n g   m e c h a n i s m   c o m p r i s e s   an  o p e r a t i n g   m e c h -  

a n i s m   46,  w h i c h   c o m p r i s e s   an  o p e r a t i n g   member  48  w h i c h  

e x t e n d s   a x i a l l y   t h r o u g h   t he   c o l l e t   38.  At  an  o u t e r   e n d  

p o r t i o n ,   t h e   o p e r a t i n g   member   is   p r o v i d e d   w i t h   a  head   5 0 ,  

b e n e a t h   w h i c h   t h e r e   is   p r o v i d e d   an  e n l a r g e d   p o r t i o n   53 

w h i c h   p r o v i d e s   a  f r u s t o - c o n i c a l   o u t e r   s u r f a c e   51,  a  f l a t  

a n n u l a r   s u r f a c e   52  b e i n g   p r o v i d e d   b e n e a t h   t he   h e a d .   A t  

i t s   i n n e r   end ,   t he   o p e r a t i n g   member   48  is   s e c u r e d   to  a n  

u p p e r   end  of  a  h o l l o w   p i s t o n - l i k e   e l e m e n t   56,  w h i c h   i s  

u r g e d   d o w n w a r d l y   ( F i g u r e   6)  by  a  p o w e r f u l   s p r i n g   5 8 .  

The  m a c h i n e   a l s o   c o m p r i s e s   t w i n   d r e s s e r   u n i t s   7 8 ,  

a d a p t e d   to  r e t a i n   the   g r i n d i n g   s u r f a c e   of  t he   two  g r i n d -  

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



The  m a c h i n e   w h i c h   is  t h e   p r e f e r r e d   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   is   s p e c i f i c a l l y   a d a p t e d   f o r   use   in  t h e  

m a c h i n i n g   of  b a l l   t r a c k s   80  in  t he   o u t e r   s u r f a c e   82  o f  

t h e   i n n e r   j o i n t   member   84  o s   a  c o n s t a n t   v e l o c i t y  

u n i v e r s a l   j o i n t   of  t h e   k i n d   i l l u s t r a t e d   in  F i g u r e   1  o f  

t h e   d r a w i n g s .   In  s u c h   a  j o i n t , t h e   b a l l   t r a c k s   80  ( o f  

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

c i r c u m f e r e n c e   of  t h e   i n n e r   member ,   and  a r e   c u r v e d   in  t h e  

l o n g i t u d i n a l   s e n s e   a b o u t   an  a x i s   w h i c h   is  s i t u a t e d   on  t h e  

l o n g i t u d i n a l   a x i s   of  t h e   j o i n t   m e m b e r .   In  c r o s s - s e c t i o n ,  

t h e   b a l l   t r a c k s   80  a r e   of  " g o t h i c   a r c h "   c r o s s - s e c t i o n ,   s o  

t h a t   c o n t a c t   b e t w e e n   t h e   b a l l   t r a c k s   and  t h e   t o r q u e  

t r a n s m i t t i n g   b a l l s   is  l i n e a r .   I t   w i l l   h o w e v e r   be  a p p r e c -  
i a t e d   t h a t   t h e   b a l l   t r a c k s   80  may  of  any  d e s i r e d   c r o s s -  

s e c t i o n .  

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

ing   m e c h a n i s m   in  i t s   r e t r a c t e d   p o s i t i o n , a   w o r k p i e c e   f o r  

an  i n n e r   j o i n t   member   84  is   m o u n t e d   on  t h e   w o r k p i e c e  

s u p p o r t   member   30  of  e a c h   of  t h e   s p i n d l e   m e c h a n i s m s   2 2 ,  

and  is   c l a m p e d   t h e r e o n ,   in  a  p o s i t i o n   in  w h i c h   t h e  

l o n g i t u d i n a l   a x i s   LA2  of  t h e   w o r k p i e c e   c o i n c i d e n t   w i t h  

t h e   l o n g i t u d i n a l   a x i s   LA1  of  t h e   s p i n d l e   m e c h a n i s m   i n  

e a c h   c a s e .  

T h i s   is  a c c o m p l i s h e d ,   in  t h e   c a s e   of  e a c h   s p i n d l e  

m e c h a n i s m ,   by  f i r s t l y   a d m i t t i n g   f l u i d   u n d e r   p r e s s u r e  
b e n e a t h   the   h o l l o w   p i s t o n - l i k e   e l e m e n t   56,  to  c a u s e   s a i d  

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

p r e s s i o n   s p r i n g   58,  so  t h a t   t h e   e n l a r g e d   p o r t i o n   53  o f  

t h e   o p e r a t i n g   member   48  moves   ou t   of  t h e   c o l l e t   3 8 ,  

a l l o w i n g   the   c l a m p i n g   p o r t i o n s   40  of  t he   c o l l e t   to  m o v e  

i n w a r d l y ,   by  v i r t u e   of  t h e   r e s i l i e n c e   of  t h e   c o l l e t ,   a s  

is   shown  in  F i g u r e   7.  The  d i a m e t e r   of  t he   o u t e r   edge   41  

of  t h e   c o l l e t   is   in  t h i s   p o s i t i o n   s l i g h t l y  l e s s   t h a n   t h e  

i n n e r   d i a m e t e r   of  t he   j o i n t   member   84,  a l l o w i n g   the   j o i n t  

member   to  be  p l a c e d   on  t he   s u p p o r t   d e v i c e   26,  i n t o   a  



p o s i t i o n   in  w h i c h   t he   o u t e r   s u r f a c e   82  of  t he   j o i n t  

member   s e a t s   a g a i n s t   t he   c u r v e d   s u r f a c e s   35  of  t h e  

f i n g e r s   34.  In  t h i s   p o s i t i o n ,   t he   b a s e   85  of  t he   j o i n t  

member  w i l l   be  s e p a r a t e d   a  s l i g h t   d i s t a n c e   f rom  the   b a s e  

s u r f a c e   32  of  t he   s u p p o r t   d e v i c e   2 6 .  

The  f l u i d   u n d e r   p r e s s u r e   a p p l i e d   to  t he   e l e m e n t   56  

is  t h e n   r e l e a s e d   a l l o w i n g   the   c o m p r e s s i o n   s p r i n g   58  t o  

move  t he   e l e m e n t ,   and  h e n c e   t he   o p e r a t i n g   member  4 8 ,  

d o w n w a r d l y .   I n i t i a l l y ,   t h e   f r u s t o - c o n i c a l   s u r f a c e   51  o f  

the   o p e r a t i n g   member   48  e n g a g e s   a  c o m p l e m e n t a r i l y - f l a r e d  

s u r f a c e   39  of  t he   c o l l e t   38  in  an  o u t w a r d   d i r e c t i o n ,   t h e  

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

s p r i n g s   44  and  t he   s p r i n g   58  b e i n g   s u c h   as  to  r e t a i n   t h e  

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

53  of  t he   o p e r a t i n g   member  48  c o m p l e t e l y   e n t e r s   t h e  

c a v i t y   b e t w e e n   t h e   c l a m p i n g   p o r t i o n s   40  of  t h e   c o l l e t   a s  

is  shown  in  F i g u r e   8,  w i t h   t h e   c l a m p i n g   p o r t i o n s   40  o f  

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

i n t e r i o r   of  t he   j o i n t   m e m b e r .  

T h e r e u p o n ,   f u r t h e r   downward   m o v e m e n t   of  the   o p e r a t -  

ing  member   48,  by  v i r t u e   of  t he   e n g a g e m e n t   of  t he   f l a t  

a n n u l a r   s u r f a c e   52  of  t he   head   50  a g a i n s t   t he   c o l l e t ,  

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

a c t i o n   of  t he   s p r i n g s   44,  p u l l i n g   t he   j o i n t   member  48 

t o w a r d s   t he   b a s e   s u r f a c e   32  of  t h e   s u p p o r t i n g   d e v i c e ,  

c a u s i n g   the   f i n g e r s   34  to  f l e x   open  s l i g h t l y   u n t i l   t h e  

b a s e   85  of  t h e   j o i n t   member  is   s e a t e d   a g a i n s t   t he   b a s e  

s u r f a c e   32  of  t he   s u p p o r t   d e v i c e .   T h u s ,   t he   p o s i t i o n   o f  

t he   j o i n t   member   on  the   l o n g i t u d i n a l   a x i s   is   d e t e r m i n e d  

by  e n g a g e m e n t   of  t h e   b a s e   85  w i t h   t h e   b a s e   s u r f a c e   8 2 ,  

w h i l s t   t he   p o s i t i o n   of  t he   c e n t r e   of  t he   j o i n t   member  i s  

d e t e r m i n e d   by  the   e n g a g e m e n t   of  the   o u t e r   s u r f a c e   82  w i t h  

t he   c u r v e d   s u r f a c e s   35  of  t he   f i n g e r s   3 4 .  



By  t h e   use   of  t he   a r r a n g e m e n t   d e s c r i b e d   a b o v e ,   i t  

has   been   f o u n d   t h a t   t h e   j o i n t   member   may  be  l o c a t e d   a n d  

r e t a i n e d   in  a  d e s i r e d   p o s i t i o n ,   to  an  a c c u r a c y   of  0 . 0 0 5  

or  b e t t e r .  

Wi th   t he   arm  18,  and  c o n s e q u e n t l y   t he   s p i n d l e   m e c h -  

a n i s m s   22  and  i n d e x i n g   m e c h a n i s m s   6 6 , i n   a  f i r s t   p o s i t i o n  

( shown  in  F i g u r e   4)  t h e   g r i n d i n g   m e c h a n i s m   is   a d v a n c e d ,  

f rom  i t s   r e t r a c t e d   p o s i t i o n   i n t o   a  c o n t a c t   p o s i t i o n   i n  

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

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

m e c h a n i s m   20  i s   t h e n   o p e r a t e d   to  r o t a t e   t he   arm  18  a b o u t  

t he   common  a x i s   LA3  of  t h e   j o u r n a l   b e a r i n g s   16  t h r o u g h   a n  

a n g u a l a r   r o t a t i o n   of  8 0 ° ,   and  i s   t h e n   r e t u r n e d ,   c a u s i n g  

t he   g r i n d i n g   w h e e l s   14  e a c h   to  t r a v e r s e   i t s   a s s o c i a t e d  

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

i n c r e m e n t a l l y ,   and  t h e   80°  o s c i l l a t i o n   is   r e p e a t e d ,   u n t i l  

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

when  t h e   b a l l   t r a c k s   w i l l   be  m a c h i n e d   to  t he   r e q u i r e d  

d e p t h .   Wi th   t he   g r i n d i n g   m e c h a n i s m   in  i t s   f u l l y   a d v a n c e d  

p o s i t i o n ,   t h e   arm  18,   and  c o n s e q u e n t l y   t h e   w o r k p i e c e ,  

s p i n d l e   m e c h a n i s m s   22  and  i n d e x i n g   m e c h a n i s m s   36,  a r e  

moved  t h r o u g h   a  f u r t h e r   30°  to  d i s e n g a g e   t he   w o r k p i e c e s  

f rom  t he   g r i n d i n g   w h e e l s ,   and  t he   g r i n d i n g   m e c h a n i s m   i s  

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

c o n t a c t   p o s i t i o n .  

The  i n d e x i n g   m e c h a n i s m   66  is   t h e n   o p e r a t e d   to  r o t a t e  

b o t h   of  t h e   s p i n d l e   m e c h a n i s m s   t h r o u g h   6 0 ° ,   i n v o l v i n g   a  

r o t a t i o n   of  t he   s l e e v e s   60  and  t h u s   t h e   e l e m e n t   56,  a n d  

t h e   c l a m p i n g   m e c h a n i s m   24  a b o u t   t h e i r   r e s p e c t i v e   l o n g i -  

t u d i n a l   axes   LA1,  c a u s i n g   f u r t h e r   s u r f a c e   p o r t i o n s   of  t h e  

w o r k p i e c e s   to   be  p r e s e n t e d   to  t he   g r i n d i n g   w h e e l s  

1 4 , p r e p a r a t o r y   to  t he   g r i n d i n g   of  f u r t h e r   b a l l   t r a c k s   i n  

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



The  s u p p o r t   arm  18  is  a g a i n   o s c i l l a t e d   a b o u t   i s  

p i v o t a l   a x i s ,   and  t he   g r i n d i n g   m e c h a n i s m   is  a g a i n   i n c r e -  

m e n t a l l y   a d v a n c e d   f rom  i t s   c o n t a c t   p o s i t i o n   to  i t s   f u l l y  

a d v a n c e d   p o s i t i o n ,   in  t he   m a c h i n i n g   of  a  f u r t h e r   b a l l  

t r a c k   in  e a c h   w o r k p i e c e ,   a t   w h i c h   p o i n t   t he   w o r k p i e c e s  

a r e   d i s e n g a g e d   f rom  t he   g r i n d i n g   w h e e l s   as  b e f o r e .  

On  c o m p l e t i o n   of  m a c h i n i n g   of  a l l   s i x   b a l l   t r a c k s   i n  

the   w o r k p i e c e ,   and  on  c o m p l e t i o n   of  f u l l   o s c i l l a t i o n   o f  

t he   s u p p o r t   arm  to  c a r r y   t he   w o r k p i e c e s   f rom  e n g a g e m e n t  

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

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

c l e a r a n c e   to  a l l o w   t h e   w o r k p i e c e s   to  be  r e m o v e d   f rom  t h e  

s p i n d l e   h e a d s ,   to  be  r e p l a c e d   by  f r e s h   w o r k p i e c e s .   T h i s  

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

p r e s s u r e   to  the   e l e m e n t   56,  c a u s i n g   i t   to  a d v a n c e   a g a i n s t  

t he   a c t i o n   of  t he   c o m p r e s s i o n   s p r i n g   58.  I n i t i a l l y   b o t h  

t he   o p e r a t i n g   member   48  and  t he   c o l l e t   38  move  u p w a r d l y  

f rom  w i t h i n   t h e   c e n t r a l   b o r e   of  t he   j o i n t   member  8 4 ,  

w h e r e u p o n   the   e n l a r g e d   p o r t i o n   53  of  t he   o p e r a t i n g   m e m b e r  

48  moves   f rom  w i t h i n   t h e   c l a m p i n g   p o r t i o n s   40  of  t h e  

c o l l e t   38  a l l o w i n g   s a i d   c l a m p i n g   p o r t i o n s   48  to  m o v e  

s l i g h t l y   t o g e t h e r   u n d e r   t he   r e s i l i e n c e   of  t h e   c o l l e t .  

The  m a c h i n e d   j o i n t   member  84  may  t h e n   be  r e m o v e d   f rom  t h e  

s u p p o r t i n g   d e v i c e ,   and  r e p l a c e d   by  a  f r e s h   b l a n k   to  b e  

o p e r a t e d   on  by  the   m a c h i n e .  

By  the   c o n s t r u c t i o n   and  a r r a n g e m e n t   of  t he   m a c h i n e  

w h i c h   is  t he   s u b j e c t   of  t h i s   i n v e n t i o n ,   t h e  i n d e x i n g  

m e c h a n i s m , w h i c h   c a u s e s   r o t a t i o n   of  t he   w o r k p i e c e   b l a n k  

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

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

r o b u s t l y .   In  p a r t i c u l a r ,   by  t h e   use   of  t he   c l a m p i n g  

m e c h a n i s m   a b o v e   d e s c r i b e d ,   a  j o i n t   member  may  be  s e c u r e d  

in  p o s i t i o n   w i t h   an  a c c u r a c y   w h i c h   has  h e r e t o f o r e   o n l y  

been   a c h i e v e d   w i t h   c o n s i d e r a b l e   d i f f i c u l t y .   F u r t h e r ,   t h e  



s m a l l n e s s   of  t he   g r i n d i n g   w h e e l s   14  a l l o w s   t h e   s p i n d l e  

m e c h a n i s m s   22  no t   on ly   to  h o l d   t h e i r   w o r k p i e c e s   s e c u r e l y  

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

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

m a n n e r ,   t h e   a n g u l a r   s p a c i n g   of  t h e   b a l l   t r a c k s   40  of  t h e  

i n n e r   j o i n t   member   may  be  p r o v i d e d   to  an  a c c u r a c y   w h i c h  

has   h i t h e r t o   been   d i f f i c u l t   to  o b t a i n   in  a u t o m a t i c a l l y  

o p e r a t i n g ,   v o l u m e - p r o d u c t i o n   m a c h i n e r y .   The  a c c u r a c y   o f  

t he   p r o v i s i o n   of  t he   b a l l   t r a c k s   of  t he   i n n e r   m e m b e r  

a l l o w s   t h e   u n i v e r s a l   j o i n t   to  be  a s s e m b l e d   w i t h   n o t a b l e  

l a c k   of  r e l a t i v e   m o v e m e n t   b e t w e e n   the.  i n n e r   and  o u t e r  

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

In  t h i s   m a n n e r ,   t h e   u n i v e r s a l  j o i n t   may  o p e r a t e   m o r e  

s m o o t h l y , m o r e   s i l e n t l y ,   w i t h   l e s s   f r i c t i o n a l   f o r c e s   a c t -  

i ng   on  t h e   t o r q u e   t r a n s m i t t i n g   b a l l s   d u r i n g   a r t i c u l a t i o n  

of  t h e   j o i n t ,   w h i c h   a f f o r d s   t h e   u n i v e r s a l   j o i n t   w i t h   a  

l o n g e r   l i f e .  

I t   w i l l   be  a p p r e c i a t e d   t h a t ,   w h i l s t   t h e   c l a m p i n g  

m e c h a n i s m   of  t h e   m a c h i n e   w h i c h   i s   t he   p r e f e r r e d   e m b o d i -  

ment   of  t h i s   i n v e n t i o n   i s   p a r t i c u l a r l y   a d e p t   in  t h e  

s e c u r i n g   in  p o s i t i o n   of  t he   i n n e r   member  of  a  u n i v e r s a l  

j o i n t   of  t he   k i n d   s p e c i f i e d   d u r i n g   the   p e r f o r m a n c e   of  t h e  

d e s c r i b e d   g r i n d i n g   o p e r a t i o n ,   t h e   c l a m p i n g   m e c h a n i s m   may 
be  u t i l i s e d   f o r   t h e   s e c u r e m e n t   of  t he   j o i n t   member   i n  

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

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

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

A d d i t i o n a l l y   i t   is  to  be  a p p r e c i a t e d   t h a t   w h e r e a s  

t h e   i l l u s t r a t i v e   m a c h i n e   i s   a  t w i n - h e a d   m a c h i n e ,   t h e  

p r i n c i p l e s   of  t h i s   i n v e n t i o n   may  be  u t i l i s e d   in  a  s i n g l e  

- h e a d   m a c h i n e .  



1.  A  m e t h o d   of  g r i n d i n g   the   b a l l   t r a c k s   of  an  i n n e r  

j o i n t   member  f o r   a  u n i v e r s a l   j o i n t   of  t he   k i n d   s p e c i f i e d ,  

in  w h i c h   the   j o i n t   member  is  m o u n t e d   on  a  s p i n d l e   m e c h -  

a n i s m   (22)   w i t h   the   l o n g i t u d i n a l   a x i s   (LA1)  of  t h e  

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

(LA2)  of  the   j o i n t   member ,   and  the   s p i n d l e   m e c h a n i s m   ( 2 2 )  

is  moved  a r c u a t e l y   a b o u t   a  f u r t h e r   a x i s   (LA3)  r e l a t i v e   t o  

a  r o t a t i n g   g r i n d i n g   w h e e l   (14)   so  t h a t   the   g r i n d i n g   w h e e l  

e f f e c t s   m a c h i n i n g   of  one  of  t he   b a l l   t r a c k s   (80)   of  t h e  

member  ( 8 4 ) ,   s u b s e q u e n t   to  w h i c h   the   s p i n d l e   m e c h a n i s m  

(22)   is  r o t a t e d   a b o u t   i t s   l o n g i t u d i n a l   a x i s   (LA1)  t o  

p r e s e n t   to  t he   g r i n d i n g   w h e e l   (14)   a n o t h e r   s u r f a c e  

p o r t i o n   of  t he   j o i n t   member ,   f o r   t he   m a c h i n i n g   of  a  

f u r t h e r   b a l l   t r a c k .  

2.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  w h e r e i n   t he   c e n t r e   o f  

c u r v a t u r e   (C)  of  t he   b a l l   t r a c k s   (80)   l i e s   on  the   l o n g i -  

t u d i n a l   a x i s   (LA2)  of  t he   j o i n t   member  ( 8 4 ) ,   and  s a i d  

f u r t h e r   a x i s   (LA3)  a b o u t   w h i c h   t h e   s p i n d l e   m e c h a n i s m   ( 2 2 )  

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

c u r v a t u r e   (C) ,   and  e x t e n d s   at  r i g h t   a n g l e s   to  the   l o n g i -  

t u d i n a l   a x i s   (LA1)  of  t he   s p i n d l e   m e c h a n i s m .  

3.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  w h e r e i n   t he   g r i n d i n g  

w h e e l   (14)   is  i n i t i a l l y   a d v a n c e d   l i n e a r l y   r e l a t i v e   to  t h e  

j o i n t   member  i n t o   a  p o s i t i o n   f o r   e n g a g e m e n t   t h e r e w i t h ,  

s u b s e q u e n t   to  w h i c h   t he   s p i n d l e   m e c h a n i s m   ( 2 2 )  i s   m o v e d  

a b o u t   s a i d   f u r t h e r   a x i s   (LA3)  t h r o u g h   an  a r c   w h i c h   i s  

s u f f i c i e n t   to  e n a b l e   t he   f u l l   l e n g t h   of  t he   b a l l   t r a c k  

(80)   to  be  m a c h i n e d   i n t o   t he   j o i n t   member ,   t he   g r i n d i n g  

w h e e l   (14)   b e i n g   a d v a n c e d   l i n e a r l y   in  s m a l l   i n c r e m e n t s ,  

and  the   s p i n d l e   m e c h a n i s m   (22)   b e i n g   o s c i l l a t e d   s u b -  

s e q u e n t   to  each   a d v a n c e ,   to  c a u s e   the   b a l l   t r a c k   to  b e  

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



4.  A  m e t h o d   a c c o r d i n g   to  a n y  o n e   of  t he   p r e c e d i n g  

c l a i m s   w h e r e i n   s u b s e q u e n t   to  c o m p l e t i o n   of  t h e   m a c h i n i n g  

of  t he   b a l l   t r a c k ,   t h e   g r i n d i n g   whee l   (14)   is  d i s e n g a g e d  

f rom  t h e   j o i n t   member  ( 8 4 ) ,   and  t h e   s p i n d l e   m e c h a n i s m  

(22)   is  r o t a t e d   a b o u t   i t s   l o n g i t u d i n a l   a x i s   (LA1)  t o  

e n a b l e   an  a d j a c e n t   s u r f a c e   p o r t i o n   of  t h e   j o i n t   member  t o  

be  p r e s e n t e d   to  t h e   g r i n d i n g   whee l   (14)   f o r   t h e   m a c h i n i n g  

of  a  f u r t h e r   b a l l   t r a c k .  

5.  A  m e t h o d   a c c o r d i n g   to  c l a i m  4   w h e r e i n   d i s e n g a g e m e n t  

b e t w e e n   t h e   g r i n d i n g   w h e e l   (14)   and  t h e   j o i n t   member   ( 8 4 )  

is   e f f e c t e d   by  r e t r a c t i n g   t h e   g r i n d i n g   w h e e l   ( 1 4 )  

l i n e a r l y   f rom  t h e   j o i n t   m e m b e r .  

6.  A  m e t h o d   a c c o r d i n g   to  one  of  c l a i m s  4   and  5  w h e r e i n  

d i s e n g a g e m e n t   b e t w e e n   t h e   g r i n d i n g   w h e e l   (14)   and  t h e  

j o i n t   member  (84)   is  e f f e c t e d   by  i n c r e a s i n g   the   a r c   o f  

o s c i l l a t i o n   of  t he   s p i n d l e   m e c h a n i s m   (22)   to  c a r r y   t h e  

j o i n t   member  (84)   away  f rom  the   g r i n d i n g   whee l   ( 1 4 ) .  

7.  A  g r i n d i n g   m a c h i n e   f o r   t he   m a c h i n i n g   of  b a l l   t r a c k s  

in  t h e   i n n e r   j o i n t   member s   f o r   u n i v e r s a l   j o i n t s   of  t h e  

k i n d   s p e c i f i e d   and  c o m p r i s i n g :  

(a)   a  s p i n d l e   m e c h a n i s m   ( 2 2 ) ;  

(b)  means   (24)   to  e n a b l e   t he   i n n e r   j o i n t   m e m b e r  

(84)   of  a  u n i v e r s a l   j o i n t   of  t h e   k i n d   s p e c i -  

f i e d   to  be  m o u n t e d   on  t he   s p i n d l e   m e c h a n i s m  

w i t h   t he   l o n g i t u d i n a l   a x i s   (LA2)  of  t h e   j o i n t  

member  c o i n c i d i n g   w i t h   t he   l o n g i t u d i n a l   a x i s  

(LA1)  of  t he   s p i n d l e   m e c h a n i s m ;  

(c)   a  g r i n d i n g   w h e e l   (14)   m o u n t e d   in  a  p o s i t i o n  

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

a d j a c e n t   to  t he   j o i n t   member  when  so  m o u n t e d  

on  t h e   s p i n d l e   m e c h a n i s m ;  

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

a  s e c o n d   a x i s   (LA3)  c o i n c i d e n t   w i t h   t h e   a x i s   of  c u r v a t u r e  



of  t he   b a l l   t r a c k   to  be  p r o v i d e d   in  t h a t   s u r f a c e   p o r t i o n  

of  t he   j o i n t   member  w h i c h   is  a d j a c e n t   to  t he   g r i n d i n g  

s u r f a c e   of  the   g r i n d i n g   w h e e l ;   a n d  

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

to  r o t a t e   t he   s p i n d l e   m e c h a n i s m   (22)  a b o u t   i t s  

l o n g i t u d i n a l   a x i s   (LA1)  by  a  d e s i r e d   f r a c t i o n  

of  a  r e v o l u t i o n .  

8.  A  g r i n d i n g   m a c h i n e   a c c o r d i n g   to  c l a i m   7  w h e r e i n   t h e  

g r i n d i n g   w h e e l   (14)   is  m o u n t e d   f o r   t r a n s l a t o r y   m o v e m e n t  

b e t w e e n   a  r e t r a c t e d   p o s i t i o n   and  an  a d v a n c e d   p o s i t i o n ,  

and  the   i n d e x i n g   m e c h a n i s m   is   o p e r a t i v e   to  r o t a t e   t h e  

s p i n d l e   m e c h a n i s m   (22)   on ly   when  the   g r i n d i n g   whee l   ( 1 4 )  

is   f u l l y   d i s e n g a g e d   f rom  t he   j o i n t   member  b e i n g   m a c h i n e d .  

9.  A  g r i n d i n g   m a c h i n e   a c c o r d i n g   to  c l a i m   8  w h e r e i n   t h e  

s e c o n d   a x i s   (LA3)  p a s s e s   t h r o u g h   the   l o n g i t u d i n a l   a x i s  

(LA1)  of  the   s p i n d l e   m e c h a n i s m   a t   r i g h t   a n g l e s   t h e r e t o ,  

and  t h e   g r i n d i n g   w h e e l   (14)   is  m o u n t e d   f o r   such   t r a n s -  

l a t o r y   movemen t   in  a  d i r e c t i o n   in  w h i c h   t he   a x i s   o f  

r o t a t i o n   of  t he   g r i n d i n g   w h e e l   moves  a l o n g   a  l i n e   w h i c h  

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

a x i s   (LA1)  and  s a i d   s e c o n d   a x i s   (LA3)  of  t he   s p i n d l e  

m e c h a n i s m   ( 2 2 ) .  

10.  A  g r i n d i n g   m a c h i n e   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   7 ,  
8  and  9  w h e r e i n   t he   s p i n d l e   m e c h a n i s m   (22)   c o m p r i s e s   a  

c l a m p i n g   m e c h a n i s m   (24)   so  c o n s t r u c t e d   and  a r r a n g e d   as  t o  

c lamp  an  i n n e r   j o i n t   member  (84)   to  be  o p e r a t e d   upon  by 
the   m a c h i n e   in  a  p o s i t i o n   in  w h i c h   t he   c e n t r e   o f  

c u r v a t u r e   (C)  of  t he   b a l l   t r a c k s   (80)   c o i n c i d e s   w i t h   t h e  

s e c o n d   a x i s   ( L A 3 ) .  

11.  A  g r i n d i n g   m a c h i n e   a c c o r d i n g   to  c l a i m   9  w h e r e i n   s a i d  

c l a m p i n g   m e c h a n i s m   (24)   c o m p r i s e s   a  s u p p o r t   member  ( 3 0 )  

p r o v i d i n g   a  b a s e   s u r f a c e   (32)   l y i n g   in  a  p l a n e   e x t e n d i n g  

at  r i g h t   a n g l e s   to  t he   l o n g i t u d i n a l   a x i s   (LA1)  of  t h e  



s p i n d l e   m e c h a n i s m ,   and  a  c l a m p i n g   d e v i c e   (28)  to  c l a m p  

t h e   back   f a c e   (85)   of  t h e   j o i n t   member  a g a i n s t   t h e   b a s e  

s u r f a c e .  

12.  A  g r i n d i n g   m a c h i n e   a c c o r d i n g   to  c l a i m   11  w h e r e i n   t h e  

s u p p o r t   member   (30)   c o m p r i s e s   means   (34 ,   35)  to  e n s u r e  

a x i a l   a l i g n m e n t   of  t he   j o i n t   member  w i t h   t he   l o n g i t u d i n a l  

a x i s   (LA1)  of  t h e   s p i n d l e   m e c h a n i s m   ( 2 2 ) ,   s a i d   m e a n s  

c o m p r i s i n g   a  s u r f a c e   (35)   c u r v e d   in  to  l o c a t e   t h e  

e x t e r i o r   s u r f a c e   (82)   of  t h e   j o i n t   member ,   and  a g a i n s t  

w h i c h   s a i d   e x t e r i o r   s u r f a c e   of  t he   j o i n t   member   s e a t s ,  

when  t h e   back   f a c e   (85)   t h e r e o f   i s   c l a m p e d   a g a i n s t   t h e  

b a s e   s u r f a c e   (32)   of  the   s u p p o r t   member   ( 3 0 ) .  

13.  A  g r i n d i n g   m a c h i n e   a c c o r d i n g   to  c l a i m   12  w h e r e i n  

s a i d   c u r v e d   s u r f a c e s   (35)   i s   i n t e r r u p t e d   a t   p o s i t i o n s  

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

j o i n t   member   a t   w h i c h   t he   b a l l   t r a c k s   (80)   a r e   or  a r e  

i n t e n d e d   to  be  p r o v i d e d .  

14.  A  g r i n d i n g   m a c h i n e   a c c o r d i n g   to  c l a i m   13  w h e r e i n   t h e  

c o n s t r u c t i o n   of  t h e   s u p p o r t   member  (30)   is   s u c h   as  t o  

p e r m i t   l i m i t e d   m o v e m e n t   of  s a i d   s u r f a c e   p o r t i o n s   ( 3 5 )  

r e l a t i v e   to  t h e   l o n g i t u d i n a l   a x i s   (LA1)  of  t h e   s p i n d l e  

m e c h a n i s m ,   as  may  be  n e c e s s a r y   to  a c c o m m o d a t e   any  s m a l l  

i n t o l e r a n c e s   in  t he   d i m e n s i o n a l   a c c u r a c y   of  t h e   e x t e r i o r  

s u r f a c e   (82)   of  t he   j o i n t   m e m b e r .  

15.  A  g r i n d i n g   m a c h i n e   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   10 

to  14  w h e r e i n   t h e   c l a m p i n g   m e c h a n i s m   (24)   i s   o p e r a t i v e   t o  

e n g a g e   an  i n t e r i o r   p a r t   or  e x t e r i o r   end  f a c e   of  t he   j o i n t  

m e m b e r .  

16.  A  c l a m p i n g   m e c h a n i s m   f o r   an  i n n e r   j o i n t   member  f o r   a  

u n i v e r s a l   j o i n t   of  t h e   k i n d   s p e c i f i e d ,   c o m p r i s i n g :  

(a)   a  s u p p o r t   member  (30)   p r o v i d i n g   a  b a s e   s u r f a c e  

(32)   w h i c h   l i e s   in  a  p l a n e   d i s p o s e d   a r o u n d ,  



and  a t   r i g h t   a n g l e s   t o ,   a  l o n g i t u d i n a l   a x i s  

(LA1)  of  t he   c l a m p i n g   m e c h a n i s m ,   and  w h i c h  

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

(34)   e x t e n d i n g   r a d i a l l y   o u t w a r d l y ,   e a c h  

f i n g e r   (34)   p r o v i d i n g   a  s u r f a c e   p o r t i o n   ( 3 5 )  

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

a x i s   (LA1) ;   a n d  

(b)  a  c l a m p i n g   d e v i c e   (28)  m o u n t e d   on  s a i d   l o n g i -  

t u d i n a l   a x i s   (LA1)  and  c o m p r i s i n g :  

( i )   a  c l a m p i n g   member  (38)   m o u n t e d   f o r  

l i m i t e d   m o v e m e n t   a l o n g   t he   l o n g i t u d i n a l  

a x i s   and  h a v i n g   c l a m p i n g   p o r t i o n   ( 4 0 )  

c a p a b l e   of  b e i n g   moved  r a d i a l l y   o u t -  

w a r d l y   of  the   l o n g i t u d i n a l   a x i s   f r o m  

i n n e r   to  o u t e r   p o s i t i o n s ;   a n d  

( i i )   o p e r a t i n g   m e c h a n i s m   (48,   50,  56,  58)  t o  

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

member  ( 3 8 ) ;  

t he   c o n s t r u c t i o n   and  a r r a n g e m e n t   b e i n g   such   t h a t   w i t h   t h e  

c l a m p i n g   p o r t i o n s   (40)   in  t h e i r   i n n e r   p o s i t i o n s ,   s u c h   a n  

i n n e r   j o i n t   member  (84)   may  be  p l a c e d   in  e n g a g e m e n t   w i t h  

the   s u p p o r t   member  ( 3 0 ) ,   w h e r e b y   t he   o p e r a t i n g   m e c h a n i s m  

may  e f f e c t   f i r s t   r a d i a l   o u t w a r d   movemen t   of  the   c l a m p i n g  

p o r t i o n s   (40)   i n t o   e n g a g e m e n t   w i t h   p a r t   of  t he   j o i n t  

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

c l a m p i n g   member  (38)   to  c lamp  the   back   f a c e   (85)   of  t h e  

j o i n t   member  a g a i n s t   b a s e   s u r f a c e   (32)   of  the   s u p p o r t  

member  ( 3 0 ) ,   e n g a g e m e n t   b e t w e e n   the   s u r f a c e   p o r t i o n s   ( 3 5 )  

of  the   f i n g e r s   (34)   and  e x t e r i o r   s u r f a c e   p o r t i o n s   of  t h e  

j o i n t   member  s e r v i n g   to  e n s u r e   s u b s t a n t i a l   a l i g n m e n t  

b e t w e e n   the   l o n g i t u d i n a l   a x i s   (LA2)  of  the   j o i n t   m e m b e r  

and  t he   l o n g i t u d i n a l   a x i s   (LA1)  of  t he   c l a m p i n g   m e c h -  

a n i s m .  



17.  A  c l a m p i n g   m e c h a n i s m   a c c o r d i n g   to  c l a i m   16  w h e r e i n  

t h e   r e s i l i e n c e   of  t h e   f i n g e r s   (34)   is   s u c h   as  to  p e r m i t  

m o v e m e n t   of  s a i d   s u r f a c e   p o r t i o n s   (35)   by  a b o u t   0 . 0 5   mm, 
in  t he   use   of  t he   m e c h a n i s m .  
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