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@  Earthmoving  machine. 

  An  earthmoving  machine  primarily  for  land  drainage  and 
irrigation  purposes  has  a  pivotally  mounted  boom  (8)  carrying  an 
arm  (12)  pivoted  at  one  end  to  one  end  of  the  boom  and  having  a 
bucket  (14)  or  the  like  attached  at  its  other  end.  At  the  end  of  the 
arm  which  is  pivoted  on  the  boom  a  quadrant  (20)  is  formed 
around  which  passes  a  pendant  cable  (18)  attached  to  a  counter- 
weight  (22)  which  is  slidable.  The  counterweight,  and  thus  the 
arm,  may  be  moved  by  a  ram  (24)  so  that  radially  outwards 
movement  of  the  arm  (12)  is  accompanied  by  outwards  move- 
ment  of  the  counterweight  (22)  along  the  end  of  the  boom  in  the 
opposite  direction  to  balance  the  machine.  A  draw-in  rope  or 
cable  (26)  is  attached  to  the free  end  of  the  arm  in  order to  draw-in 
the  arm  towards  the  pivot  axis  of  the  boom,  the  ram  (24)  and 
draw-in  rope  winch  (25)  being  hydraulically  connected  so  that  the 
one  is  operative  when  the  other  is  in  neutral  and  vice  versa. 



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

p r i m a r i l y   f o r   l a n d   d r a i n a g e   and  i r r i g a t i o n   p u r p o s e s ,  
b u t   a l s o   f o r   more   s t a n d a r d   e x c a v a t o r   a p p l i c a t i o n s .  

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

d r e d g i n g   a n d / o r   r e s h a p i n g   of  d r a i n a g e   c h a n n e l s ,   s u c h  
d r a g l i n e s   b e i n g   a v a i l a b l e   in  a  w i d e   r a n g e   of  s i z e s   t o  
s u i t   p a r t i c u l a r   j o b s .   H o w e v e r ,   t h e   g r e a t  
d i s a d v a n t a g e   of  u s i n g   a  d r a g l i n e   i s   t h a t   i t   d e m a n d s   a  
g r e a t   d e a l   of  o p e r a t o r   s k i l l   due  to   i t s   f l e x i b l e  

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

r e l a t i v e l y   n a r r o w   w i t h   t e e t h ,   w h i c h   i s   n o t   c o n d u c i v e  
to   n e a t   t r i m m i n g   of  t h e   s l o p e s   or  s o - c a l l e d   " b a t t e r s " .  

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

w i t h   e x t e n d e d   booms  and  a rms   and  w i d e   s h a l l o w   b u c k e t s  
h a v e   b e e n   u s e d   a t   t h e   l o w e r   end  of  t h e   s i z e   r a n g e ,   i n  

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

and  arm  b e i n g   c o u n t e r - b a l a n c e d   by  t h e   c o n v e n t i o n a l  
f i x e d   c o u n t e r w e i g h t   on  t h e   t a i l   of  t h e   bed   p l a t e   o f  

t h e   m a c h i n e .   A l t h o u g h   t h e   l o n g r e a c h   b a c k h o e  

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

r e q u i r e d   f o r   o p e r a t i o n   as  t h e   e q u i p m e n t   i s   r i g i d ,   t h e  

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

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

F u r t h e r m o r e ,   a  low  u n i t   g r o u n d   p r e s s u r e   can   o n l y   b e  
a c h i e v e d   by  f i t t i n g   l o n g   w ide   t r a c k s   and  e v e n   w i t h  



t h e s e   f i t t e d   t h e   m a c h i n e   is   i n c l i n e d   to   r o c k   and  t o  
s i n k   i t s e l f   i n t o   s o f t   g r o u n d .  

I t   i s   known ,   see   f o r   e x a m p l e   D E - A - 3 1 2 6 3 2 4 ,   t o  

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

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

t h e   c r a n e   f o r   d i f f e r e n t   o p e r a t i n g   j i b   l e n g t h s .  
F u r t h e r m o r e ,   i t   i s   known  f r o m ,   f o r   e x a m p l e ,  
E P - A - 0 0 3 3 0 6 0 ,   to   p r o v i d e   a  p i v o t i n g   c o u n t e r w e i g h t   o n  

an  e x c a v a t i n g   m a c h i n e   w i t h   a  g r a b .  
G B - A - 1 1 1 0 4 7 5   shows  an  e a r t h m o v i n g   m a c h i n e   h a v i n g  

a  r o t a r y   b u c k e t   w h e e l   m o u n t e d   on  t h e   edge   of  t h e   b o o m  

and  a  c o u n t e r w e i g h t   m o u n t e d   t o   c o u n t e r b a l a n c e   t h e  
boom,   t h e   c o u n t e r w e i g h t   b e i n g   m o v a b l e   to   a d j u s t   i t s  

p o s i t i o n   to   c o m p e n s a t e   f o r   c h a n g e s   in  t h e  

c o u n t e r w e i g h t ' s   p o s i t i o n   as  a  r e s u l t   of  p i v o t i n g   o f  
t h e   b o o m .  

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   t h e r e   i s  

p r o v i d e d   an  e a r t h m o v i n g   m a c h i n e   c o m p r i s i n g   a  boom  ( 8 )  
p i v o t a l l y   m o u n t e d   i n t e r m e d i a t e   i t s   e n d s   a b o u t   a  

g e n e r a l l y   h o r i z o n t a l   a x i s   ( 9 ) ,   an  arm  (12)   p i v o t a l l y  
m o u n t e d   a t   one  end  of  t h e   boom,   and  a  c o u n t e r w e i g h t  
( 2 2 ) ,   t h e   c o u n t e r w e i g h t   (22)   and  arm  (12)   a r e  
c o n n e c t e d   so  t h a t   t h e   c o u n t e r w e i g h t   i s   m o v a b l e  

o u t w a r d l y   s i m u l t a n e o u s l y   w i t h   r a d i a l   o u t w a r d   p i v o t i n g  
of   t h e   arm  (12)   in  t h e   o p p o s i t e   d i r e c t i o n   r e l a t i v e   t o  

t h e   p i v o t   a x i s   (9)  of  t h e   boom  in   o r d e r   to   m a i n t a i n  

t h e   d e s i r e d   d e g r e e   of  b a l a n c e   of  t h e   m a c h i n e ,  
c h a r a c t e r i z e d   by  t h e   end  of  t h e   arm  (12)   r e m o t e   f r o m  

t h e   boom  (8)  b e i n g   a t t a c h e d   to   a  c a b l e   (26)   w h i c h  

e x t e n d s   f rom  a  w i n c h   (25)   m o u n t e d   on  t h e   m a c h i n e  
r e m o t e   f rom  t h e   p i v o t   p o i n t   of   t h e   arm  on  t h e   b o o m ,  

w h e r e b y   t h e   arm  can   be  d r a w n   i n w a r d s   t o w a r d s   t h e  

p i v o t   p o i n t   (9)  of  t h e   boom  (8)  by  means   of  t h e   w i n c h .  
P r e f e r a b l y   t h e   arm  is   moved  by  one  or  m o r e  

c a b l e s   a t t a c h e d   to   t h e   c o u n t e r w e i g h t   and  t h e  



c o u n t e r w e i g h t   i s   a c t u a t e d   d i r e c t l y   by  one  or  m o r e  
h y d r a u l i c   r ams   so  t h a t   m o v e m e n t   of  t h e   ram  c o n t r o l s  

m o v e m e n t   of  t h e   c o u n t e r w e i g h t   a n d ,   s i m u l t a n e o u s l y ,  
m o v e m e n t   of  t h e   a rm.   In  o r d e r   to   m a i n t a i n   d i r e c t  
c a b l e   p u l l   on  t h e   arm  to  p r o v i d e   f o r   c o n s t a n t   l o a d  

a p p l i c a t i o n   t h e   or   e a c h   c a b l e   may  be  p a s s e d   a r o u n d   a  
r e s p e c t i v e   q u a d r a n t   c o n c e n t r i c   w i t h   t h e   p i v o t   p o i n t  
of  t h e   arm  on  t h e   b o o m .  

By  c o n s t r a i n i n g   t h e   c o u n t e r w e i g h t   and  arm  t o  

move  in  s y m p a t h y   w i t h   one  a n o t h e r   t h e   m o v e m e n t   of  t h e  
c e n t r e   of  g r a v i t y   of  t h e   m a c h i n e   i s   l i m i t e d   t h u s  

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

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

l a r g e r   w o r k i n g   r a d i i .   F u r t h e r m o r e ,   by  e n a b l i n g   t h e  

arm,   c a r r y i n g   in   u s e   a  c o n v e n t i o n a l   b u c k e t   or  o t h e r  
e q u i p m e n t ,   to   be  moved  t o w a r d s   or  away  f rom  t h e   p i v o t  

p o i n t   of  t h e   boom  by  means   of  t h e   w i n c h   and  c a b l e   a n d  

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

h y d r a u l i c   ram  o p e r a t i n g   b e t w e e n   t h e   arm  and  boom  c a n  
be  d i s p e n s e d   w i t h   a l l o w i n g   t h e   arm  and  boom  to   be  o f  

a  l i g h t e r   c o n s t r u c t i o n .   T h i s   i s   p o s s i b l e   b e c a u s e   t h e  
use   of  a  h y d r a u l i c   ram  b e t w e e n   t h e   arm  and  b o o m  

c a u s e s   h i g h   l o a d   s t r e s s e s   in  t h e   arm  and  b o o m  

a d j a c e n t   i t s   m o u n t i n g   p o i n t s   and  a l s o   b e c a u s e   t h e   a r m  
and  boom  h a v e   to   be  a b l e   to   s u p p o r t   c o n s i d e r a b l e  

b e n d i n g   m o m e n t s   when  t h e   b u c k e t   or  o t h e r   e q u i p m e n t   i s  

b e i n g   d r a w n   r a d i a l l y   i n w a r d s   d u r i n g   d i g g i n g .   By 
o p e r a t i n g   t h e   arm  by  c a b l e s   as  d e s c r i b e d   t h e  

f u n c t i o n s   of   t h e   boom  and  arm  a r e   c h a n g e d   so  as  t o  

p r o v i d e   m e r e l y   g u i d a n c e   and  l o a d   l i f t i n g   so  t h a t   t h e y  
do  n o t   r e q u i r e   to   be  b u l k y   e l e m e n t s   a s s o c i a t e d   w i t h  

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

n e c e s s a r y   to   w i t h s t a n d   b i g   r a m - t h r u s t s   as  on  a  
c o n v e n t i o n a l   b a c k h o e .  

The  w i n c h   m o t o r   and  c o u n t e r w e i g h t   ram  can   b e  
c o n t r o l l e d   f rom  t h e   same  o p e r a t i n g   l e v e r ,   m o v e m e n t   o f  



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

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

c a u s i n g   e x t e n s i o n   of  t h e   ram  w i t h   t h e   w i n c h   m o t o r  
b e i n g   p l a c e d   in  n e u t r a l .   By  s u c h   h y d r a u l i c  
i n t e r c o n n e c t i o n   b e t w e e n   t h e   o p e r a t i n g   m o t o r   of  t h e  

w i n c h   and  t h e   ram  o p e r a t i o n   of  t h e   two  t o g e t h e r   c a n  
be  a v o i d e d   t h u s   p r e v e n t i n g   m u t u a l l y   e x c l u s i v e  

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

p r e v e n t i n g   any   d a m a g e .  
A l t e r n a t i v e l y ,   i f   ram  p o w e r   i s   r e q u i r e d   on  t h e  

arm  b e t w e e n   t h e   boom  and  arm  t h e n   t h e   ram  c o n t r o l l i n g  

o p e r a t i o n   of  t h e   arm  r e l a t i v e   to   t h e   boom  and  t h e  

h y d r a u l i c   ram  c o n t r o l l i n g   o p e r a t i o n   of  t h e  

c o u n t e r w e i g h t   can   be  c o n n e c t e d   to   e x t e n d   and  r e t r a c t  

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

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

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

in  w h i c h : -  

F i g u r e   1  i s   a  s i d e   e l e v a t i o n a l   v i ew   of  t h e  
m a c h i n e ;  

F i g u r e   2  i s   a  s e c o n d   s i d e   e l e v a t i o n a l   v i e w   o f  

t h e   m a c h i n e   w i t h   a  m o d i f i e d   boom  and  a r m  
c o n f i g u r a t i o n ;   a n d ,  

F i g u r e   3  i s   a  b l o c k   d i a g r a m   of  p a r t   of  t h e  

h y d r a u l i c   c o n t r o l   s y s t e m   of  t h e   m a c h i n e .  
The  m a c h i n e   shown  in  F i g u r e   1  c o m p r i s e s   a  

c h a s s i s   1  w h i c h   m o u n t s   a  p a i r   of  e n d l e s s   t r a c k s   2 

w h i c h   a r e   a r r a n g e d   to   be  d r i v e n ,   when  r e q u i r e d ,   by  a  
h y d r a u l i c   m o t o r   ( n o t   shown)   s u p p l i e d   by  a  h y d r o s t a t i c  

pump  (39 ,   F i g .   3 ) .   On  t h e   c h a s s i s   1  a  s u p e r s t r u c t u r e  
3  i s   m o u n t e d   by  means   of  a  s l e w i n g   r i n g   4,  t h u s  

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

shown  as  4 ' .   The  s u p e r s t r u c t u r e   3  i n c l u d e s   a  



c o n v e n t i o n a l   cab   5  f o r   t h e   o p e r a t o r ,   t o g e t h e r   w i t h   a  
m a c h i n e r y   h o u s i n g   6  and  s a f e t y   f e n d e r   7.  T h e  

s u p e r s t r u c t u r e   m o u n t s   a  boom  8  on  a  s u b s t a n t i a l l y  
h o r i z o n t a l   p i v o t   a x i s   9,  t h e   boom  8  b e i n g   a r r a n g e d   i n  
two  h a l v e s   8 ' ,   8" ,   t h e   two  h a l v e s   b e i n g   c o n n e c t e d  

t o g e t h e r   a t   a  f l a n g e d   j o i n t   10,   p i v o t   10'   o r  
a l t e r n a t i v e   t y p e   of  c o n n e c t i o n .   To  r a i s e   or  l o w e r  
t h e   boom  a  c o n v e n t i o n a l   h y d r a u l i c   ram  11  i s   e m p l o y e d .  

At  t h e   end  of  t h e   boom  r e m o t e   f rom  t h e  

s u p e r s t r u c t u r e   an  arm  12  i s   p i v o t a l l y   m o u n t e d ,   a b o u t  
an  a x i s   13,  t h e   arm  in  t u r n   c a r r y i n g   a  b u c k e t   1 4 .  

The  b u c k e t   14  is   p i v o t e d   a b o u t   an  a x i s   15  and  a  
c o n v e n t i o n a l   l i n k a g e   16,  w h i c h   can   be  p o w e r e d   by  a  
f u r t h e r   h y d r a u l i c   ram  17,  i s   u s e d   t o   c o n t r o l   t h e  

p o s i t i o n   of  t h e   b u c k e t   on  t h e   end  of  t h e   arm.  As  i s  

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

p a r t i c u l a r   c o n d i t i o n s .  

To  c o n t r o l   t h e   a n g l e   of  t h e   arm  r e l a t i v e   to   t h e  
boom  a  p a i r   of  p e n d a n t   c a b l e s   18  (one   shown)   a r e  
a t t a c h e d   to   t h e   arm  a t   a  p o i n t   19.  The  c a b l e s   1 8  

p a s s   o v e r   a  q u a d r a n t   20  w h i c h   i s   f o r m e d   or  m o u n t e d   a t  
t h e   end  of  t h e   arm  12  so  as  to   be  c o n c e n t r i c   w i t h   t h e  

p i v o t   p o i n t   13  of  t h e   arm  12  on  t h e   boom  8.  T h e  

p e n d a n t   c a b l e s   18  e x t e n d   to   a d j u s t a b l e   f i t t i n g s   2 1  
m o u n t e d   on  t h e   f o r w a r d   end  of  a  c o u n t e r w e i g h t   22  

w h i c h   i s   s l i d a b l e   by  means   of  r o l l e r s   ( n o t   shown)   o n  

a  t r a i l i n g   p o r t i o n   23  of  t h e   boom  8.  The  p o s i t i o n   o f  
t h e   c o u n t e r w e i g h t   i s   c o n t r o l l a b l e   in  t u r n   by  means   o f  

a  f u r t h e r   h y d r a u l i c   ram  2 4 .  

A  h y d r a u l i c a l l y   p o w e r e d   w i n c h   drum  25  i s   m o u n t e d  
in  an  u n d e r s l u n g   p o s i t i o n   b e l o w   t h e   boom  8  and  a  
d r a w - i n   c a b l e   26  wound  on  t h e   w i n c h   drum  25  e x t e n d s  
f rom  t h e   w i n c h   drum  to   a  m o u n t i n g   27  on  t h e   a r m  
a d j a c e n t   t h e   m o u n t i n g   p o i n t   of  t h e   b u c k e t .  

In  u s e   t h e   b u c k e t   14  i s   p o s i t i o n e d   by  e x t e n s i o n  

or  r e t r a c t i o n   of  t h e   boom  ram  11  ( t o   v a r y   t h e   a n g l e  



of  t h e   boom)  and  by  e x t e n s i o n   of  t h e   ram  24  w h i c h ,  
t h r o u g h   t h e   c o u n t e r w e i g h t   22,  t h e   f i t t i n g s   21  and  t h e  

p e n d a n t   c a b l e s   18,  a d j u s t s ,   in  t h e   o u t w a r d   d i r e c t i o n ,  
t h e   a n g u l a r   p o s i t i o n   of  t h e   arm  r e l a t i v e   to   t h e  
boom.   The  a n g l e   of  t h e   b u c k e t   r e l a t i v e   to   t h e   end  o f  

t h e   arm  can   be  c o n t r o l l e d   by  e x t e n s i o n   or  r e t r a c t i o n  

of  t h e   h y d r a u l i c   ram  17.  Once  t h e   b u c k e t   h a s  
p e n e t r a t e d   t h e   e a r t h   or  s c o o p e d   up  t h e   m a t e r i a l   to   b e  

c o l l e c t e d   t h e   w i n c h   drum  25  i s   o p e r a t e d   to   d raw  i n  

t h e   r o p e   26  t h u s   p u l l i n g   in  t h e   b u c k e t   t o w a r d s   t h e  
s u p e r s t r u c t u r e   f o r   s u b s e q u e n t   d i s p o s a l   of  t h e   s p o i l  
a t   a  s u i t a b l e   p o s i t i o n .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   s l i d i n g  
c o u n t e r w e i g h t   22  moves   in  a y m p a t h y   w i t h   t h e   arm  a n d  

b u c k e t   a t   a l l   t i m e s   so  t h a t   as  t h e   b u c k e t   moves  o u t  

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

f o r w a r d   l o a d ,   and  v i c e   v e r s a .   T h i s   h a s   t h e   e f f e c t   o f  

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

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

p a y l o a d s   t o   be  h a n d l e d   a t   f u l l   o u t r e a c h   of  t h e  
m a c h i n e .   F u r t h e r m o r e ,   b a l a n c i n g   t h e   w e i g h t   of  t h e  

arm  and  l o a d   by  means   of  t h e   c o u n t e r w e i g h t   r e d u c e s  

t h e   e f f o r t   r e q u i r e d   to   o p e r a t e   t h e   m a c h i n e   a n d  
e n a b l i n g   an  e n g i n e   of  l e s s e r   h o r s e p o w e r   t h a n   w o u l d  
o t h e r w i s e   be  r e q u i r e d   to   be  f i t t e d   t o   t h e   m a c h i n e .  

In  a d d i t i o n ,   t h e   d i r e c t   p u l l   i m p a r t e d   by  t h e   d r a w - i n  
c a b l e   26  p r o v i d e s   a  mos t   p o w e r f u l   and  e f f i c i e n t   f o r m  

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

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

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

use   of  d r a w - i n   c a b l e   r e s u l t s   in   b i g g e r   b u c k e t  

c a p a c i t y   and  more   o u t p u t .   The  q u a d r a n t   20  i s  

p r o v i d e d   so  as  to   m a i n t a i n   t h e   p e n d a n t   c a b l e s   18  a t   a  



c o n s t a n t   r a d i a l   d i s t a n c e   f rom  t h e   arm  p i v o t   p o i n t   13  
t h r o u g h o u t   t h e   o p e r a t i n g   c y c l e   to   p r o v i d e   a  c o n s t a n t  

moment  a rm.   T h u s ,   u n l i k e   a  h y d r a u l i c   ram,  a  c o n s t a n t  
l o a d   a p p l i c a t i o n   can   be  p r o v i d e d   w h i c h   c o n t r i b u t e s   t o  
arm  e f f i c i e n c y   in  h a n d l i n g   l a r g e r   b u c k e t s   a t   m a x i m u m  

r a d i u s .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   p o s i t i o n   of  t h e  
w i n c h   may  be  v a r i e d   f rom  t h a t   s h o w n ,   and  may  f o r  

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

By  a r r a n g i n g   f o r   an  e f f e c t i v e   i n t e r l o c k   b e t w e e n  
t h e   c o n t r o l s   f o r   t h e   c o u n t e r w e i g h t   ram  24  and  w i n c h  

drum  25  i t   i s   p o s s i b l e   to   a v o i d   a c c i d e n t a l   a c t u a t i o n  

of  t h e   w i n c h   when  t h e   ram  24  i s   b e i n g   e x t e n d e d .  
O b v i o u s l y ,   w e r e   s u c h   to   o c c u r   t h e n   s e r i o u s  

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

c a b l e   26  b r e a k s .   T h i s   i s   mos t   s i m p l y   a c h i e v e d   ( a s  
w i l l   be  d e s c r i b e d   in  f u r t h e r   d e t a i l ) ,   by  a r r a n g i n g  
f o r   t h e   o p e r a t i n g   l e v e r   w h i c h   c o n t r o l s   a c t u a t i o n   o f  
t h e   ram  24  a l s o   to   c o n t r o l   o p e r a t i o n   of  t h e   w i n c h  
drum  25,  t h e   l e v e r   b e i n g   a r r a n g e d   so  t h a t   i n ,   f o r  

e x a m p l e ,   a  f o r w a r d   p o s i t i o n ,   t h e   ram  24  i s   e x t e n d e d  

and  t h u s   t h e   arm  12  swung  o u t w a r d s   w h i l s t   t h e   w i n c h  
m o t o r   i s   in  n e u t r a l ,   o p p o s i t e   m o v e m e n t   of   t h e   l e v e r  

c a u s i n g   t h e   ram  24  to   be  p u t   i n t o   n e u t r a l   and  t h e  
w i n c h   drum  25  r o t a t e d   t o   d r a w - i n   t h e   c a b l e   2 6 .  

As  m e n t i o n e d   a b o v e ,   t h e   boom  8  i s   s p l i t   a t   a  
f l a n g e d   j o i n t   10.  T h i s   j o i n t   10  and  a  p i v o t   p o i n t  
10'   e n a b l e   a  c o n v e n t i o n a l   b a c k - h o e   a s s e m b l y   30  to   b e  
f i t t e d   to   t h e   m a c h i n e   as  shown  in  F i g u r e   2 .  

F i g u r e   2  shows   t h e   l o w e r   h a l f   of  t h e   boom  8 '  

f i x e d ,   by  means   of  t h e   p i v o t   1 0 ' ,   to   a  boom  p a r t   8 ' ' '  
f o r m i n g   t h e   boom  of  a  c o n v e n t i o n a l   b a c k h o e   a s s e m b l y  
30.  In  p r a c t i c e ,   t h e   m a c h i n e   shown  in  F i g u r e   1  c a n  
be  m o d i f i e d   in  t h e   fo rm  shown  in  F i g u r e   2  in  a  s h o r t  

s p a c e   of  t i m e ,   s i m p l y   by  r e m o v i n g   t h e   arm  12,  b o o m  

p a r t   8"  and  c a b l e s   18  and  f i t t i n g   t h e   b a c k   h o e  

a s s e m b l y   30.  The  boom  p a r t   8 ' ' '   i s   a d d i t i o n a l l y  



f i x e d   in   p o s i t i o n   by  means   of  a  p a i r   of  s t a y s   31  
f i x e d   a t   one  end  to   t h e   boom  8'  (as   shown,   to   t h e  

m o u n t i n g   p o i n t   of  t h e   ram  11)  and  a t   t h e   o t h e r   end  t o  
t h e   arm  8 ' ' '   a t   one  of  two  b o l t   p o s i t i o n s   32,  3 3 .  
The  boom  p a r t ' ' '   m o u n t s   an  arm  34  on  a  p i v o t   35,  t h e  

p o s i t i o n   of  t h e   arm  34  r e l a t i v e   to   t h e   boom  b e i n g  
c o n t r o l l e d   by  means   of  a  c o n v e n t i o n a l   h y d r a u l i c   r a m  
36  and  t h e   b u c k e t   37  m o u n t e d   on  t h e   end  of  t h e   arm  3 4  

l i k e w i s e   b e i n g   c o n t r o l l e d   by  a  s i m i l a r   ram  38.  T o  
a c h i e v e   d y n a m i c   b a l a n c i n g   of  t h e   m o d i f i e d   m a c h i n e   i n  
u se   t h e   c o n t r o l   l i n e s   w h i c h   in  t h e   u n m o d i f i e d   m a c h i n e  
f e e d   t h e   w i n c h   m o t o r   a r e   c o n n e c t e d   i n s t e a d   to   t h e   r a m  
36  in   s u c h   a  way  t h a t   r e t r a c t i o n   of   t h e   ram  36  c a u s e s  
s i m u l t a n e o u s   e x t e n s i o n   of  t h e   ram  24  and  v i c e   v e r s a ,  
t h e r e b y   c a u s i n g   t h e   c o u n t e r w e i g h t   22  and  arm  34  t o  

move  in   s y m p a t h y   w i t h   one  a n o t h e r   to   m a i n t a i n   t h e  
r e q u i r e d   b a l a n c e .  

F i g u r e   3  shows  p a r t   of  t h e   h y d r a u l i c   c o n t r o l  

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

c o u n t e r w e i g h t   ram  24  and  t h e   d r a w - i n   c a b l e   w i n c h   d r u m  

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

A  h y d r o s t a t i c   pump  39  d r a w s   h y d r a u l i c   f l u i d   f r o m  

a  sump  40  and  p a s s e s   i t   t h o u g h   f e e d   l i n e s   41  and  4 2  
to   a  c o n t r o l   l e v e r   v a l v e   43  and  a  p i l o t   o p e r a t e d  
c o n t r o l   v a l v e   44.   The  c o n t r o l   l e v e r   v a l v e   43  i s  

shown  d i a g r a m m a t i c a l l y   to   i n c l u d e   a  p a i r   of  v a l v e s  
43 '   w h i c h   a r e   i n t e r c o n n e c t e d   so  t h a t   when  one  v a l v e  

s u p p l i e s   f l u i d   f rom  t h e   pump  39  to   t h e   p i l o t   o p e r a t e d  
c o n t r o l   v a l v e   44  t h r o u g h   one  of  t h e   two  s u p p l y   l i n e s  
45,   46,   t h e   o t h e r   v a l v e   43 '   a l l o w s   r e v e r s e   f l o w  

t h r o u g h   e x h a u s t   l i n e   47  to   t h e   sump  4 0 .  

The  p i l o t   o p e r a t e d   c o n t r o l   v a l v e   44  i s   s h i f t a b l e  
b e t w e e n   t h r e e   p o s i t i o n s ,   a  c e n t r a l ,   n e u t r a l   p o s i t i o n ,  

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

v a l v e   s p o o l   as  d i a g r a m m a t i c a l l y   shown)   i n  



w h i c h   h y d r a u l i c   f l u i d   i s   d i r e c t e d   to   t h e   d r a w - i n  
w i n c h   drum  m o t o r   25'   f o r   o p e r a t i o n   to   d r a w - i n   t h e  

c a b l e ,   26,  t h e   c o u n t e r w e i g h t   ram  24  b e i n g   a l l o w e d   t o  
d r a i n ,   and  a  r i g h t   hand   p o s i t i o n   ( l e f t   h a n d   s i d e   o f  
t h e   c o n t r o l   v a l v e   s p o o l   as  d i a g r a m m a t i c a l l y   shown)   i n  

w h i c h   h y d r a u l i c   f l u i d   i s   d i r e c t e d   to   t h e   ram  24  t o  

e x t e n d   i t ,   t h e   w i n c h   drum  m o t o r   25'   b e i n g   a l l o w e d   t o  
u n w i n d   in   n e u t r a l .   In  t h e   n e u t r a l   p o s i t i o n   o f  

c o n t r o l   v a l v e   44,  h y d r a u l i c   f l u i d   f l o w s   s t r a i g h t  

t h r o u g h   t h e   c o n t r o l   v a l v e   and  b a c k   to   t h e   sump  4 0 .  
F l u i d   f rom  t h e   p i l o t   o p e r a t e d   c o n t r o l   v a l v e   4 4  

to   t h e   ram  24  and  m o t o r   25 '   i s   f ed   r e s p e c t i v e l y  

t h r o u g h   v a l v e   s y s t e m s   48  and  49  i n t e r c o n n e c t e d   t o  
e n a b l e   one  or  t h e   ram  24  and  m o t o r   25 '   to   be  a l l o w e d  

to  d r a i n   when  t h e   o t h e r   i s   b e i n g   f e d   f rom  t h e   c o n t r o l  

v a l v e   44 .   The  v a l v e   s y s t e m s   48  and  49  e a c h   i n c l u d e   a  
p r e s s u r e   r e l i e f   v a l v e   so  t h a t   i f   a n y t h i n g   c a u s e s   t h e  

ram  24  or  w i n c h   m o t o r   25'   to   be  o v e r l o a d e d   w i t h   t h e  

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

The  v a l v e   50  p r e v e n t s   c a v i t a t i o n   (or   o i l  

s t a r v a t i o n )   when  t h e   w i n c h   m o t o r   25 '   i s   u n w i n d i n g .  



1.  An  e a r t h m o v i n g   m a c h i n e   c o m p r i s i n g   a  boom  ( 8 )  

p i v o t a l l y   m o u n t e d   i n t e r m e d i a t e   i t s   e n d s   a b o u t   a  
g e n e r a l l y   h o r i z o n t a l   a x i s   ( 9 ) ,   an  arm  (12)   p i v o t a l l y  
m o u n t e d   a t   one  end  of  t h e   boom,  and  a  c o u n t e r w e i g h t  
( 2 2 ) ,   t h e   c o u n t e r w e i g h t   (22)   and  arm  (12)   b e i n g  
c o n n e c t e d   so  t h a t   t h e   c o u n t e r w e i g h t   i s   m o v a b l e  

o u t w a r d l y   s i m u l t a n e o u s l y   w i t h   r a d i a l   o u t w a r d   p i v o t i n g  
of  t h e   arm  (12)   in   t h e   o p p o s i t e   d i r e c t i o n   r e l a t i v e   t o  
t h e   p i v o t   a x i s   (9)  of  t h e   boom  in  o r d e r   t o   m a i n t a i n  

t h e   d e s i r e d   d e g r e e   of  b a l a n c e   of  t h e   m a c h i n e ,  
c h a r a c t e r i z e d   by  t h e   end  of  t h e   arm  (12)   r e m o t e   f r o m  
t h e   boom  (8)  b e i n g   a t t a c h e d   to   a  c a b l e   (26)   w h i c h  
e x t e n d s   f rom  a  w i n c h   (25)   m o u n t e d   on  t h e   m a c h i n e  

r e m o t e   f rom  t h e   p i v o t   p o i n t   of  t h e   arm  on  t h e   b o o m ,  
w h e r e b y   t h e   arm  can   be  d r a w n   i n w a r d s   t o w a r d s   t h e  

p i v o t   p o i n t   (9)  of  t h e   boom  (8)  by  means   of  t h e   w i n c h .  

2.  A  m a c h i n e   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d   i n  

t h e   arm  (12)   i s   moved  by  one  or  more   p e n d a n t   c a b l e s  

( 1 8 ) ,   t h e   or  e a c h   p e n d a n t   c a b l e   b e i n g   a c t u a t e d   by  a  
h y d r a u l i c   ram  ( 2 4 ) .  

3.  A  m a c h i n e   a c c o r d i n g   to   c l a i m   2,  c h a r a c t e r i z e d   i n  
t h a t   t h e   or  e a c h   p e n d a n t   c a b l e   i s   a t t a c h e d   to   t h e  

c o u n t e r w e i g h t   (22)   and  t h e   c o u n t e r w e i g h t   i s   moved  b y  
t h e   h y d r a u l i c   ram  (24)   so  t h a t   m o v e m e n t   of  t h e   r a m  
c o n t r o l s   o u t w a r d   m o v e m e n t   of  t h e   c o u n t e r w e i g h t   a n d ,  
s i m u l t a n e o u s l y ,   o u t w a r d   m o v e m e n t   of  t h e   a r m .  

4.  A  m a c h i n e   a c c o r d i n g   to   c l a i m   2  or   c l a i m   3 ,  
c h a r a c t e r i z e d   in   t h a t   t h e   or  e a c h   p e n d a n t   c a b l e  

p a s s e s   a r o u n d   a  r e s p e c t i v e   q u a d r a n t   (2)  c o n c e n t r i c  
w i t h   t h e   p i v o t   p o i n t   (13)   of  t h e   arm  (12)   on  t h e  

boom  ( 8 ) .  



5.  A  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   t h e   a r m  
is   moved  r e l a t i v e   to   t h e   boom  (8)  by  a  h y d r a u l i c   r a m  
( 3 6 ) .  

6.  A  m a c h i n e   a c c o r d i n g   to   c l a i m   6,  w h e r e i n   t h e  

c o u n t e r w e i g h t   (22)   i s   moved  by  a  h y d r a u l i c   ram  ( 2 4 ) .  

7.  A  m a c h i n e   a c c o r d i n g   to   any   of  c l a i m s   3  t o   6 ,  
c h a r a c t e r i z e d   in  t h a t   t h e   w i n c h   m o t o r   ( 2 5 ' )   and  t h e  

c o u n t e r w e i g h t   ram  (24)   a r e   i n t e r c o n n e c t e d  
h y d r a u l i c a l l y   to   p r e v e n t   o p e r a t i o n   of  t h e   one  w h e n  

t h e   o t h e r   i s   o p e r a t e d .  

8.  A  m a c h i n e   a c c o r d i n g   to   c l a i m   7,  c h a r a c t e r i z e d  

t h a t   t h e   w i n c h   m o t o r   ( 2 5 ' )   and  t h e   ram  (24)   a r e  

o p e r a t e d   by  a  common  l e v e r   v a l v e   ( 4 3 ) ,   m o v e m e n t   o f  
t h e   l e v e r   in   t h e   one  d i r e c t i o n   c a u s i n g   o p e r a t i o n   o f  

t h e   ram  (24)   to   e x t e n d   t h e   arm  (12)   and  m o v e m e n t   o f  

t h e   l e v e r   in   t h e   o p p o s i t e   d i r e c t i o n   c a u s i n g   o p e r a t i o n  
of  t h e   w i n c h   to   d r a w   in  t h e   c a b l e   (26)   and  t h u s   t h e  

f r e e   end  of  t h e   arm  ( 1 2 ) .  
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