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ABSTRACT – In this study, laser surface modification 

has been a way to enhance surface properties of metals 

for improving hardness and wear properties. Laser 

heating produced finer grain at the surface of the material 

thus leaving the properties of bulk of a given component 

unaffected. A high power Nd:YAG laser system with 

pulse mode was used to modify sample surface using a 33 

full factorial design. Process optimization was carried out 

for maximum surface hardness and laser modified depth, 

and minimum surface roughness. These findings indicate 

potential application of tool steel for wear resistant 

applications through laser surface modification. 

1. INTRODUCTION 

In automotive manufacturing industry, dies surface 

require enhanced hardness properties to better endure 

high temperature, wear and friction. Laser processing has 

been widely practiced to produce refined grain structure 

on bulk steel surface [1, 2]. At the same time, automotive 

manufacturing industries spending high maintenance 

tooling cost and encountered much loss due to recurrent 

wear of dies. Tool and die industries pay attention to the 

technology of laser surface treatment due to its precision 

of operation, short processing time and localized 

treatment effects [3]. 

Laser surface melting (LSM) technique has been 

widely used to improve surface properties of alloys for 

improving hardness, corrosion and wear properties [4]. A 

number of different laser sources such as Nd:YAG 

(Neodymium:Yttrium-aluminium-garnet), CO2 (carbon 

dioxide), fibre laser and HPDL (High Power Direct 

Diode) laser system have been widely studied. The 

wavelengths of these lasers are between 800 and 10,600 

nm which offers better light absorption at shorter the 

wavelength [5]. 

Surface heat treatment with laser beam experienced 

self-quenching that cooled rapidly into materials without 

cooling agent. In laser surface modification of tool steels, 

rapid solidification produced finer grains which 

increased hardness properties [6]. Hot work tool steel of 

H13 was used in precision molds by manufacturing tools 

for processing or various dies since it has advantages of 

high resistance to wear, thermal fatigue, abrasion 

resistance and heat resistant [7]. 

The design of experiment (DOE) is important in 

providing the optimal performance and to quantify the 

influence of selected parameters. Statistical analysis 

refers to a collection of methods used to process large 

amount of data and report overall trends. Previous 

researcher proved RSM offers better prediction on the 

effect of parameters on multi response and optimization 

compared to Taguchi’s technique. 3D surface plot 

generated by RSM can help in visualizing the effect 

parameter on response in the entire or across range 

specified [8,9]. The objective of this study was designing 

experiment of AISI H13 tool steel laser melting for 

enhanced hardness properties with low surface roughness 

and thick modified layer range from 100 to 300 μm using 

Nd:YAG laser system. 

 

2. METHODOLOGY 

As-received AISI H13 tool steel of 10 mm thickness 

was processed and analyzed in this study. An Nd:YAG 

JK300HPS laser system with TEM00 mode was used to 

process the sample surface with average laser power of 

300 W. The smallest laser spot size was 0.6 mm at focal 

length of 160 mm. The maximum laser scanning speed 

was 900 mm/min while pulse repetition frequency was 

1000 Hz. During the processing, sample was stationary 

while laser head was translated linearly by CNC motion 

control system. The laser processing was conducted 

using pulse mode in an inert argon atmosphere to avoid 

oxidation. 

A full factorial design of experiment (DOE) of 33 

was developed and yields 27 parameter settings.  

Controlled parameters were peak power (PP), pulse 

repetition frequency (PRF) and scanning speed (v). Three 

responses were depth of modified surface, surface 

roughness and hardness. Parameters were set to produce 

significant amount of energy of 1.7, 2.0 and 2.5 J to melt 

the sample surface.  

 

3. RESULTS AND DISCUSSION 

Experimental data of a full factorial 33 DOE was 

analyzed by response surface method (RSM) analysis 

using Design Expert software. The analysis of variance 

table (ANOVA) for all responses show significant model. 

High power laser beam heats steel surface at almost  

1500 oC. Short pulse and high scanning speed affect the 

most for cooling rates. High cooling rates at short 

interaction time produced high hardness of modified 

layer. High energy emitted on steel surface experienced 

higher temperature while processed at short pulse thus 

generated a higher hardness layer [7]. Localize heating at 

very short time transmitted full energy on the surface thus 

produced finer grains formations on melted pool as 

shown in FE SEM micrographs in Figure 1. In previous 

work, nano and ultrafine-grain size were produced in the 

modified surface due to large undercooling produced 

from laser processing [5]. Reduced in particle sizes give 

great influence on hardness due to stronger bonding 
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between particles thus prolong wear on the surface. 

 

 
Figure 1 FE SEM micrograph of three regions obtained 

in laser modified AISI H13 too steel.  

 

FE SEM micrograph at Figure 2 shows the grain 

structure of laser modified layer at different depth. The 

focused grains were observed from top surface to the 

region near to HAZ in the melted pool. Found that there 

were changes in grain size where larger grains from top 

reduced to smaller grains at the end of molten pool. The 

hardness found to be decreased as it moved down to 

substrate from top of melted pool. This phenomenon 

occurred due to different cooling time. At the top of 

melted experienced shortest cooling time thus produced 

long crystalline with dendrites grain shape as shown in 

micrograph (a) in Figure 2. Meanwhile in micrographs 

(b) in Figure 2 experienced slower cooling time resulted 

in round grain shape. However, the grain shape elongates 

when approaching substrate due to rapid cooling from 

bulk material as shown in micrograph (c) in Figure 2. 

 

 
Figure 2 FE SEM micrographs of grain structure 

changes from top of modified to substrate.   

 

 

 

 

4. CONCLUSION

The laser processing of H13 tool steel exhibits 

surface properties enhancements. High hardness up to 70 

HRC was obtained by controlled energy penetration and 

interaction time between substrate and laser beam. 

Minimum surface roughness of 1.20 μm generated satisfy 

the industry targeted requirement of 5 μm surface 

finishing.  Depth of laser modified at minimum 3 % 

overlapped rates found to acceptable and fully-covered 

on steel surface. Full factorial DOE desirability value of 

0.9 indicated optimum condition of all responses and 

factors. Enhanced surface properties improved wear thus 

prolong die life. 
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