
J )  

Europaisches  Patentamt  

European  Patent  Office 

Office  europeen  des  brevets 
©  Publication  number: 0  0 6 4   3 6 7  

A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  82302088.8 

©  Date  of  filing:  23.04.82 

©  Int.  CI.3:  H  05  B  6 /10  

©  Priority:  04.05.81  US  259856  @  Applicant:  PARK-OHIO  INDUSTRIES,  INC. 
20600  Chagrin  Boulevard 
Shaker  Heights  Ohio  44122(US) 

5̂)  Date  of  publication  of  application: 
10.11.82  Bulletin  82/45  ©  Inventor:  Balzer,  Norbert  Raymond 

1108  Brown  Street 
©  Designated  Contracting  States:  Boaz  Alabama  35957(US) 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE 
Representative:  Abbie,  Andrew  Kenneth  et  al, 
A.A.  THORNTON  &  CO.  Northumberland  House  303/306 
High  Holborn 
London,  WC1V7LEIGB) 

<  

M 

<* 
CD 
o  

©  Method  for  inductively  heating  valve  seat  inserts. 
©  A  method  for  heating  a  conical  valve  seat  surface  on  a 
ferrous  seat  ring  insert  which  is  fixedly  received  by  a  bore  in 
an  aluminum  engine  component.  The  method  involves  high 
power  induction  heating  including  the  steps  of  locating  an 
inductor  adjacent  the  valve  seat  surface  and  then  energizing 
the  inductor  by  a  power  source  having  some  predetermined 
frequency  and  elevated  power  rating.  The  method  also 
includes  the  step  of  maintaining  the  inductor  in  an  energized 
condition  for  some  predetermined  period  of  time  to  trans- 
form  the  metal  forming  the  valve  seat  into  an  austenitic 
structure  to  a  preselected  depth.  The  steps  of  energizing  and 
maintaining  are  coordinated  such  that  the  desired  trans- 
formation  is  obtained  in  a  very  short  time  interval.  This  then 
advantageously  prevents  deleterious  expansion  of  the  insert 
heat  transfer  through  the  insert  to  the  aluminum  engine 
component  which  would  otherwise  adversely  affect  the  close 
fitting  relationship  between  the  insert  and  bore. 
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B a c k g r o u n d   of  t he   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  the   a r t   of  i n d u c t i o n   h e a t i n g  

and ,   more  p a r t i c u l a r l y ,   to  a  m e t h o d   fo r   i n d u c t i v e l y   h e a t i n g  

v a l v e   s e a t   i n s e r t s   f o r   an  e n g i n e   c o m p o n e n t   such   as  an  e n g i n e  

head   or  t he   l i k e .  

The  i n v e n t i o n   is   p a r t i c u l a r l y   a p p l i c a b l e   to  h e a t i n g  

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

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   t he   i n v e n t i o n   has   b r o a d e r  

a p p l i c a t i o n s   and  may  be  u s e d   for   h e a t i n g   a  v a r i e t y   of  c o n i c a l l y  

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

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

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

fo r   c o n t r o l l i n g   t he   f l o w   of  g a s e s   to  and  f rom  the   e n g i n e  

c y l i n d e r s .   The  v a l v e   s e a t s   fo r   t he   e x h a u s t   v a l v e s   mus t   h a v e  

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

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

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

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

t h e n   q u e n c h   h a r d e n e d   by  c o n v e n t i o n a l   l i q u i d   or  mass   q u e n c h i n g  

t e c h n i q u e s .  



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

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

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

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

s h a p e d   e x h a u s t   v a l v e   s e a t .   Such  a p p a r a t u s   and  m e t h o d s   a r e  
to  w h i c h   r e f e r e n c e   i s   d i r e c t e d .  

d i s c l o s e d   in  U.  S.  P a t .   Nos.   Re  2 9 , 0 4 6   and  3 , 8 3 7 , 9 3 4 /   T h e r e ,  

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

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

v a l v e   s e a t s .   The  f r a m e   i t s e l f   i s   moved  i n t o   c o n t a c t   w i t h   t h e  

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

w h i c h   i t   i s   to  h e a t .   The  i n d u c t o r s   a r e   t h e n   l o c k e d   in  p o s i t i o n  

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

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

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

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

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

H o w e v e r ,   r e c e n t   e f f o r t s   to  i m p r o v e   g a s o l i n e   m i l e a g e  

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

i n c r e a s i n g   use   of  a l u m i n u m   f o r   m a j o r   e n g i n e   c o m p o n e n t s .  

A l t h o u g h   use   of  a l u m i n u m   f o r   m a n u f a c t u r i n g   s u c h   m a j o r  

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

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

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

s e a t s .   A l u m i n u m   d o e s   no t   h a v e   s u f f i c i e n t   s t r e n g t h   a n d  h a r d n e s s  

p r o p e r t i e s   to  i t s e l f   a c c o m m o d a t e   or  c o m p r i s e   t h e   v a l v e   s e a t  

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

t h a t   t h e   e x h a u s t   v a l v e   s e a t   s u r f a c e s   be  p r o v i d e d   t h r o u g h   use  o f  

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

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

means   s u c h   a s ,   f o r   e x a m p l e ,   a  f o r c e   f i t   or  t he   l i k e .   For  c o s t  



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

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

h i g h l y   d e s i r a b l e   t h a t   m a c h i n i n g   of  the   i n s e r t s   fo r   o b t a i n i n g  

f i n a l   v a l v e   s e a t   c o n f o r m a t i o n   t a k e   p l a c e   s u b s e q u e n t   to  m o u n t i n g  

of  t he   i n s e r t s   i n t o   t h e   e n g i n e   c o m p o n e n t .  

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

d o e s   no t   p r e s e n t   any  s i g n i f i c n t   p r o b l e m s ,   s u b s e q u e n t   s u r f a c e  

h a r d e n i n g   mus t   be  p e r f o r m e d   in  a  manner   w h i c h   w i l l   n o t  

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

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

i n s e r t .   B e c a u s e   i t   is   c u s t o m a r i l y   n e c e s s a r y   to  h a r d e n   e x h a u s t  

v a l v e   s e a t   s u r f a c e s   a t   a p p r o x i m a t e l y   1 7 0 0 ° F   and  s i n c e   t h e  

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

c o m p o n e n t s   is   g e n e r a l l y   in  t he   r a n g e   of  1 2 0 0 °  -  1 4 0 0 ° F ,  

h e a t i n g   of  and  h e a t   t r a n s f e r   t h r o u g h   the   s e a t   i n s e r t s   mus t   b e  

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

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

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

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

o t h e r w i s e   damage   the   i n t e g r i t y   of  the   e n g i n e   c o m p o n e n t   m e t a l  

a d j a c e n t   t h e r e t o .   I n  m o r e   s e v e r e   c a s e s ,   t he   a l u m i n u m   e n g i n e  

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

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

e x t r e m e l y   u n d e s i r a b l e   in  t h a t   t h e y   can  u l t i m a t e l y   a d v e r s e l y  

a f f e c t   e n g i n e   o p e r a t i o n   or  e x p e c t e d   e n g i n e   l i f e .   The  s p e c i f i c  

h e a t i n g   m e t h o d s   d i s c l o s e d   in  U.  S.  P a t .   Nos.   Re  2 9 , 0 4 6   a n d  

3 , 8 3 7 , 9 3 4   a r e   u s e f u l   in  i n d u c t i v e l y   h e a t i n g   v a l v e   s e a t s   a n d  

v a l v e   s e a t   i n s e r t   s u r f a c e s   when  c o n v e n t i o n a l   g r a y   c a s t   i r o n  

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

e f f e c t i v e   for   use   w i t h   a l u m i n u m   or  t he   l i k e   c o m p o n e n t s   b e c a u s e  



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

g e n e r a l l y   a s s o c i a t e d   t h e r e w i t h .   In  v iew  of  t h e s e   f a c t o r s ,   t h e  

i n s e r t s   were   o f t e n   made  of  e x p e n s i v e   s t e e l   and  h a r d e n e d   i n  

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

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

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

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

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

f e r r o u s   s e a t   r i n g   i n s e r t s   i n s t a l l e d   in  a l u m i n u m   e n g i n e  

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

One  such  m e t h o d   and  a p p a r a t u s   i s   d i s c l o s e d   in  t h e   c o m m o n l y  

a s s i g n e d ,   U.  S.  p a t e n t   a p p l i c a t i o n   S e r .   No.  1 4 7 , 8 2 9 ,   f i l e a  

May  8,  1 9 8 0 ,   and  w h i c h   i n v o l v e s   m e t h o d   c o n c e i v e d   s u b s e q u e n t   t o  

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

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

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

the   i n d u c t i v e   e n e r g y   of  t he   i n d u c t o r   f rom  t he   a l u m i n u m   e n g i n e  

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

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

i n s e r t .   The  m e t h o d   in  t h i s   p r i o r   a p p l i c a t i o n   d id   n o t   s o l v e   t h e  

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

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

new  m e t h o d   is   d e e m e d   to   p r o v i d e   a n o t h e r   a p p r o a c h   f o r  e n h a n c i n g  

the   a b i l i t y   to   h a r d e n   f e r r o u s   s e a t   r i n g s   in  t he   g e n e r a l  

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

B r i e f   Summary  of  t h e   I n v e n t i o n  

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

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

e n g i n e   head   or  t he   l i k e   s u b s e q u e n t   to  i n s t a l l a t i o n   a n d  

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



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

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

m a i n t a i n i n g   a  p r e s s u r e   f i t   b e t w e e n   the   m e t a l   i n s e r t   and  a  

n o n - f e r r o u s   e n g i n e   c o m p o n e n t .   The  m e t h o d   u t i l i z e s   h i g h   p o w e r  
i n d u c t i o n   h e a t i n g   t e c h n i q u e s   wh ich   f a c i l i t a t e   o b t a i n i n g   t h e  

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

a  v e r y   s h o r t   t i m e   i n t e r v a l .  

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

c o m p r i s e s   t he   s t e p s   o f :  

(a)  l o c a t i n g   a  g e n e r a l l y   c i r c u l a r   i n d u c t o r   a d j a c e n t  

t he   i n s e r t ;  

(b)  e n e r g i z i n g   the   i n d u c t o r   w i t h   a  p r i m a r y   p o w e r  

s o u r c e   h a v i n g   a  f r e q u e n c y   of  at   l e a s t   g r e a t e r   t h a n   2 0 0  

k i l o h e r t z   and  a  s e l e c t e d   power   g r e a t e r   t h a n   a p p r o x i m a t e l y   12  

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

a t   l e a s t   25  k i l o w a t t s   pe r   s q u a r e   i n c h ;  

(c)  m a i n t a i n i n g   the   i n d u c t o r   in  an  e n e r g i z e d   c o n d i t i o n  

fo r   some  p r e d e t e r m i n e d   p e r i o d   of  t ime   l e s s   t h a n   3  s e c o n d s   t o  

t r a n s f o r m   the   m e t a l   f o r m i n g   the   v a l v e   s e a t   i n t o   an  a u s t e n i t i c  

s t r u c t u r e   to  some  p r e d e t e r m i n e d   d e p t h ;   a n d ,  

(d)  t h e r e a f t e r   q u e n c h i n g   the   v a l v e   s e a t   m a t e r i a l .  

A c c o r d i n g   t o  a   more  d e t a i l e d   a s p e c t   of  the   i n v e n t i o n ,  

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

the   r a n g e   of  a p p r o x i m a t e l y   2 5 0 - 5 0 0   k i l o h e r t z   a t   a  s e l e c t e d  

power   g e n e r a l l y   in  t he   r a n g e   of  1 5 - 2 5   k i l o w a t t s   and  w i t h   s a i d  

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

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

m e t h o d ,   t he   f r e q u e n c y   is   a p p r o x i m a t e l y   400  k i l o h e r t z   a t   a  

s e l e c t e d   power   of  a p p r o x i m a t e l y   20  k i l o w a t t s .  



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  

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

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

g e n e r a l l y   no  g r e a t e r   t h a n   0 . 0 3 5   i n c h e s .   In  t he   p r e f e r r e d  

m e t h o d ,   t h i s   d e p t h   is   m a i n t a i n e d   a t   a p p r o x i m a t e l y   0 . 0 2 4   i n c h e s .  

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

p r o v i s i o n   of  a  new  m e t h o d   w h i c h   is  e x t r e m e l y   r e l i a b l e   a n d  

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

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

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

c o m b u s t i o n   e n g i n e   c o m p o n e n t .  

A n o t h e r   o b j e c t   of  the   i n v e n t i o n   i s   t he   p r o v i s i o n   o f  

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

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

s u r r o u n d i n g   and  a d j a c e n t   to  t he   i n s e r t .  

S t i l l   a n o t h e r   o b j e c t   of  t he   i n v e n t i o n   i s   t he   p r o v i s i o n  

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

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

t h a t   s u c h   h e a t i n g   w i l l   n o t   d e l e t e r i o u s l y   a f f e c t   t he   p r e s s u r e  
f i t   and  w h e r e i n   an  i n e x p e n s i v e   f e r r o u s   m a t e r i a l   l i k e   c a s t   i r o n  

may  be  u s e d   f o r   t he   i n s e r t .  

F u r t h e r   o b j e c t s   and  a d v a n t a g e s   f o r   t he   i n v e n t i o n   w i l l  

b e c o m e   r e a d i l y   a p p a r e n t   to  t h o s e   s k i l l e d   in  t he   a r t   upon  a  

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

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

The  i n v e n t i o n   may  t a k e   p h y s i c a l   f o rm  in  c e r t a i n   p a r t s  

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

be  d e s c r i b e d   in  d e t a i l   in  t he   f o l l o w i n g   s p e c i f i c a t i o n   a n d  

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



h e r e o f   and  h e r e i n :  

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

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

m e t h o d ;   a n d ,  

FIGURE  2  is   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i e w  o f   a 

p o r t i o n   of  FIGURE  1  f o r   b e t t e r - s h o w i n g   t he   r e l a t i o n s h i p   b e t w e e n  

t he   i n d u c t o r   and  v a l v e   s e a t   s u r f a c e   to   be  h e a t e d .  

D e t a i l e d   D e s c r i p t i o n   of  the   P r e f e r r e d   E m b o d i m e n t  

R e f e r r i n g   now  to  t he   d r a w i n g s   w h e r e i n   t he   s h o w i n g s   a r e  

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

i n v e n t i o n   o n l y   and  n o t   f o r   p u r p o s e s   of  l i m i t i n g   same ,   FIGURE  1 

shows   an  i n d u c t i o n   h e a t i n g   d e v i c e   A  d i s p o s e d  i n   o p e r a t i v e  

c o m m u n i c a t i o n   w i t h   a  c a s t   a l u m i n u m   e n g i n e   c o m p o n e n t   B .  

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

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

a s s i g n e d   U n i t e d   S t a t e s   P a t .   No.  Re  2 9 , 0 4 6 .   E s s e n t i a l   a n d  

n o n - e s s e n t i a l   s u b j e c t   m a t t e r  f r o m   t h a t   p a t e n t ,   as  w e l l   as  f r o m  

c o m m o n l y   a s s i g n e d   U.  S.  P a t .   No.  3 , 8 3 7 , 9 3 4 ,   a r e   i n c o r p o r a t e d  

h e r e i n t o   by  r e f e r e n c e .  

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

l e a s t   one  e x h a u s t   p a s s a g e w a y   10  h a v i n g   an  a n n u l a r   v a l v e   s e a t  

i n s e r t   12  f o rmed   of  c a s t   i r o n   and  c l o s e l y   d i s p o s e d   c o a x i a l l y  

w i t h i n   a  r e c e s s e d   c y l i n d r i c a l   e x h a u s t   p o r t   14.  A  g u i d e   o p e n i n g  

or  p o r t   16  is  c o a x i a l   w i t h   e x h a u s t   p o r t   14  and  r e c e i v e s   t h e  

s t e m   of  a  c o n v e n t i o n a l   p o p p e t   v a l v e   ( n o t   shown)   when  the   e n g i n e  

is   a s s e m b l e d .  

A n n u l a r   v a l v e   s e a t   i n s e r t   12  i n c l u d e s   a  c o n i c a l l y  

s h a p e d   v a l v e   s e a t   s u r f a c e   30  w h i c h   is   i n s t a l l e d   i n t o   t he   e n g i n e  

c o m p o n e n t ,   m a c h i n e d   and  t h e r e a f t e r   h a r d e n e d   in  a c c o r d a n c e   w i t h  



t h e   s u b j e c t   i n v e n t i o n .   I n s e r t   12  c o m p r i s e s   a  s t a n d a r d  

c o m p o n e n t   t y p i c a l l y   c o n s t r u c t e d   f rom  s t e e l   or  c a s t   i r o n ;  

h o w e v e r ,   c a s t   i r o n   is  p r e f e r r e d   b e c a u s e   of  c o s t s .   I n s t a l l a t i o n  

of  i n s e r t   12  i n t o   t he   r e c e i v i n g   b o r e   a t   e x h a u s t   p o r t   14  may  b e  

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

e x a m p l e ,   a  p r e s s u r e   or  f o r c e   f i t   and  t he   l i k e .   When  a  p r e s s u r e  
f i t   t e c h n i q u e   is  e m p l o y e d ,   t he   i n s e r t   is   n o r m a l l y   c h i l l e d   t o  

o b t a i n   some  d e g r e e   of  c o n t r a c t i o n   and  t h e r e b y   more  r e a d i l y  

a c c o m m o d a t e   i n s t a l l a t i o n .   F o l l o w i n g   i n s t a l l a t i o n ,   the   i n s e r t  

i s   f i x e d l y - r e t a i n e d   in  p o r t   14  by  o p p o s e d   f o r c e s   p a r t i c u l a r l y  

o c c u r r i n g   a t   i n t e r f a c e   a r e a   32  b e t w e e n   t h e   o u t e r   s i d e   w a l l   o f  

t h e . i n s e r t   and  the   r e c e i v i n g   b o r e   s i d e   w a l l .   ' I t   w i l l   b e  

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

a s s o c i a t e d   i n s e r t s   A  a r e   t y p i c a l l y   i n v o l v e d   w i t h   any  e n g i n e  

c o m p o n e n t   B  in  t he   same  m a n n e r   b e s t   d e s c r i b e d   in  U .  S .   P a t .   N o .  

Re  2 9 , 0 4 6 .  

C o n t i n u i n g   w i t h   r e f e r e n c e   to  FIGURE  1,  i n d u c t i o n  

h e a t i n g   d e v i c e   A  i n c l u d e s   a  g e n e r a l l y   c y l i n d r i c a l   e l e c t r i c a l l y  

i n s u l a t e d   body  40  h a v i n g   a  s o m e w h a t   s m a l l e r   c y l i n d r i c a l  

e l e c t r i c a l l y   i n s u l a t e d  b o d y   i n s e r t   42  e x t e n d i n g   c o a x i a l l y  

o u t w a r d   f rom  the   i n n e r   end  t h e r e o f .   A  l o c a t i n g   p i n   or  nose   44 

e x t e n d s   c o a x i a l l y   o u t w a r d   f rom  body   i n s e r t   42  t o  a c c o m m o d a t e  

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

14  in  a  known  m a n n e r .  

I n t e r p o s e d   b e t w e e n   b o d y  4 0   and  body   i n s e r t   42  of  t h e  

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

d e s i g n a t e d   50.  T h i s   i n d u c t o r   c o m p r i s e s   a  s p l i t   c i r c u l a r   r i n g  

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

p a i r   of  s p a c e d   l e g s   5 2 , 5 4   e x t e n d i n g   t h e r e f r o m   a x i a l l y   t h r o u g h  

body   40  and  o u t w a r d l y   f rom  t h e   body   o u t e r   e n d .   I n d u c t o r   50  a s  



w e l l   as  l e g s   5 2 , 5 4   a r e   h o l l o w   and  c o m m u n i c a t e   w i t h   e a c h   o t h e r  

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

t h e r e t h r o u g h .   T h i s   p a s s a g e w a y   a c c o m m o d a t e s   p a s s a g e   of  a  

s u i t a b l e   c o o l a n t   f rom  a  s o u r c e   (no t   shown)  d i s p o s e d   a d j a c e n t   t o  

or  s p a c e d   f rom  t he   o v e r a l l   i n d u c t i o n   h e a t i n g   d e v i c e   as  is   k n o w n .  

A  power   s o u r c e   60  i s   o p e r a t i v e l y   c o n n e c t e d   by  l e a d s  

6 2 , 6 4   to  c o n d u c t o r   50  as  a t ,   f o r   e x a m p l e ,   l e g s   5 2 , 5 4 ,  

' r e s p e c t i v e l y .   In  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ,   t h e  

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

c a p a b i l i t y   g e n e r a l l y   in  t h e   r a n g e   of  2 0 0 - 5 0 0   k i l o h e r t z   ( k H z )  

and  a  p o w e r   c a p a b i l i t y   of  g e n e r a l l y   b e t w e e n   1 2 - 2 5   k i l o w a t t s  

(kw) .   In  p r a c t i c e ,   i t   is  p r e f e r r e d   to  use  an  o s c i l l a t o r   h a v i n g  

an  o u t p u t   f r e q u e n c y   of  a p p r o x i m a t e l y   400  kHz  to  p r o v i d e   a  r a d i o  

f r e q u e n c y   w h i c h   w i l l   c r e a t e   a  r e l a t i v e l y   low  r e f e r e n c e   d e p t h   i n  

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

50..  A l s o ,   t he   p r e f e r r e d   power   is  a p p r o x i m a t e l y   20  k w .  S i n c e  

the   h e a t e d   a r e a   of  c o n i c a l   s u r f a c e   30  is  a b o u t   0 . 5   s q u a r e  
i n c h e s   ( i n 2 ) ,   t he   power   d e n s i t y   is  in  the  g e n e r a l   r a n g e   of  40 
k w / i n 2 .   T h i s   is  d r a s t i c a l l y   h i g h e r   t h a n   any  power   d e n s i t y  

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

c o m b u s t i o n   e n g i n e s .   A  t i m e   d e l a y   d e v i c e   is   a d v a n t a g e o u s l y  

i n c o r p o r a t e d  b e t w e e n   l e a d s   6 2 , 6 4   for   t u r n i n g   the   power   s o u r c e  

60  o f f   a f t e r   a  p r e s e l e c t e d   h e a t i n g   t ime   or  i n t e r v a l .   I n  

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

q u i t e   s h o r t   and  is   t y p i c a l l y   l e s s   t h a n   1  s e c o n d .  

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

c o m p o n e n t   B  w i l l   t y p i c a l l y   h a v e   a  p l u r a l i t y   of  e x h a u s t   p o r t s   14 

which   a l l   h a v e   s i m i l a r   i n s e r t s   12  which   a r e   to  be  i n d u c t i v e l y  

h e a t e d   in  a  s i m u l t a n e o u s   m a n n e r .   A p p a r a t u s   a d a p t e d   fo r   t h i s  

p u r p o s e   is  shown  in  U.  S.  P a t .   No.  Re  2 9 , 0 4 6   and  i n c l u d e s   m e a n s  



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

a s s o c i a t e d   e x h a u s t   p o r t   14  w i t h   l o c a t i n g   p i n   44  c o a x i a l l y  

a l i g n i n g   the   d e v i c e   r e l a t i v e   to  t he   e x h a u s t   p o r t .   D e v i c e   A  i s  

b o t t o m e d   o u t   w i t h   i n d u c t o r   50  e n g a g i n g   c o n i c a l   v a l v e   s e a t  

s u r f a c e   30  of  s e a t   i n s e r t   12.  T h e r e a f t e r ,   t h e   h e a t i n g   d e v i c e  

i s   b a c k e d   o u t   s l i g h t l y   so  t h a t   some  p r e s e l e c t e d   gap  is   p r e s e n t  

b e t w e e n . t h e   i n d u c t o r   and  c o n i c a l   v a l v e   s e a t   s u r f a c e   30  t o  

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

Wi th   r e f e r e n c e   to  FIGURE  2,  t h i s   gap   i s   g e n e r a l l y  

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

a p p r o x i m a t e l y   0 . 0 4 0   i n c h e s .   W h i l e   t h i s   p a r t i c u l a r   gap  has  b e e n  

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

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

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

t h a t   i t   may  be  v a r i e d   s o m e w h a t   as  deemed   n e c e s s a r y   o r  

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

s i d e   or  f l a t   s u r f a c e   70  of  i n d u c t o r   50  is   g e n e r a l l y   p a r a l l e l   t o  

s e a t   s u r f a c e   30  and  has   a  w i d t h   a t   l e a s t   s l i g h t l y   g r e a t e r   t h a n  

t h a t   of   t he   s e a t   s u r f a c e .  

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

d e l e t e r i o u s   h e a t i n g   of  or  h e a t   t r a n s f e r   t h r o u g h   the   e n t i r e t y   o f  

i n s e r t   12  in  t he   p r e f e r r e d   e n v i r o n m e n t   h e r e   u n d e r   d i s c u s s i o n .  

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

o b t a i n e d   i f   s e a t   s u r f a c e   30  was  q u i c k l y   b r o u g h t   to  t e m p e r a t u r e  

and  t h e n   q u e n c h e d   p r i o r   to  t he   t i m e  t h a t   any  d e l e t e r i o u s   h e a t  

t r a n s f e r   c o u l d   o c c u r .   M o r e o v e r ,   i t   is   n e c e s s a r y   a t   t he   s a m e  

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

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

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

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



g r e a t e r   t h a n   0 . 0 3 5   i n c h e s   w i l l   p r o v i d e   w h o l l y   s a t i s f a c t o r y  

r e s u l t s   w i t h o u t   in  any  way  i m p a i r i n g   e n g i n e   o p e r a t i o n   or  e n g i n e  
l i f e . .   In  p r a c t i c e ,   a  d e p t h   of  a p p r o x i m a t e l y   0 . 0 2 4   i n c h e s   h a s  

been   f o u n d   e n t i r e l y   s a t i s f a c t o r y   and  is  p r e f e r r e d   when  u s i n g  

t he   s u b j e c t   new  m e t h o d .  

T h u s ,   and  in  a c c o r d a n c e   w i t h  t h e   i n v e n t i o n ,   a  h i g h  

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

s e a t   s u r f a c e   30  of  s e a t   i n s e r t   12  i s   s u f f i c i e n t l y   h e a t e d   to  a n  

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

i n t o   t he   a u s t e n i t i c   r a n g e   fo r   s u b s e q u e n t   t r a n s f o r m a t i o n   i n t o  

t he   m a r t e n s i t i c   r a n g e .   As  shown  in  FIGURE  2,  t he   d e p t h   of  s u c h  

t r a n s f o r m a t i o n   is  g e n e r a l l y   d e s i g n a t e d   by  t he   l e t t e r  d   and  may 
c o m p r i s e   a  d e p t h   of  up  to  a p p r o x i m a t e l y   0 . 0 3 5   i n c h e s ,   a l t h o u g h  

0 . 0 2 4   i n c h e s   i s   g e n e r a l l y   p r e f e r r e d .   By  u s i n g   the   p r e f r r e d  

f r e q u e n c y   of  a p p r o x i m a t e l y   400  kHz,  a  r e l a t i v e l y   s h a l l o w  

r e f e r e n c e   d e p t h   is  h e a t e d   in  t he   s e a t   s u r f a c e   and  by  u s i n g   t h e  

p r e f e r r e d   p o w e r   of  a p p r o x i m a t e l y   20  kw  to  o b t a i n   a  p o w e r  
d e n s i t y   of  a b o u t   40  k w / i n 2 ,   t he   v a l v e   s e a t   i s   h e a t e d   to  a n  

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

I n d e e d ,   and  when  u s i n g   the   p r e f e r r e d   r a n g e s   n o t e d ,   i t   has   b e e n  

f o u n d   t h a t   a  t i m e   i n t e r v a l   of  a p p r o x i m a t e l y   0 .5   s e c o n d s   w i l l  

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

a  d e p t h   of  a p p r o x i m a t e l y   0 . 0 2 4   i n c h e s . .  

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

r i n g s   or  t he   e n t i r e   e n g i n e   c o m p o n e n t   a r e   s u b j e c t e d   to  q u e n c h i n g  

in  a  m a n n e r   known  in  t he   a r t .   B e c a u s e   h e a t i n g   of  s e a t   s u r f a c e s  

30  is  so  r a p i d  a n d   is  s u b s t a n t i a l l y   l i m i t e d   to  or  i s o l a t e d   a t  

t h e s e   s u r f a c e s   to  a  p r e s e l e c t e d   s h a l l o w   d e p t h ,   t h e r e   is   n o  
d e l e t e r i o u s   h e a t i n g   of  the   w h o l e   i n s e r t   or  h e a t   t r a n s f e r  

t h r o u g h   s e a t   i n s e r t s   12.  T h e s e   f a c t o r s   m i g h t   o t h e r w i s e  



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

b e t w e e n   the   s e a t   i n s e r t s   and  e x h a u s t  p o r t s .   T h i s   r e s u l t  

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

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

v a l v e   s e a t   i n s e r t s .  

E x a m p l e  

In  u s i n g   t he   f o r e g o i n g   new  m e t h o d ,   c a s t   i r o n   v a l v e  

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

0 . 0 3 0   i n c h e s   u s i n g  a   h e a t  c y c l e   of  0 .5   s e c o n d s   w i t h   a  r a d i o  

f r e q u e n c y   o s c i l l a t o r   (400  kw)  and  a  power   d e n s i t y   of  40  
k w / i n 2 .   The  a d v a n t a g e s   of   u s i n g   a  s o f t   c a s t   i r o n   i n s e r t   i n  

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

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

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

s e a t   by  i n d u c t i o n   h a r d e n i n g   t e c h n i q u e s .   T h i s   t h e n   a c h i e v e s   t h e  

r e q u i s i t e   s e a t   d u r a b i l i t y   w h i l e ,   a t   the   same  t i m e ,   y i e l d i n g  

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

V a l v e   s e a t   i n s e r t s   have   a l s o   been   h a r d e n e d   a t   a  0 . 2  

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

d e p t h   of  0 . 0 3 0   i n c h e s   by  u s i n g   c o n s i d e r a b l y   more  t h a n   4 0  
k w / i n 2   power   d e n s i t y .   Even   t h o u g h   i t   r e d u c e s   t he   t e n d e n c y   t o  

i n d u c e   h e a t   i n t o   t he   i n s e r t ,   t he   0 .5   s e c o n d   h e a t i n g   c y c l e   i s  

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

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

By  way  of  c o m p a r i s o n ,   t he   p r e f e r r e d   p a r a m e t e r s  o f   t h e  

s u b j e c t   m e t h o d   u s i n g   a  p r i m a r y   power   s o u r c e   h a v i n g   a  f r e q u e n c y  

of  a p p r o x i m a t e l y   400  kHz  and  a  power   of  a p p r o x i m a t e l y   20  kw 

w i t h   a  h e a t i n g   c y c l e   of   a p p r o x i m a t e l y   0 .5   s e c o n d s   p r o v i d e s   a  

c a s e   d e p t h   of  a p p r o x i m a t e l y   0 . 0 2 4   i n c h e s   and  a  h a r d n e s s   of  " 5 8 "  



on  the   R o c k w e l l   C  s c a l e   in  c a s t   i r o n   s e a t   i n s e r t s .   P r i o r  

t e c h n i q u e s   w h i c h   t y p i c a l l y   e m p l o y   t he   same  f r e q u e n c y   a t   a  p o w e r  
of  a p p r o x i m a t e l y   7  kw  w i t h   a  h e a t i n g   c y c l e   of  a p p r o x i m a t e l y   7 - 8  

s e c o n d s   p r o v i d e s   a  c a s e   d e p t h   of  b e t w e e n   0 . 0 5 0 - 0 . 0 6 0   i n c h e s   a n d  

a  h a r d n e s s   of  "58"   on  the   R o c k w e l l   C  s c a l e .   Such  p a r a m e t e r s ,  
w h i l e   a c c e p t a b l e   f o r   g r a y   c a s t   i r o n   e n g i n e   c o m p o n e n t s   h a v i n g  

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

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

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

The  i n v e n t i o n   has   been   d e s c r i b e d   w i t h   r e f e r e n c e   to  a  

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

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

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

m o d i f i c a t i o n s   and  a l t e r a t i o n s   i n s o f a r   as  t h e y   come  w i t h i n   t h e  

s c o p e   of  t he   a p p e n d e d   c l a i m s   or  t he   e q u i v a l e n t s   t h e r e o f .  



1.  A  m e t h o d   of  h a r d e n i n g   a  c o n i c a l   v a l v e   s e a t   on  a  

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

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

o f :  

(a)  l o c a t i n g   a  g e n e r a l l y   c i r c u l a r   i n d u c t o r   a d j a c e n t  

to   and  m a t c h i n g   s a i d   i n s e r t ;  

(b)  e n e r g i z i n g   s a i d   i n d u c t o r   w i t h   a  p r i m a r y   p o w e r  

s o u r c e   h a v i n g   a  f r e q u e n c y   of  a t   l e a s t   g r e a t e r   t h a n   200  kHz  a n d  

a  s e l e c t e d   power   of  a t   l e a s t   a p p r o x i m a t e l y   12  kw  and  p r o d u c i n g  

a  p o w e r   d e n s i t y   a t   t he   s e a t  o f   a t   l e a s t   a b o u t   25  k w / i n 2 ;  

(c)  m a i n t a i n i n g   s a i d   i n d u c t o r   in  an  e n e r g i z e d  

c o n d i t i o n   for   some  p r e d e t e r m i n e d   p e r i o d   of  t i m e   l e s s   t h a n   3 

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

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

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

p o w e r   s o u r c e ;   a n d ,  

(d)  t h e r e f t e r   q u e n c h i n g   s a i d   v a l v e   s e a t   m a t e r i a l .  

2 .  T h e   m e t h o d   as  d e f i n e d   in  c l a i m   1  w h e r e i n   s a i d   s t e p  

o f - e n e r g i z i n g   is   p e r f o r m e d   a t   a  f r e q u e n c y   g r e a t e r   t h a n  

a p p r o x i m a t e l y   250  k H z  a n d   l e s s   t h a n   a p p r o x i m a t e l y   500  k H z .  

3.  The  m e t h o d   as  d e f i n e d   in  c l a i m   2  w h e r e i n   s a i d   s t e p  

of   e n e r g i z i n g   is  p e r f o r m e d   a t   a  f r e q u e n c y   of  a p p r o x i m a t e l y   4 0 0  

k H z .  

4.  The  m e t h o d   as  d e f i n e d   in  c l a i m   1  w h e r e i n   s a i d   s t e p  

of   e n e r g i z i n g   is  p e r f o r m e d   a t   a  s e l e c t e d   p o w e r   to   c r e a t e   a  

p o w e r   d e n s i t y   a t  s a i d   s e a t   g e n e r a l l y   in  t h e   r a n g e   of  2 5 - 4 5  
k w / i n 2 .  



5.  The  m e t h o d   as  d e f i n e d   in  c l a i m   4  w h e r e i n   s a i d   s t e p  

of  e n e r g i z i n g   is  p e r f o r m e d   a t   a  p o w e r   d e n s i t y   of  a p p r o x i m a t e l y  

40  k w / i n 2 .  

6.  The  m e t h o d   as  d e f i n e d   in  c l a i m   l ' i n c l u d i n g  

l i m i t i n g   s a i d   s t e p   of  m a i n t a i n i n g   to  a  t ime   p e r i o d   of  l e s s   t h a n  

1  s e c o n d .  

7.  The  m e t h o d   as  d e f i n e d   in  c l a i m   1  w h e r e i n   s a i d   s t e p  

of  e n e r g i z i n g   is  p e r f o r m e d   g e n e r a l l y   a t   a  f r e q u e n c y   o f  

a p p r o x i m a t e l y   400  kHz  and  a  power   of  a p p r o x i m a t e l y   20  kw  a n d  

w h e r e i n   s a i d   s t e p   of  m a i n t a i n i n g   is  l i m i t e d   to  g e n e r a l l y   l e s s  

t h a n   1  s e c o n d .  

8.  A  m e t h o d   of  h a r d e n i n g   a  c o n i c a l   v a l v e   s e a t   on  a  

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

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

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

i n s e r t ,   s a i d   m e t h o d   c o m p r i s i n g   the   s t e p s   o f :  

(a)  l o c a t i n g   a  g e n e r a l l y   c i r c u l a r   i n d u c t o r   a d j a c e n t  

s a i d   i n s e r t ;  

(b)  e n e r g i z i n g  s a i d   i n d u c t o r   w i t h   a  p r i m a r y   p o w e r  

s o u r c e   h a v i n g   a  f r e q u e n c y   of   a t   l e a s t   g r e a t e r   t h a n   200  kHz  a n d  

a  s e l e c t e d   power   of  a t   l e a s t   a p p r o x i m a t e l y   12  kw  and  p r o d u c i n g  

a  power   d e n s i t y   a t  t h e   s e a t   of  a t   l e a s t   a b o u t   25  k w / i n  ?  

(c)  m a i n t a i n i n g   s a i d ' c o n d u c t o r   in  an  e n e r g i z e d  

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

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

p r e d e t e r m i n e d   d e p t h   g e n e r a l l y   no  g r e a t e r   t h a n   a b o u t   0 . 0 3 5  

i n c h e s ;   a n d ,  

(d)  t h e r e a f t e r   q u e n c h i n g   s a i d   v a l v e   s e a t   m a t e r i a l .  



9.  The  m e t h o d   as  d e f i n e d   in  c l a i m   8  w h e r e i n   s a i d   s t e p  

of  e n e r g i z i n g   is   p e r f o r m e d   a t   a  f r e q u e n c y   g e n e r a l l y   in  t h e  

r a n g e   of  a p p r o x i m a t e l y   2 5 0 - 5 0 0   kHz  a t   a  s e l e c t e d   power   t o  

c r e a t e   a  power   d e n s i t y   a t   s a i d   s e a t   g e n e r a l l y   in  t he   r a n g e   o f  

2 5 - 4 5   k w / i n 2   and  s a i d   s t e p   of  m a i n t a i n i h g   is  p e r f o r m e d   in  a  

t i m e   p e r i o d   of  l e s s   t h a n   1  s e c o n d .  

1 0 . .   The  m e t h o d   as  d e f i n e d   in  c l a i m   8  w h e r e i n   s a i d  

s t e p   of  m a i n t a i n i n g   i s   p e r f o r m e d   f o r   t r a n s f o r m i n g   t o - a  

p r e d e t e r m i n e d   d e p t h   of  a p p r o x i m a t e l y   0 . 0 2 4   i n c h e s   i n  

a p p r o x i m a t e l y   0 .5   s e c o n d s .  
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