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@  Method  of  consolidating  material  with  a  cast  pressure  transmitter. 

A  quantity  of  material  (10),  which  is  at  less  than  a  prede- 
termined  density,  such  as  powdered  metal,  is  disposed 
within  a  sealed  container  (12)  which  is,  in  turn,  encapsu- 
lated  in  a  pressure-transmitting  medium  (18)  which  is,  in  /&L 
turn,  placed  within  a  pot  die  (20)  of  a  press  where  it  is  re- 
strained  as  a  ram  (24)  enters  the  pot  die  (20)  and  applies 
pressure  to  the  pressure-transmitting  medium  (18)  to  den- 
sity  the  material  within  the  container  into  a  compact  of  a 
predetermined  density.  The  invention  is  characterized  by 
placing  the  container  (18)  with  the  powdered  metal  (10) 
therein  within  a  casting  mold  (16)  and  pouring  the  medium 
(18)  in  the  fluid  state  into  the  casting  mold  (16)  to  cast  the 
medium  completely  about  the  container  (12)  to  encapsulate 
the  container  (12).  After  casting,  the  medium  (18)  becomes 
rigid  so  as  to  retain  its  cast  configuration  while  being  re- 
moved  from  the  casting  mold  (16)  and  thereafter  for  being 
handled.  The  medium  (18),  when  subjected  to  pressure  , 
about  the  entire  exterior  thereof,  becomes  substantially 
fully  dense  and  incompressible  and  capable  of  plastic  flow 
at  least  just  prior  to  the  predetermined  densification  of  the 
compact.  The  densification  of  the  compact  occurs  by  hy- 
drostatic  pressure  being  applied  to  the  compact  through  the 
fluidic  medium.  In  most  instances  the  medium  (18),  the  con- 
tainer  (12)  and  the  material  (10)  are  heated  to  a  compaction 
temperature  prior  to  densification. 
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TECHNICAL  F I E L D  

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

t e r i a l   of  m e t a l l i c   and  n o n m e t a l l i c   p o w d e r   c o m p o s i t i o n s   a n d  

c o m b i n a t i o n s   t h e r e o f   to  fo rm  a  more   d e n s e   or  f u l l y   d e n s i -  

f i e d   c o m p a c t .  

BACKGROUND  ART 

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

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

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

t a i n e r .   P r e s s u r e   i s   t h e n   a p p l i e d   to  t h e   f i l l e d   and  s e a l e d  

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

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

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

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

I t   i s   w e l l   known  to  p l a c e   a  h e r m e t i c a l l y   s e a l e d   c o n -  

t a i n e r   w i t h   t h e   p o w d e r   t h e r e i n   in  an  a u t o c l a v e   or  h o t  

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

p r e s s u r e .  



B e c a u s e   of  t h e   e x p e n s e   and  l i m i t a t i o n s   of  an  a u t o -  

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

d e v e l o p m e n t s   made  w h e r e i n   t h e   p o w d e r   to  be  c o m p a c t e d   i s  

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

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

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

a m b i e n t   t e m p e r a t u r e s   0nd  a t   t h e   e l e v a t e d   c o m p a c t i o n  

t e m p e r a t u r e s ,   y e t   b e c o m e s   f l u i d i c   and  c a p a b l e   of  p l a s t i c  

f l o w   when  p r e s s u r e   i s   a p p l i e d   to  t h e   e n t i r e   e x t e r i o r  

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

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

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

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

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

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

t h e r e i n   may  be  p l a c e d   b e t w e e n   two  d i e s   of  a  p r e s s   w h i c h  

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

t e r i o r   of  t h e   p r e s s u r e - t r a n s m i t t i n g   m e d i u m .   T h e  

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

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

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

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

and ,   t h e r e f o r e ,   f r om  a l l   d i r e c t i o n s ,   i . e . ,   o m n i -  

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

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

n e t   s h a p e ,   i . e . ,   t h e   f i n a l   s h a p e   has   a  h i g h   d e g r e e   of  p r e -  

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

d i m e n s i o n s ,   a  l a r g e   mass   or  v o l u m e   of  t h e   p r e s s u r e -  

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

d e n s e   m a t e r i a l .   T h i s   has   b e e n   a c c o m p l i s h e d   by  f o r m i n g   t h e  

p r e s s u r e - t r a n s m i t t i n g   medium  of  two  p a r t s ,   s u c h   as  t w o  

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

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

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

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

w e l d i n g ,   or  t h e   l i k e .   A  p a s s a g e w a y   is   f o r m e d   l e a d i n g   t o  



t h e   c a v i t y   so  t h a t   t h e   c a v i t y   may  be  s u b j e c t e d   to   a  v a c u u m  
b e f o r e   b e i n g   f i l l e d   w i t h   t h e   p o w d e r e d   m e t a l ,   a f t e r   w h i c h  

t h e   p a s s a g e w a y   i s   h e r m e t i c a l l y   s e a l e d .  

SUMMARY  OF  THE  INVENTION  AND  ADVANTAGES 

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

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

c o m b i n a t i o n s   t h e r e o f   to   fo rm  a  d e n s i f i e d   c o m p a c t   of  a  p r e -  
d e t e r m i n e d   d e n s i t y   w h e r e i n   a  q u a n t i t y   of  s u c h   m a t e r i a l ,  

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

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

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

t h e r e i n .   The  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  c a s t i n g   a  

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

t a i n e r   to  e n c a p s u l a t e   t h e   c o n t a i n e r   in   t h e   medium  w i t h   t h e  

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

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

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

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

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

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

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

p r e s s u r e - t r a n s m i t t i n g   m e d i u m .  

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

t h e r e   a r e   no  r e q u i r e m e n t s   f o r   m a c h i n i n g   p r e c i s e   c a v i t i e s  

in  c o m p o n e n t s   w h i c h   l a t e r   a r e   m a t e d   t o g e t h e r   to  fo rm  t h e  

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

in  m a t i n g   t h e   c o m p o n e n t s   t o g e t h e r   to   f o rm  a  h e r m e t i c   s e a l .  

The  c o n t a i n e r   f o r   t h e   p o w d e r   may  be  c o n f i g u r e d   to   t h e  

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

by  s t a m p i n g ,   or  t h e   l i k e .   The  c o n t a i n e r   can   a l s o   b e  

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



r e a c t i v e   e l e m e n t s   w h i c h   may  be  in  t h e   p r e s s u r e - t r a n s -  

m i t t i n g   m e d i u m .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

O t h e r   a d v a n t a g e s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   b e  

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

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

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

w h e r e i n :  

FIGURE  1  i s   a  c r o s s - s e c t i o n a l   v i e w   of  a  c o n t a i n e r  

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

FIGURE  2  shows   t h e   c o n t a i n e r   of  FIGURE  1  d i s p o s e d   i n  

a  c a s t i n g   mold   w i t h   t h e   p r e s s u r e - t r a n s m i t t i n g   medium  c a s t  

t h e r e a b o u t ;   a n d  

FIGURE  3  i s   a  c r o s s - s e c t i o n a l   v i e w   of  t h e   p r e s s u r e -  

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

d e n s i f i c a t i o n   b e t w e e n   a  p o t   d i e   and  a  ram  of  a  p r e s s .  

DESCRIPTION  OF  THE  INVENTION 

The  s u b j e c t   i n v e n t i o n   may  be  u t i l i z e d   f o r   c o n s o l i d a -  

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

w e l l   as  c o m b i n a t i o n s   t h e r e o f ,   to   fo rm  a  more  d e n s e   o r  

f u l l y   d e n s i f i e d   c o m p a c t ,   i . e . ,   a  c o m p a c t   of  a  s e l e c t e d  

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

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

m a t e r i a l   of  m e t a l l i c   and  n o n m e t a l l i c   c o m p o s i t i o n s   and  c o m -  

b i n a t i o n s   t h e r e o f   to  fo rm  a  f u l l y   d e n s i f i e d   c o m p a c t   w h e r e -  

in   a  q u a n t i t y  o f   s u c h   m a t e r i a l ,   w h i c h   i s   l e s s   d e n s e   t h a n  

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

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

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

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

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

As  t h e   i n v e n t i o n   i s   i l l u s t r a t e d ,   a  q u a n t i t y   of  l e s s  

d e n s e   p o w d e r   10  f i l l s   a  t h i n - w a l l e d   c o n t a i n e r   12.  T h e  

c o n t a i n e r   is   e v a c u a t e d   by  a  v a c u u m   t h r o u g h   a  t u b e   14  a n d  



t h e n   i s   f i l l e d   w i t h   t h e   p o w d e r   10  u n d e r   vacuum  t h r o u g h   t h e  

t u b e   14.  A f t e r   f i l l i n g ,   t h e   t u b e   14  i s   s e a l e d   to  h e r m e t i -  

c a l l y   s e a l   t h e   c o n t a i n e r   12  w i t h   t h e   p o w d e r   10  u n d e r  

v a c u u m   t h e r e i n .   The  c o n t a i n e r   12  may  be  f i l l e d   and  s e a l e d  

in  a c c o r d a n c e   w i t h   t h e   t e a c h i n g s   of  a p p l i c a n t ' s   U . S .  

P a t e n t   4 , 2 2 9 , 8 7 2   g r a n t e d   O c t o b e r   28,  1980  and  a s s i g n e d   t o  

t h e   a s s i g n e e   of  t h e   s u b j e c t   i n v e n t i o n .   The  c o n t a i n e r   12  

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

a  f i l l   t u b e   14  e x t e n d i n g   u p w a r d l y   f r o m   t h e   t op   t h e r e o f .  

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

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

or  s h a p e   of  t h e   end  p a r t   or  c o m p a c t .  

The  c o n t a i n e r   12  w i t h   t h e   l e s s   d e n s e   p o w d e r   10  

t h e r e i n   i s   t h e n   p l a c e d   in   a  c a s t i n g   mold   16  w h e r e i n   a  

p r e s s u r e - t r a n s m i t t i n g   medium  18  i s   c a s t   a b o u t   t h e   c o n -  

t a i n e r   12  to  e n c a p s u l a t e   t h e   e n t i r e   c o n t a i n e r   12  and  t h e  

l e s s   d e n s e   p o w d e r   m a t e r i a l   10  t h e r e i n .   The  p r e s s u r e -  

t r a n s m i t t i n g   med ium  18  i s   s u f f i c i e n t l y   f l u i d   f o r   c a s t i n g  

so  as  to   be  p o u r e d   i n t o   t h e   c a s t i n g   mold   16.  T y p i c a l l y ,   a  

l a y e r   of  t h e   med ium  may  be  p o u r e d   i n t o   t h e   c a s t i n g   mold   16  

and  t h e n   t h e   c o n t a i n e r   12  p l a c e d  t h e r e o n   w i t h   t h e   r e -  

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

mold  to  c o m p l e t e l y   e n c a p s u l a t e   t h e   c o n t a i n e r   12.  T h e r e -  

a f t e r ,   t h e   med ium  18  b e c o m e s   r i g i d ,   as  by  c o o l i n g   a n d / o r  

c u r i n g ,   so  t h a t   i t   w i l l   r e t a i n   t h e   c a s t   c o n f i g u r a t i o n  

a f t e r   i t   i s   r e m o v e d   f rom  t h e   mold   16  and  i s   h a n d l e d   f o r  

f u r t h e r   p r o c e s s i n g .   The  medium  18  i s   c a s t   of  s u f f i c i e n t  

t h i c k n e s s   so  as  n o t   to   c l o s e l y   f o l l o w   t h e   c o n t o u r   of  t h e  

c o n t a i n e r   12.  The  c o n t a i n e r   12  can   be  of   v a r i o u s  

d i f f e r e n t   c o n f i g u r a t i o n s ,   b u t   t y p i c a l l y   t h e   c a s t   medium  18 

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

i n t e r i o r   of  t h e   p o t   d i e   20  and  n o t   n e c e s s a r i l y   to   t h e   c o n -  

f i g u r a t i o n   of  t h e   c a v i t y   of  t h e   c o n t a i n e r .   For  e x a m p l e ,  

t h e   med ium  18  may  d e f i n e   a  " t h i c k   w a l l e d "   c o n t a i n e r   h a v i n g  

e x t e r n a l   w a l l s   w h i c h   do  n o t   c l o s e l y   f o l l o w   t he   c o n t o u r   o f  

t he   c a v i t y   in  w h i c h   t h e   l e s s   d e n s e   m a t e r i a l   10  i s  



e n c a p s u l a t e d .   Such  wou ld   be  t h e   c a s e   i f   t h e   c o n t a i n e r   12  

were   in  t h e   s h a p e   of  an  h o u r g l a s s   and  e n c a p s u l a t e d   in   t h e  

medium  18  h a v i n g   t h e   same  o u t e r   c o n f i g u r a t i o n   a s  

i l l u s t r a t e d .  

S o m e t i m e   l a t e r   t h e   medium  18,  w h i c h   e n c a p s u l a t e s   t h e  

c o n t a i n e r   12  and  t h e   l e s s   d e n s e   p o w d e r   10,  i s   p l a c e d   in   a  

p r e s s   h a v i n g   a  c u p - s h a p e d   p o t   d i e   20  w h i c h   has   i n t e r i o r  

w a l l s   22  e x t e n d i n g   u p w a r d l y   f rom  t h e   u p p e r   e x t r e m i t y   o f  

t h e   medium  18.  A  ram  24  of  t h e   p r e s s   i s   moved  d o w n w a r d l y  

in  c l o s e   s l i d i n g   e n g a g e m e n t   w i t h   t h e   i n t e r i o r   w a l l s   22  t o  

e n g a g e   t h e   p r e s s u r e   medium  18.  The  ram  24  t h e r e f o r e  

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

p r e s s u r e - t r a n s m i t t i n g   medium  18  w h i l e   t h e   p o t   d i e   20  

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

t r a n s m i t t i n g   medium  18  so  t h a t   e x t e r n a l   p r e s s u r e   i s  

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

of  t h e   p r e s s u r e - t r a n s m i t t i n g   medium  18.  When  s u b j e c t e d   t o  

p r e s s u r e   a b o u t   t h e   e n t i r e   e x t e r i o r ,   t h e   medium  b e c o m e s  

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

so  as  to   be  c a p a b l e   of  p l a s t i c   f l o w   a t   l e a s t   j u s t   p r i o r   t o  

t h e   p r e d e t e r m i n e d   d e n s i f i c a t i o n   of   t h e   c o m p a c t   1 0 ' .   T h e  

c o m p a c t   10'  b e c o m e s   d e n s i f i e d   by  h y d r o s t a t i c   p r e s s u r e  

a p p l i e d   to   t h e   c o m p a c t   10'  by  t h e   medium  1 8 .  

T y p i c a l l y   t h e   medium  18,  t h e   c o n t a i n e r   12  and  t h e  

l e s s   d e n s e   p o w d e r   10  a r e   h e a t e d   to   a  c o m p a c t i o n   t e m p e r -  

a t u r e   b e f o r e   b e i n g   p l a c e d   in   t h e   p o t   d i e   20.  Such  h e a t  

may  be  n e c e s s a r y   f o r   c o m p a c t i o n   to   t h e   p r e d e t e r m i n e d  

a n d / o r   f u l l   d e n s i f i c a t i o n   to   p r o d u c e   t h e   c o m p a c t   1 0 ' ,   b u t  

a l s o   may  f a c i l i t a t e   t h e   f l u i d i t y   of  t h e   p r e s s u r e -  

t r a n s m i t t i n g   medium  1 8 .  

The  w a l l s   of  t h e   c o n t a i n e r   12  a r e   t y p i c a l l y   t h i n  

w a l l s   and  a r e   a  s u b s t a n t i a l l y   c o n s t a n t   t h i c k n e s s .   How-  

e v e r ,   t h e   l e s s   d e n s e   m a t e r i a l   10  may  be  d i s p o s e d   in   a  

" t h i c k   w a l l e d "   c o n t a i n e r   of  s u f f i c i e n t   t h i c k n e s s   so  t h a t  

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

c o n t o u r   of  t h e   c a v i t y   and  m a t e r i a l   in  t h e   c o n t a i n e r   a n d  



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

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

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

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

c o n t a i n e r   by  t h e   medium  18  in  w h i c h   i t   i s   e n c a p s u l a t e d .  

The  m a t e r i a l   of  t h e   c o n t a i n e r   12  may  a l s o   have   s u b -  

s t a n t i a l l y   t h e   same  p l a s t i c   f l o w   c h a r a c t e r i s t i c s   as  t h e  

medium  18  when  a t   t h e   c o m p a c t i o n   t e m p e r a t u r e .   In  o t h e r  

w o r d s ,   t h e   c o n t a i n e r   12  and  t h e   p r e s s u r e - t r a n s m i t t i n g  

medium  18  may  a c t   as  one  h o m o g e n e o u s   f l u i d i c - t y p e   m a s s  

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

p r e s s u r e   to  t h e   p o w d e r   10  to  c o m p a c t   and  d e n s i f y   i t   i n t o  

t h e   c o m p a c t   10'  of  a  p r e d e t e r m i n e d   d e n s i t y .  

V a r i o u s   d i f f e r e n t   m a t e r i a l s   may  be  u t i l i z e d   as  t h e  

medium  18  so  l o n g   as  t h e y   h a v e   t h e   c h a r a c t e r i s t i c s   w h e r e b y  

t h e y   may  be  c a s t   a b o u t   a  c o n t a i n e r   12  and  t h e n   s o l i d i f y   o r  

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

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

b e c o m e   f l u i d i c   and  c a p a b l e   of   p l a s t i c   f l o w   so  as  to   a p p l y  

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

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

s a t i s f a c t o r y   f o r   t h e   medium  18  a r e   some  m e t a l s ,   s u c h   a s  

c o p p e r   or  c o p p e r - n i c k e l   a l l o y ,   or  c o m b i n a t i o n   m a t e r i a l s  

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

t h e r e i n   as  d i s c l o s e d   and  c l a i m e d   in   a p p l i c a t i o n   P - 3 5 3  

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

of  t h e   s u b j e c t   i n v e n t i o n .  

The  i n v e n t i o n   has   b e e n   d e s c r i b e d   in   an  i l l u s t r a t i v e  

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

w h i c h   has   b e e n   u s e d   i s   i n t e n d e d   to  be  in  t he   n a t u r e   o f  

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

O b v i o u s l y ,   many  m o d i f i c a t i o n s   and  v a r i a t i o n s   of  t h e  

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

t e a c h i n g s .   I t   i s ,   t h e r e f o r e ,   to  be  u n d e r s t o o d   t h a t   w i t h i n  

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



n u m e r a l s   a r e   m e r e l y   f o r   c o n v e n i e n c e   and  a r e   n o t   to  be  i n  

any  way  l i m i t i n g ,   t h e   i n v e n t i o n   may  be  p r a c t i c e d   o t h e r w i s e  

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



The  e m b o d i m e n t s   of  t h e   i n v e n t i o n   in  w h i c h   a n  

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

f o l l o w s :  

1.  A  m e t h o d   f o r   c o n s o l i d a t i n g   m a t e r i a l   (10)   o f  

n e t a l l i c   and  n o n m e t a l l i c   c o m p o s i t i o n s   and  c o m b i n a t i o n s  

t h e r e o f   to  f o r m   a  d e n s i f i e d   c o m p a c t   ( 1 0 ' )   of  a  p r e -  
d e t e r m i n e d   d e n s i t y   w h e r e i n   a  q u a n t i t y   of  s u c h   m a t e r i a l  

(10)   w h i c h   i s   l e s s   d e n s e   t h a n   t h e   p r e d e t e r m i n e d   d e n s i t y   i s  

c o n t a i n e d   in  a  s e a l e d   c o n t a i n e r   (12)   to   w h i c h   e x t e r n a l  

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

t a i n e r   (12)   to   c a u s e   t h e   p r e d e t e r m i n e d   d e n s i f i c a t i o n   o f  

the   m a t e r i a l   t h e r e i n ,   c h a r a c t e r i z e d   by  c a s t i n g   a  

p r e s s u r e - t r a n s m i t t i n g   medium  (18)   c o m p l e t e l y   a b o u t   t h e  

c o n t a i n e r   (12)   to   e n c a p s u l a t e   t h e   c o n t a i n e r   (12)   in   t h e  

medium  (18)   w i t h   t h e   medium  (18)  b e i n g   s u f f i c i e n t l y   f l u i d  

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

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

when  s u b j e c t e d   to   p r e s s u r e   a b o u t   t h e   e n t i r e   e x t e r i o r  

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

p r e s s i b l e   and  c a p a b l e   of  p l a s t i c   f l o w   a t   l e a s t   j u s t   p r i o r  

to  t h e   p r e d e t e r m i n e d   d e n s i f i c a t i o n   of  t h e   c o m p a c t   ( 1 0 ' )   t o  

c a u s e   t h e   p r e d e t e r m i n e d   d e n s i f i c a t i o n   of  t h e   c o m p a c t   ( 1 0 ' )  



by  h y d r o s t a t i c   p r e s s u r e   a p p l i e d   to   t h e   c o m p a c t   ( 1 0 ' )   b y  

t h e   medium  ( 1 8 ) .  

2.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   1  f u r t h e r   c h a r a c -  

t e r i z e d   as  c a s t i n g   t h e   medium  (18)   by  p o u r i n g   t h e   m e d i u m  

i n t o   a  mold  (16)   a b o u t   t h e   c o n t a i n e r   (12)   and  a l l o w i n g   t h e  

medium  (18)   to  r i g i d i f y   and  t h e n   r e m o v i n g   t h e   medium  ( 1 8 )  

f rom  t h e   mold  ( 1 6 ) .  

3.  A  m e t h o d   as  s e t   f o r t h   in  a n y  o n e   of  c l a i m s   1  or  2 

f u r t h e r   c h a r a c t e r i z e d   by  h e a t i n g   t h e   medium  (18)  and  t h e  

c o n t a i n e r   (12)   and  t h e   m a t e r i a l   (10)   in   t h e   c o n t a i n e r   ( 1 2 )  

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

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

4.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   1  f u r t h e r   c h a r a c -  

t e r i z e d   as  a p p l y i n g   p r e s s u r e   to  t h e   e n t i r e   e x t e r i o r   of  t h e  

medium  (18)   w h i l e   a t   a  c o m p a c t i o n   t e m p e r a t u r e   by  a p p l y i n g  

f o r c e   (24)   to  a  p o r t i o n   of  t h e   e x t e r i o r   of  t h e   medium  ( 1 8 )  

w h i l e   r e s t r a i n i n g   t h e   r e m a i n d e r   of  t h e   medium  ( 1 8 ) .  

5.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   2  f u r t h e r   c h a r a c -  

t e r i z e d   by  c a s t i n g   t h e   medium  (18)   of  s u f f i c i e n t   t h i c k n e s s  

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

t h e   c o n t o u r   of  t h e   c o n t a i n e r   ( 1 2 ) .  

6.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   5  f u r t h e r   c h a r a c -  

t e r i z e d   by  p l a c i n g   t h e   medium  (18)   a t   a  c o m p a c t i o n   t e m p e r -  

a t u r e   in   a  p o t   d i e   (20)   w h i c h   s u p p o r t s   and  c l o s e l y  

s u r r o u n d s   t he   medium  (18)   and  a p p l y i n g   t h e   f o r c e   b y  

i n s e r t i n g   a  ram  (24)  i n t o   t h e   p o t   d i e   (20)   to  e n g a g e   a n d  

p r e s s u r i z e   t h e   medium  ( 1 8 ) .  

7.  A  m e t h o d   as  s e t   f o r t h   in   a n y  o n e   of  c l a i m s   1  or  2 

f u r t h e r   c h a r a c t e r i z e d   by  u t i l i z i n g   a  c o n t a i n e r   (12)   h a v i n g  

t h i n   w a l l s   of  a  s u b s t a n t i a l l y   c o n s t a n t   t h i c k n e s s .  

8.  A  m e t h o d   as  s e t   f o r t h   in  a n y  o n e   of  c l a i m s   1  or  2 

f u r t h e r   c h a r a c t e r i z e d   by  d i s p o s i n g   t h e   m a t e r i a l   (10)   in   a  

c o n t a i n e r   of  s u f f i c i e n t   t h i c k n e s s   so  t h a t   i t s   e x t e r i o r  

c o n f i g u r a t i o n   d o e s   no t   c l o s e l y   f o l l o w   t h e   c o n t o u r   of  t h e  

m a t e r i a l   c o n t a i n i n g   c a v i t y   in  t h e   c o n t a i n e r   and  of  a  c o n -  

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



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

p r e d e t e r m i n e d   d e n s i f i c a t i o n   in  r e s p o n s e   to  o m n i - d i r e c -  

t i o n a l   p r e s s u r e   a p p l i e d   t h e r e t o   by  t h e   medium  ( 1 8 ) .  

9.  A  m e t h o d   as  s e t   f o r t h   in  a n y  o n e   of  c l a i m s   1  or  2 

f u r t h e r   c h a r a c t e r i z e d   by  u t i l i z i n g   a  c o n t a i n e r   made  of  m a -  

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

t e r i s t i c s   as  t h e   medium  at   t h e   c o m p a c t i o n   t e m p e r a t u r e .  
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