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©  Pressure  equalization  pumping  system. 

A  multiple  pumping  chamber  pump  in  which  the 
pressures  in  at  least  two  of  said  chambers  are  equal  for  at 
least  a  portion  of  their  pumping  cycles,  maintains  a  constant 
flow  of  pumped  material  by  utilizing  control  means  that 
selectively  and  continually  replaces  one  material  pumping 
chamber  with  another  after  the  pressures  in  both  of  said 
chambers  have  equalized  and  after  the  outputs  of  said 
chambers  have  been  connected  to  a  common  output  con- 
duit,  by  gradually  and  simultaneously  causing  a  decrease  in 
the  pumping  rate  of  material  from  one  of  said  compression 
chambers  and,  to  the  same  extent,  a  corresponding  increase 
in  the  pumping  rate  of  material  from  another  of  said 
chambers  until  the  material  pumping  rate  from  one  of  said 
chambers  is  reduced  from  its  normal  pumping  rate  to  zero 
and  the  pumping  rate  from  the  other  of  said  chambers  has 
been  increased  to  the  said  normal  pumping  rate  from  the 
said  chamber  that  had  its  flow  rate  reduced  to  zero. 





BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of   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   r e l a t e s   to   p u m p i n g   a p p a r a t u s  

t h a t   m i n i m i z e s   v a r i a t i o n s   in  t h e   f l o w   r a t e   of  t h e   m a t e r i a l   t h a t  

i t   p u m p s ,   in   g e n e r a l ,   and  to  s u c h   a p p a r a t u s   f o r   so  c o n t r o l l i n g  

t h e   f l o w   r a t e   of   a  c o a t i n g   f l u i d ,   in   p a r t i c u l a r .  

2.  D e s c r i p t i o n   of   t h e   P r i o r   A r t  

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

w h e r e   c o a t i n g s   of   c r i t i c a l   t h i c k n e s s   a r e   d e s i r e d   to   be  d e p o s i t e d  

upon   a  s u b s t r a t e   s u c h   as  a  m o v i n g   web  f o r   use  in  p h o t o g r a p h i c  

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

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

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

d e v i c e   t h a t   a p p l i e s   c o a t i n g   m a t e r i a l   to  such   a  web.   An 

e x t r e m e l y   i m p o r t a n t   f a c t o r   in  t h e   c o n t r o l   of  c o a t i n g   t h i c k n e s s  

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

r a t e   of  t h e   m a t e r i a l   of  w h i c h   s a i d   c o a t i n g   i s   f o r m e d ,   as  s a i d  

c o a t i n g   i s   b e i n g   d e p o s i t e d   on  a  s u b s t r a t e .  

One  p i e c e   of  a p p a r a t u s   in  p r e s e n t   use   t h a t   i s   a b l e   t o  

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

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

r e s e r v o i r   t h a t   has   means   f o r   r e g u l a t i n g   t he   p r e s s u r e   of   t h e  

c o a t i n g   m a t e r i a l   f l o w i n g   f rom  s a i d   r e s e r v o i r .   W h i l e   t h i s   t y p e  

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

m a t e r i a l ,   t h e   f l o w   is   n o t   s t e a d y   due  to  t he   l i m i t e d   c a p a c i t y  

of  s u c h   r e s e r v o i r s .   I f   t h e   f l o w   r a t e   of   t h e   m a t e r i a l   b e i n g  

d e p o s i t e d   on  a  s u b s t r a t e   c o u l d   be  m a i n t a i n e d   f o r   e x t e n d e d  

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

p r o d u c t s   such   as  p h o t o g r a p h i c   f i l m ,   w o u l d   be  s u b s t a n t i a l l y  

i n c r e a s e d .   V  



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

a  p l a s t e r   m i x t u r e   or   t h e   l i k e   f rom  a  r e s e r v o i r   to   a  use   p o i n t  

a r e   p r e s e n t l y   a v a i l a b l e .   In  one  s y s t e m ,   w h i c h   i s   d e s c r i b e d   i n  

U . S .   P a t e n t   No.  3 , 0 2 5 , 8 0 3   to   SWARTHOUT,  a  p a i r   of  c y l i n d e r /  

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

d e l i v e r   m a t e r i a l   to   s a i d   u s e   p o i n t .   A  p r o b l e m   w i t h   t h i s   t y p e  

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

t h e   f l o w   r a t e   of   t h e   m a t e r i a l   b e i n g   pumped   d u r i n g   t h a t   p o r t i o n  

o f   t h e   p u m p i n g   c y c l e   w h e r e   t h e r e   is   a  c h a n g e o v e r   f rom  o n e  

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

s u d d e n n e s s   of   s a i d   c h a n g e o v e r ,   and  t h e r e f o r e   s u c h   a p p a r a t u s  

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

r e q u i r e d   in  o r d e r   t o   o b t a i n   t h e   d e s i r e d   c o a t i n g   t h i c k n e s s  

m e n t i o n e d   a b o v e .  

SUMMARY  OF  THE  INVENTION 

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

i n v e n t i o n ,   p u m p i n g   a p p a r a t u s   i s   p r o v i d e d   t h a t   can   d e l i v e r  

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

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

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

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

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

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

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

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

s a i d   c h a m b e r s   and  t h e n   c o n n e c t i n g   t h e i r   o u t l e t s   to  a  common 

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

p r e s s u r e   in  e a c h   o f   s a i d   c h a m b e r s   a r e   e q u a l .   Means  a r e   a l s o  

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

f rom  one   t h a t   has   b e e n   e m p t i e d   to   a  p r e d e t e r m i n e d   l e v e l   d u r i n g  



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

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

of  t h e   p u m p i n g   m e a n s   in  t he   p u m p i n g   c h a m b e r   t h a t   has  b e e n   s o  

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

t h e   r a t e   of  m o v e m e n t   of  t h e   p u m p i n g   means   of  t h e   f u l l   p u m p i n g  

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

s a i d   e m p t i e d   p u m p i n g   c h a m b e r   i s   r e d u c e d   to   z e r o   and  t he   r a t e  

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

has   i n c r e a s e d   to   w h a t   t h e   r a t e   of   m o v e m e n t   of  t h e   p u m p i n g   m e a n s  

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

was  so  r e d u c e d .   I t   i s   p r i m a r i l y   t h e   c o m b i n a t i o n   of  a  z e r o   v o l u m e  

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

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

member   of  t h e   p u m p i n g   means   in  e a c h   p u m p i n g   c h a m b e r   d u r i n g  

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  s c h e m a t i c   d i a g r a m   of   an  e l e v a t i o n a l  

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

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

F i g .   2  i s   a  s i g n a l   f l o w   f u n c t i o n a l   b l o c k   d i a g r a m  

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

d e p i c t e d   in  F i g .   1 .  

F i g .   3  i s   a  t i m e   l i n e   s h o w i n g   t h e   d i s p l a c e m e n t   a n d  

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

a p p a r a t u s   of  F i g .   1 .  

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

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

p u m p i n g   c h a m b e r   c h a n g e o v e r s .  



DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   now  to  t h e   d r a w i n g s ,   and  s p e c i f i c a l l y  

to   F i g .   1,  p u m p i n g   a p p a r a t u s   10  i n c o r p o r a t i n g   a  p r e f e r r e d  

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

i s   d e p i c t e d .   P u m p i n g   a p p a r a t u s   10  i n c l u d e s   p u m p i n g   c h a m b e r s  

1'2  and   14  i n t o   w h i c h   p u m p a b l e   m a t e r i a l   16  f l o w s   f rom  r e s e r v o i r  

1 8 ,   i s   p r e s s u r i z e d   and  t h e n   d e l i v e r e d   to   common  c o n d u i t   2 0 .  

P u m p a b l e   m a t e r i a l   f l o w s   o u t   of   t h e   r e s e r v o i r   b e c a u s e   s a i d  

r e s e r v o i r   has   a  s l i g h t l y   p o s i t i v e   p r e s s u r e   h e a d .   P u m p i n g  

c h a m b e r   12  i n c l u d e s   c y l i n d e r   22  i n t o  w h i c h   p u m p i n g   m e m b e r  

or  p i s t o n   24  and  r o l l i n g   s e a l   26  r a d i a l l y   c o n n e c t e d   b e t w e e n  

s a i d   c y l i n d e r   22  and  t h e   end   o f   s a i d   p i s t o n   24,  have   b e e n  

f i t t e d .   R o l l i n g   s e a l   26  i s   of   t h e   t y p e   d i s c l o s e d   in   U . S .  

P a t e n t   No.  3 , 4 8 8 , 7 6 3   to   LOSQUIST,  J R . ,   a  d e v i c e   t h a t   m i n i m i z e s  

f r i c t i o n   b e t w e e n   s a i d   p i s t o n   24  and  s a i d   c y l i n d e r   22  and  t h e  

c o n t a m i n a t i o n   of   m a t e r i a l   16  as  i t   i s   b e i n g   pumped  by  p u m p i n g  

a p p a r a t u s   1 0 .  

P u m p i n g   c h a m b e r   12  a l s o   i n c l u d e s   o u t l e t   v a l v e   28  

f o r   c o n t r o l l i n g   t h e   f l o w   of   m a t e r i a l   16  f r o m   c h a m b e r   12  t o  

common  c o n d u i t   20,  i n l e t   v a l v e   30  f o r   c o n t r o l l i n g   t h e   f l o w  

of  m a t e r i a l   16  f r o m   r e s e r v o i r   18  to  p u m p i n g   c h a m b e r   12  a n d  

p r e s s u r e   s e n s o r   32  f o r   s e n s i n g   t h e   p r e s s u r e   in   p u m p i n g  

c h a m b e r   12.  O u t l e t   v a l v e   28  i s   of  t h e   low  s h e a r ,   z e r o  

d i s p l a c e m e n t   t y p e   as  d e s c r i b e d   in  my  c o p e n d i n g   p a t e n t   a p p l i -  

c a t i o n   S e r i a l   No.  (Case   No.  6257)  f i l e d   on  e v e n   d a t e   h e r e w i t h  

and  a s s i g n e d   to   t h e   a s s i g n e e   of   t he   p r e s e n t   i n v e n t i o n .   R e c i p r o -  

c a t i n g   m o v e m e n t   of   p i s t o n   24  i s   g e n e r a t e d   by  b i d i r e c t i o n a l  

s t e p p e r   m o t o r   34  w h i c h   i s   c o u p l e d   to   s a i d   p i s t o n   24  by  l e a d  

s c r e w   36.  S c r e w   t h r e a d s   ( n o t   shown)  in   h o u s i n g   38  c o o p e r a t i v e l y  

e n g a g e   t h e   t h r e a d s   ( no t   shown)   of  l e a d   s c r e w   36.  R e c i p r o c a t i n g  



m o v e m e n t   of   p i s t o n   24  i s   p r o d u c e d   when  l e a d   s c r e w   3G  i s  

t w i s t e d   in   s a i d   c o o p e r a t i n g   t h r e a d s   in  s a i d   h o u s i n g   38  b y  

s t e p p e r   m o t o r   3 4 .  

Rod  40  w h i c h   i s   f i x e d l y   a t t a c h e d   to  and  e x t e n d s  

v e r t i c a l l y   d o w n w a r d   f r o m   p i s t o n   24  has   u p p e r   l i m i t   and  l o w e r  

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

a t t a c h e d   to   and  p r o j e c t   l a t e r a l l y   o u t w a r d   f r o m   s a i d   rod   4 0 .  

P i s t o n   t r a v e l   s e n s o r   46  i n c l u d e s   a  s e t   of   m i c r o s w i t c h e s   t h a t  

a r e   a c t u a t e d   when  e n g a g e d   by  s a i d   a c t u a t o r s   42  and  44  a t  

p r e s e l e c t e d   t r a v e l   p o s i t i o n s   of  p i s t o n   24.  P i s t o n   t r a v e l  

i n f o r m a t i o n   p r o d u c e d   by  p i s t o n   t r a v e l   s e n s o r   46  i s   r o u t e d   t o  

m i c r o p r o c e s s o r   c o n t r o l   m e a n s   48  t h r o u g h   p a t h   50.  The  f u n c t i o n  

of  m i c r o p r o c e s s o r   c o n t r o l   means   48  w i l l   be  e x p l a i n e d   e l s e w h e r e  

h e r e i n .  

P u m p i n g   c h a m b e r   14  i n c l u d e s   c y l i n d e r   52  i n t o   w h i c h  

p u m p i n g   member   or  p i s t o n   54  has   been   f i t t e d ,   and  r o l l i n g   s e a l  

56  w h i c h   has   t h e   same  f u n c t i o n   as  r o l l i n g   s e a l   26  d e s c r i b e d  

a b o v e   w i t h   r e s p e c t   to   p u m p i n g   c h a m b e r   1 2 .  

P u m p i n g   c h a m b e r   14  a l s o   i n c l u d e s   o u t l e t   v a l v e   5 8  

f o r   c o n t r o l l i n g   t h e   f l o w   of   m a t e r i a l   16  f r o m   c h a m b e r   14  t o  

common  c o n d u i t   20,  i n l e t   v a l v e   60  f o r   c o n t r o l l i n g   t h e   f l o w  

of  m a t e r i a l   16  f r o m   r e s e r v o i r   18  to   p u m p i n g   c h a m b e r   14  a n d  

p r e s s u r e   s e n s o r   62  f o r   s e n s i n g   t he   p r e s s u r e   in  p u m p i n g   c h a m b e r  

14.  O u t l e t   v a l v e   58  i s   of   t h e   low  s h e a r ,   z e r o   d i s p l a c e m e n t  

t y p e   d e s c r i b e d   in  my  c o p e n d i n g   a p p l i c a t i o n   c i t e d   a b o v e .  

R e c i p r o c a t i n g   m o v e m e n t   of   p i s t o n   54  i s   g e n e r a t e d   by  b i d i r e c -  

t i o n a l   s t e p p e r   m o t o r   64  w h i c h   i s   c o u p l e d   to   s a i d   p i s t o n   54  b y  

l e a d   s c r e w   66.  S c r e w   t h r e a d s   ( n o t   shown)  in  h o u s i n g   68  

c o o p e r a t i v e l y   e n g a g e   t h e   t h r e a d s   ( n o t   shown)   of  l e a d   s c r e w  6 6 .  

R e c i p r o c a t i n g   m o v e m e n t   of   p i s t o n   54  i s   p r o d u c e d   when  l e a d  



s c r e w   66  i s   t w i s t e d   in   s a i d   c o o p e r a t i n g   t h r e a d s   in  s a i d  

h o u s i n g   68  by  s a i d   s t e p p e r   m o t o r   6 4 .  

Rod  70  w h i c h   i s   f i x e d l y   a t t a c h e d   to  and  e x t e n d s  

v e r t i c a l l y   d o w n w a r d   f rom  p i s t o n   54  h a s   u p p e r   l i m i t   and  l o w e r  

l i m i t   m i c r o s w i t c h   a c t u a t o r s   72  and  74,  r e s p e c t i v e l y ,   t h a t   a r e  

a t t a c h e d   t o   and  p r o j e c t   l a t e r a l l y   o u t w a r d   f rom  s a i d   rod   7 0 .  

P i s t o n   t r a v e l   s e n s o r   76  i n c l u d e s   a  s e t   of   m i c r o s w i t c h e s   t h a t  

a r e   a c t u a t e d   when  e n g a g e d   by  s a i d   a c t u a t o r s   72  and  74  a t  

p r e s e l e c t e d   t r a v e l   p o s i t i o n s   o f   p i s t o n   54.  P i s t o n   t r a v e l  

i n f o r m a t i o n   p r o d u c e d   by  p i s t o n   t r a v e l   s e n s o r   76  i s   r o u t e d  

to   m i c r o p r o c e s s o r   c o n t r o l   means   48  t h r o u g h   p a t h   7 8 .  

P r e s s u r e   s e n s o r s   32  and  62  s e n s e   t h e   p r e s s u r e s   i n  

c h a m b e r s   12  and   14,   r e s p e c t i v e l y ,   and  t h e   p r e s s u r e   i n f o r m a t i o n  

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

means   80  t h r o u g h   p a t h s   82  and  84,  r e s p e c t i v e l y .   O u t l e t   v a l v e  

o p e n i n g   m e a n s   80  i s   a c t u a l l y   a  p a r t   o f   m i c r o p r o c e s s o r   c o n t r o l  

means   48.  H o w e v e r ,   f o r   c o n v e n i e n c e   on ly ,   o p e n i n g   means   80  a n d  

m i c r o p r o c e s s o r   c o n t r o l   means   48  h a v e   b e e n   shown  as  s e p a r a t e  

e n t i t i e s .   O u t l e t   v a l v e   o p e n i n g   means   80  d e t e r m i n e s   when  t h e  

p r e s s u r e s   in   c h a m b e r s   12  and  14  a r e   e q u a l   and   u t i l i z e s   t h i s  

i n f o r m a t i o n   t o   o p e n   o u t l e t   v a l v e s   28  and  56,   a t   t h e   a p p r o p r i a t e  

t i m e ,   by  s e n d i n g   v a l v e   o p e n i n g   s i g n a l s   t h r o u g h   p a t h s   82  and  8 4 .  

O u t l e t   v a l v e   o p e n i n g   means   80  a l s o   a d v i s e s   m i c r o p r o c e s s o r  

c o n t r o l   m e a n s   48  as  to   when  t h e   p r e s s u r e s   in  c h a m b e r s   12  and  1 4 ,  

as  s e n s e d   by  s e n s o r s   32  and  62,  a r e   e q u a l ,   by  s e n d i n g   a  s i g n a l  

t h a t   i n c l u d e s   s u c h   i n f o r m a t i o n   t h r o u g h   p a t h   8 6 .  

M i c r o p r o c e s s o r   c o n t r o l   means   48,   w h i c h   is  c o n n e c t e d  

to  a  s o u r c e   of   e l e c t r i c a l   p o w e r   ( n o t   shown)   t h r o u g h   s w i t c h   8 8 ,  

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

c o n t r o l l i n g   t h e   r a t e   of   r o t a t i o n   o f   s t e p p e r   m o t o r s   34  and  6 4 ,  



f o r   c o n t r o l l i n g   t h e   o p e n i n g   and  c l o s i n g   of   i n l e t   v a l v e s   30  

and  60,  and   f o r   c o n t r o l l i n g   t h e   c l o s i n g   of   o u t l e t   v a l v e s   28  

and  58.  M i c r o p r o c e s s o r   c o n t r o l   s i g n a l s   f o r   s t e p p e r   m o t o r s  

34  and  64  a r e   r o u t e d   t h r o u g h   power   a m p l i f i e r   89  and  p a t h   9 0 ,  

and  p o w e r   a m p l i f i e r   91  and  p a t h   92,  r e s p e c t i v e l y ;   m i c r o -  

p r o c e s s o r   c o n t r o l   s i g n a l s   f o r   c o n t r o l l i n g   i n l e t   v a l v e s   3 0  

and  60  a r e   r o u t e d   t h r o u g h   p a t h s   94  and  96,  r e s p e c t i v e l y ;   a n d  

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

o u t l e t   v a l v e s   28  and  58  a r e   r o u t e d   t h r o u g h   p a t h s   98  and  1 0 0 ,  

r e s p e c t i v e l y .   T h e  ' p a r t i c u l a r   p o i n t   in  t i m e   when  m i c r o p r o c e s s o r  

c o n t r o l   m e a n s   48  p r o d u c e s   t h e s e   c o n t r o l   s i g n a l s   i s   d e p e n d e n t  

upon   p i s t o n   t r a v e l   i n f o r m a t i o n   p r o v i d e d   by  p i s t o n   t r a v e l  

s e n s o r s   46  and  76  and  c h a m b e r   p r e s s u r e   i n f o r m a t i o n   p r o v i d e d  

by  o u t l e t   v a l v e   o p e n i n g   means   80.  The  s e q u e n c e   of   o p e r a t i o n  

or   t i m i n g   of   t h e s e   s i g n a l s   i s   b e s t   u n d e r s t o o d   by  a d d i t i o n a l l y  

r e f e r r i n g   h e r e i n   to  F i g s .   2  and  3 .  

F i g .   2  i s   a  s i g n a l   f l o w   b l o c k   d i a g r a m   of  a  c o n t r o l  

s y s t e m   f o r   c o n t r o l l i n g   t h e   p u m p i n g   a p p a r a t u s   of  F i g .   1,  a n d  

F i g .   3  i s   a  t i m e   l i n e   s h o w i n g   t h e   t i m e   and  t h e   e x t e n t   o f  

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

t h e   p u m p i n g   a p p a r a t u s   of  s a i d   F i g .   1.  In  F i g .   3,  t h e   m o v e m e n t  

of  o u t l e t   v a l v e   28  and  i n l e t   v a l v e   30  of   p u m p i n g   c h a m b e r   12  

c o r r e s p o n d s   to   t r a c e s   102  and  104,   r e s p e c t i v e l y ;   t h e   m o v e m e n t  

of  p i s t o n s   24  and  54  in  c y l i n d e r s   22  and  52,   r e s p e c t i v e l y ,  

c o r r e s p o n d   to   t r a c e s   106  and  108,   r e s p e c t i v e l y ;   and  t he   m o v e m e n t  

of  o u t l e t   v a l v e   58  and  i n l e t   v a l v e   60  of  p u m p i n g   c h a m b e r   14 

c o r r e s p o n d   to   t r a c e s   110  and  112,   r e s p e c t i v e l y ,   w i t h   a l l   of   s a i d  

m o v e m e n t s   v a r y i n g   as  a  f u n c t i o n   of  t i m e .  

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

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



a s s u m e   t h a t   o u t l e t   v a l v e s   28  and  58  a r c   in  t he   open   p o s i t i o n ;  

t h a t   i n l e t   v a l v e s   30  and  60  a r c   in  t h e   c l o s e d   p o s i t i o n ;   t h a t  

p u m p a b l e   m a t e r i a l   16  i s   b e i n g   moved  t h r o u g h   o u t l e t   v a l v e   28 

o f   p u m p i n g   c h a m b e r   12  i n t o   common  c o n d u i t   20  by  the   u p w a r d  

m o v e m e n t   o f   p i s t o n   24  w i t h i n   c y l i n d e r   22;  and  t h a t   p u m p i n g  

c h a m b e r   14  h a s   b e e n   f i l l e d   w i t h   m a t e r i a l   16  and  t h a t   t h i s  

m a t e r i a l   h a s   p r e v i o u s l y   b e e n   p r e s s u r i z e d   to   t h e   same  p r e s s u r e  

as  t h a t   of  t h e   m a t e r i a l   in   s a i d   c h a m b e r   12.  T h i s   c o n d i t i o n  

o c c u r s   a t   t i m e   T1  in  t h e   t i m e   l i n e   of   F i g .   3 .  

R e f e r r i n g   now  to   F i g s .   1,  2  and  3,  and  p r o g r e s s i n g  

f r o m   t i m e   T1  to   t i m e   T2,  a t   t i m e   T2  u p p e r   l i m i t   m i c r o s w i t c h  

a c t u a t o r   42  a c t u a t e s   p i s t o n   t r a v e l   s e n s o r   46  as  i t   is  moved  t o  

a  p r e s e l e c t e d   u p p e r   t r a v e l   l i m i t   of  p i s t o n   24  by  t he   r o t a t i o n  

of  l e a d   s c r e w   36  in   h o u s i n g   38  and  t h e   r o t a t i o n   of   s t e p p e r  

m o t o r   34.  The  u p p e r   l i m i t   s i g n a l   p r o d u c e d   by  s a i d   s e n s o r   46 

i s   r o u t e d   to   m i c r o p r o c e s s o r   c o n t r o l   m e a n s   48  t h r o u g h   p a t h   5 0 .  

P r i o r   to   t i m e   T2,  m i c r o p r o c e s s o r   c o n t r o l   means   48  was  t r a n s -  

m i t t i n g   a  c o n s t a n t   r a t e   o f   p u l s e s   to  s t e p p e r   m o t o r   34  t h r o u g h  

p a t h   90  c a u s i n g   t h e   c o n s t a n t   r a t e   o f   r o t a t i o n   o f   s a i d   s t e p p e r  

m o t o r   34  and   a  c o r r e s p o n d i n g   c o n s t a n t   r a t e   of   l i n e a r   u p w a r d  

m o v e m e n t   of   p i s t o n   24  in   c y l i n d e r   22,  s a i d   p i s t o n   24  b e i n g  

c o u p l e d   to   s a i d   m o t o r   34  as  p r e v i o u s l y   d e s c r i b e d .   T h i s   u p p e r  

l i m i t   s i g n a l   i s ,   in   e f f e c t ,   i n s t r u c t i o n s   to   m i c r o p r o c e s s o r  

c o n t r o l   m e a n s   48  t h a t   p i s t o n   24  i s   n e a r i n g   t h e   c u r r e n t   l i m i t  

o f   i t s   a b i l i t y   to   p u s h   m a t e r i a l   16  t h r o u g h   o u t l e t   v a l v e   28  a n d  

i n t o   common  c o n d u i t   20  and   t h a t   i t   i s   t i m e   to   c h a n g e   o v e r   t o  

a n o t h e r   s o u r c e   of  m a t e r i a l   16  and  means   f o r   m o v i n g   s a m e  i n t o  

s a i d   common  c o n d u i t   2 0 .  

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

p r o c e s s o r   c o n t r o l   means   48  a t   t ime   T2,  s a i d   c o n t r o l   means   48  



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

to   s t e p p e r   m o t o r   34  w h i c h   r e d u c e s   t h e   r a t e   of  u p w a r d   m o v e m e n t  

of  p i s t o n   24,  and  s i m u l t a n e o u s l y ,   and  to   t h e   same  e x t e n t ,   s t a r t s  

s e n d i n g   p u l s e s   to   s t e p p e r   m o t o r   64  t h r o u g h   p a t h   92  in  a c c o r d a n c e  

w i t h   p r e p r o g r a m m e d   i n s t r u c t i o n s   in   s a i d   c o n t r o l   means   48  c a u s i n g  

s a i d   s t e p p e r   m o t o r   64  to  s t a r t   m o v i n g   p i s t o n   54  u p w a r d   u n t i l  

t h e   r a t e   of   p u l s e s   b e i n g   s e n t   to  s t e p p e r   m o t o r   34  has   b e e n  

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

m o t o r   64  has   b e e n   i n c r e a s e d   by  c o n t r o l   means   48  to  t h e   p u l s e  

r a t e   t h a t   was  b e i n g   a p p l i e d   to   s t e p p e r   m o t o r   34  i m m e d i a t e l y  

p r i o r   to   t i m e   T2.  More  s p e c i f i c   d e t a i l s   of   t h e   t i m e s   o f  

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

a p p l i e d   to   s t e p p e r   m o t o r s   34  and  64  by  m i c r o p r o c e s s o r   c o n t r o l  

means   48  when  c h a n g i n g   f rom  one  p u m p i n g   c h a m b e r   c o m b i n a t i o n  

to   a n o t h e r ,   w i l l   be  d i s c u s s e d   b e l o w   w i t h   r e f e r e n c e   to  F i g .   4 .  

Wi th   c o n t i n u e d   r e f e r e n c e   to  F i g s .   1,  2  and  3,  a t  

t i m e   T3  c h a n g e o v e r   f rom  p u m p i n g   c h a m b e r   12  to  p u m p i n g   c h a m b e r   14 

i s   c o m p l e t e   in  t h a t   a l l   of  t h e   m a t e r i a l   16  b e i n g   s u p p l i e d   t o  

common  c o n d u i t   20  i s   b e i n g   moved  t h r o u g h   p u m p i n g   c h a m b e r   14 

by  t h e   u p w a r d   m o v e m e n t   of  p i s t o n   54  a t   s a i d   t i m e   T3.  I n  

a d d i t i o n ,   a t   t i m e   T3  m i c r o p r o c e s s o r   c o n t r o l   means   48  s e n d s  

a  p r e p r o g r a m m e d   v a l v e   c l o s e   s i g n a l   t h r o u g h   p a t h   98  to  i n i t i a t e  

t h e   c l o s i n g   of   c h a m b e r   12  o u t l e t   v a l v e   28.  By  o p e r a t i n g   o u t l e t  

v a l v e   28  when  t h e   p r e s s u r e s   on  e a c h   s i d e   of  same  a r e   e q u a l  

l i t t l e ,   i f   any ,   s h e a r i n g   of  t h e   pumped   m a t e r i a l   o c c u r s   w h i c h  

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

pumped  m a t e r i a l .  

At  t i m e   T4  s a i d   o u t l e t   v a l v e   28  is   f u l l y   c l o s e d   a n d  

at   t h a t   t i m e   m i c r o p r o c e s s o r   c o n t r o l   means   48  s e n d s   a  p r e p r o -  

grammed  v a l v e   open  s i g n a l   t h r o u g h   p a t h   94  to  i n i t i a t e   t h e  



o p e n i n g   of   c h a m b e r   12  i n l e t   v a l v e   30.  At  t i m e   T5  i n l e t  

v a l v e   30  i s   f u l l y   o p e n e d   and   s a i d   t i m e   T5  m i c r o p r o c e s s o r  

c o n t r o l   means   48  s e n d s   m o t o r   r e v e r s e   s i g n a l   p u l s e s   to  s t e p p e r  

m o t o r   34  t h r o u g h   p a t h   90  w h i c h   r e v e r s e s   t h e   r o t a t i o n a l  

d i r e c t i o n   of  s t e p p e r   m o t o r   34  and  t h e   l i n e a r   d i r e c t i o n   o f  

p i s t o n   24  m e c h a n i c a l l y   c o u p l e d   t h e r e t o .   The  r e v e r s e   d i r e c t i o n  

l i n e a r   s p e e d   of  p i s t o n   24  i s   a p p r o x i m a t e l y   t w i c e   t h a t   of  i t s  

u p w a r d   or   f o r w a r d   d i r e c t i o n .   M a t e r i a l   16  in   r e s e r v o i r   18  

b e g i n s   to   f l o w   t h r o u g h   i n l e t   v a l v e   30  and  i n t o   p r e s s u r e  

c h a m b e r   12  and  c y l i n d e r   22  u n d e r   t h e   i n f l u e n c e   of  t h e   p r e s s u r e  

in  r e s e r v o i r   18  a t   s a i d   t i m e   T5.  A  p r e s s u r e   head   i s   m a i n t a i n e d  

in  r e s e r v o i r   18  to   p r e v e n t   t h e   c o l l a p s e   of   r o l l i n g   s e a l   2 6 .  

J u s t   p r i o r   t o   t i m e   T6  t h e   d o w n w a r d   o r   c y l i n d e r   22  

f i l l i n g   m o v e m e n t   of   p i s t o n   24  i s   t e r m i n a t e d   by  m i c r o p r o c e s s o r  

c o n t r o l   means   48  in  r e s p o n s e   to   a  l o w e r   p i s t o n   t r a v e l   l i m i t  

s i g n a l   f r o m   p i s t o n   t r a v e l   s e n s o r   46,  and  a t   s a i d   t i m e   T6  s a i d  

m i c r o p r o c e s s o r   c o n t r o l   means   48  s e n d s   a  p r e p r o g r a m m e d   v a l v e  

c l o s e   s i g n a l   t h r o u g h   p a t h   94  to   i n i t i a t e   t h e   c l o s i n g   o f  

c h a m b e r   12  i n l e t   v a l v e   30.  In  t h i s   t h e   p r e f e r r e d   e m b o d i m e n t ,  

t h e   d o w n w a r d   or  c y l i n d e r   f i l l i n g   m o v e m e n t   of   p i s t o n   24  i s  

a p p r o x i m a t e l y   t w i c e   t h e   r a t e   o f   i t s   u p w a r d   o r   m a t e r i a l   16  

p u m p i n g   m o v e m e n t .   At  t i m e   T7  i n l e t   v a l v e   30  has   f u l l y   c l o s e d  

and   a t   s a i d   t i m e   T7  m i c r o p r o c e s s o r   c o n t r o l   means   48  s e n d s   a  

p r e p r o g r a m m e d   s e q u e n c e   of   p u l s e s   to  s t e p p e r   m o t o r   34  to  c a u s e  

s a i d   m o t o r   34  to   move  p i s t o n   24  u p w a r d   and  c o m p r e s s   t h e  

m a t e r i a l   16  w i t h i n   p u m p i n g   c h a m b e r   12  i f   t h e   p r e s s u r e   i n  

p u m p i n g   c h a m b e r   12  i s   l e s s   t h a n   t h e   p r e s s u r e   in  p u m p i n g  

c h a m b e r   14  as  d e t e r m i n e d   by  o u t l e t   v a l v e   o p e n i n g   means   8 0 ,  

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

m e a n s   48  t h r o u g h   p a t h   86.  When  t h e   p r e s s u r e   in   s a i d   p u m p i n g  



c h a m b e r   12  i s   e q u a l   to   t h e   p r e s s u r e   on  m a t e r i a l   16  i n  

p u m p i n g   c h a m b e r   14  as  d e t e r m i n e d   by  p r e s s u r e   s e n s o r s   32 

and  62  and  o u t l e t   v a l v e   o p e n i n g   means   80,  w h i c h   o c c u r s   a t  

t i m e   T8,  a  s i g n a l   i n d i c a t i n g   s u c h   p r e s s u r e   e q u a l i z a t i o n   i s  

s e n t   to  m i c r o p r o c e s s o r   c o n t r o l   means   48  by  o u t l e t   v a l v e  

o p e n i n g   means   80  t h r o u g h   p a t h   86  w h i c h   c a u s e s   s a i d   c o n t r o l  

m e a n s   48  to   t e r m i n a t e   t h e   p r e s s u r i z i n g   r o t a t i o n   of  s t e p p e r  

m o t o r   34  and  to   i n i t i a t e   t h e   o p e n i n g   of   o u t l e t   v a l v e   28  

o n c e   s u c h   s t e p p e r   m o t o r   34  r o t a t i o n   has   been   t e r m i n a t e d .  

O u t l e t   v a l v e   28  i s   o p e n e d   when  t he   p r e s s u r e s   on  b o t h   s i d e s  

a r e   e q u a l ,  w h i c h   m i n i m i z e s   s h e a r i n g   of  t h e   pumped   m a t e r i a l .  

At  t i m e   T9  o u t l e t   v a l v e   28  has  f u l l y   o p e n e d   and  s t e p p e r  

m o t o r   34  i s   in   a  q u i e s c e n t   s t a t e   w a i t i n g   f o r   a  s e r i e s   o f  

p u l s e s   f r o m   m i c r o p r o c e s s o r   c o n t r o l   means   48  t h a t   w i l l   c a u s e  

s a i d   s t e p p e r   m o t o r   34  to   r o t a t e   and  move  p i s t o n   24  u p w a r d  

in  c y l i n d e r   22  and   p u s h   m a t e r i a l   16  w i t h i n   p u m p i n g   c h a m b e r   12 

t h r o u g h   o u t l e t   v a l v e   28  and  i n t o   common  c o n d u i t   2 0 .  

At  t i m e   T10  u p p e r   l i m i t   m i c r o s w i t c h   a c t u a t o r   72  

a c t u a t e s   p i s t o n   t r a v e l   s e n s o r   76  as  i t   i s   moved  to   a  p r e s e l e c t e d  

u p p e r   t r a v e l   l i m i t   o f   p i s t o n   54  by  t h e   r o t a t i o n   of   l e a d   s c r e w   66 

in   h o u s i n g   68  and   t h e   r o t a t i o n   of   s t e p p e r   m o t o r   64.  The  u p p e r  

l i m i t   s i g n a l   p r o d u c e d   by  s a i d   s e n s o r   76  i s   r o u t e d   to   m i c r o -  

p r o c e s s o r   c o n t r o l   m e a n s   48  t h r o u g h   p a t h   78.  I m m e d i a t e l y   p r i o r  

to   t i m e   T10,   c o n t r o l   m e a n s   48  was  t r a n s m i t t i n g   a  c o n s t a n t   r a t e  

of   p u l s e s   to   s t e p p e r   m o t o r   64  t h r o u g h   p a t h   92  c a u s i n g   a  c o n s t a n t  

r a t e   of   r o t a t i o n   of  s a i d   s t e p p e r   m o t o r   64  and  a  c o r r e s p o n d i n g  

c o n s t a n t   r a t e  o f   l i n e a r   u p w a r d   m o v e m e n t   of  p i s t o n   54  in  c y l i n d e r  

52,  s a i d   p i s t o n   54  b e i n g   c o u p l e d   to   s a i d   m o t o r   64  as  p r e v i o u s l y  

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

s e n s o r   76  n o t i f i e s   c o n t r o l   means   48  t h a t   p i s t o n   54  i s   n e a r   t h e  



c u r r e n t   l i m i t   o f   i t s   a b i l i t y   to  push   m a t e r i a l   16  t h r o u g h   o u t l e t  

v a l v e   58  and  i n t o   common  c o n d u i t   20,  and  t h a t   i t   i s   t i m e   t o  

c h a n g e   o v e r   t o   a n o t h e r   s o u r c e   of   s a i d   m a t e r i a l   16  and  m e a n s  

f o r   m o v i n g   same  i n t o   s a i d   common  c o n d u i t   2 0 .  

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

t r a v e l   s e n s o r   76  by  m i c r o p r o c e s s o r   c o n t r o l   means   48  w h i c h   o c c u r s  

a t   t i m e   T10,   s a i d   c o n t r o l   m e a n s   48  s t a r t s   r e d u c i n g   t h e   n u m b e r  

of   d i g i t a l   p u l s e s   t h a t   i t   i s   t r a n s m i t t i n g   to  s t e p p e r   m o t o r   64 

w h i c h   r e d u c e s   t h e   r a t e   of   u p w a r d   m o v e m e n t   of  p i s t o n   54,  a n d  

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

to  s t e p p e r   m o t o r   34  t h r o u g h   p a t h   90  in   a c c o r d a n c e   w i t h   p r e -  

p r o g r a m m e d   i n s t r u c t i o n s   in   s a i d   c o n t r o l   means  48  c a u s i n g   s a i d  

s t e p p e r   m o t o r   34  to   s t a r t   m o v i n g   p i s t o n   24  u p w a r d   u n t i l   t h e  

r a t e   of  p u l s e s   b e i n g   s e n t   to   s t e p p e r   m o t o r   64  has   b e e n   r e d u c e d  

to   z e r o   and  t h e   r a t e   o f   p u l s e s   b e i n g   s e n t   to  s t e p p e r   m o t o r   34 

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

was  b e i n g   a p p l i e d   to   s t e p p e r   m o t o r   64  i m m e d i a t e l y   p r i o r   t o  

t i m e   T 1 0 .  

At  t i m e   T11  c h a n g e o v e r   f rom  p u m p i n g   c h a m b e r   14  t o  

p u m p i n g   c h a m b e r   12  i s   c o m p l e t e   in   t h a t   a l l   of  t h e   m a t e r i a l   16  

b e i n g   s u p p l i e d   to   common  c o n d u i t   20  i s   b e i n g   moved  t h r o u g h  

p u m p i n g   c h a m b e r   12  by  t h e   u p w a r d   m o v e m e n t   of  p i s t o n   24  a t   s a i d  

t i m e   T11.   In  a d d i t i o n ,   a t   t i m e   T11,   m i c r o p r o c e s s o r   c o n t r o l  

means   48  s e n d s   a  p r e p r o g r a m m e d   v a l v e   c l o s e   s i g n a l   t h r o u g h  

p a t h   100  to   i n i t i a t e   t h e   c l o s i n g   of   c h a m b e r   14  o u t l e t   v a l v e   5 8 .  

O u t l e t   v a l v e   58  i s   c l o s e d   when  t h e   p r e s s u r e s   on  b o t h   s i d e s   a r e  

e q u a l ,   w h i c h   m i n i m i z e s   s h e a r i n g   of   t h e   pu.nped  m a t e r i a l .  

At  t i m e   T12  o u t l e t   v a l v e   58  i s   f u l l y   c l o s e d   and  a t  

t h a t   t i m e ,   m i c r o p r o c e s s o r   c o n t r o l   means   48  s e n d s  a   p r e p r o g r a m m e d  

v a l v e   open  s i g n a l   t h r o u g h   p a t h   96  to  i n i t i a t e   t h e   o p e n i n g   o f  



c h a m b e r   14  i n l e t   v a l v e   60.  At  t i m e   T13  i n l e t   v a l v e   60  i s  

f u l l y   o p e n e d   and  a t   s a i d   t i m e   T13  m i c r o p r o c e s s o r   c o n t r o l  

means   48  s e n d s   a  m o t o r   r e v e r s e   s i g n a l   to  s t e p p e r   m o t o r   64 

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

s t e p p e r   m o t o r   64  and  t h e   l i n e a r   d i r e c t i o n   of   p i s t o n   54 

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

s p e e d   of  p i s t o n   54  i s   a p p r o x i m a t e l y   t w i c e   t h a t   of   i t s   u p w a r d  

or   f o r w a r d   d i r e c t i o n .   M a t e r i a l   16  in   r e s e r v o i r   18  b e g i n s   t o  

f l o w   t h r o u g h   i n l e t   v a l v e   60  and  i n t o   p u m p i n g   c h a m b e r   14  u n d e r  

t h e   i n f l u e n c e   of   t h e   p r e s s u r e   in   r e s e r v o i r   18  a t   s a i d   t i m e   T 1 3 .  

A  p r e s s u r e   h e a d   i s   m a i n t a i n e d   in  t h e   r e s e r v o i r   to   p r e v e n t   t h e  

c o l l a p s e   o f   r o l l i n g   s e a l   5 6 .  

J u s t   p r i o r   to  t i m e   Tl4  t h e   downward   or   c y l i n d e r   52  

f i l l i n g   m o v e m e n t   of  p i s t o n   54  i s   t e r m i n a t e d   by  m i c r o p r o c e s s o r  

c o n t r o l   m e a n s   48  in  r e s p o n s e   to  a  l o w e r   p i s t o n   t r a v e l   l i m i t  

s i g n a l   f r o m   p i s t o n   t r a v e l   s e n s o r   76,  and  a t   s a i d   t i m e   T14  s a i d  

m i c r o p r o c e s s o r   c o n t r o l   m e a n s   48  s e n d s   a  p r e p r o g r a m m e d   v a l v e   c l o s e  

s i g n a l   t h r o u g h   p a t h   96  t o   i n i t i a t e   t h e   c l o s i n g   of   c h a m b e r   14  

i n l e t   v a l v e   60.  At  t i m e   T15  i n l e t   v a l v e   60  has   f u l l y   c l o s e d   a n d  

a t   s a i d   t i m e   T15  m i c r o p r o c e s s o r   c o n t r o l   means   48  s e n d s   a  p r e p r o -  

g rammed   s e q u e n c e   of  p u l s e s   to   s t e p p e r   m o t o r   64  to   c a u s e   s a i d  

m o t o r   64  to   move  p i s t o n   54  u p w a r d   to   c o m p r e s s   t h e   m a t e r i a l   16  

w i t h i n   p u m p i n g   c h a m b e r   14  i f   t h e   p r e s s u r e   in  p u m p i n g   c h a m b e r   14 

is   l e s s   t h a n   t h e   p r e s s u r e   in  p u m p i n g   c h a m b e r   12  as  d e t e r m i n e d  

by  o u t l e t   v a l v e   o p e n i n g   m e a n s   80,  i n f o r m a t i o n   t h a t   i s   r o u t e d  

to  s a i d   m i c r o p r o c e s s o r   c o n t r o l   means   48  t h r o u g h   p a t h   86.  When  

t he   p r e s s u r e   in  s a i d   p u m p i n g   c h a m b e r   14  i s   e q u a l   to  t h e   p r e s s u r e  

on  m a t e r i a l   16  in  p u m p i n g   c h a m b e r   12  as  d e t e r m i n e d   by  p r e s s u r e  

s e n s o r s   32  and  62  and  o u t l e t   v a l v e   o p e n i n g   m e a n s   80,  w h i c h  

o c c u r s   a t   t i m e   T16,   a  s i g n a l   i n d i c a t i n g   such   p r e s s u r e   e q u a l i z a t i o n  



i s   s e n t   to   m i c r o p r o c e s s o r   c o n t r o l   means   48  by  o u t l e t   v a l v e  

o p e n i n g   m e a n s   80  t h r o u g h   p a t h   86  w h i c h   c a u s e s   s a i d   c o n t r o l  

means   48  to   t e r m i n a t e   t h e   p r e s s u r i z i n g   r o t a t i o n   of  s t e p p e r  

m o t o r   64  and  to   i n i t i a t e   t h e   c l o s i n g   of  i n l e t   v a l v e   60  o n c e  

s u c h   s t e p p e r   m o t o r   64  r o t a t i o n   has   been   t e r m i n a t e d .   At  t i m e  

T16  m i c r o p r o c e s s o r   c o n t r o l   m e a n s   48  a l s o   i n i t i a t e s   t h e   o p e n i n g  

of  c h a m b e r   14  o u t l e t   v a l v e   58.   O u t l e t   v a l v e   58  i s   o p e n e d   w h e n  

t h e   p r e s s u r e s   on  b o t h   s i d e s   of  same  a r e   e q u a l ,   w h i c h   m i n i m i z e s  

s h e a r i n g   o f   t he   pumped   m a t e r i a l .   At  t i m e   T17  o u t l e t   v a l v e   58  

h a s   f u l l y   o p e n e d   and   s t e p p e r   m o t o r   64  i s   in   a  q u i e s c e n t   s t a t e  

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

m e a n s   48  t h a t   w i l l   c a u s e   s a i d   s t e p p e r   m o t o r   64  to  r o t a t e   a n d  

move  p i s t o n   54  u p w a r d   in  c y l i n d e r   52  and  p u s h   m a t e r i a l   16  

w i t h i n   p u m p i n g   c h a m b e r   14  t h r o u g h   o u t l e t   v a l v e   58  and  i n t o  

common  c o n d u i t   2 0 .  

At  t i m e   T18  a n o t h e r   c h a n g e o v e r   t r o m   c h a m b e r   1 2 ,  

s t e p p e r   m o t o r   3 4 / p i s t o n   24  to   c h a m b e r   14,  s t e p p e r   m o t o r   6 4 /  

p i s t o n   54  i s   i n i t i a t e d   by  t h e   a c t u a t i o n   o f   p i s t o n   t r a v e l   s e n s o r  

46  by  u p p e r   l i m i t   m i c r o s w i t c h   a c t u a t o r   42.  The  s e q u e n c e   o f  

o p e r a t i o n s   t h a t   o c c u r   a t   t i m e s   T18,   T19,   T20  and  T21  a r e   t h e  

same  as  t h e   s e q u e n c e   of   o p e r a t i o n s   t h a t   o c c u r   a t   t i m e s   T2,  T 3 ,  

T4  and  T 5   r e s p e c t i v e l y .   C h a n g e o v e r s   in  t h e   m a n n e r   d e s c r i b e d  

f r o m   t i m e s   T1  t h r o u g h   T21  f r o m   t h e   p u m p i n g   and  f i l l i n g   a p p a r a t u s  

a s s o c i a t e d   w i t h   c h a m b e r   12  t o   t h e   p u m p i n g   and  f i l l i n g   a p p a r a t u s  

a s s o c i a t e d   w i t h   c h a m b e r   14,  and   v i c e   v e r s a ,   w i l l   c o n t i n u e   s o  

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

i n v e n t i o n   c o n t i n u e s   to  o p e r a t e   in  t h e   m a n n e r   d e s c r i b e d   a b o v e .  

In  F i g .   4,  two  t r a c e s ,   114  and  116 ,   show  t h e   t i m e s  

of   o c c u r r e n c e   and  t h e   r a t e s   o f  c h a n g e   of   t h e   p u l s e s   t h a t   a r e  

a p p l i e d   to   s t e p p e r   m o t o r s   34  and  64  by  m i c r o p r o c e s s o r   c o n t r o l  



means   48  when  c h a n g i n g   f r o m   one  p u m p i n g   c h a m b e r   to  a n o t h e r .  

T h e s e   two  c h a n g e o v e r   s e q u e n c e s   a r e   d e s i g n a t e d   c h a n g e o v e r   A 

and  c h a n g e o v e r   B  in  b o t h   F i g s .   3  and  4.  R e f e r r i n g   now  t o  

F i g s .   3  and  4,  d u r i n g   c h a n g e o v e r   A,  t h e   r o t a t i o n a l   s p e e d   o f  

s t e p p e r   m o t o r   34  and   t h e   l i n e a r   s p e e d   of   p i s t o n   24  w h i c h   i s  

m e c h a n i c a l l y   c o u p l e d   to   s a i d   s t e p p e r   m o t o r   34  a r e   r e d u c e d   f r o m  

a  maximum  r a t e   of   s p e e d   t o   z e r o   and  t h e   r o t a t i o n a l   s p e e d   o f  

s t e p p e r   m o t o r   64  and  t h e   l i n e a r   s p e e d   of  p i s t o n   54  w h i c h   i s  

m e c h a n i c a l l y   c o u p l e d   to   s a i d   s t e p p e r   m o t o r   64  a r e   i n c r e a s e d  

f r o m   z e r o   to   t h e i r   maximum  r a t e s   o f  s p e e d .   At  any  p o i n t   i n  

t i m e   d u r i n g   e i t h e r   c h a n g e o v e r   A  or   c h a n g e o v e r   B,  t h e   sum  o f  

t h e   p u l s e s   b e i n g   a p p l i e d   to   b o t h   s t e p p e r   m o t o r s   34  and  64  i s  

a l w a y s   e q u a l   to   t h e   n u m b e r   of  p u l s e s   b e i n g   a p p l i e d   to   e i t h e r  

s t e p p e r   m o t o r   34  or   s t e p p e r   m o t o r   64  i m m e d i a t e l y   b e f o r e   o r  

i m m e d i a t e l y   a f t e r   s a i d   c h a n g e o v e r s   A  or  B.  D u r i n g   c h a n g e o v e r   A ,  

e v e r y   t i m e   an  i n p u t   p u l s e   i s   a d d e d   to  t h e   i n p u t   of   s t e p p e r  

m o t o r   64  ( p i s t o n   5 4 ) ,   an  i n p u t   p u l s e   i s   s i m u l t a n e o u s l y   s u b -  

t r a c t e d   f r o m   t h e   i n p u t   to   s t e p p e r   m o t o r   34  ( p i s t o n   24)  u n t i l  

t h e   r a t e   of   r o t a t i o n   of   s t e p p e r   m o t o r   34  i s   r e d u c e d   to   z e r o  

and   t h e   r a t e   o f   r o t a t i o n   of  s t e p p e r   m o t o r   64  has   i n c r e a s e d  

t o   w h a t   t h e   r a t e   of   r o t a t i o n   of   s t e p p e r ' m o t o r   34  was  i m m e d i a t e l y  

p r i o r   to  t h e   o c c u r r e n c e   of   c h a n g e o v e r   A.  A l s o ,   d u r i n g   c h a n g e -  

o v e r   B,  e v e r y   t i m e   an  i n p u t   p u l s e   i s   a d d e d   to   t h e   i n p u t   o f  

s t e p p e r   m o t o r   34  ( p i s t o n   2 4 ) , a n   i n p u t   p u l s e   i s   s i m u l t a n e o u s l y  

s u b t r a c t e d   f rom  t h e   i n p u t   to   s t e p p e r   m o t o r   6 4 / p i s t o n   54  u n t i l  

t h e   r a t e   of   r o t a t i o n   of  s t e p p e r   m o t o r   64  i s   r e d u c e d   to   z e r o   a n d  

t h e   r a t e   of  r o t a t i o n   of   s t e p p e r   m o t o r   34  has   i n c r e a s e d   to  w h a t  

t h e   r a t e   of   r o t a t i o n   of  s t e p p e r   m o t o r   64  was  i m m e d i a t e l y   p r i o r  

to  t h e   o c c u r r e n c e   of  c h a n g e o v e r   B .  



DISCUSSION 

S t e p p e r   m o t o r s   a r e   p r e s e n t l y   a v a i l a b l e   t h a t   u t i l i z e  

6 , 4 0 0   i n p u t   p u l s e s   in  o r d e r   to   g e n e r a t e   a  s i n g l e   s t o p p e r   m o t o r  

r e v o l u t i o n .   S t e p p e r   m o t o r s   r e q u i r i n g   3 , 2 0 0   i n p u t   p u l s e s   f o r  

one   r e v o l u t i o n   a r e   u t i l i z e d   in  t h e   p r e f e r r e d   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n .   F o r   c o n v e n i e n c e ,   o n l y   a  v e r y   s m a l l   f r a c t i o n  

of   t h e   a c t u a l   n u m b e r   o f   s t e p p e r   m o t o r   p u l s e s   have   b e e n   shown  i n  

t h e   c h a n g e o v e r   p o r t i o n   o f   t h e   t r a c e s   d e p i c t e d   in  F i g .   4.  By 

u t i l i z i n g   a  s t e p p e r   m o t o r   r e q u i r i n g   a  h i g h   n u m b e r   of   i n p u t  

p u l s e s   to  a  s t e p p e r   m o t o r   r e v o l u t i o n   and  s i m u l t a n e o u s l y  

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

s t e p p e r   m o t o r s   in  t h e   m a n n e r   d e s c r i b e d   a b o v e ,   and  by  u t i l i z i n g  

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

v a r i a t i o n s   a r e   i n t r o d u c e d   i n t o   m a t e r i a l   16  w h i c h   makes   i t  

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

a  s u b s t r a t e   s u c h   as  a  m o v i n g   w e b .  

A  p a i r   of   c y l i n d e r / p i s t o n   pumps  h a v e   b e e n   d e s c r i b e d  

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

p r e s e n t   i n v e n t i o n .   The  p r e s e n t   i n v e n t i v e   c o n c e p t   a l s o  

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

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

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

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

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

i n t o   t he   m a t e r i a l   b e i n g   p u m p e d .  

M i c r o p r o c e s s o r   c o n t r o l  m e a n s   48  i s   a  c o n v e n t i o n a l  

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

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

i n s t r u c t i o n s   when  c e r t a i n   pump  c o n d i t i o n s   s u c h   as  c h a m b e r  

p r e s s u r e   or   p i s t o n   t r a v e l   p o s i t i o n s   e x i s t .   A p p a r a t u s   c a p a b l e  



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

means   48  have   been   and  a r e   p r e s e n t l y   a v a i l a b l e   in  the   m a r k e t p l a c e .  

The  o u t l e t   v a l v e s   d e s c r i b e d   h e r e i n   h a v e   b e e n  

d e s c r i b e d   as  v a l v e s   of  t h e   low  s h e a r ,   z e r o   d i s p l a c e m e n t   t y p e .  

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

low  a m o u n t   of  s h e a r   when  a c t u a t e d   b e t w e e n   t h e i r   open   a n d  

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

o p e r a t e d   has   more   of  an  e f f e c t   on  f l u i d   s h e a r i n g   t h a n   t h e  

s p e c i f i c   v a l v e   s t r u c t u r e .   As  d e s c r i b e d   a b o v e ,   o u t l e t   v a l v e s  

28  and  58  a r e   a c t u a t e d   b e t w e e n   t h e i r   open   and  c l o s e d   p o s i t i o n  

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

e q u a l i z e d .   W h i l e   v a l v e   s t r u c t u r e   s i g n i f i c a n t l y   r e d u c e s  

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

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

t h a t   has   t h e   g r e a t e s t   e f f e c t   on  t h e   r e d u c t i o n   of  f l u i d   s h e a r .  

The  s t e p p e r   m o t o r / l e a d   s c r e w   c o m b i n a t i o n   d e p i c t e d  

in   F i g .   1  i s   one  in  w h i c h   t h e   l e a d   s c r e w   moves   t h r o u g h   t h e  

c e n t e r   of   i t s   a s s o c i a t e d   s t e p p e r   m o t o r   f o r   p r o p e r   p i s t o n   m o v e m e n t .  

L e s s   c o m p l e x   a p p a r a t u s   may  be  u t i l i z e d   when  v e r t i c a l   s p a c e   i s   n o t  

a t   a  p r e m i u m ,   a p p a r a t u s   w h e r e   no  l i n e a r   m o v e m e n t   o c c u r s   b e t w e e n  

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

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

in  o r d e r   to  a c h i e v e   p r o p e r   p i s t o n   m o v e m e n t .  

The  t e r m s   " p u m p a b l e   m a t t e r   or  m a t e r i a l "   as  u t i l i z e d  

h e r e i n   means   a  l i q u i d   a n d / o r   a  g a s ,   or  a  s l u r r y   m i x t u r e .  

I t   w i l l  b e   a p p a r e n t   to  t h o s e   s k i l l e d   in  t h e   a r t  

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

i m p r o v e m e n t s   and  m o d i f i c a t i o n s   can   be  made  in  i t   w i t h o u t  

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

h e r e i n   a r e   m e r e l y   i l l u s t r a t i v e   and  s h o u l d   no t   be  v i e w e d   a s  

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



1.  A  pump  c o m p r i s i n g :  

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

c h a m b e r s   h a v i n g   an  i n l e t ,   an  o u t l e t   and  a  m o v a b l e   member   f o r  

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

m o v i n g   s a i d   m a t e r i a l   b e t w e e n   an  i n l e t   and  an  o u t l e t   of   i t s  

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

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

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

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

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

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

e a c h   of   s a i d   m o t o r s   h a v i n g   m e m b e r s   t h a t   a r e   r o t a t a b l e   in  e q u a l  

a n g u l a r   i n c r e m e n t s ;  

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

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

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

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

p u m p i n g   c h a m b e r ,   e a c h   c o u p l i n g   means   p r o v i d i n g   t h e   same  m e c h a n i c a l  

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

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

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

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

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

in  e a c h   of   s a i d   c h a m b e r s   a r e   e q u a l ;   a n d  

m e a n s   r e s p o n s i v e   t o   s a i d   m o v a b l e   member   p o s i t i o n  

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

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

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

s t e p p e r   m o t o r   and   s u b t r a c t e d   f r o m   s a i d   s e c o n d   s t e p p e r   m o t o r  



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

r e d u c e d   t o   z e r o   and  t h e   r a t e   of   r o t a t i o n   of   s a i d   s e c o n d   s t e p p e r  

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

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

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

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

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

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

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

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

c h a m b e r   by  s a i d   m o v a b l e   m e m b e r ,   and  f o r   t e r m i n a t i n g   t h e   m o v e m e n t  

of   s a i d   m o v a b l e   member   when  t h e   p r e s s u r e   i n   e a c h   o f   s a i d  

p u m p i n g   c h a m b e r s   a r e   e q u a l .  

2.  A  pump  c o m p r i s i n g :  

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

c h a m b e r s   h a v i n g   an  i n l e t ,   an  o u t l e t   and  a  member   m o v a b l e   f o r  

p r e s s u r i z i n g   and   f o r   m o v i n g   a  p u m p a b l e   m a t e r i a l   b e t w e e n   a n  

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

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

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

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

t h e   p r e s s u r e s   in   e a c h   of   s a i d   p u m p i n g   c h a m b e r s   a r e   e q u a l ;  

m e a n s   r e s p o n s i v e   to   s a i d   p r e s s u r e   s i g n a l   f o r  

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

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

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

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

in  e q u a l   i n c r e m e n t a l   s t e p s ;  

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

s t e p p e r   m o t o r   to   t h e   m o v e a b l e   member   of  s a i d   f i r s t   c h a m b e r ,  



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

to   t h e   m o v e a b l e   member   of   s a i d   s e c o n d   c h a m b e r ,   e a c h   of   s a i d  

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

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

m e a n s   r e s p o n s i v e   t o   t h e   f i r s t   p o s i t i o n   s i g n a l  

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

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

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

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

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

m o t o r   i s   r e d u c e d   to   z e r o   and   t h e   r a t e   of   m o v e m e n t   of   s a i d  

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

of   s a i d   f i r s t   s t e p p e r   m o t o r   was  i m m e d i a t e l y   p r i o r   t o   s a i d  

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

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

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

h a s   b e e n   r e d u c e d   to   z e r o   f o r   s u b s e q u e n t   m o v e m e n t   of   s a i d   m a t e r i a l  

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

s i g n a l   r e s u l t i n g   f r o m   m o v e m e n t   o f   s a i d   m o v e a b l e   member   of   t h e  

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

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

by  s a i d   m o v a b l e   member   of   t h e   f i r s t   c h a m b e r   f o r   c l o s i n g   s a i d  

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

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

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

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

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

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

t h e   p r e s s u r e s   i n   e a c h   of   s a i d   p u m p i n g   c h a m b e r s   a r e   e q u a l .  



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

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

i s   a  p i s t o n .  

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

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

and  to   s a i d   p r e s s u r e   s i g n a l   i s   m i c r o p r o c e s s o r   m e a n s   c a p a b l e   o f  

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

and  c l o s i n g   of   s a i d   i n l e t s ,   t h e   o p e n i n g   and  c l o s i n g   o f   s a i d  

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

m o t o r s   in   a c c o r d a n c e   w i t h   s e l e c t e d   pump  c o n d i t i o n s .  

5.  A p p a r a t u s   a c c o r d i n g   t o   c l a i m s   1  or  2,  w h e r e i n  

s a i d   p u m p a b l e   m a t e r i a l   i s   a  l i q u i d .  

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

s a i d   p u m p a b l e   m a t e r i a l   i s   a  g a s .  

7.  A p p a r a t u s   a c c o r d i n g   t o   c l a i m s   1  or   2,  w h e r e i n  

s a i d   p u m p a b l e   m a t e r i a l   i s   a  s l u r r y .  

8.  A  m e t h o d   of   o p e r a t i n g   a  p a i r   of  pumps  i n  

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

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

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

t h r o u g h   s a i d   common  c o n d u i t ,   t h e   m e t h o d   c o m p r i s i n g   t h e   s t e p s   o f :  

a)  o p e r a t i n g   a  f i r s t   of   s a i d   pumps   t o   d e l i v e r  

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

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

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

t h r o u g h   i t s   i n l e t ;  

b)  o p e r a t i n g   s a i d   s e c o n d   pump  to   c o m p r e s s   t h e  

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

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

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

p u m p ;  



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

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

r a t e   up  t o   s a i d   g i v e n   r a t e   w h i l e   o p e r a t i n g   s a i d   f i r s t   pump  t o  

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

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

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

t h r o u g h   s a i d   d i s c h a r g e   c o n d u i t ;  

e)  c l o s i n g   t h e   o u t l e t   of   s a i d   f i r s t   pump  when  t h e  

d e l i v e r y   r a t e   t h e r e o f   r e a c h e s   z e r o   and   t h e   d e l i v e r y   r a t e   of  s a i d  

s e c o n d   pump  r e a c h e s   s a i d   g i v e n   v a l u e ;  

f)  o p e r a t i n g   s a i d   f i r s t   pump  to   i n d u c e   t h r o u g h   i t s  

i n l e t   a  c h a r g e   o f   m a t e r i a l ;  

g)  o p e r a t i n g   s a i d   f i r s t   pump  in   t h e   same  m a n n e r  

as  t h e   s e c o n d   pump  i n   s t e p s   b ) ,   c)  and   d)  and   t h e   s e c o n d   p u m p  

in   t h e   same  m a n n e r   as   t h e   f i r s t   pump  i n   s t e p s   d ) ,   e)  and   f ) ;   a n d  

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

c y c l e s   as  s e t   f o r t h   in   s t e p s   b)  t h r o u g h   g ) .  

9.  A  pump  c o m p r i s i n g :  

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

c o u p l e d   t o   a  s o u r c e   o f   p u m p a b l e   m a t e r i a l ,   an  o u t l e t   c o u p l e d   t o  

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

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

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

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

c o n d u i t ;  

m e a n s   f o r   g e n e r a t i n g   a  p r e s s u r e   s i g n a l   r e p r e s e n t a t i v e  

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

m e a n s   f o r   g e n e r a t i n g   a  v o l u m e   s i g n a l   r e p r e s e n t a t i v e  

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

o f   m a t e r i a l   f r o m   s a i d   one   c h a m b e r   i s   r e d u c e d   t o   z e r o .  

10.   The  pump  of   c l a i m   9  w h e r e i n   s a i d   v o l u m e   s i g n a l   i s  

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

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

s a i d   c h a n g e o v e r   by  u n b l o c k i n g   t h e   o u t l e t   of   s a i d   o t h e r   c h a m b e r  

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

o f f s e t t i n g   r a t e s   r e s p o n s i v e   to   e q u a l   p r e s s u r e   s i g n a l s   f r o m  

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

c h a m b e r   and  f o r   t e r m i n a t i n g   s a i d   c h a n g e o v e r   by  b l o c k i n g   t h e   o u t l e -  

of   s a i d   one  c h a m b e r   and  m a i n t a i n i n g   t h e   a c t u a t i o n   of  s a i d   p u m p i n g  

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

a c t u a t i o n   of   t h e   p u m p i n g   m e a n s   of  s a i d   one  c h a m b e r   to   z e r o .  



11.   Pump  a p p a r a t u s   f o r   d e l i v e r i n g   m a t e r i a l   f r om  a  

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

c o n s t a n t   r a t e ,   s a i d   pump  a p p a r a t u s   c o m p r i s i n g :  

a  p a i r   of   p u m p s ,   e a c h   h a v i n g   a  p u m p i n g   c h a m b e r   w i t h  

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

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

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

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

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

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

i t   t o   t h e   c h a m b e r   o u t l e t ;  

p r e s s u r e   s e n s i n g   m e a n s   f o r   s e n s i n g   t h e   p r e s s u r e  

w i t h i n   e a c h   of   s a i d   c h a m b e r s ;  

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

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

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

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

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

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

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

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

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

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

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

f r o m   one   pump  t o   t h e   o t h e r ,  

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

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

t h e   d r i v e   m e a n s   of   s a i d   one   pump  a t   an  i n c r e m e n t a l l y   d e c r e a s i n g  

r a t e   w h i l e   o p e r a t i n g   t h e   d r i v e   m e a n s   of   s a i d   o t h e r   pump  a t   a  

r a t e   i n c r e a s i n g   in   i n c r e m e n t s   s u b s t a n t i a l l y   e q u a l   to   t h a t   o f  

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



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

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

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

c o n d u i t .  

12 .   The  pump  a p p a r a t u s   of   c l a i m   11  w h e r e i n   s a i d   c o n t r o l  

m e a n s   i n c l u d e s   m e a n s ,   when  s a i d   one   pump  i s   d e l i v e r i n g   m a t e r i a l  

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

s a i d   d r i v e   m e a n s   o f   s a i d   o t h e r   pump  to   i n i t i a l l y   w i t h d r a w  

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

and   t h e n   p r e s s u r i z e   s a i d   w i t h d r a w n   m a t e r i a l   to   a  p r e s s u r e  

s u b s t a n t i a l l y   e q u a l   t o   t h a t  o f   m a t e r i a l   w i t h i n   s a i d   one  p u m p ,  

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

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

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

s e n s i n g   m e a n s   i n d i c a t i n g   t h a t   s a i d   m o v a b l e   member   of  s a i d   o n e  

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

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

pump  by  f i r s t   u n b l o c k i n g   t h e   o u t l e t   t h e r e o f   and  t h e n   i n c r e m e n t a l l y  

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

s a i d   one   pump  w h i l e   i n i t i a t i n g   s a i d   i n c r e m e n t a l   i n c r e a s i n g  

d i s p l a c e m e n t   of   s a i d   m o v a b l e   member   of   s a i d   o t h e r   pump,   a n d  

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

s a i d   c h a n g e o v e r   by  b l o c k i n g   t h e   o u t l e t   of  s a i d   one  p u m p  

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

m o v a b l e   member   o f   s a i d   one  pump  to   z e r o .  
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