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Method  for  the  manufacture  of  front  fork  of  single  unit  type  for  bicycles  from  center  butted  ferrous  tubular  material. 

A  front  fork  blank  of  the  single  unit  type  is  manufactured 
from  a  center  butted  tube,  the  wall  thickness  of  its  middle  por- 
tion  exceeding  that  of  both  end  portions  of  the  tube,  as  a  start- 
ing  material.  The  center  butted  tube  is  produced  by  a  known 
machine  including  a  mandrel  and  a  die.  The  center  butted  tube 
is  bent  at  two  positions  with  the  right  angle  to  form  a  tubular 
fork.  The  tubular  fork  is  set  in  a  sectional  die  which  has  a  con- 
cave  recess  corresponding  to  a  protuberant  socket,  and  sub- 
jected  to  the  known  oil  hydraulic  bulge-forming  process  in  or- 
der  to  bulge-form  the  socket  at  the  middle  of  the  top  of  the  tu- 
bular  fork.  The  socket  is  opened  to  receive  a  stem  (Fig.  13). 



T h e  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  method  fo r   the  m a n u f a c t -  
ure   o f  a   f r o n t   fo rk   b l a n k   for   use  i n  b i c y c l e s ,   and  m o r e  
p a r t i c u l a r l y   to  a  method  for   m a n u f a c t u r i n g   a  f r o n t   fo rk   o f  

the  s i n g l e   u n i t   type   from  a  c e n t e r   b u t t e d   f e r r o u s   t u b u l a r  

m a t e r i a l   as  a  s t a r t i n g   m a t e r i a l   in  which  a  crown  member  t o  
which  a  p a i r   of  b l a d e s   are   j o i n e d   by  b r a z i n g   and  the  l i k e   i s  

no  l o n g e r   r e q u i r e d .   The  method  fo r   m a n u f a c t u r i n g   the   f r o n t  
f o r k   of  the   s i n g l e   u n i t   type   con fo rms   to  p r e s e n t   r e q u i r e -  
ments   of  the   s a v i n g   of  m a t e r i a l ,   e n e r g y   and  l a b o r .  

As  is  known  in  the  b i c y c l e   i n d u s t r y ,   the   f r o n t   fo rk   com-  
p r i s e s   a  s t e m ,  a   crown,   and  a  p a i r   of  b l a d e s .   The  s t e m ,  
c r o w n ,  a n d   b l a d e s   are   m a n u f a c t u r e d   s e p a r a t e l y .   Excep t   f o r  
the  s tem,   the  f r o n t   f o r k  i s   a s s e m b l e d   by  j o i n i n g   two  b l a d e s  
to  the  crown.   The  m a n u f a c t u r e   of  the   crown  i t s e l f   r e q u i r e s  
a  somewhat  c o m p l i c a t e d   s t e p .  

I n   b i c y c l e   t u b i n g ,  t h e   term  " b u t t e d   t u b e "   r e f e r s  t o   a  t u b e  

h a v i n g  a   wa l l   which  i s  t h i c k e r   at  a  c e r t a i n   p a r t   a l ong   i t s  

l e n g t h   than   the  r e m a i n d e r .   There   e x i s t  t h r e e   d i f f e r e n t  

t y p e s   of  b u t t e d   t u b i n g :   s i n g l e ,   d o u b l e ,   and  d i f f e r e n t i a l  
(or  t r i p l e )   b u t t e d   t u b e s .   S i n g l e  b u t t e d   t u b e s   a re   t h i c k e r  



at   one  end  o n l y ,   d o u b l e   b u t t e d   t u b e s   are   t h i c k e r   at   b o t h  

e n d s ,   a n d - d i f f e r e n t i a l   b u t t e d   t u b e s   have  ends  of  v a r y i n g  
t h i c k n e s s .   The  b u t t e d   t u b e s   are   b u t t e d   b e c a u s e   the  s t r e s s  

in  a  t u b i n g   frame  is  h i g h e s t  a t   t h e  e n d s   where  the  t u b e s  

a re   j o i n e d .   By  b u t t i n g ,   the   tube   can  be  m a d e  t h i n n e r   a n d  

l i g h t e r   as  s t e e l   is  removed  from  the   midd le   of  the   t u b e  

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

The  te rm  " c e n t e r   b u t t e d   t u b e "   used  in  the  p r e s e n t   i n v e n t i o n  

r e f e r s   to  a  tube   wa l l   t h i c k n e s s   of  which  e x c e e d s   only   i n  

t he   m i d d l e   t h a t   of  i t s   two  end  p o r t i o n s .   In  the  b i c y c l e  
t u b i n g ,  h o w e v e r ,   t h e  c e n t e r   b u t t e d   tube   has  neve r   b e e n  

m e n t i o n e d ,   b e c a u s e   the   c e n t e r   b u t t e d   tube   may  be  of  no  u s e  
fo r   b i c y c l e s .  

As  d e s c r i b e d   above ,   i t   is  g e n e r a l l y   c o n s i d e r e d   t h a t   t h e  
b u t t e d   p o r t i o n   of  the   tube   is  t h i c k e r   than   the  o t h e r   p o r t i o n  
t h e r e o f , a n d   is  t hus   a l s o   s t r o n g e r   than   the  o t h e r   p o r t i o n .  
A c c o r d i n g l y ,   the   p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  t h e  

a p p l i c a t i o n   of  t h e  t h i c k   and  s t r o n g  p o r t i o n   of  the  c e n t e r  
b u t t e d  t u b e   to  a  crown  p o r t i o n   o f  t h e   s i n g l e   u n i t   f r o n t  

f o r k .  

A c c o r d i n g   to  US-A-4  305  269  and  J P - A - 4 7 3 7 5 / 8 1   bo th   e n d  

p o r t i o n s   o f  a   t u b u l a r   f e r r o u s   b l a n k   are   t a p e r e d ,   and  i t s -  
m i d d l e   p o r t i o n   is  shaped   e l l i p s o i d a l ;   the   t u b u l a r   b l ank   s o  
s h a p e d   is  b e n t   at   t w o  p o s i t i o n s   of  the  midd le   p o r t i o n   a t  

r i g h t   a n g l e s  t o   f o r m  a   t w o - b l a d e   f o r k ;   t h e   t u b u l a r   f o r k  
formed  is  s e t   in  a  s e c t i o n a l   d ie   of  top  and  b o t t o m  m o l d s ,  
and  is  s u b j e c t e d   to  the   o i l   h y d r a u l i c   b u l g e - f o r m i n g   s t e p  t o  
b u l g e - f o r m   a  p r o t u b e r a n t   s o c k e t  i n   the  m i d d l e .   The  s o c k e t  

can  r e c e i v e   a  stem  to  form  a  f r o n t   fo rk   b l a n k   of  the   s i n g l e  
u n i t   t y p e .  

I t   s o u l d   be  n o t e d   t h a t   the   c e n t e r   b u t t e d   tube   is  n o t  a p p l i e d  
as  a  s t a r t i n g   m a t e r i a l   in  the  above  U . S .  a n d   J P - p r i o r  a r t  
d o c u m e n t s .  



A c c o r d i n g l y ,   i t   is  a  pr ime  o b j e c t   of  the   p r e s e n t   i n v e n t i o n  

t o  p r o v i d e   a  method  for   the  m a n u f a c t u r e   of  a  f r o n t   f o r k  

b l a n k   of  the   s i n g l e   u n i t   type   for   b i c y c l e s   by  a p p l y i n g   a  

c e n t e r   b u t t e d   t u b u l a r   f e r r o u s   m a t e r i a l   as  a  s t a r t i n g  
m a t e r i a l .  

I t   is  a n o t h e r   o b j e c t   of  t h e  i n v e n t i o n   to  p r o v i d e   a  m e t h o d  

fo r   the  m a n u f a c t u r e   of  a  f r o n t   fo rk   b l a n k   of  the  s i n g l e  
u n i t   type   for   b i c y c l e s   by  a p p l y i n g   the  c e n t e r   b u t t e d   t u b u l a r  
f e r r o u s   m a t e r i a l   as  a  s t a r t i n g   m a t e r i a l   and  a p p l y i n g   a l s o  
the   o i l   h y d r a u l i c   b u l g e - f o r m i n g   p r o c e s s   t h e r e t o   w i th   a  
v i e w  t o   s a v i n g   m a t e r i a l ,   e n e r g y ,  a n d   l a b o r ,   and  thus   m a r k e d -  

ly  r e d u c i n g   the   m a n u f a c t u r i n g   c o s t .  

F u r t h e r   o b j e c t s   of  the   i n v e n t i o n   w i l l   be  b e t t e r   u n d e r s t o o d  

from  the  f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   wi th   r e f e r e n c e   t o  
the  a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  
F i g u r e   1  is  a  s c h e m a t i c   view  of  a  f e r r o u s   t u b u l a r   s t a r t i n g  

m a t e r i a l   of  t h i s   i n v e n t i o n   showing  a  l o n g i t u d i n a l  
we lded   seam  r e p r e s e n t e d   as  a  d o t t e d   l i n e .  

F i g u r e   2  is  a  s e c t i o n a l   view  w h e r e i n  o n e   o f  t h e  m a c h i n e s  

fo r   making  a  c e n t e r   b u t t e d   tube   h a v i n g   an  o u t e r  
t h i c k   wa l l   in  the  m idd le   is  shown  in  a  v e r y  
s i m p l i f i e d   m a n n e r ;  

F i g u r e   3  is  a  s e c t i o n a l  v i e w   showing  the  same  c e n t e r   b u t t e d  
tube   h a v i n g   the  same  o u t e r   t h i c k   wa l l   in  t h e  
m i d d l e   as  the  tube   of  F ig .   2 .  

F i g u r e   4  is   a  s e c t i o n a l   view  showing  a n o t h e r   c e n t e r   b u t t e d  
t u b e   h a v i n g - a n   i n n e r   t h i c k   wa l l   in  the   m i d d l e .  

F i g u r e   5  is  a  s e c t i o n a l   view  showing  an  a d d i t i o n a l   c e n t e r  
b u t t e d   t u b e  h a v i n g   a n  i n n e r  a n d   o u t e r   t h i c k   w a l l  
in  the   m i d d l e .  

F i g s . 6 - 8   a r e - f r o n t   views  of  f r o n t   fo rk   b l a n k s   ben t   a n d  

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

F i g s .   3 - 5 ,  r e s p e c t i v e l y ;  



F i g u r e   9  is   a .  f r o n t   view  of  a  f r o n t   fo rk   b l a n k   of  t h e  

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

t h e  m e t h o d   of  the  i n v e n t i o n .  

F i g u r e   10  is  a  p e r s p e c t i v e   view  of  a  c o n v e n t i o n a l   c r o w n  
member  a v a i l a b l e   on  the  m a r k e t .  

F i g u r e   11  is   a  s c h e m a t i c   view  showing  t h r e e   components   o f  

a  c o n v e n t i o n a l   f r o n t   fo rk   b e f o r e   a s s e m b l y   a s  

compared   wi th   t h a t   of  the   s i n g l e   u n i t   type   d e -  

p i c t e d   in  F ig .   9 .  

F i g u r e   12  is  a  s i m p l i f i e d   s c h e m a t i c   view  showing  how  e a c h  

componen t   of  the   o i l   h y d r a u l i c   bu lge   fo rming   p r e s s  
mach ine   a c c o r d i n g   to  t h i s   i n v e n t i o n   is   f o r m e d ;  

F i g u r e   13  is  a  s c h e m a t i c   p l an   view  showing  how  a  t u b u l a r  
fo rk   b l a n k   s e t   in  a  bo t tom  mold  of  a  s e c t i o n a l  
d ie   is  s u b j e c t e d   to  the  o i l   h y d r a u l i c   b u l g e  
f o r m i n g   s t e p ,   and  how  a  work ing   o i l   under   p r e s s -  
ure  is  d e l i v e r e d   to  the  d i e .  

F i g u r e   14  is  a  d e t a i l e d   p l an   view  of  the  bo t tom  mold  o f  
the   s e c t i o n a l   d ie   in  which  the  t u b u l a r   fo rk   b l a n k  
is  s e t ,   and  a  mandre l   is  i n s e r t e d   i n t o   the   o p e n -  
ing  of  the   d i e .  

F i g u r e   15  is  a  s c h e m a t i c   view  of  the  mandre l   w i th   a  c o n c a v e  

r e c e s s   which  c o r r e s p o n d s   to  the   b u l g e - f o r m e d  
s o c k e t   of  the   f r o n t   fo rk   b l a n k .   a n d  

F i g u r e   16  is   a  s c h e m a t i c   view  of  the   s e c t i o n a l   d ie   c o n s i s t -  

ing  of  top  and  bo t tom  molds  h a v i n g   an  o p e n i n g   i n t o  
which  the   m a n d r e l   is  to  be  i n s e r t e d .  

R e f e r r i n g   to  the   d r a w i n g s   in  more  d e t a i l ,   F i g .  1  s h o w s   t h e  
t u b u l a r   f e r r o u s   s t o c k   1  w i th   t h e  l o n g i t u d i n a l   welded  s e a m  1 a ,  
w h i c h  i s   s p e c i f i e d   in  JIS  ( J a p a n e s e   I n d u s t r i a l   S t a n d a r d )  
G  3445"  Carbon  S t e e l   Tubes  for   Machine  S t r u c t u r a l   P u r p o s e s "  
STKM  11A-13A.  The  s t e e l   d e s c r i b e d   t h e r e i n   c o n t a i n s   l e s s  
t h a n   0 .25 %  C,  l e s s   t han   0.35  %  Si ,   0 . 3 0 - 0 . 9 0  %   Mn,  l e s s  
than   0 .040 %  P,  l e s s   than   0 .040 %  S,  the   r e m a i n d e r   be ing   F e ;  



and  has  the  f o l l o w i n g   p h y s i c a l   p r o p e r t i e s :   i t s   t e n s i l e  

s t r e n g t h   is   more  than   38  kg/mm2,  and  i t s   e l o n g a t i o n   m o r e  

than   35  %.  As  for   the  welded   seam,  a  s p i r a l l y   we lded   s eam 

is  not   s u i t a b l e ,   b e c a u s e   in  c h a r g i n g   the  we lded   t u b u l a r  
b l a n k   i n t o   the  s e c t i o n a l   die   d e s c r i b e d   h e r e i n a f t e r ,   c a r e  
s h o u l d   be  t a k e n   t h a t   t h e  w e l d e d   seam  1a  is  l o c a t e d   o u t s i d e  
the  a r e a   where  a  s i n g l e   component   is  to  be  b u l g e - f o r m e d .  

A  s e a m l e s s   tube   may  be  used  as  a  t u b u l a r   b l a n k ,   o f f e r i n g  
the   a d v a n t a g e   t h a t   no  a t t e n t i o n   may  be  pa id   to  the   w e l d e d  

seam  so  t h a t   the   s e a m l e s s   tube   may  be  a u t o m a t i c a l l y   c h a r g e d  
i n t o  t h e   d i e ,  t h o u g h ,   on  the   o t h e r   hand,   t h e  s e a m l e s s  t u b e  
is  more  e x p e n s i v e   t han   the   welded   t u b e .  

F ig .   2  shows  one  of  the  known  m a c h i n e s   for   making  a  b u t t e d  

t u b e ,   the  i n v e n t i o n   and  d e v e l o p m e n t   of  which  a re   q u i t e  
o l d .   The  " B i c y c l e   T e c h n i c a l   I n f o r m a t i o n   B u l l e t i n "   No.  13 

of  Japan   r e p o r t s   t h a t   the   " b u t t e d   t ube"   ( d e v e l o p e d   i n  
1890)  was  i m p o r t e d   from  B r i t i s h   Reyno lds   Co.  i n t o  J a p a n   a s  
a  s t e e l   tube   h a v i n g   a  t h i c k   end  w a l l .   Rauch  et   a l . : -  
" F a h r r a d t e c h n i k "   p u b l i s h e d   in  West  Germany  1980  by  B i e l e -  

f e l d e r   V e r l a g s a n s t a l t   KG  d e s c r i b e s   t h a t   the   " b u t t i n g   p r o c e s s "  

was  i n v e n t e d   in  1935  by  Reyno lds   Co. ,   and  f u r t h e r   d e v e l o p e d  
(p.  4 8 ) .  

As  m e n t i o n e d   h e r e i n b e f o r e ,   the   c e n t e r   b u t t e d   tube   w h o s e  
w a l l   is  p a r t i c u l a r l y   t h i c k   in  the   midd le   of  the   tube   l e n g t h  
has  neve r   been  a p p l i e d   for   use  in  the  b i c y c l e   t u b i n g .   I f  

the  c e n t e r   b u t t e d  t u b e   i s  c o n c e i v e d   as  a  t ube   as  w h o s e  

w a l l   is  only   t h i c k   i n  t h e   m i d d l e ,   t h r e e   d i f f e r e n t   t y p e s  
are   p r o p o s e d   as  f o l l o w s :  

(1)  The  m idd le   p o r t i o n   of  the  c e n t e r  b u t t e d   t u b e  

p r o t r u d e s ,   which  is  c a l l e d   " c e n t e r   b u t t e d   tube   w i th   a n  
out   er  t h i c k   w a l l "   (see  F ig .   3 ) .  



(2)  T h e  m i d d l e   p o r t i o n   of  the   c e n t e r   b u t t e d   tube   is  p l a i n  
a n d   s t r a i g h t ,   but   i t s   i n s i d e   m i d d l e   p o r t i o n   p r o t r u d e s :  
" c e n t e r   b u t t e d   tube   w i th   an  i n n e r   t h i c k   w a l l "   ( F i g . 4 ) .  

(3)  The  m i d d l e  p o r t i o n   of  the   c e n t e r   b u t t e d   t u b e ,   and  i t s  

i n s i d e   m idd le   p o r t i o n   p r o t r u d e s :   " c e n t e r   b u t t e d   t u b e  

w i t h   bo th   i n n e r   and  o u t e r   t h i c k   w a l l s "   (Fig .   5 ) .  

From  F ig .   2,  i t   can  be  seen  t h a t   the   c e n t e r   b u t t e d   t ube   2 

h a v i n g   the  o u t e r   t h i c k   wa l l   2a  can  in  p r i n c i p l e   m a n u f a c t u r e d  

by  a  known  mechan i sm  c o n s i s t i n g   of  a  d ie   14  which  s u r r o u n d s  
the   t ube   2  and  a  m a n d r e l   15  c l o s e l y   i n s e r t e d   i n t o   the  i n -  

s i d e   o f  t h e   tube   2.  The  o u t s i d e   d i a m e t e r   of  the   mandre l   15 

is   a l m o s t   e q u a l   to  the  i n s i d e   d i a m e t e r   of  the   tube   2  s o  
t h a t   the   m a n d r e l   15  can  be  i n s e r t e d   i n t o   the   i n s i d e   of  t h e  
t u b e   to  be  p r o c e s s e d   so  as  to  s u p p o r t   the  e x t e r n a l   f o r c e  
of  the   d ie   14  imposed  on  the   wa l l   of  the   t u b e .   The  tube   2 
i n t o   which  the   m a n d r e l   15  has  been  i n s e r t e d   is  t hen   s u b -  

j e c t e d   to  the   co ld   d r a w i n g   or  e x t r u d i n g   p r o c e s s   by  t h e  

d ie   14  in  o r d e r   to  r e d u c e   the  wa l l   t h i c k n e s s   of  the   tube   2 

e x c e p t  f o r   the   m i d d l e   p o r t i o n ,   namely  the  b u t t e d   p o r t i o n  
2a,  to  abou t   60  %  of  the  o r i g i n a l   wa l l   t h i c k n e s s ,   w h e r e b y  
the   c e n t e r   b u t t e d   tube   2  w i th   the  o u t e r   t h i c k   wa l l   2a  i s  
f o r m e d .  

I t   is  u n d e r s t o o d   t h a t   F ig .   2  shows   the   f u n d a m e n t a l   p r i n c i p l e  
of  the   known  m e t a l   p r o c e s s i n g   mechanism  fo r   m a n u f a c t u r i n g  

a  b u t t e d   t u b e .   In  a d d i t i o n ,   t h e r e   are   many  o t h e r   m a c h i n e s  
which  may  be  used   in  the   m a n u f a c t u r e  o f   any  of  the  c e n t e r  
b u t t e d   t u b e s   l i s t e d   unde r   ( 1 ) - ( 3 )   a b o v e :  

I n i t i a l l y ,   t h e  l e n g t h   of  a  t u b u l a r   s t a r t i n g   m a t e r i a l   i s  
a b o u t   60-65  c m .  I t   is  e l o n g a t e d   to  abou t   90  cm  when  b e i n g  

s u b j e c t e d   to  a  s e r i e s   of  co ld   r o l l i n g ,   d r a w . i n g , . s w a g i n g ,  
and  t a p e r i n g   s t e p s ,   e t c .   The  l e n g t h   of  the   midd le   p o r t i o n  
of  the   t u b u l a r   b l a n k   is  s e l e c t e d   to  be  abou t   10-15  cm,  
and  the   l e n g t h   of  each  b l a d e   p o r t i o n   is  e q u a l   to  a b o u t  
h a l f   the   b a l a n c e ,   name ly ,   abou t   3 4  -   40  cm,  r e s p e c t i v e l y .  



The  o u t s i d e   d i a m e t e r   o f  t h e   t u b u l a r   m a t e r i a l   is  in  t h e  

r ange   of  2 3 . 8 - 2 5 . 4   mm  and  the  wa l l   t h i c k n e s s   is  2 - 2 . 3   mm. 
This   s i z e   and  d i m e n s i o n   is  m e r e l y   i l l u s t r a t i v e ,   and  i t   i s  
u n d e r s t o o d   t h a t   the   p r e s e n t   i n v e n t i o n   s h o u l d   not  b e  

l i m i t e d   t h e r e b y .  

The  wa l l   t h i c k n e s s   of  the  b u t t e d   p o r t i o n   of  the   c e n t e r  

b u t t e d   tube   l i s t e d   in  (1)  and  (2)  is  in  the  r ange   o f  
2 - 2 . 3   mm  which  is  the  o r i g i n a l   t h i c k n e s s   of  the   t u b u l a r  
s t a r t i n g   m a t e r i a l ,   and  wh i l e   the  t h i c k n e s s   of  the   two  e n d  

p o r t i o n s   which  are   r e d u c e d   by  40 %  is  in  the   r ange   o f  

1 . 2  -   1.38  mm,  which  is  60 %  of  the  o r i g i n a l   t h i c k n e s s .  

The  wa l l   t h i c k n e s s   of  the   b u t t e d   p o r t i o n   of  the   c e n t e r  

b u t t e d   tube   of  (3)  is  a l m o s t   the  same  as  t h a t   of  (1)  a n d  

(2) .   The  d e t a i l s   are   o m i t t e d .  

Next ,   bo th   r e d u c e d   or  t h i n   p o r t i o n s   of  the   c e n t e r   b u t t e d  
tube   are   s u b j e c t e d   to  the  t a p e r i n g   p r o c e s s   by  a  known 

swaging   mach ine   and  the  l i k e   to  form  t a p e r e d   b l a d e s .   I n  

a d d i t i o n ,   the   s e c t i o n   of  the   b u t t e d   p o r t i o n   may  be  s h a p e d  

e l l i p t i c a l l y   or  o v a l l y ,   as  d e s i r e d .  

The  c e n t e r   b u t t e d   t u b e s   d e p i c t e d   in  F i g s .   3-4  a re   t h e n  
s u b j e c t e d  t o   the  b e n d i n g   p r o c e s s   p r o d u c i n g   abou t   r i g h t  
a n g l e s   in  the  same  d i r e c t i o n   and  in  the  same  p l a n e   at   two  

p o s i t i o n s   so  as  to  form  t u b u l a r   fo rk   b l a n k s   as  shown  i n  

F i g s .   6-8 .   I t   s h o u l d   be  no t ed   t h a t   the   b u t t e d   p o r t i o n   o f  

the  tube   i n c l u d e s   bo th   ben t   s h o u l d e r s .  a t   two  p o s i t i o n s   a s  
i l l u s t r a t e d   in  F i g s .   6-8  in  o r d e r   to  g i v e  t h e   s h o u l d e r s  -  
s u f f i c i e n t   s t r e n g t h   to  s u p p o r t   bo th   b l a d e s .   I t   is  a l s o  
to  be  n o t e d   t h a t   the   l o n g i t u d i n a l   we lded   s e a m  o f  t h e  
t u b u l a r   m a t e r i a l   s hou ld   f ace   d o w n w a r d l y ,   in  o t h e r   w o r d s ,  

t h e   seam  of  the  b u t t e d   p o r t i o n   f a c e s   downward ly   so  t h a t  
the   seams  o f - b o t h   b l a d e   p o r t i o n s   be tween   the  two  b l a d e s  
face   e a c h  o t h e r .  



The  b e n d i n g   o p e r a t i o n   w h e r e i n   the  s t r a i g h t   c e n t e r   b u t t e d  

tube   is  b e n t   a t  t w o   p l a c e s ,   p r o d u c i n g   n e a r l y   the  r i g h t  

a n g l e   to  form  a  t u b u l a r   fo rk   shape   w i th   two  p rongs   o r  

b l a d e s ,   is  p e r f o r m e d   by  a  known  method  and  m a c h i n e .   The  

b e n d i n g   o p e r a t i o n   may  be  c a r r i e d   out   e i t h e r   in  two  s t e p s ,  

b e n d i n g   o n e  b l a d e   f i r s t   and  then   the   o t h e r   or  in  a  s i n g l e  

s t e p   b e n d i n g   two  b l a d e s   s i m u l t a n e o u s l y .  

F i g .   9  is   a  s i m p l i f i e d   view  showing  a  f r o n t   fo rk   b l ank   8 

w i th   two  b l a d e s   8a  and  8b  of  the   s i n g l e   u n i t   t y p e .   A 

s o c k e t   8c  is   to  be  formed  by  the  o i l   h y d r a u l i c   b u l g e -  

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

I t   is  to  be  n o t e d   t h a t   the   f r o n t   f o r k   b l ank   8  of  the   s i n g l e  
u n i t   type   as  shown  in  F ig .   9  s h o u l d   be  compared  wi th   a  
d i s a s s e m b l e d   f r o n t   f o r k   of  the   p r i o r   a r t   i l l u s t r a t e d   i n  

F i g .   11.  The  c o n v e n t i o n a l   f r o n t   fo rk   is  m a n u f a c t u r e d   b y  

j o i n i n g   two  b l a d e s   to  a  crown  member  shown  in  F ig .   10  b y  

b r a z i n g   and  the   l i k e .   As  can  be  seen  the   f r o n t   fo rk   of  t h e  

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

crown  nor  a  b r a z i n g   s t e p .   Thus  i t   is  c l e a r   t h a t   t h e  

m a n u f a c t u r i n g   c o s t   of  t h i s   i n v e n t i o n   can  be  c o n s i d e r a b l y  
r e d u c e d   as  compared   wi th   t h a t   of  the   p r i o r   a r t .  

As  r e g a r d s   the  m a n u f a c t u r e   of  a  crown  member  d e p i c t e d   in  10 ,  
such  a  crown  member  is  at   p r e s e n t   g e n e r a l l y   m a n u f a c t u r e d  

in  two  m e t h o d s :   (a)  a  m o l t e n   me ta l   is  c a s t   i n t o   a  c r o w n -  
s h a p e d  m o l d ;   and  (b)  a  m e t a l   p l a t e   is  s u b j e c t e d   to  t h e  

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

formed  p r o d u c t   is  we lded   t o g e t h e r  t o  o b t a i n   a  f i n i s h e d  

crown.   A c c o r d i n g l y ,   t he   m a n u f a c t u r i n g   c o s t   of  the   c r o w n  
s h o u l d   not   be  n e g l i g i b l e .  

Next ,   the   t u b u l a r   fo rk   b l a n k   of  the  s i n g l e   u n i t   type   shown 
in  Figs ' .   6 '-8 -is  s e t   i n t o   a  s e c t i o n a l   d ie   13  (Fig .   16) 

c o n s i s t i n g   of  a  t o p  h a l f   13b  and  a  bo t tom  h a l f   13c,  and  i s  

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



a  s o c k e t   8c  (F ig .   9).   The  o i l   h y d r a u l i c   b u l g e - f o r m i n g  

p r o c e s s   to  expand  a  component   of  a  d e s i r e d   shape  from  t h e  

t u b u l a r   s t o c k   by  i n s e r t i n g   i t   i n t o   the  s e c t i o n a l   die   13 

(F ig .   16) ,   and  i n t r o d u c i n g   a  w o r k i n g   o i l   unde r   h i g h  

p r e s s u r e   i n t o   the  t u b u l a r   b l a n k   in  the  d ie   to  expand  t h e  

above  component   is  d i s c l o s e d   in  Japan   P a t e n t   Nos.  4 1 7 , 7 2 8 ;  

4 1 7 , 7 3 0 ;   418 ,055   (1963) ,   and  a l s o   in  " I n d u s t r i e   A n z e i g e r " ,  

1966,  pp.  770  and  1 0 0 1 .  

F ig .   12  shows  a  s c h e m a t i c   view  of  a  b u l g e - f o r m i n g   p r e s s  
mach ine   21  c o m p r i s i n g   an  a rch   f rame  22,  a  v e r t i c a l l y   r e -  
c i p r o c a t i n g   ram  23  s u s p e n d e d   from  the  t op ,   and  a  p a i r   o f  

h o r i z o n t a l l y   r e c i p r o c a t i n g   opposed   rams  24,25  at   e i t h e r  

s i d e .   The  top  h a l f   13b  of  the  d ie   13  is  s e c u r e d   to  t h e  

v e r t i c a l   ram  23  wi th   i t s   r e c e s s   f a c i n g   d o w n w a r d l y ,   and  t h e  

b o t t o m   h a l f   13c  is  b o l t e d   onto   the  bed  26  w i th   i t s   r e c e s s  
f a c i n g   u p w a r d l y   so  t h a t   the   t u b u l a r   fo rk   b l a n k   is  s e t   w i t h -  
in  the  d ie   13  when  the  top  h a l f   13b  is  e x a c t l y   put   on  t h e  
b o t t o m   h a l f   1 3 c .  

I t   is  to  be  n o t e d   t h a t   F ig .   13  of  the   d r a w i n g s   of  t h i s   i n -  

v e n t i o n   is  a  m o d i f i e d   p l an   view  i l l u s t r a t e d   in  F ig .   3  o f  

US-A-4  051  704  e n t i t l e d ,   "Method  fo r   the  M a n u f a c t u r e   o f  

O r n a m e n t a l   Head  Lug  of  S i n g l e   Uni t   Type  for   B i c y c l e s "   i n -  
v e n t e d   by  S.  Kumura.  In  t h i s   US-A-4  051  704,  a  s t r a i g h t  
t u b u l a r   b l a n k   is  s e t   in  the  s e c t i o n a l   d ie   and  s u b j e c t e d   t o  

t h e  o i l   h y d r a u l i c   b u l g e - f o r m i n g   p r o c e s s   to  expand  two  p r o -  
t u b e r a n t  ' c o m p o n e n t s   wi th   the  h y d r a u l i c   o i l   d e l i v e r e d   f r o m  

b o t h   end  o p e n i n g s   of  the  t u b u l a r   b l a n k .   However,   in  t h i s  

i n v e n t i o n ,  w h e n   a  t u b u l a r   fo rk   b l a n k   is  s u b j e c t e d   to  t h e  
o i l   h y d r a u l i c   b u l g e - f o r m i n g   p r o c e s s ,   the   l e f t   s i de   of  t h e  
p l an   view  of  F i g .   13  is  no  longer ,   r e q u i r e d ,   b e c a u s e   t h e  

h y d r a u l i c   o i l   s h o u l d   be  d e l i v e r e d   from  the  r i g h t   s i d e   o n l y  
as  bo th   end  o p e n i n g s   of  the  t u b u l a r   fo rk   are   d i r e c t e d   t o  

the   same  r i g h t   s i d e .   T h e r e f o r e  t h e   o i l   and  p r e s s u r e   l i n e s  

d e p i c t e d   a t   the   l e f t   s ide   of  the  view  of  F ig .   13  a r e  
c l o s e d   to  be  i n o p e r a t i v e .   The  t u b u l a r   fo rk   b l a n k   8  has  t w o  



t u b u l a r   b l a d e s   8 a , 8 b ,   wi th   the  r e s u l t   t h a t   t h e r e   is  a  
h o l l o w   vo id   from  one  end  o p e n i n g   of  the  one  b l a d e   8a  t o  
the   o t h e r   end  of  the   o t h e r   b l a d e   8b  as  s een   from  the  t o p .  
F i r s t ,   the   h y d r a u l i c   o i l   which  is  not   p r e s s u r i z e d   i s  
i n t r o d u c e d   i n t o   one  end  o p e n i n g   of  the  b l a d e   in  t h e  

d i r e c t i o n   o f  t h e   a r row  as  shown  in  F ig .   14  wi th   the  o t h e r  

end  o p e n i n g   b e i n g   c l o s e d   to  f i l l   the   whole  t u b u l a r   fo rk   8 
in  the  d i e 1 3   wi th   the   o i l .   When  bo th   end  o p e n i n g s   a r e  
t i g h t l y   c l o s e d ,   the   o i l   is  put   under   p r e s s u r e   by  a p p l y i n g  
the   h igh   p r e s s u r e   pump  18  i n s t e a d   of  the  o i l   s u p p l y   pump 
19  to  a t t a i n   a  d e s i r e d   p r e s s u r e   v a l u e   of  950-1200  k g / c m 2 .  
R e c e n t   r e s e a r c h   h a s  p r o v e d   t h a t   the   h i g h e s t   v a l u e   of  t h e  
o i l   p r e s s u r e   r e a c h e s   up  to  1500  k g / c m 2 .  

In  F ig .   13,  p i s t o n   16,  16a  are  housed   in  c y l i n d e r s   1 7 , 1 7 a ,  
r e s p e c t i v e l y ,   bu t   the   p i s t o n   16  is  i n o p e r a t i v e   and  a  p a s s a g e  
20  is   c l o s e d   as  d e s c r i b e d   h e r e i n b e f o r e .   The  o i l   and  p r e s s u r e  
a re   d e l i v e r e d   from  a  c e n t r a l   bore   shown  as  a  d o t t e d   l i n e  
and  p r o v i d e d   w i t h i n   the  p i s t o n   16a.  I t   is  to  be  no t ed   t h a t  
the   c e n t r a l   bore   of  the   p i s t o n   16a  is  d i v i d e d   i n t o   two  

p a r t s ,   name ly ,   tow  end  o p e n i n g s  o f   two  b l a d e s .  

In  F ig .   16,  the   s e c t i o n a l   die   13  is  p r o v i d e d   wi th   an  o p e n -  
ing  13a  a t   i t s   end,   and  a  mandre l   12  shown  in  F ig .   15  i s  

so  d e s i g n e d   t h a t   i t   can  be  i n s e r t e d   i n t o   the  open ing   1 3 a .  
The  m a n d r e l   12  has  a  f l a n g e   12b  at   i t s   one  end  wh i l e   a  
c o n c a v e   r e c e s s   19a  is   formed  at   o t h e r   e n d .  

In  c a r r y i n g   out   the   b u l g e - f o r m i n g   p r o c e s s   o f  t h i s   i n v e n t i o n ,  
b o t h   p r o c e s s e s   as  shown  in  F i g s .   13-14  a re   p e r f o r m e d   in  a  
s i m i l a r   way.  The  p r o c e s s   of  F ig .   13  is  somewhat  d i f f e r e n t  

from  t h a t   of  F ig .   14  in  t h a t   the  m a n d r e l   of  F ig .   15  i s  
no t   used   in  the   f o r m e r   p r o c e s s   wh i l e   the  mandre l   m u s t  b e  

a p p l i e d   i n  t h e   l a t t e r .  

The  s e c t i o n a l   d i e   13  is  p r o v i d e d   wi th   a  r e c e s s   c o r r e s p o n d -  
ing  to  a  d e s i r e d   s h a p e ,   and  in  the  p r e s e n t   i n v e n t i o n   t h e  



r e c e s s   is  formed  as  a  s o c k e t   8c  at  the   midd le   of  the  t o p  
or  s h o u l d e r   of  the   t u b u l a r   fo rk   b l a n k   8.  A s  s o o n   as  t h e  

w o r k i n g   o i l   27  w i th   a  p r e s s u r e   of  950-1500  kg/cm2  is  f o r c e d  
i n t o   the  t u b u l a r   fo rk   b l a n k   8  in  the  die   13,  the   m i d d l e  

top  8c  is  b u l g e - f o r m e d   i n t o   the  s o c k e t - l i k e   r e c e s s   8c  o f  
t h e   die   13  (shown  as  d o t t e d   l i n e   in  F ig .   14).   At  the  v e r y  
b e g i n n i n g ,   the   p r o d u c t i o n   of  a  b i c y c l e   p a r t   or  s i m i l a r  

p r o d u c t   from  a  t u b u l a r   m a t e r i a l   by  the  b u l g e - f o r m i n g   p r o c e s s  
was  c o n s i d e r e d   a l m o s t   i n f e a s i b l e ,   but   mass  p r o d u c t i o n   o f  

v a r i o u s   b i c y c l e   p a r t s   by  the  b u l g e - f o r m i n g   p r o c e s s   h a s  
been  in  f u l l   swing  for   the  p a s t   t w e n t y   y e a r s .  

The  h e i g h t   of  the   b u l g e - f o r m e d   s o c k e t   8c  may  be  5-10  mm, 
as  d e s i r e d .  

Next ,   the  b u l g e - f o r m i n g   p r o c e s s   in  a c c o r d a n c e   wi th   t h e  

t e a c h i n g   of  F ig .   14  w i l l   be  d e s c r i b e d   h e r e i n b e l o w .  

As  soon  as  the  p r e s s u r e   of  the  h y d r a u l i c   o i l   f i l l e d   in  t h e  
t u b u l a r   fo rk   b l a n k   s e t   in  the  die   13  has  r e a c h e d   the  v a l u e  
of  950-1500  kg /cm2,   the  mandre l   12  wi th   the  r e c e s s e d   f e m a l e  
die   12a  is  c a u s e d   to  impinge   on  the  midd le   top  of  t h e  
t u b u l a r   b l a n k   8  in  o r d e r   to  b u l g e - f o r m   the  s o c k e t   8c.  As 

can  be  s e e n ,   the   concave   r e c e s s   12a  of  the  m a n d r e l   12 

c o r r e s p o n d s   to  the  c o n t o u r   of  the   s o c k e t   8c  to  be  b u l g e -  
fo rmed ,   in  o t h e r   words ,   the   s o c k e t   8c  a c t s   as  a  male  d i e  
w h i l e   the  r e c e s s   12a  a c t s   as  a  f ema le   d i e .   I t   is  u n d e r -  
s t o o d   t h a t   the   die   13  of  F ig .   13  is  p r o v i d e d   wi th   t h e  

r e c e s s   8c  which  c o r r e s p o n d s   to  the  c o n t o u r  o f   the  s o c k e t  
8 c .  

I t   is  to  be  no t ed   t h a t   the   s o c k e t   8c  s h o u l d   not   be  o p e n e d  
s i m u l t a n e o u s l y   at   the  b e g i n n i n g   of  the  h igh   p r e s s u r e   o i l  
b u l g e - f o r m i n g   s t e p ,   but   s h o u l d   be  o p e n e d  b y   s e v e r i n g   i t s  
c l o s e d   top  a f t e r   the   b u l g e - f o r m i n g   s t e p .  T h e   t u b u l a r   f r o n t  

f o r k   b l a n k   thus   m a n u f a c t u r e d   by  the  b u l g e - f o r m i n g   p r o c e s s  
from  the  c e n t e r   b u t t e d   tube   is  an  u n f i n i s h e d   f r o n t   f o r k  



p r o d u c t ,   from  which  a  f i n i s h e d   f r o n t   fo rk   a r t i c l e   c o n s i s t -  

ing  of  stem  (not   shown) ,   s o c k e t   on  the  crown  i n t e g r a l   w i t h  
two  b l a d e s ,   and  fo rk   ends  (not  shown)  is  o b t a i n e d   by  t h e  
known  v a r i o u s   w o r k i n g   s t e p .  

F i n a l l y ,   the   c a p a c i t y   of  the   rams  now  in  o p e r a t i o n   i s  
d e s c r i b e d :   v e r t i c a l   ram  23  is  120-360  t . ;   h o r i z o n t a l   r a m  
24  or  25  is  60-180  t . ;   and  the  o i l   h y d r a u l i c   p r e s s u r e   i s  
950-1500   kg /cm2.   The  f e r r o u s   t u b u l a r   b l ank   can  be  b u l g e -  
fo rmed   w i th   the  d ie   b e i n g   s u b j e c t e d   to  the  combined  l o a d  
m e n t i o n e d   a b o v e .  



1.  A  method  for   the  m a n u f a c t u r e   of  a  f r o n t   fo rk   b l a n k   o f  
the  s i n g l e   u n i t   type   for   use  in  b i c y c l e s   from  a  c e n t e r  

b u t t e d   f e r r o u s   t u b u l a r   m a t e r i a l   h a v i n g   a  midd le   b u t t e d  

p o r t i o n   and  bo th   t h i n   end  p o r t i o n s   p r o d u c e d   by  s u b -  

j e c t i n g   a  s t r a i g h t   f e r r o u s   t u b u l a r   m a t e r i a l   to  a  known 

me ta l   d r awing   p r o c e s s   in  a  machine   p r o v i d e d   wi th   a  
m a n d r e l   i n s e r t e d   i n t o   s a i d   s t r a i g h t   t u b u l a r   m a t e r i a l   a n d  
a  d r awing   d i e ,   c o m p r i s e s   a  s e r i e s   of  s t e p s   of  b e n d i n g  
s a i d   two  t h i n   end  p o r t i o n s   of  s a i d   c e n t e r   b u t t e d   t u b u l a r  
m a t e r i a l   in  the  same  d i r e c t i o n   and  in  the  same  p l a n e   r e -  
l a t i v e   to  s a i d   midd le   b u t t e d   p o r t i o n   c o n s t i t u t i n g  
the  top  to  form  a  t u b u l a r   fo rk   hav ing   two  p a r a l l e l  
b l a d e s ;   p r o v i d i n g   an  o p e n i n g   at  o n e  e n d   of  a  s e c t i o n a l  
die   c o n s i s t i n g   of  a  top  h a l f   and  a  bo t tom  h a l f   and  a  
m a n d r e l   w i th   a  concave   r e c e s s   d e s i g n e d   to  mate  wi th   a  
p r o t u b e r a n t   s o c k e t   to  be  b u l g e - f o r m e d   on  s a i d   m i d d l e  

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

o p e n i n g   of  s a i d   d i e ;   i n s e r t i n g   s a i d   c e n t e r   b u t t e d  
t u b u l a r   fo rk   i n t o   s a i d   die  d e s i g n e d   to  b u l g e - f o r m   s a i d  

p r o t o b e r a n t   s o c k e t   on  s a i d   m idd le   p o r t i o n   of  s a i d  
t u b u l a r   f o r k ;   s u b j e c t i n g   s a i d   t u b u l a r   fo rk   in  s a i d   d i e  
to  the  combined   load  of  a  v e r t i c a l   c o m p r e s s i v e   l o a d ,  
a x i a l   c o m p r e s s i v e   l o a d s ,   and  a  h igh   p r e s s u r e   o i l  

s u p p l i e d   i n t o   the  i n t e r i o r   of  s a i d   t u b u l a r   f o r k   f r o m  

both   end  o p e n i n g s   of  s a i d   t u b u l a r   b l a d e s ;   and  a p p l y -  
ing  the  known  o i l   h y d r a u l i c   b u l g e - f o r m i n g   p r o c e s s   t o  

b u l g e - f o r m   s a i d  p r o t u b e r a n t   s o c k e t   on  the  m idd le   o f  
s a i d  t u b u l a r   fo rk   m a t e r i a l .  

2.  Method  as  c l a i m e d   in  C la im  w h e r e i n   s a i d   s e c t i o n a l  

d ie   has  no  o p e n i n g   at   one  end,  the  i n t e r i o r   of  s a i d  
s e c t i o n a l   d ie   is  p r o v i d e d   wi th   a  concave   r e c e s s   d e -  
s i g n e d   to  mate  wi th   s a i d   p r o t u b e r a n t   s o c k e t   to  b e  
b u l g e - f o r m e d   on  s a i d   m idd le   b u t t e d   p o r t i o n   of  s a i d  
t u b u l a r   fo rk   m a t e r i a l ,   w h e r e i n   no  m a n d r e l   is  p r o v i d e d .  



3.  Method  as  c l a i m e d   in  Cla ims  1  o r  2   w h e r e i n   s a i d   b u t t e d  

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

wi th   a  w a l l   o u t w a r d l y   p r o t r u d i n g   r e l a t i v e   to  s a i d  

s t r a i g h t   t h i n   wa l l   of  s a i d   c e n t e r   b u t t e d   t u b e .  

4.  Method  as  c l a i m e d   in  Cla ims  1  or  2  w h e r e i n   s a i d   b u t t e d  

m i d d l e   p o r t i o n   of  s a i d   c e n t e r   b u t t e d   tube   is  formed  w i t h  

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

5.  Method  as  c l a i m e d   in  Cla ims  1  or  2  w h e r e i n   s a i d   b u t t e d  

midd le   p o r t i o n   of  s a i d   c e n t e r   b u t t e d   tube   is  formed  w i t h  

w a l l s   bo th   o u t w a r d l y   and  i n w a r d l y   p r o t r u d i n g   r e l a t i v e  

to  the  m idd le   l o n g i t u d i n a l   l i n e   of  s a i d   c e n t e r   b u t t e d  
t u b e .  

6.  Method  as  claimed  in  any  of  Claims  1  to  5  wherein  said  f e r r o u s  
t u b u l a r   fo rk   b l a n k   fo r   use  in  the  b i c y c l e   has  a b o u t  
90  cm  in  l e n g t h ,   the   wa l l   t h i c k n e s s   of  s a i d   c e n t e r   b u t t e d  

p o r t i o n   is  in  the   r ange   of  2 - 2 . 3   mm,  the   l e n g t h   of  s a i d  
c e n t e r   b u t t e d   p o r t i o n   is  in  the  r ange   of  10-15  cm,  t h e  

o u t e r   d i a m e t e r   of  s a i d   c e n t e r   b u t t e d   p o r t i o n   is  in  t h e  

r ange   of  2 3 . 8 - 2 5 . 4   mm,  the  wa l l   t h i c k n e s s   o f  b o t h   t h i n  
end  p o r t i o n s   is  in  the  range   of  1 . 2 - 1 . 3 8   mm,  and  t h e  

o r i g i n a l   l e n g t h   of  s a i d   s t r a i g t h   f e r r o u s   t u b u l a r  m a t e r i a l  
is   in  the   r ange   of  60-65  cm;  and  i t s   c h e m i c a l   c o m p o s i t i o n  
is  l e s s   t han   0 .12 %  C,  0.35  %  S i ,   0 . 2 5 - 0 . 6 0  %   Mn, 
0.040  %.P,  and  0 .040 %  S  maximum,  r e s p e c t i v e l y ,   t h e  
r e m a i n d e r   b e i n g   Fe;  and  i t s   p h y s i c a l   p r o p e r t i e s   b e i n g  

as  f o l l o w s :   t e n s i l e   s t r e n g t h   32-42  kg/cm2,   e l o n g a t i o n  
30-40  %. 
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