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©  Separate  hydraulic  systems  arranged  in  parallel,  especially  for  a  ship's  steering  apparatus. 
In  order that  separate  hydraulic  systems  A,B,  e.g.  in  a 

ship's  steering  apparatus,  may  be  simultaneously  operated  it 
is  necessary  to  equalize  the  pressure  between  the  pumps  10, 
11  in  the  respective  systems  A,B. 

Preferably,  this  is  accomplished  by  interposing  piston 
and  cylinder  assembly  128  between  respective  pump  actuat- 
ing  rods  141,  143.  During  steering,  pressures  of  respective 
systems  A,B,  are  applied  to  assembly  128  at inlets  122, 121.  If 
there  is  an  imbalance  in  said  pressures,  piston  123  and 
trunnion  124  move,  thereby  altering  the  effective  length  of 
lever  125  until  the  stroke  of  pump  10  is  equal  to  that  of  pump 
11. 

Other  methods  of  equalising  pressure  between  pumps 
10, 11  include  providing  pressure  sensitive  control  valves  or 
spill  valves  between  each  side  of  each  system  A,B. 





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

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

s t e e r i n g   a p p a r a t u s   f o r   use   in   s h i p s   and  i n c o r p o r -  

a t i n g   an  a u t o m a t i c   f a i l s a f e   s y s t e m .  

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

m a l l y   h a v e   d u p l i c a t e d   pump  s y s t e m s   and  e i t h e r  

s i n g l e   or  d o u b l e - a c t i n g   c y l i n d e r s .   E i t h e r   one  o f  

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



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

t h e   o t h e r   pump  s y s t e m   as  a  s t a n d b y   in   c a s e   of  f a i l -  

u r e   of  t h e   f i r s t   s y s t e m .  

A l t h o u g h   t h e r e   a r e ,   in   e f f e c t ,   two  s e p a r a t e  

h a l f p o w e r   s t e e r i n g   g e a r s ,   e a c h   on  i t s   own  c a p a b l e  

of  s t e e r i n g   t h e   s h i p   in  an  e m e r g e n c y ,   t h e   two  s t e e r -  

i ng   g e a r s   a r e   n o t   i s o l a t e d   f r o m   e a c h   o t h e r .   In  t h e  

m a j o r i t y   of  known  s y s t e m s ,   t h e   two  s t e e r i n g   g e a r s  

a r e   c o n n e c t e d   in   p a r a l l e l .   The  r e a s o n   f o r   t h e   i n t e r -  

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

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

w o r k i n g   c y l i n d e r s   so  t h a t   t h e y   s h a r e   t h e   l o a d   e v e n l y .  

A  w e a k n e s s   of  s u c h   an  i n t e r l o c k i n g   s y s t e m   i s  

t h a t   i f   one  pump  f a i l s   and  b e a k s   up,   d e b r i s   may  b e  

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

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

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

S i m i l a r l y   a  f a i l u r e   in   one  p a r t   of  t h e  h y d r a u l -  

ic  c i r c u i t   due  t o   say   a  b r o k e n   p i p e   or  c o n n e c t i o n  

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



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

to   l o s s   of  h y d r a u l i c   f l u i d .  

T h e r e   i s   t h e r e f o r e   a  good   c a s e   f o r   h a v i n g   t w o  

c o m p l e t e l y   s e p a r a t e   h y d r a u l i c   s y s t e m s .   Such  s y s t e m s  

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

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

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

as  an  a u x i l i a r y   s y s t e m   w h i c h   i s   b r o u g h t   . i n t o   o p e r a t i o n  

o n l y   i f   t h e   m a i n   s y s t e m   f a i l s .  

A  m a j o r   d i s a d v a n t a g e   of  s u c h   a p p a r a t u s   i s   t h a t  

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

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

g e a r   of  t w i c e   n o r m a l   s i z e   and  a  p r o p o r t i o n a t e   i n c r e a s e  

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

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

d e g r e e   of  i m b a l a n c e   in   r u d d e r   t o r q u e   due  to   u s i n g   o n l y  

h a l f   t h e   n u m b e r   of  c y l i n d e r s .  

The  r e a s o n   why  s e p a r a t e   s y s t e m s   have   n o t   b e e n  

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

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

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



p l a c e m e n t s .   Even  s m a l l   d i f f e r e n c e s   b e t w e e n   c o r r e s p o n d -  

i n g   pumps  or  a c t u a t o r s   in  t he   s t e e r i n g   g e a r s   may  r e s u l t  

in  one  or   o t h e r   of  t he   s t e e r i n g   g e a r s   t a k i n g   a  d i s p r o p o r t -  

i o n a t e   s h a r e   of  the   l o a d .  

An  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e  

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

a p p a r a t u s   f o r   use   in  a  s h i p ,   w h i c h   d o e s   no t   h a v e   t h e  

a f o r e m e n t i o n e d   d i s a d v a n t a g e s .  

Wi th   t h i s   o b j e c t   in  v i e w ,   t h e   p r e s e n t   i n v e n t i o n  

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

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

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

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

p r e s s u r e   b e t w e e n   the   pumps  in  t he   r e s p e c t i v e   s y s t e m s  

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

P r e f e r a b l y ,   s a i d   means   c o m p r i s e s   a  p i s t o n   a n d  

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

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

one  pump  in  r e l a t i o n   to  t h a t   of  the   o t h e r   p u m p .  

Wi th   s u c h   an  a r r a n g e m e n t ,   the   p i s t o n   and  c y l i n d e r  

a s s e m b l y   w o u l d   o n l y   be  o p e r a t e d   when  t h e   p r e s s u r e   o f  



the   pump  in  t h e   one  s y s t e m   d i f f e r e d   f r o m   t h e   p r e s s u r e  

j f   t h e   pump  in  t h e   o t h e r   s y s t e m .  

A l t e r n a t i v e l y ,   w h e r e   e a c h   h y d r a u l i c   s y s t e m  

i n c l u d e s   a  p i s t o n   and  c y l i n d e r   a s s e m b l y   ( e . g .   i n  

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

e q u a l i s i n g   p r e s s u r e   b e t w e e n   t he   pumps  in  t h e   r e s p e c t i v e  

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

b e t w e e n   the   two  s i d e s   of  e a c h   r e s p e c t i v e   s y s t e m   a n d  

o p e r a b l e   by  a  c o n t r o l   v a l v e   in  a  p r e s s u r e   l i n e  

f rom  t h e   r e s p e c t i v e   pump  to  open  and  t h e r e   by  e s t a b l i s h  

f l u i d   c o m m u n i c a t i o n   b e t w e e n   e a c h   s i d e   of  e a c h  

c y l i n d e r   in  t h e   r e s p e c t i v e   s y s t e m .  

Wi th   t he   a f o r e s a i d   a r r a n g e m e n t ,   t he   s p i l l   v a l v e  

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

of  the  pump  in  the   r e s p e c t i v e   s y s t e m   e x c e e d e d   t h e  

p r e s s u r e   of  t he   pump  in  the   o t h e r   s y s t e m ,   e x c e p t   i n  

t h e   e v e n t   of  a  l e a k a g e   in  t he   a p p a r a t u s .  

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

i c a l l y   e q u a l i s i n g   p r e s s u r e   b e t w e e n   t h e   pumps  in  t h e  

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

c a t e d   b e t w e e n   t he   s i d e s   of  e ach   r e s p e c t i v e   s y s t e m   a n d  



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

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

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

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

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

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

Any  of  t h e   a f o r e s a i d   t y p e s   of  a p p a r a t u s   may  a l s o  

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

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

in   w h i c h   t h e   f l u i d   l e a k   i s   d i s p o s e d   and  m e a n s  f o r  a u t -  

o m a t i c a l l y   d e a c t i v a t i n g   t h e   pump  in   t h e   s y s t e m   i n  

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

of  e x a m p l e ,   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 .   1  i s   a  s c h e m a t i c   d i a g r a m   of  a  c o n v e n t i o n a l  

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

in   p a r a l l e l ;  

F i g .   2  i s   a  s c h e m a t i c   d i a g r a m   of  a  p r e f e r r e d  

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



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

a  s h i p ' s   s t e e r i n g   a p p a r a t u s ;   a n d  

F i g .   3  i s   an  e n l a r g e m e n t   of  t h e   p i s t o n   and  c y -  

l i n d e r   a s s e m b l y   i n d i c a t e d   a t   E  in   F i g .   2 ;  

F i g .   4  i s   a  s c h e m a t i c   d i a g r a m   of  a  s e c o n d   e m b o d -  

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

a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   i n   t h e   f o r m   of  a  

s h i p ' s   s t e e r i n g   a p p a r a t u s ;   . 

F i g .   5  i s   a  s c h e m a t i c   d i a g r a m   of  a  t h i r d   e m b o d -  

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

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

a p p a r a t u s ;  

F i g .   6  i s   a  s c h e m a t i c   d i a g r a m   of  a  f o u r t h   e m b o d -  

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

a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   in   t h e   f o r m   of  a  s h i p ' s  

s t e e r i n g   a p p a r a t u s ;  

F i g .   7  i s   a  s c h e m a t i c   d i a g r a m   of  a  f i f t h   e m b o d i -  

men t   of  a  s h i p ' s   s t e e r i n g   a p p a r a t u s   in   a c c o r d a n c e   w i t h  

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



shown  in   F i g .  6   by  h a v i n g   f i x e d   d e l i v e r y   pumps  i n s t e a d  

of   v a r i a b l e   d e l i v e r y   pumps ;   a n d  

F i g .   8  i s   a  s c h e m a t i c   d i a g r a m   of   a  w h e a t s t o n e  

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

of   t h e   p r e s e n t   i n v e n t i o n   in   t he   fo rm  of   a  s h i p ' s   s t e e r -  

i n g   a p p a r a t u s .  

As  shown  i n   F i g .   1,  known  s t e e r i n g   a p p a r a t u s  

c o m p r i s e   a  s y m m e t r i c a l   a r r a n g e m e n t   o f   two  s y s t e m s  

d e s i g n a t e d   A  and  B.  Each   of  t h e s e   s y s t e m s   i n c l u d e s  

a  r e s p e c t i v e   one  of  v a r i a b l e   d e l i v e r y   h y d r a u l i c   p u m p s  

10  and  11  a s s o c i a t e d   w i t h   a  r e s p e c t i v e   one  of   b o o s t  

pumps  12  and   13  w h i c h   a r e   f i x e d   d e l i v e r y   p u m p s .   E a c h  

a s s o c i a t e d   p a i r   of  pumps  i s   d r i v e n   by  a  r e s p e c t i v e  

one  of   e l e t r i c   m o t o r s   14  and  1 5 .  

F l u i d   r e s e r v o i r s   16  and  17  a r e   a s s o c i a t e d   w i t h  

s y s t e m s   A  and   s y s t e m   B  r e s p e c t i v e l y .   Each   s y s t e m   A 

and  B  a l s o   i n c l u d e s   a  r e s p e c t i v e   s i n g l e - a c t i n g   p i s t o n  

and  c y l i n d e r   a s s e m b l y   18,  20  and  19,  21  w h i c h   a s s e m b l -  

i e s   a r e   a t t a c h e d   to  r e s p e c t i v e   ends   of   a  t i l l e r   50 .   I t  

w i l l   be  u n d e r s t o o d   t h a t ,   a l t h o u g h   t h e   i l l u s t r a t e d  

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

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

c y l i n d e r s   may  a l t e r n a t i v e l y   be  p r o v i d e d .   A  r u d d e r   p o s t  

5.1  p r o j e c t s   t h r o u g h   the   c e n t r e   of   t h e   t i l l e r   5 0 ,  

t h e   a x i s   o f   t h e   r u d d e r . p o s t   51  e x t e n d i n g  



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

t i l l e r   50.  A  r u d d e r   56,  i n d i c a t e d   in   b r o k e n   l i n e s  

in   F i g .   1,  i s   c o n n e c t e d   to   t h e   r u d d e r   p o s t   5 1 .  

In  s y s t e m   A,  a  f l u i d   l i n e   22  l e a d s   f r o m   o n e  

s i d e   of  t h e   pump  10  to   t h e   l o w e r   end  of  c y l i n d e r  

20  and  f l u i d   l i n e   28  l e a d s   f r o m   t h e   o t h e r   s i d e   o f  

t h e   pump  10  t o   t h e   u p p e r   end  of  c y l i n d e r   18,  t h e s e  

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

in   t h e   d i a g r a m .   C o r r e s p o n d i n g   f l u i d   l i n e s   23,  a n d  

29  a r e   p r o v i d e d   in   s y s t e m   B  t o   c o n n e c t   r e s p e c t i v e  

s i d e s   of  t h e   pump  11  to   t h e   c y l i n d e r s   19  and  2 1 .  

Each   p a i r   of  l i n e s   22,  28  and  23,  29  i s   c o n n e c t e d  

t h r o u g h   a  r e s p e c t i v e   s h u t t l e   v a l v e   38,   39  t o   a  r e s -  

p e c t i v e   one  of  p r e s s u r e   r e l i e f   v a l v e s ,   34,  3 5 ,  a n d  

t h e n c e   v i a   r e s p e c t i v e   40,  41  b a c k   t o   t h e   pumps  1 2  

and  1 3 .  

B e t w e e n   e a c h   a s s o c i a t e d   p a i r   of  pumps  10  a n d  

12  and  11  and  13  t h e   r e s p e c t i v e   r e s e r v o i r   16  a n d  

17  a  r e s p e c t i v e   one  of  b o o s t   l i n e   r e l i e f   v a l v e s   5 4  

and  55  i s   p r o v i d e d .  

The  m o s t   i m p o r t a n t   f e a t u r e s   of  t h i s   k n o w n  



a p p a r a t u s   ( i n  t h e   c o n t e x t   of  t h e   p r e s e n t   i n v e n t i o n )  

a r e   t h e   f l u i d   l i n e s   32,   33  w h i c h   e f f e c t i v e l y   c o n n e c t  

f l u i d   l i n e   28  of  s y s t e m   A  w i t h   f l u i d   l i n e   29  o f  

s y s t e m   B  and  f l u i d   l i n e   22  of  s y s t e m   A  w i t h   f l u i d  

l i n e   23  of  s y s t e m   B,  r e s p e c t i v e l y ,   t h e r e b y   to   e q u a l -  

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

A  and  B.  The  s t r o k e s   of  t h e   r e s p e c t i v e   pumps  10  a n d  

11  w i l l   n o t ,   of  c o u r s e ,   be  e x a c t l y   e q u a l   e v e n   w h e n  

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

A l s o   shown  in   F i g .   1  a r e   a  s t e e r i n g   w h e e l   7 4  

and   a  t o o t h e d   p i n i o n   73  s e c u r e d   t o   a  common  s h a f t .  

The  p i n i o n   73  e n g a g e s   w i t h   two  t o o t h e d   r a c k s   71  a n d  

72  t o   w h i c h   a r e   a t t a c h e d   h y d r a u l i c   r ams   69  and  7 0  

r e s p e c t i v e l y   w h i c h   work  in   c y l i n d e r s   67  and  68  r e s -  

p e c t i v e l y .   T h e s e   c y l i n d e r s   67  and  68  a r e   c o n n e c t e d  

t h r o u g h   f l u i d   l i n e s   65  and  66  to   t h e   r e s p e c t i v e   e n d s  

of  c y l i n d e r   6 2 .  

As  shown  in  t h e   d i a g r a m ,   t h e   c y l i n d e r   62  c o n t a i n s  

a  t e l e m o t o r   r e c e i v e r   p i s t o n   63  c o n n e c t e d   v i a   a  d i f f e r -  

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

i n g   r o d s   141  and  143.   The  p i s t o n   63  i s   l o c a t e d   on  a  

p i s t o n   rod   64  w h i c h   i s   a t t a c h e d   a t   i t s   u p p e r   end  t o  



a  d i f f e r e n t i a l   l e v e r   60  and  t h u s   t o   a  r o d   61  and  a  

c o n n e c t i n g   l i n k   59.  The  a f o r e s a i d   l i n k   59  i s   c o n n e c t -  

ed  v i a   a  s u b s t a n t i a l l y   r i g h t - a n g l e d   b e l l   c r a n k   58  t o  

t h e   pump  s t r o k e   a c t u a t i n g   r o d s   141  and  1 4 3 .  

I f ,   f o r   e x a m p l e ,   i t   i s   d e s i r e d   to   move  t h e  

r u d d e r   56  to   10°  p o r t ,   t h e  w h e e l   74  i s   t u r n e d   to   p o r t ,  

i . e .   a n t i c l o c k w i s e ,   by  t h e   r e q u i s i t e   d i s t a n c e   t h e r e b y  

c a u s i n g   t h e   p i n i o n   73  a l s o   t o   t u r n   a n t i c l o c k w i s e   a n d  

t h r o u g h   r a c k s   71  and  72  r e s p e c t i v e l y   f o r c e   ram  6 9  

d o w n w a r d s   and  r a i s e   ram  70.   The  d o w n w a r d   m o v e m e n t  o f  

t h e   ram  69  f o r c e s   h y d r a u l i c   f l u i d   down  t h e   l i n e   65  

i n t o   t h e   t o p   end  of  t h e   c y l i n d e r   62  and  moves   t h e  

t e l e m o t o r   r e c e i v e r   p i s t o n   63  d o w n w a r d s   f o r   a  d i s t a n c e  

e q u i v a l e n t   to   1 0 ° .  

The  p i s t o n   r o d   64  i s   f o r c e d   d o w n w a r d s   s o  t h a t ,  

w i t h   t h e   j u n c t i o n   of  t h e   l e v e r   60  to   t h e   rod   61  a c t -  

i n g   as  a  f u l c r u m ,   t h e   d i f f e r e n t i a l   l e v e r   60  i s   t u r n e d  

c l o c k w i s e   p u l l i n g   t h e   c o n n e c t i n g   l i n k   59  d o w n w a r d s   a n d  

t u r n i n g   t h e   b e l l   c r a n k   l e v e r   58  a n t i c l o c k w i s e .   T h i s  

in   t u r n   p u s h e s   t h e   pump  a c t u a t i n g   r o d s   141  and  143  t o  

t h e   l e f t   and  a p p l i e s   s t r o k e   to   pumps  10  and  11  c a u s i n g  

t h e m   t o   pump  f l u i d   t h r o u g h   l i n e s   28  and  29  r e s p e c t i v e l y  



t o   c y l i n d e r s   18  and  21  r e s p e c t i v e l y .  A s   m e n t i o n e d ,  

t h e s e   l i n e s   28  and  29  and  t h e   c y l i n d e r s   18  and  2 1  

a r e   c o n n e c t e d   by  f l u i d   l i n e   32  so  t h a t   t h e   s a m e  

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

c y l i n d e r s   18  and  21.   The  t i l l e r   50  and  w i t h   i t   t h e  

r u d d e r   56  a r e   t h u s   c a u s e d   to   t u r n   a n t i c l o c k w i s e  

t o   1 0 °  f r o m   t h e   s t r a i g h t   a h e a d   p o s i t i o n .  

As  t h e . r u d d e r   56  i s   m o v i n g   a n t i c l o c k w i s e   t h e  

c o n n e c t i n g   l i n k   61  i s   p u l l e d   d o w n w a r d s   t h e r e b y  

r e t u r n i n g   t h e   d i f f e r e n t i a l   l e v e r   60  and  t h e   l i n k   59  

t o   t h e i r   o r i g i n a l   p o s i t i o n s .   The  b e l l   c r a n k   l e v e r  

58  i s   t h u s   c a u s e d   t o   t u r n   c l o c k w i s e   and  moves   t h e  

pump  s t r o k e   a c t u a t i n g   r o d s   141  and  143  t o   t h e   r i g h t  

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

t e l e m o t o r   r e c e i v e r   p i s t o n   6 3 .  

The  a p p l i c a t i o n   and  c a n c e l l a t i o n   of  s t r o k e  

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

c a n c e l l e d   in   t h i s   c a s e   when  t h e   r u d d e r   56  r e a c h e d   1 0 °  

p o r t   and  t h e   s t e e r i n g   g e a r   wou ld   come  t o   r e s t .  

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

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



p r e s e n t   i n v e n t i o n   i s   i l l u s t r a t e d   in   F i g .   2  a n d  

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

c a t e d   b e t w e e n   t h e   pumps   t o :   a u t o m a t i c a l l y   a d j u s t  

t h e s   s t r o k e   of  one  pump  in   r e l a t i o n   t o   t h a t   of  t h e  

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

A  and  B  have   t h e r e f o r e   b e e n   d i s p e n s e d   w i t h .  

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

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

c o r r e s p o n d   t o   p a r t s   shown  in   F i g .   1.  The  s t e e r i n g  

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

F i g .   2  f o r  t h e   s a k e   of  c l a r i t y .   The  a d d i t i o n a l   p i s t -  

o n   and  c y l i n d e r   a s s e m b l y   in   t h e   f o r m   of  a  u n i t   1 2 8  

( w h i c h   i s   shown  to   an  e n l a r g e d   s c a l e   in   F i g .   3)  i s  

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

and   t h e   pump  s t r o k e   m e c h a n i s m .   As  s h o w n ,   t h i s   u n i t  

128  c o m p r i s e s   a  h o u s i n g   or  c y l i n d e r   129  e n c l o s i n g  

a  f o r k e d   l e v e r   125  m o u n t e d   u p o n  a   t r u n n i o n   1 2 4  

w h i c h   a c t s   as  a  f u l c r u m   f o r   s a i d   l e v e r   125 .   A  p i s t o n  

123  i s   s u s p e n d e d   f r o m   t h e   t r u n n i o n   124  i n t o   a  c h a m b e r  

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

121  and  122  r e s p e c t i v e l y .   The  f o r k e d  l e v e r   1 2 5  i s  

c o n n e c t e d   b e t w e e n   t h e   p u m p  a c t u a t i n g   rod   141  of  t h e  



pump  10  and  t h e   b e l l   c r a n k   58  by  way  of  o p p o s i n g  

l a t e r a l l y   p r o j e c t i n g   m e m b e r s   126  and  142 .   T h e  

t r u n n i o n   124  i s   c o n n e c t e d   to   t h e   pump  a c t u a t i n g  

rod   143  of  t h e   pump  11  by  way  of  a  l i n k a g e   120  a n d  

a  l a t e r a l   m e m b e r  1 2 7   f i x e d   t o   t h e   c e n t r e   t h e r e o f .  

Bach   d y d t e m   'A'  and  'B '   has   a  r e s p e c t i v e   o n e  

of  m a i n   c o m b i n e d   b y p a s s   and  r e l i e f   v a l v e s   47  a n d  

48  c o n n e c t e d   b e t w e e n   l i n e s   22  and  28,   and  23  and  2 9 .  

B o t h   f u n c t i o n s   of  t h e s e   v a l v e s   47  and  48  a r e   c o n -  

t r o l l e d   by  r e s p e c t i v e   b y p a s s   p i l o t   v a l v e s   31  and  3 0 .  

The  b y p a s s   f u n c t i o n   i s   so  a r r a n g e d   t h a t   w i t h   t h e  

s t e e r i n g   g e a r   s h u t   down  o r  w i t h   b o t h   s y s t e m s   o p e r -  

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

s y s t e m   o p e r a t i o n a l   t h e   v a l v e   on  t h e   n o n - o p e r a t i o n a l  

s i d e   i s   o p e n .  

S y s t e m   B  i s ,   in   t h i s   e x a m p l e ,   t h e   m a s t e r  s y s t e m  

in  t h a t   t h e   v a r i a b l e   d e l i v e r y   pump  10  of  s y s t e m   A 

may  be  v a r i e d   in   s t r o k e   in  r e l a t i o n   to   t h e   v a r i a b l e  

d e l i v e r y   pump  11  of  s y s t e m s   B.  

To  d e s c r i b e   t h e   o p e r a t i o n   of  t h e   s t e e r i n g  

a p p a r a t u s   as  shown  in   F i g .   2,  i t  w i l l   be  a s s u m e d  



t h a t   i t   i s   r e q u i r e d   to   t u r n   t h e   t i l l e r   50  in   an  a n t i -  

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

C o r r e s p o n d i n g   p a r t s   of  s y s t e m   A  and  s y s t e m   B  o p e r a t e  

s i m u l t a n e o u s l y .   Pumps  10  and  11  a r e   d r i v e n   by  c o n -  

s t a n t   r u n n i n g   e l e c t r i c   m o t o r s   14  and  15.  In  t h e  

q u i e s c e n t   c o n d i t i o n   t h e   pumps  10  and   11  a r e   in   a  

' no   s t r o k e '   p o s i t i o n   and  no  p u m p i n g   t a k e s   p l a c e ,   h o w -  

e v e r ,   t h e   f i x e d   d e l i v e r y   b o o s t   pumps   12  and   13  m a i n -  

t a i n   an  i n i t i a l   p r e s s u r e   in   t h e   s y s t e m .  

When  t h e   s t e e r i n g   w h e e l   ( n o t   s h o w n )   i s   t u r n e d   i n  

t h e   r e q u i r e d   d i r e c t i o n   to   move  t h e   t i l l e r   50  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 e   pumps   10,   11  a r e   p u t   o n  

s t r o k e   by  m e a n s   of  t h e   t e l e m o t o r   r e c e i v e r   p i s t o n   63  

and  t h e   d i f f e r e n t i a l   l e v e r   s y s t e m   in   t h e   same  m a n n e r  

as  d e s c r i b e d   f o r   t h e   c o n v e n t i o n a l   a p p a r a t u s   in   F i g .  

1.  F l u i d   i s   pumped   a l o n g   l i n e   28,  w h i c h   t h u s   b e c o m e s  

t h e   p r e s s u r e   l i n e   of  s y s t e m   A,  w h i l e   l i n e   22  b e c o m e s  

t h e   s u c t i o n   l i n e .   From  l i n e   28  p r e s s u r e   i s   t r a n s -  

m i t t e d   t o   c y l i n d e r   18.  T h u s ,   by  t h e   p r e s s u r e   o f  

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

w a r d s   so  t h a t   t h e   t i l l e r   moves   a n t i - c l o c k w i s e .   A t  

t h e   same  t i m e ,   t h e   f l u i d   in   s y s t e m   B  i s   pumped  a l o n g  

l i n e   29  ( t h e   p r e s s u r e   l i n e   of  s y s t e m   B)  t o   t h e   e n d  



of  c y l i n d e r   21  w h i c h   i s   f o r c e d   u p w a r d s .   T h u s ,   f o r c e  

s u b s t a n t i a l l y   e q u a l   to   t h o s e   e x e r t e d   by  s y s t e m   A 

a r e   b r o u g h t   t o   b e a r   on  t h e   t i l l e r   50  by  s y s t e m   B 

t o   t u r n   s a i d   t i l l e r   50  a n t i - c l o c k w i s e .  

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

v a l v e s   38  and   39  w i l l   h ave   b e e n   a u t o m a t i c a l l y   a c t u -  

a t e d   to   p e r m i t   f l u i d   f r o m   t h e   p r e s s u r e   l i n e s   28  a n d  

29  to   f l o w   a l o n g   l i n e s   40  and  41  r e s p e c t i v e l y   to   t h e  

i n l e t   p o r t s   122  and  121  of  t h e   u n i t   128 .   I f   t h e  

c a p a c i t y   or   d i s c h a r g e   rate  of  t h e   pump  11  i s   l a r g e r  

t h a n   t h a t   of  t h e   pump  10,  t h e   p r e s s u r e   a t   p o r t   1 2 1  

w i l l   be  g r e a t e r   t h a n   t h e   p r e s s u r e   a t   p o r t   122  t h e r e -  

by  c a u s i n g   t h e   p i s t o n   123  and  i t s   a t t a c h e d   t r u n n i o n  

124  t o   move  d o w n w a r d s .   As  t h e   t r u n n i o n   124  i s   t h e  

f u l c r u m   of  t h e   l e v e r   125 ,   t h i s   d o w n w a r d   m o v e m e n t  

i n c r e a s e s   t h e   e f f e c t i v e   l e n g t h   of  t h e   l e v e r   1 2 5 ,  

t h e r e b y   i n c r e a s i n g   t h e   s t r o k e   of  t h e   pump  rod   1 4 1  

a t t a c h e d   v i a   t h e   member   126  c o m p a r e d   to   t h e   s t r o k e  

of  t h e   pump  r o d   143  a t t a c h e d   v i a   t h e   member   1 2 7 .  

T h u s ,   t h e   o u t p u t   and  p r e s s u r e   of  t h e   " s l a v e "   p u m p  

10  i s   i n c r e a s e d   u n t i l   i t   e q u a l s   t h a t   of  t h e   " m a s t e r "  

pump  1 1 .  



C o n v e r s e l y ,   i f   t h e   pump  10  has   t h e   l a r g e r   c a p -  

a c i t y ,   t h e   p i s t o n   123  and  t h e   t r u n n i o n   124  w i l l   m o v e  

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

125  and  d e c r e a s i n g   t h e   s t r o k e   of  ' the   " s l a v e "   p u m p  

10  u n t i l   i t   i s   in   e q u i l i b r i u m   w i t h   t h e   " m a s t e r "  

pump  1 1 .  

In  t h e   e v e n t   of  a  l e a k a g e ,   f o r   e x a m p l e   due  t o  

a  b r o k e n   p i p e   or  f a u l t y   c o n n e c t i o n ,   t h e   f l u i d   p r e -  

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

w i l l   f a l l .   A  d r o p   in   p r e s s u r e   w i l l   a c t u a t e   e i t h e r  

b y p a s s   p i l o t   v a l v e   30  or  31  t o  c a u s e   o p e n i n g   o f  

e i t h e r   m a i n   b y p a s s   v a l v e   47  or  48  d e p e n d i n g   on  w h i c h  

s y s t e m   h a s   f a i l e d .  

F o r   e x a m p l e   i f   a  l e a k   o c c u r s   in   s y s t e m   ' A ' ,  

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

v a l v e   31  o p e r a t e s   t o   l e t   p r e s s u r e   f r o m   s e r v o   p u m p  

13  of  s y s t e m   B  p u t   v a l v e   4 7  i n t o   t h e   b y p a s s   p o s i t i o n .  

A  c o r r e s p o n d i n g   c o n v e r s e   s e q u e n c e   of  e v e n t s  

w o u l d   o c c u r   i f   a  l e a k a g e   in   s y s t e m   B  i n s t e a d   o f  s y s t e m  

A  w e r e   t o   a r i s e .  



A l t h o u g h   n o t   i l l u s t r a t e d   in   F i g .   2,  t h e r e   m a y  

be  f l o a t   s w i t c h e s   l o c a t e d   in   t h e   r e s e r v o i r s   16,  1 7  

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

l e v e l   f a l l s   b e l o w   a  p r e - s e t   l e v e l   in   t h e i r   r e s p e c t -  

i v e   r e s e r v o i r s   16,  17,  e . g .   in   t h e   e v e n t   of  l e a k a g e  

f r o m   t h e   r e s p e c t i v e   s y s t e m s   A  or  B.  Such  s w i t c h e s  

may  a l s o   be  o p e r a t i v e   to   d e a c t i v a t e   t h e   pump  m o t o r  

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

In  t h e   e v e n t   of  f a i l u r e   of  one  s y s t e m   t h e   a f o r e -  

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

s h i p   w o u l d   n o t   be  i n t e r r u p t e d .   I n d e e d   s t e e r i n g   c o u l d  

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

a n g l e   was  r e s t r i c t e d   to   a p p r o x i m a t e l y   200  i n s t e a d   o f  

a  maximum  3 5 ° .   A l t e r n a t i v e l y   f u l l   r u d d e r   a n g l e   c o u l d  

be  u s e d   i f   t h e   s h i p ' s   s p e e d   was  r e d u c e d   t o   a p p r o x i m a t e -  

ly   two  t h i r d s .  

An  a d v a n t a g e   of  t h e   s t e e r i n g   a p p a r a t u s   of  t h e  

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

g e a r s   w i t h   two  s e p a r a t e   h y d r a u l i c   s y s t e m s   in   t h a t   t h e  

n e e d   f o r   a p p a r a t u s   of  t w i c e   t h e   s i z e   r e q u i r e d   f o r  

n o r m a l   s t e e r i n g  o p e r a t i o n   i s   o b v i a t e d .   M o r e o v e r ,  

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

ic  s y s t e m   t h e   c o m p l e t e   s e p a r a t i o n   of  t h e   two  s y s t e m s  



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

as   t h e r e   i s   no  common  s y s t e m   a r o u n d   w h i c h   d e b r i s  

m i g h t   be  c a r r i e d .   H y d r a u l i c   f a i l u r e   in   one  s y s t e m  

d o e s   n o t   a f f e c t   t h e   o t h e r   s y s t e m .  

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

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

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

r o d s   of  t h e   two  h y d r a u l i c   s y s t e m s ,   may  e q u a l l y   a s  

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

t o   a  s h i p ' s   s t e e r i n g   g e a r .  

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

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

a  s h i p ' s   s t e e r i n g   a p p a r a t u s .   T h i s   a p p a r a t u s   i s  

n o t   as  s a t i s f a c t o r y   as  t h a t   shown  in  F i g .   2  as   i t  

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

c o u r s e ,   s u s c e p t i b l e   to   m a l f u n c t i o n   j u s t   as  any  m o v i n g  

w o r k i n g   p a r t s .  

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

a p p a r a t u s   of  F i g .   1  a r e   g i v e n   t h e   s a m e  r e f e r e n c e  

n u m e r a l s ,   and  o n l y   f e a t u r e s   of  t h e   a p p a r a t u s   o v e r  



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

now  be  d e s c r i b e d .   The  s t e e r i n g   w h e e l   and  a s s o c -  

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

of  c l a r i t y .  

As  shown  in  F i g .   4,  in   s y s t e m   A,  t h e   s h u t t l e  

v a l v e   38,  p r o v i d e d   b e t w e e n   l i n e s   22  and  289  e n s u r e s  

t h a t   w h i c h e v e r   of  t h e s e   two  l i n e s   i s   c a r r y i n g   h y -  

d r a u l i c   f l u i d   away  f r o m   t h e   pump  10,   i . e .   w h i c h e v e r  

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

40  t h r o u g h   a  common  d i r e c t i o n a l   c o n t r o l   v a l v e   42  

and  an  i s o l a t i n g   v a l v e   44  t o   t h e   r e l e v a n t   s i d e   o f  

a  p i s t o n   45  in   a  c y l i n d e r   46:  The  c o r r e s p o n d i n g  

s h u t t l e   v a l v e   39  b e t w e e n   l i n e s   23  and  29  of  s y s t e m  

B  c o n n e c t s   t h e   p r e s s u r e   l i n e   v i a   l i n e   41  t h r o u g h  

t h e   common  d i r e c t i o n a l   c o n t r o l   v a l v e   42  and  t h e  

i s o l a t i n g   v a l v e   44  to   t h e   r e l e v a n t   s i d e   of  t h e   p i s t o n  

45  in   t h e   c y l i n d e r   4 6 .  

In  u s e ,   in   t h e   q u i e s c e n t   c o n d i t i o n ,   t h e   b o o s t  

pumps  12  and  13  m a i n t a i n   an  i n i t i a l   p r e s s u r e   i n  

t h e   s y s t e m   l i m i t e d   to   a b o u t   10  Bars  t o   s u p p l y  

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



v a l v e s   42,   44  r e s p e c t i v e l y   w h i l e   t h e   m a i n   p u m p s  

10  and   11  a r e   n o t   on  s t r o k e .  

W h e n e v e r   a  s t e e r i n g   o p e r a t i o n   i s   i n i t i a t e d  

(by   m o v e m e n t   of  t h e   s h i p ' s   s t e e r i n g   w h e e l s   in   t h e  

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

pumps   10,   11  pump  f l u i d   to   t h e  p i s t o n   and  c y l i n d e r  

a s s e m b l i e s   18,   20  and  19,  21.  F l u i d   a l s o   f l o w s  

a l o n g   t h e   l i n e s   40,  41  t h r o u g h   t h e  c o m m o n   d i r e c t i o n a l  

c o n t r o l   v a l v e   42  t o   t h e  r e l e v a n t   s i d e s   o f  ' t h e   p i s t o n  

45  in   t h e   c y l i n d e r   46.  In  p r a c t i c e ,   of  c o u r s e , t h e  

l i n e s   40  and   41  w i l l   a l r e a d y   c o n t a i n   f l u i d   w h i c h  

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

p r e s s u r e   l i n e s   28  and  29  ( o r . 2 2   and  23)  to   t h e  

o p p o s i t e   s i d e s   of  t h e   p i s t o n   w h i c h   i s   in   b a l a n c e  

when  t h e   p r e s s u r e   f r o m   l i n e s   28  and  29  ( o r   22  a n d  

23)  a r e   e q u a l .  

In  a  s i t u a t i o n   w h e r e   t h e   r u d d e r   56  i s   b e i n g  

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

r a t e  o f   t h e   pump  10  i s   g r e a t e r   t h a n   t h e   d i s c h a r g e  

r a t e   of  t h e   pump  11,  t h e   p r e s s u r e   f r o m   t h e   l i n e   2 8  

w i l l   be  h i g h e r   t h a n   t h e   p r e s s u r e  f r o m   t h e   l i n e   2 9 .  



The  common  p i s t o n   45  w i l l   move  t o w a r d s   t h e   l o w  

p r e s s u r e   s i d e ,   t h a t   i s   t h e   l i n e   29  of  s y s t e m   B ,  

t h e r e b y   d e c r e a s i n g   t h e   s t r o k e   of  t h e   pump  1 0 .  

I n c r e a s i n g   and  d e c r e a s i n g   of  t h e   s t r o k e   of  t h e  

pump  10  w i l l   c o n t i n u e   u n t i l   t h e   p r e s s u r e s   a r e  

e q u a l   when  t h e  r e l a t i v e   s t r o k e   b e t w e e n   t h e   p u m p s  

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

O b v i o u s l y ,   a  s i m i l a r   s e q u e n c e   of  e v e n t s  

w o u l d   c a u s e   t h e   common  p i s t o n   45  t o   move  in   t h e  

o p p o s i t e   d i r e c t i o n   i f   t h e   p r e s s u r e   in   t h e   l i n e   2 9  

of  s y s t e m   B  w e r e   h i g h e r   t h a n   t h e   p r e s s u r e   in   t h e  

l i n e   28  of  s y s t e m   A.  When  t h e   t i l l e r   i s   b e i n g  

t u r n e d   in  c l o c k w i s e   d i r e c t i o n s ,   l i n e s   22  and  2 3  

b e c o m e   t h e   p r e s s u r e   l i n e s   of  s y s t e m   A  and  B  r e s -  

p e c t i v e l y   and  t h e   d i r e c t i o n a l   v a l v e   42  r e v e r s e s  

t h e   r e s p e c t i v e   pump  p r e s s u r e s   to   o p p o s i t e   s i d e s   o f  

t h e   common  p i s t o n   4 5 .  

In  t h e   e v e n t   of  f a i l u r e   of  one  s y s t e m ,   t h e  

same  s e q u e n c e   of  e v e n t s   wou ld   o c c u r   as   in   t h e  

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

p a r t i c u l a r   e m b o d i m e n t ,   e a c h   r e s e r v o i r ,   16,  1 7 ,  



c o n t a i n s   a  r e s p e c t i v e   f l o a t   s w i t c h   52  and  53  o p e r a t i v e  

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

to  t h e  p u m p s   1C  and  11  r e s p e c t i v e l y   when  t h e   f l u i d  

l e v e l   f a l l s   b e l o w   a  p r e s e t   l e v e l .  

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

e m b o d i m e n t   c o u l d   e q u a l l y   be  a p p l i e d   to   any   h y d r a u l i -  

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

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

F i g .   5  shows   a  s y s t e m   in  w h i c h   t h e   h y d r a u l i c   c y l i n d e r s  

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

d r i v e   m o t o r s   80  and  81  of  a  w i n c h   82 .   p a r t s   c o r r e s -  

p o n d i n g   t o   t h e   s t e e r i n g   a p p a r a t u s   of  F i g .   4  a r e   g i v e n  

t h e   same  r e f e r e n c e   n u m e r a l s .   I n s t e a d   of  a  s t e e r i n g  

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

l e v e r   83  f o r   r a i s i n g   and  l o w e r i n g  a   l o a d   84  on  t h e  

w i n c h   82  i s   a t t a c h e d   d i r e c t l y   t o   t h e   c o n n e c t i n g   l i n k  

5 9 .  

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

a p p r e c i a t e d   f r o m   t h e   f o r e g o i n g .   The  a p p r o p r i a t e  

m o t o r   10  or  11  i s   p u t   "on  s t r o k e "   by  a c t u a t i o n   of  t h e  

l e v e r   83  and  t h e   p r e s s u r e   in   t h e   two  h a l v e s ,   A  and  B 



of  t h e   s y s t e m   i s   e q u a l i s e d   by  t h e   p i s t o n   45  in   t h e  

c y l i n d e r   46  a f f e c t i n g   t h e   s t r o k e   of  t h e   pump  10  i n  

r e l a t i o n   to   t h e   pump  1 1 .  

F i g .   6  i l l u s t r a t e s   a  f u r t h e r   e m b o d i m e n t   of  a  

s h i p ' s   s t e e r i n g   a p p a r a t u s   in  a c c o r d a n c e   w i t h   t h e  

p r e s e n t   i n v e n t i o n .   In  t h i s   c a s e   e q u a l i s a t i o n   o f  

p r e s s u r e   b e t w e e n   t h e   pumps  of  t h e   r e s p e c t i v e   s y s t e m s  

A  and  B  i s   a c h i e v e d   by  s p i l l   v a l v e s  l o c a t e d   b e t w e e n  

t h e   s i d e s   of  e a c h   s y s t e m ,   as   w i l l   now  be  e x p l a i n e d .  

The  d i a g r a m   i s   n o t   e x a c t l y   c o m p a r a b l e   to   F i g s .  

1  to   5  as  t h e   two  s y s t e m s   A  and  B  a r e   shown  in  t h e  

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

r i g h t   and  l e f t   s i d e s .   A l s o ,   t h e r e   a r e   f o u r   d o u b l e  

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

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

t h e   a r r a n g e m e n t   of  f l u i d   l i n e s   d i f f e r s .   N e v e r t h e l e s s ,  

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

u sed   f o r   c o m p a r a b l e   p a r t s   w h e r e v e r   a p p r o p r i a t e .   F o r  

c l a r i t y ,   t h e   s t e e r i n g   c o n t r o l   m e c h a n i s m   has   b e e n  

c o m p l e t e l y   o m i t t e d .  

In  s y s t e m   A,  f l u i d   l i n e   22  l e a d s   f rom  one  s i d e  

of  pump  10  to   f l u i d   l i n e s   24,  26  w h i c h   a r e   r e s p e c t i v e l y  



c o n n e c t e d   t o   t h e   u p p e r   end  of  c y l i n d e r   88  and  t h e  

l o w e r   end  of  c y l i n d e r   90,  t h e s e   l o c a t i o n s   s i m p l y  

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

S i m i l a r l y ,   f l u i d   l i n e   28  l e a d s   f r o m   t h e   o t h e r   s i d e  

of  t h e   pump  10  t o   f l u i d   l i n e s   1 3 0 ,  1 3 2   r e s p e c t i v e l y  

c o n n e c t e d   t o   t h e   l o w e r   end  of  c y l i n d e r   88  and  t o  

t h e   u p p e r   end  of  c y l i n d e r   90.   C o r r e s p o n d i n g  

f l u i d   l i n e s   23,   25,   27  and  29,  131 ,   133  a r e   p r o v i d e d  

in   s y s t e m   B  t o   c o n n e c t   r e s p e c t i v e   s i d e s   of  pump  1 1  

to   p i s t o n   and  c y l i n d e r   a s s e m b l i e s   89  and  91.   E a c h  

l i n e   22,   28,  2 3 ,  2 9   i s   p r o v i d e d   w i t h  a   r e s p e c t i v e   o n e  

of  p r e s s u r e   r e l i e f   v a l v e s   34,  36,   3 5 ,   3 7 .  

In  s y s t e m   A,  t h e   s h u t t l e   v a l v e   38  c o n n e c t s   t h e  

p r e s s u r e   l i n e   22  or  28  v i a   l i n e   40  to   a  c o m m o n  

p r e s s u r e   c o n t r o l   v a l v e   92  and  t o   an  i s o l a t i n g   v a l v e  

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

39  c o n n e c t s   p r e s s u r e   l i n e   23  or  29  v i a   l i n e   41  t o  

t h e   common  p r e s s u r e   c o n t r o l   v a l v e   92  and  a z e s p e c t -  

ive   i s o l a t i n g   v a l v e   9 5 .  

E a c h   s y s t e m   A  and  B,  has   a  r e s p e c t i v e   one  o f  

s p i l l   v a l v e s   96  and  97  b e t w e e n   t h e   two  s i d e s  o f  



b e t w e e n  
e a c h   pump  10  and  11  ( t h e r e f o r e   a l s o / t h e   two  s i d e s  

of  e a c h   c y l i n d e r )   t h a t   i s   b e t w e e n   l i n e s   22  and  2 8  

in  s y s t e m   A  and  b e t w e e n   l i n e s   23  and  29  in   s y s t e m  

B.  T h e s e   s p i l l   v a l v e s   96  and  97  a r e   o p e r a b l e   b y  

t h e   common  p r e s s u r e   c o n t r o l   v a l v e   92  v i a   d r a i n  

l i n e s   98  and  99  r e s p e c t i v e l y .  

To  d e s c r i b e   t h e   o p e r a t i o n   of  t h e   s t e e r i n g  

a p p a r a t u s   a s  s h o w n   in  F i g .   6,  i t   w i l l   be  a s s u m e d  

t h a t   i t   i s   r e q u i r e d   to   t u r n   t h e   t i l l e r   50  in   a  

c l o c k w i s e   d i r e c t i o n .   C o r r e s p o n d i n g   p a r t s   of  s y s t e m  

A  and  s y s t e m  B   o p e r a t e   s i m u l t a n e o u s l y .   Pumps  1 0 .  

and  11  a r e   d r i v e n   by  c o n s t a n t   r u n n i n g   e l e c t r i c  

m o t o r s   14  and  15.  In  t h e   q u i e s c e n t   c o n d i t i o n   t h e  

pumps  10  and  11  a r e   in  a  ' no   s t r o k e '   p o s i t i o n   a n d  

no  p u m p i n g   t a k e s   p l a c e ,   h o w e v e r   t h e   f i x e d   d e l i v e r y  

b o o s t   pumps  12  and  13  m a i n t a i n   an  i n i t i a l   p r e s s u r e  

in  t h e   s y s t e m   l i m i t e d   t o   a b o u t   10  B a r s   to   s u p p l y  

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

v a l v e s   92,  94  and  95  r e s p e c t i v e l y   w h i l e   t h e   m a i n  

pumps  10  and  11  a r e   no t   on  s t r o k e .  

When  t h e   s t e e r i n g   w h e e l   ( n o t   shown)   i s   t u r n e d  

in  t h e   r e q u i r e d   d i r e c t i o n   to   move  t h e   t i l l e r   50,  i n  



a  d o c k w i s e   d i r e c t i o n   t h e   pump  10  in  s y s t e m   A  i s  

p u t   on  s t r o k e ,   and  f l u i d   i s   pumped  a l o n g   l i n e   2 8 ,  

w h i c h   t h u s   b e c o m e s   t h e   p r e s s u r e   l i n e   of  s y s t e m   A ,  

w h i l e   l i n e   22  b e c o m e s   t h e   s u c t i o n   l i n e .   From  l i n e  

28  p r e s s u r e   i s   t r a n s m i t t e d   v i a   l i n e s   130  and  1 3 2  

to   t h e   l o w e r   end  of  c y l i n d e r   18  and  t h e   u p p e r   e n d  

of  c y l i n d e r   20  r e s p e c t i v e l y ,   as  shown  in  t h e   d i a g r a m .  

T h u s ,   by  t h e  p r e s s u r e   of  t h e   f l u i d ,   t h e   p i s t o n   i n  

c y l i n d e r   88  i s   f o r c e d   u p w a r d s   w h i l e  t h e   p i s t o n   i n  

c y l i n d e r   90  i s   f o r c e d   d o w n w a r d s   t h r o u g h   e x a c t l y  

t h e   same  d i s t a n c e   so  t h a t   t h e   t i l l e r   moves   c l o c k -  

w i s e .   At  t h e   same  t i m e ,   t h e   f l u i d   in   s y s t e m  B   i s  

pumped   a l o n g   l i n e   29  ( t h e   p r e s s u r e   l i n e   of  s y s t e m  

B)  v i a   l i n e s   1 3 1  a n d   l33   to   t h e   l o w e r   end  of  t h e  

c y l i n d e r   89  and  t h e   u p p e r   end  o f  c y l i n d e r   91  r e s -  

p e c t i v e l y .   Thus  f o r c e s   s u b s t a n t i a l l y   e q u a l   t o  

t h o s e   e x e r t e d   by  s y s t e m   A  a r e   b r o u g h t   t o   b e a r   o n  

t h e   t i l l e r   50  by  s y s t e m   B  to   t u r n   s a i d   t i l l e r   5 0  

c l o c k w i s e .  

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

v a l v e s   38  and  39  w i l l   h ave   b e e n   a u t o m a t i c a l l y   a c t -  

u a t e d   to   p e r m i t   f l u i d   f r o m   t h e   p r e s s u r e   l i n e s   28  

and  29  to   f l o w   a l o n g   l i n e s   40  and  41  r e s p e c t i v e l y  



t o   t h e   common  p r e s s u r e   c o n t r o l   v a l v e   92.  I n  

p r a c t i c e ,  t h e   l i n e s   40  and  41  w i l l   a l r e a d y   c o n t a i n  

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

f l u i d   in   p r e s s u r e   l i n e s   28  and  29  t o   t h e   common 

c o n t r o l   v a l v e   42  w h i c h   i s   in   b a l a n c e   when  t h e   p r e s s -  

u r e   f r o m   l i n e s   28  and  29  a r e   e q u a l .  

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

pump  10  i s   s l i g h t l y   g r e a t e r   t h a n   t h e   d i s c h a r g e  

r a t e   of  t h e   pump  11,  t h e   p r e s s u r e   f r o m   t h e   l i n e   2 8  

w i l l   be  h i g h e r   t h a n   t h e   p r e s s u r e   f r o m   t h e   l i n e   2 9 .  

The   common  c o n t r o l   v a l v e   92  w i l l   move  t o w a r d s   t h e  

low  p r e s s u r e   s i d e ,   t h a t   i s   l i n e   29  o f ' s y s t e m   B,  a n d  

a t   t h e   same  t i m e   w i l l   open   t h e   d r a i n   l i n e   98  of  t h e  

h i g h   p r e s s u r e   s i d e ,   in   t h i s   c a s e   s y s t e m   A,  t h u s   p e r -  

m i t t i n g   t h e   s p i l l   v a l v e   96  t o   open   so  t h a t   h y d r a u l i c  

f l u i d   s p i l l s   b a c k   f r o m   l i n e   28  t o   l i n e   22,  t h a t   i s  

f r o m   t h e   h i g h   to   low  p r e s s u r e   s i d e s   of  c y l i n d e r s   8 8  

and  90.   As  s o o n   as  e q u a l   p r e s s u r e   a n d ' v o l u m e   h a v e  

b e e n   r e s t o r e d   b e t w e e n   l i n e s   28  and  29,  i . e .   b e t w e e n  

pumps  10  and  11  r e s p e c t i v e l y ,   t h e   common  p r e s s u r e  

c o n t r o l   v a l v e   92  c l o s e s   u n d e r   t h e   a c t i o n   of  i t s  

s p r i n g   and  t h e   s p i l l   v a l v e   96  s h u t s .  



O b v i o u s l y ,   a  s i m i l a r   s e q u e n c e   of  e v e n t s   w o u l d  

c a u s e   s p i l l   v a l v e   97  of  s y s t e m   B  t o   open  i f   t h e  

p r e s s u r e   i n   t h e   l i n e   29  of  s y t e m   B  were   h i g h e r   t h a n  

t h e   p r e s s u r e   in   t h e   l i n e   28  of  s y s t e m   A.  Then  t h e  

t i l l e r   i s   b e i n g   t u r n e d   in   an  a n t i - c l o c k w i s e   d i r e c t -  

i o n ,   l i n e s   22  and  23  become   t h e   p r e s s u r e   l i n e s   o f  

s y s t e m   A  a n d  B   r e s p e c t i v e l y .  

In  t h e   e v e n t   of  a  l e a k a g e ,   f o r   e x a m p l e   due  to   a  

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

in   t h e   s y s t e m   in   w h i c h   t h e   l e a k   i s   d i s p o s e d   w i l l   f a l l .  

A  s l i g h t   d r o p   in   p r e s s u r e   w i l l   a c t u a t e   t h e   common 

p r e s s u r e   c o n t r o l  v a l v e   92  t o   c a u s e   o p e n i n g   of  t h e  

d r a i n   l i n e   and  s p i l l   v a l v e   in   t h e   h i g h   p r e s s u r e   s y s t -  

em.  H o w e v e r   when  t h e   p r e s s u r e   in   l i n e s   40  or  4 1  

f a l l s   b e l o w   a  p r e - s e t   l e v e l ,   t h e   a p p r o p r i a t e   i s o l a t -  

i n g   v a l v e   94  or  95  w i l l   move  i n t o  i t s   a l t e r n a t i v e  

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

i f   a  l e a k   o c c u r s   in   s y s t e m   A,  t h e   p r e s s u r e   in   t h a t  

s y s t e m   d r o p s   and  i s o l a t i n g   v a l v e   94  o p e r a t e s   t o   o p e n  

t h e   d r a i n   l i n e   98  and  s p i l l   v a l v e   96  and  a l s o   t o  

c l o s e   t h e   d r a i n   l i n e   99  Qf  s y s t e m   B , w h i c h   i s   to   m a i n -  

t a i n   t h e   s h i p ' s   s t e e r i n g ,   so  t h a t   s p i l l   v a l v e   97  w i l l  



n o t   o p e r a t e   w h i l e   t h e r e   i s   a  f a i l u r e   of  s y s t e m   A. 

F u r t h e r   f l u i d   l o s s   f r o m   s y s t e m   A  l o w e r s   t h e  

f l u i d   l e v e l   in   t h e   r e s e r v o i r   16  u n t i l   a t   a  p r e - s e t  

l e v e l   f l o a t   s w i t c h   52  i s   a c t u a t e d   t o   t r i g g e r   a l a r m s  

and  t o   s w i t c h   o f f   t h e   m o t o r   1 4 .  

A  c o r r e s p o n d i n g   c o n v e r s e   s e q u e n c e   of  e v e n t s  

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

s y s t e m   A  were   t o   a r i s e .  

In  t h e   e v e n t   of  f a i l u r e   of  one  s y s t e m   t h e  

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

of  t h e   s h i p   w o u l d   h o t   be  i n t e r r u p t e d   as   p r e v i o u s l y  

d e s c r i b e d .  

In  a  f i f t h   p r a c t i c a l   e m b o d i m e n t   o f  t h e   i n v e n t -  

i o n ,   as   shown  in   F i g .   7,  f i x e d   d e l i v e r y   pumps   1 0 0  

and  101  and  d i r e c t i o n a l   v a l v e s   102  and  103  a r e  

p r o v i d e d   in  p l a c e   of  t h e   v a r i a b l e   d e l i v e r y   and  b o o s t  

pumps   10  and  12  and  11  and  13  r e s p e c t i v e l y   and  s h u t t l e  

v a l v e s   38  and  39  in   F i g .   6.  The  r e m a i n d e r   of  t h e  

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

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



F i x e d   d e l i v e r y   pumps  a r e   l e s s   e x p e n s i v e   t h a n  

v a r i a b l e   d e l i v e r y   pumps ,   bu t   a r e   o n l y   a c c e p t a b l e  

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

d e l i v e r y   p u m p s ,   t h e y   do  no t   g i v e   t h e   s m o o t h   a c c e l -  

e r a t i o n   and  d e c e l e r a t i o n   r e q u i r e d   when  d e a l i n g  

w i t h   l a r g e   l o a d s .  

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

i o n ,   i n   p l a c e   of  a  common  c o n t r o l   v a l v e   and  r e s -  

p e c t i v e   s p i l l   v a l v e s   f o r   t h e   two  s y s t e m s ,   a  t r a n s -  

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

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

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

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

in   t h e   r e s p e c t i v e   s y s t e m .   An  e l e c t r i c a l   c i r c u i t  

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

i n c l u d e s   a  W h e a t s t o n e   b r i d g e   a r r a n g e m e n t ,   as  i l l u s t r a t -  

ed  in   F i g .   8 .  

Wi th   r e f e r e n c e   to   F i g s .   6  and  8,  i n   t h e   a f o r e s a i d  

e m b o d i m e n t ,   t r a n s d u c e r s   Rl  and  R2  a r e   i n s t a l l e d   in  t h e  

e q u i v a l e n t   l i n e s   to   l i n e s   40  and  41  r e s p e c t i v e l y   o f  

F i g .   6.  When  a  d i r e c t   c u r r e n t   i s   s u p p l i e d   to   t h e  



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

r e s i s t a n c e s   R3  and  R4  as  w e l l   as   t r a n s d u c e r s   R1  a n d  

R2,  a  d i f f e r e n c e   in   r e s i s t a n c e   b e t w e e n   Rl  and  R2 

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

e q u i v a l e n t s   of  l i n e s   40  and  41  of  s y s t e m s   A  and  B 

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

l i n e   110  o r   111.   T h i s   c u r r e n t   i s   a m p l i f i e d   in   a m p l i -  

f i e r   113  and  f l o w s   t o   t h e   a c t u a t i n g   s o l e n o i d   114  o r  

115  on  a  p r o p o r t i o n a l   v a l v e   116  or  117  r e s p e c t i v e l y  

in  e i t h e r   s y s t e m   A  or  s y s t e m   B.  (The  p r o p o r t i o n a l .  

v a l v e s   116  and  117  and  t h e i r   a s s o c i a t e d   s o l e n o i d s   a r e  

i n s t a l l e d   in   p l a c e   of  s p i l l   v a l v e s   96  and  97  of  F i g .  

1 ) .   The  a p p r o p r i a t e   s o l e n o i d   114  or   115  c a u s e s   i t s  

a s s o c i a t e d   v a l v e   116  or  117  to   open   b e t w e e n   t h e   p r e s s -  

u r e   and  s u c t i o n   s i d e s   of  t h e   r e l e v a n t   s y s t e m ,   A  or   B 

r e s p e c t i v e l y ,   u n t i l   t h e   p r e s s u r e / c u r r e n t   d i f f e r e n c e  

r e t u r n s   to   z e r o .  

In  more   d e t a i l ,   i f   t h e   r e s i s t a n c e   of  t r a n s d u c e r s  

Rl  and  R2  d e c r e a s e   w i t h   i n c r e a s i n g   p r e s s u r e   and  t h e  

p r e s s u r e   in   s y s t e m   A  i s   g r e a t e r   t h a n   t h e   p r e s s u r e   i n  

s y s t e m   B  a  c u r r e n t   w i l l   f l o w   v i a   l i n e   110  and  a m p l i -  

f i e r   113  to   open   v a l v e   116  and  a l l o w   h y d r a u l i c   f l u i d  



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

s y s t e m   A  u n t i l   t h e   p r e s s u r e   b e t w e e n   t h e   systems  A 

a n d  B   i s   e q u a l i s e d .   S i m i l a r l y ,   v a l v e   117  w i l l   b e  

o p e n e d   i f   s y s t e m   B  has   a  g r e a t e r   p r e s s u r e   t h a n  

s y s t e m   A.  In  a  m o d i f i c a t i o n   w h e r e   t h e   r e s i s t a n c e s  

R1  and  R2  i n c r e a s e   w i t h   i n c r e a s i n g   p r e s s u r e ,   l i n e  

110  w i l l  c o n n e c t   to   s y s t e m   B  v a l v e   117  and  l i n e   1 1 1 .  

to   s y s t e m   A  v a l v e   1 1 6 .  

An  a d v a n t a g e   of  t h e   s t e e r i n g   a p p a r a t u s   of  t h e  

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

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

t h e   n e e d   f o r   a p p a r a t u s   o f   t w i c e   t h e   s i z e   r e q u i r e d  

f o r   n o r m a l   s t e e r i n g   o p e r a t i o n   i s   o b v i a t e d .   M o r e o v e r ,  

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

ic  s y s t e m   t h e   c o m p l e t e   s e p a r a t i o n   of  t h e   two  s y s t e m s  

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

as  t h e r e   i s   no  common  s y s t e m   a r o u n d   w h i c h   d e b r i s  

m i g h t   be  c a r r i e d .  



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

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

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

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

p r e s s u r e   b e t w e e n   the   pumps  in  t h e   r e s p e c t i v e   s y s t e m s  

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

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

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

b e t w e e n   the   pump  a c t u a t i n g   r o d s   and  a u t o m a t i c a l l y  

a d j u s t i n g   the   s t r o k e   of  t h e   one  pump  in  r e l a t i o n   to  t h a t  

of  t h e   o t h e r   pump.  " 

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

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

f u l c r u m   of  w h i c h   is  m o v a b l e   d e p e n d i n g   on  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   the   pumps  to  a l t e r   t he   e f f e c t i v e  

l e n g t h   of  s a i d   l e v e r   and  t h e r e b y   the   s t r o k e   of  t h e  

one  pump  in  r e l a t i o n   to  t h a t   of  t he   o t h e r   p u m p .  

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

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

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



e q u a l i s i n g   p r e s s u r e   b e t w e e n   t h e   two  pumps  c o m p r i s e s   a  

s p i l l   v a l v e   l o c a t e d   b e t w e e n   t he   two  s i d e s   of  e a c h  

r e s p e c t i v e   s y s t e m   and  o p e r a b l e   by  a  c o n t r o l   v a l v e   i n  

a  p r e s s u r e   l i n e   f r o m   the   r e s p e c t i v e   pump  to  open  a n d  

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

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

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

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

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

e q u a l i s i n g   p r e s s u r e   b e t w e e n   t h e   two  pumps  c o m p r i s e s  

a  c o n t r o l   v a l v e   l o c a t e d   b e t w e e n   t he   two  s i d e s   of  e a c h  

r e s p e c t i v e   s y s t e m   and  e l e c t r i c a l l y   o p e r a b l e   by  a  

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

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

two  s i d e s   of  e ach   c y l i n d e r   in  t he   r e s p e c t i v e   s y s t e m .  

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

c o n t r o l   v a l v e   i s   e l e c t r i c a l l y   o p e r a b l e   by  t he   t r a n s -  

d u c e r   by  way  of  a  c i r c u i t   i n c l u d i n g   a  W h e a t s t o n e   b r i d g e  

a r r a n g e m e n t s ,  

7.  A p p a r a t u s   as  c l a i m e d   in  any   p r e c e d i n g   c l a i m   a n d  

f u r t h e r   i n c l u d i n g   means  f o r   d e t e c t i n g   f l u i d   l e a k a g e ,  

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



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

d e a c t i v a t i n g   t h e   pump  in  t h e   s y s t e m   in   w h i c h   t h e  

f l u i d   l e a k   i s   d i s p o s e d .  

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

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

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

9.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   8  w h e r e i n   e a c h  

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

t h e   pump  in  i t s   r e s p e c t i v e   s y s t e m   i f   t h e   f l u i d   i n  

t h e   r e s p e c t i v e   r e s e r v o i r   f a l l   b e l o w   a  p r e - s e t   l e v e l .  

10.  F l u i d   a c t u a t e d  a p p a r a t u s   s u b s t a n t i a l l y   as   h e r e -  

i n b e f o r e   d e s c r i b e d   w i t h   r e f e r e n c e   to   t h e   e m b o d i m e n t s  

i l l u s t r a t e d   in   F i g s .   2  and   3,  F i g .   4,  F i g .   5,  F i g .   6 ,  

F i g .   7  or  F i g .   8  of  t h e   a c c o m p a n y i n g   d r a w i n g s .  
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