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Characteristics of Surface Hardening for Hot Work Tool Steel using
Continuous Wave Nd:YAG Laser

Ho Jun Shin’, Young Tae Yoo* and Byung Heon Shin’

ABSTRACT

Laser surface hardening technologies have been used to improve characteristics of wear and to enhance the fatigue
resistance for mold parts. The objective of this research work is to investigate the influence of the process parameters,
such as power of laser and defocused spot position, on the characteristics of laser surface hardening for the case of
SKD61 steel. CW Nd:YAG laser is selected as the heat source. The optical lens with the elliptical profile is designed to
obtain a wide surface hardening area with a uniform hardness. From the results of the experiments, it has been shown
that the maximum average hardness is approximatly 780 Hv when the power, focal position and the travel of laser are
1,095 W, Omm and 0.3 m/min, respectively. In samples treated with lower scanning speeds, some small carbide particles
appear in the interdendritic regions. This region contains fine martensite and carbide in proportions which depend on the

local thermal cycle.
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Fig. 1(a) Experimental Set-up
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f=185mm

Fig. 1(b) Schematic diagram of laser surface hardening
optical system

Table 1 Specifications of Infrared pyrometer

Model IGAR 12-1.O

Temperature ranges 500 ~2200C

Spectral ranges A =1.64m
Resolution Display: 1°C, Interface : 0.1°C
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Table 2 Chemical compositions of Specimens(wt%)

C|Si|Mn|P | S |CrifMo| V |Ni|Fe
SKD6110.41{1.12{0.41/0.02{0.01}5.2{1.23 1.100'172 Bal.
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Fig. 2 Variations hardened width according to focal
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Fig. 3 Variations of hardened area & circumference
according to focal positions
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Table 3 Parameter of Laser surface hardening

Laser power
Travel speed(V,,)
Focal position(z)

1095W
0.3,0.5, 0.8m/min
+3mm~-3mm

Shielding gas Ar : 1.5bar : 3V/min

o}z Weol ZFAYDE 71FLE 2HAA
(z)7F Omm A FeolA W o]FEE(V,)7F 0.3m/min,
0.5m/min & wWlE Z2te] AdaFo] 1.038x10° Jem?,

0.738 x 10°)/em® o] FojHct olu W o|lHixr)
=g A 2 03m/min ¥ W 05m/min EHU

300)/em? A% A Vel

0.3m/min(-1mm)

0.3m/min(Omm) 0.3m/min(+1 mm)

ol AL #olAWo] AZEHA ZAIHH
Aol A dH7 ASHF AHaAtet whg-dho
AFAAe dAURAE FIHA71x, F7FE A
Az} Alojo} AR B AZFA 107 ~ 10" %sec ol
Z]x}i Aoldtt, I F 10%ec o TAWXE 7}
A ARZRE Az R 7E HEdtd] Fzted A
7F Z7vekm, Az v ]9 vlxEA Eoh

Ay dolAWol A RAHA A
87} Aaaeste A2 231HY dEAAE |
ol AW o$E£EE Vv, & WL u dojAEa
A} FEHEANE t=d/V, 7 B8 dol
A W ool44TE 0.3m/min E S W, 0.32sec E
dz dgg 9E FE§ Aldold.
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2ol EolA oA FHEHE ol Hot

A QIFE)0] F7Hech agln 4 1 AR ojf
E 3FND 2HYH@E R FFHE T
NANZAE WEYG ofHlFg-)or 01 AlZE o
d@Fo]l ©y AA YEIT ol Table 3 oA H
£ dle} Zo] ol 2HAXNE A|H ofAy
gow 3 ddFol /1 & 2HYA AW
obetae] 17l WEolth ol¥ A4S Fig 4 o
M go] EHRIZE BYE H4A FEZ 5 Utk
Fig. 4 9} Table 4 ol EAlE AAH AR -

2mm ¢ 2mm o)A YEHEL 2mm Y Wt +2mm

d Rt ¢ 10%PBE ZA GBS
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s Ak 019} ze ¢

Fig. 4 Surface bead shape according to Laser travel Al A& B rHoz ""‘ o] aHYolER
speeds(V,,) He AL .‘i’_%— 0 01~1.0sec 2 ul$ Zrxm, Tz
Table 4 Heat input according to the focal positions
Focal Hardened E(Heat input) (J/cm®) Hardened E(Heat input)(J/cm?)
position Width(mm) (Vs=0.3m/min) Width(mm) (V=0.5m/min)
-3mm 218 1.005x10° 12.8 1.027x10°
-2mm 20.3 1.078x10° 16.3 0.805x10°
-lmm 209 1.048x10° 17.8 0.738x10°
Omm 211 1.038x10° 17.8 0.738x10°
+1mm 21.8 1.004x10° 18.9 0.695x10°
+2mm 223 0.982x10° 18.1 0.726x10
+3mm 205 1.068x10° 18.5 0.711x10°
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Fig. 5 As the result of surface temperature monitoring by
laser beam irradiation
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~O—V,_: 0.5m/min, Laser power:1800W, focal position : z=+48mm
T . T T T T L
45 -10 5 0 S 10 15
Distance from the center on the surface (mm)

8

Fig. 6 Compared with hardening distribution of the laser
surface hardening optical system and Defocusing
method
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g. 7 Variation of hardened depth and width for heat
input
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Table 5 Chemical compositions of Specimens (%)

C Si \Y Cr Mn Fe
(A) | 6.63 { 097 | 078 | 6.41 | 0.57 | 84.64
(B) | 3.92 - 048 | 4.32 91.28
(C) | 6.34 - 024 | 3.77 - 89.65
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