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Postopek laserskega kaljenja s pretaljevanjem površinske plasti nam omogoča zelo natančno določanje globine modificirane plasti. 
Pri tem postopku namreč poznamo točen energijski vnos v material, zato so dane možnosti matematičnega napovedovanja globine 
in širine modificirane sledi pri danih obdelovalnih razmerah. Segrevanje nad temperaturo tališča in potem zelo hitro ohlajanje 
povzročata pri laserski toplotni obdelavi mikrostrukturne spremembe materiala, ki vplivajo na porast trdote. Rezultate matematične 
temperaturne funkcije smo preverili z eksperimentom in ugotovili dobro ujemanje, kar nam daje možnost zelo natančnega 
načrtovanja globine modificirane plasti z lasersko toplotno obdelavo v industriji. 

Ključne besede: lasersko kaljenje, pretaljevanje površine, mikrostruktura. potek temperatur 

The procedure of laser surface melt-hardening enables very accurate determination of the depth of the modified layer. In this 
procedure it is possible to know the exact energy input into the material, so the possibilities are given for mathematical prediction 
of the depth and width of the modified trace in the given heat treatment conditions. Heating above the melting point temperature 
and then very rapid cooling in laser heat treatment cause microstructure changes of the material vvhich may result in an increase 
of hardness. The results of the mathematical temperature function vvere verified by experiments. A good correlation ivas 
established, which provides a possibility of very accurate planning of the modified layer depth in laser heat treatment in industrial 
conditions. 
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Slika 1: Mikrostruktura sledi po laserskem pretaljevanju površine, 
NL400, povečava 100 x 
Figure 1: Cross-section of the laser surface melt-hardened trace. 
NL400, magnification 100 x 
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Slika 2: Mikrostruktura sledi po laserskem pretaljevanju površine, 
SL200, povečava 100 x 
Figure 2: Cross-section of the laser surface melt-hardened trace, 
SL200, magnification 100 x 
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Slika 3: Rezultati merjenja mikrotrdote 
Figure 3: Results of microhardness measurements 
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Slika 4: Potek temperatur na določenih globinah v odvisnosti od časa, 
NL400, v = 12 mm/s 
Figure 4: Temperature variation at different depths versus time, 
NL400, v = 12 mm/s 
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3 Matemat ično napovedovanje globine modif ic irane 
plasti 
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Slika 5: Maksimalne temperature na določenih globinah po interakciji 
laserskega snopa, NL400 
Figure 5: Maximum temperature at different depths after the laser 
beam interaction time, NL400 
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t a l j e n e in k a l j e n e c o n e ( s l i k a 5 ) . T a k o s m o l a h k o u g o -

t o v i l i , d a j e p r i h i t r o s t i p o m i k a o b d e l o v a n c a v = 1 2 m m / s 
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Z b r a n i p o d a t k i o p o t e k u t e m p e r a t u r e n a m o m o g o č a j o 

d o l o č e v a n j e o b d e l o v a l n i h r a z m e r a h z a ž e l e n o g l o b i n o 

m o d i f i c i r a n e p l a s t i . Č e u p o š t e v a m o š e s p r e m i n j a n j e m o č i 

i n s t o p n j o d e f o k u s a c i j e l a s e r s k e g a s n o p a g l e d e n a 

p o v r š i n o o b d e l o v a n c a , p o t e m l a h k o i z v a j a m o p r o c e s o p -

t i m i r a n j a l a s e r s k e g a k a l j e n j a s p r e t a l j e v a n j e m p o v r š i -

n e 5,6 

P r i m e r j a v a r e z u l t a t o v m e d e k s p e r i m e n t a l n o i z m e r -

j e n i m i g l o b i n a m i m o d i f i c i r a n e p l a s t i i n g l o b i n a m i , 

i z r a č u n a n i m i p o m a t e m a t i č n e m m o d e l u , j e p r i k a z a n a n a 

s l i k i 6 . P o l n o i z v l e č e n e č r t e p r e d s t a v l j a j o r e z u l t a t e 

i z r a č u n a n e g l o b i n e k a l j e n e c o n e ( z g o r n j a č r t a ) in g l o b i n e 

p r e t a l j e n e c o n e ( s p o d n j a č r t a ) . R e z u l t a t i m e r j e n j a g l o -
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Slika 6: Primerjava globin pretaljene in kaljene cone izračunanih z 
matematičnim modelom in globin izmerjenih po eksperimentu 
Figure 6: Comparision between the depths of the melted and hardened 
zone calculated vvith a mathematical model and the measured depths 
after the experiment 



b i n e p r e t a l j e n e i n k a l j e n e c o n e s o p o d a n i v i s t i h d i a -

g r a m i h s t o č k a m i . M e r j e n j e d i m e n z i j o z i r o m a g l o b i n 

p o s a m e z n i h c o n s m o i z v e d l i n a m e r i l n e m m i k r o s k o p u n a 

m i k r o s t r u k t u r a h , k i s m o j i h d o d a t n o p o t r d i l i z m e r j e n j e m 

m i k r o t r d o t e . U g o t o v i l i s m o z e l o d o b r o u j e m a n j e r e z u l t a -

t o v m a t e m a t i č n e g a i z r a č u n a g l o b i n e p r e t a l j e n e in k a l j e n e 

p l a s t i z e k s p e r i m e n t a l n i m i r e z u l t a t i p r i i z b r a n i h o b d e -

l o v a l n i h r a z m e r a h , k a r p o t r j u j e u s p e š n o s t p o p i s a t e m -

p e r a t u r e z m a t e m a t i č n i m m o d e l o m . N e k o l i k o v e č j e o d -

s t o p a n j e t e o r e t i č n o d o l o č e n i h g l o b i n m o d i f i c i r a n e p l a s t i 

o d i z m e r j e n i h s m o u g o t o v i l i p r i k a l j e n j u s p r e t a l j e v a n j e m 

p o v r š i n e s i v e l i t i n e . V z r o k z a n a s t a l o o d s t o p a n j e j e p o 

n a š e m m n e n j u p o t r e b n o i s k a t i v l u s k a s t i o b l i k i g r a f i t a , k i 

z a v i r a p r e v a j a n j e t o p l o t e v g l o b i n o . P r i p r e m a j h n i h 

h i t r o s t i h p o m i k a o b d e l o v a n c a ( v < 16 m m / s ) p r i d e d o 

p r e v e l i k e g a v n o s a e n e r g i j e v p o v r š i n s k o p l a s t , k a r 

p o v z r o č a p r e g r e v a n j e t a l i n e n a v i š j o t e m p e r a t u r o t e r 

m e š a n j e in b r i z g a n j e t a l i n e v p r e t a l j e n o p l a s t , z a r a d i 

č e s a r p r i h a j a d o p o v e č a n j a h r a p a v o s t i p o v r š i n e o z i r o m a 

c e l o d o n a s t a n k a f i n i h b r a z d n a p o v r š i n i o b d e l o v a n c a . T o 

p a s o ž e n e p r a v i l n o s t i p r i t o p l o t n i o b d e l a v i , k i j i h 

m a t e m a t i č n i m o d e l n e z a j e m a . 

4 Sklepi 

Z l a s e r s k i m k a l j e n j e m s p r e t a l j e v a n j e m p o v r š i n s k e 

p l a s t i s i v e in n o d u l a r n e l i t i n e s m o d o s e g l i i z j e m n o 

p o v e č a n j e t r d o t e v p r e t a l j e n i p o v r š i n s k i p l a s t i , k a r 

b i s t v e n o p o v e č a o b r a b n o o d p o r n o s t t a k o m o d i f i c i r a n i h 

i z d e l k o v . M i k r o s t r u k t u r a v p r e t a l j e n i p l a s t i j e i z j e m n o f i -

n o z r n a t a i n j e s e s t a v l j e n a i z a v s t e n i t a i n l e d e b u r i t a . M i k -

r o s t r u k t u r a v k a l j e n i p l a s t i p a j e o d v i s n a o d m i k r o s t r u k -

t u r e m a t r i c e in o d o b l i k e g r a f i t a ( l u s k e , n o d u l i ) , v 

p r e t e ž n i m e r i p a j e m a r t e n z i t n a . M a t e m a t i č n o m o d e l i -

r a n j e r a z m e r p r i s e g r e v a n j u o z i r o m a o h l a j a n j u m a t e r i a l a 

s p o p i s o m t e m p e r a t u r p o g l o b i n i p o t r j u j e , d a l a h k o z e l o 

u s p e š n o i z v a j a m o o p t i m i z a c i j o p r o c e s a g l e d e n a ž e l e n o 

g l o b i n o p r e t a l j e n e in k a l j e n e p l a s t i o z i r o m a g l o b i n o 

m o d i f i c i r a n e p l a s t i . E k s p e r i m e n t a l n i r e z u l t a t i s o p o t r d i l i , 

d a j e n o d u l a r n a l i t i n a z e l o u g o d n a z a l a s e r s k o t o p l o t n o 

o b d e l a v o , m e d t e m k o j e s i v a l i t i n a p r a v z a r a d i o b l i k e 

g r a f i t a z n a t n o b o l j z a h t e v n a , č e h o č e m o z a g o t o v i t i 

ž e l e n o k v a l i t e t o p o v r š i n e in p o v r š i n s k e p l a s t i . 

5 Literatura 
1 M. Bertolotti (ed.): Physical processes in laser - materials interactions, 

Plenum press, New York and London, 1983 
2 M. F. Ashby, V. E. Easterling: The transformation hardening of steel 

surfaces by laser beams - I. hypo-eutectoid steels, Acta metali, 32, 
1984, 11, 1935-1948 

3 H. W. Bergmann: Current status of laser surface melting of čast iron, 
Surface engineering, 1, 1985, 2, 137-155 

4 E. Geissler. H. W. Bergmann: Calculation of temperature profiles, 
heating and qeunching rates during laser processing, Mordike L. (ed.): 
Laser treatment of materials, papers presented at the European confer-
ence on laser treatment of materials 1986, Bad Neuheim, Germany, 
1987, 101-114 

5 J. Grum, R. Šturm: Laserska toplotna obdelava sive in nodularne 
litine. Konferenca "Inovativna avtomobilska tehnologija IAT'95", 
Radenci, Slovenija, 1995, 355-362 

6 J. Grum, R. Šturm: Laser surface melt - hardening of gray and nodular 
irons, Int. conference "Laser material processing", Opatija, Croatia, 
1995, 165-172 


