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©  Locking  device  for  fluid  cylinders. 

The  invention  relates  to  a  locking  device  for  end  position 
locking  of  a  cylinder  piston  (5)  which  is  displaceable  back  and 
forth  between  a  first  and  second  cylinder  end  wall  (3,4)  in  a 
fluid  cylinder  (1),  comprising  at  least  one  locking  piston  (12), 
which  is  movable  at  an  angle  to  the  cylinder  axis  (L),  and 
which  is  spring-loaded  towards  a  locking  position  for 
engagement  with  the  cylinder  piston  or  a  means  connected 
therewith,  so  that  the  cylinder  piston  (5)  is  locked  adjacent  to 
said  first  cylinder  end  wall  (3).  According  to  the  invention,  the 
locking  piston  (12)  is  movable  to  a  retracted  position  by  the 
action  of  the  pressurized  fluid  exerted  on  a  piston  surface  on 
the  locking  piston  in  a  separate  chamber,  which  communi- 
cates  (10)  with  the  cylinder  chamber  situated  between  the 
cylinder  piston  (5)  and  said  second  cylinder  end  wall  (4),  so 
that,  when  the  cylinder  piston  (5)  is  moved  away  from  said 
first  cylinder  end  wall  (3),  the  residual  pressure  of  the  pres- 
surized  fluid  in  said  cylinder  chamber  keeps  the  locking  pis- 
ton  (12)  in  its  retracted  position,  whereby  the  locking  piston, 
due  to  the  spring  loading,  secures  the  locking  of  the  cylinder 
piston  (5)  only  in  case  of  a  predetermined  pressure  drop  of 
the  pressurized  fluid. 





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

l o c k i n g   of  a  p i s t o n   in  a  f l u i d   c y l i n d e r ,   i . e .   a  p n e u m a t i c   o r  

h y d r a u l i c   a c t u a t i n g   c y l i n d e r .  

In  many  c a s e s   i t   i s   d e s i r a b l e   to  e n a b l e   t he   p i s t o n   to  be  f i x e d  

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

as  w e l l   as  d u r i n g   f i n a l   use   of  t h e   c y l i n d e r .   By  l o c k i n g   t h e  

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

t h e   rod   is   p r o t e c t e d   d u r i n g   p a c k i n g   and  t r a n s p o r t   o p e r a t i o n s .  

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

a  h a n g i n g   l o a d ,   i t   is  l i k e w i s e   a d v a n t a g e o u s   to  l o c k   t he   p i s t o n  
in  an  end  p o s i t i o n   in  t he   c y l i n d e r .   M o r e o v e r ,   in  many  c a s e s ,  
in  p a r t i c u l a r   f o r   s a f e t y   r e a s o n s ,   i t   is   e s s e n t i a l   to  p r o v i d e  

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

c a s e   of  a  p r e s s u r e   d r o p   of  the   o p e r a t i o n a l   f l u i d .  

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

n ium,   a  s . c .   c r u s t   b r e a k e r   is   u s e d ,   w h i c h   p i e r c e s   t h r o u g h   a  

s o l i d   c r u s t   f o r m e d   on  top   of  t he   m o l t e n   a l u m i n i u m ,   so  t h a t   t h e  

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

is   u n i t e d   t h e r e w i t h .   C r u s t   b r e a k e r s   of  t h i s   k i n d   a r e   p r e f e r a b l y  

s u s p e n d e d   in   and  o p e r a t e d   by  p n e u m a t i c   c y l i n d e r s .   In  such   a n  

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

by  way  of  h i g h   t e m p e r a t u r e s ,   r i s k   of  damage   on  c o n n e c t i o n   h o -  

s e s ,   e t c .   N o r m a l l y ,   t he   c y l i n d e r   p i s t o n   and  t he   c r u s t   b r e a k e r  

a t t a c h e d   to  t h e   p i s t o n   rod  a r e   h e l d   in  an  u p p e r   end  p o s i t i o n ,  

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

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

t h e   m o l t e n   m a t e r i a l .   Now,  i t   i s   d e s i r a b l e   to  p r o v i d e   an  a u t o -  

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

of  a  p r e s s u r e   d r o p   of  t he   p r e s s u r i z e d   a i r   ( e . g .   by  h o s e   b r e a k -  

age)   and ,   t h u s ,   p r e v e n t   the   p i s t o n   rod  and  t he   c r u s t   b r e a k e r  

f rom  f a l l i n g   down  i n t o   t he   m o l t e n   m a t e r i a l   f o r   a  r e l a t i v e l y  



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

a b l e   a l u m i n i u m   m o l t e n   m a t e r i a l .  

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

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

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

b e i n g   s p r i n g - l o a d e d   t o w a r d s   l o c k i n g   p o s i t i o n s   and  b e i n g   n o r -  

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

to  f r e e l y   p e r f o r m   t h e   o p e r a t i o n a l   s t r o k e s .  

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

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

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

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

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

c a s e   of  h o s e   b r e a k a g e   or   t h e   l i k e ) .  

The  o b j e c t   of   t h e   i n v e n t i o n   i s   t h e r e f o r e   to  a c h i e v e   a  g e n e r a l l y  

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

and  s e c u r e s   an  a u t o m a t i c a l   end  p o s i t i o n   l o c k i n g   of  a  c y l i n d e r  

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

ing   in  m u t u a l   l o c k i n g   e n g a g e m e n t   or   i n v o l v i n g   any  r i s k   o f  

s t a l l i n g .  

T h i s   o b j e c t   i s   a c h i e v e d   by  means   of  a  l o c k i n g   d e v i c e   h a v i n g  

t h e   f e a t u r e s   s t a t e d   in  c l a i m   1.  S u i t a b l e   a d d i t i o n a l   f e a t u r e s  

a r e   d e f i n e d   in   t h e   s u b - c l a i m s   2 - 6 .  

T h u s ,   o w i n g   to  t h e   f a c t   t h a t   t h e   l o c k i n g   b a r   o p e r a t e s   in   r e s -  

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

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

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

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

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

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

i s   a t   d i s t a n c e   f rom  t h e   l o c k i n g   b a r .   H e r e b y ,   t h e   l o c k i n g   b a r  

i s   k e p t   o p e r a t i v e   s o  a s   to  e l i m i n a t e   t h e   r i s k   of  s t a l l i n g .   T h u s ,  



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

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

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

l o c k i n g   d e v i c e   a c c o r d i n g   to  t he   i n v e n t i o n .  

F i g .   1  shows  s c h e m a t i c a l l y   a  v e r t i c a l l y   a r r a n g e d   p n e u m a t i c  

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

F i g .   2  shows  in  a  l a r g e r   s c a l e   a  p o r t i o n   of  t h e   u p p e r   e n d  

w a l l ,   in  w h i c h   a  l o c k i n g   d e v i c e   a c c o r d i n g   to   t h e   i n v e n t i o n  

i s   d i s p o s e d .  

The  p n e u m a t i c   c y l i n d e r   shown  in  F i g .   1  c o m p r i s e s ,   as  p r e v i o u s -  

ly   known  p e r   se ,   a  c y l i n d e r   t u b e   2,  two  end  w a l l s , n a m e l y   a n  

u p p e r   end  w a l l   3  and  a  l o w e r   end  w a l l   4,  a  p i s t o n   5  d i s p l a c -  

a b l e   b e t w e e n   t h e   end  w a l l s   3,4  in  t h e   c y l i n d e r   t u b e ,   a  p i s t o n  

r o d   6  c o n n e c t e d   to  t h e   p i s t o n   5,  s a i d   rod   e x t e n d i n g   s e a l i n g l y  

t h r o u g h   t h e   l o w e r   end  w a l l   4  and  c a r r y i n g   a t   i t s   end  a  l o a d   7 

( e . g . t h e   c r u s t   b r e a k e r   d i s c u s s e d   a b o v e ) ,   as  w e l l   as  c o n n e c -  

t i n g   p o r t s   8  and  9  f o r   t h e   s u p p l y   of  p r e s s u r i z e d   a i r   to  t h e  

two  c y l i n d e r   c h a m b e r s   s i t u a t e d   b e t w e e n   t h e   c y l i n d e r   p i s t o n   5 

and  t h e   end  w a l l s   3  and  4,  r e s p e c t i v e l y .  

For   t h e   o p e r a t i o n   of  t h e   a c t u a t i n g   c y l i n d e r   by  means   of  p r e s -  
s u r i z e d   a i r ,   t h e   c o n n e c t i n g   p o r t s   8 ,9   a r e   c o n n e c t e d   to  e a c h  

one  of   two  p r e s s u r e   c o n t r o l l e d   3 - p o r t ,   2 - p o s i t i o n   v a l v e s  

Vl  and  V2,  r e s p e c t i v e l y ,   p r o v i d e d   w i t h   a  r e t u r n   s p r i n g   ( i n  

p r i n c i p a l ,   t h e   v a l v e s   V l , V 2   can   be  r e p l a c e d   by  one  d i r e c t i o n a l  

v a l v e   o n l y ,   n a m e l y   a  5 - p o r t ,   2 - p o s i t i o n  .   v a l v e ) .   A  p r e s s u r -  
i z e d   a i r   s o u r c e   K  (main   p r e s s u r e ,   e . g .   3-8  b a r )   i s   c o n n e c t e d  

to  t h e   i n l e t   p o r t s   1'  and  3",  r e s p e c t i v e l y ,   of  t h e   v a l v e s ,  

w h i l e   t h e   o u t l e t   p o r t s   2'  and  2",   r e s p e c t i v e l y ,   of  t h e   v a l v e s  

a r e   c o n n e c t e d   to  c o n n e c t i n g   p a r t s   8  and  9,  r e s p e c t i v e l y ,   o f  

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

w h e r e i n   t h e   p i s t o n   i s   l o c a t e d   in  i t s   u p p e r   end  p o s i t i o n   a d j a -  

c e n t   to  t h e  u p p e r   c y l i n d e r   end  w a l l   3,  t h e   p r e s s u r i z e d   a i r  



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

v a l v e   V2,  i . e .   t h e   c h a m b e r   b e t w e e n   t h e   c y l i n d e r   p i s t o n   5  a n d  

t h e   c y l i n d e r   end  w a l l   4,  w h e r e a s   t he   u p p e r   c y l i n d e r   c h a m b e r  

( h a v i n g   a  n e g l i g a b l e   v o l u m e   in  t h e   shown  p o s i t i o n )   c o m m u n i -  

c a t e s   w i t h   t h e   v a l v e   o u t l e t   3'  v i a   t h e   c o n n e c t i n g   p o r t   8  a n d  

t h e   o u t l e t   p o r t   2'  o f   t h e   v a l v e   V l .  

I f   an  a c t u a t i n g   s i g n a l   (a  c e r t a i n   a i r   p r e s s u r e )   i s   a p p l i e d  

s i m u l t a n e o u s l y   on  t h e   c o n t r o l   p o r t s   1 2 ' , 1 2 "   of  t h e   v a l v e s ,  

t h e   p o s i t i o n s   of  t h e   v a l v e s   Vl ,   V2  a r e   r e v e r s e d ,   so  t h a t   t h e  

u p p e r   c y l i n d e r   c h a m b e r   i s   i n s t e a d   c o n n e c t e d   to  t h e   p r e s s u r -  
i z e d   f l u i d   s o u r c e   v i a   t h e   p o r t s   2'  and  1'  of  t h e   v a l v e   V l ,  

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

1"  of   t h e   v a l v e   V2.  H e r e b y ,   t h e   p i s t o n   5  w i l l   p e r f o r m   a  d o w n -  

w a r d   m o v e m e n t ,   so  t h a t   t h e   l o a d   7  i s   l o w e r e d   f r o m   t h e   f u l l y  

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

p o s i t i o n   ( p l u s   p o s i t i o n ) .   The  l o a d   i s   k e p t   in   t h e   l o w e r   p o s i -  
t i o n   as  l o n g   as  t h e   a c t u a t i n g   s i g n a l   i s   a p p l i e d   on  t h e   c o n -  
t r o l   p o r t s   12 '   and  1 2 " .   As  soon   as  t h e   a c t u a t i n g   s i g n a l   c e a s e s ,  
t h e   v a l v e s   Vl  and  V2  a r e   r e v e r s e d ,   and  t h e   p i s t o n   5  and  t h e  

l o a d   7  a r e   r e t u r n e d   to   t h e   u p p e r   end  p o s i t i o n .  

As  a p p e a r s   f u r t h e r   f r o m   F i g .   1,  t h e   c o n n e c t i n g   p o r t   9  of   t h e  

c y l i n d e r   1  c o m m u n i c a t e s   w i t h   a  c o n n e c t i n g   p o r t   11  in   t h e   u p p e r  
end  w a l l   3  v i a   a  c o n d u i t   or   h o s e   10.   H e r e b y ,   a  l o c k i n g   p i s t o n  
12  m o u n t e d   in  t h e   end   w a l l   3  i s   a c t u a t e d   in   a  way  d e s c r i b e d  

f u r t h e r   b e l o w   w i t h   r e f e r e n c e   to  F i g .   2 .  

In  a  r a d i a l   r e c e s s   o r   b o r e   13  in  t h e   c y l i n d e r   end  w a l l   3 

a  s l e e v e   14  i s   i n s e r t e d   to   p e r f o r m   a  g u i d i n g   means   f o r   t h e  

a b o v e - m e n t i o n e d   l o c k i n g   p i s t o n   12.  R a d i a l l y   o u t s i d e   of  t h e  

g u i d e   s l e e v e   14  and   t h e   l o c k i n g   p i s t o n   12,   an  end  p l u g   15  i s  

s c r e w e d   t h e r e i n .   The  end  p l u g   15  i s   p r o v i d e d   w i t h   a  c e n t r a l ,  

t h r o u g h   o p e n i n g   16,   in  w h i c h   a  f i l t e r   17  i s   i n s e r t e d   b e t w e e n  

an  i n n e r   O - r i n g   18  and  an  o u t e r   l o c k i n g   r i n g   (a  s . c .   S e e g e r  

r i n g ) .   The  t h r o u g h   o p e n i n g   16  of  t h e   end  p l u g   15  has   i n t e r n a l -  

ly   ( i . e .   to   t h e   l e f t   in   F i g .   2)  a  w i d e r   p o r t i o n ,   t h e   s h o u l d e r  



s u r f a c e   20  of  w h i c h   f o r m s   a  s e a t   f o r   a  p r e s s u r e   s p r i n g   2 1 ,  
w h i c h   u r g e s   t h e   l o c k i n g   p i s t o n   12  t o w a r d s   t h e   a x i s   L  of  t h e  

c y l i n d e r   ( d a s h e d ) ,   so  t h a t   in  t h e   shown  p o s i t i o n   an  i n t e r -  

n a l   l o c k i n g   t o n g u e   22  on  t h e   l o c k i n g   p i s t o n   12  is   b r o u g h t  

i n t o   l o c k i n g   e n g a g e m e n t   w i t h   a  member  c o n n e c t e d   to   t h e   c y -  
l i n d e r   p i s t o n   5,  n a m e l y   a  l o c k i n g   f l a n g e   23  w h i c h   i s   c e n t r a l l y  
f i x e d   by  means   of  a  s c r e w   24  to   a  neck   25  p r o t r u d i n g   a x i a l l y  
f rom  t h e   c y l i n d e r   p i s t o n   5.  The  u p p e r   edge   26  of  t h e   l o c k i n g  

f l a n g e   23  is   b e v e l l e d   o b l i q u e l y ,   and  t he   l o w e r   edge   27  o f  

t h e   l o c k i n g   t o n g u e   22  has   a  c o r r e s p o n d i n g   b e v e l ,   t h o u g h   n o t  

as  s t e e p ,   so  t h a t   t h e   l o c k i n g   f l a n g e   23  can  be  d i s p l a c e d   u p -  
w a r d s   so  as  to  c a u s e   t he   l o c k i n g   p i s t o n   12  to  move  ( t o w a r d s  

t h e   r i g h t   in  F i g .   2)  a g a i n s t   t he   a c t i o n   of  t h e   s p r i n g   2 1 ,  

e . g .   b e f o r e   t r a n s p o r t   of  t h e   c y l i n d e r   1  or   in  c o n n e c t i o n   w i t h  

t h e   s u s p e n s i o n   of  a  l o a d   7  a t   t h e   end  of  t h e   p i s t o n   rod   6  ( s e e  

F i g .   1)  b e f o r e   c o n n e c t i n g   t h e   p r e s s u r i z e d   a i r .  

In  o r d e r   to  p r e v e n t   t he   l o c k i n g   p i s t o n   12  f rom  r o t a t i n g   a b o u t  

i t s   a x i s ,   a  g u i d e   p i n   28  i s   i n s e r t e d   i n t o   t he   w a l l   of  t h e  

g u i d e   s l e e v e   14.  The  g u i d e   p i n   28  p r o t r u d e s   i n t o   a  l o n g i -  

t u d i n a l   g r o o v e   29'  in   t he   u p p e r   p o r t i o n   of  t h e   l o c k i n g   p i s t o n .  

The  a b o v e - m e n t i o n e d   c o n n e c t i n g   p o r t   11,  c o m m u n i c a t i n g   w i t h   t h e  

c o n n e c t i n g   p o r t   9,  i s   c o n n e c t e d   to  a  c h a m b e r   29  i n s i d e   t h e  

g u i d e   s l e e v e   14,  s a i d   c h a m b e r   29  b e i n g   l i m i t e d   on  t h e   one  h a n d  

by  an  a n n u l a r   s h o u l d e r   s u r f a c e   30  of  t h e   g u i d e   s l e e v e   14  a n d  

on  t h e   o t h e r   hand   by  an  a n n u l a r   p i s t o n   s u r f a c e   31  on  a  w i d e n e d  

p o r t i o n   32  of  t h e   l o c k i n g   p i s t o n   12.  A n n u l a r   s e a l i n g s   33  a n d  

34,  r e s p e c t i v e l y ,   of  a  s . c .   s l i d i n g - O - r i n g   t y p e   e n s u r e   t h a t  

t h e   c h a m b e r   29  is   k e p t   p r e s s u r e   s e p a r a t e d   f rom  t h e  u p p e r   c y -  

l i n d e r   c h a m b e r   of  t h e   c y l i n d e r   1  as  w e l l   as  t h e   a m b i e n t   a i r .  

The  l o c k i n g   d e v i c e   o p e r a t e s   in  t h e   f o l l o w i n g   way:  In  t h e   r e s t  

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

t h e   s e p a r a t e   c h a m b e r   29  c o m m u n i c a t e   w i t h   t he   p r e s s u r i z e d   a i r  

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

r i g h t   h a n d   p o s i t i o n   no t   shown  in  F i g .   2,  b e c a u s e   t h e   s p r i n g   21 

i s   d i m e n s i o n e d   so  as  to  be  o v e r c o m e   by  t h e   p r e s s u r e   e x e r t e d   b y  



t h e   p r e s s u r i z e d   a i r   on  t h e   p i s t o n   s u r f a c e   31.  Now,  when  a n  

a c t u a t i n g   s i g n a l   i s   a p p l i e d   to   t h e   c o n t r o l   p o r t s   1 2 ' ,  1 2 "   o f  

t h e   v a l v e s   V l , V 2 ,   w h e r e b y   t h e   v a l v e s   a r e   r e v e r s e d  ,   t h e   f u l l  

ma in   p r e s s u r e   i s   q u i c k l y   o b t a i n e d   in   t h e   u p p e r   c y l i n d e r   c h a m -  

b e r   of  t h e   c y l i n d e r   1,  s i n c e   t h i s   c y l i n d e r   c h a m b e r   has   a  v e r y  
s m a l l   v o l u m e .   The  l o w e r   c y l i n d e r   c h a m b e r ,   h o w e v e r ,   h a s   a  

r a t h e r   l a r g e   v o l u m e   and  w i l l   t h e r e f o r e   be  e m p t i e d   r e l a t i v e l y  

s l o w   v i a   t h e   o u t l e t   p o r t   9  and  t h e   o u t l e t   1 " .  

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

c y l i n d e r   c h a m b e r s   r e a c h e s   a  c e r t a i n   v a l u e ,   e . g .   0 , 5 - 1   b a r ,  

t h e   c y l i n d e r   p i s t o n   5  s t a r t s   i t s   d o w n w a r d   m o v e m e n t .   At  t h i s  

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

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

p r e s s u r e   of   e . g .   2-3  b a r ,   and  t h e r e f o r e   t h e   l o c k i n g   p i s t o n  

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

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

r e d u c e d   t o   a  p r e d e t e r m i n e d   v a l u e ,   e . g .   a p p r o x i m a t e l y   1 ,6   b a r ,  

t h e   s p r i n g   21  has   t h e   p o w e r   to   d i s p l a c e   t h e   l o c k i n g   p i s t o n   12  

to  i t s   l e f t   end  p o s i t i o n .   At  t h i s   t i m e ,   h o w e v e r ,   t h e   c y l i n d e r  

p i s t o n   5  and  i t s   l o c k i n g   f l a n g e   23  h a v e   a l r e a d y   s u n k   f a r   d o w n  

i n t o   t h e   c y l i n d e r   1,  n o r m a l l y   a l l   t h e   way  down  to  t h e   l o w e r  

end  p o s i t i o n   ( d a s h e d   in   F i g .   1 ) .   As  l o n g   as  t h e   a c t u a t i n g   s i g -  

n a l   i s   a p p l i e d   on  t h e   v a l v e s ,   t h e   p i s t o n  5 _   a n d ,   c o n s e q u e n t l y ,  

t h e   l o a d  7   as  w e l l   r e m a i n   in   t h i s   l o w e r   end  p o s i t i o n .  

As  s o o n   as  t h e   a c t u a t i n g   s i g n a l   c e a s e s ,   t h e   v a l v e s   Vl ,   V2  a r e  

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

s e p a r a t e   c h a m b e r   29  (now  h a v i n g   a  r a t h e r   s m a l l   v o l u m e )   q u i c k l y  

r e a c h   t h e   a i r   s o u r c e   m a i n   p r e s s u r e   of   3-8  b a r .   H e r e b y ,   t h e  

l o c k i n g   p i s t o n   12  i m m e d i a t e l y   r e t u r n s   to  i t s   r e t r a c t e d   r i g h t  h a n d  

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

7  s o m e w h a t   l a t e r   r e a c h   t h e i r   u p p e r   p o s i t i o n l 2 ( t h e   r e s t   p o s i t i o n  

a c c o r d i n g   to   F i g .   1,  w h e r e i n   t h e   l o c k i n g   p i s t o n ,   as  m e n t i o n e d  

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

The  l o c k i n g   d e v i c e   d e s c r i b e d   a b o v e   has   t h e   f o l l o w i n g   a d v a n t a g e s :  



-  D u r i n g   n o r m a l   s e r v i c e   c o n d i t i o n s ,   no  l o c k i n g   e n g a g e m e n t  

b e t w e e n   the   l o c k i n g   p i s t o n   12  and  the   c y l i n d e r   p i s t o n   5 

w i l l   e v e r   o c c u r ,   and  t h e r e f o r e   t he   wear   is   r e d u c e d   to  a  

m i n i m u m ;  

-  Each   t i m e   t h e   c y l i n d e r   p i s t o n   5  p e r f o r m s   an  a c t u a t i n g  

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

and  f o r t h ,   and  t h e r e f o r e   t he   l o c k i n g   p i s t o n   i s   k e p t   o p e -  
r a t i v e   so  t h a t   r i s k   of   s t a l l i n g   is   s m a l l ;  

-  When  t h e   a i r   p r e s s u r e   d i s a p p e a r s   (and  o n l y   t h e n ) ,   e . g .  
due  to  a  h o s e   b r e a k a g e   in  t h e   main   c o n d u i t   f rom  t h e  

p r e s s u r i z e d   a i r   s o u r c e   or  in  one  of  t he   c o n d u i t s   w h i c h  

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

l o c k i n g   p i s t o n   12,  by  t he   a c t i o n   of  t h e   s p r i n g   21,  w i l l  

be  q u i c k l y   d i s p l a c e d   to  i t s   l e f t   end  p o s i t i o n   i n t o   l o c k -  

ing   e n g a g e m e n t   w i t h   t he   l o c k i n g   f l a n g e   23  c o n n e c t e d   t o  

t h e   c y l i n d e r   p i s t o n   5 ;  

-  The  a r e a   of  t h e   p i s t o n   s u r f a c e   31  of  t he   l o c k i n g   p i s t o n   12  

and  t h e   s p r i n g   f o r c e   21  can  e a s i l y   be  so  d i m e n s i o n e d  

t h a t   a  good  s a f e t y   m a r g i n e   is  o b t a i n e d   f o r   t h e   d e s i r e d  

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

t h e   p r e s s u r i z e d   a i r   s o u r c e ;  

-  The  c y l i n d e r   p i s t o n   5  can  be  f i x e d l y   h e l d   in  i t s   e n d  

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

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

v e r t i c a l   p o s i t o n ,   in  t h a t   t h e   c y l i n d e r   p i s t o n   is   l o c k e d  

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

The  i n v e n t i v e   l o c k i n g   d e v i c e   can  be  m o d i f i e d   in  many  w a y s  

w i t h i n   t h e   s c o p e   of  t h e   i n v e n t i v e   i d e a   d e f i n e d   in  c l a i m   1 .  

T h u s ,   one  or   more  l o c k i n g   p i s t o n s   can  be  m o u n t e d   a t   e a c h   e n d  

of  t h e   c y l i n d e r .   M o r o e v e r ,   t h e   l o c k i n g   p i s t o n   can   c o - o p e r a t e  

w i t h   t h e   p i s t o n   rod   i n s t e a d   of  t h e   l o c k i n g   f l a n g e   23.  Nor  i s  

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

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

v e r t i c a l   o r i e n t a t i o n .   The  a c t u a t i n g   c y l i n d e r   may  be  s i n g l e -  



a c t i n g   (by  m e a n s   of  a  r e t u r n   s p r i n g   or   by  way  of  a  l o a d )  

or   d o u b l e - a c t i n g   (as  d e s c r i b e d ) .   F i n a l l y ,   t he   p r e s s u r i z e d  

f l u i d   may  be  c o n s t i t u t e d   by  e i t h e r   o i l   or  gas  ( a i r ) .  



1.  A  l o c k i n g   d e v i c e   f o r   end  p o s t i o n   l o c k i n g   of  a  c y l i n d e r  

p i s t o n   ( 5 ) ,   w h i c h   is   d i s p l a c a b l e   back   and  f o r t h   b e t w e e n   a  

f i r s t   and  a  s e c o n d   c y l i n d e r   end  w a l l   (3 ,4 )   in  a  f l u i d   c y l i n d e r  

( 1 ) ,   c o m p r i s i n g   a t   l e a s t   one  l o c k i n g   p i s t o n   ( 1 2 ) ,   w h i c h   i s  

m o v a b l e   a t   an  a n g l e   to  t he   c y l i n d e r   a x i s   (L)  and  w h i c h   i s  

s p r i n g - l o a d e d   (21)  t o w a r d s   a  l o c k i n g   p o s i t i o n   f o r   e n g a g e m e n t  

w i t h   t h e   c y l i n d e r   p i s t o n   or  a  means   (23)  c o n n e c t e d   t h e r e w i t h ,  

so  t h a t   t he   c y l i n d e r   p i s t o n   (5)  i s   l o c k e d   a d j a c e n t   to  s a i d  

f i r s t   c y l i n d e r   end  w a l l   ( 3 ) ,   c  h  a  r  a  c  t   e  r  i  z  e  d   i n  

t h a t   t he   l o c k i n g   p i s t o n   (12)  i s   o p e r a b l e   t o w a r d s   a  r e t r a c t e d  

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

a  p i s t o n   s u r f a c e   (31)  on  t he   l o c k i n g   p i s t o n   in  a  s e p a r a t e  

c h a m b e r   ( 2 9 ) ,   w h i c h   c o m m u n i c a t e s   (10)  w i t h   t he   c y l i n d e r   c h a m -  

b e r   s i t u a t e d   b e t w e e n   t he   c y l i n d e r   p i s t o n   (5)  and  s a i d   s e c o n d  

c y l i n d e r   end  w a l l ( 4 ) ,   so  t h a t ,   when  t he   c y l i n d e r   p i s t o n   (5)  i s  

moved  away  f rom  s a i d   f i r s t   c y l i n d e r   end  w a l l   ( 3 ) ,   t he   r e s i -  

d u a l   p r e s s u r e   of  t h e   p r e s s u r i z e d   f l u i d   in  s a i d   c y l i n d e r   c h a m -  

b e r   k e e p s   t h e   l o c k i n g   p i s t o n   (12)  in  i t s   r e t r a c t e d   p o s i t i o n ,  

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

c u r e s   t h e   l o c k i n g   of  t he   c y l i n d e r   p i s t o n   (5)  o n l y   in  c a s e   o f  

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

2.  A  l o c k i n g   d e v i c e   as  s e t   f o r t h   in  c l a i m   1,  c  h  a  r  a  c  t   e  -  

r  i  z  e  d   in   t h a t   t h e   l o c k i n g   p i s t o n   (12)  i s   s l i d a b l y   m o u n t e d  

in  a  r e c e s s   (13)  in  s a i d   f i r s t   c y l i n d e r   end  w a l l   ( 3 ) ,   s a i d  

s e p a r a t e   c h a m b e r   (29)  f o r m i n g   a  p a r t   of  s a i d   r e c e s s .  

3.  A  l o c k i n g   d e v i c e   as  s e t   f o r t h   in  c l a i m   2,  c  h  a  r  a  c  -  

t  e  r  i  z  e  d   in  t h a t   t he   r e c e s s   (13)  is   s i t u a t e d   in  a  p e r i -  

p h e r a l   p a r t   of  t he   c y l i n d e r   end  w a l l   (3 ) ,   w h e r e i n   t h e   l o c k i n g  

p i s t o n   (12)  in  i t s   l o c k i n g   p o s i t i o n   e x t e n d s   i n w a r d l y   and  e n g a g e s  
w i t h   s a i d   means   (23)  c o n n e c t e d   to  t h e   c y l i n d e r   p i s t o n   ( 5 , 2 5 ) .  



4.  A  l o c k i n g   d e v i c e   as  s e t   f o r t h   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   means   (23)  i s   a r r a n g e d   on  a  

c y l i n d e r   p i s t o n   n e c k   ( 2 5 ) ,   w h i c h   i s   d i s p l a c a b l e   i n t o   a  c e n -  

t r a l   c a v i t y   in  t h e   c y l i n d e r   end  w a l l   ( 3 ) .  

5.  A  l o c k i n g   d e v i c e   as  s e t   f o r t h   in  a n y o n e   of   c l a i m s   1 - 4 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in   t h a t   s a i d   c y l i n d e r   c h a m b e r  

( b e t w e e n   5  and  4)  and  s a i d   s e p a r a t e   c h a m b e r   (29)  a r e   j o i n t l y  

c o n n e c t e d   to   a  p r e s s u r i z e d   f l u i d   s o u r c e   (K)  v i a   a  t w o - p o s i -  

t i n a l   v a l v e   (V2) ,   w h i c h   in  one  of  i t s   p o s i t i o n s   c o n n e c t s  

s a i d   c h a m b e r s   to  t h e   p r e s s u r i z e d   f l u i d   s o u r c e   and  in  i t s   o t h e r  

p o s i t i o n   c o n n e c t s   s a i d   c h a m b e r s   to  an  o u t l e t   ( 1 " ) .  

6.  A  l o c k i n g   d e v i c e   as  s e t   f o r t h   in   c l a i m   5,  c  h  a  r  a  c -  

t  e  r  i  z  e  d   in   t h a t   t h e   s p r i n g   f o r c e   (21)  e x e r t e d   o n  

t h e   l o c k i n g   p i s t o n   (12)  i s   d i m e n s i o n e d   in   s u c h  a   way  t h a t  

t h e   s p r i n g   f o r c e   b a l a n c e s   t h e   p r e s s u r i z e d   f l u i d   p r e s s u r e  
e x e r t e d   on  t h e   p i s t o n   s u r f a c e   (31)  of  t h e   l o c k i n g   p i s t o n   a t  

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

t h e   p r e s s u r e   of  t h e   p r e s s u r i z e d   f l u i d   s o u r c e   ( K ) .  
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