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Fig.1  Schematic of welding current with HPVP-GTAW 
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Table 1  Table of three factors with three levels 

No. f

L

/kHz f
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/kHz ψ 

1 0.1 5 0.60�I
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=75 A, I

pp
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2 0.5 20 2.17�I

b

=60 A, I
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3 1 40 7.33�I
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=60 A, I
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Table 2  L
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No. A: f
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/kHz C: ψ Null 
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2 1(0.1) 2(20) 2(2.17) 2 

3 1(0.1) 3(40) 3(7.33) 3 

4 2(0.5) 1(5) 2(2.17) 3 

5 2(0.5) 2(20) 3(7.33) 1 
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Fig.2  Schematic of test points location of microhardness 
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Fig.3  Microhardness values of 9 groups of experiments 
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Table 3  Range analyses 

No. A: f

L

/kHz B: f

H

/Hz C: ψ 

Microhardness, 

HV/MPa 

1 1(0.1) 1(5) 1(0.6) 791 

2 1(0.1) 2(20) 2(2.17) 830.8 

3 1(0.1) 3(40) 3(7.33) 752 

4 2(0.5) 1(5) 2(2.17) 821.9 

5 2(0.5) 2(20) 3(7.33) 833.1 

6 2(0.5) 3(40) 1(0.6) 825 

7 3(1) 1(5) 3(7.33) 844.4 

8 3(1) 2(20) 1(0.6) 871.9 

9 3(1) 3(40) 2(2.17) 826.4 
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Fig.4  Distribution of experimental and prediction values 
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Fig.5  Curves of influence of individual factor on microhardness: (a) f
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Fig.6  Influence of interaction of two factors on microhardness: (a) f
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 and f
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Fig.7  Influence interaction of three factors on microhardness:  

(a) surface of interaction of three factors and (b) contour 

of surface f
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Fig.8  Tensile fracture morphology with optimal parameters 
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Optimization of Ultrahigh Frequency Pulsed VP-GTAW Welding Parameters for 

Aluminum-Magnisium Alloy 

 

Wang Yipeng, Qi Bojin, Cong Baoqiang, Wang Qiang, Zhou Yang 

 (MIIT Key Laboratory of Aeronautics Intelligent Manufacturing, Beihang University, Beijing 100191, China) 

 

Abstract: Optimization of ultrahigh-frequency pulsed VP-GTAW (HPVP-GTAW) welding parameters for 5A06 aluminum alloy was 

carried out. Taguchi method was employed to design the experiment. The microhardness of the fusion zone and heat affected zone (HAZ) 

was taken as an indicator, and the characteristic welding current parameters of HPVP-GTAW were taken as factors. The experimental 

results were analyzed by both the range analysis method and the regression analysis method. Results show that the optimal parameters of 

variable polarity current frequency f

L

, pulse frequency f

H

 and pulsed current proportional coefficient ψ are 1 kHz, 20 kHz and 0.6 

(high-frequency background current 75 A, high-frequency peak current 180 A, duty cycle of high-frequency pulse 0.2), respectively. 

Meanwhile, f

L

 influences microhardness most significantly, followed by f

H

, and the impact extent of ψ on the microhardness is the least. 

The confirmatory experiment shows that the microhardness, tensile strength, elongation and ratio of reduction with the obtained optimal 

parameters are 84.7%, 94.3%, 80% and 93.4% of those of the base metal, respectively. 

Key words: 5A06 aluminum alloy; ultrahigh-frequency pulse; VP-GTAW; microhardness; optimization 
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