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Isothermal q u e n c h i n g  of complex-shaped C-steel tools from the usual 
austenitizing temperatures considerably cuts distortion, but is not practically 
usable since it does not produce the required high hardness. Hence alloy 
instead of carbon steels are used for making complicated tools which are con- 
ventionally hardened with subsequent straightening. To increase the stability of 
supercooled austenite in carbon steels in the pearlite and bainite ranges, we have 
adopted a higher initial temperature, so that the tools could be quenched in hot 
media. 

Fig. 1 shows the effect of austenitizing temperature of specimens of 5 turn 
(0.2 in) diameter of steel U7 (nominal 0. 7% C, 0.20-0.40% Mn, 0. 15-0.35% Si) 
on its hardness after quenching in oil at 130~C (Z65~ 

Steel properties are affected also by the heating rate and holding time at 

a particular temperature. To avoid grain growth at high temperatures, the heat- 
ing rate should somewhat exceed the grain growth rate. This can be achie~eed 
for certain tools by heating in salt baths. Fig. 2 shows the variation of the core 
hardness in specimens of I0 mrn (0.4 in) diameter of steel U8 (nominal 0.8~0 C) 
with the time of heating at i000, Ii00 and IZ00~ (1830, Z010 and zIg0~ fol- 
lowed by oil quenching at 130~ (265~ A Rockwell C hardness can be achieved 

by heating at 40~ (72~ to 1200~ 20~ (36~ to ll00~ and at 
10"C (18~ to I000~ 
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F i g .  1. E f fec t  of the h e a t i n g  
t e m p e r a t u r e  of s t e e l  U7 on i t s  
h a r d n e s s  a f t e r  q u e n c h i n g  in  oil 

a t  130~ (Z65~ 

the ho ld ing  t~mes b e i n g  0 . 5 ,  1, a nd  1 .5  r a i n s ,  r e s p .  
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Fig. Z. Variation of core 
hardness in specimens of 
I0 mm (0.4 in) diameter 
with time of salt bath 

heating. 

We found tha t  the ho ld ing  t i m e  in  the s a l t  bath s h o u l d  be ,  p e r  m m  of s e c t i o n  
( 0 . 0 4  in):  3 s e c o n d s  a t  1Z00~ 6 s e c o n d s  a t  l l 0 0 ~  a nd  10 s e c o n d s  a t  1000~ 
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U n d e r  t h e s e  c o n d i t i o n s  s p e c i m e n s  and  too ls  r e m a i n  f i n e - g r a i n e d .  T h e r e  is  
a p p r e c i a b l e  g r a i n  g rowth  on ly  w h e n  the  h o l d i ng  t i m e  is  3 -4  t i m e s  tha t  i n  F ig .  2. 
The d i s t o r t i o n  in  q u e n c h i n g  was  m e a s u r e d  on r i n g - s h a p e d  s p e c i m e n s  of the  
F r e n c h  type .  When  t h e s e  s p e c i m e n s  a r e  q u e n c h e d  in  w a t e r  f r o m  lZ00~ a f t e r  
0 .5  m i n u t e  ho ld ing ,  the d e f o r m a t i o n  b e t w e e n  j a w s  was  0 . 3 7  m m  (0. 0145 in),  and  
a f t e r  a q u e n c h  into o i l  a t  130~ it  d r o p p e d  to 0 . 0 4  m m  ( 0 . 0 0 1 6  in). The h a r d -  
n e s s  was  60-6Z R o c k w e l l  C p o i n t s .  

At the P e r m  R e t a i l  Shop E q u i p m e n t  p l an t ,  a u s t e m p e r i n g  in  hot  oi l  a f t e r  
r a p i d  h e a t i n g  to h igh  t e m p e r a t u r e s  has  c o m p l e t e l y  e l i m i n a t e d  r e j e c t s  due to 
c r a c k s  in  m e a t  m i n c e r  d i sks  which  p r e v i o u s l y  was  as h igh as 30%. 

This  m e t h o d  shou ld  f ind  wide  a p p l i c a t i o n  in  q u e n c h i n g  s m a l l  p a r t s  and  too ls  
of c o m p l i c a t e d  shape  of p l a i n  c a r b o n  s t e e l s  which  a r e  s u s c e p t i b l e  to c r a c k i n g  
and  d i s t o r t i o n .  

66 


