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The objective of this study was to perform surface hardening experiments of titanium alloy using laser. The surface
hardness value after laser hardening treatment was observed to increase with respect to the inflow of laser energy.
However, when the laser energy exceeded the critical value, damage and cracks were observed on the surface of the
material. The relationship between surface hardness values and process variables such as laser energy, scan speed, and
number of laser scans was quantitatively modeled through the design of experiments and analysis of variance. Using the
established mathematical model, the surface hardness value of the material can be predicted accurately with an average of
10% error over various process conditions. Analysis of the surface composition of the material using energy dispersive
spectrometry showed that titanium oxide was the main cause of the increasing surface hardness. Further studies will be
conducted to improve the accuracy and predictability of the model using nonlinear modeling techniques.
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Fig. 1 SEM images of laser-treated Ti-6Al-4V at different scan
speeds
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Fig. 2 Vickers hardness values after laser treatment at different scan
speeds
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Fig. 3 SEM image of the laser-treated Ti-6Al-4V surface at 5 mm/s
scan speed

Table 1 Variable levels for the laser surface hardening experiment

Variable Unit (Ilglv;l:eYell) g;%}el llzeV;:)l
Laser power (x;) W 32.5 65.0
Scan speed (xy) mm/s 10 50
Number of laser scans (x3) no. 1 4
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Table 2 Design matrix for 2* full-factorial design

Test Laser power Scan speed Number of laser
W) (mm/s) scans (no.)
1 325 10 1
2 65.0 10 1
3 325 50 1
4 65.0 50 1
5 325 10 4
6 65.0 10 4
7 325 50 4
8 65.0 50 4
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© 600F
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Fig. 4 Averages and standard deviations of hardness values at
different test conditions
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Table 3 Analysis of variance — Vickers hardness for laser surface
hardening process

Source of Sum of DOF Mean Calculated F
variation squares square value
X 79218.875 1 79218.75 21.71
X 1263603.00 1 1263603.00 346.29
X3 685452.00 1 685452.00 187.85
X12 17556.75 1 17556.75 4.81
X13 24570.75 1 24570.75 6.73
X2 202800.00 1 202800.00 55.58
X123 10980.75 1 10980.75 3.01
Error 145957.67 40 3648.94
Total 2430139.67 47
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800 - b
S
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300 — : : : : :
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Fig. 5 Main effects of variables
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Table 4 Design variables for confirmation experiments

Case Laser power Scan speed Number of laser
W) (mm/s) scans (no.)
1 65.0 10 2
2 325 50 2
3 65.0 50 2
4 325 25 1
5 325 25 2
6 325 25 4
7 65.0 25 1
8 65.0 25 2
9 65.0 5 1
10 65.0 5
11 65.0 5 4
1500 T T T T T T " T
Il experiment
[ Jestimation
§\ 1000 - 1
El
é
=
s
=
,*E 500 - 1
0 L |

1 2 3 4 5 6 7 8 9 10 M1
Case number

Fig. 7 Comparison between experimental measurements and model
estimations
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Fig. 8 EDS analysis of Ti-6Al-4V specimens
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