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Hydraulic  actuator. 
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@  Hydraulic  actuator  for  turning  movement  of  a  knuckle, 
especially  a  steering  knuckle,  a  torus  shaped  guiding  path 
for  pistons  (4,  5)  comprising  a  carrier  ring  (3)  connected  to  the 
knuckle  (8),  the  carrier  ring  (3)  thereby  establishing  the  inner 
circumference  of  the  path  and  being  sealingly  moveable 
against  a  lower  part  (2)  and  an  upper  part  (1)  which  is 
secured  to  the  lower  part  and  which  together  establish  the 
rest  of  the  path  and  being  stationary,  at  least  one  piston  (4) 
being  sealingly  displaceable  in  the  guiding  path  and  fixed  to 
the  carrier  ring  (3)  and  at  least  one  fixed  piston  (5)  secured 
to  the  lower  part  (2),  whereby  channels  (9,  10)  establish  input 
and  output  for  hydraulic  fluid  to  diametrically  opposed 
spaces  between  a  displaceable  piston  (4)  and  a  fixed  piston 
(5),  the  carrier  ring  (3)  being  connected  turnable  with  the 
steering  knuckle  (8)  and  displaceable  in  the  axis  direction 
thereof  by  means  of  two  diametrically  opposed  pins  (7)  con- 
nected  with  the  knuckle  (8),  received  in  corresponding  bear- 
ing  linings  in  the  inner  circumference  of  the  carrier  ring. 
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especially  a  steering  knuckle,  a  torus  shaped  guiding  path 
for pistons  (4, 5)  comprising  a carrier  ring  (3)  connected  to the 
knuckle  (8),  the  carrier  ring  (3)  thereby  establishing  the  inner 
circumference  of  the  path  and  being  sealingly  moveable 
against  a  lower  part  (2)  and  an  upper  part  (1)  which  is 
secured  to  the  lower  part  and  which  together  establish  the 
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nected  with  the  knuckle  (8),  received  in  corresponding  bear- 
ing  linings  in  the  inner  circumference  of  the  carrier  ring. 



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

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

s t e e r i n g   k n u c k l e ,   d e m a n d i n g   l e s s   t h a n   3 6 0   t u r n i n g   f o r  

a c t u a t i o n .  

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

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

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

to  t he   k n u c k l e   by  means   of   l e v e r s ,   r e s u l t i n g   t h a t   t h e  

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

d e n t   of  t h e   k n u c k l e   p o s i t i o n .  

Known  a c t u a t o r s   of  t he   a b o v e - m e n t i o n e d   t y p e   f u r t h -  

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

may  l e a d   to  d i f f i c u l t i e s   in  c o n n e c t i o n   w i t h   e s p e c i a l l y  

s t e e r i n g   k n u c k l e s   w h i c h   due  to  t he   f o r c e   a c t i n g   a g a i n s t  

t h e   k n u c k l e s ,   may  a c h i e v e   a  b e n d i n g   d e v i a t i n g   f rom  t h e  

t h e o r e t i c a l   a x i s   of  t he   k n u c k l e   and  f u r t h e r m o r e   an  e x t e n -  

s i o n   due  to  t e m p e r a t u r e   v a r i a t i o n s .  

Wi th   t he   h y d r a u l i c   a c t u a t o r   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 s e   d i s a d v a n t a g e s   a r e   a v o i d e d   due  to  t he   f a c t  

t h a t   t he   a c t i n g   p o i n t   of  t h e   a c t u a t o r   p e r m a n e n t l y   h a v e  

t he   same  d i s t a n c e   f rom  the   c e n t e r   a x i s   of  t he   k n u c k l e .  

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

a c t u a t o r   in  t h e   l o n g i t u d i n a l   d i r e c t i o n   of  t he   k n u c k l e  

and  t he   k n u c k l e   is   a l l o w e d   to  be  b e n t   as  o p p o s e d   to  t h e  

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

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

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

a c t u a t o r   a c c o r d i n g   to  t h e   i n v e n t i o n   by  means   of  t he   f e a t -  

u r e s   s t a t e d   in  t h e   c h a r a c t e r i z i n g   c l a u s e s   of  t he   c l a i m s .  

The  a c t u a t o r   a c c o r d i n g   to  t h e   i n v e n t i o n   is   w e l l  

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

b e i n g   more  t h a n   3 0 0 ° ,   w h e r e b y   h e r e   two  p i s t o n s   a r e   u s e d ,  

one  f i x e d   and  one  d i s p l a c e a b l e .   For   a c t u a t i n g   t he   s t e e r i n g  

k n u c k l e   on  s h i p s ,   h o w e v e r ,   two  p i s t o n s   of  e a c h   t y p e   w i l l  

be  a d e q u a t e   and  f o r   s t e e r i n g   k n u c k l e s   on  g r e a t e r   s h i p s  

w h e r e   n o r m a l   t u r n i n g   i s   2  x  35  d e g r e e s ,   t h r e e   p i s t o n s  

w i l l   be  s u i t a b l e .  

In  t h e   d r a w i n g   F i g u r e   1  d i s c l o s e s   a  p e r s p e c t i v e  

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



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

s i m p l i f i c a t i o n ,   F i g u r e   2  d i s c l o s e s   a  h o r i z o n t a l   p r o j e c t i o n  

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

F i g u r e   3  d i s c l o s e s   a  c r o s s   s e c t i o n   of  t h e   a c t u a t o r ,  

t h r o u g h   a  p i s t o n ,   F i g u r e   4  d i s c l o s e s   a  s e c t i o n   a l o n g   I V - I V  

in  F i g u r e   2  and  F i g u r e   5  d i s c l o s e s   s c h e m a t i c a l l y   t he   a c t u -  

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

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

l o w e r   p a r t   2  and  t h e   u p p e r   p a r t   1  of  t h e   a c t u a t o r ,   t o g e t -  

h e r   w i t h   a  c a r r i e r   r i n g   3  a r r a n g e d   in  t he   i n n e r   s i r c u m f e r -  

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

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

to  a  k n u c k l e ,   in  t h e   p r e s e n t   c a s e   a  s t e e r i n g   k n u c k l e   8 .  

To  t h e   l o w e r   p a r t   two  p i s t o n s   5  a r e   f i x e d   d i a m e -  

t r i c a l l y   o p p o s e d   to  e a c h   o t h e r   and  two  p i s t o n s   4  b e i n g  

f i x e d   to  t h e   c a r r i e r   r i n g   3,  a l s o   a r r a n g e d   d i a m e t r i c a l l y  

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

t h e   l o w e r   p a r t .   A l l   p i s t o n s   h a v i n g   s e e l i n g s   11  in  b o t h  

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

p a t h .  

The  u p p e r   p a r t   1  i s   f i x e d l y   c o n n e c t e d   to  t he   l o w e r  

p a r t   2,  w h e r e a s   t h e   c a r r i e r   r i n g   3  i s   s e e l i n g l y   t u r n a b l e  

as  o p p o s e d   to  t h e   u p p e r   p a r t   and  t h e   l o w e r   p a r t .   In  t h i s  

way  t h e   p i s t o n s   4  f i x e d   to   t h e   c a r r i e r   r i n g   may  be  d i s -  

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

t h e   p i s t o n s   5  w h i c h   a r e   f i x e d   to  t h e   l o w e r   p a r t   2 .  

The  u p p e r   p a r t   1  and  t h e   l o w e r   p a r t   2  b o t h   h a v e  

two  g r o o v e s   w h i c h   t o g e t h e r   e s t a b l i s h   c h a n n e l s   9,  10  f o r  

h y d r a u l i c   f l u i d .   From  t h e   c h a n n e l   10  a  c o n n e c t i o n   c h a n n e l  

12  i s   a r r a n g e d   to  an  o u t p u t   13  n e a r   o n e  s i d e   of  one  o f  

t h e   p i s t o n s   5  s e c u r e d   to  t h e   l o w e r   p a r t   2,  w h e r e a s   a  c o r -  

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

on  t h e   o t h e r   s i d e   of  t h e   same  p i s t o n   f rom  t h e   c h a n n e l  

9.  C o r r e s p o n d i n g l y   c o n n e c t i o n   means   b e i n g   a r r a n g e d   o n  

t h e   l o w e r   p a r t   2  f o r   s u p p l y   and  d i s c h a r g e   r e s p e c t i v e l y  

of   h y d r a u l i c   f l u i d   to  and  f r o m   t he   c h a n n e l s   9  and  1 0 .  

A  d i r e c t i o n   c o c k   14  i s   a r r a n g e d   in  e a c h   c o n n e c t i o n  

c h a n n e l   12  w h e r e b y   c o n n e c t i o n   can  be  e s t a b l i s h e d   b e t w e e n  

c h a n n e l   9,,  r e s p e c t i v e l y   10,  and  t h e   g u i d i n g   p a t h ,   or   f r o m  



t he   g u i d i n g   p a t h   to  a  r e s e r v o i r   15  a r r a n g e d   in  t h e   l o w e r  

p a r t   2.  The  a r r a n g e m e n t   of  t he   d i r e c t i o n   c o c k   14  m a k e s  

i t   p o s s i b l e   to  d e c r e a s e   t he   p r e s s u r e   in  c e r t a i n   p a r t s  
of  t h e   g u i d i n g   p a t h   i f   t h i s   s h o u l d   be  d e s i r a b l e ,   s u c h  

as  by  d e f e c t s ,   l e a k a g e   and  s u c h   in  a  c e r t a i n   p a r t   of  t h e  

g u i d i n g   p a t h .  

The  l o w e r   p a r t   2  s u i t a b l y   is   p r o v i d e d   w i t h   a  f l a n -  

ge  16  f o r   s e c u r e m e n t   a t   a  s u i t a b l e   p o s i t i o n .  

By  p r e s s u r i z i n g   one  of  t he   c h a n n e l s ,   s u c h   as  c h a n -  

n e l   10,  h y d r a u l i c   f l u i d   w i l l   f l o w   t h r o u g h   t he   c o n n e c t i o n  

c h a n n e l   12  and  ou t   t h r o u g h   t h e   o u t p u t   13  to  t h e   two  d i a m e -  

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

t he   p i s t o n   4,  s e c u r e d   to  t he   c a r r i e r   r i n g   3,  w i l l   be  p r e s -  
sed   away  f rom  t h e   c o r r e s p o n d i n g   f i x e d   p i s t o n   5,  w h e r e a s  

t h e   h y d r a u l i c   f l u i d   on  t he   o t h e r   s i d e   of  t he   p i s t o n   5 

is   d i s c h a r g e d   t h r o u g h   t he   o p p o s e d   a r r a n g e d   o u t p u t ,   t h e  

c o n n e c t i o n   c h a n n e l   and  to  t he   c h a n n e l   9  f o r   r e t u r n i n g  

t he   h y d r a u l i c   f l u i d   to  t he   r e s e r v o i r   15  a r r a n g e d   in  c o n -  

n e c t i o n   w i t h   t he   h y d r a u l i c   u n i t .   H e r e b y   the   c a r r i e r   r i n g  

w i l l   be  d i s p l a c e d   in  r e l a t i o n   to  t he   l o w e r   p a r t   2  a n d  

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

7  w h i c h   a r e   c o n n e c t e d   w i t h   t h e   s t e e r i n g   k n u c k l e   8.  T h e  

p i n s   7  a r e   m o u n t e d   in  l i n i n g s   17  of  b e a r i n g   in  s u c h   a  

way  t h a t   t h e   p i n s   7  can  be  t u r n e d   in  r e l a t i o n   to  t h e   l i n -  

i n g s   17.  Each   l i n i n g   17  is   a r r a n g e d   b e t w e e n   two  g u i d i n g  

means   18  in  s u c h   a  way  t h a t   t he   l i n i n g s   17  can  be  m o v e d  

a x i a l l y   in  r e l a t i o n   to  t he   c a r r i e r   r i n g   3,  t h e r e b y   a l l o w -  

i ng   p o s s i b l e   e x t e n s i o n   of  c o m p r e s s i o n   of  t h e   s t e e r i n g  

k n u c k l e   8,  c a u s e d   by  t e m p e r a t u r e   v a r i a t i o n s .  

In  t he   d i s c l o s e d   e m b o d i m e n t   t h e   p i n s   7  a r e   s e c u r e d  

to  a  r o t o r   6  w h i c h   a g a i n   is  r i g i d l y   c o n n e c t e d   to  t h e   s t e -  

e r i n g   k n u c k l e   8.  By  t he   s p e c i a l   e m b o d i m e n t   of  t he   h y d r a u -  

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

k n u c k l e   8  can  be  t u r n e d   in  b o t h   d i r e c t i o n s   by  a c t i v a t i n g  

t he   c h a n n e l s   9  or   10  w h e r e b y   no  s p e c i a l   f o r c e s   a r e   c r e a t e d  

in  t h e   c o n n e c t i o n   b e t w e e n   the   p i n s   7  and  the   c a r r i e r   r i n g  

3  due  to  l e n g t h   v a r i a t i o n s   of  t he   p i n s   7  by  t e m p e r a t u r e  

v a r i a t i o n s   or  b e n d i n g   of  t he   s t e e r i n g   k n u c k l e   f rom  t h e  

t h e o r e t i c a l   m i d d l e   a x i s   due  to  f o r c e s   a g a i n s t   t h e   s t e e r i n g  



k n u c k l e   o r   t h e   r u d d e r .   An  o b l i q u e   m o u n t i n g   of  t he   a c t u a t o r  

in  r e l a t i o n   to  t h e   s t e e r i n g   k n u c k l e   w i l l   no t   i n f l u e n c e  

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

k n u c k l e .   A  p o s s i b l e   e x t e n s i o n   of  t h e   r o t o r   6  a l s o   c a n  

be  a d a p t e d   by  t h e   b e a r i n g   l i n i n g s   1 7 .  



1.  H y d r a u l i c   a c t u a t o r   f o r   t u r n i n g   m o v e m e n t   of  a  

k n u c k l e ,   e s p e c i a l l y   a  s t e e r i n g   k n u c k l e ,   CHARACTERIZED  IN  

a  t o r u s   s h a p e d   g u i d i n g   p a t h   f o r   p i s t o n s   (4 ,   5)  c o m p r i s i n g  

a  c a r r i e r   r i n g   (3)  c o n n e c t e d   to  t he   k n u c k l e   ( 8 ) ,   t he   c a r r i e r  

r i n g   (3)  t h e r e b y   e s t a b l i s h i n g   t h e   i n n e r   s i r c u m f e r e n c e   o f  

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

p a r t   (2)  and  an  u p p e r   p a r t   (1)  w h i c h   is   s e c u r e d   to  t h e  

l o w e r   p a r t   and  w h i c h   t o g e t h e r   e s t a b l i s h   t he   r e s t   of  t h e  

p a t h   and  b e i n g   s t a t i o n a r y ,   a t   l e a s t   one  p i s t o n   (4)  b e i n g  

s e a l i n g l y   d i s p l a c e a b l e   in  t he   g u i d i n g   p a t h   and  f i x e d   t o  

t h e   c a r r i e r   r i n g   (3)  and  at   l e a s t   one  f i x e d   p i s t o n   ( 5 )  

s e c u r e d   to  t h e   l o w e r   p a r t   ( 2 ) ,   w h e r e b y   c h a n n e l s   (9 ,   1 0 )  

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

c a l l y   o p p o s e d   s p a c e s   b e t w e e n   a  d i s p l a c e a b l e   p i s t o n   ( 4 )  

and  a  f i x e d   p i s t o n   ( 5 ) ,   t h e   c a r r i e r   r i n g   (3)  b e i n g   c o n n e c t e d  

t u r n a b l e   w i t h   t h e   s t e e r i n g   k n u c k l e   (8)  and  d i s p l a c e a b l e  

in  t h e   a x i s   d i r e c t i o n   t h e r e o f   by  means   of  two  d i a m e t r i c a l l y  

o p p o s e d   p i n s   (7)  c o n n e c t e d   w i t h   t h e   k n u c k l e   ( 8 ) ,   r e c e i v e d  

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

of  t he   c a r r i e r   r i n g .  

2.  A c t u a t o r   a c c o r d i n g   to  c l a i m   1,  CHARACTERIZED 

IN  s e a l i n g s   (11)   b e i n g   a r r a n g e d   on  e a c h   s i d e   of  e a c h   p i s t o n  

(4,   5 ) ,   w h i c h   s e a l i n g s   b e a r i n g   s e e l i n g l y   a g a i n s t   t he   g u i d i n g  

p a t h .  

3.  A c t u a t o r   a c c o r d i n g   to  c l a i m   2,  CHARACTERIZED 

IN  t h e   s i d e   of  e a c h   f i x e d   p i s t o n   (5)  f a c i n g   t he   c a r r i e r  

r i n g   (3)  b e i n g   c h a m f e r e d   to  a  s y l i n d r i c a l   s u r f a c e   p a r a l l e l  

to  t h e   a x i s ,   t h e r e b y   m a k i n g   i t   p o s s i b l e   to  moun t   and  d i s -  

moun t   t h e   p i s t o n   (5)  w i t h o u t   r e m o v i n g   t he   c a r r i e r   r i n g  

( 3 ) .  

4.  A c t u a t o r   a c c o r d i n g   to  c l a i m   1,  CHARACTERIZED 

IN  t he   b e a r i n g   l i n i n g s   b e i n g   r e c t a n g u l a r   b e a r i n g   b o s s e s  

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

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

of  g u i d i n g s   (18)   on  t he   c a r r i e r   r i n g   ( 3 ) ,   a b u t t i n g   t h e  

o u t e r   v e r t i c a l   end  f a c e s   of  t he   l i n i n g s .  



5.  A c t u a t o r   a c c o r d i n g   to  c l a i m   1,  CHARACTERIZED 

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

t h e   l o w e r   p o r t i o n   of  t h e   l o w e r   p a r t   ( 2 ) .  

6.  A c t u a t o r   a c c o r d i n g   to  c l a i m   1,  CHARACTERIZED 

IN  t h e   c h a n n e l s   (9 ,   10)  f o r   h y d r a u l i c   f l u i d   b e i n g   two  c o n -  

c e n t r i c a l   a n n u l a r   c h a n n e l s   (9 ,   10)  in  t he   l o w e r   p a r t   ( 2 )  

and  t h e   u p p e r   p a r t   ( 1 ) ,   one  of   t h e   a n n u l a r   c h a n n e l s   t h e r e b y  

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

one  s i d e   of   e a c h   f i x e d   p i s t o n   (5)  and  t h e   o t h e r   a n n u l a r  

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

s i d e   of   s a i d   p i s t o n   ( 5 ) .  

7.  A c t u a t o r   a c c o r d i n g   to   c l a i m s   5 - 6 ,   CHARACTERIZED 

IN  e a c h   o u t p u t   b e i n g   c o n n e c t e d   w i t h   t h e   c o r r e s p o n d i n g   a n n u -  

l a r   c h a n n e l   by  a  d i r e c t i o n   c o c k   w h i c h   in  a n o t h e r   p o s i t i o n  

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

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