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(S)  WORKING  MACHINE  FOR  CONSTRUCTION  VEHICLES  AND  METHOD  OF  OPERATING  SAME. 

member  (12)  is  supported  pivotably  on  one  side  of 
the  base  end  portion  thereof  on  a  predetermined 
portion  (13)  of  a  chassis  (10),  and  at  a  front  end 
portion  (15)  thereof  on  one  side  of  the  base  end 
portion  of  the  second  boom  member  (14).  The  first 
boom  member  (12)  is  adapted  to  be  turned  vertically 
by  a  first  boom  cylinder  (17)  which  is  supported 
pivotably  at  its  base  end  portion  on  another  pre- 
determined  portion  (18)  of  the  chassis,  and  at  its 
front  end  section  on  a  predetermined  portion  (20)  of 
the  front  end  section  of  the  first  boom  member,  the 
posture  of  the  second  boom  member  with  respect  to 

©  A  working  machine  for  construction  vehicles, 
TOwhich  is  capable  of  being  folded  compactly  when  it 
S i s   at  rest  and  being  converted  into  operational  con- 

dition  easily  when  it  is  to  be  operated,  without  requir- 
es  ir|g  ar|y  special  apparatus;  and  a  method  of  operat- 
(2  ing  the  same  working  machine.  This  working  ma- 

chine  is  provided  with  a  boom  divided  into  first  and 
®  second  boom  members,  an  arm  connected  pivotably 
ft  tn  the  front  end  portion  of  the  second  boom  mem- 
UJber,  a  bucket  connected  pivotably  to  the  front  end 

portion  of  the  arm,  and  aplurality  of  hydraulic  cyl- 
inders  for  driving  these  elements.  The  first  boom 
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the  first  boom  member  being  maintained  by  a  re- 
tainer  means  (A). 
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DESCRIPTION 

WORKING  MACHINE  FOR  CONSTRUCTION  VEHICLES 

AND  METHOD  OP  OPERATING  THE  SAME 

T e c h n i c a l .   F i e l d   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   r e l a t e s   to  a.  w o r k i n g   m a c h i n e  

w h i c h   c o m p r i s e s   a  boom,  an  arm  and   a  b u c k e t ,   a n d   which ,   i s  

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

s h o v e l ,   and   to  a  m e t h o d   of  o p e r a t i n g   t h e   s a m e .   M o r e  

p a r t i c u l a r l y ,   t h«   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  w o r k i n g  

m a c h i n e   w h i c h   i s   c a p a b l e   of  b e i n g   f o l d e d   c o m p a c t l y   when  i t  

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

e a s i l y   when  i t   i s   to   be  o p e r a t e d ,   w i t h o u t   r e q u i r e d   a n y  

s p e c i a l   a p p a r a t u s .  

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

One  e x a m p l e   of  t h e   p r i o r   a r t   of  t h i s   t y p e   of  w o r k i n g   • 

m a c h i n e   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   (KOKAI) 

No.  5 6 - 1 5 0 2 3 5 .  

The  c o n v e n t i o n a l   w o r k i n g   m a c h i n e   i s ,   as  shown  i n  

F i g s .   1  and  2,  a r r a n g e d   s u c h   t h a t   t h e   p r o x i m a l   end  p o r t i o n  

of  a  f i r s t   boom  c y l i n d e r   3  i s   p i v o t a b l y   s u p p o r t e d   on  a  b e l l  

c r a n k   4  t h a t   i s   p i v o t a b l y   s u p p o r t e d   on  a  c h a s s i s   1  t h r o u g h   a  

b r a c k e t   2,  and   t h e   b e l l   c r a n k   4  i s   d r i v e n   by  a  b e l l   c r a n k  
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c y l i n d e r   5,  t h e r e b y   f o l d i n g   t h e   w o r k i n g   m a c h i n e   in  a  c o m p a c t  
f o r m ,   m   o t h e r   w o r d s ,   in  o r d e r   to   p i v o t   t h e   p r o x i m a l   e n d  
p o r t i o n   of  t h e   f i r s t   boom  c y l i n d e r   3  i a   s u c a   a  m a n n e r   t h a t  
no  dead   p o i n t   w i l l   o c c u r   in   t h e   l i n k   m e c h a n i s m ,   i t   i a  
n e c e s s a r y   to   p r o v i d e   n o t   o n l y   t h e   b e l l   c r a n k   4  a n d   t h e   b e l l  
c r a n k   c y l i n d e r   5  b u t   a l s o   a  h y d r a u l i c   c i r c u i t   m e a n s ,  
i n c l u d i n g   a  v a l v e   a n d   o t h e r   e l e m e n t s ,   f o r   c o n t r o l l i n g   t h e  
b e l l   c r a n k   c y l i n d e r   5.  

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

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

I t   s h o u l d   be  n o t e d   t h a t   t h e   a b o v e - m e n t i o n e d   dead   p o i n t  
i s   a  p o s i t i o n   of  t h e   l i n k   m e c h a n i s m   in  w h i c h   t h e   p i v o t   p o i n t  
a t   w h i c h   t h e   f i r s t   boom  member  and  t h e   d i s t a l   end  p o r t i o n   o f  
t h e   f i r s t   boom  c y l i n d e r   a r e   c o n n e c t e d   p i v o t a b l y   to  e a c h  
o t h e r ,   t h e   p i v o t   p o i n t   a t   w h i c h   t h e   p r o x i m a l   end  p o r t i o n   o f  
t h e   f i r s t   boom  member   i s   p i v o t a b l y   a t t a c h e d   to   t h e   c h a s s i s  
and  t h e   p i v o t   p o i n t   a t   w h i c h   t he   p r o x i m a l   end  p o r t i o n   of  t h e  
f i r s t   boom  c y l i n d e r   i s   p i v o t a b l y   a t t a c h e d   to  t h e   c h a s s i s  
a l i g n   w i t h   e a c h   o t h e r   in   a  s t r a i g h t   l i n e   d u r i n g   a  p i v o t i n g  
m o t i o n   of  t h e   f i r s t   boom  c y l i n d e r ,   when  t h i s   p o s i t i o n  
o c c u r s ,   no  h y d r a u l i c   p r e s s u r e   f rom  t h e   f i r s t   boom  c y l i n d e r  
a c t s   to  t h e   o u t s i d e ,   m   o t h e r   w o r d s ,   t h e   f i r s t   b o o m  
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c y l i n d e r   c a n n o t   f u n c t i o n   as  a  d r i v i n g   m e m b e r .   In  t h i s  

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

t h e   a b o v e .  

Summary   of  t h e   I n v e n t i o n  

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 s ,   i t   i s   a. 

f i r s t   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   to   p r o v i d e   a  w o r k i n g  

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

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

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

boom  c y l i n d e r   i s   p o s i t i v e l y   u t i l i z e d   to   p i v o t   t h e   p r o x i m a l  

end   p o r t i o n   of  t h e   f i r s t   boom  c y l i n d e r   w i t h o u t   p r o v i d i n g   a  

b e l l   c r a n k ,   a  b e l l   c r a n k   c y l i n d e r   and   a  h y d r a u l i c   c i r c u i t  

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

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

u n l i k e l y   to  h a v e   a  f a i l u r e .  

I t   i s   a n o t h e r   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   t o  

p r o v i d e   a  m e t h o d   of  o p e r a t i n g   a  w o r k i n g   m a c h i n e ,   w h e r e i n   t h e  

o p e r a t i o n   i s   r e m a r k a b l y   s i m p l i f i e d   by  p o s i t i v e l y   u t i l i z i n g  

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

boom  c y l i n d e r   . 

To  a t t a i n   t h e   f i r s t   o b j e c t ,   a c c o r d i n g   to  a  f i r s t   m o d e  

of  t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  w o r k i n g  

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

d i v i d e d   i n t o   f i r s t   and  s e c o n d   boom  m e m b e r s ,   w h i c h   a r e  



EP  0  399  043  A1 

c o n n e c t e d   to  a  c h a s s i s   in   t h e   m e n t i o n e d   o r d e r ,   an  arm  t h a t  

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

s e c o n d   boom  m e m b e r ,   one   arm  c y l i n d e r   t h a t   i s   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   p r o x i m a l   end  of  t h e   arm  and  a  

p r e d e t e r m i n e d   p o s i t i o n   of   t h e   s e c o n d   boom  member ,   a  b a c k e t  

t h a t   i s   p i v o t a b l y   a t t a c h e d   to   t h e   d i s t a l   end  of  t h e   a rm,   a  

b u c k e t   c y l i n d e r   t h a t   i s   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  

p r o x i m a l   end.  of  t h e   b u c k e t   and   a  p r e d e t e r m i n e d   p o s i t i o n ,   o f  

t h e   a rm,   and  a  b u c k e t   r e t a i n e r   t h a t   i s   p r o v i d e d   on  t h e  

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

c o m p r i s e s :   t h e   f i r s t   boom  member   w h i c h   i s   v e r t i c a l l y  

p i v o t a b l y   s u p p o r t e d   a t   one   s i d e   of  t h e   p r o x i m a l   end  t h e r e o f  

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

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

t h e   d i s t a l   end  t h e r e o f   to   one  s i d e   of  t h e   p r o x i m a l   end  o f  

t h e   s e c o n d   boom  member   so  t h a t   t h e   s e c o n d   boom  member  i s  

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

p i v o t a b l y   s u p p o r t e d   a t   t h e   p r o x i m a l   end  t h e r e o f   on  a n o t h e r  

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

b r a c k e t ,   and  a t   t h e   d i s t a l   end  t h e r e o f   on  t he   d i s t a l   end  o f  

t he   f i r s t   boom  n i e a b e r ,   to  p i v o t   t h e   f i r s t   boom  m e m b e r  

v e r t i c a l l y ;   and  a  r e t a i n e r   means   w h i c h   i s   c o n n e c t e d   b e t w e e n  

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

boom  member  in   a  r a i s e d   p o s i t i o n   w i t h   r e s p e c t   to  t h e   f i r s t  

boom  m e m b e r .  
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A c c o r d i n g   to  a  s e c o n d   mode  of  t h e   p r e s e n t   i n v e n t i o n ,  

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

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

w h i c h   i s   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   r e s p e c t i v e   o t h e r  

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

boom  m e m b e r s .  

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

t h e r e   i s   p r o v i d e d   a  w o r k i n g   m a c h i n e   a c c o r d i n g   to   t he -   f i r s t  

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

w h i c h   i s   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   r e s p e c t i v e   o t h e r  

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

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

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

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

f i r s t   boom  c y l i n d e r   r e a c h e s   t h e   dead   p o i n t ,   t he   c e n t e r   o f  

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

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

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

t h e   f i r s t   boom  member   i s   p i v o t a b l y   a t t a c h e d   to  t h e   c h a s s i s .  

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

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

mode ,   w h e r e i n   t h e   r e t a i n e r   m e a n s   i s   one  or  a  p l u r a l i t y   o f  

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

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

f i r s t   boom  member   and  a  p i n   b o r e   t h a t   i s   f o r m e d   in   t h e   o t h e r  
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s i d e   of  t h e   p r o x i m a l   end  p o r t i o n   of  t h e   s e c o n d   boom  m e m b e r ,  

when  t h e s e   two  p i n   b o r e s   a r e   a l i g n e d   w i t h   e a c h   o t h e r .  

To  a t t a i n   t h e   s e c o n d   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 ,  

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

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

to  t h e   t h i r d   mode ,   w h e r e i n   t h e   f i r s t   boom  c y l i n d e r   i s   c a u s e d  

to   move  b e y o n d   t h e   d e a d   p o i n t   by  m a k i n g   u se   of  t h e   h y d r a u l i c  

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

and  i n e r t i a   f o r c e ,   w h i c h   a c t   on  t h e   w o r k i n g   m a c h i n e *  

To  a t t a i n   t h e   s e c o n d   o b j e c t ,   a c c o r d i n g   to  a  s i x t h   m o d e  

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

o p e r a t i n g   t h e   w o r k i n g   m a c h i n e   a c c o r d i n g   to  t h e   t h i r d   o r  

f o u r t h   mode ,   w h e r e i n   t h e   f i r s t   boom  c y l i n d e r   i s   c a u s e d   t o  

move  b e y o n d   t h e   d e a d   p o i n t   by  m a k i n g   use   of  t h e   h y d r a u l i c  

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

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

c o u n t e r f o r c e   f rom  t h e   b u c k e t   r e t a i n e r .  

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

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

a c c o r d i n g   to   t he   f i f t h   mode ,   w h i c h   c o m p r i s e s   t he   s t e p s   o f :  

c o n t r a c t i n g   t h e   s e c o n d   boom  c y l i n d e r   to  r a i s e   t h e   s e c o n d  

boom  m e m b e r ;   e x p a n d i n g ,   a f t e r   t h e   s e c o n d   boom  member  h a s  

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

m e m b e r ;   b r i n g i n g ,   a f t e r   t h e   f i r s t   boom  c y l i n d e r   h a s   r e a c h e d  

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

t h u s   e n a b l i n g   t h e   w o r k i n g   m a c h i n e   to  be  b r o u g h t   to   a n  

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

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

and  m a i n t a i n e d   in   t h e   o p e r a t i o n a l   p o s i t i o n   by  t h e   o p e r a t i o n  

of  t h e   s e c o n d ,   boom  c y l i n d e r ;   e x p a n d i n g ,   a f t e r   c o m p l e t i o n   o f  

w o r k ,   t h e   f i r s t   boom  c y l i n d e r   and ,   a t   t h e   same  t i m e ,  

c o n t r a c t i n g   t h e   s e c o n d   boom  c y l i n d e r   to   move-  t h e   f i r s t   b o o n t  

member   to   n e a r   t h e   d e a d   p o i n t   of  t h e   f i r s t   boom  c y l i n d e r ;  

b r i n g i n g ,   a f t e r   t h e   f i r s t   boom  c y l i n d e r   h a s   r e a c h e d   t h e  

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

f l o a t i n g   s t a t e   or  c o n t r a c t i n g   t h e   same  so  t h a t   t h e   f i r s t  

boom  member   i s   moved  t o w a r d   t h e   r e a r   end  of  t h e   c h a s s i s  

b e y o n d   t h e   dead   p o i n t   of  t h e   f i r s t   boom  c y l i n d e r   by  t h e  

g r a v i t a t i o n a l   f o r c e   and   i n e r t i a   f o r c e ,   w h i c h   a c t   on  t h e  

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

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

boom  c y l i n d e r ;   and  c o n t r a c t i n g   t h e .   f i r s t   boom  c y l i n d e r   a n d , '  

a t   t h e   same  t i m e ,   e x p a n d i n g   t h e   s e c o n d   boom  c y l i n d e r ,   t o  

f o l d   t h e   f i r s t   and  s e c o n d   boom  m e m b e r s .  

A c c o r d i n g   to   an  e i g h t h   mode  of  t h e   p r e s e n t   i n v e n t i o n ,  

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

a c c o r d i n g   to   t h e   s i x t h   mode ,   w h i c h   c o m p r i s e s   t h e   s t e p s   o f :  

b r i n g i n g   t h e   s e c o n d   boom  c y l i n d e r   i n t o   a  f l o a t i n g   s t a t e   a n d  

e x p a n d i n g   t h e   f i r s t   boom  c y l i n d e r   to  r a i s e   t h e   f i r s t   b o o m  
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member   to   n e a r   t h e   d e a d   p o i n t   of  t h e   f i r s t   boom  c y l i n d e r ;  

e x p a n d i n g   and  c o n t r a c t i n g ,   a f t e r   t h e   f i r s t   boom  c y l i n d e r   h a s  

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

to   e n s u r e   t h e   r e t a i n i n g   o£  t h e   b u c k e t   by  t h e   b u c k e t   r e t a i n e r  

a n d ,   a t   t h e   same  t i m e ,   e x p a n d i n g   t h e   arm  c y l i n d e r   w i t h   t h e  

f i r s t   and  s e c o n d   boom  c y l i n d e r s   b e i n g   b r o u g h t   i n t o   a  

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

b e y o n d   t h e   d e a d   p o i n t   by  m a k i n g   use   of  t h e   c o u n t e r f o r c e   f r o m ,  

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

c y l i n d e r   and  t h e   arm  c y l i n d e r ,   or  g r a v i t a t i o n a l   f o r c e   a n d  

i n e r t i a   f o r c e ,   w h i c h   a c t   on  t h e   w o r k i n g   m a c h i n e ,   t h e r e b y  

b r i n g i n g   t h e   w o r k i n g   m a c h i n e   to  an  o p e r a t i o n a l   p o s i t i o n ?  

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

b u c k e t   c y l i n d e r   t o   r e t a i n   t h e   b u c k e t   on  t h e   b u c k e t   r e t a i n e r ,  

and   e x p a n d i n g   t h e   f i r s t   boom  c y l i n d e r   and  c o n t r a c t i n g   t h e  

arm  c y l i n d e r ,   w i t h   t h e   s e c o n d   boom  c y l i n d e r   b e i n g   b r o u g h t  

i n t o   a  f l o a t i n g   s t a t e ,   to   move  t h e   f i r s t   boom  member   to   n e a r  

t h e   d e a d   p o i n t   of  t h e   f i r s t   boom  c y l i n d e r ;   and  g r a d u a l l y  

b r i n g i n g ,   a f t e r   t h e   f i r s t   boom  member  has   p a s s e d   t h e   d e a d  

p o i n t   of  t h e   f i r s t   boom  c y l i n d e r   by  the   g r a v i t a t i o n a l   o r  

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

s e c o n d   boom  c y l i n d e r s   i n t o   a  f l o a t i n g   s t a t e ,   or  c o n t r a c t i n g  

t h e   f i r s t   boom  c y l i n d e r   and   e x p a n d i n g   t he   s e c o n d   b o o m  

c y l i n d e r ,   to  f o l d   t he   f i r s t   and  s e c o n d   boom  m e m b e r s   b y  

m a k i n g   use   of  t h e   g r a v i t y   of  t h e   w o r k i n g   m a c h i n e .  
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A c c o r d i n g   to   a  n i n t h   mode  of  t h e   p r e s e n t   i n v e n t i o n ,  

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

a c c o r d i n g   to   t h e   s i x t h   mode ,   w h i c h   c o m p r i s e s   t h e   s t e p s   of   i 

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

member   to   n e a r   t h e   d e a d   p o i n t   of  t h e   f i r s t   boom  c y l i n d e r ;  

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

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

to  e n s u r e   t h e   r e t a i n i n g   of:  t h e   b u c k e t   by  t h e   b u c k e t  

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

f l o a t i n g   s t a t e   a n d ,   a t   t h e   same  t i m e ,   e x p a n d i n g   t h e   a r m  

c y l i n d e r ?   f u r t h e r   r a i s i n g   t h e   f i r s t   boom  c y l i n d e r   b e y o n d ,   t h e  

d e a d   p o i n t   and  t i l t i n g   t h e   f i r s t   boom  member   t o w a r d   t h e  

f o r w a r d   end  of  t h e   c h a s s i s   by  m a k i n g   use   of  t h e   c o u n t e r f o r c e  

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

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

a c t   on  t h e   w o r k i n g   m a c h i n e ;   e x p a n d i n g   and  c o n t r a c t i n g   t h e  

arm  c y l i n d e r   to   a l i g n   a  p i n   b o r e   t h a t   i s   f o r m e d   in   t h e   o t h e r  

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

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

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

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

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

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

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

b u c k e t   on  t h e   b u c k e t   r e t a i n e r ;   f i n e l y   e x p a n d i n g   a n d  



EP  0  399  043  A1 

c o n t r a c t i n g ,   a f t e r   t h e   b u c k e t   has   b e e n   r e t a i n e d ,   t h e   f i r s t  

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

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

and  t h e   b u c J c e t   c y l i n d e r   w h i l e   r e t a i n i n g   t h e   b u c k e t   on  t h e  

b u c k e t   r e t a i n e r   by  e x p a n d i n g   the.  arm  c y l i n d e r ,   to   move  t h e  

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

c y l i n d e r ?   and   g r a d u a l l y ;   b r i n g i n g ,   a f t e r   t h e   f i r s t   b o o m  

member   has   p a s s e d   t h e   d e a d   p o i n t   of   t h e   f i r s t   boom  c y l i n d e r  

by  t h e   g r a v i a t i o n a i   o r   i n e r t i a   f o r c e   a c t i n g   on  t h e   w o r k i n g  

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

f o l d   t h e   f i r s t   and   s e c o n d   boom  m e m b e r s   by  m a k i n g   u se   of  t h e  

g r a v i t y   of  t h e   w o r k i n g   m a c h i n e .  

I t   s h o u l d   be   n o t e d   t h a t   t h e   a b o v e - d e s c r i b e d   " f l o a t i n g  

s t a t e "   of  a  c y l i n d e r   i s   a  s t a t e   w h e r e i n   no  h y d r a u l i c  

p r e s s u r e   a c t s   on  t h e   c y l i n d e r ,   w h i c h   o c c u r s   when  e a c h   of  t h e  

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

c o m m u n i c a t e d   w i t h   a  t a n k ,   f o r   e x a m p l e .   In  t h e   p r e s e n t  

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

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

The  a b o v e   and   o t h e r   o b j e c t s ,   modes   and  a d v a n t a g e s   o f  

t h e   p r e s e n t   i n v e n t i o n   w i l l   become   a p p a r e n t   to  t h o s e   s k i l l e d  

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

e m b o d i m e n t s   which,   a r e   c o n f o r m a b l e   to  t h e   p r i n c i p l e   of  t h e  

p r e s e n t   i n v e n t i o n ,   t a k e n   in   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   . 

1 0  
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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  

F i g s .   1  and   2  show  a  p r i o r   a r t ,   P i g .   1  b e i n g   a  

s c h e m a t i c   s i d e   v i e w   o f   a.  power,  s h o v e l   w h i c h   i s   e q u i p p e d   w i t h  

a>  c o n v e n t i o n a l   w o r l c i n g   m a c h i n e ,   and  F i g .   2  b e i n g   a  v i e w   t h a t  

i s   e m p l o y e d   to  e x p l a i n   an  o p e r a t i o n   of   t h e   c o n v e n t i o n a l  

w o r k i n g   m a c h i n e   t h a t   i s   shown  in  P i g .   1 ;  

F i g .   3  i s   a  s c h e m a t i c -   s i d e   v i e w   of  a.  c o n s t r u c t i o n  

v e h i c l e   w h i c h   i s   e q u i p p e d   w i t h   a  w o r k i n g   m a c h i n e   as   b e i n g   a  

f i r s t   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 i g .   4  i s   a  d i a g r a m   s h o w i n g   a  h y d r a u l i c   c o n t r o l   c i r c u i t  

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

m a c h i n e   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 ;  

P i g s .   5  to  8  a r e   v i e w s   w h i c h   a r e   e m p l o y e d   to  e x p l a i n   a n  

o p e r a t i o n   of  t h e   w o r k i n g   m a c h i n e   t h a t   i s   shown  in   P i g .   3 ;  

P i g .   9  i s   a  f r a g m e n t a r y   s c h e m a t i c   v i ew  of  a  w o r k i n g  

m a c h i n e   as  b e i n g   a  s e c o n 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 ;  

F i g s .   10  and  11  a r e   v i e w s   w h i c h   a r e   e m p l o y e d   to   e x p l a i n  

a n o t h e r   o p e r a t i o n   of  t h e   w o r k i n g   m a c h i n e   t h a t   i s   shown  i n  

F i g .   3 ;  

F i g .   12  i s   a  s c h e m a t i c   s i d e   v i ew  of  a  c o n s t r u c t i o n  

v e h i c l e   w h i c h   i s   e q u i p p e d   w i t h   a  w o r k i n g   m a c h i n e   as  b e i n g   a  

t h i r 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 ;   a n d  

F i g s .   13  and  14  a r e   v i e w s   w h i c h   a r e   e m p l o y e d   to   e x p l a i n  

an  o p e r a t i o n   of  t h e   w o r k i n g   m a c h i n e   t h a t   i s   shown  i n  

1 1  
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P i g .   1 2 .  

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

The  p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   b e l o w   in  m o r e  

d e t a i l   in  c o n j u n c t i o n   w i t h   P i g s .   3  to  14  in   t h e   a c c o m p a n y i n g  

d r a w i n g s .  

in   F i g .   3,  w h i c h   shows   a  f i r s t   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 ,   r e f e r e n c e   n u m e r a l   10  d e n o t e s ,   a  c h a s s i s ,  

w h i c h   i s   p r o v i d e d   w i t h   a  m o u n t i n g   b r a c k e t   1 1 .   The  p r o x i m a l  

end   p o r t i o n   of  a  f i r s t   boom  member   12  i s   v e r t i c a l l y  

p i v o t a b l y   a t t a c h e d   to   t h e   m o u n t i n g   b r a c k e t   11  t h r o u t h   a  p i n  

member   13.   The  p r o x i m a l   p o r t i o n   of  a  s e c o n d   boom  member   1 4  

i s   a t t a c h e d   v e r t i c a l l y   p i v o t a b l y   to  t h e   d i s t a l   end  p o r t i o n   . 
of  t h e   f i r s t   boom  member   12  t h r o u g h   a  p i n   member   15.   To  t h e  

c h a s s i s   10  a r e   s e c u r e d   b r a c k e t s   16  w h i c h   a r e   l o c a t e d   a t   t h e  

l e f t   and   r i g h t   s i d e s ,   r e s p e c t i v e l y ,   of  t h e   f i r s t   boom  m e m b e r  

12 .   The  p r o x i m a l   end  p o r t i o n   of  a  f i r s t   boom  c y l i n d e r   17  i s  

c o n n e c t e d   t o   t h e s e   b r a c k e t s   16  t h r o u g h   a  p i n   member  18,   a n d  

a  p i s t o n   r o d   19  of  t h e   f i r s t   boom  c y l i n d e r   17  i s   c o n n e c t e d  

to   t h e   u p p e r   p o r t i o n   of  t h e   f i r s t   boom  member   12  t h r o u g h   a  

p i n   member  2 0 .  

A  b r a c k e t   21  i s   p r o v i d e d   a t   t h e   r e a r   s i d e   of  t h e  

p r o x i m a l   p o r t i o n   of  t h e   f i r s t   boom  member  12 .   The  p r o x i m a l  

end  p o r t i o n   of  a  s e c o n d   boom  c y l i n d e r   22,  w h i c h   s e r v e s   as  a  

r e t a i n e r   r seans   "A"  f o r   t h e   s e c o n d   boom  member  14,   i s  

1 2  
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c o n n e c t e d   to   t h e   b r a c k e t   21  t h r o u g h   a  p i n   member   23,   and  a  

p i s t o n   rod   24  of  t h e   s e c o n d   boom  c y l i n d e r   22  i s   c o n n e c t e d   t o  

t h e   p r o x i m a l   end  p o r t i o n   of  t h e   s e c o n d   boom  member   1 4  

t h r o u g h   a  p i n   member   2 5 .  

An  arm  26  i s   v e r t i c a l l y   p i v o t a b l y   a t t a c h e d   a t   t h e   l o w e r  

s i d e   of  i t s   p r o x i m a l   p o r t i o n   to  t h e   d i s t a l   end  p o r t i o n   o f  

t h e   s e c o n d   boom  member*  14  t h r o u g h ,   a  p i n   member   27 .   A 

b r a c k e t   28  i s   p r o v i d e d   on  t h e   p r o x i m a l   p o r t i o n   of   t h e   s e c o n d  

boom  m e m b e r   14 .   The  p r o x i m a l   end   p o r t i o n   of   an  arm.  c y l i n d e r  

29  i s   c o n n e c t e d   to  t h e   b r a c k e t   28  t h r o u g h   a  p i n   member   3 0 ,  

and   a  p i s t o n   rod   31  of  t h e   arm  c y l i n d e r   29  i s   c o n n e c t e d   t o  

t h e   p r o x i m a l   end  p o r t i o n   of  t h e   arm  25  t h r o u g h   a  p i n   m e m b e r  

3 2 .  
9 

A  b u c k e t   33  i s   p i v o t a b l y   a t t a c h e d   to  t h e   d i s t a l   e n d  

p o r t i o n   of  t h e   arm  26  t h r o u g h   a  p i n   member  34.   One  e n d  

p o r t i o n   of  a  l i n k   36  i s   c o n n e c t e d   to  a  r e a r   b r a c k e t   35  o f  

t h e   b u c k e t   33,   and  one  end  p o r t i o n   of  a  l i n k   37  i s   c o n n e c t e d  

to   t h e   d i s t a l   end  p o r t i o n   of  t h e   arm  26.   A  b r a c k e t   38  i s  

p r o v i d e d   on  t h e   p r o x i m a l   p o r t i o n   of  t h e   arm  26.  T h e  

p r o x i m a l   end  p o r t i o n   of   a  b u c k e t   c y l i n d e r   39  i s   c o n n e c t e d   t o  

t h e   b r a c k e t   38  t h r o u g h   a  p i n   member   40,  and  a  p i s t o n   rod  41  

of  t h e   b u c k e t   c y l i n d e r   39  i s   c o n n e c t e d   to  t h e   j o i n t   of  t h e  

o t h e r   end  p o r t i o n s   of  t h e   l i n k s   36  and  37  t h r o u g h   a  p i n  

member   4 2 .  

I t   s h o u l d   be  n o t e d   t h a t   an  e l e m e n t   w h i c h   i s   d e n o t e d   b y  
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r e f e r e n c e   n u m e r a l   43  a t   t h e   l o w e r   s i d e   of  t h e   f o r w a r d   e n d  

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

t h e   b u c k e t   33  when  t h e   w o r k i n g   m a c h i n e   i s   f o l d e d .  

F i g .   4-  s h o w s   a  h y d r a u l i c   c o n t r o l   c i r c u i t   w h i c h   r e l a t e s  

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

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

c i r c u i t   i s   t h e   s a m e   as  t h e   one   w h i c h   has   h e r e t o f o r e  

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

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

An  o p e r a t i o n   of  t h e   w o r k i n g   m a c h i n e   t h a t   i s   shown  i n  

F i g .   3  w i l l   n e x t   be  e x p l a i n e d   in  c o n j u n c t i o n   w i t h   F i g .   3  a n d  

F i g s .   5  to   8,  w h i c h   i l l u s t r a t e   i n   c o m b i n a t i o n   an  o p e r a t i o n  

of   t h e   w o r k i n g   m a c h i n e .  

F i g .   3  i s   a  s i d e   v i e w   of  t h e   w o r k i n g   m a c h i n e   t h a t   i s  

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

c y l i n d e r   17  i s   p i v o t e d   to  a  p o s i t i o n   b e l o w   t h e   p i v o t   p o i n t  

13  a t   w h i c h   t h e   p r o x i m a l   end  p o r t i o n   of  t h e   f i r s t   boom 

member   12  i s   p i v o t a b l y   a t t a c h e d   to  t h e   c h a s s i s   10,   and  w i t h  

t h e   s e c o n d   boom  c y l i n d e r   22  b e i n g   e x p a n d e d   and  t h e   a r m  

c y l i n d e r   29  b e i n g   c o n t r a c t e d   so  t h a t   t he   s e c o n d   boom  m e m b e r  

14  and  t h e   arm  25  a r e   s u b s t a n t i a l l y   p a r a l l e l   to  e a c h   o t h e r ,  

t h e   b u c k e t   33  is  r e g a i n e d   by  t h e   b u c k e t   r e t a i n e r   43  on  t h e  

c h a s s i s   10  by  the   o p e r a t i o n   of  a  b u c k e t   a c t u a t i n g   a p p a r a t u s .  

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

s u c h   as  t h a t   shown  in  F i g .   3  i s   to  be  u n f o l d e d   i n t o   a n  
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o p e r a t i o n a l   p o s i t i o n ,   t h e   s e c o n d   boom  c y l i n d e r   22  i s  

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

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

t h a n   t h e   s e c o n d   boom  m e m b e r   14 ,   aa   shown,  i n   F i g .   5 .  

S u b s e q u e n t l y ,   t h e   f i r s t   boom  c y l i n d e r   17  i s   e x p a n d e d .  

In  c o n s e q u e n c e ,   t h e   f i r s t :   boom  member   12  r i s e s   in   s u c h   a  

m a n n e r   as  to   p i v o t   u p w a r d l y ,   and   t h e   c e n t e r   of.  g r a v i t y   G  o f  

t h e   w o r k i n g   m a c h i n e   a l s o   moves   f o r w a r d l y . .   H o w e v e r ,   s i n c e  

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

member   12  to   t h e   t h r u s t   f r o m   t h e   f i r s t   boom  c y l i n d e r   1 7  

d e c r e a s e s ,   t h e   h y d r a u l i c   p r e s s u r e   in   t h e   f i r s t   boom  c y l i n d e r  

12  r i s e s   to   r e a c h   a  s e t   r e l i e f ,   p r e s s u r e ,   so  t h a t   t h e   • 

p i v o t i n g   of  t h e   f i r s t   boom  member   12  i s   s u s p e n d e d .   At  t h i s  

t i m e ,   h o w e v e r ,   t h e   s e c o n d   boom  c y l i n d e r   22  i s   a c t u a t e d   s o  

t h a t   t h e   c e n t e r   of  g r a v i t y   G  of  t h e   w o r k i n g   m a c h i n e   moves   t o  

a  p o s i t i o n   w h i c h   i s   f o r w a r d   of  t h e   p i v o t   p o i n t   13  a t   w h i c h  

t h e   p r o x i m a l   end  p o r t i o n   of  t h e   f i r s t   boom  member  12  i s  

p i v o t a b l y   a t t a c h e d   to   t h e   c h a s s i s   1 0 .  

I t   s h o u l d   be  n o t e d   t h a t ,   i f   t h e   c e n t e r   of  g r a v i t y   G  o f  

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

f o r w a r d   of  t h e   p i v o t   p o i n t   13  b e f o r e   t h e   h y d r a u l i c   p r e s s u r e  

in  t h e   f i r s t   boom  c y l i n d e r   17  r e a c h e s   t h e   s e t   r e l i e f  

p r e s s u r e ,   t h e   s e c o n d   boom  c y l i n d e r   22  n e e d   n o t   be  a c t u a t e d .  

I t   i s   a l s o   p o s s i b l e   to  move  t h e   c e n t e r   of  g r a v i t y   G  o f  

t h e   w o r k i n g   m a c h i n e   to   a  p o s i t i o n   w h i c h   i s   f o r w a r d   of  t h e  
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p i v o t   p o i n t   13  by  m a k i n g   u se   of  t h e   i n e r t i a   f o r c e   a c t i n g   o n  

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

f i r s t   boom  member   12  i s   s u f f i c i e n t l y   l a r g e   r e l a t i v e   to   t h e  

t h r u s t   f r o m   t h e   f i r s t   boom  c y l i n d e r   17  ► 

I f ,   in   t h e   a b o v e - d e s c r i b e d   s t a t e ,   t h e   f i r s t   b o o m  

c y l i n d e r   17  i s   b r o u g h t   i n t o   a  f l o a t i n g   s t a t e ,   t h e   w o r k i n g  

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

P i g .   6r  and   c o n s e q u e n t l y   t h e   f i r s t   b o o n   c y l i n d e r   17  p a s s e s  

t h e   p i v o t   p o i n t   13 .   T h e r e a f t e r ,   t h e   w o r k i n g   m a c h i n e   a s s u m e s  

an  o p e r a t i o n a l   p o s i t i o n ,   as  shown  in   P i g .   7,  so  t h a t   i t   i s  

p o s s i b l e   to   p e r f o r m   work   by  an  o p e r a t i o n   w h i c h   i s   s i m i l a r   t o  

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

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

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

o p e r a t i o n a l   p o s i t i o n .   I f   t h e   f i r s t   boom  c y l i n d e r   17  i s  

e x p a n d e d   and   t h e   s e c o n d   boom  c y l i n d e r   22  i s   c o n t r a c t e d   w h e n  

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

shown  in   F i g .   7  ,  t h e   s e c t i o n   of  t h e   w o r k i n g   m a c h i n e   t h a t   i s  

c l o s e r   to  t h e   d i s t a l   end  t h a n   t h e   s e c o n d   boom  member  1 4  

r i s e s ,   and  t h e   f i r s t   boom  member   12  p i v o t s   r e a r w a r d l y ,   s o  

t h a t   t h e   c e n t e r   of  g r a v i t y   G  of  t h e   w o r k i n g   m a c h i n e   m o v e s  

r e a r w a r d l y   and  i t s   p o s i t i o n   a p p r o a c h e s   t h a t   shown  in  P i g .   6 .  

H o w e v e r ,   a3  t h e   f i r s t   boom  c y l i n d e r   17  comes  c l o s e r   t o  

t h e   p i v o t   p o i n t   13,  t h e   r a t i o   of  t h e   p i v o t i n g   f o r c e   a p p l i e d  

to  t h e   f i r s t   boom  member   to  t h e   t h r u s t   f rom  t h e   f i r s t   b o o m  
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c y l i n d e r   17  d e c r e a s e s .   A c c o r d i n g l y ,   t h e   h y d r a u l i c   p r e s s u r e  

in   t h e   f i r s t   boom  c y l i n d e r   r a p i d l y   r i s e s   to .   r e a c h   t h e   s e t  

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

member   12  to   be  s u s p e n d e d .   At   t h i s   t i m e ,   h o w e v e r ,   t h e  

s e c o n d   boom  c y l i n d e r   22  i s   c o n t r a c t e d   so  t h a t :   t h e   c e n t e r   o f  

g r a v i t y   G  of  t h e   w o r k i n g   m a c h i n e   moves,  to  a  p o s i t i o n   w h i c h  

i s   r e a r w a r d   of  t h e   p i v o t   p o i n t   13,   as  shown,  in.  Fig-.   8 -  

I t   s h o u l d   be  n o t e d   t h a t ,   i f   t h e   c e n t e r   of  g r a v i t y -   <S  o f  

t h e   w o r k i n g   m a c h i n e   h a s   a l r e a d y   moved   to   *  p o s i t i o n   w h i c H   iff.  

r e a r w a r d   of  t h e   p i v o t   p o i n t   13  b e f o r e   t h e   h y d r a u l i c ,   p r e s s u r e  

in   t h e   f i r s t   boom  c y l i n d e r   17  r e a c h e s   t h e   s e t   r e l i e f -  

p r e s s u r e ,   t h e   s e c o n d   boom  c y l i n d e r   22  need ,   n o t   b e  

c o n t r a c t e d .  

I t   i s   a l s o   p o s s i b l e   to   move  t h e   c e n t e r   of   g r a v i t y   G  o f  

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

p i v o t   p o i n t   13  by  m a k i n g   u se   of  t h e   i n e r t i a   f o r c e   a c t i n g   o n  

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

f i r s t   boom  member   14  i s   s u f f i c i e n t l y   l a r g e   r e l a t i v e   to   t h e  

t h r u s t   f r o m   t h e   f i r s t   boom  c y l i n d e r   1 7 .  

I f ,   in   t h e   a b o v e - d e s c r i b e d   s t a t e ,   t h e   f i r s t   boom 

c y l i n d e r   17  i s   b r o u g h t   i n t o   a  f l o a t i n g   s t a t e ,   t h e   w o r k i n g  

m a c h i n e   p i v o t s   r e a r w a r d l y   by  g r a v i t y   and  c o n s e q u e n t l y   t h e  

f i r s t   boom  c y l i n d e r   17  p a s s e s   t h e   p i v o t   p o i n t   13,   r e s u l t i n g  

in  t h e   w o r k i n g   m a c h i n e   a s s u m i n g   a  p o s i t i o n   s u c h   as   t h a t  

shown  in  F i g .   5 .  
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T h e r e a f t e r ,   t h e   w o r k i n g   m a c h i n e   can  be  b r o u g h t   i n t o   t h e  

f o l d e d   p o s i t i o n .   t h a t   i s   shown  in  P i g .   3  by  t h e   o p e r a t i o n  

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

F i g .   9  s h o w s   a  s e c o n 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 .   In   t h i s   e m b o d i m e n t   ,  t h e   p o i n t   20  a t   w h i c h   t h e  

p i s t o n   r o d   19  of  t h e   f i r s t   boom  c y l i n d e r   IT  i s   p i v o t a b l y  

a t t a c h e d   to   t h e   f i r s t   boom  member   12  i s   orr.  t h e   p i n   member   1 5  

t h a t   c o n n e c t s   t o g e t h e r   t h e   f i r s t   boom  member   12  and   t h e  

s e c o n d   boom  m e m b e r   14 .   The   o t h e r   a r r a n g e m e n t s   and   o p e r a t i o n  

of   t h i s   e m b o d i m e n t   a r e   t h e   same  as  t h o s e   o f   t h e   f i r s t  

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 ,   a n d   t h e   m e t h o d   o f  

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

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

t h e r e f o r e   o m i t t e d .  

F i g s .   10  and  11  a r e   v i e w s   w h i c h   a r e   e m p l o y e d   to  e x p l a i n  

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

e m b o d i m e n t .  

In  t h e   s e c o n d   o p e r a t i n g   m e t h o d ,   when  t h e   w o r k i n g  

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

p o s i t i o n ,   or  v i c e   v e r s a ,   c o u n t e r f o r c e   f rom  t h e   b u c k e t  

r e t a i n e r   43  i s   a l s o   u t i l i z e d   in  a d d i t i o n   to  t h e   h y d r a u l i c  

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

f r o m   t h e   g r a v i t y   t i a t   a c t s   on  t h e   w o r k i n g   m a c h i n e ,   w h i l e  

e n s u r i n g   t h e   r e t a i n i n g   of  t h e   b u c k e t   by  t h e   b u c k e t   r e t a i n e r  

4 3 .  
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As  h a s   b e e n   d e s c r i b e d   a b o v e ,   t h e   f i r s t   boom  c y l i n d e r   1 7  

in  t h e   p r e s e n t   i n v e n t i o n   has   " d e a d   p o i n t   in.  t h e   l i n k  

m e c h a n i s m "   ,  w h i c h   w i l l   be  e x p l a i n e d   b e l o w .   T h a t   i s ,   t h e  

p i v o t   p o i n t   20  a t   w h i c h   t h e   f i r s t   boom  m e m b e r   12.  and  t h e  

d i s t a l   end   p o r t i o n   o f   t h e   f i r s t   boom  c y l i n d e r   17  a r e  

c o n n e c t e d ,   p i v o t a b l y   to   e a c h   o t h e r ,   t h e   p i v o t   p o i n t   13  a t  

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

m e m b e r   12.  i s   p i v o t a b l y   a t t a c h e d   to   t h e   c h a s s i s   10  and   t h e  

p i v o t   p o i n t   18  a t   w h i c h   t h e   p r o x i m a l   e n d   p o r t i o n   of  t h e  

f i r s t   boom  c y l i n d e r   17  i s   p i v o t a b l y   a t t a c h e d   to   t h e   c h a s s i s  

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

p i v o t i n g   m o t i o n   o f   t h e   f i r s t   boom  c y l i n d e r   17.   The  p o s i t i o n  

B  on  t h e   s t r a i g h t   l i n e   C  of  t h e   p i v o t   p o i n t   20  a t   w h i c h   t h e  

d i s t a l   end  p o r t i o n   of  t h e   f i r s t   boom  c y l i n d e r   17  i s  

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

boom  c y l i n d e r   1 7 .  

I t   s h o u l d   be  n o t e d   t h a t   t h e   b o r d e r   l i n e   b e y o n d   w h i c h  

t h e   c e n t e r   of  g r a v i t y   G  of  t h e   w o r k i n g   m a c h i n e   m o v e s  

f o r w a r d l y   of  t h e   c h a s s i s   10  to   a  p o s i t i o n   w h i c h   i s   f o r w a r d  

of  t h e   p i v o t   p o i n t   13 ,   a t   w h i c h   t h e   p r o x i m a l   end  p o r t i o n   o f  

t h e   f i r s t   boom  member   12  i s   p i v o t a l l y   a t t a c h e d   to   t h e  

c h a s s i s   10 ,   in  t h e   a b o v e - d e s c r i b e d   f i r s t   o p e r a t i n g   m e t h o d   o f  

t h e   f i r s t   e m b o d i m e n t   i s ,   n e e d l e s s   to   s a y ,   e q u i v a l e n t   to  t h e  

d e a d   p o i n t   B .  

The  o p e r a t i n g   m e t h o d   t h a t   i s   shown  in  F i g s .   10  and  1 1  
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i s   as  f o l l o w s :  

(1)  From  t h e   f o l d e d   p o s i t i o n   to  n e a r   t h e   dead   p o i n t   B :  

W i t h   t h e   s e c o n d   boom  c y l i n d e r   22  b e i n g   b r o u g h t   i n t o   a  

f l o a t i n g -   s t a t e ,   t h e   f i r s t   boom  c y l i n d e r   17  i s   e x p a n d e d   t o  

r a i s e   t h e   f i r s t   boom  member   12  to  n e a r   t h e   d e a d   p o i n t   B  o f  

t h e   f i r s t ,   boom  c y l i n d e r   1 7 .  

(2)  From  n e a r   t h e   d e a d   p o i n t   B  to  an  o p e r a t i o n a l   p o s i t i o n :  

The  d i s t a l   end   p o r t i o n   of.  t h e   b u c k e t   33  i s   r e t a i n e d   o n  

t h e   b u c k e t   r e t a i n e r   43  by  e x p a n d i n g   and   c o n t r a c t i n g   t h e  

b u c k e t   c y l i n d e r   39 ,   and   a t   t h e   same  t i m e   as  t h e   f i r s t   a n d  

s e c o n d   boom  c y l i n d e r s   17  and   22  a r e   b r o u g h t   i n t o   a  f l o a t i n g  

s t a t e ,   t h e   arm  c y l i n d e r   29  i s   e x p a n d e d   to  c a u s e   t h e   f i r s t  

boom  member   to  f u r t h e r   r i s e   b e y o n d   t h e   d e a d   p o i n t .   T h u s ,  

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

(3)  From  t h e   o p e r a t i o n a l   p o s i t i o n   to  n e a r   t h e   d e a d   p o i n t   B :  

The  d i s t a l   end   p o r t i o n   of  t h e   b u c k e t   33  i s   r e t a i n e d   o n  

t h e   b u c k e t   r e t a i n e r   43  by  e x p a n d i n g   and  c o n t r a c t i n g   t h e  

b u c k e t   c y l i n d e r   39 ,   and   w i t h   t h e   s e c o n d   boom  c y l i n d e r   2 2  

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

17  i s   e x p a n d e d   a n d ,   a t   t h e   same  t i m e ,   t h e   arm  c y l i n d e r   29  i s  

c o n t r a c t e d   to   l o w e r   t h e   f i r s t   boom  member  12  to  n e a r   t h e  

d e a d   p o i n t .  

(4)  From  n e a r   t h e   d e a d   p o i n t   B  to  t h e   f o l d e d   p o s i t i o n :  

A f t e r   t h e   f i r s t   boom  member   12  has   l o w e r e d   to  n e a r   t h e  

dead   p o i n t   B,  a l l   t h e   c y l i n d e r s   a r e   g r a d u a l l y   b r o u g h t   i n t o   a  
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f l o a t i n g   s t a t e ,   or  t h e   s e c o n d   boom  c y l i n d e r   22  i s   b r o u g h t  

i n t o   a  f l o a t i n g   s t a t e   and  t h e   f i r s t   boom  c y l i n d e r   17  i s  

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

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

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

c y l i n d e r   1 7 .  

A  t h i r d   e m b o d i m e n t   of  t h e   w o r k i n g   m a c h i n e   a c c o r d i n g -   t o  

t h e   p r e s e n t   i n v e n t i o n   i s   shown   in   F i g .   1 2 .   U n l i k e   t h e   f i r s t  

and   s e c o n d   e m b o d i m e n t s ,   i n   w h i c h   t h e   s e c o n d   boom  c y l i n d e r   22.  

i s   e m p l o y e d   as  a  p o s i t i o n   r e t a i n i n g   means   A  f o r   t h e   s e c o n d  

boom  member   14 ,   t h e   t h i r d   e m b o d i m e n t   e m p l o y s   as  a  p o s i t i o n  

r e t a i n i n g   m e a n s   A  f o r   t h e   s e c o n d   boom  member   14  one   o r   a. 

p l u r a l i t y   of  f i x i n g   p i n s   45  w h i c h   a r e   i n s e r t e d   i n t o   a  p i n  

b o r e   25a  t h a t   i s   b o r e d   in   t h e   o t h e r   s i d e   of  t h e   d i s t a l   e n d  

p o r t i o n   of  t h e   f i r s t   boom  member   12  and  a  p i n   b o r e   44  t h a t  

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

t h e   s e c o n d   boom  member   1 4 a ,   when  t h e s e   p i n   b o r e s   25a  and  4 4  

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

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

e x p l a i n e d   b e l o w   in  c o n j u n c t i o n   w i t h   F i g s .   12  to   1 4 .  

{1}  From  t h e   f o l d e d   p o s i t i o n   to   n e a r   t h e   dead   p o i n t   B :  

The  f i r s t   boom  c y l i n d e r   17  i s   e x p a n d e d   to  r a i s e   t h e   f i r s t  

boom  member  12  to  n e a r   t h e   d e a d   p o i n t .  

(2)  From  t h e   d e a d   p o i n t   B  to   an  o p e r a t i o n a l   p o s i t i o n :  

The  b u c k e t   c y l i n d e r   39  i s   e x p a n d e d   and  c o n t r a c t e d   t o  
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r e t a i n   t h e   d i s t a l   end   p o r t i o n   of  t h e   b u c k e t   33  on  t h e   b u c k e t  

r e t a i n e r   43,  and  w h i l e   d o i n g   so ,   t h e   f i r s t   boom  c y l i n d e r   1 7  

i s   b r o u g h t   i n t o   a  f l o a t i n g   s t a t e   a n d ,   a t   t h e   same  t i m e ,   t h e  

arm  c y l i n d e r   29  i s   e x p a n d e d   to   c a u s e   t h e   f i r s t   boom  m e m b e r  

12  to   f u r t h e r   r i s e   b e y o n d   t h e   d e a d   p o i n t   B .  

(3)  R e t a i n i n g   of  t h e   p o s i t i o n   of  t h e   s e c o n d   boom  member   1 4 :  

The  p i n   b o r e   25a   t h a t   i s   b o r e d   in   t h e   s e c o n d   s ide-   o f  

t h e   d i s t a l   end   p o r t i o n   of  t h e   f i r s t   boom  member   12.  and   t h e -  

p i n   b o r e   44  t h a t .   i s   p r o v i d e d   in   t h e   s e c o n d   s i d e   o f   t h e  

p r o x i m a l   end  p o r t i o n   of  t h e   s e c o n d   boom  member   14  a r e  

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

c y l i n d e r   17,   and  t h e   f i x i n g   p i n ( s )   45  i s   i n s e r t e d   i n t o   t h e  

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

T h u s ,   t h e   p o s i t i o n   of  t h e   s e c o n d   boom  member  14  i s  

m a i n t a i n e d   by  t he   f i r s t   boom  member  12  t h a t   i s   h e l d   by  t h e  

f i r s t   boom  c y l i n d e r   1 7 .  

(4)  C a n c e l l a t i o n   of  t h e   r e t a i n i n g   of  t h e   p o s i t i o n   of  t h e  

s e c o n d   boom  member   1 4 :  

A f t e r   t h e   d i s t a l   end  p o r t i o n   of  t h e   b u c k e t   33  has  b e e n  

r e t a i n e d   on  t h e   b u c k e t   r e t a i n e r   43  by  e x p a n d i n g   a n d  

c o n t r a c t i n g   a l l   t h e   h y d r a u l i c   c y l i n d e r s ,   t h e   f i x i n g   p i n ( 2 )  

45  i s   l o o s e n e d   by  f i n e l y   a c t u a t i n g   t h e   f i r s t   boom  c y l i n d e r  

17  and  t h e n   r e m o v e d   by  a  m a n u a l   o p e r a t i o n .   T h u s ,   t he   f i r s t  

boom  member   17  and  t h e   s e c o n d   boom  member  14  b e c o m e  

p i v o t a b l e   r e l a t i v e   to  e a c h   o t h e r .  
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(5)  Prom  t h e   o p e r a t i o n a l   p o s i t i o n   to  n e a r   t h e   d e a d   p o i n t   B :  

The  f i r s t   .boom  c y l i n d e r   17  and  t h e   b a c k e t   c y l i n d e r   3 9  

a r e   e x p a n d e d   and  t h e   arm  c y l i n d e r   29  i s   a l s o   e x p a n d e d   t o  

r e t a i n   t h e   d i s t a l   e n d   p o r t i o n   o f   t h e   b u c k e t   33  on.  t h e   b u c k e t  

r e t a i n e r   43  and  p i v o t   t h e   f i r s t   boom  m e m b e r   12  to   n e a r   t h e  

d e a d   p o i n t   B .  

(6)  Prom  n e a r   t h e   d e a d   p o i n t .   B  to   t h e   f o l d e d -   p o s i t i o n :  

A l t e r   t h e   f i r s t ,   boom  m e m b e r   12  has   p i v o t e d   ( l o w e r e d )   t o  

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

b r o u g h t   i n t o   a  f l o a t i n g   s t a t e ,   or  t h e   f i r s t   boom  c y l i n d e r   1 7  

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

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

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

c y l i n d e r .  

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

p r e f e r r e d   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 ,   and  t h e  

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

Numeous   c h a n g e s   and   m o d i f i c a t i o n s   c o u l d   r e a d i l y   be  c o n c e i v e d  

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

of  t h e   p r e s e n t   i n v e n t i o n .  
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WHAT  IS  CLAIMED  I S :  

1.  A  w o r k i n g .   ma  c h i n e   f o r   c o n s t r u c t i o n   v e h i c l e s   h a v i n g   a  

boom  t h a t   i s   d i v i d e d   i n t o   f i r s t   and  s e c o n d   boom  m e m b e r s ,  

w h i c h   a r e   c o n n e c t e d ,   t o   a  c h a s s i s   in   t h e   m e n t i o n e d   o r d e r /   a n  

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

s a i d   s e c o n d   boom  m e m b e r ,   one   arm  c y l i n d e r   t h a t   i s   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   p r o x i m a l   end  of   s a i d   a rm  a n d   a  

p r e d e t e r m i n e d   p o s i t i o n   o f   s a i d   s e c o n d   boom  m e m b e r ,   a  b u c k e t  

t h a t   i s   p i v o t a b l y   a t t a c h e d   to  t h e   d i s t a l   e n d   o f   s a i d   a rm,   a  

b u c k e t   c y l i n d e r   t h a t   i s   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  

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

s a i d   a rm,   and   a  b u c k e t   r e t a i n e r   t h a t   i s   p r o v i d e d   on  t h e  

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

c o m p r i s e s :   s a i d   f i r s t   boom  member   w h i c h   i s   v e r t i c a l l y  

p i v o t a b l y   s u p p o r t e d   a t   one  s i d e   of  t h e   p r o x i m a l   end  t h e r e o f  

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

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

t h e   d i s t a l   end  t h e r e o f   to  one  s i d e   of  t h e   p r o x i m a l   end  o f  

s a i d   s e c o n d   b o o n   member   so  t h a t   s a i d   s e c o n d   boom  member   i s  

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

p i v o t a b l y   s u p p o r t e d   a t   t h e   p r o x i m a l   end  t h e r e o f   on  a n o t h e r  

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

b r a c k e t ,   and   a t   t he   d i s t a l   end  t h e r e o f   on  t h e   d i s t a l   end  o f  

s a i d   f i r s t   boom  m e m b e r ,   to  p i v o t   s a i d   f i r s t   boom  m e m b e r  

v e r t i c a l l y ;   and  a  r e t a i n e r   means   w h i c h   i s   c o n n e c t e d   b e t w e e n  
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s a i d   f i r s t   and  s e c o n d   boom  m e m b e r s   f o r   m a i n t a i n i n g   s a i d  

s e c o n d   boom  member   in   a  r a i s e d   p o s i t i o n   w i t h   r e s p e c t   to   s a i d  

f i r s t ,   boom  m e m b e r .  

2.  A  w o r k i n g   m a c h i n e   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   s a i d  

r e t a i n e r   means   i s   a  s e c o n d   boom  c y l i n d e r   w h i c h   i s   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   r e s p e c t i v e   o t h e r   s i d e s   of  t h e   p r o x i m a l  

end   p o r t i o n s   of   s a i d   f i r s t ,   a n d   s e c o n d   boom  m e m b e r s .  

3.  A  w o r k i n g   m a c h i n e   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   s a i d  

r e t a i n e r   means   i s   a  s e c o n d   boom  c y l i n d e r   w h i c h   i s   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   r e s p e c t i v e   o t h e r   s i d e s   of  t h e   p r o x i m a l  

end   p o r t i o n s   of   s a i d   f i r s t   and  s e c o n d   boom  m e m b e r s ,   and-  s a i d  

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

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

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

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

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

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

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

boom  member   i s   p i v o t a b l y   a t t a c h e d   to  s a i d   c h a s s i s .  

4.  A  w o r k i n g   m a c h i n e   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   s a i d  

r e t a i n e r   means   i s   one   or  a  p l u r a l i t y   of  p i n   m e m b e r s   w h i c h  

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

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

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

end  p o r t i o n   of  s a i d   s e c o n d   boom  member ,   when  t h e s e   two  p i n  
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b o r e s   a r e   a l i g n e d   w i t h   e a c h   o t h e r .  

5.  a  w o r k i n g   m a c h i n e   a c c o r d i n g   to  C la im  1,  v h e r e i n   t h e  
d i s t a l   end   p o r t i o n   of  s a i d   f i r s t   boom  c y l i n d e r   i s   p i v o t a b l y  
c o n n e c t e d   to  a  j o i n t   of   t h e   d i s t a l   end  p o r t i o n   of   s a i d   f i r s t  
boom  member   and  t h e   f i r s t   s i d e   of  t h e   p r o x i m a l   end  p o r t i o n  
of   s a i d   s e c o n d   boom  m e m b e r .  

6.  A  m e t h o d   of  o p e r a t i n g   t h e   w o r k i n g   m a c h i n e   a c c o r d i n g   t o  
C l a i m   3,  w h e r e i n   s a i d   f i r s t   boom  c y l i n d e r   i s   c a u s e d   to   m o v e  
b e y o n d   t h e   d e a d   p o i n t   by  m a k i n g   use.  of  t h e   h y d r a u l i c  

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

f o r c e   and  i n e r t i a   f o r c e ,   w h i c h   a c t   on  s a i d   w o r k i n g   m a c h i n e .  
7.  A  m e t h o d   of  o p e r a t i n g   t h e   w o r k i n g   m a c h i n e   a c c o r d i n g   t o  

C l a i m   3",  w h e r e i n   s a i d   f i r s t   boom  c y l i n d e r   i s   c a u s e d   to  m o v e  

b e y o n d   t h e   d e a d   p o i n t   by  m a k i n g   use   of  t h e   h y d r a u l i c  

p r e s s u r e   f rom  each   of  s a i d   c y l i n d e r s ,   g r a v i t a t i o n a l   f o r c e  
and   i n e r t i a   f o r c e ,   w h i c h   a c t   on  s a i d   w o r k i n g   m a c h i n e ,   a n d  

c o u n t e r f o r c e   f r o m   s a i d   b u c k e t   r e t a i n e r .  

8.  a  m e t h o d   of  o p e r a t i n g   t h e   w o r k i n g   m a c h i n e   a c c o r d i n g   t o  

C l a i m   4,  w h e r e i n   s a i d   f i r s t   boom  c y l i n d e r   i s   c a u s e d   to  m o v e  

b e y o n d   t h e   d e a d   p o i n t   by  m a k i n g   use   of  t h e   h y d r a u l i c  

p r e s s u r e   f rom  each   c t   s a i d   c y l i n d e r s ,   g r a v i t a t i o n a l   f o r c e  

and  i n e r t i a   f o r c e ,   w h i c h   a c t   on  s a i d   w o r k i n g   m a c h i n e ,   a n d  

c o u n t e r f o r c e   f r o m   s a i d   b u c k e t   r e t a i n e r .  

9.  A  m e t h o d   of  o p e r a t i n g   t h e   w o r k i n g   m a c h i n e   a c c o r d i n g   t o  
C l a i m   6,  w h i c h   c o n p r i s e s   t h e   s t e p s   o f :   c o n t r a c t i n g   s a i d  
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s e c o n d   boom  c y l i n d e r   to   r a i s e   s a i d   s e c o n d   boom  m e m b e r ;  

e x p a n d i n g ,   a f t e r   s a i d   s e c o n d   boom  member   has   b e e n   r a i s e d ,  
s a i d   f i r s t   boom  c y l i n d e r   to  r a i s e   s a i d   f i r s t   boom  m e m b e r ;  
b r i n g i n g ,   a f t e r   s a i d   f i r s t   boom  c y l i n d e r   h a s   r e a c h e d   t h e  

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

g r a v i t y   a n d   h y d r a u l i c   p r e s s u r e   f r o m   s a i d ,   f i r s t   boom  c y l i n d e r  
and  m a i n t a i n e d   in   t h e   o p e r a t i o n a l   p o s i t i o n   by  t h e   o p e r a t i o n  
of  s a i d   s e c o n d   boom  c y l i n d e r ;   e x p a n d i n g ,   a f t e r   c o m p l e t i o n   o f  

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

c o n t r a c t i n g   s a i d   s e c o n d   boom  c y l i n d e r   to  move  s a i d   f i r s t  
boom  member   to  n e a r   t h e   d e a d   p o i n t   of  s a i d   f i r s t   b o o m  

c y l i n d e r ;   b r i n g i n g ,   a f t e r   s a i d   f i r s t   boom  c y l i n d e r   h a s  

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

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

member   i s   moved  t o w a r d   t h e   r e a r   end  of  s a i d   c h a s s i s   b e y o n d  

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

g r a v i t a t i o n a l   f o r c e   and   i n e r t i a   f o r c e ,   w h i c h   a c t   on  s a i d  

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

p r e d e t e r m i n e d   r e a r w a r d   p o s i t i o n   of  s a i d   c h a s s i s   by  s a i d  

f i r s t   boom  c y l i n d e r ;   and   c o n t r a c t i n g   s a i d   f i r s t   b o o m  

c y l i n d e r   a n d ,   a t   t h e   same  t i m e ,   e x p a n d i n g   s a i d   s e c o n d   b o o m  

c y l i n d e r ,   to   f o l d   s a i d   f i r s t   and  s e c o n d   boom  m e m b e r s .  
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10.   a  m e t h o d   of  o p e r a t i n g   t h e   w o r k i n g   m a c h i n e   a c c o r d i n g   t o  
C l a i m   7,  w h i c h   c o m p r i s e s   t h e   s t e p s   o f :   b r i n g i n g   s a i d   s e c o n d  
boom  c y l i n d e r   i n t o   a  f l o a t i n g   s t a t e -   and   e x p a n d i n g   s a i d   f i r s t  
boom  c y l i n d e r   to   r a i s e   s a i d   f i r s t   boom  member   to   n e a r   t h e  
d e a d   p o i n t   of  s a i d   f i r s t   boom  c y l i n d e r ;   e x p a n d i n g   a n d  

c o n t r a c t i n g ,   a f t e r   s a i d   f i r s t   boom  c y l i n d e r   h a s   r e a c h e d   t h e .  

v i c i n i t y   of   t h e   d e a d   p o i n t ,   s a i d   b a c k e t   c y l i n d e r   to   e n s u r e  
t h e   r e t a i n i n g   o f   s a i d   b u c k e t   by  s a i d   b u c k e t   r e t a i n e r   a n d ,   a t  
t h e   same  t i m e ,   e x p a n d i n g   s a i d   arm  c y l i n d e r   w i t h   s a i d   f i r s t  

and   s e c o n d   boom  c y l i n d e r s   b e i n g   b r o u g h t   i n t o   a  f l o a t i n g  

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

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

c y l i n d e r   and   s a i d   arm  c y l i n d e r ,   and  g r a v i t a t i o n a l   f o r c e   a n d  
i n e r t i a   f o r c e ,   w h i c h   a c t   on  s a i d   w o r k i n g   m a c h i n e ,   t h e r e b y  

b r i n g i n g   s a i d   w o r k i n g   m a c h i n e   to  an  o p e r a t i o n a l   p o s i t i o n ;  

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

b u c k e t   c y l i n d e r   to  r e t a i n   s a i d   b u c k e t   on  s a i d   b u c k e t  

r e t a i n e r ,   and   e x p a n d i n g   s a i d   f i r s t   boom  c y l i n d e r   a n d  

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

c y l i n d e r   b e i n g   b r o u g h t   i n t o   a  f l o a t i n g   s t a t e ,   to  move  s a i d  

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

c y l i n d e r ;   and   g r a d u a l l y   b r i n g i n g ,   a f t e r   s a i d   f i r s t   boom 

member   has   p a s s e d   t h e   d e a d   p o i n t   of  s a i d   f i r s t   boom  c y l i n d e r  

by  t h e   g r a v i t a t i o n a l   or  i n e r t i a   f o r c e   a c t i n g   on  s a i d   w o r k i n g  
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m a c h i n e ,   s a i d   f i r s t   and  s e c o n d   boom  c y l i n d e r s   i n t o   a  
f l o a t i n g   s t a t e   to   f o l d   s a i d   f i r s t   and  s e c o n d   boom  m e m b e r s   b y  
m a k i n g   u se   of-  t h e   g r a v i t y   of   s a i d   w o r k i n g   m a c h i n e .  

11 .   A  m e t h o d   o f   o p e r a t i n g -   t h e   w o r k i n g   m a c h i n e   a c c o r d i n g   t o  
C l a i m   8,  w h i c h   c o m p r i s e s   t h e   s t e p s   o f :   e x p a n d i n g   s a i d   f i r s t  
boom  c y l i n d e r   to   r a i s e   s a i d   f i r s t   boom  m e m b e r   to   n e a r   t h e  
d e a d   p o i n t   o f   s a i d ,   f i r s t   boom  c y l i n d e r   r  e x p a n d i n g   a n d  

c o n t r a c t i n g - ,   a f t e r   s a i d   f i r s t   boom-  c y l i n d e r   h a s   r e a c h e d   t h e  

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

b r i n g i n g   s a i d   f i r s t   boom  c y l i n d e r   i n t o   a  f l o a t i n g -   s t a t e   a n d ,  
a t   t h e   same  t i m e ,   e x p a n d i n g   s a i d   arm  c y l i n d e r ;   f u r t h e r  

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

t i l t i n g   s a i d   f i r s t   boom  member   t o w a r d   t h e   f o r w a r d   end  o f  

s a i d   c h a s s i s   by  m a k i n g   u se   of  t h e   c o u n t e r f o r c e   f r o m   s a i d  

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

c y l i n d e r   and  s a i d   boom  c y l i n d e r ,   and  g r a v i t a t i o n a l   f o r c e   a n d  

i n e r t i a   f o r c e ,   w h i c h   a c t   on  s a i d   w o r k i n g   m a c h i n e ;   e x p a n d i n g  

and   c o n t r a c t i n g   s a i d   arm  c y l i n d e r   to  a l i g n   a  p i n   b o r e   t h a t  

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

s a i d   f i r s t   boom  member   and  a  p i n   b o r e   t h a t   i s   f o r m e d   in  t h e  

o t h e r   s i d e   of  t h e   p r o x i m a l   end  p o r t i o n   of  s a i d   s e c o n d   boom 

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

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

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

r e t a i n e r ;   f i n e l y   e x p a n d i n g   and   c o n t r a c t i n g - ,   a f t e r   s a i d  
b u c k e t   h a s   b e e n   r e t a i n e d ,   s a i d   f i r s t   boom  c y l i n d e r   to  r e m o v e  
s a i d   f i x i n g   p i n s ;   e x p a n d i n g , ,   a f t e r   s a i d   f i x i n g   p i n s   h a v e  
b e e n   r e m o v e d ,   s a i d   f i r s t   boom  c y l i n d e r   and   s a i d   b u c k e t  

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

by  e x p a n d i n g :   s a i d   a rm  c y l i n d e r ,   to  move  s a i d   f i r s t   b o o m  

m e m b e r   to   n e a r   t h e   d e a d   p o i n t   of   s a i d   f i r s t ,   boom  c y l i n d e r ;  
and  g r a d u a l l y   b r i n g i n g ,   a f t e r   s a i d   f i r s t   boom  m e m b e r   h a s  

p a s s e d   t h e   d e a d   p o i n t   o f   s a i d   f i r s t   boom  c y l i n d e r   by  t h e  
g r a v i a t i o n a l   or  i n e r t i a   f o r c e   a c t i n g   on  s a i d   w o r k i n g  
m a c h i n e ,   s a i d   f i r s t   boom  c y l i n d e r   i n t o   a  f l o a t i n g   s t a t e   t o  
f o l d   s a i d   f i r s t   and  s e c o n d   boom  m e m b e r s   by  m a k i n g   use   of  t h e  

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

12 .   A  m e t h o d   o f   o p e r a t i n g   t h e   w o r k i n g   m a c h i n e   a c c o r d i n g   t o  
C l a i m   10,   w h e r e i n ,   a f t e r   s a i d   f i r s t   boom  member  h a s   p a s s e d  
t h e   d e a d   p o i n t   o f   s a i d   f i r s t   boom  c y l i n d e r   by  t h e  

g r a v i t a t i o n a l   f o r c e   a c t i n g   on  s a i d   w o r k i n g   m a c h i n e ,   s a i d  
s e c o n d   boom  c y l i n d e r   i s   b r o u g h t   i n t o   a  f l o a t i n g   s t a t e   a n d  
f i r s t   boom  c y l i n d e r   i s   c o n t r a c t e d   to  f o l d   s a i d   f i r s t   a n d  
s e c o n d   boom  m e m b e r s   by  m a k i n g   use   of  t h e   g r a v i t a t i o n a l   f o r c e  

a c t i n g   on  s a i d   w o r k i n g   m a c h i n e .  

13 .   A  m e t h o d   of  o p e r a t i n g   t h e   w o r k i n g   m a c h i n e   a c c o r d i n g   t o  
C l a i m   11,   w h e r e i n ,   a f t e r   s a i d   f i r s t   boom  member  has   p a s s e d  
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t h e   d e a d   p o i n t   of  s a i d   f i r s t   boom  c y l i n d e r   by  t h e  

g r a v i a t i o n a l   f o r c e   a c t i n g   on  s a i d   w o r k i n g   m a c h i n e ,   s a i d  
f i r s t   boom  c y l i n d e r   i s   c o n t r a c t e d   to   f o l d   s a i d   f i r s t ,   a n d  
s e c o n d   boom  m e m b e r s   by  m a k i n g   u se   of   t h e   g r a v i t a t i o n a l   f o r c e  
a c t i n g   on  s a i d   w o r k i n g   m a c h i n e .  
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