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©  OPERATION  MACHINE  LINK  MECHANISM. 

i©  This  invention  relates  to  an  operation  machine 
'link  mechanism  which  keeps  a  conventional  Z  bar 
■linkage  function,  moves  up  and  down  a  bucket  under 
•  a  horizontal  state  without  operating  a  tilt  cylinder  and 
'is  mounted  to  a  loading  vehicle  such  as  a  loader 
(shovel.  When  a  distance  from  a  pivotal  point  (A) 
between  a  bucket  (3)  and  a  lift  arm  (1)  to  a  pivotal 

j  point  (B)  between  a  lift  arm  (1)  and  a  bell  crank  (5)  is 
(X)  and  a  distance  from  the  pivotal  point  (B)  to  a 
pivotal  point  (O)  between  the  lift  arm  (1)  and  a  car 

DOay  (H)  is  (Y),  ine  iin*  mecnamsm  is  &ei  iu  -  a 
and  first  and  second  triangles  (AABC,  AO  BE)  de- 
fined  by  the  lift  arm  (1  )  and  the  bell  crank  (5)  on  the 
car  body  side  and  on  the  bucket  side,  respectively, 
have  mutually  similar  relationship  with  a  third  triangle 
(AADC)  defined  by  a  tilt  rod  (6)  and  the  bucket  (3) 
and  a  fourth  triangle  (AOFE)  defined  by  the  tilt 
cylinder  and  the  car  body  (9). 
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S P E C I F I C A T I O N  

LINKAGE  MECHANISM  OF  A  WORK  IMPLEMENT 

F i e l d   of  t he   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   r e l a t e s   to  a  l i n k a g e   m e c h a n i s m  

of  a  work   i m p l e m e n t   t h a t   is   a v a i l a b l e   in  a  l o a d i n g   v e h i c l e  

s u c h   as  a  s h o v e l - l o a d e r   or  t he   l i k e ,   and  more  p a r t i c u l a r l y  

to  a  l i n k a g e   m e c h a n i s m   of  a  work  i m p l e m e n t   in   w h i c h  

i m p r o v e m e n t s   a r e   made  in  an  a t t i t u d e   of  a  b u c k e t  

c o n n e c t e d   in  a  f o r w a r d l y   and  b a c k w a r d l y   t i l t a b l e   m a n n e r  

to  a  t i p   end  of  a  l i f t   arm  whose   b a s e   end  i s   p i v o t a b l y  

s u p p o r t e d   f rom  a  v e h i c l e   body  and  w h i c h   can  r o t a t e   up  a n d  

down  a b o u t   t h e   a f o r e m e n t i o n e d   p i v o t a b l e   s u p p o r t   p o i n t .  

B a c k g r o u n d   of  t h e   I n v e n t i o n  

In  F i g .   1  i s   shown  a  s i d e   v i ew   of  a  work  i m p l e m e n t  

in  a  h e r e t o f o r e   known  s h o v e l - l o a d e r .   In  t h i s   f i g u r e ,   a  

l i f t   arm  d  p i v o t a b l y   s u p p o r t e d   a t   a  p i v o t a l   s u p p o r t  

s e c t i o n   L  of  t h e   l i f t   arm  on  t h e   s i d e   of  a  v e h i c l e   b o d y  

a  in  an  u p w a r d l y   and  d o w n w a r d l y   r o t a t a b l e   m a n n e r ,  

r o t a t e s   u p w a r d s   when  a  l i f t   c y l i n d e r   e  e x t e n d s ,   and  a  

b u c k e t   c  p i v o t a b l y   s u p p o r t e d   in  a  f o r w a r d l y   and  b a c k w a r d l y  

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

j_  a t   t h e   t i p   end  of  t he   l i f t   arm  d,  i s   t i l t e d   b a c k w a r d l y  

v i a   a  b e l l c r a n k   f  and  a  t i l t   rod   h  when  a  t i l t   c y l i n d e r  



xs  e x t e n a e u .   h c l c i ^ i v - v .   — 

The  s t a t e   of  t h e   b a c k e t   shown  a t   c  in   t h i s   f i g u r e   is   a  

s t a t e   upon   e x c a v a t i o n   of  e a r t h   and  s a n d ,   and  a  b u c k e t  

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

GL  ( h o r i z o n t a l ) .   And,  a  v e h i b l e   body   c o n n e c t i n g   p i v o t a b l e  

s u p p o r t   s e c t i o n   of  t h e   t i l t   c y l i n d e r   g_  is   d e s i g n a t e d   b y  

r e f e r e n c e   c h a r a c t e r   I,  a  c o n n e c t i n g   p i v o t a b l e   s u p p o r t  

s e c t i o n   on  t h e   s i d e   of  t he   b e l l c r a n k   f  by  c h a r a c t e r   m, 

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

)  d  of  t he   b e l l c r a n k   f  by  c h a r a c t e r   n,  a  c o n n e c t i n g  

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

t i l t   rod   h  by  c h a r a c t e r   p_,  a  c o n n e c t i n g   p i v o t a b l e   s u p p o r t  

s e c t i o n   b e t w e e n   t he   t i l t   rod   h  and  t h e   b u c k e t   c  b y  

c h a r a c t e r   £,  a  c o n n e c t i n g   p i v o t a b l e   s u p p o r t   s e c t i o n  

.5  on  t h e   s i d e   of  t h e   v e h i c l e   body  of  t he   l i f t   c y l i n d e r   e  

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

on  t h e   s i d e   of  t he   l i f t   and  d  t h e r e o f   by  c h a r a c t e r   s .  

T h u s ,   a f t e r   e x c a v a t i o n   has   b e e n   f i n i s h e d ,   a  l o a d i n g  

work  s t a r t s ,   and  when  t h e   l i f t   c y l i n d e r   e  and  t he   t i l t  

20  c y l i n d e r   g_  a r e   e x t e n d e d   in  a  d e s i r e d   m a n n e r ,   t he   b u c k e t  

b e c o m e s   t he   s t a t e   shown  a t   c_r  I f   t h e   c e n t e r s   of  t h e  

a b o v e - d e s c r i b e d   r e s p e c t i v e   p i v o t a b l e   s u p p o r t   s e c t i o n s  

when  t h e   b u c k e t   has   moved  f rom  c  to  c±  a r e   r e p r e s e n t e d  

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

25  e x p l a n a t i o n ,   t h e y   a re   i n d i c a t e d   by  s  -  i   -  1 V  
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m +   m1(  n  -»■  n l f   R  ^  R-^,  £  +  SL̂   ana  iS.  JS].- 

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

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

s u p p o r t   s e c t i o n   j_  i s   r a i s e d   up  to  t h e   h i g h e s t   p o s i t i o n  

5  j_2'  t h e   b u c k e t   comes  to  a  p o s i t i o n   c  2  ,  and  t h e  

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

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

c h a r a c t e r s   b u t   h a v i n g   a  s u f f i x   2  ( f o r   i n s t a n c e ,   m  ■*■  m2)  . 

U n d e r   t h i s   c o n d i t i o n ,   i f   t he   t i l t   c y l i n d e r   g_  i s   c o n t r a c t e d  

LO  in  o r d e r   to  f o r w a r d l y   t i l t   t h e   b u c k e t ,   t h e   r e s p e c t i v e  

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

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

a  s u f f i x   3  ( f o r   i n s t a n c e ,   m2  m3  ,  b u t   t h e   p o s i t i o n s   o f  

t h e   s e c t i o n s   n_2  ,  s_2  and  ±2  w o u l d   n o t   c h a n g e ) ,   and  t h e  

15  b u c k e t   t a k e s   t h e   s t a t e   shown  a t   c  3  . 

T h i s   l i n k a g e   m e c h a n i s m   in  t h e   p r i o r   a r t   shown  in  F i g .  

1  is   a  l i n k a g e   g e n e r a l l y   c a l l e d   " Z - b a r   l i n k a g e " ,   i n  

w h i c h   when  t h e   b u c k e t   t a k e s   t h e   s t a t e   shown  a t   c  in  F i g .  

1,  i f   t h e   t i l t   c y l i n d e r   a  i s   e x t e n d e d ,   t h e   b u c k e t   b o t t o m  

20  s u r f a c e   k  w o u l d   r o t a t e   in  t h e   d i r e c t i o n   shown  by  a n  

a r r o w   K,  and  a t   t h i s   t i m e   a  h y d r a u l i c   p r e s s u r e   in  t h e  

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

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

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

25  l a r g e   e x c a v a t i o n   f o r c e .  

-  3  -  
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T h o u g h   t h i s   l i n k a g e   i s   d e s i g n e d   so  as  to  m a i n t a i n   a  

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

a n g l e   v a r i a t i o n s   u n d e r   a  t i l t e d   s t a t e )   so  t h a t   l o a d e d  

a r t i c l e s   may  n o t   s p i l l   ou t   even   i f   t h e   l i f t   arm  i s  

5  r o t a t e d   up  and  donw  w i t h   t he   b u c k e t   h e l d   b a c k w a r d l y  

t i l t e d   ( t h e   s t a t e   shown  a t   c^  in  F i g .   1)  b e c a u s e   i t   i s  

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

have   a  s t r u c t u r e   f o r   e l i m i n a t i n g   t i l t   a n g l e   v a r i a t i o n s  

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

10  More  p a r t i c u l a r l y ,   one  e x a m p l e   of  t h e   o p e r a t i o n   w h e n  

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

( h e l d   h o r i z o n t a l )   as  shown  a t   £  in  F i g .   1  and  t h e  

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

t i l t   c y l i n d e r   g_  a t   t h a t   t ime   ( t h e   d i s t a n c e   b e t w e e n   X.  a n d  

15  m  in  t h a t   f i g u r e )   m a i n t a i n e d ,   i s   shown  by  a  d a s h - l i n e   R 

in  F i g .   4,  in  w h i c h   a t   a  c e r t a i n   i n s t a n c e   a t   t i l t   a n g l e  

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

k  c h a n g e s   by  a b o u t   2 0 ° .  

C o n s e q u e n t l y ,   in  o r d e r   to  m a i n t a i n   a  h o r i z o n t a l  

20  s t a t e   of  t h e   b u c k e t ,   upon  r o t a t i n g   t h e   l i f t   arm  t h e  

o p e r a t i o n   of  e x t e n d i n g   a n d / o r   c o n t r a c t i n g   t h e   t i l t  

c y l i n d e r   i s   n e c e s s i t a t e d ,   and  t h u s   t h e r e   was  a  d i s -  

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

m a n e u v e r a b i l i t y   was  p o o r .  

25  Summary  of  t he   I n v e n t i o n  

-  4  -  
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The  p r e s e n t   i n v e n t i o n   has   b e e n   w o r k e d   o u t   in  v i e w  

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

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

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

5  Z - b a r   l i n k a g e   in  t h e   p r i o r   a r t ,   and  y e t   w h i c h   c a n  

v e r t i c a l l y   move  a  b u c k e t   w h i l e   m a i n t a i n i n g   i t   a t   a  

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

In  o r d e r   to  a c h i e v e   t he   a b o v e - m e n t i o n e d   o b j e c t ,  

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

10  t h e r e   is   p r o v i d e d   a  l i n k a g e   m e c h a n i s m   of  a  work  i m p l e m e n t  

in  a  l o a d i n g   v e h i c l e   such   as  a  s h o v e l - l o a d e r   or  t h e   l i k e ,  

i n c l u d i n g   a  l i f t   arm  h a v i n g   one  end  p i v o t a b l y   s u p p o r t e d  

f rom  a  v e h i c l e   body  and  the   o t h e r   end  e x t e n d e d   f o r w a r d s  

and  a d a p t e d   to  be  r o t a t e d   up  and  down  in  t h e   v e r t i c a l  

15  d i r e c t i o n   a b o u t   t he   p i v o t a b l e   s u p p o r t   p o i n t   on  one  s i d e ,  

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

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

f rom  t he   f r o n t   end  p o r t i o n   of  t h e   a b o v e - m e n t i o n e d   l i f t  

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

20  t h e   l e n g t h w i s e   d i r e c t i o n   p i v o t a b l y   s u p p o r t e d   f rom  t h e  

a b o v e - m e n t i o n e d   l i f t   arm,   a  t i l t   rod   p i v o t a b l y   c o n n e c t e d  

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

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

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

25  c o n n e c t e d   b e t w e e n   t he   a f o r e m e n t i o n e d   v e h i c l e   body  and  t h e  

-  5  -  
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o t h e r   end  p o r t x o n   of  t h e   a b o v e - m e n t i o n e d   b e l l c r a n k   to  b e  

o p e r a t e d   f o r   t i l t i n g   t he   a b o v e - m e n t i o n e d   b u c k e t ;  

c h a r a c t e r i z e d   in  t h a t   in  t h e   c a s e   w h e r e   t he   d i s t a n c e   f r o m  

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

5  b u c k e t   and  t h e   a b o v e - d e s c r i b e d   l i f t   arm  to  t h e   p i v o t a b l e  

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

t h e   a b o v e - d e s c r i b e d   b e l l c r a n k   i s   r e p r e s e n t e d   by  X,  a n d  

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

a f o r e m e n t i o n e d   l i f t   arm  and  t he   a b o v e - m e n t i o n e d   b e l l c r a n k  

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

l i f t   arm  and  t h e   a b o v e - d e s c r i b e d   v e h i c l e   body  i s  

r e p r e s e n t e d   by  Y,  a  r a t i o   b e t w e e n   t h e s e   d i s t a n c e s   X  a n d  

Y  is   s e t   a t   =  (Y/X  =  a)  ,  and  t h a t   a  t r i a n g l e   f o r m e d   b y  

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

15  m e n t i o n e d   l i f t   arm  from  t he   v e h i c l e   b o d y ,   t h e   p i v o t a b l e  

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

l i f t   arm  and  t he   p i v o t a b l e   s u p p o r t   p o i n t   of  t h e   a f o r e -  

m e n t i o n e d   t i l t   c y l i n d e r   f rom  t h e   b e l l c r a n k   and  a  

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

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

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

f rom  t h e   b u c k e t   and  t h e   p i v o t a b l e   s u p p o r t   p o i n t   of  t h e  

a f o r e m e n t i o n e d   t i l t   rod  f rom  t h e   b e l l c r a n k ,   as  w e l l   a s  

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

25  p o i n t   of  t h e   a f o r e m e n t i o n e d   l i f t   arm  f rom  t h e   v e h i c l e  

-  6  -  
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5ody,  t h e   p i v o t a b l e   s u p p o r t   p o i n t   '  of  t h e   af  o r e m e n t x o n e d  

: i l t   c y l i n d e r   f rom  t h e   b e l l c r a n k   and  t h e   p i v o t a b l e   s u p p o r t  

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

/ e h i c l e   b o d y ,   and  a  t r i a n g l e   f o r m e d   by  c o n n e c t i n g   t h e  

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

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

the   a f o r e m e n t i o n e d   t i l t   rod   f rom  t h e   b e l l c r a n k   and  t h e  

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

f rom  t h e   b u c k e t ,   a r e   r e s p e c t i v e l y   in  a  m u t u a l l y   s i m i l a r  

f i g u r e   r e l a t i o n .  

The  a d v a n t a g e s   of  t he   p r e s e n t   i n v e n t i o n   as  f e a t u r e d  

a b o v e   a r e   as  f o l l o w s .  

T h a t   i s ,   s i n c e   upon  r o t a t i o n   of  t h e   l i f t   a r m ,  

v e r t i c a l   m o v e m e n t   a t   a  h o r i z o n t a l   a t t i t u d e   of  t h e   b u c k e t  

b e c o m e s   p o s s i b l e   w i t h o u t   e x t e n s i o n   nor   c o n t r a c t i o n   o f  

t h e   t i l t   c y l i n d e r   w h i l e   p r e s e r v i n g   the   c h a r a c t e r i s t i c  

of  t h e   Z - b a r   l i n k a g e   such   t h a t   a  h y d r a u l i c   p r e s s u r e   i n  

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

c y l i n d e r   i s   u t i l i z e d   upon  e x c a v a t i o n   and  t h a t   s h o c k   u p o n  

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

can   be  r e d u c e d ,   i m p r o v e m e n t s   in  a  v e r s a t i l i t y   and  a  

m a n e u v a b i l i t y   can  be  r e a l i z e d .  

The  a b o v e - m e n t i o n e d   and  o t h e r   o b j e c t s ,   f e a t u r e s   a n d  

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

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

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

a  p r a c t i c a l   e x a m p l e   and  the   e x p l a n a t i o n   t a k e n   i n  

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

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

F i g .   1  is   a  s c h e m a t i c   s i d e   v i ew   fo r   e x p l a i n i n g  

o p e r a t i o n s   r e l a t i n g   to  a  work  i m p l e m e n t   in  a  s h o v e l -  

l o a d e r   in  t he   p r i o r   a r t ;  

F i g .   2  is   a  s c h e m a t i c   s i d e   v i ew  s h o w i n g   one  p r e f e r r e d  

10  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ;  

F ig   .  3  i s   a  d i a g r a m m a t i c   v iew  f o r   e x p l a i n i n g   o p e -  

r a t i o n s   of  t he   p r e f e r r e d   e m b o d i m e n t   i l l u s t r a t e d   in  F i g .  

2 ;  

F i g .   4  i s   a  d i a g r a m   c o m p a r a t i v e l y   s h o w i n g   b u c k e t   t i l t  

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

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   and  in  t he   e x a m p l e  

of  t h e   p r i o r   a r t .  

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

In  t h e   f o l l o w i n g ,   one  p r e f e r r e d   e m b o d i m e n t   of  t h e  

20  p r e s e n t   i n v e n t i o n   w i l l   be  e x p l a i n e d   w i t h   r e f e r e n c e   t o  

F i g s .   2  to   4  in  t he   a c c o m p a n y i n g   d r a w i n g s .  

F i g .   2  shows  a  s i d e   v iew  of  a  work  i m p l e m e n t   in  a  

s h o v e l - l o a d e r   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 .   I n  

t h i s   f i g u r e ,   a  l i f t   arm  1  p i v o t a b l y   s u p p o r t e d   a t   a  l i f t  

25  arm  p i v o t a b l e   s u p p o r t   p o r t i o n   0  on  the   v e h i c l e   body  s i d e  

-  8  -  
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( in   t h e   f o l l o w i n g   e x p l a n a t i o n   and  in  F i g s .   3  and  4,  f o r  

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

p o r t i o n   and  f o r   i t s   c e n t e r   i s   u s e d   a  same  r e f e r e n c e  

s y m b o l   l i k e   in  F i g .   2)  in  a  v e r t i c a l l y   r o t a t a b l e   m a n n e r ,  

5  w o u l d   r o t a t e   u p w a r d s   when  a  l i f t   c y l i n d e r   2  e x t e n d s ,   a n d  

a  b u c k e t   3  p i v o t a b l y   s u p p o r t e d   a t   a  b u c k e t   p i v o t a b l y  

s u p p o r t   p o r t i o n   A  a t   t he   t i p   end  of  t h e   l i f t   arm  1  in   a  

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

b a c k w a r d s   v i a   a  b e l l c r a n k   5  and  a  t i l t   rod   6  when  a  t i l t  

10  c y l i n d e r   4  e x t e n d s .  

R e f e r e n c e   n u m e r a l   7  d e s i g n a t e s   a  t i r e .   U n d e r   t h e  

s t a t e   of  t h e   b u c k e t   3  shown  by  s o l i d   l i n e s   in  F i g .   2,  a  

b u c k e t   b o t t o m   s u r f a c e   8  is   p a r a l l e l   to  t h e   g r o u n d   s u r f a c e  

GL  ( h o r i z o n t a l )   .  And  a  v e r t i c a l   body  s i d e   c o n n e c t i n g  

15  p i v o t a b l e   s u p p o r t   p o r t i o n   of  t h e   t i l t   c y l i n d e r   4  i s  

r e p r e s e n t e d   by  r e f e r e n c e   c h a r a c t e r   F,  a  b e l l c r a n k   s i d e  

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

by  r e f e r e n c e   c h a r a c t e r   E,  a  c o n n e c t i n g   p i v o t a b l e   s u p p o r t  

p o r t i o n   of  t h e   b e l l c r a n k   5  to  t h e   l i f t   arm  1  i s   r e p r e -  

20  s e t n e d   by  r e f e r e n c e   c h a r a c t e r   B,  a  c o n n e c t i n g   p i v o t a b l e  

s u p p o r t   p o r t i o n   b e t w e e n   the   b e l l c r a n k   5  and  t h e   t i l t   r o d  

6  i s   r e p r e s e n t e d   by  r e f e r e n c e   c h a r a c t e r   C,  and  a  c o n n e c t i n g  

p i v o t a b l e   s u p p o r t   p o r t i o n   b e t w e e n   t h e   t i l t   r od   6  and  t h e  

b u c k e t   3  i s   r e p r e s e n t e d   by  r e f e r e n c e   c h a r a c t e r   D. 

25  In  a d d i t i o n ,   in  t he   c a s e   w h e r e   t h e   d i s t a n c e   f rom  a  

_  9  _ 



■P  0  394  467  Al 

) i v o t a b l e   c o u p l i n g   p o r t i o n   A  b e t w e e n   t h e   l i f t   arm  1  a n d  

:he  b u c k e t   3  to  a  p i v o t a b l e   c o u p l i n g   p o r t i o n   B  b e t w e e n   t h e  

L i f t   arm  1  and  t h e   b e l l c r a n k   5  i s   r e p r e s e n t e d   by  r e f e r e n c e  

c h a r a c t e r   X  and  t he   d i s t a n c e   f rom  t h e   p i v o t a b l e   c o u p l i n g  

D o r t i o n   B  b e t w e e n   the   l i f t   arm  1  and  t h e   b e l l c r a n k   5  to  a  

p i v o t a b l e   c o u p l i n g   p o r t i o n   0  b e t w e e n   a  v e h i c l e   body  9  a n d  

the   l i f t   arm  1  is   r e p r e s e n t e d   by  r e f e r e n c e   c h a r a c t e r   Y,  

t he   r a t i o   b e t w e e n   t h e s e   d i s t a n c e s   X  and  Y  is   s e t   to  b e  

e q u a l   to  (Y/X  =  a)  ,  and  so  t h a t   the   t r i a n g l e s   f o r m e d  

on  t h e   s i d e   of  t he   v e h i c l e   body  9  and  on  t h e   s i d e   of  t h e  

b u c k e t   3  w i t h   r e s p e c t   to  t he   p i v o t a b l e   c o u p l i n g   p o r t i o n  

B  b e t w e e n   t he   b e l l c r a n k   5  and  t h e   l i f t   arm  1  may  b e c o m e  

s i m i l a r   f i g u r e s   to  each   o t h e r ,   t h e   f o l l o w i n g   r e l a t i o n s  

a re   e s t a b l i s h e d :  

AABC  oo  AOBE  ( s i m i l a r   f i g u r e   r a t i o   a )  

A  ADC  co  AOFE  ( s i m i l a r   f i g u r e   r a t i o   a )  

N e x t ,   e x p l a i n i n g   the   o p e r a t i o n ,   a s s u m i n g   now  t h a t   t h e  

b u c k e t   3  is   p l a c e d   w i t h   t he   b u c k e t   b o t t o m   s u r f a c e   8  p u t  

on  t h e   g r o u n d   s u r f a c e   GL  as  shown  by  s o l i d   l i n e s   in  F i g .  

2,  t h e n   even   i f   t he   l i f t   arm  1  i s   r o t a t e d   u p w a r d s   w i t h o u t  

o p e r a t i n g   t h e   t i l t   c y l i n d e r   4  ,  t he   r e l a t i o n s   of  AABC  oo 

AOBE  and  AADC  oo  AOFE  would   be  a l w a y s   e s t a b l i s h e d .  

A c c o r d i n g l y ,   t he   b u c k e t   3  w o u l d   r o t a t e   w h i l e   h o l d i n g  

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

t h e   g r o u n d   s u r f a c e   GL,  and  t h e   b u c k e t   w o u l d   be  a l w a y s   h e l d  

-  1U  -  
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h o r i z o n t a l .  

Now  t h i s   w i l l   be  p r o v e d   w i t h   r e f e r e n c e   to   F i g .   3 .  

Unde r   t h e   c o n d i t i o n   w h e r e   t h e   b u c k e t   i s   d i s p o s e d   a n d  

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

AA1B1C1  co  AOB1E1  ( s i m i l a r   f i g u r e   r a t i o   a )  

A a ^ - j ^ c o   AOFE1  ( s i m i l a r   f i g u r e   r a t i o   a ) .  

Now,  i m a g i n i n g   the   c a s e   w h e r e   t h e   l i f t   arm  has   b e e n  

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

t h e n   t h e   r e l a t i o n s   o f :  

ZA2B2C2  = Z O B 2 E 2   =  Q2 

a r e   a l w a y s   v a l i d .  

T h e r e f o r e ,   AA2B2C2  oo  AOB2E2  . . .   (T) 

H e n c e ,   A0C~  =  —  0E„  . . .   (2) 2  2  a  2  w  

On  t h e   o t h e r   h a n d ,   aTdT  =  A.D,  =  ^  OF  . . .   (3) 
' 2 2 1 1 a   ^- 

and  «  =  ±  FE^  =  i   
FE2  . . .   ©  

a r e   a l w a y s   v a l i d .  

From  © , ®   and  © ,   AA2D2C2<>0  AOEF2  . . . ( f )  

From  (T)  and  (5),  q u a d r i l a t e r a l   A2C2B2D2  oo  

q u a d r i l a t e r a l   OE2B2F  ( J )  

A l s o ,   ZC2B2E2  =  B  =  c o n s t a n t   . . .   ( j )  

(?)  and  (7)  show  t h a t   a t   any  a r b i t r a r y   l i f t   a r m  

p o s i t i o n ,   two  s i m i l a r   q u a d r i l a t e r a l s   a r e   j o i n t e d   a t   a  

p o i n t   B  w i t h   a  c o n s t a n t   a n g l e   3  f o r m e d   t h e r e b e t w e e n .  

-  11  -  
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A c c o r d i n g l y ,   a  r e l a t i v e   a n g l e   b e t w e e n   a  p a i r   o f  

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

f o r   i n s t a n c e ,  

AD  and  OF 

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

p o s i t i o n   of  t he   l i f t   a r m .  

OF  i s   a  s e g m e n t   f i x e d   to  t he   v e h i c l e .  

T h e r e f o r e ,   AD  has  a  c o n s t a n t   a n g l e   w i t h   r e s p e c t   t o  

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

t he   l i f t   arm.  A c c o r d i n g l y ,   t h e   b u c k e t   k e e p s   i t s  

h o r i z o n t a l   a t t i t u d e   even   i f   t he   p o s i t i o n   of  t h e   l i f t   a r m  

c h a n g e s   . 

A l s o ,   a  b u c k e t   t i l t   a n g l e   9  w i t h   r e s p e c t   to  t h e  

g r o u n d   of  t he   b u c k e t   b o t t o m   s u r f a c e   11  when  t he   l i f t  

arm  4  i s   r o t a t e d   up  and  down  in  t h i s   p r e f e r r e d   e m b o d i m e n t ,  

i s   shown  by  a  s t r a i g h t   l i n e   L  in  F i g .   4.  As  w i l l   b e  

o b v i o u s   f rom  t h i s   f i g u r e ,   w h i l e   t h e   a n g l e   in  t h e  

l i n k a g e   m e c h a n i s m   in  t he   p r i o r   a r t   c h a n g e s   by  a b o u t   2 0 °  

a t   t h e   maximum  as  shown  by  a  c u r v e   R,  i t   i s   s e e n   t h a t   i n  

t he   l i n k a g e   m e c h a n i s m   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 ,  

a  p e r f e c t l y   h o r i z o n t a l   o p e r a t i o n   i s   e f f e c t e d   as  shown  b y  

t he   s t r a i g h t   l i n e   L .  

-  12  -  
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C l a i m s  

(1)  A  l i n k a g e   m e c h a n i s m   of  a  work   i n p l e m e n t   in   a  l o a d i n g  

v e h i c l e   s u c h   as  a  s h o v e l - l o a d e r   or  t h e   l i k e ,   i n c l u d i n g   a  

l i f t   arm  h a v i n g   one  end  p i v o t a b l y   s u p p o r t e d   f rom  a  v e h i c l e  

body  and  t h e   o t h e r   end  e x t e n d e d   f o r w a r d s   and  a d a p t e d   t o  

be  r o t a t e d   up  and  down  in  t h e   v e r t i c a l   d i r e c t i o n   a b o u t   t h e  

p i v o t a b l e   s u p p o r t   p o i n t   on  one  s i d e ,   a  f o r w a r d l y   a n d  

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

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

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

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

s u p p o r t e d   f rom  s a i d   l i f t   arm,   a  t i l t   arm  p i v o t a b l y  

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

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

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

b e t w e e n   s a i d   v e h i c l e   body  and  t h e   o t h e r   end  p o r t i o n   o f  

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

c h a r a c t e r i z e d   in  t h a t   in  t h e   c a s e   w h e r e   t h e   d i s t a n c e   f r o m  

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

l i f t   arm  to  t he   p i v o t a b l e   s u p p o r t   p o i n t   b e t w e e n   s a i d   l i f t  

arm  and  s a i d   b e l l c r a n k   i s   r e p r e s e n t e d   by  X,  and  t h e  

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

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

p o i n t   b e t w e e n   s a i d   l i f t   arm  and  s a i d   v e h i c l e   body   i s  

r e p r e s e n t e d   by  Y,  a  r a t i o   b e t w e e n   t h e s e   d i s t a n c e s   X  a n d  
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Y  i s   s e t   a t   a  (Y/X  =  a)  ,  and  t h a t   a  f i r s t   t r i a n g l e   f o r m e d  

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

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

b e l l c r a n k   f rom  t he   l i f t   arm  and  t h e   p i v o t a b l e   s u p p o r t  

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

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

s u p p o r t   p o i n t   of  s a i d   l i f t   arm  f rom  t h e   b u c k e t   and  t h e  

p i v o t a b l e   s u p p o r t   p o i n t   of  s a i d   t i l t   rod   f rom  t h e   b e l l  

c r a n k ,   as  w e l l   as  a  t h i r d   t r i a n g l e   f o r m e d   by  c o n n e c t i n g  

t h e   p i v o t a b l e   s u p p o r t   p o i n t   of  s a i d   l i f t   arm  f rom  t h e  

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

c y l i n d e r   form  the   b e l l c r a n k   and  t he   p i v o t a b l e   s u p p o r t  

p o i n t   of  s a i d   t i l t   c y l i n d e r   f rom  t he   v e h i c l e   b o d y ,   a n d  

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

s u p p o r t   p o i n t   of  s a i d   l i f t   arm  f rom  t h e   v e h i c l e   b o d y ,  

t h e   p i v o t a b l e   s u p p o r t   p o i n t   of  s a i d   t i l t   rod   f rom  t h e  

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

rod   f rom  the   b u c k e t ,   a r e   r e s p e c t i v e l y   in  a  m u t u a l l y  

s i m i l a r   f i g u r e   r e l a t i o n .  

(2)  A  l i n k a g e   m e c h a n i s m   of  a  work  i m p l e m e n t   as  c l a i m e d  

in  c l a i m   (1)  ,  c h a r a c t e r i z e d   in  t h a t   t h e   s i m i l a r   f i g u r e  

r a t i o s   of  t h e   r e s p e c t i v e   p a i r s   of  s a i d   f i x e d   and  s e c o n d  

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