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y  mere  is  aisciosea  a  method  wherein  a  pattern  (12)  is  t Jrmed  comprising  a  body  (12A)  of  consumable  material  t 
aving  an  exterior  configuration  conforming  to  that  of  the  i 
ody  of  the  base  metal  and  having  the  smaller  bodies  ( jpported  thereby  in  positions  corresponding  to  those  which  I 

icy  oie  io  occupy  on  me  Doay  or  oase  metal,  then  confining 
le  pattern  within  a  mold,  and  pouring  molten  base  metal 
ito  an  opening  (15)  in  the  mold  which  leads  to  the  body 
2A)  of  consumable  material  in  order  to  cast  the  body  of 
ase  metal  and  bond  the  smaller  bodies  to  it. 
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There  is  disclosed  a  method  wherein  a  pattern  (12)  is formed  comprising  a  body  (12A)  of  consumable  material having  an  exterior  configuration  conforming  to  that  of  the body  of  the  base  metal  and  having  the  smaller  bodies 
supported thereby  in  positions  corresponding  to those  which 

they  are  to  occupy  on  the  body  of  base  metal,  then  confining the  pattern  within  a  mold,  and  pouring  molten  base  metal 
into  an  opening  (15)  in  the  mold  which  leads  to  the  body 
(12A)  of  consumable  material  in  order  to  cast  the  body  of 
base  metal  and  bond  the  smaller  bodies  to  it. 



T h i s   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e d   m e t h o d  

of  f o r m i n g   a  one  p i e c e   a r t i c l e   c o m p r i s i n g   a  body  o f  

b a s e   m e t a l   h a v i n g   one  or  more  s m a l l e r   b o d i e s   o f  

a n o t h e r   m a t e r i a l   a n c h o r e d   t h e r e t o .   T h i s   i n v e n t i o n  

has  p a r t i c u l a r   u t i l i t y   in  t he   f o r m a t i o n   of  a r t i c l e s  

h a v i n g   a b r a s i v e ,   wear  r e s i s t a n t   or  c o r r o s i o n  

r e s i s t a n t   i n s e r t s   embedded   in  or  o t h e r   s m a l l e r  

b o d i e s   t h e r e o f   bonded   to  the   w o r k i n g   s u r f a c e   of  t h e  

body  of  b a s e   m e t a l .  

In  t h e   f o r m a t i o n   of  d r i l l i n g   t o o l s ,   such   a s  

d r i l l   b i t s   a n d / o r   r o l l e r   c o n e s   t h e r e f o r ,   s t a b i l i z e r s ,  

m i l l s   or  t h e   l i k e ,   i n s e r t s   of  a  h a r d   m e t a l ,   such   a s  

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

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

s u r f a c e   of  a  s t e e l   body .   H o w e v e r ,   t h e s e   i n s e r t s   a r e   o f t e n  

p u l l e d   l o o s e   f rom  t he   ba se   m e t a l   b e c a u s e   t h e y   do  no t   f o r m  

a  t i g h t   bond  w i t h i n   the  h o l e s ,   p a r t i c u l a r l y   when  t h e y   a r e  

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

i n t o   the   h o l e s .   A l s o ,   when  t he   i n s e r t s   a re   to  be  a r r a n g e d  



w i t h   t h e i r   a x e s   e x t e n d i n g   in   d i f f e r e n t   d i r e c t i o n s ,  

d r i l l i n g   t h e   h o l e s   in   t h e   b a s e   m e t a l   to   r e c e i v e   t hem  m a y  
i n v o l v e   c o m p l i c a t e d   and  e x p e n s i v e   m a c h i n i n g   o p e r a t i o n s .  

The  p r i m a r y   o b j e c t   of  t h i s   i n v e n t i o n   i s   t o  

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

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

a n c h o r e d   to   t h e   body   of   b a s e   m e t a l ;   a n d ,   m o r e  

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

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

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

b o n d .  

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

w h i c h   d o e s   n o t   r e q u i r e   t h a t   h o l e s   be  d r i l l e d   in   t h e   b o d y  

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

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

b o d i e s   t h e r e t o ,   w h e r e b y   t h e   s m a l l e r   b o d i e s   may  b e  

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

t i m e   and  e f f o r t .  

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

w h e r e i n   t h e   i n s e r t s   may  be  of  m o s t   any  s h a p e   d e s i r e d   i n  

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

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

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

p l a c e   on  t h e   body   of  b a s e   m e t a l   in  s u c h   a  m a n n e r   t h a t  

d e s i r e d   m e t a l l u r g i c a l   e f f e c t s   may  be  o b t a i n e d ,   a n d / o r  

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

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

T h e s e   and  o t h e r   o b j e c t s   a r e   a c c o m p l i s h e d   i n  

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

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

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

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

a r t i c l e   to   be  f o r m e d ,   and  w h i c h   has   t h e   s m a l l e r   b o d i e s   o f  

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

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

r e s p e c t   to   t h e   body   when  c a s t ,   and  r e p l a c i n g   t h e  

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



c a s t   s a i d   body   of   b a s e   m e t a l   and  bond  t h e   p a r t i c l e s   i n  

s u c h   p o s i t i o n s   a b o u t   t h e   s u r f a c e   t h e r e o f .   T h u s ,   i n  

a c c o r d a n c e   w i t h   t e c h n o l o g y   in  t h e   a r t   known  as  " f u l l   m o l d "  

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

t h e   mold   l e a d i n g   to   t h e   p a t t e r n   a t   s u b s t a n t i a l l y   t h e   s a m e  

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

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

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

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

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

i n s e r t s   of  a  h a r d ,   w e a r   r e s i s t a n t   m e t a l ,   such   as  t u n g t s t e n  

c a r b i d e ,   w h i c h   a r e   e m b e d d e d   in  t h e   body  of  c o n s u m a b l e  

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

one  or  b o t h   of  a  m e t a l l u r g i c a l   and  m e c h a n i c a l   b o n d ,  

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

b e i n g   p u l l e d   l o o s e ,   as  d u r i n g  u s e   as  w e a r   r e s i s t a n t   o r  

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

p r e p a r a t i o n ,   r e q u i r e d   in  t h e   p r a c t i c e   of   t h e   p r e s e n t  

i n v e n t i o n   i s   t h a t   n e c e s s a r y   to   e n a b l e   t h e   i n s e r t s   to   b e  

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

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

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

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

s i m p l e   and  i n e x p e n s i v e .  

As  d i s c l o s e d ,   f o r   e x a m p l e ,   in  U.  S.  P a t e n t   N o .  

2 , 8 3 0 , 3 4 3 ,   t h e   c o n s u m a b l e   m a t e r i a l   i s   one  w h i c h   w i l l   b e  

" c o n s u m e d " ,   as  t h a t   t e r m   i s   u s e d   h e r e i n ,   w i t h o u t   e x c e s s i v e  

r e s i d u e   when  s u b j e c t e d   to   t h e   m o l t e n   m e t a l .   F u r t h e r m o r e ,  

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

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

The  s m a l l e r   b o d i e s ,   on  t h e   o t h e r   h a n d ,   a r e   of   s u c h  

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

t e m p e r a t u r e   a t   w h i c h   t h e   b a s e   m e t a l   is   p o u r e d .   T h u s ,   f o r  

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

may  have   a  m e l t i n g   p o i n t   s u b s t a n t i a l l y   t h e   same  as  or  e v e n  

l o w e r   t h a n   t h a t   of  t h e   b a s e   m e t a l ,   t he   h e a t   of  t h e   m o l t e n  

m e t a l   w i l l   n o t   be  i n s t a n t l y   t r a n s m i t t e d   t h e r e t o .  



As  e x p l a i n e d   in   t h e   a f o r e m e n t i o n e d   U.  S.  P a t e n t ,  
f u l l   m o l d   c a s t i n g   i s   p a r t i c u l a r l y   w e l l   s u i t e d   to   t h e  

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

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

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

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

of  t h i s   i n v e n t i o n ,   i t   i s   an  a d d i t i o n a l   a d v a n t a g e   w h i c h  

s t e m s   t h e r e f r o m .  

The  c o n s u m a b l e   m a t e r i a l   i s   c o n v e n t i o n a l l y   a  

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

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

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

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

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

may  be  s e l e c t e d   to   a c c o m p l i s h   d e s i r e d   m e t a l l u r g i c a l  

p u r p o s e s   w i t h   r e s p e c t   to   one  or   b o t h   of   t h e   m e t a l s .   T h u s ,  

f o r   e x a m p l e ,   i n a s m u c h   as  p o l y s t y r e n e   foam  or   o t h e r  

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

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

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

i n s e r t s   to   t h e   body   of  b a s e   m e t a l .  

P r e f e r a b l y ,   t h e   mo ld   i s   a  f l a s k   w h i c h   c o n t a i n s  

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

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

The  v a c u u m   is   n o t   o n l y   u s e f u l   in  d r a w i n g   o f f   t h e   gas   f r o m  

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

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

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

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

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

v a c u u m .   P r e f e r a b l y ,   t h e   i n s e r t s   have   i n n e r   e n d s   w h i c h   a r e  

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

f i r m l y   a n c h o r e d   to   t h e   body   of   b a s e   m e t a l   when  c a s t .  

A l s o ,   t h e   i n n e r   e n d s   of   t h e   i n s e r t s   may  be  of   n o n - c i r c u l a r  

c r o s s   s e c t i o n ,   and  t h u s   r e s i s t   r o t a t i o n   as  w e l l   a s  

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



s h a p e   of  t h e   i n s e r t s   has   no  b e a r i n g   on  t h e   c a s t i n g   p r o c e s s  

so  t h a t   i n s e r t s   of   m o s t   any  s h a p e   may  be  b o n d e d   to  t h e  

b a s e   m e t a l .  

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

t h e   s e p a r a t i o n   ' b e t w e e n   t h e   i n s e r t s   and  t h e   h o l e s   in  t h e  

body   of  c e l l u l a r r   p l a s t i c   m a t e r i a l   in   w h i c h   t h e   i n s e r t s   a r e  

e m b e d d e d ,   t h e   u n b o n d e d   s a n d   or   o t h e r   p u l v e r u l e n t  

r e f r a c t o r y   m a t e r i a l   in  t h e   f l a s k   of   t h e   mo ld   may  work  i t s  

way  b e t w e e n   t ime  i n s e r t s   and  c o n s u m a b l e   m a t e r i a l .  

F u r t h e r m o r e ,   i f   t h e   e x p o s e d ,   o u t e r   e n d s   of  t h e   i n s e r t s   a r e  

f i r s t   c o a t e d   w i t h   a  mold   w a s h ,   w h i c h   may  be  d e s i r a b l e   t o  

r e d u c e   o x i d a t i o m   of   t h e   i n s e r t   upon   r e m o v a l   f rom  t h e   m o l d ,  

t h e   p a r t i c l e s   o f   t h e   wash  may  a l s o   e n t e r   t h e   v o i d s .   A s  

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

b e t w e e n   t h e   i n s e r t s   and  body  of  c o n s u m a b l e   m a t e r i a l   w i l l  

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

b e t w e e n   t h e m .  

S i n c e   t h e   i n s e r t s   or  o t h e r   s m a l l e r   b o d i e s   a r e  

f o r m e d   of  a  m a t e r i a l   d i f f e r e n t   t h a n   t h a t   of   t he   body  o f  

b a s e   m e t a l ,   t h e r e   may  be  a  t e n d e n c y   f o r   t h e   one  or  b o t h   o f  

t h e   m a t e r i a l s   t o   d i f f u s e   or  m i g r a t e   f rom  one  to  t h e   o t h e r  

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

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

c a r b o n   c o n t e n t   as  c o m p a r e d   w i t h   a  r e l a t i v e l y   low  c a r b o n  

s t e e l   f rom  w h i c h   t h e   body  of  b a s e   m e t a l   may  be  f o r m e d .   A s  

a  r e s u l t ,   t h e   i n s e r t   m a t e r i a l   may  be  d i l u t e d   to  s u c h   a n  

e x t e n t   t h a t   i t   i s   v e r y   b r i t t l e   or  o t h e r w i s e   l e s s   s u i t a b l e  

f o r   w e a r - r e s i s t a n t   p u r p o s e s .   T h i s   p r o b l e m   may  b e  

p a r t i c u l a r l y   a c : u t e   in  t he   c a s e   of  a  d r i l l   b i t   due  to  t h e  

l a r g e   mass   of  b r a s e   m e t a l   r e l a t i v e   to   t h a t   of  t he   i n s e r t s .  

D i f f i c c u l t y   may  a l s o   be  e n c o u n t e r e d   in  s u p p o r t i n g  

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

m a t e r i a l ,   r a t h e r   t h a n   e m b e d d i n g   them  t h e r e i n .   T h i s   i s  

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

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

l a y e r s   to   t h e   s u r f a c e   of  t h e   b a s e   m e t a l .   A l t h o u g h   g l u e s  

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



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

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

s l o w   to   d ry   a n d ,   u n l e s s   d r y ,   may  p e r m i t   t h e   s m a l l e r   b o d i e s  

to   move  ou t   of  t h e   p o s i t i o n s   w h i c h   t h e y   a r e   to  o c c u p y   i n  

t h e   f i n i s h e d   a r t i c l e .  

F u r t h e r m o r e ,   in  o r d e r   to   s u p p o r t   s m a l l   b o d i e s   o f  

c r u s h e d   p a r t i c l e   s i z e   or  c h i p s ,   t h e   g l u e   m u s t   be  p l a c e d  

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

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

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

p r e f e r a b l y   o v e r   t h e   p a r t i c l e s   so  as  to   to   s u b m e r g e   t h e m .  

T h i s   of   c o u r s e   i s   an  e v e n   more   t i m e - c o n s u m i n g   p r o c e s s  
s i n c e   i t   may  r e q u i r e   t h e   a p p l i c a t i o n   of   s e v e r a l   l a y e r s   o f  

c e m e n t .   S t i l l   f u r t h e r ,   as  t h e   c e m e n t   d r y s ,   i t   may  p u l l  

away  f rom  t he   p a r t i c l e s   so  t h a t   t h e y   a r e   more  s u s c e p t i b l e  

to   b e i n g   d i s l o d g e d .  

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

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

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

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

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

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

b a s e   m e t a l   b e t w e e n   t h e   g r a i n s   of   s a n d .   The  r e s u l t i n g  

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

be  h i g h l y   u n d e s i r a b l e .  

I t   i s   t h e r e f o r e   a  f u r t h e r   o b j e c t   of  t h i s  

i n v e n t i o n   to  p r o v i d e   a  m e t h o d   of   t h e   c h a r a c t e r   a b o v e  

d e s c r i b e d   w h e r e i n   s a n d   f rom  t h e   m o l d ,   or  a  mold   wash   o r  

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

i n s e r t s   and  body  of   c o n s u m a b l e   m a t e r i a l   by  means   w h i c h  

d o e s n ' t   i n t e r f e r e   w i t h   t h e   c a s t i n g   p r o c e s s ,   and  w h i c h ,   i n  

f a c t ,   i s   c o n d u s i v e   to   a  b e t t e r   m e t a l l u r g i c a l   bond   b e t w e e n  

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

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

t h e   i n s e r t s .  



Yet  a  f u r 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   t o  

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

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

f rom  w h i c h   t he   s m a l l e r   b o d i e s   a r e   made  and  t h e   b a s e   m e t a l ,  

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

w h e r e i n   t h e   b a s e   m e t a l   i s   a  low  c a r b o n   s t e e l   and  t h e  

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

w e a r - r e s i s t a n t   m a t e r i a l   of  h i g h   c a r b o n   c o n t e n t .  

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

t h e   c h a r a c t e r   a b o v e   d e s c r i b e d   in   w h i c h   t h e   s m a l l e r   b o d i e s ,  

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

c r u s h e d   t u n g s t e n   c a r b i d e   or   t h e   l i k e ,   a r e   so  s u p p o r t e d   o n  

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

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

f i n i s h e d   a r t i c l e .  

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

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

w i t h i n   a  mold   c o m p r i s i n g   a  f l a s k   c o n t a i n i n g   a  bed  o f  

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

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

and  y e t   w h e r e i n   t h e r e   i s   l i t t l e   or  no  i n t e r f e r e n c e   w i t h  

t h e   a p p l i c a t i o n   of  vacuum  to   t h e   s a n d .  

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

a c c o r d a n c e   w i t h   one  or  more   e m b o d i m e n t s   of  t h e   p r e s e n t  

i n v e n t i o n ,   by  t h e   a p p l i c a t i o n   of   a  s h e e t   of  c o n s u m a b l e  

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

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

o u t e r   end  of  e a c h   of  t h e   i n s e r t s .   P r e f e r a b l y ,   t he   s h e e t s  

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

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

e x c l u d e   f o r e i g n   m a t t e r   f rom  v o i d s   in  t h e   o u t e r   ends   of  t h e  

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

wash   p r i o r   to  p o u r i n g   of  t h e   m o l t e n   b a s e   m e t a l   in  o r d e r   t o  

r e d u c e   o x i d a t i o n   of  t he   o u t e r   e n d s   of  t he   i n s e r t s .  

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

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

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



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

c o n t e n t ,   t h e   s h e e t s   c r e a t e   a  h i g h   c a r b o n   a t m o s p h e r e   w h i c h  

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

t h e   b a s e   m e t a l .   In  a d d i t i o n ,   an  a d h e s i v e   s i d e   o f   t he   t a p e  

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

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

t h e r e t o ;   a n d ,   when  b o t h   s i d e s   of   t h e   t a p e   a r e   a d h e s i v e ,  

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

s m a l l e r   b o d i e s   may  be  a p p l i e d   p r i o r   t o   a d h e r i n g   of  t h e  

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

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

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

of  t h e   s m a l l e r   b o d i e s   and  t h e   body   o f   b a s e   m e t a l   i s  

d e t e r r e d   by  q u i c k l y   c o o l i n g   t h e   c a s t   a r t i c l e ,   b o t h   d u r i n g  

c a s t i n g   of   t h e   a r t i c l e   and  a f t e r   t h e   a r t i c l e   i s   h e a t  

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

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

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

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

" f l u i d i z e d "   j u s t   as  soon   as  t h e   d e s i r e d   m e t a l l u r g i c a l   b o n d  

b e t w e e n   t h e   s m a l l   b o d i e s   and  b a s e   m e t a l   has   b e e n  

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

For   t h i s   p u r p o s e ,   a i r ,   p r e f e r a b l y   in  t h e   f o rm  of  an  i n e r t  

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

to   t h e   e x t e n t   n e c e s s a r y   to  c a u s e   t h e   s a n d   to   a c t   as  a  

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

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

o c c u r s   when  t h e   u n b o n d e d   s a n d   i s   " s o l i d i f i e d " .   T h e  

u n b o n d e d   s and   may  be  a g a i n   f l u i d i z e d   in   o r d e r   to   t r a n s f e r  

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

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

s u b s e q u e n t   h e a t   t r e a t i n g   may,  i f   d e s i r e d ,   be  p r a c t i c e d   i n  

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

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

a p p l i e d   as  one  or   more  l a y e r s   to   t h e   s u r f a c e   of  t h e   b a s e  

m e t a l ,   t h e y   may  f i r s t   be  a p p l i e d   as  a  l a y e r   to  one  s i d e   o f  

t h e   s h e e t ,   as  by  means   of  a  s u i t a b l e   c e m e n t .   Even  t h o u g h  



t h e   c e m e n t   may  n o t   have   d r i e d ,   t he   s h e e t   may  be  a p p l i e d   t o  

t h e   body   of  c o n s u m a b l e   m a t e r i a l   to   s u p p o r t   t h e   p a r t i c l e s  
in  d e s i r e d   p o s i t i o n s   t h e r e o n .   T h u s ,   t h e   s h e e t   a c t s   as  a  
c a r r i e r   or  mat  w h i c h   may  i t s e l f   be  a d h e r e d   to  t he   s u r f a c e  

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

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

w i l l   be  a p p l i e d   o v e r   t h e   f i r s t - m e n t i o n e d   s h e e t ,   and  t h e  

o u t e r   e d g e s   t h e r e o f   a d h e r e d   to   t h e   s u r f a c e   of  t he   body   o f  

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

In  t h e   d r a w i n g s ,   w h e r e i n   l i k e   r e f e r e n c e  

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

FIG.  1  i s   a  v e r t i c a l ,   s e c t i o n a l   v i e w   of  a  f l a s k   - 

c o n t a i n i n g   u n b o n d e d   sand   w h i c h   f o r m s   a  mold  to   c o n f i n e   a  

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

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

a c c o r d a n c e   w i t h   one  i l l u s t r a t i v e   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 ;   - 

FIG.  2  i s   a  v e r t i c a l   s e c t i o n a l   v i ew   s i m i l a r   t o  

F i g .   1,  b u t   w h e r e i n   t h e   c o n s u m a b l e   m a t e r i a l   has   b e e n  

r e p l a c e d   by  a  m o l t e n   b a s e   m e t a l   in  o r d e r   to   c a s t   t h e   b o d y  

of  b a s e   m e t a l   and  bond   t h e   i n s e r t s   t h e r e t o ;  

FIG.  3A  i s   an  e n l a r g e d   d e t a i l   v i ew   of  a  m o d i f i e d  

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

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

a n c h o r   t h e   i n s e r t   to  t h e   body  of  t h e   b a s e   m e t a l ;  

FIG.  3B  i s   a n o t h e r   e n l a r g e d   d e t a i l   v i ew  o f  

a n o t h e r   m o d i f i e d   i n s e r t   s u p p o r t e d   on  t h e   body  o f  

c o n s u m a b l e   m a t e r i a l   in  s u c h   a  m a n n e r   t h a t   a  b e l l   b o t t o m   o n  

i t s   i n n e r   end  w i l l   be  s e c u r e l y   a n c h o r e d   to   t he   body  o f  

b a s e   m e t a l   when  c a s t ;  

FIG.  4A  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i ew   of  a  

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

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

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

to   c o v e r   t he   f l u s h   o u t e r   end  of  t he   i n s e r t   as  w e l l   as  a  

s e p a r a t i o n   b e t w e e n   i t   and  t he   body  of  c o n s u m a b l e   m a t e r i a l ;  



FIG.   4B  i s   an  e l e v a t i o n a l   v i e w   of  t h e   o u t e r  

s u r f a c e   of   t h e   body   of  c o n s u m a b l e   m a t e r i a l   of   F i g .   4 A ,  

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

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

FIG.   5  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   of  a  

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

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

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

m a t e r i a l ,   a d h e r e d   to   t h e   o u t e r   s i d e   of   t h e   t a p e   so  as  t o  

be  s u p p o r t e d   in   a  p r e d e t e r m i n e d   p o s i t i o n   on  t h e   o u t e r  

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

FIG.   6A  i s   a  s e c t i o n a l   v i e w   of   a  s u r f a c e   o n  

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

w i t h   a  l a y e r   of  c r u s h e d   p a r t i c l e s   a d h e r e d   to   t h e   u p p e r  

s u r f a c e   of   t h e   s h e e t ;  

FIG.  6B  i s   a  v i e w   ' s i m i l a r   to   F i g .   6A,  b u t  

w h e r e i n   a  f i l m   of  c e m e n t   has   b e e n   a p p l i e d   o v e r   t h e   l a y e r  

of  c r u s h e d   p a r t i c l e s ;  

FIG.   6C  i s   a  s e c t i o n a l   v i e w   of   a  p o r t i o n   of   a  

body   of   c o n s u m a b l e   m a t e r i a l ,   s i m i l a r   to   F i g s .   4A  and  5 ,  

b u t   w h e r e i n   t h e   s h e e t   of  c o n s u m a b l e   m a t e r i a l   shown  in  F i g .  

6B  has   b e e n   a p p l i e d   to  t h e   o u t e r   s u r f a c e   t h e r e o f ,   a n d  

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

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

e d g e s   a d h e r e d   to   t h e   o u t e r   s u r f a c e   of  t h e   body   o f  

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

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

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

FIG.   6D  i s   an  e l e v a t i o n a l   v i e w   of  t h e   o u t e r  

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

F i g .   6C,  as  w e l l   as  t h e   l a y e r   of  c r u s h e d   p a r t i c l e s  

s u p p o r t e d   t h e r e o n .  

R e f e r r i n g   now  to  t h e   d e t a i l s   of   t h e  

a b o v e - d e s c r i b e d   d r a w i n g s ,   t h e   f l a s k   10  and  bed  11  o f  

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

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

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



a r r o w s   in  F i g .   2,  a  means   i s   p r o v i d e d   f o r   d r a w i n g   a  v a c u u m  

on  t h e   bed   of  s a n d   w i t h i n   t h e   f l a s k .   The  u p p e r   end  of  t h e  

f l a s k   i s   open   to   p e r m i t   t h e   s and   to  be  p a c k e d   a r o u n d   a  

p a t t e r n ,   and  a  m e a n s   ( n o t   shown)  may  a l s o   be  p r o v i d e d   f o r  

v i b r a t i n g   t h e   f l a s k   or   o t h e r w i s e   a s s i s t i n g   t h e   same  i n  

c o m p a c t i n g   a b o u t   t h e   p a t t e r n .  

As  shown  in  F i g .   1,  and  as  p r e v i o u s l y   d e s c r i b e d ,  

t h e   p a t t e r n   12  c o m p r i s e s   a  body   12A  of  c o n s u m a b l e   m a t e r i a l  

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

t h e   body   of  b a s e   m e t a l   of  t h e   a r t i c l e   to   be  f o r m e d .   I n  

t h i s   p a r t i c u l a r   i l l u s t r a t i v e   e x a m p l e ,   t h e   body   of   t h e  

a r t i c l e   to   be  f o r m e d ,   and  to   w h i c h   t he   body  of  c o n s u m a b l e  

m a t e r i a l   c o n f o r m s ,   i s   a  r o l l e r   cone   f o r   a  d r i l l   b i t .   As  

known  in  t h e   a r t ,   s u c h   an  a r t i c l e   i s   g e n e r a l l y   c o n i c a l ,  

and  i n s e r t s   13  of  t u n g s t e n   c a r b i d e   a r e   e m b e d d e d   in  i t s  

w o r k i n g   s u r f a c e   in  o r d e r   to   b o t h   b r e a k   down  t h e   f o r m a t i o n  

b e i n g   d r i l l e d   and  i n c r e a s e   t h e   wear   r e s i s t a n c e   of  t h e   b i t .  

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

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

s l i g h t l y   f rom  t h e   o u t e r   s u r f a c e   of  t he   body  of  b a s e   m e t a l .  

In  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ,   and  a s  

shown  in  F i g .   1,  t h e s e   i n s e r t s   a r e   i n i t i a l l y   e m b e d d e d   i n  

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

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

on  t h e   body   of  t h e   c o n e .   When  so  p o s i t i o n e d ,   t h e   i n s e r t s  

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

w i t h   r e s p e c t   to   t h e   o u t e r   s u r f a c e   of  t h e   body  o f  

c o n s u m a b l e   m a t e r i a l .   As  shown  in  F i g .   3A,  t h e   i n n e r   e n d s  

of  i n s e r t s   13A  may  be  p r o v i d e d   w i t h   a  c i r c u m f e r e n t i a l  

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

s e c u r e l y   a n c h o r   t h e   i n s e r t s   t h e r e t o .   As  shown  in  F i g .   3B ,  

t h e   i n n e r   e n d s   of   i n s e r t s   13B  have   b e l l   b o t t o m s   w h i c h   a r e  

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

m a t e r i a l ,   and  a n o t h e r   p r e f o r m e d   body  14  of  c o n s u m a b l e  

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

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

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



in  t h e i r   p r e s e t   p o s i t i o n s .   The  g l u e   or   o t h e r   c o n s u m a b l e  

m a t e r i a l   m a k i n g   up  body   14  may  be  r e l a t i v e l y   d e n s e ,   w h i l e  

t h e   l a r g e   body   12A  t h e r e o f   in  w h i c h   t h e   h o l e s   a r e   f o r m e d  

may  be  of   low  d e n s i t y ,   and  t h u s   more   r e a d i l y   c o n s u m a b l e .  

As  a l s o   shown  in  F i g .   3B,  t h e   o u t e r   end  of   body   14  t a p e r s  

i n w a r d l y   t o w a r d   t h e   o u t w a r d l y   p r o j e c t i n g   end  of  i n s e r t   13B  

so  t h a t ,   when  t h e   b a s e   m e t a l   i s   c a s t ,   s t r e s s   w i l l   b e  

b e t t e r   d i s t r i b u t e d   b e t w e e n   t h e   i n s e r t   and  t h e   b a s e   m e t a l ,  

or  s t r e s s   b e t w e e n   them  w i l l   be  e l i m i n a t e d .  

As  p r e v i o u s l y   d e s c r i b e d ,   in  a c c o r d a n c e   w i t h   t h e  

p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n ,   t h e   body   12A  o f  

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

is   b u r n e d   or  v a p o r i z e d ,   and  t h u s   in  any  e v e n t   g a s i f i e d ,   b y  

t h e   h e a t   of  a  m o l t e n   c h a r g e   of  b a s e   m e t a l   as  t h e   l a t t e r  

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

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

" S t y r o f o a m " ,   i s   p r e f e r r e d   f o r   t h i s   p u r p o s e ,   s i m i l a r  

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

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

a c e t a t e ,   a c r y l a t e ,   may  be  u s e d   i f   d e s i r e d .  

O r d i n a r i l y ,   i t   i s   d e s i r e d   to   p u l l   o f f   a  l a r g e  

p o r t i o n   of   t h e   gas   by  means   of  t h e   v a c u u m   d r a w n   on  t h e   b e d  

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

o b j e c t i o n a b l e   c a r b o n   b u i l d   up  on  t h e   s u r f a c e   of  t h e   b a s e  

m e t a l .   A l s o ,   t h i s   c o n c e r n   f o r   c a r b o n   b u i l d   up  may  d i c t a t e  

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

c o n t e n t   t h a n   p o l y s t y r e n e   f o a m .  

On  t h e   o t h e r   h a n d ,   and  as  p r e v i o u s l y   m e n t i o n e d ,  

a  h i g h   c a r b o n   c o n t e n t   m a t e r i a l   s u c h   as  s t y r e n e   foam  may  b e  

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

g e n e r a t e s   when  h e a t e d .   In  f a c t ,   and  as  p r e v i o u s l y  

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

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

e n h a n c e   b o n d i n g .   T h u s ,   s u c h   an  a t m o s p h e r e   i s   b e l i e v e d   t o  

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

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

e x p e r i e n c e d   when  c a r b i d e   i s   h e a t e d .   In  any  e v e n t ,   t h e  



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

c h a r a c t e r i s t i c s   e n a b l e s   one  to   be  s e l e c t e d   in  o r d e r   t o  

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

c a s t i n g .  

As  a l s o   p r e v i o u s l y   d e s c r i b e d ,   c e l l u l a r   p l a s t i c  

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

f o r m e d   i n t o   c o m p l e x   s h a p e s   and  l e a v e   l i t t l e   or  no  r e s i d u e  

in  t h e   m o l d ,   b u t   a l s o   b e c a u s e   t h e y   a r e   s t r u c t u r a l l y  

s t r o n g ,   and  t h u s   no t   e a s i l y   d e f o r m e d   when  c o n f i n e d   w i t h i n  

t h e   mold   of  u n b o n d e d   s a n d .   S t i l l   f u r t h e r ,   i n s o f a r   as  t h e  

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

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

i n s e r t s   to   be  p r e s s e d   i n t o   d e s i r e d   p o s i t i o n s   in  t h e   o u t e r  

s u r f a c e   t h e r e o f .   A l t e r n a t i v e l y ,   t he   i n v e n t i o n  

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

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

p r o c e d u r e s .   In  e i t h e r   c a s e ,   h o l e s   w o u l d   n o t   have   to   b e  

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

to  r e c e i v e   t h e   i n s e r t s ,   and  t h u s   t h e   i n s e r t s   may  be  o f  

mos t   any  s h a p e .  

A l t h o u g h   shown  to  be  s o l i d ,   t h e   body  12A  o f  

c o n s u m a b l e   m a t e r i a l   may  i n s t e a d   be  h o l l o w .   A l s o ,   i t   may 
be  of  c o m p o s i t e   c o n s t r u c t i o n ,   w i t h   an  i n n e r   c o r e   o f  

r e l a t i v e l y   low  d e n s i t y   c e l l u l a r   p l a s t i c   m a t e r i a l   so  as  t o  

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

by  a  r e l a t i v e l y   h i g h   d e n s i t y   c e l l u l a r   m a t e r i a l   on  t h e  

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

A l t h o u g h   t h e   i n s e r t s   13  a r e   shown  to  be  e m b e d d e d  

and  to   p r o t r u d e   f rom  t he   w o r k i n g   s u r f a c e   of  t h e   body  o f  

c o n s u m a b l e   m a t e r i a l ,   and  t h u s   f rom  t h e   c a s t   body  of  b a s e  

m e t a l ,   t h e   i n s e r t s   may  i n s t e a d   be  f l u s h   w i t h   t h e   s u r f a c e ,  

as  in  t h e   c a s e   of  m o d i f i e d   i n s e r t s   13A,  as  w e l l   as  in  t h e  

c a s e   of  i n s e r t s   shown  in  F i g s .   4A  and  4B  to  be  d e s c r i b e d  

h e r e i n a f t e r .   A l s o ,   t he   i n s e r t s   may  be  s u p p o r t e d   by  t h e  

body  of  c o n s u m a b l e   m a t e r i a l   w i t h o u t   b e i n g   e m b e d d e d  -   i . e . ,  

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



shown  in  F i g .   5.  In  t h i s   c a s e ,   f o r   e x a m b l e ,   t h e   i n n e r  

e n d s   of   t h e   i n s e r t s   c o u l d   be  g l u e d   d i r e c t l y   to   t h e   w o r k i n g  

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

d e s c r i b e d   in  c o n n e c t i o n   w i t h   F i g .   5 .  

A l t h o u g h   u n b o n d e d   s and   i s   p r e f e r r e d   as  t h e  

f o r m i n g   m a t e r i a l   of  t h e   m o l d ,   t h e   mold   may  i n s t e a d   be  m a d e  

of  b o n d e d   s a n d   or  o t h e r   common  f o u n d r y   f o r m i n g   m a t e r i a l s .  

In  any  e v e n t ,   u n b o n d e d   s and   i s   e a s i l y   p a c k e d   a r o u n d   t h e  

p a t t e r n ,   as  shown  in  F i g .   1,  and  i s   a l s o   s u s c e p t i b l e   t o  

v i b r a t i o n   in  o r d e r   to   e n h a n c e   i t s   t i g h t   p a c k i n g   to   fo rm  a  

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

o r d e r   to   more   e a s i l y   p o s i t i o n   t h e   a r t i c l e   p a t t e r n   t h e r e i n  

or  r e m o v e   t h e   c a s t   a r t i c l e   t h e r e f r o m   as  w e l l   as  t o  

f a c i l i t a t e   t h e   h e a t i n g   and  c o o l i n g   t h e r e o f .  

As  shown  in  F i g .   1,  m o l t e n   m e t a l   may  be  p o u r e d  

i n t o   an  o p e n i n g   15,   c o m m o n l y  " k n o w n   as  a  g a t e   or  f i l l i n g  

t u n n e l ,   f o r m e d   in  t h e   bed  of  u n b o n d e d   s a n d   and  l e a d i n g   t o  

t h e   p a t t e r n .   As  p r e v i o u s l y   d e s c r i b e d ,   and  as  known  in  t h e  

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

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

as  to   r e p l a c e   s ame .   When  t h e   body   16  of   b a s e   m e t a l  

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

b o n d e d   t h e r e t o ,   or  m e c h a n i c a l l y   b o n d e d   t h e r e t o ,   or  b o t h ,  

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

of  t h e   p a t t e r n .  

As  i l l u s t r a t e d ,   t h e   c a s t   a r t i c l e   i s   t h e   e n d  

p r o d u c t  -   i . e . ,   in  t h i s   c a s e ,   a  r o l l e r   cone   f o r   a  d r i l l  

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

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

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

p i e c e   c a s t i n g ,   and  w h i c h   may  be  w r a p p e d   a r o u n d   o r  

o t h e r w i s e   f a s t e n e d   to   a  body  to  be  p r o t e c t e d   f rom  w e a r   o r  

to   be  u s e d   f o r   c u t t i n g   p u r p o s e s .  

A l t e r n a t i v e l y ,   t h e   a r t i c l e s   to   be  f o r m e d   m a y ,  

f o r   e x a m p l e ,   be  v a l v e s   or  v a l v e   p a r t s ,   s u c h   as  b o d i e s ,  

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

b r o n z e ,   s t a i n l e s s   s t e e l ,   or  t h e   l i k e   may  be  s u p p o r t e d   u p o n  



a  body  of  b a s e   m e t a l   so  as  to   p r o v i d e ,   when  f i n i s h  

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

r e s i s t a n t   s e a l i n g   s u r f a c e .  

As  p r e v i o u s l y   n o t e d ,   c a s t i n g   such   a r t i c l e s   in  a  

bed  of  u n b o n d e d   s a n d   w i l l ,   a c c o r d i n g   to   some  t h e o r i e s ,  

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

t h e   c o n s u m a b l e   m a t e r i a l .   D r a w i n g   a  v a c u u m   on  t h e   bed  o f  

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

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

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

of  m e t a l .   I f   d e s i r e d ,   and  as  shown  in  F i g .   1,  a n o t h e r  

o p e n i n g   17  may  be  f o r m e d   in  t h e   bed  of  s and   to   r e c e i v e   a  

r u n n e r   of  c o n s u m a b l e   m a t e r i a l   on  t h e   body   of  c o n s u m a b l e  

m a t e r i a l ,   w h e r e b y   an  e x c e s s   of  t h e   m o l t e n   m e t a l   may  e n t e r  

o p e n i n g   17  to   f o r m   a  r i s e r   18  on  t h e   c a s t   a r t i c l e ,   a s  

shown  on  F i g .   2 .  

Wi th   r e f e r e n c e   now  to  t he   e m b o d i m e n t   of  t h e  

i n v e n t i o n   shown  in  F i g s .   4A  and  4B,  a  c y l i n d r i c a l   i n s e r t  

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

m a t e r i a l   i s   p r e s s e d   i n t o   a  s i m i l a r l y   s h a p e d   h o l e   21  f o r m e d  

in  t he   o u t e r   s u r f a c e   22  of  a  body   of  c o n s u m a b l e   m a t e r i a l .  

As  in  t h e   c a s e   of  t h e   i n s e r t   shown  in  F i g .   3A,  t h e   o u t e r  

end  of  i n s e r t   20  i s   f l u s h   w i t h   t h e   o u t e r   s u r f a c e   of  t h e  

body  of  c o n s u m a b l e   m a t e r i a l .  

F u r t h e r m o r e ,   and  in  a c c o r d a n c e   w i t h   a n o t h e r  

n o v e l   a s p e c t   of   t h e   p r e s e n t   i n v e n t i o n ,   a  s h e e t   23  o f  

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

body  of  c o n s u m a b l e   m a t e r i a l   so  as  to  c o v e r   the   s e p a r a t i o n  

b e t w e e n   t h e   i n s e r t   20  and  t h e   h o l e   21  w h i c h   r e c e i v e s   t h e  

i n s e r t   so  as  to  p r e v e n t   g r a i n s   of  u n b o n d e d   s a n d ,   or  o t h e r  

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

w h i c h   m i g h t   be  p r e s e n t   in  t h e   s e p a r a t i o n   b e t w e e n   t h e  

i n s e r t   and  t he   h o l e .   As  p r e v i o u s l y   m e n t i o n e d ,   s u c h  

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

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

body  of  t h e   c o n s u m a b l e   m a t e r i a l ,   as  i n d i c a t e d   in  b r o k e n  

l i n e s   in  F i g .   4A,  p r i o r   to  t h e   i n s t a l l a t i o n   of  t he   p a t t e r n  



w i t h i n   a  bed   of  u n b o n d e d   s a n d   in   t h e   f l a s k   of  t h e   m o l d .  

As  shown  in  F i g .   4B,  t h e   s h e e t   23  a l s o   c o v e r s   t h e   o u t e r  

end  of  t h e   i n s e r t   20  so  as  t o   l e s s e n   any  t e n d e n c y   f o r   t h e  

t u n g s t e n   c a r b i d e   to   be  o x i d i z e d   upon   r e m o v a l   of  t h e   c a s t  

a r t i c l e   f r o m   t h e   m o l d .  

As  a l s o   p r e v i o u s l y   m e n t i o n e d ,   t h e   s h e e t   23  m a y  
be  a  c o m m e r c i a l l y   a v a i l a b l e   t a p e   of   s u i t a b l e   p l a s t i c  

h a v i n g   a d h e s i v e   on  one  or   b o t h   s i d e s .   T h i s   n o t   o n l y  

p r o v i d e s   a  means   by  w h i c h   t h e   i n n e r   s i d e   of   t h e   t a p e   m a y  
be  a p p l i e d   to  t h e   o u t e r  s u r f a c e   of  t h e   body   of  c o n s u m a b l e  

m a t e r i a l ,   b u t   a l s o   t e n d s   to   h o l d   t h e   body  of  c o n s u m a b l e  

m a t e r i a l   in   p l a c e   and  p r e v e n t   i t   f rom  s h r i n k i n g   away  f r o m  

t h e   i n s e r t   as  t h e   p o u r   b e g i n s .  

S t i l l   f u r t h e r ,   and  as  a l s o   p r e v i o u s l y   d e s c r i b e d ,  

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

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

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

c o n s u m a b l e   m a t e r i a l   i s   c o n s u m e d .   T h i s ,   of  c o u r s e ,   i s  

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

e m b o d i m e n t s   of  t h e   i n v e n t i o n ,   t h e   body  of  b a s e   m e t a l   i s  

s t e e l   and  t h e   i n s e r t s   a r e   of  a  m a t e r i a l   such   as  t u n g s t e n  

c a r b i d e   h a v i n g   a  h i g h   c a r b o n   c o n t e n t .   I t   has   b e e n  

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

m o l t e n   b a s e   m e t a l   has   a  t e n d e n c y   to  f i l l   t h e   v o i d   w h i c h   i t  

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

t h i n   f i l m   or   s k i n   o v e r   t h e   o u t e r   end  of  t h e   i n s e r t .  

As  a l s o   p r e v i o u s l y   d i s c u s s e d ,   in  t h e   p r a c t i c e   o f  

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

t he   r e l a t i v e l y   low  c a r b o n   c o n t e n t   of  t h e   body  of  b a s e  

m e t a l ,   t h e r e   may  be  e x c e s s i v e   m i g r a t i o n   of  t h e   t w o  

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

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

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

c a r b i d e   to   become   b r i t t l e   or   o t h e r w i s e   u n s u i t a b l e   as  a  

h a r d ,   w e a r - r e s i s t a n t   m a t e r i a l .   T h u s ,   in  a c c o r d a n c e   w i t h   a  

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



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

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

t h e   same  t i m e   h e a t   them  to  t h e   e x t e n t   n e c e s s a r y   to   o b t a i n  

a  good   m e t a l l u r g i c a l   bond  b e t w e e n   t hem.   P r e f e r a b l y ,   t h i s  

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

w i t h i n   t h e   f l a s k   of  t h e   mold   w h i c h   c a u s e s   t h e   s and   to  a c t  

as  a  c o n d u c t o r   and  t h e r e b y   t r a n s f e r   t h e   h e a t   f rom  t h e  

a r t i c l e .  

For   t h i s   l a t t e r   p u r p o s e ,   t h e   body   of  s and   may  b e  

s u b j e c t e d   to   a  p o s i t i v e  p r e s s u r e ,   as  by  means   of  t h e  

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

f l a s k   to   t h e   e x t e n t   n e c e s s a r y   to   c a u s e   i t   to   a c t   as  a  

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

a r t i c l e ,   i t   may  be  h e a t   t r e a t e d   by  t h e   t r a n s f e r   of  h e a t  

t h e r e t o   t h r o u g h   t he   f l u i d i z e d   bed  of  s a n d ,   and  t h e   h e a t  

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

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

t h e   d i s s i m i l a r   m a t e r i a l s .  

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

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

s a n d   w i t h i n   t h e   f l a s k   w h i c h   f a c i l i t a t e s   t h e   a p p l i c a t i o n  

t h e r e t o   of  a  v a c u u m ,   as  d e s c r i b e d   in  c o n n e c t i o n   w i t h   F i g .  

1,  i s   m o d i f i e d   to   t he   e x t e n t   t h a t   t h a t   p o r t i o n   t h e r e o f  

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

r e l a t i v e l y   f i n e   s a n d .   T h i s   has   b e e n   f o u n d   to  r e d u c e   to  a  

min imum  t h e   f o r m a t i o n   of  p r o t r u s i o n s   on  t h e  o u t e r   s u r f a c e  

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

c a s t i n g   p r o c e s s .   T h a t   i s ,   w h i l e   f i l l i n g   t h e   v o i d s   i n t o  

w h i c h   t h e   b a s e   m e t a l   m i g h t   o t h e r w i s e   f l o w   or  be  d rawn   t o  

fo rm  p r o t r u s i o n s ,   t he   f i n e   s a n d   n e v e r t h e l e s s   i n t e r f e r e s   t o  

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

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

As  i l l u s t r a t e d   in  c o n n e c t i o n   w i t h   F i g .   5,  a  o n e  

p i e c e   body  of  m a t e r i a l   24,  in  t h e   fo rm  of  a  s t r i p   o f  

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

a p p l i e d   to   a  s h e e t   25  of  c o n s u m a b l e   m a t e r i a l ,   w h i c h ,  

s i m i l a r l y   to   t he   s h e e t   23,  may  be  a  p l a s t i c   t a p e   of  a n y  



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

i t s   s i d e s   of  a d h e s i v e .   In  t h i s   c a s e ,   t h e   i n n e r   s i d e   o f  

t h e   s t r i p   24  may  be  a p p l i e d   to   one  a d h e s i v e   s i d e   of   t h e  

t a p e   25 ,   and  t h e   o p p o s i t e   s i d e   of  t h e   t a p e   25  t h e n   a p p l i e d  

to  t h e   o u t e r   s u r f a c e   26  of  a  body   of  c o n s u m a b l e   m a t e r i a l  

so  as  to   s u p p o r t   t h e   body  24  in   a  p r e d e t e r m i n e d   p o s i t i o n  

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

When  t h e   t a p e   i s   of  a  t y p e   h a v i n g   a d h e s i v e   on  b o t h   s i d e s ,  

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

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

body  24.  As  w i l l   be  a p p r e c i a t e d ,   t h i s   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n   e n a b l e s   s e v e r a l   such   one  p i e c e   b o d i e s   24 

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

a b o u t   t h e   o u t e r   s u r f a c e   of   t h e   body  of  c o n s u m a b l e  

m a t e r i a l .   As  in  t h e   c a s e   of  t h e   s h e e t   24,  s i n c e   t h e   s h e e t  

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

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

of  t h e   b o d y   24  to   t h e   body   of  b a s e   m e t a l   o c c u r s   o n  

c o n s u m p t i o n   of  t he   body  of  c o n s u m a b l e   m a t e r i a l .  

As  shown  in  F i g .   6A,  a  s h e e t   27  of   c o n s u m a b l e  

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

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

h o r i z o n t a l   s u r f a c e   28  so  as  to   p e r m i t   a  l a y e r   of  c r u s h e d  

p a r t i c l e s   or  c h i p s   29  to   be  s p r e a d   e v e n l y   o v e r   i t s   u p p e r  
s u r f a c e .   S i n c e   t h e   u p p e r   s u r f a c e   of  t h e   t a p e   i s   a d h e s i v e ,  

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

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

p r e s s e d   t i g h t l y   a g a i n s t   t h e   u p p e r   a d h e s i v e   s i d e   of   t h e  

s h e e t .   P r e f e r a b l y ,   h o w e v e r ,   a  f i l m   30  of  c e m e n t   i s  

a p p l i e d   o v e r   t h e   l a y e r   of  p a r t i c l e s   29  so  as  to  f i l l   t h e  

v o i d s   b e t w e e n   them  as  w e l l   as  to   c o v e r   t h e i r   u p p e r   s i d e s .  

The  s h e e t   30  t h u s   p r o v i d e s   a  mat   or   c a r r i e r   f o r  

t h e   p a r t i c l e s   29  w h i c h   may  be  a p p l i e d   to   t h e   o u t e r   s u r f a c e  

31  of  a  body   of  c o n s u m a b l e   m a t e r i a l ,   as  shown  in  F i g s .   6C 

and  6D.  For   t h i s   p u r p o s e ,   t h e   u p p e r   s u r f a c e   of  t h e   f i l m  

30,   as  shown  in  F i g .   6B,  i s   a p p l i e d   d i r e c t l y   to   t h e   o u t e r  

s u r f a c e   of  t h e   body  of  c o n s u m a b l e   m a t e r i a l ,   and  t h e   s h e e t  



27  has   o v e r l a p p i n g   e d g e s   32  w h i c h   a r e   c a u s e d   to  a d h e r e   t o  

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

t h e   f o u r   e d g e s   of   t he   f i l m   30.  I t   i s   c o n t e m p l a t e d   t h a t  

t h e   mat   may  be  so  a p p l i e d   b e f o r e   t h e   f i l m   30  i s   d r y ,  -  

i . e . ,   as  l o n g   as  i t   i s   n o t   so  w e t   t h a t   i t   w i l l   run  a n d  

t h u s   c a u s e   t h e   p a r t i c l e s   29  to   be  d i s p l a c e d   f rom  t h e i r  

s u p p o r t e d   p o s i t i o n s   on  t h e   s h e e t   27.  T h u s ,   t h e   s u r f a c e   o f  

t h e   s t i l l   we t   g l u e   of  t h e   f i l m   30  w i l l   f u r t h e r   e n h a n c e   t h e  

s u p p o r t   of  t h e   mat   to   t h e   o u t e r   s u r f a c e   of  t he   body   o f  

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

I t   w i l l   be  a p p r e c i a t e d   t h a t ,   upon  m o u n t i n g   o r  

s u p p o r t i n g   of  one  or  more   b o d i e s   of  t u n g s t e n   c a r b i d e   o r  

t h e   l i k e   on  t h e   o u t e r   s u r f a c e   of  a  body   of   c o n s u m a b l e  

m a t e r i a l ,   as  d e s c r i b e d   in  c o n n e c t i o n   w i t h   F i g .   5  and  F i g .  

6A  to  6D,  t he   c a s t i n g   p r o c e d u r e   a b o v e   d e s c r i b e d   may  b e  

f o l l o w e d   so  as  to   form  a  one  p i e c e   a r t i c l e .  

From  t h e   f o r e g o i n g   i t   w i l l   be  s e e n   t h a t  t h i s  

i n v e n t i o n   i s   one  w e l l   a d a p t e d   to   a t t a i n   a l l   of  t h e   e n d s  

and  o b j e c t s   h e r e i n a b o v e   s e t   f o r t h ,   t o g e t h e r   w i t h   o t h e r  

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

m e t h o d .  

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

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

r e f e r e n c e   to   o t h e r   f e a t u r e s   and  s u b c o m b i n a t i o n s .   T h i s   i s  

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

As  many  p o s s i b l e   e m b o d i m e n t s   may  be  made  of  t h e  

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

to   be  u n d e r s t o o d   t h a t   a l l   m a t t e r   h e r e i n   s e t   f o r t h   or  s h o w n  

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

i l l u s t r a t i v e   and  no t   in  a  l i m i t i n g   s e n s e .  



1.  In  a  m e t h o d   of  f o r m i n g   a  one  p i e c e   a r t i c l e  

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

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

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

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

c o n f i g u r a t i o n   c o n f o r m i n g   to  t h a t   of  t he   body  o f  

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

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

t h e y   a r e   to  o c c u p y   on  the   body  of  b a s e   m e t a l ,   a n d  

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

m e t a l   w h i l e   the   s m a l l e r   b o d i e s   a re   so  s u p p o r t e d   i n  

o r d e r   to  c a s t   s a i d   body  of  b a s e   m e t a l   and  b o n d  

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

2.  A  m e t h o d   of  t he   c h a r a c t e r   d e f i n e d   in  C l a i m   1 ,  

w h e r e i n   t he   o t h e r   m a t e r i a l   is  a n o t h e r   m e t a l   and  t h e  

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

body  of  b a s e   m e t a l .  

3.  A  m e t h o d   of  t he   c h a r a c t e r   d e f i n e d   in  C l a i m   1 

or  C la im   2,  w h e r e i n   t he   s m a l l e r   b o d i e s   a r e   i n s e r t s  

w h i c h   a re   embedded   in  t he   body  of  c o n s u m a b l e   m a t e r i a l .  

4.  A  m e t h o d   of  t he   c h a r a c t e r   d e f i n e d   in  C l a i m   1 

or  C la im  2,  w h e r e i n   t h e   s m a l l e r   b o d i e s   a r e   s u p p o r t e d  

on  t h e   s u r f a c e   of  the   body  of  c o n s u m a b l e   m a t e r i a l .  

5.  A  me thod   of  t he   c h a r a c t e r   d e f i n e d   in  any  o f  

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

is  a  c e l l u l a r   p l a s t i c   m a t e r i a l .  

6.  A  me thod   of  t h e   c h a r a c t e r   d e f i n e d   in  C la im   3 

or  C la im  5,  w h e r e i n   t he   ba se   m e t a l   is   s t e e l   and  t h e  

i n s e r t s   a re   t u n g s t e n   c a r b i d e .  

7.  A  m e t h o d   of  t h e   c h a r a c t e r   d e f i n e d   in  C l a i m   5 ,  

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



8.  A  m e t h o d   as  c l a i m e d   in  C l a i m   1  of  f o r m i n g   a  

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

r e l a t i v e l y   low  c a r b o n   s t e e l   and  the   s m a l l e r   b o d i e s  

a re   of  r e l a t i v e l y   h i g h   c a r b o n   c o n t e n t   such   as  t u n g s t e n  

c a r b i d e ,   and  t he   t e m p e r a t u r e   of  t he   mould  is   c o n t r o l l e d ,  

so  as  q u i c k l y   to  c o o l   t he   c a s t   a r t i c l e   to  p r e v e n t  
e x c e s s i v e   m i g r a t i o n   f rom  the   m a t e r i a l   of  t he   s m a l l e r  

b o d i e s   to   t he   body  of   b a s e   m e t a l .  

9.  A  m e t h o d   as  c l a i m e d   in  C l a i m   8  f u r t h e r   i n c l u d i n g  

the   s t e p   of  h e a t   t r e a t i n g   the   a r t i c l e   by  h e a t i n g   i t  

f o l l o w i n g   c o o l i n g   and  t h e n   q u i c k l y   r e c o o l i n g   i t   t o  

a g a i n   p r e v e n t   e x c e s s i v e   m i g r a t i o n   b e t w e e n   the   m a t e r i a l  

of  t h e   s m a l l e r   b o d i e s   and  t he   body  of  base   m e t a l .  

10.  A  m e t h o d   as  c l a i m e d   in  C la im  8  or  C la im  9 ,  

w h e r e i n   t he   m o u l d   is   a  f l a s k   w h i c h   c o n t a i n s   a 

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

to  q u i c k l y   c o o l   t h e   a r t i c l e .  

11.  A  m e t h o d   as  c l a i m e d   in  C l a i m   1  i n c l u d i n g   t h e  

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

s u r f a c e   of   t he   p a t t e r n   a c r o s s   t he   s e p a r a t i o n   b e t w e e n  

the   body  of  c o n s u m a b l e   m a t e r i a l - a n d   the   o u t e r   end  o f  

each   of  t he   i n s e r t s ,   c o n f i n i n g   the   p a t t e r n   w i t h i n   a 

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

m o l t e n   m e t a l   in  o r d e r   to  c a s t   s a i d   body  of  b a s e . m e t a l  
and  bond  s a i d   i n s e r t s   t h e r e t o .  

12.  A  m e t h o d   as  c l a i m e d   in  C la im   11,  w h e r e i n   t h e  
s h e e t s   have   an  a d h e s i v e   s i d e   w h i c h   is  a d h e r e d   to  t h e  

p a t t e r n .  
13.  A  m e t h o d   as  c l a i m e d   in  C l a i m   11,  w h e r e i n   t h e  

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

14.  A  m e t h o d   as  c l a i m e d   in  C la im   1,  w h e r e i n   e a c h   o f  
the   s m a l l e r   b o d i e s   is  a d h e r e d   to  a  s h e e t   of  c o n s u m a b l e  

m a t e r i a l   and  e a c h   s h e e t   is  a d h e r e d   to  the   s u r f a c e  

of  t he   body  of  c o n s u m a b l e   m a t e r i a l .  
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