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SWING  BRAKE  CONTROL  APPARATUS  FOR  A  POWER  SHOVEL. 

©  A  swing  brake  control  apparatus  for  a  power 
shovel,  which  shifts  a  swing  lever  in  the  neutral 
position  even  when  a  microprocessor  for  controlling 
operation  of  a  swing  brake  operation  runs  away  so 
that  the  swing  brake  can  reliably  be  exerted  and 
which  can  stop  an  upper  swing  member  at  the 

f™  predetermined  position  without  being  affected  by  an 
^external  force,  such  as  gravity,  during  a  minor  swing- 
e ing   operation  on  a  slop.  The  swing  brake  control 
O  apparatus  has  a  swing  lever  signal  generator  (1)  for 
O0outputting  a  swing  lever  signal  (a)  when  the  swing 
(O  lever  is  shifted  from  the  swinging  position  to  the 
<O  neutral  position  and  a  swing  brake  operation  signal 

(  r  1  g.  i  ) 
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CO generator  (2)  for  receiving  the  swing  lever  signal  to EEIAY  CIRCUIT 
O  output  a  swing  brake  operation  signal  (h)  to  the 
^  swing  brake  operation  unit  (3). 
LU 
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S P E C I F I C A T I O N  

TURNING  BRAKE  CONTROLLING  SYSTEM 
FOR  USE  IN  POWER  SHOVEL 

TECHNICAL  FIELD  OF  THE  INVENTION 

5  T h i s   i n v e n t i o n   r e l a t e s   to  a  t u r n i n g   b r a k e   c o n t r o l l i n g  

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

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

i t   can  be  t u r n e d .  

BACKGROUND  TECHNIQUE  OF  THE  INVENTION 

10  A  t u r n i n g   b r a k e   c o n t r o l l i n g   s y s t e m   f o r   a p p l y i n g  

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

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

a p p l y   b r a k i n g   f o r c e   on  t h e   u p p e r   t u r n i n g   body   when  t h e  

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

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

t u r n i n g   t h e   u p p e r   t u r n i n g   body   i s   s h i f t e d   to   i t s   n e u t r a l  

p o s i t i o n   in   o r d e r   to   s t o p   t h e   t u r n i n g   of   t h e   u p p e r  

t u r n i n g   b o d y .   The  t u r n i n g   b r a k e   means   i s   u s u a l l y  

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

20  l e v e r   i s   s h i f t e d   f rom  i t s   " t u r n i n g "   p o s i t i o n   to   i t s  

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

of  t h e   u p p e r   t u r n i n g   b o d y .  

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

l e v e r   f rom  i t s   " t u r n i n g "   p o s i t i o n   to  i t s   " n e u t r a l "  

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

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

5  t u r n i n g   o p e r a t i o n s   of  t h e   s h o v e l   on  a  s l o p e ,   i f  

p o s i t i o n i n g   of  t h e   u p p e r   t u r n i n g   body   in   t h e   t u r n i n g  

d i r e c t i o n   i s   made  by  t u r n i n g   i t   s l o w l y ,   t h e n   t h e   u p p e r  

t u r n i n g   body   is   t u r n e d   d u r i n g   t h e   d e l a y   t i m e   f o r   t h e  

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

10  l e a k a g e   of  f l u i d   f rom  t h e   h y d r a u l i c   m o t o r   so  t h a t   i t   i s  

d i f f i c u l t   to   s t o p   i t   t o w a r d s   a  t a r g e t .  

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

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

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

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

c a u s e   s u c h   as  n o i s e   or  s t a t i c   e l e c t r i c i t y ,   e t c . ,   t h e n   t h e  

b i n a r y   ON-OFF  c o n t r o l   s i g n a l   b e c o m e s   u n s t a b l e ,   or  o n l y  

e i t h e r   ON  o u t p u t   or  OFF  o u t p u t   can   be  d e v e l o p e d .   As  a  

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

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

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

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

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   has   b e e n   made  in   v i e w   of   t h e  

25  a b o v e - m e n t i o n e d   c i r c u m s t a n c e s ,   and  has   f o r   i t s   f i r s t  
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o b j e c t   to   p r o v i d e   a  t u r n i n g   b r a k e   c o n t r o l l i n g   s y s t e m  

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

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

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

5  b r a k e   can   be  a c t u a t e d   s e v e r a l   s e c o n d s   a f t e r   t h e   t u r n i n g  

l e v e r   i s   s h i f t e d   fo rm  i t s   " t u r n i n g "   p o s i t i o n   to  i t s  

" n e u t r a l "   p o s i t i o n .  

F u r t h e r ,   t h e   s e c o n d   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

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

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

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

p r e d e t e r m i n e d   v a l u e   t h e   t u r n i n g   b r a k e   can  be  a c t u a t e d  
'  even   i f   i t   o c c u r s   d u r i n g   t h e   d e l a y   t i m e   f o r   t h e   t u r n i n g  

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

15  t h e   u p p e r   t u r n i n g   body   by  t h e   f o r c e   of  g r a v i t y ,   e t c .  

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

a c c u r a t e   p o s i t i o n i n g   of  t h e   u p p e r   t u r n i n g   body   can  b e  

made  in  t u r n i n g   i t   s l o w l y   when  t h e   power   s h o v e l   i s   on  a  

s l o p e .  

20  F u r t h e r ,   t h e   t h i r d   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

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

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

t he   t u r n i n g   b r a k e   may  be  v a r i e d   w i t h   t he   t u r n i n g   s p e e d   o f  

t h e   u p p e r   t u r n i n g   body   when  t h e   t u r n i n g   l e v e r   i s   s h i f t e d  

25  f rom  i t s   t u r n i n g   p o s i t i o n   to   i t s   n e u t r a l   p o s i t i o n   so  t h a t  
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in  c a s e   t h e   t u r n i n g   s p e e d   i s   s l o w   t h e   d e l a y   t i m e   f o r   t h e  

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

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

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

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

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

as  t h e   f o r c e   of  g r a v i t y ,   e t c . .  

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

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

10  a  t u r n i n g   b r a k e   c o n t r o l l i n g   s y s t e m   f o r   use   in  an  u p p e r  

t u r n i n g   body   of  a  power   s h o v e l   a r r a n g e d   to  r e c e i v e ,   as  a n  

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

'  t u r n i n g   l e v e r   s i g n a l   t r a n s m i t t e r   when  t h e   t u r n i n g   l e v e r   i s  

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

15  and  o u t p u t   a  t u r n i n g   b r a k e   a c t u a t i n g   s i g a n l   to  a  t u r n i n g  

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

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

b r a k e   a c t u a t o r   m e a n s ;   a  m i c r o p r o c e s s o r   m i n o t o r i n g   m e a n s  

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

20  h a r d w a r e   c i r c u i t   c o n n e c t e d   in   p a r a l l e l   w i t h   t h e   m i c r o -  

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

t h e   a r i t h m e t i c   f u n c t i o n   of  t h e   m i c r o p r o c e s s o r ;   and  a  

s w i t c h i n g   c i r c u i t   f o r   s w i t c h i n g   o u t p u t   of  t h e   m i c r o -  

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

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

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

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

p r o v i d e d   a  t u r n i n g   b r a k e   c o n t r o l l i n g   s y s t e m   f o r   u se   in   a  
5  power   s h o v e l ,   c h a r a c t e r i z e d   in   t h a t   t h e   m i c r o p r o c e s s o r  

a n d / o r   h a r d w a r e   c i r c u i t   as  d e s c r i b e d   in  t h e   f i r s t   a s p e c t  
i n c l u d e s   a  t u r n i n g   s p e e d   d e t e c t o r   means   a d a p t e d   to   d e t e c t  

t h e   t u r n i n g   s p e e d   of  t h e   u p p e r   t u r n i n g   body   when  t h e  

t u r n i n g   l e v e r   i s   s h i f t e d   f rom  i t s   t u r n i n g   p o s i t i o n   to   i t s  
10  n e u t r a l   p o s i t i o n   and  t h e   s u b s e q u e n t   s p e e d s   t h e r e o f   a n d  

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

d e t e c t e d   t u r n i n g   s p e e d ;   and  a  t u r n i n g   b r a k e   s i g n a l  

• g e n e r a t o r   means   a d a p t e d   to   r e c e i v e ,   as  i n p u t s   t h e r e o f ,   t h e  

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

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

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

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

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

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

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

s i g n a l   g e n e r a t o r   means   as  d e s c r i b e d   in   t h e   s e c o n d   a s p e c t  
i s   a r r a n g e d   to  o u t p u t   a  t u r n i n g   b r a k e   s i g n a l   when  t h e  

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

25  To  a c h i e v e   t h e   a b o v e - m e n t i o n e d   o b j e c t s ,   a c c o r d i n g   t o  

—  5  — 
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t h e   f o u r t h   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s  

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

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

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

5  i s   a r r a n g e d   to  o u t p u t   a  t u r n i n g   b r a k e   s i g n a l   in  a  d e l a y -  

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

t u r n i n g   s p e e d   s i g n a l .  

The  a b o v e - m e n t i o n e d   and  o t h e r   o b j e c t s , "   a s p e c t s   a n d  

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

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

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

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

of  t h e   p r e s e n t   i n v e n t i o n   a r e   shown  by  way  of  e x a m p l e s  

o n l y .  

15  DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  b l o c k   d i a g r a m   s c h e m a t i c a l l y   s h o w i n g  

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

i n v e n t i o n ;  

F i g .   2  i s   a  b l o c k   d i a g r a m   s c h e m a t i c a l l y   s h o w i n g   t h e  

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

i n v e n t i o n ;  

F i g .   3  i s   a  b l o c k   d i a g r a m   s c h e m a t i c a l l y   s h o w i n g   t h e  

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

i n v e n t i o n ;   a n d  

25  F i g s .   4  and  5  a r e   t i m i n g   d i a g r a m s   f o r   t h e   e m b o d i m e n t s  
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as  shown  in  F i g s .   2  and  3,  r e s p e c t i v e l y .  

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

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

by  way  of  t h e   f i r s t ,   s e c o n d   and  t h i r d   e m b o d i m e n t s   t h e r e o f  

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

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

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

F i g .   1 .  

In  F i g .   1,  r e f e r e n c e   n u m e r a l   1  d e n o t e s   a  t u r n i n g  

10  l e v e r   s i g n a l   t r a n s m i t t e r   a d a p t e d   to  o u t p u t   or  t r a n s m i t  

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

f o r   o p e r a t i n g   t h e   t u r n i n g   of  an  u p p e r   t u r n i n g   body  ( n o t  

shown)  of  a  power   s h o v e l   i s   s h i f t e d   to   i t s   n e u t r a l  

p o s i t i o n .  

15  R e f e r e n c e   n u m e r a l   2  d e n o t e s   a  p o w e r   s h o v e l   t u r n i n g  

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

l e v e r   s i g n a l   a  and  o t u p u t   or  t r a n s m i t   a  t u r n i n g   b r a k e  

a c t u a t i n g   s i g n a l   to   a  t u r n i n g   b r a k e   a c t u a t o r   means   3 .  

T h i s   t u r n i n g   b r a k e   c o n t r o l l i n g   s y s t e m   2  i n c l u d e s   a  

20  m i c r o p r o c e s s o r   21  a d a p t e d   to   r e c e i v e ,   as  an  i n p u t  

t h e r e o f ,   a  t u r n i n g   l e v e r   s i g n a l   a,  and  a  d e l a y   c i r c u i t   22  

s e r v i n g   as  a  h a r d w a r e   c i r c u i t .   T h i s   d e l a y   c i r c u i t   22 

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

f u n c t i o n   of  t h e   m i c r o p r o c e s s o r   2 1 .  

25  R e f e r e n c e   n u m e r a l   23  d e n o t e s   a  w a t c h d o g   w h i c h  
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s e r v e s   as  a  m o n i t o r i n g   means   f o r   t h e   m i c r o p r o c e s s o r   21  

and  w h i c h   r e c e i v e s ,   as  an  i n p u t   t h e r e o f ,   a  s i g n a l   c: 

o u t p u t t e d   by  t h e   m i c r o p o r c e s s o r   21  w h i c h   i s   e i t h e r   a  

n o r m a l   s i g n a l   "1"  or  an  a b n o r m a l   s i g n a l   " 0 " .   T h i s   m i c r o -  

5  p r o c e s s o r   21  i s   a d a p t e d   to   be  u n r e s e t   when  t h e   s i g n a l   d  

o u t p u t t e d   by  t h e   w a t c h d o g   23  i s   a  n o r m a l   s i g n a l   " 1 " ,   a n d  

r e s e t   when  t h e   s i g n a l   i s   an  a b n o r m a l   s i g n a l   " 0 " .   F u r t h e r ,  

t h e   w a t c h d o g   23  i s   a d a p t e d   to  o u t p u t   a  n o r m a l   s i g n a l  

"1"  when  t h e   s i g n a l   £  i s   a  n o r m a l   s i g n a l   " 1 " ,   and  o u t p u t  

10  an  a b n o r m a l   s i g n a l   "0"  when  t h e   s i g n a l   c_  i s   an  a b n o r m a l  

s i g n a l .  

R e f e r e n c e   n u m e r a l   24  d e n o t e s   an  AND  c i r c u i t   w h i c h  

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

t h e   m i c r o p r o c e s s o r   21  and  a  s i g n a l   d  o u t p u t t e d   by  t h e  

15  w a t c h d o g   23  and  w h i c h   i s   a d a p t e d   to   o u t p u t   a  s i g n a l   _f  t h a t  

b e c o m e s   a  n o r m a l   s i g n a l   "1"  o n l y   when  t h e   s i g n a l s   b  and  d  

a r e   n o r m a l   s i g n a l s   " 1 " .  

R e f e r e n c e   n u m e r a l   25  d e n o t e s   a  NOR  c i r c u i t   w h i c h  

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

20  w a t c h d o g   23  and  an  o u t p u t   s i g n a l   e_  f rom  t h e   d e l a y  

c i r c u i t   22  and  w h i c h   i s   a d a p t e d   to  o u t p u t   a  s i g n a l   £ .  

R e f e r e n c e   n u m e r a l   26  d e n o t e s   an  OR  c i r c u i t   w h i c h  

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

AND  c i r c u i t   24  and  NOR  c i r c u i t   25,  r e s p e c t i v e l y ,   a n d  

25  w h i c h   i s   a d a p t e d   to  t r a n s m i t   a  s i g n a l   h  to   t h e   t u r n i n g  
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b r a k e   a c t u a t o r   means   3 .  

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

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

In  c a s e   t h e   m i c r o p r o c e s s o r   21  i s   w o r k i n g   n o r m a l l y ,  
5  i f   a  t u r n i n g   l e v e r   s i g n a l   a  w h i h c   i s   g e n e r a t e d   by  t h e  

t u r n i n g   l e v e r   s i g n a l   t r n a s m i t t e r   1  and  w h i c h   i s   a  n e u t r a l  

p o s i t i o n   s i g n a l   "1"  i s   i n p u t t e d   to   t h e   i n p u t   s i d e   of  t h e  

m i c r o p r o c e s s o r   21,  t h e   m i c r o p r o c e s s o r   21  w i l l   o u t p u t   a  

s i g n a l   c,  w h i c h   i s   a  n o r m a l   s i g n a l   " 1 " ,   to   t h e   w a t c h d o g  
10  23.  As  a  r e s u l t ,   t h e   w a t c h d o g   23  w i l l   a l s o   o u t p u t   a  

s i g n a l   d  w h i c h   i s   a  n o r m a l   s i g n a l   " 1 " ,   so  t h a t   t h e  

m i c r o p r o c e s s o r   21  i s   n o t   r e s e t .   T h u s ,   t h e   m i c r o p r o c e s s o r  

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

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

15  i n p u t   s i d e   of  AND  c i r c u i t   24.  At  t h a t   t i m e ,   AND  c i r c u i t  

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

s i g n a l   d  ( w h i c h   i s   a  n o r m a l   s i g n a l   "1")   f rom  t h e  

w a t c h d o g   23,  so  t h a t   AND  c i r c u i t   24  w i l l   o u t p u t   a  s i g n a l  

1  w h i c h   i s   r e p r e s e n t a t i v e   of   t h e   r e s u l t   of  o p e r a t i o n   b y  
20  t h e   m i c r o p r o c e s s o r   2 1 .  

W h i l s t ,   NOR  c i r c u i t   25  w i l l   o u t p u t   a  s i g n a l   £  w h i c h  

i s   an  a b n o r m a l   s i g n a l   " 0 " ,   s i n c e   t h e   o u t p u t   s i g n a l   d  f r o m  

t h e   w a t c h d o g   23  i s   a  n o r m a l   s i g n a l   " 1 " .   As  a  r e s u l t ,  

OR  c i r c u i t   26  w i l l   r e c e i v e   an  o u t p u t   s i g n a l   _f  f rom  t h e  

5  AND  c i r c u i t   24,  i . e .   t h e   r e s u l t   of   o p e r a t i o n   by  t h e  
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m i c r o p r o c e s s o r   21  and  o u t p u t   a  s i g n a l   h  so  t h a t   t h e  

t r u n i n g   b r a k e   a c t u a t o r   means   3  w i l l   be  c o n t r o l l e d   i n  

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

p r o c e s s o r   2 1 .  

5  N e x t ,   t h e   o p e r a t i o n   of  t h e   c o n t r o l l i n g   s y s t e m   w h e n  

t h e   m i c r o p r o c e s s o r   21  m u l f u n c t i o n s   w i l l   be  d e s c r i b e d .  

S i n c e   t h e   o u t p u t   s i g n a l   £  f rom  t h e   m i c r o - p r o c e s s o r  

21  i s   n o t   a  n o r m a l   s i g n a l   "1"  when  t h e   m i c r o p r o c e s s o r   2 1  

m a l f u n c t i o n s ,   t h e   w a t c h d o g   23  w i l l   o u t p u t   a  s i g n a l   d  

10  w h c i h   i s   an  a b n o r m a l   s i g n a l   " 0 " .   As  a  r e s u l t ,   t h e  

m i c r o p r o c e s s o r   21  w i l l   be  r e s e t   by  t h e   a b n o r m a l   s i g n a l  

d.  At  t h a t   t i m e ,   s i n c e   an  a b n o r m a l   s i g n a l   "0"  form  t h e  

w a t c h d o g   23  i s   i n p u t   to   one  i n p u t   s i d e   of  AND  c i r c u i t   2 4 ,  

t he   l a t t e r   w i l l   o u t p u t   a  s i g n a l   _f  w h i c h   i s   an  a b n o r m a l  

15  s i g n a l   " 0 " .   F r u t h e r ,   a  t u r n i n g   l e v e r   s i g n a l   "a"  i s   t h e n  

o u t p u t t e d   by  t h e   t u r n i n g   l e v e r   s i g n a l   t r a n s m i t t e r   1.  T h e  

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

d e l a y   c i r c u i t   22  and  i s   o u t p u t t e d   by  t h e   l a t t e r   as  a  

s i g n a l   e.  At  t h a t   t i m e ,   s i n c e   t h e   s i g n a l   d,  w h i c h   i s   a n  

20  a b n o r m a l   s i g a n l   " 0 " ,   f rom  t h e   w a t c h d o g   23  i s   i n p u t   to  a n  

i n p u t   s i d e   of  NOR  c i r c u i t   25,   t h e   l a t t e r   w i l l   o u t p u t   o r  

t r a n s m i t   a  s i g n a l   £  ( w h i c h   i s   an  i n v e r t e d   s i g n a l )  

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

2 2 .  
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At  t h a t   t i m e ,   s i n c e   OR  c i r c u i t   26  w i l l   r e c e i v e ,   a t  

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

.  s i g n a l   " 0 " ,   fo rm  t h e   AND  c i r c u i t   24,  t he   OR  c i r c u i t   26  

w i l l   i n v e r t   t h e   s i g n a l   f rom  t h e   t u r n i n g   l e v e r   s i g n a l  

5  t r a n s m i t t e r   1  and  o u t p u t   a  s i g n a l   h  t h e   t r a n s m i s s i o n   o f  

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

c i r c u i t   22.  T h u s ,   t h e   t u r n i n g   b r a k e   a c t u a t o r   means   3 

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

h .  

10  S u b s e q u e n t l y ,   t h e   s e c o n d   e m b o d i m e n t   of  t h e   p r e s e n t  

i n v e n t i o n   w i l l   be  d e s c r i b e d   w i t h   r e f e r e n c e   to  F g i s .   2  ■ 

and  4 .  

In  F i g .   2,  t h e   c o m p o n e n t s   i n d i c a t e d   by  t h e   s a m e  

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

15  F i g .   1  h a v e   t h e   same  f u n c t i o n s ,   and  t h e r e f o r e   t h e  

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

d u p l i c a t i o n   of  e x p l a n a t i o n .  

In  F i g .   2,  r e f e r e n c e   n u m e r a l   20  d e n o t e s   a  t u r n i n g  

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

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

and  a d a p t e d ,   when  a  t u r n i n g   l e v e r   ( n o t   shown)  i s   s h i f t e d  

f rom  i t   t u r n i n g   p o s i t i o n   to  i t s   n e u t r a l   p o s i t i o n ,  

to   r e c e i v e   a  t u r n i n g   l e v e r   s i g n a l   a  t r a n s m i t t e d   by  t h e  

t u r n i n g   l e v e r   s i g n a l   t r a n s m i t t e r   1  and  o u t p u t   o r  

25  t r a n s m i t   a  t u r n i n g   b r a k e   a c t u a t i n g   s i g n a l   to   t h e   t u r n i n g  
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b r a k e   a c t u a t o r   means   3  . 

R e f e r e n c e   n u m e r a l   5  d e n o t e s   a  F/V  c o n v e r t e r   a d a p t e d  

to  r e c e i v e ,   as  an  i n p u t   t h e r e o f ,   a  p u l s e   s i g n a l   JL  f rom  a  

t r u n i n g   s p e e d   s e n s o r   4  w h i c h   p i c k s   up  t h e   r o t a t i o n   of  a  

5  t r u n i n g   m o t o r   ( n o t   shown)  f o r   t u r n i n g   t h e   u p p e r   t u r n i n g  

body   of  a  power   s h o v e l ,   n o t   s h o w n ,   and  c o n v e r t   t h e   p u l s e  

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

t h e r e o f   so  as  to  o u t p u t   a  v a r i a b l e   v o l t a g e   s i g n a l   j_. 

R e f e r e n c e   n u m e r a l   6  d e n o t e s   a  r e f e r e n c e   v o l t a g e   s o u r c e  

10  or  g e n e r a t o r   means   a d a p t e d   to   g e n e r a t e   a  r e f e r e n c e  

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

of  t h e   u p p e r   t u r n i n g   b o d y .  

The  t u r n i n g   b r a k e   c o n t r o l l i n g   s y s t e m   20  in   t h e  

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

15  t r a n s m i t t e r   201  a d a p t e d   to   r e c e i v e   a  t u r n i n g   l e v e r   s i g n a l  

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

m i t t e r   1  and  o u t p u t   a  t u r n i n g   b r a k e   s i g n a l   b  a  p r e -  

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

i t s   t u r n i n g   p o s i t i o n   to  i t s   n e u t r a l   p o s i t i o n ;   a  

20  c o m p a r a t o r   202  a d a p t e d   to   r e c e i v e ,   as  i n p u t s   t h e r e o f ,   t h e  

v a r i a b l e   v o l t a g e   s i g n a l   i,  f r o m   t h e   a b o v e - m e n t i o n e d   F / V  

c o n v e r t e r   5  and  t h e   r e f e r e n c e   s i g n a l   v o l t a g e   s i g n a l   v  f r o m  

t h e   r e f e r e n c e   v o l t a g e   g e n e r a t o r   m e a n s   6,  c o m p a r e   t h e s e  

s i g n a l s   and  o u t p u t   a  c o m p a r i s o n   s i g n a l   k,  a  NAND  c i r c u i t  

25  20  3  a d a p t e d   to  r e c e i v e ,   as  i n p u t s   t h e r e o f ;   t h e   c o m p a r i s o n  
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s i g n a l   k  and  t h e '   t u r n i n g   l e v e r   s i g n a l   a;  and  an  AND 

c i r c u i t   204  a d a p t e d   to   r e c e i v e ,   as  i n p u t s   t h e r e o f ,   a  NAND 

s i g n a l   £_  f rom  NAND  c i r c u i t   203  and  t h e   t u r n i n g   b r a k e  

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

5  t r a n s m i t t e r   201,   and  o u t p u t   an  AND  s i g n a l   h  ( t u r n i n g  

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

means   3  in   a c c o r d a n c e   w i t h   t h e   s i g n a l s   l_  and  b .  

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

t he   a b o v e - m e n t i o n e d   c o n f i g u r a t i o n   w i l l   be  d e s c r i b e d .  

10  Tne  t u r n i n g   l e v e r   s i g n a l   a.  t r a n s m i t t e d   by  t h e  

t u r n i n g   l e v e r   s i g n a l   t r a n s m i t t e r   1  i s   a  b i n a r y   s i g n a l ,  

w h i c h   i s   e i t h e r   "0"  or  " 1 " .   S i n c e   t h e   s i g n a l   a  i s   " 0 "  

when  t h e   u p p e r   t u r n i n g   body   of   a  p o w e r   s h o v e l ,   n o t   s h o w n ,  

is   t u r n i n g ,   NAND  c i r c u i t   203  w i l l   o u t p u t   a  n o r m a l   s i g n a l  

15  "1"  as  a  NAND  s i g n a l   l_,  i r r e s p e c t i v e   of  t h e   n a t u r e   of  t h e  

c o m p a r i s o n   s i g n a l   k  f rom  t h e   c o m p a r a t o r   202.   W h i l s t ,   a t  

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

s i g n a l   " 0 " ,   t h e   t u r n i n g   b r a k e   s i g n a l   b  t r a n s m i t t e d   by  t h e  

t u r n i n g   b r a k e   s i g n a l   t r a n s m i t t e r   2  01  w i l l   become  a  n o r m a l  

20  s i g n a l   "1"  w h i c h   i s   a  b r a k e   r e l e a s e   s i g n a l .   T h u s ,   t h e  

NAND  c i r c u i t   204  w i l l   r e c e i v e   t h e   t u r n i n g   b r a k e   s i g n a l  

b  and  t h e   NAND  s i g n a l   _Af  b o t h   of  w h i c h   a r e   "1"  a n d  

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

t u r n i n g   b r a k e   r e l e a s e   s i g n a l   " 1 " ,   to   t h e   t u r n i n g   b r a k e  

25  a c t u a t o r   means   3 .  
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In  t h e   n e x t   p l a c e ,   t h e   o p e r a t i o n   of  t h i s   t u r n i n g  

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

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

d i a g r a m   as  shown  in  F i g .   3 .  

5  When  t h e   t u r n i n g   l e v e r   s i g n a l   â   i s   c h a n g e d   f rom  " 0 "  

to  " 1 " ;   t h a t   i s ;   when  t h e   t u r n i n g   l e v e r ,   n o t   s h o w n ,   i s  

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

p o s i t i o n ,   t h e   v o l t a g e   s i g n a l   _j_  f rom  t h e   F/V  c o n v e r t e r   5 

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

10  s p e e d   of  t h e   u p p e r   t u r n i n g   b o d y .   When  t h e   s i g n a l   j_ 

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

r e f e r e n c e   v o l t a g e   g e n e r a t o r   means   6  a  t i m e   t_  a f t e r   t h e  

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

s i g n a l   k  f rom  t h e   c o m p a r a t o r   202  i s   c h a n g e d   f rom  "0"  t o  

15  " 1 " .   The  t i m e   t -   a t   t h a t   t i m e   i s   p r e s e t   i r r e s p e c t i v e   o f  

a  d e l a y   t i m e   t^   f o r   t h e   t u r n i n g   b r a k e   s i g n a l   b  f rom  t h e  

t u r n i n g   b r a k e   s i g n a l   t r a n s m i t t e r   2 0 1 .  

When  t h e   c o m p a r i s o n   s i g n a l   k  b e c o m e s   " 1 " ,   b o t h   t h e  

s i g n a l s   a  and  k  w h i c h   a r e   i n p u t t e d   to   NAND  c i r c u i t   2 0 3  

20  become   " 1 " ,   so  t h a t   t h e   NAND  s i g n a l   l_  b e c o m e s   " 0 " ,   a n d  

h e n c e   t h e   AND  s i g n a l   h  f rom  AND  c i r c u i t   204  b e c o m e s   " 0 "  

t h e r e b y   r e n d e r i n g   t h e   t u r n i n g   b r a k e   a c t u a t o r   means   3 

o p e r a t i v e .  

When  t h e   t u r n i n g   l e v e r   s i g n a l   a.  i s   c h a n g e d   f rom  " 1 "  

25  to  " 0 " ,   t h e   t u r n i n g   b r a k e   s i g n a l   b,  t h e   NAND  s i g n a l   2,, 
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and  t h e   AND  s i g n a l   h  a r e   c h a n g e d   f rom  "0"  to   "1"  a t   t h e  

same  t i m e ,   t h e r e b y   r e l e a s i n g   t h e   t u r n i n g   b r a k e .  

F u r t h e r ,   in  c a s e   t h e   t u r n i n g   s p e e d   of  t he   u p p e r  

t u r n i n g   body   i s   h i g h ;   t h a t   i s   to   s a y ;   t h e   v o l t a g e   s i g n a l  

5  j.  f rom  t h e   F/V  c o n v e r t e r   i s   h i g h ,   and  when  t h e   t u r n i n g  

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

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

r e f e r e n c e   v o l t a g e   s i g n a l   v  w i l l   become   l o n g e r   t h a n   t h e  

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

10-  on  t h e   r i g h t   s i d e   in   F i g .   4.  In  t h i s   c a s e ,   t h e   t i m e  

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

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

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

V  

15  F u r t h e r ,   i f   t h e   t u r n i n g   b r a k e   s i g n a l   b  f rom  t h e  

t r u n i n g   b r a k e   s i g n a l   t r a n s m i t t e r   201  b e c o m e s   "0"  b e f o r e  

t he   NAND  s i g n a l   l_  b e c o m e s   " 0 " ,   t h e n   t h e   AND  s i g n a l   h  

b e c o m e s   "0"  t h e r e b y   r e n d e r i n g   t h e   t u r n i n g   b r a k e   o p e r a t i v e .  

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

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

and  t h e   t u r n i n g   s p e e d   of  t h e   u p p e r   t u r n i n g   body   b e c o m e s  

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

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

b r a k e .  

25  N e x t ,   t h e   t h i r d   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n  

-  15  -  



EP  0  366  805  A1  -  »« 
•  •••«-  •-  »■*  •  •  •  • 

*  »  »  •  •  •  •  »r  »-<■ 
•  • ' •   »  '  »  • »   f 

w i l l   be  d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g s .   3  and  5 .  

F u r t h e r ,   in  t h i s   t h i r d   e m b o d i m e n t ,   t h e   same  c o m p o n e n t s  

as  t h o s e   of  t h e   s e c o n d   e m b o d i m e n t s   as  shown  in  F i g .   2  a r e  

i n d i c a t e d   by  t h e   same  r e f e r e n c e   n u m e r a l s   and  r e f e r e n c e  

5  s y m b o l s ,   t h e   d e s c r i p t i o n   of   t hem  i s   o m i t t e d   to   a v o i d  

t h e   d u p l i c a t i o n   of  e x p l a n a t i o n .  

In  F i g .   3,  r e f e r e n c e   n u m e r a l   30  d e n t o e s   a  t u r n i n g  

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

20  as  shown  in  F i g .   2.  The  t u r n i n g   b r a k e   c o n t r o l l i n g  

10  s y s t e m   30  i n c l u d e s   an  i n t e g r a t o r   301  a d a p t e d   t o  

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

a  t u r n i n g   l e v e r   s i g n a l   t r a n s m i t t e r   1;  a  s a m p l e   h o l d i n g  

c i r c u i t   302  a d a p t e d ,   when  i t   r e c e i v e s   t h e   t u r n i n g   l e v e r  

s i g n a l   a.;  t h a t   i s   to   s a y ;   t h e   moment   t h e   t u r n i n g   l e v e r  

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

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

a  F/V  c o n v e r t e r   5  in   a c c o r d a n c e   w i t h   t h e   t u r n i n g   s p e e d   o f  

t h e   u p p e r   t u r n i n g   body   a t   t h a t   t i m e ;   a  c o m p a r a t o r   30  3 

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

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

302  and  a  t u r n i n g   b r a k e   s i g n a l   b_'  w h i c h   i s   o u t p u t t e d   b y  

t h e   i n t e g r a t o r   301 ,   c o m p a r e   t h e s e   s i g n a l s   and  o u t p u t   a  

c o m p a r i s o n   s i g n a l   n;  and  a  NAND  c i r c u i t   304  a d a p t e d   t o  

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

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

-  16  -  



EP  0  366  805  A1  ,-  „-  .  ^  
•  •  *  *  a  *  *  •"  »-r • • ' •   i  ■  »  •  *  * 

a c t u a t i n g   s i g n a l   h  to  a  t u r n i n g   b r a k e   a c t u a t o r   means   3 

in  a c c o r d a n c e   w i t h   t he   s i g n a l s   a.  and  n .  

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

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

5  t u r n i n g   b o d y   i s   t u r n i n g   i s   " 0 " ,   NAND  c i r c u i t   304  w i l l  

o u t p u t   a  t u r n i n g   b r a k e   r e l e a s e   s i g n a l ,   w h i c h   i s   " 1 "  

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

c o m p a r a t o r   30  2,  to  t he   t u r n i n g   b r a k e   a c t u a t o r   means   3 .  

N e x t ,   t h e   o p e r a t i o n   of  t h e   s y s t e m   when  t h e   t u r n i n g  

10  b r a k e   i s   a c t u a t e d   w i l l   be  d e s c r i b e d   w i t h   r e f e r e n c e   to  t h e  

t i m i n g   d i a g r a m   as  shown  in  F i g .   5 .  

When  t h e   t u r n i n g   l e v e r   s i g n a l   a.  i s   c h a n g e d   f rom  " 0 "  

to  "1" ;   t h a t   i s   to   s a y ;   a  t u r n i n g   l e v e r ,   n o t   shown,   i s  

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

15  p o s i t i o n ,   t h e   o u t p u t   of  t h e   i n t e g r a t o r   301;   t h a t   i s   t o  

s a y ;   an  i n t e g r a t i o n   s i g n a l   b1  w i l l   g r a d u a l l y   c h a n g e  

w i t h   t i m e   f rom  "0"  to  " 1 " .   At  t h a t   t i m e ,   t h e   s a m p l e  

h o l d i n g   c i r c u i t   302  w i l l   h o l d   an  o u t p u t   of  t h e   F / V  

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

20  "0"  to   " 1 " ;   t h a t   i s ;   a  v o l t a g e   w h i c h   i s   p r o p o r t i o n a l   t o  

t h e   t u r n i n g   s p e e d   of  t h e   u p p e r   t u r n i n g   body   when  t h e  

t u r n i n g   l e v e r   i s   s h i f t e d   f rom  i t s   t u r n i n g   p o s i t i o n   t o  

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

a c c o r d i n g l y .   The  c o m p a r a t o r   303  s e r v e s   to   c o m p a r e   a l w a y s  

25  t h e   i n t e g r a t i o n   s i g n a l   b'  w i t h   t h e   s a m p l e   h o l d   s i g n a l   m ,  
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and  o u t p u t   a  c o m p a r i s o n   s i g n a l   ri  w h i c h   i s   " 1 " ,   when  t h e  

o u t p u t   of  t h e   i n t e g r a t i o n   s i g n a l   b1  i s   i n c r e a s e d   a n d  

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

302  a  t i m e   t .   a f t e r   t h e   t u r n i n g   l e v e r   s i g n a l   a.  i s  

5  c h a n g e d   f rom  "0"  to  " 1 " .   S i n c e   t h e   t u r n i g n   l e v e r  

s i g n a l   a.  i s   " 1 " ,   t h e   NAND  s i g n a l   h  b e c o m e s   "0"  when  t h e  

c o m p a r i s o n   s i g n a l   ri  has   b e c o m e   " 1 " ,   and  as  a  r e s u l t ,   t h e  

t u r n i n g   l e v e r   a c t u a t o r   means   3  i s   r e n d e r e d   - o p e r a t i v e .  

As  m e n t i o n e d   h e r e i n a b o v e ,   t h e   t u r n i n g   b r a k e  

10  a c t u a t o r   means   i s   a c t u a t e d   a f t e r   a  d e l a y   t i m e   w h i c h  

c o r r e s p o n d s   to  t h e   t u r n i n g   s p e e d   of  t h e   u p p e r   t u r n i n g .   b o d y  

when  t h e   t u r n i n g   l e v e r   i s   s h i f t e d   f rom  i t s   t u r n i n g  

p o s i t i o n   to  i t s   n e u t r a l   p o s i t i o n .  
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WHAT  IS  CLAIMED  I S :  

1.  A  t u r n i n g   b r a k e   c o n t r o l l i n g   s y s t e m   f o r   u se   in   a n  

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

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

a  t u r n i n g   l e v e r   s i g n a l   t r a n s m i t t e r   when  t h e   t u r n i n g   l e v e r  

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

p o s i t i o n   and  o u t p u t   a  t u r n i n g   b r a k e   a c t u a t i n g   s i g n a l   to  a  

t u r n i n g   b r a k e   a c t u a t o r   m e a n s ,   c o m p r i s i n g :   a  m i c r o -  

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

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

10  p r o c e s s o r   m o n i t o r i n g   means   f o r   m o n i t o r i n g   t h e   o p e r a t i o n  

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

p a r a l l e l   w i t h   t h e   m i c r o p r o c e s s o r   and  w h i c h "   f u l f i l l s   a  

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

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

15  s w i t c h i n g   o u t p u t   of  t h e   m i c r o p r o c e s s o r   o v e r ' - t o T - o u - f p u t   o f  

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

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

2.  A  t u r n i n g   b r a k e   c o n t r o l l i n g   s y s t e m   f o r   use   in  a  

power   s h o v e l   as  c l a i m e d   in   c l a i m   1,  c h a r a c t e r i z e d   i n  

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

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

5  t u r n i n g   s p e e d   of  t h e   u p p e r   t u r n i g n   body   when  t h e  

t u r n i n g   l e v e r   i s   s h i f t e d   f rom  i t s   t u r n i n g   p o s i t i o n   t o  

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

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

-  19  -  



EP  0  366  805  A1 
•  •  o 9  •  »  •  "• •  > • •   «  •  a  *  »p •  » •  a  a  »  ■  • 

t h u s   d e t e c t e d   t u r n i n g   s p e e d ;   and  a  t u r n i n g   b r a k e   s i g n a l  

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

10  t u r n i n g   s p e e d   s i g n a l   o u t p u t t e d   by  t h e   t u r n i n g   s p e e d  

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

t he   t u r n i n g   l e v e r   s i g n a l   t r a n s m i t t e r   and  o u t p u t   a  t u r n i n g  

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

3.  A  t u r n i n g   b r a k e   c o n t r o l l i n g   s y s t e m   f o r   u se   in   a  

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

s i g n a l   g e n e r a t o r   means   i s   a r r a n g e d   to   o u t p u t   a  t u r n i n g  

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

5  t h a n   a  p r e s e t   v a l u e .  

4.  A  t u r n i n g   b r a k e   c o n t r o l l i n g   s y s t e m   f o r   use   in   a  

power   s h o v e l   as  c l a i m e d   in   c l a i m   2,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   t u r n i n g   b r a k e   s i g n a l   g e n e r a t o r   means   i s   a r r a n g e d  

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

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

s p e e d   s i g n a l .  

5.  A  t u r n i n g   b r a k e   c o n t r o l l i n g   s y s t e m   f o r   use   in   a  p o w e r  

s h o v e l   as  c l a i m   in  c l a i m   3,  c h a r a c t e r i z e d   in   t h a t   s a i d  

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

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

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

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

s p e e d ,   and  a  F/V  c o n v e r t e r   a d a p t e d   to   r e c e i v e   t h e  

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

-  20  -  



EP  0  366  805  A1 

a  •  •  • 

a  v o l t a g e   s i g n a l   to  be  o u t p u t t e d   t h e r e b y   ;§  s a i d   t u r n i n g  
10  b r a k e   s i g n a l   g e n e r a t o r   means   i n c l u d e s   a  t u r n i n g   b r a k e  

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

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

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

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

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

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

d e f i n i n g   t h e   min imum  t u r n i n g   s p e e d   of  s a i d   u p p e r   t u r n i n g  

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

t h e   v o l t a g e   s i g n a l   f rom  s a i d   F/V  c o n v e r t e r   and  s a i d  

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

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

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

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

an  AND  c i r c u i t   a d a p t e d   to   r e c e i v e ,   as  i n p u t s   t h e r e o f ,   t h e  

25  NAND  s i g n a l   and  t h e   t u r n i n g   b r a k e   s i g n a l   f rom  s a i d  

t u r n i n g   b r a k e   s i g n a l   t r a n s m i t t e r   and  o u t p u t   an  AND  s i g n a l  

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

a c t u a t o r   m e a n s .  

6.  A  t u r n i n g   b r a k e   c o n t r o l l i n g   s y s t e m   f o r   u se   in   a  p o w e r  
s h o v e l   as  c l a i m e d   in   c l a i m   4,  c h a r a c t e r i z e d   in   t h a t   s a i d  

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

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

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

and  a  F/V  c o n v e r t e r   a d a p t e d   to   r e c e i v e   t h e   t u r n i n g   s p e e d  

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

s i g n a l   to  be  o u t p u t t e d   t h e r e b y ;   and  s a i d   t u r n i n g ,   b r a k e  

10  s i g n a l   g e n e r a t o r   means   i n c l u d e s   an  i n t e g r a t o r   a d a p t e d   t o  

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

t u r n i n g   l e v e r   s i g n a l   t r a n s m i t t e r   and  o u t p u t   a n  

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

r e c e i v e ,   as  an  i n p u t   t h e r e o f ,   t h e   t u r n i n g   l e v e r   s i g n a l  

15  t h e   moment   s a i d   t u r n i n g   l e v e r   i s   s h i f t e d   f rom  i t s   t u r n i n g  

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

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

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

body   a t   t h a t   t i m e ,   a  c o m p a r a t o r   a d a p t e d   to   r e c e i v e ,   a s  

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

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

o u t p u t t e d   by  s a i d   i n t e g r a t o r ,   c o m p a r e   t hem  and  o u t p u t   a  

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

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

25  c o m p a r i s o n   s i g n a l   and  o u t p u t   a  NAND  s i g n a l   w h i c h  

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

a c t u a t o r   means   . 
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