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A Study on Hardening Characteristics of High Carbon

Steel by using High Power Diode Laser
Hyun-Tae Hwang' - Jong-Do Kim' - Sang-Woo So'
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Abstract: Recently, high carbon steel has become essential not only for shipbuilding parts, but also mass
production. Its surface has been treated by carburizing, nitriding and induction hardening, but these existing
treatments cause considerable deformation and increase the expense of postprocessing after treatment;
furthermore, these treatments cannot be easily applied to parts that requiring the hardening of only a certain
section. This is because the treatment cannot heat the material homogeneously, nor can it heat all of it.
Laser surface treatment was developed to overcome these disadvantages, and when the laser beam is
irradiated on the surface and laser speed is appropriate, the laser focal position is rapidly heated and the
thermal energy of surface penetrates the material after irradiation, finally imbuing it with a new mechanical
characteristic by the process of self-quenching. This research estimates the material characteristic after
efficient and functional surface treatment using HPDL, which is more efficient than the existing CW
Nd:YAG laser heat source. To estimate, microstructural changes and hardness characteristics of two parts
(the surface treatment part, and parental material) are observed with the change of laser beam speed and
surface temperature.
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v 28 oA ®ell o A3 o]Fe LS Ao A}LE AE A 2AL ek
2 7tgEo] L 2EvolEstE § WjRe] 7]A]f
o3 £+ FYEHE A7) WA (self-quenching)®] 22 ABEFx| U b
olFoAA = TAlCl EA EHF= AHWLS B oA AleE #HolAdAe AuE 15
do7le mERHAIE HEES stk olEd  te]or #olx FH|Z Figure 14 UER AT
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o] Agoll Fg=o] AEHIL Stk A9l 241 &% Al(two color pyrometer)”} -5 o]
2 AFelME ALY Tl HOlAE % glom, 2P WEAL FYolH 2AH L
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FRdA S A 2= B dolA W] o] A= Ea 2AE 25 E E3d PolAEYo| A}
$EEE 247 28 msAA dolAgAMEE 4 =zA gA Asanh
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Table 1: Chemical composition of specimen
Element(wt%) . . Alloy
C Si Mn Ni
Material element
0.50 0.15 0.70
HP1A ~ 0.50 added
~ 0.55 ~ 035 ~ 0.90
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Figure 2: Hardening characteristics on hardened zone
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Table 2: Heat input by laser beam speed

Speed Loa;zz Hi;?;:ll:d Heat input
(mm/sec) | P E(x100 J/ct)
(W) (mm)
2 2,651 31.77 4.172
3 3,275 29.48 3.703
4 3,820 30.98 3.082
5 3,820 25.75 2.967
10 T T T T
8l i
5
m‘; 6| 4
E!
E_ 4+ l\. 4
= . n
0 1 1 1 1
2 3 4 5

Laser beam speed, mm/sec

Figure 5: Relationships between heat input and laser
beam speed
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