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(54)  Trenching  apparatus. 
Apparatus  for forming  a  trench  comprises  a  blade  carrier 

(17,18,19)  holding  a  blade  (26),  in  use,  in  a  position  with  its 
leading  edge  inclined  upwardly  towards  the  rear  of  the  car- 
rier;  a  soil  lifting  plate (33)  is secured to the  leading  edge  of the 
blade  to  be  drawn  through  the  ground  and  lift  out  the  soil  to 
form  a  trench  the  same  width  as  the  plate.  Side  walls  (35) 
preventthe  removed  soil  from  falling  back  into the trench  until 
a  hopper  (42)  forming  part  of the  apparatus,  and  itself  having 
downwardly  projecting  trench-supporting  side  walls  (48,  49), 
has  passed. 

Stones  or  gravel,  or  a  flexible  cable,  or  a  drainage  pipe, 
can  be  introduced  into  the  bottom  of  the  trench  through  the 
hopper  and  inclined  soil-return  deflector  plates  (59,  60)  car- 
ried  by the  hopper  act to  draw the displaced  soil  back  over the 
trench  so  that  the  trench  opening,  filling  and  closing  opera- 
tions  are  all  done  in  a  single  pass. 



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  t r e n c h i n g   a p p a r a t u s ,  

n a m e l y   a p p a r a t u s   f o r   e x c a v a t i n g   a  t r e n c h .   A d v a n t a g -  

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

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

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

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

the   t r e n c h ,   and  f i l l   t he   t r e n c h   w i t h   a  p e r m e a b l e   m a t -  

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

t r e n c h   w i t h   t h e   e x c a v a t e d   m a t e r i a l .   The  p r e s e n t   i n -  

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

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

p a s s   i n c l u d e   t h e   s o - c a l l e d   " m o l e "   p l o u g h   w h i c h   c o m -  

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

t h e   b o t t o m   end  and  c a r r i e d   by  an  a d j u s t a b l e   m o u n t i n g  

on  a  t r a c t o r   or  t r a c k   l a y i n g   v e h i c l e .   The  b l a d e   i s  

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

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

t h r o u g h   t h e   g r o u n d   an  i n v e r t e d   " k e y h o l e "   s h a p e   s l o t   i s  

f o r m e d .   The  p a r a l l e l   s i d e s   c u t   by  t h e   b l a d e   q u i c k l y  

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

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

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

n o t   b e e n   e n t i r e l y   s u c c e s s f u l .  

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

t r e n c h   f o r m i n g   e x c a v a t i n g   t o o l   w h i c h   a c t s   to  fo rm  a  
t r e n c h   r a p i d l y   and  e a s i l y ,   i n t o   w h i c h   t r e n c h   a  d r a i n -  

age  p i p e   o r  _ o t h e r   p e r m e a b l e   d r a i n a g e - a s s i s t i n g   m a t e r -  



i a l   c an   be  l a i d   and  w h i c h   can   t h e n   be  b a c k - f i l l e d  

l e a v i n g   t h e   d r a i n a g e   p i p e   or  d r a i n a g e   m a t e r i a l   i n  

p o s i t i o n .  

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

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

by  a  t r a c t o r   v e h i c l e   (  t he   t e r m   " t r a c t o r "   b e i n g   u s e d  

to  d e f i n e   any  v e h i c l e   f o r   d r a w i n g   t h e   b l a d e   t h r o u g h  

t h e   g r o u n d )   so  as  to   be  d r a w n   in   u s e   t h r o u g h   t h e   g r o u n d  

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

e r a l l y   f l a t ,   l y i n g   i n   a  p l a n e   g e n e r a l l y   n o r m a l   to   t h e  

g r o u n d ,   and  h a v i n g   a  l e a d i n g   e d g e   i n c l i n e d   a t   an  a n g l e  

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

s e c u r e d   to   a t   l e a s t   p a r t   of   t h e   l e a d i n g   e d g e   of   t h e  

b l a d e ,   t h e   w i d t h   o f   t h e   p l a t e   d e f i n i n g   t h e   w i d t h   o f  

t h e   t r e n c h   to   be  f o r m e d   by  t h e   t o o l .  

' I n   u s e   of   t h e   t o o l   of   t h e   p r e s e n t   i n v e n t i o n   t h e   t r a n s -  

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

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

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

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

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

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

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

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

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

to   t h e   t r a c t o r   v e h i c l e   in   a  c o n t r o l l e d   or  c o n t r o l l a b l e  

o r i e n t a t i o n .  

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

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



as  t h i s   i s   d r a w n   t h r o u g h   t h e   g r o u n d ,   t he   l o w e r   end  o f  

t h e   l e a d i n g   edge   of  t h e   b l a d e   may  be  p r o v i d e d   w i t h   a  

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

b u c k e t s   and  o t h e r   t o o l s   of   a  c o n v e n t i o n a l   e x c a v a t i n g  

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

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

e r a l l y   p a r a l l e l   to  t he   g r o u n d   and  a  c u t t i n g   t i p   i n -  

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

d o w n w a r d   p r e s s u r e   on  t h e   t o o l   as  i t   i s   d r awn   t h r o u g h  

t h e   g r o u n d .   F u r t h e r   in   o r d e r   to  a v o i d   c l o g g i n g   b y  

v e g e t a t i o n   when  t he   t o o l   i s   u s e d   on  g r a s s l a n d ,   t h e r e  

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

ed  b l a d e ,   or  a  w h e e l   w h i c h   s e r v e s   to  c u t   t h e   s u r f a c e   o f  

t h e   g r o u n d   as  t h e   t o o l   i s   d r a w n   t h r o u g h   i t .  

P r e f e r a b l y   t h e   b l a d e   and  t h e   p l a t e   a re   made  f r o m   p l a t e  

s t e e l   and  r e i n f o r c i n g   f i l l e t s   a r e   p r o v i d e d   at   s e l e c t e d  

l o c a t i o n s   b e t w e e n   t h e   b l a d e   and  t h e   t o o t h .   Such   r e -  

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

t h e   b l a d e   and  t h e   p l a t e   or  may  be  so  a r r a n g e d   as  t o  

p e r m i t   e x c h a n g e   of  t he   p l a t e   f o r   a n o t h e r   of  a  d i f f e r -  

e n t   w i d t h .   In  a  p r e f e r r e d   e m b o d i m e n t   t h e   b l a d e   c a r -  

r i e r   has   a  c e n t r a l   s l o t   w i t h i n   w h i c h   t h e   b l a d e   c an   b e  

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

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

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

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

r e c e i v i n g   t h e  p i n s ,   and  d i f f e r e n t   a p e r t u r e s   may  b e  

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

p o s i t i o n s   w i t h   r e s p e c t   to  t h e   c a r r i e r   to  v a r y   t h e  

d e p t h   to  w h i c h   t he   b l a d e   e x t e n d s   t h e r e b y   v a r y i n g   t h e  

d e p t h   of  t h e   t r e n c h   f o r m e d   by  t h e   p l a t e   and  b l a d e   a s  

t h e y   a r e   d r a w n   t h r o u g h   t h e   g r o u n d .  



I f   t h e   t o o l   i s   d r a w n   by  a  t r a c k - l a y i n g   v e h i c l e   h a v i n g  

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

be  a d j u s t e d   by  v a r y i n g   t h e   h e i g h t   a t   w h i c h   t h e   t h r e e  

p o i n t   l i n k a g e   i s   s e t   to  c a r r y   t h e   t o o l .  

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

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

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

a t t a c h i n g   s u b s e q u e n t   c o m p o n e n t s   o f   t h e   a p p a r a t u s   i n   a  

t r a i n   to   be  t o w e d   by  t h e   t o o l .   Such   p i v o t a l   c o u p l i n g  

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

r e s p e c t   to   one   a n o t h e r   m a k i n g   i t   e a s i e r   to   t u r n   t h e  

e q u i p m e n t   a t   e a c h   end  of   a  f i e l d   w i t h o u t   r e q u i r i n g  

c o m p l e x   u n c o u p l i n g   and  r e c o u p l i n g   o p e r a t i o n s .  

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

i s   s p a n n e d   a t   t h e   f o r w a r d   end  by  a  t r a n s v e r s e   s t i f f e n -  

i n g   m e m b e r .   T h i s   t r a n s v e r s e   s t i f f e n i n g   member   m a y  

a l s o   c a r r y   t h e   l o w e r   p a i r   o f   a  t h r e e   p o i n t   l i n k a g e  

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

t h e   t r a c t o r   v e h i c l e   as  m e n t i o n e d   a b o v e .   Such  s i d e   m e m -  

b e r s   may  a l s o   c a r r y   an  u p r i g h t   member   w h i c h   s u p p o r t s  

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

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

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

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

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

e x t e n d   b e t w e e n   t h e   s i d e   m e m b e r s   and  t h e   t r a n s v e r s e  

s t i f f e n i n g   m e m b e r ,   b e t w e e n   t h e   s i d e   m e m b e r s   and  t h e  

u p r i g h t   ( on  e i t h e r   s i d e   of  t h e   s l o t )   and  b e t w e e n   t h e  

t r a n s v e r s e   s t i f f e n i n g   member   and  t h e   u p r i g h t   m e m b e r .  

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



p l a t e ,   l i f t e d   to  t h e   s u r f a c e   and  a l l o w e d   to  f l o w   l a t e r -  

a l l y   o u t w a r d l y   o n t o   t h e   s h o u l d e r s   of  t h e   t r e n c h   as  t h e  

t o o l   i s   d r a w n   t h r o u g h   t h e   g r o u n d .   In  o r d e r   to  p r e v e n t  

t h e   s o i l   f rom  f a l l i n g   b a c k   i n t o   t h e   t r e n c h   a f t e r   t h e  

p l a t e   has   p a s s e d ,   t h e   s i d e   member s   a r e   p r e f e r a b l y   p r o -  
v i d e d   w i t h   d e p e n d i n g   l a t e r a l   f l a p s   w h i c h   e x t e n d   d o w n -  

w a r d l y   f o r   a  d e p t h   s u b s t a n t i a l l y   e q u a l   to  t h e   d e p t h  

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

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

t r e n c h   too   s o o n .   Such  r e - e n t r y   is   n o t   a l l o w e d   i n  

f a c t   u n t i l   a f t e r   t h e   s u b s e q u e n t   p a r t   of   t h e   a p p a r a t u s  
has   p a s s e d ,  w h e r e u p o n   b a c k - f i l l i n g   i s   e n c o u r a g e d   b y  

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

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

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

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

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

' t r e n c h   f i l l i n g   m a t e r i a l   ( h e r e i n a f t e r   r e f e r r e d   to  a s  

" f i l l " ) ,   t h e   h o p p e r   h a v i n g   two  p a r a l l e l   d e p d n i n g   l o w e r  

c h u t e   w a l l s   e x t e n d i n g   p a r a l l e l   to  t h e   l e n g t h   of  t h e  

e q u i p m e n t   ( t h a t   i s   p a r a l l e l   to  t h e   l o n g i t u d i n a l   a x i s  

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

s p a c e d   more   w i d e l y   a t   t h e i r   f o r w a r d   end  t h a n   at   t h e i r  

r e a r w a r d   end  w h e r e b y   to   g u i d e   d i s p l a c e d   s o i l   i n w a r d l y  

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

Such   g u i d e   members   may  be  a t t a c h e d   to  t h e   h o p p e r   i n  

any  s u i t a b l e   m a n n e r ,   f o r   e x a m p l e   by  means   of   c h a i n s  

or  g u i d e ' r o d s   or  t h e   l i k e .  

P r e f e r a b l y   t h e   h o p p e r   i s   p r o v i d e d   at  i t s   r e a r   e n d  

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



i n   t h e   t r e n c h   as  t h e   h o p p e r   i s   d r a w n   p a s t .   The  t w o  

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

i n t o   t h e   t r e n c h   i t s e l f   and  c o n s t i t u t e   an  e f f e c t i v e   c o n -  

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

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

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

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

t r e n c h   u n t i l   t h e   r e q u i r e d   f i l l i n g   m a t e r i a l   has  b e e n  

p l a c e d   in   t h e   b o t t o m   of   t h e   t r e n c h   by  t h e   h o p p e r .  

The  r e a r   g a t e   d e t e r m i n i n g   t h e   " f i l l "   l e v e l   i s   p r e f e r -  

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

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

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

to  be  r e m o v e d   f r o m   t h e   g r o u n d .  

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

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

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

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

i n g   t h e   t r e n c h   by  t h e   t r e n c h   f i l l i n g   a p p a r a t u s .  

Such   p i p e   g u i d e s   a r e   p r e f e r a b l y   c a r r i e d   on  t h e   h o p p e r  

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

t h r o u g h   t h e   i n t e r i o r   of   t h e   h o p p e r   to   a  p o i n t   a t   t h e  

l o w e r m o s t   r e g i o n   of  t h e   h o p p e r   w h e r e   t h e   p i p e   can   b e  

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

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

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

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

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

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

b e i n g   f o r m e d ,   and  o p e r a b l e   to   d i r e c t   s t o n e s   s e p a r a t e d .  



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

s o i l   and  l a y   t h e   s t o n e s   as  a  p e r m e a b l e   f i l l   b e l o w   t h e  

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

t h e   b o t t o m   of  t h e   t r e n c h .  

One  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   w i l l   now  b e  

m o r e   p a r t i c u l a r l y   d e s c r i b e d ,   by  way  of   e x a m p l e ,   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 ,   i n   w h i c h :  

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

c o n s t i t u t i n g   a  p a r t   of   t h e   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 u r e   2  i s   a  p l a n   v i e w   of   t h e   t o o l   i l l u s t r a t e d   i n  

F i g u r e   1 ;  

F i g u r e   3  i s   a  s i d e   v i e w ,   p a r t l y   i n   s e c t i o n ,   of  t h e  

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

p i p e - l a y i n g   g u i d e ;  

F i g u r e   4  i s   a  p e r s p e c t i v e   v i e w   f r o m   a b o v e   and  b e h i n d  

of   t h e   a s s e m b l e d   a p p a r a t u s ;  

F i g u r e   5  i s   a  p e r s p e c t i v e   v i e w   f rom  a b o v e   and  i n  

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

F i g u r e   6  i s   a  s e c t i o n a l   v i e w   t a k e n   on  t h e   l i n e  

V I - V I   of  F i g u r e   4 .  

R e f e r r i n g   ow  to  t h e   d r a w i n g s ,   t h e   t o o l   i l l u s t r a t e d   i s  

a d a p t e d   to  be  m o u n t e d   on  a  t h r e e   p o i n t   l i n k a g e   of   a  

t r a c t o r   v e h i c l e .   B e c a u s e   of  t h e   f o r c e s   w h i c h   w i l l   b e  

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

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

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

t r a c t i o n .   A s   i s   k n o w n ,   t h e   c o n v e n t i o n a l   t h r e e   p o i n t  

l i n k a g e   as  i s   u s e d   on ,   f o r   e x a m p l e ,   a g r i c u l t u r a l   t r a c t -  

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



t o n g u e - l i k e   e l e m e n t s   l y i n g   in   a  common  h o r i z o n t a l   p l a n e ,  

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

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

a n g l e   l y i n g   i n   a  g e n e r a l l y   p e r p e n d i c u l a r   t r a n s v e r s e  

p l a n e   w i t h   r e s p e c t   to. '   t h e   l o n g i t u d i n a l   a x i s   of   t h e  

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

arms  w h i c h   c a n   p i v o t   a b o u t   h o r i z o n t a l   t r a n s v e r s e   a x e s  

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

c a u s i n g   t h e   arms  to   t u r n   so  as  to   e f f e c t i v e l y   r a i s e  

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

q u a d r i l a t e r a l   l i n k a g e   f o r m e d   by  t h e   u p p e r   arm  and  t h e  

two  l o w e r   arms  e n s u r e s   t h a t   t h e   e q u i p m e n t   c a r r i e d   b y  

t h e   l i n k a g e   i s   m a i n t a i n e d   i n   a p p r o x i m a t e l y   t h e   s a m e  

o r i e n t a t i o n   as  i t   i s   r a i s e d   and  l o w e r e d ,   a l t h o u g h   i n  

p r a c t i c e   t h e   r e a r   of   t h e   t o o l   i s   r a i s e d   more   t h a n   t h e  

f r o n t   u p o n   e l e v a t i o n .   For   m o u n t i n g   to   s u c h   a  l i n k a g e  

t h e   t o o l   of   t h e   p r e s e n t   i n v e n t i o n   i s   p r o v i d e d   w i t h  

t h r e e   p a i r s   of   l i n k a g e   c o n n e c t o r   p l a t e s   g e n e r a l l y  
i n d i c a t e d   11 ,   12  and  13.  The  two  p a i r s   of   l o w e r   l i n k -  

age  c o n n e c t o r   p l a t e s ,   11,  12  e a c h   h a v e   two  c o u p l i n g  

h o l e s   14 ,   15  f o r   r e c e i v i n g   a  c o n n e c t o r   p i n   and  t h e  

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

member   16  s u c h   as  by  w e l d i n g .   The  t r a n s v e r s e   c h a n n e l  

member   16  i s   s e c u r e d   to  a  m a i n   b o d y   a s s e m b l y   c o m p r i s i n g  

two  c h a n n e l   s e c t i o n   e l e m e n t s   17 ,   18  s e c u r e d   t o g e t h e r  

to   d e f i n e   a  c e n t r a l   s l o t   19  e x t e n d i n g   t h r o u g h - o u t   t h e  

l e n g t h   of   t h e   t o o l   and  o n l y   s p a n n e d   by  t h e   t r a n s v e r s e  

r e i n f o r c i n g   member   1 6 .  

S e c u r e d   to   t h e   c h a n n e l   s e c t i o n   m e m b e r s   1 7 ,  1 8   t h e  

r e s p e c t i v e   d o w n w a r d l y   e x t e n d i n g   p l a t e s   20 ,   21,   t h e s e  

two  p l a t e s   b e i n g   s p a c e d ,   l i k e   t h e   c h a n n e l   m e m b e r s  

m e n t i o n e d   a b o v e ,   f r o m   one  a n o t h e r   by  t h e   s l o t   1 9 .  



The  c h a n n e l s   of  t h e   c h a n n e l   m e m b e r s   17,   18  a re   p l a c e d  

f a c i n g   o u t w a r d l y   away  f rom  t h e   s l o t   19  w i t h   t h e   u p p e r  

c h a n n e l   m e m b e r s   and  t he   l o w e r   p l a t e   members   b e i n g  

s e c u r e d   by  w e l d i n g   a l o n g   t h e   a d j a c e n t   f l a n g e   of  t h e  

c h a n n e l   m e m b e r   to  s e c u r e   t h e   two  c o m p o n e n t s   on  e a c h  

s i d e   of  t h e   s l o t   1 9 - t o g e t h e r .   Two  c o u p l i n g   r i n g s   2 4 ,  

25  of  s u b s t a n t i a l   d i m e n s i o n s   a r e   w e l d e d   to  t h e   r e a r  

end  of  t h e   c h a n n e l   e l e m e n t s   17 ,   18  and  t he   p l a t e s   2 0 ,  

21  s p a n n i n g   t h e   s l o t   19  and  s e c u r e l y   r e t a i n i n g   t h e  

l e f t   and  r i g h t   s i d e s   of  t h e   body   e l e m e n t   in   t h e   p r e -  
d e t e r m i n e d   c o n f i g u r a t i o n .   The  f o r w a r d   ends   of  t h e   t w o  

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

u p p e r   t r a n s v e r s e   s u p p o r t   16  w h i c h   s p a n s   t he   s l o t   1 9 .  

The  l o w e r   p l a t e   members   c a r r y   a  c u t t e r   w h e e l   22  o n  

an  arm  23  w h i c h   e x t e n d s   f o r w a r d l y   f o r   a  s h o r t   d i s t a n c e  

b e y o n d h t h e   f o r w a r d   end  of  t h e   c h a n n e l   members   17,   1 8 .  

L o c a t e d   i n   t h e   s l o t   19  i s   t h e   t r e n c h   f o r m i n g   l e g   o f  

,  
t h e   t o o l ,   g e n e r a l l y   i n d i c a t e d   25.  T h i s   l e g   c o m p r i s e s  

a  g e n e r a l l y   f l a t   s u b s t a n t i a l l y   r e c t a n g u l a r   b l a d e   26  

h a v i n g   two  h o l e s   f o r m e d   t h e r e i n   f o r   r e c e i v i n g   p i n s   2 7 ,  

28  p a s s i n g   t h r o u g h   p i n   h o u s i n g s   29,   30  r e s p e c t i v e l y  

s e c u r e d   to   t h e   c h a n n e l   m e m b e r s   17,   18  and  to  t h e   l o w e r  

p l a t e   m e m b e r s   20 ,   21  r e s p e c t i v e l y ,   to  c o n s t i t u t e   a  

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

26  to  t h e   l o n g i t u d i n a l   body  of   t h e   t o o l .  

At  t he   f o r w a r d   l o w e r   end  of  t h e   b l a d e   26  t h e r e   i s   a  

f o o t   31  h a v i n g   a  t a p e r e d   t o o t h - l i k e   s h a p e   w i t h   a  

c h i s e l   e d g e   32  f o r   p e n e t r a t i n g   t h e   s o i l .   The  l e a d i n g  

edge   of  t h e   b l a d e   26  i s   c o v e r e d   by  a  t r a n s v e r s e   t r e n c h  



f o r m i n g   p l a t e   33  t h e   t r a n s v e r s e   w i d t h   of  w h i c h  

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

w h i c h   may  be  t a p e r e d   or   h a v e   p a r a l l e l   s i d e s .   T r i -  

a n g u l a r   r e i n f o r c i n g   f i l l e t s   34  a r e   w e l d e d   in   p o s i t i o n  

b e t w e e n   t h e   t r e n c h   f o r m i n g   p l a t e   33  and  t h e   p l a t e   2 6  

c o n s t i t u t i n g   t h e   m a i n   s u p p o r t   o f   t h e   l e g   2 5 .  

In  o p e r a t i o n   t h e   t o o l   i s   d r a w n   t h r o u g h   t h e   g r o u n d  

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

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

p l o u g h   s h a r e   t h e   c u t t e r   w h e e l   22  p a r t s   t h e   s u r f a c e  

v e g e t a t i o n   and  t h e   t o o t h   31  l o o s e n s   t h e   s o i l ,   w h i l s t  

t h e   t r e n c h - f o r m i n g   p l a t e   33  e l e v a t e s   i t   and  a l l o w s   i t  

to   f a l l   l o o s e l y   on  e i t h e r   s i d e   of  t h e   t h u s - f o r m e d  

t r e n c h .   To  p r e v e n t   t h e   l o o s e   s o i l   f r om  f a l l i n g   b a c k  

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

p l a t e s   35 ,   one   on  e i t h e r   s i d e   o f   t h e   l o n g i t u d i n a l  

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

of   t h e   t r e n c h - f o r m i n g   p l a t e   33  so  t h a t   t h e s e   p r o j e c t  

s l i g h t l y   i n t o   t h e   u p p e r   p a r t   of   t h e   t r e n c h   as  t h e  

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

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

t h i s   i s   r e q u i r e d .  

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

to   t h e   t o o l   i n   u s e ,   t r i a n g u l a r   r e i n f o r c i n g   webs  a r e  

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

t h e   t r a n s v e r s e   arm  16 ,   and  t h e   u p p e r   c o n n e c t o r   l i n k -  

age   13  i s   s u p p o r t e d   on  an  u p s t a n d i n g   c o l u m n   37  w h i c h   i s  

r e i n f o r c e d  b y   a  p a i r   of   t r i a n g u l a r   webs  38  s e c u r e d  

t o   t h e   u p p e r   e d g e   of   t h e   u p p e r   c h a n n e l   m e m b e r s   17 ,   18  

on  e i t h e r   s i d e   o f   t h e   s l o t   1 9 .  



A  h o p p e r   42  i s   a t t a c h e d   to  t he   t r e n c h - f o r m i n g y  t o o l  

at   t he   r e a r   by  means   of  t he   two  r i n g s   24,   25  w h i c h  

c o n s t i t u t e   u p p e r   and  l o w e r   p i v o t s   f o r   r e c e i v i n g   a t  

v e r t i c a l   p i v o t   p i n   39  w h i c h   p a s s e s   t h r o u g h   two  l u g s  

4 0 ,   41  f o r m e d   on  t he   f o r w a r d   end  of  t h e   h o p p e r   4 2 ,  

and  w h i c h   a re   p o s i t i o n e d   so  t h a t   t he   u p p e r   l u g   4 0  

p a s s e s   o v e r   t h e   u p p e r   r i n g   24  and  t h e   l o w e r   l ug   41 

p a s s e s   u n d e r   t h e   l o w e r   r i n g   25.  T h i s   a l l o w s   t he   t o o l  

to  s u p p o r t   t he   h o p p e r   42 ,   d e t e r m i n i n g   i t s   v e r t i c a l  

l e v e l   w i t h   r e s p e c t   to  t he   g r o u n d   and  at  t h e   same  t i m e  

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

by  t h e   p i n   39  so  t h a t   t he   c o m b i n a t i o n   does   n o t   a c t  

r i g i d l y   when  t h e   e q u i p m e n t   is   b e i n g   t u r n e d .  

The  h o p p e r   42  c o m p r i s e s   an  u p w a r d l y   open  c h a m b e r  

d e f i n e d   by  a  f o r w a r d   w a l l   43 ,   two  l a t e r a l   i n c l i n e d  

w a l l s   44 ,   45  and  a  r e a r   i n c l i n e d   w a l l   46 .   The  f r o n t  

w a l l   43  i s   s u b s t a n t i a l l y   v e r t i c a l   and  t h e   two  l a t e r a l  

i n c l i n e d   w a l l s   4 4 ,   45  s l o p e   i n w a r d l y   f rom  a  r e l a t i v e l y  

w ide   s p a c i n g   at  t h e   top  to  d e f i n e   a  n a r r o w   p a r a l l e l  

s i d e d   s l o t   47  at  t h e   b o t t o m .   The  w i d t h   of  t h e   s l o t  

47  i s   v e r y   s l i g h t l y   l e s s   t h a n   the   s p a c i n g   of  t he   g u a r d  

p l a t e s   35  w h i c h   i n   t u r n   are   s p a c e d   s l i g h t l y   l e s s   t h a n  

t h e   w i d t h   of  t h e   t r e n c h - f o r m i n g   p l a t e   33  w h i c h   d e f i n e s  

t h e   w i d t h   of  t h e   t r e n c h   b e i n g   f o r m e d   by  t h e   t o o l   in   u s e .  

P r o j e c t i n g   d o w n w a r d l y   f rom  t h e   l o w e r   p a r a l l e l   e d g e s  

of  t he   i n c l i n e d   s i d e s   44 ,   45  a re   two  g u i d e   p l a t e s   4 8 ,  

49  the   h e i g h t   of  w h i c h   i s   r a t h e r   l e s s   t h a n   t h e  



d e p t h   to   w h i c h   t h e   d i g g i n g   t o o t h   31  of   t h e   t o o l  

p r o j e c t s   so  t h a t   t h e   p l a t e s   4 8 , 4 9   c o n s t i t u t e ,   i n   u s e ,  

r e i n f o r c i n g   s l i d e   g u i d e s   f o r   h o l d i n g   up  t h e   s i d e s   o f  

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

f r o m   r e - e n t e r i n g   t h e   t r e n c h .   I t   i s   i m p o r t a n t   to   n o t e  

t h a t   t h e   o u t w a r d l y   i n c l i n e d   w a l l s   4 5 , 4 4   a r e   s p a c e d  

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

G  i n   F i g u r e s   1  and  3  by  t h e   d i s t a n c e   d  in   F i g u r e   3  s o  

t h a t   t h e y   do  n o t   come  i n t o   c o n t a c t   w i t h   t h e   d i s p l a c e d  

s o i l   w h i c h   w i l l   be  l y i n g   i n   a  c u r v i n g   m o u n d ,   w h i c h  

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

and  t h u s   w a s t e   of   e n e r g y   i n   l a t e r a l l y   d i s p l a c i n g  

i t   f u r t h e r   t h a n   i s   n e c e s s a r y .  

At  t h e   r e a r   t h e   two  g u i d e   p l a t e s   4 8 , 4 9   a r e   s p a n n e d  

by  an  a d j u s t a b l e   r e a r   p l a t e   50  t h e   p o s i t i o n   of   w h i c h  

can   be  v a r i e d   i n   a  v e r t i c a l   p l a n e   by  means   ( n o t   s h o w n )  

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

d e t a i l   b e l o w .  

A  g r i d   of   l o n g i t u d i n a l   b a r s   51  e x t e n d   b e t w e e n   t h e  

v e r t i c a l   f r o n t   w a l l   43  and  t h e   i n c l i n e d   r e a r   w a l l  

46  of   t h e   h o p p e r   42  to  a c t   as  a  f i l t e r -  f o r   l a r g e  

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

o f   a  c h u t e   52  f o r m i n g   p a r t   o f   a  s t o n e   f e e d   m e c h -  

a n i s m   on  a  v e h i c l e   w h i c h   i s   moved   a l o n g s i d e   t h e  

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

m a n n e r   w h i c h   w i l l   be  d e s c r i b e d   i n   g r e a t e r   d e t a i l  

b e l o w .   The  g r i d   51  i s   c a r r i e d   by  a  r e c t a n g u l a r  

f r a m e   62  p i v o t e d   a t   p i v o t s   63  to   t h e   s i d e   w a l l   o f  

t h e   h o p p e r .   An  h y d r a u l i c   ram  64  i s   p r o v i d e d   f o r  

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

i n   F i g u r e   4 ,   to   an  o p e n  p o s i t i o n   p a s t   v e r t i c a l   t o  

a l l o w   any.  s t o n e s   l o d g e d   i n   t h e   g r i d   to   be  t i p p e d  

o v e r   t h e   s i d e   of   t h e   h o p p e r   4 2 .  



The  f o r w a r d   w a l l   43  i s   f o r m e d   w i t h   a  g u i d e   c h a n n e l   53  

h a v i n g   an  u p p e r   f o r w a r d l y   f a c i n g   g u i d e   m o u t h   54  a n d  

a  l o w e r   c u r v e d   e x i t   55  d e f i n e d   by  a  c u r v e d   f r o n t   p l a t e  

56  and  a  c u r v e d   r e a r   p l a t e   57  e x t e n d i n g   i n t o   t h e   s l o t  

47  d e f i n e d   by  t h e   two.  g u i d e   p l a t e s   48 ,   49 .   T h e s e  

c o m p o n e n t s   d e f i n e   a  g u i d e   c h a n n e l   f o r   a  p i p e   58  c a r r i e d  

in   a  c o i l ,   f o r   e x a m p l e   on  t h e   t r a c t o r   v e h i c l e   and  l e d  

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

by  t h e   t o o l .  

F i n a l l y ,   t h e   s i d e   w a l l s   4 4 ,   45  of  t h e   h o p p e r   c a r r y  

s u p p o r t   l e g s   5 7 ,  5 8   in   t h e   f o r m   of  r i g i d   l u g s   w h i c h  

c a r r y   t r a i l i n g   g u i d e s   59,  60  w h i c h   a c t   as  s o i l   d i s p l a c e -  

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

more   n a r r o w l y   t o g e t h e r   at  t h e   r e a r w a r d   end  by  t h e   l e g s  

57,   58.  The  g u i d e   p l a t e s   59,   60  a c t   as  t h e   e q u i p m e n t  

i s   d r a w n   a c r o s s   t he   s o i l   to   l a t e r a l l y   d i s p l a c e   . t h e  

l o o s e   s o i l   on  e i t h e r   s i d e   of  t h e   h o p p e r   42  i n w a r d l y  

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

t h e   t r e n c h   as  t he   e q u i p m e n t   p a s s e s   i t   o v e r   i t .   C h a i n s  

6 1 ,  6 2   e x t e n d   f rom  t he   f o r w a r d   end  of  e a c h   l e g   5 7 ,  5 8  

to  a  c r o s s   b a r   63  c a r r i e d   by  t h e   h o p p e r   f r o n t   w a l l   4 3 .  

In  o p e r a t i o n ,   t h e n ,   t he   t o o l   i s   d r awn   o v e r   t h e   g r o u n d  

so  t h a t   t h e   t r e n c h   f o r m i n g   p l a t e   33  c u t s   a  t r e n c h   t h e  

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

33  by  l i f t i n g   t h e   s o i l   and  a l l o w i n g   i t   to  f a l l   f r e e l y  

on  e i t h e r   s i d e ,   w h e r e   i t   i s   r e t a i n e d   by  t h e   c o v e r  

p l a t e s   34  u n t i l   t he   g u i d e   p l a t e s   4 8 ,   49  p a s s   t h a t  

p a r t i c u l a r   p o i n t .   A  p i p e   58  i s   f e d   down  t h e   g u i d e   c o n -  

s t i t u t e d   by  t h e   e n t r a n c e   c h u t e   54,   t he   g u i d e   c h a n n e l  

53  and  t h e   two  c u r v e d   p l a t e s   56,   57  and  i s   l a i d   i n   t h e  

b o t t o m   of   t h e   t r e n c h .   S t o n e s   e n t e r i n g   t h e   h o p p e r   4 2  

t h r o u g h   t h e   c h u t e   52  and  f i l t e r e d   by  t h e   g r i d   of  b a r s   51 



a r e   l a i d   o v e r   t h e   p i p e   66  to   fo rm  a  p e r m e a b l e   f i l l ,  

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

p l a t e   50  t h e   v e r t i c a l   a d j u s t m e n t   of   w h i c h   d e t e r m i n e s  

t h e   h e i g h t   a b o v e   t h e   p i p e   58  to  w h i c h   t h e   s t o n e s   c a n  

r e a c h   b e f o r e  b e i n g   c u t   o f f   by  t h e   p l a t e   50  i t s e l f .  

The  s t o n e s   may  be  i n t r o d u c e d   f r o m   a  s e p a r a t e   s u p p l y  

s u c h   as  a  q u a r r y ,   i n   w h i c h   c a s e   t h e y   w o u l d   m o s t   c o n -  

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

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

c h u t e   52.  A l t e r n a t i v e l y ,   a  known  s t o n e   s e p a r a t i n g  

m a c h i n e   may  be  u s e d   f o r   s e p a r a t i n g   s t o n e s   f rom  t h e   s o i l  

i n   a  s t r i p   c o v e r e d   by  t h e   m a c h i n e   a d j a c e n t   t h e   t r e n c h -  

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

c h u t e   52  w i l l   h a v e   b e e n   s e p a r a t e d   f rom  t h e   s o i l   in   t h e  

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

g r i d   of   b a r s   51  i s   r e q u i r e d   s i n c e   t h e   o range   of  s i z e s  

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

w h i c h   w o u l d   b l o c k   t h e   t r e n c h   or  e x t e n d   above   t h e   h e i g h t  

d e f i n e d   by  t h e   b a c k   p l a t e   50.  F i n a l l y ,   as  t h e   t o o l  

p a s s e s ,   t h e   two  g u i d e s   59,  60  c a u s e   t h e   d i s p l a c e d   s o i l  

to   be  moved   l a t e r a l l y   to  r e f i l l   t h e   t r e n c h   l e a v i n g   a  

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

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

s u c h   t h a t   i t   c a n   be  w o r k e d   by  p l o u g h i n g   or   r o t o v a t i n g  

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

s t o n e s   i n   t h e   l o w e r   p a r t   of   t h e   t r e n c h .   E f f e c t i v e  

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

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

t h e   c a s e   w i t h   s u r f a c e   l a i d   d r a i n a g e   s t o n e   c h a n n e l s .   T h e  

p i p e   58  may  be  of   any  c o n v e n i e n t   f l e x i b l e   t y p e ,   a l t h o u g h  

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

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

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



A d d i t i o n a l   c h a i n s   67  e x t e n d   f rom  t h e   f r o n t   c r o s s   b e a m  

16  to  t h e   s i d e s   4 4 ,   45  of  t h e   h o p p e r   42  to  r e s t r i c t  

p i v o t i n g   m o v e m e n t   d u r i n g   n o r m a l   u s e ;   t h e s e   can   be  r e l -  

e a s e d   to  a l l o w   p i v o t t i n g   when  r e q u i r e d .  

W i t h i n   t h e   h o p p e r   4 2 ;   a l o n g   t h e   i n s i d e   of   t h e   w a l l   4 4  

i s   a  s h u t t e r   p l a t e   68  m o v a b l e   b e t w e e n   a  r e t r a c t e d   o r  

open  p o s i t i o n   as  shown  in   F i g u r e   6  and  a  c l o s e d   o r  

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

h o p p e r   42 .   The  s h u t t e r   p l a t e   68  i s   c o n n e c t e d   to  a n  

h y d r a u l i c   a c t u a t o r   70  f o r   e f f e c t i n g   t h e   m o v e m e n t .  

A  c o v e r   p l a t e   69  e x t e n d s   o v e r   b o t h   t h e   s h u t t e r   p l a t e  

68  and  t h e   a c t u a t o r   70  to  p r o t e c t   i t   f r om  a b r a s i o n   o r  

damage   by  t h e   m a t e r i a l   m o v i n g   t h r o u g h   t h e   h o p p e r   i n  

u s e   of  t h e   e q u i p m e n t .   Thus  when  f i l l i n g   t r e n c h e s   w i t h  

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

of  a  r u n   t h e   t o o l   can   be  r a i s e d   o u t   of   t h e   g r o u n d   b y  

means   of  t h e   t h r e e   p o i n t   l i n k a g e   and  e s c a p e   of   g r a v e l  

can   be  p r e v e n t e d   by  c l o s i n g   t h e   b o t t o m   of  t h e   h o p p e r  

w i t h   t h e   s h u t t e r   p l a t e   6 8 .  

In  a n o t h e r   e m b o d i m e n t ,   n o t   s h o w n ,   p r o v i s i o n   i s   made  f o r  

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

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

For   t h i s   p u r p o s e   t h e   s o i l   p l a t e   33  i s   h e l d   r e m o v a b l y  

on  t h e   b l a d e   26 ,   and  t h e   s i d e   p l a t e s   35  and  4 8 ,  4 9  

can  be  r e m o v e d   and  r e p l a c e d .   In  t h i s   e m b o d i m e n t   t h e  

h o p p e r   i s   s p l i t   h o r i z o n t a l l y   to  a l l o w   t h e   l o w e r   c o m -  

p o n e n t s   to  be  r e p l a c e d   to  e f f e c t   s u c h   t r e n c h   w i d t h  

i n t e r c h a n g e .   The  l i n e   of  t he   h o r i z o n t a l   s e p a r a t i o n  

i s   a p p r o x i m a t e l y   two  t h i r d s   down  t h e   i n c l i n e d   s i d e  

w a l l s   4 4 ,   45  of   t h e   h o p p e r   4 2 .  



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

t i o n   o f   t h e   s o i l   l i f t i n g   p l a t e   33  i s   in   t h e   r e g i o n   o f  

4 5 °   a l t h o u g h   a  s h a l l o w e r   a n g l e   to   t h e   g r o u n d  w i l l  

r e s u l t   i n   l e s s   t r a c t i v e   f o r c e   b e i n g   r e q u i r e d .   A t  

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

f o r w a r d   m o t i o n   r a t h e r   t h a n   l i f t e d .  



1.  A p p a r a t u s   f o r   f o r m i n g   a  t r e n c h ,   c h a r a c t e r i s e d   i n  

t h a t   i t   c o m p r i s e s   an  e l o n g a t e   b l a d e   ( 2 6 )   c a r r i e d   on  a  

b l a d e   c a r r i e r   ( 1 7 ,   18,   19)  a d a p t e d   to  be  s u p p o r t e d   b y  

a  t r a c t o r   v e h i c l e   so  as  to  be  d r a w n   in   u s e   t h r o u g h   t h e  

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

l e a d i n g   edge   i n c l i n e d   r e a r w a r d l y   and  u p w a r d l y   i n   r e l a -  

t i o n   to   t h e   d i r e c t i o n   of  f o r w a r d   m o v e m e n t   of  t h e   a p p a r a -  

t u s ,   a  s o i l   l i f t i n g   p l a t e   ( 3 3 )   b e i n g   s e c u r e d   to  t h e   s a i d  

l e a d i n g   edge   of  t h e   b l a d e   ( 2 6 )   so  as  to   l i e   i n   a  p l a n e  

o r t h o g o n a l   to   t h e   p l a n e   of   t h e   b l a d e   ( 2 6 ) ,   t h e   w i d t h  

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

of   t h e   t r e n c h   f o r m e d   by  t h e   a p p a r a t u s .  

2.  A p p a r a t u s   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 s e d   i n  

t h a t   t h e   s a i d   u p r i g h t   b l a d e   ( 2 6 )   i s   r e m o v a b l y   h o u s e d  

in   a  s l o t   ( 1 9 )   in   t h e   s a i d   b l a d e   c a r r i e r   ( 1 7 ,  1 8 ,  1 9 )  

and  h e l d   in   s u c h   a  way  as  to  be  m o v a b l e   b e t w e e n   a  w o r k -  

i n g   p o s i t i o n   i n   w h i c h   i t s  l e a d i n g   edge   i s  i n c l i n e d  

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

w h i c h   t h e   s a i d   l e a d i n g   edge   i s   i n c l i n e d   d o w n w a r d l y   a n d  

r e a r w a r d l y .  

3.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   1  or  C l a i m   2,  c h a r a -  

c t e r i s e d   in   t h a t   t h e   b l a d e   c a r r i e r   ( 1 7 ,   1 8 ,  1 9 )   has   t w o  

g e n e r a l l y   p a r a l l e l   s i d e   w a l l s   ( 3 5 )   on  e i t h e r   s i d e   o f  

t h e   s a i d   b l a d e   ( 2 6 ) ,   l y i n g   i n   p l a n e s   g e n e r a l l y   p a r a l l e l  

to  t h e   p l a n e   of   t h e   b l a d e   ( 2 6 )   and  s p a c e d   a  d i s t a n c e   n o t  

g r e a t e r   t h a n   t h e   w i d t h   of  t h e   s o i l   l i f t i n g   p l a t e   ( 3 3 )  

on  t h e   l e a d i n g   edge   of   t h e   b l a d e   ( 2 6 ) ,   t h e   s i d e   w a l l s  

e x t e n d i n g   d o w n w a r d l y   f rom  t h e   b l a d e   c a r r i e r   so  t h a t  

i n   u s e   t h e y   e x t e n d   i n t o   at   l e a s t   t h e   u p p e r   p a r t   o f   a  

t r e n c h   f o r m e d   by  t h e   t o o l   as  i t   i s   d r awn   t h r o u g h   t h e  

g r o u n d .  



4.  T r e n c h   f o r m i n g   and  f i l l i n g   e q u i p m e n t ,   c h a r a c t e r i s e d  

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

to   any  p r e c e d i n g   c l a i m ,   in   c o m b i n a t i o n   w i t h   t r e n c h  

f i l l i n g   a p p a r a t u s   c o m p r i s i n g   a  h o p p e r   ( 4 2 )   h a v i n g  

i n c l i n e d   w a l l s   ( 4 4 ,   4 5 ,   46)   d e f i n i n g   a  v e s s e l   w i t h   a  

l o n g i t u d i n a l l y   e x t e n d i n g   o p e n i n g   ( 4 7 )   in   t h e   l o w e r  

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

w a l l s   ( 4 8 , 4 9 )   e x t e n d i n g   d o w n w a r d l y   f rom  t h e  s a i d  

o p e n i n g   and  b e i n g   in   a p p r o x i m a t e   a l i g n m e n t   w i t h   t h e  

s a i d   s i d e   w a l l s   ( 3 5 )   of   t h e   t r e n c h   f o r m i n g   a p p a r a t u s  

w h e r e b y   to   p r o j e c t   a t   l e a s t   p a r t l y   i n t o   t h e   t r e n c h   f o r m -  

ed  by  t h e   t r e n c h   f o r m i n g   a p p a r a t u s   as  i t   i s   d r a w n  

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

a t t a c h e d   t h e r e t o   so  as  to   f o l l o w   i n   t h e   same  p a t h .  

5.  T r e n c h   f o r m i n g   and  f i l l i n g   e q u i p m e n t   a c c o r d i n g   t o  

C l a i m   6,  c h a r a c t e r i s e d   in   t h a t   t h e   s a i d   h o p p e r   ( 4 2 )  

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

( 5 9 , 6 0 )   i n   t h e   f o r m   of   e l o n g a t e   p l a t e s   l y i n g   in   g e n e r -  

a l l y   u p r i g h t   p l a n e s   and  s p a c e d   more   w i d e l y   at  t h e  

f o r w a r d   e n d s   t h a n   a t   t h e   r e a r   so  as  to  d e f l e c t   s o i l  

l i f t e d   o u t   of  t h e   t r e n c h   by  t h e   s o i l   l i f t i n g   p l a t e   ( 3 3 )  

and  r e t u r n   i t   to   t h e   l i n e   of  t h e   t r e n c h ,   f i l l i n g   in   o v e r  

any  m a t e r i a l   i n t r o d u c e d   i n t o   t h e   b o t t o m   of   t h e   t r e n c h  

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

6.  T r e n c h   f o r m i n g   and  f i l l i n g   e q u i p m e n t   a c c o r d i n g   t o  

C l a i m   4  or  C l a i m   5  c h a r a c t e r i s e d   i n   t h a t   t h e   s a i d  

h o p p e r   ( 4 2 )   i n c l u d e s   g u i d e   means  ( 5 3 , 5 4 , 5 6 , 5 7 )   by  w h i c h  

e l o n g a t e   f l e x i b l e   p i p e s   or  c a b l e s   can   be  i n t r o d u c e d   i n t o  

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



m a t e r i a l   t h r o u g h   t he   o p e n i n g   ( 4 7 )   in   t h e   b o t t o m   of   t h e  

h o p p e r   ( 4 2 )   and  t h e   b a c k - f i l l i n g   of  s o i l   by  t h e   s a i d  

s o i l   d e f l e c t i o n   p l a t e s   ( 5 9 , 6 0 ) .  

7.  T r e n c h   f o r m i n g   and  f i l l i n g   e q u i p m e n t   a c c o r d i n g   t o  

any  of  c l a i m s   4 , 5   o r  - 6 ,   c h a r a c t e r i s e d   i n   t h a t   t h e   h o p p e r  

( 4 2 )   has   a  r e a r   w a l l   ( 4 6 )   c a r r y i n g   an  a d j u s t a b l e   p l a t e  

( 5 0 )   w h i c h   e x t e n d s   t r a n s v e r s e l y   of   and  b e t w e e n   t h e   s a i d  

two  d o w n w a r d l y   p r o j e c t i n g   l o w e r   s i d e   w a l l s   ( 4 8 , 4 9 )   o f  

t h e   h o p p e r   ( 4 2 ) ,   t he   s a i d   a d j u s t a b l e   p l a t e   d e t e r m i n i n g  

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

t h r o u g h   t h e   h o p p e r   ( 4 2 ) .  

8.  T r e n c h   f o r m i n g   and  f i l l i n g   e q u i p m e n t   a c c o r d i n g   t o  

any  of  C l a i m s   4  to  7,  c h a r a c t e r i s e d   i n   t h a t   t h e   s a i d  

h o p p e r   ( 4 2 )   i s   p r o v i d e d   w i t h   a  s h u t - o f f   p l a t e   ( 6 8 )  

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

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

s e c o n d ,   e x t e n d e d   p o s i t i o n ,   i n   w h i c h   i t   p r o j e c t s   i n t o   t h e  

s a i d   h o p p e r   o p e n i n g   ( 4 7 )   w h e r e b y   to   p r e v e n t   or  a t   l e a s t  

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

h o p p e r   ( 4 2 )   t h r o u g h   t h e   s a i d   o p e n i n g   ( 4 7 ) .  

9.  T r e n c h   f o r m i n g   and  f i l l i n g   e q u i p m e n t   a c c o r d i n g   t o  

any  of  c l a i m s   4  to  8,  c h a r a c t e r i s e d   i n   t h a t   t h e   top   o f  

t h e   h o p p e r   i s   c o v e r e d   by  a  g r i d   of   b a r s   ( 5 1 )   s e r v i n g   t o  

p r e v e n t   t h e   e n t r y   of  l a r g e   s t o n e s   a b o v e   a  s i z e   r a n g e  
d e t e r m i n e d   by  t h e   s p a c i n g   of  t h e   b a r s   i n t o   t h e   h o p p e r :  

t h e   b a r s   b e i n g   c a r r i e d   by  a  s u r r o u n d i n g   f r a m e   ( 6 2 )   w h i c h  

i s   m o u n t e d   by  p i v o t a l   c o n n e c t i o n   means   ( 6 2 )   to  t h e   u p p e r  
r i m   of  t h e   h o p p e r   to  be  t i l t a b l e   to  an  i n c l i n e d   p o s i t i o n  

to  a l l o w   any  l a r g e   s t o n e s   c a u g h t   by  t h e   b a r s   ( 5 1 )   to  b e  

t i p p e d   o f f .  



10.  T r e n c h   f o r m i n g   and  f i l l i n g   e q u i p m e n t   a c c o r d i n g   t o  

any  of   C l a i m s   4  to   9,  c h a r a c t e r i s e d   by  t h e   f u r t h e r  

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

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

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

a b o v e   a  g i v e n   s i z e   o r  s i z e   r a n g e ,   r e t u r n i n g   t h e   f i n e  

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

s t o n e s   and  o t h e r   l a r g e   p a r t i c l e s   to   t h e   h o p p e r   ( 4 2 )   o f  

t h e   t r e n c h   f i l l i n g   a p p a r a t u s   so  as  to   be  i n t r o d u c e d  

t h e r e b y   i n t o   t h e   b o t t o m   o f  t h e   t r e n c h .  
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