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Abstract: An attempt was made to improve the surface hardness and wear properties of AISI H13 tool steel through solid solution
hardening and refinement of microstructures using a 200 W fiber laser as a heat generating source. The hardness of laser melted zone
was investigated. In order to identify the effect of heat input on the laser melting zone, scanning conditions were controlled. The
results show that, the hardness of as-received AISI H13 tool steel is approximately Hv 240, and the hardness after laser surface heat
treatment is around Hv 480—510. The hardening depth and width are increased with the increase in the heat input applied.
Application of experimental results will be considered in tooling industry.
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1 Introduction

There are two types of surface hardening methods;
one is physical method (induction hardening process,
flame hardening, electrolytic quenching, electro spark
hardening, and physical vapor deposition), and the other
is chemical method (carburizing, nitriding, Toyota
diffusion treatment, chemical vapor deposition, and
metallic cementation)[1—2]. Surface heat treatment with
laser beam uses the characteristics of self-quenching that
cools rapidly into materials without cooling water unlike
general surface heat treatment. If surface of materials is
hardened, abrasion resistance and corrosion resistance
are increased because a dense and homogeneous
structure is formed on the surface. Accurate analysis is
needed because mechanical characteristics of material
are changed by scanning laser energy[3—4]. Laser
surface hardening has two advantages. First, there is no
much deformation of material since input energy is not
too much. Second, the surface of material is smooth after
laser hardening so it does not need post-process. It is
required to search the optimum process condition and
predict width and depth of melted zone from process
variables applied to practical work. Especially, surface
hardness is important for mold to produce the parts of
identical quality. This is applied in almost all industries
(the automobile part, the electric electronic component
and office equipment etc). The surface hardness of tools

is an essential element in quality and productivity control
of the parts. High strength, toughness, abrasion
resistance and corrosion resistance are needed for high
machining speed and high performance parts[5—6].
Hot-worked H13 tool steel was used in this study in
precision molds of manufacturing tools for processing or
die casting since it has advantages of high resistance to
thermal shock and thermal fatigue, high abrasion
resistance and heat resistance. However, it has the
characteristics of large of changes of
measurement and twisting of materials during heat
treatment. So, it is usual to have roughing processing due
to the large amount of changes of measurement and to
have electric discharge machining after heat treatment.
Laser surface hardening technology was applied to
overcoming the disadvantages above[7].

Fiber laser system has some advantages such as
simplicity, high electrical-to-optical efficiency, reliability,
excellent thermal properties, robustness and low running
cost[8]. In order to treat surfaces, heat treatment structure
characteristics, such as hardness, and beam scan rate,
were investigated experimentally after fiber laser beam
was irradiated on the surface of AIST H13.

amount

2 Experimental

2.1 Experimental equipment
Fig.1 shows the laser system. Fiber laser (IPG
YLR-200) used in this study has wave length of 1.07 pm
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Fig.1 Schematic drawing of laser system

and its maximum power is 200 W. Laser with 80 um
beam diameter can be applied to local surface hardening
of  precision tool. And  scanner(SCANLAB
hurrySCAN®20) is of a system controlled laser scanning
method. To produce oxide-free coatings in all
experiments, the chamber was shielded by using N, gas
(5 L/min).

2.2 Experimental method

Specimen used in this study is AISI H13, which is
hot rolled mold tool steel. The chemical composition of
specimen (mass fraction, %) is 0.41 C, 1.12 Si, 0.41 Mn,
5.2 Cr, 1.23 Mo, 1.1V, 1.3 Ni and balance Fe.

The heat input (J/mm®) of the hardened area is
estimated by using Eq.(1):

n=17 M)

Dy
where P is the laser power (W); 7 is the pulse duration (s);
f is the pulse frequency (Hz); D is the spot diameter
(mm); v is the scan rate (mm/s).

In order to measure depth and hardness of melted
zone, laser power and scan rate were controlled in
various conditions and then fine microstructure and
hardness were measured by optical microscope
(OLYMPUS GX51) and micro-vickers hardness test
device, respectively.

Fine microstructure and hardness were measured
after etching in order to examine mechanical and
metallurgical characteristics. Hardness test was carried
out with an applied load of 0.05 N using Vickers
hardness test device. And characteristics of hardened
layer were observed by optical microscope.

The laser scan rates used in the experiments were in
the range of 33.6—336 mm/s. Other process parameters
used in the experiment are listed in Table 1.

Table 1 Experimental conditions

Laser Spot Fill Frequency/  Pulse
power/W  size/um  spacing/um kHz width/pus
200 80 80 50 20

3 Results and discussion

3.1 Hardness and microstructure characteristics

Melted zone, HAZ(heat affected zone) and base
metal were observed after scanning, and Vickers
hardness was measured in each region and then analyzed.
Fig.2 shows the hardness profile of the cross-sectional
plane after laser surface hardening with 200 W laser
power at different scan rates.

(b) ()

Fig.2 Depth of melted zone at different scan rates: (a) 73.2
mn/s; (b) 146.4 mm/s; (c) 219.6 mm/s; (d) 292.8 mm/s; (e) 366

mm/s

Each hardness value reported here is an average of
5—6 measurements on the same sample at equivalent
locations. In Fig.3, hardened surface of specimen is
divided into 3 parts (melted zone, HAZ and base metal).
When high density laser beam is irradiated on metal
surface, ferrite structure reaches homogeneous austenite
temperature in a very short time. In the homogeneous
austenite state, after the lapse of sufficient time for
carbide melting, if it is cooled rapidly, the structure
becomes strengthened as martensite is formed[9]. Melted
zone structure was observed like ferrite but hardness
value was measured as high as Hv 500. In addition,
dense martensite grain was also observed in transitional
zone. Base metal had the structure not affected by laser
beam and hardness value was measured to be around Hv
240. When scan rate was 73.2 mm/s and 366 mm/s,
depths of melted zone were 200 and 60 pm, respectively.
According to Eqn.(1), the maximum heat input was
34.15 J/mm® and the minimum heat input was 6.83
J/mm® and difference of heat input was 27.32 J/mm’.
Fig.4 shows the change of depth of melted zone with
energy density. From the result of Vickers hardness
measurement from surface to base metal, the Vickers
hardness was decreased in melted zone, heat affected
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Fig.3 Microstructures of AISI H13: (a) Melted zone; (b) HAZ;
(c) Base metal
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Fig.4 Charge of depth of melted zone with heat input rate

zone and base metal order. Fig.5 shows the change of
Vickers hardness of specimen with scan rate.
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Fig.5 Vickers hardness distribution of AISI H13 at different
scan rates

3.2 Focal point of laser beam

Fig.6 shows the change of depth of melted zone at
different focal points, in order to estimate the relation
between laser focal point and depth of melted zone. The
laser focal points used in the experiments were from +10
mm to —10 mm. The laser power and scan rate used in
the experiments were 200 W and 146.5 mm/s,
respectively, with beam diameter of 80 pm.
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Fig.6 Change of depth of melted zone with distance of focal
point

From experimental results, the depth of laser melted
zone was the largest, when laser focus point was from —2
to —4 mm. Because of the largest heat input, focal point
is at downward direction of specimen[10]. Therefore,
laser beam set at downward direction of specimen is
efficient to apply in thick material processing.

4 Conclusions

1) Vickers hardness of melted zone converges in a
range of Hv 480-500. As the laser energy density
increases, depth of melted zone increases on AISI H13.
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2) When high density laser beam is irradiated on
metal surface, in homogeneous austenite state, after the
lapse of sufficient time for carbide melting, the structure
becomes strengthened as martensite is formed. The
Vickers hardness of melted zone is two times higher than
that of base metal.

3) The depth of laser melted zone is the largest,
when laser focus point is from —2 to —4 mm.
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