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@  Peristaltic  pump. 

  To  increase  precision  of  flow  in  multiple  channels  of  a 
peristaltic  pump,  a  plurality  of  spring  biased  cassettes  (18A, 
18B, 18C)  are  mounted  to  cooperate  with  a  spool  (38)  having 
a  plurality  of  elongated  rollers  (36A-36C)  which  orbit  about 
its  center  so  that  each  elongated  roller  in  succession  com- 
presses  a  plurality  of  flexible  tubes  (20A-20C)  in  the  chan- 
nels  against  corresponding  cam  surfaces  (108,  110)  in  the 
cassettes  (18A-18C)  spaced  from  the  rollers  (36A-36C)  by 
surfaces  (107)  of  the  cassettes  which  are  in  contact with  the 
rollers  (36A-C)  In  each  cassette  (18A-C),  the  cam  (108,110) 
is  mounted  between  side  plates  (52-54)  against  which  the 
rollers  (36A-36C)  roll,  which  are  spring  biased  against  the 
rollers  (36A-36C)  and  hinged  at  a  center  location  to  provide 
precision  determined  only  by  the  precision  of  the  cam  (108, 
110)  to  side  plate  edge  dimension.  The  cam  is shaped  to  re- 
duce  pulses  during  roller  lift-off  from  the  cam  surface  (108, 
110)  to  provide  for  pulsefree  flow. 



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

P e r i s t a l t i c   p u m p s   a r e   k n o w n   s u c h   as   t h a t   d i s -  

c l o s e d ,   f o r   e x a m p l e ,   in  U n i t e d   S t a t e s   P a t e n t   3 , 3 6 6 , 0 7 1  

to   D u t l e r   g r a n t e d   J a n u a r y   3,  1 9 6 3 ,   w h i c h   h a v e   a  p l u r -  

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

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

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

of  c o m p r e s s i o n   of   t h e   f l e x i b l e   t u b e .  

In  a  p r i o r   a r t   u n i t   of  t h i s   t y p e ,   t he   r o l l e r s   a r e   i n  

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

The  i n n e r   s t e p   of  t he   r o l l e r   c y l i n d e r s   is   r a d i a l l y   c o m -  

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

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

a x l e   to  f o l l o w   an  o r b i t   a l o n g   t h e   r o u g h l y   c i r c u l a r   p a t h .  

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

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

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

t h e r e i n   to  pump  t h e   f l u i d .  

T h i s   t y p e   of  p e r i s t a l t i c   pump  has   s e v e r a l   d i s a d v a n -  

t a g e s   s u c h   as :   (1)  i t   i s   d i f f i c u l t   to   m a c h i n e   t h e   r a d i -  

a l l y   c o m p l i a n t   r o l l e r s   w i t h   s u f f i c i e n t   p r e c i s i o n ;   (2)  i t  

w o r k s  b e s t   as  a  s i n g l e - c h a n n e l   pump  and  is   c l u m s y   to  u s e  

as  a  m u l t i p l e - c h a n n e l   p u m p ;   and   (3)  i t   i s   d i f f i c u l t   t o  



a d j u s t   t h e   p u m p   to   d i f f e r e n t   s i z e   c o n d u i t s   or   f o r   d i f -  

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

A n o t h e r   t y p e   of   p e r i s t a l t i c   pump  i n c l u d e s   a  p l u r a -  

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

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

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

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

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

t h e   s t r e t c h i n g .   T h i s   p r i o r   a r t   pump  has   t h e   d i s a d v a n t a g e  

of   b e i n g   e x p e n s i v e   to   make  w i t h   t h e   t o l e r a n c e s   n e c e s s a r y  

f o r :   (1)  low  f l u i d   p u l s a t i o n ;   (2)  l o n g   t u b i n g   l i f e ;   a n d  

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

t h e   t u b i n g .  

O t h e r   p r i o r   a r t   p e r i s t a l t i c   p u m p s   o r b i t   r o l l e r s  

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

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

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

pump  has   s e v e r a l   d i s a d v a n t a g e s   s u c h   a s :   (1)  t h e   f l o w   r a t e  

and  f l u i d   p r e s s u r e   c h a n g e   w i t h   t e m p e r a t u r e   and  w e a r ;   (2)  

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

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

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

t he   d r i v e   s h a f t   to   t h e   r o l l e r s ,   t he   f l e x i b l e   t u b e   and  t h e  

f i x e d   s u p p o r t   f o r   t he   t u b e ;   and  (3)  fo r   s i m i l a r   r e a s o n s ,  

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



A c c o r d i n g l y ,   i t   i s   a  t a s k   of   t h e   i n v e n t i o n   t o  

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

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

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

a d j u s t m e n t   to  d i f f e r e n t   s i z e   t u b e s .  

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

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

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

in  p o s i t i o n   w i t h   r e s p e c t   to   t h e   cam  s u r f a c e .   A  s p r i n g  

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

t a l t i c   pump.  The  cam  s u r f a c e   i s   s p a c e d   f rom  t h e   r o l l e r s  

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

A d v a n t a g e o u s l y ,   t h e   t u b e   h o l d i n g   m e a n s   is  c h a r a c -  

t e r i z e d   by  s p r i n g   b i a s e d   p i v o t a b l e   h i n g e   m e a n s   f o r   b i a s i n q  

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

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

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

t o t a l   g u i d e   s u r f a c e   and  l e s s   t h a n   t h r e e - q u a r t e r s   of  t h e  

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

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

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

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

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

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



t h e   d i m e n s i o n s   of   t h e   c a s s e t t e  a n d   in  t h e   l o c a t i o n   of   t h e  

r o l l e r s .  

The  a b o v e   n o t e d   and  o t h e r   f e a t u r e s   of  t h e   i n v e n t i o n  

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

d e s c r i p t i o n   w h e n   c o n s i d e r e d   w i t h   r e f e r e n c e   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 IG.   1  i s   a  s i m p l i f i e d ,   f r a g m e n t a r y   p e r s p e c t i v e  

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

i n v e n t i o n ;  

FIG.  2  i s   a  f r a g m e n t a r y ,   e x p l o d e d   p e r s p e c t i v e   v i e w  

i l l u s t r a t i n g   t h e   e m b o d i m e n t   of  FIG.   1  in  g r e a t e r   d e t a i l ;  

FIG.  3  i s   an  e l e v a t i o n a l   v i e w   i l l u s t r a t i n g   a  p o r t i o n  

of  t he   e m b o d i m e n t   of  FIG.   1 ;  

F I G .  4   i s   a  d e v e l o p e d   v i e w   i l l u s t r a t i n g   t h e  

o p e r a t i o n   of  t he   e m b o d i m e n t   of   FIG.   1;  a n d  

FIG.  5  is   an  e l e v a t i o n a l   v i e w   i l l u s t r a t i n g   a n o t h e r  

e m b o d i m e n t   of   a  p o r t i o n   of  FIG.   1 .  



DETAILED  D E S C R I P T I O N  

In  FIG.   1  t h e r e   i s   s h o w n   a  s i m p l i f i e d   p e r s p e c t i v e  

v i e w   of  a  p u m p i n g   s y s t e m   i n c l u d i n g   a  p e r i s t a l t i c   pump  1 0 ,  

a  f i r s t   c o n t a i n e r   12  and  a  s e c o n d   c o n t a i n e r   14  a r r a n g e d   s o  

t h a t   t he   pump  10  may  pump  a  l i q u i d   f r o m   one  of  t he   c o n -  

t a i n e r s   to  t h e   o t h e r   or  may  d r a w   f l u i d   o u t   of  one  of  t h e  

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

t h a t   end  is   moved  to  a n o t h e r   c o n t a i n e r   and  t h e   pump  r e -  

v e r s e d   f o r   e x p e l l i n g   i t .  

The  pump  10  i n c l u d e s   a  c a b i n e t   or  h o u s i n g   16,  t h r e e  

c a s s e t t e s   1 8 A - 1 8 C ,   one  of  w h i c h   i s   s h o w n   r e m o v e d   and  t h r e e  

t u b e s   2 0 A - 2 0 C   p o s i t i o n e d   w i t h i n   t he   pump  10.  The  c a b i n e t  

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

pump  d r i v e   c i r c u i t r y   w h i c h   c o o p e r a t e   w i t h   t he   c a s s e t t e s  

18A-18C  and  t he   t u b e s   2 0 A - 2 0 C   in  p r o g r a m m e d   p u m p i n g   o p e r a -  

t i o n s .   The  c a b i n e t   16,  m o t o r   and  d r i v e   m e c h a n i s m s   a r e   n o t  

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

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

The  c a s s e t t e s   18A-18C   a r e   i d e n t i c a l   and  i n c l u d e   a  

s p r i n g   b i a s i n g   m e a n s   s h o w n   a t   22C  f o r   c a s s e t t e   18C  on  o n e  

end   and  a  s e c o n d   s p r i n g   b i a s i n g   m e a n s   24C  on  t h e   o t h e r  

e n d .   The  s p r i n g   b i a s i n g   m e a n s   22C  and   24C  b i a s   a  c a m  

s u r f a c e   m e a n s   26C  d o w n w a r d l y   a g a i n s t   t he   r o l l e r s   to  c o n -  

t r o l   t h e   a m o u n t   the   t u b e s   2 0 A - 2 0 C   a r e   s q u e e z e d   in  a  p r o -  

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



In  FIG.  2  t h e r e   i s   s h o w n   a  s i m p l i f i e d ,   f r a g m e n t a r y ,  

e x p l o d e d   p e r s p e c t i v e   v i e w   o f   a  p o r t i o n   of   t h e   pump   1 0  

h a v i n g   a  m o t o r   30,  a  t r a n s m i s s i o n   32,  a  s p o o l   38  and  t h e  

c a s s e t t e s   1 8 A - 1 8 C .   The  c a s s e t t e s   18A-18C   a r e   s h o w n   p o s i -  

t i o n e d   to  c o o p e r a t e   w i t h   r e s p e c t i v e   o n e s   of  t he   t u b e s   2 0 A -  

20C  ( n o t   s h o w n   in  F IG.   2  b u t   s h o w n   in  F IG.   1)  and   t h e  

s p o o l   38.  The  s p o o l   38  i s   d r i v e n   by  t h e   m o t o r   30  t h r o u g h  

t h e   t r a n s m i s s i o n   32  w h i c h   in  t u r n   d r i v e s   t h e   a x l e   34  o f  

t h e   s p o o l   3 8 .  

The  s p o o l   38  i n c l u d e s   a  p l u r a l i t y   of  r o l l e r s ,   t h r e e  

of  w h i c h   a r e   s h o w n   a t   3 6 A - 3 6 C ,   e a c h   of  t h e   r o l l e r s   b e i n g  

r o t a t a b l y   m o u n t e d   to   a  d i f f e r e n t   one  of   two  s p o o l   f l a n g e s ,  

o n e   of   w h i c h   i s   s h o w n   a t   40.   The  s p o o l   f l a n g e s   a r e  

m o u n t e d   f o r   r o t a t i o n   w i t h   t h e   a x l e   34  t h a t   i s   d r i v e n  

t h r o u g h   t he   t r a n s m i s s i o n   32  by  t h e   m o t o r   30.  The  r o l l e r s  

s u c h   as  36A-36C   a r e   m o u n t e d   to  t he   f l a n g e s   f o r   o r b i t i n g  

a b o u t   t he   a x l e   34  and  r o t a t i n g   w i t h i n   t h e   s p o o l   f l a n g e s   s o  

as  to  c o o p e r a t e  w i t h   t he   f l e x i b l e   t u b e s   2 0 A - 2 0 C   ( n o t   s h o w n  

in  FIG.  2  b u t   s h o w n   in  FIG.  1 ) .  

To  h o l d   t h e   f l e x i b l e   t u b e s   2 0 A - 2 0 C   ( n o t   s h o w n   i n  

FIG.  2  b u t   s h o w n   in  FIG.  1)  o v e r   t h e   s p o o l   38  so  t h a t   t h e  

r o l l e r s   s u c h   as  t h o s e   s h o w n   a t   36A,  36B  and  36C  can   c o m -  

p r e s s   them  to  f o r c e   f l u i d   t h e r e t h r o u g h ,   t h e   c a s s e t t e s   1 8 A -  

18C  e a c h   h a v e   p a r t s   w h i c h   a r e   a d a p t e d   to  f l e x i b l y   m o u n t  

o v e r   t h e   s p o o l   38 .   O n l y   t h e   c a s s e t t e   18A  w i l l   b e  



d e s c r i b e d   in  d e t a i l   b u t   t h e   c a s s e t t e s   18B  and   18C  a r e  

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

c a s s e t t e s   18B  and  18C  a r e   i d e n t i c a l   to  t h o s e   on  c a s s e t t e  

18A  b u t   a r e   a d a p t e d   to  c o o p e r a t e   w i t h   d i f f e r e n t   o n e s   o f  

the   f l e x i b l e   t u b e s   2 0 A - 2 0 C   ( n o t   s h o w n   in  FIG.  2  b u t   s h o w n  

in  F IG.   1 ) .  

To  f l e x i b l y   m o u n t   o v e r   t h e   s p o o l   38 ,   t h e   c a s s e t t e  

18A  has   a  h i n g e   b o s s   48A,  a  h i n g e   p i n   50A,  p a i r s   of  p a r a l -  

l e l   i n l e t   s i d e   p l a t e s   53A  and  52A  and  o u t l e t   s i d e   p l a t e s  

55A  and  54A,  i n l e t   and  o u t l e t   s i d e   l o c k i n g   l e v e r s   56A  a n d  

58A  r e s p e c t i v e l y ,   and   i n l e t   and  o u t l e t   s i d e   l a t c h i n g  

s p r i n g s   or  s i d e   l a t c h e s   60A  and   62A  r e s p e c t i v e l y .   T h e  

s i d e   p l a t e s   53A,  52A,  55A  and  54A  a r e   p i v o t a l l y   m o u n t e d   b y  

the   p i n   50A  p a s s i n g   t h r o u g h   t h e   h i n g e   b o s s   48A  and  s p r i n g  

b i a s e d   in  a  m a n n e r   to  be  d e s c r i b e d   h e r e i n a f t e r .   When  t h e  

c a s s e t t e s   1 8 A - 1 8 C   a c e   p l a c e d   o v e r   t h e   s p o o l   38,   t h e  

l o c k i n g   l e v e r s   5 6 A - 5 6 C ,   5 8 A - 5 8 C   and   t h e   s i d e   l a t c h i n g  

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

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

l e r s   3 6 A - 3 6 C   ( o t h e r s   a r e   s h o w n   in  FIG.   3)  and   f o r   t h e  

f l e x i b l e   t u b e s   20A-20C   ( n o t   s h o w n   in  FIG.  2  b u t   shown   i n  

FIG.   1 ) .  

To  h o l d   t h e   c a s s e t t e s   1 8 A - 1 8 C   in  p l a c e   o v e r   t h e  

s p o o l   38,   t h e   i n l e t   s i d e   s p r i n g s   and  t h e   o u t l e t   s i d e  

l a t c h i n g   s p r i n g s   s u c h   as  t h o s e   shown   a t   60A  and  6 2 A - 6 2 C  



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

c a s s e t t e   p i n   l a t c h e s   64A,  66A,  66B  and  66C.  On  o p p o s i t e  

s i d e s   of   t h e   s p o o l   38,  t h e r e   a r e   m o u n t e d   to  t he   c a b i n e t   16 

of   t h e   pump   10,   c a s s e t t e   c l i p   k e e p e r s ,   one   of   w h i c h   i s  

s h o w n   a t   68  a d a p t e d   to  r e c e i v e   and  h o l d   t he   c a s s e t t e   p i n  

l a t c h e s .   The  two  c a s s e t t e   c l i p   k e e p e r s   a r e   i d e n t i c a l   a n d  

o n l y   t h e   c a s s e t t e   c l i p   k e e p e r   68  w i l l   be  d e s c r i b e d   in  d e -  

t a i l .  

The  c a s s e t t e   c l i p   k e e p e r   68  i n c l u d e s   a  b a s e   7 2 ,  

t a n g e n t i a l l y - e x t e n d i n g   s p r i n g   s l o t s   7 4 A - 7 4 C   and  a  c r o s s  

s l o t   76.  The  b a s e   72  e x t e n d s   r a d i a l l y   o u t w a r d l y   f r o m   t h e  

s p o o l   38  ( h o r i z o n t a l   in   FIG.   2)  and   t h e   t a n g e n t i a l l y  

e x t e n d i n g   s p r i n g   s l o t s   7 4 A - 7 4 C   a r e   p o s i t i o n e d   to  e x t e n d  

o r t h o g o n a l   to  t h e   a x i s   of  t h e   c a s s e t t e s   18A-18C   r e s p e c -  

t i v e l y .   T h e y   e x t e n d   p a r t   way  t h r o u g h   t h e   b a s e   72  t o  

r e c e i v e   the   i n l e t   s i d e   l a t c h e s   6 2 A - 6 2 C .   The  s l o t s   have   a  

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

a c c o m m o d a t e   t h e   s i d e   l a t c h i n g   s p r i n g s   6 2 A - 6 2 C   r e s p e c t i v e l y  

b u t   no t   s u f f i c i e n t   to  a c c o m m o d a t e   t h e   p i n   l a t c h e s   6 6 A - 6 6 C  

r e s p e c t i v e l y .   The  c r o s s   s l o t   76  i s   o r t h o g o n a l   to   t h e  

s p r i n g   s l o t s   7 4 A - 7 4 C   and  i n t e r s e c t s   them  to  fo rm  a  k e e p e r  

s l o t   c a p a b l e   of  r e c e i v i n g   t h e   e n d s   of   t h e   l a t c h   p i n s   6 6 A -  

66C  to  be  h e l d   in  p l a c e   by  o u t s t a n d i n g   f i n g e r s   f o r m e d   i n  

t he   b a s e   72  by  t h e   s l o t s   7 4 A - 7 4 C   and  t h e   c r o s s   s l o t   7 6 .  



In  FIG.   3  t h e r e   i s   s h o w n   an  e l e v a t i o n a l   v i e w   of   a  

p o r t i o n   of  t h e   c a s s e t t e   18C  m o u n t e d   on  t he   s p o o l   38.  O n l y  

52C  of  t h e   two  p a r a l l e l   i n l e t   s i d e   p l a t e s   5 3 C - 5 2 C   and  54C 

of  t he   two  o u t l e t   s i d e   p l a t e s   54C  is   shown  to  p e r m i t   a  

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

t u b e   20C  is  c o m p r e s s e d  b y   t h e   r o l l e r s   3 6 A - 3 6 F   as  t he   s p o o l  

38  r o t a t e s   to  f o r c e   f l u i d   t h r o u g h   t he   f l e x i b l e   t u b e   2 0 C .  

A l t h o u g h   o n l y   one  c a s s e t t e   18C  is  s h o w n ,   t he   o t h e r  

c a s s e t t e s   c o o p e r a t e   in  t h e   same   m a n n e r   w i t h   t he   s p o o l   38  

to :   (I)  p r o v i d e   s e l f - a d j u s t m e n t   b e t w e e n   t he   r o l l e r s   3 6 A -  

36F  and   t h e   i n l e t   s i d e   p l a t e   52C  and   o u t l e t   s i d e   p l a t e  

54C  fo r   u n i f o r m   a c t i o n   a g a i n s t   a l l   of  t he   f l e x i b l e   t u b e s  

w i t h   a l l   of  t h e   c a s s e t t e s   a t   a l l   t i m e s   by  a u t o m a t i c  

a d j u s t m e n t   of   p r e s s u r e ;   and   (2)  to   p r o v i d e   a  c o n t r o l l e d  

s e q u e n c e   of  t h e   d e g r e e   of  s q u e e z i n g   of  t he   t u b e   20C  by  t h e  

r o l l e r s   3 6 A - 3 6 F   b a s e d   on  t h e i r   p o s i t i o n   and  t h u s   r e d u c e  

p u l s a t i o n s .  

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

b i a s i n g   m e a n s   i n c l u d e s   t h r e e   b i a s i n g   m e a n s ,   a ' f i r s t   o f  

w h i c h   i n c l u d e s   t he   i n l e t   s i d e   l o c k i n g   l e v e r   56C  and  t h e  

i n l e t   s i d e   l a t c h i n g   s p r i n g   60C,  a  s e c o n d   of  w h i c h   i n c l u d e s  

a  f i r s t   p i n   78,  a  s e c o n d   p i n   80  and  a  c e n t e r   l e a f   s p r i n g  

82  and  a  t h i r d   of  w h i c h   i n c l u d e s   t h e   o u t l e t   s i d e   l o c k i n g  

l e v e r   58C  and  o u t l e t   s i d e   l a t c h i n g   s p r i n g   6 2 C .  



To  s u p p o r t   t h e   l e a f   s p r i n g   82,  t h e   p i n s   78  and  80  

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

s i d e   p l a t e   54C  r e s p e c t i v e l y .   The  p i n s   78  and  80  a r e   p o s i -  

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

t h e   h i n g e   p i n   50C  and   t h e   s p o o l   38  b u t   t o w a r d   t h e   h i n g e  

p i n   f r o m   t h e   l o c k i n g   l e v e r s   56C  and   58C.   T h e y   e x t e n d  

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

w h i c h   i s   s h o w n   a t   52C  in   FIG.   3,  and   t h e   o u t l e t   s i d e  

p l a t e s ,   o n l y   one  of  w h i c h   i s   s h o w n   a t   54C  in  FIG.  3,  a n d  

h o l d   t he   two  i n l e t   s i d e   p l a t e s   and  o u t l e t   s i d e   p l a t e s   i n  

p a r a l l e l   r e l a t i o n s h i p   to  e n c o m p a s s   w i t h i n   t hem  t h e   l o c k i n g  

l e v e r s   and  s p r i n g s .  

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

p l a t e s   away  f rom  t h e   s p o o l   38  when  r e l e a s i n g   s i d e   p l a t e s  

f r o m   t h e   s p o o l   38  and   to  b i a s   a g a i n s t   t h e   i n l e t   s i d e  

s p r i n g   60C  and  t he   s t i f f e r   o u t l e t   s i d e   s p r i n g   62C  w h e n  

t h e y   a r e   h o l d i n g   the   s i d e   p l a t e s   a g a i n s t   t h e   s p o o l   3 8 , t h e  

c e n t e r   l e a f   s p r i n g   82  e x t e n d s   p a r a l l e l   to   t h e   i n l e t   a n d  

o u t l e t   s i d e   p l a t e s   52C  and  54C  w i t h   i t s   c e n t e r   r e s t i n q   o n  

the   t op   of   t h e   h i n g e   p i n   50C,  one  end  e x t e n d i n g   u n d e r n e a t h  

t h e   p i n   78  and   t h e   o t h e r   u n d e r n e a t h   t h e   p i n   80.   T h i s  

c e n t e r   s p r i n g   82  p r o v i d e s   a  b i a s i n g   f o r c e   t o   r o t a t e   t h e  

s i d e - p l a t e s   a b o u t   t h e   h i n g e   p i n   50C  away   f rom  t h e   s p o o l   38  

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



f o r c e s   of  t h e   i n l e t   s i d e   s p r i n g   60C  and  o u t l e t   s i d e   s p r i n g  

62C  when  t he   c a s s e t t e s   a r e   m o u n t e d   to  t he   s p o o l   3 8 .  

To  l o c k   t he   c a s s e t t e   18C  a g a i n s t   t he   r o l l e r s   in  t h e  

s p o o l   33,  and  s q u e e z e   t he   f l e x i b l e   t u b e   20C,  t h e   i n l e t   a n d  

o u t l e t   s i d e s   u t i l i z e   t he   l o c k i n g   l e v e r s   and  s p r i n g s   in  t h e  

same  m a n n e r   so  t h a t   o n l y   t h e   i n l e t   s i d e   w i l l   be  d e s c r i b e d  

in  d e t a i l   w i t h   t h e   u n d e r s t a n d i n g   t h a t   t h e   o u t l e t   s i d e  

i n c l u d e s   c o r r e s p o n d i n g   p a r t s   w h i c h   l o c k   in  t he   same  m a n -  

n e r .  

The   i n l e t   s i d e   l o c k i n g   l e v e r   56C  h a s   a  p i n   84C  a t  

i t s   l o w e r   end  a b o u t   w h i c h   i t   p i v o t s   and  t he   o u t l e t   s i d e  

l o c k i n g   l e v e r   53C  has   a  s i m i l a r   p i n   86C  a t   i t s   l o w e r   e n d  

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

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

o u t l e t   s i d e   s p r i n g s   60C  and  62C,  l y i n g   w i t h i n   the   b i f u r c a -  

t i o n   of  t he   l e v e r s ,   p i v o t a l l y   m o u n t e d   a t   one  end  a b o u t  

p i v o t   p i n s   88C  and  90C  w i t h   t he   l e v e r s   h a v i n g   an  a n g l e   i n  

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

o b t u s e   in  t he   o u t w a r d   d i r e c t i o n   away  f rom  t h e   s p o o l   38  a n d  

of  a p p r o x i m a t e l y   135  d e g r e e s .   The  l e v e r s   may  p i v o t   t o w a r d  

t h e   h i n g e   p i n   50C  u n t i l   t h e   t o p   p o r t i o n s   a r e   v e r t i c a l   and  - 

r e s t   a g a i n s t   t h e   p i n s   78  and   80  r e s p e c t i v e l y   or  p i v o t  

d o w n w a r d l y   so  t h e i r   t o p   p o r t i o n   is   p o i n t i n g   down  f rom  a  

h o r i z o n t a l   l i n e   so  as  to  be  a l m o s t   t a n g e n t i a l   in  d i r e c t i o n  

w i t h   t he   s p o o l   3 8 .  



To  fo rm  t o g g l e s ,   t h e   i n l e t   s i d e   s p r i n g   60C  and  t h e  

o u t l e t   s i d e   s p r i n g   62C  a r e   e a c h   b e n t   a t   a p p r o x i m a t e l y   a  

r i g h t   a n g l e   to  i t s e l f   in  a  d i r e c t i o n   t h a t   c a u s e s :   (1)  t h e  

p i v o t   p i n   88C  and  l a t c h i n g   p i n   64C  a t   o p p o s i t e   e n d s   of  t h e  

i n l e t   s i d e   s p r i n g   60C  t o   be  b e n t   c l o s e   to   e a c h   o t h e r   o n  

t he   s i d e   f a c i n g   s p o o l   38;  and  (2)  s i m i l a r l y   t h e   p i v o t   p i n  

90C  and  t h e   l a t c h   p i n   66C  a r e   c l o s e r   to  e a c h   o t h e r   on  t h e  

s i d e   f a c i n g   s p o o l   3 8 .  

To  b i a s   t h e   l o c k i n g   l e v e r   56C  w i t h   i t s   t o p   p o r t i o n  

a g a i n s t   t h e   p i n   78  w i t h   t h e   s p r i n g   82,  t h e   p i v o t   p i n   8 4 C  

is   p o s i t i o n e d   in  a  l i n e   w i t h   t h e   c a s s e t t e   c l i p   k e e p e r   70  

and  the   p i v o t   p i n   88C  so  t h a t   when  t h e   u p p e r   end  of  l e v e r  

56C  is   r o t a t e d   to  i t s   m o s t   v e r t i c a l   p o s i t i o n ,   t he   p i v o t  

p i n   88C  is   c l o s e r   to  t he   s p o o l   38  and  b e y o n d   t h e   v e r t i c a l  

l i n e   b e t w e e n   t h e   p i v o t   p i n   84C  and  l a t c h   p i n   64C  w i t h i n  

t he   c a s s e t t e   c l i p   k e e p e r   7 0 .  

S i m i l a r l y ,   when  the   l e v e r   is   p u l l e d   d o w n w a r d l y   s o  

t h a t  i t   r o t a t e s   c o u n t e r - c l o c k w i s e   a b o u t   t h e   p i v o t   p i n   84C  

s h o w n   in  FIG.  3,  t h e   i n l e t   s i d e   s p r i n g   60C,  o n c e   the   p i n  

88C  p a s s e s   to  t h e   l e f t   of   t h e   l i n e   b e t w e e n   t h e   p i v o t   p i n  

84C  and  t h e   p i n   64C  w i t h i n   t he   c a s s e t t e   c l i p   k e e p e r   70,  i s  

p u l l e d   d o w n w a r d l y   to  l o o s e n   t h e   l o c k .  

The  l a t c h   w o r k s   in  t he   s ame   m a n n e r   on  t he   o p p o s i t e  

s i d e   o f   t h e   c a s s e t t e   18C  so  t h e   l e v e r s   may  be  r o t a t e d  

t o g e t h e r   a b o u t   t h e   s p o o l   38  w i t h   t h e   l a t c h   p i n s   64C  a n d  



66C  w i t h i n   t h e   c a s s e t t e   c l i p   k e e p e r s   68  and   70  and  b e  

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

p l a t e   52C  and  t h e   o u t l e t   s i d e   p l a t e   54C  a b o u t   t h e   s p o o l  

38.  When  t h e   l o c k i n g   l e v e r s   a r e   r o t a t e d   away  f rom  e a c h  

o t h e r ,   t h e y   l o o s e n   t he   s p r i n g   so  as  to  l o o s e n   the   t o g g l e s  

t h a t   b i a s   the   c a s s e t t e   a g a i n s t   t h e   s p o o l   3 8 .  

To  p r o v i d e   p r e c i s i o n   in  t h e   a m o u n t   of  s q u e e z i n g   o f  

t h e   f l e x i b l e   t u b e   20C  as  t h e   r o l l e r s   36A-36C   r o t a t e   w i t h  

the   c a s s e t t e   in  p l a c e ,   e a c h   h a l f   of  t h e   c a s s e t t e   has   t w o  

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

l e r s   3 6 A - 3 6 F   of  t he   s p o o l   38  to  c o n t r o l   t h e   a m o u n t   of  t u b e  

s q u e e z i n g .   The  f i r s t   s u r f a c e   r e s t s   upon  t he   r o l l e r s   a n d  

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

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

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

t he   a m o u n t   of  s q u e e z e   of  t he   f l e x i b l e   t u b e   2 0 C .  

In  the   e m b o d i m e n t   of  FIG.  3,  t h e   s u r f a c e   is   made  u p  

of  107  and  107R,  w h i c h   i s   f o r m e d   by  t h e   b o t t o m   e d g e s   o f  

the   i n l e t   and  o u t l e t   s i d e   p l a t e s   52C  and  54C.  The  f i r s t  

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

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

s u r f a c e   a g a i n s t   t he   r o l l e r s .   The  s e c o n d   s u r f a c e   is  p r o -  

v i d e d   by  t h e   f a c e   108  o f   t h e   i n l e t   s i d e   cam  92  and  t h e  

f a c e   110  of  t he   o u t l e t   s i d e   cam  9 4 .  



To  h o l d   t he   i n l e t   and  o u t l e t   s i d e   c a m s   92  and  94  a n d  

t h e   i n l e t   and   o u t l e t   s i d e   p l a t e s   52C  and   54C  in  c l o s e  

r e l a t i o n s h i p ,   t h e   h i n g e   p i n   50C  p a s s e s   t h r o u g h   a  c o n -  

f o r m i n g   a p e r t u r e   in   t h e   o u t l e t   s i d e   p l a t e   54C  and   t h e  

i n l e t   cam  9 2 .   The  i n l e t   s i d e   p l a t e   52C  h a s   t h e   s e c o n d  

s u r f a c e ,   t he   c u r v e d   p o r t i o n   108  of  cam  92,  f a s t e n e d   to  i t  

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

50C  in  t h e   o u t l e t   s i d e   p l a t e   54C.   T h u s l y ,   t h e   c u r v e d  

p o r t i o n   108  c o n f o r m s   to  a  s e c o n d   s u r f a c e   a b o u t   t he   h i n g e  

p i n   50C.   The  o u t l e t   cam  94  h a s   a  c u r v e d   p o r t i o n   1 1 0  

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

50C  in  t h e   i n l e t   cam  9 2 .  

The  i n l e t   cam  92  i s   r i g i d l y   m o u n t e d   to  t he   i n l e t  

s i d e   p l a t e   52C  by  p i n s   96  and  98  and  t he   o u t l e t   cam  94  i s  

m o u n t e d   to  t h e   o u t l e t   s i d e   p l a t e   54C  by  o r t h o g o n a l   p i n s  

100  and   102 .   A l t e r n a t i v e l y ,   c a m s   92  and  94  may  e a c h   b e  

r e s p e c t i v e l y   m o l d e d   in  one  p i e c e   w i t h   t he   s i d e   p l a t e s   52C 

and  54C.  The  b o t t o m   s i d e s   of  t h e   i n l e t   and  o u t l e t   c a m s  

92  and   94  a r e   s h a p e d   to   p r o v i d e   d i f f e r e n t   a m o u n t s   o f  

s q u e e z i n g   to  t h e   f l e x i b l e   t u b e   20C  and  a r e   s u f f i c i e n t l y  

w i d e   so  t h a t   t h e   t u b e   20C  may  r e s t   and  be  c o m p r e s s e d  

b e t w e e n   t h e   r o l l e r s   3 6 A - 3 6 F   and  t h e   c ams   92  and  94  w h i l e  

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

cam.  For  t h i s   r e a s o n ,   t h e r e   i s   a  r e l a t i v e l y   w i d e   s u r f a c e  

on  t h e   i n l e t   cam  92  b e t w e e n   t h e   p a r a l l e l   i n l e t   s i d e   p l a t e  



52C  and  i t s   p a r a l l e l   i n l e t   s i d e   p l a t e   53C  n o t   s h o w n   i n  

FIG.  3  and  a  r e l a t i v e l y   w i d e   s u r f a c e   on  t he   o u t l e t   cam  94  

b e t w e e n   t he   c u t l e t   s i d e   p l a t e   54C  and  i t s   p a r a l l e l   o u t l e t  

s i d e   p l a t e   55C  n o t   shown  in  FIG.  3 .  

The  p o s i t i o n i n g   of  t he   r o l l e r s   a  c o n t r o l l e d   d i s t a n c e  

f r o m   t h e   s e c o n d   s u r f a c e   f o r m e d   by  i n l e t   and  o u t l e t   c a m s   9 2  

and  94  by  t h e   f i r s t   s u r f a c e   f o r m e d   by  t h e   edge   of  t h e   s i d e  

p l a t e s   52C  and  54C  p e r m i t s   p r e c i s i o n   b e c a u s e   t h e r e   a r e  

o n l y   two  i m m e d i a t e l y - c o n n e c t e d   s u r f a c e s   to  be  c o n t r o l l e d  

w i t h   r e s p e c t   to   e a c h   o t h e r .   T h i s   i s   t r u e   b e c a u s e   t h e  

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

m e a n s   m a i n t a i n   t h e   f i r s t   s u r f a c e s   107L  and  107R  of   t h e  

i n l e t   and  o u t l e t   s i d e   p l a t e s   52C  and  54C  a g a i n s t   e i t h e r  

two  or  t h r e e   of  t he   r o l l e r s   and  o n l y   t he   d i s t a n c e   b e t w e e n  

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

b e a r i n g   s e c o n d   s u r f a c e s   108  and   110  of   t h e   i n l e t   a n d  

o u t l e t   c ams   92  and  94  c o n t r o l s   t he   a m o u n t   of  s q u e e z i n g   o f  

t h e   t u b e .  

The  a m o u n t   of   s q u e e z i n g   of   t he   t u b e   is   c o n t r o l l e d  

so  t h a t   on  t h e   i n l e t   s i d e ,   t h e   r o l l e r s   s t a r t   to   c o n t a c t  

t he   t u b e   20C  and  t he   f i r s t   s u r f a c e   a t   a  l o c a t i o n   s u c h   a s  

104  w h i c h   i s   l e s s   t h a n   90  d e g r e e s   f r o m   t h e   h i n g e .   T h e  

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

of  t h e   h i n g e ,   i s   a l s o   l e s s   t h e   90  d e g r e e s   f rom  t h e   h i n g e .  

T h u s ,   no  m o r e   t h a n   t h r e e   r o l l e r s   c a n   c o n t a c t   t h e   f i r s t  



s u r f a c e   and   t h e   t u b e   a t   a  t i m e ,   and   t h e   t h r e e   a v a i l a b l e  

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

no  r o l l e r   i n a d v e r t a n t l y   l e a v e s   t h e   s u r f a c e   and   p u t s   a n  

i n c o r r e c t   s q u e e z e   on  t he   t u b e .   As  many  r o l l e r s   can   s i m u l -  

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

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

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

cam  92  a t   i t s   i n n e r   s u r f a c e   106  a p p r o x i m a t e l y   63  d e g r e e s  

f r o m   t h e   h i n g e   p i n   50C  a n d   b a r e l y   o c c l u d e s   t h e   t u b e  

a g a i n s t   t he   cam  s u r f a c e   108  of  t h e   i n l e t   cam  92.  At  t h i s  

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

and   t h e   cam  ( s e c o n d )   s u r f a c e   i s   e q u a l   to   t w i c e   t h e  

t h i c k n e s s   of  t h e   w a l l s   of  t he   t u b e   to  fo rm  a  l i q u i d   l i g h t  

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

is   v e r y   s m a l l .  

The  d i f f e r e n c e   in  t h e   d i m e n s i o n s   b e t w e e n   t h e   f i r s t  

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

f o r  a   p u m p i n g   p r e s s u r e   of   30  p s i   ( p o u n d s   pe r   s q u a r e   i n c h )  

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

126  m i l s ;   and  t h e   d i s t a n c e   b e t w e e n   t he   cam  s u r f a c e   and  t h e  

edge   of  t h e   s i d e   p l a t e s   c l o s e s   25  p e r c e n t   more   t h a n   t h i s  

to  a p p r o x i m a t e l y   94  m i l s   a t   a  p o i n t   of  59  d e g r e e s .   T h i s  

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

t he   t u b e   r e m a i n s   u n t i l   a p p r o x i m a t e l y   5  d e g r e e s   b e y o n d   t h e  

h i n g e   p o i n t   50C  w h e r e   t h e   t u b e   is   c o m p r e s s e d   a g a i n s t   t h e  



s u r f a c e   110  of   t h e   o u t l e t   cam  94  and  t h e n   t h e   r o l l e r  

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

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

m a t e l y   64  d e g r e e s   of  a r c   b e y o n d   t h e   h i n g e   p i n   50C.  

The  e n d - t o - e n d   s y m m e t r y   of  t he   m e a n s   fo r   m o u n t i n g  

t he   c a s s e t t e   o n t o   t h e   r e s t   of  t h e   pump  p r o v i d e s   v e r s a t i l i -  

t y .   E a c h   of   t h e   c a s s e t t e s   c a n   be  t a k e n   o f f   t h e   p u m p ,  

t u r n e d   e n d - t o - e n d   and   r e m o u n t e d   on  t h e   p u m p .   The  c a s -  

s e t t e ,   in  one  e m b o d i m e n t ,   has   t he   l o w e r   p u l s a t i o n   a t   t h e  

end   w i t h   cam  94,   w h i c h   i s   d e s c r i b e d   a b o v e   as  b e i n g   t h e  

o u t l e t .   I f   one  of  t h e   c a s s e t t e s   i s   r e v e r s e d ,   the   i n l e t   o f  

t he   c a s s e t t e   has   the   l o w e r   p u l s a t i o n .   I f   t he   d i r e c t i o n   o f  

r o t a t i o n   is   r e v e r s e d ,   t h e n   t h e   r e v e r s e d   c a s s e t t e   has   t h e  

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

have   the   l o w e r   p u l s a t i o n   i n l e t s .  

In  FIG.  4  t h e r e   is   s h o w n   a  d e v e l o p e d   v i e w   or  g r a p h  

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

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

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

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

t i c   pump.  T h i s   is   e x p r e s s e d   by  t h e   m u l t i p l y - c u r v e d   p r o g r a m  

l i n e   in  FIG.   4 .  

A l t h o u g h   i t   is  n o t   d e s c r i b e d   in  t he   f o r e g o i n g   p a r t  

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

t h a t   t he   r o l l e r s   h a v e   b a c k s p i n   f o r c e d   upon  them  by  s o m e  



c o n v e n t i o n a l   m e a n s .   A s s u m i n g   t h i s ,   no  e x t r a   c o m p e n s a t i o n  

in  s t r e t c h i n g   and  the   e x t r a   p u l s a t i o n   due  to  s t r e t c h i n g   i s  

n e c e s s a r y .   The  o r d i n a t e   a t   204E  i n d i c a t e s   t h e   p o i n t   a  

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

s u r f a c e   and  the   o r d i n a t e   228  i s   w h e r e   i t   p r e s s e s   t he   t u b e  

to  o c c l u s i o n   b e t w e e n   t h e   r o l l e r   and   t h e   cam  ( s e c o n d )  

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

t u b i n g   wear   and  s t r a i n   on  t h e   d r i v e   and  m o t i o n .   H o w e v e r ,  

i t   is   n o t   s l o w   e n o u g h   to  e l i m i n a t e   p u l s a t i o n   on  the   i n l e t  

s i d e .  

B e t w e e n   t h e   o r d i n a t e s   228  and   206  a  r o l l e r   p r o -  

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

any  head   p r e s s u r e   up  to  30  p s i .   At  o r d i n a t e   206 ,   t h e  

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

to  p o i n t   222  a t   w h i c h   t i m e   i t   b e g i n s   a  c o n t r o l l e d   r e l e a s e  

f rom  o r d i n a t e   to  o r d i n a t e   220.   Some  p r e s s u r e   is   b u i l t   u p  

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

l e a d i n g   r o l l e r   r e a c h e s   o r d i n a t e   220  to  p r o v i d e   f o r   a  c o n -  

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

away  f rom  t he   cam  s u r f a c e   to   o r d i n a t e   224,   a t   w h i c h   t i m e  

t h e   t u b e   is   f u l l y   o p e n e d .   T h i s   p r o v i d e s   v e r y   low  p u l s a -  

t i o n   a t   t he   end  of  t h e   t u b e   c o r r e s p o n d i n g   to   o r d i n a t e   2 0 7 ,  

b u t   no t   t h e   o t h e r   end  c o r r e s p o n d i n g   to  o r d i n a t e   2 0 4 F .  



T h u s ,   t he   s p a c i n g   of  an  o c c l u d e d   t u b e   w h i c h   o c c u r s  

a t   p o i n t   106  i s ,   f o r   many  1 / 1 6   i n c h   w a l l   t h i c k n e s s   t u b e s ,  

0 . 0 9 4   i n c h   or  94  m i l s   and   t h i s   s p a c i n g   i s   m a i n t a i n e d   t o  

o r d i n a t e   2 2 2 .   F r o m   o r d i n a t e   222  to   o r d i n a t e   2 2 0 ,   t h e  

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

0 .125   i n c h   g r a d u a l l y   and  l i n e a r l y   and  t h e n   i t   i s   i n c r e a s e d  

s t i l l   f u r t h e r   to  t he   f u l l   o u t e r   d i a m e t e r   of  the   t u b e   w h i c h  

is   0 .250  i n c h .  

The  d i s t a n c e   b e t w e e n   t he   r o l l e r s   and  t he   cam  s u r f a c e  

c a n n o t   be  g r e a t e r   t h a n   t w i c e   t he   t h i c k n e s s   of  t he   m e m b r a n e  

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

t h i c k n e s s   and  f i f t y   p e r c e n t   of   t h e   t h i c k n e s s .   In  t h e  

p r e f e r r e d   e m b o d i m e n t ,   i t   is  a p p r o x i m a t e l y   one  and  o n e - h a l f  

t i m e s   the   t h i c k n e s s .   The  d i s t a n c e   b e t w e e n   two  a d j a c e n t  

r o l l e r s   s h o u l d   be  a t   l e a s t   o n e - q u a r t e r   of   t h e   l e n g t h   o n  

e a c h   s i d e   of  t he   h i n g e   c o n n e c t i n g   t he   s e g m e n t s   of  the   c a m  

s u r f a c e   and  no  g r e a t e r   t h a n   t h e   t o t a l   cam  l e n g t h .  

The  l i n e   209  in   F I G .  4   i l l u s t r a t e s   a  m e t h o d   f o r  

c o m p e n s a t i o n   of  t he   d i s p l a c e m e n t ,   due  to  s t r e t c h i n g   of  t h e  

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

S t r e t c h i n g   o c c u r s   i f   t h e r e   i s   no  b a c k s p i n   f o r c e d   on  t h e  

r o l l e r s   as  is   t he   c a s e   w i t h   t h e   d e s i g n   i l l u s t r a t e d   in  F I G .  

2.  In  the   r e g i o n   b e t w e e n   o r d i n a t e   207  and  211,   t he   r o l -  

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



n e c e s s a r y   to  d e v e l o p   t he   max imum  p r e s s u r e   p r o v i d e d   by  t h e  

p u m p .  

At  o r d i n a t e   207,   t he   p r e s s u r e   in  t he   l i q u i d   t r a p p e d  

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

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

r e l e a s e d   by  t h e   l e a d i n g   r o l l e r .   The  t u b e   on  t h e   i n l e t  

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

o r d i n a t e   206  a f t e r   t h e   l e a d i n g   r o l l e r   has   p a s s e d   o r d i n a t e  

213  w h e r e   t he   t u b e   has   o n l y   e n o u g h   s q u e e z e   to  s e a l   a g a i n s t  

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

o r d i n a t e   222  w h e r e   t h e   t u b e   s q u e e z e   s t a r t s   to   d e c r e a s e  

f rom  an  a m o u n t   s u f f i c i e n t   to  s e a l   a g a i n s t   head   p r e s s u r e .  

FIG.   5  i l l u s t r a t e s   a  way  of   m a k i n g   a  p e r i s t a l t i c  

pump  c a s s e t t e   w i t h   f o u r   d e g r e e s   of  f r e e d o m   so  up  to  f o u r  

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

t i m e .   The  f o u r t h   d e g r e e   of  f r e e d o m   is   t he   s l i d i n g   i n - o u t  

m o t i o n   a l l o w e d   by  e l o n g a t e d   h o l e   551C  a r o u n d   h i n g e   p i n  

5 5 0 C .   C o i l e d   t e n s i o n   s p r i n g   583  b i a s e s   t h e   c a s s e t t e  

h a l v e s   t o g e t h e r   as  w e l l   as  a g a i n s t   s p r i n g s   560C  and  5 6 2 C .  

The  s p o o l   538  of  t h i s   pump  c a r r i e s   l i g h t   r o l l e r s   5 3 6 A  

t h r o u g h   536M,  s p a c e d   45  d e g r e e s   a p a r t ,   so  t he   p r o g r a m   l i n e  

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

FIG.  4.  T h i s   a l l o w s   t h e   p r o g r a m m e d   c i r c u m f e r e n t i a l   l e n g t h  

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

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



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

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

n e o u s l y .   The  d e v e l o p e d   v i e w   or  g r a p h   of  such   a  p r o g r a m   i s  

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

t h a t   of   FIG.   4.  I f   t h e   r o l l e r s   h a v e   f o r c e d   b a c k s p i n ,  

s e g m e n t   209  w i l l   n o t   be  r e q u i r e d   and  t he   p r o g r a m m e d   s p a c e  

b e t w e e n   o r d i n a t e s   204E  and  206  w i l l   be  s i m i l a r   to  a  m i r r o r  

i m a g e   v i e w   of  t he   p r o g r a m m e d   s p a c e   b e t w e e n   o r d i n a t e   2 2 2  

and   an  o r d i n a t e   s l i g h t l y   b e y o n d   o r d i n a t e   224 .   The  p r o -  

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

p e n s a t i o n   s e g m e n t   209(   s h o w n   in  FIG.  4)  s i n c e   t he   p r o g r a m  

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

FIG.   5 ) .  

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

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

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

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

t h e   n u m b e r   of  j o i n t s   in  t he   c a s s e t t e   or  t he   d i r e c t i o n   o f  

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

of  m o t i o n ,   t he   n u m b e r   of  r o l l e r s   in  c o n t a c t   w i t h   t he   c a m  

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

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

t h a t   t he   p e r i s t a l t i c   pump  of  t h i s   i n v e n t i o n   has   s e v e r a l  

a d v a n t a g e s ,   s u c h   a s :   (1)  i t   i s   r e l a t i v e l y   s i m p l e   i n  

c o n s t r u c t i o n ;   (2)  i t   c a n   p r o v i d e   r e l a t i v e l y   p u l s e - f r e e  



o p e r a t i o n ;   and  (3)  i t   p r o v i d e s   a  u n i f o r m   o u t p u t   b e t w e e n  

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

t h e   s a m e   r o l l e r s .   I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e  

e m b o d i m e n t   of  FIG.  4  can   p r o v i d e   s u b s t a n t i a l l y   p u l s e - f r e e  

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

one  d i r e c t i o n   and  s u b s t a n t i a l l y   p u l s e - f r e e   o p e r a t i o n   a t  

t h e   i n l e t   w h e n   t h e   r o t o r   s p o o l   i s   r u n   in  t h e   o p p o s i t e  

d i r e c t i o n .   T h e   e m b o d i m e n t   o f   F I G .   5  c a n   p r o v i d e  

s u b s t a n t i a l l y   p u l s e - f r e e   o p e r a t i o n   a t   b o t h   t he   i n l e t   a n d  

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

r o l l e r   s p o o l   r o t a t i o n .  

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

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

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

many  m o d i f i c a t i o n s   and  v a r i a t i o n s   of  t h e   d e s c r i b e d   e m b o d i -  

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

T h e r e f o r e ,   i t   i s   to  be  u n d e r s t o o d   t h a t   w i t h i n   t he   s c o p e   o f  

t h e   a p p e n d e d   c l a i m s ,   t he   i n v e n t i o n   may  be  p r a c t i c e d   o t h e r  

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



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

( 3 4 ) ,   ( F i g s .   2,  3  and  5 ) ,   a  p l u r a l i t y   of   r o l l e r s  

( 3 6 A  -   36F)   m o u n t e d   to   s a i d   d r i v e   s h a f t   (34)  f o r  

o r b i t i n g   t h e r e a b o u t ;   and  a  p l u r a l i t y   of  t u b e   h o l d i n g  

m e a n s   (18A,  18B,  18C),   c h a r a c t e r i z e d   in  t h a t   e a c h   o f  

s a i d   t u b e   h o l d i n g   m e a n s   (18A,   18B,  18C)  h a s   a  

s e p a r a t e   cam  s u r f a c e   ( 1 0 8 ,   110)   m o u n t e d   to   and   i s  

a d a p t e d   to   r e c e i v e   a  t u b e   (20)  f i x e d   in  p o s i t i o n  

w i t h   r e s p e c t   to   t h e   cam  s u r f a c e   ( 1 0 8 ,   110)  w i t h   a  

s p r i n g   b i a s e d   h o l d e r   ( e . g .   22C,   24C;   F i g .   1)  f o r  

m o u n t i n g   s a i d   t u b e   h o l d i n g   m e a n s   ( 1 8 A  -   18C)  to  s a i d  

p e r i s t a l t i c   p u m p ;   and  t h e   cam  s u r f a c e   ( 1 0 8 ,   1 1 0 )  

s p a c e d   f rom  s a i d   r o l l e r s   (e .g .   36A)  by  a  g u i d e   ( e . g .  

1 0 7 ,   107R)   i n c o r p o r a t e d   in  t h e   t u b e   h o l d i n g   m e a n s  

( e . g .   1 8 A ) .  

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

1  in  w h i c h   e a c h   of   s a i d   t u b e   h o l d i n g   m e a n s   ( 1 8 A ,  

18B,  18C)  i n c l u d e s   i n l e t   and  o u t l e t   h o l d e r s   c h a r a c -  

t e r i z e d   by  s p r i n g   b i a s e d   p i v o t a b l e   h i n g e s   (e .g .   5 0 C ,  

82)  fo r   b i a s i n g   s a i d   i n l e t   and  o u t l e t   h o l d e r s   a p a r t .  



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

e i t h e r   c l a i m   1  or  2  c h a r a c t e r i z e d   in  t h a t   s a i d   c a m  

s u r f a c e s   ( 1 0 8 ,   110)  and   p l u r a l i t y   of   r o l l e r s   ( e . g .  

36)  h a v e   d i m e n s i o n s   s u c h   t h a t   s u c c e s s i v e   r o l l e r s  

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

f a c e   l e n g t h s   and   l e s s   t h a n   t h r e e - q u a r t e r s   of   t h e  

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

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

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

4.  A  c a s s e t t e   f o r   a  p e r i s t a l t i c   pump  a c c o r d i n g  

to   c l a i m s   1  -   3  c h a r a c t e r i z e d   by  s p r i n g   b i a s i n g  

m e a n s   ( e . g .   60C,   62C)  f o r   b i a s i n g   s a i d   c a s s e t t e  

a g a i n s t   s a i d   r o l l e r s   (36 ) ;   a t   l e a s t   f i r s t   and  s e c o n d  

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

f r o m   s a i d   r o l l e r ;   and  t h e   o t h e r   o f   s a i d   s u r f a c e s  

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

f l e x i b l e   t u b e .  

5.  A  c a s s e t t e   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 z e d   in  t h a t   s p r i n g   b i a s i n g   m e a n s   (e .g .   60C,  62C)  

is   r e l e a s a b l e .  

6.  A  c a s s e t t e   in  a c c o r d a n c e   w i t h   c l a i m   5 

c h a r a c t e r i z e d   in  t h a t   s a i d   c a s s e t t e   i n c l u d e s   f i r s t  



m o u n t i n g   (e .g .   53A,  52A)  and  s e c o n d   m o u n t i n g   m e a n s  

( e . g .   55A,  5 4 A ) ;   s a i d   f i r s t   and  s e c o n d   m o u n t i n g  

m e a n s   b e i n g   p i v o t e d   a t   a  c e n t r a l   l o c a t i o n   (48A),   a n d  

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

fo r   r e s i l i a n t l y   and  r e l e a s a b l y   b i a s i n g   s a i d   f i r s t  

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

7.  A p p a r a t u s   c o m p r i s i n g   a c c o r d i n g   to   any   o f  

c l a i m s   1  -   6  c h a r a c t e r i z e d   in  t h a t   s a i d   c a s s e t t e  

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

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

t h e   r o l l e r s   ( 3 6 ) ,   w h e r e b y   t h e   c a s s e t t e   c o n t a c t s  

m u l t i p l e   r o l l e r s   (36)  r e g a r d l e s s   of   s m a l l   e r r o r s   i n  

t h e   d i m e n s i o n s   of  t he   c a s s e t t e   and  in  the   l o c a t i o n  

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

8.  A p p a r a t u s   in  a c c o r d a n c e   w i t h   c l a i m   7 

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

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

of  m o t i o n   w h e r e b y   t he   c a s s e t t e   c o n t a c t s   a t   l e a s t   t w o  

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

d i m e n s i o n s   and  l o c a t i o n s .  

9.  A p p a r a t u s   in  a c c o r d a n c e   w i t h   c l a i m   7  c h a r -  

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



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

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

r o l l e r s   (36)  s i m u l t a n e o u s l y   d e s p i t e   s m a l l   e r r o r s   i n  

d i m e n s i o n   and  l o c a t i o n .  

10.  A p p a r a t u s   in  a c c o r d a n c e   w i t h   c l a i m  7  

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

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

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

f o u r   r o l l e r s   (36)  s i m u l t a n e o u s l y   d e s p i t e   s m a l l  

e r r o r s   in  d i m e n s i o n   and  l o c a t i o n .  

11.  A p p a r a t u s   in  a c c o r d a n c e   w i t h   c l a i m  7  

c h a r a c t e r i z e d   in  t h a t   t h e   m e a n s   f o r   p r o v i d i n q   i n -  

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

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

f i v e   r o l l e r s   (36)  s i m u l t a n e o u s l y   d e s p i t e   s m a l l  

e r r o r s   in  d i m e n s i o n   and  l o c a t i o n .  

12.  A p p a r a t u s   in  a c c o r d a n c e   w i t h   c l a i m  7  

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

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

dom  of  m o t i o n   w h e r e b y   i t   c o n t a c t s   as  many  r o l l e r s  

(36)  as  t h e r e   a r e   d e g r e e s   of   f r e e d o m   d e s p i t e   s m a l l  

e r r o r s   in  d i m e n s i o n   and  l o c a t i o n .  



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

c l a i m   7  c h a r a c t e r i z e d   in  t h a t   t he   h i n g e   means   i m -  

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

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

a l l o w   t h e   cam  s u r f a c e   to   c o n t a c t   f o u r   r o l l e r s  

s i m u l t a n e o u s l y .  

14.  A  p e r i s t a l t i c   pump  in  a c c o r d a n c e   w i t h   a n y  

of  c l a i m s   1  -   7  c h a r a c t e r i z e d   in  t h a t   t he   i n l e t   a n d  

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

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

and  s i d e - t o - s i d e   m o t i o n ,   and  t he   h i n g e   m e a n s   i m p a r t  

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

w h i c h   is  p i v o t i n g   r o t a t i o n   a b o u t   t h e   h i n g e .  
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