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Study on Characteristics of Laser Surface Transformation Hardening

for Rod-shaped Carbon Steel (I)
- Characteristics of Surface Transfonmnation Hardening by Laser Heat Source with Gaussian
Intensity distribution -
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Abstract

Laser Material Processing has been replaced the conventional machining systems - cutting, drilling,
welding and surface modification and so on. Especially, LTH(Laser Transformation Hardening) process is
one branch of the laser surface modification process. Conventionally, some techniques like a gas carburizing
and nitriding as well as induction and torch heating have been used to harden the carbon steels. But these
methods not only request post-machining resulted from a deformation but also have complex processing
procedures. Besides, LTH process has some merits as : 1. It is easy to control the case depth because of
output(laser power) adjustability. 2. It is able to harden the localized and complicated area and minimize a
deformation due to a unique property of a localized heat source. 3. An additional cooling medium is not
required due to self quenching. 4. A prominent hardening results can be obtained. This study is related to
the surface hardening of the rod-shaped carbon steel applied to the lathe based complex processing
mechanism, a basic behavior of surface hardening, hardness distribution and structural characteristics in the
hardened zone.
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Table 1 Chemical composition and dimension of specimen

Chemical composition of SM45C (%)

C Si Mn P S Co
0.43 0.3 0.75 0.18 0.07 0.14
Ni Cr Mo Al \4 Ti
0.05 0.1 0.01 | 0.019 { 0.001 | 0.004

Dimension of specimen

il )

) 250mm A

(a) Rod type

(b) Plate type

RS- RePa3 $256% F3%, 20074 64

Heat treatment
direction

a: Angle
1, Distance

(b) Rod

Fig. 1 Experimental arrangement
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Fig. 2 Defocusing characteristics of optic head
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3.1.2 A A<
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Vcire: Circumferential speed (mm/min), D; : Rod dia. (mm)
N mpm, ¢, : Moving distance per min. (mm)

| 3.140(mm) !
Giii)

v, (mm / min) =N-1:N~1/(3.14D,)2 +(%)2

(a) Circumferential speed

o  Overlap length (mm), N  rpm
Dy : Beam diameter (mm), R, @ Theoretical overlap rate (%)
£y Moving distance per min. (mm)

o(mm)=D, —%
lb
(Db _—)

N
%)= x100
R (D)= —

(3

(b) Theoretical overlap rate

Fig. 83 Concepts of the circumferential speed and
theoretical overlap rate
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Fig. 4 Hardening characteristic as laser power
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Fig. 5 Hardening characteristic as rpm
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Dy: 50 mm, P, :

1.8 kW, N : 22 rpm, v :

72 mm/min, Gs : 204 /min

(a) Cross section
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Vickers hardness, H ,

Longitudinal measuring distance mm

(b) Longitudinal hardness
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Load : 0.2kgy /mm’ —&— Point 1
—A— Point 2

800 1

900

600 -
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300 -

Vickers hardness, H,

200 g«

00 01 02 03 04 05 06 07 08 08 1.0 1.1 1.2
Depth directional measuring distance,mm

(c) Depth-derectional hardness

Fig. 9 Hardness distribution of hardened zone
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Fig. 10 Microstructure in hardened zone
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