
on the s ide  suf fe r ing  a ne t  l o s s  of a t o m s .  This  s t r e s s  
f ie ld  is  supposed ly  due to the ann ih i la t ion  of v a c a n c i e s  
on edge d i s l oca t i ons  whose B u r g e r ' s  v e c t o r s  a r e  not 
p e r p e n d i c u l a r  to the K i r k e n d a l l  i n t e r f a c e .  F o r  the 
s p e c i a l  ca se  where  vacancy  annih i la t ion  occu r s  p r e -  
domina t e ly  on edge d i s loca t i ons  with B u r g e r ' s  v e c t o r s  
p e r p e n d i c u l a r  to the K i r k e n d a l l  i n t e r f a c e ,  no s t r e s s  
f ie ld  would be e s t a b l i s h e d  s ince  r e l a x a t i o n  is  p e r -  
mi t t ed  in the d i r ec t i on  of diffusion.  Thus ,  p o r e s  would 
not  be fo rmed .  

Examina t ion  of the DS-NiCr (g s  1):Ni couple ,  F ig .  
l (b) ,  and the di f fus ion p r o f i l e ,  F ig .  2, r e v e a l s  that  
c o n s i d e r a b l e  g r a i n  boundary  a r e a  p a r a l l e l  to the 
K i r k e n d a l l  i n t e r f ace  ex i s t s  on the c h r o m i u m - r i c h  s ide  
of the coup le .  The l a r g e  amount  of g r a i n  boundary  
a r e a  is  due to the high g ra in  a s p e c t  r a t i o  and s m a l l  
g r a i n  width (high L / D  with s m a l l  D) of DS-NiCr(gs 1). 
I t  is  fe l t  that  vacancy  annih i la t ion  a t  such  bounda r i e s  
i s  s i m i l a r  to ann ih i la t ion  at  edge d i s l oca t i ons  with 
B u r g e r ' s  v e c t o r s  p e r p e n d i c u l a r  to the K i r k e n d a l l  in -  
t e r f a c e .  Such behav io r  r e s u l t s  in con t r ac t ion  only in 
the d i r ec t ion  of d i f fus ion.  
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An Improved Equation Relating 
Hardness to Ultimate Strength 

J .  R. CAHOON 

IN 1951 Tabor  1 obta ined the e x p r e s s i o n  

- \ l ~ - n -  n /  [1] 

r e l a t i n g  u l t ima te  nomina l  s t r e s s ,  au, to the V i c k e r s  
P y r a m i d  H a r d n e s s ,  H, and the s t r a i n  ha rden ing  coef f i -  
c ient ,  n. Tabor  a s s u m e d  that  t rue  s t r e s s  in the p l a s t i c  
r eg ion  i s  a p p r o x i m a t e d  by the f a m i l i a r  equation 

= k ~  [2] 

where  ~ i s  the t rue  s t r a i n  and k i s  a cons tant .  To ob-  
tain the nomina l  s t r e s s ,  a, Tabor  used  the app rox ima t ion  

k'~n 
or= (1 +E) [3] 

By d i f fe ren t i a t ing  this  equat ion with r e s p e c t  to g, Tabor  
obta ined the t rue  s t r a i n  at  the u l t ima te  s t r e s s  a s  

However ,  i t  is  wel l  known and e a s i l y  ca l cu l a t ed  that  
the nomina l  s t r e s s  i s  r e l a t e d  to the t rue  s t r e s s  by 2 
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Fig. 1--Relation of ultimate strength to hardness and strain 
harden ing  coefficient.  

-~ k~n 
-- 7 -  : 7 -  [5] 

By d i f fe ren t i a t ing  Eq. [5] with r e s p e c t  to -g one ob ta ins  
the t rue  s t r a i n  at  the u l t i m a t e  nomina l  s t r e s s  a s  3 

= n [6] 

T h e r e f o r e  f rom Eq. [5], the u l t i m a t e  nomina l  s t r e s s  i s  
given by 

If i t  i s  a c c e p t e d  that  the t rue  s t r e s s  on a s t r e s s - s t r a i n  
cu rve  at  a s t r a i n  of 0.08 i s  given a p p r o x i m a t e l y  by 
/ / / 2 . 9  a s  sugges t ed  by T a b o r  ~ and s u p p o r t e d  by Cahoon 
et al. 4. then i t  is  e a s i l y  shown that  

*Tabor 1 suggests values in the range 1t/2.9 to HI3 while Cahoon et al. 4 suggests 
values m the range H/2.9 to 11/3 1. 

= g-d.9 \0.-Th--q) [8] 

It i s  sugges t ed  that  Eq. [8] i s  a s i m p l e r  and m o r e  a c -  
cu ra t e  e x p r e s s i o n  r e l a t i n g  u l t ima te  t e n s i l e  s t r eng th  to 
h a r d n e s s .  The r e s u l t s  c a l cu l a t ed  f rom Eq. [8] a r e  c o m -  
p a r e d  to those  c a l c u l a t e d  by T a b o r  (Eq. [1]) in F ig .  1. 
T a b o r  1 noted that  his  r e s u l t s  c a l c u l a t e d  f rom Eq. [1] 
a g r e e d  wel l  with the e x p e r i m e n t a l  da ta  (conver ted  f rom 
the Br ine l l  r e s u l t s  of O 'N e i l l  5) for  lower  v a l u e s  of the 
s t r a i n  ha rden ing  coef f ic ien t ,  but  dev i a t ed  c o n s i d e r a b l y  
f rom the e x p e r i m e n t a l  da ta  a t  l a r g e r  va lue s  of n. 
O ' N e i l l ' s  e x p e r i m e n t a l  po in t s  a r e  inc luded  in F ig .  1 
which shows that  the p r e s e n t  e x p r e s s i o n ,  Eq. [8], 
a g r e e s  wel l  with the e x p e r i m e n t a l  r e s u l t s  for  a l l  va lues  
of the s t r a i n  ha rden ing  coef f ic ien t .  
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