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Residual Stress Analysis for Wide-band Laser Heat Treatment Using
Finite Element Method

Jae Do Kim* and Ju Won Maeng**

ABSTRACT

In this paper, the residual stresses for the wide-band laser heat treatment using a polygon mirror have been
analyzed. The results of FE analysis are compared with the experimental results. ANSYS Version 5.3, a
commercial FE-code, is used for the FE stress analysis. The structural analysis was performed on after thermal
analysis. The residual stress distribution across the hardened area was measured by the X-ray diffraction technique.
The laser hardening conditions, 2kW laser power and 2mm/s travel speed, were used for the experiment and the
FE analysis. Analysis results, which is maximum tensile residual stress is about 143MPa and maximum
compressive residual stress is about -380MPa. Under same parameters with the analysis, experimental results
indicate that MTRS is about 152MPa and MCRS is about -312MPa. The experimental results is about 6% higher
than the FE analysis. As a result, residual stress data from the experiment close well with that of the FE analysis.

Key Words : Wide-band laser heat treatment (°F% |ol* ¥ W73}, Polygon mirror (Z#]F U] #), Residual
stress( 458 3), CO; laser (CO, o] A), Finite element method (F-384H)
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lable | Chemical compositions of SCM440 (wt, Yo)

C Si Mn Cr Mo

SCM440 | 0.40 0.25 0.70 0.90 0.25

Table 2 Mechanical properties of SCM440

Yield strength Hardness . .
‘long %
(MPa) (HB) Elongation(%)
655.0 302 17.7

Table 3 Material properties for FE Analysis

Tem(l'i‘zf;‘““re 100 | 200 | 300 | 400 | 500 | 600
Thermal
conductivity | 42.7 | 42.3 |42.44| 43.7 | 38.4 | 33.1
(W/mK)
Specific heat
(IkgK) 453 | 473 | 496 | 519 | 561 | 754
rem{l?j““re 700 | 800 | 900 |1000|1100| -
Thermal
conductivity |33.24]33.38(33.52|33.66| 33.8 | -
(W/mK)
Specific heat <] 271
(k) | 1075|823 | 802 | 807 | 813 | -
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Fig. 2 Process of thermal stress analysis

Table 4 Laser harduum paramgtgrs

[aser power

2 kW
Mu1t1 mode

Beam mode

Travel speed 2, 2.33, 2.67. 3 mm/s
Incident beam diameter 3
to polygon mirror
Shielding gas No use
Coating No use

3. diold s AE ¥ HR3YH £H
3 A8 M=z
BoqlFe] Ay AHe ada & A A,
Aehg dAe] 9 aE A Fol ol A
1= SCM4400]ct, Al el Z27]3= 50X82X5mmZE
Azetea e BR: Avdon 58S
Fol/] 9l Abgeti: WS kA Ftom W
7bEE WS auR #old EAsty. AHe
B B ﬂéMlﬂWFOYiHH%Wﬂﬂﬁq
32 ol mAS

#olzl wHAs AMelzde muAFsxst
Fedh 209 Gg0] Lolupdl @ Wy e
W oRUOF stk ZeE uvlgel QA
A4k @Ee el s olgSEE Wa
A ARGt Ravtas AFEEHR] efeton
olx 2 2 AHo] o 3mm ‘QEL\_E(multl mode)
£ AEstdich delx mwAdst Agxe

Table 491 231 Fx 74L& Fig. 33 2.

70

LASER
BEAM

SEALING PART

POLYGON
MIRROR

LENS

Fig. 3 Schematic diagram of optical system for wide-
band laser beam
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Fig. 6 Hardened depth at 2kW, various travel speed
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