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Pump  having  piston  and  cylinder  rotatable  respectively  about  spaced  axes  transverse  to  the  reciprocating  axis. 
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A  pump  assembly  (10)  including  a  piston  (12)  connected  to  a 
rotating  wheel  (30)  by  a  pin  (32)  radially  offset  from  the  axis  of 
rotation  of  the  wheel  and  a cylinder  (14)  in  reciprocating  telescop- 
ing  relationship  with  the  piston  (12)  and  supported  by  a  hollow 
shaft  (26)  for  rotation  in  a  housing  member  (24)  so  that  the  piston 
(12)  rotates  about  the  axis  of  a  supporting  shaft  (22)  extending 
transversely  to  the  reciprocating  movement  while  the  cylinder 
(14)  rotates  about  another  axis  transverse  to  the  reciprocating 
movement  with  the  distance  between  the  two  axes  being  adjust- 
able  to  vary  the  displacement  of  the  pumping  chamber  (16) 
between  zero  when  the  two  axes  coincide  to  a  maximum  degree 
when  the  two  axes  are  spaced  the  maximum  amount.  The 
housing  (24)  rotatably  supporting  the  hollow  shaft  (26)  of  the 
cylinder  (14)  includes  two  fixed  fluid  ports  (50,  52)  which  alter- 
nately  communicate  with  an  axially  aligned  radial  port  (48)  in  the 
hollow  shaft  (26). 



TECHNICAL  F I E L D  

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

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

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

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

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

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

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

f l u i d   f l o w   to  and  f rom  t h e   p u m p i n g   c h a m b e r .  

BACKGROUND  ART 

A l t h o u g h   t he   s u b j e c t   i n v e n t i o n   may  have   o t h e r   u s e s ,  

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

s y s t e m .   A  m a r i n e   s t e e r i n g   s y s t e m   in  a  b o a t   t y p i c a l l y  

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

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

t h r o u g h   two  l i n e s   c o n n e c t e d   to   o p p o s i t e   e n d s   of  t h e  

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

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

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



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

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

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

d r i v e   an  a u x i l i a r y   h y d r a u l i c   f l u i d   pump  w h i c h   is   a l s o  

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

a u x i l i a r y   pumps  t y p i c a l l y   u s e d   in  s u c h   s y s t e m s   have   l o w  

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

c h e c k   v a l v e s   to  i s o l a t e   t h e   pump  f rom  the   r e m a i n d e r   of  t h e  

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

SUMMARY  OF  INVENTION  AND  ADVANTAGES 

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

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

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

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

t h e r e b e t w e e n .   A  p i s t o n   s u p p o r t   means   s u p p o r t s   t h e   p i s t o n  

member   f o r   r o t a t i o n   a b o u t   a  f i r s t   a x i s   e x t e n d i n g  

t r a n s v e r s e l y   to  t h e   r e c i p r o c a t i n g   a x i s .   In  a  s i m i l a r  

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

member   f o r   r o t a t i o n   a b o u t   a  s e c o n d   a x i s   e x t e n d i n g  

t r a n s v e r s e l y   to  t he   r e c i p r o c a t i n g   a x i s   so  t h a t   t he   p i s t o n  

member   r o t a t e s   a b o u t   t h e   f i r s t   a x i s   in  c o n j u n c t i o n   w i t h  

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

a s s e m b l y   is   c h a r a c t e r i z e d   by  t h e   c y l i n d e r   member   b e i n g  

open  e x c e p t   f o r   t h e   p i s t o n   member   to   e s t a b l i s h   o n l y   o n e  

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

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

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

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

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

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

c h a r a c t e r i z e d   by  a  f l u i d   p a s s a g e   e x t e n d i n g   f rom  t h e  

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

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

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

c i r c u m f e r e n t i a l l y   f rom  one  a n o t h e r   and  a x i a l l y   a l i g n e d  



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

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

t h r o u g h   t h e   f i x e d   p o r t s   upon  r o t a t i o n   of  t h e   p i s t o n   a n d  

c y l i n d e r   m e m b e r s   a b o u t   t h e i r   a x e s   in  one  d i r e c t i o n   a n d  

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

upon   t he   o p p o s i t e   d i r e c t i o n   of  r o t a t i o n .  

Such  a  pump  a s s e m b l y   p r o v i d e s   v e r y   h i g h   e f f i c i e n c y  

w h i c h   c o n v e r t s   to   min imum  power   r e q u i r e m e n t s   f o r   d r i v i n g  

t h e   pump  a s s e m b l y .   The  pump  a s s e m b l y   a l s o   has   v e r y   l o w  

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

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

t h e   pump  a s s e m b l y   when  a t   r e s t .   The  pump  a s s e m b l y   of  t h e  

s u b j e c t   i n v e n t i o n ,   b e c a u s e   i t   i s   s i n g l e   a c t i n g ,   i . e . ,   a  

s i n g l e   p u m p i n g   c h a m b e r ,   can  o n l y   r o t a t e   a  maximum  of  o n e -  

h a l f   a  r e v o l u t i o n   when  p r e s s u r e   i s   a t   r e s t   and  p r e s s u r e   i s  

f ed   i n t o   an  o u t l e t   p o r t   and  t h e r e f o r e   f u r t h e r   e l i m i n a t e s  

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

t h r o u g h   t h e   a s s e m b l y   when  a t   r e s t .  

PRIOR  ART  STATEMENT 

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

s u b j e c t   i n v e n t i o n   a r e   no t   known  in  t h e   p r i o r   a r t .   T h e r e  

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

a r e   u t i l i z e d   as  e n g i n e s ,   s u c h   as  s t e a m   e n g i n e s .   Such  a r e  

i l l u s t r a t e d   in  t h e   U n i t e d   S t a t e s   P a t e n t s   5 8 2 , 2 5 7   to   B e r r y  

and  6 2 8 , 9 4 5   to   L a w r e n c e .   In  t h e s e   a s s e m b l i e s   t h e   p i s t o n  

i s   d o u b l e - a c t i n g   and  w o u l d   be  i n o p e r a t i v e   i f   t he   p i s t o n  

d id   no t   move  an  e q u a l   d i s t a n c e   on  o p p o s i t e   s i d e s   of  t h e  

a x i s   of  r o t a t i o n   of  t h e   c y l i n d e r .   In  a d d i t i o n   to   n o t  

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

. i n v e n t i o n ,   t h e s e   p r i o r   a r t   m e c h a n i s m s   do  no t   i n c l u d e   a  

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

d i r e c t i n g   f l u i d   to   and  f rom  the   p u m p i n g   c h a m b e r   w h i c h  

a l t e r n a t e l y   c o m m u n i c a t e s   w i t h   s t a t i o n a r y   p o r t s   w h i c h   may 
be  c o n n e c t e d   to  o p p o s i t e   ends   of  a  m a r i n e   s t e e r i n g  



a s s e m b l y .   M e c h a n i s m s   h a v i n g   s i m i l a r   s t r u c t u r e   a r e   k n o w n  

s u c h   as  t h a t   in  R o b i n s o n   P a t e n t   6 8 3 , 9 8 7   w h i c h   i s ,   h o w e v e r ,  

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

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

r o t a t i o n   of  t h e   e n t i r e   m e c h a n i s m .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

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

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

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

w h e r e i n :  

FIGURE  1  i s   a  s i d e - e l e v a t i o n a l   v iew  of  a  p r e f e r r e d  

e m b o d i m e n t   of  t h e   s u b j e c t   i n v e n t i o n ;  

FIGURE  2  i s   an  end  v iew  t a k e n   s u b s t a n t i a l l y   a l o n g  

a l o n g   l i n e   2-2  of  FIGURE  1 ;  

FIGURE  3  i s   a  f r a g m e n t a r y   c r o s s - s e c t i o n a l   v iew  t a k e n  

s u b s t a n t i a l l y   a l o n g   l i n e   3-3  of  FIGURE  2 ;  

FIGURE  4  i s   a  f r a g m e n t a r y   c r o s s - s e c t i o n a l   v i ew   t a k e n  

s u b s t a n t i a l l y   a l o n g   l i n e   4-4  of  FIGURE  1 ;  

FIGURE  5  i s   a  c r o s s - s e c t i o n a l   v i ew   t a k e n  

s u b s t a n t i a l l y   a l o n g   l i n e   5-5  of  FIGURE  1 ;  

FIGURE  6  i s   an  e n l a r g e d   f r a g m e n t a r y   c r o s s - s e c t i o n a l  

v iew  t a k e n   s u b s t a n t i a l l y   a l o n g   l i n e   6-6  of  FIGURE  1 ;  

FIGURE  7  i s   a  f r a g m e n t a r y   c r o s s - s e c t i o n a l   v i e w  

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

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

FIGURE  8  ip  a  f r a g m e n t a r y   c r o s s - s e c t i o n a l   v i e w  

s i m i l a r   to   FIGURE  7  b u t   s h o w i n g   y e t   a n o t h e r   e m b o d i m e n t   o f  

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

DESCRIPTION  OF  THE  INVENTION 

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

s u b j e c t   i n v e n t i o n   is   g e n e r a l l y   shown  a t   1 0 .  



T h e   pump  a s s e m b l y   10  i n c l u d e s   p i s t o n   and  c y l i n d e r  

p u m p i n g   m e m b e r s   12  and  14.  The  p u m p i n g   m e m b e r s   12  and  14  

a r e   in  t e l e s c o p i n g   r e l a t i o n s h i p   w i t h   one  a n o t h e r   f o r  

r e c i p r o c a t i n g   m o v e m e n t   r e l a t i v e   to   one  a n o t h e r   a l o n g   a  

r e c i p r o c a t i n g   a x i s   to   d e f i n e   a  p u m p i n g   c h a m b e r   16  

t h e r e b e t w e e n .   The  p i s t o n   12  i s   in  s l i d i n g   e n g a g e m e n t   w i t h  

t h e   i n t e r i o r   of  t h e   c y l i n d e r   member   14  and  a  f l u i d   s e a l   18  

p r e v e n t s   f l u i d   l e a k a g e   t h e r e b e t w e e n .   The  c y l i n d e r   m e m b e r  

14  is  open   e x c e p t   f o r   t h e   p i s t o n   12  to   d e f i n e   or   e s t a b l i s h  

o n l y   one  p u m p i n g   c h a m b e r   16  b e t w e e n   t h e   m e m b e r s   12  and  14  

so  t h a t   t h e   p i s t o n   member   12  is   s i n g l e   a c t i n g .  

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

member   20  and  a  s h a f t   22  r o t a t a b l y   s u p p o r t e d   t h e r e i n ,  

s u p p o r t s   t h e   p i s t o n   member   12  f o r   r o t a t i o n   a b o u t   a  f i r s t  

a x i s   d e f i n e d   by  t h e   s h a f t   22.  The  a x i s   of  t h e   d r i v e   s h a f t  

22  e x t e n d s   t r a n s v e r s e l y   o r ,   more  s p e c i f i c a l l y ,   p e r p e n -  
d i c u l a r   to   t he   r e c i p r o c a t i n g   a x i s   of  t he   p i s t o n   12  w i t h i n  

t h e   c y l i n d e r   1 4 .  

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

member  24  r o t a t a b l y   s u p p o r t s   t h e   s u p p o r t   s h a f t   26  f o r m e d  

i n t e g r a l   w i t h   and  f o r m i n g   a  p a r t   of  the   c y l i n d e r   m e m b e r  

14.  By  r o t a t a b l y   s u p p o r t i n g   t h e   s u p p o r t   s h a f t   26,  t h e  

s e c o n d   h o u s i n g   member   24  r o t a t a b l y   s u p p o r t s   t h e   c y l i n d e r  

member  14  f o r   r o t a t i o n   a b o u t   a  s e c o n d   a x i s   d e f i n e d   by  t h e  

a x i s   of  t he   s u p p o r t   s h a f t   26.  The  a x i s   of  t h e   s u p p o r t  

s h a f t   26  e x t e n d s   t r a n s v e r s e l y   a n d ,   more  s p e c i f i c a l l y ,  

p e r p e n d i c u l a r   to   t h e   r e c i p r o c a t i n g   a x i s   of  t h e   p i s t o n   12  

w i t h i n   t h e   c y l i n d e r   14.  The  p i s t o n   member   12  r o t a t e s  

a b o u t   t h e   f i r s t   a x i s   of  t he   s h a f t   22  in  c o n j u n c t i o n   w i t h  

t h e   c y l i n d e r   member   14  r o t a t i n g   a b o u t   t he   s e c o n d   a x i s   o f  

t h e   s u p p o r t   s h a f t   2 6 .  

The  f i r s t   h o u s i n g   20  s u p p o r t s   a  d r i v e   m e a n s  

c o m p r i s i n g   an  e l e c t r i c   m o t o r ,   or   t h e   l i k e ,   w h i c h   r o t a t e s  

t h e   d r i v e   s h a f t   22.  The  h o u s i n g   member  20  i n c l u d e s   a  

p e d e s t a l   28  upon  w h i c h   t h e   e n t i r e   a s s e m b l y   is   s u p p o r t e d .  



A  c i r c u l a r   w h e e l   or  d i s c   30  is   a t t a c h e d   to   t he   d r i v e  

s h a f t   22  f o r   r o t a t i o n   a b o u t   t he   a x i s   of  t h e   d r i v e   s h a f t  

22.  A  p i n   32  i n t e r c o n n e c t s   t h e   w h e e l   30  and  t h e   p i s t o n  

member  12  on  a  s w i n g i n g   a x i s   r a d i a l l y   s p a c e d   f r o m   t h e   a x i s  

of  t h e   d r i v e   s h a f t   22.  In  o t h e r   w o r d s ,   t he   p i n   32  i s  

e i t h e r   f i x e d l y   s e c u r e d   to   t h e   w h e e l   30  to   r o t a t a b l y  

s u p p o r t   t he   p i s t o n   12  a b o u t   t he   a x i s   of  t h e   p i n   32  or  t h e  

p i n   32  is   f i x e d   to   t h e   p i s t o n   12  and  t h e   p i n   32  i s  

r o t a t a b l e   in  i t s   b o r e   in  t h e   w h e e l   30.  A p p r o p r i a t e   k e y  

l o c k s   or   r i n g s   p r e v e n t   a x i a l   m o v e m e n t   of  t h e   p i n   32.  T h e  

l o n g i t u d i n a l   a x i s   of  t he   p i s t o n   12  may  s w i n g   a b o u t   t h e  

s w i n g i n g   a x i s   of  t h e   p i n   32.  The  s w i n g i n g   a x i s   of  t h e   p i n  

32,  as  w e l l   as  t h e   f i r s t   a x i s   of  t he   d r i v e   s h a f t   22  a n d  

t h e   s e c o n d   a x i s   of  t h e   s u p p o r t   s h a f t   26  a r e   a l l   p a r a l l e l  

to   one  a n o t h e r .  

The  c y l i n d e r   14  is   d e f i n e d   by  an  a n n u l a r   d i s c - l i k e  

member .   Both   t h e   w h e e l   30  and  t h e   c y l i n d e r   member   14  a r e  

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

r e s p e c t i v e   a x e s   of  r o t a t i o n   to   c o u n t e r b a l a n c e   c e n t r i f u g a l  

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

a x e s   of  r o t a t i o n .  

The  a s s e m b l y   10  i n c l u d e s   an  a d j u s t m e n t   m e a n s  

c o m p r i s i n g   t h e   b o l t s   34  and  36  and  t h e   e l e m e n t s   g e n e r a l l y  

i n d i c a t e d   a t   38  in  FIGURE  5.  The  a d j u s t m e n t   means   v a r i e s  

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

s h a f t s   22  and  26,   r e s p e c t i v e l y ,   to   a d j u s t   t h e   l e n g t h   o f  

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

c y l i n d e r   m e m b e r s   12  and  14.  The  b o l t   36  d e f i n e s   a  p i v o t  

c o n n e c t i o n   b e t w e e n   t h e   h o u s i n g   m e m b e r s   20  and  24  f o r  

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

to  one  a n o t h e r   a b o u t   t h e   p i v o t   a x i s   of  t h e   b o l t   36  w h i c h  

i s   p a r a l l e l   to   t h e   f i r s t   and  s e c o n d   a x e s   of  t h e   s h a f t s   22  

and  26,  r e s p e c t i v e l y ,   f o r   a d j u s t i n g   t h e   d i s t a n c e   b e t w e e n  

t he   f i r s t   and  s e c o n d   a x e s   of  t h e   s h a f t s   22  and  2 6 ,  

r e s p e c t i v e l y .   The  p i v o t   a x i s   d e f i n e d   by  the   b o l t   36  i s  

e q u a l l y   s p a c e d   f rom  t he   f i r s t   a x i s   of  t he   d r i v e   s h a f t   22  



as  i t   is  f rom  t h e   s e c o n d   a x i s   of  t he   s u p p o r t   s h a f t   26  

w h e r e b y   t h e   s e c o n d   h o u s i n g   member   24  may  be  swung  r e l a t i v e  

to   t he   f i r s t   h o u s i n g   member   20  a b o u t   t he   p i v o t   a x i s   of  t h e  

b o l t   36  so  t h a t   t h e   a x e s   of  t h e   d r i v e   s h a f t   22  and  s u p p o r t  

s h a f t   26  may  be  moved  t o w a r d   and  away  f rom  one  a n o t h e r  

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

t h e   p i v o t   a x i s   of  t h e   p i v o t   c o n n e c t i o n   d e f i n e d   by  t h e   b o l t  

36.   The  b o l t   34  d e f i n e s   a  s e c u r i n g   means   c o n n e c t i n g   t h e  

h o u s i n g   m e m b e r s   20  and  24  t o g e t h e r   f o r   p r e v e n t i n g   r e l a t i v e  

m o v e m e n t   t h e r e b e t w e e n   a b o u t   t h e   p i v o t   a x i s   d e f i n e d   by  t h e  

b o l t   36.  Upon  b e i n g   l o o s e n e d ,   t h e   b o l t   34  w i l l   a l s o   a l l o w  

t h e   h o u s i n g   24  to   be  p i v o t e d   a b o u t   t h e   a x i s   of  t h e   b o l t   3 6  

r e l a t i v e   to   t h e   h o u s i n g   member   20  to   c h a n g e   t h e   p o s i t i o n  

of  t h e   s e c o n d   a x i s   of  t h e   s u p p o r t   s h a f t   26  a l o n g   t h e  

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

t h e   a x i s   of  t h e   d r i v e   s h a f t   22  t h e r e b y   to   a d j u s t   t h e  

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

p i s t o n   member  12  and  t h e   c y l i n d e r   member  14.  The  b o l t s   34  

and  36  a r e   t i g h t e n e d   to   c l a m p   t he   h o u s i n g   member   t o g e t h e r  

to   p r e v e n t   r e l a t i v e   m o v e m e n t   t h e r e b e t w e e n .   In  o t h e r  

w o r d s ,   t he   b o l t s   34  and  36,  when  t i g h t e n e d   down,   c l a m p   t h e  

h o u s i n g   member s   20  and  24  t o g e t h e r   and  p r e v e n t   r e l a t i v e  

m o v e m e n t   t h e r e b e t w e e n .   H o w e v e r ,   when  l o o s e n e d ,   t h e   b o l t s  

34  and  36  w i l l   a l l o w   t h e   h o u s i n g   member  24  to   be  p i v o t e d  

a b o u t   t h e   a x i s   of  t he   b o l t   36  f o r   a d j u s t i n g   t h e   d i s t a n c e  

b e t w e e n   t h e   a x e s   of  t h e   d r i v e   s h a f t   22  and  t h e   s u p p o r t  

s h a f t   26  t o ,   in  t u r n ,   a d j u s t   t h e   d i s p l a c e m e n t   or  t h e  

v o l u m e   of  t he   p u m p i n g   c h a m b e r   1 6 .  

The  s e c u r i n g   means   w h i c h   i n c l u d e s   t he   b o l t   34  a l s o  

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

d i s t a n c e   b e t w e e n   t he   a x e s   of  t h e   d r i v e   s h a f t   22  and  t h e  

s u p p o r t   s h a f t   26.  The  v e r n i e r   p o s i t i o n i n g   means   i n c l u d e s  

a  t h r e a d e d   b o r e   e x t e n d i n g   i n t o   t he   s e c o n d   h o u s i n g   m e m b e r  

24  w i t h   a  t h r e a d e d   a d j u s t i n g   s c r e w   40  d i s p o s e d   t h e r e i n .  

The  s c r e w   40  a b u t s   t h e   s i d e   of  t he   b o l t   34  f o r   r e a c t i n g  

t h e r e a g a i n s t .   The  h o u s i n g   member   24  i n c l u d e s   an  e l o n g a t e d  



s l o t   42  t h r o u g h   w h i c h   t he   b o l t   34  e x t e n d s .   A  b i a s i n g  

means   c o m p r i s i n g   p l u g   44  and  a  s p r i n g   46  r e a c t s   b e t w e e n  

t h e   h o u s i n g   24  and  t he   b o l t   34  f o r   u r g i n g   t he   b o l t   34 

a g a i n s t   t h e   t h r e a d e d   a d j u s t i n g   s c r e w   40.  The  h o u s i n g  

member   24  may  be  swung  a b o u t   t he   p i v o t   a x i s   o f ' t h e   b o l t   36 

when  t he   b o l t   34  is  l o o s e n e d   or  a l l o w e d   by  t h e   s l o t   4 2 ,  

and  by  t he   a d j u s t m e n t   s c r e w   40  w h i c h   may  be  t h r e a d e d   i n t o  

t h e   t h r e a d e d   b o r e   in  t h e   h o u s i n g   member   2 4 .  

A l t e r n a t i v e l y ,   a  cam  a r r a n g e m e n t   may  be  s u b s t i t u t e d  

f o r   t he   a d j u s t m e n t   s c r e w   40  of  t h e   a d j u s t m e n t   means   3 8 .  

F u r t h e r ,   two  s l o t s   may  s u r r o u n d   b o t h   b o l t s   34  and  36  t o  

s h i f t   t h e   h o u s i n g   members   r e l a t i v e   to   one  a n o t h e r .  

A  v e r n i e r   s c a l e   may  be  d i s p o s e d   on  t he   two  h o u s i n g  

m e m b e r s   20  and  24  as  shown  in  FIGURE  1  to   v i s u a l l y  

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

t h e   d r i v e   and  s u p p o r t   s h a f t s   22  and  2 6 .  

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

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

r e c e i v i n g   f l u i d   f rom  the   p u m p i n g   c h a m b e r   16.  T h e  

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

t h e   p u m p i n g   c h a m b e r   16  and  t h r o u g h   t h e   s u p p o r t   s h a f t   26  t o  

a  r a d i a l   p o r t   48  wh ich   is   r o t a t a b l e   w i t h   t h e   s u p p o r t   s h a f t  

26  a b o u t   i t s   a x i s .   The  h o u s i n g   member   24  i n c l u d e s   f i r s t  

and  s e c o n d   f i x e d   or  s t a t i o n a r y   p o r t s   50  and  52  s p a c e d  

c i r c u m f e r e n t i a l l y   f rom  one  a n o t h e r   or   d i a m e t r i c a l l y  

o p p o s i t e   one  a n o t h e r   on  t he   a x i s   of  t he   s u p p o r t   s h a f t   2 6 .  

The  p o r t s   50  and  52  i n d e p e n d e n t l y   c o m m u n i c a t e   w i t h   t h e  

r a d i a l   p o r t   48  d u r i n g   r o t a t i o n   of  t h e   s u p p o r t   s h a f t   26  

r e l a t i v e   to   t h e   h o u s i n g   member   24.  The  p o r t s   50  and  52  

e x t e n d   i n t o   t h r e a d e d   c o n n e c t i o n s   w h i c h   may  be  u t i l i z e d   f o r  

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

a c t u a t e d   by  t h e   pump  a s s e m b l y .   The  s t a t i o n a r y   or   f i x e d  

p o r t s   50  and  52  a r e   a x i a l l y   a l i g n e d   r e l a t i v e   to  t h e  

s u p p o r t   s h a f t   26  w i t h   t he   r a d i a l   p o r t   48  f o r   a l t e r n a t e l y  

c o m m u n i c a t i n g   w i t h  - t h e   r a d i a l   p o r t   48.  C o n s e q u e n t l y ,  

f l u i d   w i l l   f l o w   f rom  t he   p o r t   50  t h r o u g h   t h e   r a d i a l   p o r t  



48  to   t he   p u m p i n g   c h a m b e r   16  and  f rom  t h e   p u m p i n g   c h a m b e r  

16  back   t h r o u g h   t he   r a d i a l   p o r t   48  and  o u t   t h r o u g h   t h e  

s e c o n d   p o r t   52  upon   r o t a t i o n   in  one  d i r e c t i o n   a b o u t   t h e  

a x e s   of  t he   s h a f t s   22  and  26,  bu t   w i l l   f l o w   in  t h e  

o p p o s i t e   d i r e c t i o n   f rom  t h e   f i x e d   p o r t   52  t h r o u g h   t h e  

p u m p i n g   c h a m b e r   16  and  ou t   t h e   f i x e d   p o r t   50  when  t h e  

r o t a t i o n   is   in  t h e   o p p o s i t e   d i r e c t i o n   a b o u t   t h e   a x e s   o f  

t h e   s h a f t s   22  and  2 6 .  

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

r a d i a l   p o r t   48  and  t h e   p u m p i n g   c h a m b e r   16  i n c l u d e s   a  

p a s s a g e   54  in  t h e   p i s t o n   member  12  w i t h   a  p o r t   in  t h e  

c y l i n d e r   member  14  on  t h e   a x i s   of  t he   s u p p o r t i n g   s h a f t   2 6 .  

An  a l t e r n a t i v e   e m b o d i m e n t   i s   shown  in  FIGURE  7  w h e r e i n   t h e  

f l u i d   p a s s a g e   56  c o m m u n i c a t e s   d i r e c t l y   w i t h   t h e   p u m p i n g  

c h a m b e r   16  and  a  p o r t   48 '   w h i c h   p e r f o r m s   t h e   same  f u n c t i o n  

as  t he   r a d i a l   p o r t   48.  In  t he   e m b o d i m e n t   i l l u s t r a t e d   i n  

FIGURE  8,  i n s t e a d   of  t h e   p a s s a g e   54  b e i n g   i n t e r n a l l y   o f  

t h e   p i s t o n   member   12  as  shown  in  FIGURE  3,  t h e   p a s s a g e   5 4 '  

i s   d i s p o s e d   in  t h e   s i d e   of  t he   p i s t o n   1 2 .  

As  shown  in  FIGURE  3,  t he   h o u s i n g   member   24  i n c l u d e s  

an  a n n u l a r   c a v i t y   58  d i s p o s e d   a t   t h e   d i s t a l   end  of  t h e  

s u p p o r t   s h a f t   26  f o r   f l u i d   c o m m u n i c a t i o n   t h r o u g h   a  f l u i d  

l i n e   c o n n e c t e d   in  t h e   t h r e a d e d   b o r e   60  and  l e a d i n g   to   a  

r e s e r v o i r .   A  c h e c k   v a l v e   a s s e m b l y   i n c l u d i n g   t h e   s e a t   62  

and  b a l l   64  is  d i s p o s e d   a t   t he   end  of  t he   s u p p o r t   s h a f t   26  

f o r   e s t a b l i s h i n g   f l u i d   c o m m u n i c a t i o n   b e t w e e n   t h e   c a v i t y   58 

and  the   f l u i d   p a s s a g e   i n t e r i o r l y   of  t he   s u p p o r t   s h a f t   26  

to   r e p l e n i s h   f l u i d   f rom  t he   r e s e r v o i r   to   t h e   p u m p i n g  

c h a m b e r   16  when  n e e d e d .   A  s p r i n g   66  is   d i s p o s e d   w i t h i n  

t he   s u p p o r t   s h a f t   26  to   u r g e   the   b a l l   64  a g a i n s t   t h e   s e a t  

62  w h i c h   is   f i x e d l y   s e c u r e d   to  the   s u p p o r t   s h a f t   2 6 .  

A  s e a l   a s s e m b l y   68  a f f e c t s   a  f l u i d   s e a l   b e t w e e n   t h e  

h o u s i n g   member   24  and  t h e   s u p p o r t   s h a f t   26.  A  f l u i d  

p a s s a g e   70  r e l i e v e s   p r e s s u r e   b u i l d u p   b e h i n d   t he   s e a l   68  t o  

t h e   c a v i t y   58  w h i c h   i s   c o n n e c t e d   to   t he   r e s e r v o i r   t h r o u g h  

t he   a d j a c e n t   c o n n e c t i o n   6 0 .  



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

s u b a s s e m b l i e s   may  be  r e v e r s e d   a s ,   f o r   e x a m p l e ,   t h e  

c y l i n d e r   may  be  a t t a c h e d   to   t he   d r i v e   s h a f t   22  w i t h   t h e  

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

t h e   o p p o s i t e   h o u s i n g .   I t   f o l l o w s ,   t h e r e f o r e ,   t h a t   t h e  

c o m m u t a t i n g   v a l v e   and  f l u i d   p a s s a g e w a y   may  e x t e n d   o u t  

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

c y l i n d e r .  

The  i n v e n t i o n   has   been   d e s c r i b e d   in  an  i l l u s t r a t i v e  

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

w h i c h   has   b e e n   u s e d   i s   i n t e n d e d   to   be  in  t h e   n a t u r e   o f  

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

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

p r e s e n t   i n v e n t i o n   a r e   p o s s i b l e   in  l i g h t   of  t h e   a b o v e  

t e a c h i n g s .   I t   i s ,   t h e r e f o r e ,   to   be  u n d e r s t o o d   t h a t   w i t h i n  

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

n u m e r a l s   a r e   m e r e l y   f o r   c o n v e n i e n c e   and  a r e   no t   to   be  i n  

any  way  l i m i t i n g ,   t h e   i n v e n t i o n   may  be  p r a c t i c e d   o t h e r w i s e  

t h a n   as  s p e c i f i c a l l y   d e s c r i b e d .  



The  e m b o d i m e n t s   of  t he   i n v e n t i o n   in  w h i c h   a n  

e x c l u s i v e   p r o p e r t y   or   p r i v i l e g e   is   c l a i m e d   a r e   d e f i n e d   a s  

f o l l o w s :  

1.  A  pump  a s s e m b l y   (10)   c o m p r i s i n g ;   p i s t o n   a n d  

c y l i n d e r   p u m p i n g   m e m b e r s   (12 ,   14)  on  t e l e s c o p i n g  

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

r e l a t i v e   to   one  a n o t h e r   a l o n g   a  r e c i p r o c a t i n g   a x i s   t o  

d e f i n e   a  s i n g l e   p u m p i n g   c h a m b e r   (16)   t h e r e b e t w e e n ,   p i s t o n  

s u p p o r t   means   ( 2 0 ,   22,   30,  32)  s u p p o r t i n g   s a i d   p i s t o n  

member  (12)   f o r   r o t a t i o n   a b o u t   a  f i r s t   a x i s   e x t e n d i n g  

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

means   (24)   s u p p o r t i n g   s a i d   c y l i n d e r   member   (14)   f o r  

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

s a i d   r e c i p r o c a t i n g   a x i s   so  t h a t   s a i d   p i s t o n   member   ( 1 2 )  

r o t a t e s   a b o u t   s a i d   f i r s t   a x i s   in  c o n j u n c t i o n   w i t h   s a i d  

c y l i n d e r   member   (14)   r o t a t i n g   a b o u t   s a i d   s e c o n d   a x i s ,   a n d  

c h a r a c t e r i z e d   by  s a i d   c y l i n d e r   member   (14)   b e i n g   o p e n  

e x c e p t   f o r   s a i d   p i s t o n   member   (12)   to   e s t a b l i s h   o n l y   o n e  

p u m p i n g   c h a m b e r   (16)   b e t w e e n   s a i d   m e m b e r s   (12 ,   14)  and  b y  

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

f low  i n t o   s a i d   s i n g l e   p u m p i n g   c h a m b e r   (16)   d u r i n g   o n e  

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

f o r   e s t a b l i s h i n g   f l u i d   f l o w   f rom  s a i d   p u m p i n g   c h a m b e r   ( 1 6 )  

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



2.  A  pump  a s s e m b l y   as  s e t   f o r t h   in  c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   by  a d j u s t m e n t   means   ( 3 4 ,   36,  38)  f o r   v a r y i n g  

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

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

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

3.  A  pump  a s s e m b l y   as  s e t   f o r t h   in  c l a i m   2  f u r t h e r  

c h a r a c t e r i z e d   by  one  (24)   of  s a i d   s u p p o r t   means   i n c l u d i n g  

c o m m u t a t i n g   v a l v e   means   ( 4 8 ,   50,  52)  f o r   d e l i v e r i n g   f l u i d  

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

p u m p i n g   c h a m b e r   ( 1 6 ) .  

4.  A  pump  a s s e m b l y   as  s e t   f o r t h   in  c l a i m   3  f u r t h e r  

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

f l u i d   p a s s a g e   e x t e n d i n g   f rom  s a i d   p u m p i n g   c h a m b e r   (16)   t o  

a  r a d i a l   p o r t   (48)   r o t a t a b l e   a b o u t   one  of  s a i d   f i r s t   a n d  

s e c o n d   a x e s ,   and  f i r s t   and  s e c o n d   f i x e d   p o r t s   ( 5 0 ,   5 2 )  

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

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

r o t a t i o n   t h e r e o f .  

5.  A  pump  a s s e m b l y   as  s e t   f o r t h   in  c l a i m   4  f u r t h e r  

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

s e c o n d   s t a t i o n a r y   h o u s i n g   m e m b e r s   ( 2 0 ,   24)  w i t h   s a i d   f i r s t  

h o u s i n g   member  (20)   d e f i n i n g   s a i d   f i r s t   a x i s   (22)   and  s a i d  

s e c o n d   h o u s i n g   (24)   member   d e f i n i n g   s a i d   s e c o n d   a x i s   ( 2 6 )  

s a i d   a d j u s t m e n t   means   i n c l u d i n g   a  p i v o t   c o n n e c t i o n   ( 3 6 )  

b e t w e e n   s a i d   h o u s i n g   m e m b e r s   ( 20 ,   24)  f o r   s e l e c t i v e l y  

a l l o w i n g   s a i d   h o u s i n g   m e m b e r s   ( 2 0 ,   24)  to  p i v o t   r e l a t i v e  

to  one  a n o t h e r   a b o u t   a  p i v o t   a x i s   d e f i n e d   by  s a i d   p i v o t  

c o n n e c t i o n   (36)   f o r   v a r y i n g   s a i d   d i s t a n c e   b e t w e e n   s a i d  

f i r s t   and  s e c o n d   a x e s   ( 2 2 ,   2 6 ) .  

6.  A  pump  a s s e m b l y   as  s e t   f o r t h   in  c l a i m   5  f u r t h e r  

c h a r a c t e r i z e d   by  s a i d   p i v o t   c o n n e c t i o n   (36)   b e i n g   s p a c e d  

e q u a l l y   f rom  s a i d   f i r s t   and  s e c o n d   a x e s   ( 22 ,   26)  so  t h a t  

s a i d   f i r s t   and  s e c o n d   a x e s   ( 2 0 ,   26)  may  be  moved  t o w a r d  

and  away  f rom  one  a n o t h e r   a l o n g   the   c i r c u m f e r e n c e   of  a  

c i r c l e   h a v i n g   i t s   c e n t e r   a t   s a i d   p i v o t   c o n n e c t i o n   ( 3 6 ) .  



7.  A  pump  a s s e m b l y   as  s e t   f o r t h   in  c l a i m   6  f u r t h e r  

c h a r a c t e r i z e d   by  s a i d   a d j u s t m e n t   means   i n c l u d i n g   s e c u r i n g  

means   ( 3 4 ,   38)  c o n n e c t i n g   s a i d   h o u s i n g   m e m b e r s   ( 20 ,   2 4 )  

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

a b o u t   s a i d   p i v o t   c o n n e c t i o n   (36)   and  f o r   a l l o w i n g   t h e  

p o s i t i o n   of  s a i d   f i r s t   and  s e c o n d   a x e s   ( 2 2 ,   26)  to  b e  

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

w i t h   one  (26)   of  s a i d   a x e s   d i s p o s e d   t he   maximum  d i s t a n c e  

f r o m   t h e   o t h e r   a x i s   (22)   a l o n g   s a i d   c i r c u m f e r e n c e   of  s a i d  

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

and  s e c o n d   a x e s   ( 22 ,   2 6 )   b e i n g   d i s p o s e d   z e r o   d i s t a n c e  

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

b e t w e e n   s a i d   f i r s t   and  s e c o n d   f i x e d   p a r t s   ( 5 0 ,   5 2 ) .  

8.  A  pump  a s s e m b l y   as  s e t   f o r t h   in  c l a i m   7  f u r t h e r  

c h a r a c t e r i z e d   by  i n c l u d i n g   a  d r i v e   means   (22)   s u p p o r t e d   by  

one  (20)   of  s a i d   h o u s i n g   member s   f o r   r o t a t i n g   one  of  s a i d  

p i s t o n   and  s a i d   c y l i n d e r   m e m b e r s   ( 1 2 ,   1 4 ) .  

9.  A  pump  a s s e m b l y   as  s e t   f o r t h   in  c l a i m   7  f u r t h e r  

c h a r a c t e r i z e d   by  i n c l u d i n g   d r i v e   means   (22)   r o t a t a b l y  

s u p p o r t e d   by  one  (20)   of  s a i d   h o u s i n g   m e m b e r s   a n d  

s u p p o r t i n g   one  (12)   of  s a i d   p i s t o n   and  s a i d   c y l i n d e r  

m e m b e r s ,   and  t h e   o t h e r   (24)   of  s a i d   h o u s i n g   m e m b e r s  

r o t a t a b l y   s u p p o r t i n g   the   o t h e r   (14)   of  s a i d   p i s t o n   a n d  

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

f i x e d   p o r t s   ( 50 ,   52)  t h e r e i n .  

10.  A  pump  a s s e m b l y   as  s e t   f o r t h   in  c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   by:  s a i d   p i s t o n   s u p p o r t   means   ( 2 0 )  

i n c l u d i n g   a  f i r s t   h o u s i n g   member   ( 2 0 ) ,   a  c i r c u l a r   w h e e l  

(30 )   r o t a t a b l y   s u p p o r t e d   by  s a i d   f i r s t   h o u s i n g   member   ( 2 0 )  

f o r   r o t a t i o n   a b o u t   s a i d   f i r s t   a x i s   ( 2 2 ) ,   and  a  p i n   ( 3 2 )  

i n t e r c o n n e c t i n g   s a i d   w h e e l   (30)   and  s a i d   p i s t o n   m e m b e r  

(12)   on  a  s w i n g i n g   a x i s   r a d i a l l y   s p a c e d   f rom  s a i d   f i r s t  

a x i s   f o r   a l l o w i n g   s a i d   r e c i p r o c a t i n g   a x i s   of  s a i d   p i s t o n  

member   (12)   to   s w i n g   a b o u t   s a i d   s w i n g i n g   a x i s   of  s a i d   p i n ,  

(32)   s a i d   s w i n g i n g   a x i s   (32)   and  s a i d   f i r s t   and  s e c o n d  

a x e s   (20 ,   26)  a l l   b e i n g   p a r a l l e l   to   one  a n o t h e r ;   s a i d  



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

( 2 4 ) ,   a  s u p p o r t   s h a f t   (26)   s u p p o r t i n g   s a i d   c y l i n d e r   m e m b e r  

(14)  and  r o t a t a b l y   s u p p o r t e d   by  s a i d   s e c o n d   h o u s i n g   m e m b e r  

(24)  f o r   r o t a t i o n   a b o u t   s a i d   s e c o n d   a x i s   ( 2 6 ) ;   a  f l u i d  

p a s s a g e   e x t e n d i n g   f rom  s a i d   p u m p i n g   c h a m b e r   (16)   t h r o u g h  

s a i d   s u p p o r t   s h a f t   (26)   to  a  r a d i a l   p o r t   ( 48 )   in  s a i d  

s u p p o r t   s h a f t ,   s a i d   s e c o n d   h o u s i n g   member   (24)   h a v i n g  

f i r s t   and  s e c o n d   f i x e d   p o r t s   (50 ,   52)  s p a c e d  

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

s h a f t   (26)   and  a x i a l l y   a l i g n e d   w i t h   s a i d   r a d i a l   p o r t   ( 4 8 )  

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

s u p p o r t   s h a f t   ( 2 6 ) ;   s a i d   a d j u s t m e n t   means   i n c l u d i n g   a  

p i v o t   c o n n e c t i o n   (36)   b e t w e e n   s a i d   h o u s i n g   m e m b e r s   ( 2 0 ,  

24)  f o r   s e l e c t i v e l y   a l l o w i n g   s a i d   h o u s i n g   m e m b e r s   (20 ,   2 4 )  

to   p i v o t   r e l a t i v e   to   one  a n o t h e r   a b o u t   a  p i v o t   a x i s   ( 3 6 )  

w h i c h   i s   p a r a l l e l   to   s a i d   f i r s t   and  s e c o n d   a x e s   ( 22 ,   2 6 )  

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

a x e s   ( 2 2 ,   2 6 ) ,   s a i d   p i v o t   a x i s   (36)   of  s a i d   p i v o t  

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

a x e s   ( 2 2 ,   26)  so  t h a t   s a i d   f i r s t   and  s e c o n d   a x e s   ( 2 2 ,   2 6 )  

may  be  moved  t o w a r d   and  away  f rom  one  a n o t h e r   a l o n g   t h e  

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

a x i s   (36)   of  s a i d   p i v o t   c o n n e c t i o n ,   and  s e c u r i n g   m e a n s  

(34 ,   38)  c o n n e c t i n g   s a i d   h o u s i n g   m e m b e r s   ( 2 0 ,   24)  t o g e t h e r  

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

p i v o t   a x i s   (36)   of  s a i d   p i v o t   c o n n e c t i o n   and  f o r   a l l o w i n g  

the   p o s i t i o n   of  s a i d   s e c o n d   a x i s   of  s a i d   s u p p o r t   s h a f t  

(26)  to   be  a d j u s t e d   a l o n g   s a i d   c i r c u m f e r e n c e   to   a d j u s t  

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

11.  A  pump  a s s e m b l y   as  s e t   f o r t h   in  c l a i m   10  f u r t h e r  

c h a r a c t e r i z e d   by  s a i d   s e c o n d   h o u s i n g   member  (24)   i n c l u d i n g  

a  c a v i t y   (58)   d i s p o s e d   at   t he   end  of  s a i d   s u p p o r t   s h a f t  

(26)  f o r   f l u i d   c o m m u n i c a t i o n   w i t h   a  r e s e r v o i r   a n d  

i n c l u d i n g   a  c h e c k   v a l v e   (62 ,   64,  66)  in  t h e   end  of  s a i d  

s u p p o r t   s h a f t   (26)   f o r   e s t a b l i s h i n g   f l u i d   c o m m u n i c a t i o n  



b e t w e e n   s a i d   c a v i t y   (58)   and  s a i d   f l u i d   p a s s a g e   in  s a i d  

s u p p o r t   s h a f t   (26)   to   r e p l e n i s h   f l u i d   to   s a i d   p u m p i n g  

c h a m b e r   ( 1 6 ) .  

12.  A  pump  a s s e m b l y   as  s e t   f o r t h   in  c l a i m   10  w h e r e i n  

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

(40 ,   42,  44,  46)  f o r   a d j u s t i n g   s a i d   d i s t a n c e   b e t w e e n   s a i d  

f i r s t   and  s e c o n d   a x e s   ( 2 2 ,   2 6 ) .  

13.  A  pump  a s s e m b l y   as  s e t   f o r t h   in  c l a i m   12  f u r t h e r  

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

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

(24)   and  a  t h r e a d e d   s c r e w   (40)   d i s p o s e d   t h e r e i n ;   and  s a i d  

s e c u r i n g   means   i n c l u d e s   a  b o l t   (34)   e x t e n d i n g   t r a n s v e r s e l y  

t h r o u g h   s a i d   b o r e   f rom  s a i d   f i r s t   h o u s i n g   member   (20)   f o r  

s e l e c t i v e l y   c l a m p i n g   s a i d   h o u s i n g   m e m b e r s   ( 2 0 ,   2 4 )  

t o g e t h e r ,   s a i d   t h r e a d e d   s c r e w   (40)   a b u t t i n g   t h e   s i d e   o f  

s a i d   b o l t   (34)   f o r   r e a c t i n g   t h e r e a g a i n s t ,   s a i d   s e c o n d  

h o u s i n g   member   (24)   h a v i n g   an  e l o n g a t e d   s l o t   (42)   t h r o u g h  

w h i c h   s a i d   b o l t   (34)   e x t e n d s ,   and  b i a s i n g   m e a n s   ( 4 4 ,   4 6 )  

r e a c t i n g   b e t w e e n   s a i d   s e c o n d   h o u s i n g   member   (24 )   and  s a i d  

b o l t   (34)   f o r   u r g i n g   s a i d   b o l t   (34)   a g a i n s t   s a i d   t h r e a d e d  

s c r e w   ( 4 0 ) .  

14.  A  pump  a s s e m b l y   as  s e t   f o r t h   in  c l a i m   13  f u r t h e r  

c h a r a c t e r i z e d   as  s a i d   p i s t o n   member   (12)   i n c l u d i n g   a  f l u i d  

p a s s a g e   (54)   t h e r e i n   c o m m u n i c a t i n g   b e t w e e n   s a i d   f l u i d  

p a s s a g e   in  s a i d   s u p p o r t   s h a f t   (26)   s a i d   p u m p i n g   c h a m b e r  

( 1 6 ) .  

15.  A  pump  a s s e m b l y   (10)   c o m p r i s i n g :   p i s t o n   a n d  

c y l i n d e r   p u m p i n g   m e m b e r s   (12 ,   14)  in  t e l e s c o p i n g  

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

r e l a t i v e   to   one  a n o t h e r   a l o n g   a  r e c i p r o c a t i n g   a x i s   t o  

d e f i n e   a  p u m p i n g   c h a m b e r   (16)   t h e r e b e t w e e n ,   p i s t o n   s u p p o r t  

means   ( 20 ,   22,   30,  32)  s u p p o r t i n g   s a i d   p i s t o n   member   ( 1 2 )  

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

s a i d   r e c i p r o c a t i n g   a x i s ,   c y l i n d e r   s u p p o r t   means   ( 2 4 )  

s u p p o r t i n g   s a i d   c y l i n d e r   member   (14)   f o r   r o t a t i o n   a b o u t   a  

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



a x i s   so  t h a t   s a i d   p i s t o n   member   (12)   r o t a t e s   a b o u t   s a i d  

f i r s t   a x i s   in  c n j u n c t i o n   w i t h   s a i d   c y l i n d e r   member   ( 1 4 )  

r o t a t i n g   a b o u t   s a i d   s e c o n d   a x i s ,   and  c h a r a c t e r i z e d   b y  

i n c l u d i n g   a  f l u i d   p a s s a g e   e x t e n d i n g   f rom  s a i d   p u m p i n g  

c h a m b e r   (16)   to   a  r a d i a l   p o r t   (48)   r o t a t a b l e   a b o u t   one  o f  

s a i d   f i r s t   and  s e c o n d   a x e s   and  f i r s t   and  s e c o n d   f i x e d  

p o r t s   ( 50 ,   52)  n o n - r o t a t a b l e   a b o u t   s a i d   one  a x i s   a n d  

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

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

c o m m u n i c a t i n g   w i t h   s a i d   r a d i a l   p o r t   (48)   so  t h a t   f l u i d  

f l o w s   f rom  s a i d   f i r s t   f i x e d   p o r t   (50)   t h r o u g h   s a i d   r a d i a l  

p o r t   (48)   to   s a i d   p u m p i n g   c h a m b e r   (16)   and  f r o m   s a i d  

p u m p i n g   c h a m b e r   (16)   t h r o u g h   s a i d   r a d i a l   p o r t   (48)   to   s a i d  

s e c o n d   f i x e d   p o r t   (52)   upon   r o t a t i o n   in  one  d i r e c t i o n  

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

f rom  s a i d   s e c o n d   f i x e d   p o r t   (52)   t h r o u g h   s a i d   r a d i a l   p o r t  

(48)  to   s a i d   p u m p i n g   c h a m b e r   (16)   and  f rom  s a i d   p u m p i n g  

c h a m b e r   (16)   t h r o u g h   s a i d   r a d i a l   p o r t   (48)   to  s a i d   f i r s t  

f i x e d   p o r t   (50)   upon   r o t a t i o n   in  t h e   o p p o s i t e   d i r e c t i o n  

a b o u t   s a i d   f i r s t   and  s e c o n d   a x e s .  

16.  A  pump  a s s e m b l y   as  s e t   f o r t h   in  c l a i m   15  f u r t h e r  

c h a r a c t e r i z e d   by  i n c l u d i n g   d r i v e   means   (22)   r o t a t a b l y  

s u p p o r t e d   by  one  (20)   of  s a i d   h o u s i n g   m e m b e r s   a n d  

s u p p o r t i n g   one  (12)   of  s a i d   p i s t o n   and  s a i d   c y l i n d e r  

m e m b e r s ,   and  t h e   o t h e r   (24)   of  s a i d   h o u s i n g   m e m b e r s  

r o t a t a b l y   s u p p o r t i n g   the   o t h e r   (14)   of  s a i d   p i s t o n   a n d  

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

f i x e d   p o r t s   ( 50 ,   52)  t h e r e i n .  

17.  A  pump  a s s e m b l y   as  s e t   f o r t h   i n  c l a i m   16  f u r t h e r  

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

w h e e l   (30)   b e i n g   d i a m e t r i c a l l y   b a l a n c e d   a c r o s s   s a i d   f i r s t  

a x i s   and  s a i d   c y l i n d e r   (14)   b e i n g   d i a m e t r i c a l l y   b a l a n c e d  

a c r o s s   s a i d   s e c o n d   a x i s .  
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