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Development of Statistical Model and Neural Network Model for Tensile
Strength Estimation in Laser Material Processing of Aluminum Alloy

Young Whan Park” and Sehun Rhee”

ABSTRACT

Aluminum alloy which is one of the light materials has been tried to apply to light weight vehicle body. In order to
do that, welding technology is very important. In case of the aluminum laser welding, the strength of welded part is
reduced due to porosity, underfill, and magnesium loss. To overcome these problems, laser welding of aluminum with
filler wire was suggested. In this study, experiment about laser welding of AA5182 aluminum alloy with AA5356 filler
wire was performed according to process parameters such as laser power, welding speed and wire feed rate. The tensile
strength was measured to find the weldability of laser welding with filler wire. The models to estimate tensile strength
were suggested using three regression models and one neural network model. For regression models, one was the
multiple linear regression model, another was the second order polynomial regression model, and the other was the
multiple nonlinear regression model. Neural network model with 2 hidden layers which had 5 and 3 nodes respectively
was investigated to find the most suitable model for the system. Estimation performance was evaluated for each model
using the average error rate. Among the three regression models, the second order polynomial regression model had the
best estimation performance. For all models, neural network model has the best estimation performance.

Key Words : Laser Welding (2l°] % &%), Filler Wire (& 7}9}0]o), Tensile Strength (173 ZX), Regression
Model (819 =), Neural Network Model (21 3% 2 9), Average Error Rate (BT 23H%)
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Table 1 Laser specifications used in experiment

Wavelength (nm) 1064
TEM mode 00
Focal length (mm) 250
Beam spot size (mm) 0.4
Beam propagation parameter (mm x mrad) 25

Ao AlgE dFvE ¥F BAE AASIS2
2 FAS 1.4 mm R, |7Leoloi(filler wire):E
A4 12 mm 9 AA5356 SAFoIUT GEulE
wAe 3heA FZALS Table 2 I ZOB, AAS356
& 7teboloj(filler wire)®] A3 Table3 3 2T F
A8 EF 5000 AE FFoE Fo YFdaE
utadlE Mg)olth

Table 2 Chemical compositions of AAS182 (wt%)

Si Fe Cu Mn Mg
0.06 0.19 0.02 0.24 4.46
Cr Zn Ti other Al
0.03 0.03 0.01 0.02 Val.

Table 3 Chemical compositions of AA5356 (wt%)

Mg Mn Cr Ti Al

5.00 0.35 0.10 0.15 Val,
22 A=A
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Table 4 Welding conditions of experiment

Variables Welding conditions

Wire feed rate (m/min) 2 3 4
Laser power (kW) 3 3.5 4
Welding speed (m/min}) 6 7.5. 9

3.4 gat % 1%
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Fig. 2 Results of tensile strength
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Table 5 ANOVA (Analysis of Variance) table for tensile

strength
Factor SS DOF MS Fy
WFR 38868.6 2 1194343 | 60.5
LP 1612534 | 2 | 80626.7 | 251.1
WS 83573.2 2 | 41786.6 | 130.2
WFR x LP 18530.2 4 4632.6 | 144
WFRx WS 905.9 4 2265 | 0.71
LPx WS 28051.7 4 70129 | 218
WFR xLPx WS | 57424 8 717.8 22
Error 40775.39 | 127 | 321.1
Total 9208421.7 | 154
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Table 6 Coefficients for Model I (multiple linear
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Fig. 3 Estimation results of model I (multiple linear
regression model)
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Table 7 Coefficients for Model II (second order

polynomial regression model)

Bo B B Bs Ba
493.8 -25.8 60.9 -91.1 27.8
Bs Bs B Bs Bs
-1.1 25.6 -13.6 -37.0 -1.0
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Fig. 4 Estimation results of model II (second order
polynomial regression model)
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Table 8 Coefficients for Model III (multiple nonlinear
regression model)

Bo A B B3
238.6 -4 269.1 -141.0
Model 111 ol W3 & %S Fig. 5 o4 24
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olgel ZEAME LA W & & 4 AU
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Fig. 5 Estimation results of mode! IIT (multiple nonlinear
regression model)
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Fig. 7 Estimation results of neural network model
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Table 9 Average error rate for each estimation model
Regression Model Neural
Model | Model | Model | Network
I 11 11 Model
Regression /
Training 74% | 33% | 7.7% 1.2%
data
Verification | 1y 400 | 849% | 113% | 63%
data
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