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This  w o r k  i s  conce rned  wi th  ~:he effect  of s u r f a c e  cold 
work ing  on the fa t igue  s t r e n g t h  of shaf t s  wi th  c i r c u l a r  g r o o v e s  
m a c h i n e d  a f t e r  s u r f a c e  r o l l i n g .  The depth of the g r o o v e s  was  
e i t h e r  equal  to o r  exceeded  the depth of the  c o l d - w o r k e d  
l a y e r .  Fo r  c o m p a r i s o n ,  i den t i ca l  shaf t s  but  not s u r f a c e  
ro l l ed  w e r e  t e s t e d .  The a i m  of the  e x p e r i m e n t s  w as  to 
obtain a confirmation of an assumed redistribution of the 
residual stresses in the notch zone of the surface work 
hardened shafts, Figure I. If the residual stresses are re- 
distributed as shown in Figure 1, the fatigue strength of 
surface worked specimens should increase even when the 
depth of the groove exceeds the depth of the hardened layer. 
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Fig. !. Distribution of axial residual stresses in zones a-a 
and b-b of a surface work-hardened shaft. 

t -- g roove  depth; c -- depth  of the c o l d - w o r k e d  l a y e r .  

We s tudied  32 m m  din b a r s  of h o t - r o l l e d  s t e e l  45 of the 
fo l lowing c o m p o s i t i o n  (%): 0 .54  C, 0 .70  Mn, 0 .23 Si, 
0.027 P, 0 . 0 2 1 S .  

Af t e r  annea l ing ,  the  s p e c i m e n  b lanks  had the fo l lowing 
m e c h a n i c a l  p r o p e r t i e s :  cr b 63 .1  k g / s q . m m ,  a s 28 .6  k g / s q .  
ram,  5~ 22.5%, ~b 43.6%, Bhn 187. 

Cylindrical specimens with a single circular groove of 
variable depth at mid-length were machined from this 
material. The grooves were made with a turning tool at a 
minimum depth of cut. To eliminate the work-hardening 
effect of the turning tool, the groove was finished with a 
grinding wheel by taking off a 0.2 mm layer. For the surface- 
rolled specimens the grooves were prepared prior to rolling. 

m m / r e v ,  s i ng l e  p a s s .  The su r f ace  h a r d n e s s  of the s p e c i m e n s  
m e a s u r e d  on an obl ique s u r f a c e  a f t e r  r o l l i n g  i n c r e a s e d  f r o m  
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Rol l ing  was  p e r f o r m e d  wi th  a t h r e e - r o l l ,  s p r i n g - l o a d e d  
dev i ce  mounted  on a l a the .  The r o l l i n g  p a r a m e t e r s  w e r e  as  
fo l lows:  r o l l e r  din - 20 ram,  p ro f i l e  r a d i u s  - 6 ram,  r o l l  
p r e s s u r e  - 250 kg, r o t a t i ona l  speed  - 185 rpm,  feed - 0 .12 

Fig. 2. S-N curves for steel 45 with grooves of various 
depths :  

1 -- unnotched;  2 -- s u r f a c e - r o l l e d ;  3 -- unworked .  
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187 to 275 V i e k e r s  po in t s .  The  rad ia l  depth  of the  worked  
l a y e r  was  1 .8  -- 1 . 9  r a m .  

Fa t igue  t e s t s  w e r e  conducted  on UIPM m a c h i n e s  u s i n g  the  
p r inc ip le  of a l t e rna t i ng  p u r e  bending  of the  ro ta t ion  s p e c i m e n .  
The  t e s t s  w e r e  on a 10 mi l l i on  cyc le  b a s i s .  F i g u r e  2 g ives  
the  fa t igue  c u r v e s  for  s m o o t h  (unworked) and notched s p e c i -  
m e n s .  

The unnotehed specimens were characterized by a high 
stress concentration factor (3.5). This high value was 
evidently due not on/y to the geometrical parameters of the 
notches but also to the method of finishing the notch bottom 
(gr inding) .  The fa t igue  l i m i t s  w e r e  d e t e r m i n e d  acco rd ing  to 
the  Lokata  method  [not  ment ioned  in the  m o r e  c o m m o n  
R u s s i a n  text  books .  T . N . ] .  The ini t ia l  s t r e s s  was  p u r p o s e l y  
s e t  below the p robab le  fa t igue l imi t  of the  s p e c i m e n .  
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Depth of a n n u l a r  g roove  

F ig .  3. The effect  of depth of the  annu l a r  g roove  on the  f a -  
t igue l im i t .  Cy l indr ica l  s t ee l  45 s p e c i m e n s ,  30 m m  dia: 

1 --  s p e c i m e n s  s u r f a c e  ro l led  p r i o r  to grooving ,  t e s t ed  by 
the  Lokata  me thod ;  2 --  unworked  s p e c i m e n s .  

As  i s  s een  in F i g u r e  3, the  fa t igue  l imi t  of s u r f a c e -  
ro l led  s p e c i m e n s  d e c r e a s e s  wi th  i n c r e a s i n g  depth of the  
m a t e r i a l  r e m o v e d  by the  no tch .  However ,  the  fa t igue  
l imi t  of s u r f a c e - r o l l e d  s p e c i m e n s  a f t e r  p rov id ing  t h e m  
with a 5 . 5  m m  deep no tch  was  h i g h e r  than  in the  unworked  
s p e c i m e n s  of the  s a m e  m a t e r i a l .  
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Fig .  4.  Steel  45 s p e c i m e n  wi th  a t r i p l e  anuu l a r  
no tch .  

To c o n f i r m  the benef ic ia l  ro le  of r e s i d u a l  s t r e s s e s  
due to s u r f a c e  h a r d e n i n g  in i n c r e a s i n g  the  fa t igue  
s t r e n g t h  of s p e c i m e n s  with deep s ing le  no t ches ,  we t e s t ed  
a l so  s p e c i m e n s  wi th  t r i p l e  no thce s ,  F i g u r e  4.  We found 
tha t  t h e r e  w e r e  no r e s i d u a l  s t r e s s e s  at  the  roo t s  of the  
t r i p l e  no tches ,  w h e t h e r  s u r v a c e - r o l l e d  o r  not; hence ,  the  
fa t igue  l imi t  of t h e s e  s p e c i m e n s  was  the  s a m e .  

CONCLUSIONS 

1. Sur face  co ld -work ing  i m p r o v e s  subs t an t i a l l y  the  
fa t igue  l imi t  of cy l ind r i ca l  p a r t s  with  s ing le  annu l a r  n o t c h e s .  
Th i s  i s  t rue  even  when  the  depth  of t he  s ing le  notch exceed s  
c o n s i d e r a b l y  the  depth of the  w o r k - h a r d e n e d  l a y e r .  

2. The  advan tageous  ef fec t  of s u r f a c e  s t r e n g t h e n i n g  fo r  
s p e c i m e n s  with deep s ing le  no tches  i s  expla ined by a r e -  
d i s t r i bu t ion  of the  r e s i d u a l  c o m p r e s s i v e  s t r e s s e s  in the  
notch  a r e a .  

EXCHANGE OF EXPERIENCE 

CARBURIZING WITH AN OXY-ACETYLENE FLAME 
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The w r i t e r  conducted h i g h - t e m p e r a t u r e  c a r b u r i z i n g  
e x p e r i m e n t s  u s i n g  an o x y - a c e t y l e n e  f l a m e .  The pa r t  be ing  
c a r b u r i z e d ,  F igu re  1, was  mounted  be tween  c e n t e r s  v e r t i c a l -  
ly o r  ho r i zon t a l l y .  It was  s u r r o u n d e d  with b u r n e r s  equipped 
with s lo t ted  end p i e c e s .  The  n u m b e r  of the  b u r n e r s  and the  
width of the  end p i ece s  was  s e l ec t ed  so  tha t  the  en t i r e  s u r f a c e  
to be  c a r b u r i z e d  i s  covered  wi th  a g a s  f l ame  which  p reven ted  
oxidat ion of the  s u r f a c e  by  a t m o s p h e r i c  oxygen.  An oxy-  
ace ty lene  m i x t u r e  was  fed into the  b u r n e r  wi th  an oxygen 
de f ic iency  fo r  comp l e t e  combus t ion ,  i . e . ,  to c r e a t e  a round  
the  t r e a t ed  s u r f a c e  a c a r b u r i z i n g  a t m o s p h e r e .  The f l a m e  
h e a t s  the  s u r f a c e  of the  p a r t  to 1100-1200~  Not only 

ace ty lene  but  a lso  m e t h a n e ,  na tu r a l  ga s  o r  o the r  C - -  con-  
ta in ing  g a s e s  can  be u s e d .  

The  pa r t  m u s t  be  ro ta ted  all  the  t ime  to s e c u r e  a un i fo rm  
c a r b u r i z e d  c a s e  t h i c k n e s s .  By a l t e r i n g  the  gas  to oxygen 
ra t io ,  the  n e c e s s a r y  ca rbon  con ten t  in the  c a s e  can  be 
ach ieved .  A f i n e - g r a i n e d  s t r u c t u r e  a f t e r  h i g h - t e m p e r a t u r e  
e a r b u r i z i n g  can  be  r e s t o r e d  by n o r m a l i z i n g ,  u s ing  the s a m e  
s ta t ion  and o x y - g u s  hea t ing .  

A s tudy  of h i g h - t e m p e r a t u r e  c a r b u r i z i n g  with an o x y - g a s  
f l a m e  was  conducted  on s t ee l  20 con ta in ing  (%) 0 .20  C, 


