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©  Nutating  piston  pump. 

A  rotary  pump  having  an  eccentric  rotor  (14)  adapted  to 
effect  eccentric  motion  relative  to  the  axis  of  the  pump  shaft 
(7)  within  a  pump  casing  (1)  to  cause  pumping  action  in  a 
pump  chamber.  The  pump  comprises  a  pump  casing  (1),  a 
pump  shaft  (7)  mounted  on  the  pump  casing,  a  pair  of 
eccentric  rotors  (14)  mounted  on  the  pump  shaft  (7)  with 
angular  spacing  apart  of  180°,  a  pair  of  diaphragms  (24)  on 
the  eccentric  rotors  (14)  to  define  a  pair  of  pump  chambers  P, 
a  partition  member  (36)  adapted  to  divide  the  pump  chamber 
into  a  suction  chamber  (Pi)  and  an  exhaust  chamber  (Pe),  and 
an  intake  port  (42)  and  an  exhaust  port  (43)  in  communica- 
tion  with  the  suction  and  exhaust  chambers,  respectively,  the 
intake  port  being  cut  off  from  its  communication  with  the 
exhaust  port  by  the  partition  member  during  rotation  of  the 
pump  shaft. 



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  a  r o t a r y   p u m p  

h a v i n g   an  e c c e n t r i c   r o t o r   a d a p t e d   to   make  an  e c c e n t r i c  

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

pump  c a s i n g ,   so  as  to   c a u s e   a  p u m p i n g   a c t i o n   in  a  pump  c h a m b e r  

f o r m e d   b e t w e e n   a  d i a p h r a g m   m o u n t e d   on  the   o u t e r   p e r i p h e r y   o f  

the   e c c e n t r i c   r o t o r   and  an  i n n e r   p e r i p h e r a l   s u r f a c e   of  t h e  

pump  c a s i n g .  

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

In  t h e   r o t a r y   pump  of  t he   t y p e   as  d e s c r i b e d ,   t h e  

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

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

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

is   d e f o r m e d   by  t h e   e c c e n t r i c   m o v e m e n t   of  t he   e c c e n t r i c  

r o t o r   to  fo rm  t h e   pump  c h a m b e r ,   w h i c h   c a u s e s   an  a m o u n t   o f  

d e f o r m a t i o n   of  t h e   d i a p h r a g m   to  be  v a r i e d   w h e r e b y   t he   v o l u m e  

of  the   pump  c h a m b e r   c a n n o t   be  m a i n t a i n e d   c o n s t a n t   to  b r i n g  

f o r t h   a  c h a n g e   in  q u a n t i t y   of  d i s c h a r g e   of  the   f l u i d .   I n  

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

d i a p h r a g m   and  t h e   pump  c a s i n g .  

I t   is  t h e r e f o r e   a  p r i m a r y   o b j e c t   of  the   p r e s e n t  

i n v e n t i o n   to  p r o v i d e   a  r o t a r y   pump  of  the   a f o r e m e n t i o n e d  

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



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

c h a m b e r s   by  means   of  an  e c c e n t r i c   r o t o r   d i f f e r e n t   i n  

p h a s e   by  180  d e g r e e s ,   and  f l u i d s   w h i c h   a r e   d i s c h a r g e d  

f rom  e a c h   of  t he   pump  c h a m b e r s   and  a r e   d i f f e r e n t   f r o m  

each   o t h e r   in  p u l s a t i o n   p h a s e   by  180  d e g r e e s ,   a r e   m e r g e d  

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

I t   is  a n o t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   a  r o t a r y   pump  w h e r e i n   an  o u t e r   p e r i p h e r a l   e d g e  

of  a  d i a p h r a g m   m o u n t e d   on  t he   o u t e r   p e r i p h e r y   of  an  e c c e n t r i c  

r o t o r   i s   f i r m l y   f i x e d   on  the   pump  c a s i n g   to   m a i n t a i n  

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

due  to  t he   e c c e n t r i c   m o v e m e n t   of  t he   e c c e n t r i c   r o t o r  

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

the   pump  c h a m b e r   and  i m p r o v i n g   the   s e a l i n g   t h e r e b e t w e e n .  

I t   is   a  f u r t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   a  r o t a r y   pump  w h e r e i n   w e a r i n g   of   a  wedge   m e m b e r  

i n t e r p o s e d   b e t w e e n   a  pump  s h a f t   and  an  e c c e n t r i c   r o t o r   i s  

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

of  the   wedge   member  a g a i n s t   t he   e c c e n t r i c   r o t o r   r e s u l t i n g  

f rom  r o t a t i o n   of  t he   pump  s h a f t   is   i n c r e a s e d   so  t h a t   a  p o w e r  

may  be  t r a n s m i t t e d   e f f i c i e n t l y   f rom  t he   pump  s h a f t   to  t h e  

e c c e n t r i c   r o t o r .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  d r a w i n g s   show  e m b o d i m e n t s   of  a  r o t a r y   p u m p  

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



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

of  a  r o t a r y   p u m p ;  

F i g .   2  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g   t h e  

l l i n e   I I - I I   of  F i g .   1 ;  

F i g .   3  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g   the   l i n e  

I I I - I I I   of  F i g .   1 ;  

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

the   r o t a r y   pump  in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;  

a n d  

F i g .   5  shows   c h a r a c t e r i s t i c   c u r v e s   d e s c r i b i n g  

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

pump  c h a m b e r s   due  to   t he   r o t a t i o n   of  a  pump  s h a f t .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

One  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   w i l l  

be  d e s c r i b e d   h e r e i n a f t e r   w i t h   r e f e r e n c e   t o  t h e   d r a w i n g s .  

R e f e r r i n g   now  to  F i g .   1,  a  pump  c a s i n g   1  c o m p r i s e s   a  c a s e  

body  3  c o m p o s e d   of  a  p a i r   of  h o l l o w   c y l i n d r i c a l   c a s e   h a l v e s  

2,  2,  and  a  p a i r   of  c o v e r   m e m b e r s   4,  5  a d a p t e d   to  c l o s e  

o p e n i n g s   d i s p o s e d   a t   b o t h   ends   of  t h e   c a s e   body  3,  t he   c a s e  

h a l v e s   2,  2  and  the   c o v e r   m e m b e r s   4,  5  b e i n g   f o r m e d   o f  

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

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

e a c h   o t h e r   by  means   of  a  p l u r a l i t y   of  c o n n e c t i n g   b o l t s   1 2 .  

A  pump  s h a f t   7  is  i n s e r t e d   i n t o   a  c e n t r a l   p o r t i o n   of  a  c y l i n d r i c a l  

h o l l o w   c h a m b e r   6  d e f i n e d   w i t h i n   t he   pump  c a s i n g   1,  t h e  

pump  s h a f t   7  b e i n g   r o t a t a b l y   s u p p o r t e d   a t   i t s   m i d d l e   p o r t i o n  



and  i n n e r   end  p o r t i o n   on  t he   c o v e r   members   4,  5  t h r o u g h  

b e a r i n g s   8,  9  and  b e i n g   c o n n e c t e d   to  a  p r i m e   mover   (  n o t  

shown)  a t   i t s   o u t e r   end  e x t e n d i n g   o u r w a r d   f rom  one  c o v e r  

member  4  t h r o u g h   a  s e a l   10  so  t h a t   the   s h a f t   7  may  b e  

r o t a t a b l y   d r i v e n   by  t h e   p r i m e   m o v e r .  

W i t h i n   t he   pump  c a s i n g   1,  t he   pump  s h a f t   7  i s   f o r m e d  
o f  

w i t h   a  p a i r / r e c e s s e d   g r o o v e s   11,  11  in  a x i a l l y   s p a c e d   r e l a t i o n  

and  c i r c u m f e r e n t i a l l y   d i s p l a c e d   in  p h a s e   by  180  d e g r e e s ,  

the   r e c e s s e d   g r o o v e s   11,  11  h a v i n g ,   as  may  be  c l e a r l y   s h o w n  

in  F i g .   2,  d r i v i n g   p l a n e s   13,  13  d i s p o s e d   p a r a l l e l   to   t h e  

c e n t r a l   a x i s   0  of  t he   pump  s h a f t   7,  a n d  a   p a i r   of  e c c e n t r i c  
r o t o r s  

/ 14 ,   14  i n t e r n a l l y   p e r i p h e r a l l y   p r o v i d e d   w i t h   n e e d l e   b e a r i n g s  

15,  15  a r e   a r r a n g e d   to  s u r r o u n d   t he   pump  s h a f t   7  a t  

the  p o s i t i o n   of  t he   r e c e s s e d   g r o o v e s   11,  1 1 .  

Wedge  m e m b e r s   16,  16  a r e   i n t e r p o s e d   b e t w e e n   t he   d r i v i n g   p l a n e s  

13,  13  of  t he   r e c e s s e d   g r o o v e s   11,  11  and  i n n e r   p e r i p h e r a l  

s u r f a c e s   19,  19  of  t he   n e e d l e   b e a r i n g s   15,  15,  t h e   w e d g e  

member  16  c o m p r i s i n g   a  wedge   r o l l e r   18  h a v i n g   a  d r i v e n   p l a n e   17  

b e a r i n g   on  t he   d r i v i n g   p l a n e   13  of  the   r e c e s s e d   g r o o v e   1 1  

and  a  c l u t c h   e l e m e n t   21  b e i n g   f i t t e d   in  the   o u t e r   p e r i p h e r y  

of  the   wedge  r o l l e r   18  and  h a v i n g   a  c i r c u l a r   s u r f a c e   20  

h a v i n g   the   same  c u r v a t u r e   as  of  t he   i n n e r   p e r i p h e r a l   s u r f a c e  

19  of  t he   n e e d l e   b e a r i n g   15  and  in  i n t i m a t e   c o n t a c t   w i t h  

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

s u r f a c e   of  t he   wedge  member   16,   t h a t   i s ,   t he   c i r c u l a r   s u r f a c e  



20  in  t he   o u t e r   p e r i p h e r y   of  t h e   c l u t c h   e l e m e n t   21  

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

s h a f t   7  t o  c a u s e   t he   c e n t e r   A  ( F i g .   4)  of  the   e c c e n t r i c  

r o t o r   14  to  be  e c c e n t r i c   in  a  p r e d e t e r m i n e d   a m o u n t   E  r e l a t i v e  

to  the   c e n t r a l   a x i s   O  of  t he   pump  s h a f t   7  t h r o u g h   the   n e e d l e  

b e a r i n g   1 5 . .  

A c c o r d i n g l y ,   as  t he   pump  s h a f t   7  r o t a t e s ,   the   p a i r  

of  e c c e n t r i c   r o t o r s   14,  14  e f f e c t   t h e i r   e c c e n t r i c   m o v e m e n t  

a b o u t   t h e   pump  s h a f t   7  w i t h   a  p h a s e   d i f f e r e n c e   of  180  d e g r e e s  

t h r o u g h   t he   wedge  member s   16,  16  and  the   n e e d l e   b e a r i n g s  

15,  15  b u t   t he   r o t a t i v e   f o r c e   of  t h e   pump  s h a f t   7  is   n o t  

t r a n s m i t t e d   to   t he   e c c e n t r i c   r o t o r s   14,  14  by  the   a c t i o n  

of  t he   n e e d l e   b e a r i n g s   15,  1 5 .  

A l s o ,   s i n c e   the   c e n t e r   O'  of  t h e   wedge  r o l l e r   18  i s  

a r r a n g e d   to  be  d e v i a t e d   f rom  t h e   c e n t e r   A  of  t he   n e e d l e  

b e a r i n g   15,  t h e   c l u t c h   e l e m e n t  2 1   i s   s u b j e c t e d   to  a  r e a c t i o n  

f rom  the   i n n e r   p e r i p h e r a l   s u r f a c e   19  of  t he   n e e d l e   b e a r i n g  

15  as  t he   pump  s h a f t   7  r o t a t e s   and  t e n d s   to  p i v o t   a b o u t  

the   c e n t e r   O'  of  t he   wedge  r o l l e r   18.  H o w e v e r ;   s i n c e   t h e  

c e n t e r   O'  of  t he   wedge  r o l l e r   18  i s   d e v i a t e d   f rom  the   c e n t e r  

A  of  t he   n e e d l e   b e a r i n g   1 5  a s   d e s c r i b e d ,   t he   n e e d l e   b e a r i n g  

15  is  s u b j e c t e d   to  a  g r e a t   r a d i a l   p r e s s i n g   f o r c e   f rom  t h e  

c l u t c h   e l e m e n t   21  by  s a i d   p i v o t a l   m o v e m e n t   of  t he   c l u t c h  

e l e m e n t   21,  t h u s   d e c r e a s i n g   a  s l i p   t h e r e b e t w e e n   to  m i n i m i z e  

the   w e a r .  



The  e c c e n t r i c   r o t o r   14  i s   w h o l l y   f o r m e d   i n t o   a  

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

h a v i n g   an  L - s h a p e d   s e c t i o n ,   in  o u t e r   p e r i p h e r a l   p o r t i o n s  

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

23,  23.  An  a n n u l a r   d i a p h r a g m   24  w h i c h   i s   f o r m e d   of  a  

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

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

m o u n t e d   on  the   o u t e r   p e r i p h e r y   of  t he   e c c e n t r i c   r o t o r   1 4 ,  

the   d i s p h r a g m   24  b e i n g   s l i d a b l y   f i t t e d   in  an  a n n u l a r  

h o l l o w   p o r t i o n   25  of  t h e   e c c e n t r i c   r o t o r   14  of  c h a n n e l  

s e c t i o n   and  c o m p r i s i n g   a  d i s c   p o r t i o n   27  p r o v i d e d   w i t h   a n  

a n n u l a r   e n g a g i n g   p r o j e c t i o n   26  e n g a g e a b l e   w i t h   an  a n n u l a r  

p r o j e c t i o n   23  f o r m e d   in  t h e   o u t e r   p e r i p h e r y   of   t h e   r o t o r   14 

and  an  a n n u l a r   f l a n g e   p o r t i o n   28  i n t e g r a l l y   f o r m e d   w i t h   t h e  

d i s c   p o r t i o n   27  a t   i t s   e x t e r n a l .   The  a n n u l a r   f l a n g e   p o r t i o n  

28  is   a t   i t s   end  e d g e   f o r m e d   w i t h   r a d i a l l y   o u t w a r d l y   e x t e n d i n g  

a n n u l a r   e n g a g i n g   p r o j e c t i n g   e l e m e n t s   29,  29,   w h i c h   a r e   b r o u g h t  

i n t o   e n g a g e m e n t   w i t h   a n n u l a r   e n g a g i n g  g r o o v e s   30,   30  f o r m e d   i n  

b o t h   e n d s   of  e a c h   c a s e   h a l f   member  2  and  a r e   f i r m l y   f i x e d l y  

h e l d   i n  p o s i t i o n   by  m e a n s   of  a n n u l a r   s t e p p e d   p o r t i o n s   31,   3 1  

f o r m e d   i n t e r n a l l y   of   t h e   c o v e r   members   4,  5  and  an  a n n u l a r  

s t e p p e d   p o r t i o n   33  in  t h e   o u t e r   p e r i p h e r y   of   a  c l a m p i n g   r i n g  

32  a r r a n g e d   b e t w e e n   b o t h   t h e   d i a p h r a g m s 2 4   and  24.  In  t h i s  

c a s e ,   t h e   e n g a g i n g   p r o j e c t i n g   e l e m e n t s   29,   29  f o r m e d   on  t h e  

o u t e r   p e r i p h r a l   e d g e   of  t he   a n n u l a r   f l a n g e   p o r t i o n   2 8  



of  each   d i a p h r a g m   24  a r e   p r o v i d e d   w i t h   e n g a g i n g   s u r f a c e s  

2 9 ' ,   29'   f o r   p r e v e n t i o n   of  d i s e n g a g e m e n t .   Each   e n g a g i n g  

g r o o v e   30  of  e a c h   c a s e   h a l f   member  2  and  e a c h   a n n u l a r  

s t e p p e d   p o r t i o n   33  in  t he   o u t e r   p e r i p h e r y   of  t he   c l a m p i n g  

r i n g   32  a r e   a l s o   f o r m e d   w i t h   an  e n g a g e d   s u r f a c e   30 '   a d a p t e d  

to  e n g a g e   w i t h   s a i d   e n g a g i n g   s u r f a c e   29'   so  t h a t   u p o n  

a s s e m b l y   of  t h e   pump  c a s i n g   1,  t he   e n g a g i n g   s u r f a c e   2 9 '  

is  f o r c e d   i n t o   e n g a g e m e n t   w i t h   t he   e n g a g e d   s u r f a c e   3 0 '  

w h e r e b y   t he   e n g a g i n g   p r o j e c t i n g   e l e m e n t   29  i s   i m m o v a b l y  

e n g a g e d   by  t h e   e n g a g i n g   g r o o v e   30.  T h u s ,   upon  t h e   e c c e n t r i c  

m o t i o n   of  t h e   e c c e n t r i c   r o t o r s   14,  14,  t he   o u t e r   p e r i p h e r a l  

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

d i a p h r a g m s   24,  24  a r e   u r g e d   a g a i n s t   t he   i n n e r   p e r i p h e r a l  

s u r f a c e s   of  t h e   c y l i n d r i c a l   c a s e   h a l v e s   2,  2  by  means   o f  

the   wedge  m e m b e r s   16,  16  t h r o u g h   t h e   e c c e n t r i c   r o t o r s   1 4 ,  

14.  By  e n g a g e m e n t   o f - t h e   e n g a g i n g   p r o j e c t i o n s   26,   26  i n  

the   i n n e r   p e r i p h e r i e s   of  t he   d i s c   p o r t i o n s   27,  27  of  t h e  

d i a p h r a g m s   24.  24  w i t h   t he   a n n u l a r   p r o j e c t i o n s   23,   23  i n  

the   o u t e r   p e r i p h e r i e s   of  the   e c c e n t r i c   r o t o r s   14,   1 4 ,  

the   c e n t r a l   p o r t i o n s   in  t he   o u t e r   p e r i p h e r i e s   of  t h e   a n n u l a r  

' l a n g e   p o r t i o n s   28,   28  of  the   d i a p h r a g m s   24,   24  a r e  

g r a d u a l l y   s t r o n g l y   p u l l e d   i n w a r d l y   as  t h e y   move  away  i n  

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

i n ; e r   p e r i p h e r a l   s u r f a c e s   of  t he   c y l i n d r i c a l   c a s e   h a l v e s  

2,  r e s u l t i n g   f r o m   -he  e c c e n t r i c   m o t i o n   of  t he   e c c e n t r i c  



r o t o r s   14,  14  and  t h e n   g r a d u a l l y   move  away  g r e a t l y   f r o m  

the   i n n e r   p e r i p h e r a l   s u r f a c e s   of  t he   c y l i n d r i c a l   c a s e  

h a l v e s   2,  2  to  fo rm  pump  c h a m b e r s   P,  P  of  c r e s c e n t - s h a p e d  

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

the   c y l i n d r i c a l   c a s e   h a l v e s   2,  2  and  t h e   o u t e r   p e r i p h e r a l  

s u r f a c e s   of  the   d i a p h r a g m s   24,  24,  r e s p e c t i v e l y .   In  t h i s  

c a s e ,   the   d i a p h r a g m   24  is  p u l l e d   t o w a r d s   t h e   c e n t e r   u p o n  

e c c e n t r i c   r o t a t i o n   of  t he   e c c e n t r i c   r o t o r   14,  b u t   s i n c e  

the   e n g a g i n g   p r o j e c t i n g   e l e m e n t s   29,  29  on  t he   b o t h   e n d  

e d g e s   of  t he   a n n u l a r   f l a n g e   p o r t i o n   28  a r e   f i x e d l y  

h e l d   by  the   a n n u l a r   e n g a g i n g   g r o o v e s   30,   30  of  t he   c a s e  

h a l f   2,  t he   a n n u l a r   s t e p p e d   p o r t i o n   31  of  t he   c o v e r  

body  4  or  5  and  t h e   a n n u l a r   s t e p p e d   p o r t i o n   33  of  t h e  

c l a m p i n g   r i n g   32,  no  l e a k a g e   of   f l u i d   w i t h i n   t he   pump 

c h a m b e r   P  o c c u r s   t h e r e f r o m   or  no  e n t r y   l u b r i c a t i n g   o i l  

in  t he   b e a r i n g s 8 ,   9  and  n e e d l e   b e a r i n g s   15  i n t o   t he   p u m p  

c h a m b e r   P  o c c u r s .  

The  c a s e   h a l v e s   2,  2  have   p a r t i t i o n   g r o o v e s   3 5 ,  

35  b o r e d   t h e r e i n  t o   open   to   t h e   c y l i n d r i c a l   h o l l o w   c h a m b e r  

6,  t he   p a r t i t i o n   g r o o v e s   35,  35  h a v i n g   p a r t i t i o n   m e m b e r s  

36,  36  e x t e n d e d   i n t e g r a l l y   w i t h   t h e   a n n u l a r   f l a n g e   p o r t i o n s  

28,  28  of  t he   d i a p h r a g m s   24,  2 4 , s a i d   p a r t i t i o n   m e m b e r s  

36,  36  b e i n g   r a d i a l l y   s l i d a b l y   f i t t e d   in  t h e   p a r t i t i o n  

g r o o v e s   35,  35  in  f l u i d - t i g h t   m a n n e r .   The  c r e s c e n t - s h a p e d  
pump 

/ c h a m b e r s   P,  P  f o r m e d   b e t w e e n   t he   i n n e r   p e r i p h e r a l   s u r a f c e s  



of  the   c a s e   h a l v e s   2,  2  and  the   o u t e r   p e r i p e r a l   s u r f a c e s   o f  

the   d i a p h r a g m s   24,   24  a r e   d i v i d e d   by  t he   p a r t i t i o n   m e m b e r s  

36,  36  i n t o   an  i n t a k e   c h a m b e r   Pi  and  an  e x h a u s t   c h a m b e r   Pe  i n  

f l u i d - t i g h t   m a n n e r ,   as  shown  by  the   t w o - d o t   c o n t o u r   l i n e s   i n  

F i g . 2 .  

I n t a k e   and  e x h a u s t   p a s s a g e s 3 9   and  40  a x i a l l y   s p a c e d  
o t h e r  

f r o m   e a c h / a n d   e x t e n d i n g   in  o p p o s i t e   d i r e c t i o n s   a r e   o p e n  

to  e a c h   of  t h e   p a r t i t i o n   g r o o v e s   35,  t h e   two  e x h a u s t   p a s s a g e s  

40,  40  b e i n g   p l a c e d   in  c o m m u n i c a t i o n   w i t h   e a c h   o t h e r .  

The  p a r t i t i o n   member   36  is   i n c l i n e d   r e l a t i v e   to  a  p l a n e  

41  w h i c h   p a s s e s   t h r o u g h   the   c e n t r a l   a x i s   of  t he   c y l i n d r i c a l  

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

d i a p h r a g m   24,   t h a t   i s ,   t he   c e n t r a l   a x i s   A  of  t he   e c c e n t r i c  

r o t o r   14.  The  p a r t i t i o n   member  36  i s   f o r m e d   a t   b o t h   s i d e s  

t h e r e o f   w i t h   i n t a k e   and  e x h a u s t   p o r t s   42,   43  w h i c h   a r e  

r e s p e c t i v e l y   open   to   t he   i n t a k e   and  e x h a u s t   c h a m b e r s   P i ,   P e  

and  in  c o m m u n i c a t i o n   w i t h   t h e i n t a k e   and  e x h a u s t   p a s s a g e s  

39,  40,  r e s p e c t i v e l y .   The  i n t a k e   and  e x h a u s t   p o r t s   42,   43  

a re   a r r a n g e d   so  t h a t   t he   i n t a k e   p o r t   4 2  i s   on  the   s i d e   o f  

the   e x h a u s t   c h a m b e r   Pe  and  the   e x h a u s t   p o r t   43  is  on  t h e  

s i d e   of  t h e   i n t a k e   c h a m b e r   Pi  w i t h   r e s p e c t   to   t he   p l a n e  

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

the   c e n t r a l   a x i s   O  of  t he   c y l i n d r i c a l   h o l l o w   c h a m b e r   6,  t h a t  

i s ,   the   p l a n e   41  w h i c h   p a s s e s   t h r o u g h   a  t a n g e n t   b e t w e e n  



t he   o u t e r   p e r i p h e r a l   s u r f a c e   of   t h e   d i a p h r a g m   24  a n d  

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

2  to   d e f i n e   t he   pump  c h a m b e r   P  w i t h i n   t h e   c y l i n d r i c a l  

h o l l o w   c h a m b e r   6  when  t he   d i a p h r a g m   24  is   p o s i t i o n e d   s h o w n  

by  t h e   s o l i d   l i n e   in  F i g .   2.  W i t h   t h e   a r r a n g e m e n t   o f  

t he   i n t a k e   and  e x h a u s t   p o r t s   42,  43  as  j u s t   m e n t i o n e d ,   t h e  

c o m m u n i c a t i o n   b e t w e e n   t he   i n t a k e   and  e x h a u s t   p o r t s   4 2 ,  

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

pump  s h a f t   7  to  r e d u c e   t he   p u l s a t i o n   of  f l u i d s   s u p p l i e d  

u n d e r   p r e s s u r e   f rom  the   pump  as  s m a l l   as  p o s s i b l e ,   a s  

w i l l   be  d e s c r i b e d   h e r e i n a f t e r .  

W h i l e   t h e   i n t a k e   and  e x h a u s t   p o r t s   42,  43  h a v e   b e e n  

a r r a n g e d   as  shown  in  F i g .   3,  i t   w i l l   be  u n d e r s t o o d   t h a t  

t h e y   can  a l s o   be  a r r a n g e d   in  any  o t h e r   m a n n e r   as  l o n g   a s  

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

d u r i n g   r o t a t i o n   of  the   pump  s h a f t   7 .  

In  t h e   d r a w i n g s ,   r e f e r e n c e   n u m e r a l   44  d e s i g n a t e s  

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

15  and  15  and  b e t w e e n   the   p a i r   of  e c c e n t r i c   r o t o r s   14  

and  1 4 .  

N e x t ,   t he   o p e r a t i o n   of  t h e   a f o r e m e n t i o n e d   e m b o d i m e n t  

w i l l   be  d e s c r i b e d .  

When  t he   pump  s h a f t   7  i s   r o t a t e d   c o u n t e r c l o c k w i s e  

( in   t he   d i r e c t i o n   as  i n d i c a t e d   by  t h e   a r r o w   in  F i g .   2)  a s  

v i e w e d   in  F i g .   2  by  a  p r i m e   mover   n o t   s h o w n ,   t he   t o r q u e  

t h e r e o f   i s   t r a n s m i t t e d   to  t he   wedge   m e m b e r s   16,  16  t h r o u g h  



t he   d r i v i n g   p l a n e s   13,  13  of  t he   r e c e s s e d   g r o o v e s   11,  11 

and  f u r t h e r   to  t h e   n e e d l e   b e a r i n g s   15,  15  t h r o u g h   t h e  

w e d g i n g   a c t i o n   of  t he   wedge  m e m b e r s   16,  16.  At  t h i s   t i m e ,  

the   e c c e n t r i c   f o r c e   t r a n s m i t t e d   to  t he   n e e d l e   b e a r i n g s   1 5 ,  

15  is   t r a n s m i t t e d   to  the   e c c e n t r i c   r o t o r s   14,  14  w i t h o u t  

m o d i f i c a t i o n   bu t   t he   t o r q u e   is   no t   t r a n s m i t t e d   to  t h e  

e c c e n t r i c   r o t o r s   14,  14  w h i l e   b e i n g   a b s o r b e d   by  t he   n e e d l e  

b e a r i n g s   15,  15.  As  a  r e s u l t ,   t he   e c c e n t r i c   r o t o r s   14,  14 

r e v o l v e   w i t h   t h e   p h a s e   d i f f e r e n c e   of  180  d e g r e e s   f r o m   e a c h  

o t h e r   w i t h i n   t h e  c y l i n d r i c a l   h o l l o w   c h a m b e r   6  e c c e n t r i c a l l y  

w i t h   r e s p e c t   to  t he   pump  s h a f t   7  w h e r e b y   one  p a r t   of  t h e  

c e n t r a l   p o r t i o n   of  t he   a n n u l a r   f l a n g e   p o r t i o n s   28,   28  i n  

t he   o u t e r   p e r i p h e r y   of  t he   p a i r   of  d i a p h r a g m s   24,  24  m o u n t e d  

on  the   o u t e r   p e r i p h e r y   of  t he   e c c e n t r i c   r o t o r s   14,   14  i s  

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

h a l v e s   2,  2  by  t he   wedge  m e m b e r s   16,  16  w h i l e   t h e   o t h e r   p a r t  

of  the   c e n t r a l   p o r t i o n   of  t he   a n n u l a r   f l a n g e   p o r t i o n s   28,  28  
the   c r e s c e n t - s h a p e d   g a p s ,   t h a t   i s ,   the   pump 

is  p u l l e d   t o w a r d   t he   c e n t e r   to  f o r m / c h a m b e r s   P,  P  b e t w e e n  

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

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

2,  2.  S i n c e   t he   r o t a t i o n a l   p h a s e   of  the   e c c e n t r i c   r o t o r s  

14,  14  i s   d e v i a t e d   by  180  d e g r e e s ,   t he   p h a s e   of  t h e   p u m p  

c h a m b e r s   P,  P  is  s i m i l a r l y   d e v i a t e d   by  180  d e g r e e s .   E a c h  

pump  c h a m b e r   P  is   f o r m e d   i n t e g r a l   w i t h   t he   o u t e r   p e r i p h e r y .  

of  the   d i a p h r a g m   24  and  d i v i d e d   i n t o   the   i n t a k e   c h a m b e r   P i  



and  the   e x h a u s t   c h a m b e r s   Pe  in  f l u i d - t i g h t   m a n n e r   by  t h e  

p a r t i t i o n   member  36  f i t t e d   in  t he   p a r t i t i o n   g r o o v e   35  o f  

each   c a s e  h a l f   member  2.  The  v o l u m e s   of  t h e s e   i n t a k e  

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

m o t i o n   of  t he   e c c e n t r i c   r o t o r s   1 4 , 1 4   to  c a u s e   a  p u m p i n g  

a c t i o n .   In  t he   s t a t e   in  w h i c h   e a c h   e c c e n t r i c   r o t o r   14 

is   p o s i t i o n e d   a t   t h e   top   dead   c e n t e r   of  i t s   s t r o k e   w h i c h  

is   c l o s e s t   of  t he   i n t a k e   p o r t   42  and  e x h a u s t   p o r t   43,  i . e . ,  

t he   i n t e r m e d i a t e   p o s i t i o n   b e t w e e n   t h e   i n t a k e   and  e x h a u s t  

p o r t s   42,  43,   t he   i n t a k e   c h a m b e r   Pi  l e a d i n g   to  t he   i n t a k e  

p o r t   42  is   m i n i m i z e d   in  v o l u m e   and  i s   j u s t   to  commence   i t s  

s t r o k e ,   w h e r e a s   t h e   e x h a u s t   c h a m b e r   Pe  l e a d i n g   to  t h e  

e x h a u s t   p o r t   43  i s   e x p a n d e d   in  v o l u m e   to  t h e   maximum  a n d  

is   j u s t   to  commence   i t s   d e l i v e r y .   As  t h e   e c c e n t r i c   r o t o r  

14  i s   r o t a t e d   f r o m   t h i s   s t a t e   in  t h e   m a n n e r   d e s c r i b e d  

b e f o r e ,   t h e   v o l u m e s   of  t he   i n t a k e   c h a m b e r   Pi  i s   g r a d u a l l y  

i n c r e a s e d   so  as  to  suck   t he   f l u i d   t h e r e i n t o   w h e r e a s   t h e  

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

come  i n t o   c o m m u n i c a t i o n   w i t h   t he   e x h a u s t   p o r t   43,  so  t h a t   t h e  

f l u i d   in  t he   c h a m b e r   Pe  i s   c o m p r e s s e d   and  d e l i v e r e d   u n d e r  

p r e s s u r e   t h r o u g h   t h e   e x h a u s t   p o r t   43.  T h e n ,   as  t h e  

e c c e n t r i c   r o t o r   14  r e a c h e s   t he   b o t t o m   d e a d   c e n t e r   w h i c h  

is   f a r t h e s t   f rom  t h e   i n t a k e   and  e x h a u s t   p o r t s   42,  43,  t h e  

i n t a k e   c h a m b e r   Pi  and  the   e x h a u s t   c h a m b e r   Pe  a r e   j u s t   o n  

the   m e d i a n   p o s i t i o n   of  t he   i n t a k e   and  e x h a u s t   s t r o k e s ,  



r e s p e c t i v e l y ,   w h e r e   t he   v o l u m e s   t h e r e o f   come  s u b s t a t i a l l y  

e q u a l   to  e a c h   o t h e r .   As  t he   e c c e n t r i c   r o t o r   14  f u r t h e r  

r o t a t e s ,   the   i n t a k e   c h a m b e r   Pi  f u r t h e r   i n c r e a s e s   i t s   v o l u m e ,  

w h i l e   the   e x h a u s t   c h a m b e r   Pe  d e c r e a s e s   i t s   v o l u m e ,   so  t h a t  

t h e s e   c h a m b e r s   come  to  r e s u m e   t he   s t a t e   as  shown  by  t he   s o l i d  

l i n e   in  F i g .   2,  t h u s   c o m p l e t i n g   t he   s u c t i o n   and  d e l i v e r y  

s t r o k e s .   One  c y c l e   of  s u c t i o n   and  d e l i v e r y   s t r o k e s   may  b e  

a c h i e v e d   by  one  r o t a t i o n   of  t he   e c c e n t r i c   r o t o r   14,  a n d  

a  f l u i d   of  a  v o l u m e   e q u a l   to  t he   v o l u m e   of  t he   pump  c h a m b e r  

P  is   e x h a u s t e d   in  one  c y c l e .  

As  can  be  s e e n   f rom  F i g .   3,  t h e   c o m m u n i c a t i o n   b e t w e e n  

the   i n t a k e   and  e x h a u s t   p o r t s   42,  43  i s   a l w a y s   in  c u t - o f f  

s t a t e   d u r i n g   t he   r e v o l u t i o n   of  t h e   e c c e n t r i c   r o t o r   1 4 ,  

and  the   s u c t i o n   and  d e l i v e r y   s t r o k e s   a r e   n e v e r   i n t e r r u p t e d  

by  the   c o m m u n i c a t i o n   t h e r e b e t w e e n .   T h u s ,   t he   s u c t i o n  

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

a c c o m p l i s h e d .  

N e x t ,   r e f e r r i n g   to  F i g .   4,  t h e   d i s c h a r g e s   f l o w   r a t e   ω 1  

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

of  one  pump  c h a m b e r   P  is   o b t a i n e d   r e l a t i v e   to  the   r o t a t i o n a l  

a n g l e  e  o f   the   pump  s h a f t   7.  The  c e n t e r   of  the   e c c e n t r i c  

r o t o r   14,  i . e .   t he   c e n t e r   A  of  t he   o u t e r   p e r i p h e r a l   c i r c l e  

C  in  t he   c e n t r a l   p o r t i o n   of  t he   a n n u l a r   f l a n g e   p o r t i o n   28  

of  the   d i a p h r a g m   24  r o t a t e s   a t   a  u n i f o r m  s p e e d   r e l a t i v e   t o  

the   a x i s   O  of  t h e   pump  s h a f t   7  and  t h e r e f o r e ,   the   d i s c h a r g e  



f l o w   r a t e  ω 1   is   p r o p o r t i o n a l   to  t he   d i s t a n c e   y  f rom  t h e  

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

t he   l i n e   00"  (Y  a x i s )   c o n n e c t i n g   t he   c e n t e r   O"  of  the   e x h a u s t  

p o r t   43  to  the   a x i s   O  of  t he   pump  s h a f t   7 ,  

to  the   e x h a u s t   p o r t   43.  N a m e l y ,  

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

f l o w   r a t e  ω 1   and  t he   d i s t a n c e   y :  

ω1  =  k  y  (k  i s   t he   p r o p o r t i o n a l   c o n s t a n t )  

As  is   a p p a r e n t   f rom  F i g .   4,  t h e   d i s t a n c e   y  i s  

r e p r e s e n t e d   b y  

R:  R a d i u s   of  t h e   c y l i n d r i c a l   h o l l o w   c h a m b e r   6 

OD:  D i s t a n c e   f rom  the   c e n t e r   O  ( t h e   a x i s   o f  

t h e   pump  s h a f t   7)  of  t h e   c h a m b e r   6  t o  

t h e   p o i n t   D .  

A n d ,  

OB:  C o m p o n e n t   in  t he   d i r e c t i o n   o f . Y - a x i s   o f  

the   l i n e   AO  c o n n e c t i n g   t h e   c e n t e r   A  of  t h e  

e c c e n t r i c   r o t o r   14  to  t he   c e n t e r   O  of  t h e  

c y l i n d r i c a l   h o l l o w   c h a m b e r   6 

BD:  C o m p o n e n t   in  t he   d i r e c t i o n   of  Y - a x i s   o f  

the   l i n e   AD  c o n n e c t i n g   t he   c e n t e r   A  o f  

t h e   e c c e n t r i c   r o t o r   14  to   t he   p o i n t   D 



E :   E c c e n t r i c i t y   (  d i s t a n c e   f rom  the   c e n t e r   A 

of  t he   e c c e n t r i c   r o t o r   14  to  t he   a x i s   0  

of  t he   pump  s h a f t   7) 

@ :  R o t a t i o n a l   a n g l e   of  t he   e c c e n t r i c   r o t o r  

14  or  pump  s h a f t   7 

r  :   R a d i u s   of   t h e   o u t e r   p e r i p h e r a l   c i r c l e   C 

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

24  

AB :  V e r t i c a l   d i s t a n c e   f r o m   t h e   c e n t e r   A  o f  

t he   e c c e n t r i c   r o t o r   14  to   t he   Y - a x i s .  

A c c o r d i n g l y ,  

H o w e v e r ,   s i n c e  t h e   e c c e n t r i c i t y   E  is   e x t r e m e l y   s m a l l e r  

t h a n   the   o u t s i d e   d i a m e t e r   r  of  t he   d i a p h r a g m   24,   t h u s  

and  a c c o r d i n g l y ,  



A l s o ,   t he   d i s c h a r g e   f l o w   e a t e  ω 2   of  t he   pump  c h a m b e r   P 

d i f f e r e n t   in  p h a s e   by  180  d e g r e e s   f rom  the   r a t e  ω 1   i s  

g i v e n   b y  

A c c o r d i n g l y ,   t he   d i s c h a r g e   f l o w   r a t e  ω 1   of  one  p u m p  

c h a m b e r   P  i s   shown  by  t he   c u r v e   I  of  F i g .   5,  w h e r e a s   t h e  

d i s c h a r g e   f l o w   r a t e  ω 2  o f   t h e   o t h e r   pump  c h a m b e r   P  d i f f e r e n t  

in  p h a s e   by  180  d e g r e e s   f rom  the   f o r m e r   is  shown  by  t h e  

c u r v e   II   of  F i g .   5 .  

The  s u m  ω  o f   b o t h   t he   d i s c h a r g e   f l o w   r a t e s  ω 1  

and  ω2  is   g i v e n   b y  

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

of  t he   e c c e n t r i c   r o t o r s   14,  1 4 .  

B e c a u s e   of  t h i s ,   t h e   f l u i d   fed   u n d e r   p r e s s u r e  

f rom  the   pump  c h a m b e r   P  i n v o l v e s   no  p u l s a t i o n   to   p r o v i d e  

a  c o n s t a n t   f l o w   r a t e .  

I n c i d e n t a l l y ,   the   e x p l a n a t i o n   has   been   made  in  t h e  

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

and  t h u s ,   t h e   p u l s a t i o n   of  t he   f l u i d   fed   u n d e r   p r e s s u r e  

d e c r e a s e s   as  t h e   e c c e n t r i c i t y   E  d e c r e a s e s   r e l a t i v e   to  t h e  

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

p o r t i o n   of  t h e   d i a p h r a g m   24  so  t h a t  -   comes   c l o s e   to   z e r o .  
r  



In  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ,   a s  

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

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

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

in  an  a x i a l l y   s p a c e d   r e l a t i o n   and  w i t h   a  p h a s e   d i f f e r e n c e   o f  

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

m o u n t e d   on  t h e   o u t e r   p e r i p h e r y   o f  t h e   e c c e n t r i c   r o t o r s  

to  d e f i n e   a  p a i r   of  pump  c h a m b e r s   b e t w e e n   t h e   i n n e r   p e r i -  

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

of  the   d i a p h r a g m ,   the   pump  c h a m b e r   b e i n g   d i v i d e d   by  a  

p a r t i t i o n   member  i n t o   an  i n t a k e   c h a m b e r   and  an  e x h a u s t  

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

an  i n t a k e   p o r t   and  an  e x h a u s t   p o r t   w h i c h   a r e   r e s p e c t i v e l y  

in  c o m m u n i c a t i o n   w i t h   t h e   i n t a k e   c h a m b e r   and  t he   e x h a u s t  

c h a m b e r   is  c u t   o f f   by  t h e   p a r t i t i o n   member  d u r i n g   t h e  

r o t a t i o n   of  t he   pump  s h a f t .   W i t h   t h i s   a r r a n g e m e n t ,   t h e  

c o m m u n i c a t i o n   b e t w e e n   t he   i n t a k e   p o r t   and  e x h a u s t   p o r t  

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

s t r o k e s   of  t he   pump  c h a m b e r   to  a v o i d   i n t e r r u p t i o n   of  t h e  

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

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

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

t he   e c c e n t r i c   r o t o r s   may  be  d i v i a t e d   by  180  d e g r e e s   t o  

t h e r e b y   d i f f e r e n t i a t e   t he   p h a s e   b e t w e e n   b o t h   t h e   i n t a k e  

and  e x h a u s t   c h a m b e r s   t h r o u g h   180  d e g r e e s   and  t h e   f l u i d s  



fed   u n d e r   p r e s s u r e   f r o m   t he   e x h a u s t   c h a m b e r s   may  b e  

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

f l u i d s   d i v i a t e d i n   p h a s e   b y ' 1 8 0   d e g r e e s   and  to  p r o v i d e   a  

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

e x h a u s t   p o r t .  

F u r t h e r ,   s i n c e   t h e   pump  c h a m b e r   f o r m e d   b e t w e e n  

the   i n n e r   p e r i p h e r a l   s u r f a c e   of  t he   pump  c a s i n g   and  t h e  

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

d i a p h r a g m ,   f l u i d   w i t h i n   t h e   pump  c h a m b e r   may  n o t   be  l e a k e d  

i n t o   and  ou t   o f  t h e   pump  c a s i n g   and  l u b r i c a t i n g   o i l   f o r   t h e  

b e a r i n g s   or  t he   l i k e   w i t h i n   t he   pump  c a s i n g   may  n o t   b e  

e n t e r e d   i n t o   t h e   pump  c h a m b e r ,   as  a  c o n s e q u e n c e   of  w h i c h  

c o m p o n e n t s   d i s p o s e d   w i t h i n   t he   pump  c a s i n g   a r e   n o t   s u b j e c t e d  

to  the   a c t i o n   of  c o r r o s i o n   and  t h e   l i k e   t h u s   i n c r e a s i n g   t h e  

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

a f f e c t e d   nor  c o n t a m i n a t e d   by  b e i n g   mixed   w i t h   l u b r i c a t i n g  

o i l   f o r   t he   b e a r i n g s o r   t h e   l i k e   and  may  be  m a i n t a i n e d  

c l e a n .  

In  a d d i t i o n ,   t h e   a f o r e m e n t i o n e d   d i a p h r a g m   is   f o r m e d  

a t   i t s   o u t e r   p e r i p h e r a l   edge   w i t h   a n n u l a r   e n g a g i n g  

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

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

a n n u l a r   e n g a g i n g   g r o o v e s   h a v i n g   an  e n g a g e d   s u r f a c e   f o r  

e n g a g e m e n t   w i t h   t h e   e n g a g i n g   s u r f a c e ,   and  t he   e n g a g i n g  

p r o j e c t i n g   e l e m e n t s   a r e ,   upon   a s s e m b l y   of  t he   pump  c a s i n g ,  



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

g r o o v e s   so  t h a t   t h e   o u t e r   p e r i p h e r a l   edge   of  t he   d i a p h r a g m  

is  f i x e d l y   h e l d   by  t h e   pump  c a s i n g .   With   t h i s   a r r a n g e m n t ,  

even   i f   t he   t e n s i l e   f o r c e   is   e x e r t e d   r e p e a t e d l y   on  t h e  

d i a p h r a g m   owing   to   t h e   e c c e n t r i c   m o t i o n   of  t he   e c c e n t r i c  

r o t o r s ,   t he   o u t e r   p e r i p h e r a l   edge   t h e r e o f   is   no t   d i s p l a c e d ,  

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

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

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

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

s i m u l t a n e o u s l y   e n h a n c i n g   the   s e a l a b i l i t y   of  t he   pump  c h a m b e r .  

M o r e o v e r ,   s i n c e   t he   o u t e r   p e r i p h e r a l   edge   of  t he   d i a p h r a g m  

may  be  e v e n l y   s e c u r e d   to   t h e   pump  c a s i n g   o v e r   t he   e n t i r e  

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

such   as  b o l t s ,   a  h e a v y   l oad   is  i m p o s e d   on  t he   d i a p h r a g m   b y  

the   e c c e n t r i c   m o t i o n   of  the   e c c e n t r i c   r o t o r s   b u t   an  e x c e s s i v e  

l oad   is  n o t   i m p o s e d   l o c a l l y   on  t he   o u t e r   p e r i p h e r y   t h e r e o f  

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

t he   d u r a b i l i t y .  

F u r t h e r m o r e ,   t h e   r o t a r y   pump  a c c o r d i n g   to  t he   p r e s e n t  

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

b e t w e e n   t h e   pump  s h a f t   and  a  b e a r i n g   f i t t e d   on  the   o u t e r  

p e r i p h e r y   t h e r e o f ,   a  wedge  r o l l e r   h a v i n g   a  d r i v e n   p l a n e  

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

in  the   pump  s h a f t   and  b e i n g   a r r a n g e d   e c c e n t r i c a l l y   w i t h  



r e s p e c t   to  the   c e n t e r   of  an  e c c e n t r i c   r o t o r ,   and  a  

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

f i t t e d   in  t he   o u t e r   p e r i p h e r y   of  t h e   wedge  r o l l e r   and  i n  

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

b e a r i n g .   A c c o r d i n g l y ,   as  t he   pump  s h a f t   is   r o t a t e d   t o  

. c a u s e   the   e c c e n t r i c   r o t a t i o n   of  t he   e c c e n t r i c   r o t o r   t h r o u g h  

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

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

of  t he   b e a r i n g s   and  t h e   c i r c u l a r   s u r f a c e   of  t he   c l u t c h  

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

r o l l e r   a l o n g   t he   o u t e r   p e r i p h e r a l   s u r f a c e   t h e r e o f   due  t o  

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

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

b e a r i n g s   t h e r e b y   e n h a n c i n g   t he   T r a n s m i s s i o n   e f f i c i e n c y   o f  

power   f rom  the   pump  s h a f t   to  t h e   e c c e n t r i c   r o t o r   and  r e s t r a i n i n g  

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

of  the   b e a r i n g s   and  t h e   c i r c u l a r   s u r f a c e  o f   t he   c l u t c h   e l e m e n t .  

And,  the   c i r c u l a r   s u r f a c e   in  t he   o u t e r   p e r i p h e r y   of  t h e  

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

a r e   in  s u r f a c e   c o n t a c t   w i t h   e a c h   o t h e r   and  t he   c o n t a c t   a r e a  

is   l a r g e   so  t h a t   w e a r i n g   t h e r e b e t w e e n   may  be  c o n s i d e r a b l y  

r e d u c e d ,   and  as  a  r e s u l t ,   t he   d u r a b i l i t y   of  t he   wedge  m e m b e r  

may  be  i m p r o v e d   to   e f f e c t i v e l y   p r e v e n t   t he   l o w e r i n g   of  t h e  

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

of  the   e c c e n t r i c   r o t o r s .  



1.  A  r o t a r y   pump  c o m p r i s i n g   a  pump  c a s i n g   (1)   h a v i n g  

a  c y l i n d r i c a l   h o l l o w   c h a m b e r   (6)   f o r m e d   t h e r e i n ,   a  p u m p  

s h a f t   (7)   r o t a t a b l y   s u p p o r t e d   by  s a i d   pump  c a s i n g ,   and  a n  

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

on  t h e   pump  s h a f t   so  as  to   e x e r t   a  p u m p i n g   a c t i o n   in  a  

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

o f t h e   pump  c a s i n g ;  

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

(14)   a r e   m o u n t e d   on  s a i d   pump  s h a f t   (7)   in  a x i a l l y   s p a c e d  

r e l a t i o n   and  p e r i p h e r a l l y   s p a c e d   a p a r t   by  1 8 0 °   f r o m  

e a c h   o t h e r ;  

a  p a i r   of  d i a p h r a g m s   (24)   a r e   m o u n t e d   one  on  t h e  

o u t e r   p e r i p h e r y   of  e a c h   of  s a i d   e c c e n t r i c   r o t o r s   (14 )   t o  

d e f i n e   t h e r e w i t h   a  p a i r   of  pump  c h a m b e r s  ( P )   in  c o o p e r a t i o n  

w i t h   t h e   i n n e r   p e r i p h e r a l   s u r f a c e   of  t h e   pump  c a s i n g   ( 1 ) ;  

,  a  r e s p e c t i v e   p a r t i t i o n   (36)   i s   a r r a n g e d   t o  

d i v i d e   e a c h   of  s a i d   pump  c h a m b e r s  ( P )  i n   a  f l u i d - t i g h t   m a n n e r  

i n t o   a  s u c t i o n   c h a m b e r   (P i )  and   an  e x h a u s t   c h a m b e r   ( P e ) ;  

and  a  r e s p e c t i v e   i n t a k e   p o r t   ( 42 )   c o m m u n i c a t e s   w i t h  

e a c h   s u c t i o n   c h a m b e r   ( P i )   and  a  r e s p e c t i v e   e x h a u s t   p o r t  

(43 )   c o m m u n i c a t e s   w i t h   e a c h   e x h a u s t   c h a m b e r   ( P e ) ,   s a i d  

i n t a k e   p o r t   ( 42 )   and  s a i d   e x h a u s t   p o r t   ( 4 3 )   b e i n g   s e p a r a t e d  

f rom  e a c h   o t h e r   by  m e a n s   of  s a i d   p a r t i t i o n   ( 3 6 )   at   a l l   t i m e s  

d u r i n g   t h e   r o t a t i o n   of  s a i d   pump  s h a f t   ( 7 ) .  

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

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

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

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

s u r f a c e   of  s a i d   d i a p h r a g m   ( 2 4 ) ,   and  s a i d   i n t a k e   and  e x h a u s t  

p o r t s   ( 4 2 , 4 3 )   a r e   a r r a n g e d   on  t h e   o p p o s i t e   s i d e s   of  s a i d  

p a r t i t i o n   ( 3 6 ) .  



3.  A  r o t a r y   pump  a c c o r d i n g   to   c l a i m   1  or   2 ,  

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

( 2 9 )   f o r m e d   in  t h e   o u t e r   p e r i p h e r a l   edge   of  s a i d   d i a p h r a g m  

( 2 4 )   and  h a v i n g   an  e n g a g i n g   s u r f a c e   ( 2 9 ' )   f o r   p r e v e n t i o n   o f  

d i s e n g a g e m e n t ,   and  an  a n n u l a r   e n g a g i n g   g r o o v e   ( 3 0 )   d i s p o s e d  

in  s a i d   pump  c a s i n g   (1)   and  h a v i n g   an  e n g a g e d   s u r f a c e   ( 3 0 ' )  

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

p r o j e c t i n g   e l e m e n t   ( 2 9  )   b e i n g  ,   upon  a s s e m b l y   of   s a i d   p u m p  

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

e n g a g i n g   g r o o v e   (30 )   to   be  f i x e d l y   h e l d   by  t h e   pump  c a s i n g  

( 1 ) .  

4.  A  r o t a r y   pump  a c c o r d i n g   to   a n y  o n e   of   t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   by  a  r e c e s s e d   g r o o v e   ( 1 1 )  

f o r m e d   in  s a i d   pump  s h a f t   ( 7 )   and  h a v i n g   a  d r i v i n g   p l a n e  

( 1 3 )   p a r a l l e l   to  t h e   c e n t r a l   a x i s   of  s a i d   pump  s h a f t ,   a n d  

a  w e d g e   member   (16)   a r r a n g e d   b e t w e e n   s a i d   r e c e s s e d   g r o o v e  

( 1 1 )   and  a  b e a r i n g   ( 1 5 )   in  t h e   i n n e r   p e r i p h e r y   of  t h e  

r e s p e c t i v e   e c c e n t r i c   r o t o r   ( 1 4 )   to   l o c a t e   s a i d  

e c c e n t r i c   r o t o r   in  an  e c c e n t r i c   p o s i t i o n   w i t h   r e s p e c t   t o  

t h e   c e n t r a l   a x i s   of  s a i d   pump  s h a f t .  

5.  A  r o t a r y   pump  a c c o r d i n g   to   c l a i m   4,  c h a r a c t e r i s e d  

in  t h a t   s a i d   wedge  member   ( 1 6 )   c o m p r i s e s   a  w e d g e   r o l l e r  

( 1 8 )   h a v i n g   a  d r i v e n   p l a n e   ( 1 7 )   w h i c h   b e a r s   on  s a i d   d r i v i n g  

p l a n e   ( 1 3 )   and  b e i n g   a r r a n g e d   e c c e n t r i c a l l y   w i t h  

r e s p e c t   to   t h e   c e n t e r   o f   s a i d   e c c e n t r i c   r o t o r   ( 1 4 ) ,   and  a  

c l u t c h   e l e m e n t   (21)   r o t a t a b l y   f i t t e d   o v e r   t h e   o u t e r  

p e r i p h e r y   of  s a i d   wedge   r o l l e r   ( 1 8 )   and  h a v i n g   a  c i r c u l a r  

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

b e a r i n g   ( 1 5 ) .  

6.  A  r o t a r y   pump  c p m p r i s i n g :   a  pump  c a s i n g   h a v i n g   a  

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

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



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

f i t t e d   o v e r   s a i d   pump  s h a f t   t h r o u g h   b e a r i n g s   in  a n  

a x i a l l y   s p a c e d   r e l a t i o n   and   w i t h   a  p h a s e   d i f f e r e n c e   of  1 8 0 °  

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

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

to   d e f i n e   a  p a i r   of   pump  c h a m b e r s   in  c o o p e r a t i o n   w i t h   t h e  

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

member   a d a p t e d   to   d i v i d e   e a c h   of  s a i d   pump  c h a m b e r s   in  a  

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

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

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

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

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

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