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Abrasive  surfaced  article  for  high  temperature  service. 
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@  A  very  thin  abrasive  material  (26)  on  a  substrate  (24,  28) 
is  comprised  of  ceramic  particulates  (30)  contained  within  a 
metal  matrix  (36).  The  particulates  extend  fully  through  the 
matrix  from  the  substrate  surface  (32)  to  the  machined  free 
surface  (44)  of  the  abrasive.  In  a  representative  0.38  mm 
abrasive  the  particulates  are  sized  nominally  at  0.42- 
0.50  mm  and  have  an  aspect  ratio  of  less  than  1.9  to  1.  This 
enables  a  high  density  of  particulates,  in  the  range  33-62  per 
cm2,  while  at  the  same  time  ensuring  good  bonding  in  that 
most  of  the  particulates  are  fully  surrounded  by  matrix.  When 
the  abrasive  is  applied  to  the  tip  of  a  superalloy  gas  turbine 
engine  blade  (20),  about  10-50%  of  the  matrix  metal  is  re- 
moved  after  machining.  This  allows  the  machined  ceramic 
particulates  (30)  to  project  into  space  and  to  thus  better  in- 
teract  with  ceramic  abradable  seals.  In  the  preferred  prac- 
tice  of  the  invention  the  particulates  are  alumina  coated  sili- 
con  carbide  contained  in  a  nickel  superalloy  matrix. 
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T e c h n i c a l   F i e l d  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a b r a s i v e s ,  

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

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

B a c k g r o u n d  

Gas  t u r b i n e   e n g i n e s   and  o t h e r   a x i a l   f l o w   t u r b o -  

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

w i t h i n   a  g e n e r a l l y   c y l i n d r i c a l   c a s e .   I t   is   v e r y  
d e s i r a b l e   to  m i n i m i z e   t h e   l e a k a g e   of  t h e   gas  o r  

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

w h e r e   t h e y   come  c l o s e   to  t he   c a s e .   As  has   b e e n  

known  f o r   some  t i m e ,   t h i s   l e a k a g e   is   m i n i m i z e d   b y  

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

rub   a g a i n s t   a  s e a l   a t t a c h e d   to  t h e   i n t e r i o r   of  t h e  

e n g i n e   c a s e .   G e n e r a l l y ,   t he   b l a d e   t i p   is   made  t o  

be  h a r d e r   and  more  a b r a s i v e   t h a n   t h e   s e a l ;   t h u s ,   t h e  

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

p a r t s   of  e n g i n e   o p e r a t i o n   when  t h e y   come  i n t o  

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

In  t he   e a r l i e r   s y s t e m s   of  t he   t y p e   j u s t  

d e s c r i b e d   the   b l a d e   t i p   was  a  s u p e r a l l o y   m a t e r i a l ,  

p o s s i b l y   even   h a v i n g   a  h a r d   f a c e ,   and  t he   s e a l   w a s  

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

For  i n s t a n c e ,   p o r o u s   p o w d e r   m e t a l s   were   u s e d .   Now 

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

f a v o r ,   such   as  t h o s e   shown  in  U.S.   P a t e n t   N o .  



3 , 9 7 5 , 1 6 5   to  E l b e r t   e t   a l ,   U.S.   P a t e n t   N o .  

4 , 2 6 9 , 9 0 3   to  K l i n g m a n   e t   al  and  U.S.   P a t e n t   N o .  

4 , 2 7 3 , 8 2 4   to  McComas  e t   a l .   The  c e r a m i c   f a c e d  

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

m e t a l   s e a l s   and  as  a  r e s u l t ,   t he   p r i o r   a r t   b l a d e  

t i p s   were   d e f i c i e n t   in  b e i n g   a b l e   to  wear   away  t h e  

s e a l   w i t h   l i t t l e   wear   to  t h e m s e l v e s .  

C o n s e q u e n t l y ,   t h e r e   have   been   d e v e l o p e d   i m -  

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

d e s c r i b e d   in  U.S.   P a t e n t   No.  4 , 2 4 9 , 9 1 3   to  J o h n s o n  

e t   al  " A l u m i n a   C o a t e d   S i l i c o n   C a r b i d e   A b r a s i v e "   o f  

common  o w n e r s h i p   h e r e w i t h .   In  t he   J o h n s o n   e t   a l  

i n v e n t i o n   s i l i c o n   c a r b i d e   p a r t i c u l a t e   of  0 . 2 0 - 0 . 7 6   mm 

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

o x i d e   such   as  a l u m i n a   and  i n c o r p o r a t e d   by  p o w d e r  

m e t a l   or  c a s t i n g   t e c h n i q u e s   in  n i c k e l   or  c o b a l t  

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

30 -45   v o l u m e   p e r c e n t   p a r t i c u l a t e   may  be  made  a n d  

t h i s   p a r t   is   t h e n   b o n d e d ,   s u c h   as  by  d i f f u s i o n  

b o n d i n g ,   l i q u i d   p h a s e   b o n d i n g   or  b r a z i n g   to  t h e  

t i p   of  a  b l a d e .  

H o w e v e r ,   t h e r e   a r e   c e r t a i n   i n h e r e n t   c h a r a c t e r -  

i s t i c s   of  an  a b r a s i v e   t i p   made  by  t h e   f o r e g o i n g  

t e c h n i q u e .   S p e c i f i c a l l y ,   t he   m e t a l   p a r t   can  o n l y  

be  made  in  a  p r a c t i c a l   minimum  t h i c k n e s s ,   t y p i c a l l y  

of  t he   o r d e r   of  1-2  mm  t h i c k .   U s u a l l y ,   t h e  

a b r a s i v e   t i p   p a r t   i s   made  in  t he   c r o s s   s e c t i o n a l  

s h a p e   of  t he   t i p   of  t he   t u r b i n e   b l a d e   s u b s t r a t e .  

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

f l a t   s u r f a c e .   L i k e w i s e ,   t he   b l a d e   t i p   is   m a c h i n e d  



to  a  p l a n a r   s u r f a c e   to  r e c e i v e   the   a b r a s i v e .   S u c h  

p l a n a r   m a c h i n i n g   is  a  p r a c t i c a l   l i m i t a t i o n   n e c e s s a r y  

to  g e t   good  f a y i n g   f i t   and  minimum  weld   j o i n t  

t h i c k n e s s ,   of  the   o r d e r   of  0 . 05   mm.  U n l e s s   t h i s  

is  done  a d e q u a t e   bond  s t r e n g t h   in  the   1 1 0 0 ° C  

o p e r a t i n g   t e m p e r a t u r e   r a n g e   w i l l   no t   be  a t t a i n e d .  

A f t e r   b o n d i n g   of  t he   a b r a s i v e   on  a  b l a d e   t i p ,   a  

m u l t i p l i c i t y   of  b l a d e s   a r e   a s s e m b l e d   in  a  f i x t u r e  

w h i c h   is  a d a p t e d   to  r o t a t e   much  l i k e   t he   d i s c   o f  

the   e n g i n e   in  w h i c h   t h e y   a r e   u s e d .   They  a r e   t h e n  

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

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

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

a b r a s i v e   w i l l   i n i t i a l l y   have   a  s u b s t a n t i a l   t h i c k n e s s  

w h i c h   w i l l   have   to  be  g r o u n d   to  a  s u b s t a n t i a l  

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

the   a p p r o a c h   is   c o s t l y .   S e c o n d ,   b e c a u s e   p r a c t i -  

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

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

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

w i l l   be  a  v a r y i n g   t h i c k n e s s   of  a b r a s i v e  

a c r o s s   the   b l a d e   t i p ,   as  shown  in  F i g u r e   9  h e r e i n .  

Whi l e   the   p r i o r   a r t   b l a d e   t i p s   a r e   u s e f u l ,   i t   i s  

more  d e s i r a b l e   t h a t   t he   a b r a s i v e   p o r t i o n   of  t h e  

t i p   be  u n i f o r m   in  t h i c k n e s s   a c r o s s   the   c u r v e d  

s u r f a c e .   I t   is  a l s o   v e r y   d e s i r a b l e   to  m i n i m i z e   t h e  

q u a n t i t y   of  g r i t s   w h i c h   must   be  u s e d   in  the   m a n u -  

f a c t u r i n g   p r o c e s s   s i n c e   t h e y   must   be  of  t he   h i g h e s t  

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

c o a t i n g   p r o c e s s ,   is  e x p e n s i v e .  



An  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   is  to  p r o v i d e  

on  the   t i p   of  the   b l a d e   a  t h i n   and  u n i f o r m   l a y e r   o f  

a b r a s i v e   c o a t i n g   a d a p t e d   fo r   use  in  t he   v i c i n i t y  

of  1100°C  and  h i g h e r .   Th in   l a y e r s   of  p a r t i c u l a t e -  

b e a r i n g   a b r a s i v e ,   a l t h o u g h   no t   a d a p t e d   to  o p e r a t e  

a t   such   h i g h   t e m p e r a t u r e s ,   have   been   known.   F o r  

e x a m p l e ,   c o a t e d   a b r a s i v e s   made  f rom  a l u m i n a ,   s i l i c a  

and  s i l i c o n   c a r b i d e   a r e   common  p r o d u c t s ,   as  a r e   m e t a l  

b o n d e d   d i a m o n d   and  c u b i c   b o r o n   n i t r i d e   g r i n d i n g  

w h e e l s .   F u s e d   and  u n f u s e d   l a y e r s   of  s p r a y e d   m e t a l  

a r e   w e l l   known  in  t he   m e t a l l i z i n g   f i e l d .   See  f o r  

e x a m p l e   U.S.   P a t .   No.  3 , 2 4 8 , 1 8 9   to  H a r r i s ,   J r .   a n d  

U.S.   P a t .   No.  4 , 3 8 6 , 1 1 2   of  E a t o n ' a n d   Novak ,   t h e  

p r e s e n t   a p p l i c a n t s .   H o w e v e r ,   any  p r o c e s s   of  m e t a l  

s p r a y i n g   g r i t s   and  m a t r i x   m e t a l   is  i n h e r e n t l y   i n -  

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

m a t e r i a l   a c t u a l l y   h i t s   and  a d h e r e s   to  t he   s u r f a c e .  

These   d i f f i c u l t i e s   a r e   e s p e c i a l l y   s i g n i f i c a n t   i n  

l i g h t   of  t he   r e l a t i v e l y   s m a l l   s i z e ,   e . g . ,   a b o u t  

6  by  50  mm,  of  a  t y p i c a l   t u r b i n e   b l a d e   t i p .  

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

p r e s e n t   i n v e n t i o n   is  t he   f o l l o w i n g   a r t .   S i l i c o n  

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

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

and  o t h e r   m e t a l s ,   a c c o r d i n g   to  F o n t a n e l l a   U . S .  

P a t .   No.  3 , 5 0 8 , 8 9 0   and  Duke  e t   al  U.S.   P a t .   N o .  

3 , 3 7 7 , 2 6 4 .   F i s k   e t   al  in  U.S.   P a t .   No.  3 , 7 7 9 , 7 2 6  

d e s c r i b e   a  me thod   of  m a k i n g   m e t a l - a b r a s i v e   t o o l s  

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

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



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

o t h e r   m e t a l   to  u n i t e   t he   p a r t i c l e s .   P a l e n a   in  U . S .  

P a t .   No.  4 , 0 2 9 , 8 5 2   d e s c r i b e s   how  a  n o n - s k i d  

s u r f a c e   is   made  by  l a y i n g   g r i t s   on  a  s u r f a c e   a n d  

s p r a y i n g   m o l t e n   m e t a l   d r o p l e t s   o v e r   t h e m .   T h e  

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

such   as  a  s t a i r w a y   t r e a d ,   in  c o n t r a s t   to  t h e   f i n e r  

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

and  t he   i n v e n t i o n   h e r e i n .   W i l d e r   in  U.S.   P a t .   N o .  

3 , 8 7 1 , 8 4 0   d e s c r i b e s   how  e n c a p s u l a t i n g   g r i t s   in  a  

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

m e t a l   b o n d e d   a b r a s i v e   made  in  v a r i o u s   w a y s .  
The  a f o r e m e n t i o n e d   a b r a s i v e   c o m p r i s e d   of  a  

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

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

has  shown  t he   c h a r a c t e r i s t i c s   of  t h e   a b r a s i v e   w h i c h  

a r e   u s e f u l .   But  w h i l e   i t   is   d e s i r a b l e   t h a t   t h e  

t h i c k n e s s   of  t he   a b r a s i v e   be  r e d u c e d   to  t he   m i n i m u m  

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

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

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

a b o v e .   At  t h e   same  t i m e ,   i t   is   known  f rom  p a s t  

e x p e r i e n c e   t h a t   t he   commonly   a v a i l a b l e   m a t e r i a l  

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

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

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

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

minimum  t h i c k n e s s .   T h e r e f o r e ,   i t   was  n e c e s s a r y   t o  

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

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

a b r a s i v e   t i p .  



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

An  o b j e c t   of  t he   i n v e n t i o n   is  to  p r o v i d e   a  t h i n  

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

p a r t i c u l a r ,   an  o b j e c t   of  t he   i n v e n t i o n   is  to  p r o v i d e  

on  an  a i r f o i l   f o r   use   in  t u r b o m a c h i n e r y   a n  

a b r a s i v e   m a t e r i a l   w h i c h   is  v e r y   l i g h t   y e t   d u r a b l e .  

Thus ,   i t   is  d e s i r e d   to  make  the   a b r a s i v e   of  c e r a m i c  

p a r t i c u l a t e s   and  m e t a l ,   w h e r e   as  few  p a r t i c u l a t e s  

as  p o s s i b l e   a r e   u s e d .   For  h i g h   t e m p e r a t u r e   u s e ,  
t he   a b r a s i v e   must   be  c o m p r i s e d   of  o x i d a t i o n   r e -  

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

m e t a l ,   and  t he   a b r a s i v e   be  w e l l   b o n d e d   to  a  

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

s t r e s s e s .  

A c c o r d i n g   to  t he   i n v e n t i o n ,   an  a r t i c l e   w i l l   h a v e  

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

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

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

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

m a c h i n e d   s u r f a c e .   And  when  t he   m a c h i n e d   s u r f a c e   i s  

p a r a l l e l   to  t he   s u r f a c e   on  w h i c h   t h e   a b r a s i v e   i s  

l a i d ,   t he   p a r t i c u l a t e s   w i l l   t h u s   have   e q u a l   l e n g t h s  

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

e f f e c t i v e   m a n n e r .   To  o b t a i n   t he   o p t i m u m   p e r f o r m a n c e  

from  the   a b r a s i v e   t he   p a r t i c u l a t e s   a r e   c l o s e l y   b u t  

e v e n l y   s p a c e d .   But  t h e y   a r e   c a r e f u l l y   s i z e d   a n d  

p l a c e d   so  t h a t   a t   l e a s t   80  p e r c e n t   do  n o t   t o u c h   o n e  

a n o t h e r .   T h u s ,   t he   p r e s e n c e   of  s u r r o u n d i n g   m a t r i x  

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

the   a b r a s i v e   and  t h a t   t he   a b r a s i v e   is  w e l l   b o n d e d  



to  the  s u b s t r a t e .   The  i n v e n t i v e   a b r a s i v e s   a re   m a d e  

from  c e r a m i c s   w h i c h   have   p a r t i c u l a t e   a s p e c t   r a t i o s  

l e s s   t h a n   1.9  to  1,  p r e f e r a b l y   in  t he   v i c i n i t y   o f  

1.5  to  1.  Th i s   e n a b l e s   p a r t i c u l a t e s   to  be  p r e s e n t  

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

33-62   p a r t i c u l a t e s   pe r   cm2  of  a r t i c l e   s u r f a c e ,   p r e -  
f e r a b l y   4 2 - 5 3 ,   and  w i t h   10 -20   v o l u m e   p e r c e n t   c e r a m i c .  

In  the   p r e f e r r e d   p r a c t i c e   of  the   i n v e n t i o n   t h e  

a b r a s i v e   m a t e r i a l   is  a p p l i e d   to  the   t i p   of  a  s u p e r -  

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

s p r a y i n g   and  m a c h i n i n g .   The  c e r a m i c   p a r t i c u l a t e s  

a r e   t h o s e   w h i c h   do  no t   i n t e r a c t   w i t h   t he   m a t r i x  

m a t e r i a l   a t   e l e v a t e d   t e m p e r a t u r e .   For  e x a m p l e ,  

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

u s e d .   The  p a r t i c u l a t e s   a r e   f u r t h e r   c l a d   w i t h   a  

s i n t e r a b l e   m a t e r i a l ,   such   as  n i c k e l .   The  p a r t i c u l a t e s  

a r e   l a i d   on  the   s u r f a c e   and  h e a t e d   to  a  s i n t e r i n g  

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

m e t a l l i c a l l y   a d h e r e   to  the   s u b s t r a t e .   Then ,   a  

s u p e r a l l o y   m a t r i x   m a t e r i a l   is  d e p o s i t e d   o v e r   t h e  

p a r t i c u l a t e s ,   u s u a l l y   by  means  of  a  " l i n e   of  s i g h t "  

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

l i n e   t o w a r d   the   s u r f a c e ) .   T h e r e   a r e   v o i d s   c r e a t e d  

in  t he   v i c i n i t y   of  t he   i r r e g u l a r   s h a p e d   p a r -  
t i c u l a t e s   l a y i n g   on  the   s u r f a c e   and  s u b s e q u e n t  

p r o c e s s i n g ,   such   as  ho t   i s o s t a t i c   p r e s s i n g ,   is  u s e d  

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

T h i s   r e s u l t s   in  a  m e t a l l u r g i c a l   s t r u c t u r e  

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

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



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

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

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

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

When  t h e   a b r a s i v e   is   on  t h e   t i p   of  a  b l a d e  

w h i c h   i n t e r a c t s   w i t h   a  c e r a m i c   s e a l ,   t he   m a t r i x  

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

s u r f a c e   of  t he   a b r a s i v e ,   to  e x p o s e   10 -50   p e r c e n t   o f  

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

s t r a t e .   T h i s   i m p r o v e s   t h e   a b i l i t y   of  t h e   a b r a s i v e  

to  c u t   c e r a m i c   s e a l s .  

The  i n v e n t i o n   is   e f f e c t i v e   in  p r o v i d i n g   on  a  

r e l a t i v e l y   s m a l l   c a m b e r e d   s u r f a c e   of  an  a i r f o i l  

t i p   an  a b r a s i v e   m a t e r i a l   w h i c h   is   e f f e c t i v e   in  p r o -  

t e c t i n g   the   b l a d e   t i p   f rom  w e a r ,   c u t t i n g   i n t o  

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

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

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

The  f o r e g o i n g   and  o t h e r   o b j e c t s ,   f e a t u r e s   a n d  

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

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



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

F i g u r e s   1-4  show  s c h e m a t i c a l l y   t he   s e q u e n t i a l  

s t e p s   by  w h i c h   p a r t i c u l a t e s   a r e   p l a c e d   on  the   s u r f a c e  

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

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

F i g u r e   5  is  a  more  d e t a i l e d   v i ew   of  a  p o r t i o n  

of  F i g u r e   1  s h o w i n g   how  p a r t i c u l a t e s   a p p e a r   a f t e r  

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

of  t he   s u b s t r a t e .  

F i g u r e   6  is  a  more  d e t a i l e d   v i e w   of  a  p o r t i o n  

of  F i g u r e   2  s h o w i n g   how  t he   m a t r i x   e n v e l o p s   p a r -  
t i c u l a t e s   and  i n c l u d e s   p o r o s i t y   when  a  " l i n e   o f  

s i g h t "   d e p o s i t i o n   p r o c e d u r e   is   u s e d .  

F i g u r e   7  is  a  more  d e t a i l e d   v i ew   of  a  p o r t i o n  

of  F i g u r e   2  s h o w i n g   how  t he   s t r u c t u r e   in  F i g u r e   6  i s  

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

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

F i g u r e   8  shows  g e n e r a l l y   a  t y p i c a l   gas  t u r b i n e  

b l a d e   h a v i n g   an  a b r a s i v e   l a y e r   on  i t s   t i p .  

F i g u r e   9  shows  in  s i d e   v i ew   t he   a p p e a r a n c e   o f  

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

v a r y i n g   t h i c k n e s s   and  bond  j o i n t .  

F i g u r e   10  is  a  s i d e   v i e w   of  t he   b l a d e   i n  

F i g u r e   8,  a l o n g   l i n e   D,  s h o w i n g   how  p a r t i c u l a t e s   a r e  

p r e s e n t   in  a  s i n g l e   l a y e r   and  how  t h e y   e x t e n d  

s l i g h t l y   a b o v e   t he   m a t r i x   m a t e r i a l   of  t he   a b r a s i v e .  



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

The  i n v e n t i o n   is  d e s c r i b e d   in  t e r m s   of  t h e  

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

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

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

gas  t u r b i n e   e n g i n e   t u r b i n e   b l a d e   made  of  a  s i n g l e  

c r y s t a l   n i c k e l   a l l o y ,   d e s c r i b e d   in  U.S.   P a t .   N o .  

4 , 2 0 9 , 3 4 8 .   A l u m i n a   c o a t e d   s i l i c o n   c a r b i d e   p a r t i c u -  

l a t e s   of  t he   t y p e   d i s c l o s e d   in  U.S.   P a t .   No.  4 , 2 4 9 , 9 1 3  

to  J o h n s o n   e t   al  a r e   p r e f e r a b l y   u s e d   in  t he   i n -  

v e n t i o n .   The  d i s c l o s u r e   of  b o t h   t h e   f o r e g o i n g  

p a t e n t s ,   commonly   owned  h e r e w i t h ,   a r e   h e r e b y   i n -  

c o r p o r a t e d   by  r e f e r e n c e .   The  i n v e n t i o n   w i l l   b e  

a p p l i c a b l e   to  o t h e r   m a t e r i a l s   as  w e l l .   As  t h e  

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

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

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

c a r b i d e   and  the   s u r r o u n d i n g   m a t r i x   m e t a l .   S u c h  

i n t e r a c t i o n   can  o c c u r   d u r i n g   f a b r i c a t i o n   and  d u r i n g  

h i g h   t e m p e r a t u r e   u s e ,   and  can  d e g r a d e   t he   a b i l i t y  

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

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

is  0 . 0 1 0 - 0 . 0 2 0   mm  t h i c k   and  i s   a p p l i e d   by  a  

c o m m e r c i a l   c h e m i c a l   v a p o r   d e p o s i t i o n   p r o c e s s .  
The  m a t r i x   is   a  m e t a l   w h i c h   i s   a b l e   to  be  b o n d e d  

to  the   p a r t i c u l a t e s   and  t he   s u b s t r a t e .   The  m a t r i x  

in  the   b e s t   mode  of  t he   p r e s e n t   i n v e n t i o n   i s   e i t h e r  

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

f o r   use   a t   a  t e m p e r a t u r e   of  600°C  or  h i g h e r   s u c h   a s  

t h e   c o m m e r c i a l   a l l o y s   I n c o n e l   600,   I n c o n e l   6 2 5 ,  



H a s t e l l o y   X,  Haynes   188  and  MCrAlY,  or  a  s u p e r a l l o y ,  

m e a n i n g   an  a l l o y   b a s e d   on  Ni ,   Co  or  Fe  such   a s  

c o m m e r c i a l   n i c k e l   b a s e   a l l o y s   W a s p a l o y ,   IN  100,  U  7 0 0 ,  

MAR-M200,  I n c o n e l   718  w h i c h   a r e   s t r e n g t h e n e d   by  a  

gamma  p r i m e   p r e c i p i t a t e .   A l l o y s   of  e i t h e r   t y p e  
t e n d   to  have   a  number   of  c o n s t i t u e n t s   of  v a r y i n g  

n a t u r e ,   e . g . ,   Ni ,   Co,  Fe,  Cr  and  Al  w i t h   e i t h e r   o f  

t he   l a t t e r   two  e l e m e n t s   p a r t i c u l a r l y   c h a r a c t e r i z i n g  

t hem,   to  p r o v i d e   o x i d a t i o n   r e s i s t a n c e .  

P r e f e r a b l y ,   t h e   s u p e r a l l o y   m a t r i x   has   t h e  

n o m i n a l   c o m p o s i t i o n   by  w e i g h t   p e r c e n t   of  21 -25   C r ,  

4 . 5 - 7   Al,   4-10  W,  2 . 5 - 7   Ta,  0 . 0 2 - 0 . 1 5   Y,  0 . 1 - 0 . 3   C,  

b a l a n c e   Ni .   A n o t h e r   u s e f u l   m a t e r i a l   is   t he   c o b a l t  

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

p e r c e n t   of  18-30   Cr,   10 -30   Ni  +  Fe,  5-15  W  +  Mo, 

1-5  Ta  +  Cb,  0 . 0 5 - 0 . 6   C,  3 . 5 - 8 0   A1,  0 . 5 - 2 0   Hf  a n d  

0 . 0 2 - 0 . 1   Y,  b a l a n c e   c o b a l t .  

The  c o n f i g u r a t i o n   of  t he   t y p i c a l   t u r b i n e   b l a d e  

is  shown  in  F i g u r e   8.  The  b l a d e   20  is  c o m p r i s e d   o f  

a  r o o t   p a r t   22  and  an  a i r f o i l   p a r t   24.  T h e r e   is   a n  

a b r a s i v e   l a y e r   26  a t   t he   t i p   end  28  of  t he   b l a d e ,  

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

p r e s e n t   i n v e n t i o n .   The  s u r f a c e   30  of  t he   a b r a s i v e   t i p  

has   been   f i n i s h e d   to  a  c y l i n d r i c a l   s u r f a c e   o f  

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

D.  The  r a d i u s   R  is  t h e   r a d i u s   of  t he   b l a d e d   t u r b i n e  

w h e e l   in  w h i c h   t h e   b l a d e s   t y p i c a l l y   mount   and  i s  

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

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

is   c o n t a i n e d .   As  a  m a t t e r   of  d e f i n i t i o n   t he   z  a x i s   o f  

the   b l a d e   is  t h a t   w h i c h   c o r r e s p o n d s   w i t h   t he   r a d i a l  



d i r e c t i o n .   The  t i p   of  t he   b l a d e   has  a  mean  c a m b e r  

l i n e   C  w h i c h   is  t he   n o m i n a l   c e n t e r   l i n e   of  t h e  

a i r f o i l   t i p   c r o s s   s e c t i o n .   The  F i g u r e s   9  and  10  s h o w  

a  s i d e   v i ew  of  t he   b l a d e   t i p ,   as  i t   a p p e a r s   l o o k i n g  

a l o n g   the   l i n e   D  t o w a r d   t h e   l i n e   C  when  t he   l i n e   C 

and  t he   s e c t i o n   have   been   u n r o l l e d   i n t o   a  z  p l a n e .  

F i g u r e   10  shows  the   a p p e a r a n c e   of  t he   c o n s t a n t  

t h i c k n e s s   l a y e r   26  of  F i g u r e   8.  The  u p p e r m o s t   s u r -  

f a c e   32  of  t he   b l a d e   s u b s t r a t e   28  and  t h e   s u r f a c e   30 

of  t he   a b r a s i v e   b o t h   d e s c r i b e   c u r v i c a l   s u r f a c e s .  

These   c u r v e s   a r e   c o m p l e x   when  r o l l e d   o u t ,   owing   to  t h e  

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

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

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

d e s c r i b e d   in  the   B a c k g r o u n d ,   is  shown  in  F i g u r e   9 .  

Whi l e   t he   o u t e r m o s t   s u r f a c e   30a  of  t h e   a b r a s i v e   i s  

t he   same  as  t he   c u r v i c a l   s u r f a c e   30  shown  in  F i g u r e   10 

t he   s u r f a c e   32a  of  t h e   b l a d e   s u b s t r a t e   28a  is  p l a n a r .  

Thus ,   t he   t h i c k n e s s   of  t he   a b r a s i v e   in  t h e   r a d i a l   o r  

z  a x i s   d i r e c t i o n   v a r i e s   a c r o s s   t h e   c a m b e r   l e n g t h   C 

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

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

and  t r a i l i n g   e d g e s .   I t   i s   a l s o   s e e n   t h a t   in  t h e  

i n v e n t i o n   of  F i g u r e   10  t h e   a b r a s i v e   is   c o m p r i s e d   o f  

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

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

n e a r   t he   c e n t e r   p o r t i o n   35a  of  t he   c a m b e r   l i n e   l e n g t h .  

A l so   t he   p r i o r   a r t   a b r a s i v e   t y p i c a l l y   has  a  b o n d  

j o i n t   3 1 .  

The  p r o c e s s   s t e p s   f o r   m a k i n g   t h e   t h i n   a b r a s i v e  

t i p   a r e   in  p a r t   s c h e m a t i c a l l y   i l l u s t r a t e d   by  F i g u r e s  



1-7  and  a r e   d i s c u s s e d   f u r t h e r   b e l o w .   F i g u r e s   1-4  s h o w  

in  p r o f i l e   t he   t i p   of  a  gas  t u r b i n e   b l a d e   w h i l e  

F i g u r e s   5-7  show  a  p o r t i o n   of  t he   t i p   in  more  d e t a i l ,  

a l l   v i e w e d   a l o n g   the   l i n e   D. 

The  a b r a s i v e   t i p   of  t he   p r e s e n t   i n v e n t i o n   i s  

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

as  d i s c l o s e d   d i v e r s e l y   in  t he   U.S.   p a t e n t s   m e n t i o n e d  

in  t h e   B a c k g r o u n d .   T h e r e   a r e   s e v e r a l   u n i q u e   a s p e c t s  
of  t he   a b r a s i v e   w h i c h   have   been   d i s c o v e r e d   a s  

n e c e s s a r y   f o r   good  p e r f o r m a n c e   and  w h i c h   a r e  

d i f f e r e n t   f rom  the   p r i o r   a r t   t i p   a b r a s i v e s .   T h e s e  

i n c l u d e   t he   c o m p o s i t i o n   of  p a r t i c u l a t e s   and  m a t r i x ;  

t he   s i z i n g   of  t he   p a r t i c u l a t e s ,   and  d e n s i t y   w i t h   w h i c h  

t h e y   a r e   p l a c e d   on  t h e   t i p   of  t he   b l a d e   ( b o t h   w i t h  

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

in  a  m a t r i x   m a t e r i a l ) ;   t he   o v e r a l l   t h i c k n e s s   of  t h e  

a b r a s i v e   l a y e r ;   a n d ,   t he   d e g r e e   to  w h i c h   t he   p a r -  
t i c u l a t e s   a r e   a c t u a l l y   e n v e l o p e d   by  and  d i s p o s e d   i n  

t he   m a t r i x   m a t e r i a l .   The  p a r a m e t r i c   l i m i t a t i o n s   r e -  

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

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

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

t a u g h t   by  the   J o h n s o n   e t   al   p a t e n t .   H o w e v e r ,   i t   w i l l  

be  a p p r e c i a t e d   t h a t   many  of  t h e   a s p e c t s   w i l l   b e  

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

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

The  t h i c k n e s s   of  t he   a b r a s i v e   mus t   be  l i m i t e d  

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

F i r s t ,   t he   a b r a s i v e   c o n t a i n s   a  s i n g l e   l a y e r   of  p a r -  
t i c u l a t e s   as  shown  in  F i g u r e   10.  A  s i n g l e   l a y e r   o f  



a b r a s i v e   p a r t i c u l a t e   is  i m p o r t a n t   in  o r d e r   to  k e e p  

t he   mass  of  a b r a s i v e   m a t e r i a l   a t   t he   t i p   a t   a  

minimum.   S u b s t a n t i a l   c e n t r i p e t a l   f o r c e   on  t he   b o n d  

b e t w e e n   the   a b r a s i v e   and  t he   s u b s t r a t e   of  t he   t i p  

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

h e r e i n   w i l l   make  c l e a r ,   t he   p a r t i c u l a t e s   w i l l  

c o n t a c t   t he   s u b s t r a t e   t i p   (or  any  i n c i d e n t a l   c o a t i n g  

t h e r e o n ) .   And,  t he   o v e r a l l   t h i c k n e s s   W  of  t h e  

m e t a l   m a t r i x   must   be  s u f f i c i e n t l y   s m a l l   so  t h a t   t h e  

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

i n t o   s p a c e .   For  i t   has  b e e n   f o u n d   t h a t   when  a b r a s i v e s  

i n t e r a c t   w i t h   c e r a m i c   s e a l s   t h e r e   must   be  a  p o r t i o n  

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

to  i n t e r a c t   w i t h   and  c u t   i n t o   t he   c e r a m i c .   When  t h i s  

is   no t   d o n e ,   some  of  t he   m a t r i x   m e t a l   w i l l   b e  

t r a n s f e r r e d   to  t h e   c e r a m i c   a b r a d a b l e   s e a l   m a t e r i a l   a n d  

t h u s   make  i t   l e s s   a b r a d a b l e .   When  t he   c e r a m i c   i s  

made  l e s s   a b r a d a b l e   t he   wear   r a t e   of  t he   b l a d e   t i p  

i n c r e a s e s .  

For  t he   0 .38   n o m i n a l   t h i c k n e s s   l a y e r   shown  i n  

F i g u r e   3,  a b o u t   0 . 15   mm  of  m a t r i x   m a t e r i a l ,   or  a b o u t  

40%,  is  r e m o v e d .   E m p i r i c a l   t e s t s   and  c a l c u l a t i o n s  

show  t h a t   a b o u t   10-50%  of  m a t r i x   must   be  r e m o v e d   t o  

p r o v i d e   an  e f f e c t i v e   a b r a s i v e   t i p   when  i t   i n t e r a c t s  

w i t h   a  c e r a m i c   s e a l ,   in  t h a t   t he   p a r t i c u l a t e s   w i l l  

c u t   p r o p e r l y   bu t   a t   t he   same  t i m e   w i l l   no t   b e  

r e a d i l y   r e m o v e d   f rom  the   b l a d e   t i p .   A  g r e a t e r   a m o u n t  

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

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

u s e .  



The  z  a x i s   t h i c k n e s s   of  our   p r e f e r r e d   t i p  

a b r a s i v e   is  of  a b o u t   0 . 38   ±0 .03   mm  and  f o r   s u c h   a  

t h i c k n e s s   t he   p a r t i c u l a t e s '   s i z e   w i l l   be  t h a t   w h i c h  

c o r r e s p o n d s   w i t h   s i e v i n g   b e t w e e n   U.S.   S i e v e   S e r i e s  

No.  3 5 - 4 0   ( n o m i n a l l y   0 . 4 2 - 0 . 5 0   mm).  Of  c o u r s e   common 

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

e s p e c i a l l y   s i n c e   t y p i c a l   c e r a m i c   p a r t i c u l a t e   i s  

i r r e g u l a r .   Some  of  t h e   p a r t i c u l a t e s   w i l l   be  s m a l l e r  

t h a n   No.  40  S i e v e   s i z e .   B u t ,   t he   n o m i n a l   m i n i m u m  

d i m e n s i o n   of  t h e   p a r t i c u l a t e s   w i l l   be  0 . 4 2   mm,  and  s u c h  

r e f l e c t s   t h e   f a c t   t h a t   t h e   p r e p o n d e r a n c e ,   e . g . ,   80  p e r -  
c e n t   or  more  of  t h e   c e r a m i c s   w i l l   n e c e s s a r i l y   e x t e n d  

t h r o u g h   t h e   m a t r i x   to  t h e   f r e e   s u r f a c e   44,  30  of  t h e  

a b r a s i v e   as  shown  in  F i g u r e s   3,  4  and  9.  T h i s   is   i n  

c o n t r a s t   w i t h   t he   p r i o r   a r t   shown  in  F i g u r e   9  or  i n  

t he   p a t e n t s   p r e v i o u s l y   r e f e r r e d   t o .   When  t h i c k e r  

a b r a s i v e   l a y e r s   a r e   d e s i r e d ,   i t   w i l l   be  f o u n d   u s e f u l  

to  e m p l o y   l a r g e r   p a r t i c u l a t e s ,   e . g . ,   up  to  U.S.   S i e v e  

No.  20  ( 0 . 8 3   mm),  to  a c h i e v e   t he   d e s i r e d   r e s u l t s .  

T y p i c a l l y ,   t he   m a t r i x   is  a p p l i e d   in  s u f f i c i e n t  

t h i c k n e s s   to  e n v e l c p   t he   p a r t i c u l a t e s ,   and  t h e n   t h e  

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

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

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

to  t he   s u b s t r a t e   s u r f a c e   as  is   u s u a l l y   d e s i r a b l e ,   t h e  

l e n g t h s   w i l l   be  e q u a l .  

In  t he   b e s t   p r a c t i c e   of  t h e   i n v e n t i o n   t h e  

p a r t i c u l a t e   is  e v e n l y   b u t   r e l a t i v e l y   d e n s e l y   s p a c e d .  

The  d e n s i t y   w i l l   be  in  t h e   r a n g e   33 -62   p a r t i c u l a t e s  

pe r   cm2.  Ye t ,   no  more  t h a n   15-20%  of  t h e   p a r t i c u l a t e s  

by  number   mus t   be  a g g l o m e r a t e d ,   i . e . ,   in  c o n t a c t  

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



is  n e e d e d   so  t h e y   w i l l   be  a d e q u a t e l y   e n v e l o p e d   by  

m a t r i x   and  a d e q u a t e l y   a d h e r e d   in  the   a b r a s i v e .   I n  

the   i n v e n t i o n   the   p a r t i c u l a t e s   a r e   p r e p o n d e r e n t l y  

s u r r o u n d e d   e n t i r e l y   by  m a t r i x   m e t a l   in  the   d i r e c t i o n s  

p a r a l l e l   to  the   s u r f a c e   ( i . e . ,   t r a n s v e r s e   to  t h e  

z  a x i s ) .   By  t h i s   is  mean t   t h a t   a t   l e a s t   80  p e r c e n t ,  

t y p i c a l l y   90  p e r c e n t ,   of  the   p a r t i c u l a t e s   w i l l   b e  

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

e x p o s e d   by  f i n i s h i n g   of  the   s i d e   e d g e s   of  the   t i p .  

To  a c h i e v e   the   f o r e g o i n g   c o m b i n a t i o n   of  h i g h e r  

d e n s i t i e s   and  e n t i r e t y   of  e n v e l o p m e n t ,   we  have   d i s -  

c o v e r e d   t h a t   the   ho t   p r e s s e d   s i l i c o n   c a r b i d e   p a r -  
t i c u l a t e   a l s o   must   have   an  a s p e c t   r a t i o   of  l e s s   t h a n  

1 . 9 : 1 ,   p r e f e r a b l y   a b o u t   1 . 4 - 1 . 5   to  1.  The  a s p e c t  
r a t i o   is  the   n o m i n a l   r a t i o   of  the   l o n g e s t   a x i s   of  a 

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

We  m e a s u r e   a s p e c t   r a t i o   by  use  of  a  Q u a n t i m e t   S u r f a c e  

A n a l y z e r   ( C a m b r i d g e   I n s t r u m e n t s   L t d . ,   C a m b r i d g e ,   E n g l a n d )  

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

h a v i n g   an  a s p e c t   r a t i o   of  1 . 9 - 2 . 1   to  1,  as  was  u s e d  

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

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

b e c a u s e   when  i t   is  l a i d   on  the   s u r f a c e   in  the  m e t h o d  

of  m a k i n g   the   i n v e n t i o n   as  shown  in  F i g u r e   1  i t   w i l l  

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

p a r a l l e l   w i t h   the   s u r f a c e .   Such  h i g h   a s p e c t   r a t i o  

p a r t i c u l a t e s   a l s o   t e n d   to  be  l e s s   l i k e l y   to  p r o j e c t  

to  t he   d e s i r e d   h e i g h t ,   c o m p a r e d   to  more  e q u i a x e d  

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

d e n s i t y .  



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

in  m e t a l   m a t r i x .   When  t h e   a b r a s i v e   is   m a c h i n e d   t o  

an  even   s u r f a c e   as  shown  in  F i g u r e   3,  p r i o r   t o  

r e m o v a l   of  t h e   p a r t   of  t h e   m a t r i x ,   t h e n   t h e   p a r -  
t i c u l a t e s   w i l l   t y p i c a l l y   c o m p r i s e   a b o u t   1 0 - 2 0 ,  

p r e f e r a b l y   15  v o l u m e   p e r c e n t   of  t h e   t o t a l   a b r a s i v e .  

T h i s   is  l e s s   c o n c e n t r a t i o n   t h a n   t h a t   t a u g h t   in  t h e  

J o h n s o n   e t   al   p a t e n t .   C o n c e n t r a t i o n s   a b o v e   a b o u t   20 

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

m a t e r i a l   f a i l u r e   due  to  c r a c k i n g ;   c o n c e n t r a t i o n s  

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

a b r a s i v e   p r o p e r t i e s .  

The  a f o r e m e n t i o n e d   c r i t i c a l   s i z e s ,   a s p e c t   r a t i o s  

and  d e n s i t i e s   must   be  a t t a i n e d   in  o r d e r   to  o b t a i n  

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

t u r b i n e   b l a d e   is   n a r r o w ,   t h e r e   w i l l   be  v e r y   f e w  

p a r t i c u l a t e s   in  t h i s   r e g i o n .   An  o b j e c t   of  t h e   i n v e n -  

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

w i d t h   of  t he   b l a d e   as  i t   is   v i e w e d   a p p r o a c h i n g   a l o n g  

t he   l i n e   D  in  F i g u r e   8.  With  t he   a b r a s i v e   f e a t u r e s  

m e n t i o n e d   t h i s   w i l l   be  o b t a i n e d   in  a b o u t   90  p e r c e n t  

of  t he   b l a d e s .   The  r e m a i n d e r   may  h a v e   a  few  o p e n  

s p a c e s   due  to  l o s s   of  p a r t i c u l a t e s   f rom  the   t i m e   o f  

f i r s t   p l a c e m e n t   on  t h e   p a r t   up  to  t he   t i m e   t he   p a r t  

i s   made  r e a d y   f o r   u s e .  



F i g u r e   1  shows  in  s i d e   v iew  how  the   p a r -  
t i c u l a t e s   33  a r e   f i r s t   l a i d   on  t h e   s u r f a c e   32  of  t h e  

s u b s t r a t e   28  w h e r e   t h e y   w i l l   be  s u b s e q u e n t l y   p e r -  

m a n e n t l y   a d h e r e d .   P r i o r   to  p l a c i n g   t he   s i l i c o n  

c a r b i d e   p a r t i c u l a t e s   on  the   s u r f a c e ,   t h e y   h a v e  

h a d  a p p l i e d   to  t h e i r   e x t e r i o r s   a  c o a t i n g   of  0 . 0 1 0   mm 

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

e t   al  p a t e n t ,   and  a  c l a d d i n g   of  m e t a l ,   such   a s  

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

0 . 0 0 5 - 0 . 0 5 0   mm.  P r o c e d u r e s   f o r   a p p l y i n g   n i c k e l  

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

a v a i l a b l e   and  a l s o   a r e   r e v e a l e d   in  U.S .   P a t e n t  

Nos.   3 , 9 2 0 , 4 1 0 ,   4 , 2 9 1 , 0 8 9   and  4 , 3 7 4 , 1 7 3 .   If   t h e  

c e r a m i c   p a r t i c u l a t e   m a t e r i a l   is   i n h e r e n t l y   r e -  

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

c o a t i n g   wou ld   no t   be  n e c e s s a r y .  
J u s t   b e f o r e   t he   p a r t i c u l a t e s   a r e   l a i d   on  t h e  

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

w h i c h   can  be  l a t e r   v a p o r i z e d   a t   l e s s   t h a n   540°C  i s  

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

p l a c e   a f t e r   t h e y   a r e   d e p o s i t e d .   We  p r e f e r   1 - 2 0  

v o l u m e   p e r c e n t   p o l y s t y r e n e   in  t o l u e n e .   The  p a r -  
t i c u l a t e s  a r e   l a i d   on  t he   s u r f a c e   by  f i r s t   a t t r a c t i n g  

them  to  a  p e r f o r a t e d   p l a t e   to  w h i c h   a  vacuum  i s  

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

s u r f a c e   and  r e l e a s i n g   the   vacuum  m o m e n t a r i l y .   I t  

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

may  be  u sed   to  p l a c e   t he   p a r t i c u l a t e .  



Next   t he   b l a d e   w i t h   t he   o r g a n i c a l l y   b o n d e d  

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

to  a  t e m p e r a t u r e   of  a t   l e a s t   1 0 0 0 ° C ,   t y p i c a l l y  

a b o u t   1080°C  f o r   2  h o u r s ,   in  a  vacuum  of  a b o u t  

0 .06   Pa  u s i n g   a  h e a t - u p   r a t e   of  a b o u t   500°C  p e r  
h o u r .   O t h e r   i n e r t   a t m o s p h e r e s   may  be  u s e d .   T h i s  

s t e p   f i r s t   v o l a t i l i z e s   t he   p o l y s t y r e n e   a d h e s i v e   a n d  

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

n i c k e l   c l a d d i n g   to  t h e   s u r f a c e   of  t he   b l a d e .   T h e  

n a t u r e   and  l o c a t i o n   of  t h e   bond  j o i n t   34  as  i t   i s  

m e t a l l o g r a p h i c a l l y   o b s e r v a b l e   upon  r e m o v a l   f rom  t h e  

f u r n a c e   is  shown  in  F i g u r e   5.  Owing  to  t h e   i r r e g u l a r  

s h a p e   of  t he   p a r t i c u l a t e s   and  t he   t h i n n n e s s   of  t h e  

m e t a l l i c   c l a d d i n g   on  t he   p a r t i c u l a t e s ,   t h e   bond  34  i s  

r e l a t i v e l y   d e l i c a t e   and  l o c a t e d   o n l y   a t   t he   p o i n t s  

w h e r e   p a r t i c l e s   33  a r e   v e r y   c l o s e   to  t h e   s u r f a c e   3 2 .  

As  w i l l   be  a p p r e c i a t e d ,   when  t he   m a t r i x   is   a  s u p e r -  

a l l o y   i t   is  no t   d e s i r a b l e   to  have   a  g r e a t   d e a l   o f  

bond  m e t a l   e i t h e r   a r o u n d   t he   p a r t i c u l a t e   or  b o n d i n g  

i t   to  t he   s u b s t r a t e   of  t he   b l a d e .   I t   is   a l s o   u n -  

d e s i r a b l e   to  e x p o s e   t he   s u b s t r a t e   to  a  t e m p e r a t u r e  

h i g h e r   t h a n   a b o u t   1080°C  and  t h e r e f o r e ,   t he   c h o i c e  

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

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

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

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

w i t h   b o t h   t he   s u b s t r a t e   and  t he   s u b s e q u e n t l y   a p p l i e d  



m a t r i x   m a t e r i a l .   These   l i m i t a t i o n s   n o n e t h e l e s s   a l l o w  

fo r   a  v a r i e t y   of  m a t e r i a l s   to  be  u s e d .   P r e f e r a b l y ,  

n i c k e l ,   c o b a l t   or  m i x t u r e s   t h e r e o f   a re   u s e d .   A l l o y i n g  

a d d i t i c n s   wh ich   a re   known  to  p r o m o t e   b o n d i n g   may  b e  

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

c l a d d i n g   w i l l   t end   to  be  t h o s e   f rom  the   t r a n s i t i o n  

s e r i e s   of  the   p e r i o d i c   t a b l e   when  n i c k e l ,   c o b a l t  

or  i r o n   b a s e   m a t r i x   and  s u b s t r a t e   a l l o y s   a r e   i n v o l v e d .  

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

to  the  s u r f a c e   32  to  e n h a n c e   the   d e s i r e d   a d h e s i o n .  

N e x t ,   t he   p a r t i c u l a t e s   a r e   o v e r s p r a y e d   w i t h   a  

l a y e r   of  m a t r i x   m a t e r i a l   d e p o s i t e d   by  p l a s m a   a r c  

s p r a y i n g   to  a  t h i c k n e s s   T  of  a b o u t   1 . 1 - 1 . 3   mm  as  s h o w n  

in  F i g u r e s   2  and  6.  A  n i c k e l   b a s e   s u p e r a l l o y   a s  

d e s c r i b e d   g e n e r a l l y   above   is  u s e d ,   such   as  t h a t  

h a v i n g   the   c o m p o s i t i o n   by  w e i g h t   p e r c e n t   25  Cr,   8  W, 

4  Ta,  6  Al,  1.0  Hf,  0.1  Y,  0 .23   C,  b a l a n c e   N i .  

The  -400  U.S.   S i e v e   S e r i e s   Mesh  p o w d e r   i s  

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

p r e s s u r e   c h a m b e r .   For  e x a m p l e ,   c o m m e r c i a l l y  

a v a i l a b l e   e q u i p m e n t   such   as  a  120  kw  low  p r e s s u r e  

p l a s m a   a r c   s p r a y   s y s t e m   of  E l e c t r o - P l a s m a   I n c .  

( I r v i n g ,   C a l i f o r n i a ,   USA)  may  be  u s e d .   See  a l s o  

U.S.  P a t .   No.  4 , 2 3 6 , 0 5 9 .   A  b l a d e   is  p l a c e d   in  t h e  

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

26  kPa  or  l e s s .   The  o x y g e n   l e v e l   in  the   a t m o s p h e r e  

is  r e d u c e d   to  a  l e v e l   of  5  ppm  by  vo lume   or  l e s s ,  

such   as  by  c o n t a c t i n g   t he   a t m o s p h e r e   in  t he   c h a m b e r  

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

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



t h a t   t he   t i p   c r o s s   s e c t i o n   to  be  s p r a y e d   is   n o r m a l  

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

t r a v e l .   The  b l a d e   is  s u i t a b l y   masked   a r o u n d   i t s  

p e r i p h e r y   so  t h a t   e r r a n t   s p r a y   does   no t   d e p o s i t   o n  

t h e   s i d e s   of  t he   b l a d e .  

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

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

p l a s m a   a r c   gas  to  an  e l e v a t e d   t e m p e r a t u r e   of  a t  

l e a s t   700°C,   t y p i c a l l y   8 5 0 ° C ,   w h i l e   b e i n g   m a d e  

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

n e a r   to  or  as  an  i n t e g r a l   p a r t   of  t h e   p l a s m a   a r c  

d e v i c e .   A  c u r r e n t   of  a b o u t   70  a m p e r e s   is   a p p l i e d  

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

2-10  m i n u t e s   to  a i d   in  r e m o v i n g   any  o x i d e   l a y e r s  

w h i c h   may  have   a c c u m u l a t e d   on  t he   p a r t .   The  p u r -  

p o s e   of  t he   h e a t i n g   p r o c e s s   i s   to  i n c r e a s e   t h e  

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

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

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

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

has  c o o l e d   to  room  t e m p e r a t u r e .   The  a b r a s i v e   w i l l  

t h u s   be  made  more  r e s i s t i v e   to  c r a c k i n g   or  s p a l l i n g  

f a i l u r e .  

The  m e t a l   m a t r i x   is  a p p l i e d   to  a  t h i c k n e s s   o f  

0 . 6 - 1 . 3   mm,  p r e f e r a b l y   1 . 1 - 1 . 3   mm  as  i n d i c a t e d .  

P r e f e r a b l y ,   t he   m a t r i x   m a t e r i a l   is   d e p o s i t e d   by  a  

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



t he   l a y e r   of  m e t a l   is  i m p e n e t r a b l e   to  a r g o n   g a s  

a t   e l e v a t e d   p r e s s u r e ,   e . g . ,   a t   l e a s t   130  MPa.  T h i s  

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

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

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

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

by  some  p o r o s i t y   as  shown  in  F i g u r e   6.  In  p a r -  

t i c u l a r ,   p o r o s i t y   38  is  p r e s e n t   in  t he   m a t e r i a l  

above   the   s u r f a c e   of  t he   p a r t i c u l a t e s   and  t h e r e   a r e  

v o i d s   40  a d j a c e n t   many  of  t he   p a r t i c u l a t e s .   T h e  

v o i d s   40  a r e   c h a r a c t e r i s t i c   of  t h e   m e t a l   s p r a y i n g  

p r o c e s s   and  wou ld   be  p r o d u c e d   by  any  " l i n e   o f  

s i g h t "   d e p o s i t i o n   p r o c e s s ,   or  one  in  w h i c h   t h e  

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

l i n e .   A n o t h e r   p r o c e s s   t h a t   may  be  u s e d   is  a  

p h y s i c a l   v a p o r   d e p o s i t i o n   p r o c e s s .   See  U . S .  

P a t .   No.  4 , 1 5 3 , 0 0 5   to  N o r t o n   e t   a l .  

N e x t ,   t he   p a r t   is  s u b j e c t e d   to  a  d e n s i f i c a t i o n ,  

p r e f e r a b l y   by  u s i n g   ho t   i s o s t a t i c   p r e s s i n g .  

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

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

e l e v a t e d   t e m p e r a t u r e .   P r e f e r a b l y ,   t he   p a r t   i s  

s u b j e c t e d   to  1065°C  and  138  MPa  a r g o n   p r e s s u r e  
w h i l e   a t   e l e v a t e d   t e m p e r a t u r e ,   to  c l o s e   t he   a f o r e -  

m e n t i o n e d   p o r e s   and  v o i d s .   O t h e r   h o t   p r e s s i n g   p r o -  
c e d u r e s   may  be  u sed   to  c o n s o l i d a t e   t he   m a t r i x   a n d  

a c h i e v e   the   o b j e c t   of  d e n s i f i c a t i o n   and  b o n d i n g .  

A f t e r   t he   m a t r i x   is  c o n s o l i d a t e d ,   t he   p a r t   is  c o o l e d  

in  t h e   f u r n a c e   and  r e m o v e d .  



But  F i g u r e   7  shows  in  more  d e t a i l   how  t h e  

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

s p e c i m e n .   The  s u p e r a l l o y   m a t r i x   36  is  d e n s e   a n d  

f u l l y   e n v e l o p s   t he   p a r t i c u l a t e s .   And  t h e r e   is  a  

r e g i o n   42  s u r r o u n d i n g   e a c h   p a r t i c u l a t e   33,  w h i c h  

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

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

c o m p o s i t i o n   of  t he   m a t r i x   m a t e r i a l .   T h i s   is  o f  

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

was  a p p l i e d   to  t h e   p a r t i c u l a t e   and  as  such   i t   i s  

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

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

in  F i g u r e   2  is  m a c h i n e d   u s i n g   a  c o n v e n t i o n a l   p r o -  
c e d u r e   such   as  g r i n d i n g   to  p r o d u c e   the   s h a p e   s h o w n  

s c h e m a t i c a l l y   in  F i g u r e   3.  The  f r e e   s u r f a c e   44  p r o -  
v i d e s   t he   d e s i r e d   z  l e n g t h   d i m e n s i o n   T'  w h i c h   w i l l  

c h a r a c t e r i z e   t he   f i n i s h e d   b l a d e .   N e x t ,   t he   s u r f a c e  

44  of  t he   b l a d e   is  c o n t a c t e d   w i t h   an  e t c h a n t   or  o t h e r  

s u b s t a n c e   w h i c h   w i l l   a t t a c k   t h e   m a t r i x   m a t e r i a l ,  

to  t h e r e b y   r e m o v e   a  p o r t i o n   of  i t .   For  e x a m p l e ,  

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

s c r i b e d   in  p a t e n t   a p p l i c a t i o n   S e r i a l   No.  5 1 7 , 3 1 5  

of  J o s l i n ,   f i l e d   J u l y   26,  1 9 8 3 .  

As  w i l l   be  a p p r e c i a t e d ,   t he   i n v e n t i o n   is  c o m -  

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

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

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

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

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

w h i c h   is  e m b o d i e d   by  m i x i n g   and  c o n s o l i d a t i n g   p a r -  



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

t h e   f r e e   m a c h i n e d   a b r a s i v e   s u r f a c e   is  c h a r a c t e r i z e d  

by  r e l a t i v e l y   u n i f o r m   c r o s s   s e c t i o n a l   a r e a s   o f  

c e r a m i c s   ( r e f l e c t i n g   the   maximum  to  minimum  p a r t i c l e  

s i z e s ) .   Th i s   is  c o n t r a s t e d   w i t h   t h e   w i d e l y   v a r y i n g  

a r e a s   r e f l e c t i n g   t he   maximum  to  z e r o   p a r t i c l e   s i z e  

w h i c h   c h a r a c t e r i z e   t he   p r i o r   a r t   p o w d e r   m e t a l   a b r a -  

s i v e .   And  when  a  p o r t i o n   of  t he   m a t r i x   is   p a r t i a l l y  

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

t he   o r i g i n a l   f r e e   s u r f a c e   of  t he   i n v e n t i o n   i s  

u n c h a n g e d .   But  in  t he   p r i o r   a r t   some  of  t h e   p a r -  
t i c u l a t e s   w i l l   be  l o s t   and  t he   a m o u n t   of  f r e e   s u r f a c e  

c e r a m i c   d i m i n i s h e d ,   s i n c e   p o r t i o n s   of  t he   p a r -  
t i c u l a t e s   w i l l   have   o n l y   been   h e l d   in  t h e   a b r a s i v e  

by  the   m a t r i x   w h i c h   is  r e m o v e d .   In  t h i s   r e s p e c t   a  

f u r t h e r   a d v a n t a g e   f l o w s   f rom  t he   i n v e n t i o n .  

A l t h o u g h   t h i s   i n v e n t i o n   has  been   shown  a n d  

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

w i l l   be  u n d e r s t o o d   by  t h o s e   s k i l l e d   in  t he   a r t   t h a t  

v a r i o u s   c h a n g e s   in  form  and  d e t a i l   t h e r e o f   may  be  m a d e  

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

c l a i m e d   i n v e n t i o n .  



1.  An  a r t i c l e   c o m p r i s e d   of  a  s u b s t r a t e   to  t h e  

s u r f a c e   of  w h i c h   is  a d h e r e d   an  a b r a s i v e   m a t e r i a l   c o m -  

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

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

t h r o u g h   t he   m a t r i x   f rom  t he   s u b s t r a t e   s u r f a c e   to  a  

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

2.  An  a r t i c l e   s h a p e d   as  a  t u r b i n e   e n g i n e   a i r f o i l  

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

a b r a s i v e   m a t e r i a l   c o m p r i s e d   of  a  m e t a l   m a t r i x  

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

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

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

e s s e n t i a l l y   e q u a l   l e n g t h s   t h r o u g h   t h e   m a t r i x   to  a  

f r e e   s u r f a c e   of  t he   a b r a s i v e .  

3.  An  a r t i c l e   made  of  s u p e r a l l o y   and  s h a p e d   as  a  

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

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

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

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

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

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

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

a b r a s i v e ,   t h e   p a r t i c u l a t e s   c h a r a c t e r i z e d   by  an  a s p e c t  

r a t i o   of  l e s s   t h a n   1 .9  to  1 .  



4.  The  a r t i c l e   of  c l a i m   1,  2  or  3  c h a r a c t e r i z e d   by  t h e  

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

r e g u l a r l y   s p a c e d   at  33-62   p a r t i c u l a t e s   per   c m   o f  

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

5.  The  a r t i c l e   of  c l a i m   4  h a v i n g   a t   l e a s t   42  p a r -  

t i c u l a t e s   per   c m 2 .  

6.  The  a r t i c l e   of  c l a i m   1,  2  or  3  c h a r a c t e r i z e d   b y  

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

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

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

7.  The  a r t i c l e   of  c l a i m   1,  2  or  3  c h a r a c t e r i z e d   b y  

c e r a m i c   p a r t i c u l a t e s   w h i c h   a r e   s i z e d   b e t w e e n   No.  20 

and  No.  40  U.S.   S i e v e   S e r i e s .  

8.  The  a r t i c l e   of  c l a i m   6  c h a r a c t e r i z e d   by  l e s s   t h a n  

15  p e r c e n t   of  the   p a r t i c u l a t e s   c o n t a c t i n g   one  a n o t h e r .  

9.  The  a r t i c l e   of  c l a i m   1,  2  or  3  w h e r e i n   t he   f r e e   o r  

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

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

t r u d i n g   p a r t i a l l y   from  the   m a t r i x   in  e s s e n t i a l l y  

even  a m o u n t s .  

10.  The  a r t i c l e   of  c l a i m   9  w h e r e i n   10-50   p e r c e n t   of  a 

t y p i c a l   p a r t i c u l a t e   p r o t r u d e s   from  the   m a t r i x .  

11.  The  a r t i c l e   of  c l a i m   6  c h a r a c t e r i z e d   by  a  m a t r i x  

w h i c h   is  an  o x i d a t i o n   r e s i s t a n t   Fe,  Co  or  Ni  b a s e  

a l l o y   c o n t a i n i n g   Cr  and  A1,  w h e r e i n   t he   m a t r i x  

a d j a c e n t   each   p a r t i c u l a t e   is  r e l a t i v e l y   d e p l e t e d   i n  

Cr  or  A l .  



12.  The  a r t i c l e   of  c l a i m   1,  2  or  3  c h a r a c t e r i z e d   b y  

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

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

13.  The  a r t i c l e   of  c l a i m   12  c h a r a c t e r i z e d   by  a n  

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

be  10 -20   s i l i c o n   c a r b i d e ,   b a l a n c e   m a t r i x ,   as  m e a s u r e d  

when  t h e   m a t r i x   and  p a r t i c u l a t e s   have   t h e   s a m e  

t h i c k n e s s   on  a  s u r f a c e .  

14.  The  m e t h o d   of  p r o v i d i n g   an  a b r a s i v e   m a t e r i a l  

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

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

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

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

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

a r e   t h e r e b y   a d h e r e d   to  t h e   a r t i c l e   and  p r o j e c t   f rom  t h e  

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

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

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

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

to   d e n s i f y   t h e   m a t r i x   and  to  m e t a l l u r g i c a l l y   bond  t h e  

m a t r i x   to   t h e   m e t a l   c l a d   p a r t i c u l a t e s   and  t h e   s u b s t r a t e ;  

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

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

t h e   s u r f a c e .  

15.  The  m e t h o d   of  c l a i m   14,  c h a r a c t e r i z e d   by  d e p o s i t i n g  

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

p r o c e s s .  

16.  The  m e t h o d   of  c l a i m   15  c h a r a c t e r i z e d   by  u s i n g   p l a s m a  

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

17.  The  m e t h o d   of  c l a i m   14,  c h a r a c t e r i z e d   by  s i z i n g   t h e  

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

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

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



18.  The  m e t h o d   of  c l a i m   17,  c h a r a c t e r i z e d   by  u s i n g   a r g o n  

gas  ho t   i s o s t a t i c   p r e s s i n g   to  g e n e r a t e   a  t e m p e r a t u r e   of  a t  

l e a s t   1065°C  and  a  p r e s s u r e   of  a t   l e a s t   130  MPa,  to  w h i c h  

p r e s s u r e   s a i d   m a t r i x   is   e s s e n t i a l l y   i m p e n e t r a b l e   w h e n  

d e p o s i t e d .  

19.  T h e - m e t h o d   of  c l a i m   14  c h a r a c t e r i z e d   by  a d h e r i n g  

p a r t i c u l a t e s   w h i c h   a r e   s i z e d   b e t w e e n   No.  20  and  40  U . S .  

S i e v e   S e r i e s   to   t h e   s u r f a c e   w i t h   a  d e n s i t y   of  3 3 - 6 2  

p a r t i c u l a t e s   p e r   cm2  of  s u b s t r a t e   s u r f a c e .  

20.  The  m e t h o d   of  c l a i m   14  c h a r a c t e r i z e d   by  s i z i n g   a n d  

s p a c i n g   t h e   p a r t i c u l a t e s   so  t h a t   l e s s   t h a n   15  p e r c e n t  

a r e   c o n t a c t i n g   one  a n o t h e r   when  t h e y   a r e   m e t a l l i c a l l y  

a d h e r e d   on  t h e   s u r f a c e .  

21.  The  m e t h o d   of  c l a i m   14  c h a r a c t e r i z e d   by  r e m o v i n g   a  

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

a b r a s i v e   to  d e c r e a s e   i t s   t h i c k n e s s   and  to  t h e r e b y   f r e e   t h e  

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

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

22.  The  m e t h o d   of  c l a i m   14  c h a r a c t e r i z e d   in  t h a t   1 0 - 5 0  

p e r c e n t   of  t h e   m a t r i x   t h i c k n e s s   i s   r e m o v e d .  

23.  The  m e t h o d   of  c l a i m   14  c h a r a c t e r i z e d   by  b o n d i n g   t h e   m e t a l  

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

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

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

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

24.  The  m e t h o d   of  c l a i m   14  c h a r a c t e r i z e d   in  t h a t   t h e   a r t i c l e  

is   a  gas   t u r b i n e   s u p e r a l l o y   b l a d e   and  t h e   a b r a s i v e   m a t e r i a l  

is   f o r m e d   on  a  c u r v e d   t i p   s u r f a c e ,   c h a r a c t e r i z e d   by  m a c h i n i n g  

t h e   a b r a s i v e   m a t e r i a l   s u r f a c e   so  t h e   a b r a s i v e   m a t e r i a l   h a s  

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

25.  The  m e t h o d   of  c l a i m   14,  c h a r a c t e r i z e d   in  t h a t   t h e  

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



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

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

26.  The  m e t h o d   of  c l a i m   14  c h a r a c t e r i z e d   by  d e p o s i t i n g  

p a r t i c u l a t e s   h a v i n g   an  a s p e c t   r a t i o   of  l e s s   t h a n   1 .9   to  1 .  

27.  The  m e t h o d   of  c l a i m   23,  c h a r a c t e r i z e d   by  p a r t i c u l a t e s  

h a v i n g   an  a s p e c t   r a t i o   of  a b o u t   1 .5   to  1  or  l e s s .  

28.  The  m e t h o d   of  c l a i m   16  c h a r a c t e r i z e d   by  h e a t i n g   t h e  

a r t i c l e   s u r f a c e   to   a t   l e a s t   700°C  b e f o r e   and  d u r i n g  

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

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

t h e   m a t r i x   l a y e r   to   d e n s i f y   and  bond  t h e   l a y e r   to  t h e  

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