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@  An  apparatus  for  the  pre-breaklng  of  heterogeneous  materials,  as  city  solid  wastes. 

An  apparatus  for  breaking  heterogeneous  material,  in  par- 
cular  city  solid  wastes  which  are  conveyed  on  a  endless  belt 
conveyor  (27)  which  passes  underneath  the  apparatus  compris- 
ing  a  plurality  of  substantially  parallel  and  ordinately  closely 
juxtaposed  to  each  other  blades  (15)  and  counterblades  (8),  this 
breaking  system  being  supported  by  a  guiding  articulated  qua- 
drilateral  rod  system  (13,  14,  18)  adapted  in  unison  and  in 
sequence  to  open  and  raise  to  dose  counterbiades  (8)  under  the 
control  of  hydraulic  cylinders  (10),  while  a  second  auxiliary 
system  (4,  25,  37,  40)  provides  to  raise  the  first  system  at  the 
end  of  the  work  stroke  and  to  lower  it  again  just  before  the 
beginning  of  its  working  stroke. 



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   an  a p p a r a t u s   and  a  m e t n o d  

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

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

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

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

s o l i d   w a s t e s   or  t h e   l i k e .  

M a c h i n e s   a r e   a l r e a d y   known  w h i c h   c a r r y   out   s i m i l a r  

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

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

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

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

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

t he   r o t o r .  

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

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

c o m p o n e n t s   of  t h e   c i t y   s o l i d   w a s t e s ,   bu t   t h e y   do  n o t  

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

m a t e r i a l s   c o n t a i n e d   in   s a i d   c i t y   s o l i d   w a s t e s .   In  f a c t ,  

t h e   v i o l e n t   m e c h a n i c a l   a c t i o n   i m p a r t e d   by  t h e   r o t o r   a n d  

t h e   hammers   to   t he   m a t e r i a l s   d o e s   n o t   o n l y   r e d u c e   t h e  



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

w a s t e s   w i t h o u t   a l t e r a t i n g   t h e   s m a l l e s t   b o d i e s ,   bu t   on  t h e  

c o n t r a r y ,   i t   a c t s   on  a l l   t h e   m a t e r i a l s   in   t h e   same  w a y ,  

f o r m i n g   an  i n t i m a t e   m i x t u r e   t h e r e o f .  

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

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

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

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

i n t e r p e n e t r a t e   w i t h   e a c h   o t h e r   and  a r e   r e c i p r o c a l l y  

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

A n o t h e r   i n c o n v e n i e n c e   of  t h e   c o n v e n t i o n a l   r o t a t i n g  

c r u s h e r s   c o n s i s t s   in   t h e   f a c t   t h a t ,   due  to  t he   v i o l e n t  

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

to  a  v e r y   h i g h   w e a r ,   so  t h a t   t h e   u t i l i z a t i o n   b e c o m e s  

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

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

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

c o m s u p t i o n   t h e r e o f .  

A  l a s t   c o n s i d e r a t i o n   a g a i n s t   t h e   use   of  t h e   c r u s h i n g  

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

p r o d u c e .  

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

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

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

i n c l u d i n g   p l u r a l i t i e s   of  j u x t a p o s e d   b l a d e s   and  c o u n t e r b l a d e s  

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

on  t h e   mass   of  t h e   w a s t e   m a t e r i a l   c a r r i e d   by  an  e n d l e s s  

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

of  t r a v e l ,   but   w h i c h   c o u l d   be  a l s o   h o r i z o n t a l ,   t h i s   b e l t  



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

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

The  two  p l u r a l i t i e s   of  j u x t a p o s e d   b l a d e s   and  c o u n t e r b l a d e s  

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

f o r w a r d   and  a  r e t u r n   s t r o k e ,   in   c l o s e   j u x t a p o s e d   r e l a t i o n s h i p  

to  e a c h   o t e r   up  to   c r o s s   e a c h   w i t h   t h e   o t h e r   so  as  t o  

e n s u r e   a  c o m p l e t e   b r e a k i n g   a c t i o n   on  s a i d   w a s t e   m a t e r i a l .  

Each   b l a d e   has   a  c o n s i d e r a b l e   t h i c k n e s s   in  o r d e r   to  h a v e  

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

m a t e r i a l   of  s m a l l   s i z e   to   p a s s   t h r o u g h   t h e   b l a d e   and  c o u n t e r -  

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

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

w a s t e   m a t e r i a l   t a k e s   p l a c e   by  b r e a k i n g   and  t e a r i n g   e f f e c t s ,  

bu t   n e v e r   by  a  c u t t i n g   a c t i o n .   As  a  r e s u l t   t h e r e o f ,   t n e  

o u t l i n e   or  c o n t o u r   of  t h e   b l a d e s   has   no  much  i m p o r t a n c e  

and  t h e r e f o r e   i t   w i l l   no t   be  n e c e s s a r y   to   m a i n t a i n   s a i d  

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

The  a p p a r a t u s   i s   so  d e s i g n e d   t h a t   i t s   two  s e r i e s   of  b l a d e s  

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

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

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

w i t h   up  and  down  m o v e m e n t s ,   in   o r d e r   t h a t   t h e y   can   be  a b l e  

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

as  w e l l   as  w i t h   f o r w a r d   and  r e t u r n   m o v e m e n t s   in   t h e  

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

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

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

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

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

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



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

g i v i n g   r i s e   to   o b s t r u c t i o n s   in   t he   a p p a r a t u s .  

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

means   of  a  s i n g l e   h y d r a u l i c   c o n t r o l   s y s t e m   w h i c h ,   t a k i n g  

a d v a n t a g e   of  a  l i n k a g e ,   i s   a b l e   to   c a u s e   o p e n i n g   a n d  

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

c o n t e m p o r a n e o u s l y   up  and  down  d i s p l a c e m e n t s .  

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

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

c a l l e d   " p r i m a r y   h y d r a u l i c   w o r k i n g   s y s t e m " ,   in   w h i c h   t h e  

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

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

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

any  s t r e s s   to   t h e   c a r r y i n g   s t r u c t u r e   ( f r a m e )   w h i c h   has   o n l y  

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

t h e r e o f .  

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

s y s t e m   w h i c h   w i l l   be  c a l l e a   " a u x i l i a r y   s y s t e m " ,   c o m p r i s i n g  

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

p o i n t   t h a t   c o u l d   be  named  f i x e d   p i v o t   p o i n t   of  t h e  

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

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

s t r o k e .  

The  n u m b e r   of  t h e   c y c l e s   p e r f o r m e d   by  t h e   two  s y s t e m s ,  

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

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

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

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

a c c o r d i n g   to   t h e   d e s i r e d   b r e a k i n g   d e g r e e .  

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



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

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

s a f e t y   means   w h i c h ,   e v e r y   t i m e   the   b l a d e s   and  c o u n t e r b l a d e s  

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

t he   r e v e r s a l   of  t h e   o p e r a t i n g   c y c l e   i . e .   t h e   b e g i n n i n g   o f  

t h e i r   r e t u r n   s t r o k e   so  t h a t   t he   b l a d e s   and  c o u n t e r b l a d e s  

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

p a s s e s   b e y o n d   t he   b l a d e s ,   so  t h a t   a  new  o p e r a t i n g   r e g u l a r  

c y c l e   can  begin  a g a i n   a v o i d i n g   damage   to   s a i d   b l a d e s   a n d  

c o u n t e r b l a d e s .  

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

o t h e r   and  a l i g n e d   in   t h e   s a n e   p l a n e ,   but   t h e y   c o u l d   be  a l s o  

s l i g h t l y   s h i f t e d   to   e a c h   o t h e r   in  o r d e r   to  become  o p e r a t i v e  

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

e f f e c t   of  t h e   b l a d e s   w h i c h   t h e r e f o r e   r e q u i r e s   a  r e d u c e d  

p o w e r .   In  a d d i t i o n   to  t h i s ,   t h e   b l a d e s   and  c o u n t e r b l a d e s  

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

p r o g r e s s i v e l y   as  in   t he   s h e a r s   and  no t   f r o n t a l l y .   And  t h a t  

i s   p r o v i d e d   on  t he   p u r p o s e   of  r e d u c i n g   t he   s t r e s s e s   a c t i n g  

on  t h e   o p e r a t i n g   m e m b e r s .  

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

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

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

w e l l   as  on  a c c o u n t   of  t h e   f a c t   t h a t   t h e y   do  no t   p e r f o r m   a  

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

r e q u i r e   t h e   p r e s e n c e   of  c u t t i n g   e d g e s .  

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

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

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

t h e   f a c t   t h a t   t h i s   m a c h i n e   has   o n l y   t h e   t a s k   of  t r e a t i n g  



t he   b i g g e s t   b o d i e s ,   w h i l e   i t   has  s u b s t a n t i a l l y   no  e f f e c t   o n  

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

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

t h e   m i x t u r e   of  w a s t e s .  

O t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h e   i n v e n t i o n   w i l l   b e  

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

t a k e n   in   c o n s i d e r a 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 ,   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   a p p a r a t u s   when  t h e  

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

i n o p e r a t i v e   and  a r e   p o s i t i o n e d   as  j u s t   b e f o r e   t h e  

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

of  t h e s e   e l e m e n t s   a t   t h e   end  of  t h e   o p e r a t i v e   s t r o k e  

i s   shown  in   b r o k e n   l i n e s ;   F i g u r e   2  i s   t h e   r e a r   e n d  

v i e w   of  t h e   a p p a r a t u s ,   w i t h   r e s p e c t   of  t h e   p r o g r e s s -  

d i r e c t i o n   of  t h e   w a s t e   m a t e r i a l ;   F i g u r e s   3  to   7  a r e  

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

some  of  t h e   o p e r a t i v e   p o s i t i o n s   of  i t s   c o m p o n e n t s ;  

F i g u r e s   8  and  9  show  o n l y   t he   c o m p o n e n t s   of  t h e  

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

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

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

l o w e r e d   c l o s e d   l i m i t   p o s i t i o n   r e s p e c t i v e l y ;   a n d  

F i g u r e s   10  and  11  shown  d i a g r a m m a t i c a l l y   t h e   f i r s t  

p r i m a r y   w o r k i n g   s y s t e m ,   shown  in   F i g u r e s   8  and  9 ,  

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

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



Now  r e f e r r i n g   to  t h e   shown  e m b o d i m e n t ,   1  i n d i c a t e s   t h e  

s t a t i o n a r y   ma in   s u p p o r t   f r a m e   of  t h e   a p p a r a t u s   m o u n t e d  

on  a  s u p p o r t i n g   s t a t i o n a r y   f r a m e w o r k   ( n o t   s h o w n ) ,   and  2  i s  

a  u p p e r   r e a r   t r a n s v e r s e   beam  c a r r y i n g   a  p a i r   f o r k - l i k e   s u p p o r t  

m e m b e r s   3  w h i c h   a r e   a r t i c u l a t e d   by  c o a x i a l   p i v o t   p i n s   38  

h a v i n g   t h e i r   a x i s   p a r a l l e l   to   t h a t   of  t h e   beam  2,   to  t w o  

h y d r a u l i c   c y l i n d e r s   4  d e s i g n e d   to   move  f o r w a r d s   a n d  

b a c k w a r d s   t h e   p r i m a r y   s y s t e m   or  w o r k i n g   u n i t   so  as  t o  

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

t h e   w a s t e   m a t e r i a l   2 6 ,   w h i c h   i s   c a u s e d   to   a d v a n c e   w i t h   a  

c o n t a n t   bu t   a d j u s t a b l e   s p e e d   on  a  b e l t   c o n v e y o r   27  of  a  

w e l l   known  t y p e ,   t h e   m a t e r i a l   2 6 ,   t r a v e l l i n g   t h e r e o n   i n  

t he   d i r e c t i o n   of  t h e   a r r o w   in   F i g u r e   1 ,   u n d e r n e a t h   t h e  

f i r s t   w o r k i n g   u n i t .  

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

p i s t o n   ( n o t   shown  in  t h e   d r a w i n g s )   w h i c h   i s   c o n n e c t e d   t o  

a  p i s t o n   rod   25.   The  p i s t o n   r o d s   25  a r e   p i v o t a l l y  

c o n n e c t e d   by  t h e   p i v o t   p i n s   29  to   a  p a i r   of  k n e e - l e v e r s  

37  c o a x i a l   p i v o t   p i n s   20  c a r r i e d   by  t h e   s t a t i o n a r y   f r a m e  

1.  The  two  k n e e - l e v e r s   37  a r e   p i v o t a l l y   c o n n e c t e d   a t   t h e i r  

o t h e r   e n d s ,   by  means   of  c o a x i a l   p i v o t   p i n s   3 9 ,   to   t h e  

c o n n e c t i n g   r o d s   40  a r t i c u l a t e d   by  c o a x i a l   p i n s   17  to   t h e  

p a r a l l e l   a rms   6 ,   w h i c h   a r e   made  i n t e g r a l   one  w i t h   a n o t h e r  

by  a  t r a n s v e r s e   s h a f t   23  r o t a t i n g   w i t h i n   s u p p o r t s   7 

c a r r i e d   by  t h e   f r a m e   1 .  

The  two  a rms   6 ,   w h i c h   a r e   made  i n t e g r a l   one  w i t h   t h e   o t h e r  

a t   t h e i r   o t h e r   e n d s   a r e   f i x e d   to   t h e   c o a x i a l   p i n s   21  a b o u t  

w h i c h   a  r i g i d   s t r u c t u r e   13  w i l l   be  c a u s e d   t o   p e r f o r m  

r o c k i n g   m o v e m e n t s ,   t h e   s t r u c t u r e   13  a t   i t s   f r o n t   e n d  

b e i n g   made  i n t e g r a l   w i t h   a  s e r i e s   of  p a r a l l e l   b l a d e s   1 5 .  



The  r i g i d   s t r u c t u r e   13  c o n s i s t s   of  two  s u i t a b l e   s h a p e d  

s i d e   m e m b e r s   c o n n e c t e d   to   one  a n o t h e r   by  two  s t i f f e n i n g  

c r o s s   t u b e s   19  and  22.  To  t h e   s t i f f e n i n g   t u b e   19  t w o  

p a r a l l e l   o u t w a r d l y   e x t e n d i n g   a rms  11  a r e   f i x e d l y   c o n n e c t e d ,  

c a r r y i n g   at   t h e i r   u p p e r   p o r t i o n s   two  c o a x i a l   p i v o t   p i n s  

31  to   w h i c h   a r e   a r t i c u l a t e d   t h e   h y d r a u l i c   c y l i n d e r s   1 0  

w h i c h   o p e r a t e   in   s y n c h r o n i s m .  

A l o n g   t h e   w h o l e   e x t e n s i o n   of  t h e   s t i f f e n i n g   t u b e   22  t h i s  

l a t t e r   c a r r i e s   t h e   b l a d e s   15  s u i t a b l e   s p a c e d   a p a r t   f r o m  

e a c h   o t h e r   and  p r o v i d e d   w i t h   t e a r i n g   t e e t h   1 6 .  

B e s i d e s   t h e   two  s t i f f e n i n g   t r a n s v e r s e   t u b e s   19  and  22  t h e  

s t r u c t u r e   13  a l s o   i n c l u d e s   a  t r a n s v e r s e   s h a f t   24  w h i c h  

c o n n e c t s   t h e   two  s i d e   m e m b e r s   13  and  as  a  r e s u l t   t h e r e o f  

a l l o w s   t h e   s t r u c t u r e   c a r r y i n g   t h e   c o u n t e r b l a d e s   8  b y  

means   t h e   t u b u l a r   s h a f t   24a  r o t a t i n g   a b o u t   t h e   s h a f t   2 4 ,  

to   r o t a t e   a r o u n d   t h e   a x i s   of  t h e   s h a f t   2 4 .  

The  c o u n t e r b l a d e s   8  too   a r e   d i s t r i b u t e d   a l o n g   t h e  

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

a p a r t   f r o m   e a c h   o t h e r   so  as  to   r e c e i v e   t h e   b l a d e s   15  

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

The  c o u n t e r b l a d e s   8  a r e   p r o v i d e d   w i t h   t e a r i n g   t e e t h   9.  T h e  

s t r u c t u r e   c a r r y i n g   t h e   c o u n t e r b l a d e s   8  e x t e n d s   f r o n t w a r d s  

w i t h   two  s t r o n g   p a r a l l e l   f o r k   m e m b e r s   1 4 ,   c a r r y i n g   t h e   p i n s  

33  f o r   t h e   a r t i c u l a t i o n   of  t h e   p i s t o n   r o d s   32 of  t h e   h y d r a u l i c  

c y l i n d e r s   10  as  w e l l   as  t h e   p i n s   35  f o r   t h e   a r t i c u l a t i o n  

of  t h e   r o d s   18  w h i c h   a r e   in   t u r n   p i v o t a l l y   c o n n e c t e d   t o  

t h e   f r o n t   c r o s s   b a r   47  made  i n t e g r a l   w i t h   t h e   f r a m e   1 .  

The  a f o r e m e n t i o n e d   r o d   or  b a r   s y s t e m   f o r m s   an  a r t i c u l a t e d  

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

of  t h e   a x e s   of  t h e   p i n s   2 1 ,   t h e   s h a f t   2 4 ,   t h e   p i n s   34  a n d  



t he   p i n s   3 5 ,   w i t h   a  v e r t i c a l   l o n g i t u d i n a l   p l a n e   o f  

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

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

c l o s i n g ,   r a i s i n g   and  l o w e r i n g   m o v e m e n t s   of  t h e   b l a d e s   15  

and  c o u n t e r b l a d e s   8 .  

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

p i n s   3 8 ,  2 9 ,  2 0 ,  3 0   and  17  c o n s t i t u t e s   t h e   a u x i l i a r y  

w o r k i n g   s y s t e m   h a v i n g   t h e   t a s k   of  c a u s i n g   t h e   v e r t e x   21  

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

f o r w a r d s   and  b a c k w a r d s   p a r a l l e l e l y   t o   t h e   b e l t   c o n v e y o r   2 7 .  

As  p r e v i o u s l y   s t a t e d ,   t h e   b l a d e s   15  or  t h e   c o u n t e r b l a d e s  

can   be  r e s p e c t i v e l y   p a r a l l e l   to   e a c h   o t h e r   and  c o p l a n a r ,  

or  t h e y   can   be  s l i g h t l y   d i f f e r e n t l y   i n c l i n e d   in   a  v e r t i c a l  

p l a n e   one  w i t h   r e s p e c t   to  t h e   a d j a c e n t   o n e s ,   so  as  t o  

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

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

of  b l a d e s   and  c o u n t e r b l a d e s ,   so  t h a t   t h e   b l a d e   s y s t e m  

t a k e s   c o n c a v e   or  c o n v e x   d i s p o s i t i o n   w h i c h   i s   s y m m e t r i c a l  

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

In  o r d e r   to   make  e a s i e r   t h e   u n d e r s t a n d i n g   of  t h e   o p e r a t i o n  

of  t h e   a p p a r a t u s ,   r e f e r e n c e   i s   now  made  to  F i g u r e s   8  t o  

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

of  t h e   p r i m a r y   w o r k i n g   s y s t e m   ( F i g u r e s   8  and  9)  and  t h o s e  

of  t h e   p r i m a r y   and  a u x i l i a r y   w o r k i n g   s y s t e m   ( F i g u r e s   1 0  

and  1 1 ) ,   in   t h e i r   e l e m e n t a r y   e m b o d i m e n t s .  

Now,  r e f e r r i n g   to   t h e   F i g u r e s   8  and  9  at  f i r s t   i t   i s  

a s s u m e d   t h a t   t h e   a x i s   of  t h e   p i v o t   21  be  f i x e d ,   bu t   o n  

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

a x i s   i s   t r a n s m i t t e d   a  f o r w a r d   and  b a c k w a r d   m o v e m e n t   b y  

t h e   a u x i l i a r y   w o r k i n g   s y s t e m .  



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

c o n s t i t u t e d   of  an  a r t i c u l a t e d   q u a d r i l a t e r a l   rod   s y s t e m ,  

t h e   v e r t i c e s   of  w h i c h   a r e   in   t h e   p o i n t s   2 1 ,  2 4 ,  3 4   and  35  

w h i l e   t he   i d e a l   s i d e   2 1 ,   35  i s   s t a t i o n a r y .  

The  s i d e   rod  13  c o n n e c t i n g   t h e   v e r t i c e s   21  and  2 4 , e x t e n d s  

o u t w a r d l y   b e y o n d   t h e   v e r t e x   21  w i t h   an  arm  1 1 ,   a t   t h e   e n d  

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

h y d r a u l i c   c y l i n d e r   10  by  means   of  t h e   p i v o t   p i n   3 1 ,   w h i l e  

b e y o n d   t h e   v e r t e x   24  t h e   rod   13  e x t e n d s   w i t h   an  arm  f o r m i n g  

a  work  b l a d e   15  w h i c h   d i a g r a m m a t i c a l l y   r e p r e s e n t s   one  o f  

t h e   p l u r a l i t y   of  b l a d e s   1 5 .  

The  rod   14  d e f i n e d   by  t h e   v e r t i c e s   34  and  24  e x t e n d s   r e a r  

w a r d l y   b e y o n d   t h e   v e r t e x   24  and  e n d s   w i t h   a  c o u n t e r b l a d e s  

8  w h i c h   r e p r e s e n t s   one  of  t h e   p l u r a l i t y   of  c o u n t e r b l a d e s   8 .  

The  h y d r a u l i c   c y l i n d e r   1J  p i v o t a l l y   c o n n e c t e d   to   t h e   p i v o t  

p i n   31  has   i t s   p i s t o n   rod   p i v o t a l l y   c o n n e c t e d ,   to  t h e  

p i v o t   p i n   33  c a r r i e d   by  t h e   rod   1 4 .  

F i g u r e   8  shows  t h e   p o s i t i o n   of  t h e   p a r t s ,   when  t h e   p i s t o n  

rod   32  of  t h e   h y d r a u l i c   c y l i n d e r   10  has   r e a c h e d   i t s   o u t e r  

l i m i t   p o s i t i o n , i . e .   i t s   maximum  p r o j e c t i o n   o u t w a r d l y .   When 

t h e   p i s t o n   rod   32  moves   b a c k w a r d s   t o w a r d s   i t s   c o l l a p s e d  

l i m i t e d   p o s i t i o n ,   t h e   a r t i c u l a t e d   q u a d r i l a t e r a l   rod   s y s t e m  

t a k e s   t h e   p o s i t i o n   shown  in   F i g u r e   9 ,   c a u s i n g   t h e   b l a d e s  

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

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

w o r k i n g   s y s t e m .  

Each   b l a d e   15  d u r i n g   t h i s   p h a s e   r o t a t e s   a b o u t   t h e   s t a t i o n a r y  

a x i s   of  t h e   p i n   21  and  t h e   end  of  e a c h   b l a d e   15  t r a v e l s  

a l o n g   t h e   a r c   b.  Each   c o u n t e r b l a d e   8  f o l l o w s   a  m o r e  

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



to  t he   p l a n e   of  t h e   c o n v e y o r   b e l t   2 7 .  

In  F i g u r e s   10  and  11  t h e   p r i m a r y   w o r k i n g   s y s t e m   i s   c o m p l e t e d  

by  the   a u x i l i a r y   w o r k i n g   s y s t e m   so  t h a t   t h e   p i n   21  i s   n o  

more  s t a t i o n a r y   b u t ,   on  t he   c o n t r a r y ,   u n d e r   t h e   e f f e c t   o f  

t h e   rod   6  i t   i s   f o r c e d   to   r o t a t e   a b o u t   t h e   a x i s   of  t h e  

p i n   23.  T h i s   r o t a r y   m o v e m e n t   i s   s u c h   as  to   i m p a r t   to  t h e  

who le   p r i m a r y   s y s t e m   a  m o v e m e n t   f o r w a r d s   and  b a c k w a r d s   i n  

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

b e l t   2 7 .  

F i g u r e   10  shows  t h e   c o m p o n e n t s   of  t h e   p r i m a r y   w o r k i n g  

s y s t e m   at   t h e   end  of  a  w o r k i n g   s t r o k e ,   in   w h i c h   e a c h   b l a d e  

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

25  of  t h e   a u x i l i a r y   s y s t e m   i s   in   i t s   o u t e r   l i m i t   p o s i t i o n ,  

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

4  f o r   p e r f o r m i n g   t h e   r e t u r n   t h e   p i s t o n   rod   25  i n s i d e   o f  

t h e   c y l i n d e r   4  and  f o r   r e c a l l i n g   t h e   p r i m a r y   w o r k i n g  

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

t h e   b e l t   2 7 ,   in   o r d e r   t h a t   t h e   f r e e   end  of  e a c h   b l a d e s  

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

p a t h   a .  

T h e r e f o r e ,   o w i n g   to   t he   d i s p l a c e m e n t   c o n t r o l l e d   by  t h e  

a u x i l i a r y   s y s t e m   t h e   f r e e   end  of  e a c h   b l a d e   15  p a s s e s  

f rom  t h e   p a t h   b  to   t h e   p a t h  a ,   so  p e r f o r m i n g   t h e   r e t u r n  

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

f o l l o w i n g   m a t e r i a l   2 6 .  

T h a t   has   t h e   p u r p o s e   of  i n s u r i n g   t h a t   e a c h   b l a d e   15  i n  

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

and  can   c a u s e   t h e   t h r o w   b a c k w a r d s   t h e r e o f   so  as  to   c a u s e  

t h e   p i l i n g   up  of  t h e   m a t e r i a l   on  t h e   b e l t   27  and  t h e r e f o r e ,  

an  o b s t r u c t i o n   in   t h e   a p p a r a t u s .  



F i g u r e   11  shows  t h e   p o s i t i o n   of  t h e   p a r t s   a t   t h e   b e g i n n i n g  

of  a  w o r k i n g   c y c l e   bu t   b e f o r e   b e g i n n i n g   t h e   o p e r a t i v e  

s t r o k e   of  t h e   h y d r a u l i c   c y l i n d e r   4 ,   c a u s i n g   t h e  r e t u r n  

s t r o k e   of  t h e   p i s t o n   rod   25  and  w h i c h   b r i n g s   t h e   end  o f  

e a c h   b l a d e   15  a t   t h e   b e g i n n i n g   of  t h e   c u r v e   b .  

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

to   t h e   d i a g r a m m a t i c   r e p r e s e n t a t i o n   of  F i g u r e s   10  and  1 1  

c o m p r i s e s   a  c o n n e c t i n g   rod   6 ,   two  p i v o t   p i n s   20  and  38  

h a v i n g   s t a t i o n a r y   a x e s ,   a  s i m p l e   c o n n e c t i n g   rod   4 0 ,   a  

k n i e - l e v e r   37  a n d  a n h y d r a u l i c   c y l i n d e r   4  p r o v i d e d   w i t h  

a  p i s t o n   r o d   25.  The  c y l i n d e r   4  i s   a r t i c u l a t e d   a t   3 8 ,  

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

t h e   r e c i p r o c a t i o n   of  t h e   p i s t o n   and  of  t h e   p i s t o n   r o d   25 

t h e r e o f .   T h i s   l a t t e r   i s   p i v o t a l l y   c o n n e c t e d   a t   29  to   t h e  

k n i e - l e v e r   3 7 ,   p i v o t a l l y   m o u n t e d   on  t h e   s t a t i o n a r y   p i v o t  

p i n   20  and  c a u s e s   t h i s   l e v e r   to   r o t a t e   a b o u t   t h i s   p i v o t  

p i n   20.  The  k n i e   l e v e r   37  i s   c o n n e c t e d   by  t h e   c o n n e c t i n g  

rod   40  to   t h e   arm  6  by  means   of  t h e   p i v o t   p i n   17  so  t h a t  

i t   i s   a b l e   to   f o r c e   t h e   p i n   21  to   move  a l o n g   an  a r c   of  a  

a  c i r c u m f e r e n c e   h a v i n g   t h e   c e n t e r   a t   2 3 ,   and  t h e r e f o r e  

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

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

b e l t   2 7 .  

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

rod   s y s t e m   has   a l s o   t h e   t a s k   of  g i v i n g   a p r o t e c t i o n   to   t h e  

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

c y l i n d e r   4  c o u l d   become  i n e f f i c i e n t .   In  f a c t   t h i s   a u x i l i a r y  

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

of  t h e   a p p a r a t u s   so  t h a t   i t   i s   d e s i g n e d   in   s u c h   a  way  t o  

be  a b l e   to   c a r r y   t h e   w h o l e   p r i m a r y   s y s t e m ,   in   t h e   e v e n t  



t h a t   t h e   p i s t o n   rod   25  of  t h e   h y d r a u l i c   c y l i n d e r   4  o r  

o t h e r   p a r t   of  t h i s   l a t t e r   b r e a k s .   For   s u c h   a  p u r p o s e   t h e  

two  l e v e r s   37  and  40  a r e   d i m e n s i o n e d   and  c o n n e c t e d   10  a s  

to  fo rm  a  l i n k a g e   t h a t   in   t he   w o r s e   c o n d i t i o n   can  t a k e  

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

t h e   g r e a t   mass   of  t h e   a p p a r a t u s   can   f a l l   down  on  t h e   b e l t  

c o n v e y o r   27  u n d e r   t h e   e f f e c t   of  t h e   f o r c e   of  g r a v i t y ,   b u t  

m a i n t a i n i n g   i t   s y s t e m   s u s p e n d e d   to   t h e   a u x i l i a r y   s y s t e m .  

Of  c o u r s e ,   t h i s   a u x i l i a r y   s y s t e m   c o u l d   be  p e r f o r m e d   as  a  

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

in   t h i s   c a s e   t h e   o u t e r   end  of  t h e   p i s t Œ r o d   25  w i l l   b e  

p i v o t a l l y   c o n n e c t e d   d i r e c t l y   to   t h e   p i v o t   p i n   17.  U s i n g  

t h i s   s o l u t i o n   e v e n   i f   t h e   a p p a r a t u s   i s   l e s s   s u r e   a s  

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

o p e r a t e ,   bu t   in   t h i s   c a s e   o t h e r   s a f e t y   means   have   to   b e  

a s s o c i a t e d   t h e r e w i t h .  

Now,  r e f e r r i n g   to  t h e   a p p a r a t u s   shown  in  F i g u r e s   1  to   7 ,  

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

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

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

shown  in   F i g u r e s   8  to   11 ,   in   i t s   e l e m e n t a r y   e m b o d i m e n t .  

F i g u r e   3  shows  t he   a p p a r a t u s   b e f o r e   t h e   b e g i n n i n g   of  t h e  

w o r k i n g   s t r o k e   w i t h   t h e   p i s t o n   r o d   25  in   i t s   r e t r a c t e d  

l i m i t   p o s i t i o n .   F i g u r e   4  shows  t h e   a p p a r a t u s   in   a n  

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

15  and  c o u n t e r b l a d e s   8 ,   t h e   p i s t o n   r o d s   25  b e i n g   s t i l l  

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

d i a g r a m m a t i c   r e p r e s e n t a t i o n   of  F i g u r e   10.   F i g u r e   6  s h o w s  

t h e   p o s i t i o n   of  t h e   p a r t s   a f t e r   t h e   c o m i n g   out   of  t h e  

p i s t o n   r o d s   25  f rom  t h e   r e s p e c t i v e   h y d r a u l i c   c y l i n d e r s   4 .  



F i g u r e   7  shows  t h e   p a r t s   a t   t he   end  of  t h e   o p e n i n g   s t r o k e  

of  t h e   b l a d e s   and  c o u n t e r b l a d e s   8 .  

I t   i s   to   be  p o i n t e d   ou t   t h a t   t h e   o p e r a t i v e   c y c l e   o f   t h e  

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

l e a s t   a  w o r k i n g   s t r o k e   on  t h e   w a s t e   m a t e r i a l   26  w h i c h   a t  

t h e   s ame  t ime   a r r i v e s   u n d e r n e a t h   t h e   w o r k i n g   u n i t   15  

and  8.  The  f l u i d ,   in   p a r t i c u l a r   o i l ,   w o r k i n g   in   t h e  

h y d r a u l i c   c y l i n d e r s   10  i s   f e d   t h e r e i n   u n d e r   t h e   c o n t r o l  

of  a  p r e s s u r e   s e n s i t i v e   s a f e t y   d e v i c e   ( n o t   shown)   a d a p t e d  

to  c a u s e   t h e   r e v e r s a l   of  t h e   s t r o k e ,   i . e .   t h e   b e g i n n i n g  

of  t h e   r e t u r n   s t r o k e   in   t h e   e v e n t   t h a t   t h e   b l a d e s   15  a n d  

c o u n t e r b l a d e   8  e n g a g e   m a t e r i a l   h a v i n g   a  h a r d i n e s s   n o n - b r e a k a b l e  

by  them  to  a l l o w   p a s s a g e   of  s a i d   n o n - b r e a k a b l e   m a t e r i a l ,  

a v o i d i n g   damage   to   s a i d   b l a d e s   and  c o u n t e r b l a d e s .  



1-An  a p p a r a t u s   f o r   t h e   b r e a k i n g   of  h e t e r o g e n e o u s   m a t e r i a l s ,  

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

(26)   to   be  t r e a d e d   i s   c o n v e y e d   by  an  e n d l e s s   b e l t   c o n v e y o r  

(27)   t r a v e l l i n g   a t   a  c o n s t a n t   s p e e d ,   c h a r a c t e r i z e d   by  t h e  

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

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

of  b l a d e s   (15)   and  c o u n t e r b l a d e s   (8)  r e s p e c t i v e l y   a l t e r n a t e l y  

j u x t a p o s e d   to   e a c h   o t h e r   and  m o u n t e d   so  as  to   r o t a t e  

a b o u t   a  common  a x i s   and  c o n t r o l l e d   in   b o t h   t h e i r   o p e n i n G  

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

a r t i c u l a t e d   q u a d r i l a t e r a l   s y s t e m   ( 1 3 ,   1 4 ,   1 8 ) ,   p i v o t a l l y  

c o n n e c t e d   to   d r i v i n g   means   ( 1 0 ) ,   a d a p t e d   to   c a u s e   t h e  

a r t i c u l a t e d   rod   s y s t e m   to  p e r f o r m   e a c h   o p e r a t i v e   s t r o k e  

at   a  s p e e d   h i g h e r   t h a n   t h a t   of  t h e   t r a v e l   of  t h e   m a t e r i a l  

(26)   on  t h e   b e l t   c a r r i e d   by  t h e   b e l t   c o n v e y o r   ( 2 7 ) ,   w h i l e  

t h e   r e t u r n   o r   c l o s i n g   s t r o k e   of  t h e   b l a d e s   (15)   a n d  

c o u n t e r b l a d e s   (8)  i s   p e r f o r m e d   ou t   of  t h e   c o n t a c t   of  t h e  

w a s t e   m a t e r i a l   ( 2 6 ) ,   owing   to   a  d i s p l a c e m e n t   m o v e m e n t  

t r a n s m i t t e d   to   t h e   f i r s t   p r i m a r y   s y s t e m   by  an  a u x i l i a r y  

s y s t e m ,   i n c l u d i n g   h y d r a u l i c   d r i v i n g   means   ( 4 ) ,   t h e   a p p a r a t u s  

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

i m m e d i a t e l y ,   as  t h e   work  m e m b e r s   (8  and  15)  e n c o u n t e r   a  

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

2-An  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 ,   w h e r e i n   t h e   w o r k i n g  

u n i t   c o m p r i s e s   two  s e r i e s   of  b l a d e s   (15)   and  c o u n t e r b l a d e s  

(8)  c a r r i e d   by  a  g u i d i n g   a r t i c u l a t e d   q u a d r i l a t e r a l   s y s t e m  

( 1 3 ,  1 4   and  18)  s u s p e n d e d ,   by  a  p a i r   of  a x i a l   p i v o t   p i n s  



( 3 5 ) ,   h a v i n g   a  s t a t i o n a r y   a x i s ,   to   a  common  s u p p o r t  

f r a m e   (1)  o v e r p a s s i n g   t r a n s v e r s a l l y   t h e   e n d l e s s   b e l t  

c o n v e y o r   ( 2 7 ) ,   as  w e l l   as  to   a  p a i r   of  c o a x i a l   p i v o t   p i n s  

( 2 1 ) ,   t h e   a x i s   of  w h i c h   i s   p a r a l l e l   to  t h a t   of  t h e   p i n s  

( 3 5 )  ,   t h e   p i n s   (21)   b e i n g   c a r r i e d   by  l e v e r   a rms   (7)  o f  

an  a u x i l i a r y   s y s t e m   w h i c h   i n c l u d e s   a  p a i r   of  h y d r a u l i c  

c y l i n d e r s   (4)  d r i v e n   in   u n i s o n   and  p i v o t a l l y   c o n n e c t e d  

at   (38)   to   t h e   f r a m e   ( 1 ) ,   t h e   p i s t o n   r o d s   (25)   of  t h e  

c y l i n d e r s   (4)  c a u s i n g   t h e   d i s p l a c e m e n t   of  t h e   a x e s   of  t h e  

c o a x i a l   p i n s   ( 2 1 ) ,   t h e   p a i r   of  c o n n e c t i n g   r o d s   ( 1 3 )  

p i v o t a l l y   c o n n e c t e d   to  t h e   p i n s   (21)   b e i n g   a  p a r t   of  a  

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

b l a d e s   (15)   m o u n t e d ,   s p a c e d   a p a r t   f r o m   e a c h   o t h e r ,   on  a  

t r a n s v e r s e   s h a f t   (22)   f i x e d l y   c o n n e c t e d   a t   i t s   e n d s   t o  

t h e   c o n n e c t i n g   r o d s   ( 1 3 ) ,   w h i l e   t h e   p a i r   c o n n e c t i n g   r o d s  

(14)   i s   made  i n t e g r a l   w i t h   t h e   s e r i e s   of  t h e   c o u n t e r b l a d e s  

(8)  p a r a l l e l   to  and  s p a c e d   a p a r t   f r o m   e a c h   o t h e r   so  as  t o  

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

( 1 5 ) ,   t h e   p a i r   of  c o n n e c t i n g   r o d s   (14)   by  c o n n e c t e d   b y  

c o a x i a l   p i v o t   p i n s   (34)   to   t h e   p a i r   of  c o n n e c t i n g   r o d s   ( 1 8 )  

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

c o a x i a l   p i v o t   p i n s   (35)   to   t h e   f r a m e   ( 1 ) ,   w h e r e a s   t h e  

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

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

t h e   p i n s   (21  and  3 5 ) ,   means   b e i n g   p r o v i d e d   f o r   t r a n s m i t t i n g  

t h e   m o v e m e n t   to   t h e   c o n n e c t i n g   r o d s   (14)   of   t h e   g u i d i n g  

a r t i c u l a t e d   q u a d r i l a t e r a l   s y s t e m .  

3-An  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 ,   w h e r e i n   t h e   m o v a b l e  

f r a m e   (13)   c a r r y i n g   t h e   b l a d e s   (15)   and  t h e   c o u n t e r b l a d e s  

(8)  o r d i n a t e l y   i n t e r p o s e d   s i d e   by  s i d e   to   e a c h   o t h e r ,  



e x t e n d s   u p w a r d s   w i t h   two  p a i r s   of  a rms   ( 1 1 ) ,   to   t he   o u t e r  

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

p i v o t   p i n s   (31)   t h e   h y d r a u l i c   c y l i n d e r s   (10)   o p e r a t i n g   i n  

s y n c h r o n i s m ,   t h e   o u t e r   e n d s   of  t h e   p i s t o n   r o d s   of  t h e  

p i s t o n s   w h i c h   r e c i p r o c a t e   i n s i d e   t h e   c y l i n d e r s   (10)   b e i n g  

p i v o t a l l y   c o n n e c t e d   by  c o a x i a l   p i v o t   p i n s   (34)   to   t h e  

p a i r   of  l e v e r   a rms   (14)   f i x e d l y   c o n n e c t e d   to   t he   t u b u l a r  

s h a f t   ( 2 4 a )   r o t a t a b l y   m o u n t e d   a r o u n d   t h e   s h a f t   (24)   a n d  

w h i c h   s u p p o r t s   t h e   s e r i e s   of  c o u n t e r b l a d e s   ( 8 ) .  

4-An  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 ,   w h e r e i n   t he   b l a d e s  

(15)   and  t h e   c o u n t e r b l a d e s   (8)  have   a  k n i e - l i k e   form  a n d  

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

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

(16)   and  (9)  r e s p e c t i v e l y .  

5-An  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 ,   w h e r e i n   t h e   b l a d e s  

(15)   or   t h e   c o u n t e r b l a d e s   ( 8 ) ,   p r o c e d i n g   f rom  t he   s i d e s  

t o w a r d s   t h e   c e n t e r   of  t h e   s e r i e s   of  b l a d e s   or  c o u n t e r b l a d e s  

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

a d j a c e n t   o n e s ,   so  t h a t   t h e   s e r i e s   of  b l a d e s   or  c o u n t e r b l a d e s  

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

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

a p p a r a t u s .  

6-An  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 ,   w h e r e i n   t he   h y d r a u l i c  

c y l i n d e r s   (10)   o p e r a t e   u n d e r   t h e   c o n t r o l   of  a  p r e s s u r e -  

s e n s i t i v e   d e v i c e   or  p r e s s u r e   s w i t c h ,   d e s i g n e d   to   c a u s e  

i m m e d i a t e l y   t h e   b e g i n n i n g   of  t h e   r e t u r n   s t r o k e   i . e .   t h e  

o p e n i n g   s t r o k e ,   as  t h e   b l a d e s   (15)   and  c o u n t e r b l a d e s   ( 8 )  

a r e   s u b j e c t e d   to   a  s t r e s s   h i g h e r   t h a n   a  p r e d e t e r m i n e d   v a l u e .  

7-An  a p p a r a t u s   a c c o r d i n g   t o   c l a i m   1,  w h e r e i n   a  d e v i c e   i s  

p r o v i d e d   in   o r d e r   t o  p r e v e n t   t h e   f a l l   down  of  t h e   w o r k i n g  



u n i t   in   t h e   e v e n t   t h a t   t h e   h y d r a u l i c   c y l i n d e r s   (4)  b r e a k ,  

s a i d   s a f e t y   d e v i c e   i n c l u d i n g   a  p a i r   of  s q u a r e   l e v e r s   ( 3 7 )  

a r t i c u l a t e d   to   t h e   f r e e   e n d s   of  t h e   p i s t o n   r o d s   (-25)  of  t h e  

h y d r a u l i c   c y l i n d e r s   ( 4 ) ,   p i v o t a l l y   c o n n e c t e d   to   t h e   f r a m e  

(1)  by  means   of  c o a x i a l   p i n s   (20)   and  a r t i c u l a t e d   a t   i t s  

o t h e r   f r e e   end  in   (39)   to   a  p a i r   of  c o n n e c t i n g   r o d s   ( 4 0 )  

so  as  to   fo rm  a  t o g g l e   l i n k a g e   w i t h   t h e   arm  of  t h e   s q u a r e  

l e v e r s   (37)   and  so  d i m e n s i o n e d   to   be  a d a p t e d   to   by  a l i g n e d  

to   one  a n o t h e r   and  a c t   so  as  to   t e n s i o n   r o d s   as  one  of  t h e  

h y d r a u l i c   c y l i n d e r s   (4)  b r e a k s ,   t h e   c o n n e c t i n g   r o d s   ( 4 0 )  

b e i n g   a r t i c u l a t e d   by  c o a x i a l   p i n s   (17)   a t   i n t e r m e d i a t e d  

p o i n t s   to   t h e   arm  m e m b e r s   ( 6 ) .  

8-A  m e t h o d   f o r   t h e   b r e a k i n g   of  h e t e r o g e n e o u s   m a t e r i a l s ,  

in   p a r t i c u l a r   c i t y   s o l i d   w a s t e s ,   by  t h e   use   of  an  a p p a r a t u s  

a c c o r d i n g   to  c l a i m s   1  to   6,  c h a r a c t e r i z e d   by  t h e   f a c t  

t h a t   t h e   m a t e r i a l   to   be  t r e a t e d   i s   c a u s e d   to   t r a v e l   w i t h  

a  c o n s t a n t   s p e e d   t o w a r d s   t h e   zone   in   w h i c h   o p e r a t e s   t h e  

a p p a r a t u s ,   w h i c h   i s   d e s i g n e d   so  as  to   p e r f o r m   e a c h   o p e r a t i v e  

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

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

t h e   r e t u r n   s t r o k e   as  soon   as  t h e   w o r k i n g   m e m b e r s   a r e  

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

s a i d   w o r k i n g   m e m b e r s   p o s i t i o n e d   s i d e   by  s i d e  

and  s u p p o r t e d   f o r   r o t a r y   m o v e m e n t   a b o u t   a  common 

t r a n s v e r s e   a x i s ,   b e i n g   a d a p t e d   to   p e r f o r m   in  s e q u e n c e  

s h e a r s   l i k e   c l o s i n g   m o v e m e n t s   and  a t   t h e   same  t i m e   t h e  

l o w e r i n g   t h e r e o f   t o w a r d s   t h e   m a t e r i a l   to   be  t r e a t e d   so  a s  

to   be  a b l e   to   g r i p   and  b r e a k   t h e   m a t e r i a l   d u r i n g   t h e  

w o r k i n g   s t r o k e ,   and  t h e n   d u r i n g   t h e   r e t u r n   s t r o k e   t h e  

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



w h i l e   at   t h e   end  o f ,  a n d   j u s t   b e f o r e   t he   b e g i n n i n g   of  t h e  

w o r k i n g   s t r o k e ,   s a i a   w o r k i n g   m e m b e r s   in  u n i s o n   a r e  

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

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

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

l a t t e r   s t r o k e   b e i n g   of  a  l e n g t h   l e s s   t h a n   t h a t   of  t h e  

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

s t r o k e   of  t h e   w o r k i n g   m e m b e r s .  
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