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DESCRIPTION 

The  i n v e n t i o n   is  for  a  method  of  hardening  s t e e l .   Hardening  i s  
g e n e r a l l y   employed  to  enhance  the  s t r e n g t h   of  the  s t e e l ,   by  which  i s  
unde r s tood   a l so   t e n s i l e   s t r e n g t h   and  y ie ld   s t r e n g t h ,   and  i t s   h a r d n e s s .  

A  g e n e r a l   problem  in  c o n n e c t i o n   with  employment  of  hardened  s t e e l  

components  is  tha t   the  s t e e l ' s   toughness  g e n e r a l l y   d e c r e a s e s   when  t h e  

s t r e n g t h   and  ha rdness   are  inc reased   by  var ious   ha rden ing   m e t h o d s .  

The  problem  is  p a r t i c u l a r l y   prominent  when  hardened  s t e e l   components  
are  employed  d i r e c t l y   in  a  hardened  c o n d i t i o n   w i thou t   the  h a r d e n i n g  

being  fo l lowed  by  a  temper ing   p rocess .   Tempering  w i l l   g e n e r a l l y  
enhance  the  toughness   of  the  s t e e l   at  the  expense  of  i t s   s t r e n g t h   and 

h a r d n e s s .  

For  many  a p p l i c a t i o n s   of  hardened  and  ha rdened /   tempered  s t e e l  

r e s p e c t i v e l y   i t   i s ,   however,   necessary   that   the  s t e e l   has  maximum 

s t r e n g t h   and  ha rdness   combined  with  maximum  toughness .   Examples  o f  
such  a p p l i c a t i o n s   are  the  wear   components  of  a g r i c u l t u r a l  
implements  and  d igg ing   and  loading  m a c h i n e s .  

I t   is  known  in  the  a r t   to  i nc rease   s t e e l   toughness  by  making  t h e  

g r a n u l a r   s t r u c t u r e   as  f i n e - g r a i n e d   as  p o s s i b l e .   This  p r i n c i p l e   i s  

employed  in  va r ious   methods  of  producing  and  t r e a t i n g   s t e e l ,   f o r  

example  in  c o n t r o l l e d   r o l l i n g .   The  same  b e n e f i c i a l   e f f e c t   of  r educed  

g r a i n   s i ze   a l so   a p p l i e s   to  hardened  and  h a r d e n e d / t e m p e r e d   g r a i n  
s t r u c t u r e s   in  s t e e l .  

The  g r a i n   s ize   of  the  s t e e l   a f t e r   hardening  is  c h i e f l y   de te rmined   by 
the  g r a i n   s ize   in  a  hea ted   c o n d i t i o n   at  the  ha rden ing   t e m p e r a t u r e  
before   ha rden ing .   In  t h i s   c o n d i t i o n   the  gra in   s t r u c t u r e   of  the  s t e e l  
is  known  to  p r a c t i t i o n e r s   of  the  ar t   as  a u s t e n i t e .  

Hardening  c r e a t e s   a  new  s t r u c t u r e ,   t ransformed  from  a u s t e n i t e ,   c a l l e d  
m a r t e n s i b e .   The  mar  tens  i t e   s t r u c t u r e   is  a  s e r i e s   of  f ine  need les   o r  
p l a t e s   formed  w i th in   the  i n d i v i d u a l   a u s t e n i t e   g r a i n ,   in  such  a  manner 
tha t   the  m a r t e n s i t e   g r a i n   s ize   is  determined  by  the  a u s t e n i t e   g r a i n  
s ize   before   h a r d e n i n g .  

The  a u s t e n i t e   g r a in   s ize   v a r i e s   g r e a t l y   according  to  the  s t e e l   t ype  
and  the  holding  t e m p e r a t u r e /   holding  times  at  which  the  s t e e l   is  a t  
high  t e m p e r a t u r e   and  has  an  a u s t e n i t i c   s t r u c t u r e .   A  p a r t i c u l a r l y  
coarse   a u s t e n i t i c   s t r u c t u r e   is  obtained  if  the  s t e e l   is  heated  above  
the  t empera tu re   that   produces   g r a n u l a t i o n .   This  g e n e r a l l y   happens  i n  
va r ious   forms  of  heat  t r e a t m e n t ,   for  example  f o r g i n g ,   and  i t   o f t e n  

d i r e c t l y   l i m i t s   the  a b i l i t y   to  harden  s t e e l   d i r e c t   from  the  f o r g i n g  
t e m p e r a t u r e ,   in  tha t   the  s t e e l   becomes  t o o   b r i t t l e   a f t e r   h a r d e n i n g ,  
and  the re   is  a l so   a  g r e a t e r   r i sk   of  the  s t e e l   c r a c k i n g   dur ing   t h e  

ha rden ing   i t s e l f .   In  order  to  avoid  th is   the  s t e e l   has  in  the  p r i o r  
a r t   been  allowed  to  cool  to  room  tempera ture   followed  by  a  new  h e a t i n g  
and  h a r d e n i n g ,   tha t   is ,   hea t ing   to  hardening  t e m p e r a t u r e   and  sudden  
c o o l i n g .   This ,   however,  involves   heavy  energy  e x p e n d i t u r e   in  tha t   t h e  
s t e e l   must  be  r e h e a t e d .   The  g ra in   s t r u c t u r e   of  the  s t e e l ,   m o r e o v e r ,  
does  not  become  p a r t i c u l a r l y   f ine  as  a  r e s u l t   of  the  a f o r e - m e n t i o n e d  
p r o c e d u r e ,   as  the  a u s t e n i t e   grain  s t r u c t u r e   is  formed  by  t h e  
t r a n s f o r m a t i o n   of  a  r e l a t i v e l y   coarse   s t r u c t u r e   formed  by  the  s low 

coo l ing   to  room  t e m p e r a t u r e .  
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The  pu rpose   of  the  i nven t ion   is  to  supply   a  method  for  hardening  o f  
s t e e l   in  which  the  g ra in   size  of  the  s t e e l   is  reduced  and  which,  when 
the  method  is  employed  t oge the r   with  the  heat   t r e a tmen t   of  s t e e l ,   w i l l  
e n a b l e   energy  sav ings   to  be  made. 

Tt>e  pu rpose   is  achieved  according  to  the  i n v e n t i o n   by  causing  a  
t r a n s f o r m a t i o n   of  the  s t e e l   in  a  t e m p e r a t u r e   range  between  t h e  
h a r d e n i n g   t empera tu re   and  the  c r i t i c a l   t e m p e r a t u r e   for  format ion  o f  
mar  t ens   i t e .  

The  t r a n s f o r m a t i o n   is  achieved  by  coo l i ng   the  s t e e l   from  an  a u s t e n i t i c  
s t a t e   through  or  holding  i t   at  tha t   t e m p e r a t u r e   at  which  i t s  
t r a n s f o r m a t i o n   to  f e r r i t e ,   p e a r l i t e   or  b a i n i t e   occurs  most  r a p i d l y .  
Af te r   the  t r a n s f o r m a t i o n   has  taken  p lace   to  a  s u f f i c i e n t   degree ,   a  
r a p i d   h e a t i n g   to  hardening  t empera tu re   is  performed,   with  a  b r i e f  
h o l d i n g   at  tha t   t empera ture   before  the  s t e e l   is  hardened  in  t h e  
c o n v e n t i o n a l   manner  in  a  s u i t a b l e   ha rden ing   medium.  Heating  and 
h a r d e n i n g   times  are  made  shor t   to  avoid  new  unwanted  g ra in   g r o w t h .  
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"  »cuwu  LVJL  ••eu.oenxng  aceex,   c n a r a c t e r   lsea  in  that   s t e e l   is  from  a n  a u s t e n i t i c   s t a t e   cooled  t h rough ,   or  held  a t ,   tha t   t empera tu re   range  i n  which  the  t r a n s f o r m a t i o n   of  the  s t e e l   to  f e r r i t e ,   pear  l i t e   or  b a i n i t e  
occurs  the  most  r a p i d l y ,   and  tha t   a f t e r   the  t r a n s f o r m a t i o n   has  t a k e n  
place  to  a  s u f f i c i e n t   d e g r e e ,   rapid  hea t ing   to  hardening  t e m p e r a t u r e  is  performed  with  a  b r i e f   ho ld ing   time  at  that   t empera tu re   before   t h e  
s t e e l   is  hardened  in  the  c o n v e n t i o n a l   manner  in  a  s u i t a b l e   h a r d e n i n g  
medium. 


	bibliography
	description
	claims

