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©  Vertical  bulk-conveying  apparatus  and  bulk  delivering  system  utilizing  the  characteristics  thereof. 
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A  novel  apparatus for vertically conveying  bulk  materials 
is  provided  which  includes  a  vertical  bett  conveyor  comprised 
of  two  endless  conveyor  belts  (25,26)  guided  to  travel 
upwardly  along  a  substantially  vertical  plane  in  a  face-to-face 
overlapping  relation  to  each  other  and  a  highspeed  bulk  pro- 
jector  (52)  for  packing  bulk  material  into  between  the  oppos- 
ing  faces of the two  conveyor  belts,  utilizing  the  momentum  of 
the  bulk  material  per  se.  The  two  conveyor  belts  are  guided  at 
the  bottom  so  as  to  turn  round  in  directions  opposite  to  each 
other  in  substantially  symmetrical  fashion  and  bulk  material  is 
projected  rapidly  under  the  effect  of  contrifugal  force  to  the 
bottom  belt  junction  where  the  two  conveyor  belts  come  to 
join  each  other.  The  conveying  apparatus,  with  its  highspeed 
bulk  projector  combined  with  a  rotary  bucket  wheel  type  bulk 
feeder,  forms  a  vertical  bulk  delivering  apparatus  which  is 
compact  and  highly  versatile.  In  combination  with  an  approp- 
riate  movable  support  frame,  the  delivering  apparatus  is 
advantageously  usable  as  a  delivering  unit  of  a  vertical  bulk 
delivering  system  for  a  bulk  storing  yard  or for  unloading  bulk 
cargo  which  is  operable  in  the  yard  or  cargo  hold  to  deliver the 
bulk  cargo  vertically  upward  with  particular  efficiency. 



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

F i e l d  o f   t h e   I n v e n t i o n :  

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

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

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

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

o f   two  e n d l e s s   c o n v e y o r   b e l t s   a r r a n g e d   in  f a c e - t o - f a c e  

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

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

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

a p p a r a t u s   u t i l i z i n g   s u c h   v e r t i c a l   b u l k   c o n v e y o r s .  

D e s c r i p t i o n   o f   t h e   P r i o r  A r t :  

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

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

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

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

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

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

t h e   b u l k   m a t e r i a l .  

T h e  v e r t i c a l   c o n v e y o r   i s   h i g h l y   e x c e l l e n t   as  a  m a c h i n e  

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

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



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

w i t h  h i g h  e f f i c i e n c y .   W i t h   t h e   v e r t i c a l   c o n v e y o r ,   h o w e v e r ,  

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

a r e  s u b j e c t e d   in   o p e r a t i o n   t o   more   o r   l e s s   s t r a i n s  o n  

a c c o u n t  o f   t h e   m e a n s   u s e d   to   f e e d   b u l k   m a t e r i a l   to   be  c o n -  

v e y e d  b y e t w e e n   t h e  t w o  c o n v e y o r   b e l t s .   S p e c i f i c a l l y ,   in   t h e  

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

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

a l l y   h o r i z o n t a l   p a t h   so  as  to   be  f e d   w i t h   b u l k   m a t e r i a l  

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

o t h e r   c o n v e y o r   b e l t ,   comes   i n t o   o v e r l a p p i n g   r e l a t i o n   t h e r e -  

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

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

u p w a r d l y   a t   t h e   same  s p e e d .   W i t h   t h i s   a r r a n g e m e n t ,   h o w e v e r ,  

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

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

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

p u l l e y   p r o v i d e d   t h e r e f o r ,   t h e   two  c o n v e y o r   b e l t s   m u s t   p r o -  
c e e d   as   t h e   same  a n g u l a r   v e l o c i t y   t h r o u g h   an  a n g l e   o f  

a p p r o x i m a t e l y   90  d e g r e e s   a r o u n d   t h e   same  g u i d e   p u l l e y   w i t h  

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

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

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

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

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

The  p r e s e n t   i n v e n t i o n   h a s   f o r   i t s   p r i m a r y   o b j e c t   t h e  

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

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

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

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

l a r g e   q u a n t i t i e s   v e r L i c a l l y   u p w a r d   w iLh   e f f i c i e n c y .  

A  more specific pecifie  o b j e c t   o f   t h e  p r e s e n t  i n v e n t i o n   i s   t o  

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

an  e x t e n d e d   s e r v i c e   l i f e ,   i n c l u d i n g   two  c o n v e y o r   b e l t s  

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

A n o t h e r   o b j e c t   o f   t h e   p r e s e n t   i n v e n t i o n   i s   t o   p r o v i d e  

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



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

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

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

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

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

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

e f f i c i e n c y .  

A  f u r t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o -  

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

o f   s c o o p i n g   up  b u l k   m a t e r i a l s   e f f i c i e n t l y   f o r   e x a m p l e ,   f r o m  

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

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

g r a i n   o r   t h e   l i k e   i s   h e l d   in   b u l k ,   and  d e l i v e r i n g   t h e  

s c o o p e d   m a t e r i a l   in   a  v e r t i c a l   d i r e c t i o n .  

To  a t t a i n   t h e s e   and  o t h e r   o b j e c t s ,   t h e   p r e s e n t   i n v e n t -  

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

a  v e r t i c a l   c o n v e y o r   in   w h i c h   t h e   two  c o n v e y o r   b e l t s   a r e  

g u i d e d   a t   t h e   b o t t o m   end  to   t u r n   a r o u n d   in  d i r e c t i o n s  

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

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

s p e e d   to   t h e   b e l t   j u n c t i o n ,   w h e r e   t h e   two  c o n v e y o r   b e l t s  

m e e t   e a c h   o t h e r ,   so  as  to   be  l o a d e d   t h e r e b e t w e e n   in   a  

p o s i t i v e   f a s h i o n .  

As  b u l k   l o a d i n g   m e a n s ,   any   f o r m   of   h i g h s p e e d   b u l k   p r o -  
j e c t o r   of  t h e   t y p e   w h i c h   p r i n c i p a l l y   u t i l i z e s   c e n t r i f u g a l  
f o r c e   may  c o n v e n i e n t l y   be  e m p l o y e d .  

S u c h  b u l k  p r o j e c t o r   can   be  m a d e  e x t r e m e l y   s m a l l   i n  

s i z e   so  a s  t o  b e   c o n v e n i e n t l y   a t t a c h e d  t o   t h e  b o t t o m ,   b u l k  

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

r e c e i v i n g   end  t h e r e o f   to  be  a r r a n g e d   in   t h e   r o t a r y   drum  o f  

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

t h e r e b y   to   f o r m   a  c o n -  



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

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

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

a  v a r i e t y   o f  c o n v e y o r  m e c h a n i s m s   in  o r d e r   to  r e a l i z e   a  

d e l i v e r i n g   system  s u i t e d   to  the  d e l i v e r i n g   o f  c o a l ,   ore  o r  

the  l i k e   bulk   m a t e r i a l   s t o r e d   d e e p  i n  a   s t o r i n g   p l ace   or  one  

a d v a n t a g e o u s l y   u s a b l e   in  d e l i v e r i n g   bu lk   m a t e r i a l s   f r o m  

narrow  s t o r i n g   p l a c e s .  

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

of  the  p r e s e n t   i n v e n t i o n   w i l l   become  a p p a r e n t   from  the  f o l l o w -  

ing  d e t a i l e d   d e s c r i p t i o n   when  t aken   in  c o n j u n c t i o n   wi th   t h e  

accompanying   d r a w i n g s ,   which  i l l u s t r a t e   a  few  p r e f e r r e d  

embodiments   of  the  i n v e n t i o n .  

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

In  the  d r a w i n g s :  

F i g u r e   1  is  a  f r a g m e n t a r y   d i a - g r a m m a t i c   s ide  e l e v a t i o n a l  

view  i l l u s t r a t i n g   the  p r i n c i p l e s   of  a  v e r t i c a l   conveyor   u s a b l e  

in  the  p r e s e n t   i n v e n t i o n ;  

F igu re   2  is  a  c r o s s - s e c t i o n a l   plan  view  of  the  v e r t i c a l  

conveyor ,   t aken   a long  the  l i n e   I I - I I   in  F igure   1 ;  

F igure   3  is  a  f r a g m e n t a r y   s ide  e l e v a t i o n ,   p a r t l y   i n  

s e c t i o n ,   t aken   a long  the  l i n e   I I I - I I I   in  F igu re   4  a n d  

i l l u s t r a t i n g   one  p r e f e r r e d   form  of  bulk   r e c e i v i n g  s t r u c t u r e  

of  a  v e r t i c a l  c o n v e y o r   embodying  the  p r e s e n t   i n v e n t i o n  

w i t h  t h e   f r o n t   s ide  frame  of  the  bulk  p r o j e c t o r   r e m o v e d ;  

;  F i g u r e .  4   i s   a  c r o s s - s e c t i o n a l   f r o n t   e l e v a t i o n   of  t h e  

bulk   p r o j e c t o r ,  t a k e n   a long   the  l i n e   IV-IV  i n  F i g u r e   3;  

F i g u r e  5  i s   a  f r a g m e n t a r y   s ide   e l e v a t i o n   of  a  v e r t i c a l  

conveyor ,   showing  one  c o n v e n t i o n a l   form  of  bulk  f e e d e r   p r o v i d e d  

t h e r e f o r ;  



Figure   6  is  a  f r a g m e n t a r y   s ide  e l e v a t i o n a l   view  showing  

the  e s s e n t i a l   pa r t   of  a  v e r t i c a l   b u l k - d e l i v e r i n g   a p p a r a t u s  

which  u t i l i z e s   the  bulk  r e c e i v i n g   s t r u c t u r e   shown  in  F i g u r e s  

3 and  4;  

F i g u r e   7  i s   a  s i d e   e l e v a t i o n ,   p a r t l y   in  s e c t i o n ,   t a k e n  

along  the  l i n e   VI I -VI I   in  F igure   8,  of'  a  yard  v e r t i c a l  

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

v e r t i c a l   d e l i v e r i n g   a p p a r a t u s   shown  in  F igure   6; 

F igure   8  is  a  c r o s s - s e c t i o n a l   f r o n t   e l e v a t i o n   o f  

the  system  taken  through  the  beam  s t r u c t u r e   t h e r e o f   a l o n g  

the  l i ne   V I I I - V I I I   in  F igure   7 ;  

F igure   9  is  a  f r a g m e n t a r y   ob l i que   view  showing  p a r t  

of  a  d i f f e r e n t   form  of  yard  v e r t i c a l   d e l i v e r i n g   s y s t e m ;  

F i g u r e  1 0   is  a  f r a g m e n t a r y   c r o s s - s e c t i o n a l   e l e v a t i o n ,  

taken  through  the  beam  s t r u c t u r e   along  the  l i n e   X-X  i n  

F igure   9,  and  showing  the  e s e e n t i a l   pa r t   of  the  c o n v e y o r  

c a r r i e r ;  

F igure   11  is  an  e n l a r g e d   plan  view  of  the  a n n u l a r   f l a n g e  

s t r u c t u r e   of  the  c a r r i e r ;  

F igure   12  is  a  s chema t i c   e l e v a t i o n a l   view  of  a  b u l k  

u n l o a d i n g   system  of  the  v e r t i c a l   d e l i v e r i n g   t y p e ;  

F igure   13  is  a  view  s i m i l a r   to  F igure   3 ,  i l l u s t r a t i n g  

the  bottom  p o r t i o n   of  a  v e r t i c a l   conveyor   with  a  m o d i f i e d  

f o r m  o f   bulk  r e c e i v i n g   s t r u c t u r e ;  

F igure   14  is  a  f r a g m e n t a r y   s ide  e l e v a t i o n  o f   a  v e r t i c a l  

c o n v e y o r  e m p l o y i n g   a n o t h e r   form  of  bulk  p r o j e c t o r ;  a n d  

F i g u r e  1 5   is  a  c ross   s e c t i o n   of  t h e  p r o j e c t o r   c h u t e ,  

taken  a l o n g  t h e   l i n e   XV-XV  in  F igure   1 4 .  

D e s c r i p t i o n   of  the  P r e f e r r e d   Embodiments  

R e f e r r i n G   f i r s t   to  F i g u r e s   1  and  2,  which  i l l u s t r a t e  



the  p r i n c i p l e s   of  a  v e r t i c a l   conveyor   u s a b l e   in  the  p r e s e n t  

i n v e n t i o n ,   r e f e r e n c e   numeral   2  g e n e r a l l y   i n d i c a t e s  t h e   v e r t i c a l  

conveyor ,   which  c o n s i s t s   e s s e n t i a l l y   of  two  e n d l e s s  c o n v e y o r  

b e l t s   g e n e r a l l y   i n d i c a t e d   by  r e f e r e n c e   numera l s   2a  and  2 b ,  

r e s p e c t i v e l y ,   and  two  s e t s   of  guide  r o l l e r s   3  (3a,  3c,  3d ;  

3b,  3e,  3f)  p r o v i d e d   for   the  r e s p e c t i v e   conveyor   b e l t s   2a  a n d  

2b.  The  v e r t i c a l   conveyor   2  is  a r r a n g e d   in  the  i n t e r i o r  

space  of  an  a p p r o p r i a t e   c a s i n g   frame  1  which   ex t ends   v e r t i c a l l y  

and  on  which  the  two  s e t s   of  guide  r o l l e r s   3  are  s u p p o r t e d .  

The  two  e n d l e s s   conveyor   b e l t s   2a  and  2b  are  a r r a n g e d  

to  p roceed   in  f a c e - t o - f a c e   o v e r l a p p i n g   r e l a t i o n   to  each  o t h e r  

s u b s t a n t i a l l y   a long   the  c e n t e r   l i n e   of  the  v e r t i c a l   space  10 

d e f i n e d   in  the  c a s i n g   frame  1.  The  edges  21  and  22  of  t h e  

two  conveyor   b e l t s   o v e r l a p p i n g   each  o the r   on  each  s ide  t h e r e o f  

are  he ld   p r e s s e d   a g a i n s t   each  o t h e r   by  two  se t s   of  s ide  g u i d e  

r o l l e r s ,   3a  and  3b,  which  are  a r r a n g e d   at  r e g u l a r   i n t e r v a l s  

on  the  back  s ides   of  the  r e s p e c t i v e   b e l t   edges  2 1 - 2 2 .  

As  c l e a r l y   seen  in  F igure   1,  the  guide  r o l l e r s   3 a  i n   one  s e t  

are  s t a g g e r e d   v e r t i c a l l y   wi th   r e s p e c t   to  those   3b  in  the  o t h e r  

set   so  t h a t   the  b e l t   edges  21  and  22  are  more  or  l e s s   f o r c e d  

i n to   the  space  between  each  p a i r   of  two  a d j a c e n t   guide  r o l l e r s  

in  one  set  by  the  a d j a c e n t   one  of  the  guide  r o l l e r s   in  t h e  

o t h e r   s e t .   With  t h i s   a r r a n g e m e n t ,   i t  w i l l   be  no ted   t h a t   a  

bulk   h o l d i n g   space  A  of  f l a t t e n e d   t u b u l a r   shape  i s  f o r m e d  

between  the  media l   p o r t i o n s   23-24  of  the  o v e r l a p p i n g   s e c t i o n s  

of  conveyo r   b e l t s   2a  and  2 b .  

In  o p e r a t i o n ,   the  o v e r l a p p i n g   conveyor   s e c t i o n s   t r a v e l  

u p w a r d l y  a t   t h e  s a m e   speed  under   the  d r i ve   o f  a  p a i r   o f  

d r i v i n g  p u l l e y s   (not   shown),  which  are  a r r a n g e d   at  the  t o p  

end  of  the  conveyor   l i n e ,   and  bulk   m a t e r i a l   S  is  c o n v r y e d  



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

h e l d   in  the  bulk  h o l d i n g   space  A  p r o g r e s s i v e l y   d e f i n e d   by  the 

two  conveyor   b e l t s   2a  and  2b .  

I f   d e s i r e d   the  o p p o s i t e   side  edges  21-22  of  the  two 

conveyor   b e l t s   2a  and  2b  may  be  p r o v i d e d   t he reon   with  an 

i n t e r l o c k i n g   s t r u c t u r e ,   for  example,   o f  t h e   l a b y r i n t h   t y p e ,  

in  order   to  p o s i t i v e l y   seal   the  bulk  m a t e r i a l   between  t h e  

o v e r l a p p i n g   conveyor   b e l t s ,   It  is  to  be  no ted ,   however,   t h a t  

the  bulk  h o l d i n g   space  A  d e f i n e d   between  the  medial   p o r t i o n s  

23-24  of  the  two  o v e r l a p p i n g   conveyor   b e l t s   can  be  h e l d  

f i r m l y   s e a l e d   w i thou t   use  of  any  s p e c i a l   f o r m a t i o n   on  the  b e l t  

edges,   as  shown  in  F igure   2 ,  by   p r o p e r l y   s e l e c t i n g   the  s p a c i n g  

of  side  guide  r o l l e r s   3a  and  3b  in  each  set  as  long  as  t h e  

conveyor   b e l t s   have  an  a p p r o p r i a t e   degree  of  r i g i d i t y   a t  

l e a s t   in  the  edge  p o r t i o n s   21-22  t h e r e o f .  

At  the  top  end  of  t h e  v e r t i o a l   conveyor   2,  the  two 

conveyor   b e l t s   2a  and  2b  are  t u r n e d   round  in  d i r e c t i o n s  

o p p o s i t e   to  each  o ther   to  t r a v e l   downwardly  to  the  b o t t o m  

t u r n i n g   ends  along  r e s p e c t i v e   v e r t i c a l   paths  i n d i c a t e d   a t  

25  and  26  in  F igure   1.  The  b e l  t  p a t h s   25-26  are  each  d e f i n e d  

b y   a  set  of  ou te r   guide  r o l l e r s   30-38  or  3e -3f ,   which  a r e  

a r r a n g e d   at  l a r g e r   i n t e r v a i s   to  guide  the  a d j a c e n t   d e s c e n d i n g  

conveyor   b e l t   on  the  f r o n t   and  r e a r   s ides   t h e r e o f .  

At  the  end  of  d e s c e n t ,   the  two  conveyor  b e l t s   (25  and 

2 6 )  a r e   tu rned   round  s y m m e t r i c a l l y   in  d i r e c t i o n s   o p p o s i t e   t o  

each  o t h e r ,   for  example,  alound  a  pa i r   of  bottom  guide  p u l l e y s  

4a  and  4b  of  i d e n t i c a l   s h a p e .  

The  se ts   of  g u i d e  r o l l e r s   3a,  3b,  3c,  3d,  3e  and  3 f  

are  a l l   j o u r n a l e d   on  the  v e r t i c a l   c a s i n g   frame  1 .  

One  form  of  bulk  p r o j e c t o r   w i l l   next  be  d e s c r i b e d  



with  r e f e r e n c e   to  F i g u r e s   3  and  4 .  

In  t h i s   embodiment,   the  bulk  p r o j e c t o r ,   g e n e r a l l y  

i n d i c a t e d . b y   r e f e r e n c e   numeral   5,  is  s u p p o r t e d   on a   frame  50 

s e p a r a t e   from  the  c a s ing   frame,   on  which  the  v e r t i c a l   c o n v e y o r  

d e s c r i b e d   above  is  s u p p o r t e d .   The  bulk  p r o j e c t o r   5  i n c l u d e s ,  

as  i t s  m a j o r   components ,   two  r o t a r y   d i s c s   51a  and  51b  o f  

the  same  d i a m e t e r   and  an  e n d l e s s   p r o j e c t o r   b e l t   52.  The 

r o t a r y   d i s c s   51a  and  51b  serve  as  a  guide  for  bulk  m a t e r i a l  

and  t h a t   for   the  p r o j e c t o r   b e l t   52.  S p e c i f i c a l l y ,   the  p r o -  

j e c t o r   b e l t   52  pa s se s   under   the  r o t a r y   d i s c s ,   c l o s e l y   e n g a g i n g  

about   h a l f   the  p e r i p h e r y   t h e r e o f ,   as  i n d i c a t e d   at  521  i n  

F igure   3,  to  serve  in  c o o p e r a t i o n   with  the  r o t a r y   d i s c s  

to  guide  bulk  m a t e r i a l   t h rough   the  p r o j e c t o r .   As  i n d i c a t e d  

at  522  in  F igu re   3,  the  p r o j e c t o r   b e l t   52  is  d i r e c t e d   f r o m  

i t s   bulk  guide  r e g i o n   521  upwardly   forward  in  a  d i r e c t i o n  

toward  the  b e l t   j u n c t i o n   at  the  bot tom  of  the  v e r t i c a l   c o n v e y o r  

2  where  two  conveyor   b e l t s   2a  and  2b  meet  each  o the r   to  r i s e  

t o g e t h e r .   As  shown,  the  bulk  p r o j e c t o r   5  is  equipped  w i t h  

a  bulk  s u p p l y c h u t e   53 .  

The  two  r o t a r y   d i s c s   51a  and  51b  are  a r r a n g e d   o p p o s i t e  

to  each  o t h e r   at  a  p r e d e t e r m i n e d   s p a c i n g   t h e r e b e t w e e n   a n d ,  

as  shown,  are  r o t a t a b l y   mounted  on  a  s t a t i o n a r y   sha f t   511 

th rough   the  i n t e r m e d i a r y   of  r e s p e c t i v e   b a l l   b e a r i n g s   5 1 2 -  

513  at  l o c a t i o n s   a d j a c e n t   to  the  o p p o s i t e   ends  of  the  s t a t i o -  

nary  s h a f t   511.  This  s h a f t   is  f i x e d l y   mounted  on  the  p r o j e c t o r  

frame  50  t r a n s v e r s e l y   t h e r e o f .  

The  p r o j e c t o r   b e l t   52  is  t u r n e d   downward  around  a  

combined  guide  and  d r ive   p u l l e y   54  at  the  top  of  the  u p g r a d e  

b e l t   r e g i o n   522,  which  ex tends   upward ly   fo rward   from  the  b u l k  

buide  r e g i o n  5 2 1 ,   and,  p a s s i n g   around  a . bo t t om  guide  r o l l e r   55 ,  



a r r a n g e d   under   the  r o t a r y   d i s c s ,   r e t u r n s   to  a  r e a r   g u i d e  

p u l l e y   56,  as  i n d i c a t e d   at  523  in  F igure   3.  The   r e a r   g u i d e  

p u l l e y   5 6  i s   j o u r n a l e d   on  a  s h a f t   560  p r o v i d e d  t o  t h e  r e a r  

of  t h e  r o t a r y   d i s c s .   Tu rn ing   around  the  r e a r   guide  p u l l e y  

56,  the  p r o j e c t o r   b e l t   52  now  p r o c e e d s   in  a  s u b s t a n t i a l l y  

h o r i z o n t a l   d i r e c t i o n ,   as  i n d i c a t e d   at  520,  to  make  c l o s e  

c o n t a c t   with  the  lower  h a l v e s   of  r o t a r y   d i s c s  5 1 a   and  52b ,  

as  at  521.  The  d r i v e   p u l l e y   54  r e f e r r e d   to  above  is  d r i v e n  

by  means  of  a  d r i ve   motor  57,  which  is  mounted  on  the  p r o j e c t o r  

frame  50  at  a n  a p p r o p r i a t e   l o c a t i o n ,   to  d r i ve   the  p r o j e c t o r  

b e l t   52  at  a  high  speed  n o r m a l l y   in  the  range  of  from  450  m/min 

to  1000  m/min.  R e f e r e n c e   numeral   58  i n d i c a t e s   a  d r ive   b e l t  

a r r a n g e d   between  the  d r ive   p u l l e y   54  and  the  ou tpu t   s h a f t  

of  d r ive   motor  57;  and  59  i n d i c a t e s   a  d r i v e n   p u l l e y   f i x e d l y  

mounted  on  the  s h a f t   of  d r ive   guide  p u l l e y   5 4 .  

The  bulk  supply   chute   53  has  a  wide  top  opening   530 

for   r e c e p t i o n   of  bulk   m a t e r i a l   a n d ' o p p o s i t e   s ide  p l a t e s   531 

and  532  which  ex tend   downwardly  a long  the  i n s i d e   of  t h e  

r e s p e c t i v e   r o t a r y   d i s c s   51a  and  51b  to  the  top  s u r f a c e   o f  

the  h o r i z o n t a l   r e g i o n   520  of  p r o j e c t o r   b e l t   52.  The  s i d e  

p l a t e s   are  thus  he ld   at  t h e i r   bot tom  end  in  c lose   c o n t a c t  

with  the  top  s u r f a c e   of  the  p r o j e c t o r   b e l t   so  t ha t   any  s i d e w i s e  

l eakage   of  bulk  m a t e r i a l   from  the  chute   bottom  is  e f f e c t i v e l y  

p r e v e n t e d .   Also,   the  chute   i n c l u d e s   a  f r o n t   and  a  r e a r   w a l l  

p l a t e ,   the  f r o n t   wall   p l a t e   533  be ing   cut  open  at  the  b o t t o m  

to  form  a  b u l k   d i s c h a r g e   open ing   534,  which  is  c o n n e c t e d   w i t h  

the  chute  bot tom  opening   a long  the  top  s u r f a c e   of  p r o j e c t o r  

b e l t   5 2 .  

B u l k  m a t e r i a l   as  thrown  i n t o   the  c h u t e  5 3   and  f a l l i n g  

onto  the  h o r i z o n t a l   r e g i o n   520  of  p r o j e c t o r   b e l t   52,  which  i s  



t r a v e l l i n g   at  h igh  speed,   s t a r t s   to  move  t o g e t h e r   with  t h e  

p r o j e c t o r   b e l t   and  is  he ld   p r e s s e d   a g a i n s t   the  b e l t   s u r f a c e  

under   a  s u b s t a n t i a l   c e n t r i f u g a l   f o r ce   which  a c t s   on  the  b u l k  

m a t e r i a l   whi le   the  p r o j e c t o r   b e l t   52  is   p a s s i n g   b e n e a t h   t h e  

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

Owing  to  t h i s ,   the  bulk   m a t e r i a l   is   e f f e c t i v e l y   a c c e l e r a t e d  

to  a  speed  equal   to  t h a t   of  b e l t   t r a v e l ,   which  is  a p p r o x i m a t e l y  

600  m/min,  so  as  to  be  p r o j e c t e d   from  the  top  of  the  u p g r a d e  

r e g i o n   522  of  p r o j e c t o r   b e l t   52  in  a  d i r e c t i o n   e x t e n d e d  

t h e r e f r o m ,   as  i n d i c a t e d   by  the  arrow  in  F igure   3.  The  d i r e c t i o n  

in  which  the  bulk   m a t e r i a l   is  p r o j e c t e d   is  such  t h a t   t h e  

m a t e r i a l ,   r e a c h i n g   the  bot tom  j u n c t i o n   of  the  two  c o n v e y o r  

b e l t s   2a  and  2b.  Where  they  meet  or  o v e r l a p   each  o t h e r ,  

a c t s   to  f o r c e   the  media l   p o r t i o n s   of  the  conveyor   b e l t s   a p a r t  

from  each  o t h e r   under   the  momentum  or  i n e r t i a l   e f f e c t   of  i t s  

own  and  is  packed  in to   the  space  be tween   the  o v e r l a p p i n g  

conveyor   b e l t s .  

As  the  two  o v e r l a p p i n g   conveyor   b e l t s   are  n o r m a l l y  

t r a v e l l i n g   upward  at  a  speed  of  the  o rde r   of  250  m/min,  t h e  

bulk   m a t e r i a l   c o n t i n u o u s l y   thrown  from  the  bulk   p r o j e c t o r  

is   conveyed  upward ly   in  a  c o n t i n u o u s   f a s h i o n   in  a  s t a t e   f i l l e d  

in  the  t u b u l a r   bulk   h o l d i n g   space  A  formed  between  the  two 

conveyor   b e l t s .  

R e f e r r i n g   aga in   to  F igu re   3,  the  bot tom  guide  p u l l e y s  

4a  and  4b  around  which  the  r e s p e c t i v e   conveyor   b e l t s  2 a  

and  2b  are  gu ided   at  t h e i r   bot tom  are  more  o r  l e s s  v e r t i c a l l y  

d i s p l a c e d   r e l a t i v e   to  each  o t h e r .   Namely,  the  bot tom  g u i d e  

.pu l l ey   4b  for   one  of  the  conveyor   b e l t s ,   2 b ,  w h i c h   is  o p p o -  

s i t e   to  the  bulk   p r o j e c t o r   5  is  d i s p o s e d   some  d i s t a n c e  

below  the  o t h e r   guide  p u l l e y   4a  so  t h a t   the  conveyor   b e l t   2b 



has  a  p o r t i o n   20  of  i t s   f r o n t   s u r f a c e   exposed  for   r e c e p t i o n  

of  bulk   m a t e r i a l ,   e x t e n d i n g   downwardly  from  the  j u n c t i o n   o f  

the  two  conveyor   b e l t s .   I t   is  to  be  noted   here  t ha t   the  two 

conveyor   b e l t s   are  t h e m s e l v e s   guided  to  tu rn   round  at  the  b u l k  

r e c e i v i n g   end  of  the  v e r t i c a l   conveyer   in  o p p o s i t e   d i r e c t i o n s  

in  s u b s t a n t i a l l y   symmet r i ca l   r e l a t i o n   to  each  o t h e r ,   a s  

d e s c r i b e d   h e r e i n b e f o r e .  

R e f e r e n c e   w i l l   next  be  had  to  F igure   5,  which  i l l u -  

s t r a t e s   a  t y p i c a l   form  of  bulk  f e e d e r   u n i t   which  has  p r e v i o u s l y  

been  under   r e s e a r c h   for   use  in  a  v e r t i c a l   conveyor .   In  t h i s  

p r e v i o u s   form  of  bulk  f e e d e r ,   one  of  the  conveyor   b e l t s   i s  

a r r a n g e d   to  have  a  h o r i z o n t a l l y   e x t e n d i n g   r eg ion   27  d e s i g n e d  

to  r e c e i v e   and  suppo r t   bulk  m a t e r i a l   to  be  conveyed  and  t h e  

bulk   m a t e r i a l   once  l a i d   on  the  h o r i z o n t a l   b e l t   r e g i o n   i s  

s u b s e q u e n t l y   he ld   clamped  between  the  two  conveyor   b e l t s   2c 

and  2d.  S p e c i f i c a l l y ,   sa id   one  o f  t h e   two  conveyor   b e l t s ,   2d ,  

is  ex tended   at  the  bottom  r e a r w a r d l y   of  the  o the r   c o n v e y o r  

b e l t   2c  around  a  bot tom  guide  r o l l e r   4c  in  a  s t a t e   o v e r l a p p i n g  

the latter 20, which is trained around the  guide  p u l l e y   4c  in  d i r e c t   c o n t a c t   t h e r e w i t h ,   to  form  a  

h o r i z o n t a l   b u l k - r e c e i v i n g   r e g i o n   27.  This  a r r a n g e m e n t ,   h o w e v e r ,  

has  i n v o l v e d   a  d i s a d v a n t a g e   t h a t   one  of  the  conveyor   b e l t s ,  

2d,  forming  the  h o r i z o n t a l   b u l k - r e c e i v i n g   r e g i o n   27  is  u n d u l y  

s t r e t c h e d   w h i l e  p r o c e e d i n g   around  the  guide  r o l l e r   4c  r a d i a l l y  

o u t s i d e   of  the  o t h e r   conveyor   b e l t   2c.  In  c o n t r a s t   to  t h i s ,  

in  the  v e r t i c a l   conveyor   c o n s t r u c t e d   and  a r r a n g e d   a c c o r d i n g  

to  t h e  p r i n c i p l e s   of  the  p r e s e n t   i n v e n t i o n ,   n e i t h e r   of  i t s  

two  conveyor   b e l t s   is  s u b j e c t e d   to  any  such-undue   s t r e t c h i n g  

at  i t s  b u l k - r e c e i v i n g   bottom  e n d .  

It   is  to  be  noted   t ha t   the  bulk  p r o j e c t o r   d e s c r i b e d  

h e r e i n b e f o r e   can  p r a c t i c a l l y   be  made  small   in  s i z e ,   with  t h e  



d i a m e t e r   of  r o t a r y   d i s c s   51  and  the  width   of  p r o j e c t o r   b e l t  

52  both  s p e c i f i e d   in  the  range  of  from  30  cm  t o  6 0   cm,  w h i l e  

hav ing   a  b u l k   p r o j e c t i n g   c a p a c i t y   of  the  o rde r   o f  60   to  150  m3 

per  hour .   Such  compact  u n i t   can  e a s i l y   be  mounted  on  a n  

a p p r o p r i a t e l y   ex tended   p o r t i o n   of  the  c a s i n g   f r a m e  p r o v i d e d  

to  suppor t   the  v e r t i c a l  c o n v e y o r ,   w i t h o u t   n e c e s s i t a t i n g   a n y  

s e p a r a t e   frame  as  p r e v i o u s l y   r e q u i r e d   t h e r e f o r .  

D e s c r i p t i o n   w i l l   next   be  made  of  some  p r a c t i c a l -  

a p p l i c a t i o n s   of  a  v e r t i c a l   bulk  convey ing   a p p a r a t u s   w h i c h  

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

2  and  bulk  p r o j e c t o r   5 .  

The  v e r t i c a l   bulk  convey ing   a p p a r a t u s   is  so  a r r a n g e d  

t h a t   bulk   m a t e r i a l   thrown  in to   a  chute   is  fed  under   c e n t r i -  

f uga l   f o r ce   to  the  bot tom  of  the  v e r t i c a l   conveyor   so  as  t o  

be  he ld   between  the  two  o v e r l a p p i n g   conveyor   b e l t s   and  c o n v e y e d  

t h e r e b y   upward ly   in  a  c o n t i n u o u s   f a s h i o n   and  can  be  made 

c h a r a c t e r i s t i c a l l y   compact  as  an  i n t e g r a l   c o m b i n a t i o n   o f  

the  v e r t i c a l   conveyor   with  the  bulk   p r o j e c t o r   for   l o a d i n g  

the  l a t t e r .   Because  of  t h i s   c h a r a c t e r ,   the  v e r t i c a l   c o n v e y i n g  

a p p a r a t u s   is  a d v a n t a g e o u s l y   u s a b l e ,   in  c o m b i n a t i o n   with  a  

r o t a r y   bucket   wheel  o p e r a b l e   to  scoop  up  bulk  m a t e r i a l   a n d  

throw  i t   i n to   the  bulk   p r o j e c t o r   chu t e ,   to  form  a  v e r t i c a l  

b u l k - d e l i v e r i n g   a p p a r a t u s   which  is  c apab le   of  e f f i c i e n t l y  

d e l i v e r i n g   the  bulk  m a t e r i a l   v e r t i c a l l y   upward  in  a  c o n t i n u o u s  

f a s h i o n .  

One  s p e c i f i c   example  of  such  v e r t i c a l   b u l k - d e l i v e r i n g  

a p p a r a t u s   is  i l l u s t r a t e d   in  F igu re   6,  in  which  the  same 

. r e f e r e n c e s   have  been  used  as  in  F i g u r e s   1  to  4  fo r   s i m i l a r  

p a r t s   hav ing   the  same  f u n c t i o n s .  

In  t h i s   embodiment,   the  v e r t i c a l   conveyor   2,  w h i c h  



i n c l u d e s   two  e n d l e s s   conveyor   b e l t s   2a  and  2b  guided  a r o u n d  

r e s p e c t i v e   bot tom  guide  p u l l e y s   4a  and  4b  to  p roceed   t h e r e f r o m  

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

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

e x t e n d i n g   s e c t i o n   l a ,   i n d i c a t e d   by  the  c h a i n - d o t t e d   l i n e s ,  

of  the  c a s i n g   f rame.   As  shown,  the  frame  i n c l u d e s   an  o v e r -  

hanging   p o r t i o n   lb  ex tended   l a t e r a l l y   t h e r e o f   on  which  i s  

i n t e g r a l l y   c a r r i e d   a  bulk  p r o j e c t o r   u n i t   5,  which  is  com- 

p r i s e d   of  a  p a i r   of  r o t a r y   d i s c s   51,  a  p r o j e c t o r   b e l t   52 ,  

a  combined  d r ive   and  guide  p u l l e y   54,  guide  r o l l e r s   55  and  

56,  a  bulk   chute  53  and  a  d r ive   source   (not  shown  h e r e )  

a s s o c i a t e d   with  the  d r ive   p u l l e y .   Re fe r ence   numeral   6 

g e n e r a l l y   i n d i c a t e s   a  bulk  f e e d e r ,   of  the  r o t a r y   bucket   whee l  

type ,   which  i n c l u d e s   a  s u b s t a n t i a l l y   c y l i n d r i c a l l y   s h a p e d  

drum  suppor t   frame  60,  which  i s  a l s o   s u p p o r t e d   on  the  o v e r -  

hang ing   p o r t i o n   lb  of  the  conveyor   c a s ing   frame  s idewise   o f  

the  b u l k - r e c e i v i n g   r e g i o n   of  v e r t i c a l   conveyor   2  i n c l u d i n g  

the  b u l k - p r o j e c t o r   5 .  

R o t a t a b l y   s u p p o r t e d   on  the  drum  suppor t   frame  60  i s  

a  r o t a r y   drum  61  which  is  d r i v e n   to  r o t a t e   c l o c k w i s e ,   a s  

viewed  in   F igure   6,  by  a  wel l -known  form  of  d r ive   mechanism 

(not  shown  and  d e s c r i b e d   h e r e i n ) .   A  m u l t i t u d e   of  s c o o p i n g  

b u c k e t s   62  are  mounted  on  the  r o t a r y   drum  61  at  r e g u l a r  

i n t e r v a l s   a round  the  p e r i p h e r y   t h e r e o f .   Upon.  r o t a t i o n   of  t h e  

r o t a r y   drum  61,  the  bulk  m a t e r i a l   scooped  up  by  the  b u c k e t s  

62  is   thrown  in to   the  drum  suppor t   frame  60,  as  i n d i c a t e d  

by  the  arrow,  th rough   a  c h a r g i n g   por t   63  formed  in  the  t o p  

t h e r e o f .   The  chute  53  of  bulk  p r o j e c t o r   5  is  ex tended   a t  

the  top  i n t o   the  drum  suppo r t   f rame  60  to  form  a  bulk  i n l e t  

mouth  530  opening   upwardly   toward  the  c h a r g i n g   por t   63  o f  

the  frame  6 0 .  



When  the  r o t a r y   drum  61  is  r o t a t e d   in  the  w e l l - k n o w n  

manner  at  a  l o c a t i o n   where  bulk   m a t e r i a l   is  p i l e d   whi le   a t  

the  same  time  o p e r a t i n g   the  v e r t i c a l   conveyor   2  and  b u l k  

p r o j e c t o r   5,  the  bulk  m a t e r i a l   scooped  up  and  thrown  in to   t h e  

o p e n i n g  6 3   of  drum  suppor t   frame  60  s u c c e s s i v e l y   by  b u c k e t s  

62  on  the  r o t a t i n g   drum  61  is  c o n t i n u o u s l y   fed  th rough   t h e  

chute   53  i n to   the  bulk  p r o j e c t o r   5  and  loaded   under   t h e  

a c t i o n   t h e r e o f   i n to   the  v e r t i c a l   conveyor   to  be  d e l i v e r e d  

v e r t i c a l l y   u p w a r d .  

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

bulk   convey ing   a p p a r a t u s   and  a  r o t a r y   bucket   wheel ,   i s  

c h a r a c t e r i s t i c a l l y   capab le   of  s e r v i n g   a  dual  f u n c t i o n   o f  

s coop ing   up  bulk  m a t e r i a l   c o n t i n u o u s l y   to  feed  i t   i n to   a  

bulk  p r o j e c t o r   and  a lso   v e r t i c a l l y   d e l i v e r i n g   the  fed  m a t e r i a l .  

Owing  to  t h i s   f e a t u r e ,   the  a p p a r a t u s   can  be  a d v a n t a g e o u s l y  

employed  as  a  bulk   d e l i v e r i n g   machine  u n i t   to  r e a l i z e   a  

v e r t i c a l   d e l i v e r i n g   s y s t e m ,  s u i t e d ,   for   example,   for   use  i n  

a  d e e p - s t o r i n g   yard   where  bulk   m a t e r i a l   is  s t o r e d   in  l a r g e  

dep ths   and  can  h a r d l y   be  d e l i v e r e d   out  with  any  e f f i c i e n c y .  

R e f e r r i n g   next   to  F i g u r e s   7  to  11,  r e f e r e n c e   n u m e r a l  

7  g e n e r a l l y   i n d i c a t e s   a  v e r t i c a l   d e l i v e r i n g   system  for   y a r d  

use ,   which  c o m p r i s e s ,   in  c o m b i n a t i o n ,   a  v e r t i c a l   bulk  d e l i v e r -  

ing  u n i t ,   g e n e r a l l y   i n d i c a t e d   by  r e f e r e n c e   numeral   71,  a n  

i n t e r m e d i a t e   t r a n s f e r   a p p a r a t u s   74,  and  a  u n i t   c a r r i e r   p r o -  

v ided   for   c a r r y i n g   the  d e l i v e r i n g   u n i t   71  over  the  w h o l e  

a rea   of  the  s t o r i n g   ya rd .   The  d e l i v e r i n g   u n i t   71  i n c l u d e s  

a  v e r t i c a l l y   e l o n g a t e   c y l i n d r i c a l   frame  body,  in  which  a  

v e r t i c a l   conveyor   2  is  s u p p o r t e d ,   and  is  p r o v i d e d   at  t h e  

bottom  wi th   a  bulk   p r o j e c t o r   (not  shown  he re )   and  a  b u c k e t  

wheel  type  bulk  scooper   6.  The  i n t e r m e d i a t e   t r a n s f e r   a p p a r a t u s  



74  s e rve s   to  t r a n s f e r   the  bulk  m a t e r i a l   as  d i s c h a r g e d   f rom 

the  v e r t i c a l   conveyor   onto  a  s t a t i o n a r y   conveyor ,   as  w i l l   be  

d e s c r i b e d   h e r e i n a f t e r   in  d e t a i l .  

R e f e r e n c e   numeral   9  g e n e r a l l y   i n d i c a t e s   a  s t o r i n g  

p lace   for   bulk  m a t e r i a l   which,  in  the  example  of  F i g u r e s   7 

and  8,  is  a  d e e p - s t o r i n g   yard  Y1  b u i l t   on  a  d e f i n i t e   l o t   o f  

ground  as  s u r r o u n d e d   on  i t s   o p p o s i t e   s ides   by  r e t a i n i n g   w a l l s  

91  and  92  of  s u b s t a n t i a l   h e i g h t .  

C a r r i e r - s u p p o r t i n g   r a i l s   R1  and  R2  are  l a i d   p a r a l l e l  

to  each  o the r   on  top  of  the  r e s p e c t i v e   r e t a i n i n g   wa l l s   91 

and  92  and  on  which  r a i l s   is  mounted  a  un i t   c a r r i e r   to  t r a v e l  

l o n g i t u d i n a l l y   of  the  yard  Y1  which  is  compr i sed   of  a  t r a v e l -  

l i n g   frame  72  i n c l u d i n g   two  e l o n g a t e   p a r a l l e l   beams  721  and  

722  mounted  on  the  r a i l s   in  s t a r a d d l i n g   r e l a t i o n   to  the  y a r d  

Y1  and  wheeled  (723)  t r a v e l l i n g   leg  s e c t i o n s   724-725  moun ted  

on  the  r e s p e c t i v e   beams  s i d e w i s e   t h e r e o f ,   and  a  t r o l l e y   t y p e  

u n i t   suppor t   frame  73  mounted  on  the  top  of  p a r a l l e l   beams 

721-722  of  t r a v e l l i n g   frame  72  for   movement  t h e r e a l o n g .  

The  u n i t   suppor t   frame  73,  which  is  s u p p o r t e d   i t s e l f  

on  the  y r a v e l l i n g   frame  72,  has  a  body  s t r u c t u r e   of  a n n u l a r  

or  r e c t a n g u l a r   framework  t h rough   which  the  v e r t i c a l   c a s i n g  

frame  711  of  d e l i v e r i n g   un i t   71  e x t e n d s   and  s u p p o r t s   t h e  

c a s i n g   frame  711  for   v e r t i c a l   d i s p l a c e m e n t .   R e f e r e n c e  

numera l   731  i n d i c a t e s   guide  means  for   the  v e r t i c a l   u n i t  

c a s i n g   or  frame  711;  and  732  i n d i c a t e s   a  rope  for   r a i s i n g  

and  l o w e r i n g   the  d e l i v e r i n g   u n i t   71,  which  is  securecd  at  one 

end  to  t h e  u n i t   suppor t   frame  73,  as  i n d i c a t e d   at  733  i n  

F igure   8,  and  wound  at  the  o t h e r   end  around  a  winding  drum 

734  a r r a n g e d   on  the  v e r t i c a l   c a s i n g   frame  711  a d j a c e n t   t o  

the  bot tom  end  t h e r e o f .  



As  w i l l   r e a d i l y   be  u n d e r s t o o d ,   the  d e l i v e r i n g   u n i t   7 1 ,  

s u p p o r t e d   on  the  u n i t   c a r r i e r   72-73  of  the  s t r u c t u r e   d e s -  

c r i b e d   above,  is  movable  in  d i r e c t i o n s   l o n g i t u d i n a l   a n d  

t r a n s v e r s e   of  the  s t o r i n g   yard   Y1  under   o p e r a t i o n   of  t h e  

t r a v e l l i n g   frame  72  and  u n i t   suppor t   frame  73,  r e s p e c t i v e l y ,  

and  is  thus  capab le   of  c a r r y i n g   the  wheel  bucke t   6  to  a n y  

d e s i r e d   l o c a t i o n   in  the  yard   Y1.  In  a d d i t i o n ,   the  s i n g l e  

d e l i v e r i n g   u n i t   71  wi th   i t s   v e r t i c a l   frame  711  a d a p t e d  

for   v e r t i c a l   movement  can  serve  by  i t s e l f   to  d e l i v e r   a l l   t h e  

bull:  m a t e r i a l   S  d e e p - s t o r e d   between  the  r e t a i n i n g   w a l l s   9 1 -  

92,  as  i n d i c a t e d   in  F igure   7  by  the  c h a i n - d o t t e d   l i n e ,   s t a r t i n g  

w i t h   the  top  l a y e r   of  the  bulk   m a t e r i a l   and  p r o g r e s s i n g  

downward  to  the  yard  bottom  f i n a l l y   to  d e l i v e r   the  b o t t o m  

bulk  l a y e r ,   not  i n d i c a t e d .  

Arranged   on  one  of  the  r e t a i n i n g   w a l l s ,   e . g . ,   9 2 ,  

in  p a r a l l e l   with  the  r a i l   R21  is  a  s t a t i o n a r y   conveyor   C 

which  s e rves   to  convey  the  bulk   m a t e r i a l   d e l i v e r e d   up  f r o m  

the  yard  to  a  p r e d e t e r m i n e d   c o l l e c t i n g   p l a c e .  

The  i n t e r m e d i a t e   t r a n s f e r   a p p a r a t u s   74  r e f e r r e d   t o  

h e r e i n b e f o r e   is  p rov ided   to  act   be tween  the  d e l i v e r i n g   u n i t  

71  and  the  s t a t i o n a r y   conveyor   C. 

The  v e r t i c a l   frame  711  of  d e l i v e r i n g   un i t   71  is  p r o v i d e d  

at  the  top  with  a  b u l g i n g   chute   type  of  bulk  d i s c h a r g i n g  

mouth  712,  t h rough   which  bulk   m a t e r i a l   as  conveyed  to  t h e  

top  end  of  v e r t i c a l   conveyor   2  is  d i s c h a r g e d   downward ly  

s ideways  t h e r e o f   and  d i r e c t e d   i n to   t u b u l a r   s t r u c t u r e   741 

of  i n t e r m e d i a t e   t r a n s f e r   a p p a r a t u s   74,  which  is  t e l e s c o p i c a l l y  

e x t e n s i b l e .   The  t e l e s c o p i c   s t r u c t u r e   741  is  c o n n e c t e d   a t  

the  bot tom  end  wi th   the  top  end  of  a  s ide  chute   742,  which  i s  

c a r r i e d   by  the  d e l i v e r i n g   u n i t   s uppo r t   frame  73  and  has  a  



bottom  d i s c h a r g e   end  opening  above  an  i n t e r m e d i a t e   b e l t  

conveyor   743,  which  is  p r o v i d e d   on  the  t r a v e l l i n g   frame  72 

a l o n g   o n e  s i d e   of  the  beam  721,  as  c l e a r l y   seen  in  F igure   8 ,  

.and  ex tended   over  the  whole  l e n g t h   t h e r e o f .  

The  i n t e r m e d i a t e   b e l t   conveyor   743  is  o p e r a t e d   so  a s  

to  convey  the  bulk  m a t e r i a l   d i s c h a r g e d   from  the  side  c h u t e  

742  to  the  s t a t i o n a r y   conveyor   C  and  has  a  d i s c h a r g i n g   end  

744  which  is  ex tended   beyond  the  beam  721  and  p rov ided   w i t h  

an  a p p r o p r i a t e   guide  chute  745  th rough   which  bulk  m a t e r i a l  

is  l aded   onto  the  s t a t i o n a r y   conveyor   C. 

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

which  is  i l l u s t r a t e d   in  F i g u r e s   9  to  11,  the  un i t   c a r r i e r  

p r o v i d e d   for   t r a n s p o r t a t i o n   of  the  d e l i v e r i n g   un i t   71  i s  

c o n s t r u c t e d   e s s e n t i a l l y   of  a  g r o u n d  t r a v e l l i n g   frame  75 

. i n c l u d i n g   a  beam  751  mounted  over  a  l e v e l   land  yard  Y2  i n  

s t r a d d l i n g   r e l a t i o n   t h e r e t o   and  a  un i t   suppor t   frame  76 

movable  a long  the  beam  751.  The  beam  751  is  suppor t ed   a t  

each  of  i t s   ends  by  a  t r a v e l l i n g   leg  s t r u c t u r e   753,  which  i s  

of  s u b s t a n t i a l   h e i g h t   and,  p r o v i d e d   with  c a r r i a g e   means  752 .  

( I t   is  to  be  u n d e r s t o o d   tha t   the  t r a v e l l i n g   frame  75 ,  

. i n c l u d i n g   beam  751,  is  of  a  s y m m e t r i c a l   f o r m a t i o n   h a v i n g  

the   same  s t r u c t u r e   at  i t s   o p p o s i t e   end  though  one  end  p o r t i o n  

of  such  frame  is  shown  h e r e . )  

The  ground  t r a v e l l i n g   frame  75  can  t r a v e l   on  i t s   own 

. l o n g i t u d i n a l l y   of  the  yard  Y2  a long  ground  r a i l s   R3  w h i c h  

are  l a i d   in  p a r a l l e l   to   each  o t h e r   on  the  o p p o s i t e   s ides   o f  

the   yard  and  on  which  r a i l s   the  frame  75  is  mounted  by  means 

of  c a r r i a g e s   752.  Re fe rence   c h a r a c t e r   M1  i n d i c a t e s   a  s e l f -  

p r o p e l l i n g   motor  mounted  on  the  frame  7 5 .  

In  t h i s   embodiment,  the  un i t   suppor t   frame  76  i n c l u d e s  



a  ho l low  t u b u l a r   body  s t r u c t u r e   760  mounted  on  the  g r o u n d  

t r a v e l l i n g   frame  75  for   movement  a long   the  beam  751  and  w h i c h  

s t r u c t u r e   760  s u p p o r t s   the  v e r t i c a l   c a s i n g   or  frame  711  o f  

d e l i v e r i n g   un i t   71,  of  the  same  s t r u c t u r e   as  t h a t   in  t h e  

embodiment  p r e v i o u s l y   d e s c r i b e d ,   whi le   a l l o w i n g   the  frame  711 

to  move  v e r t i c a l l y   and  r o t a t e   about   the  v e r t i c a l   ax is   t h e r e o f .  

The  beam  751  is  p r o v i d e d   a long  one  edge  of  the  top  s u r f a c e  

t h e r e o f   with  an  upward ly   d i r e c t e d   r a i l   754  which  e x t e n d s  

over  the  whole  l e n g t h   of  beam  751  and,  as  c l e a r l y   seen  i n  

F igu re   10,  is  a l so   p r o v i d e d   a long  the  bot tom  beam  edge  d i a -  

g o n a l l y   o p p o s i t e   to  the  top  edge  with  a  l a t e r a l l y   d i r e c t e d  

r a i l   755  and  a  downwardly  d i r e c t e d   r a i l   756.  S u p p o r t e d   on  

the  upward ly   d i r e c t e d   r a i l   754  are  r u n n i n g ,   wheels   762 

which  are  mounted  on  the  u n d e r s i d e   of  an  i n t e g r a l   top  o v e r h a n g  

p o r t i o n   of  the  body  760  of  d e l i v e r i n g   u n i t   s uppo r t   frame  7 6 .  

Suppor t ed   r e s p e c t i v e l y   on  the  l a t e r a l l y   d i r e c t e d   and  down- 

wardly   d i r e c t e d   r a i l s   755  and  756  are  r u n n i n g   wheels   763  

and  764,  which  are  j o u r n a l e d   v e r t i c a l l y   and  h o r i z o n t a l l y ,  

r e s p e c t i v e l y ,   on  the  extreme  end  p o r t i o n   of  a  b r a c k e t   arm 

761,  which  is  e x t e n d e d   l a t e r a l l y   from  the  bot tom  of  the  u n i t  

suppo r t   frame  76  and  upward ly   bent   at  i t s   ext reme  end  so  a s  

to  su r round   the  a d j a c e n t   bot tom  edge  of  beam  751.  With  s u c h  

s u p p o r t i n g   a r r a n g e m e n t ,   the  t u b u l a r   body  s t r u c t u r e   760  o f  

u n i t   suppor t   frame  76  is  s u p p o r t e d   s i d e w i s e   of  the  beam  751 

with   the  ax is   of  i t s   t u b u l a r   ho l low  he ld   s u b s t a n t i a l l y  

v e r t i c a l   and,  upon  o p e r a t i o n   of  motor  means  M 2  ( F i g u r e   9 ) ,  

is  f r e e l y   m o v a b l e  i n   the  d i r e c t i o n . l o n g i t u d i n a l   of  the  beam 

7 5 1 .  

A  hol low  c y l i n d r i c a l   guide   77  i s ,   f i t t e d   in  the  c y l i n d -  

r i c a l   ho l low  in  the  body  760  of  d e l i v e r i n g   u n i t   suppor t   f r a m e  



76  for   r o t a t i o n   about  the  ax is   t h e r e o f   and  r o t a t a b l y   s u p p o r t e d  

on  the  top  s u r f a c e   of  the  frame  body  760  by  way  of  an  a n n u l a r  

f l a n g e   771  secured   to  the  top  of  the  t u b u l a r   guide  77.  S e c u r e d  

to  the  bottom  of  t u b u l a r   guide  77  is  an  annu l a r   f l ange   772 

s i m i l a r   to  the  top  f l ange   771.  As  shown  in  the  plan  v i e w  

of  F igure   11  on  an  e n l a r g e d   s c a l e ,   both  the  top  and  b o t t o m  

f l a n g e s   771  and  772  are  p r o v i d e d   i n s i d e   t h e r e o f   with  f o u r  

p a i r s   of  guide  r o l l e r s   773  and  774  each  to  guideone  of  t h e  

four   c o r n e r s   of  t h e  v e r t i c a l   frame  711  of  r e c t a n g u l a r   c r o s s -  

s e c t i o n   of  the  d e l i v e r i n g   u n i t   71  a long  the  a d j o i n i n g   e d g e s  

o f   the  frame  c o r n e r .   In  t h i s   m a n n e r ,  t h e   v e r t i c a l   frame  711 

is  guided  by  the  t u b u l a r   guide  77  for   v e r t i c a l   movement  and  

a g a i n s t   r o t a t i o n   r e l a t i v e   t h e r e t o .   The  t u b u l a r   guide  77 

for   the  d e l i v e r i n g   u n i t   is  p r o v i d e d   with  a  gear   wheel  775 

secured   t h e r e t o   around  the  p e r i p h e r y   of  the  c y l i n d r i c a l  

b a r r e l   of  t u b u l a r   guide  77  c o n c e n t r i c a l l y   t h e r e w i t h .   Mounted  

on  the  u n i t   suppor t   frame  760  are  a  d r ive   motor  M3  and  a  

p i n i o n  7 6 6   coupled   t h e r e w i t h   and  he ld   in  mesh  with  the  g e a r  

wheel  775  so  tha t   t h e  t u b u l a r   guide  77  is  r o t a t a b l e   about  i t s  

a x i s   r e l a t i v e l y   to  the  u n i t   s uppo r t   frame  760  under   the  d r i v e  

of  motor  M3.  V e r t i c a l   movement  of  the  d e l i v e r i n g   u n i t   71 

r e l a t i v e   to  the  t u b u l a r   guide  77  is  o b t a i n a b l e ,   as  with  t h e  

case  of  the  a p p a r a t u s   shown  in  F i g u r e s   7  and  8,  by  a  r o p e  

a r r a n g e m e n t   which  i n c l u d e s   a  rope  777  secured   at  i t s   t o p  

end  to  the  bot tom  f l a n g e   772  of  t u b u l a r   guide  77  and  a  r o p e  

winder   778  p r o v i d e d   on  the  bot tom  of  the  v e r t i c a l   frame  711 

and  to  which  the  rope  777  is  s ecu red   at  i t s   bottom  e n d .  

On  one  s ide  of  t h e  l e v e l   land  b u l k - s t o r i n g   yard  Y2, 

a  s t a t i o n a r y   bulk  t r a n s p o r t i n g   conveyor   (not  shown)  is  l a i d  

in   p a r a l l e l   t h e r e w i t h   in  a c c o r d a n c e   with  the  common  p r a c t i c e .  



In  o r d e r   t h a t   bulk   m a t e r i a l   as  d e l i v e r e d   by  the  d e l i v e r i n g  

u n i t   71  from  the  yard   may  be  c a r r i e d   to  the  s t a t i o n a r y  

conveyor ,   an  i n t e r m e d i a t e   t r a n s f e r   a p p a r a t u s ,   g e n e r a l l y  

i n d i c a t e  b y   r e f e r e n c e   numeral   78,  is  p r o v i d e d   which  is  c o n -  

n e c t e d   to  the  bulk  d i s c h a r g e   po r t   712  of  the  d e l i v e r i n g   u n i t  

71  (see  F igure   9 ) .  

The  i n t e r m e d i a t e   t r a n s f e r   a p p a r a t u s   78  i n c l u d e s   a  

t u b u l a r   t e l e s c o p i c a l l y   e x t e n s i b l e   s t r u c t u r e   781  wi th   i t s  

i n n e r m o s t   t u b u l a r   s e c t i o n   781a  j o i n e d . w i t h   the  bulk   d i s -   .. 

c h a r g i n g   mouth  712  of  d e l i v e r i n g   u n i t   71.  The  o u t e r m o s t  

t u b u l a r   s e c t i o n   781b  of  the  t e l e s c o p i c   s t r u c t u r e   781  i s  

suspended   on  a  hang ing   cord  782  at  a  p r e d e t e r m i n e d   h e i g h t  

above  an  a n n u l a r   i n l e t   opening   786a  of  an  a n n u l a r   c h u t e  

s t r u c t u r e   786,  which  is  f i x e d l y   mounted  on  the  u n i t   s u p p o r t  

frame  7 6 .  

The  hang ing   cord  782,  f i x e d   at  one  end  to  the  o u t e r m o s t  

t u b u l a r   s e c t i o n   781b,  is  d i r e c t e d   over  two  guide  s h e a v e s  

783-784,   mounted  on  one  s ide   of  v e r t i c a l   frame  711  at  t h e  

top  t h e r e o f ,   as  shown  in  F igu re   9,  to  p roceed   d o w n w a r d l y  

along  the  frame  and  is  d i r e c t e d   over  a n o t h e r   guide  s h a v e  

785,  mounted  on  the  frame  bot tom,   to  p roceed   upward ly   t h e r e -  

from  and  is  s e c u r e d   at  the  o t h e r   end  to  the  bot tom  f l a n g e  

772  of  t u b u l a r   g u i d e 7 7 ,   as  shown  in  F igu re   10.  With  t h i s  

a r r a n g e m e n t ,   i t   is  to  be  no ted   t h a t   the  o u t e r m o s t   t u b u l a r  

s e c t i o n   781b  of  t e l e s c o p i c   s t r u c t u r e   781  is  he ld   at  a l l   t i m e s  

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

p o s i t i o n   of  the  d e l i v e r i n g   u n i t   71.  The  o u t e r m o s t   t u b u l a r  

s e c t i o n   781b  i s  f u n n e l - s h a p e d   at  the  bottom  so  as  to  b e  

l o o s e l y   f i t t e d   in  the  a n n u l a r   i n l e t   opening   786a  of  a n n u l a r  

chute   786  so  t h a t ,   upon  r o t a t i o n   of  the  d e l i v e r i n g   u n i t   7 1 ,  



the  ou te rmos t   s e c t i o n   78lb  p roceeds   f r e e l y   over  the  a n n u l a r  

i n l e t   opening  7 8 6 a .  

t h e   a n n u l a r   chute  786  has  a  t u b u l a r   body  t h r o u g h  

which  the  v e r t i c a l   frame  711  of  d e l i v e r i n g   uni t   71  is  f i t t e d  

l o o s e l y ,   as  i l l u s t r a t e d   in  F igure   9,  and  is  so  c o n s t r u c t e d  

t h a t   the  bulk  m a t e r i a l   r e c e i v e d   in  the  annu la r   i n l e t   o p e n i n g  

786a  is  a l l   c o l l e c t e d   in  a  d i s c h a r g i n g   mouth  786b  at  t h e  

bottom  of  a n n u l a r   chute  786  to  be  fed  onto  an  i n t e r m e d i a t e  

conveyor   b e l t   787,  which  is  a r r a n g e d   on  the  top  s u r f a c e   o f  

beam  751  and  connec t ed   by  c o n v e n t i o n a l   means  with  t h e  

s t a t i o n a r y   conveyor   p r e v i o u s l y   r e f e r r e d   to,  though  not  shown 

in  t h i s   i l l u s t r a t i o n .  

As  w i l l   be  a p p a r e n t   from  the  f o r e g o i n g   d e s c r i p t i o n ,  

in  t h i s   embodiment,   the  bucket   wheel  6  s u p p o r t e d   on  t h e  

d e l i v e r i n g   un i t   71  at  the  b o t t o m  t h e r e o f   can  be  b rought   t o  

any  d e s i r e d   l o c a t i o n   in  the  l e v e l   land  yard  Y2  and  b u l k  

m a t e r i a l   as  scooped  up  by  such  bucket   wheel  is  e f f e c t i v e l y  

t r a n s f e r r e d   onto   the  s t a t i o n a r y   conveyor   i r r e s p e c t i v e   o f  

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

711  of  the  d e l i v e r i n g   u n i t .   F u r t h e r ,   in  t h i s   a p p a r a t u s ,  

the  d e l i v e r i n g   un i t   is  movable  w i t h i n   the  yard  Y2,  w h i l e  

being  he ld   at  a l l   t imes  v e r t i c a l   and  t h i s   makes  the   a p p a r a t u s  

p a r t i c u l a r l y   s u i t a b l e   for   use  in  d e l i v e r i n g   bulk  m a t e r i a l  

from  such  a  s m a l l - s c a l e   yard  as  p r e c l u d i n g   use  of  any  b u l k y  

long  boom.  In  a d d i t i o n ,   as  the  bulk  scooping  bucket   wheel  6 

can  be  syung  f r e e l y   in  a  h o r i z o n t a l   p l ane ,   the  a p p a r a t u s   i s  

capable   o f  d e l i v e r i n g   bulk  m a t e r i a l   from  any  f a n - s h a p e d  

area  ir,  tne  yard  and  t h u s . h a s   an  advan t ageous   c h a r a c t e r i s t i c  

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

g ion   o r  c o m p a r t m e n t   to  be  pe r fo rmed   with  i n c r e a s e d   e f f i -  

g i e n g y .  



D e s c r i p t i o n   w i l l   next   be  made  of  a  v e r t i c a l   b u l k  

cargo  d e l i v e r i n g   sys tem,   u t i l i z i n g   the  p r i n c i p l e s   of  t h e  

d e l i v e r i n g   u n i t   d e s c r i b e d ,   wi th   r e f e r e n c e   to  F igu re   1 2 ,  

in  w h i c h . t h e   same  r e f e r e n c e s   have  been  used  as  in  F i g u r e s   9 

to  11  for   s i m i l a r   p a r t s   which  have  the  same  f u n c t i o n s .  

In  the  system  of  F igu re   12,  as  in  the  a p p a r a t u s   shown 

in  F i g u r e s   9  to  11,  the  d e l i v e r i n g   u n i t   71  e x t e n d s   t h r o u g h  

a  t u b u l a r   guide   s t r u c t u r e   77,  which  is  r o t a t a b l y   s u p p o r t e d  

on  the  u n i t   s uppo r t   frame  79  by  way  of  a  top  and  a  b o t t o m  

f l a n g e   771  and  772,  and  is  s u p p o r t e d   by  the  t u b u l a r   guide   77 

fo r   v e r t i c a l   movement.  Also,   bulk   m a t e r i a l   as  d i s c h a r g e d  

from  the  d e l i v e r i n g   u n i t   t h r o u g h   i t s   bulk   d i s c h a r g i n g   m o u t h  

712  is  fed  i n t o   an  a n n u l a r   chu te   786  t h r o u g h   the  i n t e r m e -  

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

781,  which  i s  h e l d   at  a l l   t i m e s  a t   a  p r e d e t e r m i n e d   l e v e l   o f  

h e i g h t .   Though  not  shown  in  F i g u r e   1 2 ,  a   hang ing   cord  f o r  

hang ing   the  t u b u l a r   s t r u c t u r e   781  and  a  rope  for   v e r t i c a l  

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

embodiment  in  q u i t e   the  same  manner  as  in  the  p r e v i o u s   e m b o d i -  

m e n t .  

I t   is  to  be  no ted   c l e a r l y ,   however ,   t h a t   the  s y s t e m  

of  F igure   12  is  d i s t i n g u i s h a b l e   from  the  a p p a r a t u s   shown 

in  F i g u r e s   9  to  11  in  the  f o l l o w i n g   p o i n t s :   F i r s t ,   in  t h e  

system  of  F igu re   12  the  u n i t   s u p p o r t   frame  79  is  c a r r i e d  

by  a  s l ewing   beam  type  u n l o a d i n g   u n i t ,   g e n e r a l l y   i n d i c a t e d  

by  r e f e r e n c e   numeral   8,  at  the  f r e e   end  o f  a   l u f f i n g   boom  82 

t h e r e o f   and  t h i s   n e c e s s i t a t e s . a   m o d i f i e d   form  of  i n t e r m e d i a t e  

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

786.  Second ly ,   the  v e r t i c a l   c a s i n g   frame  711  of  the  d e l i v e r i n g  

u n i t   is  made  f l e x i b l e ,   i n c l u d i n g   a  t i l t a b l y   j o i n t e d   l o w e r  

s e c t i o n .  



D e s c r i p t i o n   w i l l   now  be  made  of  the  embod imen t ,  

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

s t a t e d   a b o v e .  

Re fe r ence   numeral   80  i n d i c a t e s   a  wheeled  t r u c k  

movable  a long  a  cargo  h a n d l i n g   s i t e   such  as  a  wharf  or  a  

p i e r   of  a  por t   and  on  which  t ruck   a  p i l l a r   81  is  mounted  by 

way  of  a  r o t a r y   p l a t f o r m   801.  The  a b o v e - r e f e r r e d - t o   l u f f i n g  

boom  82  is  fu l c rumed   on  the  p i l l a r   81  at  810  for   l u f f i n g  

motion  r e l a t i v e   t h e r e t o .  

A  movable  frame  member  83  of  a  p r e d e t e r m i n e d   h e i g h t  

is  h inged  at  i t s   bottom  end  to  the  f ree   end  of  the  l u f f i n g  

boom  82.  A  c o n n e c t i n g   member  84  is  a r r a n g e d   between  the  t o p  

end  of  movable  frame  member  83  and  a  second  fu lcrum  p o i n t  

812  on  the  v e r t i c a l   p o r t i o n   811  of  p i l l a r   81.  It  is  to  be  

noted  tha t   the  l e n g t h   of  d i s t a n c e   between  the  f i r s t   and  s e c o n d  

fu lc rum  p o i n t s   810  and  812  on  the  p i l l a r   81  is  equal  to  t h e  

h e i g h t   or  v e r t i c a l   l e n g t h   of  movable  frame  member  83.  A l s o ,  

the  l e n g t h s   of  the  boom  82  and  c o n n e c t i n g   member  84  are  made 

eqaal   to  each  o t h e r .   With  t h i s   a r r a n g e m e n t ,   the  four   members ,  

i n c l u d i n g   p i l l a r   81,  boom  82,  movable  frame  member  83  and  

c o n n e c t i n g   member  84,  j o i n t l y   form  a  p a r a l l e l s - g r a m m i c  

framework  and  the   movable  frame  member  83  is  he ld   at  a l l  

t imes  v e r t i c a l   i r r e s p e c t i v e   of  the  l u f f i n g   angle  of  boom  8 2 .  

The  d e l i v e r i n g   u n i t   suppor t   frame  79  is  h inged  on  one  s i d e  

t h e r e o f   to  the  f ree   end  of  boom  82  in  the  same  manner  as  t h e  

movable  from  member  83  and  the  o t h e r   s ide  of  un i t   s u p p o r t  

frame  7 9  i s   c o n n e c t e d   with  the  top  end  of  movable  f r a m e  

member.83  by  way  of  a  c o n n e c t i n g   frame  member  85  so  t ha t   t h e  

u n i t   suppor t   frame  79  is  s u p p o r t e d   in  a  h o r i z o n t a l   p o s i t i o n .  

With  t h i s   a r r a n g e m e n t ,   i t   w i l l   be  a p p a r e n t   tha t   the  v e r t i c a l  



c a s i n g   frame  711  of  d e l i v e r i n g   u n i t   71  is  he ld   at  a l l   t i m e s  

v e r t i c a l   d u r i n g   l u f f i n g   movement  of  the  boom  8 2 .  

P r o v i d e d   on  the  l u f f i n g   boom  82  is  a  boom  conveyor   86 

which  ex t ends   from  the  f r ee   end  of  boom  82  to  a  p o i n t   at  t h e  

r e a r   of  p i l l a r   81.  The  d i s c h a r g i n g   mouth  786b  of  the  a b o v e -  

d e s c r i b e d   a n n u l a r   c h u t e   786  is  p o s i t i o n e d   above  the feed end  o f  

boom  conveyor   86  while   at  the  d i s c h a r g e   end  of  t h e . l a t t e r  

is  a r r a n g e d   a  r e c e i v i n g   chute   871  which  is  formed  at  t h e  

head  of  a  second  i n t e r m e d i a t e   conveyor   87  and  has  a  w i d e  

i n l e t   open ing .   The  second  i n t e r m e d i a t e   conveyor   87  o p e r a t e s  

be tween  the  d i s c h a r g e   end  of  boom  conveyor   86  and  a  s t a t i o n a r y  

conveyor   C1,  which  is  a r r a n g e d   in  p a r a l l e l   to  the  t r a c k   on  

which  wheeled  t r u c k   80  is  mounted.   R e f e r e n c e   numeral   88 

i n d i c a t e s   boom  l u f f i n g   m e a n s .  

In  t h i s   i l l u s t r a t i o n ,   the  d e l i v e r i n g   u n i t   works  in  a  

bulk   s t o r i n g   p l ace   in  the  form  of  a  hold   94  of  a  c a r g o  

v e s s e l   93.  As  u s u a l ,   the  cargo  hold   94  has  a  deck  o p e n i n g  

95  l i m i t e d   in  a rea   for   the  c a p a c i t y   t h e r e o f .   For  b u l k  

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

t h a t   the  v e r t i c a l   frame  of  the  d e l i v e r i n g   u n i t   has  a  b o t t o m  

s e c t i o n   made  f l e x i b l e ,   as  s t a t e d   h e r e i n b e f o r e .  

The  v e r t i c a l   frame  i l l u s t r a t e d   in  F i g u r e   12  h a s  

a  bot tom  s e c t i o n   711a  formed  s e p a r a t e   from  the  r e m a i n i n g ,  

v e r t i c a l   frame  s e c t i o n   711  and  p i v o t a l l y   c o n n e c t e d   t h e r e t o  

by  means  of  a  p i v o t   s h a f t   713  for   t i l t i n g   movement  about   t h e  

ax i s   t h e r e o f .   R e f e r e n c e   n u m e r a l  7 1 4   i n d i c a t e s   an  e x t e n s i b l e  

h y d r a u l i c   c y l i n d e r  u n i t   a r r a n g e d   be tween  a  b r a c k e t   715 

s e c u r e d   to  the  v e r t i c a l   frame  s e c t i o n   711  and  the  m o v a b l e  

frame  s e c t i o n   711a.  Upon  e x t e n s i o n   of  the  c y l i n d e r   u n i t   7 1 4 ,  

the  movable  s e c t i o n   711a  of  the  v e r t i c a l   c a s i n g   frame  i s  



t i l t e d   l a t e r a l l y ,   as  i n d i c a t e d   by  the  c h a i n - d o t t e d   l i n e s ,  

so  t ha t   the  bucke t   wheel  6  at  the  bottom  of  the  d e l i v e r i n g  

u n i t   71  may  be  b rough t   c lose   to  any  s ide  wall   s u r f a c e   o f  

the  cargo  hold  94,  as  i l l u s t r a t e d ,   though  the  d e l i v e r i n g  

u n i t   71  is  only  movable  w i t h i n   the  r e s t r i c t e d   deck  o p e n i n g  

95  of  cargo  hold  9 4 .  

As  the  v e r t i c a l   frame  of  d e l i v e r i n g   un i t   71  i s  

f l e x e d   in  the  manner  d e s c r i b e d ,   the  v e r t i c a l  c o n v e y o r   s u p -  

p o r t e d   t h e r e i n   must  n a t u r a l l y   be  f l e x e d   in  a  s i m i l a r   f a s h i o n .  

However,  as  the  f l e x i n g   a n g l e ,   t h a t   i s ,   the  angle   of  t i l t  

of  the  bot tom  frame  s e c t i o n   711a,  is  at  most  of  the  o r d e r  

of  30  d e g r e e s ,   t he re   is  no  danger   at  a l l   of  the  c o n v e y o r  

b e l t s   be ing   i n j u r e d   to  any  s u b s t a n t i a l   e x t e n t .   By  t h e  

c o m b i n a t i o r   of  l u f f i n g   movement  of  the  boom  82  with  v e r t i c a l  

movement  of  the  d e l i v e r i n g   u n i t   71,  the  system  i l l u s t r a t e d  

is  c apab le   of  f r e e l y   d e l i v e r i n g   bulk  m a t e r i a l   out  of  t h e  

cargo  hold  t h rough   the  whole  depth   of  m a t e r i a l ,   from  t h e  

top  s u r f a c e   S1  of  m a t e r i a l   as  f i l l e d   in  the  hold  to  t h e  

lowes t   l e v e l   S2,  which  is  c lo se   to  the  s h i p ' s   b o t t o m .  

Also,   the  system  is  c apab l e   of  d e l i v e r i n g   a l l   the  b u l k  

m a t e r i a l   at  any  l e v e l   in  the  hold  with  e x t r e m e l y   high  e f -  

f i c i e n c y   by  p r o g r e s s i v e l y   d i s p l a c i n g   the  wheeled  t r u c k  

s t r u c t u r e   8  whi le   s l ewing   the  boom  82,  with  the  d e l i v e r i n g  

un i t   m a i n t a i n e d   at  a  d e f i n i t e   l e v e l   and  the  bucket   wheel  6 

held  in  a  p o s i t i o n   l a t e r a l l y ,   e x t e n d e d ,   as  i n d i c a t e d   by  t h e  

c h a i n - d o t t e d   l i n e s   in  F igure   1 2 . .  

Bulk  m a t e r i a l   as  d i s c h a r g e d   from  the  d e l i v e r i n g   u n i t  

71  in  a  c o n t i n u o u s   f a s h i o n   is  fed  th rough   the  t e l e s c o p i c a l l y  

e x t e n s i b l e   t u b u l a r   guide  781  and  a n n u l a r   chute   786  o n t o  

the  boom  conveyor   86  and  is  f u r t h e r   sent  th rough   the  l a t t e r  



and  second  i n t e r m e d i a t e   conveyor   87  to  the  s t a t i o n a r y   t o  

conveyor   C1,  which  c a r r i e s   the  m a t e r i a l   to  a  land  i n s t a l l a t i o n ,  

not  shown.  

I t   w i l l   be  a p p a r e n t   to  those   s k i l l e d   in  the  a r t   t h a t  

the  range  of  a p p l i c a t i o n o f   the  d e l i v e r i n g   u n i t   71  of  t h e  

p r e s e n t   i n v e n t i o n   is  not  l i m i t e d   to  the  embodiments  shown 

and  d e s c r i b e d   a b o v e .  

Though,  in  these   embodiments ,   the  two  o v e r l a p p i n g  

conveyor   b e l t s   c o n s t i t u t i n g   the  v e r t i c a l   conveyor   2  h a v e  

been  d e s c r i b e d   as  a r r a n g e d   so  as  to  t u rn   round  in  o p p o s i t e  

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

o t h e r   at  the  bot tom  end  of  the  s u b s t a n t i a l l y   v e r t i c a l   c o n v e y o r  

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

from  the  s p i r i t   of  the  p r e s e n t   i n v e n t i o n ,   to  guide  one  o r  

both  of  the  e n d l e s s   conveyor   b e l t s   so  as  to  be  more  or  l e s s  

f l e x e d   i n t e r m e d i a t e   the  ends  of  the  conveyor   l i n e   as  l o n g  

as  they  are  gu ided   at  l o c a t i o n s   i m m e d i a t e l y  b e l o w   the  c o n v e y o r  

l i n e   to  t u r n   round  s y m m e t r i c a l l y   in  o p p o s i t e   d i r e c t i o n s  

and  the  f l e x i n g   angle   is  l i m i t e d   to  30  d e g r e e s   or  t h e r e a b o u t .  

In  such  range  of  f l e x i n g   a n g l e ,   p r a c t i n a l l y   no  i m p a i r m e n t  

of  the  conveyor   b e l t s   r e s u l t s .  

F i g u r e s   13  and  14  i l l u s t r a t e   f u r t h e r   embodiments  o f  

the  v e r t i c a l   conveyor   of  the  p r e s e n t   i n v e n t i o n   which  i n c l u d e  

each  a  b u l k - r e c e i v i n g   bot tom  r e g i o n   more  or  l e s s   m o d i f i e d  

in  the  l i n e   of  the  v i e w p o i n t   s t a t e d   a b o v e .  

For  p u r p o s e s   of  c o n v e n i e n c e   in  d e s c r i b i n g   the  embod i -  

ments  of  F i g u r e s   13  and  14,  one  of  the  two  e n d l e s s   c o n v e y o r  

b e l t s ,   2a,  of  the  v e r t i c a l   conveyor ,   which  is  a r r a n g e d   on 

the  p r o j e c t o r   s ide   t h e r e o f ,   w i l l   be  r e f e r r e d   to  below  a s  

f i r s t   conveyor   b e l t   and  the  o t h e r   conveyor   b e l t   2b,  a r r a n g e d  



o p p o s i t e   to  the  d i s c h a r g e   end  of  the  p r o j e c t o r ,   as  s e c o n d  

conveyor   b e l t .   Also,   the  bot tom  guide  p u l l e y s   4a  and  4b ,  

over  which  the  r e s p e c t i v e   conveyor   b e l t s   2a  and  2b  are  g u i d e d  

at  the  bottom  in  d i r e c t i o n s   o p p o s i t e   to  each  o t h e r ,   w i l l   be  

r e f e r r e d   to  below  as  f i r s t   and  second  guide  p u l l e y s ,   r e s -  

p e c t i v e l y .  

In  the  a p p a r a t u s   i l l u s t r a t e d   in  Figure   13,  the  f i r s t  

guide  p u l l e y   4a  for   g u i d i n g   the  f i r s t   conveyor   b e l t   20  a t  

i t s   bottom  end  is  a r r a n g e d   above  the  d i s c h a r g i n g   end  of  b u l k  

p r o j e c t o r   5,  the  f i r s t   conveyor   b e l t   2a  being  bent   a r o u n d  

the  p u l l e y   4a  toward  the  d e s c e n d i n g   b e l t   path  2 5 .  

On  the  o t h e r   hand,  the  bot tom  end  p o r t i o n   of  the  s e c o n d  

conveyor   b e l t   2b,  a r r a n g e d   o p p o s i t e   to  the  p r o j e c t o r   d i s . -  

c h a r g i n g   end,  is  passed   over  the  a d j a c e n t   s ide  of  the  f i r s t  

guide  p u l l e y   4a  in  s u b s t a n t i a l l y   a  s t r a i g h t   l i n e   and  drawn 

s l i g h t l y   f o r w a r d l y   toward  the  bulk  p r o j e c t o r   by  the  s e c o n d  

guide  p u l l e y   4b,  which  is  a r r a n g e d   downwardly  o f f s e t   f rom 

the  f i r s t   guide  p u l l e y   4a.  With  t h i s   a r r a n g e m e n t ,   the  b o t t o m  

end  p o r t i o n   of  second  conveyor   b e l t   2b  forms  a  s l i g h t l y  

i n c l i n e d   bulk  r e c e i v i n g   face   20  which  is  exposed  to  t h e  

p r o j e c t o r   d i s c h a r g i n g   end.  The  second  conveyor  b e l t   2b 

is  guided  a t  i t s   bottom  end  around  the  second  guide  p u l l e y  

4b  in  a  d i r e c t i o n   o p p o s i t e   to  the  f i r s t   conveyor  b e l t   2a  

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

d e s c e n d i n g   b e l t   path  2 6 .  

R e f e r e n c e   w i l l   next   be  had  to  F igure   14,  in  w h i c h  

a n o t h e r   example  of  b u l k - r e c e i v i n g   end  a r r angemen t   of  m o d i f i e d  

d e s i g n   is  i l l u s t r a t e d .   In  t h i s   embodiment,   in  the  g r o u p s  

of  i n n e r   guide  r o l l e r s   3a  and  3b,  which  de f ine   a  s u b s t a n t i a l l y  

v e r t i c a l   conveyor   l i n e ,   a  few  lowermost   r o l l e r s   are  a r r a n g e d  



in  p o s i t i o n s   more  or  l e s s   o f f s e t   s u c c e s s i v e l y   toward  t h e  

bulk  p r o j e c t o r   s i de ,   as  i n d i c a t e d   at  3 'a   and  3 'b ,   so  t h a t  

the  conveyor   l i n e   is  bent  f o r w a r d l y   at  i t s   bot tom  and  t h e  

f i r s t   guide  p u l l e y   4a,  around  which  the  f i r s t   conveyor   b e l t  

2a  is  guided  toward  i t s   d e s c e n d i n g   path   25,  is  a r r a n g e d   a l o n g  

a  l i n e   of  e x t e n s i o n   of  the  bent   bot tom  p o r t i o n   of  the  c o n -  

veyor   l i n e   and  above  the  d i s c h a r g i n g   end  of  bulk  p r o j e c t o r   5 .  

On  the  o t h e r   hand,  the  bot tom  end  p o r t i o n   of  t h e  

second  conveyor   b e l t   2b,  which  is  a r r a n g e d   o p p o s i t e   to  t h e  

bulk  p r o j e c t o r   5,  is  ex tended   from  the  bent   bottom  p o r t i o n  

of  the  conveyor   l i n e   f o r w a r d l y   downward  a long  the  a d j a c e n t  

s ide   of  f i r s t   guide  p u l l e y   4a  s u b s t a n t i a l l y   in  a  s t r a i g h t  

l i n e .   The  second  conveyor   b e l t   2b  thus  drawn  f o r w a r d l y   b e l o w  

the  f i r s t   guide  p u l l e y   4a  is   gu ided   to  i t s   pa th   of  d e s c e n t  

26  in  s u b s t a n t i a l l y   s y m m e t r i c a l   r e l a t i o n   to  the  f i r s t   c o n -  

veyor   b e l t   2a  by  the  second  guide   p u l l e y   4b,  which  is  down- 

wardly  o f f s e t   with  r e s p e c t   to  the  f i r s t   guide  p u l l e y   4 a .  

Again,   in  t h i s  a r r a n g e m e n t ,   the  second  conveyor   b e l t   2b 

forms  a  s l i g h t l y   i n c l i n d   b u l k - r e c e i v i n g   face  20  e x t e n d i n g  

below  the  f i r s t   guide  p u l l e y   4 a .  

Though,  in  these   types   of  b u l k - r e c e i v i n g   a r r a n g e m e n t ,  

the  two  conveyor   b e l t s ,   j o i n t l y   d e f i n i n g   a  conveyor   l i n e ,  

are  f l e x e d   at  a  po in t   toward  the  bottom  end  t h e r e o f ,   t h e r e  

is  no  danger   of  the  conveyor   b e l t s   be ing   i n j u r e d ,   as  w i t h  

t h e  c a s e   of  the  a p p a r a t u s   shown  in  F igure   3,  as  the  a n g l e  

through  which  the  conveyor   b e l t s   arc  f l e x e d   i s  l i m i t e d   t o  

40  deg ree s   or  below  (and  is  a p p r o x i m a t e l y   35  deg rees   in  t h e  

embodiment  of  F igu re   14)  and  the  conveyor   b e l t s   thus  f l e x e d  

are  s u b s e q u e n t l y   guided  around  the  r e s p e c t i v e   end  p u l l e y s  

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



In  the  a p p a r a t u s   of  F igure   13,  bulk  m a t e r i a l   as  f e d  

in to   the  chute  53  of  bulk  p r o j e c t o r   5  is  thrown  at  a  s p e e d  

as  high  as  a p p r o x i m a t e l y   600  m/min,  as  d e s c r i b e d   h e r e i n b e f o r e ,  

i n  a   d i r e c t i o n   toward  the  b e l t   j u n c t i o n   where  the  two  c o n v e y o r  

b e l t s   meet  each  o t h e r ,   so  as  to  be  laden  t h e r e b e t w e e n   u n d e r  

the  i n e r t i a l   e f f e c t   or  momentum  of  the  bulk  m a t e r i a l   i t s e l f .  

In  t h i s   c o n n e c t i o n ,   i t   is  to  be  r e c o g n i z e d   tha t   the  s l i g h t l y  

i n c l i n e d   b u l k - r e c e i v i n g   face  20  of  second  conveyor   b e l t   2b ,  

which  ex tends   downwardly  from  the  a d j a c e n t   side  of  f i r s t  

guide  p u l l e y   4a,  he lps   enable   the  bulk  m a t e r i a l   thrown  by  

the  p r o j e c t o r   5  to  be  r e c e i v e d   between  the  two  c o n v e y o r  

b e l t s   e f f i c i e n t l y   w i thou t   l o s s .   Re fe r ence   numeral   3g 

i n d i c a t e s   a u x i l i a r y   guide  r o l l e r s   a r r a n g e d   on  the  r e a r  

s ide  of  the  b u l k - r e c e i v i n g   face  r e g i o n   of  second  c o n v e y o r  

b e l t   2b  to  suppo r t   the  o p p o s i t e   edges  t h e r e o f   and  each  h a v i n g  

the  same  s t r u c t u r e   as  i nne r   guide  r o l l e r s   3b.  

In  the  embodiment  of  F igure   14,  an  example  of  c u r v e d  

chute  t y p e  b u l k   p r o j e c t o r  5   is  employed  which  is  formed  a s  

a  downwardly  s t e e p l y   i n c l i n e d   chute  57  of  t r o u g h - l i k e   s e c t i o n  

(see  F igure   15),  which  is  curved  at  the  bottom  end  u p w a r d l y  

in  a  c i r c u l a r   arc  to  form  a  bulk  d i s c h a r g i n g   end  58.  T h i s  

bulk  p r o j e c t o r   5  is  s u p p o r t e d   on  an  a p p r o p r i a t e   frame  s t r u c -  

tu re   50  in  a  manner  such  t ha t   bulk  m a t e r i a l   as  thrown  o f f  

the  d i s c h a r g i n g   end  58  is  d i r e c t e d   to  the  b e l t   j u n c t i o n   where  

the  two  conveyor   b e l t s   2a  and  2b  come  to  jo in   each  o t h e r .  

As  i l l u s t r a t e d ,   bulk  m a t e r i a l   is  s u p p l i e d   c o n t i n u o u s l y  

by  means  of  a  supply   conveyor   6  and  thrown  onto  the  t o p  

p o r t i o n   of  the  d o w n w a r d l y  i n c l i n e d   chute  57  to  r a p i d l y   s l i d e  

down  t h e r e a l o n g   and,  r u s h i n g   out  from  the  upwardly   i n c l i n e d  

d i s c h a r g i n g   end  58  under  the  e f f e c t s   of  c e n t r i f u g a l   f o r c e  



and  i n e r t i a ,   is  p o s i t i v e l y   fed  in to   the  v e r t i c a l   c o n v e y o r  

at  the  bottom  j u n c t i o n   of  the  two  conveyor   b e l t s .   A g a i n ,  

in  t h i s   embodiment,   the  upward ly   i n c l i n e d   b u l k - r e c e i v i n g  

r e g i o n   20  of  second  conveyor   b e l t   2b,  the  o p p o s i t e   edges  o f  

which  are  s u p p o r t e d   by  a u x i l i a r y   guide  r o l l e r s   3g,  h e l p s  

e n a b l e s   the  bulk  m a t e r i a l   to  be  r e c e i v e d   by  the  v e r t i c a l  

conveyor   in  a  p a r t i c u l a r l y   s t a b l e   and  e f f i c i e n t   m a n n e r .  

As  w i l l   be  a p p a r e n t   from  the  i l l u s t r a t i o n   of  F igure   1 3 ,  

a  v e r t i c a l   d e l i v e r i n g   a p p a r a t u s   i n c l u d i n g   a  s m a l l - s i z e d  

bulk  p r o j e c t o r   such  as  shown  in  F i g u r e s   3  and  6  is  a p p l i c a b l e  

to  the  systems  shown  in  F i g u r e s   7  to  12  as  well   as  to  t h e  

'one  of  F igure   6.  I t   w i l l   be  r e a d i l y   u n d e r s t o o d   t h a t ,   when 

combined  with  a  p r o j e c t o r   of  the  type  i l l u s t r a t e d   in  F i g u r e  

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

u s a b l e   a l so   in  o t h e r   d i f f e r e n t   f i e l d s   of  the  a r t .  



1.  An  a p p a r a t u s   for   v e r t i c a l l y   conveying   bulk  m a t e r i a l s  

of  the  type  i n c l u d i n g   a  v e r t i c a l   conveyor   (2)  a r r anged   i n  

a  s u b s t a n t i a l l y   v e r t i c a l   space  d e f i n e d   in  a  ca s ing   f r a m e  

and  having   two  e n d l e s s   conveyor   b e l t s   (2a,  2b)  adapted   t o  

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

in  a  f a c e - t o - f a c e   o v e r l a p p i n g   r e l a t i o n   c l o s e l y   engaging  e a c h  

o t h e r   along  the  o p p o s i t e   s ide  edges  t h e r e o f   and  s e r v i n g   t o  

convey  bulk  m a t e r i a l  a s   he ld   between  the  two  conveyor   b e l t s  

v e r t i c a l l y   upward,  sa id   a p p a r a t u s   be ing   c h a r a c t e r i z e d   in  t h a t ,  

"a t   the  b u l k - r e c e i v i n g   bottom  end  of  the  v e r t i c a l   c o n v e y o r ,  

the  two  e n d l e s s   conveyor   b e l t s   are  guided  to  turn   round  i n  

d i r e c t i o n s   o p p o s i t e   to  each  o t h e r   and  a  bulk  p r o j e c t o r   ( 5 )  

is  a r r a n g e d   which  in  such  a  p o s i t i o n  a s   to  p r o j e c t   b u l k  

m a t e r i a l   r a p i d l y   under   the  e f f e c t   of  c e n t r i f u g a l   force   i n  

an  i n c l i n e d   upward  d i r e c t i o n   to  the  bottom  b e l t   j u n c t i o n  

where  the  two  e n d l e s s   conveyor   b e l t s   jo in   each  o t h e r .  

2.  An  a p p a r a t u s   as  set   f o r t h   in  claim  1,  in  which  t h e  

two  e n d l e s s   conveyor   b e l t s   (2a,  2b)  have  an  a p p r o p r i a t e  

degree   of  r i g i d i t y   at  l e a s t   in  t h e i r   o p p o s i t e   edge  p o r t i o n s  

and  are  p rov ided   with  two  se t s   of  r e g u l a r l y   spaced  m u l t i p l e  

guide  r o l l e r s   ('3a,  3b)  a r r a n g e d   along  each  side  of  t h e  

o v e r l a p p i n g   p o r t i o n s   of  the  two  e n d l e s s   conveyor   b e l t s   i n  

s t a g g e r i n g   r e l a t i o n   to  each  o t h e r   to  guide  the  a d j a c e n t  

o v e r l a p p i n g   b e l t   edges  while   p r e s s i n g   such  b e l t   edges  a g a i n s t  

each  o t h e r ,   each  of  the  guide  r o l l e r s   in  e i t h e r   set  b e i n g  

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

b e l t   edges  more  or  l e s s   in to   the  spac ing   between  the  two 

a d j a c e n t   guide  r o l l e r s   in  the  o t h e r   s e t .  

3.  An  a p p a r a t u s   as  set   f o r t h   in  claim  1,  in  w h i c h  



said   bulk   p r o j e c t o r   compr i s e s   a  p a i r   of  r o t a r y   d i s c s   ( 5 1 a ,  

51b)  of  i d e n t i c a l   s ize   and  shape  a r r a n g e d   o p p o s i t e   to  e a c h  

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

p r o j e c t o r   b e l t   (52)  guided  to  p roceed   s u b s t a n t i a l l y   s e m i -  

c i r c u m f e r e n t i a l l y   around  the  r o t a r y   d i s c s ,   making  c l o s e  

c o n t a c t   wi th   the  lower  h a l v e s   t h e r e o f ,   so  as  to  l eave   t h e  

r o t a r y   d i s c s   in  an  upward ly   i n c l i n e d   d i r e c t i o n ,   a  s u p p l y  

chute   (53)  a r r a n g e d   to  supply   bulk   m a t e r i a l   onto  the  p r o j e c t o r  

b e l t   on  the  r e a r   s ide  of  the  r o t a r y   d i s c s ,   a  d r i v e   p u l l e y   ( 54 )  

and  a  set   of  guide  r o l l e r s   p r o v i d e d   for   the  p r o j e c t o r   b e l t .  

4.  An  a p p a r a t u s   as  set   f o r t h   in  claim  1,  in  w h i c h  

one  (2a)  of  the  two  e n d l e s s   conveyor   b e l t s   (2a,  2b)  a r r a n g e d  

a d j a c e n t   to  the  bulk  p r o j e c t o r   (5)  is  guided  at  the  b o t t o m  

to  tu rn   around  a  f i r s t   gu ide   p u l l e y   (4a)  a r r a n g e d   above  t h e  

bulk  p r o j e c t o r   whi le   the  o the r   e n d l e s s   conveyor   b e l t   ( 2 b ) ,  

a r r a n g e d   o p p o s i t e   to  the  d i s c h a r g i n g   end  of  the  bulk  p r o j e c t o r ,  

is  gu ided   at  the  bot tom  to  t u rn   a round  a  second  guide  p u l l e y  

(4b)  a r r a n g e d   in  a  p o s i t i o n   downwardly  o f f s e t   from  the  f i r s t  

guide  p u l l e y   so  t h a t   sa id   o t h e r   conveyor   b e l t   (2b)  has  a n  

upward ly   i n c l i n e d   b u l k - r e c e i v i n g   face  (20)  exposed  to  t h e  

d i s h a r g i n g   end  of  the  bulk  p r o j e c t o r .  

5.  An  a p p a r a t u s   as  set   f o r t h   in  c la im  2,  in  w h i c h  

sa id   s e t s   of  m u l t i p l e   guide  r o l l e r s   (3a,  3b)  p r o v i d e d   t o  

g u i d e   the  upward ly   t r a v e l l i n g   o v e r l a p p i n g   p o r t i o n s   of  t h e  

two  e n d l e s s   conveyor   b e l t s   are  a r r a n g e d   so  as  to  d e f i n e   a 

conveyor   l i n e   which  is  f l e x e d   at  a  l o c a t i o n   a d j a c e n t   to  t h e  

bot tom  end  t h e r e o f   toward  the  s ide  of  one  (2a)  of  t h e  

e n d l e s s   conveyor   b e l t s   a r r a n g e d   a d j a c e n t   to  the  bulk   p r o j e c t o r  

(5)  and  the  o t h e r   e n d l e s s   conveyor   b e l t   (2b) ,   a r r a n g e d  

o p p o s i t e   to  the  d i s c h a r g i n g   end  of  the  bulk  p r o j e c t o r   ( 5 ) ,  



is  drawn  from  the  a d j a c e n t   s ide  of  a  bottom  guide  p u l l e y  

(4a)  p r o v i d e d   for   said  one  (2a)  of  the  conveyor   b e l t s   in  t h e  

d i r e c t i o n   of  e x t e n s i o n   of  the  f l e x e d   bottom  p o r t i o n   of  t h e  

conveyor   l i n e   to  p r e s e n t   an  upwardly   d i r e c t e d   i n c l i n e d  

b u l k - r e c e i v i n g   face  ( 2 0 ) .  

6.  An  a p p a r a t u s   for  v e r t i c a l l y   d e l i v e r i n g   bulk  m a t e r i a l s  

which  c o m p r i s e s :   a  v e r t i c a l   bulk  conveying   un i t   i n c l u d i n g  

an  i n t e g r a l   c o m b i n a t i o n   of  a  v e r t i c a l   conveyor   (2)  and  a  

h i g h s p e e d   bulk  p r o j e c t o r   (5) ,   sa id   v e r t i c a l   conveyor   ( 2 )  

be ing   a r r a n g e d   in  a  s u b s t a n t i a l l y   v e r t i c a l   space  de f i ned   i n  

a  t u b u l a r   c a s i n g   frame  and  hav ing   two  end l e s s   c o n v e y o r  

b e l t s   (2a,  2b)  adap ted   to  be  d r i v e n   upwardly  in  a  s u b s t a n -  

t i a l l y   v e r t i c a l   d i r e c t i o n   in  a  f a c e - t o - f a c e   o v e r l a p p i n g  

r e l a t i o n   c l o s e l y   engaging   each  o t h e r   along  the  o p p o s i t e  

side  edges  t h e r e o f   to  serve  to  convey  bulk  m a t e r i a l   as  h e l d  

between  the  two  conveyor   b e l t s   v e r t i c a l l y   upward,  sa id   two 

e n d l e s s   conveyor   b e l t s   be ing   guided  at  the  b u l k - r e c e i v i n g  

bottom  end  to  t u rn   round  in  d i r e c t i o n s   o p p o s i t e   to  e a c h  

o t h e r ,   sa id   t u b u l a r   ca s ing   frame  having   a  l a t e r a l l y   o v e r -  

hanging   bottom  p o r t i o n   ( l b ) ,   sa id   bulk  p r o j e c t o r   (5)  b e i n g  

c a r r i e d   on  sa id   o v e r h a n g i n g   bottom  p o r t i o n   of  said  c a s i n g  

freme  and  s e r v i n g   to  p r o j e c t   bulk  m a t e r i a l   r a p i d l y   under  t h e  

e f f e c t   of  c e n t r i f u g a l   fo rce   in  an  i n c l i n e d   upward  d i r e c t i o n  

to  the  bottom  b e l t   j u n c t i o n   where  the  two  e n d l e s s   c o n v e y o r  

b e l t s   come  to  j o in   each  o t h e r ;   and  a  r o t a r y   bucket   whee l  

type  bulk  f e e d e r   (6)  a r r a n g e d   on  one  side  uf  Said  b u l k  

p r o j e c t o r ,  s a i d   bulk  p r o j e c t o r   i n c l u d i n g   a  b u l k - r e c e i v i n g  

chute  (53)  hav ing   an  i n l e t   end  opening   (530)  a r r anged   t o  

face  the  bulk  d i s c h a r g i n g   opening   (63)  of  the  bulk  f e e d e r .  

7.  A  v e r t i c a l   yard  d e l i v e r i n g   system  c o m p r i s i n g :  



a  d e l i v e r i n g   u n i t   (71)  in  the  form  of  a  v e r t i c a l   b u l k -  

d e l i v e r i n g   a p p a r a t u s   as  set  f o r t h   in  c la im  6;  a  d e l i v e r i n g -  

u n i t   c a r r i e r   i n c l u d i n g   a  t r a v e l l i n g   frame  (72  or  75)  a r r a n g e d  

in  s t r a d d l i n g   r e l a t i o n   to  the  bulk  s t o r i n g   yard  and  c o m p r i s e d  

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

at  the  o p p o s i t e   ends  on  r e s p e c t i v e   leg   s t r u c t u r e s   ( 7 2 4 ,  

725  or  753)  a r r a n g e d   to  t r a v e l   a long  the  o p p o s i t e  s i d e s  

of  the  bulk  s t o r i n g   yard  and  a  u n i t   s uppo r t   frame  (73  o r  

76)  m o v a b l e  a l o n g   sa id   beam  s t r u c t u r e   and  s u p p o r t i n g   s a i d  

d e l i v e r i n g   u n i t   (71)  for   v e r t i c a l   movement  and  r o t a t i o n  

about   the  v e r t i c a l   ax is   t h e r e o f ;   and  i n t e r m e d i a t e   t r a n s f e r  

means  p r o v i d e d   between  the  bulk   d i s c h a r g i n g   mouth  ( 7 1 2 )  

at  the  top  of  s a id   d e l i v e r i n g   u n i t   and  a  s t a t i o n a r y   c o n v e y o r  

a r r a n g e d   s i d e w i s e   of  the  bulk  s t o r i n g   yard  in  p a r a l l e l   t h e r e t o .  

8 .  A  v e r t i c a l   bulk  cargo  d e l i v e r i n g   system  c o m p r i s i n g :  

a  v e r t i c a l   b u l k - d e l i v e r i n g   u n i t   (71)  i n c l u d i n g   a  v e r t i c a l  

b u l k - c o n v e y i n g   a p p a r a t u s   compr i sed   of  an  i n t e g r a l   c o m b i n a t i o n  

of  a  v e r t i c a l   conveyor   (2)  and  a  h i g h s p e e d   bulk  p r o j e c t o r   ( 5 ) ,  

and  a  r o t a r y   bucke t   wheel  type  bulk  f e e d e r   (6)  a r r a n g e d   on 

one  s ide   of  sa id   bulk  p r o j e c t o r ,   sa id   bulk  p r o j e c t o r   ( 5 )  

i n c l u d i n g   a  bulk  r e c e i v i n g   chute   (53)  hav ing   bulk  i n l e t  

mouth  (530)  opening  toward  the  bulk   c h a r g i n g   por t   (63)  o f  

sa id   bulk  f e e d e r ,   sa id   v e r t i c a l   conveyor   (2)  be ing   a r r a n g e d  

in  a  s u b s t a n t i a l l y   v e r t i c a l   space  d e f i n e d   in  a  t u b u l a r   c a s i n g  

frame  and  i n c l u d i n g   two  e n d l e s s   conveyor   b e l t s   (2a,  2b)  

a d a p t e d   to  be  d r i v e n   upwardly   in  a  s u b s t a n t i a l l y   v e r t i c a l  

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

engag ing   each  o t h e r   a long  the  o p p o s i t e   s ide  edges  t h e r e o f  

so  as  to  serve  the  purpose   of  convey ing   bulk   m a t e r i a l  

. as  he ld   between  the  oppos ing   f a ce s   of  the  two  conveyor   b e l t s  



v e r t i c a l l y   upward,  sa id   two  conveyor   b e l t s   being  guided  a t  

the  b u l k - r e c e i v i n g   bottom  end  so  as  to  turn   around  in  d i r e c -  

t i o n s   o p p o s i t e   to  each  o t h e r ,   said  t u b u l a r   c a s ing   f r a m e  

i n c l u d i n g   a  v e r t i c a l   frame  s e c t i o n   and  a  lower  frame  s e c t i o n  

t i l t a b l y   j o i n t e d   t h e r e t o   and  be ing   formed  at  the  bottom  end 

with  an  o v e r h a n g i n g   p o r t i o n ,   sa id   bulk  p r o j e c t o r   (5)  b e i n g  

c a r r i e d   on  sa id   o v e r h a n g i n g   p o r t i o n   of  said  t u b u l a r   c a s i n g  

frame  to  serve  to  p r o j e c t   bulk  m a t e r i a l   r a p i d l y   under  t h e  

e f f e c t   of  c e n t r i f u g a l   f o r ce   in  an  i n c l i n e d   upward  d i r e c t i o n  

to  the  bottom  b e l t   j u n c t i o n   where  the  two  e n d l e s s   c o n v e y o r  

b e l t s   come  to  j o in   each  o t h e r ;   a  r o t a r y   boom  type  u n l o a d e r  

(8)  a r r a n g e d   for   movement  a long  a  cargo  h a n d l i n g   p lace   and  

i n c l u d i n g   a  l u f f i n g   boom  (82);   and  a  un i t   suppor t   f r a m e  

(79)  mounted  on  sa id   l u f f i n g   boom  at  the  f ree   end  t h e r e o f  

so  as  to  be  he ld   at  a l l   t imes  in  a  h o r i z o n t a l   p o s i t i o n   and 

s u p p o r t i n g   said  d e l i v e r i n g   u n i t   (71)  for   v e r t i c a l   movement 

and  r o t a t i o n   about  the  v e r t i c a l   ax is   t h e r e o f .  
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