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©  STRETCHED  TUBE  PUMP. 

^ ©   The  peristaltic  pump  according  to  the  present 
^invention  is  of  the  type  in  which  a  looped  tube  is 
^.squeezed  by  the  rotating  rollers  in  a  housing.  The 

improvements  according  to  the  present  invention  in 

,  a  pump  of  this  type  reside  in  that  a  flexible  tube 
having  a  large  wall  thickness  for  its  inner  diameter  is 

CO  stretched  to  a  suitable  length  and  passed  around 

q   rollers  so  as  to  apply  a  suitable  tensile  force  to  the 
tube,  whereby  a  fluid  delivery  speed  and  pressure 
far  higher  than  those  with  a  conventional  pump  of 
the  same  type  can  be  attained.  This  enables  the 
tube  to  be  replaced  very  easily,  and  the  range  of 
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DESCRIPTION 

STRETCHED  TUBE  PUMP 

^Technical   F i e l d j  

The  p e r i s t a l t i c   pump  of  the  p r e s e n t   i n v e n t i o n   is  of  a  type  i n  

which  a  hubc  e n c l o s e d   as  a  loop  in  a  h o u s i n g   is  p r o g r e s s i v e l y  

c o m p r e s s e d ,   while   it  is  held  b e t w e e n   r o l l e r s   m o u n t e d   on  a  r o t a t i n g  

disc  and  the  i nne r   c i rc le   of  the  h o u s i n g .  

rBackground   A r t j  

In  the  tube  pump  of  th is   type,   s ince   the  l iquid  c o n t a c t s   only  t h e  

i n s ide   of  the  tube,   c o n t a m i n a t i o n   o t h e r w i s e   caused   when  the  l iquid  i s  

e x c h a n g e d   can  be  p e r f e c t l y   p r e v e n t e d   by  i n t e r n a l l y   w a s h i n g   the  tube  o r  

e x c h a n g i n g   the  tube.   T h e r e f o r e ,   tube  pumps  us ing   s i l i cone ,   etc.  a r e  

widely  used  for  med ica l   and  chemica l   p u r p o s e s .  

A  l a rge   mo t ive   for  the  p r e s e n t   i n v e n t i o n   is  to  m e c h a n i z e   the  w o r k  

of  p r e p a r i n g   d rops   by  mixing  smal l   a m o u n t s   of  chemica l   s o l u t i o n s   i n  

s e v e r a l   k inds   of  g l a s s   a m p o u l e s   with  the  main  i n g r e d i e n t   in  t h e  

dr ipping  b o t t l e ,   for  many  p a t i e n t s .  

C o n v e n t i o n a l l y   s ince   t he re   has  been  no  s u i t a b l e   mach ine   or  t o o l ,  

i n j e c t o r s   have  been  being  used  even  though  they  are  known  to  b e  

- u n s a t i s f a c t o r y .   To  m e c h a n i z e   the  work,  a  tube  pump  is  the  b e s t   i n  

/ iew  of  the  above  f e a t u r e .   However ,   the  c o n v e n t i o n a l   tube  pumps  u s e d  

for  med ica l   and  chemica l   p u r p o s e s   have  v a r i o u s   d i s a d v a n t a g e s   for  t h i s  

p a r t i c u l a r   p u r p o s e .  

F i r s t l y ,   no  f i l t e r   can  be  used  due  to  i n s u f f i c i e n t   p r e s s u r e .  

Jn l e s s   the  p r e s s u r e   is  2  to  4kg/cm2  or  h igher ,   when  a  f ine  f i l t e r   i s  

set  in  the  c i rcu i t ,   the  air   e n t e r i n g   the  tube  for  p a r t i t i o n i n g   o n e  

d e s c r i p t i o n   from  a n o t h e r   c a u s e s   air   lock,  not  to  a l low  the  pump  t o  

f u n c t i o n .  
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Secondly ,   the  r o r a t i n g   speed   is  too  low  to  use  a  tube  with  a  

smal l   d i a m e t e r .   To  p r e v e n t   the  l iquid  from  r e m a i n i n g   due  to  t h e  

mixing  of  l iquid  and  air   in  the  tube  even  at  a  high  p r e s s u r e ,   it  i s  

d e s i r a b l e   to  use  a  tube  with  a  smal l   d i a m e t e r   of  a b o u t   2  to  3  mm. 

However,   to  o b t a i n   a  p r a c t i c a l   f low  r a t e   of  200  to  500  cc /min   a t  

a  p r e s s u r e   of  2  to  4  kg /cm2,   a  s p e e d   of  600  to  1,200  rpm  is  r e q u i r e d .  

This  speed   c o r r e s p o n d s   to  2  to  10  or  more  t i m e s   t hose   of  t h e  

c o n v e n t i o n a l   p u m p s .  

Most  f r e q u e n t l y   a d o p t e d   tube  pumps  are  of  a  type  in  which  t h e  

tube  is  s e t   like  a  loop  along  the  inner   c i rc le   of  the  hous ing   a n d  

p r o g r e s s i v e l y   c o m p r e s s e d ,   being  held  b e t w e e n   the  r o l l e r s   and  the  i n n e r  

circle ,   w i t h o u t   being  l e n g t h e n e d .  

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

inner   c i rc le   mus t   be  made  s m a l l e r ,   and  if  th is   is  c a r r i ed   out,  t h e  

tube  s l i p s   in  the  p r o g r e s s i o n   d i r e c t i o n   or  is  p r e s s e d   out  s i d e w a y s .  

If  the  r o t a t i n g   s p e e d   is  r a i s e d ,   the  tube  a lso   s l i p s   in  the  r o t a t i n g  

d i r e c t i o n   or  comes  off   from  the  e n g a g e m e n t   with  the  r o l l e r s ,   or  i t  

a lso   occurs   t h a t   the  r o l l e r s   fold  the  tube  doub le   in  the  f r e e l y  

movab le   space   in  the  hous ing .   To  p r o v i d e   a  g roove   or  g u i d e s   f o r  

p r e v e n t i n g   such  a c c i d e n t s   is  e f f e c t i v e   to  some  e x t e n t ,   but  it  m a k e s  

tube  e x c h a n g e   very  d i f f i c u l t .   This  is  the  th i rd   d i s a d v a n t a g e .  

Pumps  with  the  tube  l e n g t h e n e d   and  wound  a round   r o l l e r s   a s  

d i s c l o s e d   in  J a p a n e s e   P a t e n t   P u b l i c a t i o n s   Nos.  73-2124  and  8 7 - 3 7 2 3 7  

are  i n t e n d e d   main ly   to  o b t a i n   the  e f f e c t   of  o p e r a t i n g   with  smal l   p o w e r  

w i t h o u t   the  h o u s i n g   and  the  inner   c i rc le .   These   pumps  are  s u i t a b l e   f o r  

low  p r e s s u r e s   or  a p p l i c a t i o n s   s e n s i t i v e   to  p r e s s u r e   r ise,   and  a r e  

d e s i g n e d   to  con t ro l   the  flow  ra te   by  a d j u s t i n g   the  tube  in  c o m b i n a t i o n  

with  a n n u l a r   p i e c e s .   They  are  not  s u i t a b l e   for  high  p r e s s u r e  

a p p l i c a t i o n s   r e q u i r i n g   p r e s s u r e   a d j u s t m e n t   and  f i l t e r   use  as  a l l o w e d  



by  the  p r e s e n t   i n v e n t i o n .   F u r t h e r m o r e ,   t hose   pumps  r e q u i r e   g u i d e s   a s  
s t a t e d   in  J a p a n e s e   P a t e n t   La id -Open   No.  84-8968.   There  is  a l so   a  t y p e  
in  which  a f t e r   the  tube  is  wound  a round   r o l l e r s ,   a  hous ing   is  c l o s e d  
and  r e t a i n e d   by  a  sp r ing .   However ,   this   type  does   not  a l low  t h e  
> r e s s u r e   to  be  kep t   c o n s t a n t ,   and  at  high  s p e e d s ,   the  r o l l e r s   hit  t o  
iolt  the  hous ing   no i s i l y .   In  a d d i t i o n ,   s ince   the  tube  a lso   d e v i a t e s ,  
tu ides   are  r e q u i r e d .   These   pumps  are,  the  re  fore,   not  s u i t a b l e   for  h i g h  
speeds  and  high  p r e s s u r e s ,   and  c a n n o t   be  used  for   the  o b j e c t   i n t e n d e d  
y  the  p r e s e n t   i n v e n t i o n .  

D i s c l o s u r e   of  I n v e n t i o n ]  

A  f l e x i b l e   and  e l a s t i c   tube  is  l e n g t h e n e d   at  a  p r o p e r   r a t e   and  i s  
et  a round  the  r o l l e r s   of  a  r o t a t i n g   s t r u c t u r e ,   then  being  f i rmly   h e l d  
Y  c lamps,   etc.  at  or  nea r   the  i n l e t / o u t l e t   por t   of  the  h o u s i n g ,  
^e  inner   c i rc le   of  the  hous ing   fo rms   a  c o n c e n t r i c   c i rc le   a round   t h e  
) t a t i n g   s h a f t   at  a  p r o p e r   d i s t a n c e   away  or  pa r t   of  the  c o n c e n t r i c  
rcle  and  is  f i x e d .  

nee  th is   keeps   the  tube  under   p r o p e r   t e n s i o n ,   the  tube  does  not  s l i p  
•  come  off  even  if  the  r o t a t i n g   speed   is  r a i s e d ,   and  thus  t h e  
e s s u r e   can  be  r a i s e d ,   w i t h o u t   g e n e r a t i n g   any  no i se   and  r e q u i r i n g   a n y  
lide  in  the  hous ing ,   to  al low  the  tube  to  be  e x c h a n g e d   very  e a s i l y .  

r ie f   D e s c r i p t i o n   of  D r a w i n g s ]  

Fig-  1  is  a  f r o n t   view  s h o w i n g   an  e x a m p l e   of  the  p r e s e n t  
mention.  Fig.  2  is  a  top  view  of  Fig.  1.  Fig.  3  is  .the  AA  s e c t i o n a l  
5W  of  Fig.  i.  Fig.  4  is  a  v a r i a t i o n   of  Fig.  3.  Fig.  5  is  a  f r o n t  
iw  s h o w i n g   a n o t h e r   e x a m p l e   of  the  p r e s e n t   i n v e n t i o n .  

i s t   Mode  for  Carr ing   Out  the  I n v e n t i o n ]  
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Figs.  1  to  3  show  an  e x a m p l e   of  the  p r e s e n t   i n v e n t i o n .   A  r o t a t i n g  

d isc   2  is  f ixed  a round   a  motor   s h a f t   or  any  o t h e r   r o t a t i n g   s h a f t   1. 

Rol le r s   3  are  r o t a t a b l y   f ixed  to  the  r o t a t i n g   d isc   2  by  r e s p e c t i v e  

a r b o r s   4,  and  r e v o l v e   round  the  r o t a t i n g   s h a f t   1  t o g e t h e r   with  t h e  

5  r o t a t i n g   disc   2,  whi le   being  r o t a t e d   a round   the  r e s p e c t i v e   a r b o r s   4 

and  while  c o m p r e s s i n g   a  tube.   Though  not  i l l u s t r a t e d ,   b e a r i n g s ,   e t c .  

shou ld   be  used  to  a s s u r e   smoo th   r o t a t i o n .   The  h o u s i n g   5  has  an  i n n e r  

c i rc le   6  c o n c e n t r i c   a round   the  r o t a t i n g   s h a f t   1  and  is  e x t e r n a l l y  

fo rmed   like  a  s q u a r e   or  c y l i n d e r   or  any  o t h e r   form,  being  f ixed.   T h e  

io  hous ing   5  is  p r o v i d e d   with  an  i n l e t / o u t l e t   por t   8  for  a  tube  7,  as  a  

g roove   in  th is   e x a m p l e .   The  tube  7  with  a  p r o p e r   l eng th   has,  f o r  

i n s t a n c e ,   c o u p l e r s ,   etc.  a t t a c h e d   to  have  p r o t r u s i o n s   9  at  both  t h e  

ends,   and  is  s e t   a round   the  r o l l e r s   3,  then  being  f a s t e n e d   by  

r e t a i n e r s   10,  to  be  kep t   at  c o n s t a n t   t e n s i o n .  

is  If  the  c i rc le   g e n e r a t e d   by  the  r o l l e r s   3  r e v o l v i n g   round  t h e  

r o t a t i n g   s h a f t   1  is,  say,  50  mm  in  d i a m e t e r ,   the  l eng th   of  the  t u b e  

r e q u i r e d   for  s e t t i n g   a round  the  r o l l e r s   w i t h o u t   any  l o o s e n e s s   a n d  

w i t h o u t   any  s t r e t c h i n g   b e t w e e n   the  p r o t r u s i o n s   is  17  cm  in  t h e  

s t r u c t u r e   of  th is   example ,   but  in  the  case  of  the  p r e s e n t   i n v e n t i o n ,  

20  a  15  cm  long  tube,   i.e.,  2  cm  s h o r t e r ,   is  l e n g t h e n e d   to  be  s e t   a r o u n d  

the  r o l l e r s   3 .  

F u r t h e r m o r e ,   the  c l e a r a n c e   11  b e t w e e n   the  r o l l e r s   3  and  t h e  

hous ing   5  is  a d j u s t e d   to  su i t   the  r e q u i r e d   p r e s s u r e .   For  i n s t a n c e ,   i f  

a  tube  of  1.5  mm  in  wall  t h i c k n e s s ,   2  mm  in  i nne r   d i a m e t e r   and  5  mm  i n  

25  o u t e r   d i a m e t e r   is  r o t a t e d   at  a  speed   of  600  to  1200  rpm,  a  c l e a r a n c e  

11  of  2.4  mm  can  p r o v i d e   a  p r e s s u r e   of  a p p r o x i m a t e l y   2  kg /cm2.   In  

th is   case,   a  f i l t e r   of  0.45  nm  can  be  used,   but  t h a t   of  0.2  jim  c a n n o t  

be  used.   If  the  c l e a r a n c e   is  r e d u c e d   to  2.1  mm,  a  p r e s s u r e   of  a b o u t  

4  kg  can  be  o b t a i n e d ,   to  al low  the  use  of  a  f i l t e r   of  0.2  (im. 
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If  the  c l e a r a n c e   b e t w e e n   the  r o l l e r s   and  the  h o u s i n g   is  r e d u c e d  

like  this ,   the  p r e s s u r e   can  be  g r a d u a l l y   r a i s e d ,   but  if  the  tube  i s  

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

is  r e c o m m e n d e d   to  be  l a r g e r   to  such  an  e x t e n t   t h a t   the  o b j e c t i v e   i s  

a c h i e v e d .   If  the  tube  is  l o o s e n e d ,   it  b e c o m e s   l a r g e r   in  w a l l  

t h i c k n e s s ,   to  r a i s e   the  p r e s s u r e ,   but   a  h i g h e r   r o t a t i n g   speed   c a u s e s  

the  tube  to  be  l e n g t h e n e d ,   c a u s i n g   it  to  be  bu i l t   up  at  t h e  

i n l e t / o u t l e t   or  to  come  off  from  the  e n g a g e m e n t   with  the  r o l l e r s .   I f  

the  tube  is  i n c r e a s i n g l y   pul led ,   it  b e c o m e s   smal l   in  wall  t h i c k n e s s ,  

to  make  the  p r e s s u r e   i n s u f f i c i e n t .   If  a  tube  m o d e r a t e l y   l a rge   in  w a l l  

t h i c k n e s s   is  kep t   in  a  c e r t a i n   range   of  t e n s i o n   s u i t a b l e   for  the  p u m p  

and  a  c l e a r a n c e   s u i t a b l e   for  the  o b j e c t i v e   is  s e l e c t e d ,   then  h i g h  

speed  r o t a t i o n   and  high  p r e s s u r e   can  be  o b t a i n e d .  

However,   the  above   a p p l i e s   to  a  case   of  a t t e m p t i n g   to  a c h i e v e   t h e  

htighest   speed .   It  shou ld   be  noted   t h a t   if  the  speed   is  lower ,   t h e  

a p p l i c a b l e   t e n s i o n   range   is  wider ,   and  t h a t   in  th is   case,   on  t h e  

: o n t r a r y ,   by  a d j u s t i n g   the  t e n s i o n ,   the  p r e s s u r e   can  be  a d j u s t e d  

: o n s i d e r a b l y .  

However,   if  the  t e n s i o n   of  the  tube  is  a d j u s t e d   to  a p p r o a c h   0 ,  

bhe  tube  will  d e v i a t e   t o g e t h e r   with  the  r o t a t i o n   of  the  r o l l e r s ,   t o  

f inal ly  come  off   from  the  r o l l e r s   no  m a t t e r   how  low  the  speed   may  b e .  

["his  is  u s u a l l y   p r e v e n t e d   by  gu ides .   In  the  p r e s e n t   i n v e n t i o n ,   t h e  

:ens ion   at  which  the  tube  does  not  d e v i a t e   from  the  r e v o l v i n g   r o l l e r s  

>eing  held  b e t w e e n   the  r o l l e r s   and  the  inner   c i rc le   f ree   from  t h e  

ju ides   is  the  minimum  t e n t i o n .   The  e x t e n t   d e p e n d s   on  the  s m o o t h n e s s  

)f  the  r e v o l u t i o n   of  the  r o l l e r s   as  well  as  on  the  r e v o l v i n g   s p e e d ,  

ind  if  the  r e v o l u t i o n   of  the  r o l l e r s   is  s m o o t h   due  to  b e a r i n g s ,   e t c .  

ised,  the  t e n s i o n   can  be  s m a l l .  

Ano the r   e x a m p l e   for  s u s t a i n i n g   the  t e n s i o n   of  the  tube  is  s h o w n  
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in  Fig.  5 .  

This  e x a m p l e   u se s   a  long  tube  12  w i t h o u t   us ing   any  c o u p l e r s ,   a n d  

the  tube  is  marked   13  at  i n t e r m e d i a t e   p o r t i o n s   of  the  tube  but  at  b o t h  

the  ends  of  the  loop  c o r r e s p o n d i n g   to  the  i n l e t / o u t l e t ,   and  f a s t e n e d  

t h e r e   by  c lamps   14.  For  i n s t a n c e ,   if  a  tube  of  5  mm  in  o u t e r   d i a m e t e r -  

is  f a s t e n e d   by  c lamps   14  with  a  hole  of  4.5  mm  in  d i a m e t e r ,   t e n s i o n   a s  

n o r m a l l y   used  in  the  pump  does  not   cause   any  l o o s e n i n g .   However ,   i f  

the  tube  is  pul led   with  some  force   app l i ed ,   it  will  move,  and  i f  

the  tube  l ength   c h a n g e s   by  5  mm,  p r e s s u r e   i n s u f f i c i e n c y   or  t u b e  

d i s e n g a g e m e n t   occurs   i m m e d i a t e l y .   T h e r e f o r e ,   ma rks   13  i n d i c a t i n g  

a l w a y s   c o r r e c t   p o s i t i o n s   are  r e c o m m e n d e d   to  be  p r o v i d e d .  

As  a n o t h e r   method ,   p r o t r u s i o n s   may  be  p r o v i d e d   at  both  the  e n d s  

of  an  i n t e r m e d i a t e   c o r r e s p o n d i n g   s e c t i o n ,   by  bonding   smal l   p i e c e s  

made  of  the  same  m a t e r i a l   as  the  tube,   e t c .  

The  p a r t s   to  be  held  such  as  marks   or  p r o t r u s i o n s   p r o v i d e d   on  t h e  

tube  and  the  c o r r e s p o n d i n g   h o l d e r s   such  as  c l amps   or  r e t a i n e r s  

p r o v i d e d   at  or  nea r   the  i n l e t / o u t l e t   por t   of  the  h o u s i n g   can  b e  

p r o v i d e d   in  v a r i o u s   forms,   but  the  e f f e c t   is  the  s a m e .  

As  can  be  s een   in  Fig.  3,  the  inner   c i rc le   of  the  h o u s i n g   5  i s  

smoo th   on  the  s u r f a c e   and  n e i t h e r   guide   nor  g roove   is  r e q u i r e d .  

The  tube  can  be  s e t   a round   the  r o l l e r s   by  ho ld ing   both  the  p r o t r u s i o n s  

of  the  tube  by  the  c o r r e s p o n d i n g   r e t a i n e r s ,   l e t t i n g   one  of  the  r o l l e r s  

hold  pa r t   of  the  tube,   and  t u r n i n g   the  r o l l e r   by  one  r e v o l u t i o n  

w i t h o u t   a l l owing   the  tube  to  come  off.   The  tube  can  be  r e m o v e d   b y  

r emov ing   e i t h e r   or  both  of  the  p r o t r u s i o n s   from  the  r e t a i n e r s ,   a n d  

pul l ing   the  t u b e .  

To  i l l u s t r a t e   a n o t h e r   me thod   for  s e t t i n g   the  tube,   Fig.  4  s h o w s   a  

c o n d i t i o n   b e f o r e   s e t t i n g   the  tube  of  Fig.  3.  If  the  i nne r   c i rc le   6  i s  

cut  off   at  the  edge,  to  widen  the  c l e a r a n c e   at  the  edge  as  s h o w n  
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the re ,   or  if  the  r o l l e r s   are  s l i g h t l y   p r o t r u d e d   from  the  hous ing ,   t o  

f a c i l i t a t e   the  s e t t i n g   of  the  tube  a round   the  r o l l e r s   3,  s i m p l e  

s e t t i n g   as  shown  in  Fig.  4  c a u s e s   the  tube  to  be  gu ided   into  t h e  

c l e a r a n c e   b e t w e e n   the  r o l l e r s   and  the  i nne r   c i rc le   when  the  r o t a t i n g  

disc   2  is  r o t a t e d ,   to  a t t a i n   a u t o m a t i c   p r o p e r   p o s i t i o n i n g   as  shown  i n  

Fig.  3.  It  does   not  of  cour se   occur   t h a t   the  tube  comes  off   or  i s  

caugh t   dur ing  r o t a t i o n .  

Thus,  even  if  the  hous ing   does   not  move,  the  tube  can  be  v e r y  

ea s i ly   s e t   and  r emoved .   This  is  a l so   c o n v e n i e n t   s ince   the  h o u s i n g   c a n  

be  r emoved   for  c l e an ing ,   etc.  by  u n s c r e w i n g .   In  sho r t ,   it  is  o n l y  

r e q u i r e d   t h a t   the  inner   c i rc le   is  f i rmly   f ixed   dur ing  use,  as  a  

c o n c e n t r i c   c i rc le   a round   the  r o t a t i n g   s h a f t   at  a  c e r t a i n   d i s t a n c e   a w a y  

or  as  pa r t   of  the  c o n c e n t r i c   c i r c l e .  

Since  n e i t h e r   guide  nor  g roove   is  used,   p lu r a l   t u b e s   can  be  s e t  

in  p a r a l l e l   to  a l low  use  as  p lu ra l   pumps  if  t h e r e   is  a  s u f f i c i e n t  

depth  a v a i l a b l e   b e t w e e n   the  r o l l e r s   and  the  i nne r   circle,   and  if  a  

h igher   p r e s s u r e   is  r e q u i r e d ,   the  tube  can  be  s e t   s p i r a l l y .   As  a n  

sxample   of  such  v a r i a t i o n s ,   if  the  tube  is  c r o s s e d   at  the  i n l e t / o u t l e t  

as  shown  in  Fig.  1,  the  tube  can  be  p r o g r e s s i v e l y   c o m p r e s s e d   for  a s  

long  a  d i s t a n c e   as  p o s s i b l e   in  one  round,  with  the  load  of  the  r o l l e r s  

cept  un i fo rm  over   the  e n t i r e   c i r c u m f e r e n c e .  

What  is  mos t   i m p o r t a n t   in  the  i n l e t / o u t l e t   por t   for  the  tube  i s  

the  angle   fo rmed   b e t w e e n   the  por t   and  the  i nne r   c i rc le   of  the  h o u s i n g ,  

ro  avoid  such  p r o b l e m s   t h a t   the  s h a r p n e s s   of  the  angle   can  damage   t h e  

tube  or  fold  and  crush  the  tube  and  t h a t   the  tube  p r e s s e d   at  t h e  

i n l e t / o u t l e t   ang le   by  the  r o l l e r s   may  go  off,  the  c o n v e n t i o n a l   p u m p s  

lave  the  i n l e t / o u t l e t   port   c i r c u m s c r i b e d   a round   the  inner   c i rc le   o f  

:he  hous ing .   The  pump  of  the  p r e s e n t   i n v e n t i o n   can  have  one  or  t w o  

>ores  o r i e n t i n g   t o w a r d   the  c e n t e r   of  the  inner   c i rc le   as  shown  in  F i g .  
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1  or  5  w i t h o u t   any  p r a c t i c a l   t r o u b l e .   As  for  the  r e a s o n ,   in  a d d i t i o n  

to  the  f ac t   t h a t   the  tube  used  for  a  tube  pump  u se s   a  m a t e r i a l   a n d  

wall  t h i c k n e s s   high  in  r e s t o r i n g   force ,   the  tube  used  in  the  p r e s e n t  

i n v e n t i o n   is  r e c o m m e n d e d   to  be  s o m e w h a t   l a r g e r   in  wall  t h i c k n e s s   t h a n  

the  o r d i n a r y   tube,   d e p e n d i n g   on  the  p r e s s u r e ,   s i nce   it  is  p u l l e d  

dur ing  use.  T h e r e f o r e ,   the  s t r o n g   r e s t o r i n g   force   p r e v e n t s   the  t u b e  

from  being  c r u s h e d   by  fo ld ing   at  the  angle   of  the  wall  of  t h e  

i n l e t / o u t l e t ,   and  the  t e n s i o n   a p p l i e d   p r e v e n t s   the  tube  from  g o i n g  

off.  Of  cource,   it  is  a l l owed   to  round  the  ang le   or  to  p r o v i d e   a n  

i n l e t / o u t l e t   por t   c i r c u m s c r i b e d   a b o u t   the  inner   c i rc le   of  the  h o u s i n g .  

F u r t h e r m o r e ,   as  shown  in  Fig.  5,  f o rming   the  i n l e t   and  o u t l e t  

po r t s   8  on  the  m i d - s l o p e   of  the  h o u s i n g   5  is  good  for  k e e p i n g   t h e  

s t r e n g t h   of  the  h o u s i n g   5.  However ,   the  i n l e t / o u t l e t   por t   8  f o r m e d  

from  the  s u r f a c e   of  the  hous ing   5  as  shown  in  Figs.  1  and  2  is  g o o d  

for  easy  e x c h a n g e   of  the  tube  7 .  

T h e r e f o r e ,   the  i n l e t / o u t l e t   por t   can  be  fo rmed   r e l a t i v e l y   f r e e l y .  

r  I n d u s t r i a l   A p p l i c a b i l i t y ]  

As  can  be  s een   from  the  above  d e s c r i p t i o n ,   the  p r e s e n t   i n v e n t i o n  

p r o v i d e s   the  f o l l o w i n g   e f f e c t s :  

F i r s t l y ,   the  r o t a t i n g   speed   of  the  pump  can  be  r a i s e d ,   and  a  t u b e  

s m a l l e r   in  d i a m e t e r   can  be  used.   The  l iquid  does   not  r e m a i n   in  t h e  

tube,  and  p r a c t i c a l   f low  r a t e s   can  be  s e c u r e d .  

Secondly ,   s ince   high  speed   r o t a t i o n   can  be  done  with  the  t u b e  

kep t   in  p o s i t i o n   even  if  the  c l e a r a n c e   b e t w e e n   the  hous ing   and  t h e  

r o l l e r s   is  n a r r o w e d ,   the  p r e s s u r e   can  be  r a i s e d ,   and  even  if  a  f i n e  

f i l t e r   (0.2  to  0.45  nm)  is  used,   no  air   lock  is  c aused .   T h e r e f o r e ,  

even  a  smal l   a m o u n t   of  a  l iquid  can  be  fed  by  air,  and  the  b roken   f i n e  

g l a s s   p i eces   e n t e r i n g   when  a m p o u l e s   are  opened   and  the  m i s c e l l a n e o u s  
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m i c r o b e s   e n t e r i n g   from  air   can  a lso   be  r e m o v e d .  

Thirdly ,   even  w i t h o u t   any  guide,   the  tube  does   not   go  off   or  i s  

not  caught .   T h e r e f o r e ,   the  tube  can  be  e a s i l y   s e t   or  r e m o v e d   to  a l l o w  

s imp le   e x c h a n g e .   Since  n e i t h e r   r o l l e r s   nor  h o u s i n g   is  r e q u i r e d   to  b e  

moved,  the  s t r u c t u r e   is  s imp le   and  the  p r e c i s i o n   does   not  c h a n g e .  

Four th ly ,   the  h o u s i n g   can  be  of  any  form,  and  the  inner   c i r c l e  

only  is  r e q u i r e d   to  be  a  real   c i rc le   or  pa r t   of  the  real   c i rcle .   T h e  

i n l e t / o u t l e t   por t   of  the  tube  is  a l so   s imp le ,   and  can  be  very  e a s i l y  

worked  to  s u i t   the  l iquid  fed,  tube,   p r e s s u r e ,   e t c .  

F i f t h ly ,   by  c o n t r o l l i n g   the  t e n s i o n   of  the  tube,   the  p r e s s u r e   o f  

the  pump  can  be  c o n t r o l l e d   in  a  r ange   from  0  to  4  kg/cm2  or  m o r e .  

Accordingly ,   the  p r e s s u r e   can  be  r e d u c e d   or  i n c r e a s e d   to  s u i t   to  t h e  

r e q u i r e d   d e g r e e   for  v a r i o u s   l i qu id s   and  t h e i r   c o n t e n t s   while   the  p u m p  
is  r o t a t i n g ,   for  e x a m p l e   not  to  b reak   the  c o u p s e l s   |n  the  b l o o d .  

Thus,  the  mixing  work  of  d rops   can  be  a u t o m a t e d   with  l abor   s a v e d  

for  the  f i r s t   t ime  by  th is   pump.  In  a d d i t i o n ,   s ince   d i v i s i o n a l   f i l l i n g  

;an  be  made  c o n c u r r e n t l y   with  f i l t r a t i o n ,   smal l   to  medium  a m o u n t s   o f  

p r e p a r a t i o n s   can  be  very  e a s i l y   made,  even  though   h i t h e r t o   both  a  

f i l t e r   and  d i v i s i o n a l   f i l l e r s   mus t   be  p r e p a r e d   and  s e t t l e d .  

In  a d d i t i o n ,   when  used  a lso   for  s u c t i o n   and  s e p a r a t i o n   of  b l o o d  

lur ing  o p e r a t i o n ,   the  pump  can  be  used  by  chang ing   the  tube  only  f o r  

;ach  p a t i e n t   w i t h o u t   i n f e c t i o n .   Thus,  it  can  be  used  for  v a r i o u s  

ned ica i   a p p l i c a t i o n s ,   but  it  is  very  v a l u a b l e   for   use  a lso   as  a  h i g h  

>e r fo rmance   tube  pump  in  g e n e r a l   i n d u s t r i e s .  
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CLAIMS 

(1)  A  tube  pump,  which  is  composed   of  a  hous ing   with  an  inner   c i r c l e  

and  an  i n l e t / o u t l e t   por t   for  a  tube,   a  r o t a t i n g   disc   f ixed  a round   a  

r o t a t i n g   sha f t ,   p lu ra l   r o l l e r s   r o t a t a b l y   f ixed  to  the  r o t a t i n g   d isc   by 

r e s p e c t i v e   a r b o r s ,   and  an  e l a s t i c   tube,   sa id   tube  being  p r o g r e s s i v e l y  

c o m p r e s s e d   while  being  held  b e t w e e n   the  inner   c i rc le   and  the  r o l l e r s ,  

c o m p r i s i n g   sa id   inner   circle,   being  f ixed  as  a  c o n c e n t r i c   c i r c l e  

a round   the  r o t a t i n g   s h a f t   or  as  pa r t   of  the  c o n c e n t r i c   c i rc le ,   a n d  

sa id   tube,  being  l e n g t h e n e d   to  be  s e t   a round   the  r o l l e r s ,   to  be  k e p t  

in  p r o p e r   t e n s i o n .  

(2)  A  tube  pump,  which  is  composed   of  a  h o u s i n g   with  an  inner   c i r c l e  

and  an  i n l e t / o u t l e t   por t   for  a  tube,   a  r o t a t i n g   d isc   f ixed  a round   a  

r o t a t i n g   sha f t ,   p lu ra l   r o l l e r s   r o t a t a b l y   f ixed  to  the  r o t a t i n g   d isc   by 

r e s p e c t i v e   a r b o r s ,   and  an  e l a s t i c   tube,   sa id   tube  being  p r o g r e s s i v e l y  

c o m p r e s s e d   while   being  held  b e t w e e n   the  inner   c i rc le   and  the  r o l l e r s ,  

c o m p r i s i n g   sa id   inner   circle,   being  f ixed   as  a  c o n c e n t r i c   c i r c l e  

a round   the  r o t a t i n g   s h a f t   or  as  pa r t   of  the  c o n c e n t r i c   circle;  p a r t s  

to  be  held  such  as  p r o t r u s i o n s   or  marks ,   being  p r o v i d e d   at  both  t h e  

ends  of  said  tube  when  the  tube  is  s h o r t e r   than  the  l ength   r e q u i r e d  

for  s e t t i n g   a round   the  r o l l e r s   w i t h o u t   any  l o o s e n e s s   or  w i t h o u t   a n y  

s t r e t c h i n g ,   or  being  p r o v i d e d   at  both  the  ends   of  a  s e c t i o n  

c o r r e s p o n d i n g   to  the  l eng th   of  sa id   s h o r t   tube  when  the  tube  is  l o n g e r  

than  the  r e q u i r e d   length;   and  h o l d e r s   such  as  r e t a i n e r s   or  c l a m p s ,  

being  p rov ided   at  or  near   the  i n l e t / o u t l e t   port   of  the  house;   w h e r e i n  

sa id   tube  is  l e n g t h e n e d   to  be  s e t   a round   sa id   r o l l e r s ,   while   s a i d  

p a r t s   to  be  held  are  f ixed  by  sa id   h o l d e r s ,   to  keep  the  tube  in  p r o p e r  

t e n s i o n .  

(3)  A  tube  pump,  a c c o r d i n g   to  claim  1  or  2,  w h e r e i n   the  t e n s i o n   of  t h e  

tube  is  a d j u s t e d   by  a d j u s t i n g   the  h o l d e r s   such  as  r e t a i n e r s   or  c l a m p s  
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p r o v i d e d   at  or  nea r   the  i n l e t / o u t l e t   por t   of  the  h o u s i n g   or  the  p a r t s  

to  be  held  of  the  t u b e .  

(4)  A  tube  to  be  used  for  the  tube  pump  s t a t e d   in  any  of  claim  1  to  3 ,  

c o m p r i s i n g   p a r t s   to  be  held  such  as  p r o t r u s i o n s   or  marks ,   b e i n g  

p r o v i d e d   at  both  the  ends  of  said  tube  when  sa id   tube  is  s h o r t e r   by  a  

p r o p e r   l eng th   than  the  l eng th   r e q u i r e d   for  s e t t i n g   a round   the  r o l l e r s  

w i t h o u t   any  l o o s e n e s s   and  w i t h o u t   any  s t r e t c h i n g   or  being  p r o v i d e d   a t  

both  the  ends  of  a  s e c t i o n   c o r r e s p o n d i n g   to  the  l eng th   of  sa id   s h o r t  

tube  when  the  tube  is  l onge r   than  sa id   r e q u i r e d   l e n g t h .  
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