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©  Tool  for  and  method  of  making  hollow  articles. 
  A tool  for  use  in  the  manufacture  of the  outer  member  of 
a  cross-groove  type  of  constant  velocity  ratio  universal  joint, 
by  forming  a  blank  in  a  die  with  the  tool  in  the  interior  of  the 
blank  to  define  the  internal  shape  of  the  joint  member.  The 
tool  comprises  first  and  second  elements  (33,  37)  with 
portions  (34,  38)  which  together  define  the  shape  required  in 
the  joint  outer  member,  having  formations  (34a,  38a)  which 
form  the  grooves  therein,  and  have  an  internal  cavity  (40) 
which  receives  an  expander  (23)  to  hold  the  elements  in  their 
operative  positions.  After  withdrawal  of  the  expander,  the 
first  elements  (33)  can  be  moved  radially  inwardly  to 
disengage  them  from  the  formed  joint  member  and  with- 
drawn,  following  which  the  second  elements  (34)  can  be 
moved  inwardly  and  subsequently  withdrawn. 





Thi s   i n v e n t i o n   r e l a t e s   to  the   m a n u f a c t u r e   of  h o l l o w  

a r t i c l e s .   The  i n v e n t i o n   has  been   d e v e l o p e d   f o r   t he   m a n u f a c -  

t u r e   of  the   o u t e r   member  of  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   c r o s s - g r o o v e   t y p e .   In  such   a  j o i n t ,   t h e r e   i s  

an  i n n e r   member  and  an  o u t e r   member ,   t h e   o u t e r   member  h a v i n g  

an  i n t e r n a l   c y l i n d r i c a l   s u r f a c e   and  t h e   i n n e r   member  a n  

e x t e r n a l   c y l i n d r i c a l   s u r f a c e   wh ich   s u r f a c e s   a re   g r o o v e d   a n d  

t h e r e   a re   two  s e t s   o f ,   p r e f e r a b l y ,   h e l i c a l   g r o o v e s   in  e a c h  

member ,   t he   g r o o v e s   of  the   two  s e t s   b e i n g   on  h e l i c e s   o f  

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

may  be  s t r a i g h t   and  i n c l i n e d   to  the   r o t a t i o n a l   a x i s   of  t h e  

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

e n g a g e d   in   the   g r o o v e s   and  a re   h e l d   in   a  cage   and  b e c a u s e   o f  

t h e   c r o s s e d   c o n f i g u r a t i o n   of  the   g r o o v e s   t h e   b a l l s   a re   h e l d  

in   the   b i s e c t o r   p l a n e   of  the   j o i n t   as  the   p a r t s   of  the   j o i n t  

a r t i c u l a t e ,   to  g i v e   t h e   j o i n t   c o n s t a n t   v e l o c i t y   r a t i o  

( h o m o k i n e t i c )   p r o p e r t i e s .  

A l t h o u g h   the   i n v e n t i o n   has  been   d e v e l o p e d   fo r   m a k i n g  

o u t e r   members   f o r   s u c h   c r o s s - g r o o v e   c o n s t a n t   v e l o c i t y   j o i n t s  

i t   is  a p p l i c a b l e   g e n e r a l l y   to  the   m a n u f a c t u r e   of  h o l l o w  

a r t i c l e s   of  t h e   t y p e ,   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   o f  

the   t y p e   s p e c i f i e d ,   h a v i n g   at  l e a s t   two  g r o o v e s   in  t h e  

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

axes   of  s y m m e t r y   (as  h e r e i n a f t e r   d e f i n e d )   w h i c h   d i f f e r   ( a s  

h e r e i n a f t e r   d e f i n e d ) .   The  a r t i c l e   may  have  at  l e a s t   t w o  

s e t s   of  g r o o v e s   w i t h   the   g r o o v e s   in   each   s e t   b e i n g   s p a c e d  

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

l o n g i t u d i n a l   axes   of  s y m m e t r y   wh ich   a r e   the  same  ( a s  

h e r e i n a f t e r   d e f i n e d ) ,   t h e   l o n g i t u d i n a l   axes   of  s y m m e t r y   o f  

the   g r o o v e s   in  one  s e t   b e i n g   d i f f e r e n t   from  the  l o n g i t u d i n a l  

a x e s   of  s y m m e t r y   of  t he   g r o o v e s   in   t he   o t h e r   s e t .  



By  l o n g i t u d i n a l   a x i s   of  s y m m e t r y   of  a  g r o o v e   we  m e a n  

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

t h e   g r o o v e   and  w h i c h   l i e s   in   an  i m a g i n a r y   s u r f a c e   f o r m i n g   a  

c o n t i n u a t i o n   of  t h e   b o r e   s u r f a c e   and  c o n t a i n i n g   s a i d   e d g e s .  

When  we  s a y   t h a t   t he   l o n g i t u d i n a l   axes   of  s y m m e t r y   a r e  

t h e   same  we  mean   t h a t   t h e   l o c i   of  p o i n t s   m o v i n g   i n  

s y n c h r o n i s m   f r o m   t h e   one  ends   of  s a i d   axes   to  t he   o t h e r   b e a r  

a  f i x e d   r e l a t i o n   to  one  a n o t h e r .   C o n v e r s e l y ,   when  we  s a y  
t h a t   t h e   l o n g i t u d i n a l   axes   of  s y m m e t r y   d i f f e r   we  mean  t h a t  

t h e   l o c i   of  s u c h   m o v i n g   p o i n t s   do  no t   l i e   in   a  f i x e d  

r e l a t i o n   to  one  a n o t h e r .   T h u s ,   f o r   e x a m p l e ,   t h e   axes   c o u l d  

be  on  h e l i c e s   of  d i f f e r e n t   h a n d ,   or  of  t h e   same  hand   a n d  

d i f f e r e n t   p i t c h   or  on  h e l i c e s   of  d i f f e r e n t   p i t c h   and  h a n d .  

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

h e l i c a l .  

P r e s e n t l y   i n   t he   m a n u f a c t u r e   of  o u t e r   m e m b e r s   f o r  

c r o s s - g r o o v e   c o n s t a n t   v e l o c i t y   j o i n t s   t h e   b l a n k s   a r e   made  b y  

f o r g i n g ,   e x t r u s i o n   or  some  o t h e r   m e t a l   f o r m i n g   m e t h o d   a n d  

t h e   g r o o v e s   a r e   t h e n   m a c h i n e d   i n   t h e   b o r e .   Such  m a c h i n i n g  

o p e r a t i o n s   a r e   e x p e n s i v e   i n   t i m e   and  e q u i p m e n t   b e s i d e s  

r e m o v i n g   m a t e r i a l .   I t   wou ld   be  c o n v e n i e n t   to  be  a b l e   t o  

fo rm  t h e   g r o o v e s   in   t he   b o r e   w i t h o u t   r e m o v a l   of  m e t a l   o r  

e v e n   to  make   them  w i t h   i m p r e c i s e   g r o o v e s   w h i c h   w o u l d   r e q u i r e  

l e s s   m a c h i n i n g   t h a n   at  p r e s e n t .   However   s i n c e   t h e  

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

d e f i n e d   a b o v e   a  o n e - p i e c e   t o o l   c o u l d   no t   be  r e m o v e d   f rom  t h e  

b o r e   a f t e r   t h e   g r o o v e s   had  b e e n   f o r m e d .  

I t   i s   an  o b j e c t   of  one  a s p e c t   of  t he   i n v e n t i o n   t o  

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

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

c o n s t a n t   v e l o c i t y   j o i n t s   in   w h i c h   m a c h i n i n g   of  t h e   g r o o v e s  

may  be  r e d u c e d   or  e l i m i n a t e d .  



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   a  t o o l   f o r   use   in  t h e  

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

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

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

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

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

r e q u i r e d   in  the   i n t e r n a l   s u r f a c e   and  h a v i n g   f o r m a t i o n s  

c o r r e s p o n d i n g   to  and  a d a p t e d   to  form  s a i d   g r o o v e s ,   s a i d  

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

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

s a i d   p o r t i o n s   of  s a i d   f i r s t   e l e m e n t s   can  be  w i t h d r a w n   f r o m  

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

e l e m e n t s   s u b s e q u e n t l y   to  be  moved  i n w a r d l y   to  d i s e n g a g e   t h e m  

f rom  s a i d   i n t e r n a l   s u r f a c e   and  w i t h d r a w n   f rom  t h e   a r t i c l e .  

By  a  s u b s t a n t i a l l y   c o m p l e t e   s u r f a c e ,   we  mean  one  i n  

w h i c h   t h e r e   a r e   no  gaps   or  d i s c o n t i n u i t i e s   s u f f i c i e n t   f o r  

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

p r o c e s s ,   and  w h i c h   m a t e r i a l   would  have  to  be  r e m o v e d  

s u b s e q u e n t l y ,   e . g .   by  m a c h i n i n g .   By  use   of  the   t o o l  

a c c o r d i n g   to  t h e   i n v e n t i o n ,   t he   r e q u i r e m e n t   f o r   f i n i s h  

m a c h i n i n g   of  the   a r t i c l e   can   be  r e d u c e d   or  e l i m i n a t e d .  

P r e f e r a b l y   t he   e l e m e n t s   of  the   t o o l   t o g e t h e r   d e f i n e   a n  

i n t e r n a l   c a v i t y   i n t o   w h i c h   an  e x p a n d e r   member  is  m o v a b l e   t o  

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

t h e   e x t e r n a l   s u r f a c e ,   and  f rom  which   the   e x p a n d e r   member  c a n  

be  w i t h d r a w n   to  p e r m i t   t h e   f i r s t   e l e m e n t s   of  t h e   t o o l   to  b e  

moved  i n w a r d l y   i n t o   t he   c a v i t y   p r i o r   to  t h e i r   w i t h d r a w a l ,  

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

e l e m e n t s ,   w h i c h   c o n t a c t   at  l e a s t   s a i d   p o r t i o n s   of  t he   s e c o n d  

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

t h e   o u t s i d e   of  the   t o o l .  

I n w a r d   movement   of  t he   f i r s t   e l e m e n t s   of  the   t o o l   p r i o r  

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

w h i c h   form  the  h e l i c a l   or  i n c l i n e d   g r o o v e s   in  t he   b o r e   o f  

t he   a r t i c l e .  



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

has  a  f o r m a t i o n   a d a p t e d   to  f o r m   one  of  s a i d   g r o o v e s   of  o n e  

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

f o r m a t i o n   a d a p a t e d   to  f o r m   one  of  s a i d   g r o o v e s   of  a n o t h e r  

s e t   t h e r e o f   w h i c h   d i f f e r s   f rom  s a i d   one  s e t .  

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

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

t h a n   d i r e c t l y   by  t h e   e x p a n d e r   m e m b e r .  

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

a r e   d e s c r i b e d   h e r e a f t e r .  

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

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

w h i c h   a  h o l l o w   b l a n k   h a v i n g   t h e   t o o l   i n s i d e   i t   can   b e  

p r e s s e d   to  f o r m   t h e   a r t i c l e .   A  p a r t i c u l a r l y   u s e f u l   f o rm  o f  

b l a n k   i s   a l s o   d e s c r i b e d   h e r e a f t e r .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  of  e x a m p l e  
w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g s ,   of  w h i c h ;  

F i g u r e   1  i s   an  end  v i ew   of  an  o u t e r   member  of  a  c r o s s  

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

F i g u r e   2  i s   a  s e c t i o n   t h r o u g h   t h e   j o i n t   o u t e r   member  o f  

F i g u r e   1 .  

F i g u r e   3  i s   an  end  v i e w   of  a  b l a n k   to  be  u s e d   a c c o r d i n g  
to  t h e   i n v e n t i o n   in   m a k i n g   t h e   j o i n t   o u t e r   m e m b e r .  

F i g u r e  4   i s   a  s e c t i o n   t h r o u g h   t he   b l a n k   of  F i g u r e   3 .  

F i g u r e   5  is  a  s e c t i o n   t h r o u g h   p a r t   of  t h e   p r e s s  

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



F i g u r e   6  shows  the  p r e s s   of  F i g u r e   5,  in   a  s e c o n d   s t a g e  

of  o p e r a t i o n .  

F i g u r e   7  shows  the  p r e s s   of  F i g u r e s   5  and  6,  in   a  t h i r d  

s t a g e   of  o p e r a t i o n .  

F i g u r e   8  i s   an  e n l a r g e d   v iew  of  p a r t   of  a  t o o l  

a c c o r d i n g   to  t h e   i n v e n t i o n ,   in  s e c t i o n   on  t h e   l i n e   8 -8   o f  

F i g u r e   9 .  

F i g u r e   9  i s   an  end  v iew  of  the  t o o l .  

R e f e r r i n g   f i r s t l y   to  F i g u r e s   1  and  2,  t h e s e   show  t h e  

o u t e r   member  of  a  c r o s s   g r o o v e   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 ,   w h i c h   is  a  h o l l o w   a r t i c l e   w i t h   a  c y l i n d -  

r i c a l   i n t e r n a l   b o r e   h a v i n g   a  number   of  g r o o v e s   t h e r e i n .   T h e  

c e n t r a l   a x i s   of  t he   c y l i n d r i c a l   b o r e ,   w h i c h   is  t h e   r o t a -  

t i o n a l   a x i s   of  the   j o i n t   member  in   u s e ,   i s   i n d i c a t e d   at   1 0 0 .  

The  j o i n t   member  c o n t a i n s   two  s e t s   of  t h r e e   g r o o v e s   e a c h ,  

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

h a v i n g   h e l i c a l   " l o n g i t u d i n a l  . . a x e s   of  s y m m e t r y .   One  s e t   o f  

g r o o v e s   is  i n d i c a t e d   at   57,  58,  59  and  t h e s e   g r o o v e s   a r e  

i n c l i n e d   in  an  a n t i c l o c k w i s e   h e l i c a l   s e n s e   when  c o n s i d e r e d  

f rom  above   the   j o i n t   m e m b e r .   The  o t h e r   s e t   of  g r o o v e s   6 0 ,  

61,  62  a re   i n c l i n e d   in  a  c l o c k w i s e   h e l i c a l   s e n s e   w h e n  

c o n s i d e r e d   f rom  above   the   j o i n t   member .   The  l o n g i t u d i n a l  

a x i s   of  s y m m e t r y   of  each   of  t he   g r o o v e s   is  i n d i c a t e d   by  t h e  

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

s y m m e t r y   l y i n g   e q u i d i s t a n t   f rom  the   edges   of  t h e   g r o o v e   a n d  

on  t h e   i m a g i n a r y   c y l i n d e r   i n d i c a t e d   by  l i n e   101,  t h e  

c y l i n d e r   c o n t a i n i n g   t h e   b o r e   of  the   j o i n t   m e m b e r .  

At  p r e s e n t ,   in   the   m a n u f a c t u r e   of  c o n s t a n t   v e l o c i t y  

j o i n t   o u t e r   members   s u c h   as  t h e s e ,   the   g r o o v e s   a re   m a c h i n e d  

in   a  b l a n k   wh ich   has  been   f o r g e d   or  e x t r u d e d .   B e c a u s e   t h e  



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

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

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

b e i n g   r e m o v e d   f rom  s u c h   a  j o i n t   o u t e r   m e m b e r .  

R e f e r r i n g   now  t o   F i g u r e s   3  a n d  4   of  t h e   d r a w i n g s ,   t h e r e  

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

be  u s e d   w i t h   t h e   t o o l   to  be  d e s c r i b e d   h e r e a f t e r .   I t   is  c u p  

s h a p e d ,   w i t h   i t s   i n t e r n a l   and  e x t e r n a l   w a l l s   d i v e r g i n g  

t o w a r d s   i t s   f r e e   o p e n   end.   The  i n t e r n a l   w a l l   70  is  o f  

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

i n c l i n e d   r e c e s s e s   t h e r e i n .   One  s e t   of  r e c e s s e s   is   i n d i c a t e d  

a t   71,   72,  73,  i n c l i n e d   in   one  d i r e c t i o n ,   and  t h e   o t h e r   s e t  

a t   74,  75,  76  i n c l i n e d   in   t h e   o p p o s i t e   d i r e c t i o n .   T h e s e  

r e c e s s e s ,   w h i c h   a r e   to  form  t h e   g r o o v e s   in   t he   f i n i s h e d  

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

p i e c e   f o r m i n g   t o o l   can  be  w i t h d r a w n   a x i a l l y   f rom  t he   b l a n k  

a f t e r   t h e   b l a n k   has  b e e n   f o r m e d .   F o r m i n g   t h e   b l a n k   to  t h e  

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

t o o l   to  be  d e s c r i b e d   h e r e a f t e r   i n t o   t h e   b l a n k   and  f o r c i n g  

t h e   b l a n k   t h r o u g h   a  d i e   so  as  to  d e f o r m   t h e   s i d e   w a l l - o f   t h e  

b l a n k   i n w a r d l y   as  i n d i c a t e d   by  a r r o w s   80  i n   F i g u r e   4 .  

R e f e r r i n g   now  to  F i g u r e   5  of  t he   d r a w i n g s ,   t h e r e   i s  

s h o w n   a  ram  20  of  a  p r e s s   to  w h i c h   i s   s e c u r e d ,   by  a  s c r e w -  

t h r e a d e d   c o n n e c t i o n   r i n g   21,  a  m a n d r e l   22.  The  l o w e r   end  o f  

m a n d r e l   22  has   s e c u r e d   to  i t   an  e l o n g a t e   c y l i n d r i c a l  

e x p a n d e r   member   23.  A  s l e e v e   24  i s   s l i d a b l e   l o n g i t u d i n a l l y  

of   m a n d r e l   22,  b e t w e e n   l i m i t s   d e t e r m i n e d   by  a  peg  25  

e x t e n d i n g   i n w a r d l y   f r o m   s l e e v e   24  i n t o   a  l o n g i t u d i n a l l y  

e x t e n d i n g   s l o t   26  in   m a n d r e l   22.  T o w a r d s   t h e   l o w e r   end  o f  

s l e e v e   24,  t h e r e   i s   a  c i r c u m f e r e n t i a l l y   e x t e n d i n g   f l a n g e   2 7 ,  

and  s l i d a b l e   on  s l e e v e   24  b e l o w   t h e   f l a n g e   27  is   a  c o l l a r  

28.  The  c o l l a r   28  i s   s p r i n g   b i a s e d   u p w a r d l y   by  a  p l u r a l i t y  

of  t e n s i o n   s p r i n g s   29  s p a c e d   a r o u n d   t h e   c o l l a r ,   o n l y   one  o f  

w h i c h   s p r i n g s   i s   shown  in   t he   d r a w i n g .   The  s p r i n g s   29  

e n g a g e   p i n s   30  e x t e n d i n g   i n t o   t h e   m a n d r e l   2 2 .  



W i t h i n   f l a n g e   27,  the   s l e e v e   24  is   p r o v i d e d   w i t h   t h r e e  

e q u a l l y   c i r c u m f e r e n t i a l l y   s p a c e d   r a d i a l   a p e r t u r e s   31.  E a c h  

a p e r t u r e   31  r e c e i v e s   a  b a l l   end  of  a  peg  32  e x t e n d i n g  

o u t w a r d l y   f rom  t h e   u p p e r   end  of  an  e l e m e n t   33  h a v i n g   a  h e a d  

34  at   i t s   l o w e r   end .   C i r c u m f e r e n t i a l l y   s p a c e d   a b o u t   s l e e v e  

24,  b e t w e e n   t h e   a p e r t u r e s   31,  a re   t h r e e   s l o t s   35  w h i c h  

e x t e n d   d o w n w a r d l y   f rom  f l a n g e   27.  Each  s l o t   35  r e c e i v e s   a  

peg  36  e x t e n d i n g   o u t w a r d l y   from  the   u p p e r   end  of  an  e l e m e n t  

37  h a v i n g   a  head   38  a t   i t s   l ower   end.   The  pegs  36  a r e   l o n g  

enough   to  be  e n g a g e d   by  c o l l a r   28.  The  head   p o r t i o n s   34,  o f  

e l e m e n t s   33,  t o g e t h e r   d e f i n e   p a r t s   of  an  i n t e r n a l   c a v i t y   40 

wh ich   is  f r u s t o   c o n i c a l   and  in  which   an  end  p o r t i o n   of  t h e  

e x p a n d e r   member  23  i s   a  c l o s e   f i t .  

The  s h a p e s   of  t he   head  p o r t i o n s   34,  38  of  e l e m e n t s   3 3 ,  

37  a r e   shown  in  g r e a t e r   d e t a i l   in  F i g u r e s   8  and  9  of  t h e  

d r a w i n g s .   Head  p o r t i o n s   34  have  f o r m a t i o n s   34a  t h e r e o n  

which   form  the   g r o o v e s   of  one  h a n d ,   and  head  p o r t i o n s   38  

have  f o r m a t i o n s   38a  w h i c h   form  the   g r o o v e s   of  o p p o s i t e   h a n d  

in   the   j o i n t   m e m b e r .   I t   w i l l   be  n o t e d   t h a t   head  p o r t i o n s   34  

have  s i d e s   w h i c h   a re   p a r a l l e l   or  c o n v e r g e   s l i g h t l y   t o w a r d s  

the   o u t s i d e   of  the   t o o l ,   w h i l e   head  p o r t i o n s   38  i n t e r p o s e d  

t h e r e   b e t w e e n   a r e   wedge  s h a p e d   and  a re   s u p p o r t e d   by  t h e  

s i d e s   of  head  p o r t i o n s   34  r a t h e r   t h a n   d i r e c t l y   by  c o n t a c t  

w i t h   t he   end  p o r t i o n   of  the   e x p a n d e r   m e m b e r .  

In  use   of  the   a p p a r a t u s ,   t he   a s s e m b l y   of  e l e m e n t s   3 3 ,  

37,  w i t h   t he   e x p a n d e r   member  23  t h e r e i n ,   is  i n t r o d u c e d   i n t o  

a  b l a n k   as  shown  in   F i g u r e s   3  and  4.  The  p r e s s   is   t h e n   u s e d  

to  f o r c e   t h e   b l a n k   w i t h   t he   t o o l   w i t h i n   i t   i n t o   a  d ie   4 1 .  

Th i s   has  t he   e f f e c t   of  d e f o r m i n g   i n w a r d l y   the   w a l l   of  t h e  

b l a n k   a d j a c e n t   i t s   f r e e   end,   to  c o n f o r m   to  t he   s u r f a c e   s h a p e  

of  the   a s s e m b l e d   t o o l   e l e m e n t s .  

The  t o o l   must   t hen   be  w i t h d r a w n   from  the  f o r m e d   j o i n t  

o u t e r   member ,   and  the   f i r s t   s t a g e   in  such   w i t h d r a w a l   i s  

shown  in  F i g u r e   6 .  



I n i t i a l l y ,   t h e   open  end  of  t he   j o i n t   o u t e r   member  i s  

e n g a g e d   by  s u i t a b l e   g r i p p e r   m e a n s ,   not   s h o w n ,   to  p r e v e n t   i t s  

u p w a r d   m o v e m e n t .   T h e r e a f t e r ,   m a n d r e l   22  i s   r a i s e d   b y  

o p e r a t i o n   of  t h e   p r e s s .   S i n c e   t h e   e l e m e n t s   33,  37  c a n n o t   b e  

w i t h d r a w n   t o g e t h e r   f rom  t he   j o i n t   o u t e r   member  b e c a u s e   o f  

t h e   g r o o v e s   t h e r e i n   t h e   s l e e v e   24  r e m a i n s   i n   a  f i x e d  

p o s i t i o n   as  t h e   m a n d r e l   is   r a i s e d ,   u n t i l   peg  25  a b u t s   t h e  

l o w e r   end  of  s l o t   26.  D u r i n g   t h i s ,   s p r i n g s   29  have   b e e n  

t e n s i o n e d ,   w h i l e   t h e   e x p a n d e r   member ,   f a s t   w i t h   m a n d r e l   2 2 ,  

has  b e e n   w i t h d r a w n   c l e a r   of  t h e   i n t e r n a l   c a v i t y   of  t h e   h e a d  

p o r t i o n s   of  e l e m e n t s   33,  3 7 .  

The  e l e m e n t s   33  a r e   now  f r e e   to  t i l t   i n w a r d l y .   T h i s  

t i l t i n g   i s   p o s s i b l e   by  v i r t u e   of  t h e   b a l l   ends   of  pegs   3 2  

e n g a g i n g   i n   a p e r t u r e s   31.  Such  t i l t i n g   p e r m i t s   t he   h e a d  

p o r t i o n s   to  be  w i t h d r a w n   f r o m   t h e   j o i n t   o u t e r   m e m b e r ,   w i t h  

c o n t i n u e d   u p w a r d   m o v e m e n t   of  m a n d r e l   22.  Head  p o r t i o n s   38  

of  e l e m e n t s   37  r e m a i n   in   c o n t a c t   w i t h   t h e   j o i n t   o u t e r  

m e m b e r ,   s u p p o r t e d   by  e l e m e n t s   3 3 .  

On  c o n t i n u e d   u p w a r d   m o v e m e n t   of  m a n d r e l   22,  s p r i n g s   29  

a r e   t e n s i o n e d   f u r t h e r   as  pegs   36  on  e l e m e n t s   37  move  down  

s l o t s   35,  t a k i n g   c o l l a r   28  down  t he   s l e e v e   24  w i t h   t h e m .  

U l t i m a t e l y   a  p o s i t i o n   as  shown   i n   F i g u r e   7  is  r e a c h e d ,   i n  

w h i c h   p e g s   36  have   r e a c h e d   t h e   l o w e r   ends   of  s l o t s   35 

t e n s i o n i n g   s p r i n g s   29  to  t h e i r   f u l l e s t   e x t e n t .   The  e l e m e n t s  

37  a r e   now  no  l o n g e r   s u p p o r t e d   by  e l e m e n t s   3 3 .  

The  c o n d i t i o n   shown  i n   F i g u r e   7  w i l l   no t   e x i s t   m o r e  

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

e l e m e n t s   37  to  move  i n w a r d l y   as  soon   as  t h e i r   s u p p o r t   b y  

e l e m e n t s   33  c e a s e s .   H o w e v e r ,   as  a  c o n s e q u e n c e   of  t h e  

d e f o r m a t i o n   of  t h e   m a t e r i a l   of  t h e   j o i n t   o u t e r   member ,   t h e  

e l e m e n t s   37  and  i n d e e d ,   e l e m e n t s   33  a t   an  e a r l i e r   s t a g e ,   m a y  



a d h e r e   t h e r e t o   so  t h a t   an  a p p r e c i a b l e   f o r c e   n e e d s -     b e  

e x e r t e d ,   by  pegs   36  e n g a g i n g   b o t t o m s   of  s l o t s   35,  b e f o r e   t h e  

e l e m e n t s   37  w i l l   r emove   f rom  the   j o i n t   o u t e r   member .   T h i s  

is  why  t h e   j o i n t   o u t e r   member  must   be  e n g a g e d   by  some  f o r m  

of  g r i p p e r .   As  soon  as  the   e l e m e n t s   37  a r e   c l e a r   of  t h e  

j o i n t   o u t e r   m e m b e r ,   s p r i n g s   29  w i l l   b r i n g   c o l l a r   28  u p w a r d l y  

and  r e t u r n ,   f i r s t l y ,   t he   e l e m e n t s   37  to  t h e i r   s t a r t i n g  

p o s i t i o n .   T h e r e a f t e r   s p r i n g s   29  w i l l   b r i n g   s l e e v e   24  a l o n g  

w i t h   c o l l a r   28  u p w a r d l y   to  i t s   o r i g i n a l   p o s i t i o n   r e l a t i v e   t o  

m a n d r e l   22,  and  t he   p a r t s   w i l l   t h e n   r e g a i n   t h e i r   r e l a t i v e  

p o s i t i o n s   i l l u s t r a t e d   in   F i g u r e   5 .  

A l t h o u g h   as  d e s c r i b e d   t h e   a p p a r a t u s   is  used   f o r   t h e  

m a n u f a c t u r e   of  the   o u t e r   member  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 ,   i t   w i l l   be  a p p r e c i a t e d   t h a t   i t   is  s u i t a b l e  

f o r   m a n u f a c t u r e   of  o t h e r   c o m p o n e n t s   of  the   same  g e n e r a l  

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

d i f f e r e n t   hand  t h e r e i n .   T h e r e   may  be  o t h e r   n u m b e r s   o f  

e l e m e n t s   s u c h   as  e l e m e n t s   33,  37,  a c c o r d i n g   to  t he   s h a p e   o f  

the   c o m p o n e n t   to  be  m a n u f a c t u r e d .  

A l t h o u g h   as  d e s c r i b e d   a b o v e   the   t o o l   a s s e m b l y   i s  

m o u n t e d   on  t h e   ram  of  t h e   p r e s s   and  t h e - d i e   is   f i x e d   on  t h e  

b a s e   of  the   p r e s s ,   i t   wou ld   be  p o s s i b l e   f o r   the   d i e   r a t h e r  

t h a n   t he   t o o l   a s s e m b l y   to  be  moved  by  t he   p r e s s   ram.  T h e  

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

a s s e m b l y   and  t he   d i e   would   be  t h e   s a m e .  



1.  A  t o o l   f o r   u s e   in   m a n u f a c t u r e   of  a  h o l l o w   a r t i c l e   o f  

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

e l e m e n t s   ( 33 ,   37)  h a v i n g   p o r t i o n s   (34 ,   38)  t o g e t h e r   a d a p t e d  

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

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

i n t e r n a l   s u r f a c e ,   and  h a v i n g   f o r m a t i o n s   ( 3 4 a ,   3 8 a )  

c o r r e s p o n d i n g   to   and  a d a p t e d   to   form  s a i d   g r o o v e s ,   s a i d  

e l e m e n t s   i n c l u d i n g   f i r s t   e l e m e n t s   (33 )   and  s e c o n d   e l e m e n t s  

(37)   i n t e r p o s e d   b e t w e e n   t h e m ,   and  t h e   a r r a n g e m e n t   b e i n g   s u c h  

t h a t   s a i d   p o r t i o n s   (34 )   of  s a i d   f i r s t   e l e m e n t s   ( 3 3 )   can   b e  

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

p e r m i t   s a i d   s e c o n d   e l e m e n t s   ( 3 7 )   s u b s e q u e n t l y   to  be  m o v e d  

i n w a r d l y   to   d i s e n g a g e   them  f rom  s a i d   i n t e r n a l   s u r f a c e   a n d  

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

2.  A  t o o l   a c c o r d i n g   to  C l a i m   1  f u r t h e r   c h a r a c t e r i s e d   i n  

t h a t   s a i d   p o r t i o n s   ( 3 4 ,   38)  of  s a i d   e l e m e n t s   (33 ,   37)  of  t h e  

t o o l   t o g e t h e r   d e f i n e   an  i n t e r n a l   c a v i t y   (40)   i n t o   w h i c h   a n  

e x p a n d e r   member   ( 2 3 )   is   m o v a b l e   to  h o l d   s a i d   e l e m e n t s   ( 3 3 ,  

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

s u r f a c e ,   and  f r o m   w h i c h   t h e   e x p a n d e r   member  (23)   can  b e  

w i t h d r a w n   to  p e r m i t   s a i d   f i r s t   e l e m e n t s   (33)   of  the   t o o l   t o  

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

w i t h d r a w a l ,   t h e   s i d e   f a c e s   of  a t   l e a s t   s a i d   p o r t i o n s   (34)   o f  

t h e   f i r s t   e l e m e n t s   ( 3 3 ) ,   w h i c h   c o n t a c t   a t   l e a s t   s a i d  

p o r t i o n s   (38)   of  t he   s e c o n d   e l e m e n t s   ( 3 7 ) ,   b e i n g   p a r a l l e l   t o  

one  a n o t h e r   or  c o n v e r g e n t   t o w a r d s   t h e   o u t s i d e   of  t h e   t o o l .  

3.  A  t o o l   a c c o r d i n g   to  C l a i m   2  f u r t h e r   c h a r a c t e r i s e d   i n  

t h a t   s a i d   s e c o n d   e l e m e n t s   (37 )   a r e   s u p p o r t e d   in  use   by  s a i d  

s i d e   f a c e s   of  t he   f i r s t   e l e m e n t s   ( 3 3 ) ,   r a t h e r   t h a n   by  s a i d  

e x p a n d e r   member   ( 2 3 ) .  



4.  A  t o o l   a c c o r d i n g   to  C la im  2  or  C l a i m   3  f u r t h e r  

c h a r a c t e r i s e d   in   t h a t   each   of  s a i d   p o r t i o n s   (34)   of  s a i d  

f i r s t   e l e m e n t s   (33)   has   a  f o r m a t i o n   ( 3 4 a )   a d a p t e d   to  f o r m  

one  of  s a i d   g r o o v e s   of  one  s e t   t h e r e o f ,   and  each  of  s a i d  

p o r t i o n s   (38)  of  s a i d   s e c o n d   e l e m e n t s   (37)  has  a  f o r m a t i o n  

( 3 8 a )   a d a p t e d   to  f o r m   one  of  s a i d   g r o o v e s   of  a n o t h e r   s e t  

t h e r e o f   which   d i f f e r s   (as   h e r e i n   d e f i n e d )   f rom  s a i d   one  s e t .  

5.  A  t o o l   a c c o r d i n g   to  C l a i m   2,  C l a i m   3  or  C la im   4  f u r t h e r  

c h a r a c t e r i s e d   in  t h a t   t he   e x p a n d e r   member  (23)   has  a  t a p e r e d  

p o r t i o n   wh ich   e n t e r s   s a i d   i n t e r n a l   c a v i t y   (40)   d e f i n e d   b y  

s a i d   e l e m e n t s   ( 3 3 ,   34,  37,  38)  of  t he   t o o l ,   to  f a c i l i t a t e  

w i t h d r a w a l   of  the   e x p a n d e r   member  a f t e r   a  f o r m i n g   o p e r a t i o n .  

6.  A  t o o l   a c c o r d i n g   to  a n y  o n e   of  C l a i m s   2  to  5  f u r t h e r  

c h a r a c t e r i s e d   by  a  h o l d e r   member  (24)   w h i c h   h o l d s   s a i d   f i r s t  

e l e m e n t s   (33)   to   a l l o w   f o r . - s a i d   i n w a r d   movement   t h e r e o f ,  

s a i d   h o l d e r   member   (24)   b e i n g   m o u n t e d   f o r   m o v e m e n t   r e l a t i v e  

to  s a i d   e x p a n d e r   member  ( 2 3 ) ,   a b u t m e n t   means  (25,   2 6 )  

e n g a g i n g   s a i d   h o l d e r   member  (24)   when  s a i d   e x p a n d e r   m e m b e r  

(23)  i s   w i t h d r a w n   f rom  s a i d   c a v i t y   ( 4 0 ) ,   to  w i t h d r a w   s a i d  

f i r s t   e l e m e n t s   ( 3 3 )   f rom  s a i d   a r t i c l e ,   and  f u r t h e r   a b u t m e n t  

means  (35 ,   36)  e n g a g i n g   s a i d   s e c o n d   e l e m e n t s   (37)  a f t e r  

f u r t h e r   w i t h d r a w a l   of  s a i d  e x p a n d e r   member  (23 )   to  w i t h d r a w  

s a i d   s e c o n d   e l e m e n t s   (37)   f rom  s a i d   a r t i c l e .  

7.  A  t o o l   a c c o r d i n g   to  C l a i m   6,  f u r t h e r   c h a r a c t e r i s e d   b y  

s p r i n g   means   (29)   o p e r a t i v e   b e t w e e n   s a i d   e x p a n d e r   m e m b e r  

(23)  and  s a i d   f i r s t   and  s e c o n d   e l e m e n t s   (33,   37)  to  r e t u r n  

s a i d   e l e m e n t s   to  t h e i r   o p e r a t i v e   p o s i t i o n s   and  s a i d   e x p a n d e r  

member  to  s a i d   c a v i t y .  



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

p r e c e d i n g   C l a i m s   and  f u r t h e r   c h a r a c t e r i s e d   by  a  d i e   ( 4 1 )  

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

be  p r e s s e d   to  f o r m   t h e   a r t i c l e ,   and  means   f o r   h o l d i n g   s a i d  

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

9.  A  m e t h o d   of  m a n u f a c t u r i n g   a  h o l l o w   a r t i c l e   u s i n g   a  t o o l  

a c c o r d i n g   to  a n y  o n e   of  C l a i m s   1  to  7,  c o m p r i s i n g  

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

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

to  c o n f o r m   to  t h e   e x t e r n a l   s u r f a c e   of  t he   t o o l ,   w i t h d r a w i n g  

s a i d   f i r s t   e l e m e n t s   of  t h e   t o o l   f rom  t h e   f o r m e d   b l a n k ,   a n d  

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

t h e r e f r o m .  

10.  A  t o o l ,   or  a  m e t h o d   of  use   t h e r e o f   to  m a n u f a c t u r e   a  

u n i v e r s a l   j o i n t   o u t e r   m e m b e r ,   s u b s t a n t i a l l y   as  h e r e i n b e f o r e  

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