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@)  Actuator. 

An  actuator  is  provided  which  comprises  a  cylinder 
within  which  are  a  piston  (1),  a  piston  rod  (7)  and  a  mech- 
anical  linkage  arranged  to  transmit  axial  movement  of  the 
piston  to  the  piston  rod  at  a  relative  speed  which  decreases 
as  the  piston  nears  the  end  of  its  travel  towards  the  piston 
rod.  A  rigid  member  constituted  by  a  pivot  disc  (14)  and 
link  plates  (16,  16a)  is  pivoted  to  the  piston  rod  at  a  first 
pivot  point.  A  link  (17)  is  pivoted  at  a  second  pivot  point 
(18)  to  the  link  plates  and  at  its  top  end  is  pivoted  to  the 
piston  (1).  A  pin  (23)  supported  in  the  cylinder  at  an  axial 
postion  intermediate  the  piston  and  the  piston  rod  end  of 
the  cylinder  for  transverse  sliding  movement  is  pivoted  to 
or  pivotally  engageable  within  the  disc  (14)  at  a  third  pivot 
point.  When  the  piston  is  at  the  far  end  of  its  travel  from 
the  piston  rod  the  second  and  third  pivot  points  respectively 
constituted  by  the  pivot  (18)  and  the  pin  (23)  are  both  on 
the  same  side  of  the  piston  axis,  whereas  when  the  piston 
moves  towards  the  piston  rod,  the  second  pivot  point  moves 
to  the  other  side  of  the  piston  axis.  In  a  preferred  arrange- 
ment  the  pin  (23)  disengages  with  the  disc  (14)  when  the 
piston  rod  is  at  the  far  end  of  its  travel. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  a c t u a t o r   f o r  

o p e r a t i o n   by  f l u i d   p r e s s u r e .  

A c c o r d i n g   to  t h e   i n v e n t i o n   t h e r e   is  p r o v i d e d   a n  

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

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

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

s p e e d   w h i c h   d e c r e a s e s   as  the   p i s t o n   n e a r s   t he   end  of  i t s  

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

member  p i v o t e d   to  t he   p i s t o n   rod  a t   a  f i r s t   p i v o t   p o i n t ,   a  

l i n k   p i v o t e d   a t   one  end  to  t h e   member  a t   a  s e c o n d   p i v o t  

p o i n t   and  p i v o t e d   a t   i t s   o t h e r   end  to  t he   p i s t o n ,   a  p i n  

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

the   p i s t o n   and  the   p i s t o n   rod  end  of  t he   c y l i n d e r  f o r  

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

e n g a g e a b l e   w i t h   t he   member  a t   a  t h i r d   p i v o t   p o i n t ,   t h e  

a r r a n g e m e n t   b e i n g   s u c h   t h a t   when  the   p i s t o n   i s   a t   t he   f a r  

end  of  i t s   t r a v e l   f rom  the   p i s t o n   rod  the   s e c o n d   and  t h i r d  

p i v o t   p o i n t s   a r e   b o t h   on  one  s i d e   of  t he   p i s t o n   a x i s   and  a s  

t he   p i s t o n   moves   t o w a r d s   the   p i s t o n   rod  the   s e c o n d   p i v o t  

p o i n t   moves   to  t he   o t h e r   s i d e   of  t he   p i s t o n   a x i s .  

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

t h a n   t h e   t h i r d   p i v o t   p o i n t   when  the   p i s t o n   is   a t   t he   f a r   e n d  

of  i t s   t r a v e l .  

In  a  p r e f e r r e d   c o n s t r u c t i o n   the   r i g i d   member  c o m p r i s e s  

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

of  t he   p i s t o n   r o d ,   t he   a x i s   of  the   b e a r i n g   b e i n g   t he   f i r s t  

p i v o t   p o i n t ,   an  arm  e x t e n d i n g   r a d i a l l y   f rom  the   d i s c   t o  

one  s i d e   of  i t s   a x i s   and  c a r r y i n g   the   s e c o n d   p i v o t   p o i n t  



and  an  a p e r t u r e   e c c e n t r i c a l l y   p o s i t i o n e d   in  t he   d i s c   t o  

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

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

In  a  f u r t h e r   p r e f e r r e d   f e a t u r e   t he   p i n   i s   r e l e a s e a b l y  

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

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

or  away  f r o m   t h e   p i n   as  t h e   p i s t o n   m o v e s ,   and  t h e   p i n  

e n t e r i n g   i n t o   e n g a g e m e n t   w i t h   t he   d i s c   as  t he   d i s c  

a p p r o a c h e s   t he   end  of  t h e   p i n .  

O t h e r   f e a t u r e s   of  t he   i n v e n t i o n   w i l l =  b e   a p p a r e n t   f r o m  

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

e x a m p l e   o n l y ,   an  e m b o d i m e n t   of  t he   i n v e n t i o n   and  in  w h i c h :  

F i g u r e   1  is   a  s e c t i o n a l   s i d e   e l e v a t i o n   of  an  a c t u a t o r  

s h o w i n g   t h e   p i s t o n   a t   t h e   t o p   of   i t s   s t r o k e ;  

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

F i g u r e   1,  b u t   s h o w i n g   t h e   p i s t o n   a t   t h e   b o t t o m   of  i t s  

s t r o k e ;  

F i g u r e   3  is   a  s e c t i o n a l   end  e l e v a t i o n   of  p a r t   of  t h e  

a c t u a t o r   w i t h  t h e   p i s t o n   a t   t h e   t op   of  i t s   s t r o k e   t h e  

s e c t i o n   b e i n g   t a k e n   a l o n g   l i n e s   A-B  and  C-D  of  F i g u r e   1 ;  

a n d  

F i g u r e   4  i s   a  d e t a i l   s i d e   e l e v a t i o n   s h o w i n g   t he   p i n  

s u p p o r t e d   in  a  s l i d e w a y   in  a  l o w e r   end  b l o c k .  

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

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

t h r o u g h o u t   t he   s t r o k e   so  t h a t   n e a r   t h e   end  of  t he   w o r k i n g  

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

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

e v e n   n e g a t i v e .   Such  an  a c t u a t o r   has   a p p l i c a t i o n   t o ,   f o r  

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

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

w o r k p i e c e   to  be  i n s e r t e d   in  and  r e m o v e d   f rom  t he   d i e s .  

R e f e r r i n g   now  to  F i g u r e s   1  and  2,  a  p i s t o n   1  i s  

s l i d a b l e   in  a  c y l i n d e r   2  h a v i n g   a  l o w e r   end  b l o c k   3  s l i d a b l y  

s u p p o r t i n g   a  p i s t o n   rod  7.  The  u p p e r   end  8  of  t he   p i s t o n  

rod   is   f l a t t e n e d   and  of  l e s s   t h i c k n e s s   t h a n   t he   r o d  



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

s l i g h t l y   o f f s e t   to  one  s i d e   of  t he   a x i s   of  t he   p i s t o n   r o d  

and  a  d o w n w a r d l y   d i r e c t e d   n o s e   9  on  s a i d   one  s i d e   b o u n d i n g   a  

s l o t   in  a  l o w e r   p o r t i o n   of  s a i d   b e a r i n g .   The  p r e s e n c e   o f  

t h e   o f f s e t   e n a b l e s   t he   a c t u a t o r   to  g i v e   i n c r e a s e d   power   a n d  

p r o v i d e   some  c o m p e n s a t i o n   f o r   s i d e   l o a d s   on  the   b e a r i n g .  

The  t i p   of  t he   n o s e   is   b e v e l l e d   to  p r o v i d e   a  l e a d - i n   10  a n d  

i t s   i n n e r   f a c e   f o r m s   a  s l i d e w a y   11  f o r   g u i d i n g   a  p i n   23  

t h r o u g h   t h e   s l o t   in  t h e   b e a r i n g .   A  d i s c   14  p i v o t s   in  t h e  

b e a r i n g   and  has  a  r e c e s s   15  o p e n i n g   to  i t s   e d g e .   O v e r l y i n g  

t h e   d i s c   14  and  s e c u r e d   to  e i t h e r   s i d e   t h e r e o f   a r e   l i n k  

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

p a r t   of  t h e   s l i d e w a y   11  and  r e c e s s   15.   The  e n d s   of  t he   l i n k  

p l a t e s   16  and  16a  r e m o t e   f rom  t he   r e c e s s e s   a r e   p r o v i d e d   w i t h  

p i v o t   h o l e s .   One  end  of  a  l i n k   member  17  is   p i v o t e d   to  t h e  

l i n k   p l a t e s   by  means   of  a  p i v o t   p i n   18  and  t he   o t h e r   e n d  

t h e r e o f   is   p i v o t e d   to  t he   p i s t o n   1  by  means   of  a  p i v o t   p i n  

1 9 .  

The  l o w e r   end  b l o c k   3  has   a  v e r t i c a l   s l o t   t e r m i n a t i n g  

in  a  v e r t i c a l   end  w a l l   20  and  b o u n d e d   by  s i d e   w a l l s   21  a n d  

22.   The  p i s t o n   rod  7  and  l i n k   p l a t e s   16  and  16a  can  m o v e  

a x i a l l y   in  t h e   s l o t ,   p l a n a r   s u r f a c e s   23  on  the   l i n k   p l a t e s  

s l i d i n g   o v e r   t he   u p p e r   p o r t i o n   of  end  w a l l   20  when  t h e  

p i s t o n   is   t o w a r d s   t he   top   of  i t s   s t r o k e .   Formed  in  s i d e  

w a l l s   21  and  22  a d j a c e n t   end  w a l l   20  a t   an  a x i a l   p o s i t i o n  

a p p r o p r i a t e l y   s p a c e d   f rom  t h e   b a s e   of  t he   end  b l o c k   3  a r e  

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

a  p i n   23  m o u n t e d   a t   i t s   e n d s   on  r e s p e c t i v e   t r u n n i o n   b l o c k s  

24  and  25.  F i g u r e   4  shows   t h e   t r u n n i o n   b l o c k   24  in  i t s  

s l i d e w a y   26,  t he   p i n   23  b e i n g   r e t a i n e d   by  means   of  c i r c l i p  

2 7 .  

As  the   p i s t o n   1  moves   down  t he   c y l i n d e r   t he   n o s e   9 

a p p r o a c h e s   t he   p i n   23  w h i c h   is   i n i t i a l l y   a t   t he   l e f t   h a n d  

end  of  t h e   s l i d e w a y   as  s e e n   in  F i g u r e   1.  As  the   p i s t o n  

d e s c e n d s   f u r t h e r   t he   p i n   23  moves   a l o n g   the   g u i d e   s u r f a c e  

11  and  i n t o   t he   b e a r i n g   u n t i l   i t   is  r e c e i v e d   w i t h i n   t h e  

r e c e s s   15.   F u r t h e r   d o w n w a r d   m o v e m e n t   of  the   p i s t o n   c a u s e s  



t h e   d i s c   14  and  l i n k   p l a t e s   16  and  16a  to  r o t a t e   to  t h e  

p o s i t i o n   shown  in  F i g u r e   2,  t he   p i n   23  b e i n g   t r a p p e d   w i t h i n  

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

t h e r e o f .   D u r i n g   t he   d o w n w a r d   s t r o k e   t he   p i n   23  moves   t o  

t h e   r i g h t   as  s e e n   in  F i g u r e   1,  t h e   m o v e m e n t   b e i n g   d e n o t e d  

by  an  a r r o w .   S i n c e   the   p i n   i s   f r e e   to  move  t r a n s v e r s e l y  
b u t   n o t   a x i a l l y ,   t he   n e t   e f f e c t   i s   t h a t   t h e   p i s t o n   rod   m o v e s  

v e r y   much  more  s l o w l y   d u r i n g   t h e   l a t t e r   p a r t   of  i t s   s t r o k e  

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

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

t h e   p i n   23  d i s e n g a g e s   w i t h   t h e   b e a r i n g ,   i t s   m o v e m e n t   b e i n g  

d e n o t e d   by  t he   a r r o w   in  F i g u r e   2 .  

V a r i o u s   m o d i f i c a t i o n s   may,   of  c o u r s e ,   be  made  to  t h e  

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

i n v e n t i o n .   For  e x a m p l e ,   m o v e m e n t   of  t h e   p i n   23  need   n o t  

be  s t r i c t l y   a t   r i g h t   a n g l e s   to  t h e   a x i s   of  t he   p i s t o n .  
I f   t h e   s l i d e w a y   26  i s   i n c l i n e d   u p w a r d s   a t   an  a n g l e   to  t h e  

a x i s   of  t he   p i s t o n   1,  t h e r e   i s   a  c o u n t e r a c t i n g   m o v e m e n t  

b e t w e e n   t h e   p i s t o n   and  t h e   p i n   w h i c h   may  be  a d v a n t a g e o u s  
in  some  a p p l i c a t i o n s .   In  a n o t h e r   p o s s i b l e   m o d i f i c a t i o n ,  

t h e   a c t u a t o r   may  be  c a u s e d   to  l o c k   a t   t h e   end  of  t he   w o r k i n g  

s t r o k e   e i t h e r   by  means   of  an  o v e r - c e n t r e   a c t i o n   or  b y  
m e c h a n i c a l   a c t i o n .   When  t h e   l i n e   b e t w e e n   t he   c e n t r e   o f  

t h e   p i n   23  and  t he   c e n t r e   of  t h e   b e a r i n g   moves   a c r o s s   a  

p l a n e   p a r a l l e l   to  t h e   p i s t o n   a x i s ,   t h e   p i s t o n   rod  i s ,   o f  

c o u r s e ,   l o c k e d   by  an  o v e r - c e n t r e   a c t i o n .   I t   h a s ,   h o w e v e r ,  
b e e n   f o u n d   w i t h   r e f e r e n c e   to  t h e   p r e s e n t   a c t u a t o r   t h a t ,  

p r o v i d e d   t h a t   t he   a n g l e   b e t w e e n   s a i d   l i n e   and  s a i d   p l a n e  
i s   l e s s   t h a n   a p p r o x i m a t e l y   10  d e g r e e s ,   f r i c t i o n   w i l l   l o c k  

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

d o e s   no t   q u i t e   t a k e   p l a c e .  

The  a p p a r a t u s   d e s c r i b e d   a b o v e   i s   a  f u r t h e r   d e v e l o p m e n t  
of   t h a t   d e s c r i b e d   in  t h e   A p p l i c a n t ' s   e a r l i e r   B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   No.  1 , 4 0 1 , 9 6 3   and  i s   of  i n h e r e n t l y   s t r o n g e r  
c o n s t r u c t i o n .   The  r e l e a s e a b l e   p i n   23  e n g a g e s   w i t h   t h e  

b e a r i n g   more  r e l i a b l y   t h a n   t h e   a p p a r a t u s   shown  in  F i g u r e  
2  of  t h e   s a i d   s p e c i f i c a t i o n   and  b e c a u s e   of  t h e   r e l e a s e  



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

r e l a t i v e l y   s h o r t   w o r k i n g   s t r o k e   as  in  t he   a p p a r a t u s   s h o w n  

in  F i g u r e   3  of  t h e   s a i d   s p e c i f i c a t i o n .   I f ,   h o w e v e r ,   o n l y  

a  r e l a t i v e l y   s h o r t   w o r k i n g   s t r o k e   is   r e q u i r e d   t he   s l o t t e d  

c o n s t r u c t i o n   of  t h e   t op   of  t h e   p i s t o n   rod   may  be  r e p l a c e d  

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

s h a p e   of  t he   l i n k   p l a t e s .  

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

i n t e n d e d   fo r   p n e u m a t i c   u s e ,   i t   w i l l   be  a p p r e c i a t e d   t h a t  

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

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

h y d r a u l i c   p r e s s u r e s .  



1.  An  a c t u a t o r   c o m p r i s i n g   a  c y l i n d e r   w i t h i n   w h i c h   a r e   a  

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

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

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

t h e   end  of   i t s   t r a v e l   t o w a r d s   t he   p i s t o n   r o d ,   t h e   l i n k a g e  

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

f i r s t   p i v o t   p o i n t ,   a  l i n k   p i v o t e d   a t   one  end  to  t h e   m e m b e r  

a t   a  s e c o n d   p i v o t   p o i n t   and  p i v o t e d   a t   i t s   o t h e r   end  t o  

t h e   p i s t o n ,   a  p i n   s u p p o r t e d   in  t he   c y l i n d e r   a t   an  a x i a l  

p o s i t i o n   i n t e r m e d i a t e   t he   p i s t o n   and  t h e   p i s t o n   rod  e n d  

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

to  or  p i v o t a l l y   e n g a g e a b l e   w i t h   t h e   member   a t   a  t h i r d   p i v o t  

p o i n t ,   t h e   a r r a n g e m e n t   b e i n g   s u c h   t h a t   when  t h e   p i s t o n   i s  

a t   t h e   f a r   end  of  i t s   t r a v e l   f rom  t h e   p i s t o n   rod  t he   s e c o n d  

and  t h i r d   p i v o t   p o i n t s   a r e   b o t h   on  one  s i d e   of  t h e   p i s t o n  

a x i s   and  as  t h e   p i s t o n   moves   t o w a r d s   t h e   p i s t o n   rod  t h e  

s e c o n d   p i v o t   p o i n t   moves  to  t he   o t h e r   s i d e   of  t h e   p i s t o n  

a x i s .  

2.  A  p i s t o n   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   t h e   r i g i d   m e m b e r ,  

t h e   p i s t o n   r o d ,   t he   l i n k   and  t h e   p i n   a r e   a r r a n g e d   so  t h a t  

t h e   s e c o n d   p i v o t   p o i n t   is  n e a r e r   to  t h e   p i s t o n   a x i s   t h a n  

t h e   t h i r d   p i v o t   p o i n t   when  t h e   p i s t o n   i s   a t   t he   f a r   e n d  

of   i t s   t r a v e l .  

3.  An  a c t u a t o r   a c c o r d i n g   to  C l a i m   1  or  2,  w h e r e i n   t he   r i g i d  

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

f o r m e d   in  t he   end  of  t he   p i s t o n   r o d ,   t h e   a x i s   of  t he   b e a r i n g  

b e i n g   t h e   f i r s t   p i v o t   p o i n t ,   an  arm  e x t e n d i n g   r a d i a l l y   f r o m  

t h e   d i s c   to  one  s i d e   of  i t s   a x i s   and  c a r r y i n g   t h e   s e c o n d  

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

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

or  b e i n g   p i v o t a l l y   e n g a g e a b l e   w i t h   t h e   p i n   a t   t he   t h i r d  

p i v o t   p o i n t .  



4.  An  a c t u a t o r   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,   w h e r e i n  

the   p i n   is   r e l e a s a b l y   e n g a g e a b l e   w i t h   t he   d i s c   a t   t he   t h i r d  

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

m o v i n g   a x i a l l y   t o w a r d s   or  away  f rom  the   p i n   as  t he   p i s t o n  

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

as  t he   d i s c   a p p r o a c h e s   the   end  of  t he   p i n .  
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