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@A)  Pump  or  motor  with  a  flexible  diaphragm. 
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A  material  handing  device  such  as  a  pump  or  motor 
including  a  substantially  longitudinally  inextensible  diaphragm 
clamped  around  its  periphery  between  upper  and  lower  housing 
partsl  the  lower  housing  part  having  an  internal  surface  forming, 
together  with  the  diaphragm  the  chamber  of  the  device.  A 
deflector  assembly  including  at  least  three  rollers  is  mounted  in 
bearings  which  in  turn  are  mounted,  preferably  pivotally,  on  the 
lower  housing  part  so  as  to  be  readily  releasable  to  enable  the 
diaphragm  to  be  changed.  The  upper  housing  part  may  be 
provided  with  a  casing  which  can  be  pressurized  to  a'  pressure 
intermediate  the  inlet  and  outlet  pressures  of  the  device. 
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clamped  around  its  periphery  between  upper  and  lower  housing 
parts,  the  lower  housing  part  having  an  internal  surface  forming, 
together  with  the  diaphragm  the  chamber  of  the  device.  A 
deflector  assembly  including  at  least  three  rollers  is  mounted  in 
bearings  which  in  turn  are  mounted,  preferably  pivotally,  on  the 
lower  housing  part  so  as  to  be  readily  releasable  to  enable  the 
diaphragm  to  be  changed.  The  upper  housing  part  may  be 
provided  with  a  casing  which  can  be  pressurized  to  a  pressure 
intermediate  the  inlet  and  outlet  pressures  of  the  device. 



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

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

D i a p h r a g m   pumps   h a v e   b e e n   p r o p o s e d ,   s u c h   a s  

i n   German   P a t e n t   6 2 4 3 ,   B r i t i s h   S p e c i f i c a t i o n   2 0 6 4 7 7 :  

5 6 2 4 0 9 ;   1 1 5 2 9 1 2   and   1 3 4 2 8 4 7   and   U n i t e d   S t a t e s   P a t e n t  

2 7 9 4 4 0 0 .   T h e s e   pumps   i n c l u d e   a  h o u s i n g   h a v i n g   an  i n t e r n a l  

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

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

s u r f a c e   a  c h a m b e r .   The  pumps   a r e   p r o v i d e d   w i t h   f i r s t   a n d  

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

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

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

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

to   f o r m   a  c l o s u r e   w h i c h   t r a v e r s e s   t h e   c h a m b e r .   The  c l o s u r e s  

e a c h   move  f r o m   t h e   f i r s t   p o r t   t o   t h e   s e c o n d   p o r t ,   one   o f  

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

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

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

r e s i l i e n t ,   t o   e n a b l e   i t   t o   t a k e   up  t h e   n e c e s s a r y   s h a p e s ,  

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

t h e   low  p r e s s u r e   s i d e   of   t h e   pump,   t h u s   c a u s i n g   t h e   " s l u g "  

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

r e a s o n ,   pumps   of   t h i s   n a t u r e   a r e   l i m i t e d   b o t h   in   t h e i r   s i z e  

and   by  t h e   low  r o t a t i o n a l   s p e e d s   a t   w h i c h   t h e y   can   o p e r a t e .  

In  B r i t i s h   P a t e n t   A p p l i c a t i o n   No.  8 0 3 7 3 7 0 ,   i t   h a s  

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

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

to   be  s u c h   t h a t ,   as   t h e   d e f l e c t o r s   move  s e q u e n t i a l l y   a l o n g  

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

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

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



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

b e t w e e n   a d j a c e n t   d e f l e c t o r s ,   r e m a i n s   s u b s t a n t i a l l y   c o n s t a n t .  

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

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

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

g i v e   t h e   c o r r e c t   c o n f i g u r a t i o n   f o r   t h e   pump  and   t h e   r o t o r  

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

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

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

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

f r o m   t h e   r e d u c e d   p r e s s u r e   z o n e   or   e x t e n d i n g   i n t o   t h e  

h o u s i n g   i n t e r i o r .   T h i s   e n a b l e s   t h e   pump  t o   be  o p e r a t e d   a t  

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

i n c l u d i n g   s l u r r i e s .   The  pump  i s   a l s o   c a p a b l e   of   h a n d l i n g  

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

q u i t e   a d e q u a t e l y .  

I t   i s   now  p r o p o s e d ,   a c c o r d i n g   t o   t h e   p r e s e n t  

i n v e n t i o n ,   f o r   t h e   d e f l e c t o r   m e a n s   to   be  m o u n t e d   on  t h e  

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

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

d e f l e c t o r   m e a n s .   T h i s   may  be  a c h i e v e d   by  p r o v i d i n g   m o u n t i n g  

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

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

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

P r e f e r a b l y ,   t h e r e f o r e ,   b r a c k e t s   a r e   m o u n t e d   on  t h e   s e c o n d  

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

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

a d j u s t m e n t   of   t h e   v e r t i c a l   l o c a t i o n   of   t h e   r o t o r .   One  o f  

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

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

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

t h e   b r a c k e t   c o u l d   be  m o u n t e d   p i v o t a l l y   a t   one  end   w h i l e  

t h e   o t h e r   end   c o u l d   be  r a i s e d   or   l o w e r e d   by  v a r i o u s   m e a n s .  

The  p l u m m e r   b l o c k s   o r   o t h e r   b e a r i n g s   c o u l d   be  m o u n t e d   on  a  

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



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

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

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

and   a  s e c o n d   o u t - o f - t h e - w a y   p o s i t i o n   when   t h e   s u b - f r a m e  

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

d i a p h r a g m   to   be  c h a n g e d   r e a d i l y .   P r o v i s i o n   w o u l d   n o r m a l l y  

be  made  t o   c l a m p   t h e   s u b - f r a m e   f i r m l y   i n   t h e   f i r s t  

p o s i t i o n .  

A  f u r t h e r   p o s s i b i l i t y   i s   t o   h a v e   t h e   s u b - f r a m e  

h e l d   r e s i l i e n t l y   i n   t h e   f i r s t   p o s i t i o n ,   e . g .   by  s p r i n g  

f o r c e ,   t o   e n a b l e   t h e   r o t o r   a s s e m b l y   to   move  away   s l i g h t l y  

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

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

o f   t h e   r o t o r   c an   a l s o   be  u s e d   t o   c o n t r o l   t h e   o u t p u t  

p r e s s u r e   of   t h e   p u m p .  
The  p i v o t a l   p o s i t i o n   of   t h e   s u b - f r a m e   o r   of   t h e  

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

pump  c o u l d   be  made  a d j u s t a b l e ,   t o   e n a b l e   t h e   p r e s s u r e   o f  

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

t h e   pump  t o   g i v e   s t a r t - u p   and   t h e n   h i n g e d   t o   r e d u c e   t h e  

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

p u m p e d .   T h i s   a d j u s t m e n t   c o u l d   be  d o n e   m a n u a l l y   or   u s i n g  

an  a c t u a t o r ,   s u c h   as  a  h y d r a u l i c   a c t u a t o r .  

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

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

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

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

p e r i p h e r y .   T h i s   e n s u r e s   a  more   e v e n   c l a m p i n g   e f f e c t ,   w h e n  

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

d i a p h r a g m .  

P r e f e r a b l y ,   t h e   a r c u a t e   p o r t i o n   of   t h e   t r o u g h  

w h i c h   i s ,   i n   e s s e n c e ,   a  p o r t i o n   of   a  c i r c l e   c e n t r e d   on  t h e  

c e n t r e   of   r o t a t i o n   of   t h e   r o t o r ,   i s   e x t e n d e d   a t   e a c h   e n d  

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

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



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

of   t h e   m a t e r i a l   b e i n g   pumped   p a s t   t h e   r o l l e r s .  

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

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

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

t h e   r o t o r ) ,   b u t   a l s o   a l o n g   t h e   e n d s .  

The  l a t e r a l   a n d / o r   l e a d i n g   and  t r a i l i n g   e d g e s   of  t h e  

d i a p h r a g m   may  be  p r o v i d e d   w i t h   t h r o u g h - h o l e s   t h r o u g h   w h i c h  

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

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

in   by  t h e   p a s s a g e   of   t h e   d e f l e c t o r s .  

In  o r d e r   to   r e d u c e   t h e   wea r   on  t h e   d i a p h r a g m ,   w h e r e  

t h e   d e f l e c t o r s   a r e   in  t h e   f o rm  of  r o l l e r s ,   i t   i s   f u r t h e r  

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

a  b e l t   to   be  p a s s e d   a r o u n d   t h e   r o l l e r s .   T h i s   may  be  i n t e r -  

n a l l y   t o o t h e d   to   c o o p e r a t e   w i t h   t o o t h e d   r o l l e r s .   The  b e l t  

may  be  a r r a n g e d   so  t h a t   i t   d o e s   n o t   move  a t   a l l   r e l a t i v e   t o  

t h e   d i a p h r a g m   and  i n d e e d   i t   can   be  p h y s i c a l l y   f i x e d   t h e r e -  

t o .   I f   t h e r e   i s   no  r e l a t i v e   m o v e m e n t   b e t w e e n   t h e   b e l t   a n d  

t h e   d i a p h r a g m ,   t h e   wear   of  t h e   d e f l e c t o r s   on  t h e   d i a p h r a g m  

can  be  r e d u c e d   s i g n i f i c a n t l y .   Of  c o u r s e   t h e r e   w i l l   be  w e a r  

on  t h e   b e l t   i t s e l f ,   b u t   t h i s   can   more   e a s i l y   be  r e p l a c e d  

t h a n   t h e   d i a p h r a g m .  

A l t e r n a t i v e l y ,   or  a d d i t i o n a l l y ,   t h e   d i a p h r a g m   m a y  

i n c l u d e   two  or  more   l a m e l l a t e s .   One  l a m e l l a t e   w i l l   f o r m  

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

d e f l e c t o r s   i s   l o c a t e d   a  f u r t h e r   l a m e l l a t e   or  l a m e l l a t e s .  

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

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

T h e s e   n o t c h e s   or  c u t s   w i l l   f l e x   o p e n   as  t h e   d e f l e c t o r s   p a s s  

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

d i a p h r a g m .   Of  c o u r s e ,   t h e   n o t c h e s   s h o u l d   n o t   e x t e n d   as  f a r  

as  t h e   l o n g i t u d i n a l   r e i n f o r c e m e n t   in  t h e   d i a p h r a g m ,   so  t h a t  

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

t h e r e b y .  

I t   i s   a l s o   c o n t e m p l a t e d   t h a t   a  r e n e w a b l e   pad  c o n f o r m -  

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



t h e   h o u s i n g   be  p l a c e d   w i t h i n   t h e   h o u s i n g   so  as   t o   d e f i n e  

one   w a l l   of   t h e   c h a m b e r .   Such   a  p a d   c a n   be   r e p l a c e d   s h o u l d  

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

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

f l u i d s .   The  p a d   may  be  r i g i d   o r   i t   may  be  r e s i l i e n t ,   i n  

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

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

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

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

p l a t e   w o u l d   be  p r o v i d e d   w i t h   a  s t u d   o r   s t u d s   or   a  n u t   o r  

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

s t u d   o r   s t u d s   so  t h a t   t h e   p l a t e   may  be  a t t a c h e d   t o   t h e  

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

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

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

c h a m b e r   and   w i l l   n o t   t e n d   t o   l i f t   away  f r o m   t h e   p u m p  
c h a m b e r .   The  s t u d s   or   n u t s ,   when  t i g h t e n e d ,   w i l l   s e a l   i n  

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

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

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

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

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

of   t h e   r o l l e r s   on  t h e   d i a p h r a g m ,   b u t   o n l y   w i t h   much  m o r e  

d i f f i c u l t y   t h a n   in   t h e   o p p o s i t e   d i r e c t i o n .   E i t h e r   t h e  

s o f t n e s s   of   t h e   r e n e w a b l e   p a d   or   t h e   b u t t r e s s   s h a p e   t e e t h  

or   b o t h   c o u l d   a l l o w   s o l i d s   up  to   a  g i v e n   s i z e   to   p a s s  

t h r o u g h   t h e   pump  w i t h o u t   d a m a g i n g   i t .  

D u r i n g   o p e r a t i o n ,   t h e r e   w i l l   be  a  p r e s s u r e  

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

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

i s   on  t h e   f a c e   r e m o t e   f r o m   t h e   c h a m b e r ,   w i l l   be  h i g h e r  

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

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

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



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

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

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

Now  i f   t h e   i n l e t   p r e s s u r e   be  r e p r e s e n t e d   by  b  and  t h e  

o u t l e t   p r e s s u r e   by  c ,   i t   can   be  shown  t h a t   i f   a  p o s i t i v e  

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

( a l l   p r e s s u r e s   b e i n g   r e p r e s e n t e d   as  a b s o l u t e   p r e s s u r e s )  

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

t h e   h o u s i n g   s i d e   w i l l   be  t h e   same  a t   b o t h   t h e   i n l e t   a n d  

o u t l e t   s i d e s   of  t h e   pump.   F u r t h e r ,   i f   o n e  a s s u m e s   t h a t  

t h e r e   i s   e i t h e r   p e r f e c t   s e a l i n g   or  e q u a l  l e a k i n g   of  t h e  

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

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

t h e   same  d i f f e r e n c e   in   p r e s s u r e   ( a l b e i t   o f  o p p o i t e  

s i g n ) .  

To  a s s i s t   in  s e a l i n g ,   t h e   s u r f a c e   of  t h e   s e c o n d  

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

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

t h e   a r e a   s w e p t   by  t h e   d e f l e c t o r s .  

In  o r d e r   t h a t   t h e   p r e s e n t   i n v e n t i o n   may  m o r e  

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

g i v e n ,   m e r e l y   by  way  of  e x a m p l e ,   r e f e r e n c e  b e i n g   made  t o  

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

F i g u r e   1  i s   a  s i d e   e l e v a t i o n   of   one  e m b o d i m e n t   o f  

pump  a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   h a v i n g   a  c r o s s -  

s e c t i o n   t a k e n   a l o n g   t h e   l i n e   I - I   of   F i g u r e   2 ;  

F i g u r e   2  i s   a  s i d e   e l e v a t i o n   of  t h e   pump  of  F i g u r e  

1,  in  h a l f   s e c t i o n   t a k e n   a l o n g   t h e   l i n e   I I - I I   of  F i g u r e  

1 ;  

F i g u r e   3  i s   a  p e r s p e c t i v e   v i e w   of  t h e   d i a p h r a g m  

shown  t a k e n   o u t   of  t h e   pump  and  in  i t s   r e l a x e d  

c o n d i t i o n ;  

F i g u r e   4  i s   an  e n l a r g e d   c r o s s - s e c t i o n   t h r o u g h   t h e  

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

F i g u r e   5  i s   an  e n l a r g e d   s c h e m a t i c   v i e w   of  a  

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

F i g u r e   6  i s   a  s c h e m a t i c   v i ew   s i m i l a r   to   F i g u r e   2 

and  s h o w i n g   a  m o d i f i e d   fo rm  of   pump  w i t h   a  r e n e w a b l e   p a d  

in  t h e   pump  c h a m b e r :  

F i g u r e  7   and  8  a r e   s i d e   e l e v a t i o n s ,   p a r t l y   i n  



s e c t i o n ,   of  two  f u r t h e r   f o r m s   of   pump  d e v i c e   a c c o r d i n g  

to   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   9  i s   a  p e r s p e c t i v e   v i e w   of   a  s t i l l   f u r t h e r  

m o d i f i e d   c o n s t r u c t i o n ;  

F i g u r e   10  i s   a  s c h e m a t i c   p e r s p e c t i v e   v i e w   of   t h e  

s u b - f r a m e   of   F i g u r e   9;  a n d  

F i g u r e s   11A  and  11B  a r e   s o m e w h a t   d i a g r a m m a t i c  

p e r s p e c t i v e   v i e w s   of  t h e   f r o n t   and  b a c k   r e s p e c t i v e l y   o f  

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

t h e   p r e s e n t   i n v e n t i o n .  

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

u p p e r   f i r s t   h o u s i n g   p a r t   10  and  l o w e r   s e c o n d   h o u s i n g  

p a r t   12  b o l t e d   t h e r e t o   by  s t u d s   13  and  n u t s   14.   T h e  

s e c o n d   h o u s i n g   p a r t   12  has   a  c e n t r a l   d i s h e d   p o r t i o n   1 5  

h a v i n g   an  u p w a r d l y   f a c i n g   i n t e r n a l   s u r f a c e   16  b l e n d i n g  

i n t o   a  f i r s t   p o r t   17  w h i c h   can   be  s e e n   c l e a r l y   in  F i g u r e  

2,  and  a  s e c o n d   p o r t   18  of  c o r r e s p o n d i n g   s h a p e   on  t h e  

l e f t h a n d   s i d e ,   as  s e e n   in  t h e   F i g u r e .   As  can   be  s e e n  

more   c l e a r l y   in  F i g u r e   1,  t h e   s e c o n d   h o u s i n g   p a r t   12  h a s  

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

s u r f a c e   19  w h i c h   f a c e s   g e n e r a l l y   u p w a r d l y ,   t h a t   i s   i n  

t h e   same  d i r e c t i o n   as  t h e   s u r f a c e   16.   The  c l a m p i n g  

s u r f a c e s   19  w h i c h   a r e   c u r v e d   a t   t h e   c e n t r e   ( s e e   F i g u r e  

2)  t e r m i n a t e   in  a  s t r a i g h t   s u r f a c e   20,   e a c h   e n d  

e x t e n d i n g   o v e r   t h e   p o r t s   17  and  18.   I n s t e a d   or  as  w e l l  

t h e   f i r s t   h o u s i n g   p a r t   may  be  p r o v i d e d   w i t h   p a d s   a t   t h e  

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

c l a m p i n g   s u r f a c e s   21,   22  a r e   p r o v i d e d   a t   r i g h t   a n g l e s   t o  

t h e   c l a m p i n g   s u r f a c e s   19  and  20  and  e x t e n d   t h e r e b e t w e e n  

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

by  t he   p a r t s   19,   20,   21,   22  e x t e n d i n g   c o m p l e t e l y   a r o u n d  

t h e   p e r i p h e r y   of  t h e   i n t e r n a l   s u r f a c e   16  and  t h e   p o r t s  
17  and  1 8 .  

The  f i r s t   h o u s i n g   p a r t   10  has   a  l o w e r   p e r i p h e r a l  

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

c l a m p i n g   s u r f a c e s   19,   20,   21,   22  of  t he   s e c o n d   h o u s i n g  

p a r t   12.  T h u s ,   t h e   l o w e r   c l a m p i n g   s u r f a c e   of  t h e  

h o u s i n g   p a r t   i n c l u d e s   a  c u r v e d   c l a m p i n g   p o r t i o n   1 9 a  

b o u n d e d   on  e a c h   s i d e   by  a  s t r a i g h t   c l a m p i n g   s u r f a c e   2 0 a  

and  end  c l a m p i n g   s u r f a c e s   2 1 a ,   2 2 a .   Now  t h e   r a d i u s   o f  



c u r v a t u r e   of   t h e   c u r v e d   p o r t i o n   1 9 a ,   t h e   c e n t r e   of  w h i c h  

i s   c o i n c i d e n t   w i t h   t h a t   of   c u r v e d   p o r t i o n   19,   i s   l e s s  

t h a n   t h e   r a d i u s   of   c u r v a t u r e   of  t h e   s u r f a c e   19  by  a n  

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

to   be  d e s c r i b e d   b e l o w   in  t h e   f u l l y   c l a m p e d   c o n d i t i o n .  

The  e f f e c t   of   t h i s   i s   f o r   t h e   c o m p r e s s i o n   of   t h e  

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

of   t h e   p e r i p h e r y   r e g a r d l e s s   of   t h e   f a c t   t h a t   t h e  

c l a m p i n g   f o r c e   in  t h e   a r e a   of   t h e   p o r t i o n s   20,   2 0 a ,   2 1 ,  
2 1 a ,   22,   22a   i s   t a k i n g   p l a c e   a t   a p p r o x i m a t e l y   4 5 °  t o   t h e  
a x e s   of   t h e   s t u d s   13 ,   w h i l e   in   t h e   c e n t r a l   p o r t i o n   t h e  

c l a m p i n g   i s   t a k i n g   p l a c e   a t   r i g h t   a n g l e s   to   t h i s  
d i r e c t i o n .   T h i s   i s   i n t e n d e d   to   e n s u r e   t h a t   t h e   e d g e s   o f  
t h e   d i a p h r a g m   a r e   n o t   p u l l e d   in   by  t h e   p a s s a g e   of  t h e  

r o l l e r s ,   d e s c r i b e d   b e l o w ,   w h i c h   c a u s e   t h e   p u m p i n g  
a c t i o n .   V e r y   s a t i s f a c t o r y   r e s u l t s   a r e   a c h i e v e d   i f   t h e  
s t u d s   13  a r e   s u b s t a n t i a l l y   e q u a l l y   s p a c e d   a l o n g   t h e  
s i d e s   of   t h e   d i a p h r a g m .  

The  d i a p h r a g m   24  i s   a  m o u l d e d   member   h a v i n g   a  

c e n t r a l   d i s h e d   p o r t i o n   25  w h i c h   has   a  n a t u r a l  

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

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

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

t h e r e f r o m .   The  d i a p h r a g m   i s   shown  in  i t s   p r e m o u l d e d   a n d  

u n m o u n t e d   s t a t e   in  F i g u r e   3  as  h a v i n g   a  c l a m p i n g   p o r t i o n  

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

e n d ,   p o r t i o n s   26  and  27  e x t e n d i n g   a r o u n d   t h e   f u l l  

p e r i p h e r y .   L o n g i t u d i n a l   c o r r u g a t i o n s   28  e x t e n d   a l o n g  

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

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

l o n g i t u d i n a l l y   e x t e n d i n g   r e i n f o r c e m e n t   29,  f o r   e x a m p l e  

in  t h e   f o r m   of  s u b s t a n t i a l l y   i n e x t e n s i b l e   f i b r e s   w h i c h  

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

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

t h e   d i a p h r a g m   a  f u r t h e r   r e i n f o r c e m e n t   23  i s   p r o v i d e d  

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

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

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



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

f l e x   b u t   n o t   to   e x t e n d   l o n g i t u d i n a l l y ,   t h e   f l e x i n g   b e i n g  

g r e a t l y   f a c i l i t a t e d   by  t h e   c o r r u g a t i o n s   2 8 .  

The  c o n c a v e   s u r f a c e   of   t h e   c e n t r a l   p o r t i o n   25  i s  

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

when  t h e   d i a p h r a g m   i s   d i s t o r t e d   by  t h e   r o l l e r s .  

M o u n t e d   on  t h e   s e c o n d   c a s i n g   p a r t   12 ,   on  e a c h   s i d e  

t h e r e o f ,   a r e   two  b r a c k e t s   30,   e a c h   b r a c k e t   b e i n g   s e c u r e d  

by  two  s p a c e d   b o l t s   31,   o n l y   one   of   w h i c h   i s   shown  i n  

e a c h   F i g u r e .   The  b r a c k e t s   a r e   of  a n g l e   i r o n   f o r m   h a v i n g  

a  v e r t i c a l   l i m b   32  and  a  h o r i z o n t a l   l i m b   33,   t h e   b o l t s  

31  p a s s i n g   t h r o u g h   t h e   l i m b s   32.   The  h o l e s   in  t h e s e  

l i m b s   may  be  s o m e w h a t   l a r g e r   t h a n   t h e   b o l t s   to   a l l o w   f o r  

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

t h e   b r a c k e t s .   The  h o r i z o n t a l   l i m b s   33  e a c h   h a v e   b o l t e d  

t h e r e t o   by  b o l t s   34  p l u m m e r   b l o c k s   35.   T h e s e   p l u m m e r  
b l o c k s   may  be  m o u n t e d ,   i f   d e s i r e d ,   on  s h i m s   to   p r o v i d e  

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

b l o c k s   f o rm  b e a r i n g s   f o r   a  d r i v e   s h a f t   36  p r o v i d e d   w i t h  

a  keyway   37.   W e l d e d   to   t h e   s h a f t   36  a r e   two  r a d i a l  

f l a n g e s   38  ( o n l y   one  of   w h i c h   can   be  s e e n ) ,   e a c h   f l a n g e  

38  c a r r y i n g   an  a n n u l a r   m o u n t i n g   p l a t e   39.   B e t w e e n   t h e  

p l a t e s   39  a r e   m o u n t e d   f o u r   e q u i - a n g u l a r l y   s p a c e d   r o l l e r  

s h a f t s   40  p r o v i d e d   w i t h   b e a r i n g s   41  f o r   m o u n t i n g   f o u r  

r o l l e r s   42.   The  s h a f t   37,   f l a n g e s   38,   p l a t e s   39  a n d  

r o l l e r s   42  c o n s t i t u t e   a  r o t o r   i n d i c a t e d   by  t h e   g e n e r a l  

r e f e r e n c e   n u m e r a l   4 5 .  



A  c o v e r   46  m o u n t e d   on  t h e   f i r s t   h o u s i n g   p a r t   10,   i s  

h e l d   in   p o s i t i o n   by  s t u d s   and  n u t s   ( n o t   s h o w n ) .   M o u n t e d  

on  t h e   t o p   o f   t h e   h o u s i n g   46  i s   a  r e s e r v o i r   47  f o r  

l u b r i c a n t ,   t h i s   h a v i n g   a  w i c k   48  e x t e n d i n g   t h r o u g h   t h e  

t o p   of   t h e   h o u s i n g   46  so  as  to   t o u c h   t h e   r o l l e r s   42  a s  

t h e   r o t o r   45  r o t a t e s .   An  a l t e r n a t i v e   m e t h o d   of   a p p l y i n g  

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

i l l u s t r a t e d   in  F i g u r e   2  in   w h i c h   an  i m p r e g n a t e d   pad  4 9  

i s   b o l t e d   to   t h e   t o p   of  t h e   h o u s i n g   p a r t   10  w h i c h   a g a i n  

i s   c o n t a c t e d   by  t h e   r o l l e r s   42  as  t h e   r o t o r   45  r o t a t e s .  

F i g u r e   1  i l l u s t r a t e s   a  s t i l l   f u r t h e r   a r r a n g e m e n t   f o r  

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

42 ,   t h i s   b e i n g   in   t h e   f o r m   of   an  i m p r e g n a t e d   r i n g   5 0  

t h r o u g h   w h i c h   t h e   s h a f t   37  i s   p a s s e d ,   t h e   r i n g   h a v i n g   a  

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

s u r f a c e   of   t h e   r o l l e r s   42  when  t h e   l a t t e r   a r e  

i m m e d i a t e l y   b e l o w   t h e   s h a f t   3 7 .  



The  c o n f i g u r a t i o n   o f   t h e   pump  i s   c h o s e n   so  t h a t  

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

r e m a i n s   c o n s t a n t .   T h a t   i s ,   t h e   sum  of   t h e   d i s t a n c e s ,   n o t e d  

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

21a  a t   one   s i d e   of   t h e   pump  and   t h e   a d j a c e n t   r o l l e r   42,   a n d  

f r o m   t h a t   r o l l e r   t o   t h e   n e x t   r o l l e r ,   when   two  r o l l e r s   a r e  

i n   c o n t a c t   w i t h   t h e   d i a p h r a g m ,   and   f r o m   t h a t   n e x t   r o l l e r  

t o   t h e   o t h e r   c l a m p i n g   s u r f a c e s   22,   2 2 a , r e m a i n s   c o n s t a n t  

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

w h e t h e r   one   o r   two  r o l l e r s   a r e   i n   c o n t a c t .   T h i s   m e a n s   t h a t  

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

of   t h e   r o l l e r s   and  i t   i s   f o r   t h i s   r e a s o n   t h a t   i t   i s   p o s s i b l e  

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

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

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

d i s t o r t i o n ,   b u t   a l l o w i n g   an  a d e q u a t e   a m o u n t   f o r   t h e   f l e x u r e  

of   t h e   d i a p h r a g m   u n d e r   t h e   a c t i o n   of   t h e   r o l l e r s   42.   A s  

t h e   r o t o r   45  r o t a t e s ,   t h e   c o n s t r i c t i o n   or   c l o s e d   o f f  

c h a m b e r   w h i c h   i s   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   s u r f a c e  

16  i s   moved   f r o m   t h e   i n l e t   p o r t   17  t o   t h e   o u t l e t   p o r t   1 8  

and   b e c a u s e   t h e r e   a r e   a t   l e a s t   t h r e e   r o l l e r s   42,  t h e   c a p s u l e  

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

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

i s   c o n s t a n t ,   a  p o s i t i v e   p u m p i n g   a c t i o n   c an   t a k e   p l a c e   i n  

an  a d e q u a t e   m a n n e r .   I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e  

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

s u c c e e d i n g   c l o s u r e   i s   i n i t i a t e d .  

M o u n t e d   i n   a  s u i t a b l e   m a n n e r   on  t h e   pump  h o u s i n g  

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

n u m e r a l   50  i n   F i g u r e s   1,  2  and   4.  As  c an   be  s e e n  

p a r t i c u l a r l y   in   F i g u r e s   2  and   4  t h e   s e r v o   d e v i c e   5 0  

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

s t e p p e d   p i s t o n   51  d e f i n i n g   a  f i r s t   c h a m b e r   52,   a  s e c o n d  

c h a m b e r   53  and   a  t h i r d   c h a m b e r   54 .   The  f i r s t   c h a m b e r   5 2  

i s   c o n n e c t e d   v i a   a  l i n e   55  t o   t h e   pump  i n l e t   p o r t   17  a n d  



t h e   s e c o n d   c h a m b e r   53  v i a   l i n e   56  t o   t h e   pump  o u t l e t   p o r t  
1 8 .   F i n a l l y   t h e   t h i r d   c h a m b e r   54  i s   c o n n e c t e d   v i a   l i n e   5 7  

t o   t h e   h o u s i n g   46  t o   p r e s s u r i s e   t h e   s a m e .  
I f   t h e   i n l e t   p r e s s u r e   a t   17  i s   r e p r e s e n t e d   by  b  

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

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

t h i s   w i l l   c a u s e   a  m o v e m e n t   o f   t h e   p i s t o n   51  down  and   u p  
r e s p e c t i v e l y .   I f   t h e   d i f f e r e n t i a l   a r e a   b e t w e e n   t h e   p i s t o n  

r o d   58  a n d   t h e   m a i n   p o r t i o n   o f   t h e   p i s t o n   51  i s   r e p r e s e n t e d  

by  d  a n d   t h e   d i f f e r e n t i a l   a r e a   b e t w e e n   t h e   mid   p o r t i o n   5 1  

a n d   t h e   u p p e r   l a n d   59  i s   r e p r e s e n t e d   a l s o   by   d  and   t h e  

t o t a l   a r e a   o f   t h e   t o p   s u r f a c e   o f   t h e   l a n d   59  i s   r e p r e s e n t e d  

a s   2d ,   t h e n   t h e   r e l a t i o n s h i p   w i l l   e x i s t   w h e r e b y   t h e  

p r e s s u r e   i n   t h e   c a s i n g   a  w i l l   e q u a l  b + c  2 .   T h i s   e n s u r e s  
t h a t   t h e   d i f f e r e n t i a l   p r e s s u r e   a c r o s s   t h e   d i a p h r a g m   w i l l  

a l w a y s   be   s u b s t a n t i a l l y   t h e   s a m e ,   a l t h o u g h   o f   o p p o s i t e   s i g n .  

As  c a n   be   s e e n   i n   F i g u r e   2,  t h e   c u r v e d   s u r f a c e  

16  i s   e x t e n d e d   s l i g h t l y ,   so  t h a t   t h e r e   i s   a  s i g n i f i c a n t  

a m o u n t   o f   o v e r l a p .   The  two  c h a i n - d o t t e d   l i n e s   60  and   6 1 ,  

w h i c h   a r e   a r r a n g e d   a t   r i g h t   a n g l e s   t o   one   a n o t h e r ,   i n d i c a t e  

t h e   p o s i t i o n   o f   two  a d j a c e n t   r o l l e r s   42  when   t h e s e   f o r c e  

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

w i t h   t h e   s u r f a c e   16 .   As  c a n   be  s e e n ,   t h e   s u r f a c e   16  i n  

f a c t   c o n t i n u e s   f u r t h e r   t o   t h e   l i n e   62 ,   a t   e a c h   e n d ,   t h u s  

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

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

p a s s i n g   u n d e r   t h e   c l a m p e d   d i a p h r a g m - s u r f a c e   16  i n t e r f a c e .  

As  c an   be  s e e n   f r o m   F i g u r e   1,  t h e   t r o u g h   1 6  

m e r g e s   i n t o   t h e   s u r f a c e   19  by  way  o f   two  a r c u a t e   s u r f a c e s  

64  and   65  h a v i n g   a  common  t a n g e n t   66 .   T h i s   t a n g e n t   66  i s  

a r r a n g e d   a t   an  a n g l e   of   4 0 *  +   5   and   t h i s   h a s   b e e n   f o u n d  

t o   be  t h e   b e s t   a n g l e   ( i n   F i g u r e   5,  d e s c r i b e d   b e l o w ,   t h e  

c o r r e s p o n d i n g   a n g l e   i s   p r e f e r a b l y   3 0 ° ) .   I f   t h e   a n g l e   i s  

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

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

g r e a t e r   i n v e r s i o n   o f  



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

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

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

w i l l   r e q u i r e   a  much  w i d e r   h o u s i n g .   I t   w i l l   a l s o  b e   n o t e d  
t h a t   f l e x u r e   o f   t h e   m e m b r a n e   c a n   be  i m p r o v e d   b y  t h a t  

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

f l e x u r e   and   i n d i c a t e d   by  t h e   r e f e r e n c e   n u m e r a l   67  b e i n g  

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

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

F i g u r e   5  i l l u s t r a t e s   a  p o r t i o n   o f   t h e   u p p e r   s u r f a c e  

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

c o n s t r u c t i o n .   I t   w i l l   be  s e e n   h e r e   t h a t   t h e   l o w e r   s u r f a c e  

70  c u r v e s   u p w a r d l y   a t   71  t o   a  r i d g e   72  of   c u r v i l i n e a r  

c r o s s - s e c t i o n   w h i c h   e x t e n d s   a b o v e   t h e   c l a m p i n g   s u r f a c e   7 4 .  

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

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

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

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

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

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

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

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

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

R e f e r r i n g   now  t o   F i g u r e   6,  t h e   m o d i f i e d   f o r m   o f  

pump  i l l u s t r a t e d   t h e r e i n   i n c l u d e s   a  h o u s i n g   100 ,   t h e  

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

t o   s p e a k ,   e x p a n d e d .   The  e n l a r g e d   c r o s s - s e c t i o n   102  e n a b l e s  

a  p a d   i n d i c a t e d   by  t h e   r e f e r e n c e   n u m e r a l   104  t o   be  i n t r o d u c e d .  

T h i s   p a d   c o n s i s t s   of   a  c e n t r a l   p a r t - a n n u l a r   p l a t e   1 0 5  

s u r r o u n d e d   by  a  r e s i l i e n t   m a t e r i a l ,   s u c h   as   a r t i f i c i a l  

r u b b e r ,   t h e   i n t e r n a l   s u r f a c e   106  of   w h i c h   i s   s u b s t a n t i a l l y  

s i m i l a r   to   t h e   c o n v e n t i o n a l l y   s h a p e d   s u r f a c e   16  ( F i g u r e   2 ) .  

The  p l a t e   105  i s   p r o v i d e d   w i t h   one   or   more   b o l t s  

107  p r o j e c t e d   t h r o u g h   h o l e s   ( n o t   s h o w n )   i n   t h e   h o u s i n g   1 0 0 ,  

and   e n a b l i n g   t h e   p l a t e s   to   be  s e c u r e d   by  n u t s   108 .   T h e  



s h a p e   of   t h e   p l a t e   105  i s   s u c h   as  to   h a v e   a  s l i g h t l y  

l a r g e r   r a d i u s   of   c u r v a t u r e   t h a n   t h e   h o u s i n g   100  so  t h a t  

t h e   e n d s   of   t h e   r u b b e r - l i k e   pad  m a t e r i a l   104  s u r r o u n d i n g  

t h e   p l a t e   105  a b u t   t h e   s u r f a c e   102  of  t h e   h o u s i n g   b e f o r e  

t h e   c e n t r e   p a r t   t h e r e o f .   As  t h e   n u t s   108  a r e   t i g h t e n e d ,  

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

n o t   p u l l   away  in  u s e .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   i f   t h e   m a t e r i a l   i s  

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

o v e r c o m e   t h e   p r o b l e m   of   w e a r  o n   t h e   h o u s i n g   1 0 0 ,   b u t   i t  

a l s o   e n a b l e s   t h e   pump  to  a c c o m m o d a t e   s m a l l   h a r d   s o l i d  

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

t h e   r u b b e r - l i k e   m a t e r i a l .   I f   d e s i r e d ,   t h e   t o p   s u r f a c e  

of  t h e   pad   104  c o u l d   be  of  b u t t r e s s   t o o t h   s h a p e   so  t h a t  

i t   d o e s   n o t   f l e x   in   t h e   r e v e r s e   d i r e c t i o n   of  m o v e m e n t   o f  

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

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

p u m p e d .   [ In   F i g u r e   6,  t h e r e   i s   shown  in  f u l l   l i n e   t h e  

p o s i t i o n   of   two  of   t h e   f o u r   d e f l e c t o r   r o l l e r s   on  t h e  

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

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

d e f l e c t o r   a s s e m b l y . ]  

F i g u r e   7  i l l u s t r a t e s   a  f u r t h e r   c o n s t r u c t i o n   o f  

d e v i c e   a c c o r d i n g   to   t h e   i n v e n t i o n   in  w h i c h   a  b e l t   110  i s  

shown  p a s s i n g   a r o u n d   t h e   r o l l e r s   42 ,   t h e   b e l t   b e i n g  

a n c h o r e d   by  a  s t r a p   111  to  t h e   c a s i n g   p a r t   10 ,   so  t h a t  

t h e   b e l t   i t s e l f   w i l l   n o t   move .   The  b e l t   may  be  f r e e   o r  

may  be  s e c u r e d   to   t h e   d i a p h r a g m   24,   f o r   e x a m p l e   a t   t h e  

c e n t r e   of  t h e   l e n g t h   of   t h e   d i a p h r a g m .   The  b e l t   may  b e  

a  s i m p l e   b e l t   or  i t   may  be  a  t o o t h e d   b e l t   in  w h i c h   c a s e  

t h e   r o l l e r s   42  w o u l d   be  t h e m s e l v e s   c o o p e r a t i n g l y  

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

r e m o v e s   a l l   wea r   on  t h e   d i a p h r a g m   by  t h e   d e f l e c t o r  

r o l l e r s .  

F i g u r e   8  s h o w s   a  f u r t h e r   c o n s t r u c t i o n   in  w h i c h   a  

d i a p h r a g m   124  i s   i l l u s t r a t e d ,   t h i s   c o n s i s t i n g   of  a n  

u p p e r   l a m e l l a t e   125  and  a  l o w e r   l a m e l l a t e   126 .   The  t w o  

l a m e l l a t e s   may  in  f a c t   be  b o n d e d   t o g e t h e r   so  as  to  f o r m  

a  l a m e l l a t e   s t r u c t u r e   or  t h e y   may  be  s e p a r a t e .   T h e  



m a t e r i a l s   of  t h e   two  l a m e l l a t e s   can   be  c h o s e n   to   p r o v i d e  

v a r i o u s   e f f e c t s .   For   e x a m p l e ,   an  u p p e r   l a m e l l a t e   c o u l d  

be  a  h a r d   m a t e r i a l   so  t h a t   i t   i s   n o t   worn   by  t h e   r o l l e r  

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

w i d t h   o v e r   w h i c h   t h e   r o l l e r s   r u n ,   w h i l e   t h e   l o w e r  

l a m e l l a t e   126  w o u l d   t h e n   be  made  of   a  f l e x i b l e ,   b u t  

l o n g i t u d i n a l l y   i n e x t e n s i b l e   m a t e r i a l .   The  p r o p e r t i e s   o f  

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

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

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

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

r o l l e r s   can   be  d e s i g n e d   to   g i v e   t h e   r e q u i r e d   w e a r  

r e s i s t a n c e   and  m e c h a n i c a l   p r o p e r t i e s .   T h e r e   may  a l s o   b e  

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

bond  t h e   o t h e r   l a y e r s   t o g e t h e r   and  p o s s i b l y   to   p r o v i d e   a  

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

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

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

r o l l e r s   of  t h e   r o t o r .  

I f   t h e   l a m e l l a t e s   a r e   n o t   b o n d e d   t o g e t h e r ,   t h e  

f l e x u r a l   f a t i g u e   l i f e   of   t h e   d i a p h r a g m   can   be  e n h a n c e d  

as  c o m p a r e d   w i t h   t h e   s i n g l e   l a y e r   of  t h e   same  t o t a l  

t h i c k n e s s .   F i g u r e s   9  and  10  show  a  f u r t h e r   c o n s t r u c t i o n  

w h i c h   i s   g e n e r a l l y   s i m i l a r   to   t h a t   of  F i g u r e   1  e x c e p t  

t h a t   t h e   p l u m m e r   b l o c k s   135  a r e   m o u n t e d   on  a  s u b - f r a m e  

136  w h i c h   i s   p i v o t a l l y   c a r r i e d   o u t   137  on  t h e   l o w e r  

h o u s i n g   p a r t   138 .   The  o t h e r   end  of  t h e   s u b - f r a m e   can   b e  

l o c k e d   by  means   of   wing   n u t s   139  w h i c h   p r e f e r a b l y   e n g a g e  
in  c o u n t e r   s i n k s   f o r m e d   in  t h e   s u b - f r a m e   a c c u r a t e l y   t o  

c e n t r e   t h e   s u b - f r a m e   in  t h e   c o r r e c t   l o c k e d   d o w n  

c o n d i t i o n .   F i g u r e   9  a l s o   i l l u s t r a t e s   t h e   p o s s i b i l i t y   o f  

p r o v i d i n g   a  s p r i n g   140  w h i c h   can   be  u s e d ,   when  t h e   w i n g  

n u t s   139  a r e   s l a c k e d   o f f ,   to  p u l l   t h e   s u b - f r a m e  

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



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

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

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

l o c k e d   s e c u r e l y .  

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

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

a d v a n t a g e   can   be  d e r i v e d .   The  pump  can   be  u s e d   to   s t a r t  

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

w i t h   t h e   d e f l e c t o r   r o l l e r s ,   can   be  p i v o t e d   away  so  t h a t  

t h e   f l o w   can   c o n t i n u e   on  t h e   s i p h o n   p r i n c i p l e .   When  i t  

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

can   be  p i v o t e d   b a c k   to   i t s   w o r k i n g   p o s i t i o n   and  t h i s  

w i l l   a c t   as  a  s t o p   v a l v e .   T h e r e a f t e r ,   t h e   f l o w   can   b e  

s t a r t e d   a g a i n   by  o p e r a t i n g   t h e   pump  and  s i p h o n i n g   can   b e  

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

f o r t h .  

F i g u r e s   11A  and  11B  show  a  f u r t h e r   f o r m   of  t h e  

d i a p h r a g m   25 '   w h i c h   i s   g e n e r a l l y   s i m i l a r   to   t h a t   o f  

F i g u r e   3  and  can   be  u s e d   in  g e n e r a l l y   s i m i l a r   p u m p  

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

be  n o t e d .   D i s p o s e d   a l o n g   t h e   l a t e r a l   e d g e s   of  t h e  

d i a p h r a g m   24 '   a r e   two  rows  of  s u b s t a n t i a l l y   e q u a l l y  

s p a c e d   t h r o u g h - h o l e s   s u c h   as  1 5 0 ,   1 5 1 .   F u r t h e r ,   a t   t h e  

l e a d i n g   and  t r a i l i n g   e d g e s   of  t h e   d i a p h r a g m   24 '   a r e  

p r o v i d e d   t h r o u g h - h o l e s   s u c h   as  1 5 2 a ,   152b   w h i c h   a r e  

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

p o r t i o n   25 '   of   t h e   d i a p h r a g m  -   as  shown  t h e i r   c e n t r e s  

may  be  a l i g n e d   w i t h   t h e   l a t e r a l l y   i n n e r   e d g e s   of  t h e  

c o r r u g a t i o n s   2 8 ' .   T h e s e   t h r o u g h   h o l e s   may  be  e n g a g e d   b y  

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

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

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

t h e   d i a p h r a g m .   The  t h r o u g h   h o l e s   may  be  p r o v i d e d   w i t h   a  

c i r c u m f e r e n t i a l   r i b   s u c h   as  153  to  a s s i s t   in  s e a l i n g .  



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

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

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

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

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

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

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

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

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

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

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

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

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

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

d i a p h r a g m   r e m o t e   f rom  t h e   c h a m b e r ,   so  as  to  u r g e   s a i d  

d i a p h r a g m   t o w a r d s   s a i d   i n t e r n a l   s u r f a c e ,   to   fo rm  a 

c l o s u r e   or  c o n s t r i c t i o n   w h i c h ,   in  u s e ,   t r a v e r s e s   t h e  

c h a m b e r ,   w h i c h   moves   f rom  t h e   f i r s t   to  t h e   s e c o n d   p o r t ,  

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

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

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

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

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

d i a p h r a g m   and  t h e   d e f l e c t o r   means   a d j a c e n t   t h e r e t o   a n d ,  

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

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

c o n s t a n t ,   c h a r a c t e r i s e d   in  t h a t   t h e   d e f l e c t o r   means   ( 4 5 )  

c o m p r i s e s   an  a s s e m b l y   of  s p a c e d   d e f l e c t o r s   ( 4 2 )  

r o t a t a b l e   in  a  b e a r i n g   (35)  and  in  t h a t   s a i d   b e a r i n g  

(35)  is  m o u n t e d   on  s a i d   s e c o n d   h o u s i n g   p a r t   ( 1 2 ) .  

2.  A  d e v i c e   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i s e d   i n  

t h a t   b r a c k e t s   (30)  a r e   m o u n t e d   on  t h e   s e c o n d   h o u s i n g  



p a r t   (12)  and  in  t h a t   s a i d   b e a r i n g s   (35)  a r e   m o u n t e d   o n  

s a i d   b r a c k e t s ,   m e a n s   (31)  b e i n g   p r o v i d e d   to   e n a b l e   s a i d  

b r a c k e t s   to   be  a d j u s t a b l e .  

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

t h a t   s a i d   b e a r i n g s   (35)  and  d e f l e c t o r   m e a n s   (45)  a r e  

m o u n t e d   on  a  s u b f r a m e   (136)   w h i c h   i s   p i v o t a l l y   m o u n t e d  

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

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

w o r k i n g   p o s i t i o n ,   w i t h   t h e   d e f l e c t o r s   (42)  in   c o n t a c t  

w i t h   t h e   d i a p h r a g m   ( 2 4 ) ,   and  a  s e c o n d   o u t   of  t h e   w a y  

p o s i t i o n   in   w h i c h   t h e   d e f l e c t o r s   a r e   away  f rom  t h e  

d i a p h r a g m   e n a b l i n g   i t   to   be  c h a n g e d   r e a d i l y .  

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

t h a t   m e a n s   (140)   a r e   p r o v i d e d   to   l o a d   t h e   d e f l e c t o r  

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

a  s o l i d   s t o p   p o s i t i o n .  

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

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

( 1 9 - 2 2 ,   1 9 a - 2 7 a )   of   t h e   f i r s t   and  s e c o n d   h o u s i n g   p a r t s  

( 10 ,   12)  a r e   so  s h a p e d   t h a t ,   in   t h e   f u l l y   c l a m p e d  

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

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

p e r i p h e r y .  

6.  A  d e v i c e   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   d e f l e c t o r   means   c o m p r i s e  

r o l l e r s   (42)  and  in  t h a t   a  b e l t   (110)   i s   p a s s e d   a r o u n d  

s a i d   r o l l e r s .  

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

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

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



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

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

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

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

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

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

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

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

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

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

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

d i a p h r a g m   r e m o t e   f rom  s a i d   c h a m b e r ,   so  as  to   u r g e   s a i d  

d i a p h r a g m   t o w a r d s   s a i d   i n t e r n a l   s u r f a c e ,   to   fo rm  a  

c l o s u r e   or  c o n s t r i c t i o n ,   w h i c h ,   in  u s e ,   t r a v e r s e s   t h e  

c h a m b e r ,   w h i c h   moves   f rom  t h e   f i r s t   to   t h e   s e c o n d   p o r t ,  

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

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

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

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

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

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

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

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

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

c o m p r i s e s   r o l l e r s   (42)  and  in  t h a t   a  b e l t   (110)   i s  

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

8.  A  d e v i c e  a c c o r d i n g   to  c l a i m   6  or  7 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   d i a p h r a g m   is   p h y s i c a l l y   f i x e d  

to  t he   b e l t .  

9.  A  d e v i c e   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   in  t h a t   a  r e n e w a b l e   pad  (104)   c o n f o r m i n g  

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



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

one  w a l l   of   t h e   c h a m b e r .  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

d i a p h r a g m   r e m o t e   f rom  s a i d   c h a m b e r ,   so  as  to  u r g e   s a i d  

d i a p h r a g m   t o w a r d s   s a i d   i n t e r n a l   s u r f a c e ,   to   fo rm  a  

c l o s u r e   or  c o n s t r i c t i o n ,   w h i c h ,   in  u s e ,   t r a v e r s e s   t h e  

c h a m b e r ,   w h i c h   moves   f rom  t h e   f i r s t   to   t h e   s e c o n d   p o r t ,  

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

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

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

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

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

d i a p h r a g m   and  t h e   d e f l e c t o r   means   a d j a c e n t   t h e r e t o ,   a n d ,  

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

c o n s t a n t ,   c h a r a c t e r i s e d   in  t h a t   a  r e n e w a b l e   pad  ( 1 0 4 )  

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

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

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



11.  A  d e v i c e   a c c o r d i n g   to   c l a i m   9  or  1 0 ,  

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

p a r t   a n n u l a r   s h a p e d   p l a t e   (105)   w h i c h   i s   f o r m e d   to   h a v e  

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

s u r f a c e   (102)   of   t h e   s e c o n d   h o u s i n g   p a r t   ( 1 0 0 ) ,   a  

r u b b e r - l i k e   m a t e r i a l   m o u l d e d   a r o u n d   s a i d   p l a t e   a n d  

c o o p e r a t i n g   t h r e a d e d   m e a n s   ( 1 0 7 ,   108)  e n a b l i n g   t h e   p l a t e  

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

e n a b l i n g   t h e   p l a t e   to   be  b e n t   to  t h e   i n t e r n a l   s h a p e   o f  

t h e   h o u s i n g .  

12.   A  d e v i c e   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,  

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

w i t h   a  p r e s s u r e   t i g h t   c a s i n g   (46)  and  m e a n s   (50 ,   59)  a r e  

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

d e v i c e .  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

d i a p h r a g m   r e m o t e   f rom  s a i d   c h a m b e r ,   so  as  to   u r g e   s a i d  

d i a p h r a g m   t o w a r d s   s a i d   i n t e r n a l   s u r f a c e ,   to   fo rm  a  



c l o s u r e   or  c o n s t r i c t i o n ,   w h i c h ,   in  u s e ,   t r a v e r s e s   t h e  

c h a m b e r ,   w h i c h   moves   f rom  t h e   f i r s t   to   t h e   s e c o n d   p o r t ,  

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

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

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

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

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

d i a p h r a g m   and  t h e   d e f l e c t o r   means   a d j a c e n t   t h e r e t o ,   a n d ,  

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

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

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

p a r t   i s   p r o v i d e d   w i t h   a  p r e s s u r e   t i g h t   c a s i n g   (46)  a n d  

m e a n s   (50 ,   59)  a r e   p r o v i d e d   to  p r e s s u r i z e   s a i d   c a s i n g   t o  

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

t h e   d e v i c e .  

14 .   A  d e v i c e   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   in  t h a t   t h e   d i a p h r a g m   (124)   i s   f o r m e d   o f  

a t   l e a s t   two  l a y e r s   ( 1 2 5 ,   126)  of  m a t e r i a l ,   t h e   l a y e r  

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

l a y e r s .  

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

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

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

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

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

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

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

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

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

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

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



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

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

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

d i a p h r a g m   r e m o t e   f rom  s a i d   c h a m b e r ,   so  as  to   u r g e   s a i d  

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

c l o s u r e   or  c o n s t r i c t i o n ,   w h i c h ,   in  u s e ,   t r a v e r s e s   t h e  

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

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

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

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

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

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

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

c o n s t a n t , c h a r a c t e r i s e d   in  t h a t   t h e   d i a p h r a g m   ( 1 2 4 ) - i s  

f o r m e d   of  a t   l e a s t   two  l a y e r s   ( 1 2 5 ,   126)  of  m a t e r i a l ,  

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

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

l a y e r s .  

16.   A  d e v i c e   a c c o r d i n g   to   any  one  of  t h e   p r e c e d i n g  

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

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

(72)  e x t e n d i n g   a l o n g   t h e   l a t e r a l   m a r g i n s   of  t h e   a r e a  

s w e p t   by  t h e   d e f l e c t o r s .  

17.   A  d e v i c e   a c c o r d i n g   to  any  one  of  t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   t h e   l a t e r a l   a n d / o r   l e a d i n g   and  t r a i l i n g  

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

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

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

t he   p a s s a g e   of  t h e   d e f l e c t o r s .  
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