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Vertical  type  pressure  casting  method. 
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The  gist  of  the  construction,  casting  conditions  and 
program  for  a  casting  method  capable  of  attaining  the  above 
object  of  the  present  invention  resides  in  a  method  compris- 
ing  the  steps  of  closing  gates  (4)  with  a  counter  tip  (7)  after 
lower  and  upper  molds  (1,  2)  heated  to  a  predetermined 
temperature  have  been  clamped,  pouring  melt  into  a  sleeve 
(5)  in  which  a  plunger  tip  is  lifted  a  predetermined  distance, 
lowering  the  plunger  tip  (9)  while  displacing  the  counter  tip 
to  a  predetermined  position  to  open  the  gates,  which  are 
formed  such  that  the  ratio  of  the  volume  of  products  to  the 
cross-sectional  area  of  the  gates  is  20-40  (the  volume  of 
products/cross-sectional  area  of  gates  =  20-40),  to  allow 
the  melt  to  flow  into  cavities  (3)  via  the  gates  by  the  force 
of  gravity  alone  with  the  plunger  tip  reaching  the  upper 
surface  of  the  melt  (15)  the  moment  a  percentage  of  the  melt 
placed  in  the  cavities  has  reached  a  value  between  20  and 
70%,  and  pressure-filling  the  cavities  with  the  melt  by  the 
plunger  tip  with  the  melt  passing  through  the  gates  at 
0.4-0.8  m/sec. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  t he   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   t o  a   v e r t i c a l   t y p e  

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

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

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

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

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

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

t h e   g a t e s   and  a l l o w   t h e   m e l t   to  f l o w   i n t o   t he   c a v i t i e s   b y  

t he   f o r c e   of   g r a v i t y ,   and  t h e r e a f t e r   p r e s s u r e - f i l l i n g   t h e  

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

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

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

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

t i p   r e a c h e s   t he   m e l t   in   t he   s l e e v e   to  open   the   g a t e s   t o  

t h e   c a v i t i e s   and  a l l o w   t h e   m e l t   to  f l o w   i n t o   t h e   c a v i t i e s  

by  the   f o r c e   of   g r a v i t y ,   and  t h e r e a f t e r   p r e s s u r i z i n g   t h e  

m e l t   to  f i l l   t h e   c a v i t i e s ,   t he   m e l t   b e i n g   t h u s   i n j e c t e d  

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

p r e v e n t   gas  f rom  b e i n g   s u c k e d   t h e r e i n ,   t he   c r o s s - s e c t i o n a l  

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

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



is  20-40  ( v o l u τ e  o f   p roduc t s   ( c m 3 ) / c r o s s - s e c t i o n a l   a r e a  o f   ga tes   (cm2) 

=  2 0 - 4 0 ) ,   t he   s p e e d   of  t he   p l u n g e r   t i p   and  the   l e n g t h   o f  

t ime   b e t w e e n   c o m m e n c i n g   the   d o w n w a r d   m o v e m e n t   of   t h e  

p l u n g e r   t i p   and  o p e n i n g   t he   g a t e s   b e i n g   s e t   to   an  o p t i m u m  

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

mo lds   and  m e l t ,   a  p e r c e n t a g e   of   t h e   m e l t   to  be  f ed   i n t o   t h e  

c a v i t i e s   by  the   f o r c e   of  g r a v i t y   b e f o r e   t h e   p l u n g e r   t i p  

r e a c h e s   t he   m e l t   in   t he   s l e e v e   b e i n g   s e t   to   2 0 - 7 0 , i f   t h e  

p lunger   t i p   does  not  move  the  p e r c e n t a g e   of  the  melt  which  is  to  f l o w  

in to   the  c a v i t i e s   by  the  force   of  g r a v i t y   alone  being  se t   to  not  l e s s   t h a n  

30%,  t h e   s p e e d   of   t he   m e l t   t h r o u g h   t he   g a t e s   when  p r e s s u r e -  

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

0 . 4 - 0 . 8   m / s e c .  

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

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

p r o d u c t s .   Among  t h e s e ,   c a s t   p r o d u c t s   of   a  l i g h t   a l l o y   s u c h  

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

c a s t i n g ,   l o w - p r e s s u r e   c a s t i n g   and  p r e s s u r e   die  c a s t i n g .  

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

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

and  the   p r o d u c t i v i t y   c a n n o t   be  i m p r o v e d .  

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

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

h o l e s   o c c u r   in  i t   in   t he   s o l i d i f y i n g   s t e p .   C o n s e q u e n t l y ,  



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

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

t i v i t y .  

In  p r e s s u r e   die  c a s t i n g ,   the  s l e e v e - c h a r g i n g   p e r c e n t a g e   is  50 -   70,  

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

p r e s s u r e   a t   a  h i g h   r a t e .   A c c o r d i n g l y ,   t he   gas  in  c e r t a i n  

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

the   c a v i t i e s   i s   l i a b l e   to  mix  w i t h   t he   m e l t ,   d e c r e a s i n g   t h e  

r e l i a b i l i t y   of   t he   q u a l i t y   of   t he   p r o d u c t s .  

Wi th   a  v i ew  to  e l i m i n a t i n g   t h e   a b o v e - m e n t i o n e d   i n c o n -  

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

d e v e l o p e d ,   w h i c h   has   a  s l e e v e - c h a r g i n g   p e r c e n t a g e   of  1 0 0 ,  

and  in  w h i c h   the   m e l t   i s   p r e s s u r i z e d   w i t h o u t   m i x i n g   w i t h  

gas  in   t he   g a t e s   and  c a v i t i e s .   H o w e v e r ,   t h i s   c a s t i n g   m e t h o d  

a l s o   has   some  p r o b l e m s   w h i c h   have   n o t   y e t   b e e n   c o m p l e t e l y  

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

q u a l i t y   p r o d u c t s ,   n a m e l y   the   c a s t i n g   c o n d i t i o n s   and  a  c a s t i n g  

p r o g r a m   in  r e l a t i o n   to  t he   c a s t i n g   m e c h a n i s m .   T h u s ,   t h e  

a d v a n t a g e s   of   t h i s   c a s t i n g   m e t h o d   c a n n o t   be  u t i l i z e d   e f f e c t -  

i v e l y .  

SUMMARY  OF  THE  INVENTION 

An  o b j e c t   of  t he   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 n  

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

b e e n   d e v e l o p e d   in  v iew  of  the   p r o b l e m s   w i t h   t he   a b o v e -  

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



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

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

p l a y   to   i t s   f u n c t i o n s .   The  c a s t i n g   c o n d i t i o n s   i n c l u d e   t h e  

s p e e d   of  t he   p l u n g e r   and  the   t e m p e r a t u r e s   of  t h e   m o l d s   a n d  

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

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

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

to  t he   p r e s e n t   i n v e n t i o n   b e i n g   s e t   to  l e v e l s   in   o p t i m u m  

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

h i g h - q u a l i t y   p r o d u c t s   can  be  c a s t .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  a c c o m p a n y i n g   d r a w i n g s   show  an  e m b o d i m e n t   o f   t h e  

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

F i g .   1  i s   a  s c h e m a t i c   d i a g r a m   of   a  v e r t i c a l   t y p e   p r e s -  

s u r e   c a s t i n g   a p p a r a t u s ;  

F i g s .   2,  3  and  4  i l l u s t r a t e   t h e   p r o c e s s   f o r   p o u r i n g  

t he   m e l t   t h r o u g h   g a t e s   i n t o   c a v i t i e s ;  

F i g .   5  i s   a  d i a g r a m   i l l u s t r a t i n g   the   r e l a t i o n   b e t w e e n  

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

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

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

by  a  c o u n t e r - t i p ;   a n d  

F i g .   6  i s   a  g r a p h   s h o w i n g   p e r c e n t a g e s   of   i n f e r i o r  

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



DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

An  e m b o d i m e n t   of   t he   p r e s e n t   i n v e n t i o n   w i l l   now  b e  

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

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

l o w e r   mold  1  and  an  u p p e r   mold  2  a re   c l a m p e d   t o g e t h e r   t o  

fo rm  c a v i t i e s   3,  3.  G a t e s   4  f o r   t h e   c a v i t i e s   3,  3  f a c e  

the   i n t e r i o r   of   a  s l e e v e   5.  A  c o u n t e r - t i p   7  c o n n e c t e d   to  a  

h y d r a u l i c   c y l i n d e r   6,  and  a  p l u n g e r   t i p   9  c o n n e c t e d   to  a  

h y d r a u l i c   c y l i n d e r   8  a r e   p r o v i d e d   o p p o s i n g   e a c h   o t h e r   i n  

l o w e r   and  u p p e r   p o s i t i o n s ,   r e s p e c t i v e l y ,   in   t he   s l e e v e   5 

s u c h   t h a t   t h e   c o u n t e r - t i p   7  and  p l u n g e r   t i p   9  can  be  m o v e d  

up  and  down  t h e r e i n .   A  s o l e n o i d   in   a  c h a n g e r - o v e r   v a l v e   10 

c o n n e c t e d   to   h y d r a u l i c   c y l i n d e r   6  i s   c o n t r o l l e d   by  a  l i m i t  

s w i t c h   12  w i t h   r e s p e c t   to  a  dog  p r o v i d e d   on  the   rod   o f  

p l u n g e r   t i p   9 .  

The  m e l t   15  i s   p o u r e d   f rom  a  m e l t   i n l e t   p o r t   13  i n t o   t h e  

s l e e v e   5  by  a  l a d l e   1 4 .  

The  above   a p p a r a t u s   i s   d e s i g n e d   so  t h a t   t h e   r a t i o   of   t h e  

volume  (an3)  of  the  p roduc t   to  the  c r o s s - s e c t i o n a l   area  (cm2)  of  t h e  

g a t e s   4,  w h i c h   i s   one  of   t he   c o n s t r u c t i o n   p a r a m e t e r s   of   t h e  

a p p a r a t u s ,   i s   2 0 - 4 0 .  

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

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

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

t i p   9  i s   moved  d o w n w a r d   to  l o w e r   t he   c o u n t e r - t i p   7  t h r o u g h  



t he   dog  11  and  l i m i t   s w i t c h   12.  The  r e l a t i o n   b e t w e e n   t h e  

s p e e d   V  m / s e c   a t   w h i c h   the   p l u n g e r   t i p   9  moves  d o w n w a r d   a n d  

the   l e n g t h   of   t i m e   T  s e c   f rom  the   c o m m e n c e m e n t   of   t h e  

d o w n w a r d   m o v e m e n t   of   t he   p l u n g e r   t i p   9  to  t h e   o p e n i n g   o f  

t h e   g a t e s   4  by  the   c o u n t e r   t i p   7,  i s   s e t   to  an  o p t i m a l   v a l u e  

w i t h   r e f e r e n c e   to   t h e   i n f o r m a t i o n   shown  in   F i g .   5.  N a m e l y ,  

t h e   s p e e d ,   a t   w h i c h   t he   p l u n g e r   t i p   moves  down  i s   s e t   to  a  

l e v e l   b e t w e e n   t h e   u p p e r   l i m i t   l e v e l   in   an  u p p e r   l i m i t   s p e e d  

c u r v e   R1,  a b o v e   w h i c h   t h e   p l u n g e r   t i p   9  moves  down  too   f a s t  

and  r e a c h e s   t he   u p p e r   s u r f a c e   of   t he   m e l t   15  in   t h e   s l e e v e  

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

4  h a v e   b e e n   o p e n e d   by  t h e   c o u n t e r   t i p   7,  and  a  l o w e r   l i m i t  

l e v e l   in   a  l o w e r   l i m i t   s p e e d  c u r v e   R2,  above   w h i c h   t h e  

p l u n g e r   t i p   9  r e a c h e s   t he   u p p e r   s u r f a c e   of  t h e   m e l t   15  i n  

the   s l e e v e   5  a f t e r   t h e   g a t e s   4  h a v e   b e e n   f u l l y   o p e n e d   b y  

the   c o u n t e r   t i p   7  a l l o w i n g   t h e   m e l t   15  to  f l o w   i n t o   t h e  

c a v i t i e s   by  the   f o r c e   of  g r a v i t y   u n t i l   t he   f l ow  of   m e l t  h a s  

s t o p p e d ,   w h e r e b y   t h e   m e l t   15  can  be  f e d   to   t he   c a v i t i e s  

c a l m l y   and  c o n t i n u o u s l y   a t   a  low  r a t e .  

A c c o r d i n g   to  t he   e x p e r i m e n t a l   r e s u l t s ,   t h e   p e r c e n t a g e  

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

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

c o n d i t i o n s   i s   as  shown  in  t h e   d a t a   in   F i g .   5 .  

A:  no t   l e s s   t h a n   90%  B:  5 0 - 9 0 %  

C:  20-50%  D:  n o t   more  t h a n   20% 



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

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

the  downward   m o v e m e n t   of  t h e   p l u n g e r   and  t he   o p e n i n g   o f  t h e  

g a t e s   can  a l s o   be  s e t   d i f f e r e n t l y   by  v a r y i n g   n o t   o n l y   t h e  

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

of   t he   mo lds   and  m e l t .  

A f t e r   t he   c r o s s - s e c t i o n a l   a r e a   of  the   g a t e s   and  t h e  

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

the   p e r c e n t a g e   of   t he   m e l t   to  be  fed   i n t o   t he   c a v i t i e s   b y  

the   f o r c e   of  g r a v i t y   b e f o r e   t he   p l u n g e r   t i p   9  r e a c h e s   t h e  

u p p e r   s u r f a c e   of  t h e   m e l t   15  in   t he   s l e e v e   5  i s   s e t   to  2 0 - 7 0 ,  

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

of  the   m e l t   to  t he   c a v i t i e s   by  the   f o r c e   of  g r a v i t y   to  n o t  

l e s s   t h a n   0 .1   m / s e c   w i t h   t he   s p e e d   of   t he   m e l t   t h r o u g h   t h e  

g a t e s   when  p r e s s u r e - f i l l i n g   the   c a v i t i e s   u s i n g   t he   p l u n g e r  

t i p   9  s e t   to  0 . 4 - 0 . 8   m / s e c .  

The  molds   a r e   c l a m p e d   as  shown  in  F i g .   1  w i t h   t h e  

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

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

6  i s   a c t u a t e d   to  c l o s e   t he   g a t e s   4  w i t h   the   c o u n t e r - t i p   4 .  

The  h y d r a u l i c   c y l i n d e r   8  i s   t h e n   a c t u a t e d   to  s e t   t he   p l u n g e r  

t i p   9  to  an  i n i t i a l   a t t i t u d e   p o s i t i o n .  

A  p r e d e t e r m i n e d   a m o u n t   of   m e l t   15  i s   t h e n   poured  f r o m  

a  m e l t   i n l e t   p o r t   13  i n t o   t h e   s l e e v e   5,  and  a  b u t t o n  f o r   a  

c o n t r o l   u n i t   ( n o t   shown)  i s   p r e s s e d   to  a c t u a t e   t h e   h y d r a u l i c  

c y l i n d e r   8  to  s t a r t   t h e   c a s t i n g   o p e r a t i o n   in   a c c o r d a n c e   w i t h  



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

F i r s t ,   when  t h e   p l u n g e r   t i p   9  s t a r t s   b e i n g   m o v e d  

downward   a t   a  p r e d e t e r m i n e d   s p e e d   w i t h   t he   dog  11  c o m i n g  

i n t o   c o n t a c t   w i t h   the   l i m i t   s w i t c h   12,  t h e   c o u n t e r - t i p   7 

is   moved  d o w n w a r d   a t   a  p r e d e t e r m i n e d   t i m e   by  o p e r a t i o n   o f  

the   c h a n g e - o v e r   v a l v e   10  b e f o r e   t h e   p l u n g e r   t i p   9  h a s  

r e a c h e d   t h e   u p p e r   s u r f a c e   of  t he   m e l t   15  in  t h e   s l e e v e   5 

as  shown  in   F i g .   2,  in   a c c o r d a n c e   w i t h   t he   r e l a t i o n   b e t w e e n  

t he   s e t   s p e e d   and  t i m e   shown  in  F i g .   5,  to  open   t h e   g a t e s  

4.  The  m e l t   15  t h e n   s t a r t s   f l o w i n g   f rom  t he   g a t e s   4  i n t o  

t h e   c a v i t i e s   3  by  t h e   f o r c e   of   g r a v i t y .  

A f t e r   a  p r e d e t e r m i n e d   p e r i o d   of   t i m e   has   p a s s e d ,   t h e  

p l u n g e r   t i p   9  r e a c h e s   t h e   u p p e r   s u r f a c e   of   t h e   m e l t   15  

( w h i c h   i s ,   of  c o u r s e ,   f l o w i n g   i n t o   t he   c a v i t i e s   by  t h e  

f o r c e   of  g r a v i t y )   in   t he   s l e e v e   5.  At  t h i s   t i m e ,   t h e  

p e r c e n t a g e   of   t h e   m e l t   p l a c e d  i n   t h e   c a v i t i e s   i s   2 0 - 7 0   a s  

m e n t i o n e d   a b o v e .  

The  m e l t - f e e d i n g   by  t he   f o r c e   of   g r a v i t y   i s   t h e n  

c h a n g e d   to   p r e s s u r e - f i l l i n g   as  shown  in   F i g .   4.  The  s p e e d  

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

t h e   p l u n g e r   t i p   9  i s   s e t   to  0 . 4 - 0 . 8   m / s e c   as  m e n t i o n e d  

a b o v e .  

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

to  t he   p r e s e n t   i n v e n t i o n ,   t h e   m e l t   15  in   t h e   s l e e v e   5  i s  

f ed   i n t o   t h e   c a v i t i e s   by  i t s   own  w e i g h t ,   i . e .   by  t h e   f o r c e  

of   g r a v i t y ,   in   the   i n i t i a l   s t a g e ,   and  u n d e r   p r e s s u r e   b y  



t he   p l u n g e r   t i p   9  b e f o r e   the   g r a v i t y - f e e d i n g   o p e r a t i o n   h a s  

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

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

c o n d i t i o n s   and  program,  the  melt   15  f i l l s   the  c a v i t i e s   3  r e l a t i v e  

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

gas  to  e n t e r   the  m e l t .  

When  t he   r a t i o   of   t he   v o l u m e   (cm3)  of  p roduc t s   at  the  g a t e s  

4  to  t h e   c r o s s - s e c t i o n a l   a r e a   (an2)  of  the  ga tes   is  l e s s   than  20 ,  

t he   m e l t   f l o w s   i n t o   t he   c a v i t i e s   by  i t s   own  w e i g h t   t o o  

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

t h e   o p t i m u m   r a n g e   i s   n a r r o w .   When  t h i s   r a t i o   e x c e e d s   4 0 ,  

t h e   i n j e c t i o n   of   t he   m e l t   i n t o   t h e   c a v i t i e s   by  t h e   f o r c e   o f  

g r a v i t y   p r o g r e s s e s   too   s l o w l y ,   and  t h e   p e r c e n t a g e   of  m e l t  

p u t   in   t he   c a v i t i e s   by  t he   f o r c e   of  g r a v i t y   b e c o m e s   l o w ,  

so  t h a t   t h e   m e l t  w h i c h   has   p a s s e d   t h r o u g h   the   g a t e s   i s   d i s -  

o rde red ,   caus ing  gas  to  mix  the  melt   and  cold  shut  to  o c c u r .  

When  a  p o i n t   r e p r e s e n t i n g   the   r e l a t i o n   b e t w e e n   t h e  

s p e e d   of   p l u n g e r   t i p   9  and  t h e   l e n g t h   o f   the   p e r i o d   of   t i m e  

b e t w e e n   the   c o m m e n c e m e n t   of  a  d o w n w a r d   m o v e m e n t   of  t h e  

p l u n g e r   t i p   9  and  t h e   o p e n i n g   of   t h e   g a t e s   by  t he   c o u n t e r -  

t i p   7  i s   a b o v e   t h e   maximum  s p e e d   c u r v e   shown  in   F i g .   5,  t h e  

p r e s s u r e - f i l l i n g   o p e r a t i o n   s t a r t s   too   e a r l y   as  m e n t i o n e d  

b e f o r e .   When  t h i s   p o i n t   i s   b e l o w   t he   minimum  s p e e d   c u r v e ,  

the  f i l l i n g   of  the  melt   by  the  force  of  g r a v i t y   s tops ,   be fo re   the  p r e s s u r e -  

f i l l i n g   o p e r a t i o n   s t a r t s .   E i t h e r   of  these   cases  y i e l d s   d e f e c t i v e   c a s t  

p r o d u c t s .  



When  a  g r a v i t y - f e e d i n g   o p e r a t i o n   i s   s h i f t e d   to  a  

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

the  c a v i t i e s   r e l a t i v e   smoothyl ,   q u i e t l y ,   at  a  low  r a t e ,   and  in  a  

c o n t i n u o u s   m a n n e r .   When  the   p e r c e n t a g e   of   t he   m e l t   w h i c h  

f l o w s   i n t o   t h e  c a v i t i e s   by  the   f o r c e   of  g r a v i t y ,   a  g r a v i t y -  

f e e d i n g   p e r c e n t a g e ,   i s   l o w e r   t h a n   20,  t h e   p r e s s u r e - f i l l i n g  

o p e r a t i o n   s t a r t s   too   e a r l y .   When  t h i s   p e r c e n t a g e   e x c e e d s  

70,  t he   g r a v i t y - f e e d i n g   o p e r a t i o n   i s   c a r r i e d   o u t   e x c e s s i v e l y .  

T h e r e f o r e ,   in   e i t h e r   of  t h e s e   c a s e s ,   t h e   g r a v i t y - f e e d i n g  

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

t i o n   i m m e d i a t e l y   and  s m o o t h l y ,   so  t h a t   gas  mix  the  melt   and  

cold  shut  o c c u r s .  

When  t h i s   c a s t i n g   a p p a r a t u s   i s   d e s i g n e d   so  t h a t ,   a  

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

g r a v i t y - f e e d i n g   o p e r a t i o n  o n l y ,   i . e .   the  melt  flows  in to   t h e  

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

m e l t   to  be  p l a c e d   in   t h e   c a v i t i e s   by  the   f o r c e   of  g r a v i t y  

is  s e t   to  a t   l e a s t   30  and  t h e n   p r e s s u r e   f i l l i n g   i s   c o n d u c t e d  

s u p p l e m e n t a r i l y .   When  the   p e r c e n t a g e   of   m e l t   to  be  p l a c e d  

in  t he   c a v i t i e s   by  the   f o r c e   of  g r a v i t y   i s   s e t   in   t h i s  

m a n n e r ,   gas  can  be  p r e v e n t e d   f rom  e n t e r i n g   the   p r o d u c t s .  

C o n s e q u e n t l y ,   when  the   c a s t i n g   a p p a r a t u s   i s   d e s i g n e d  

so  t h a t   the   p e r c e n t a g e   of  m e l t   to  f low  i n t o   t h e   c a v i t i e s   b y  

the   f o r c e   of   g r a v i t y   o n l y   i s   b e l o w   30,  t h e   p r e s s u r e - f i l l i n g  

o p e r a t i o n   is  c o n d u c t e d   e x c e s s i v e l y .   In  t h i s   c a s e ,   n o  

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



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

the   p r e s s u r e - f i l l i n g   o p e r a t i o n   i s   b e l o w   0.4  m / s e c ,   t h e  

m e l t   does   no t   f low  in  a  s a t i s f a c t o r y   m a n n e r ,   and  when  t h i s  

s p e e d   e x c e e d s   0 .8   m / s e c ,   a  gas  e n t e r s   t h e   m e l t .  

A  c o m p a r i s o n   b e t w e e n   the   r e s u l t s   in   d i f f e r e n t   m o d e s  

M  of   c a s t i n g   m e t h o d s ,   n a m e l y   a  c o n v e n t i o n a l   m e t h o l d   L   o f  

d i e   c a s t i n g   and  a  m e t h o d   L2  u s e d   in   an  e x p e r i m e n t   c o n d u c t e d  

in  a c c o r d a n c e   w i t h   t he   a b o v e   e m b o d i m e n t   of   the   p r e s e n t  

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

a  p e r c e n t a g e   F  of  i n f e r i o r   p r o d u c t s   due  to  t he   l e a k a g e   o f  

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

to  p a s s   an  X - r a y   i n s p e c t i o n ,   shows  as  i s   c l e a r   f rom  F i g .   6 

t h a t   t h e   p e r c e n t a g e s   F,  G  in  the   m e t h o d   Ll  a r e   f a r   h i g h e r  

t h a n   t h o s e   in   t he   m e t h o d   L2,  t he   c a s t i n g   m e t h o d   a c c o r d i n g  

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

p r o d u c t s .  

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

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

and  i t   has   e x c e l l e n t   e f f e c t .  

M o r e o v e r ,   t h e   c a s t i n g   c o n d i t i o n s   and  p r o g r a m   can  be  s e t  

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

e x p e r i m e n t s   and  m o d i f y i n g   the   m e t a l   m o l d s   can  be  r e d u c e d   t o  

a  r e m a r k a b l e   e x t e n t .  

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

r a t i o   of   v o l u m e   (cm3)  of  p roduc t s   to  a  c r o s s - s e c t i o n a l   area   o f  

t he   g a t e s   (cm2)  is  20-40,  gas  does  not  mix  in  the  mel t ,   a n d  



no  c o l d   s h u t   o c c u r s .   T h e r e f o r e ,   f a u l t l e s s   p r o d u c t s   can  b e  

o b t a i n e d .  

The  s p e e d   a t   w h i c h   the   p l u n g e r   t i p   i s   moved  down  u n t i l  

t he   c o u n t e r - t i p   is   d i s p l a c e d   to  open   the   g a t e s   i s   s e t   to  a n  

o p t i m u m   l e v e l   w h i c h   makes   t he   p l u n g e r   t i p   to  r e a c h   t h e  

u p p e r   s u r f a c e   of  t he   m e l t   in   t he   s l e e v e   b e t w e e n   the   t i m e  

t he   m e l t   s t a r t s   f l o w i n g   i n t o   t he   c a v i t i e s   by  the   f o r c e   o f  

g r a v i t y ,   and  the   t i m e ,   a t   w h i c h   the   g r a v i t y - f e e d i n g   of   t h e  

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

s a t i s f a c t o r y   p r o d u c t s   can  be  o b t a i n e d .  

When  the   c a s t i n g   p r o g r a m ,   in   w h i c h   a  p e r c e n t a g e   of  t h e  

m e l t   to  be  p l a c e d   in   t he   c a v i t i e s   by  t he   force   of  g r a v i t y  o n l y  

is   s e t   to  no t   l e s s   t h a n   30%,  i s   p r e p a r e d   e x p e r i m e n t a l l y  

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

c a v i t i e s   by  the   f o r c e   of   g r a v i t y   b e f o r e   t h e   p l u n g e r   t i p  

r e a c h e s   t he   u p p e r   s u r f a c e   of   t he   m e l t   in   t he   s l e e v e   i s   2 0 - 7 0 ,  

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

force   of  g r a v i t y   can  be  s h i f t e d   r e l a t i v e   smoothly,   q u i e t l y ,   at  a  low 

r a t e   and  in  a  c o n t i n u o u s   m a n n e r   to  an  o p e r a t i o n   f o r  

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

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

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

the   p r e s s u r e - f i l l i n g   o p e r a t i o n   i s   s e t   to  0 . 4 - 0 . 8   m / s e c ,   g a s  

does   no t   e n t e r   t h e   c a v i t i e s ,   and  t h e   m e l t   can  be  p u t   in   t h e  

c a v i t i e s   in   a  d e s i r e d   m a n n e r   as  m e n t i o n e d   a b o v e .  



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

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

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

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

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

i n t o   s a i d   c a v i t i e s   v i a   s a i d   g a t e s   by  t he   f o r c e   of   g r a v i t y ,  

and  t h e r e a f t e r   p r e s s u r i z i n g   t he   m e l t   in   s a i d   s l e e v e   b y  

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

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

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

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

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

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

s a i d   g a t e s   i s   s e t   to  a  s p e e d   b e t w e e n   the   s p e e d   a t   w h i c h  

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

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

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

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

f o r c e   of  g r a v i t y   a l o n e .  

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

to  C l a i m   1,  w h e r e i n   s a i d   g a t e s   a r e   f o r m e d   in   s u c h   a  

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



c r o s s - s e c t i o n a l   a r e a   of  s a i d   g a t e s   i s   20 -40   ( v o l u m e   o f  

p r o d u c t s   ( c m 3 ) / c r o s s - s e c t i o n a l   area  (cm2)  =  20-40) ,   i f   the  p lunger   t i p  

does  not  move  the  p e r c e n t a g e   of  melt  to  flow  in to   said  c a v i t i e s   by  t h e  

force   of  g r a v i t y   a lone  is  set   to  not  l e s s  t h a n   30,  the  p e r c e n t a g e   of  t h e  

m e l t   to  be  f ed   i n t o   s a i d   c a v i t i e s   by  the   f o r c e   of  g r a v i t y  

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

is   s e t   to  2 0 - 7 0 ,   t h e   s p e e d   of  t he   m e l t   t h r o u g h   s a i d   g a t e s  

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

p l u n g e r   t i p   i s   s e t   to  0 . 4 - 0 . 8   m / s e c .  

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

to  C l a i m   1  or  2,  w h e r e i n   t he   s p e e d   of  the   m e l t   t h r o u g h  

s a i d   g a t e s   d u r i n g   the   f e e d i n g   of   t he   m e l t   i n t o   s a i d  

c a v i t i e s   by  t h e   f o r c e   of  g r a v i t y   is  s e t   to  n o t   l e s s   t h a n  

0 .1   m / s e c .  

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

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

a f t e r   mo lds   have   b e e n   c l a m p e d ,   p o u r i n g   m e l t   i n t o   a  s l e e v e  

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

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

f low  i n t o   s a i d   c a v i t i e s   t h r o u g h   s a i d   g a t e s   by  t h e   f o r c e   o f  

g r a v i t y ,   and  t h e r e a f t e r   p r e s s u r i z i n g   the   m e l t   in   s a i d  

s l e e v e   b y  m o v i n g   s a i d   p l u n g e r   t i p   downward   to  f i l l   s a i d  

c a v i t i e s   w i t h   s a i d   m e l t ,   c h a r a c t e r i z e d   in  t h a t   a  c a s t i n g  

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



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

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

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

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

o p e n i n g   of  s a i d   g a t e s   s e t   to  a  s p e e d   b e t w e e n   t he   s p e e d   a t  

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

the   t ime   s a i d   g a t e s   h a v e   b e e n   o p e n e d   by  s a i d   c o u n t e r - t i p ,  

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

t h e   moment   t he   m e l t   s t o p s   f l o w i n g   i n t o   s a i d   c a v i t i e s   b y  

t he   f o r c e   of  g r a v i t y   a l o n e ;   f o r m i n g   s a i d  g a t e s   in   s u c h   a  

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

c r o s s - s e c t i o n a l   a r e a   of  s a i d   g a t e s   i s   20 -40   ( v o l u m e   of  p r o -  

d u c t s   ( c m 3 ) / c r o s s - s e c t i o n a l   a r e a   ( c m 2 )  =   2 0 - 4 0 ) ;   and  p e r -  

m i t t i n g   n o t   l e s s   t h a n   30%  of  t h e   m e l t   to   f l o w   i n t o   s a i d   c a v i -  

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

to  be  f ed   i n t o   s a i d   c a v i t i e s   by  t h e   f o r c e   of  g r a v i t y   b e f o r e  

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

to  2 0 - 7 0 ,   and  t h e   s p e e d   of  t h e   m e l t   t h r o u g h   s a i d   g a t e s  

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

p l u n g e r   t i p   b e i n g   s e t   to  0 . 4 - 0 . 8   m / s e c .  






	bibliography
	description
	claims
	drawings
	search report

