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@  Fluid  motor  control  circuit  with  fast-acting  quick-drop  valve. 

A  control  circuit  (11,  11b)  for  a  fluid  pressure-opera- 
ted  cylinder  (13,  13b)  or  the  like  has  a  quick-drop  valve 
(12,  12b)  which  enables  faster  gravity-assisted  lowering  of 
a  load  (16,  16b)  and  which  quickly  shifts  to  a  power-down 
mode  of  operation  when  dropping  of  the  load  by  gravity 
ceases.  Means  (47,  47b,  54,  54b,  56,  56b)  sensing  flow 
rate  to  the  head  end  of  the  cylinder  and  sensing  cavitation 
in  the  head  end  initiate  the  quick-drop  operation  at  which 
the  discharge  path  from  the  cylinder  back  to  tank  is  totally 
blocked  and  all  discharge  from  the  rod  end  is  recirculated 
to  the  head  end.  When  resistance  to  further  lowering  of  the 
load  occurs,  the  quick-drop  valve  responds  by  shifting  to 
block  communication  between  ends  of  the  cylinder  while 
establishing  a  rod  end  discharge  path  to  tank  to  initiate  a 
power-down  mode  of  operation  quickly  and  without  lag  or 
bounce. 



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

This  i n v e n t i o n   r e l a t e s   to  c o n t r o l   sys tems  for  f l u i d  

p r e s s u r e - o p e r a t e d   m o t o r s ,   such  as  f l u i d   c y l i n d e r s ,   f l u i d  

a c t u a t o r s   or  the  l i k e ,   and  more  p a r t i c u l a r l y   to  a  q u i c k - d r o p  

va lve   which  e n a b l e s   f a s t   g r a v i t y - a s s i s t e d   l o w e r i n g   of  a  l o a d  

or  member  by  d i r e c t i n g   f l u i d   which  d i s c h a r g e s   from  one  m o t o r  

por t   back  to  the  o t h e r   motor  p o r t .  

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

C o n t r o l   sys tems  for   f l u i d   c y l i n d e r s   or  the  l i k e  

u s u a l l y   have  a  main  c o n t r o l   va lve   c o n n e c t e d   be tween  t h e  

c y l i n d e r   and  a  pump  or  o t h e r   sou rce   of  p r e s s u r i z e d . f l u i d .   I n  

many  sys tems   the  main  c o n t r o l   va lve   has  a  r a i s e   p o s i t i o n   a t  

which  p r e s s u r i z e d   f l u i d   is  s u p p l i e d   to  the  r o d  e n d   of  t h e  

c y l i n d e r   and  at  which  f l u i d   is  d i s c h a r g e d   from  the  head  end  

in  o rde r   to  move  a  load  a g a i n s t   g r a v i t y   or  a g a i n s t   some  o t h e r  

r e s i s t a n c e .   In  t h i s   r a i s e   mode  of  o p e r a t i o n   the  r a t e   o f  

c y l i n d e r   r e t r a c t i o n   is  d e t e r m i n e d   by  the  r a t e   at  which  t h e  

pump  f o r c e s   f l u i d   i n to   the  c y l i n d e r .   This  is  not  n e c e s s a r i l y  

the  case  when  the  main  c o n t r o l   va lve   is  s h i f t e d   to  the  l o w e r  

or  power-down  p o s i t i o n   at  which  the  p r e s s u r i z e d   f l u i d   i s  

a p p l i e d   to  the  head  end  of  the  c y l i n d e r   and  at  which  f l u i d  

d i s c h a r g e s   from  the  rod  end  back  to  t ank .   Dur ing  the  p o w e r -  

down  mode  of  o p e r a t i o n   g r a v i t y   or  o t h e r   f o r c e s   may  be  

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

t h a t   e s t a b l i s h e d   by  the  r a t e   of  flow  of  p r e s s u r i z e d   f l u i d   t o  

the  head  end  of  the  c y l i n d e r .   Severe   n e g a t i v e   p r e s s u r e s   o r  

c a v i t a t i o n   may  then  cause  a  loss   of  p r e c i s i o n   in  c o n t r o l l i n g  



the  c y l i n d e r .   The  c y l i n d e r   may  not  r e s p o n d   q u i c k l y   t o  

s h i f t s   of  the  c o n t r o l   va lve   and  o t h e r   a d v e r s e   e f f e c t s   o c c u r  
such  as  e r r a t i c   c y l i n d e r   motion  and  v i b r a t i o n   and  bounce  o r  

t e m p o r a r y   r e v e r s a l s   of  c y l i n d e r   mot ion .   While  t h e s e   e f f e c t s  

can  be  avo ided   by  r e s t r i c t i n g   the  r a t e   at  which  f l u i d   c a n  
d i s c h a r g e   back  to  tank  t h r o u g h   the  main  c o n t r o l   va lve   at  t h e  

power-down  p o s i t i o n   of  the  v a l v e ,   t h i s   may  u n d e s i r a b l y   l i m i t  

the  r a t e   of  l o w e r i n g   of  the  l o a d .  

To  enab l e   f a s t   l o w e r i n g   of  a  l o a d ,   a  v a r i e t y   o f  

q u i c k - d r o p   v a l v e s   have  h e r e t o f o r e   been  d e s i g n e d   f o r  

c o n n e c t i o n   be tween   the  two  flow  p a s s a g e s   to  the  ends  of  t h e  

c y l i n d e r   at  a  l o c a t i o n   r e l a t i v e l y   c l o se   to  the  c y l i n d e r   a n d  

in  some  cases   as  a  b u i l t - i n   component  of  the  c y l i n d e r   i t s e l f .  

Q u i c k - d r o p   v a l v e s   p r o v i d e   a  r e l a t i v e l y   s h o r t   and  low 

r e s i s t a n c e   f l u i d   i n t e r c h a n g e   path  be tween   the  two  ends  of  t h e  

c y l i n d e r   t h a t   r ema ins   c l o s e d   d u r i n g   the  r a i s e   mode  o f  

o p e r a t i o n   but  which  is  opened  d u r i n g   g r a v i t y - a s s i s t e d  

l o w e r i n g   of  the  load  so  t h a t   f l u i d   which  is  d i s c h a r g i n g   f r o m  

one  c y l i n d e r   po r t   is  d i r e c t e d   to  the  o t h e r   por t   to  s u p p l e m e n t  

the  incoming   flow  from  the  main  c o n t r o l   v a l v e .   T y p i c a l l y ,   t h e  

q u i c k - d r o p   va lve   s e n s e s   c a v i t a t i o n   in  the  c y l i n d e r   d u r i n g   t h e  

power-down  mode  of  o p e r a t i o n   and  opens  a u t o m a t i c a l l y   w h i l e  

such  c o n d i t i o n   is  p r e s e n t .  

P r i o r   q u i c k - d r o p   v a l v e s   of  known  forms  are  s u b j e c t  

to  c e r t a i n   o p e r a t i o n a l   d i s a d v a n t a g e s .   Many  p r i o r   q u i c k - d r o p  

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

d i f f e r e n t i a l   a c r o s s   a  r e s t r i c t i o n   in  the  flow  path   w h i c h  

c o n n e c t s   the  d i s c h a r g i n g   end  of  the  c y l i n d e r   wi th   the  t a n k  

t h r o u g h   the  main  c o n t r o l   v a l v e .   C o n s e q u e n t l y   the  d i s c h a r g e  



flow  path   must  remain   at  l e a s t   p a r t i a l l y   open  and  pa r t   o f  

the  d i s c h a r g e   flow  must  be  r e t u r n e d   to  tank  d u r i n g   t h e  

q u i c k - d r o p   mode  of  o p e r a t i o n   i n s t e a d   of  be ing   r e c i r c u l a t e d  

to  the  head  end  to  i n h i b i t   c a v i t a t i o n .   Some  o t h e r   p r i o r  

q u i c k - d r o p   v a l v e s   r e spond   to  a  flow  r e s t r i c t i o n   s i t u a t e d  

in  the  flow  path  to  the  p r e s s u r i z e d   end  of  the  c y l i n d e r ,  

but  in  t h e s e   cases   the  d i s c h a r g i n g   flow  path  r e m a i n s  

communica ted   with  tank  d u r i n g   the  q u i c k - d r o p   mode  o f  

o p e r a t i o n   aga in   p r e v e n t i n g   use  of  the  e n t i r e   d i s c h a r g e   f l o w  

for   the  pu rpose   of  e n a b l i n g   f a s t   l o w e r i n g   of  a  load  w i t h o u t  

a d v e r s e   e f f e c t s .  

The  p r i o r   a r t   has  not  p r o v i d e d   a  q u i c k - d r o p   v a l v e  

which  f u l l y   s e a l s   off   the  rod  end  flow  pas sage   from  t a n k  

d u r i n g   the  q u i c k - d r o p   mode  of  o p e r a t i o n   and  w h i c h . f u l l y  

r e t u r n s   a l l   d i s c h a r g e   f l u i d   to  the  head  end  of  the  c y l i n d e r  

at  t h a t   t i m e .  

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

p r i o r   q u i c k - d r o p   v a l v e s ,   t h e r e   are  f l u i d   c y l i n d e r   usages   i n  

which  i t   is  d e s i r e d   to  c o n t i n u e   l o w e r i n g   the  load  by  r e v e r t i n g  

to  a  power-down  mode  of  o p e r a t i o n   a f t e r   g r a v i t y   ceases   to  be  

e f f e c t i v e   for   t h i s   p u r p o s e .   The  f l u i d   c y l i n d e r s   used  t o  

r a i s e   and  lower  a  b u l l d o z e r   b lade   r e l a t i v e   to  a  t r a c t o r   body  

are  t y p i c a l   of  such  s y s t e m s .   C o n t r o l   sys tems  for   s u c h  

c y l i n d e r s   o f t e n   p r o v i d e   a  q u i c k - d r o p   mode  of  o p e r a t i o n   t o  

speed  the  d r o p p i n g   of  the  b u l l d o z e r   b lade   towards   the  g r o u n d  

in  p r e p a r a t i o n   for   work  o p e r a t i o n s .   when  the  b l ade   c o n t a c t s  

the  ground  i t   may  be  n e c e s s a r y   to  c o n v e r t   to  a  power-down  mode 

of  o p e r a t i o n   to  d r i ve   the  b lade   f o r c i b l y   downward  a  s h o r t  

d i s t a n c e   i n t o   the  ground.   An  u n d e s i r a b l e   time  lag  t ends   t o  



occur   between  the  q u i c k - d r o p   o p e r a t i o n   and  the  s u b s e q u e n t  

power-down  o p e r a t i o n   and  in  some  cases   an  u n d e s i r a b l e   b o u n c e  

e f f e c t   or  momentary  r e v e r s e d   mot ion  of  the  b u l l d o z e r   b l a d e  

or  o t h e r   d r i v e n   mechanism  may  o c c u r .   This  e f f e c t   is  f o u n d  

in  p r i o r   q u i c k - d r o p   sys tems   which  s h i f t   a u t o m a t i c a l l y   by 

s e n s i n g   i n c r e a s e d   r e s i s t a n c e   to  l o w e r i n g   of  the  load  as  w e l l  

as  in  sys tems   in  which  the  o p e r a t o r   must  manua l l y   s h i f t   t h e  

main  c o n t r o l   va lve   from  a  f l o a t   or  q u i c k - d r o p   s e t t i n g   to  a  

power-down  s e t t i n g .  

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

The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  o v e r c o m i n g  

one  or  more  of  the  p rob lems   as  set  f o r t h   a b o v e .  

In  one  a s p e c t   of  the  p r e s e n t   i n v e n t i o n ,   the  c o n t r o l  

sys tem  for   one  or  more  f l u i d   c y l i n d e r s   or  o t h e r   f l u i d   m o t o r s  

i n c l u d e s   q u i c k - d r o p   va lve   means  which  s h i f t s   from  a  p o w e r - d o w n  

mode  of  o p e r a t i o n   i n t o   a  q u i c k - d r o p   mode  upon  s e n s i n g  

c a v i t a t i o n   a c c o m p a n i e d   by  a  f l u i d   flow  i n t o   the  c y l i n d e r   w h i c h  

is  above  a  p r e d e t e r m i n e d   l e v e l .   The  q u i c k - d r o p   va lve   means  

then  c o m p l e t e l y   b l o c k s   the  d i s c h a r g e   flow  pa th   from  t h e  

c y l i n d e r   back  to  t ank   in  o rde r   to  r e c i r c u l a t e   a l l   d i s c h a r g e  

f l u i d   d i r e c t l y   back  to  the  c y l i n d e r .   This  t o t a l   r e g e n e r a i i o n  

of  the  d i s c h a r g e   flow  e n a b l e s   an  e x t r e m e l y   f a s t   g r a v i t y  

l o w e r i n g   of  a  load  w i t h o u t   a d v e r s e   e f f e c t s .   Upon  s e n s i n g  

r e s i s t a n c e   to  c o n t i n u e d   l o w e r i n g   of  the  load  the  q u i c k - d r o p  

valve   means  a u t o m a t i c a l l y   r e v e r t s   to  the  power-down  mode  o f  

o p e r a t i o n   r a p i d l y   and  w i t h o u t   bounce  or  o t h e r   a d v e r s e   e f f e c t s ,  

e n a b l i n g   c o n t i n u e d   l o w e r i n g   of  the  load  w i t h o u t   a n y  

s i g n i f i c a n t   i n t e r r u p t i o n .  

The  q u i c k - d r o p   va lve   means  is  b i a s e d   t owards   a  



normal   p o s i t i o n   at  which  the  t w o - f l o w   p a s s a g e s   to  t h e  

c y l i n d e r   or  the  l i k e   are  i s o l a t e d   from  each  o t h e r   a n d  

s e p a r a t e l y   communica ted   with  the  main  c o n t r o l   va lve   t o  

e n a b l e   r a i s e ,   hold  and  power-down  modes  of  o p e r a t i o n   to  be  

s e l e c t e d   by  m a n i p u l a t i o n   of  the  main  c o n t r o l   v a l v e .   A 

flow  r e s t r i c t i o n   is  p r o v i d e d   in  the  p a r t i c u l a r   flow  p a s s a g e  

t h r o u g h   which  f l u i d   is  d i r e c t e d   to  the  c y l i n d e r   or  the  l i k e  

d u r i n g   the  power-down  mode  of  o p e r a t i o n .   P i l o t   means  

r e s p o n d   to  c a v i t a t i o n   in  the  c y l i n d e r   accompan ied   by  a  

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

r e s t r i c t i o n   by  s h i f t i n g   the  q u i c k - d r o p   va lve   to  an  a l t e r n a t e  

p o s i t i o n   at  which  the  d i s c h a r g e   flow  p a s s a g e   back  to  the  main  

c o n t r o l   va lve   is  c o m p l e t e l y   b locked   and  at  which  a l l  

d i s c h a r g e   f l u i d   is  r e c i r c u l a t e d   back  to  the  c y l i n d e r   or  t h e  

l i k e   to  s u p p l e m e n t   the  flow  a r r i v i n g   from  the  main  c o n t r o l  

v a l v e .   The  p i l o t   means  a l so   r e spond   to  e i t h e r   or  both  o f  

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

r e s t r i c t i o n   and  a  c e s s a t i o n   of  c y l i n d e r   c a v i t a t i o n   by  q u i c k l y  

r e s e t t i n g   the  q u i c k - d r o p   va lve   back  to  the  p o w e r - d o w n  

p o s i t i o n .  

The  i n v e n t i o n ,   t o g e t h e r   with  f u r t h e r   f e a t u r e s   a n d  

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

the  f o l l o w i n g   d e s c r i p t i o n   of  p r e f e r r e d   embodiments   taken  i n  

c o n j u n c t i o n   with  the  accompany ing   d r a w i n g s .  

B r i e f   D e s c r i p t i o n   of  the  D r a w i n g s  

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

i n c l u d i n g   a  q u i c k - d r o p   va lve   under   c o n d i t i o n s   which  e s t a b l i s h  

the  r a i s e   mode  of  o p e r a t i o n   at  which  the  motor  l i f t s   a  l o a d  

a g a i n s t   g r a v i t y ,  



F i g u r e   2  is  a  view  of  a  p o r t i o n   of  the  a p p a r a t u s  

of  F igu re   1  d u r i n g   the  power-down  mode  of  o p e r a t i o n ,  

F i g u r e   3  is  a  view  of  a  p o r t i o n   of  the  c i r c u i t  

of  F i g u r e s   1  and   2  d u r i n g   the  q u i c k - d r o p   mode  of  o p e r a t i o n ,  

F i g u r e   4  i l l u s t r a t e s   a  m o d i f i c a t i o n   of  a  p o r t i o n  

of  the  a p p a r a t u s   of  F i g u r e s   1  to  3 ,  

F i g u r e   5  is  a  view  of  an  a l t e r n a t e   embodiment   o f  

the  i n v e n t i o n   shown  in  the  r a i s e   mode  of  motor  o p e r a t i o n ,  

F igu re   6  is  a  view  of  a  p o r t i o n   of  the  a l t e r n a t e  

embodiment  of  F i g u r e   5  shown  in  power-down  mode  of  o p e r a t i o n ,  

and  

F i g u r e   7  is  a  view  of  the  a l t e r n a t e   embodiment   o f  

F i g u r e s   5  and  6  d u r i n g   the  q u i c k - d r o p   mode  of  o p e r a t i o n .  

Bes t  Mode   for   C a r r y i n g  O u t  t h e   I n v e n t i o n  .  

R e f e r r i n c   i n i t i a l l y   to  F i g u r e   1  of  the  d r a w i n g ,  

a  f l u i d   c i r c u i t   11  i n c l u d e s   a  q u i c k - d r o p   va lve   means  12  f o r  

c o n t r o l l i n g   a  f l u i d   motor  13  t h a t   has  f i r s t   and  second  m o t o r  

p o r t s   14  and  17  r e s p e c t i v e l y   each  of  which  may  r e c e i v e   o r  

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

Motor  13  in  t h i s   example  is  a  f l u i d   c y l i n d e r   13a  in  which  t h e  

f i r s t   motor  por t   is  a  rod  end  po r t   14a  to  which  p r e s s u r i z e d  

f l u i d   is  d i r e c t e d   to  cause  c y l i n d e r   r e t r a c t i o n   and  c o n s e q u e n t  

r a i s i n g   of  a  load  16  and  in  which  the  second  motor  por t   is  a 

head  end  po r t   17a  to  which  the  p r e s s u r i z e d   f l u i d   may  b e  

d i r e c t e d   to  cause  e x t e n s i o n   of  the  c y l i n d e r   and  l o w e r i n g   o f  

the  l o a d .  

The  load  l6  in  t h i s   p a r t i c u l a r   example  is  a  

b u l l d o z e r   b l a d e   18  coup led   to  the  body  of  a  t r a c t o r   19  t h r o u g h  

v e r t i c a l l y   p i v o t a b l e   push  arms  21  to  which  the  rod  o f  



c y l i n d e r   13a  is  c o u p l e d .   Thus  by  s u p p l y i n g   p r e s s u r i z e d  

f l u i d   to  rod  end  por t   14a  whi le   a l l o w i n g   f l u i d   to  d i s c h a r g e  

from  head  end  por t   17a,  the  c y l i n d e r   13a  may  be  caused  t o  

r e t r a c t   to  r a i s e   the  b lade   18  a g a i n s t   g r a v i t y .   Lowering  o f  

the  b l ade   l8  may  be  a c c o m p l i s h e d   by  d i r e c t i n g   p r e s s u r i z e d  

f l u i d   to  head  end  por t   17a  whi le   a l l o w i n g   f l u i d   to  d i s c h a r g e  

from  rod  end  por t   14a,  but  in  t h i s   case  two  d i s t i n c t   modes 

of  c y l i n d e r   e x t e n s i o n   are  p o s s i b l e .  

If   t h e r e   is  s i z a b l e   r e s i s t a n c e   to  l o w e r i n g   of  t h e  

l o a d ,   such  as  when  the  b lade   18  is  in  c o n t a c t   with  g r o u n d  

22,  the  r a t e   of  c y l i n d e r   e x t e n s i o n   is  p r i m a r i l y   d e t e r m i n e d  

by  the  r a t e   at  which  p r e s s u r i z e d   f l u i d   is  d i r e c t e d   i n to   h e a d  

end  por t   17a  and  t h e  s y s t e m   is  in  the  power-down  mode  o f  

o p e r a t i o n .   Under  o t h e r   c o n d i t i o n s ,   such  as  when  the  l o w e r  

edge  of  the  b l ade   l8  is  above  the  g round ,   c y l i n d e r   e x t e n s i o n  

may  tend  to  o u t r u n   the  incoming   supply   of  p r e s s u r i z e d   f l u i d  

and  the  e x t e n s i o n   r a t e   is  then  d e t e r m i n e d   by  g r a v i t y   a c t i n g  

a g a i n s t   m e c h a n i c a l   f r i c t i o n   and  w h a t e v e r   degree   of  f l o w  

r e s i s t a n c e   may  be  p r e s e n t   in  the  d i s c h a r g e   path  from  rod  end  

por t   14a.  It  is  o f t e n   d e s i r a b l e   to  take  a d v a n t a g e   of  t h e  

f a s t e r   r a t e   of  c y l i n d e r   e x t e n s i o n   o b t a i n a b l e   by  t h i s   g r a v i t y -  

i nduced   or  q u i c k - d r o p   mode  of  o p e r a t i o n   but  t h i s   is  p r a c t i c a l  

only  to  the  e x t e n t   t h a t   the  p r e v i o u s l y   d e s c r i b e d   a d v e r s e  

e f f e c t s   which  accompany  e x c e s s i v e   c a v i t a t i o n   w i t h i n   the  h e a d  

end  of  c y l i n d e r   13a  can  be  p r e v e n t e d .   The  q u i c k - d r o p   v a l v e  

means  12  of  c i r c u i t   11  i n h i b i t s   such  e f f e c t s   d u r i n g   t h e  

q u i c k - d r o p   mode  of  o p e r a t i o n   to  p r o v i d e   for   e x t r e m e l y   f a s t  

l o w e r i n g   of  the  load  and  f u r t h e r   p r o v i d e s   for   an  e x t r e m e l y  

quick   a u t o m a t i c   s h i f t   i n to   the  power-down  mode  of  o p e r a t i o n  



when  r e s i s t a n c e   to  l o w e r i n g   of  the  load  i n c r e a s e s   f r o m  

c o n t a c t   of  b l ade   18  with  the  ground  22  or  o t h e r   c a u s e s .  

The  c i r c u i t   11  may  u t i l i z e   a  f l u i d   such  as  o i l  

for   example ,   s t o r e d   in  a  tank  23,  which  is  p r e s s u r i z e d   a n d  

d e l i v e r e d   to  a  f l u i d   i n l e t   25  of  a  main  c o n t r o l   va lve   26 

by  a  pump  24.  Main  c o n t r o l   va lve   26  a l so   has  a  d r a i n   o u t l e t  

27  for  r e t u r n i n g   d i s c h a r g e   f l u i d   to  tank  23.  A  r e l i e f   v a l v e  

28  is  c o n n e c t e d   be tween   t h e  o u t p u t   of  the  pump  24  and  t a n k  

23  to  e s t a b l i s h   a  p r e d e t e r m i n e d   maximum  f l u i d   p r e s s u r e   a n d  

to  r e t u r n   exces s   o u t p u t   f l u i d   from  the  pump  d i r e c t l y   back  t o  

the  t a n k .  

The  main  c o n t r o l   va lve   26  in  t h i s   example  is  of  t h e  

manua l ly   o p e r a t e d   form  and  has  four   p o s i t i o n s   or  s e t t i n g s .  

At  the  r a i s e   p o s i t i o n   of  the  main  c o n t r o l   va lve   d e p i c t e d   i n  

F igure   1,  p r e s s u r i z e d   f l u i d   is  d i r e c t e d   i n to   a  f i r s t   or  r o d  

end  flow  path   c o n d u i t   29  whi le   a  second  or  head  end  f l o w  

path  c o n d u i t   31  is  communica ted   with  tank  23  t h r o u g h   d r a i n  

o u t l e t   27.  The  main  c o n t r o l   va lve   26  may  be  s h i f t e d   to  a  

hold   p o s i t i o n   at  which  both  flow  pa th   c o n d u i t s   29  and  31  a r e  

c l o s e d   at  the  main  c o n t r o l   v a l v e ,   whi le   i n l e t   25  i s  

communica ted   with  d r a i n   o u t l e t   27,  t h e r e b y   i m m o b i l i z i n g   t h e  

c y l i n d e r   13a.  At  the  t h i r d   or  lower  p o s i t i o n   of  the  m a i n  

c o n t r o l   va lve   26,  head  end  flow  path  c o n d u i t   31  r e c e i v e s  

p r e s s u r i z e d   f l u i d   from  i n l e t   25  whi le   the  rod  end  flow  p a t h  

c o n d u i t   29  is  communica ted   with  d r a i n   o u t l e t   27.  The  f o u r t h  

p o s i t i o n   of  the  main  c o n t r o l   va lve   26  is  a  f l o a t   p o s i t i o n   a t  

which  flow  path  c o n d u i t s   29  and  31  are  i n t e r c o m m u n i c a t e d   w i t h  

each  o t h e r   and  wi th   d r a i n   27 .  

The  q u i c k - d r o p   va lve   means  12  may  have  a  h o u s i n g   32 



with  a  bore  fo rming   a  c y l i n d r i c a l   va lve   chamber  33  in  w h i c h  

a  movable  va lve   member  or  spool   34  is  d i s p o s e d .   An  a n n u l a r  

groove  36  is  formed  in  h o u s i n g  3 2   and  communica tes   w i t h  

chamber  33  and  with  the  f i r s t   or  rod  end  por t   14a  o f  

c y l i n d e r   13a  t h r o u g h   a  f i r s t   va lve   por t   37  and  a  flow  l i n e  

38.  Another   s p a c e d - a p a r t   a n n u l a r   groove  40  opens  i n t o  

chamber  33  and  is  communica ted   with  the  second  or  head  e n d  

por t   17a  of  the  c y l i n d e r   13a  t h r o u g h   a  second  valve  por t   41 

and  head  end  flow  l i n e   31.  S t i l l   a n o t h e r   a n n u l a r   groove  45 

open ing   i n t o   chamber  33  is  communica ted   with  the  rod  end  f l o w  

path  c o n d u i t   29  at  a  t h i r d   va lve   por t   44.  The  head  end  f l o w  

path  c o n d u i t   31  i n c l u d e s   a  flow  r e s t r i c t i o n   47  s i t u a t e d  

be tween   the  main  c o n t r o l   va lve   26  and  the  c o n n e c t i o n   t o  

second  va lve   po r t   4 1 .  

Spool  34  is  s h i f t a b l e   in  the  a x i a l   d i r e c t i o n   f r o m  

a  normal   p o s i t i o n   d e p i c t e d   in  F i g u r e   1,  at  which  the  s p o o l  

abu t s   the  l e f t   end  of  chamber  33  as  viewed  in  the  d r a w i n g s ,  

to  an  a l t e r n a t e   or  q u i c k - d r o p   p o s i t i o n   d e p i c t e d   in  F igu re   3. 

R e f e r r i n g   aga in   to  F i g u r e   1,  the  spool   34  has  t h r e e   a x i a l l y  

s p a c e d - a p a r t   a n n u l a r   l ands   48,  49  and  51  of  which  lands   48 

and  49  j o i n t l y   d e f i n e   a  broad  spool   groove  52  while   l a n d s  

49  and  51  j o i n t l y   d e f i n e   a  second  s p a c e d - a p a r t   broad  s p o o l  

groove  53.  The  l ands   48,  49  and  51  are  p o s i t i o n e d   on  t h e  

spool   to  cause  the  f i r s t   and  t h i r d   va lve   p o r t s   37  and  44  t o  

be  communica ted   by  spool   groove  53  and  to  be  i s o l a t e d   f rom 

the  second  va lve   po r t   41,  by  land  49,  when  the  spool   is  a t  

the  normal   p o s i t i o n   d e p i c t e d   in  F igu re   1.  When  the  spool   34 

is  s h i f t e d   to  the  a l t e r n a t e   or  q u i c k - d r o p   p o s i t i o n   d e p i c t e d  

in  F i g u r e   3,  spool   groove  52  communica tes   the  f i r s t   and  



second  va lve   p o r t s   37  and  41  whi le   b l o c k i n g   and  c o m p l e t e l y  

c l o s i n g   of f   the  t h i r d   va lve   po r t   44  from  each  of  the  o t h e r  

va lve   p o r t s .  

R e f e r r i n g   aga in   to  F igu re   1,  s h i f t i n g   of  the  v a l v e  

spool   34  be tween   the  normal   p o s i t i o n   and  the  q u i c k - d r o p  

p o s i t i o n   is  c o n t r o l l e d   by  f i r s t   and  second  p i l o t   means  54 

and  56  r e s p e c t i v e l y   s i t u a t e d   at  the  l e f t   and  r i g h t   ends  o f  

spool   34  as  viewed  in  F i g u r e   1 .  

The  f i r s t   p i l o t   means  54  in  t h i s   example  is  f o r m e d  

by  the  l e f t   end  of  va lve   chamber  33,  spool   34  i n c l u d i n g  

land  48  and  a  f i r s t   p i l o t   s i g n a l   l i n e   57  which  c o m m u n i c a t e s  

the  f i r s t   p i l o t   chamber  55  at  the  l e f t   end  of  va lve   c h a m b e r  

bore  33  wi th   a  f i r s t   r e g i o n   58  of  the  head  end  flow  p a t h  

c o n d u i t   31  which  is  be tween   main  c o n t r o l   va lve   26  and  f l o w  

r e s t r i c t i o n   47.  The  second  p i l o t   means  56  i n c l u d e s   a  s e c o n d  

p i l o t   chamber  59  which  is  of  g r e a t e r   d i a m e t e r   than   the  v a l v e  

chamber  33  and  which  is  w i t h i n   an  e n l a r g e d   r i g h t   end  s e c t i o n  

32'  of  h o u s i n g   32.  A  p i l o t   p i s t o n   61  is  d i s p o s e d   in  p i l o t  

chamber  59  and  is  movable  in  the  a x i a l   d i r e c t i o n   be tween   an  

u n a c t u a t e d   p o s i t i o n   at  which  the  p i l o t   p i s t o n   abu t s   the  r i g h t  

end  of  the  p i l o t   chamber  59  as  d e p i c t e d   in  F i g u r e   1  and  a n  

a c t u a t e d   p o s i t i o n   d e p i c t e d   in  F i g u r e   2  at  which  the  p i l o t  

p i s t o n   abu t s   the  l e f t   end  of  the  p i l o t   chamber  59.  B i a s i n g  

means  in  the  form  of  a  r e s i l i e n t   c o m p r e s s i o n   s p r i n g   62  i s  

d i s p o s e d   in  va lve   h o u s i n g   32  be tween   spool   34  and  p i l o t   p i s t o n  

61  to  b i a s   the  va lve   spool   towards   the  normal   p o s i t i o n   w h i l e  

b i a s i n g   the  p i l o t   p i s t o n   61  t owards   the  u n a c t u a t e d   p o s i t i o n  

as  d e p i c t e d   in  F i g u r e   1.  To  e x e r t   a  c o u n t e r   fo rce   on  t h e  

p i l o t   p i s t o n   6l  under   c e r t a i n   c o n d i t i o n s   to  be  d e s c r i b e d ,   a 



second  p i l o t   s i g n a l   l i ne   63  communica tes   the  o u t e r   or  r i g h t  

end  of  p i l o t   chamber  59  with  a  second  r e g i o n   64  of  the  h e a d  

end  flow  path  31  t h a t   is  on  the  o p p o s i t e   s ide   of  r e s t r i c t i o n  

47  from  r e g i o n   58.  A  d r a i n   pas sage   66  communica tes   with  t h e  

o p p o s i t e   end  of  the  p i l o t   chamber  59,  at  the  r e g i o n   o f  

s p r i n g   62,  to  avoid  a c c u m u l a t i o n   of  l e a k a g e   f l u i d   b e t w e e n  

the  spool   311  and  the  p i l o t   p i s t o n   6 1 .  

As  w i l l   be  d i s c u s s e d   in  c o n n e c t i o n   with  o p e r a t i o n  

of  the  a p p a r a t u s ,   second  p i l o t   chamber  59  i n c l u d i n g   p i s t o n  

Gl  have  a  l a r g e r   d i a m e t e r   than  the  f i r s t   p i l o t   chamber  55  i n  

o rde r   to  p r e v e n t   s h i f t i n g   of  spool   34  to  the  q u i c k - d r o p  

p o s i t i o n   u n t i l   the  p r e s s u r e   in  chamber  55  exceeds   t h a t   i n  

chamber  59  by  a  s i z a b l e   amount  i n d i c a t i v e   of  c a v i t a t i o n   i n  

the  head  end  of  c y l i n d e r   13a.  R e f e r r i n g   now  to  F igu re   4 ,  

t h i s   same  e f f e c t   may  be  r e a l i z e d   with  a  second  p i l o t  

chamber  59'  which  has  the  same  d i a m e t e r   as  q u i c k - d r o p   v a l v e  

h o u s i n g   bore  33'  i f   the  f i r s t   p i l o t   chamber  55'  has  a  s m a l l e r  

d i a m e t e r .   In  t h i s   m o d i f i c a t i o n ,   the  p i s t o n   6l  and  d r a i n   66 

of  the  q u i c k - d r o p   va lve   as  d e p i c t e d   in  F i g u r e s   1  to  3  a r e  

e l i m i n a t e d  a n d ,   as  shown  in  F i g u r e   4,  a  r e l a t i v e l y   s m a l l  

p i s t o n   61'  is  s i t u a t e d   in  the  f i r s t   p i l o t   chamber  55'  and  a 

d r a i n   66'  is  p r o v i d e d   in  the  va lve   hous ing   32'  b e t w e e n  

p i s t o n   61'  and  the  va lve   spool   34 ' ,   the  a p p a r a t u s   o t h e r w i s e  

be ing   s i m i l a r   to  t h a t   p r e v i o u s l y   d e s c r i b e d .  

I n d u s t r i a l   A p p l i c a b i l i t y   of  the  F i r s t   Embodiment  

In  o p e r a t i o n ,   r a i s i n g   of  the  load  16  a g a i n s t  

g r a v i t y   is  i n i t i a t e d   by  s h i f t i n g   the  main  c o n t r o l   valve  26  t o  

the  r a i s e   p o s i t i o n   d e p i c t e d   in  F igu re   1  at  which  p r e s s u r i z e d  

f l u i d   from  pump  24  is  t r a n s m i t t e d   to  rod  end  c o n d u i t   29  and  



at  which  the  head  end  c o n d u i t   3 1  i s   opened  to  d r a i n   o u t l e t  

27.  Sp r ing   62  ho lds   spoo l   34  at  the  normal   p o s i t i o n   s i n c e  

the  f i r s t   p i l o t   chamber  55  is  open  to  d r a i n   and  only  l i g h t l y  

p r e s s u r i z e d   i f   at  a l l .   In  a d d i t i o n ,   a  somewhat  h i g h e r  

p r e s s u r e   is  p r e s e n t   in  the  second  p i l o t   chamber  59  owing  t o  

the  p r e s s u r e   d i f f e r e n t i a l   c r e a t e d   a c r o s s   r e s t r i c t i o n   47  by 

the  d i s c h a r g i n g   f low.   If   the  d i s c h a r g e   flow  is  s u f f i c i e n t l y  

high  t h i s   may  s h i f t   p i l o t   p i s t o n   6l  but  the  p r a c t i c a l   e f f e c t  

is  s imply   to  i n c r e a s e   the  s p r i n g   f o r c e   which  is  h o l d i n g   s p o o l  

311  at  the  normal   p o s i t i o n   d e p i c t e d   in  F i g u r e   1 .  

A c c o r d i n g l y ,   p r e s s u r i z e d   f l u i d   from  pump  24  i s  

t r a n s m i t t e d   to  the  rod  end  por t   14a  of  the  c y l i n d e r   13a  

t h r o u g h   main  c o n t r o l  v a l v e   26,  rod  end  c o n d u i t   29,  v a l v e  

p o r t s   44  and  37  and  flow  l i n e   38.  The  head  end  por t   17a  o f  

the  c y l i n d e r   is  open  to  d r a i n   o u t l e t   27  t h r o u g h   head  end  f l o w  

c o n d u i t   31  i n c l u d i n g   r e s t r i c t i o n   47  and  the  main  c o n t r o l  

va lve   26.  Thus  c y l i n d e r   13a  r e t r a c t s   to  r a i s e   the  load  l 6 .  

As  the  main  c o n t r o l   va lve   26  is  of  the  i n f i n i t e l y   v a r i a b l e  

form,  the  o p e r a t o r   may,  w i t h i n   l i m i t s ,   c o n t r o l   the  r a t e   o f  

r a i s i n g   of  the  load  by  a d j u s t i n g   the  main  c o n t r o l   va lve   t o  

r e g u l a t e   f l u i d   flow  r a t e   to  the  c y l i n d e r .  

To  s top   the  r e t r a c t i o n   of  the  c y l i n d e r   13a,  m a i n  

c o n t r o l   va lve   26  may  be  s h i f t e d   to  the  hold   p o s i t i o n   at  w h i c h  

both  the  rod  end  flow  c o n d u i t   29  and  the  head  end  flow  c o n d u i t  

31  are  b l o c k e d   at  the  main  c o n t r o l   v a l v e .   The  sys tem  has  n o t  

been  d e p i c t e d   in  the  d rawings   in  the  hold   p o s i t i o n   as  a l l  

components   o t h e r   than   the  main  c o n t r o l   va lve   26  remain   i n  

the  p o s i t i o n s   d e p i c t e d   in  F i g u r e   1.  The  load  l6  is  i m m o b i l i z e d  

as  f l u i d   from  rod  end  por t   14a  cannot   flow  back  to  d r a i n   o w i n g  



to  the  c l o s e d   c o n d i t i o n   of  the  main  c o n t r o l   valve  and  

cannot   flow  in to   the  head  end  of  the  c y l i n d e r   owing  to  t h e  

p o s i t i o n   of  land  49  which  b l o c k s   f i r s t   va lve   por t   37  f r o m  

s e c o n d · v a l v e   por t   41.  S i m i l a r l y ,   f l u i d   cannot   flow  i n t o  

or  out  of  the  head  end  por t   17a  as  the  head  end  flow  p a t h  

c o n d u i t   31  is  a l so   b l o c k e d   at  the  main  c o n t r o l   va lve   26 .  

The  f i r s t   and  second  p i l o t   means  511  and  56  are  unable   t o  

s h i f t   spool   34  or  p i l o t   p i s t o n   61.  at  t h i s   time  s ince   t h e r e  

is  no  flow  a c r o s s   r e s t r i c t i o n   47  to  c r e a t e   a  p r e s s u r e  

d i f f e r e n t i a l   which  might  a c t i v a t e   the  p i l o t   means .  

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

57  and  63  t ends   to  be  low  at  t h i s   time  as  the  weight   o f  

the  load  16  t ends   to  c r e a t e   a  h i g h - p r e s s u r e   c o n d i t i o n   i n  

the  rod  end  of  c y l i n d e r   13a  and  a  r e l a t i v e l y   l o w - p r e s s u r e  

c o n d i t i o n   in  the  head  e n d .  

Lower ing   of  the  load  16  is  i n i t i a t e d   by  s h i f t i n g  

the  main  c o n t r o l   va lve   26  to  the  t h i r d   or  lower  p o s i t i o n   a s  

d e p i c t e d   in  both  of  F i g u r e s   2  and  3.  The  q u i c k - d r o p   v a l v e  

means  12  may  s e l f - o p e r a t e   to  e i t h e r   the  power-down  p o s i t i o n  

d e p i c t e d   in  F igu re   2  or  to  the  q u i c k - d r o p   p o s i t i o n   d e p i c t e d  

in  F i g u r e   3  d e p e n d i n g   on  the  i n t e r r e l a t i o n s h i p   be tween  two 

f a c t o r s .   The  f i r s t   f a c t o r   is  the  d i r e c t i o n   of  the  e x t e r n a l  

f o r c e s   a c t i n g   on  c y l i n d e r   13a.  If  e x t e r n a l   f o r c e s   are  s u c h  

as  to  oppose  l o w e r i n g   of  the  l oad ,   the  c i r c u i t   11  assumes  t h e  

power-down  p o s i t i o n   d e p i c t e d   in  F igu re   2  w i t h o u t   r e g a r d   to  t h e  

second  f a c t o r .   The  second  f a c t o r   is  the  e x t e n t   to  which  t h e  

o p e r a t o r   has  opened  the  main  c o n t r o l   valve  26  i n to   the  l o w e r  

s e t t i n g   or ,   in  o t h e r   words ,   the  r a t e   at  which  p r e s s u r i z e d  

f l u i d   is  be ing   t r a n s m i t t e d   to  the  c y l i n d e r   t h r o u g h   r e s t r i c t i o n  



47  and  be ing   d i s c h a r g e d   from  t h e  c y l i n d e r   t h r o u g h   the  ma in  

c o n t r o l   v a l v e .   If   e x t e r n a l   f o r c e s   such  as  g r a v i t y   are  a c t i n g  

to  ex t end   the  c y l i n d e r ,   then  the  a c t i o n   of  the  c i r c u i t   11 

depends   on  the  r e l a t i o n s h i p   of  the  magn i tude   of  the  e x t e r n a l  

f o r ce   to  the  degree   of  open ing   of  the  main  c o n t r o l   va lve   26 .  

This  a c t i o n   can  b e s t   be  u n d e r s t o o d   by  f i r s t   c o n s i d e r i n g   t h e  

o p e r a t i o n   of  the  c i r c u i t   in  the  power-down  mode  u n d e r  

c o n d i t i o n s   where  t h e r e   is  e x t e r n a l   r e s i s t a n c e   to  e x t e n s i o n  

of  the  c y l i n d e r   13a  or  where  the  main  c o n t r o l   va lve   26  h a s  

been  opened  only  to  a  l i m i t e d   e x t e n t   i n s u f f i c i e n t   to  e n a b l e  

the  q u i c k - d r o p   mode  of  o p e r a t i o n .  

Dur ing  the  power-down  mode  of  o p e r a t i o n   as  d e p i c t e d  

in  F i g u r e   2,  spool   34  of  the  q u i c k - d r o p   va lve   12  r emains   i n  

the  normal   or  l e f t w a r d   p o s i t i o n   whi le   the  p i l o t   p i s t o n   61  i s  

s h i f t e d   to  the  a c t u a t e d   or  l e f t w a r d   p o s i t i o n   by  the  s e c o n d  

p i l o t   means  56  as  w i l l   h e r e i n a f t e r   be  d i s c u s s e d   in  more  d e t a i l .  

At  t h i s   normal   p o s i t i o n   of  spool   34,  the  f i r s t   and  t h i r d   v a l v e  

p o r t s   37  and  44  remain   communica ted   a c r o s s   spool   groove  53 

and  remain  b l o c k e d   from  the  second  va lve   po r t   4l  by  s p o o l  

land  49.  P r e s s u r i z e d   f l u i d   is  t h e r e f o r e   s u p p l i e d   to  the  h e a d  

end  por t   17a  of  c y l i n d e r   13a  t h r o u g h   head  end  flow  c o n d u i t   3 1 ,  

i n c l u d i n g   r e s t r i c t i o n   47.  The  rod  end  por t   14a  of  t h e  

c y l i n d e r   is  communica ted   to  d r a i n   o u t l e t   27  t h r o u g h   flow  l i n e  

38,  va lve   po r t   37,  spoo l   groove  53,  va lve   po r t   44,  rod  e n d  

flow  path   c o n d u i t   29  and  the  main  c o n t r o l   va lve   26.  The 

r e s u l t i n g   high  f l u i d   p r e s s u r e   w i t h i n   the  head  end  of  t h e  

c y l i n d e r   e x t e n d s   the  c y l i n d e r   to  f o r c i b l y   lower   the  l o a d  

a g a i n s t   the  r e s i s t a n c e   to  such  movemen t .  

P i l o t   p i s t o n   61  s h i f t s   to  the  a c t u a t e d   p o s i t i o n   a t  



t h i s   time  s i nce   the  r e l a t i v e l y   high  p r e s s u r e   w i t h i n   the  h e a d  

end  of  the  c y l i n d e r   13a  is  t r a n s m i t t e d   to  p i l o t   chamber  59 

by  the  second  p i l o t   s i g n a l   l i n e   63  where  the  p r e s s u r e   a c t s  

a g a i n s t   the  p i l o t   p i s t o n   61  with  a  fo rce   g r e a t e r   than  t h a t  

of  s p r i n g   62.  The  flow  of  f l u i d   t h r o u g h   r e s t r i c t i o n   47 

c r e a t e s   a  p r e s s u r e   drop  t h e r e a c r o s s   c a u s i n g   a  somewhat  h i g h e r  

p r e s s u r e   to  be  p r e s e n t   in  the  p i l o t   chamber  55  of  the  f i r s t  

p i l o t   means  54  than  in  the  second  p i l o t   chamber  59  but  owing  

to  the  d i f f e r e n c e   in  the  d i a m e t e r s   of  the  two  p i l o t   c h a m b e r s  

and  to  the  f o r ce   e x e r t e d   by  s p r i n g   62,  the  p r e s s u r e   d i f f e r e n c e  

is  i n s u f f i c i e n t   to  s h i f t   spool   34  and  p i l o t   p i s t o n   61 

r i g h t w a r d l y .   Spool  34  t h e r e f o r e   r emains   at  the  n o r m a l  

p o s i t i o n   d e p i c t e d   in  F i g u r e   2  to  e s t a b l i s h   the  power-down  mode 

of  o p e r a t i o n .   The  r e l a t i v e   d i a m e t e r s   of  the  two  p i l o t  

chambers   55  and  59  and  the  fo rce   c h a r a c t e r i s t i c s   of  s p r i n g   62 

are  f i x e d   to  o f f s e t   the  e f f e c t   of  the  p r e s s u r e   drop  a c r o s s  

r e s t r i c t i o n   47  at  t imes   when  the  flow  r a t e   t h rough   t h e  

r e s t r i c t i o n   47  has  been  l i m i t e d   by  open ing   of  the  main  c o n t r o l  

valve  only  to  a  l i m i t e d   e x t e n t .  

If   the  main  c o n t r o l   va lve   26  is  opened  i n to   t h e  

lower  s e t t i n g   t o  a   g r e a t e r   e x t e n t   t h e r e b y   i n c r e a s i n g   the  f l o w  

r a t e   a c r o s s   r e s t r i c t i o n   47  and  i f   g r a v i t y   is  a c t i n g   to  e x t e n d  

the  c y l i n d e r   13a  more  r a p i d l y   than  p r o v i d e d   for   by  t h a t   f l o w  

r a t e ,   the  c i r c u i t   11  s h i f t s   to  the  q u i c k - d r o p   mode  o f  

o p e r a t i o n   d e p i c t e d   in  F igu re   3.  With  spool   34  in  the  p o w e r -  

down  p o s i t i o n   of  F igu re   2,  a  r e v e r s a l   of  the  p r e s s u r e  

r e l a t i o n s h i p   be tween   the  ends  of  c y l i n d e r   13a  occurs   at  t h e  

time  t h a t   g r a v i t a t i o n a l   c y l i n d e r   e x t e n s i o n   s t a r t s   to  o v e r r u n  

the  f l u i d   p r e s s u r e - c a u s e d   e x t e n s i o n .   P r e s s u r e   at  rod  end  p o r t  



14a  r i s e s   whi le   the  p r e s s u r e   at  head  end  por t   17a  drops  t o  

a  n e g a t i v e   l e v e l   at  which  vacuum  or  c a v i t a t i o n   c o n d i t i o n s  

are  c r e a t e d   in  the  head  end.  The  p r e s s u r e   in  second  p i l o t  

chamber  59  is  t h e r e f o r e   r e d u c e d   r e l a t i v e   to  the  p r e s s u r e   i n  

the  f i r s t   p i l o t   chamber  55.  The  p r e s s u r e   d i f f e r e n t i a l  

a c ro s s   flow  r e s t r i c t i o n   47  is  then  able   to  o f f s e t   the  e f f e c t  

of  the  d i f f e r e n c e   of  d i a m e t e r s   of  p i l o t   chambers   55  and  59 .  

Spool  34, and  p i l o t   p i s t o n   61  are  then  f o r c e d   r i g h t w a r d l y   a s  

viewed  in  the  d rawing   to  the  q u i c k - d r o p   p o s i t i o n   of  F i g u r e  

3.  

At  the  q u i c k - d r o p   p o s i t i o n   the  rod  end  po r t   1 4 a  

of  the  c y l i n d e r   13a  is  communica ted   with  the  head  end  p o r t  

17a  w i t h i n   the  q u i c k - d r o p   v a l v e ,   s p e c i f i c a l l y   t h r o u g h   f l o w  

l i n e   38,  f i r s t   v a l v e  p o r t   37,  spool   groove  52,  second  v a l v e  

por t   4l  and  head  end  flow  c o n d u i t   31.  At  the  f u l l   q u i c k - d r o p  

p o s i t i o n ,   land  49  c o m p l e t e l y   b l o c k s   the  d i s c h a r g e   flow  p a t h  

from  the  rod  end  por t   l4a  back  to  d r a i n   o u t l e t   27  t h r o u g h   r o d  

end  flow  c o n d u i t   29  and  the  main  c o n t r o l   va lve   26.  As  t h e r e  

is  no  d i s c h a r g e   path   back  to  d r a i n ,   a l l   d i s c h a r g e   f l u i d   f r o m  

rod  end  po r t   14a  is  r e g e n e r a t e d   back  to  the  head  end  por t   1 7 a  

to  enab l e   very  f a s t   g r a v i t a t i o n a l   c y l i n d e r   e x t e n s i o n   w i t h o u t  

a d v e r s e   e f f e c t s   from  an  i n a d e q u a t e   supp ly   of  f l u i d   in  t h e  

head  e n d .  

Thus  t h e r e   are  b a s i c a l l y   two  c o n d i t i o n s   which  m u s t  

be  p r e s e n t   for   the  sys tem  to  s h i f t   i n t o   the  q u i c k - d r o p   mode 

of  o p e r a t i o n .   F i r s t ,   the  main  c o n t r o l   va lve   26  must  be  

s h i f t e d   s u f f i c i e n t l y   i n t o   the  lower  p o s i t i o n   to  p r o v i d e   a  

flow  r a t e   t h r o u g h   r e s t r i c t i o n   47  which  p r o d u c e s   a  p r e s s u r e  

d i f f e r e n t i a l   be tween   p i l o t   chambers   55  and  59  high  enough  t o  



compress   s p r i n g   62.  Second,   t h e  h e a d   end  of  c y l i n d e r   13a  

must  be  vo ided   of  p o s i t i v e   p r e s s u r e .  

The  c i r c u i t   11  q u i c k l y   and  a u t o m a t i c a l l y   r e v e r t s  

from  the  q u i c k - d r o p   mode  of  o p e r a t i o n   of  F igu re   3  back  t o  

the  power-down  mode  of  o p e r a t i o n   of  F igu re   2  when  a 

s u b s t a n t i a l   r e s i s t a n c e   to  c o n t i n u e d   c y l i n d e r   e x t e n s i o n   i s  

e n c o u n t e r e d ,   for   example ,   upon  c o n t a c t   of  the  b u l l d o z e r   b l a d e  

l8  of  F igu re   1  with  ground  s u r f a c e   22.  R e f e r r i n g   to  F i g u r e s  

2  and  3  in  c o n j u n c t i o n ,   t h i s   qu ick   a u t o m a t i c   r e v e r s i o n   t o  

the  power-down  mode  occurs   s i nce   s lowing   or  s t o p p i n g   of  t h e  

r a t e   of  c y l i n d e r   e x t e n s i o n   e l i m i n a t e s   the  void  or  n e g a t i v e  

p r e s s u r e   in  the  head  end  of  c y l i n d e r   13a  and  thus  e l i m i n a t e s  

at  l e a s t   one  of  the  two  c o n d i t i o n s   which,   as  d i s c u s s e d   a b o v e ,  

are  n e c e s s a r y   to  put  the  sys tem  in  the  q u i c k - d r o p   mode  o f  

o p e r a t i o n .   When  the  head  end  of  the  c y l i n d e r   is  no  l o n g e r  

v o i d e d ,   p r e s s u r e   r i s e s   in  the  second  p i l o t   chamber  59.  The 

fo r ce   e x e r t e d   on  spool   34  by  the  l a r g e r   p i l o t   p i s t o n   61  and  

s p r i n g   62  then  exceeds   the  o p p o s i n g   fo rce   on  the  s p o o l  

e x e r t e d   w i t h i n   f i r s t   p i l o t   chamber  5 5  c a u s i n g   the  v a l v e  

spool   and  p i l o t   p i s t o n   to  be  moved  to  the  l e f t ,   as  v i e w e d  

in  the  d r a w i n g ,   back  to  the  power-down  p o s i t i o n   d e p i c t e d   i n  

F igu re   2.  C y l i n d e r   e x t e n s i o n   then  c o n t i n u e s   at  a  s lower   r a t e  

in  the  manner  d e s c r i b e d   above  with  r e f e r e n c e   to  the  p o w e r -  

down  mode  of  o p e r a t i o n   u n t i l   such  time  as  the  o p e r a t o r   s h i f t s  

the  main  c o n t r o l   va lve   26  back  to  the  hold  or  r a i s e   p o s i t i o n  

or  u n t i l   such  time  as  the  l i m i t   of  c y l i n d e r   e x t e n s i o n   i s  

r e a c h e d .  

Al though   the  sys tem  s h i f t s   a u t o m a t i c a l l y   b e t w e e n  

the  power-down  mode  and  the  q u i c k - d r o p   mode,  the  o p e r a t o r   may 



o p t i o n a l l y   r e s t r i c t   the  c i r c u i t   to  the  power-down  mode  a n d  

lower   the  load  s lowly   by  l i m i t i n g   the  e x t e n t   to  which  t h e  

main  c o n t r o l   va lve   26  is  opened  i n to   the  lower   p o s i t i o n .  

This  r e s t r i c t s   the  r a t e   of  flow  t h r o u g h   r e s t r i c t i o n   47  t o  

a  va lue   which  is  l e s s   than   t h a t   needed  to  p roduce   a  p r e s s u r e  

d i f f e r e n c e ,   be tween   p i l o t   chambers   55  and  59,  s u f f i c i e n t   t o  

compress  s p r i n g   62.  With  s p r i n g   62  u n c o m p r e s s e d ,   v a l v e  

s p o o l   34  is  n e c e s s a r i l y   at  the  l e f t w a r d   or  p o w e r - d o w n  

p o s i t i o n   of  F i g u r e   2.  If   the  o p e r a t o r   then   opens  the  c o n t r o l  

va lve   26  more  c o m p l e t e l y ,   i n c r e a s i n g   the  flow  r a t e   t h r o u g h  

r e s t r i c t i o n   47,  the  p r e s s u r e   d i f f e r e n t i a l   be tween   p i l o t  

chambers  55  and  59  i n c r e a s e s   to  compress   s p r i n g   62  and  t h e  

q u i c k - d r o p   mode  of  o p e r a t i o n   may  r e s u l t   i f   the  h e r e i n b e f o r e -  

d e s c r i b e d   n e c e s s a r y   c o n d i t i o n s   are  p r e s e n t .  

The  sys tem  has  been  d e s c r i b e d   above  with  r e f e r e n c e  

to  a  usage  i n v o l v i n g   a  s i n g l e   c y l i n d e r   13a,  but  i t   shou ld   b e  

a p p r e c i a t e d   t h a t   the  i n v e n t i o n   is  e q u a l l y   a p p l i c a b l e   t o  

sys tems   which  may  employ  a  p l u r a l i t y   of  c y l i n d e r s   13  or  t h e  

l i k e   and  i t   is  p r e f e r a b l e   in  such  cases   to  p r o v i d e   a  

s e p a r a t e   q u i c k - d r o p   va lve   12  for   each  such  c y l i n d e r .   As  a  

p r a c t i c a l   m a t t e r ,   i t   is  more  common  to  employ  a  p a i r   o f  

c y l i n d e r s   of  t h i s   kind  to  m a n i p u l a t e   a  b u l l d o z e r   b l ade   18 .  

S i m i l a r l y ,   i t   shou ld   be  a p p r e c i a t e d   t h a t   the  i n v e n t i o n   may 

a l so   be  a p p l i e d   to  the  c o n t r o l   of  o t h e r   f l u i d   a c t u a t e d  

d e v i c e s   p r o v i d e d   they  are  of  a  type  in  which  the  amount  o f  

f l u i d   d i s c h a r g e d   from  one  por t   d u r i n g   the  q u i c k - d r o p   mode  o f  

o p e r a t i o n   is  l e s s   than  the  amount  which  can  be  a d m i t t e d   t o  

the  o t h e r   po r t   (which  c o n d i t i o n   would  not  be  met  in  t h e  

sys tem  of  F i g u r e  1   i f   c y l i n d e r   13a  were  i n v e r t e d   so  t h a t   t h e  



head  end  coup led   to  the  load  1 6 ) .  

Second  E m b o d i m e n t  f o r   C a r r y i n g  O u t  t h e  I n v e n t i o n  

It  shou ld   a l so   be  a p p r e c i a t e d   t h a t   v a r i a t i o n s   o f  

the  c i r c u i t   11  are  r e a d i l y   p o s s i b l e .   F i g u r e s   5  to  7  d e p i c t  

a n o t h e r   embodiment  of  the  c i r c u i t   l lb   h a v i n g   a  m o d i f i e d  

form  of  p i l o t   means  for  c o n t r o l l i n g   s h i f t i n g   of  the  q u i c k -  

drop  va lve   be tween  the  power-down  p o s i t i o n   and  the  q u i c k -  

drop  p o s i t i o n .  

R e f e r r i n g   i n i t i a l l y   to  F igure   5  in  p a r t i c u l a r ,  

the  p r e s s u r i z e d   f l u i d   source   or  pump  24b  t o g e t h e r   with  t a n k  

23b,  r e l i e f   va lve   28b  and  main  c o n t r o l   va lve   26b  may  a l l   be 

s i m i l a r   to  the  c o r r e s p o n d i n g   components   of  the  p r e v i o u s l y  

d e s c r i b e d   embodiment .   S i m i l a r l y ,   the  c y l i n d e r   13b  i n c l u d i n g  

head  end  and  rod  end  p o r t s   17b  and  14b  r e s p e c t i v e l y   and  t h e  

load  16b  may  i f   d e s i r e d   be  s i m i l a r   to  the  c o r r e s p o n d i n g  

mechanisms  h e r e i n b e f o r e   d e s c r i b e d   with  r e f e r e n c e   to  t h e  

f i r s t   embodiment .   As  in  the  p r e v i o u s   ca se ,   a  head  end  f l o w  

path   c o n d u i t   31b  c o n t a i n i n g   a  flow  r e s t r i c t i o n   47b  i s  

c o n n e c t e d   be tween   main  c o n t r o l   va lve   26b  and  the  head  end  

por t   17b  of  the  c y l i n d e r   and  with  the  second  valve  por t   41b 

of  q u i c k - d r o p   va lve   h o u s i n g   32b.  A  rod  end  flow  path  c o n d u i t  

29b  is  aga in   c o n n e c t e d   be tween   the  main  c o n t r o l   va lve   2Gb  and  

t h i r d   va lve   por t   44b  of  q u i c k - d r o p   va lve   h o u s i n g   32b  whi le   t h e  

f i r s t   valve  po r t   37b  again   c o n n e c t s   to  c y l i n d e r   red  end  p o r t  

14b  t h r o u g h   a  flow  l i n e   38b.  

The  q u i c k - d r o p   va lve   h o u s i n g   32b  has  a  c y l i n d r i c a l  

va lve   chamber  33b  with  t h r e e   a x i a l l y   s p a c e d - a p a r t   g r o o v e s  

40b,  36b  and  45b  at  which  va lve   p o r t s   41b,  37b  and  44b 

r e s p e c t i v e l y   are  l o c a t e d .   Valve  spool   34b  is  d i s p o s e d   i n  



bore  33b  for   a x i a l   movement  be tween  a  normal   p o s i t i o n ,  

d e p i c t e d   in  F i g u r e s   5  and  6,  at  which  the  spoo l   abu t s   t h e  

l e f t   end  of  chamber  33b  as  viewed  in  the  d rawing   and  a 

q u i c k - d r o p   p o s i t i o n   d e p i c t e d   in  F igu re   7  at  which  the  s p o o l  

abu t s   the  o p p o s i t e   end  of  the  chamber .   Spool  34b  is  f o r m e d  

with  four   l ands   71,  72,  73  and  74  which  d e f i n e   t h r e e   a x i a l l y  

s p a c e d - a p a r t   spool   g rooves   76,  77  and  78.  The  l ands   a n d  

g rooves   are  l o c a t e d   on  the  spool   to  cause  groove  78  t o  

communicate   va lve   p o r t s   37b  and  44b  when  the  spool   is  at  t h e  

normal  p o s i t i o n   d e p i c t e d   in  F i g u r e s   5  and  6  whi le   land  73 

b locks   both  such  va lve   p o r t s   from  the  o t h e r   va lve   por t   4 1 b .  

At  the  q u i c k - d r o p   p o s i t i o n   d e p i c t e d   in  F i g u r e   7,  t h e  

i n t e r m e d i a t e   spool   groove  77  communica te s   va lve   p o r t s   37b 

and  41b  whi le   land  73  b l o c k s   both   such  p o r t s   f r o m  v a l v e   p o r t  

44b . 

At  e i t h e r   p o s i t i o n   of  the  va lve   spool   34b,  a  s e c o n d  

p i l o t   s i g n a l   l i n e   63b  c o n t a i n i n g   a  c o n t r o l   o r i f i c e   75 

communica tes   spoo l   groove  76  wi th   a  r e g i o n   64b  of  head  e n d  

flow  c o n d u i t   31b  l o c a t e d   be tween   flow  r e s t r i c t i o n   47b  a n d  

head  end  motor  po r t   17b.  A  f i r s t   p i l o t   s i g n a l   l i n e   57b 

communica tes   the  f i r s t   p i l o t   chamber  55b  d e f i n e d   by  the  l e f t  

end  of  va lve   chamber  33b  wi th   a  r e g i o n   58b  of  head  end  f l o w  

pas sage   c o n d u i t   31b  which  is  be tween   r e s t r i c t i o n   47b  and  t h e  

main  c o n t r o l   va lve   2 6 b .  

The  o p p o s i t e   end  of  chamber  33b  c o n s t i t u t e s   a 

second  p i l o t   chamber  59b  and  is  communica ted   with  s p o o l  

groove  76  by  a  p a s s a g e   79  w i t h i n   the  s p o o l .   A  c o m p r e s s i o n  

s p r i n g   62b  is  s i t u a t e d   w i t h i n   p i l o t   chamber  59b  to  b i a s   s p o o l  

34b  towards   the  normal   p o s i t i o n   d e p i c t e d   in  F i g u r e   5 .  



Thus  p i l o t   chamber  5 5 b . i n   c o n j u n c t i o n   with  s p o o l  

land  71  and  p i l o t   s i g n a l   l i n e   57b  c o n s t i t u t e   a  f i r s t   p i l o t  

means  54b  for  e x e r t i n g   a  f o r c e  t e n d i n g   to  urge  the  s p o o l  

311b  away  from  the  normal  p o s i t i o n   d e p i c t e d   in  F i g u r e   5 .  

The  o p p o s i t e   p i l o t   chamber  59b  in  c o n j u n c t i o n   with  land  711, 

p i l o t   s i g n a l   l i n e   63b,  spool   groove  76  and  spool   p a s s a g e   79 

c o n s t i t u t e   a  second  p i l o t   means  56b  in  which  f l u i d   p r e s s u r e  

f o r c e s ,   a ided   by  the  f o r ce   of  s p r i n g   62b,  act  to  urge  t h e  

valve   spool   t o w a r d s  t h e   normal   p o s i t i o n   d e p i c t e d   in  F i g u r e   5 .  

P r e s s u r e - r e s p o n s i v e   va lve   means  80  are  p r o v i d e d  

for   e q u a l i z i n g   the  f l u i d   p r e s s u r e s   in  the  two  p i l o t   c h a m b e r s  

55b  and  59b  d u r i n g   the  power-down  mode  of  o p e r a t i o n   and  f o r  

p r o d u c i n g   an  ab rup t   change  of  p i l o t   p r e s s u r e s   when  c o n d i t i o n s  

d i c t a t e   a  s h i f t   be tween   the  power-down  p o s i t i o n   of  v a l v e  

spool   311b  and  the  q u i c k - d r o p   p o s i t i o n   of  the  s p o o l ,   t h e  

p r e s s u r e - r e s p o n s i v e   va lve   means  be ing   a  p i l o t e d   check  v a l v e  

81  of  the  p i l o t - t o - c l o s e   form  in  t h i s   example .   The  c h e c k  

va lve   81  has  an  i n l e t   82  in  one  end  communica ted   wi th   f i r s t  

p i l o t   s i g n a l   l i n e   57b  and  has  an  o u t l e t   84  in  one  s i d e  

communica ted   with  groove  76  of  the  q u i c k - d r o p   va lve   s p o o l  

34b.  Check  va lve   81  f u r t h e r   has  an  i n t e r n a l   spool   86  w h i c h  

may  r e t r a c t   from  i n l e t   82  to  communicate   p i l o t   s i g n a l   l i n e  

57b  with  o u t l e t   84  in  r e s p o n s e   to  f l u i d   p r e s s u r e   at  the  i n l e t  

excep t   when  a  h i g h e r   p i l o t   p r e s s u r e   is  p r e s e n t   in  a  p i l o t  

chamber  87  beh ind   the  s p o o l .   A  p i l o t   po r t   88  at  the  o t h e r  

end  of  the  check  va lve   81  communica tes   p i l o t   chamber  87  w i t h  

the  flow  l i n e   38bwhich  c o n n e c t s   f i r s t   va lve   por t   41b  with  t h e  

rod  end  por t   14b  of  c y l i n d e r   1 3 b .  



I n d u s t r i a l  A p p l i c a b i l i t y   of  the  Second  Embodiment  

In  o p e r a t i o n ,   s e t t i n g   of  the  main  c o n t r o l   v a l v e  

26b  at  the  r a i s e   p o s i t i o n   as  d e p i c t e d   in  F i g u r e   5  c a u s e s  

p r e s s u r i z e d   f l u i d   from  i n l e t   25b  to  be  t r a n s m i t t e d   to  r o d  

end  por t   14b  of  the  c y l i n d e r   t h r o u g h   rod  end  flow  c o n d u i t  

29b,  t h i r d   va lve   por t   44b.  spool   groove  78,  f i r s t   va lve   p o r t  

37b  and  flow  l i n e   38b.  S i m u l t a n e o u s l y ,   f l u i d   b e i n g  

d i s c h a r g e d   from  the  c y l i n d e r   head  end  por t   17b  is  d r a i n e d  

to  tank  t h r o u g h   flow  c o n d u i t   31b  and  the  main  c o n t r o l   v a l v e .  

As  a  r e s u l t ,   c y l i n d e r   13b  r e t r a c t s   to  r a i s e   load  16b  a g a i n s t  

g r a v i t y .   The  q u i c k - d r o p   va lve   spool   34b  is  he ld   in  the  n o r m a l  

or  l e f t w a r d   p o s i t i o n   at  t h i s   t ime  in  p a r t   by  the  f o r ce   o f  

s p r i n g   62b  and  in  pa r t   because   the  d i r e c t i o n   of  flow  t h r o u g h  

r e s t r i c t i o n   47b  c r e a t e s   a  p r e s s u r e   d i f f e r e n t i a l   at  which  a 

h i g h e r   f l u i d   p r e s s u r e   is  t r a n s m i t t e d   to  p i l o t   chamber  59b 

than  is  t r a n s m i t t e d   to  the  o p p o s i t e   p i l o t   p r e s s u r e   c h a m b e r  

55b.  P i l o t e d   check  va lve   81  r ema ins   c l o s e d   at  t h i s   t ime  a n d  

does  not  a f f e c t   the  net  p i l o t   p r e s s u r e   f o r ce   on  va lve   s p o o l  

34b  s i n c e   the  h igh  f l u i d   p r e s s u r e   be ing   t r a n s m i t t e d   to  t h e  

rod  end  of  c y l i n d e r   13b  is  a l so   t r a n s m i t t e d   to  the  p i l o t  

chamber  87  of  the  check  v a l v e .  

If   the  main  c o n t r o l   va lve   26b  is  then  s h i f t e d   t o  

the  lower  s e t t i n g   as  d e p i c t e d   in  F i g u r e s   6  and  7,  the  c i r c u i t  

l l b   s h i f t s   e i t h e r   to  the  power-down  mode  of  o p e r a t i o n  

i l l u s t r a t e d   in  F i g u r e   6  or  to  the  q u i c k - d r o p   mode  o f  

o p e r a t i o n   d e p i c t e d   in  F i g u r e   7  d e p e n d i n g   on  the  d i r e c t i o n   o f  

the  e x t e r n a l   load  f o r c e s   on  c y l i n d e r   13b  and  a l so   d e p e n d i n g  

on  the  degree   to  which  the  o p e r a t o r   has  opened  the  m a i n  

c o n t r o l   v a l v e .   If  the  e x t e r n a l   f o r c e s   a c t i n g   on  the  c y l i n d e r  



13b  r e s i s t   c y l i n d e r   e x t e n s i o n ,   then  the  c i r c u i t   l lb   r e m a i n s  

in  the  power-down  mode,  r e g a r d l e s s   of  the  e x t e n t   of  o p e n i n g  

of  the  main  c o n t r o l   v a l v e .   I f  e x t e r n a l   f o r c e s   on  t h e  

c y l i n d e r   13b  are  n e g a t i v e ,   t h a t   i s ,   load  f o r c e s   are  t e n d i n g  

to  ex t end   the  c y l i n d e r   b e c a u s e   of  G r a v i t y   or  o t h e r   c a u s e s ,  

then  the  c i r c u i t   s h i f t s   to  the  q u i c k - d r o p   mode  of  o p e r a t i o n  

d e p i c t e d   in  F i g u r e   7  i f   the  two  c o n d i t i o n s   p r e v i o u s l y  

d e s c r i b e d   with  r e s p e c t   to  the  f i r s t   embodiment  are  p r e s e n t .  

S p e c i f i c a l l y ,   the  main  c o n t r o l   va lve   26b  must  be  opened  to  a 

s u f f i c i e n t   e x t e n t   to  p r o v i d e   a  flow  r a t e   t h r o u g h   r e s t r i c t i o n  

47b  t h a t   c r e a t e s   a  p r e s s u r e   d i f f e r e n c e   be tween   p i l o t   c h a m b e r s  

55b  and  59b  high  enough  to  compress   s p r i n g   62b.  Vo id ing   o r  

n e g a t i v e   p r e s s u r e   must  a l so   be  p r e s e n t   in  the  head  end  of  t h e  

c y l i n d e r   13b  so  t h a t  c h e c k   va lve   81  is  he ld   c l o s e d   by  a 

p r e s s u r e   in  p i l o t   chamber  81  h i g h e r   than  t h a t   at  i n l e t   82.  

In  the  absence   of  one  or  both  of  the  a b o v e - d e s c r i b e d  

c o n d i t i o n s ,   the  q u i c k - d r o p   va lve   spool   34b  r emains   in  t h e  

normal   p o s i t i o n   at  which  p r e s s u r i z e d   f l u i d   is  t r a n s m i t t e d   t o  

the  head  end  por t   17b  of  the  c y l i n d e r   and  d i s c h a r g e   f l u i d  

from  the  rod  end  por t   14b  is  t r a n s m i t t e d   to  d r a i n   t h r o u g h  

flow  l i n e   38b,  va lve   por t   37b,  spool   groove  78,  va lve   p o r t  

44b.  rod  end  flow  c o n d u i t   29b  and  the  main  c o n t r o l   va lve   26b .  

If   the  flow  r a t e   t h r o u g h   r e s t r i c t i o n   47b  is  kept  below  a 

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

chambers   55b  and  59b  is  not  high  enough  to  compress   s p r i n g  

62b  s i n c e   such  d i f f e r e n t i a l   is  a  f u n c t i o n   of  flow  r a t e  

t h r o u g h   the  r e s t r i c t i o n .   F u r t h e r ,   check  va lve   8l  opens  t o  

e l i m i n a t e   any  p r e s s u r e   d i f f e r e n t i a l   be tween   the  two  p i l o t  

chambers   55b  and  59b  as  long  as  the  p r e s s u r e   at  the  rod  e n d  



port   14b  of  the  c y l i n d e r   is  l e s s .  t h a n   t h a t   in  the  f i r s t  

p i l o t   s i g n a l   l i n e   57b  which  is  the  case  u n t i l   such  t i m e  

as  a  n e g a t i v e   p r e s s u r e   a p p e a r s ' a t   the  head  end  por t   1 7 b .  

With  the  main  c o n t r o l   va lve   26b  at  the  l o w e r  

s e t t i n g   the  sys tem  s h i f t s   i n to   the  q u i c k - d r o p   mode  d e p i c t e d  

in  F i g u r e   7,  as  opposed  to  the  power-down  mode  d e p i c t e d   i n  

F i g u r e   6,  i f   both  of  the   p r e v i o u s l y   d e s c r i b e d   n e c e s s a r y  

c o n d i t i o n s   are  p r e s e n t .   In  p a r t i c u l a r ,   e x t e r n a l   load  f o r c e s  

must  be  c a u s i n g   c y l i n d e r   13b  e x t e n s i o n   to  o v e r r u n   t h e  

supply   of  f l u i d   be ing   t r a n s m i t t e d   to  the  c y l i n d e r   t h r o u g h  

the  main  c o n t r o l   va lve   so  t h a t   high  p r e s s u r e   at  the  rod  e n d  

por t   14b  a c c o m p a n i e d   by  v o i d i n g   in  the  head  end  of  t h e  

c y l i n d e r   c l o s e s   p i l o t   va lve   8l  and  i s o l a t e s   the  f i r s t   a n d  

second  p i l o t   chambers  55b  and  59b  from  each  o t h e r .   I n  

a d d i t i o n ,   the  main  c o n t r o l   va lve   26b  must  have  been  o p e n e d  

In to   lower  to  a  degree   which  p r o v i d e s   a  flow  r a t e   t h r o u g h  

r e s t r i c t i o n   47b  s u f f i c i e n t   to  cause  the  f l u i d   p r e s s u r e   a c t i n g  

on  spool   34b  w i t h i n   p i l o t   chamber  55b  to  exceed  the  o p p o s i n g  

f l u i d   p r e s s u r e   a c t i n g   w i t h i n   p i l o t   chamber  55b  by  an  amount  

s u f f i c i e n t   to  compress   the  s p r i n g   62b  and  move  the  spool   t o  

the  F i g u r e   7  p o s i t i o n .  

At  the  q u i c k - d r o p   p o s i t i o n   of  F i g u r e   7,  spool   l a n d  

73  c o m p l e t e l y   b locks   the  d i s c h a r g e   path   from  the  rod  end  p o r t  

14b  of  the  c y l i n d e r   back  to  d r a i n   whi le   d i v e r t i n g   a l l   d i s c h a r g e  

flow  from  the  rod  end  por t   to  the  head  end  por t   17b  of  t h e  

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

w i t h o u t   l o s s   of  c o n t r o l   or  o t h e r   a d v e r s e   e f f e c t s .  

The  c i r c u i t   l lb   a u t o m a t i c a l l y   r e v e r t s   to  the  p o w e r -  

down  mode  of  o p e r a t i o n   when  r e s i s t a n c e   to  c y l i n d e r   e x t e n s i o n  



i n c r e a s e s   or  i f   the  o p e r a t o r   r e d u c e s   the  flow  r a t e   t h r o u g h  

r e s t r i c t i o n   47b  by  a d j u s t m e n t   of  the  main  c o n t r o l   va lve   26b 

s ince   e i t h e r   o c c u r r e n c e   removes  one  of  the  two  c o n d i t i o n s  

r e q u i r e d   for   the  q u i c k - d r o p   mode.  R e s i s t a n c e   to  c y l i n d e r  

e x t e n s i o n   causes   a  p r e s s u r e   drop  at  the  rod  end  por t   14b 

accompan ied   by  a  p r e s s u r e   r i s e   at  head  end  por t   17b  w h i c h  

a l lows   p i l o t   va lve   81  to  open  and  e q u a l i z e   the  f l u i d   p r e s s u r e s  

in  p i l o t   chambers   55b  and  59b.  Sp r ing   62  then  r e s t o r e s  

spool   34  to  the  power-down  p o s i t i o n .   R e s t o r a t i o n   of  spool   34a 

to  the  power-down  p o s i t i o n   a l so   occurs   i f   the  flow  r a t e  

t h r o u g h   r e s t r i c t i o n   47b  is  r educed   s u f f i c i e n t l y   by  m a n i p u l a t i o n  

of  the  main  c o n t r o l   va lve   26b  s i nce   the  f l u i d   p r e s s u r e  

d i f f e r e n t i a l   be tween   p i l o t   chambers  55b  and  59b,  c o r r e s p o n d i n g  

to  the  p r e s s u r e  d r o p   a c r o s s   the  r e s t r i c t i o n ,   then  becomes  

i n s u f f i c i e n t   to  m a i n t a i n   the  s p r i n g 6 2 b   in  a  s t a t e   of  c o m p r e s s i o n .  

Sp r ing   62b  then  s h i f t s   spool   34b  back  to  the  p o w e r - d o w n  

p o s i t i o n   d e p i c t e d   in  F i g u r e   6.  In  e i t h e r   i n s t a n c e ,   c y l i n d e r  

c x t e n s i o n   then  c o n t i n u e s   at  a  s lower   r a t e   in  the  p o w e r - d o w n  

mode  u n t i l   t e r m i n a t e d   by  o p e r a t i o n   of  the  main  c o n t r o l   v a l v e  

26b  or  by  b o t t o m i n g   out  of  the  c y l i n d e r   at  the  maximum  l i m i t  

of  e x t e n s i o n .  

Other   a s p e c t s ,   o b j e c t s   and  a d v a n t a g e s   of  t h i s  

i n v e n t i o n   can  be  o b t a i n e d   from  a  s tudy  of  the  d r a w i n g s ,   t h e  

d i s c l o s u r e   and  the  appended  c l a i m s .  



N u m e r i c a l .  
C a s e  7 7 - 5 4 3  

11,  11b  f l u i d   c i r c u i t  

1?,  12b  q u i c k - d r o p   va lve   means  

13,  13a,  13b  f l u i d   motor  ( c y l i n d e r )  

1 4   14a,  14b  f i r s t ,   rod  end,  motor  p o r t  

16,  16b  l o a d  

17,  17a,  17b  s econd ,   head  end,  motor  p o r t  

18,  18b  b u l l d o z e r   b l a d e  

19,  19b  t r a c t o r   body  p a r t  

21 ,  21b  push  arm 

22 ,  22b  ground  s u r f a c e  

23;  23b  t a n k  

25,  25b  i n l e t   of  23 

2 6 ,  2 6 b   main  c o n t r o l   v a l v e  

27,  27b  d r a i n   o u t l e t   of  26 

28,  28b  r e l i e f   v a l v e  

29 ,  29b  f i r s t ,   rod  end  flow  c o n d u i t  

31,  31b  s econd ,   head  end  flow  c o n d u i t  

32,  32b  h o u s i n g   of  12,  12b 

32'  e n l a r g e d   end  of  32 

3 3 ,  3 3 ' ,  3 3 b   va lve   c h a m b e r  b o r e  

3 4 ,  3 4 ' ,   34b  s p o o l  

36,  36b  g r o o v e  

37 ,  37b  f i r s t   va lve   p o r t  

33,  38  flow  l i n e  

40   40b  p r o o v e  

41 ,  41b  second  va lve   p o r t  

44,  44b  1 bird valve port 



Numer ica l   L i s t   of  E l e m e n t s  
Case  7 7 - 5 4 3  

( c o n ' t . )  

45,  45b  g r o o v e  

47,  47b  flow  r e s t r i c t i o n  

48  l a n d  

49  l a n d  

51  l a n d  

52  g r o o v e  

53  g r o o v e  

54.  54b  f i r s t   p i l o t   means  

55,  55' ,  55b  f i r s t   p i l o t   c h a m b e r  

5 6 . 5 6 b   second  p i l o t   means  

57,  57b  f i r s t   p i l o t   s i g n a l   l i n e  

58,  58b  f i r s t   r e g i o n   ( f low  j u n c t i o n   in  31) 

59,  5 9 ' ,   59b  second  p i l o t   c h a m b e r  

61,  61'  p i l o t   p i s t o n  

62,  62b  s p r i n g  

63,  63b  second  p i l o t   s i g n a l   l i n e  

64,  64b  second  r e g i o n   (flow  j u n c t i o n   in  31) 

66,  66'  d r a i n   p a s s a g e  

68  b ranch   of  29b 

69  b r anch   of  29b 

71  l a n d  

72  l a n d  

73  l a n d  

74  l a n d  

75  c o n t r o l   o r i f i c e  

76  spool   g r o o v e  

77  spool  g r o o v e  



Numer i ca l   L i s t   of  E l e m e n t s  
Case  7 7 - 5 4 3  

( c o n ' t . )  

78  spool   g r o o v e  

79  spool   p a s s a g e  

80  p r e s s u r e   r e s p o n s i v e   va lve   means  

81  p i l o t e d   check  v a l v e  

82  i n l e t   of  81 

84  o u t l e t   of  81 

86  spool   of  81 

87  p i l o t   chamber  of  81 

88  p i l o t   po r t   of  81 



1.  A  f l u i d   motor  c o n t r o l   c i r c u i t   (11,  l l b )   f o r  

powered  m u l t i - d i r e c t i o n a l   movement  of  a  load  member  (16,  16b)  

c o m p r i s i n g :  

a  sou rce   (24,  24b)  of  f l u i d   under  p r e s s u r e   i n c l u d i n g  

a  f l u i d   r e s e r v o i r   tank  (23,  2 3 b ) ;  

a  f l u i d   motor  (13,  13b)  c o n n e c t e d   to  the  load  member 

a n d   hav ing   f l u i d   i n l e t   and  d i s c h a r g e   p o r t s   (14,  lllb,  17,  17b)  

i n d i v i d u a l l y   s e l e c t i v e l y   c o n n e c t a b l e   to  sa id   sou rce   and  t o  

the  t ank ;   and  

means  (12,  12b)  for  b l o c k i n g   the  flow  of  f l u i d   f r o m  

the  motor  d i s c h a r g e   po r t   back  to  the  tank  a.nd  c o n c u r r e n t l y  

f u l l y   r e t u r n i n g   a l l   d i s c h a r g e   f l u i d   to  the  i n l e t   por t   of  t h e  

motor  d u r i n g   g r a v i t a t i o n a l l y   i nduced   o v e r r u n n i n g   of  the  m o t o r .  

2.  In  a  f l u i d   motor   c o n t r o l   c i r c u i t   (11,  l l b )   h a v i n g  

an  i n f i n i t e l y   v a r i a b l e   main  c o n t r o l   valve  (26,  26b) ,   a  f l u i d  

motor  (13,  13b)  hav ing   f i r s t   (14,  14b)  and  second  (17,  17b)  

p o r t s ,   f i r s t   (29,  29b)  and  second  (31,  31b)  f l u i d   p a t h w a y s  

c o n n e c t i n g   sa id   motor  and  sa id   v a l v e ,   the  i m p r o v e m e n t  

c o m p r i s i n g :  

va lve   means  (12,  12b)  p o s i t i o n e d   in  s a id   f l u i d  

pa thways   for   s e l e c t i v e l y   a l l o w i n g   f l u i d   to  be  d i r e c t e d   t o  

and  from  sa id   motor  and  for   b l o c k i n g   f l u i d   from  s a id   motor  t o  

s a id   va lve   and  I n t e r c o n n e c t i n g   sa id   p o r t s   of  s a id   motor ;   and  

s e n s i n g   means  (47,  47b)  in  one  of  s a id   f l u i d  

pa thways   for   s e n s i n g   the  f l u i d   flow  and  p o s i t i o n i n g   s a i d  

valve   means  in  r e s p o n s e   to  s a id   f l o w .  



3.  A  q u i c k - d r o p   va lve   (12,  12b)  for  a  f l u i d   m o t o r  

c o n t r o l   c i r c u i t   (11,  l l b )   c o m p r i s i n g :  

a  f l u i d   motor  (13,  13b)  hav ing   a  f i r s t   and  s e c o n d  

f l u i d   p o r t ;  

a  f i r s t   (29,  29b)  and  second  (31,  31b)  f l u i d  

pathway  c o n n e c t e d   to  s a id   f i r s t   and  second  f l u i d   p o r t s ,  

r e s p e c t i v e l y ;  

a  h o u s i n g   (32,  32b)  hav ing   a  bore  (33,  33b) ,   f i r s t  

(37,  37b) ,   second  (41,  41b) ,   and  t h i r d   (44,  44b)  s p a c e d - a p a r t  

p o r t s ;  

va lve   spool   means  (34,  311b)  for  c o n t r o l l a b l y  

i n t e r c o n n e c t i n g   sa id   p o r t s   and  be ing   p o s i t i o n e d   in  s a id   b o r e ;  

b i a s i n g   means  (62,  62b)  for  b i a s i n g   s a id   s p o o l  

means  to  a  p o s i t i o n   for  i n t e r c o n n e c t i n g   sa id   f i r s t   and  t h i r d  

p o r t s   and  b l o c k i n g   s a i d   second  p o r t ;   a n d  

s e n s i n g   means  (47,  47b)  for   s e n s i n g   the  f l u i d   f l o w  

in  s a id   second   f l u i d   pathway  and  a u t o m a t i c a l l y   p o s i t i o n i n g  

sa id   va lve   means  to  i n t e r c o n n e c t   s a id   f i r s t   and  second  p o r t s  

and  b lock   sa id   t h i r d   por t   in  r e s p o n s e   to  s a i d   f l u i d   flow  i n  

s a id   second  p a t h w a y .  

4.  Q u i c k - d r o p   va lve   means  (12,  12b)  for  a  f l u i d  

motor  c o n t r o l   c i r c u i t   (11,  l l b )   whe re in   the  motor  (13,  13b)  

has  f i r s t   (14a,   14b)  and  second  (17a,   17b)  motor  p o r t s   a n d  

where in   the  c i r c u i t   i n c l u d e s   a  main  c o n t r o l   va lve   (26,  26b)  

for  s e l e c t i v e l y   d i r e c t i n g   p r e s s u r i z e d   f l u i d   to  sa id   f i r s t  

motor  por t   t h r o u g h   a  f i r s t   flow  path  whi le   d i s c h a r g i n g   f l u i d  

from  s a id   second  motor  por t   t h r o u g h   a  second  flow  path  t o  

move  a.  load  (16,  16b)  in  one  d i r e c t i o n   and  which  is  s h i f t a b l e  

to  d i r e c t   sa id   f l u i d   i n to   s a id   second  flow  path  w h i l e  



d i s c h a r g i n g   f l u i d   from  sa id   f i r s t   flow  path  to  move  s a i d  

load  in  an  o p p o s i t e   d i r e c t i o n ,   c o m p r i s i n g :  

a  h o u s i n c   (32,  32b)  forming  a  va lve   chamber  ( 3 3 ,  

33b)  with  f i r s t   (37,  37b) ,   second  (41,  41b)  and  t h i r d   ( 4 4 ,  

44b)  s p a c e d - a p a r t   va lve   p o r t s   hav ing   means  for   c o m m u n i c a t i o n  

with  sa id   f i r s t   motor  p o r t ,   sa id   second  motor  por t   and  s a i d  

f i r s t   flow  path  r e s p e c t i v e l y ,  

a  va lve   member  (34,  34b)  in  said  valve  c h a m b e r  

movable  to  a  normal   p o s i t i o n   at  which  sa id   f i r s t   and  t h i r d  

va lve   p o r t s   are  i n t e r c o m m u n i c a t e d   whi le   be ing   b locked   f r o m  

sa id   second  valve   p o r t ,   and  a l s o  b e i n g   movable  to  a  q u i c k -  

drop  p o s i t i o n   at  which  sa id   f i r s t   and  second  va lve   p o r t s   a r e  

i n t e r c o m m u n i c a t e d   whi le   sa id   t h i r d   va lve   por t   is  c o m p l e t e l y  

b locked   from  both  t h e r e o f   to  cause  a l l   d i s c h a r g e   f l u i d   f rom 

sa id   f i r s t   motor  por t   to  be  r e t u r n e d   to  said  second  m o t o r  

por t   at  sa id   q u i c k - d r o p   p o s i t i o n   of  sa id   va lve   member ,  

means  d e f i n i n g   a  flow  r e s t r i c t i o n   (47,  47b)  i n  

sa id   second  flow  path   between  f i r s t   (58,  58b)  and  s e c o n d  

(64,  64b)  s p a c e d - a p a r t   r e g i o n s   t h e r e o f ,   sa id   f i r s t   r e g i o n  

be ing   be tween  sa id   flow  r e s t r i c t i o n   and  sa id   main  c o n t r o l  

va lve   and  said  second  r e g i o n   be ing   between  sa id   f l o w  

r e s t r i c t i o n   and  sa id   second  motor  p o r t ,   a n d  

p i l o t   means  (54,  54b,  56,  56b)  for  u s ing   f l u i d  

p r e s s u r e   from  sa id   f i r s t   r e g i o n   to  p roduce   a  f o r ce   t e n d i n g  

to  cause   movement  of  sa id   va lve   member  t owards   sa id   q u i c k -  

drop  p o s i t i o n   t h e r e o f   and  for  u s i n g   f l u i d   p r e s s u r e   from  s a i d  

second  r e g i o n   to  p roduce   a  c o u n t e r f o r c e   t e n d i n g   to  c a u s e  

movement  of  sa id   va lve   member  t owards   sa id   normal   p o s i t i o n  

t h e r e o f .  



5.  Q u i c k - d r o p   va lve   means  (12,  12b)  as  d e f i n e d  

in  c la im  4  f u r t h e r   c o m p r i s i n g   means  (62,  62b)  for  m a i n t a i n i n g  

sa id   va lve   member  (34,  34b)  a t  s a i d   normal   p o s i t i o n   t h e r e o f  

u n t i l   sa id   p r e s s u r e   at  s a id   f i r s t   r e g i o n   ( 5 8 ,  5 8 b )   e x c e e d s  

sa id   p r e s s u r e   at  sa id   second  r e g i o n   (64,  64b)  by  a  

p r e d e t e r m i n e d   a m o u n t .  

F.  Q u i c k - d r o p   va lve   means  (12)  as  d e f i n e d   i n  

c la im  4  whe re in   sa id   p i l o t   means  i n c l u d e s   f i r s t   p i l o t   means  

(54)  for  fo rming   a  f i r s t   p i l o t   chamber  (55)  whe re in   s a i d  

p r e s s u r e   from  sa id   f i r s t   r e g i o n   (58)  ac t s   to  urge  s a i d  

va lve   member  (34)  t owards   s a id   q u i c k - d r o p   p o s i t i o n ,   and 

second  p i l o t   means  (56)  for   forming  a  second  p i l o t   c h a m b e r  

(59)  whe re in   sa id   p r e s s u r e   from  sa id   second  r e g i o n   (64)  a c t s  

to  urge  s a id   va lve   member  t owards   sa id   normal  p o s i t i o n ,   s a i d  

second  p i l o t   chamber  hav ing   a  g r e a t e r   d i a m e t e r   than  sa id   f i r s t  

p i l o t   c h a m b e r .  

7.  Q u i c k - d r o p   va lve   means  ( I?)   as  d e f i n e d   in  c l a i m  

6  whe re in   sa id   va lve   member  (34)  is  a  spool   movable  a x i a l l y  

in  sa id   h o u s i n g   (32)  be tween   sa id   normal   p o s i t i o n   and  s a i d  

q u i c h - d r o p   p o s i t i o n   and  where in   sa id   f i r s t   p i l o t   chamber  ( 5 5 )  

is  at  one  end  of  sa id   spool   and  sa id   second  p i l o t   c h a m b e r  

( 5 9 )  o f   l a r g e r   d i a m e t e r   is  at  the  o t h e r   end  t h e r e o f ,   f u r t h e r  

c o m p r i s i n g   a  movable  p i l o t   p i s t o n   (61)  of  s a id   l a r g e r  

d i a m e t e r   d i s p o s e d   in  s a id   second  p i l o t   chamber  and  b e i n g  

p o s i t i o n e d   t h e r e i n   to  urge  sa id   spool   t owards   sa id   n o r m a l  

p o s i t i o n   t h e r e o f   in  r e s p o n s e   to  sa id   f l u i d   p r e s s u r e   from  s a i d  

second  r e g i o n .  



8.  Q u i c k - d r o p   va lve   means  (12)  as  d e f i n e d   in  c l a i m  

7  f u r t h e r   c o m p r i s i n g   a  c o m p r e s s i b l e   s p r i n g   means  ( 62 )  

d i s p o s e d   be tween  sa id   p i l o t   p i s t o n   (61)  and  said  o t h e r   end  

of  sa id   spool  (34)  for  b i a s i n g   said  spool   t owards   sa id   n o r m a l  

p o s i t i o n   t h e r e o f   and  for  t r a n s m i t t i n r g   sa id   f o r ce   from  s a i d  

p i l o t   p i s t o n   to  said  s p o o l .  

9.  Q u i c k - d r o p   va lve   means  (12b)  as  d e f i n e d   i n  

c l a i m  4   w h e r e i n   sa id   p i l o t   means  has  f i r s t   p i l o t   means  ( 5 4 b )  

for  fo rming   a  f i r s t   p i l o t   chamber  (55b)  whe re in   sa id   p r e s s u r e  

from  sa id   f i r s t   r e g i o n   (58b)  a c t s   to  urge  said  va lve   member 

(34b)  towards   sa id   q u i c k - d r o p   p o s i t i o n   and  second  p i l o t  

means  (56b)  for   f o r m i n g  a   second  p i l o t   chamber  (59b)  w h e r e i n  

sa id   p r e s s u r e   from  sa id   second  r e g i o n   (64b)  a c t s   to  u r g e  

sa id   va lve   member  towards   sa id   normal  p o s i t i o n ,   f u r t h e r  

c o m p r i s i n g  :  

p r e s s u r e - r e s p o n s i v e   va lve   moans  (80)  f o r  

i n t e r c o m m u n i c a t i n g   sa id   f i r s t   and  second  p i l o t   chambers  when 

the  p r e s s u r e   at  sa id   f i r s t   r e g i o n   exceeds   the  p r e s s u r e   a t  

sa id   f i r s t   va lve   por t   ( 3 7 b ) .  

10.  Q u i c k - d r o p   va lve   means  (12b)  as  d e f i n e d   i n  

c la im  9  w h e r e i n   sa id   p r e s s u r e - r e s p o n s i v e   va lve   means  ( 8 0 )  

c o m p r i s e s   a  p i l o t e d   check  va lve   (81)  hav ing   an  i n l e t   ( 82 )  

communica ted   with  sa id   f i r s t   p i l o t   chamber  (55b)  and  an  

o u t l e t   (84)  communica ted   with  sa id   second  p i l  ot  chamber  ( 5 8 b )  

and  h a v i n g  a   p i l o t   por t   (88)  communica ted   with  said  s e c o n d  

va lve   por t   (41b)  and  having   a  va lve   e lement   (86)  movable  t o  

communica te   sa id   i n l e t   with  sa id   o u t l e t   when  the  p r e s s u r e  a t  

said  i n l e t   exceeds   the  p r e s s u r e   at  said  p i l o t   p o r t .  



1.1.  Q u i c k - d r o p   va lve   means  (12b)  as  d e f i n e d   i n  

c l a i m  9   where in   sa id   va lve   member  (34b)   is  a  spool   m o v a b l e  

a x i a l l y   in  sa id   h o u s i n g   (32b)  be tween   sa id   normal   p o s i t i o n  

and  said  q u i c k - d r o p   p o s i t i o n ,   and  where in   sa id   f i r s t   ( 5 5 b )  

and  second  (59b)  p i l o t   chambers   are  at  o p p o s i t e   ends  o f  

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

means  (62b)  for   u r g i n g   sa id   spool   t owards   sa id   n o r m a l  

p o s i t i o n   t h e r e o f .  

12.  In  a  f l u i d   motor  c o n t r o l   c i r c u i t   (11,  11b)  

hav ing   an  i n f i n i t e l y   v a r i a b l e   main  c o n t r o l   va lve   (26,  26b)  

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

por t   (14,  14b)  t h r o u g h   a  f i r s t   flow  path   whi le   d i s c h a r g i n g  

f l u i d   from  a  second  motor  por t   (17a,   17h)  t h r o u g h   a  s e c o n d  

flow  path  and  which  is  s h i f t a b l e   to  d i r e c t   f l u i d   to  s a i d  

second  motor  po r t   t h r o u g h   sa id   second  flow  path  w h i l e  

d i s c h a r g i n g  f l u i d   from  said  f i r s t   motor  por t   t h r o u g h   s a i d  

f i r s t   flow  p a t h ,   q u i c k - d r o p   va lve   means  (12,  12b)  c o m p r i s i n g  :  

a  h o u s i n g   (32,  32b)  hav ing   a  va lve   chamber  b o r e  

(33,  33b)  and  hav ing   a  f i r s t   va lve   por t   (37,  37b)  c o m m u n i c a t e d  

with  sa id   f i r s t   motor  po r t   and  hav ing   a  second  va lve   p o r t  

(41,  41b)  communica ted   with  sa id   second  motor  por t   and 

hav ing   a  t h i r d   va lve   por t   (44,  44b)  communica ted   with  s a i d  

f i r s t   flow  p a t h ,  

a  va lve   spool   (34,  34b)  d i s p o s e d   in  sa id   bore  f o r  

ax ia l   m o v e m e n t  t h e r e i n   b e t w e e n  a   normal  p o s i t i o n   and  a  o u i c k -  

drop  p o s i t i o n   s a i d  v a l v e   spool   hav ing   l ands   (48,  49,  51,  7 1 ,  

72,  73,  74)  and  g rooves   (52,  5 3 ,  7 7 ,   78)  for  i n t e r c o m m u n i c a t i n g  

said  f i r s t   and  t h i r d   va lve   p o r t s   w h i l e  b l o c k i n g   sa id   s e c o n d  



va lve   por t   t h e r e f r o m   at  said  normal   p o s i t i o n   and  f o r  

i n t e r c o m m u c a t i n g   sa id   f i r s t   and  second  p o r t s   w h i l e  

b l o c k i n g   said  t h i r d   por t   t h e r e f r o m   at  sa id   q u i c k - d r o p  

p o s i t i o n ,  

flow  r e s t r i c t i o n   moans  (47,  47b)  s i t u a t e d   i n  

s a i d  s e c o n d   flow  path  for  d e v e l o p i n g   a  p r e s s u r e   d i f f e r e n t i a l  

in  r e s p o n s e   to  f l u i d   flow  t h e r e t h r o u g h ,  

f i r s t   p i l o t   means  (54,  54b)  for  c o m m u n i c a t i n g   one  

end  of  sa id   bore  w i t h  a   f i r s t   r e g i o n   (58,  58b)  of  said  s e c o n d  

flow  path   be tween   sa id   flow  r e s t r i c t i o n   means  and  sa id   ma in  

c o n t r o l   va lve   to  cause  f l u i d   p r e s s u r e   from  sa id   f i r s t   r e g i o n  

to  urge  s a id   spool   t owards   sa id   q u i c k - d r o p   p o s i t i o n   t h e r e o f ,  

second  p i l o t   means  (56,  56b)  for  c o m m u n i c a t i n g   t h e  

o t h e r   end  of  sa id   bore  with  a  second  r e g i o n   (64),  64b)  of  s a i d  

second  flow  path  be tween   said  flow  r e s t r i c t i o n   means  and  

sa id   second  motor  por t   to  cause  f l u i d   p r e s s u r e   from  s a i d  

second  r e g i o n   to  urge  sa id   spool   towards   sa id   normal  p o s i t i o n  

t h e r e o f ,   a n d  

r e s i l i e n t   means  (62,  62b)  for  b i a s i n g   sa id   s p o o l  

towards   sa id   normal  p o s i t i o n   t h e r e o f .  

13.  The  c o m b i n a t i o n   of  c la im  12  whe re in   s a i d  

second  p i l o t   means  (56)  c o m p r i s e s   means  fo rming   a  p i l o t  

chamber  (59)  at  sa id   o t h e r   end  of  sa id   bore  (33) ,   sa id   p i l o t  

c h a m b e r  b e i n g   of  g r e a t e r   d i a m e t e r   than  sa id   one  end  of  s a i d  

bore ,   and  a  p i l o t   p i s t o n   (Gl)  d i s p o s e d   in  sa id   p i l o t   c h a m b e r  

and  p o s i t i o n e d   to  be  urged  t owards   sa id   spool   (34)  by  s a i d  

f l u i d   p r e s s u r e   from  sa id   second  r e g i o n   (64)  of  sa id   s e c o n d  

flow  p a t h .  



14.  The  c o m b i n a t i o n   o f  c l a i m   12  f u r t h e r   c o m p r i s i n g  

a  p i l o t e d   check  va lve   (81)  hav ing   an  i n l e t   (82)  c o m m u n i c a t e d  

with  sa id   one  end  of  sa id   bore  (33b)  and  an  o u t l e t   ( 8 4 )  

communica ted   with  sa id   o t h e r   end  of  sa id   bore  and  h a v i n g   a  

p i l o t   po r t   (88)  communica ted   with  sa id   f i r s t   motor  por t   ( 1 4 b )  

to  hold  sa id   check  va lve   c l o s e d   when  p r e s s u r e   at  sa id   f i r s t  

motor  port   exceeds   the  p r e s s u r e   at  said  i n l e t .  
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