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determined, and the parameter optimization methods were compared and analyzed. Select the process parameters (laser power,
scanning speed, powder feeding speed) as the optimization variables and the surface quality of the cladding layer (surface
roughness, hardness) as the optimization indicators, and perform the range analysis by designing the Lo(3*) orthogonal test to get
the optimized parameter combination; perform parameter optimization through the neural network prediction model combined
with NSGA-II multi-objective optimization algorithm. By comparing the actual optimization effects of these two optimization
methods on the surface quality of the cladding layer, the optimal process parameter group is determined. The influence of the
three process parameters on the overall quality is in order: laser power, scanning speed, powder feeding speed, and the
combination of orthogonal optimization parameters reduces the surface roughness of the cladding layer by 23.3% and the
hardness by 7.1%; while the optimized parameter combination by the NSGA-II genetic algorithm can reduce the surface
roughness by 40.5% and increase the hardness by 6.6%. The optimal combination of process parameters is: laser power 4614 W,
powder feeding speed 2.6 r/min, scanning speed 325.6 mm/min. The use of NSGA-II genetic algorithm can obtain better
optimization results than orthogonal experiments; through reasonable selection of process parameters, it can solve the problems
of cladding layer collapse and thickness unevenness, thereby greatly improving the surface quality of the cladding layer.
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Tab.1 Material properties of cladding layer powder

Material

Melting point/°C  Thermal expansion coefficient/K Hardness (HB)

Ingredient

Iron base

-5
339 powder 3.53x10

About 1600

Cr 15wt%, Si 0.3wt%, Mn 0.3wt%,

About 90 C 0.03wt%, the rest is Fe
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Tab.2 Properties of the base material

Material r)?rllttl/an Thecronel?tl,lf;ﬁi?zon Hardness (HB) Ingredient
C 3.0%~4.0%; Si 1.8%~3.2%; the sum of Mn, P, S
QT800-2 Nodular 1200~1300 13.5x10°° 245~335 less than 3.0%; appropriate amount of spheroidizing

cast iron

elements such as rare earth and magnesium
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Fig.1 Cladding experiment process
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Tab.3 Process parameters and corresponding levels

Parameters Level 1 Level 2 Level 3
Laser power P/W 1500 2000 2500
Powder feeding speed ¢/(r-min™") 2 3 5
Scan speed v/(mm-min") 221 226 250
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Tab.4 Ly(3*) orthogonal experiment table

Serial Laser power Powder feeding speed Scan speed Surface roughness Hardness
number P/W c/(r'min™") v/(mm-min~") Ra/pm (HRC)
1 1500 2 221 3.2 41
2 1500 3 226 3.2 40
3 1500 5 250 6.3 51
4 2000 2 226 1.6 45
5 2000 3 250 1.6 52
6 2000 5 221 1.6 49
7 2500 2 250 1.6 46
8 2500 3 221 3.2 47
9 2500 5 226 6.3 56
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Fig.2 Surface condition of cladding
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Tab.5 Queue score table

Serial Level Surface roughness  Hardness Surface  prardness Comprehensive
number Laser Powder feeding Scan Ra/um (HRC) roughness score score
power (A) speed (B) speed score

1 1 1 1 3.2 41 40 15 55
2 1 2 2 3.2 40 40 15 55
3 1 3 3 6.3 51 20 45 65
4 2 1 2 1.6 45 60 30 90
5 2 2 3 1.6 52 60 45 105
6 2 3 1 1.6 49 60 30 90
7 3 1 3 1.6 46 60 30 90
8 3 2 1 3.2 47 40 30 70
9 3 3 2 6.3 56 20 60 80
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Tab.6 Range analysis
Laser power (A) PO‘:;:Q dfe(gc;ing Scan speed (C) In;gg{(t;l:;ce Best plan
K, 100.00 160.00 140.00
K, 180.00 140.00 120.00
K3 120.00 100.00 140.00
Surface roughness score £ 33.33 53.33 46.67 A>B>C iggigé
ky 60.00 46.67 40.00
ks 40.00 33.33 46.67
R 26.67 20.00 6.67
K, 75.00 75.00 75.00
K, 105.00 90.00 105.00
K3 120.00 135.00 120.00
Hardness score ky 25.00 25.00 25.00 B>A=C A3B3C3
ky 35.00 30.00 35.00
ks 40.00 45.00 40.00
R 15.00 20.00 15.00
K, 175.00 235.00 215.00
K, 285.00 230.00 225.00
K3 240.00 235.00 260.00
Comprehensive score ky 58.33 78.33 71.67 A>C>B ﬁggégg
ky 95.00 76.67 75.00
ks 80.00 78.33 86.67
R 36.67 1.67 15.00

K3 R E R R G

Fig.3 Orthogonal optimization of cladding surface conditions
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Tab.7 Input data
Serial number Laser power Powder fee(%ill% speed Scan sp@efll Surface roughness Hardness
P/W c/(r'min) v/(mm-min_) Ra/pm (HRC)
1 1500 2 221.48 3.2 41
2 1500 3 226.19 3.2 40
3 1500 5 249.76 6.3 51
4 2000 2 226.19 1.6 45
5 2000 3 249.76 1.6 52
6 2000 5 221.48 1.6 49
7 2500 2 249.76 1.6 46
8 2500 3 221.48 3.2 47
9 2500 5 226.19 6.3 56
10 2200 2 226.19 1.6 45
11 2200 1 226.19 3.2 45
12 2200 2 221.48 3.2 45
13 2500 1 221.48 3.2 40
14 2000 1 249.76 1.6 45
15 1500 1 249.76 3.2 40
*8 MiXBE
Tab.8 Test data
Serial number Laser power Powder feed.inf% speed Scan spe':efi1 Surface roughness Hardness
P/W c/(r'min”") v/(mm-min_) Ra/pm (HRC)
1 2200 5 226.19 6.3 56
2 1800 5 226.19 6.3 55
3 1400 5 226.19 12.5 52
4 2200 3 226.19 3.2 42
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Best training performance is 0.632 63 at epoch 103
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Fig.4 Net-MSE diagram: a) surface roughness, b) hardness
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Fig.5 Forecast and actual comparison: a) surface roughness, b) hardness
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Tab.9 Optimization results

Serial number Laser power Powder feed.iq% speed Scan spe;egll Surface roughness Hardness
P/W ¢/(r'min”) v/(mm-min) Ra/pm (HRC)
1 4645 4.8 326.88 3.39 61.65
2 4660 5.8 327.85 3.38 60.40
3 4646 4.0 326.63 3.41 63.08
4 1069 4.2 120.85 3.55 64.80
5 4644 3.6 327.60 3.41 63.64
6 4614 2.6 325.56 3.43 64.08
7 1351 5.4 124.78 3.53 64.80
8 4639 4.2 327.37 3.40 62.83
9 4652 4.5 327.65 3.40 62.39
10 603 1.0 98.39 3.59 64.80
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Fig.6 Algorithm to optimize the actual cladding surface condition
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Tab.10 Comparison of optimized actual value and
algorithm value data

Parameters Actual value Algorithm value Error
Surface roughness Ra~ 3.75 pm 3.43 um 8.5%
Hardness 59.7HRC 64.08HRC 7.3%
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Tab.11 Comparison of orthogonal optimization and algorithm optimization data

Orthogonal optimization

Algorithm optimization

Parameters Before optimization
Value Rate of change Value Rate of change
Surface roughness Ra 6.3 um 4.83 um -23.3% 3.75 um —40.5%
Hardness 56HRC 52HRC -7.1% 59.7HRC 6.6%
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