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Cladding Based on NSGA-II
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Abstract The stability of coaxial powder feeding laser cladding process is affected by many factors, which makes it
difficult to estimate the optimal process parameters. This study designs a central composite experiment, which
considers the process parameters (laser power, powder feeding speed, and scanning speed) as input and outputs the
characteristic parameters that reflect the cladding morphology and quality. The regression model and neural network
in the response surface method are applied to the prediction of the single-pass cladding results, and their effects are
compared. Based on this, a multi-objective optimization algorithm, i. e., the non-dominated sorting genetic
algorithm II (NSGA-II), is used to optimize the three aforementioned process parameters. The results denote that
the optimized process parameters can improve the surface hardness of the repaired parts by 17.11%, reduce the
depth of the base heat-affected zone by 13.90%, and improve the cladding efficiency by 6.10% .
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Fig. 1 Laser cladding schematic
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Fig. 2 Surface damaged steam turbine seat
EA R T B E MR BKIE Inconel625 3
Ko F B (SEM) JE S E 3 iR,
Inconel625 By A BB BAT O 57 A9 i fok 14 71458 g B9 5t
JE ) i B R 5 A R e, TR S T R
JEE 3 B SOE 19 5 6 B B B0 R 5 R R R G
PR 57 TERE . e HE AR SRR B 1 fiE 5 2 K
SrormE 1.2,

Bl 3 Inconel625 #} £ i SEM JE $i

Fig. 3 SEM image of spherical Inconel625 powder
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Table 1 Performances of matrix and repaired materials
Density / Tensile Yield Brinell
Material Melting point /°C
(geem ) strength /MPa strength /MPa hardness /HB
Steel 20 1398-1454 7.93 410 245 156
Inconel625 1290-1350 8.4 827 414 220
F 2 FAEMEE MR 3B RS
Table 2 Main compositions of matrix and repaired materials
. Mass fraction /%
Material
Cr Mo C Si Mn Nb Fe
Steel 20 0.25 8 0.17-0.24 0.17-0.37 0.70—1.00 3.15 Bal.
Inconel625 23 8 - - - 4.15 5
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Fig. 4 Common defects in single-pass cladding layer
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Table 3 Cladding parameters

Parameter Content
Distance from nozzle to substrate /mm 12
Laser beam diameter at substrate /mm 2.5
Shielding gas Argon
Powder transport gas Argon
Powder transport gas flow rate /(m’+<h ') 0.425
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Fig. 6 Diagram of microhardness measurement for
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Fig. 5 Dimensional parameters of cross section of single-pass cladding layer
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Fig. 7 Effect of cross section of cladding layer after
binarization processing
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Fig. 8 Dilution rate measurement diagram
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Table 4 Process parameters and corresponding coded values in CCD experiments

Parameter a=—1.5 a=—1 a=0 a=1 a==+1.5
Laser power /W 800 1100 1400 1700 2000
Scanning speed /(mmes ') 8 9.5 11 12.5 14
Powder flow rate /(gemin ') 10.08 11.34 12.6 13.86 15.12
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Table 5 Variables and corresponding measured results in CCD experimental design

cch Parameter Response
Scanning  Feed-powder Section
experiment Laser Microhard- HAZ
rate / speed / area / Dilution Porosity /%
No. power /W ‘ ness /HV  depth /mm
(mmes ') (gemin ") mm
1 800 8.0 15.12 0.88 0.05 259.93 0.45 2.30
2 800 8.0 10.08 0.64 0.06 262.67 0.51 0.27
3 800 14.0 10.08 0.28 0.34 206.10 0.53 1.70
4 800 14.0 15.12 0.36 0.11 258.07 0.47 0.39
5 1100 11.0 12.6.0 1.00 0.28 244.03 0.62 1.17
6 1400 12.5 12.60 1.36 0.50 201.23 0.84 0.36
7 1400 9.5 12.60 1.92 0.44 209.17 0.90 0.08
8 1400 11.0 11.34 1.48 0.50 200.63 0.86 0.21
9 1400 11.0 13.86 1.60 0.45 208.77 0.84 0.20
10 1400 11.0 12.60 1.58 0.48 197.97 0.88 0.14
11 1400 11.0 12.60 1.56 0.50 192.83 0.89 0.03
12 1400 11.0 12.60 1.60 0.47 192.93 0.89 0.15
13 1400 11.0 12.60 1.60 0.46 197.67 0.86 0.04
14 1400 11.0 12.60 1.64 0.45 199.17 0.85 0.24
15 1400 11.0 12.60 1.54 0.47 197.53 0.85 0.20
16 1700 11.0 12.60 2.00 0.55 186.83 1.06 1.48
17 2000 8.0 15.12 3.64 0.52 186.17 1.40 0.97
18 2000 8.0 10.08 3.32 0.63 170.43 1.57 1.59
19 2000 14.0 10.08 2.00 0.68 160.37 1.22 1.01
20 2000 14.0 15.12 2.00 0.58 178.60 1.11 1.29
3.2 BP }ﬂi Z Mm% input layer hidden layer output layer
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Fig. 9 Structure of BP neural network model
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Fig. 10 Prediction results of BP neural network. (a) Microhardness; (b) HAZ depth; (c) dilution rate; (d) porosity
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Fig. 11 Cross-section morphology of single-pass

cladding layer
B 6 2H 9256 1 45 B S H00E Dy A 0l T R
[ AL R BP 22 o 2% B0 rh . 6 2 S 2 B
PR AR AL A5 21 A4 & TN A WL 3% 5.6,

5 Z oIl I HIR 4R ) 4% X AR R R Y T
Table 5 Dilution rate predicted based on multiple

regression and neural network

Prediction result

Single-pass Measured -
Multiple Neural
experiment No. value )
regression network
1 0.520 0.58 0.54
2 0.640 0.60 0.63
3 0.601 0.57 0.63
4 0.456 0.49 0.48
5 0.150 0.09 0.14
6 0.080 0.07 0.09

6 ZInInl IR 4R ) 45 X S AR B A 90 A
Table 6 Microhardness predicted based on multiple

regression and neural network

Single-pass

Measured

Prediction result

Multiple Neural
experiment No. value )

regression network
1 186.43 192.15 184.67
2 163.70 154.53 167.43
3 177.70 163.65 171.50
4 207.47 202.42 206.94
5 234.00 240.04 257.35
6 250.47 255.44 258.08
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Fig. 13 Comparison of prediction error of microhardness
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Table 7 Comparison of response values before

and after optimization

HAZ Microharness / Efficiency /
Response Dilution
depth /mm HV (mm?es ')
Before 0.518 0.855 186.433 15.24
After 0.320 0.736 218.337 16.17
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Fig. 16 Test piece processed with optimized parameters
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