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A Study on the Effect of Beam Mode on the Size of Hardened Zone in Laser
Surface Hardening

J. W.Kim*

ABSTRACT

Analytical models for the prediction of the size of hardened zone in laser surface hardening
are presented. The models are based on the solulions fo the problem of three-dimensional
heat flow in plates with infinite thickness., The validity of the model was tested on medium
carbon steel for Gaussian mode of beam. Then the model for rectangular beam was used
for the predicition of the size of hardemed zone on various hardening process parameters.
From the calculation results it appeared that the size and shape of the hardened zone are
strongly dependent on process parameters such as beam mode, beam size, and fraverse speed.

Key Words : Laser Surface Hardening (#]o)A E@78), Laser Beam(#o|® u), Transformation
Hardening (88}7}8), Medium Carbon Steel (Fg47), Gaussian Beam (7F$A1¢F 9),
Reciangular Beam (A}248 ), 3-Dimensional Steady State (33} FAAE]), Hardened
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a :half width of rectangular beam in I :effective radius of Gaussian beam

x-direction X,7V.z:coordinate system of moving heal
b :half width of rectangular beam in source

y-direction A, B, X, Y, Z, R : dimensionless parameters
¢ :specific heat of material Ab :area of rectangular beam (=4ab)
dm ! maximum hardened depth As :start temperature of austenization
qc - heat input density of Gaussian Db effective diameter of Gaussian

beam beam (=2r)
ar - heat input density of rectangular K :thermal condutivity of material

heam Q :power of laser beam
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64



FIAL e AW A4E

To :initial temperature of material
U :traverse speed of beam
Ws :width of hardened zome at surface

(1993.124)

a :thermal diffusivity
7 absorptivity of material
o density of material
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(a) Gaussian beam

9
1= 4ab
y b a x

Z
(b) Rectangular beam

Fig.1 Beam mode and coordinate system
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Table 1. Physical properties of AISI 1045 and
process parameters used in
computation ©®

Thermal conductivity(X)  : 0. 0086 cal/sec mm C
Thermal diffusivity(a) :7.4 mmZ/sec
Initial temperature (To) @ 20T

Melting temperature : 1500C
Heat input(7Q) : 150W
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(b) Thermal cycles in x-z plane
Fig. 2 Temperature distribution of laser hardened

AISI 1045 by Gaussian beam (Db=2.2mm,
U=1. 0m/min)
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Fig. 3 Comparison of calculated width and depth
of hardened zone with experimental ones
of Na”> 8 (Heat input=150W)
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Fig. 4 Temperature distribution of laser hardened

AISI 1045 by rectangular beam (Ab=
1.41mm?2, b/a=1.0, U=1.0m/min)
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Fig.5 Calculated width and depth of hardened

zone by rectangular beam (b/a=1.0)
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Fig. 8 Temperature distribution of laser hardened
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