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(m)  Withdrawing  mechanlem  for  the  caating  In  a  horizontal  contlnuoua  catting  machine. 
©  A  withdrawal  mechanism  for  a  horizontal  continuous 
casting  machine  has  a  disc  (6)  on  a  rotatable  shaft  (3),  a  piv 
pivoted  lever  (11)  displaceable  with  respect  to  the  disc,  \ /  
means  for  (12,13)  displacing  the  lever,  a  clutch  for  releasably  f—*'  " 
(14,15)  coupling  the  lever  to  the  disc,  a  brake  mechanism  (7)  —  
for  preventing  rotation  of  the  shaft,  and  a  pair  of  pinch  rolls,  _  ^   _ 
(1,2)  with  one  of  the  rolls  being  in  driving  relation  with  the  -  ^ / S e   = rotatable  shaft. 

Q. 
LU 

Croydon  Printing  Company  Ltd 

 A   withdrawal  mechanism  for  a  horizontal  continuous 
costing  machine  has  a  disc  (6)  on  a  rotatable  shaft  (3),  a 
pivoted  lever  (11)  displaceable  with  respect  to  the  disc, 
means  for  (12,13)  displacing  the  lever,  a  clutch  for  releasably 
(14,15)  coupling  the  lever  to  the  disc,  a  brake  mechanism  (7) 
for  preventing  rotation  of  the  shaft,  and  a  pair  of  pinch  rolls, 
(1,2)  with  one  of  the  rolls  being  in  driving  relation  with  the 
rotatable  shaft. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  w i t h d r a w a l  

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

h o r i z o n t a l   c o n t i n u o u s   c a s t i n g   m a c h i n e .  

A  h o r i z o n t a l   c o n t i n u o u s   c a s t i n g   m a c h i n e   i s  

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

c a s t i n g   is  w i t h d r a w n   in  an  i n t e r m i t t e n t   m a n n e r   f rom  t h e  

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

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

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

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

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

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

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

p a u s e   p h a s e   and  a  p u s h   p h a s e   in   w h i c h   a  f o r c e   i s  

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

t o w a r d s   the   mou ld   in  w h i c h   i t   is   f o r m e d .   U s u a l l y ,   t h e  

p a u s e   p h a s e   i s   b e t w e e n   t h e   w i t h d r a w a l   p h a s e   and  t h e  

p u s h   p h a s e ,   b u t   t h e   push   p h a s e   can  be  a r r a n g e d   b e t w e e n  

t h e   w i t h d r a w a l   p h a s e   and  t h e , p a u s e   p h a s e .  

I t   is  known  f o r   t he   w i t h d r a w a l   p i n c h   r o l l s   t o  

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

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

b o x .  

I t   is   an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   t o  



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

h o r i z o n t a l   c o n t i n u o u s   c a s t i n g   m a c h i n e .  

A c c o r d i n g   to  one  a s p e c t   of  the   p r e s e n t  

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

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

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

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

one   of   s a i d   r o l l s   b e i n g   i n   d r i v i n g   r e l a t i o n   w i t h   a  

r o t a t a b l e   s h a f t ,   c h a r a c t e r i s e d - i n   t h a t   a  d i s c   i s  

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

is   d i s p l a c e a b l e   w i t h   r e s p e c t   to   t he   d i s c ;   means   a r e  

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

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

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

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

a s s e m b l y   t o   t h e   d i s c ;   and  a  b r a k e   m e c h a n i s m   i s  

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

In  u s e ,   t h e   c l u t c h   i s   a c t u a t e d   to   c o u p l e   t h e  

l e v e r  a s s e m b l y   to   t he   d i s c   and  t h e   l e v e r   a s s e m b l y   i s  

- p i v o t e d   a b o u t   i t s   p i v o t   in  one   d i r e c t i o n   of  r o t a t i o n   i n  

o r d e r   to   r o t a t e   t he   d i s c   a n d ,   h e n c e ,   t he   s h a f t   in  o n e  

d i r e c t i o n   of   r o t a t i o n .   A f t e r   a  p r e d e t e r m i n e d   a n g l e   o f  

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

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

r e l e a s e d   w h i l e   t he   l e v e r   a s s e m b l y   is  p i v o t e d   in  t h e  



o t h e r   d i r e c t i o n   of  r o t a t i o n   a b o u t   t he   p i v o t .   T h e  

c l u t c h   is  t h e n   a c t u a t e d   to   r e - c o u p l e   t he   l e v e r   a s s e m b l y  

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

a l l o w   a n g u l a r   r o t a t i o n   of  t he   s h a f t   and ,   in  t h i s   way,  a  

l i m i t e d   m o v e m e n t   of  t h e   l e v e r   a s s e m b l y   in  the   o p p o s i t e  

d i r e c t i o n   of  r o t a t i o n   i s   t r a n s m i t t e d   to   t he   r o t a t a b l e  

s h a f t .   The  m o v e m e n t   of  t h e   s h a f t   i s ,   t h u s ,   t h r o u g h   a  

p r e d e t e r m i n e d   a n g l e   in   one  d i r e c t i o n ,   f o l l o w e d   by  a  

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

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

The  m e a n s   f o r   d i s p l a c i n g   the   l e v e r   a s s e m b l y  

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

l e v e r   a s s e m b l y ,   or   i t   may  c o m p r i s e   a  cam  a r r a n g e m e n t  

a c t i n g   on  the   l e v e r   a s s e m b l y .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  m o r e  

r e a d i l y   u n d e r s t o o d ,   i t   w i l l   now  be  d e s c r i b e d ,   by  way  o f  

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

d r a w i n g s ,   in  w h i c h : -  

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

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

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

shown  in  F i g u r e   1 ;  

F i g u r e s   3 a  -   3d  a r e   g r a p h s   s h o w i n g   t h e  

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

F i g u r e   4  i s   a  f r o n t   e l e v a t i o n   of  a n  

a l t e r n a t i v e   e m b o d i m e n t ;  



F i g u r e   5  i s   a  s i d e   v i e w   of   t h e   e m b o d i m e n t   o f  

F i g u r e   4 ;  

F i g u r e s   6 a  -   6c  a r e   g r a p h s   s h o w i n g   t h e  

o p e r a t i o n   of   p a r t s   of  t he   m e c h a n i s m   of  F i g u r e s   4  a n d  

5 ;  

F i g u r e   7  i s   a  f r o n t   e l e v a t i o n   of  a  s t i l l  

f u r t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n ;  

F i g u r e   8  i s   a  s i d e   e l e v a t i o n   of  t h e  

e m b o d i m e n t   s h o w n  i n   F i g u r e   7;  a n d  

F i g u r e s   9 a  -   9c  a r e   g r a p h s   s h o w i n g   t h e  

o p e r a t i o n   of   p a r t s   of  t h e   m e c h a n i s m   of  F i g u r e s   7  and  8 .  

R e f e r r i n g   to   F i g u r e s   1  and  2,  a  w i t h d r a w a l  

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

c o n s i s t s   o f   a  p a i r   of  p i n c h   r o l l s   1,  2  w h i c h   e n g a g e  

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

( n o t   s h o w n ) .   P i n c h   r o l l   1  i s   f r e e l y   r o t a t a b l e   a b o u t   a  

s h a f t   ( n o t   s h o w n )   and  i t   may  be  u r g e d   a g a i n s t   t h e   u p p e r  

s u r f a c e   of   t h e   c a s t i n g .   P i n c h   r o l l   2  i s   m o u n t e d   on  a  

s h a f t   3  w h i c h ,  i n  t u r n ,   i s   m o u n t e d   in  b e a r i n g s   4,  5.  A 

d i s c   6  i s   r i g i d l y   s e c u r e d   t o   t h e   s h a f t   3  t o   r o t a t e   w i t h  

i t .   A  b r a k e   m e c h a n i s m   7  h a s . a   f i x e d   c a l l i p e r   8  w i t h   a  

p a i r   of  p a d s   9  w h i c h   can  be  d i s p l a c e d   i n t o   e n g a g e m e n t  

w i t h   o p p o s i t e   s i d e s   of  t h e   d i s c   so  t h a t   t h e   f r i c t i o n  

b e t w e e n   t h e   p a d s   and  t h e   d i s c   p r e v e n t s   r o t a t i o n   of   t h e  

d i s c   a n d ,   h e n c e ,   p r e v e n t s   r o t a t i o n   of  the   s h a f t   3 .  

A  l e v e r   a s s e m b l y   10  h a s   a  l e v e r   11  m o u n t e d   a t  



one  end  on  a  s l e e v e   12  w h i c h   f i t s   o v e r ,   and  is   f r e e l y  

r o t a t a b l e   r e l a t i v e   t o ,   t he   s h a f t   3.  The  o p p o s i t e   e n d  

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

12'  of  a  p i s t o n - c y l i n d e r   d e v i c e   13.  The  p i s t o n -  

c y l i n d e r   d e v i c e   13  i s   e i t h e r   a  d o u b l e - a c t i n g   d e v i c e   o r  

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

r e t u r n ,   w h e r e b y   t h e   l e v e r   11  can   be  p i v o t e d   in  b o t h  

d i r e c t i o n s   of  m o v e m e n t   r e l a t i v e   to  t he   a x i s   of  t h e  

s h a f t   3.  A  b r a c k e t   14  c o n n e c t e d   to   t he   l e v e r   11  has   a  

p a i r   of  p a d s   15  w h i c h   a r e   p o s i t i o n e d   on  o p p o s i t e   s i d e s  

of   t h e   d i s c   6.  T h e s e   s e r v e   as  a  c l u t c h   m e c h a n i s m   s i n c e  

m e a n s   ( n o t   s h o w n )   s e r v e   to   a c t u a t e   t he   p a d s   i n t o  

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

t h e m   and  t h e   d i s c   i s   s u f f i c i e n t   to   c a u s e   t h e   d i s c   a n d  

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

e l e c t r i c a l   t r a n s d u c e r   16  is  r i g i d l y   s e c u r e d   to  a  

s u p p o r t   ( n o t   s h o w n )   and  has   one  p o r t i o n   c o n n e c t e d   t o  

t h e   l e v e r   a s s e m b l y   so  t h a t   t he   t r a n s d u c e r   can  p r o d u c e  

an  e l e c t r i c a l   s i g n a l   r e p r e s e n t a t i v e   of  t he   p o s i t i o n   o f  

t h e   p i s t o n   of  t h e   p i s t o n - c y l i n d e r   d e v i c e   and ,   h e n c e ,   o f  

t h e   l e v e r   arm.  A  r o t a r y   t r a n s d u c e r   17  c o u p l e d   to   t h e  

s h a f t   3  g i v e s   an  i n d i c a t i o n   of  t he   a n g u l a r   p o s i t i o n   o f  

t h e   s h a f t   and  t h e   p i n c h   r o l l   2 .  

The  f o r w a r d   m o v e m e n t   of  t he   c a s t i n g   C  o u t   o f  

t h e   mou ld   is  b r o u g h t   a b o u t   by  a c t u a t i n g   t he   c l u t c h  

m e c h a n i s m   so  t h a t   t h e   l e v e r   a s s e m b l y   10  i s   c o u p l e d   t o  



t h e   d i s c   6.  The  p i s t o n - c y l i n d e r   d e v i c e   13  i s   e n e r g i s e d  

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

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

h y d r a u l i c   f l u i d   a p p l i e d   to  t he   p i s t o n - c y l i n d e r   d e v i c e .  

The  p i s t o n   rod   u r g e s   t h e   l e v e r   a s s e m b l y   to   r o t a t e   i n  

t h e   a n t i c l o c k w i s e   d i r e c t i o n ,   as  shown  in  F i g u r e   2 ,  

c a u s i n g   t h e   d i s c   and  t h e   s h a f t   3  to   be  r o t a t e d   in  a n  

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

t h e   c o m p l e t i o n   of   t h e   f o r w a r d ' s t r o k e   of   t he   p i s t o n -  

c y l i n d e r   d e v i c e ,   as  i n d i c a t e d   by  I I   in  F i g u r e   3a,  t h e  

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

t h e   l e v e r   a s s e m b l y   and   t h e   d i s c   b u t ,   a t   t h e   s a m e   t i m e ,  

t h e   p a d s   9  on  t h e   b r a k e   c a l l i p e r   8  a r e   b r o u g h t   i n t o  

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

d i s c   and  t h e   s h a f t   3.  W h i l e   t he   b r a k e   i s   e n g a g e d ,  

t h e r e   i s   no  m o v e m e n t   a p p l i e d   to   t h e   s h a f t   and   t h i s   a c t s  

as  t h e   p a u s e   p e r i o d   of   t h e   w i t h d r a w a l   c y c l e .   T h e  

p i s t o n   of  t h e   d e v i c e   13  is  r e v e r s e d   and  r e t u r n e d  

a l m o s t ,   b u t   n o t   q u i t e ,   to  i t s   o r i g i n a l   p o s i t i o n  

p i v o t i n g   t h e   l e v e r   a s s e m b l y   w i t h   i t .   The  p i s t o n   is   n o w  

p o s i t i o n e d   a  d i s t a n c e   Xp  f rom  i t s   o r i g i n a l   p o s i t i o n .  

At  t h i s   s t a g e ,   I I I   in  F i g u r e   3a,  the   c l u t c h   is  r e -  

e n e r g i s e d   to  c o n n e c t   t h e   l e v e r   a s s e m b l y   10  to   t h e   d i s c  

and  the   b r a k e   7  i s   r e m o v e d   f rom  the   d i s c   and ,   f i n a l l y ,  

t h e   p i s t o n   of   t h e   a s s e m b l y   13  i s   m o v e d   t h r o u g h   t h e  

d i s t a n c e   Xp  to   i t s   o r i g i n a l   p o s i t i o n   m o v i n g   t h e   s h a f t   3 



and  t h e   p i n c h   r o l l   2  w i t h   i t   in  t h e   r e v e r s e   d i r e c t i o n .  

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

i n d i c a t e d   in  F i g u r e   3 d .  

The  c l u t c h   and  t h e   b r a k e   m e c h a n i s m   can   be  o f  

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

p n e u m a t i c a l l y ,   or   e l e c t r i c a l l y   o p e r a t e d ,   t he   m a i n  

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

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

The  s e q u e n c i n g   of  t h e  o p e r a t i n g   p h a s e s   of  t h e  

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

c o n t r o l l e d   by  an  e l e m e n t   in  t he   c o n t r o l   s y s t e m .   T h i s  

may  t a k e   t h e   f o r m   of   a  h a r d - w i r e d   s e q u e n t i a l   c o n t r o l l e r  

or  a  c o m p u t e r   p r o g r a m m e ,   e i t h e r   of  w h i c h   w i l l   r e c e i v e   a  

s i g n a l   f r o m   t h e   p o s i t i o n   t r a n s d u c e r   16.  T h i s   s i g n a l   i s  

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

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

s e n t   t o   t h e   c l u t c h   and   b r a k e   to   o p e r a t e   t h e m   in  o r d e r  

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

S l i p   can   be  d e t e c t e d   by  c o m p a r i n g   the   o u t p u t  

f r o m   t he   l i n e a r   p o s i t i o n   t r a n s d u c e r   16  w i t h   t he   o u t p u t  

of  the   r o t a r y   p o s i t i o n   t r a n s d u c e r   1 7 .  

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

o u t p u t   of  t r a n s d u c e r   17  w i t h   t he   o u t p u t   of  a n o t h e r  

t r a n s d u c e r   ( n o t   s h o w n )   in  c o n t a c t   w i t h   p i n c h   r o l l   I  o r  

w i t h   the   c a s t i n g   C .  

In  t h e   a r r a n g e m e n t   s h o w n   i n  F i g u r e s   4  and   5 ,  



a  l e v e r   11 ' ,   f o r m i n g   p a r t   of  t h e   l e v e r   a s s e m b l y ,   has   a  

cam  f o l l o w e r   21  c o n n e c t e d   to   i t   w h i c h   b e a r s   a g a i n s t   a  

cam  s u r f a c e   on  a  r o t a t a b l e   m e m b e r   22  r i g i d l y   m o u n t e d   o n  

a  d r i v e   s h a f t   23.  A  s p r i n g   24  e n s u r e s   t h a t   t h e  

f o l l o w e r   r e m a i n s   in  c o n t a c t   w i t h   t he   cam  s u r f a c e .   T h e  

l e v e r   11'  c a r r i e s   a  p a i r   of  c o n t a c t s   25,  26  a t   i t s  

u p p e r   f r e e   end  and  t h e s e   a r e   e n g a g e a b l e   w i t h   f i x e d  

e l e c t r i c a l   c o n t a c t s   27,  28,  r e s p e c t i v e l y ,   p o s i t i o n e d   a t  

t h e   e n d s   of   t h e   p a t h   of  t r a v e l , ' o f   t h e   l e v e r   1 1 ' .  

The  s h a f t   is  r o t a t a b l e   a t   a  c o n s t a n t   s p e e d  

f o r   e a c h   c y c l e   by  any  c o n v e n i e n t   m e a n s .   R o t a t i o n   o f  

t h e   cam  22  c a u s e s   t h e   l e v e r   a rm   t o   be  p i v o t e d   a b o u t   i t s  

p i v o t   and ,   when  t h e   c l u t c h   14,  15  i s   e n g a g e d ,   t h e  

d i s p l a c e m e n t   of   t h e   l e v e r   arm  i s   t r a n s m i t t e d   to  t h e  

d i s c   6  a n d ,   c o n s e q u e n t l y ,   to   t h e   s h a f t   3 .  

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

t o   t h a t   s h o w n   i n   F i g u r e s   1  a n d   2  i n   t h a t   r o t a t i o n   o f  

t h e   cam  22  t o   d i s p l a c e   t h e   l e v e r   a rm  in  one   d i r e c t i o n  

t a k e s   p l a c e   w h i l e   t h e   c l u t c h - 1 5 ,   16  i s   e n g a g e d ,   t h e r e b y  

d r i v i n g   t h e   s h a f t   3  in  t he   same  d i r e c t i o n .   B r a k e   7  i s  

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

w h i l e   t he   c l u t c h   is   d i s e n g a g e d   and  t h e   cam  c o n t i n u e s   t o  

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

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

R e f e r r i n g   to   F i g u r e s   6 a  -   6c,   t h e   c y c l e  

s t a r t s   a t   p o i n t   I  w h e r e   t h e   c l u t c h   i s   on  and  t h e   b r a k e  



i s   o f f .   The  f o l l o w e r   moves   u n d e r   t h e   i n f l u e n c e   of  t h e  

cam  to   i t s   m a x i m u m   d i s p l a c e m e n t   a t   p o i n t   I I .   At  t h i s  

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

to   z e r o   v e l o c i t y   and  h o l d   i t   s t a t i o n a r y .  

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

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

d i s t a n c e   Xp  w h i c h   i s   t he   p u s h   b a c k   d i s t a n c e .   At  t h e  

end  of  t h e   p a u s e   p e r i o d   a t   p o i n t   I I I ,   t he   c l u t c h   is   r e -  

a p p l i e d   and   t h e  b r a k e   i s   r e l e a s e d   a n d   t h e   cam  p r o f i l e  

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

u n d e r   t h e   i n f l u e n c e   of  t h e   s p r i n g   24  t a k i n g   t h e   d i s c  

a n d   t h e   s h a f t   3  w i t h   i t .   T h i s   i s   t h e   push   back   p h a s e  

of   t h e   c y c l e .   The  b r a k e   and  t h e   c l u t c h   can  be  e i t h e r  

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

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

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

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

s h o w n   in   F i g u r e s   6b  and   6c  and  t h i s   p h a s i n g   i s  

t r i g g e r e d   by  t h e   o p e r a t i o n   of  t h e   c o n t a t c s   25,  27  a n d  

26,  28,  r e s p e c t i v e l y .  

The  p u s h   b a c k   p r e s s u r e   can   be  a d j u s t e d   d u r i n g  

t h e   c a s t   by  v a r y i n g   the   p r e - c o m p r e s s i o n   of  the   p u s h  

b a c k   s p r i n g   24  and  t he   p u s h   b a c k   t r a v e l   can  b e  

a t t e n u a t e d   by  t h e   a d j u s t m e n t   of  a  p u s h   back   s c r e w   2 9 .  

The  w i t h d r a w a l   p h a s e   can   be  a t t e n u a t e d   d u r i n g  

t he   c a s t   by  the   e a r l y   a c t u a t i o n   of   t h e   b r a k e   a n d  



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

R e f e r r i n g   to   t h e   a r r a n g e m e n t   s h o w n   i n  

F i g u r e s   7  and   8,  t h e   s h a f t   3  h a s   a  p a i r   of   d i s c s   6,  6 '  

a t t a c h e d   to   i t   and  a  p a i r   of   l e v e r   a s s e m b l i e s   10,  1 0 '  

a s s o c i a t e d   one  w i t h   e a c h   of  t he   d i s c s .   A  p a i r   of  c a m s  

22,  22'  a r e   p r o v i d e d   on  t h e   d r i v e   s h a f t ,   t h e   cams  h a v e  

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

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

common  b r a k e ,   t he   d i s p l a c e m e n t   of  t he   l e v e r   a s s e m b l y  

can   be  b r o u g h t   a b o u t   d e p e n d i n g   upon  w h i c h   cam  i s  

c h o s e n .  

F i g u r e s   9 a  -   9c  i n d i c a t e   t h e   a l t e r n a t i v e  

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

o b t a i n e d   w i t h   two  c ams   o f   d i f f e r e n t   p r o f i l e s .  

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

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

a p p r o p r i a t e   cam  and  i s o l a t i n g   in  t h e   OFF  p o s i t i o n   t h e  

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

can   be  made  e i t h e r   b e f o r e   or   d u r i n g   t h e  c a s t .  

A n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n   w i l l   n o w  

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

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

w h i c h : -  

F i g u r e   lOa   i s   a  p e r s p e c t i v e   v i e w   of   a  

m e c h a n i s m   in  a c c o r d a n c e   w i t h   a n o t h e r   e m b o d i m e n t   of  t h e  

i n v e n t i o n ;  



F i g u r e   10b  s h o w s   t he   d i s p l a c e m e n t   of  a  

c y l i n d e r   A  f o r m i n g   p a r t   of  t he   e m b o d i m e n t ;  

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

c y l i n d e r   B  f o r m i n g   p a r t   of  t he   e m b o d i m e n t ;  

F i g u r e   10d  s h o w s   t he   c l u t c h   e n g a g e m e n t ;  

F i g u r e   10e   i s   a  v e l o c i t y   t i m e   c y c l e   of  a  

c a s t i n g   C  d r i v e n   by  t h e   m e c h a n i s m ;  

F i g u r e   l l a   i s   a  p e r s p e c t i v e   v i e w   of  a  d r i v e  

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

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

F i g u r e s   l l b ,   l l c   and  l l d   show  t h e  

d i s p l a c e m e n t s   w i t h   t i m e   of   t h r e e   c a m s   A,  B  and   C 

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

R e f e r r i n g   to   F i g u r e   1 0 a ,   a  c a s t i n g   C  f o r m e d  

in  a  h o r i z o n t a l   c o n t i n u o u s   c a s t i n g   m o u l d   (no t   shown)   i s  

w i t h d r a w n   f r o m   t h e   mou ld   by  a  m e c h a n i s m   i n c l u d i n g   a  

p a i r   of   p i n c h   r o l l s   1,  2  w h i c h   e n g a g e   w i t h   o p p o s i t e  

s i d e s   of  t h e   c a s t i n g .   The  p i n c h   r o l l   2  i s   m o u n t e d   on  a  

f i r s t   s h a f t   33  and  a  t r a n s d u c e r   34  c o u p l e d   to  t he   s h a f t  

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

A  s i m i l a r   t r a n s d u c e r   35  i s   c o u p l e d   t o   t h e   s h a f t   t o  

w h i c h   t h e   p i n c h   r o l l   1  i s   c o n n e c t e d .   At  t h e   o p p o s i t e  

end  of  t he   s h a f t   33,  t h e r e   is  one  e l e m e n t   of  a  c l u t c h  

36  a n d   t h e   o t h e r   e l e m e n t   i s   c o n n e c t e d   t o   t h e   a d j a c e n t  

end   of   a  f a r t h e r   s h a f t   37  w h i c h   i s   a l i g n e d   w i t h   t h e  

s h a f t   33.  The  c l u t c h   can  be  of  any   c o n v e n i e n t   f o r m  



and ,   when  i t   is   d i s e n g a g e d ,   t he   s h a f t s   have  r e l a t i v e  

r o t a t i o n   b e t w e e n   t h e m   b u t ,   when  t he   c l u t c h   is   e n g a g e d ,  

t he   s h a f t s   move  t o g e t h e r .  

A  t o o t h e d   w h e e l   38  i s   m o u n t e d   on  t h e   s h a f t   3 3  

and  a  p a w l   39  e n g a g e s   w i t h   t h e   s p a c e s   b e t w e e n   t h e   t e e t h  

on  t h e   w h e e l .   The  t e e t h   a r e   i n c l i n e d   f rom  t he   r a d i a l  

p o s i t i o n   so  t h a t ,   in  t h e   p o s i t i o n   shown  in  F i g u r e   1 0 a ,  

t h e   w h e e l   38  c a n  r o t a t e   a n t i c l o c k w i s e   r e l a t i v e   to   t h e  

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

c l o c k w i s e   d i r e c t i o n .   The  p a w l   39  i s   c o n n e c t e d   to   a  

b r a c k e t   40  to   w h i c h   t h e   p i s t o n   41  of  p i s t o n - c y l i n d e r  

d e v i c e   42  i s   c o n n e c t e d   and   to   w h i c h   a  l i n e a r   t r a n s d u c e r  

43  is  a l s o   c o n n e c t e d .   The  p i s t o n - c y l i n d e r   d e v i c e   4 2  

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

t h e   s h a f t   33  in  t h e   a n t i c l o c k w i s e   d i r e c t i o n .  

The  s e c o n d   s h a f t   37  c a r r i e s   a  c r a n k   l e v e r   4 4  

to   w h i c h   a  b r a c k e t   45  i s   p i v o t a l l y   c o n n e c t e d .   A 

p i s t o n - c y l i n d e r   d e v i c e   46  h a s   i t s   p i s t o n   c o n n e c t e d   t o  

t h e   b r a c k e t   and  a  l i n e a r  t r a n s d u c e r   47  is  a l s o  

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

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

p r o v i d e d   by  t h e   p i s t o n - c y l i n d e r   d e v i c e   42  d r i v i n g   t h e  

p i n c h   r o l l   2  v i a   t h e   p a w l   a n d   w h e e l   m e c h a n i s m   38 ,   3 9 .  

C o n t r o l   of  t he   d i s p l a c e m e n t   of   t h e   p i s t o n - c y l i n d e r  

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

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



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

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

t h e   p i s t o n - c y l i n d e r   d e v i c e .   The  l i n e a r   t r a n s d u c e r   43  

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

t h e r e b y   c l o s e   t he   c o n t r o l   p o s i t i o n   l o o p .   P r e s s u r e  

t r a n s d u c e r s   ( n o t   s h o w n )   a r e   i n s t a l l e d   a t   t he   p o r t s   o n  

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

c o n t r o l   p r e s s u r e   l o o p   to   t h e   s y s t e m .  

At  t h e   end  of  i t s   f o r w a r d   s t r o k e ,   p o s i t i o n   I  

on  F i g u r e s   l O b  -   10e ,   t h e   p i s t o n   41  c o m e s   t o  r e s t   a n d  

t h e   c l u t c h   36  i s   e n g a g e d .   T h i s   h o l d s   t he   s h a f t s   33,  37  

s t a t i o n a r y   f o r   t h e   p a u s e   p e r i o d   I  -   I I ,   shown  in  F i g u r e  

10e .   The  c l u t c h   can   be  h y d r a u l i c a l l y ,   p n e u m a t i c a l l y ,  

o r   e l e c t r i c a l l y   o p e r a t e d .  

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

r e q u i r e d   t o w a r d s   t h e   end   of   t h e   c y c l e   and  t h i s   i s   s h o w n  

as  a  n e g a t i v e   v e o c i t y   a t   p o i n t   I I   in  F i g u r e   10e .   T h e  

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

d e v i c e   46  and   t h e   m o t i o n   i s   c o n t r o l l e d   by  a  c l o s e d   l o o p  

s i m i l a r   to  t h a t   r e f e r r e d   to  a b o v e .   The  f e e d b a c k  

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

47  and  p r e s s u r e   t r a n s d u c e r s   ( n o t   shown)   m o n i t o r i n g   t h e  

h y d r a u l i c   p r e s s u r e   a t   t h e   p o r t s   on  t he   p i s t o n - c y l i n d e r  

d e v i c e   46.  The  f e e d b a c k   f o r   t he   p o s i t i o n   l o o p   in  b o t h  

f o r w a r d s   and  b a c k w a r d s  d i r e c t i o n s   may  be  t a k e n   f r o m   t h e  

t r a n s d u c e r s   35  w h i c h   m o n i t o r s   t he   a c t u a l   p o s i t i o n   o f  



t h e   c a s t i n g .  

At  t h e   c o m p l e t i o n   of   t h e   c y c l e ,   the   c l u t c h   i s  

d i s e n g a g e d   and  r e m a i n s   d i s e n g a g e d   u n t i l   t he   end  of  t h e  

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

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

42,  46  and  t h e   c l u t c h   36  i s   c o n t r o l l e d   by  an  e l e m e n t   o f  

t h e   c o n t r o l   s y s t e m .   T h i s   may  t a k e   t h e   f o r m   of  a  h a r d  

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

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

p o s i t i o n   t r a n s d u c e r s   34,   43  and  4 7 .  

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

d e v i c e   46  t o   r o t a t e   t h e   s h a f t   37,   t h e   r o t a t i o n   i s  

t r a n s m i t t e d   to   t h e   s h a f t   33  t h r o u g h   t h e   c l u t c h ,   and  t h e  

d i s p l a c e m e n t   of  t h e   p a w l   39,  due   to   t h e   p i s t o n - c y l i n d e r  

d e v i c e   42  b e i n g   r e v e r s e d ,   is   a t   a  h i g h e r   v e l o c i t y   t h a n  

t h e   r o t a t i o n   of  t he   s h a f t ,   due   t o   t h e   p i s t o n - c y l i n d e r  

d e v i c e   46,  t h e r e b y   e n a b l i n g   t h e   s h a f t   33  to  be  r o t a t e d  

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

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

p u s h b a c k .  

Any  s l i p   w h i c h   m a y  o c c u r   a t   t h e   c l u t c h   c a n   b e  

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

t r a n s d u c e r   47  and  a  r o t a r y   t r a n s d u c e r   34  c o u p l e d   to   t h e  

d r i v e   p i n c h   r o l l .   R o l l   s l i p   can   be  d e t e c t e d   b y  

c o m p a r i n g   t h e   o u t p u t s   f r o m   t r a n s d u c e r s   34  and  3 5 .  

In  t h e   a r r a n g e m e n t   s h o w n   in  F i g u r e   l l a ,   t h e  



p a w l   39  i s   d i s p l a c e d   by  t h e   a c t i o n   of  a  r o t a t a b l e   c a m  

50  m o u n t e d   on  a  d r i v e   i n p u t   s h a f t   51.  A  s p r i n g   r e t u r n  

i s   p r o v i d e d   to   make   s u r e   t h a t  a   f o l l o w e r   of  t h e   p a w l   i s  

a l w a y s   in   e n g a g e m e n t   w i t h   t h e   cam  s u r f a c e   of  t he   c a m  

50.  A  f u r t h e r   cam  52  m o u n t e d   on  t he   s h a f t   51  s e r v e s   a s  

a  r o t a r y   s w i t c h   t o   o p e n   and   c l o s e   a  p a i r   of  c o n t a c t s   5 3  

in  t h e   e l e c t r i c a l   c i r c u i t   of  t h e   c l u t c h   36  w h i c h ,   i n  

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

f u r t h e r   cam  55  m o u n t e d   on  t h e  s h a f t   51  h a s   a  f o l l o w e r  

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

37.  T h i s   l e v e r   i s   u r g e d   a g a i n s t   t h e   cam  s u r f a c e   by  a  

s p r i n g   60  a n d   r o t a t i o n   of   t h e   cam  55  c a u s e s   t h e   s h a f t  

37  to   be  d i s p l a c e d   in  b o t h   d i r e c t i o n s   of  r o t a t i o n .  

The  f o r w a r d   m o t i o n   o f   t h e   c a s t i n g   C  i s  

p r o d u c e d   by  t h e   cam  50  a c t i n g   on  t h e   p a w l   and  d r i v i n g  

t h e   s h a f t   33  v i a   t h e   p a w l   and   t o o t h e d   w h e e l .   The  c a m  

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

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

d o n e   b e t w e e n   p o i n t s   I  and  I I   on  t h a t   g r a p h .   T h i s   i s  

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

c y c l e .   At  t h i s   p o i n t ,   cam  52  c l o s e s   t he   e l e c t r i c a l  

c o n t a c t s   and  e n g a g e s   t he   c l u t c h   36.  The  c l u t c h   i s  

p r e v e n t e d   f rom  r o t a t i n g   by  t h e   l e v e r   57  r e s t r a i n e d   b y  

t h e   cam  55.  T h u s ,   t h e   c l u t c h   r e t a r d s   t he   f o r w a r d  

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

p a u s e   p h a s e   and  w i l l   r e m a i n   e n g a g e d   d u r i n g   the   p u s h b a c k  



p h a s e .   Cam  55  i m p o r t s   a  m o t i o n   to   i t s   l e v e r   57,  a s  

shown   in  F i g u r e   l l d .   At  the   p o i n t   I I I ,   t he   cam  m o v e s  

t he   l e v e r   57  d o w n w a r d s ,   t h e r e b y   p r o d u c i n g   a  r e v e r s e  

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

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

c a s t i n g .   At  t h e   p o i n t   IV  on  F i g u r e   l l c ,   t h e   c l u t c h   i s  

d i s e n g a g e d   by  t h e   o p e n i n g   of  t he   c o n t a c t s   53.  T h i s  

i s o l a t e s   t h e   r o l l   f r o m   t h e   r e t u r n   m o t i o n   of  t he   c a m  

l e v e r   57  as  i t   r e t u r n s   to   i t s  r e s t   p o s i t i o n   u n d e r   t h e  

a c t i o n   of  t h e   s p r i n g   6 0 .  

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

5 0 ,   55  a r e   s u c h   t h a t   t h e   v e l o c i t y   of   t h e   cam  f o l l o w e r  

o f   t h e   p a w l   a t   p o i n t   V  i n   F i g u r e   l l b   i s   g r e a t e r   t h a n  

t h e   p e r i p h e r a l   v e l o c i t y   of  t he   r a t c h e t   w h e e l ,   o t h e r w i s e  

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

P u s h b a c k   d i s t a n c e   can  be  r e g u l a t e d   b y  

a d j u s t i n g   a  s c r e w e d   s t o p   61  w h i c h   r e s t r i c t s   t he   r e t u r n  

m o v e m e n t   of   t h e   cam  l e v e r   57.  P u l l   d i s t a n c e   c an   a l s o  

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

r e t u r n   m o t i o n   of   t h e   f o l l o w e r   of  c a m  5 0 .   T h i s ,  

h o w e v e r ,   w i l l   r e s u l t   in  some  l o s s   of   c o n t r o l   o v e r   t h e  

a c c e l e r a t i o n   of   t h e   c a s t i n g .  

The  m e c h a n i s m   is   d r i v e n   by  r o t a t i o n   of  t h e  

cam  s h a f t   51  and   t h i s   m a y  b e   d r i v e n   by  a  d r i v e   m e a n s   o f  

any   f o r m ,   s u c h   as  an  e l e c t r i c ,   h y d r a u l i c ,   or   p n e u m a t i c  

m o t o r .   I t   is   d e s i r a b l e   t h a t   t he   d r i v e   s h o u l d   be  a  



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

c y c l e   f r e q u e n c y   to   be  v a r i e d .   I t   w i l l   be  a p p r e c i a t e d ,  

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

o r   more   of  a  n u m b e r   of  c y c l e s .  

A n o t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n   w i l l   n o w  

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

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

in  w h i c h : -  

F i g u r e   12  i s   a  p e r s p e c t i v e   v i e w   of   t h e  

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

i n v e n t i o n ;  

F i g u r e   13  s h o w s   d i a g r a m m a t i c a l l y   a n  

a l t e r n a t i v e   fo rm  of  t he   a p p a r a t u s ;   a n d  

F i g u r e   14  s h o w s   a  c o n t r o l   l o o p   u s e d   in  t h e  

c o n t r o l   of  t he   a p p a r a t u s   shown  in  F i g u r e   1 3 .  

R e f e r r i n g   to   F i g u r e   12,  two   h y d r a u l i c   p i s t o n -  

c y l i n d e r   d e v i c e s   6  have   t h e i r   p i s t o n s   c o n n e c t e d   t o  

r e s p e c t i v e   c r a n k s   3  on  a  c r a n k s h a f t   8.  In  t h e  

a r r a n g e m e n t   shown   in  F i g u r e   1,  t he   c r a n k s   a r e  

p o s i t i o n e d   a t   90°  to   e a c h   o t h e r   on  t h e   s h a f t   8.  T h e  

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

m o u n t e d   by  way  of   b e a r i n g s   5  so  as   t o   p e r m i t   t h e  

c y l i n d e r s   to   f o l l o w   the   m o t i o n   of  t he   c r a n k s   3 .  

A l t e r n a t i v e l y ,   t h e   c y l i n d e r s   c o u l d   be  h e l d   in  f i x e d  

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

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



A  p a i r   of   p i n c h   r o l l s   1  a r e   a r r a n g e d   t o  

e n g a g e   a g a i n s t   o p p o s i t e   s i d e s   of  a  c a s t i n g   2  p r o d u c e d  

in  a  h o r i z o n t a l   c o n t i n u o u s   c a s t i n g   mou ld   ( n o t   s h o w n ) .  

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

c r a n k s h a f t   8  and  r o t a t i o n   of  t he   c r a n k s h a f t   i m p a r t s  

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

d e v i c e   4  i s   c o n n e c t e d   t o   t h e   c r a n k s h a f t   to   g i v e   a n  

e l e c t r i c a l   s i g n a l   r e p r e s e n t a t i v e   of  t he   a n g u l a r  

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

The  c r a n k s   3  can   be  i n c l i n e d   to   e a c h   o t h e r   b y  

a n y   c o n v e n i e n t   a n g l e ,   o t h e r   t h a n   1 8 0 ° .  

In  t h e   a l t e r n a t i v e   a r r a n g e m e n t   s h o w n   i n  

F i g u r e   13,  t he   p a i r   o f   p i s t o n - c y l i n d e r   d e v i c e s   6  h a v e  

t h e i r   p i s t o n s   c o n n e c t e d   to   t h e   same  c r a n k   on  t h e  

c r a n k s h a f t   8.  The  t w o   p i s t o n - c y l i n d e r   d e v i c e s   a r e  

m o u n t e d   by  way  of   t h e   p i v o t s   5  s u c h   t h a t   t h e   d i r e c t i o n  

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

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

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

c y l i n d e r .   In  t h e   a r r a n g e m e n t   shown ,   t h e   p i v o t s   5  a r e  

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

b y   b r o k e n   l i n e s ,   so  t h a t   t h e   d i r e c t i o n   of   m o v e m e n t   o f  

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

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

S i n g l e - a c t i n g   c y l i n d e r s   can  be  u s e d   i n s t e a d  

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



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

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

The  o p e r a t i o n   of  t he   s y s t e m   is   as  f o l l o w s : -  

p o i n t s   1 ,  2 ,   3  and   4  on  t h e   p a t h   of   m o t i o n   o f  

t h e   c r a n k   p in   a r e   d i s p l a c e d   f rom  e a c h   o t h e r   by  90°.   I f  

p o i n t   3  i s   c o n s i d e r e d   as  a  c h a n g e o v e r   p o i n t ,   t h e n  

p r e s s u r e   w i l l   be  a p p l i e d   on  s i d e   11  o f   t h e   p i s t o n   o f  

one  of  t h e   d e v i c e s   and  t h e   o t h e r   d e v i c e   t a k e s   no  p a r t  

in  t h e   r o t a t i o n   and  i t   is   c o n t r o l l e d   so  t h a t   t he   f o r c e  

on  o p p o s i t e   s i d e s   of  i t s   p i s t o n   i s   b a l a n c e d .   At  t h e  

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

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

t h e   o t h e r   d e v i c e   6  h a s   p r e s s u r e   a p p l i e d   to   s i d e   9  o f  

i t s   p i s t o n .   At  p o i n t   1,  t h e   f i r s t   d e v i c e   6  i s   a g a i n  

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

d e v i c e   has   p r e s s u r e   a p p l i e d   to   s i d e   12  o f   i t s   p i s t o n .  

T h u s ,   i t   can  be  s e e n   t h a t ,   f o r   e a c h   r e v o l u t i o n ,   e a c h  

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

a c t i o n .  

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

o p p o s i t e   s i d e s   of  i t s   p i s t o n   c o n n e c t e d   by  f l u i d   p i p e s  

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

and  r e t u r n   l i n e s .   Each  s e r v o   v a l v e   is   c o n t r o l l e d   b y  

s i g n a l s   f rom  a  c o n t r o l   s y s t e m .  

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

t h e   o p e r a t i o n   of  t h e   a p p a r a t u s   shown  in  F i g u r e   1 3  i s  



shown  d i a g r a m m a t i c a l y   in  F i g u r e   1 4 .  

The  p o s i t i o n   m e a s u r i n g   d e v i c e   4  w h i c h   i s  

c o u p l e d   t o   t h e   s h a f t   8  i s   u s e d   to   d e t e r m i n e   t h e  

c h a n g e o v e r   p o i n t s   1,  2,  3  and  4  s h o w n   in  F i g u r e   13.  I t  

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

p o s i t i o n   o f   t h e   p i n c h   r o l l .   The  o p e r a t i n g   r a n g e   of  9 0 °  

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

c a n   be  e x t e n d e d   by  a  s m a l l   a m o u n t   so  t h a t   a  p u s h   o r  

p u l l   c y c l e   of   t h e   p i n c h   r o l l ,  i f  i t   i s   s h o r t ,   can  b e  

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

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

A  p o s i t i o n   c o n t r o l   l o o p   e l e m e n t   21  r e c e i v e s  

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

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

d e v i c e   4.  E l e m e n t   21  has   a  v a r i a b l e   l i m i t   o u t p u t   a n d  

so  i t   c a n   be  c o n s i d e r e d   t o   s e t   t h e   m a x i m u m   v e l o c i t y   o f  

t h e   p i n c h   r o l l s .   E l e m e n t   22  has   an  a d j u s t a b l e   r a t e  

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

a c c e l e r a t i o n   r a t e .   I n v e r t e r   23  i s   u s e d   to   c h a n g e   t h e  

p o l a r i t y   of   t h e   o u t p u t   s i g n a l   f r o m   e l e m e n t   22,  i f  

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

or   p u l l   a c c o r d i n g   to  i t s   p o s i t i o n   in  t he   3 6 0 °   c r a n k  

c y c l e .   The  c o n t a c t s   24  a r e   c o n t r o l l e d   f r o m   a  c o n t r o l  

l o g i c   c i r c u i t   25  w h i c h   r e c e i v e s   a  s i g n a l   f r o m   t h e  

t r a n s d u c e r   4.  An  e l e m e n t   26  d i f f e r e n t i a t e s   t h e  

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



f e e d b a c k   s i g n a l   w h i c h   is  s u b t r a c t e d   f rom  the   s i g n a l  

f r o m   t h e   c o n t a c t s   2 4 .  

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

t h e r e   is   an  e f f e c t i v e   d i f f e r e n c e   in  a r e a   on  o p p o s i t e  

s i d e s   of  t h e   p i s t o n ,   the   p r e s s u r e s   m e a s u r e d   at   t h e s e  

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

t h e   p i s t o n   Al ,   A2  to   p r o d u c e   s i g n a l s   c o r r e s p o n d i n g   t o  

t he   a c t u a l   f o r c e s   F l ,   F2.  E l e m e n t   28  s u b t r a c t s   o n e  

f o r c e   f r o m   t h e  o t h e r   to  p r o v i d e   a  f e e d b a c k   f o r c e  

d i f f e r e n t i a l   F l  -   F 2 .  

B e c a u s e   t h e   p i s t o n   v e l o c i t y   is  no t   t h e   s a m e  

as  t h e   c i r c u l a r   c r a n k   v e l o c i t y ,   e x c e p t   at   one  p o i n t  

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

fo rm  of  an  e l e m e n t   29  in  o r d e r   k e e p   t he   p e r f o r m a n c e  

c o n s t a n t   t h r o u g h o u t   t he   r o t a t i o n .   The  g a i n   f rom  t h e  

e l e m e n t   29  i s   d e t e r m i n e d   a c c o r d i n g   to   t he   p o s i t i o n   o f  

t h e   c r a n k   as  m e a s u r e d   by  t r a n s d u c e r   4.  The  o u t p u t   f r o m  

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

e l e m e n t   28  t o   f o r m   a  p r e s s u r e   r e s p o n s i v e   s i g n a l   w h i c h  

i s   a m p l i f i e d   and  s u p p l i e d   to   s e r v o   v a l v e   1 3 .  

An  a l t e r n a t i v e   to   t h e   c l o s e   l o o p   p o s i t i o n  

c o n t r o l   is   a  c l o s e d   l o o p   t o r q u e   c o n t r o l .   Th i s   g i v e s   a  

c o n s t a n t   f o r c e   on  t h e   w o r k p i e c e   b e t w e e n   the   p i n c h  

r o l l s .   As  in  t he   p o s i t i o n   c o n t r o l   l o o p ,   e l e m e n t   30 

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

is   r e q u i r e d   to   push   or  p u l l .   As  t he   t o r q u e   r e f e r e n c e  



i s   a  r e f e r e n c e   to  t he   c y l i n d e r   f o r c e   c o n t r o l   l o o p ,  

m u l t i p l i e r   31  i s   n e e d e d   in  o r d e r   to   m o d i f y   t h i s   f o r c e  

r e f e r e n c e   a c c o r d i n g   to   t he   p o s i t i o n   of  t he   c r a n k   in  t h e  

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

The  c o n t r o l   f o r   one   c y l i n d e r   i s   s h o w n   i n  

F i g u r e   14  and  an  i d e n t i c a l   c i r c u i t ,   a p a r t   f r om  t h e  

c o n t r o l   l o g i c   25  and  t h e   t r a n s d u c e r   4,  i s   r e q u i r e d   f o r  

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

s h o w n   in  F i g u r e   14  in   o r d e r . t o   f a c i l i t a t e   t h e  

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

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

t h e s e   e l e m e n t s .  



1.  A  w i t h d r a w a l   m e c h a n i s m   f o r   a  h o r i z o n t a l  

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

r o l l s   (1,  2)  e n g a g e a b l e   w i t h   o p p o s i t e   s i d e s   of  a  

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

c o n t i n u o u s   c a s t i n g   m a c h i n e ,   one  of   s a i d   r o l l s   (2)  b e i n g  

in  d r i v i n g   r e l a t i o n   w i t h   a  r o t a t a b l e   s h a f t   ( 3 ) ,  

c h a r a c t e r i s e d   in  t h a t   a  d i s c " ( 6 )   i s   r i g i d l y   m o u n t e d   o n  

t h e   s h a f t ;   a  p i v o t e d   l e v e r   a s s e m b l y   (10)  i s  

d i s p l a c e a b l e   w i t h   r e s p e c t   to   t h e   d i s c ;   m e a n s   (13,   22 )  

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

d i r e c t i o n s   of  r o t a t i o n   a b o u t   t h e   p i v o t   (12 ) ;   a  c l u t c h  

(15)  i s   p r o v i d e d   f o r   r e l e a s a b l y   c o u p l i n g   the   l e v e r  

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

of  t h e   l e v e r   a s s e m b l y   to  t he   d i s c ;   and  a  b r a k e  

m e c h a n i s m   (7)  i s   p r o v i d e d   f o r   p r e v e n t i n g   a n g u l a r  

r o t a t i o n   of  t h e   s h a f t .  

2 .   A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  c l a i m   1 ,  

w h e r e i n   t h e   l e v e r   a s s e m b l y   is   p i v o t e d   a b o u t   t he   a x i s  o f  

r o t a t i o n   of  t h e   r o t a t a b l e   s h a f t .  

3.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  c l a i m   1 

or   2,  w h e r e i n   t h e   d i s p l a c i n g   m e a n s   c o m p r i s e s   a  p i s t o n -  

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



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

4.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  c l a i m   1 

or   2,  w h e r e i n   t he   d i s p l a c i n g   means   c o m p r i s e s   a  

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

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

s u r f a c e .  

5.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  a n y  

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

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

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

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

d i s c .  

6.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  a n y  

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

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

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

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

d i s c .  

7.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  a n y  

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

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

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



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

s i g n a l   when  s a i d   s i g n a l s   a r e   e q u a l .  

8.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  c l a i m   4 ,  

w h e r e i n   t h e   l e v e r   a s s e m b l y   is   e n g a g e a b l e   w i t h   a  p a i r  o f  

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

of  m o v e m e n t   of  t he   l e v e r   a s s e m b l y .  

9.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  c l a i m   4 ,  

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

s u r f a c e   d i f f e r e n t   f r o m   t h a t   of  t he   f i r s t - m e n t i o n e d  

r o t a t a b l e   m e m b e r ,   an  a d d i t i o n a l   l e v e r   a s s e m b l y  

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

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

t h e   a d d i t i o n a l   cam  s u r f a c e ,   an  a d d i t i o n a l  d i s c   on  t h e  

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

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

d i s c .  

1 0 .   A  w i t h d r a w a l   m e c h a n i s m   fo r   a  h o r i z o n t a l  

c o n t i n u o u s   c a s t i n g   c o m p r i s i n g   a  p a i r   of  p i n c h   r o l l s   ( 1 ,  

2)  e n g a g e a b l e   w i t h   o p p o s i t e   s i d e s   of  a  c a s t i n g   (C)  t o  

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

m a c h i n e ,   one  of  s a i d   r o l l s   (2)  b e i n g   in  d r i v i n g  

r e l a t i o n   w i t h   a  f i r s t   r o t a t a b l e   s h a f t   ( 3 3 ) ,  

c h a r a c t e r i s e d   in  t he   p r o v i s i o n   of  means   (38,   39,  4 2 )  



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

of  r o t a t i o n ,   a  c l u t c h   (36)  c a p a b l e   of  c o n n e c t i n g   s a i d  

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

s h a f t   ( 3 7 ) ,   and  m e a n s   (44,   46)  f o r   r o t a t i n g   s a i d  

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

11.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  c l a i m  

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

r o t a t i n g   s a i d   s h a f t   in  one  d i r e c t i o n   of  r o t a t i o n  

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

r e l a t i v e   to   t h e   t o o t h e d   w h e e l   to   r o t a t e   t he   w h e e l   i n  

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

12.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  c l a i m  

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

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

13.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  c l a i m  

10,  11  o r   12,  c h a r a c t e r i s e d   in  t h a t   s a i d   means   f o r  

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

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

t he   l e v e r .  

14.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  c l a i m  

13,  c h a r a c t e r i s e d   in  t h a t   s a i d   means   f o r   a n g u l a r l y  

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



d e v i c e .  

15.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  c l a i m  

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

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

t h e   p a w l .  

16.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  c l a i m  

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

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

i n t o   e n g a g e m e n t   w i t h   t h e   l e v e r .  

17.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  c l a i m   1 5  

or   16,  c h a r a c t e r i s e d   in  t h a t   s a i d   c l u t c h   i s  

e l e c t r i c a l l y   o p e r a b l e   and  is   c o n t r o l l e d   by  r o t a t i n g  

s w i t c h   m e a n s   r o t a t a b l e   w i t h   the   or  e a c h   r o t a t a b l e   c a m .  

18.   A  w i t h d r a w a l   m e c h a n i s m   f o r   a  h o r i z o n t a l  

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

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

(2 )   to   be  w i t h d r a w n   f r o m   a  m o u l d   of   t h e   c o n t i n u o u s  

c a s t i n g   m a c h i n e   and  a  r o t a t a b l e   s h a f t   (8)  on  w h i c h   o n e  

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

of   a  p a i r   of  d o u b l e - a c t i n g   p i s t o n - c y l i n d e r   d e v i c e s   ( 6 )  

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

.  l e a s t   one  c r a n k   (3)  on  the   s h a f t ;   e a c h   p i s t o n - c y l i n d e r  



d e v i c e   h a v i n g   v a l v e   m e a n s   (13)  a s s o c i a t e d   t h e r e w i t h   b y  

w h i c h   t h e   s u p p l y   of  f l u i d   u n d e r   p r e s s u r e   to  t he   p i s t o n -  

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

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

of   t h e   s h a f t   and  c i r c u i t   m e a n s   ( 2 1 - 3 0 )   r e s p o n s i v e   t o  

s a i d   e l e c t r i c a l   s i g n a l   f o r   c o n t r o l l i n g   the   v a l v e   m e a n s  

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

o p e r a t e d   in  s e q u e n c e   w h e r e b y   s a i d   s h a f t   is  r o t a t e d   i n  

b o t h   d i r e c t i o n s   of  r o t a t i o n .  

19.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  c l a i m  

18 ,   c h a r a c t e r i s e d   in  t h a t   t h e   t w o   p i s t o n - c y l i n d e r  

d e v i c e s   a r e   c o n n e c t e d   to   s e p a r a t e   c r a n k s   on  the   s h a f t ,  

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

1 8 0 ° .  

20.  A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  c l a i m  

19,  c h a r a c t e r i s e d   in  t h a t   t h e   two   c r a n k s   a r e   o u t   o f  

a l i g n m e n t   by  9 0 ° .  

2 1 .   A  w i t h d r a w a l   m e c h a n i s m   as  c l a i m e d   in  c l a i m  

18,  c h a r a c t e r i s e d   in  t h a t   t h e   two  p i s t o n - c y l i n d e r s  

d e v i c e s   a r e   c o n n e c t e d   to  a  c r a n k   on  t h e   s h a f t   and  t h e  

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

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

t h a n   1 8 0 °   w i t h   t he   d i r e c t i o n   of  m o v e m e n t   of  the   p i s t o n  



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