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Q>4)  Pressure-referenced  programmed  flow  control  in  a  hydraulic  valve. 
(57)  The  point  at  which  pump  out  pressure  exceeds  load  is 
sensed  to  provide  a  point  for  scheduling  flowto  an  actuator  in 
a  hydraulic  system,  such  as  an  elevator.  Flow  is  controlled  by 
a  stepper  motor  (28)  that  moves  a  flow  control  valve  (27). 
When  the  pump  (21  )  is  turned  on,  the  valve  (27)  is  positioned 
to  bypass  flow;  the  bypass  flow  is  then  programmably  de- 
creased  to  increase  the  flow  to  the  actuator.  Reverse  flow  is 
regulated  by  the  valve  (27)  to  control  actuator  retraction.  Re- 
verse  flow  is  initiated  by  opening  a  check  valve  (40)  with  an 
actuator  (50)  that  opens  it  first  to  reduce  pressure  across  the 
valve,  then  fully.  The  flow  control  valve  (27)  also  operates  to 
relieve  excess  pressure  in  the  system. 
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P r e s s u r e - R e f e r e n c e d   P r o g r a m m e d   F l o w  
C o n t r o l   in  a  H y d r a u l i c   V a l v e  

T e c h n i c a l   F i e l d  

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

s y s t e m s   and  is   p a r t i c u l a r l y ,   t h o u g h   no t   e x c l u s i v e l y ,  
u s e f u l   in  h y d r a u l i c   e l e v a t o r s .  

B a c k g r o u n d   A r t  

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

10  w i t h   p r e c i s i o n   a p p r o x i m a t i n g   the   more  s o p h i s t i c a t e d  

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

f e e d b a c k   c o n t r o l   is   u s e d .   B u t ,   even   u s i n g   f e e d b a c k  

c o n t r o l ,   c o m p a r a b l e   p e r f o r m a n c e   has   been   d i f f i c u l t   t o  

a c h i e v e ,   and  the   ma in   p r o b l e m   is  t he   d y n a m i c   c h a r a c -  

15  t e r i s t i c s   of  the   f l u i d .   I t s   v i s c o s i t y   s h i f t s   w i t h  

the   a m b i e n t   t e m p e r a t u r e   and  a l s o   f rom  t he   h e a t i n g  

t h a t   o c c u r s   as  t he   e l e v a t o r   c a r   is  r a i s e d   a n d  

l o w e r e d .   T h e s e   v a r i a b l e s   p r o d u c e   some  m e a s u r e   o f  

u n p r e d i c t a b i l i t y   in  t h e   m o t i o n   of  t he   e l e v a t o r   c a r .  
20  The  d i f f e r e n t   l e v e l s   of  f e e d b a c k   t h a t   have   b e e n  

u t i l i z e d   a r e   t y p i c a l l y   e x p e n s i v e   and  r e q u i r e   e x c e s s  

pump  c a p a c i t y ,   w h i c h   i n c r e a s e s   t he   c o s t   and  l o w e r s  

s y s t e m   e f f i c i e n c y .  

A  t e c h n i q u e   i l l u s t r a t i n g   f e e d b a c k   is  shown  i n  
25  U.S .   P a t e n t   4 , 2 0 5 , 5 9 2 ,   w h e r e   t he   f l ow  t h r o u g h   t h e  

v a l v e   and  to  an  o b j e c t ,   s u c h   as  a  h y d r a u l i c   e l e v a t o r ,  
is  p a s s e d   t h r o u g h   a  f l o w   m e t e r   t h a t   i n c l u d e s   a 

p o t e n t i o m e t e r .   As  t he   f low  i n c r e a s e s ,   the   o u t p u t  

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

f l o w .   U.S .   P a t e n t   4 , 3 8 1 , 6 9 9   shows  a  s i m i l a r   t y p e   o f  

v a l v e   c o n t r o l .  
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U .S .   P a t e n t   4 , 4 1 8 , 7 9 4   is   i l l u s t r a t i v e   of  t he   t y p e  
of  v a l v e   t h a t   may  be  u s e d   in  s y s t e m s   t h a t   do  n o t  

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

l o o p ,   p e r h a p s   s e n s e   t h e   p o s i t i o n   of  the   e l e v a t o r   c a r  
and  c o n t r o l   t h e   o p e r a t i o n   of  t h e   v a l v e .  

D i s c l o s u r e   of  I n v e n t i o n  

A l t h o u g h   t h e   i n v e n t i o n   d e s c r i b e d   h e r e i n   was  made  i n  

c o n n e c t i o n   wi th   h y d r a u l i c   va lve   c o n t r o l s   in  e l e v a t o r s   and  i s  

d e s c r i b e d ,   f o r   c o n v e n i e n c e ,   in  t h a t   c o n t e x t ,   t h e  
i n v e n t i o n   may  be  u s e f u l   in  o t h e r   s y s t e m s   h a v i n g  
s i m i l a r   c o n t r o l   r e q u i r e m e n t s .  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   a  l i n e a r   f l o w  
c o n t r o l   v a l v e   is  o p e r a t e d   by  a  s t e p p e r   m o t o r   t o  
c o n t r o l   f l o w   b e t w e e n   t he   pump  and  t h e  

h y d r a u l i c   c y l i n d e r   when  the   o b j e c t ,   e . g . ,   e l e v a t o r  

c a r ,   is  r a i s e d   and  the   r e t u r n   f l o w   f rom  the   c y l i n d e r  
to  t he   t a n k   when  t he   c a r   is  l o w e r e d .   The  t i m e -  
r e l a t e d   m o t i o n   of  t h i s   v a l v e   m i r r o r s   the   f l o w   to  t h e  

c a r ,   t h u s   a l s o   t h e   c a r ' s   v e l o c i t y   p r o f i l e .   T h e  

o p e r a t i o n   of  t h e   v a l v e   b e g i n s   by  p l a c i n g   i t   in  a  
p o s i t i o n   a t   w h i c h   the   f l u i d   f rom  t he   pump  i s  

c o m p l e t e l y   b y p a s s e d   f rom  the   c a r .   The  v a l v e   is  t h e n  

p r o g r e s s i v e l y   c l o s e d ,   d e c r e a s i n g   t h a t   b y p a s s   f l o w .  
When  the   p r e s s u r e   a p p l i e d   to  t he   e l e v a t o r   c a r   e x c e e d s  
the   p r e s s u r e   r e q u i r e d   to  s u s t a i n   the   c a r ,   m o t i o n   o f  
the   v a l v e   is  p r o g r a m m e d   to  t he   d e s i r e d   e l e v a t o r  

v e l o c i t y   p r o f i l 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   p r e s s u r e  
d i f f e r e n t i a l   t h a t   a r i s e s   when  the   o u t p u t   p u m p  
p r e s s u r e   j u s t   e x c e e d s   t he   p r e s s u r e   r e q u i r e d   to  h o l d  
t he   c a r   in  p l a c e   is   s e n s e d   from  t he   m o t i o n   of  a  c h e c k  
v a l v e   a c r o s s   w h i c h   the   pump  p r e s s u r e   and  c a r   p r e s s u r e  
a r e   o p p o s i t e l y   a p p l i e d .   Movement   of  the  c h e c k   v a l v e  
to  an  open   p o s i t i o n   at   w h i c h   the   c a r   w i l l   j u s t   a b o u t  
s t a r t   to  move  is  d e t e c t e d   by  an  e l e c t r i c a l   s w i t c h  
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t h a t   p r o d u c e s   an  e l e c t r i c a l   c o n t r o l   s i g n a l   t h a t   i s  

a p p l i e d   to  t he   ma in   v a l v e   c o n t r o l .   T h a t   c o n t r o l  

s i g n a l   a c t s   as  t h e   s t a r t i n g   p o i n t   f o r   main   v a l v e  

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

5  p r o f i l e   of  t he   e l e v a t o r   c a r   when  t he   c a r   is  moved  u p .  
A c c o r d i n g   to  the   i n v e n t i o n ,   t he   c o n n e c t i o n  

b e t w e e n   t he   m o t o r   and  the   v a l v e   is  t h r o u g h   a  

r e s i l i e n t   c o u p l i n g ,   s u c h   as  a  s p r i n g .   T h i s  

c o n n e c t i o n   a l l o w s   t he   v a l v e   to  be  moved  to  b y p a s s  

10  f l u i d   f l o w   f rom  the   pump  back  to  t he   t a n k   when  t h e  

v a l v e   is  in  a  p o s i t i o n   in  w h i c h   a l l   t he   pump  o u t p u t  

is  d i r e c t e d   by  t he   v a l v e   to  t he   a c t u a t o r .   A  p r e s s u r e  
r e l e a s e   v a l v e   is  o p e r a t e d   when  the   pump  p r e s s u r e  
e x c e e d s   a  c e r t a i n   l e v e l ,   and  t h a t   o p e r a t i o n   a p p l i e s  

15  f l u i d   u n d e r   p r e s s u r e   to  the   v a l v e ,   w h i c h ,   i n  

r e s p o n s e ,   moves   a g a i n s t   the   r e s i l i e n t   c o u p l i n g   t o  

c o n n e c t   the   pump  o u t p u t   to  the   t a n k .   T h i s   v a l v e  

o p e r a t i o n   r e l i e v e s   t he   pump  p r e s s u r e .  

T h e r e   a r e   many  f e a t u r e s   to  t he   p r e s e n t   i n v e n t i o n .  

20  Most   s i g n i f i c a n t ,   i t   p r o v i d e s   v e r y   p r e c i s e   p e r f o r -  

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

c o n t r o l   t he   o p e r a t i o n   of  the   v a l v e .   Ye t ,   i t   i s  

s i m p l e   and  r e l i a b l e   b e c a u s e   f e e d b a c k   is  u s e d  

s e l e c t i v e l y   to  a d j u s t   f o r   t h o s e   c h a r a c t e r i s t i c s .   F o r  

25  t h e   mos t   p a r t ,   the   v a l v e   f low  is  c o n t r o l l e d   w i t h o u t  

f e e d b a c k   . 
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B r i e f   D e s c r i p t i o n   of  t he   D r a w i n g  

The  d r a w i n g   is   a  s c h e m a t i c   v i e w   s h o w i n g   by  way  o f  

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

e m b o d y i n g   t h e   x^ i re sen t   i n v e n t i o n .  

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

f o r   m o v i n g   an  e l e v a t o r   c a r   10  b e t w e e n   a  p l u r a l i t y   o f  

f l o o r s   or   l a n d i n g s .   The  f l o o r s   or   l a n d i n g s   a r e   n o t  

shown .   The  c a r   is  a t t a c h e d   to  a  c a r   p i s t o n   ( p l u n g e r )  

10  11  t h a t   e x t e n d s   f rom  a  c y l i n d e r   12,  and  f l u i d   i s  

pumped  i n t o   or   d i s c h a r g e d   f rom  t he   c y l i n d e r   to  r a i s e  

and  l o w e r   t he   c a r   r e s p e c t i v e l y ,   t h a t   f l o w   b e i n g   c o n -  

t r o l l e d   and  r e g u l a t e d   in  a  m a n n e r   t h a t   w i l l   b e  

d e s c r i b e d   in  d e t a i l .   The  m o t i o n   of  t he   c a r   i s  

15  d e t e c t e d   by  a  p i c k u p   13.  A s s o c i a t e d   w i t h   a  s t a t i o n -  

a ry   p o s i t i o n   t a p e   14,  t h e   p i c k u p   p r o v i d e s   a  s i g n a l  

(POSITION)   on  l i n e   15,  t h a t   is  s u p p l i e d   to  a  pump  a n d  

v a l v e   c o n t r o l   (PVC)  17.  The  POSITION  s i g n a l  

m a n i f e s t s   t he   c a r   p o s i t i o n   and  v e l o c i t y .   The  p o s i -  

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

the   f l o w   of  f l u i d   to  and  f r an   the  c y l i n d e r ,   c o n t r o l l i n g  

the   p o s i t i o n   of  t he   c a r   p i s t o n   or   p l u n g e r   11.  T h e  

PVC  17  c o n t r o l s   a  h y d r a u l i c   v a l v e   s y s t e m   t h a t  

i n c l u d e s   a  pump  21  and  a  f l u i d   r e s e r v o i r   ( t a n k )   5 .  

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

assembly  A  t h r o u g h   a  c h e c k   v a l v e   6  ( t o   p r e v e n t   b a c k  

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

t he   pump,  by  the   PVC  17.  The  pump  is  t u r n e d   o_n  o r  

o f f   ( a c t i v a t e d / d e a c t i v a t e d )   by  a  pump  o n / o f f   s i g n a l  

30  on  a  l i n e   22,  and  the   f l u i d   f rom  the   pump  is  a p p l i e d  

u n d e r   p r e s s u r e   t h r o u g h   the   c h e c k   v a l v e   6  to  a  f i r s t  

p o r t   2 5 .  

The  p o r t   25  l e a d s   to  a  " k e y - s h a p e d "   v a l v e   w i n d o w  

26  t h a t   is  p a r t   of  a  l i n e a r   v a l v e   27,  one  t h a t   m o v e s  

35  back   and  f o r t h   l i n e a r l y   b e t w e e n   two  p o s i t i o n s   P I ,   P 2 .  
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The  p o s i t i o n   of  the   v a l v e   27  is  c o n t r o l l e d   by  a  

s t e p p e r   m o t o r   28  w h i c h   r e c e i v e s   a  s i g n a l   (SPEED)  o n  

t he   l i n e   20  f rom  t he   PVC  17.  T h a t   s i g n a l   c o m p r i s e s  

s u c c e s s i v e   p u l s e s ,   and  the   f r e q u e n c y   of  t h o s e   p u l s e s  

5  d e t e r m i n e s   t he   m o t o r ' s   28  s p e e d ;   h e n c e   a l s o   t h e  

l o n g i t u d i n a l   ( s e e   a r r o w   Al  )  r a t e   of  p o s i t i o n i n g   o f  

t he   v a l v e   27.  Each  p u l s e   in  t he   SPEED  s i g n a l  

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

of  m o t i o n   of  the   v a l v e   27  b e t w e e n   p o i n t s   PI  and  P 2 .  

10  The  p o s i t i o n   ( l o c a t i o n )   of  t h e   v a l v e   is  r e p r e s e n t e d  

by  t h e   a c c u m u l a t e d   c o u n t   b e t w e e n   t h o s e   p o s i t i o n s .  

The  v a l v e   window  26  c o m p r i s e s   a  l a r g e   window  26a  a n d  

an  a d j a c e n t   n a r r o w e r   window  26b,   g i v i n g   i t   a  " k e y -  

s h a p e d "   a p p e a r a n c e .   At  one  p o i n t ,   P2,  t he   l a r g e  

15  window  26a  is  a d j a c e n t   t he   f i r s t   i n l e t   p o r t   25,  a n d  

t he   n a r r o w e r   a d j a c e n t   p o r t i o n   26b  is   l o c a t e d   n e x t   t o  

a  s e c o n d   p o r t   31.  At  t h i s   p o i n t ,   t h e   v a l v e   27  i s  

" o p e n " .   T h a t   s e c o n d   p o r t   31  l e a d s   to  a  l i n e   32  t h a t  

g o e s   to  the   t a n k   5.  At  p o s i t i o n   P I ,   t he   s m a l l   w i n d o w  

20  26b  is  m o s t l y   a d j a c e n t   to  t he   p o r t   25,  and  the   p a t h  

to  t he   p o r t   31  is  b l o c k e d   by  the   s o l i d   p a r t   of  t h e  

v a l v e .   At  t h a t   p o s i t i o n ,   t he   v a l v e   27  is  " c l o s e d " .  

In  t he   open  p o s i t i o n ,   a t   P2,  f l u i d   f l o w s   f rom  t h e  

pump  t h r o u g h   the   l i n e   24;  t h i s   is  " f l o w - u p "   ( F U ) ,  

25  f l o w   to  r a i s e   the   c a r .   The  f l u i d   t h e n   p a s s e s   i n t o  

t h e   l a r g e   window  26a  a n d ,   f rom  t h e r e ,   t h r o u g h   t h e  

s m a l l   window  26b  back   to  the   l i n e   32,  t h e n   to  t h e  

t a n k .   The  FU  f low  is  t h u s   b y p a s s e d   when  the   pump  i s  

s t a r t e d .   B u t ,   as  t he   v a l v e   27  c l o s e s   (moves   to  p o s i -  

30  t i o n   P I ) ,   the   p r e s s u r e   of  t he   FU  f l u i d   f l ow  b e g i n s   t o  

b u i l d   in  an  i n t e r n a l   p o r t   35,  w h i l e   the   b y p a s s   f l o w  

on  l i n e   32  d e c r e a s e s   as  t he   p a t h   t h r o u g h   window  2 6 b  

to  p o r t   31  d e c r e a s e s .   As  the   v a l v e   27  moves   t o  

p o s i t i o n   Pi  ( n o n b y p a s s   p o s i t i o n ) ,   t h e r e   is  s o m e  

35  o v e r l a p   of  the   two  w i n d o w s   26a ,   26b  and  the   m a i n  

i n l e t   p o r t   25,  m e a n i n g   t h a t   t he   p a t h   t h r o u g h   t h e  
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l a r g e   window  26a  d e c r e a s e s ,   w h i l e   the   p a t h   t h r o u g h  
t he   s m a l l e r   w indow  26b  i n c r e a s e s .   B u t ,   the   a r e a   o f  
t he   s m a l l e r   w indow  26b  is  more  d e p e n d e n t   t han   w i t h  
t he   c a s e   of  t h e   l a r g e r   window  on  the   l o n g i t u d i n a l  

5  p o s i t i o n   of  t he   v a l v e   27.  As  a  r e s u l t   of  t h i s ,   t h e  
c h a n g e   in  f l o w   is   c o n t r o l l e d   by  t he   s m a l l e r   v a l v e  
window  a r e a   to  o u t l e t   p o r t   31,  w h i c h   r e d u c e s   as  t h e  
ma in   v a l v e   b e g i n s   to  move  t o w a r d s   the   c l o s e d   p o s i t i o n  
a t   PI ,   a t   w h i c h   a l l   t he   FU  f l ow  p a s s e s   from  the   p o r t  

10  25  to  t he   i n l e t   35;  t h e r e   b e i n g   no  p a t h   b e t w e e n   t h e  
p o r t   25  and  t h e   o u t l e t   p o r t   3 1 .  

The  f l u i d   p r e s s u r e   PSl  in  t h e   i n t e r n a l   p o r t   35  i s  
a p p l i e d   to  a  ma in   c h e c k   v a l v e   (MCV)  40.  T h i s   v a l v e  
has   a  s m a l l   s t e m   41  t h a t   r e s t s   in  a  g u i d e   41a .   T h e  

15  MCV  may  f r e e l y   move  up  and  down  in  r e s p o n s e   to  t h e  

p r e s s u r e   d i f f e r e n t i a l s   b e t w e e n   t h e   p o r t   35  and  t h e  

p o r t   43,  w h e r e   t he   p r e s s u r e s   a r e   PSl  and  PS2,  r e s p e c -  
t i v e l y .   When  t h e   pump  is  t u r n e d   on  and  the   m a i n  
v a l v e   27  c l o s e s ,   moves   t o w a r d s   p o s i t i o n   PI ,   the   MCV 

20  40  is  p u s h e d   u p w a r d   when  PSl  e x c e e d s   PS2,   a l l o w i n g  
t h e   FU  f l o w   to  p a s s   t h r o u g h   the   MCV  i n t o   the  l i n e   42  
t h a t   e x t e n d s   to  t h e   c y l i n d e r   12.  T h i s   h a p p e n s   as  t h e  
b y p a s s   f l o w   d e c r e a s e s .   The  r e s u l t a n t   f l u i d   f l o w  
d i s p l a c e s   t he   c a r   p i s t o n   11  u p w a r d ,   mov ing   the  c a r   i n  

25  the   same  d i r e c t i o n .  

When  the   c a r   10  is  a t   r e s t ,   p r e s s u r e   in  the  l i n e  
42  and  t he   p r e s s u r e   in  the   c h a m b e r   43  a r e   the   s a m e ,  
p r e s s u r e   PS2.  Wi th   t he   pump  21  o f f ,   t h i s   p r e s s u r e  
p u s h e s   t he   MCV  40  down,   and  the   down  f l o w   (FD)  in  t h e  

30  l i n e   42  is  t h e n   b l o c k e d ,   h o l d i n g   the   c a r   10  i n  
p o s i t i o n .   No  f l o w   t h r o u g h   the   l i n e   42  and  back  t o  
t he   t a n k   5  is  p o s s i b l e   u n d e r   t h i s   c o n d i t i o n .   To 
a l l o w   t h i s   f l ow  to  o c c u r ,   the   MCV  40  mus t   be  l i f t e d ,  
and  t h i s   is  e f f e c t e d   by  the   o p e r a t i o n   of  a  main  c h e c k  

35  v a l v e   a c t u a t o r   5 0 .  
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T h i s   a c t u a t o r   i n c l u d e s   a  rod  5 0 a ,   w h i c h   c o n t a c t s  
the   s t em   41  when  p u s h e d   u p w a r d ;   a  f i r s t   member  5 0 b  
w h i c h   is  p u s h e d   u p w a r d   a g a i n s t   t h e   r o d ;   a  s e c o n d  
member  50c  w h i c h   when  p u s h e d   u p w a r d   moves   the   f i r s t  

5  member .   The  rod  50a  is  t h r u s t   u p w a r d ,   p u s h i n g   t h e  
MCV  40  u p w a r d ,   when  f l u i d ,   a t   p r e s s u r e   PS2,  i s  
a p p l i e d   to  the   i n l e t   l i n e   52,  and  t h a t   h a p p e n s   o n l y  
when  a  LOWER  s i g n a l   is  a p p l i e d   to  t h e   l i n e   53  t h a t  
goes   to  a  s o l e n o i d   c o n t r o l   r e l e a s e   v a l v e   55.  T h e  

0  f l u i d   p r e s s u r e   in  the   l i n e   52  is  t h e n   a p p l i e d   to  t h e  
b o t t o m   of  the   m e m b e r s   ( p i s t o n s )   50b ,   50c .   T h e  
c o m b i n e d   s u r f a c e   a r e a   of  t h o s e   m e m b e r s   is  g r e a t e r  
t h a n   the   u p p e r   s u r f a c e   a r e a   62  of  t h e   v a l v e   40.  T h e  
s e c o n d   member   moves   u n t i l   i t   s t r i k e s   t h e   w a l l   50d  o f  

!5  the   c h a m b e r   5 0 e .   The  f i r s t   member   a l s o   moves  w i t h  
the   s e c o n d   member   b e c a u s e   of  t he   f l a n g e   5 0 f .   T h i s  
s m a l l   m o t i o n   (as   f a r   as  the   w a l l   50d)   " c r a c k s "   o p e n  
the   MCV  40,  e q u a l i z i n g   the   p r e s s u r e s   PS1  and  P S 2 .  
Then  the   f i r s t   member   c o n t i n u e s   to  move  u p w a r d ,   u n t i l  

20  i t   too   s t r i k e s   t h e   w a l l ,   f u l l y   o p e n i n g   the   MCV  4 0 .  
T h i s   a l l o w s   r e t u r n   f low  (FD)  f rom  t h e   c h a m b e r   35  
t h a t   p a s s e s   t h r o u g h   the   w i n d o w s   26a ,   26b ,   and  l i n e  
32.  The  FD  f l o w   t h r o u g h   l i n e   25  is  b l o c k e d   by  t h e  
c h e c k   v a l v e   6.  The  p o s i t i o n   of  t h e   v a l v e   27 

25  d e t e r m i n e s   the   r a t e   of  the   FD  f l o w ,   t h u s   the   s p e e d  
p r o f i l e   of  t he   c a r   as  i t   d e s c e n d s .   The  v a l v e   i s  
moved  from  the   c l o s e d   PI  p o s i t i o n   by  t h e   SPEED  s i g n a l  
t o w a r d s   t he   open   p o s i t i o n   P2.  The  d u r a t i o n   a n d  
f r e q u e n c y   of  t he   SPEED  s i g n a l   s e t s   the   down  v e l o c i t y  

30  p r o f i l e .  

T h e r e   is  s w i t c h   70  t h a t   is   a d j a c e n t   the   MCV  4 0 ,  
and  the   u p w a r d   m o t i o n   of  the   MCV  40  c a u s e s   the  s w i t c h  
to  o p e r a t e .   T h a t   o p e r a t i o n   p r o v i d e s   a  s i g n a l   (CV)  o n  
the   l i n e   71  g o i n g   to  the   PVC  17.  The  CV  s i g n a l   s h o w s  

35  t h a t   the   v a l v e   has   moved  in  t h e   up  d i r e c t i o n   f o r  
e l e v a t o r   t r a v e l .   I t   r e p r e s e n t s   t h a t   t he   p r e s s u r e   i n  
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the   c h a m b e r   35  has  s l i g h t l y   e x c e e d e d   t he   p r e s s u r e   i n  

t he   c h a m b e r   43.  U s i n g   t h i s   s i g n a l ,   t he   PVC  may  
c o n t r o l   t he   f u r t h e r   m o t i o n   of  t he   v a l v e   s p o o l   b y  

c o n t r o l l i n g   the   p u l s e   r a t e   and  d u r a t i o n   c o m p r i s i n g  
the   SPEED  s i g n a l ,   w h i c h   is   a p p l i e d   to   the   l i n e   2 9 .  

The  CV  s i g n a l   o c c u r s   j u s t   when  t he   p r e s s u r e   of  PS1  35 

e x c e e d s   t he   p r e s s u r e   PS2,   and  t h a t   o c c u r s   j u s t   b e f o r e  

t h e r e   is  a c t u a l   f l o w .   G e n e r a t i o n   of  the   CV  s i g n a l  

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

" a n t i c i p a t e d "   f l o w .  

The  s t e p p e r   m o t o r   c o n t r o l l e d   v a l v e   27  a l s o  

p r o v i d e s   a  p r e s s u r e   r e l e a s e   f u n c t i o n   f o r   t he   p o r t   3 5 .  

The  s t e p p e r   m o t o r   28  has   an  o u t p u t   l i n k   2 8 a ,   and  a  
c o l l a r   or   r i n g   28b  is  a t t a c h e d   to  t h a t   l i n k .   T h e  

l i n k   and  c o l l a r   f i t   in  a  h o l l o w   p o r t i o n   of  t he   v a l v e  

27  b u t   s e p a r a t e d   f rom  t h e   f l o w   a r e a   ( w i n d o w s   2 6 a ,  

26b)  by  t he   v a l v e   w a l l   2 7 a ,   w h i c h   is   o p p o s i t e   a n o t h e r  

w a l l   27b .   (The  v a l v e   27  is  s h a p e d   l i k e   a  h o l l o w  

c y l i n d e r ;   f l u i d   f l o w s   t h r o u g h   i t s   i n t e r i o r )   .  A 

s p r i n g   28c  f i t s   b e t w e e n   t h e   w a l l   27b  and  t h e   c o l l a r   2 8 b .  
As  t h e   s t e p p e r   m o t o r   o p e r a t e s ,   t he   l i n k   moves   up  o r  
down,   in  s t e p s   c o r r e s p o n d i n g   to  t he   s t e p s   in  t h e  

SPEED  s i g n a l .   As  a  r e s u l t   of  t h i s ,   t he   c h a n g e   i n  

f l o w   is  c o n t r o l l e d   by  t h e   s m a l l e r   v a l v e   window  a r e a  
to  o u t l e t   p o r t   31,  w h i c h   r e d u c e s   as  t he   ma in   v a l v e  

b e g i n s   to  move  t o w a r d s   t h e   c l o s e d   p o s i t i o n   a t   P I ,   a t  
w h i c h   a l l   the   FU  f l ow  p a s s e s   f rom  t he   p o r t   25  to  t h e  
i n l e t   35;  t h e r e   b e i n g   no  p a t h   b e t w e e n   the   p o r t   25  a n d  
the   o u t l e t   p o r t   31.  T h i s   l i n k   m o t i o n   is  t r a n s m i t t e d  

to  t he   w a l l   27a  t h r o u g h   t he   s p r i n g   to  t he   v a l v e   2 7 ,  
w h i c h   moves   in  s y n c h r o n i s m   w i t h   t he   l i n k .   If   t h e  

p r e s s u r e   in  the   pump  o u t p u t   l i n e   21a  is  s u f f i c i e n t   t o  

open   the   p r e s s u r e   r e l e a s e   v a l v e   (PRV) ,   t he   p r e s s u r e  
is  a p p l i e d   to  the   top  of  t he   v a l v e   27b  and  t he   e n t i r e  
v a l v e   27  is  f o r c e d   down,   a l l o w i n g   t h e   f low  f rom  t h e  
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pump  to  p a s s   t h r o u g h   the   l i n e   32,  to   t he   t a n k   5,  t o  
r e l i e v e   the   " o v e r p r e s s u r e "   c o n d i t i o n .  

For  m a n u a l l y   l o w e r i n g   the  c a r ,   a  m a n u a l l y  
o p e r a t e d   v a l v e   80  is   o p e r a t e d   to  a l l o w   the   f l u i d   t o  

5  f l o w   f rom  the   c h a m b e r   43  d i r e c t l y   back  to  the   t a n k   5 .  
The  p r e f e r r e d   e m b o d i m e n t   of  the   i n v e n t i o n   h a s  

been   d e s c r i b e d ,   and  one  of  o r d i n a r y   s k i l l   in  t he   a r t  
to  w h i c h   the   i n v e n t i o n   r e l a t e s   may  make  m o d i f i c a t i o n s  

and  v a r i a t i o n s   to  t h a t   e m b o d i m e n t ,   in  w h o l e   or  p a r t ,  
10  w i t h o u t   d e p a r t i n g   f rom  the   t r u e   s c o p e   o f  

the   i n v e n t i o n .  
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C l a i m s  

1.  A  h y d r a u l i c   v a l v e   (A)  c o m p r i s i n g :  
a  ma in   i n l e t   (25)   a d a p t e d   f o r   c o n n e c t i o n   t o  

a  pump  (21  ) ;  
5  a  ma in   o u t l e t   (43)   a d a p t e d   f o r   c o n n e c t i o n   t o  

an  a c t u a t o r   c o m p r i s i n g   a  p i s t o n   (11)  and  a  c y l i n d e r  
( 1 2 ) ;  

a  s e c o n d a r y   o u t l e t   (31)  a d a p t e d   f o r  
c o n n e c t i o n   to  a  f l u i d   t ank   ( 5 ) ;  

10  a  f l o w   c o n t r o l   v a l v e   (27)  f o r   c o n t r o l l i n g  
f l u i d   f l o w   f rom  the   main   i n l e t   to  the   main  o u t l e t ;  

t he   h y d r a u l i c   v a l v e   (A)  b e i n g   c h a r a c t e r i z e d  
by  i 

t he   f l o w   c o n t r o l   v a l v e   b e i n g   c o n t i n u o u s l y  
15  m o v a b l e   b e t w e e n   two  p o s i t i o n s   to  c o n t r o l   p r o g r e s s i v e -  

l y ,   f rom  a  min imum  to  a  maximum  e q u a l l i n g   t h e   p u m p  
o u t p u t ,   t he   f l o w   b e t w e e n   t he   main   i n l e t   and  t he   m a i n  
o u t l e t   or  d i s c h a r g e   f rom  t he   main  o u t l e t   to  t h e  
t a n k ,   a t   one  p o s i t i o n   the   main   i n l e t   and  s e c o n d a r y  

20  o u t l e t   b e i n g   c o n n e c t e d ,   a t   t he   o t h e r   p o s i t i o n   t h e  
main   i n l e t   and  t h e   main   o u t l e t   b e i n g   c o n n e c t e d   a n d  
the   main   i n l e t   and  s e c o n d a r y   o u t l e t   b e i n g   d i s c o n -  
n e c t e d ;  

a  m o t o r   (28)   f o r   mov ing   the   v a l v e   l i n e a r l y  
25  in  d i s c r e t e   s t e p s ;  

a  r e s i l i e n t   member  ( 28c )   i n t e r c o n n e c t i n g   t h e  
m o t o r   and  t h e   v a l v e j  

the   m o t o r   a p p l y i n g   f o r c e   t h r o u g h   t h e  
r e s i l i e n t   member   to  move  t he   v a l v e   to  s a i d   o n e  

30  p o s i t i o n   and  to  h o l d   t he   v a l v e   in  any  p o s i t i o n  
a g a i n s t   t he   p r e s s u r e   on  t he   v a l v e   by  the   f l u i d   in  t h e  
main   o u t l e t   f rom  t he   main   o u t l e t ;   a n d  

a  p r e s s u r e   o p e r a t e d   v a l v e   (PRV)  c o n n e c t e d   t o  
the   pump  o u t p u t   and  the   f l ow  c o n t r o l   v a l v e   (2  7 ) ;  
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t h e   f l o w   c o n t r o l   v a l v e   b e i n q   m o v a b l e   a g a i n s t  

the  fo rce   of  the  r e s i l i e n t   member  towards  sa id   one  p o s i t i o n   i n  

r e s p o n s e   to  f l u i d   a p p l i e d   t h e r e t o   by  t he   p r e s s u r e  

o p e r a t e d   v a l v e   when  t he   pump  o u t p u t   p r e s s u r e   e x c e e d s  

5  a  c e r t a i n   l e v e l .  

2.  A  v a l v e   (A)  a c c o r d i n g   to  c l a i m   1 ,  

c h a r a c t e r i z e d   b y :  

t h e   f l o w   c o n t r o l   v a l v e   (27)  c o m p r i s i n g   a  h o l l o w  

c y l i n d e r   w i t h   w i n d o w s   ( 2 6 a ,   26b)  t h r o u g h   w h i c h   f l u i d  

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

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

one  end  of  t h e   c y l i n d e r ,   and  t h e   o t h e r ,   o p p o s i t e   e n d  

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

t h e   p r e s s u r e   o p e r a t e d   v a l v e .  

15  3.  A  h y d r a u l i c   v a l v e   (A)  c o m p r i s i n g :  

a  ma in   i n l e t   (25)   a d a p t e d   f o r   c o n n e c t i o n   t o  

a  pump  (21  ) ;  

a  ma in   o u t l e t   (43)   a d a p t e d   f o r   c o n n e c t i o n   t o  

an  a c t u a t o r   c o m p r i s i n g   a  p i s t o n   (11)   and  a  c y l i n d e r  

20  ( 1 2 ) ;  

a  s e c o n d a r y   o u t l e t   (31)   a d a p t e d   f o r  

c o n n e c t i o n   to  a  f l u i d   t a n k ;  

a  f l o w   c o n t r o l   v a l v e   (27)   f o r   c o n t r o l l i n g  

f l u i d   f l o w   f rom  t h e   main   i n l e t   (25)   to  t he   m a i n  
25  o u t l e t   ( 4 3 ) ;  

t h e   h y d r a u l i c   v a l v e   (A)  being  c h a r a c t e r i z e d  

b y :  

a  c h e c k   v a l v e   (MCV)  w i t h   i t s   i n l e t   ( 3 5 )  

c o n n e c t e d   to  t he   f l ow  c o n t r o l   v a l v e   (2  7)  and  i t s  
30  o u t l e t   c o n n e c t e d   to  the   main  o u t l e t   ( 4 3 ) ,   t he   c h e c k  

v a l v e   b e i n g   o p e r a b l e   to  open   and  c o n n e c t   i t s   i n l e t  

and  o u t l e t   when  the   p r e s s u r e   in  the   i n l e t   e x c e e d s   t h e  
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p r e s s u r e   in  t h e   o u t l e t   and  a l s o   b e i n g   m e c h a n i c a l l y  

o p e r a b l e   to  o p e n ;  

a  s w i t c h   (70)   t h a t   is  a c t u a t e d   by  t h e   c h e c k  

v a l v e   when  i t   o p e n s   and  c l o s e s ;   a n d  

5  the   f l o w   c o n t r o l   v a l v e   b e i n g   c o n t i n u o u s l y  

m o v a b l e   b e t w e e n   two  p o s i t i o n s   to  c o n t r o l ,   f rom  a  

min imum  f l o w   to  a  maximum  f low  e q u a l l i n g   t he   pump 

o u t p u t ,   t he   f l o w   b e t w e e n   the   main   i n l e t   and  the   m a i n  

o u t l e t   t h r o u g h   t he   c h e c k   v a l v e   and  to  c o n t r o l   t h e  

10  d i s c h a r g e   f l o w   f rom  the   main  o u t l e t   to  t h e   t a n k .  

4.  A  v a l v e   a c c o r d i n g   to  c l a i m   3,  f u r t h e r  

c h a r a c t e r i z e d   b y :  

a  h y d r a u l i c   a c t u a t o r   (50)   t h a t   moves   to  o p e n  

t h e   c h e c k   v a l v e ;  

15  a  s o l e n o i d   v a l v e   (55)   o p e r a b l e   f o r  

c o n n e c t i n g   t he   a c t u a t o r   w i t h   the   ma in   o u t l e t .  

5.  A  v a l v e   a c c o r d i n g   to  c l a i m   4 ,  

c h a r a c t e r i z e d   in  t h a t   t he   a c t u a t o r   c o m p r i s e s :  

a  f i r s t   p r e s s u r e   r e s p o n s i v e   member   (50c )   a n d  

20  a  s e c o n d   p r e s s u r e   r e s p o n s i v e   member  (50b)   t h a t   c a n  

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

o p e n   the   v a l v e ,   t he   s e c o n d   member  ( 5 0 b )   b e i n g  

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

o p e n   the   v a l v e   f u r t h e r ,   t he   c o m b i n e d   s u r f a c e   a r e a   o f  

25  t he   two  m e m b e r s   b e i n g   g r e a t e r   t h a n   t h e   area  of  the  c h e c k  

v a l v e ,   so  t h a t   t he   f o r c e   of  the   two  m e m b e r s   e x c e e d s  

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

o u t l e t   (43)   p r e s s u r e .  

6.  A  v a l v e   a c c o r d i n g   to  c l a i m   3,  4  or  5 

30  f u r t h e r   c h a r a c t e r i z e d   b y :  

a  s t e p p e r   m o t o r   ( 2 8 ) ;   a n d  
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t h e   f low  c o n t r o l   v a l v e   (2  7)  b e i n g   a  l i n e a r  

m o t i o n   v a l v e ,   and  the   s t e p p e r   m o t o r   b e i n g   c o n n e c t e d  

to  the   v a l v e   fo r   m o v i n g   i t   l i n e a r l y   in  f i n i t e   s t e p s  

in  r e s p o n s e   to  a  s t e p p e r   s i g n a l ,   t he   s t e p p e r   s i g n a l  

5  c o m p r i s i n g   v a r i a b l e   f r e q u e n c y   p u l s e s .  

7.  A  v a l v e   a c c o r d i n g   to  any  of  claims  3  to  6 ,  

f u r t h e r   c h a r a c t e r i z e d   b y :  

t he   f low  c o n t r o l   v a l v e   (2  7)  b e i n g   a  h o l l o w  

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

10  o p p o s e d   w i n d o w s   ( 2 6 a )   and  a d j a c e n t   t h e r e t o   a  s e c o n d  

p a i r   of  d i a m e t r i c a l l y - o p p o s e d   w i n d o w s   ( 2 6 b )   f o r  

c o n t r o l l i n g   the   f l o w   from  the   main   i n l e t ;  

t he   f low  t h r o u g h   a r e a   of  t he   f i r s t   p a i r   o f  

w i n d o w s   f rom  the   main   i n l e t   i n c r e a s i n g   more  f o r   e a c h  

15  u n i t   of  m o v e m e n t   by  the   f low  c o n t r o l   v a l v e   t h a n   t h e  

f l o w   t h r o u g h   a r e a   f rom  the   main  i n l e t   t h r o u g h   t h e  

s e c o n d   p a i r   of  w i n d o w s .  

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

a  h y d r a u l i c   a c t u a t o r   ( 1 1 , 1 2 ) ;  

20  a  pump  (21)  •, 

a  t a n k   (5),  and  a  v a l v e   (A)  f o r   c o n t r o l l i n g   f l o w  

b e t w e e n   the   t ank   and  the   a c t u a t o r   w i t h   the   p u m p ,  

c o m p r i s i n g :  

a  main   i n l e t   (25)  a d a p t e d   f o r   c o n n e c t i o n   t o  

25  a  pump  (  21  )  ; 

a  main  o u t l e t   (43)   a d a p t e d   f o r   c o n n e c t i o n   t o  

t h e   a c t u a t o r j  

a  s e c o n d a r y   o u t l e t   (31)   a d a p t e d   f o r   c o n n e c -  

t i o n   to  t h e   t a n k ;  
30  a  f low  c o n t r o l   v a l v e   (27)  f o r   c o n t r o l l i n g  

f l u i d   f l ow  from  the   main  i n l e t   (25)   to  the   m a i n  

o u t l e t   ( 4 3 ) ;  
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c h a r a c t e r i z e d   by  t he   v a l v e   (A)  c o m p r i s i n g :  

a  c h e c k   v a l v e   (MCV)  w i t h   i t s   i n l e t   ( 3 5 )  

c o n n e c t e d   to  t he   f l o w   c o n t r o l   v a l v e   (2  7)  and  i t s  

o u t l e t   c o n n e c t e d   to  t he   main   o u t l e t   ( 4 3 ) ,   the   c h e c k  
5  v a l v e   b e i n g   o p e r a b l e   to  open   and  c o n n e c t   i t s   i n l e t  

and  o u t l e t   when  the   p r e s s u r e   in  t he   i n l e t   e x c e e d s   t h e  

p r e s s u r e   in  the   o u t l e t   and  a l s o   b e i n g   m e c h a n i c a l l y   ! 

o p e r a b l e   to  o p e n ;  

a  s w i t c h   (70)   t h a t   is  a c t u a t e d   by  the   c h e c k  
10  v a l v e   when  i t   o p e n s   and  c l o s e s ;  

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

m o v a b l e   b e t w e e n   two  p o s i t i o n s   to  c o n t r o l ,   f rom  a  

minimum  f low  to  a  maximum  f l o w   e q u a l l i n g   the   pump  : 

o u t p u t ,   the   f l o w   b e t w e e n   the   ma in   i n l e t   and  the   m a i n  
I5  o u t l e t   t h r o u g h   t he   c h e c k   v a l v e   and  to  c o n t r o l   t he   ! 

d i s c h a r g e   f low  f rom  t he   main   o u t l e t   to  the   t a n k ,   and  [ 

b y :  

a  m o t o r   (28)   to  move  the   f l o w   c o n t r o l   v a l v e ;   j 
and  i 

20  means  (17)   f o r   c o n t r o l l i n g   the   o p e r a t i o n   of  j 

the   m o t o r   in  r e s p o n s e   to  an  e l e c t r i c a l   s i g n a l  

p r o d u c e d   by  o p e r a t i o n   of  s a i d   s w i t c h .   : 
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