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©  Connecting  structure  for  two  members. 
©  A  cylindrical  member  (1)  is  fitted  into  a  recess  formed  in 
a  surface  of  a  flat  member  (2)  which  is  placed  opposite  one 
gnd  of  said  cylindrical  member. 

Preferably,  a  plurality  of  annular  grooves  (1B)  are 
formed  in  the  surface  of  one  end  portion  of  the  cylindrical 
member  (1)  and  the  bottom  of  the  grooved  portion  is 
provided  with  knurled  portion  (1C).  A  portion  of  the  flat 
portion  placed  in  the  vicinity  of  the  grooved  portion  is 
pressed  in  the  axial  direction  of  the  cylindrical  member  (1) 
and  a  portion  of  the  flat  member  (2)  is  plastically  deformed 
into  the  grooved  and  knurled  portion  of  the  cylindrical 
member  (1),  whereby  the  cylindrical  member  (1)  is  con- 
nected  to  the  flat  member  (2)  with  a  butt  joint. 
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B a c k g r o u n d   of  t h e   I n v e n t i o n  

( F i e l d   of   t h e   I n v e n t i o n )  

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

two  m e m b e r s ,   and  more   p a r t i c u l a r l y   to   a  s t r u c t u r e   of  c o n n e c t i n g  

two  members   w h i c h   i s   s u i t a b l e   f o r   u s e   in   c o n n e c t i n g   a  p r e f e r a b l y  

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

to  e a c h   o t h e r   w i t h   a  b u t t   j o i n t .  

( P r i o r   A r t   of   t h e   I n v e n t i o n )  

B u t t i n g   a  c y l i n d r i c a l   member   a g a i n s t   a  f l a t   member  a n d  

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

b e t w e e n   to  c o n n e c t   t h e s e   m e m b e r s   t o g e t h e r   is   a l s o   known,   i t  

i s   d i s c l o s e d   in  J a p a n e s e   P a t e n t   L a i d - o p e n   No.  1 5 0 , 7 6 1 / 1 9 7 9 .  

A c c o r d i n g   to  t h i s   p r i o r   a r t ,   an  a n n u l a r   g r o o v e   of  a  w i d t h  

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

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

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

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

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

of  t h e   c y l i n d r i c a l   m e m b e r .   A  m e t a l   p i e c e   w h i c h   h a s  a  

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

t h e   two  m e m b e r s   b e i n g   c o n n e c t e d   t o g e t h e r   i s   i n s e r t e d   i n t o  

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



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

d e f o r m   t h e   m e t a l   p i e c e   and  t h e r e b y   c o m b i n e   t h e   two  m e m b e r s .  

T h i s   k i n d   of  m e t h o d   i n c r e a s e s   t h e   s t r e n g t h   w i t h   w h i c h   t h e  

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

e f f e c t   can  be  o b t a i n e d   e a s i l y   when  a t t a c h i n g   a  b a s e   c o v e r ,  

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

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

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

t h i s   s t r u c t u r e   i s   no t   s u i t a b l e   f o r   c o n n e c t i n g   a  c y l i n d r i c a l  

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

Summary   of   t h e   I n v e n t i o n '  

( O b j e c t   of  t h e   I n v e n t i o n )  

An  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e   a  

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

e c o n o m y   of   m a t e r i a l s   to  be  u s e d   and  t h e   i m p r o v e m e n t   of   t h e  

g a s t i g h t n e s s   b e t w e e n   m e m b e r s .  

A n o t h e r   o b j e c t   o f - t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e  

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

e a s y   and  r e l i a b l e   c o n n e c t i o n   o f  a   c y l i n d r i c a l   member   p e r -  

p e n d i c u l a r l y   to  a  f l a t   or   c y l i n d r i c a l   m e m b e r .  

( F e a t u r e   of  t h e   I n v e n t i o n )  

The  p r e s e n t   i n v e n t i o n   i s   c h a r a c t e r i z e d   in  t h a t   a  f i r s t  

member   i s   f i t t e d   i n t o   a  r e c e s s   f o r m e d   in   a  s u r f a c e   of   a  

s e c o n d   member   w h i c h   i s   p l a c e d   o p p o s i t e   one   end  of  s a i d   f i r s t  



m e m b e r ,   a t   l e a s t   one  a n n u l a r   g r o o v e   i s   f o r m e d   on  a  s u r f a c e  

of  e i t h e r   of   s a i d   f i r s t   member  or  s a i d   s e c o n d   member ,   and  a  

p o r t i o n   of  s a i d   f i r s t   member   or  s a i d   s e c o n d   member  i s  

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

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

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

and  s e c o n d   m e m b e r s   a r e   c o n n e c t e d   t o g e t h e r   by  t he   b i n d i n g   f o r c e  

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

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

B r i e f   D e s c r i p t i o n   of   t h e   D r a w i n g s  

The  a c c o m p a n y i n g   d r a w i n g s   show  e m b o d i m e n t s   of  t h e   p r e s e n t  

i n v e n t i o n ,   w h e r e i n :  

F i g .   1  i s   a  p a r t i a l l y - c u t a w a y   v i e w   of   a  f l a t   p l a t e   a n d  

a  b o t t o m e d   c y l i n d r i c a l   p a r t   c o n n e c t e d   t o g e t h e r ;   . 

F i g .   2A  i s   a  s e c t i o n   t h r o u g h   t h e   p a r t s   of  F i g .   1 ,  

i l l u s t r a t i n g   t h e   m e t h o d   of   t h e i r   c o n n e c t i o n ;  

F i g .   2B  i s   an  e n l a r g e d   v iew  of  a  p r i n c i p a l   p o r t i o n   o f  

F i g .   2A; 

.  F i g .   3 . i s   a  p a r t i a l l y - c u t a w a y   v i e w   of   a  b o t t o m e d  

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

i n v e n t i o n ;  

F i g .   4  i s   a  p a r t i a l l y - c u t a w a y   v iew  of  p a r t s   c o n n e c t e d  

by  a  t h i r d   e m b o d i m e n t   of   t h e   p a r t - c o n n e c t i o n   m e t h o d   of  t h e  

p r e s e n t   i n v e n t i o n ;  



F i g .   5  i s   a  s e c t i o n   t h r o u g h   a  c r a n k s h a f t   to   w h i c h   t h e  

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

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

F i g s .   1  and  2  show  an  e m b o d i m e n t   of  t he   s t r u c t u r e   o f  

c o n n e c t i n g   two  m e m b e r s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,  

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

c o n n e c t e d   t o g e t h e r   w i t h   a  b u t t   j o i n t .  

R e f e r r i n g   to  t h e   d r a w i n g s ,   a  f i r s t   c y l i n d r i c a l   p a r t   1 

is   p r o v i d e d   w i t h   a  b o t t o m   1A  and  i s   f o r m e d   in  t h e   s h a p e   of   a  

cup  by,   f o r   e x a m p l e ,   c o l d   p r e s s i n g   an  i r o n   b l a n k .   The  f i r s t  

member   1  i s   p r o v i d e d   w i t h   a t   l e a s t   one  c o n t i n u o u s   g r o o v e   1B 

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

end  p o r t i o n   t h e r e o f .  T h e  b o t t o m   of   t h e   g r o o v e   is   p r o v i d e d  

w i t h   a  p l u r a l i t y   of   c o n t i n u o u s   bumps  and  i n d e n t a t i o n s   1C 

and  t h e   g r o o v e s   a r e   p r e f e r a b l y   f o r m e d   to   be  p o s i t i o n e d   in  t h e  

p o r t i o n   of  t h e   o u t e r   c i r c u m f e r e n t i a l   s u r f a c e   of  t h e   p a r t   1 

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

1A  t h e r e o f .   The  bumps  and  i n d e n t a t i o n s   1C  a r e   f o r m e d  b y  

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

a n g l e   of  i n c i d e n c e   of  a b o u t   30°  in   t h a t   p o r t i o n   of  t h e   f i r s t  

member   1,  and  t h e n   k n u r l i n g  t h e   c r e s t   of  t h e   r i d g e ,  d e f i n e d   b y  

t h e   g r o o v e s .   A  s e c o n d   m e m b e r  2   i s   made  of  an  a l u m i n u m   m a t e r i a l  

( w i t h   a  d e f o r m a t i o n   r e s i s t a n c e   of   8 -10   kg/mm2)  or  a  c o p p e r  

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



i s   l e s s   t h a n   t h a t   of  t h e   f i r s t   member   1  ( w h i c h   has  a  d e f o r m a -  

t i o n   r e s i s t a n c e   of   4 0 - 6 0   k g / m m 2 ) .   A  r e c e s s   2A  of  a  d i a m e t e r  

d1  ( w i t h   a  f i t t i n g   t o l e r a n c e   of  1 / 1 0 0 - 5 / 1 0 0   mm),  s u b s t a n t i a l l y  

e q u a l   to  t h e   o u t e r   d i a m e t e r   D1  of  t h e   f i r s t   p a r t   1,  is  p r o v i d e d  

in  an  end  s u r f a c e   of  t h e   s e c o n d   member   2 .  

The  two  m e m b e r s   of  t h i s   s t r u c t u r e   a r e   c o n n e c t e d   t o g e t h e r  

in  t h e   f o l l o w i n g   m a n n e r .   The  b o t t o m   1A  of   t h e   f i r s t   m e m b e r  

1  i s   f i r s t   f i t t e d   i n t o   t h e   r e c e s s   2A  in  t h e   s e c o n d   member   2 ,  

as  shown  in  F i g .   2 ( A ) .   When  t he   m e m b e r s   1,  2  a r e   a r r a n g e d   i n  

t h i s   way  t h e   a n n u l a r   g r o o v e s   1B  f a c e   an  i n n e r   c i r c u m f e r e n t i a l  

s u r f a c e   2B  of   t h e   r e c e s s   2A,  so  t h a t   t h e   o u t e r   c i r c u m f e r e n t i a l  

p o r t i o n   of   t h e   j o i n t   p o r t i o n   of  t h e   f i r s t   member   1  is  s u r r o u n d e d  

and  h e l d   by  t h e   s e c o n d   member  2 .  

A  c y l i n d r i c a l   m e t a l   mold  3,  w h i c h   i s   moved  down  by  a  

p r e s s   ( n o t   s h o w n ) ,   i s   t h e n   s l i d   down  o v e r   t h e   o u t e r   c i r c u m -  

f e r e n t i a l   s u r f a c e   of   t h e   f i r s t   p a r t   1  so  t h a t   a  male   t o o t h  

3A  t h e r e o f   p r e s s e s   i n t o   t h e  u p p e r   s u r f a c e   of   t h e   s e c o n d   m e m b e r  

2  in  t h e   v i c i n i t y   of  t h e   i n n e r   c i r c u m f e r e n c e   t h e r e o f ,   a s  

shown  in  F i g .   2 ( B ) .   C o n s e q u e n t l y ,   t h e   s e c o n d   member  2,  m a d e  

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

f o r m e d   by  t h e   g r o o v e s   1B.  In  o t h e r   w o r d s ,   t h e   bumps  p r o v i d e d  

on  t h e   h a r d e r   member   s u c h   as  t he   f i r s t   member   e a t  i n t o   t h e  

s o f t e r   member   s u c h   as  t h e   s e c o n d   member ,   so  t h a t   t h e  s o f t e r  

member  i s   d e f o r m e d   p l a s t i c a l l y   and  l o c a l l y   by  t h e   bumps,   a n d  

is   c o n n e c t e d   w i t h   t h e   h a r d e r   member  w i t h   a  l a r g e   b i n d i n g  



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

m e m b e r .   The  m e t a l   mold   3  is   t h e n   r e m o v e d   to   c o m p l e t e   t h e  

o p e r a t i o n .   As  shown  in  F i g .   2 ( b ) ,   t h e   ma le   t o o t h   3A  is   s o  

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

t h e   o u t e r   c i r c u m f e r e n t i a l   s u r f a c e   of  t h e   f i r s t   member ,   w i t h  

t h e   o u t e r   s u r f a c e   t h e r e o f   i n c l i n e d   a t   an  a n g l e   6  of  a b o u t   6 °  

w i t h   r e s p e c t   to  t h e   d i r e c t i o n   in   w h i c h   t h e   m e t a l   mold  3  i s  

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

t o o t h   3A  i s   i n c l i n e d   a t   t h e   a n g l e   6  to  e n a b l e   t h e   e a s y   r e m o v a l  

of  t h e   m e t a l   mold  3,  b u t   t h i s   i s   u n n e c e s s a r y   i f   t h e   ma le   t o o t h  

i s   n a r r o w .  

As  shown  in  F i g .   2 ( A ) ,   e a c h   p o r t i o n   i s   f o r m e d   so  as  t o  

mee t   f o l l o w i n g   e q u a t i o n s :  

W h e r e i n  

L  :   w i d t h   of   t h e   b o t t o m   p o r t i o n   of  t h e  f i r s t   m e m b e r  

H :   d e p t h   of   t h e   r e c e s s   f o r m e d   in  t h e   s e c o n d   m e m b e r  

b  :   w i d t h   of  t h e   r e c e s s  

W :  w i d t h   of  t h e   g r o o v e  

h  :   d e p t h   of  t h e  r e c e s s  

l  :   l e n g t h   of   t h e   end  p o r t i o n   of  t h e   g r o o v e   f rom  t h e  

b o t t o m   p o r t i o n   of   t h e   f i r s t   m e m b e r  



S  :   d i s t a n c e   b e t w e e n   t h e   end  p o r t i o n   of  t h e   g r o o v e  

and  t h e   b o t t o m   s u r f a c e   of  the   r e c e s s  

The  d e p t h   "h"  o v e r   w h i c h   t h e   s e c o n d   member  is   p r e s s e d  

v a r i e s   w i t h   t h e   p r e s s u r e ,   b u t   i t   s h o u l d   p r e f e r a b l y   be  p r e s s e d  

as  f a r   as  a  p o s i t i o n   c l o s e   to   t h e   i n n e r   edge   Z  o f   t h e   g r o o v e s  

1B,  and  i t   s h o u l d   n o t   be  p r e s s e d   b e y o n d   the   r i d g e s .  

A c c o r d i n g   to   a  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 ,  

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

C o n n e c t i n g   two  member   w h e r e i n   a  f i r s t   c y l i n d r i c a l   m e m b e r  

and  a  s e c o n d   member   p l a c e d   o p p o s i t e   one  end  of  s a i d   f i r s t  

member  a r e   c o n n e c t e d   t o g e t h e r ,   f i t t i n g   an  end  p o r t i o n   o f  

s a i d   f i r s t   member   i n t o   a  r e c e s s   f o r m e d   in  a  s u r f a c e   of   s a i d  

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

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

member  a r e   s u b s t a n t i a l l y   h e l d   by  s a i d   r e c e s s   in   s a i d   s e c o n d  

member  or   by  s a i d   f i r s t   and   s e c o n d   members ;   and  p r e s s i n g  

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

or  s e c o n d   member  w h i c h   i s   in   t h e   v i c i n i t y   of  t h e   j o i n t   p o r t i o n  

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

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

a re   c o n n e c t e d   t o g e t h e r   by  t h e   b i n d i n g   f o r c e   g e n e r a t e d   in  t h a t  

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

i n d e n t e d   p o r t i o n .  

A c c o r d i n g   to  t h i s   e m b o d i m e n t ,   t h e   end  p o r t i o n   of  a  f i r s t  



c y l i n d r i c a l   p a r t   1  can   be  e a s i l y   f i t t e d   p e r p e n d i c u l a r l y   i n t o  

a  r e c e s s   2A  in  a  s e c o n d   p a r t   2  w i t h o u t   t h e   u se   of  a  s p e c i a l  

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

f o r   c o n n e c t i n g   m e m b e r s   t h a t   do  no t   p a s s   t h r o u g h   e a c h   o t h e r ,  

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

m e m b e r s .   In  t h i s   s t r u c t u r e   t h e   j o i n t   p o r t i o n   of   t he   s o f t e r  

member   f l o w s   i n t o   s p a c e s   b e t w e e n   p r o j e c t i o n s   p r o v i d e d   on  t h e  

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

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

s o f t e r   m e m b e r ,   so  t h a t   t h e   s o f t e r   member  is  c o n n e c t e d   w i t h  

t h e   h a r d e r   member   w i t h   a  l a r g e   b i n d i n g   f o r c e ,   and  the   c o n n e c t e d  

p r o d u c t   t h u s   o b t a i n e d   has   an  e x t r e m e l y   good   r e s i s t a n c e   t o  

r o t a r y   t o r q u e   and  p u l l - o u t   f o r c e s .   S i n c e   t h i s   s t r u c t u r e   i s  

o b t a i n e d   a t   room  t e m p e r a t u r e   f rom  b e g i n n i n g   t o   end ,   t he   m e m b e r s  

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

or  s o l d e r e d   m e m b e r s .   T h i s   means   t h a t   t h e   c o n n e c t e d   m e m b e r s  

can   r e m a i n   in   a  s t a b l y - c o n n e c t e d   s t a t e   s e m i p e r m a n e n t l y .  

In  t h e   a b o v e   e m b o d i m e n t ,   an  i r o n   m a t e r i a l   i s   q u o t e d   a s  

an  e x a m p l e   of   a  h a r d e r   m a t e r i a l ,   and  a l u m i n u m   or   c o p p e r   a s  

an  e x a m p l e   of   a  s o f t e r   m a t e r i a l ,   b u t   t h e   m a t e r i a l   of  t h e  

member   w h i c h   i s   m o s t   p r e s s e d   can  be  any  s o f t e r   m a t e r i a l .  

When  b o t h   t h e   f i r s t   and  s e c o n d   members   b e i n g   c o n n e c t e d   a r e  

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

in  a d v a n c e .   As  p r e v i o u s l y   m e n t i o n e d ,   t he   f i r s t   member  c o u l d  

be  f o r m e d   as  a  c y l i n d e r   by  t he   c o l d   p r e s s i n g .   In  such   a  c a s e ,  



t h e   m a t e r i a l   is   h a r d e n e d   n a t u r a l l y ,   so  t h a t   t h a t   member  n e e d  

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

F i g .   3  is   a  p a r t i a l l y - s e c t i o n e d   v i ew  of  a  p r i n c i p a l  

p o r t i o n   of   a  c y l i n d r i c a l   member   w h i c h   is   to  be  c o n n e c t e d   b y  

a n o t h e r   e m b o d i m e n t   of   t he   m e t h o d   a c c o r c i n g   to  t he   p r e s e n t  

i n v e n t i o n .   The  c y l i n d r i c a l   member  i s   s u b s t a n t i a l l y   in  t h e  

s h a p e   of   a  cup  in  t h e   same  way  as  t h e   c y l i n d r i c a l   member  o f  

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

11B  a r e   p r o v i d e d   in  t h e   p o r t i o n   of  t h e   o u t e r   c i r c u m f e r e n t i a l  

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

11A  t h e r e o f .   The  c o n n e c t i o n   s t r u c t u r e   a p p l i e d   to  t h i s   m e m b e r  

d o e s   n o t   d i f f e r  i n   any  way  f rom  t h a t   a p p l i e d   to  t he   c y l i n d r i c a l  

member   of  t he   p r e v i o u s   e m b o d i m e n t ,   b u t   i t   i s   e f f e c t i v e   w h e n  

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

p u l l - o u t   f o r c e s ,   t h i s   member   i s   c o n n e c t e d   to   a n o t h e r   in  t h e  

r o t a t i o n a l   d i r e c t i o n   by  o n l y   a  f r i c t i o n a l   e n g a g e m e n t .  

F i g .   4  is  a  p a r t i a l l y - s e c t i o n e d   v i ew   of  members   c o n n e c t e d  

by  a  t h i r d   e m b o d i m e n t   of  t h e   s t r u c t u r e   a c c o r d i n g   to  t he   p r e s e n t  

i n v e n t i o n .   The  c h a r a c t e r i s t i c s   of   t h i s   e m b o d i m e n t   r e s i d e   i n  

t h a t   a  c o l l a r   12B  is   f o r m e d   a r o u n d   t h e   o u t e r   c i r c u m f e r e n t i a l  

s u r f a c e   of  t h e   b o t t o m   of   a  c y l i n d r i c a l   member ,   and  an  i n d e n t e d  

p o r t i o n   32C  is   f o r m e d   in   an  i n n e r   c i r c u m f e r e n t i a l  s u r f a c e   32B 

of  a  r e c e s s   32A  in  a  s e c o n d   member   32  w h i c h   f a c e s   the   c o l l a r  

12B.  The  c o l l a r   12B  is   f i t t e d   i n t o   t he   r e c e s s   32A  in  t h e  

s e c o n d   member  32  and  i s   t h e n   p r e s s e d   a x i a l l y   by  a  m e t a l   m o l d ,  



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

l o c a l l y   i n t o   t h e   i n d e n t e d   p o r t i o n   32C,  c o n n e c t i n g   the   t w o  

m e m b e r   t o g e t h e r   f i r m l y .   A c c o r d i n g l y ,   t h e   j o i n t   p o r t i o n   o f  

t h e   f i r s t   member   12  mus t   be  made  of  a  m a t e r i a l   t h a t   i s   s o f t e r  

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

32,  b u t   t h e   b i n d i n g   f o r c e   of   t h i s   m a t e r i a l   is   in  no  way  l e s s  

t h a n   t h a t   o f   t h e   s o f t e r   m e m b e r s   u s e d   in   t h e   p r e v i o u s   e m b o d i -  

m e n t s .  

F i g .   5  i l l u s t r a t e s   t h e   s t r u c t u r e   a c c o r d i n g   to   t he   p r e s e n t  

i n v e n t i o n   when  a p p l i e d   to   a  c r a n k s h a f t   of  an  i n t e r n a l -  

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

R e f e r r i n g   to  t he   d r a w i n g ,   a  s o l i d   s h a f t   15  p r o v i d e d   w i t h  

s t r a i g h t   s p l i n e s   15A  and   an  end  t h r e a d   15B  i s   a t t a c h e d   t o  

one   s u r f a c e   of  an  i r o n   f l a n g e   34  so  t h a t   t h e   s h a f t   15  e x t e n d s  

a t   r i g h t   a n g l e s   to   t h e   s u r f a c e   o f   t h e   f l a n g e   34.  A n o t h e r  

s o l i d   s h a f t   16  i s   a t t a c h e d   to   t h e   o t h e r   s u r f a c e   of   t h e   f l a n g e  

34  in   a  s t a g e e r e d   m a n n e r   w i t h   r e s p e c t   to  t h e   s h a f t   15.  T h e  

c o n n e c t i o n   s t r u c t u r e   a p p l i e d   to   t h e s e   member s   is   e x a c t l y   t h e  

same  as  t h a t   u s e d   in  t h e   p r e v i o u s   e m b o d i m e n t s ,   b u t   t h e   s o l i d  

s h a f t s   15,  16  a t t a c h e d   to   t h e   i r o n   f l a n g e   34  a r e  o f   h a r d e n e d  

s t e e l .  

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

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

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

a  b u t t   j o i n t ,   w h e r e b y   p r o d u c t i v i t y   i s   i m p r o v e d .  



1.  A  c o n n e c t i n g   s t r u c t u r e   f o r   two  m e m b e r s   c o m p r i s i n g   a  
f i r s t   member  (1)  and  a  s e c o n d   member  (2)  p l a c e d   o p p o s i t e  

one  end  of  s a i d   f i r s t   member ,   s a i d   f i r s t   member  b e i n g  

f i t t e d   i n t o   a  r e c e s s   (2A)  fo rmed   in  a  s u r f a c e   of  s a i d  

s e c o n d   member  ( 2 ) ,   a t   l e a s t   one  a n n u l a r   g r o o v e   (1B)  i s  

f o r m e d   on  a  s u r f a c e   of  e i t h e r   of  s a i d   f i r s t   member  (1)  o r  

s a i d   s e c o n d   member   ( 2 ) ,   and  a  p o r t i o n   of  s a i d   f i r s t   m e m b e r  

(1)  or  s a i d   s e c o n d   member   (2)  is   p l a s t i c a l l y   d e f o r m e d   i n t o  

s a i d   a t   l e a s t   one  a n n u l a r   g r o o v e   ( 1 B ) ,   w h e r e b y   s a i d   f i r s t  

and  s e c o n d   members   a r e   c o n n e c t e d   t o g e t h e r   by  the   b i n d i n g  

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

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

2.  The  c o n n e c t i n g   s t r u c t u r e   f o r   two  m e m b e r s   a c c o r d i n g   t o  

c l a i m   1,  w h e r e i n   s a i d   f i r s t   member  (1)  i s   a  b o t t o m e d   ( 1 A )  

c y l i n d r i c a l   p a r t   p r o v i d e d   w i t h   a n n u l a r   g r o o v e s   (1B)  a r o u n d  

t he   o u t e r   c i r c u m f e r e n t i a l   s u r f a c e   of  an  end  p o r t i o n  

t h e r e o f ,   s a i d   g r o o v e d   end  p o r t i o n   t h e r e o f   i s   f i t t e d   i n t o  

s a i d   r e c e s s   (2A)  in  s a i d   s e c o n d   member  ( 2 ) ,   s a i d   s e c o n d  

member  i s   p r e s s e d   l o c a l l y   in  the   a x i a l   d i r e c t i o n   a l o n g   t h e  

o u t e r   c i r c u m f e r e n t i a l   s u r f a c e   of  s a i d   f i r s t   member  (1)  s o  

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

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

w h e r e b y   s a i d   s e c o n d   member  is  c o n n e c t e d   w i t h   s a i d   f i r s t  

m e m b e r .  

3.  The  c o n n e c t i n g   s t r u c t u r e   fo r   two  m e m b e r s   a c c o r d i n g   t o  

c l a i m   1,  w h e r e i n   s a i d   f i r s t   m e m b e r  c o m p r i s i n g   a  b o t t o m   a n d  

a  c o l l a r   (12B)  i s   f i t t e d   i n t o   s a i d   r e c e s s   (32A)  f o r m e d   i n  

s a i d   s e c o n d   member  ( 3 2 ) ,   11B)  is  p r e s s e d  

l o c a l l y   in  t he   a x i a l   d i r e c t   is  p l a s t i c a l l y  

d e f o r m e d   i n t o   s a i d  g r e   armed  in  t h e  



i n n e r   c i r c u m f e r e n t i a l   s u r f a c e   of   s a i d   r e c e s s   (32A)  in   s a i d  

s e c o n d   member   ( 3 2 ) ,   w h e r e b y   s a i d   f i r s t   member  i s   c o n n e c t e d  

to  s a i d   s e c o n d   m e m b e r .  

4.  The  c o n n e c t i n g   s t r u c t u r e   f o r   two  m e m b e r s   a c c o r d i n g   t o  

any  one  of  c l a i m s   1 - 3 ,   w h e r e i n   s a i d   g r o o v e d   p o r t i o n   i s  

p r o v i d e d   w i t h   i n d e n t e d   p o r t i o n   (1C,  32C)  a t   t he   b o t t o m  

t h e r e o f .  
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