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It  is  we l l  known tha t  t r e a t m e n t  of m e t a l s  and a l l o y s  wi th  a l a s e r  b e a m  l e a d s  to  s u b s t a n t i a l  c hanges  
in t h e i r  s t r u c t u r e  and in t h e i r  p h y s i c o m e c h a n i c a l  s t a t e .  The  e f fec t  of the  changes  t a k i n g  p l a c e  on the  w o r k -  
ing c a p a c i t y  of p a r t s  and,  in p a r t i c u l a r ,  on t h e i r  w e a r  r e s i s t a n c e ,  has  been  i n s u f f i c i e n t l y  s tud i ed .  The  
p r e s e n t  a r t i c l e  g i v e s  the  r e s u l t s  of an  i n v e s t i g a t i o n  of the  e f fec t  of l a s e r - b e a m  t r e a t m e n t  of  s t e e l  and c a s t  
i r o n  s a m p l e s  on t h e i r  w e a r  r e s i s t a n c e  in an a b r a s i v e - o i l  m e d i u m .  T e s t s  w e r e  m a d e  of S tee l  40Kh in 
h a r d e n e d  and l o w - a n n e a l e d  s t a t e s  and  a f t e r  n o r m a l i z i n g ,  as  we l l  a s  of  h i g h - s t r e n g t h  c a s t  i r o n  VCh 50-1 .5 .  
The  hea t  t r e a t m e n t  of t he  c a s t  i r o n  was :  n o r m a l i z i n g  fo l lowed  by h i g h - t e m p e r a t u r e  a n n e a l i n g  (HB-210);  
the  c a s t  i r o n  s a m p l e s  w e r e  cut  f r o m  the  c o n n e c t i n g - r o d  p ins  of  t he  sha f t s  of M-21 a u t o m o b i l e  e n g i n e s .  

The  w e a r *  was  se t  up in a c c o r d a n c e  with  a ba l l  r a c e - b e a r i n g  s c h e m e  in AS-8  o i l  wi th  the  add i t i on  
of 0.1 wt.% q u a r t z  sand  [1], in M I - 1 M  f r i c t i o n  m a c h i n e s .  The  b e a r i n g s ,  in the  f o r m  of  s e g m e n t s  wi th  a 
width  of 10 r am,  w e r e  m a d e  of B r O T s S  5 - 5 - 5  and a n t i f r i c t i o n  a l l o y  S O S 6 - 6 L  The b a l l - r a c e  s a m p l e s  had  a 
d i a m e t e r  of 57.25 m m  and a width  of  10 r am.  

The  f r i c t i o n  s u r f a c e s  of  the  s t e e l  and c a s t  i r o n  b a l l - r a c e  s a m p l e s  w e r e  t r e a t e d  u s i n g  a l a s e r  g e n e -  
r a t o r  [2], con ta in ing  an a c t i v e  e l e m e n t  m a d e  of n e o d y m i u m  g l a s s ,  wi th  a d i a m e t e r  of 15 m m  and a length  
of 260 m m  (F ig .  1). The  l a s e r  b e a m  was  foc use d  on an a r e a  of  a b a l l  r a c e  with a d i a m e t e r  of  ~3 .5  r am,  
u s i n g  l ens  4 wi th  a foca l  l eng th  of  60 m m .  The  e n e r g y  of the  l ight  p u l s e  of the  g e n e r a t o r ,  w o r k i n g  u n d e r  
f r e e  c o n d i t i o n s ,  was  N70 J wi th  a p u l s e  d u r a t i o n  of  ~ 4  m s e c ,  and a f r e q u e n c y  of 1.5 p u l s e s  p e r  m i n u t e .  
The  d e n s i t y  of  t he  e n e r g y  fed was  so s e l e c t e d  fo r  the  m a t e r i a l  so tha t  t h e r e  would  be no a p p r e c i a b l e  e j e c -  
t i ons  of  the  m e t a l .  By r o t a t i n g  the  s a m p l e  by 3 m m  each  t i m e ,  he a t i ng  of t he  whole  s u r f a c e  of the  ba l l  r a c e  
was  a c h i e v e d .  A f t e r  the  l a s e r  t r e a t m e n t ,  the  s u r f a c e  of the  b a l l  r a c e  had  a l a m i n a r  f o r m ,  wi th  r o u g h n e s s e s  
of 0 .2 -0 .3  r am.  To i m p r o v e  the  m i c r o g e o m e t r y  of  the  s u r f a c e ,  i t  was  ground ,  thus  r e m o v i n g  an u p p e r  l a y e r  
wi th  a t h i c k n e s s  of 0 .25-0 .35  r a m .  The  p u r i t y  of  the  s u r f a c e ,  d e t e r m i n e d  in a Mode l  201 p r o f i l o g r a p h i c -  
p r o f i l o m e t r i c  i n s t r u m e n t ,  c o r r e s p o n d e d  to ~77. 

d 

A 

Fig .  1. S c h e m a t i c  d i a g r a m  of  uni t  fo r  
l a s e r  t r e a t m e n t :  1) a c t i v e  e l e m e n t  
m a d e  of  n e o d y m i u m  g l a s s ;  2,3) m i r r o r s  
of  r e s o n a t o r ;  4) l ens ;  5) b a l l - r a c e  s a m -  
ple ;  5) depth  of  t r e a t e d  l a y e r .  

The tests showed that, as a result of laser treatment, 
in the surface layers of the samples there is a sharp change 
in the structure and in the physicomechanical properties of 
the metal. At the points of the treatment there appears a 
white layer whose thickness, after grinding of the samples, 
is i000 # for Steel 40Kh in a hardened and low-annealed 
state, 420p for Steel 40Kh in a normalized state, and 440 

* The wear of the ball-race samples was determined using 
the method of artificial bases (notched holes), and the wear 
of the bearing-samples by the weight method [1]. 
tThe tests of east iron, paired with an alloy, simulated the 
work of the journal-bearing pair of the shafts of automobile 
engines. 
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Fig. 2. Dependence of the wear of the friction pairs steel- 
bronze and east iron-antifriction alloy on the friction path: 
a) ball raee, b) bearing: I) ball race made of normalized 
Steel 40Kh, ground, the bearing of bronze; 2) same, ball race 
with white layer; 3) ball raee made of hardened and low- 
annealed Steel 40Kh, ground, bearing of bronze; 4) same, 
ball raee with white layer; 5) ball race made of cast iron 
(normalized and high annealing), ground, bearing of Alloy 
SOS 6-6; 6) same, ball raee with white layer. Speeific pres- 
sure 37.5 kg/em 2. Rate of sliding 1.27 m/see. 

for cast  i ron VCh 50-1.5. In compar ison with the initial s t ructure ,  the microhardness  of the white 
layer  is g rea te r  by approximately three  t imes for steel af ter  normalizing,  by more  than twice for cast  iron, 
and by 15% in comparison with mar tens i te  hardened steel.  With t rea tment  of hardened and low-annealed 
steel, beneath the white layer  there  is observed a zone of lowerea microhardness ;  in the case of no rmal -  
ized steel and cast  iron; this zone is not present .  

During the t rea tment  of the surface of the samples with a laser  beam, there is pulsed local heating 
of the metal  up to very  high tempera tures ,  right up to a plasma state [2]. The pulsed action of the t emper -  
atures  and the rapid removal  of heat into the depths of the metal  promote  the formation of the white layer.  
In spite of the br ief  duration of this process ,  a cer ta in  redistr ibution of the elements (C, Cr, Mn) in the 
metal  af ter  the l ase r  t rea tment  has been established by mic rospec t r a l  analysis.  In the white layer,  ,there 
is noted an increased content of carbon and chromium, while, beneath the white layer,  there  is a ve ry  
slight decrease ,  in compar ison with the s tar t ing metal .  

As tests  have shown, l ase r  t reatment ,  bringing about the above changes in the surface layers  of parts ,  
increases  the wear  res is tance  of friction pairs  in an abrasive medium. The wear  of Steel 40Kh in a nor -  
malized state, as well as hardened and low-annealed, with a white layer ,  is lowered in compar ison with a 
polished layer  by ~3 and 2 t imes,  while the wear  of a bronze bearing is lowered by 2 and 1.5 t imes.  In the 
case of the pair  cast  i r on -an t i f r i c t i on  alloy, the wear  of cast  iron with a white layer  is less by 3 t imes,  
and that of an SOS 6-6 bearing by 2 t imes (Fig. 2). 

Thus, t rea tment  of parts  using a l ase r  beam, operating under free conditions, can be used to improve 
the wear  res is tance  of machine par ts .  It must  be emphasized that, with continuous action of the beam, the 
uniformity of the white layer  will obviously be high, the  physicomechanical  state of the metal  more  favor-  
able, and the operating charac te r i s t i cs  better .  
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