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@  Investment  casting  process  and  mould. 

In  the  investment  casting  of  hollow  parts  in  a  shell 
mould  or  in  a  block  mould  a  slender  core  (2)  is  supported  by 
means  of  chaplets  (7)  in  an  outer  mould  part  (1).  The  chaplets 
are  made  of  expanded  metal  and  are  preferably  bent  to  form 
a  'C',  'V'  or  'U'  shaped  cross  section.  This  form  of  chaplet 
provides  lor  good  support  whilst  promoting  diffusion  thereof 
during  the  casting  of  the  molten  metal  in  the  mould. 



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

i n v e s t m e n t   c a s t i n g   and   to   an  i n v e s t m e n t   c a s t i n g  

m o u l d .  

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

c o m p r i s i n g   an  o u t e r   p a r t   s u r r o u n d i n g   an  i n n e r   c o r e .  

T h i s   t y p e   of  mou ld   i s   w e l l   known  and  i s   u s e d   f o r  

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

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

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

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

by  means   of  s u p p o r t s   known  as  p r i n t s   e x t e n d i n g   b e -  

t w e e n   t h e   o u t e r   p a r t   and  t h e   c o r e .   I f   t h e   c o r e s  

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

p o s i t i o n s   may  be  n e c e s s a r y .   T h e s e   s u p p o r t s   a r e  

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

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

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

a r t i c l e .   Such  c h a p l e t s ,   more  u s u a l l y   c o n s t r u c t e d   o f  

two  d i s c s   j o i n e d   by  a  c y l i n d e r ,   h a v e   been   e x t e n s i v e l y  

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



An  e x i s t i n g   fo rm  of  c h a p l e t s   as  u s e d   in   s h e l l  

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

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

a  c e r a m i c   c o r e ,   by  p l a c i n g   t h e   c o r e   in   t h e   w a x  

p a t t e r n   d i e   and  i n j e c t i n g   wax  i n t o   i t ,   t h e   p i n   o r  

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

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

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

t h e   wax  a f t e r   i n s e r t i o n   and   l o c a t e   in  t h e   o u t e r  

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

t h e m .   An  a d v a n t a g e   of  t h e   p i n   or  w i r e   c h a p l e t   o v e r  

t h e   e a r l i e r   d i s c / c y l i n d e r   c h a p l e t   i s   t h a t   t h e   r e d u c e d  

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

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

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

u s i n g   an  i n v e s t m e n t   c a s t i n g   b l o c k   m o u l d   h a v i n g   a  

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

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

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

o u t e r   p a r t   of  t h e   mou ld   a b o u t   t h e   p a t t e r n ,   r e m o v i n g  

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

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

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



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

c o r e   of  t h e   b l o c k   m o u l d .  

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

c a s t i n g   u s i n g   an  i n v e s t m e n t   c a s t i n g   m o u l d   h a v i n g   a  

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

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

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

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

t h e   o u t e r   p a r t   of  t h e   m o u l d   a b o u t   t h e   p a t t e r n ,   r e -  

m o v i n g   t h e   p a t t e r n ,   p o u r i n g   m o l t e n   m e t a l   i n t o   t h e  

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

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

a l l o w i n g   t h e   m o l t e n   m e t a l   to   s o l i d i f y ,   and  r e m o v i n g  

t h e   o u t e r   p a r t   and  c o r e   of  t h e   m o u l d .  

A  p r e f e r r e d   e m b o d i m e n t   of  t h e   m e t h o d   of  t h e  

i n v e n t i o n   may  c o m p r i s e   one  or  more  of  t h e   f o l l o w i n g  

a d v a n t a g e o u s   f e a t u r e s : -  

(a)  Each  c h a p l e t   i s   d i m e n s i o n e d   so  t h a t   a  

p o r t i o n   of  i t   p r o j e c t s   f rom  t h e   w a x  

p a t t e r n   and  s u b s e q u e n t l y   l o c a t e s   in  t h e  

o u t e r   p a r t   of  t h e   m o u l d .  



(b)  Each   c h a p l e t   i s   a  f l a t   s t r i p   of  e x p a n d e d  

m e t a l .  

(c)  E a c h   c h a p l e t   i s   b e n t   in   t h e   p l a n e   of   t h e  

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

(d)  E a c h   c h a p l e t   of  (c)  i s   b e n t   to   g i v e   t h e  

c h a p l e t   a  'C'  s h a p e d   c r o s s   s e c t i o n .  

(e)  E a c h   c h a p l e t   of  (c)  i s   b e n t   t o   g i v e   t h e  

c h a p l e t   a  'U'   s h a p e d   c r o s s   s e c t i o n .  

(f)  E a c h   c h a p l e t   of  (c)  i s   b e n t   to   g i v e   t h e  

c h a p l e t   a  'V'  s h a p e d   c r o s s   s e c t i o n .  

(g)  E a c h   c h a p l e t   i s   made  of   p l a t i n u m ,   or   c o m -  

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

a l l o y s ,   or   s u c h   d e n s e   m e t a l   a l l o y s   c o a t e d  

w i t h   p l a t i n u m   or   o t h e r   m e t a l   of  s u p e r i o r  

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

(h)  The  p a t t e r n   i s   made  of  wax,   s y n t h e t i c  

p l a s t i c s   or   o t h e r   m a t e r i a l   h a v i n g   a  r e l -  

a t i v e l y   low  m e l t i n g   p o i n t .  



(i)   The  c o r e   and  m o u l d   o u t e r   p a r t   a r e   m a d e  

of  a  c e r a m i c   m a t e r i a l .  

( j )   Each   c h a p l e t   i s   h e a t e d   to   a  t e m p e r a t u r e  

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

m a t e r i a l   to   e a s e   i t s   p a s s a g e   t h r o u g h   t h e  

p a t t e r n .  

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

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

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

a r o u n d   and  s p a c e d   f rom  t h e   c o r e   and  c h a p l e t s   e x t e n d -  

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

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

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

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

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

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

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

and  t h e   c o r e   and  l o c a t i n g   t h e   c o r e   w i t h i n   t h e   o u t e r  

mou ld   p a r t .  

A  p r e f e r r e d   e m b o d i m e n t   of   t h e   mou ld   of  t h e   i n v e n -  

t i o n   may  c o m p r i s e   one  or  more   of  t h e   f o l l o w i n g   a d v a n -  

t a g e o u s   f e a t u r e s : -  



(a)  The  i n n e r   p a r t   of  e a c h   c h a p l e t   e n g a g e s  

b u t   d o e s   n o t   p e n e t r a t e   t h e   c o r e   and  t h e  

o u t e r   p a r t   of  e a c h   c h a p l e t   l o c a t e s   in   t h e  

o u t e r   p a r t   of   t h e   m o u l d .  

(b)  Each   c h a p l e t   i s   a  f l a t   s t r i p   of  e x p a n d e d  

m e t a l .  

(c)  Each  c h a p l e t   i s   b e n t   in  t h e   p l a n e   of  t h e  

s u r f a c e   of   t h e   m o u l d .  

(d)  Each   b e n t   c h a p l e t   of  (c)  h a s   a  'C'   s h a p e d  

c r o s s   s e c t i o n .  

(e)  Each  b e n t   c h a p l e t   of   (c)  h a s   a  'U'  s h a p e d  

c r o s s   s e c t i o n .  

(f)   Each   b e n t   c h a p l e t   of   (c)  h a s   a  'V'  s h a p e d  

c r o s s   s e c t i o n .  

(g)  Each   c h a p l e t   i s   made  of  p l a t i n u m ,   or  c o m -  

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

a l l o y s ,   or   s u c h   d e n s e   m e t a l   a l l o y s   c o a t e d  

w i t h   p l a t i n u m   or   o t h e r   m e t a l   of  s u p e r i o r  

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



(h)  The  p a t t e r n   i s   made  of  wax,   s y n t h e t i c  

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

a t i v e l y   low  m e l t i n g   p o i n t .  

(i)   The  c o r e   and  m o u l d   o u t e r   p a r t   a r e   m a d e  

of  a  c e r a m i c   m a t e r i a l .  

The  i n v e n t i o n   a l s o   c o m p r i s e s   a  c a s t i n g   m a d e  

by  t h e   a b o v e   d e f i n e d   m o u l d   and  m e t h o d .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  more   c l e a r l y  

u n d e r s t o o d ,   one  e m b o d i m e n t   of  t h e   i n v e n t i o n   w i l l   n o w  

be  d e s c r i b e d ,   by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   t o  

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

F i g u r e   1  d i a g r a m m a t i c a l l y   i l l u s t r a t e s   t h e   m a n n e r  

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

F i g u r e   2  d i a g r a m m a t i c a l l y   i l l u s t r a t e s   t h e   c o r e  

of  t h e   mou ld   w i t h   t h e   wax  p a t t e r n   of  F i g u r e   1  f o r m e d  

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

t h e   w a x ,  

F i g u r e   3  d i a g r a m m a t i c a l l y   shows  t h e   o u t e r   m o u l d  

p a r t   f o r m e d   a b o u t   t h e   wax  p a t t e r n   of  F i g u r e s   1  a n d   2 ,  



F i g u r e   4  d i a g r a m m a t i c a l l y   i l l u s t r a t e s   t h e   m o u l d  

a f t e r   t h e   wax  h a s   b e e n   r e p l a c e d   by  t h e   m e t a l   o f  

t h e   c a s t i n g ,   a n d  

F i g u r e   5  i l l u s t r a t e s   s e v e r a l   f o r m s   of   e x p a n d e d  

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

of  F i g u r e   2 .  

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

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

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

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

p a r t   1  and  a  c o r e   2.  The  c o r e ,   w h i c h   i s  m a d e   o f  

c e r a m i c   and  has   an  e x t e r n a l   s u r f a c e   c o m p l e m e n t a r y  

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

of  t h e   v a n e ,   i s   p l a c e d   i n  a  p a t t e r n   d i e .   T h i s  i s   a  

m e t a l   d i e   3  n o r m a l l y   made  in   s e v e r a l   p a r t s   a n d  

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

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

be  p r o d u c e d .   The  c o r e   i s   s u p p o r t e d   in   t h e   d i e   b y  

means   of  p r i n t s   5  w h i c h   e x t e n d   f r o m   t h e   e x t r e m i t i e s  

of  t h e   c o r e .   The  m a t e r i a l   f o r   m a k i n g   t h e   p a t t e r n   6 ,  

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

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

i s   t h e n   i n j e c t e d   i n t o   t h e   d i e   and  a l l o w e d   t o  

s o l i d i f y   ( F i g u r e   1 ) .   T h e r e a f t e r ,   t h e   d i e   i s   o p e n e d  



l e a v i n g   t h e   c e r a m i c   c o r e   2  w i t h   t h e   p a t t e r n   6 

f o r m e d   on  i t .  

M e t a l   c h a p l e t s   7  a r e   t h e n   i n s e r t e d   i n t o   t h e  

m a t e r i a l   of   t h e   p a t t e r n   6  ( F i g u r e   2)  u n t i l   t h e y   a b u t t  

t h e   s u r f a c e   of   t h e   c e r m i c   c o r e   2  b e n e a t h   l e a v i n g  

p o r t i o n s   8  t h e r e o f   p r o j e c t i n g   f rom  t h e   p a t t e r n   6 .  

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

h a v e   good   r e s i s t a n c e   to   o x i d a t i o n   in   m o u l d   f i r i n g  

f u r n a c e   a t m o s p h e r e s .   E x a m n l e s   of  s u c h   m e t a l s   a r e ,  

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

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

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

r e s i s t a n c e .   To  f a c i l i t a t e   t h e   p a s s a g e   of  t h e   c h a p l e t  

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

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

p a t t e r n   m a t e r i a l .   Each   c h a p l e t   7  i s   made  of   e x p a n d e d  

m e t a l   s h e e t   and   s e v e r a l   e x a m p l e s   o f . e x p a n d e d   m e t a l  

s h e e t   f e l t   t o b e   s u i t a b l e   a r e   i l l u s t r a t e d   in   F i g u r e   5 .  

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

a r e   made  by  E x p a m e t   I n d u s t r i a l   P r o d u c t s   L i m i t e d   o f  

16  C a x t o n   S t r e e t ,   L o n d o n ,   SWlH  ORA.  The  e x p a n d e d  

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

in  a  m e t a l   s h e e t   and  t h e n   s t r e t c h i n g   t h e   s h e e t   t o  

fo rm  a  mesh .   For   a  g i v e n   v o l u m e   of  m a t e r i a l ,   a  c h a p l e t  



made  of   t h i s   m a t e r i a l   a f f o r d s   a  more  r i g i d   s u p p o r t  

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

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

m a t e r i a l   to   be  u s e d   f o r   a  g i v e n   s u p p o r t   r e q u i r e -  

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

c h a p l e t s   a r e   made  of  a  p r e c i o u s   m e t a l   s u c h   a s  

p l a t i n u m .   The  e x p a n d e d   m e t a l   may  be  b e n t   in   t h e  

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

c h a p l e t   of  'C'  s h a p e d ,   'U'  s h a p e d ,   'V'  s h a p e d   o r  

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

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

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

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

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

i m a t e l y   0 . 0 1 5 "   x  0 . 0 4 0 "   and  a  l e n g t h   to   e n a b l e  

i t   t o   p r o j e c t   a p p r o x i m a t e l y   0 . 2 0 "   o u t   of  t h e   w a x  

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

m a t e r i a l   of  t h e   o u t e r   m o u l d   p a r t .   The  a p e r t u r e d  

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

r e a d y   a c c e s s   to   a  g r e a t e r   b u l k   of  t h e   m a t e r i a l   o f  

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

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

p o u r i n g   s t e p   i t s e l f .  

A f t e r   t h e   r e q u i r e d   n u m b e r   of  e x p a n d e d   m e t a l  



c h a p l e t s   7  have   b e e n   i n s e r t e d   in  t h e   r e q u i r e d  

p o s i t i o n s   in  t h e   p a t t e r n   6,  t he   p a t t e r n   i s   d i p   c o a t e d  

and   s t u c c o e d .   In   t h i s   s t e p ,   an  e x t r e m e l y   f i n e  

c e r a m i c   c o a t i n g ,  k n o w n   as  a  p r e - c o a t ; i s   a p p l i e d  

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

6  t o   r e p r o d u c e   maximum  s u r f a c e   s m o o t h n e s s   in   t h e  

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

.ory  p a r t i c l e s   and  may  be  made  more  i m p e r m e a b l e  

to   m o l t e n   m e t a l   by  t h e   a d d i t i o n   of   one  o r   e v e n   t w o  

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

s u r r o u n d e d   in  a  b l o c k   or   f l a s k   m o u l d   by  c o a r s e r ,  

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

m o u l d .   The  p r o j e c t i n g   p o r t i o n s   8  of  t h e   c h a p l e t s  

7  l o c a t e   in   t h e   o u t e r   p a r t   of  t h e   m o u l d   9  so  f o r m e d  

( s e e   F i g u r e   3 ) .   A f t e r   t h e   mould  m a t e r i a l   h a s   s e t  

and   d r i e d   t h e   p a t t e r n   of  low  m e l t i n g   p o i n t   m a t e r i a l  

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

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

1 0 5 0 ° C .   The  m o l t e n   m e t a l   10  i s   t h e n   p o u r e d   i n t o   t h e  

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

m e t a l   e n t e r s   t h e   a p e r t u r e s   of  t he   e x p a n d e d   m e t a l  

c h a p l e t s ,   t h e   m a t e r i a l   of  t h e   c h a p l e t s   7  i s   d i s -  

t r i b u t e d   i n t o   t h e   mass   of  t h e   m o l t e n   m a t e r i a l   ( s e e  

F i g u r e   4 ) .   A f t e r   a l l o w i n g   t h e   m o l t e n   m a t e r i a l   t o  



s o l i d i f y   and  c o o l ,   t h e   o u t e r   p a r t   of  t h e   mou ld   i s  

b r o k e n   away  f r o m   t h e   mou ld   and  t h e   c o r e   2  of  t h e  

m o u l d   i s   d i s o l v e d   and  r e m o v e d .  

A l t h o u g h   t h e   e m b o d i m e n t   of  t h e   i n v e n t i o n   d e s -  

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

b l o c k   or   f l a s k   m o u l d   p r o c e s s ,   e x p a n d e d   m e t a l   c h a p -  

l e t s   may  a l s o   r e a d i l y   be  a p p l i e d   t o   t h e   s h e l l   m o u l d  

p r o c e s s .   In  s u c h   a  p r o c e s s ,   as  c o m p a r e d   w i t h   t h e  

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

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

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

c o a r s e r   c o a t s   a r e   a p p l i e d ,   a l s o   by  d i p p i n g   a n d  

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

e n o u g h   t o   s u p p o r t   t h e   p o u r e d   m e t a l .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   a b o v e   e m b o d i -  

m e n t s   h a v e   b e e n   d e s c r i b e d   by  way  of  e x a m p l e   and  t h a t  

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

t h e   i n v e n t i o n .  



1.  A  m e t h o d   of  i n v e s t m e n t   c a s t i n g   u s i n g   an  i n v e s t -  

m e n t   c a s t i n g   b l o c k   mou ld   (1,  2)  h a v i n g   a  c o r e   ( 2 )  

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

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

c h a p l e t s   (7)  i n t o   t h e   p a t t e r n   u n t i l   t h e y   e n g a g e  

t h e   c o r e ,   f o r m i n g   t h e   o u t e r   p a r t   (1)  of  t h e   m o u l d  

a b o u t   t h e   p a t t e r n   ( 6 ) ,   r e m o v i n g   t h e   p a t t e r n   ( 6 ) ,  

p o u r i n g   m o l t e n   m e t a l   (10)  i n t o   t h e   c a v i t y   l e f t  

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

of  t h e   c h a p l e t s   (7)  i s   f u s e d ,   a l l o w i n g   t h e   m o l t e n  

m e t a l   to   s o l i d i f y   and  r e m o v i n g   t h e   o u t e r   p a r t   ( 1 )  

and  c o r e   (2)  of  t h e   b l o c k   m o u l d .  

2.  A  m e t h o d   of  i n v e s t m e n t   c a s t i n g   u s i n g   an  i n v e s t -  

ment   c a s t i n g   mou ld   (1 ,   2)  h a v i n g   a  c o r e   (2)  i n c l u d i n g  

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

(2)  of  t h e   m o u l d ,   f o r m i n g   c h a p l e t s   (7)  f r o m   s h e e t s  

of  e x p a n d e d   m e t a l ,   i n s e r t i n g   t h e   c h a p l e t s   ( 7 )  

i n t o   t h e   p a t t e r n   (6)  u n t i l   t h e y   e n g a g e   t h e   c o r e ( 2 )  

f o r m i n g   t h e   o u t e r   p a r t   (1)  of  t h e   m o u l d   a b o u t   t h e  

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

m o l t e n   m e t a l   (10)  i n t o   t he   c a v i t y   l e f t   t h e r e b y   t o  

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

e x p a n d e d   m e t a l   c h a p l e t s   (7)  i s   f u s e d ,   a l l o w i n g   t h e  



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

p a r t   (1)  and  c o r e   (2)  of  t h e   m o u l d .  

3.  A  m e t h o d   as  c l a i m e d   in  C l a i m   1  or   2,  in   w h i c h  

e a c h   c h a p l e t   (7)  i s   d i m e n s i o n e d   so  t h a t   a  

p o r t i o n   (8)  of   i t   p r o j e c t s   f rom  t h e   wax  p a t t e r n  

(6)  and  s u b s e q u e n t l y   l o c a t e s   in  t h e   o u t e r   p a r t   ( 1 )  

of  t h e   m o u l d .  

4.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1,  2  or   3,  in   w h i c h  

e a c h   c h a p l e t   (7)  i s   a  f l a t   s t r i p   of  e x p a n d e d  

m e t a l .  

5.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1,  2,  or  3,  in   w h i c h  

e a c h   c h a p l e t   (7)  i s   b e n t   in   t h e   p l a n e   of  t h e   s u r f a c e  

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

6.  A  m e t h o d   as   c l a i m e d   in   c l a i m   5,  in   w h i c h   e a c h  

c h a p l e t   (7)  i s   b e n t   t o   g i v e   t h e   c h a p l e t   a  'C '   s h a p e d  

c r o s s   s e c t i o n .  

7.  A  m e t h o d   as  c l a i m e d   in  c l a i m   5,  in  w h i c h   e a c h  

c h a p l e t   (7)  i s   b e n t   to   g i v e   t h e   c h a p l e t   a  'U'  s h a p e d  

c r o s s   s e c t i o n .  

8.  A  m e t h o d   as  c l a i m e d   in   c l a i m   5,  in  w h i c h   e a c h  

c h a p l e t   (7)  i s   b e n t   to   g i v e   t h e   c h a p l e t   a  'V'  s h a p e d  

c r o s s   s e c t i o n .  



9.  A  m e t h o d   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,  

in  w h i c h   e a c h   c h a p l e t   (7)  i s   made  of  p l a t i n u m ,   o r  

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

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

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

10.  A  m e t h o d   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m  

in  w h i c h   t h e   p a t t e r n   (6)  i s . m a d e   of  wax,   s y n t h e t i c  

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

m e l t i n g   p o i n t .  

11.  A  m e t h o d   as  c l a i m e d   in  c l a i m   2  or  any  of  c l a i m s  

3  to   10  when  a p p e n d a n t   d i r e c t l y   or  i n d i r e c t l y   t o  

c l a i m   1,  in  w h i c h   t h e   o u t e r   p a r t   (1)  of  t h e   m o u l d  

is   f o r m e d   by  means   of  t h e   b l o c k   or  f l a s k   mou ld   p r o c e s s .  

12.  A  m e t h o d   as  c l a i m e d   in   c l a i m   2  or  any  o f  

c l a i m s   3  t o   10  when  a p p e n d a n t   d i r e c t l y   or  i n -  

d i r e c t l y   t o   c l a i m   1,  in  w h i c h   t h e   o u t e r   p a r t   ( 1 )  

of  t h e   m o u l d   i s   f o r m e d   by  means   of  t h e   s h e l l   m o u l d  

p r o c e s s .  

13.  A  m e t h o d   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,  

in  w h i c h   t h e   c o r e   (2)  and  mould   o u t e r   p a r t   ( 1 )  

a re   made  of  a  c e r a m i c   m a t e r i a l .  

14.  A  m e t h o d   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,   i n  



w h i c h   e a c h   c h a p l e t   (7)  i s   h e a t e d   to   a  t e m p e r a t u r e  

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

e a s e   i t s   p a s s a g e   t h r o u g h   t h e   p a t t e r n   ( 6 ) .  

15.   An  i n v e s t m e n t   c a s t i n g   b l o c k   mould   c o m p r i s i n g  

a  c o r e   ( 2 ) ,   a  mou ld   o u t e r   p a r t   (I)  d i s p o s e d   a r o u n d  

and  s p a c e d   f r o m   t h e   c o r e   (2)  and  c h a p l e t s   (7)  e x t e n d -  

i n g   b e t w e e n   t h e   o u t e r   p a r t   (1)  and  t h e   c o r e   (2)  a n d  

l o c a t i n g   t h e   c o r e   (2)  w i t h i n   t h e   o u t e r   mou ld   p a r t   ( 1 ) .  

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

c o r e   ( 2 ) ,   a  m o u l d   o u t e r   p a r t   (1)  d i s p o s e d   a r o u n d  

and  s p a c e d   f r o m  t i e   c o r e   ( 2 ) ,   and  c h a p l e t s   ( 7 )  

made  of   e x p a n d e d   m e t a l   e x t e n d i n g   b e t w e e n   t h e  

o u t e r   p a r t   (1)  and  t h e   c o r e   (2)  and  l o c a t i n g   t h e  

c o r e   (2)  w i t h i n   t h e   o u t e r   m o u l d   p a r t   ( 1 ) .  

17.   A  m o u l d   as  c l a i m e d   i n   c l a i m   15  or  16 ,   i n  

w h i c h   t h e   i n n e r   p a r t   of   e a c h   c h a p l e t   (7)  e n g a g e s  

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

p a r t   of  e a c h   c h a p l e t   (7)  l o c a t e s   in  t h e   o u t e r   p a r t  

(1)  of  t h e   m o u l d .  

18.  A  m o u l d   as  c l a i m e d   in   c l a i m   15,  16  or  1 7 ,  

in  w h i c h   e a c h   c h a p l e t   (7)  i s   a  f l a t   s t r i p  o f   e x p a n d -  

ed  m e t a l .  



19.  A  mou ld   as  c l a i m e d   in  c l a i m   15,   16  or  1 7 ,  

in  w h i c h   e a c h   c h a p l e t   (7)  i s   b e n t   in  t h e   p l a n e   o f  

t h e   s u r f a c e   of  t h e   m o u l d .  

20.   A  m o u l d   as  c l a i m e d   in  C l a i m   19,   in  w h i c h  

e a c h   b e n t   c h a p l e t   (7)  has   a  'C'   s h a p e d   c r o s s   s e c t i o n .  

21.   A  m o u l d   as  c l a i m e d   in  c l a i m   19,   in   w h i c h   e a c h  

b e n t   c h a p l e t   (7)  has   a  'U'  s h a p e d   c r o s s   s e c t i o n .  

22.  A  m o u l d   as  c l a i m e d   in  C l a i m   19,   in   w h i c h  

e a c h   b e n t   c h a p l e t   (7)  has   a  'V'  s h a p e d   c r o s s s e c t i o n .  

23.  A  mou ld   as  c l a i m e d   in  any  of  c l a i m s   15  t o  

21,  in  w h i c h   e a c h   c h a p l e t   (7)  i s   made  of  p l a t i n u m ,  

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

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

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

24.  A  mou ld   as  c l a i m e d   in  any  of  c l a i m s   15  t o  

23,  in  w h i c h   t h e   p a t t e r n   (6)  i s   made  of  w a x ,  

s y n t h e t i c   p l a s t i c s   or  o t h e r   m a t e r i a l   h a v i n g   a  r e l -  

a t i v e l y   low  m e l t i n g   p o i n t .  



25.   A  m o u l d   as  c l a i m e d   in   c l a i m   16  or  any  o f  

c l a i m s   17  t o   23,   when  a p p e n d a n t   d i r e c t l y   o r  

i n d i r e c t l y   t o   c l a i m   16 ,   in   w h i c h   t h e   o u t e r   p a r t  

(1)  of   t h e   m o u l d   i s   f o r m e d   by  m e a n s   of  t h e   b l o c k  

o r   f l a s k   m o u l d   p r o c e s s .  

26 .   A  m o u l d   as  c l a i m e d   in   c l a i m   16  or  any  o f  

c l a i m s   17  to   23  when  a p p e n d a n t   d i r e c t l y   or   i n d i r e c t -  

ly   to   c l a i m   16,   in   w h i c h   t h e   o u t e r   p a r t   ( 1 )  

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

m o u l d   p r o c e s s .  

27.   A  m o u l d   as  c l a i m e d   in   any  of  c l a i m s   15  t o  

26 ,   i n   w h i c h   t h e   c o r e   (2)  and  m o u l d   o u t e r   p a r t  

(1)  a r e   made  of  a  c e r a m i c   m a t e r i a l .  

28 .   A  c a s t i n g   when  made  by  t h e   m e t h o d   of  any  o f  

c l a i m s   1  t o   1 4 .  

29.   A  c a s t i n g   when  made  by  t h e   mou ld   of  any  o f  

c l a i m s   15  to   2 7 .  
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