
European  Patent  Office  ©  Publication  number:  0  1  3 4   3 0 6  

Office  europeen  des  brevets  A1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  83109874.4  ©  Int.  CI.4:  D  06  B  2 3 / 0 2  

©  Date  of  filing:  04.10.83 

®  Priority:  13.07.83  JP  108662/83 

@  Date  of  publication  of  application: 
20.03.85  Bulletin  85/12 

©  Designated  Contracting  States: 
CH  DE  FR  GB  IT  LI 

©  Applicant:  Wakayama  Iron  Works,  Ltd. 
4,  Minamikatahara  2-chome 
Wakayama-shi  Wakayama-ken(JP) 

@  Inventor:  Azuma,  Hiroshi 
86,  Marusu  Kishigawa-cho 
Naga-gun  Wakayama-ken(JP) 

©  Representative:  Ostertag,  Reinhard  et  al, 
Patentanwalte  Dr.  Ulrich  Ostertag  Dr.  Reinhard  Ostertag 
Eibenweg  10 
D-7000  Stuttgart  70(DE) 

©  Deflection-adjustable  squeeze  roll. 
©  A  deflection-adjustable  squeeze  roll  of  which  the  width- 
wise  distribution  of  degree  of  deflection  can  be  easily  and 
accurately  controlled,  comprises  a  support  core  shaft  having 
two  opposite  end  portions  thereof  borne  by  bearings;  a 
cylindrical  tube  concentrically  covering  and  fixed  at  the 
middle  portion  thereof  to  the  corresponding  middle  portion 
of  the  support  core  shaft,  which  tube  has  a  pair  of  annular 
guide  projects  each  extending  from  the  corresponding  end 
portion  of  the  cylindrical  tube  toward  the  support  core  shaft  it  8  6 
and  having  an  inner  conical  surface;  a  pair  of  annular  conical  '6  V>V  I 
pistons  each  mounted  slidably  on  the  corresponding  end  \  '  (28 
portion  of  the  support  core  shaft  and  each  having  an  outer  .—J  rif 
conical  surface  adequate  to  slidably  contact  the  correspond-  SfeaaJIE  — 
ing  inner  conical  surface  of  the  annular  guide  projection;  a  '  ' 
pair  of  flanges  each  fixed  to  the  corresponding  end  portion  of  /  j 
the  support  core  shaft  between  the  corresponding  annular  10  I' 
conical  piston  and  bearing;  a  pair  of  annular  external  thread 
members  each  mounted  slidably  on  the  corresponding  end 
portion  of  the  support  core  shaft  between  the  corresponding 
annular  conical  piston  and  flange  in  contact  with  the 
corresponding  annular  conical  piston;  and  a  pair  of  annular 
internal  thread  members  each  rotatably  connected  to  the 
corresponding  flange  in  engagement  with  the  corresponding 
annular  external  thread  member. 
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BACKGROUND  OF  THE  INVENTION 

1 . .   F i e l d   of  t h e   I n v e n t i o n  

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

- c o n t a i n i n g   t e x t i l e   f a b r i c .   More  p a r t i c u l a r l y ,   t h e  

p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  s q u e e z e   r o l l   w h o s e  

d e f l e c t i o n   can   be  c o n t r o l l e d   so  as  to   u n i f o r m l y   s q u e e z e  

a  f a b r i c   o v e r   t h e   e n t i r e   w i d t h   t h e r e o f   o r ,   i f   n e c e s s a r y ,  

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

to  t h e   f a b r i c   in   such   a  m a n n e r   t h a t   t h e   p r e s s u r e  

a p p l i e d   to   a  d e s i r e d   p o r t i o n ,   f o r   e x a m p l e ,   a  m i d d l e  

p o r t i o n   of  t h e   f a b r i c ,   i s   made  s m a l l e r   or  l a r g e r   t h a n  

t h a t   of  t h e   o t h e r   p o r t i o n s   of  t h e   f a b r i c .  

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

J a p a n e s e   E x a m i n e d   P a t e n t   P u b l i c a t i o n   ( K o k o k u )  

No.  4 8 - 3 6 2 2 6   d i s c l o s e s   a  s q u e e z i n g   m a c h i n e   f o r   s q u e e z i n g  

a  t e x t i l e   m a t e r i a l   to   r e m o v e   a  l i q u i d   t h e r e f r o m .   T h e  

s q u e e z i n g   m a c h i n e   c o m p r i s e s   a  p a i r   of  s q u e e z i n g   r o l l s  

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

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

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

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

The  J a p a n e s e   p u b l i c a t i o n   i s ,   h o w e v e r ,   c o m -  

p l e t e l y   s i l e n t   as  to   how  t h e   d e g r e e   of  d e f l e c t i o n   o f  

t h e   r o l l   can  be  c o n t r o l l e d   to   u n i f o r m l y   s q u e e z e   t h e  

f a b r i c .  

J a p a n e s e   E x a m i n e d   P a t e n t   P u b l i c a t i o n   ( K o k o k u )  

No.  5 2 - 1 7 1 4 6   ( J a p a n e s e   P a t e n t   No.  8 8 7 , 1 0 8 )   d i s c l o s e s  

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

t i o n   can  be  c o n t r o l l e d   m a i n l y   by  c o n t r o l l i n g   t h e  

p r e s s u r e   a p p l i e d   to  t h e   s q u e e z e   r o l l s .   In  t h i s   m a c h i n e ,  

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

to  some  e x t e n t   d e p e n d i n g   on  t h e   p r e s s u r e   i m p a r t e d   b y  

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

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



U.S.   P a t e n t   No.  4 , 3 0 5 , 1 9 1   d i s c l o s e s   a  s q u e e z -  

ing   m a c h i n e   s i m i l a r   to   t h a t   d e s c r i b e d   in  f o r m e r   J a p a n e s e  

p u b l i c a t i o n .   In  t h i s   t y p e   of  s q u e e z i n g   m a c h i n e ,   t h e  

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

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

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

o u t e r   t u b e   by  means   of  a  p n e u m a t i c   d e v i c e .  

SUMMARY  OF  THE  INVENTION 

An  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e   a  

d e f l e c t i o n - a d j u s t a b l e   s q u e e z e   r o l l   u s a b l e   f o r   a  s q u e e z -  

ing   m a c h i n e   f o r   a  l i q u i d - c o n t a i n i n g   t e x t i l e   f a b r i c ,   t h e  

d e g r e e   of  d e f l e c t i o n   of  w h i c h   r o l l   can  be  c o n t r o l l e d  

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

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  d e f l e c t i o n - a d j u s t a b l e   s q u e e z e   r o l l   u s a b l e   f o r  

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

f a b r i c ,   t h e   d e g r e e   of  d e f l e c t i o n   of   w h i c h   r o l l   can   b e  

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

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

The  a b o v e - m e n t i o n e d   o b j e c t s   can  be  a t t a i n e d   by  t h e  

d e f l e c t i o n - a d j u s t a b l e   s q u e e z e   r o l l   of  t h e   p r e s e n t  

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

two  o p p o s i t e   end  p o r t i o n s   t h e r e o f   b o r n e   by  b e a r i n g s ;   a  

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

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

p o r t i o n   of  t h e   s u p p o r t   c o r e   s h a f t ,   w h i c h   t u b e   has   a  

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

e x t e r n a l   t h r e a d   m e m b e r ,   w h e r e b y   t h e   w i d t h w i s e   d i s t r i -  

b u t i o n   of  t h e   d e g r e e   of   d e f l e c t i o n   of  t h e   r o l l   can  b e  

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

members   to   move  t h e   a n n u l a r   e x t e r n a l   t h r e a d   members   a n d  

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

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

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

g u i d e   p r o j e c t i o n s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   a  c r o s s - s e c t i o n a l   v i e w   of  an  e m b o d i m e n t  

of  t he   s q u e e z e   r o l l   of  t h e   p r e s e n t   i n v e n t i o n   in  a  

n o n - d e f l e c t e d   s t a t e ;  

F i g .   2  i s   a  s i d e   v i e w   of  an  e m b o d i m e n t   of  a  f l a n g e  

u s a b l e   f o r   t h e   s q u e e z e   r o l l   of  t h e   p r e s e n t   i n v e n t i o n ,  

F i g .   3  i s   an  e x p l a n a t o r y   p a r t i a l l y   c r o s s - s e c t i o n a l  

v i ew   of  a  p a i r   of  s q u e e z e   r o l l s   of  t h e   p r e s e n t   i n v e n t i o n  

in  a  d e f l e c t e d   s t a t e   u n d e r   p r e s s u r e ;   a n d  

F i g .   4  i s   an  e n l a r g e d   c r o s s - s e c t i o n a l   v iew  of  a n  
end  p o r t i o n   of  t h e   s q u e e z e   r o l l   i n d i c a t e d   in  F i g .   3 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

P r e f e r r e d   e m b o d i m e n t   of  t h e   s q u e e z e   r o l l   of  t h e  

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

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

R e f e r r i n g   to  F i g s .   1  and  4,  a  s q u e e z e   r o l l   has  a  

s u p p o r t   c o r e   s h a f t   1  and  a  c y l i n d r i c a l   t u b e   2  c o n c e n -  



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

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

s u p p o r t   c o r e   s h a f t   1 .  

The  l e n g t h   L  of  t h e   f i x e d   m i d d l e   p o r t i o n s   of  t h e  

s u p p o r t   c o r e   s h a f t   1  and  c y l i n d r i c a l   t u b e   2  i s   l i m i t e d  

to   a  c e r t a i n   v a l u e   or  l e s s   a t   w h i c h   t h e   r e s u l t a n t  

s q u e e z e   r o l l   can  be  d e f l e c t e d   to   a  n e c e s s a r y   e x t e n t .  

The  c y l i n d r i c a l   t u b e   2  may  be  c o v e r e d   w i t h   a n  

o u t e r   e l a s t i c   m a t e r i a l   l a y e r   f i x e d   t h e r e t o .   T h e  

e l a s t i c   m a t e r i a l   is   u s u a l l y   a  s y n t h e t i c   r u b b e r .  

The  two  o p p o s i t e   e n d s   of   t h e   s u p p o r t   c o r e   s h a f t   1 

a r e   b o r n e   by  b e a r i n g s   1 6 .  

The  c y l i n d r i c a l   t u b e   2  h a s   a  p a i r   of  a n n u l a r   g u i d e  

p r o j e c t i o n s   7  e a c h   e x t e n d i n g   f r o m   t h e   c o r r e s p o n d i n g   e n d  

p o r t i o n   of  t h e   c y l i n d r i c a l   t u b e   2  t o w a r d   t h e   s u p p o r t  

c o r e   s h a f t   1  and  each   h a v i n g   an  i n n e r   c o n i c a l   s u r f a c e  

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

c o r e   s h a f t   1 .  

In  e a c h   end  p o r t i o n   of   t h e   s u p p o r t   c o r e   s h a f t   1 ,  

an  a n n u l a r   c o n i c a l   p i s t o n   5  i s   s l i d a b l y   m o u n t e d   on  t h e  

end  p o r t i o n .   T h i s   a n n u l a r   c o n i c a l   p i s t o n   5  has   a n  

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

p o r t i o n   of   t h e   s u p p o r t   c o r e   s h a f t   1.  T h i s   o u t e r  

c o n i c a l   s u r f a c e   of  t he   a n n u l a r   c o n i c a l   p i s t o n   5  i s  

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

c o n i c a l   s u r f a c e   of  t h e   a n n u l a r   g u i d e   p r o j e c t i o n   7 .  

A  p a i r   of  f l a n g e s   11  a r e   e a c h   i m m o v a b l y   f i x e d   t o  

t h e   end  p o r t i o n s   of  t h e   s u p p o r t   c o r e   s h a f t   1  a t   a  
l o c a t i o n   b e t w e e n   the   c o r r e s p o n d i n g   a n n u l a r   c o n i c a l  

p i s t o n   5  and  b e a r i n g   1 6 .  

A  p a i r   of  a n n u l a r   e x t e r n a l   t h r e a d   m e m b e r s   8  a r e  
e a c h   s l i d a b l y   moun ted   on  t h e   end  p o r t i o n s   of  t h e  

s u p p o r t   c o r e   s h a f t   1  a t   a  l o c a t i o n   b e t w e e n   t h e   c o r r e -  

s p o n d i n g   a n n u l a r   c o n i c a l   p i s t o n   5  and  f l a n g e   11  i n  

c o n t a c t   w i t h   t h e   c o r r e s p o n d i n g   a n n u l a r   c o n i c a l   p i s t o n   5 .  

The  a n n u l a r   e x t e r n a l   t h r e a d   m e m b e r s   8  a r e   s l i d a b l e   o n  
t h e   s u r f a c e   of  t he   end  p o r t i o n s   of  t h e   s u p p o r t   c o r e  



s h a f t   1  by  b e i n g   g u i d e d   by  k e y s   9  f i x e d   to   t he   e n d  

p o r t i o n s   of  t h e   s u p p o r t   c o r e   s h a f t   1  and  e x t e n d i n g   i n  

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

t h r e a d   member s   8  may  be  p r o v i d e d   w i t h   t h r u s t   b e a r i n g s   6 

l o c a t e d   in  c o n t a c t   w i t h   t h e   a n n u l a r   c o n i c a l   p i s t o n s   5 .  

A  p a i r   of  a n n u l a r   i n t e r n a l   t h r e a d   member s   10  a r e  

m o u n t e d   on  t h e   end  p o r t i o n s   of   t h e   s u p p o r t   c o r e   s h a f t   1 

and  r o t a t a b l y   c o n n e c t e d   to   t h e   f l a n g e s   11  in   e n g a g e m e n t  

w i t h   t h e   a n n u l a r   e x t e r n a l   t h r e a d   m e m b e r s   8 .  

R e f e r r i n g   to   F i g s .   2  and  4,  t h e   f l a n g e   11  has   a  

l o n g   a r c - s h a p e d   s l i t   12.  The  a n n u l a r   i n t e r n a l   t h r e a d  

member   10  i s   c o n n e c t e d   to   t h e   f r a n g e   11  w i t h   a  b o l t   13 

t h r o u g h   t h e   s l i t   12.  The  b o l t   13  c o n n e c t e d   to   t h e  

a n n u l a r   i n t e r n a l   t h r e a d   member  10  can   move  a l o n g   t h e  

a r c - s h a p e d   s l i t   12  by  l o o s e n i n g   i t .   The  gap  b e t w e e n  

t h e   a n n u l a r   i n t e r n a l   t h r e a d   member   1 0  a n d   t h e   c y l i n -  

d r i c a l   t u b e   2  i s   s e a l e d   by  a  s e a l i n g   r i n g   1 4 .  

R e f e r r i n g   to   F i g s .   1,  3,  and   4,  t h e   end  p o r t i o n   o f  

t h e   s u p p o r t   c o r e   s h a f t   1  may  h a v e   a  s m a l l e r   d i a m e t e r  

t h a n   t h a t   of  t h e   r e m a i n i n g   p o r t i o n   so  as  to   form  a  s t e p  

b e t w e e n   t h e   end  p o r t i o n   and  t h e   r e m a i n i n g   p o r t i o n .  

In  e a c h   end  p o r t i o n   of  t h e   s u p p o r t   c o r e   s h a f t   1,  a  

s p r i n g   member  15  may  be  m o u n t e d   a t   a  l o c a t i o n   b e t w e e n  

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

p i s t o n   5.  In  t h i s   a r r a n g e m e n t ,   t h e   i n s i d e   end  of  t h e  

s p r i n g   member  15  i s   f i x e d   by  t h e   s t e p   and  t h e   o u t s i d e  

end  of  t h e   s p r i n g   member   15  p u s h e s   t h e   a n n u l a r   c o n i c a l  

p i s t o n   5  o u t w a r d .  

When  t h e   b o l t   13  i s   l o o s e n e d   and  t h e   a n n u l a r  

i n t e r n a l   t h r e a d   member  10  i s   r o t a t e d   so  as  to   move  t h e  

a n n u l a r   e x t e r n a l   t h r e a d   member  8  i n w a r d   a l o n g   t h e  

key  9,  t h e   a n n u l a r   c o n i c a l   p i s t o n   5  i s   p u s h e d   i n w a r d  

and  comes  i n t o   c o n t a c t   w i t h   t h e   a n n u l a r   g u i d e   p r o j e c -  
t i o n   7  of  t he   c y l i n d r i c a l   t u b e   2,  w h i l e   c o m p r e s s i n g   t h e  

s p r i n g   member  15.  T h a t   i s ,   t h e   a n n u l a r   c o n i c a l   p i s t o n   5 

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

a n g l e   of  the   a n n u l a r   i n t e r n a l   t h r e a d   member   1 0 .  



T h e r e f o r e ,   t h e   gap  G  b e t w e e n   t h e   o u t e r   c o n i c a l   s u r f a c e  

of  t h e   a n n u l a r   c o n i c a l   p i s t o n   5  and  t h e   i n n e r   c o n i c a l  

s u r f a c e   of  t h e   a n n u l a r   g u i d e   p r o j e c t i o n   7  of  t h e  

c y l i n d r i c a l   t u b e   2  can  be  e a s i l y   c o n t r o l l e d   by  r o t a t i n g  

t he   a n n u l a r   i n t e r n a l   t h r e a d   member   10.  The  w i d t h   o f  

t h e   gap  G  can  be  r e p r e s e n t e d   by  t h e   r o t a t i o n   a n g l e   o f  

t h e   a n n u l a r   i n t e r n a l   t h r e a d   member   10  w h i c h   can  b e  

i n d i c a t e d   t h e r e o n .  

The  d e f l e c t i o n   of  t h e   s q u e e z e   r o l l   w i l l   b e  

e x p l a i n e d   b e l o w   w i t h   r e f e r e n c e   to   F i g .   3 .  

In  F i g .   3,  p r e s s i n g   f o r c e s   a r e   a p p l i e d   to   t he   e n d  

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

l o w e r   r o l l s   21  and  20  in  t h e   d i r e c t i o n s   i n d i c a t e d   b y  

a r r o w s .  

In  t h i s   c a s e ,   t h e   u p p e r   s u p p o r t   c o r e   s h a f t   1  i s  

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

a x i s   L  of  t h e   s u p p o r t   c o r e   s h a f t   1  move  downward   w h i l e  

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

s h a f t   1  i s   m a i n t a i n e d   in  i t s   o r i g i n a l   p o s i t i o n .   T h i s  

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

m a t e r i a l   l a y e r   in   t h e   c y l i n d r i c a l   t u b e   2.  Due  to  t h e  

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

p u s h i n g   up  e a c h   end  p o r t i o n   of   t h e   c y l i n d r i c a l   t u b e   2 

i s   c r e a t e d   on  t h e   end  p o r t i o n s .   T h e r e f o r e ,   t h e   e n d  

p o r t i o n s   of  t h e   a x i s   M  of  t h e   c y l i n d r i c a l   t u b e   2  a r e  
d e f l e c t e d   u p w a r d ,   w h i l e   t h e   m i d d l e   p o r t i o n   of  t h e  

a x i s   M  of  t h e   c y l i n d r i c a l   t u b e   2  i s   m a i n t a i n e d   in  i t s  

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

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

s q u e e z e   r o l l ,   as  i n d i c a t e d   in   F i g .   4,  t h e   end  p o r t i o n s  
of  t h e   a x i s   L  of  t h e   s u p p o r t   c o r e   s h a f t   1  a r e   s l i g h t l y  

s p a c e d   f rom  t h e   end  p o r t i o n s   of  t h e   a x i s   M  of  t h e  

c y l i n d r i c a l   t u b e   2.  The  d i s t a n c e   b e t w e e n   t h e   e n d  

p o r t i o n s   of  t h e   a x i s   L  of  t h e   s u p p o r t   c o r e   s h a f t   1  a n d  

t h a t   of  t he   a x i s   M  of  t he   c y l i n d r i c a l   t u b e   2  d e p e n d s  

on  t h e   w i d t h   of  t h e   gap  G  b e t w e e n   t h e   i n n e r   c o n i c a l  

s u r f a c e   of  t h e   a n n u l a r   g u i d e   p r o j e c t   7  and  t h e   o u t e r  



c o n i c a l   s u r f a c e   of   t h e   a n n u l a r   c o n i c a l   p i s t o n   5 .  

When  p r e s s u r e   i s   a p p l i e d   to   a  p a i r   of  s q u e e z e  
r o l l s   so  as  to   p r e s s   t hem  to   e a c h   o t h e r ,   in  a  n i p p i n g  

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

s q u e e z e   r o l l ,   t h e   a n n u l a r   c o n i c a l   p i s t o n   5  of  t h e  

s u p p o r t   c o r e   s h a f t   1  comes   i n t o   c o n t a c t   w i t h   t h e  

a n n u l a r   g u i d e   p r o j e c t i o n   7  of  t h e   c y l i n d r i c a l   t u b e   2 

so  t h a t   t h e   gap  G  b e c o m e s   z e r o .   In  t h e   o p p o s i t e   s i d e  

p o r t i o n   of  t h e   s q u e e z e   r o l l ,   t h e   w i d t h   of  t h e   gas   G 

i n c r e a s e s .   R e f e r r i n g   to   F i g .   4,  t h e   p r e s s u r e   F  a p p l i e d  

to   t h e   a n n u l a r   g u i d e   p r o j e c t i o n   7  of  t h e   c y l i n d r i c a l  

t u b e   2  f rom  t h e   a n n u l a r   c o n i c a l   p i s t o n   5  of  t h e   s u p p o r t  

c o r e   s h a f t   1  s e r v e s   t o   d e f l e c t   downward   t h e   end  p o r t i o n  

of  t h e   c y l i n d r i c a l   t u b e   2.  The  i n t e n s i t y   of  t h e  

p r e s s u r e   F  d e p e n d s   on  t h e   i n t e n s i t y   of  t h e   p r e s s u r e  

a p p l i e d   to   t h e   s q u e e z e   r o l l   and  t h e   w i d t h   of  t h e   gap  G 

in  t h e   n o n - d e f l e c t e d   s q u e e z e   r o l l .   The  w i d t h   of   t h e  

gap  G  d e p e n d s   on  t h e   p o s i t i o n   of  t h e   a n n u l a r   c o n i c a l  

p i s t o n   5.  When  a  p r e d e t e r m i n e d   i n t e n s i t y   of  p r e s s u r e  
i s   a p p l i e d   to  a  p a i r   of   s q u e e z e   r o l l s ,   t h e   l a r g e r   t h e  

gap  G,  t h e   l a r g e r   t h e   d e f l e c t i o n   of  t h e   end  p o r t i o n   o f  

t h e   c y l i n d r i c a l   t u b e   2  in  t h e   o p p o s i t e   d i r e c t i o n   t o  

t h a t   of  t h e   d e f l e c t i o n   of  t h e   s u p p o r t   c o r e   s h a f t   1 .  

When  t h e   gap  G  i s   l a r g e ,   t h e   d e g r e e   of  s q u e e z e   in  t h e  

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

in  t h e   end  p o r t i o n s .   When  t h e   s q u e e z e   r o l l   i s   in   a n  
u n l o a d e d   c o n d i t i o n   t h e   gap  G  can  be  made  s m a l l   b y  

m o v i n g   t h e   a n n u l a r   c o n i c a l   p i s t o n   5  t o w a r d   t h e   c e n t e r  

of  t h e   r o l l .   In  t h i s   s m a l l   gap  G,  when  p r e s s u r e   i s  

a p p l i e d   to   t h e   s q u e e z e   r o l l ,   t h e   c y l i n d r i c a l   t u b e   2  i s  

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

c o r e   s h a f t   1.  In  t h i s   c a s e ,   t h e   d e g r e e   of  s q u e e z e   i n  

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

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

A c c o r d i n g l y ,   when  t h e   a n n u l a r   c o n i c a l   p i s t o n   5  i s  

p o s i t i o n e d   a t   an  a d e q u a t e   l o c a t i o n   and  an  a d e q u a t e  

p r e s s u r e   i s   a p p l i e d   t o   t h e   s q u e e z e   r o l l ,   i t   i s   p o s s i b l e  



to   m a i n t a i n   t h e   c y l i n d r i c a l   t u b e   2  in  a  n o n - d e f l e c t e d  

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

s h a f t   1.  In  t h i s   c o n d i t i o n ,   t h e   w i d t h w i s e   d i s t r i b u t i o n  

of  t h e   d e g r e e   of  s q u e e z e   of  t he   s q u e e z e   r o l l   b e c o m e s  

u n i f o r m   t h r o u g h o u t   t h e   s q u e e z e   r o l l .  

As  d e s c r i b e d   a b o v e ,   t h e   w i d t h w i s e   d i s t r i b u t i o n   o f  

t h e   d e g r e e   of  s q u e e z e   of  t he   s q u e e z e   r o l l   can   be  e a s i l y  

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

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

The  d e f l e c t i o n   can   be  c o n t r o l l e d   by  a d j u s t i n g   t h e  

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

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

can   be  e a s i l y   and  a c c u r a t e l y   a d j u s t e d   by  r o t a t i n g   t h e  

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

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

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

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

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

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

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

s q u e e z e   r o l l   by  m a k i n g   t h e   r e l a t i v e   p o s i t i o n s   of  t h e  

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

d i f f e r e n t   f rom  e a c h   o t h e r .  

R e f e r r i n g   to   F i g .   4,  t h e   a n n u l a r   c o n i c a l   p i s t o n   5 

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

r e a c t i o n   to   t h e   f o r c e   F.  T h e r e f o r e ,   t h e   s p r i n g   m e m b e r  

15  may  be  o m i t t e d .  

The  c y l i n d r i c a l   t u b e   2  m a y  o r   may  n o t   be  c o v e r e d  

w i t h   t h e   e l a s t i c   m a t e r i a l   l a y e r .   T h a t   i s ,   t h e   c y l i n -  
d r i c a l   t u b e   2  may  c o n s i s t   of  a  s t a i n l e s s   s t e e l   t u b e  

a l o n e .  



1.  A  d e f l e c t i o n - a d j u s t a b l e   s q u e e z e   r o l l   c o m -  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

c o n i c a l   p i s t o n   and  b e a r i n g ;   a  p a i r   of   a n n u l a r   e x t e r n a l  

t h r e a d   members   e a c h   m o u n t e d   s l . i d a b l y   on  t h e   c o r r e -  

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

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

a n n u l a r   c o n i c a l   p i s t o n ;   and  a  p a i r   of  a n n u l a r   i n t e r n a l  

t h r e a d   member s   e a c h   r o t a t a b l y   m o u n t e d   on  t h e   c o r r e -  

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

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

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

t h r e a d   member ,   w h e r e b y   t h e   w i d t h w i s e   d i s t r i b u t i o n   o f  

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

r o t a t i n g   t he   a n n u l a r   i n t e r n a l   t h r e a d   member  to  move  t h e  

a n n u l a r   e x t e r n a l   t h r e a d   members   and  t h e   a n n u l a r   c o n i c a l  

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

to   p l a c e   t he   a n n u l a r   c o n i c a l   p i s t o n s   in  d e s i r e d   r e l a t i v e  

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



2.  The  s q u e e z e   r o l l   as  c l a i m e d   in   c l a i m   1 ,  

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

e l a s t i c   m a t e r i a l   t u b e .  

3.  The  s q u e e z e   r o l l   as  c l a i m e d   in  c l a i m   1 ,  

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

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

of  t h e   a n n u l a r   c o n i c a l   p i s t o n s   in   such   a  m a n n e r   t h a t   a n  
i n s i d e   end  of  e a c h   s p r i n g   member   i s   i m m o v a b l y   f i x e d   t o  

t h e   s u p p o r t   c o r e   s h a f t ,   and  an  o u t s i d e   end  of  e a c h  

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

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