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Optimization of Magnesium Alloy Arc Additive Manufacturing
Processes Based on Machine Learning
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(1. School of Materials Science and Engineering, Xi'an University of Technology, Xi'an 710048, China; 2. Xi'an Key
Laboratory of Advanced Magnesium Alloy Additive Manufacturing and Precision Forming, Xi'an 710048, China)

Abstract: Wire-arc additive manufacturing of magnesium alloys overcomes the main shortcomings of traditional casting
and forging technology, which is a new technology in the field of magnesium alloy forming. However, the process of
wire-arc additive manufacturing of magnesium alloys is affected by many factors, making it difficult to control the forming
process. In addition, defects, such as hot cracking and pore defects, are prone to occur during the forming process. To solve
this problem, a nonlinear relationship between the process parameters and the macroscopic morphology of the samples was
established by combining experimental and machine learning methods. Furthermore, the influence of different process
parameters on the forming quality was analysed, and the optimal ranges of process parameters were determined, i.e., 160 °C
(substrate temperature), 12~14.5 m/min (wire feeding speed), 8~11 mm/s (travel speed), and 8~10 mm (weaving width).
Finally, using AZ31 magnesium alloy wire as the experimental raw material, single-layer and multilayer magnesium alloy
arc additive manufacturing experiments were conducted with the optimized process parameters. The experimental results
reveal that the samples form well when the melt width is 13.95 mm, the melt height is 3.28 mm, the aspect ratio is 4.25,
and the contact angle is 42°.
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Tab.1 Chemical composition of the AZ31 Wire
(mass fraction/%)
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Tab.2 The experimental parameters for WAAM deposition

Parameters Value
Substrate temperature/°C 40, 80, 120, 160
Wire feeding ratem/(m-min™) 6~14.5
Travel speed/(mm-s™) 3~12
Weaving width/mm 4,6,7,8,10
Protective gas Ar
Protective gas rate/(L - min™) 20
Arc length correction/% 10
Welding gun swing mode Z-shaped
Welding gun swing length/mm 4
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Fig.1 Schematic diagram of the geometric morphology and the
physical image of the weld bead: (a) geometric morphology;
(b) physical image
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Tab.3 Prediction accuracy of weld height with different
numbers of hidden layer neurons

Sample Number of Mean relative Sample Number of Mean relative

number neurons error/% number neurons error/%

1 3 6.02 6 8 7.38
2 4 7.09 7 9 5.52
3 5 6.55 8 10 8.95
4 6 6.13 9 11 6.49
5 7 5.10 10 12 6.02
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Tab.4 Prediction accuracy of weld width with different
numbers of hidden layer neurons

Sample Number of Mean relative Sample Number of Mean relative

number neurons error/% number neurons error/%

1 3 3.52 6 8 4.10
2 4 3.11 7 9 4.46
3 5 3.86 8 10 391
4 6 4.54 9 11 3.37
5 7 8.21 10 12 4.14
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Fig.2 BP neural network structure: (a) height; (b) width
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Tab.5 Prediction accuracy of weld height at different
learning rates

F 6 R %S o R A4 5 T
Tab.6 Prediction accuracy of weld width at different
learning rates

Sample Learning Mean relative Sample Learning Mean relative

Sample Learning Meanrelative Sample Learning Mean relative

number rate error/% number  rate error/% number rate error/% number  rate error/%
1 0.06 7.84 6 0.11 2.45 1 0.01 4.01 6 0.06 4.86
2 0.07 7.56 7 0.12 3.99 2 0.02 4.17 7 0.07 7.17
3 0.08 5.85 8 0.13 421 3 0.03 4.52 8 0.08 6.02
4 0.09 9.75 9 0.14 7.60 4 0.04 3.78 9 0.09 5.11
5 0.10 4.73 10 0.15 4.72 5 0.05 4.90 10 0.10 491
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Fig.3 The weld height results of the BP model: (a) predicted and experimental values; (b) the relative error between the predicted and
experimental values
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Fig.4 The weld width results of the BP model: (a) predicted and experimental values; (b) the relative error between the predicted and
experimental values
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Tab.7 Influence of the process parameters on the weld height

Sample
Process parameter Average value/%
1 2 3 4 5
Substrate temperature -5.45 -11.20 -11.65 -2.34 -5.85 -7.3
Wire feeding speed 24.94 38.55 26.86 24.67 30.83 29.2
Travel speed -86.38 -94.42 -90.40 -89.20 -88.75 -89.8
Weaving width -33.10 -32.92 -24.80 -33.12 -36.22 -32.1
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Tab.8 Influence of the process parameters on the weld width

Sample
Process parameter Average value/%
1 2 3 4 5
Substrate temperature 7.45 6.36 8.64 2.07 6.73 6.30
Wire feeding speed 83.92 82.37 77.58 79.53 86.30 81.90
Travel speed -27.15 -26.69 -24.73 -20.47 -30.84 -25.98
Weaving width 35.77 37.96 38.49 38.86 37.80 37.78
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B 5 FEIE = B L2 S BUB AL () 36 22 T BE 9 m/min AR HEE 5 mm/s AR T8 10 mm; (b) AR EE 160 °C S5 45 8
5 mmy/s IS 10 mm; (c) ZEHRE 160 °C 3% 223E % 9 m/min FEIRGEE 10 mm;(d) ZEHEE 160 °C 3% 223 )% 9 m/min,
TEHEHE S mm/s
Fig.5 Influence of process parameters on weld height: (a) wire feeding speed of 9 m/min, travel speed of 5 mm/s, weaving width of
10 mm; (b) substrate temperature of 160 °C, travel speed of 5 mm/s, weaving width of 10 mm; (c) substrate temperature of 160 °C, wire
feeding speed of 9 m/min, weaving width of 10 mm; (d) substrate temperature of 160 °C, wire feeding speed of 9 m/min, travel
speed of 5 mm/s

Fl 6 HIR TR T A SRR (a) X 22 9 m/min M52 Smm/s $EIRFE R 10 mm; (b) BEM iR 160 °C MR 4k
5mm/s FEIRTEFE 10 mm; () FEHRFE 160 °C % 22 1 F 9 m/min FEINTEEE 10 mm;(d) FEBGEEE 160 °C % 2234 F 9 m/min,
R4 R 5 mm/s
Fig.6 Influence of process parameters on weld width: (a) wire feeding speed of 9 m/min, travel speed of 5 mm/s, weaving width of
10 mm; (b) substrate temperature of 160 °C, travel speed of 5 mm/s, weaving width of 10 mm; (c) substrate temperature of 160 °C, wire
feeding speed of 9 m/min, weaving width of 10 mm; (d) substrate temperature of 160 °C, wire feeding speed of 9 m/min, travel
speed of 5 mm/s
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Fig.7 Impact proportions of process parameters obtained from BP analysis and experiments on weld height and weld width: (a) weld
height; (b) weld width
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Fig.8 WAAM parts under the optimal process parameters
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Fig.9 Macroscopic morphology of the single-channel
magnesium alloy deposition wall
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Fig.1S The weld passes of the 80 WAAM experiments
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Tab.1S The experimental results by WAAM

Sample number Substrate temperature/°C Wire feeding speed/(m-min™) Travel speedfmm-s”) Weaving width/mm Weld width/mm Weld height/mm

1
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BN e N Y T N N R N == B NV R N S =)

40
40
40
40
80
80
80
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80
120
120
120
120
40
40
40
80
80
80
80
80
160
160
160
160
40
40

6

10
12
14

4

E N =) NN Be )

[oe]

7.73
10.40
8.08
12.08
5.61
5.56
11.46
13.18
10.65
7.63
7.08
11.84
11.74
7.99
12.24
12.59
6.45
7.04
13.73
13.08
12.42
8.75
10.85
10.07
14.52
8.00
10.18

5.83
4.58
3.78
3.90
433
3.37
3.29
5.42
3.39
5.21
3.30
3.47
425
6.54
4.86
4.75
4.67
3.20
3.80
6.98
421
4.92
3.39
4.02
6.72
6.75
4.71
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Tab.1S The experimental results by WAAM

Sample number Substrate temperature/°C Wire feeding speed/(m-min™) Travel speed/(mm/s™) Weaving width/ mm Weld width/mm Weld height/mm

28 40 14 7 6 9.64 3.53
29 120 6 7 7 7.38 3.62
30 120 8 3 6 8.34 6.38
31 120 10 9 4 7.77 3.75
32 120 12 5 10 14.18 4.75
33 120 14 11 8 13.57 3.01
34 160 8 5 7 8.09 4.34
35 160 10 11 6 9.52 3.05
36 160 12 7 4 10.92 4.88
37 160 14 3 10 16.03 6.26
38 80 7 6 6 6.14 3.77
39 80 9 12 4 6.10 2.98
40 80 13 4 8 10.95 5.2
41 80 11 8 10 11.84 3.33
42 80 14.5 10 7 11.96 3.19
43 120 7 8 7 7.84 2.92
44 120 9 4 6 8.38 5.68
45 120 11 10 4 9.23 3.46
46 120 13 6 10 14.61 2.44
47 120 145 12 8 13.12 2.74
48 160 9 6 7 9.73 4.37
49 160 11 12 6 11.13 2.42
50 160 13 8 4 11.83 4.02
51 160 14.5 4 10 15.92 5.29
52 160 10 12 6 9.76 2.34
53 120 13 5 10 16.42 4.59
54 80 6 5 6 5.31 4.54
55 80 8 11 4 5.71 3.68
56 80 14 9 7 13.11 3.51
57 40 11 6 8 10.71 4.23
58 40 13 12 7 10.97 3.19
59 160 8 6 7 8.64 4.05
60 160 12 8 4 9.66 3.83
61 160 14 4 10 13.50 5.28
62 120 9 3 6 9.56 6.06
63 120 11 9 4 8.69 3.57
64 120 14.5 11 8 12.92 3.11
65 80 12 3 8 12.26 6.31
66 80 10 7 10 11.18 3.12
67 40 7 4 4 6.04 5.76
68 40 14.5 8 6 12.41 4.16
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