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©  METHOD  AND  DEVICE  FOR  MACHINING  INNER  SURFACE  OF  MOLDED  CYLINDRICAL  ARTICLE. 

Method  and  device  for  pressurizing  the  inner  surface  of  a 
molded  cylindrical  article  by  the  step  of  pressurizing  and 
forming  the  inner  surface  of  the  article  while  rotating  a  pres- 
sing  unit  (6a)  of  pressurizing  means  (6)  relative  to  a  molded 
article  (2)  during  a  period  of  time  which  begins  immediately 
after  completion  of  solidification  of  the  article  ready  for  pres- 
surizing  and  forming,  and  which  continues  until  the  transition 
temperature  of  the  article  has  been  reached  the  temperature 
at  which  the  tensile  strength  and  elongation  of  the  article 
undergo  an  abrupt  charge.  This  is  performed  in  orderto  pres- 
surize  and  cause  the  collapse  of  blowholes  and  air  bubbles  in 
the  molded  article,  and to  harden the  inner surface thereof. 





T e c h n i c a l   F i e l d  

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

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

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

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

B a c k g r o u n d   A r t  

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

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

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

t h a t   t h e r e   a p p e a r   s h r i n k a g e   c a v i t i e s   or  p o r e s   on  t h e  

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

down.   C o n s e q u e n t l y ,   i t   i s   c l e a r   t h a t   s u c h   s h r i n k a g e  

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

of  t he   t u b u l a r   c a s t   p i e c e s .  

  In  o r d e r   to   e l i m i n a t e   t he   d r a w b a c k s   m e n t i o n e d  

a b o v e ,   t h e r e   has   c o n v e n t i o n a l l y   b e e n   p r o p o s e d   t h e  

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

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

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

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



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

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

p o r e s .  

4   In  c a s e   of  u s i n g   t h e   t u b u l a r   c a s t   p i e c e s   a s  

f l u i d   p i p e - l i n e   and  t h e   l i k e ,   i t   h a s   on  t h e   o t h e r   h a n d  

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

t h e   s t r e n g t h   and  g a s t i g h t n e s s   of   t h e   p i p e s   t h e m s e l v e s  

a r e   e x c e l l e n t   in  t h e   m a t t e r   of   c o u r s e   and  t h a t   t h e  

p r o d u c t s   have   t he   p i p e   i n n e r   s u r f a c e   e x c e l l e n t   i n  

a b r a s i o n   r e s i s t a n c e   and  c o r r o s i o n   r e s i s t a n c e   and  a t  

t h e   same  t i m e   low  i n   f l u i d   r e s i s t a n c e   as  i s   r e a l i z e d  

by  e n h a n c i n g   t h e   h a r d n e s s   of  t h e   p i p e   i n n e r   f a c e .  

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

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

or  p o r e s   i t   may  a l l   r i g h t   h a v e   b e e n   p o s s i b l e   to   c r u s h  

down  t h e   s h r i n k a g e   c a v i t i e s  o r   p o r e s   b u t   i t   ha s   n o t  

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

s i n c e   t h e r e b y   one  g i v e s   p r e s s u r e   on  t h e   t u b u l a r   i n n e r  

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

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

On  the   o t h e r   h a n d ,   p r a c t i c e d   g e n e r a l l y   a n d  

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

s u r f a c e   i s   a  me thod   of  p r e s s u r e - w o r k i n g   t h e   s u r f a c e   a t  

n o r m a l   t e m p e r a t u r e ,   n a m e l y   of  a p p l y i n g   t he   s o - c a l l e d  

c o l d   w o r k i n g .   H o w e v e r ,   an  a p p a r a t u s   i s   r e q u i r e d   t o  

g e n e r a t e   t r e m e n d o u s   h e a v y   p r e s s u r e   when  to  c r u s h   down  



at   t h e   same  t i m e   t h e   s h r i n k a g e   c a v i t i e s   or  p o r e s   w i t h  

s u c h   a  m e t h o d ,   and  t h e r e   i s   a  d r a w b a c k   s u c h   as  c a u s i n g  

d i s t o r t i o n   in  t he   t u b u l a r   body   by  a p p l y i n g   such   h e a v y  

p r e s s u r e ,   and  so  s u c h   a  m e t h o d   has   n o t   a c t u a l l y   b e e n  

p r a c t i c e d .  

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

@   In  v iew  of  t h e   l i m i t a t i o n   of  t h e   p r i o r   a r t   a s  

m e n t i o n e d   a b o v e ,   t h i s   i n v e n t i o n   has   as  i t s   o b j e c t   t o  

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

m e t h o d   and  an  a p p a r a t u s   t h e r e o f ,   s a t i s f y i n g   the   t w o  

r e q u i r e m e n t s   in   c o n t r a d i c t i o n   to   e a c h   o t h e r .  

@   For   a t t a i n i n g   t h e   o b j e c t ,   t h e   t u b u l a r   c a s t  

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

h e a d   of  p r e s s i n g   means   in   i n n e r   h o l l o w   s p a c e   of  a 

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

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

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

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

i f i c a t i o n   to  t he   t r a n s i t i o n   t e m p e r a t u r e ,   by  means  o f  

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

h e a d   and  the   s a i d   t u b u l a r   c a s t   p i e c e   in   r e l a t i v e   r o t a t i o n .  

s   The  i n v e n t i o n   t o o k   n o t i c e   of  t h e   m e c h a n i c a l  

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

" e l o n g a t i o n "   as  w i l l   f a c i l i t a t e   t h e   w o r k i n g   g e t s   s u d d e n l y  



b e t t e r   a b o v e   t h e   t r a n s i t i o n   t e m p e r a t u r e ,   and  h a v e  

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

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

p r e s s i n g   e l e m e n t   in   r e l a t i v e   r o t a t i o n ,   even   i m m e d i a t e l y  

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

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

r e f e r r e d   t o   in   t h i s   i n v e n t i o n   means   t h e   t e m p e r a t u r e  

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

e l o n g a t i o n )   show  a b r u p t   c h a n g e s .  

T h i s   i n v e n t i o n   t h u s   i n t e n d s  t o   a t t a i n   a t   a  

s i n g l e   s t r o k e   b o t h   p r e s s u r e - s e a l i n g   of   t h e   s h r i n k a g e  

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

t h e   t u b u l a r   c a s t   p i e c e   i n n e r   s u r f a c e ,   as  have   c o n v e n -  

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

⑪   N a m e l y ,   by  c r u s h i n g   down  t h e   s h r i n k a g e   c a v i t i e s  

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

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

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

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

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

i t   h a s   b e e n   made  p o s s i b l e   to  a t t a i n   a t   a  s i n g l e   s t r o k e  

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

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

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

⑫ It  has   t h e r e b y   b e e n   made  p o s s i b l e   to  h e i g h t e n  

and  e q u a l i z e   m e t a l   s t r u c t u r e   d e n s i t y   n e a r   t h e   t u b u l a r  



c a s t   p i e c e   i n n e r   s u r f a c e ,   t h u s   e x p e c t i n g   e n h a n c e m e n t  

of  t h e   s t r e n g t h   and  g a s t i g h t n e s s   of  t h e   o v e r a l l   t u b u l a r  

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

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

in   a b r a s i o n   r e s i s t a n c e   and  c o r r o s i o n   r e s i s t a n c e   and  a t  

t h e   s a n e   t i m e   low  i n   r e s i s t a n c e   in  f l u i d   t r a n s f e r .  

I t   can  t h e r e f o r e   b e  r i g h t l y   s a i d   t h a t   q u i t e  

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

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

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

c y l i n d e r   p a r t s ,   v a r i o u s   k i n d s   of  c a s t   i r o n   p i p e s ,   v a c u u m  

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

p i p i n g   and  t h e   l i k e   or   e l s e   h i g h - s t r e n g t h   a l u m i n i u m   a l l o y  

c a s t i n g s ,   c a s t   s t e e l   p i p e s   and  t h e   l i k e ,   w i t h   w h i c h  

q u a l i t y   e n h a n c e m e n t   comes   more  and  more  in  need   h e n c e -  

f o r w a r d .  

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

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

p r a c t i c i n g   the   m e t h o d   m e n t i o n e d   a b o v e .  

For   a t t a i n i n g   s u c h   an  o b j e c t ,   t h e   t u b u l a r   c a s t  

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

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

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

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

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



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

D r e s s i n g   h e a d   s t a g e   i n  r e l a t i v e  r o t a t i o n .  

  N a m e l y ,   s i n c e   one  w o r k s ,   d u r i n g   t h e   t i n e   f r o m  

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

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

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

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

t h e   D r e s s i n g  h e a d   and  t h e  t u b u l a r   c a s t   p i e c e   i n   r e l a t i v e  

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

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

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

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

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

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

I t   h a s  h e r e b y   made  p o s s i b l e  t o   p r o v i d e   a  t u b u l a r  

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

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

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

M o r e o v e r ,   s i n c e   one  c r u s h e s  d o w n   t h e   s h r i n k a g e  

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

and  h e i g h t e n s   m e t a l   s t r u c t u r e   d e n s i t y   in   i t s   w a l l  t h i c k -  

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

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

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

or   s h r i n k a g e   c a v i t i e s ,   w h i c h   r e s u l t s   in   a d v a n t a g e   of  t h i s  

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



i s   r e q u i r e d   as  i s   t h e   c a s e   of  vacuum  v e s s e l   p a r t s   a n d  

t h e   l i k e ,   of  g i v i n g   f u l l   p l a y   of  i t s   q u i t e   e x c e l l e n t  

g a s t i g h t n e s s .  

  F u r t h e r   o b j e c t s   and  a d v a n t a g e s   of   t h i s   i n v e n t i o n  

w i l l   b e c o m e   c l e a r   f r o m   t h e   e x p l a n a t i o n   now  to   f o l l o w .  

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

D r a w i n g s   show,   by  way  of  e x a m p l e ,   t h e   b e s t  

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

w o r k i n g   me thod   and  a p p a r a t u s   t h e r e o f   a c c o r d i n g   to  t h i s  

i n v e n t i o n ,   w h e r e i n :  

F i g .   1  i s   a  v e r t i c a l   s e c t i o n   of   an  e s s e n t i a l  

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

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

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

a p p a r a t u s ,  

F i g .   2  i s   an  e n l a r g e d   end  v i e w   of   p r e s s i n g s  

means  as  v i e w e d   a c c o r d i n g   to  a r r o w s  

I I - I I   i n   F i g .   1 ,  

F i g .   3  i s   an  e n l a r g e d   s i d e   e l e v a t i o n ,   p a r t l y  

in  s e c t i o n ,   of  an  e s s e n t i a l   p o r t i o n   o f  

p r e s s i n g   m e a n s ,  

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

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

the   s t a t u s   w o r k e d   by  t h e   m e t h o d   of  t h i s  

i n v e n t i o n   and  t h e   u n w o r k e d   s t a t u s ,  



F i g .   5  i s   a  v e r t i c a l   s e c t i o n a l   v i e w   s h o w i n g  

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

of  t h i s   i n v e n t i o n   on ,   h a v i n g   i t s   s e c t i o n  

in   r o u n d   s h a p e ,  

F i g .   6  i s   an  end  v i e w   of  t h e   t u b u l a r   c a s t   p i e c e  

shown  i n   F i g .   5,  a n d  

F i g .  7   i s   a  v e r t i c a l   s e c t i o n a l   v i e w   s h o w i n g   a  

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

of  t h i s   i n v e n t i o n   on,   h a v i n g   i t s   s e c t i o n  

of  u n e v e n   d i a m e t e r .  

B e s t   Mode  f o r   C a r r y i n g   Out   t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   i s   now  e x p l a i n e d   i n   more  d e t a i l  

h e r e u n d 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 .  

F i g .   1  shows  a  v e r t i c a l   s e c t i o n   of  an  e s s e n t i a l  

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

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

s u r f a c e   w o r k i n g   a p p a r a t u s .   In   t h i s   e m b o d i m e n t ,   o n e  

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

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

w e l l   f o r m   same  by  any   o t h e r   c a s t i n g   m e t h o d .    S h o w n   a t  

(1 )   i s   a  m e t a l   mold  f o r   c e n t r i f u g a l   c a s t i n g ,   and  at   ( 2 )  

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

mold   ( 1 ) .   The  t u b u l a r   c a s t   p i e c e   (2 )   i s   e q u i p p e d   a t   a n  

end  p o r t i o n ,   as  i s   i l l u s t r a t e d ,   w i t h   a . f l a n g e   ( 2 a ) .  

At  ( 3 )   a r e   d r i v i n g   r o l l e r s   w h i c h   s u p p o r t   t h e   s a i d   m e t a l  



mold   (1 )   and  a l s o   d r i v e   same  i n t o   r o t a t i o n .   T h e s e  

d r i v i n g   r o l l e r s   ( 3 )   a r e   c o n n e c t e d   to   an  e l e c t r i c   m o t o r  

(4 )   v i a   s u i t a b l e   m e a n s ,   b o t h   of  t h e s e   m e m b e r s   t o g e t h e r  

w i t h   t h e   s a i d   m e t a l   mold  (1)   c o n s t i t u t i n g   d r i v i n g   m e a n s  

( 5 ) .   H o w e v e r ,   one  may  as  w e l l   a d o p t   s u b s t i t u t e   d r i v i n g  

c o n s t r u c t i o n   f o r   d r i v i n g   r o l l e r s   ( 3 ) ,   i n   c a s e   t h a t   o n e  

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

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

  At  (6)   i s   p r e s s i n g   m e a n s ,   and  i t   i s   c o n s t r u c t e d  

w i t h :   a  p r e s s i n g   h e a d   ( 6 a )   to  be  i n s e r t e d   and  p o s i t i o n e d  

in   i n n e r   h o l l o w   s p a c e   of  t he   s a i d   t u b u l a r   c a s t   p i e c e   ( 2 ) ;  

a  p r e s s i n g   e f f o r t   g e n e r a t i n g   u n i t   ( 6 b )   to   g e n e r a t e   t h e  

p r e s s i n g   e f f o r t   of  t h e   p r e s s i n g   h e a d   ( 6 a ) ;   and  a  t r a v e l -  

c a u s i n g   a p p a r a t u s   ( 6 c )   to  move  t h e   p r e s s i n g   e f f o r t  

g e n e r a t i n g   u n i t   ( 6 b )   and  t he   p r e s s i n g   h e a d   ( 6 a )   a l o n g  

t h e   a x i a l   d i r e c t i o n   of  t he   s a i d   t u b u l a r   c a s t   p i e c e   ( 2 ) .  

  The  s a i d   t r a v e l - c a u s i n g   a p p a r a t u s   ( 6 c )   i s  

c o n s t r u c t e d   w i t h   an  o i l   h y d r a u l i c   c y l i n d e r   ( 1 9 )   f i x e d  

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

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

t h e r e t o ,   and  a  p i s t o n   rod  (20)   of  t h e   s a i d   o i l   h y d r a u l i c  

c y l i n d e r   ( 1 9 )   i s   c o n n e c t e d   to  the   s a i d   p r e s s i n g   e f f o r t  

g e n e r a t i n g   u n i t   ( 6 b )   p r o p e r .   The  p r e s s i n g   e f f o r t  

g e n e r a t i n g   u n i t   ( 6 b )   i s   c o n s t r u c t e d   w i t h   a  h o l d e r   ( 1 0 )  

to  s u s t a i n   t h e   s a i d  p r e s s i n g   head  ( 6 a ) ,   an  o i l   h y d r a u l i c  

c y l i n d e r   ( 9 ) ,   a  p i s t o n   rod  (11)   t h e r e o f   ( s e e   F i g .   3 )  



and  an  o i l   h y d r a u l i c   pump  s y s t e m   ( n o t   i l l u s t r a t e d )   t o  

d r i v e   t h e   o i l   h y d r a u l i c   c y l i n d e r   ( 9 ) .   H e r e ,   t h e  

p r e s s i n g   e f f o r t   g e n e r a t i n g   u n i t   ( 6 b )   i s   c o n s t r u c t e d   t o  

be  m o v a b l e   in   r u n n i n g   t r a v e l   on  r a i l   means   ( 7 ) ,   and  i t  

i s   t h e r e b y   made  p o s s i b l e   to   s m o o t h l y   move  t h e   s a i d  

p r e s s i n g   h e a d   ( 6 a )   a l o n g   t h e   a x i a l   d i r e c t i o n   of  t h e  

s a i d   t u b u l a r   c a s t   p i e c e   ( 2 )   by  a c t u a t i o n   of  t h e   s a i d  

t r a v e l - c a u s i n g   a p p a r a t u s   ( 6 c ) .  

The  s a i d   h o l d e r   ( 1 0 )   i s   p r o v i d e d   to  e x t e n d   o u t  

f r o m   t h e   s a i d   p r e s s i n g   e f f o r t   g e n e r a t i n g   u n i t   ( 6 b )  

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

( 6 a ) .   The  s a i d   p i s t o n   r o d   ( 1 1 )   i s   p r o v i d e d   to   p a s s  

t h r o u g h   t h e   i n s i d e   of   t h e   s a i d   h o l d e r  ( 1 0 )   f o r   f r e e  

a d v a n c i n g   t o w a r d s   t h e   s a i d   p r e s s i n g   h e a d   ( 6 a )   and  r e t i r i n g ,  

and  on  t h e   t i p   end   t h e r e o f   t h e r e   i s   f o r m e d   a  t a p e r  

p o r t i o n   ( l l a ) .   At  ( 1 2 )   a r e   t h r e e   p r e s s i n g   r o l l e r s ,  

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

f e r e n t i a l   d i r e c t i o n   of   t h e   s a i d   p r e s s i n g   h e a d   ( 6 a ) ,  

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

w i t h   t h e   a x i s   of  t h e   s a i d   p i s t o n   rod   ( 1 1 ) .   H o w e v e r ,  

t h e   p r e s s u r e - c o m p a c t i n g   o b j e c t   may  anyhow  be  a t t a i n e d  

i f   t h e r e   i s   a t   l e a s t   one  p r e s s i n g   r o l l e r .  

In  F i g .   3,  s p a c i n g   i n t e r v a l   b e t w e e n   t h e   t w o  

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

s t r u c t i o n   and  f o r   c l e a r e r   v i e w .  

  At  ( 1 8 )   i s   a  g u i d e   member ,   w i t h   one  end  t h e r e o f  



f i x e d   on  to   t h e   t i p   end  of  t h e   s a i d   p r e s s i n g   h e a d   ( 6 a )  

by  means   of  a  n u t   and  w i t h   t h e   o t h e r   end  t h e r e o f  

i n s e r t e d   i n t o   a  h o l e   b o r e d   in   t h e   s a i d   t a p e r   p o r t i o n  

( l l a ) ,   and  i t   f u n c t i o n s   as  a  g u i d e   when  t he   t a p e r  

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

  The  s a i d   p r e s s i n g   r o l l e r s   ( 1 2 )   a re   m o u n t e d   t o  

be  i d l y   r o t a t a b l e   on  s u p p o r t i n g   s h a f t s   ( 14 )   f i x e d   o n  

t h e   r e s p e c t i v e   s u p p o r t e r   m e m b e r s   ( 1 3 ) .   Each  of  t h e  

s u p p o r t e r   m e m b e r s   ( 1 3 )   i s   h e l d   to  be  s l i d a b l e   in   t h e  

r a d i a l   d i r e c t i o n  o f   t h e   s a i d   p i s t o n   rod  (11)   or  t h e  

s a i d   t u b u l a r   c a s t   p i e c e   (2 )   r e l a t i v e   to   t h e   s a i d   p r e s s i n g  

h e a d   ( 6 a )   p r o p e r ,   and  has   a  cam  s u r f a c e   ( 1 3 a )   f o r m e d   o n  

t h e   s i d e   of  t h e   a x i s   t h e r e o f .   I t   i s   so  made  t h a t   b y  

t h e   m o v e m e n t   of   t h e   s a i d   p i s t o n   rod   ( 1 1 )   t h e   t a p e r  

p o r t i o n   ( l l a )   t h e r e o f   comes  to   a b u t   a g a i n s t   t h e   s a i d  

cam  s u r f a c e s   ( 1 3 a ) ,   t h u s   to   u r g e   and  push   t h e   s a i d  

s u p p o r t e r   m e m b e r s   ( 1 3 )   and  to   c a u s e   t he   p r e s s i n g   r o l l e r s  

(12)   p r o v i d e d   t h e r e o n   to   u r g e   and  push   a g a i n s t   t h e   i n n e r  

s u r f a c e   of  t h e   s a i d   t u b u l a r   c a s t   p i e c e   ( 2 ) .   T h u s ,   c a m  

means  (15)   i s   c o n s t r u c t e d   w i t h   t h e   t a p e r   p o r t i o n   ( l l a )  

of  t he   p i s t o n   r o d   ( 1 1 )   and  t h e   cam  s u r f a c e   ( 1 3 a )   of  t h e  

s a i d   s u p p o r t e r   member  ( 1 3 ) .   The  s a i d   p r e s s i n g   r o l l e r  

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

( 1 2 a )   of  n a r r o w   w i d t h   in  t h e   c e n t r a l   p o r t i o n   t h e r e o f   a n d ,  

on  b o t h   s i d e s   t h e r e o f ,   s l a n t  s u r f a c e s   ( 1 2 b ) .   By  t h e   u s e  

o f  t h e   s a i d   f l a t   s u r f a c e   ( 1 2 a )   of  n a r r o w   w i d t h ,   t h e r e  



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

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

t h e   s a i d   t u b u l a r   c a s t   p i e c e   ( 2 )   and  f u r t h e r   t h a t   o n e  

can   work   ou t   t h e   i n n e r   s u r f a c e   s m o o t h .    H o w e v e r ,   as   t h e  

s h a p e   of  t h e   p r e s s i n g   r o l l e r s ,   one  may  o t h e r w i s e   as  w e l l  

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

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

body   and  t h e   l i k e ,   and  one  may  f u r t h e r   a d o p t   s u c h   c o n -  

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

r o t a t i o n .    At  ( 1 6 )   a r e   c o m p r e s s i o n   s p r i n g s   w h i c h   a r e  

i n t e r p o s e d   b e t w e e n   t h e   s a i d   p r e s s i n g   h e a d   ( 6 a )   p r o p e r  

and   t h e   s a i d   s u p p o r t e r   m e m b e r s   ( 1 3 )   and  f u n c t i o n   t o  

c o m p r e s s   t h e   s a i d   s u p p o r t e r   m e m b e r s   ( 1 3 )   when  t h e   s a m e  

a r e   moved  as  u r g e d   and  p r e s s e d   by  t h e   a c t i o n   of  s a i d  

c a m  m e a n s   ( 1 5 )   and  to   c a u s e   t h e   s a i d   s u p p o r t e r   m e m b e r s  

( 1 3 )   to   r e s t o r e   t o   t h e   o r i g i n a l   p o s i t i o n s ,   n a m e l y   t o   t h e  

n o n - c o m p a c t i o n - a c t i n g   p o s i t i o n ,   when  t h e   cam  a c t i o n   h a s  

b e e n   r e l e a s e d .   F i g .   3  shows   s u c h   s t a t e   t h a t   t h e   c a m  

a c t i o n   by  s a i d   cam  means   ( 1 5 )   h a s   been   r e l e a s e d ,   t h u s  

w i t h   t h e   c o m p r e s s i o n   s p r i n g s   ( 1 6 )   e x t e n d e d   and  w i t h   t h e  

s u p p o r t e r   m e m b e r s   ( 1 3 )   i n   t h e   n o n - c o m p a c t i o n - a c t i n g  

p o s i t i o n .  

At  ( 1 ? ) ,   as  shown  i n   F i g s .   1  and  2,  i s   a  c u t t i n g  

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

t u b u l a r   c a s t   p i e c e   (2)   and  i s   m o u n t e d   a t   t he   t i p   end  o f  

t h e   s a i d   p r e s s i n g   b e a d   ( 6 a ) .  



F i g .   3  i s   d r a w n   in   s u c h   s t a t e   t h a t   t h i s   c u t t i n g  

t o o l   ( 1 7 )   has   b e e n   r e m o v e d .  

  Now,  t h e   m e t h o d   of  t h i s   i n v e n t i o n   i s   e x p l a i n e d  

h e r e u n d e r   u s i n g   t h e   m e t a l   mold  (1 )   f o r   c e n t r i f u g a l  

c a s t i n g   as  w e l l   as  d r i v i n g   means   (6 )   as  m e n t i o n e d   a b o v e .  

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

i n t o   t h e   m e t a l   mold   (1 )   and  f o r m s   t h e   t u b u l a r   c a s t   p i e c e  

( 2 )   by  c e n t r i f u g a l   c a s t i n g   m e t h o d .   S u b s e q u e n t l y ,   o n e  

i n s e r t s   t he   p r e s s i n g   h e a d   ( 6 a )   of  p r e s s i n g   means  (6 )   i n  

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

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

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

c a s t   p i e c e   (2)   s o l i d i f i c a t i o n ,   t h e   o i l   h y d r a u l i c   c y l i n d e r  

( 9 )  o f   t he   p r e s s i n g   e f f o r t   g e n e r a t i n g   u n i t   ( 6b )   i s  

a c t u a t e d ,   t h u s   t h e   p i s t o n   rod   ( 1 1 )   t h e r e o f   i s   d r a w n   a n d  

t h e   t a p e r   p o r t i o n   ( l l a )   a t   t h e   t i p   end  t h e r e o f   c a u s e s  

t h e   s u p p o r t e r   m e m b e r s   ( 1 3 )   of  t h e   p r e s s i n g   r o l l e r s   ( 1 2 )  

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

c a s t   p i e c e   ( 2 ) .  

  Each  of  t h e   p r e s s i n g   r o l l e r s   ( 1 2 )   f u n c t i o n s  

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

(2)   i n n e r   s u r f a c e .  

  Al l   t h i s   w h i l e ,   t h e   s a i d   m e t a l   mold  (1)  i s  

c o n t i n u o u s l y   r o t a t e d   and  t he   s a i d   p r e s s i n g   r o l l e r s   ( 1 2 )  

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

r o t a t i n g .  



  H e r e ,   by  t h e   s a i d   p r e s s i n g   e f f o r t   g e n e r a t i n g  

u n i t   ( 6 b )   b e i n g   moved   on  r a i l   m e a n s   (7 )   by  t h e   t r a v e l -  

c a u s i n g   a p p a r a t u s   ( 6 c ) ,   one  c a u s e s   t h e   s a i d   p r e s s i n g  

h e a d   ( 6 a )   t o   move  a l o n g   t h e   a x i a l   d i r e c t i o n   of  t h e  

t u b u l a r   c a s t   p i e c e   (2 )   and  t h u s  e f f e c t s   t h e   p r e s s u r e  

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

  By  t h e   way ,   e x p l a n a t i o n   of  t h e   s t a g e   of   t h e  

t u b u l a r   c a s t   p i e c e   (2 )   i n n e r   s u r f a c e   s c r a p i n g   o f f   b y  

t h e   c u t t i n g   t o o l   ( 1 7 )   h a s   b e e n   o m i t t e d ,   b u t   i f   o n e  

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

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

of  t h e   t u b u l a r   c a s t   p i e c e   ( 2 ) ,   t h u s   e n a b l i n g   to   m a k e  

s u b s e q u e n t   u r g i n g   p r e s s u r e   f o r c e   by  t h e   p r e s s i n g   r o l l e r s  

( 1 2 )   a l l  o v e r   t h e   t u b u l a r   c a s t   p i e c e   (2 )   i n n e r   s u r f a c e  

a p p r o x i m a t e l y   u n i f o r m   and  m a k i n g   i t   p o s s i b l e   to   o b t a i n  

t h e   t u b u l a r   c a s t   p i e c e   of   more  e x c e l l e n t   q u a l i t y .  

On  t h e   o t h e r   h a n d ,   i f   one  e f f e c t s   t h e   s c r a p i n g -  

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

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

p i e c e   (2)   a t   t h e   v a l u e   as  i s   d e s i r e d .  

  F u r t h e r m o r e ,   by  f i r s t   e f f e c t i n g   t h e   s c r a p i n g - o f f  

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

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

a g a i n   t h e   s c r a p i n g - o f f   s t a g e ,   one  can   o b t a i n   b o t h   o f  

t h e   a d v a n t a g e s   o f   t h e   s a i d   t w o  - m e t h o d s .  

  I t   s t i l l   f u r t h e r   i s   p o s s i b l e   to   o b t a i n   t h e  



t u b u l a r   c a s t   p i e c e s   of  t h e   q u a l i t i e s   as  a r e   s u i t e d   f o r  

t h e   v a r i o u s   u s e s ,   by  s u p p l e m e n t i n g   a  s t a g e   of  a p p l y i n g  

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

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

  Now,  t h i s   i n v e n t i o n   m e n t i o n e d   a b o v e   i s   e x p l a i n e d  

h e r e u n d e r   w i t h   r e f e r e n c e   to   F i e l d   E x a m p l e   1 :  

< F i e l d   E x a m p l e   1 >  

One  t o o k   A l  -   4.5%Mg  a l l o y ,   c a s t   same  by  m e t a l  

mold  c e n t r i f u g a l   c a s t i n g   to  a  w a l l   t h i c k n e s s   of  35  mm, 

k e p t   t h e   t u b u l a r   c a s t   p i e c e   a t   300°C  a f t e r   c o m p l e t i o n   o f  

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

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

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

f o r c e   of  200  k g / c m 2 ,   and  c a u s e d   s a m e  t o   make  two  r e c i p r o -  

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

to   c a u s e   r e d u c t i o n   of  C.5  mm  in  t h e   c a s t   w a l l   t h i c k n e s s .  

A  p h o t o g r a p h i c   p i c t u r e   t a k e n   of  t h e   s e c t i o n   o f  

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

d y e i n g   c o l o r   p e n e t r a t i o n   f l a w   d e t e c t i o n   t h e r e o n ,   i s   F i g .   4 .  

C e n t r a l   p o r t i o n   of  t h e   t u b u l a r   c a s t   p i e c e   of  F i g .   4  i s  

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

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

l e f t   in  t h e   s t a t e   j u s t   as  f o r m e d   by  t he   c o n v e n t i o n a l  

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

  As  i s   c l e a r   f rom  F i g .   4,  i t   can  be  r e c o g n i z e d  

t h a t   t h e   p o r t i o n   on  wh ich   t he   i n n e r   s u r f a c e   w o r k i n g   h a s  



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

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

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

s i d e s   t h e r e o f   a p p e a r   t o   be  b l a c k   ( - a c t u a l l y ,   t h e y   a r e  

dyed   in   r e d   c o l o r   - )  o n   a c c o u n t   of   s h r i n k a g e   c a v i t i e s  

or   p o r e s   as   g e n e r a t e d .  

  S h o w n  i n   T a b l e   1  a r e   d i f f e r e n c e s   b e t w e e n  

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

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

by  t h e   c o n v e n t i o n a l   m e t h o d :  

< F i e l d   E x a m p l e   2 >  

  S h o w n   i n   T a b l e   2  a r e   t e m p e r a t u r e s   d u r i n g   t h e  

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



u s i n g   a l u m i n i u m   a l l o y   s u b s t a n t i a l l y   t h e   same  as  in   t h e  

s a i d   F i e l d   E x a m p l e   1  w i t h   t h e   p r e s s u r e - c o m p a c t i n g   w i t h  

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

400  k g / c m 2 ,   w i t h   s h o w i n g   of   t h e   r e l a t i o n   w i t h   t h e   h a r d n e s s ,  

at  room  t e m p e r a t u r e ,   of  t h e   i n n e r   s u r f a c e   and  t h e   u n w o r k e d  

o u t e r   s u r f a c e   of   t h e   t u b u l a r   c a s t   p i e c e   as  p r e s s u r e -  

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

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

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

p r e s s u r e - c o m p a c t i n g :  



  As  i s   c l e a r   f r o m   T a b l e   2  a b o v e ,   i t   i s   s e e n   t h a t  

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

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

a t   5 0 0 ° C   i s   g r e a t e r   t h a n   t h e   u n w o r k e d   t u b u l a r   c a s t   p i e c e  

o u t e r   s u r f a c e   h a r d n e s s .   I t   i s   f u r t h e r   s e e n   t h a t   t h e  

i n n e r   s u r f a c e   h a r d n e s s   g e t s   i n c r e a s e d   as  t h e  p r e s s u r e -  

c o m p a c t i n g   work   t e m p e r a t u r e .  l o w e r s ,   to   a p p r o x i m a t e l y  

r e a c h   t h e   l i m i t   a t   a b o u t   1 5 0 ° C  -   1 0 0 ° C .  

  On  t h e   c o n t r a r y ,   i t   i s   s e e n   t h a t   t h e   e l o n g a t i o n ,  

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

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

h i g h e r ,   w i t h   a  c l e a r   b o r d e r   l i n e   of  a b o u t   1 0 0 ° C ,   n a m e l y  

t h e   t r a n s i t i o n   t e m p e r a t u r e .  

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

t h e   m e t h o d   of  t h i s   i n v e n t i o n   in   t h e   r a n g e   f rom  t h e  

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

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

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

p r e s s u r e   f o r c e   t h e   s h r i n k a g e   c a v i t i e s   or   p o r e s   a t   t h e  

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

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

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

m a t e l y ,   and  a t   t h e   same  t i m e   to   e n h a n c e   t h e   w o r k e d  

s u r f a c e   h a r d n e s s .  

  S i n c e   i t   i s   f u r t h e r   n o t e d   f rom  t h e   s a i d   T a b l e   2  

t h a t   t h e   t e n s i l e   s t r e n g t h   shows   r e m a r k a b l e   l o w e r i n g   a s  



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

of   a b o u t   2 0 0 ° C ,   i t   i s   s e e n   t h a t   when  one  p r a c t i c e s   t h e  

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

f r o m   4 5 0 ° C   to  a b o u t   2 0 0 ° C   i t   i s   t h e n   p o s s i b l e   to  p e r f o r m  

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

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

  By  t h e   way,  s h o w i n g  i n   r e g a r d   to   t h e   t r a n s i t i o n  

t e m p e r a t u r e s   of  o t h e r   m e t a l s   i s ,   by  way  of  e x a m p l e ,  

500°C  w i t h   r e s p e c t   to  s t e e l   and  c a s t   i r o n ,   600°C  w i t h  

r e s p e c t   t o   1 8 - 8   s t a i n l e s s   s t e e l   and  450°C  w i t h   r e s p e c t  

to   a  c o p p e r   a l l o y   (70%  c o p p e r ,   30%  z i n c ) .   As  d e s c r i b e d  

a b o v e   i n   d e t a i l ,   i t   i s   made  p o s s i b l e   a c c o r d i n g   to   t h i s  

i n v e n t i o n   to   work  t he   t u b u l a r   c a s t   p i e c e   i n n e r   s u r f a c e  

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

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

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

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

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

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

in   F i g .   5 .  

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

t h i s   i n v e n t i o n   may  as  w e l l   be  a p p l i e d   on  t u b u l a r   c a s t  

p i e c e s   h a v i n g   t a p e r e d   s e c t i o n   as  shown  in   F i g .  7   and  o n  

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

in   F i g .   6 .  

  By  the   way,  t h o u g h   i t   ha s   b e e n   made  to  c o n s t r u c t  



p r e s s i n g   m e a n s   (6 )   in   t h i s   i n v e n t i o n   u s i n g   o i l   h y d r a u l i c  

p r e s s u r e ,   b u t   s u c h   may  as  w e l l   be  any   c o n s t r u c t i o n   o n l y  

i f   t h e   c o n s t r u c t i o n  c a n   p r e s s   t h e   t u b u l a r  c a s t   p i e c e   ( 2 )  

i n n e r   s u r f a c e .  

  F u r t h e r m o r e ,   w i t h   r e s p e c t   t o  t h e   m e t h o d   o f  

b r i n g i n g   t h e   t u b u l a r   c a s t   p i e c e   ( 2 )   and  t h e   p r e s s i n g  

h e a d   ( 6 a )   of   p r e s s i n g   means   ( 6 )   i n   r e l a t i v e   r o t a t i o n ,  

i t   i s   as   w e l l   p o s s i b l e ,   e v e n   i n   t h e   same  c a s e   o f  u s i n g  

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

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

( 6 a )   t o   r o t a t e  o r   t o   c a u s e   s ame   and  t h e   m e t a l   mo ld   ( 1 )  

s u p p o r t i n g   t h e   t u b u l a r   c a s t   p i e c e   ( 2 )   to   r o t a t e   i n  

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

  S t i l l   f u r t h e r ,  i t   i s  a l s o   p o s s i b l e  t o   make  b o t h  

of   t h e   s a i d   two  in   one  and  t h e   s a m e  d i r e c t i o n   b u t   w i t h  

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

a b u t m e n t   p o r t i o n s .  

  Such   m e t h o d s   f o r   t h e   r e l a t i v e   r o t a t i o n   may  b e  

a l l   t h e   same  a l s o   in   c a s e   t h a t   one   c a s t s   t h e   t u b u l a r  

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

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

by  any  o t h e r   c h u c k   means   or  t h e   l i k e ,   and  on  t h e  o t h e r  

h a n d   i t   i s   a l s o  p o s s i b l e   to  u se   any   s u i t a b l e   c o n s t r u c t i o n  

as  d r i v i n g   means   (5)   to  c a u s e   p r e s s i n g   m e a n s  ( 6 )   a n d  

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



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

  As  i s   c l e a r   f rom  t h e   a b o v e   d e s c r i p t i o n ,   t h e  

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

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

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

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

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

t h e r e o f   can   t h e r e b y   be  e n h a n c e d ,   t h u s   to   t h e   t r e m e n d o u s  

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



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

c h a r a c t e r i z e d   by:   p o s i t i o n i n g   a  p r e s s i n g   h e a d   ( 6 a )   o f  

p r e s s i n g   means   ( 6 )   i n   i n n e r   h o l l o w   s p a c e   of  a  t u b u l a r  

c a s t   p i e c e   (2 )   f o r m e d   by  c a s t i n g ;   and   p r e s s u r e - c o m p a c t i n g  

t h e   s a i d   t u b u l a r  c a s t   p i e c e   (2)   i n n e r   s u r f a c e ,   w i t h i n   a  

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

c o m p l e t i o n   of  t h e   s a i d   t u b u l a r   c a s e   ( 2 )   s o l i d i f i c a t i o n  

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

p r e s s i n g   h e a d   ( 6 a )   w h i l e   b r i n g i n g   t h e   s a i d   p r e s s i n g  

h e a d   ( 6 a )   and  t h e   s a i d   t u b u l a r   c a s t   p i e c e   (2 )   i n   r e l a t i v e  

r o t a t i o n .  

2.  I n  a   m e t h o d   r e c i t e d   i n   c l a i m   1,  t h e   t u b u l a r   c a s t  

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

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

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

3.  In   a  m e t h o d   r e c i t e d   in   c l a i m   2,  t h e   t u b u l a r   c a s t  



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

t h e   s a i d   t u b u l a r   c a s t   p i e c e   (2 )   h a s   b e e n   c a s t   of   a n  

a l u m i n i u m   a l l o y .  

4.  In  a  m e t h o d   r e c i t e d   in   c l a i m   3,  t h e   t u b u l a r   c a s t  

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

t h e   t e m p e r a t u r e   r a n g e   of  t h e   s a i d   t u b u l a r   c a s t   p i e c e   ( 2 )  

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

4 5 0 ° C   t o   1 5 0 ° C .  

5.  In   a  m e t h o d   r e c i t e d   in   c l a i m   2  o r   4,  t h e  

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

t e r i z e d   i n   t h a t   t h e   s a i d   t u b u l a r   c a s t   p i e c e   (2 )   r o t a t e s  

w i t h   r e s p e c t   to   t h e   s a i d   p r e s s i n g   h e a d   ( 6 a ) .  

6.  In   a  m e t h o d   r e c i t e d   in   c l a i m   2  or   4,  t h e  

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



t e r i z e d   i n   t h a t   t h e   s a i d   p r e s s i n g   h e a d   ( 6 a )   r o t a t e s   w i t h  

r e s p e c t   t o   t h e   s a i d   t u b u l a r   c a s t  p i e c e   ( 2 ) .  

7.  In  a  m e t h o d   r e c i t e d . i n   c l a i m   2  or   4,  t h e  

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

t e r i z e d   i n   t h a t   t h e   s a i d   t u b u l a r   c a s t   p i e c e   (2)   and  t h e  

s a i d   p r e s s i n g  h e a d   ( 6 a )   a r e   r o t a t e d  i n   one  and  t h e   s a m e  

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

of   b o t h   of   t h e m   a r e   d i f f e r e n t .  

8.  In   a  m e t h o d  r e c i t e d   i n  c l a i m   2  o r  4 ,   t h e  

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

t e r i z e d   i n   t h a t   t h e   s a i d   t u b u l a r  c a s t   p i e c e   ( 2 )   and  t h e  

s a i d   p r e s s i n g   h e a d   ( 6 a )   a re   r o t a t e d   i n  d i r e c t i o n s  

o p p o s i t e   t o   e a c h   o t h e r .  

9.  In   a  m e t h o d   r e c i t e d   in   c l a i m   1  or   4,  t h e  

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



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

p i e c e   ( 2 )   i n n e r   s u r f a c e   p r e s s u r e - c o m p a c t i n g   by  t h e  

s a i d   p r e s s i n g   h e a d   ( 6 a ) ,   c u t t i n g   w o r k   o f   t h e   i n n e r  

s u r f a c e .  

10 .   In  a  m e t h o d   r e c i t e d   in   c l a i m   1  o r   5,  t h e  

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

t e r i z e d   by  m o v i n g   t h e   s a i d   p r e s s i n g   h e a d   ( 6 a )   a l o n g   t h e  

a x i a l   d i r e c t i o n   of  t h e   s a i d   t u b u l a r   c a s t   p i e c e   ( 2 )  

d u r i n g   t h e   t u b u l a r   c a s t   p i e c e   (2)   i n n e r   s u r f a c e   p r e s s u r e -  

c o m p a c t i n g   by  t h e   s a i d   p r e s s i n g - h e a d   ( 6 a ) .  

11 .   In  a  m e t h o d   r e c i t e d   in   c l a i m   10 ,   t h e   t u b u l a r  

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

by  v a r y i n g ,   d u r i n g   t h e   s a i d   p r e s s i n g   h e a d   ( 6 a )   m o v i n g  

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

( 2 ) ,   t h e   p r e s s i n g   e f f o r t   as  the   same  g e n e r a t e s ,   t h e r e b y  

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

p i e c e   (2 )   i n n e r   s u r f a c e .  



12 .   A  t u b u l a r  c a s t   p i e c e   i n n e r   s u r f a c e   w o r k i n g  

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

m e a n s   ( 6 )   h a v i n g   a  p r e s s i n g  h e a d   ( 6 a )   c o n s t r u c t e d   t o  

be  c a p a b l e   of   p r e s s i n g   t h e   t u b u l a r   c a s t  p i e c e   (2 )   i n n e r  

s u r f a c e   as   i s   k e p t   w i t h i n   a  t e m p e r a t u r e  r a n g e   s t a r t i n g  

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

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

m e a n s   ( 5 )   f o r   b r i n g i n g   t h e   s a i d   t u b u l a r  c a s t   p i e c e   ( 2 )  

and  t h e   s a i d   p r e s s i n g   h e a d   ( 6 a )   i n   r e l a t i v e   r o t a t i o n .  

13 .   In   an  a p p a r a t u s   r e c i t e d   i n   c l a i m   12,   t h e  

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

c h a r a c t e r i z e d   i n   t h a t   s a i d   p r e s s i n g   m e a n s   (6 )   c o m p r i s e s  

a  p r e s s i n g   h e a d   ( 6 a )  t o  b e   p o s i t i o n e d   i n   i n n e r   h o l l o w  

s p a c e   of   t h e   s a i d   t u b u l a r   c a s t   p i e c e   ( 2 )   and   a  p r e s s i n g  

e f f o r t   g e n e r a t i n g   u n i t   ( 6 b )   to   b e - p o s i t i o n e d   o u t s i d e  

t h e r e o f ,   w h e r e i n   t h e   f o r m e r   ( 6 a )   i n c l u d e s :  a t   l e a s t   a  

p r e s s i n g   r o l l e r   ( 1 2 )   to   c o m e  i n  a b u t m e n t   a g a i n s t   t h e  

s a i d   t u b u l a r   c a s t  p i e c e   (2 )   i n n e r   s u r f a c e ,  a n d   cam  m e a n s  

( 1 5 )   f o r   p r e s s u r e - b i a s i n g   t h e   p r e s s i n g   r o l l e r ( s )   ( 1 2 )  

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

and  t h e   l a t t e r   ( 6 b )   i n c l u d e s   an  o i l  h y d r a u l i c   c y l i n d e r  

( 9 )  t o   c a u s e  s a i d   cam  means   (15)   t o  a c t .  



14.  In   an  a p p a r a t u s   r e c i t e d   in  c l a i m   13 ,   t h e  

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

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

s a i d   p r e s s i n g   r o l l e r s   ( 1 2 )   a t   e q u a l   i n t e r v a l s  

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

and  t h a t   t h e y   a r e   made  f r e e   to   i d l y   r o t a t e .  

15.  In   an  a p p a r a t u s   r e c i t e d   in   c l a i m   14 ,   t h e  

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

c h a r a c t e r i z e d   in   t h a t   s a i d   d r i v i n g   means  ( 5 )   i s  

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

p i e c e   ( 2 ) .  

16.  In   an  a p p a r a t u s   r e c i t e d   in  c l a i m   1 4 ,  t h e  

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

c h a r a c t e r i z e d   in   t h a t   s a i d   d r i v i n g   means  (5 )   i s  

c o n s t r u c t e d   to   r o t a t e   o n l y   t he   p r e s s i n g   h e a d   ( 6 a )   o f  

s a i d   p r e s s i n g   means   ( 6 ) .  



17.   In   an  a p p a r a t u s  r e c i t e d   i n   c l a i m   14,   t h e  

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

c h a r a c t e r i z e d   i n   t h a t  s a i d   d r i v i n g  m e a n s   (5 )   i s  

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

and  p r e s s i n g   h e a d   ( 6 a )   o f  p r e s s i n g   means   (6 )   i n  

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

18 .   In   an  a p p a r a t u s   r e c i t e d   i n   c l a i m   14,   t h e  

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

c h a r a c t e r i z e d   i n   t h a t   s a i d   d r i v i n g   means   (5)   i s  

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

and  p r e s s i n g   h e a d  ( 6 a )   of   p r e s s i n g   means   (6)   i n   one  a n d  

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

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

19.  In   an  a p p a r a t u s   r e c i t e d  i n  c l a i m   15,   t h e  

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

c h a r a c t e r i z e d   i n   t h a t   s a i d   d r i v i n g   means   (5 )   i s  

c o n s t r u c t e d   w i t h   a  m e t a l  m o l d  ( 1 )   f o r - t h e   c e n t r i f u g a l  

c a s t i n g   and  w i t h  a t  l e a s t   a  d r i v i n g   r o l l e r   (3 )   and  a n  

e l e c t r i c   m o t o r   ( 4 )   c o n n e c t e d   t h e r e t o .  



20.   In  an  a p p a r a t u s   r e c i t e d   i n   c l a i m   19,  t h e  

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

c h a r a c t e r i z e d   i n   t h a t   w i t h   r e s p e c t   to   t h e   s a i d   p r e s s i n g  

r o l l e r   ( 12 )   t h e r e   a r e   f o r m e d :   a  p l a i n   s u r f a c e   ( 1 2 a )  

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

t h e   s u r f a c e ,   s l a n t   s u r f a c e s   ( 1 2 b ) .  

21.  In  an  a p p a r a t u s   r e c i t e d   i n   c l a i m   19,  t h e  

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

c h a r a c t e r i z e d   i n   t h a t   t h e   s a i d   p r e s s i n g   r o l l e r   ( 1 2 )   i s  

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

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

22.  In  an  a p p a r a t u s   r e c i t e d   i n   c l a i m   20,  t h e  

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

c h a r a c t e r i z e d   in   t h a t   s a i d   cam  means   (15)   i s   c o n s t r u c t e d  

w i t h :   a  cam  s u r f a c e   ( 1 3 a )   f o r m e d   on  s u p p o r t e r   m e m b e r ( s )  

( 1 3 )   s u p p o r t i n g   t h e   s a i d   p r e s s i n g   r o l l e r s   ( 1 2 ) ;   and  a  

t a p e r   p o r t i o n   ( l l a )   f o r m e d   on  t i p   p o r t i o n   of  a  p i s t o n  

rod   (11 )   of  t h e   s a i d   o i l   h y d r a u l i c   c y l i n d e r   ( 9 ) .  



23.   I n   an  a p p a r a t u s   r e c i t e d   i n   c l a i m   22,   t h e  

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

c h a r a c t e r i z e d   i n   t h a t   i n   t h e   s a i d   p r e s s i n g   b e a d   ( 6 a )  

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

s p r i n g   ( 1 6 )   b e t w e e n   t h e   s u p p o r t e r   m e m b e r   ( 1 3 )   of  t h e  

s a i d   p r e s s i n g   r o l l e r s   ( 1 2 )   and   t h e   p r e s s i n g   h e a d   ( 6 a )  

p r o p e r .  

24 .   I n   an  a p p r a t u s   r e c i t e d   i n   c l a i m   13  or   23,   t h e  

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

c h a r a c t e r i z e d   i n   t h a t   s a i d   p r e s s i n g  m e a n s   ( 6 )   i s   f u r t h e r  

e q u i p p e d   w i t h   a  t r a v e l - c a u s i n g   a p p a r a t u s   ( 6 c ) .  

25.   I n   an  a p p a r a t u s   r e c i t e d   i n   c l a i m   24,   t h e  

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

c h a r a c t e r i z e d   i n   t h a t   t h e   s a i d   t r a v e l - c a u s i n g   a p p a r a t u s  

( 6 c )   i n c l u d e s   an  o i l   h y d r a u l i c   c y l i n d e r   ( 1 9 )   and  a  

p i s t o n   r o d   ( 2 0 )   and  t h a t   o n e  e n d   of   t h e   p i s t o n   rod   ( 2 0 )  

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

u n i t   ( 6 b ) .  



26.   In  an  a p p a r a t u s   r e c i t e d   i n   c l a i m   13,   t h e  

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

c h a r a c t e r i z e d   in   t h a t   t h e   s a i d   p r e s s i n g   r o l l e r ( s )   ( 1 2 )  

i s / a r e   c o n s t r u c t e d   to   be  f o r c i b l y   d r i v e n   i n t o   r o t a t i o n .  










	bibliography
	description
	claims
	drawings
	search report

