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Abstract Combination of back propagation (BP) neural networks and genetic algorithm (GA) is used to optimize
process parameters of the thick nanostructured Al,0;-13 % TiO, (mass fraction) ceramic coating prepared by laser
multi-layer cladding technique. The neural model is trained based on the experimental results of the orthogonal test
including three factors and three levels. It is developed to express the relationship between coating properties
(bonding strength and microhardness) and process parameters (closed-loop controlling temperature of molten pool,
ultrasonic vibration frequency and preheating temperature of incubator). Meanwhile, the bonding strength and
microhardness of the nanostructured ceramic coating are optimized by single-objective and multi-objective
optimization methods based on the genetic algorithms. The results show that the prediction data of genetic neural
networks model agree well with the experimental values, and the relative error is less than 2.5% . The maximum
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bonding strength and microhardness of the coating are 70. 7 MPa and 2025. 5 HV. respectively. The process

parameters of closed-loop controlling temperature in molten pool, ultrasonic vibration frequency and preheating

temperature in incubator are set to 2472.0 C, 31.9 kHz and 400 C when the bonding strength and microhardness

have the same weight. At this state, the overall performance of the coating is the best and the bonding strength and

microhardness of the coating are 69.1 MPa and 1835.5 HV, respectively.
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Fig. 1 Morphologies of nanostructured agglomerated powder. (a) Overall; (b) internal
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Table 1  Orthogonal process parameters design of

laser cladding

Levels

1 2 3

Factors

Closed-loop controlling temperature

ol molten poal /€ 2300 2500 2700

Ultrasonic vibration

frequency /kHz 30 50 70

Preheating temperature
of incubator /C
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Table 2 Results of orthogonal test

Closed-loop controlling Ultrasonic vibration Preheating temperature Bonding Microhardness
Sample temperature of molten

pool /C frequency /kHz of incubator /C strength /MPa /HV
1# 2300 30 300 49.9 1985. 3
24 2300 50 350 53.5 1887.9
34 2300 70 400 55.3 1793. 4
44 2500 30 350 61.7 1872. 6
5# 2500 50 400 66. 3 1749. 6
6 # 2500 70 300 59. 8 1938.1
74 2700 30 400 58.3 1713.7
8+ 2700 50 300 54.1 1901. 5
94 2700 70 350 55.6 1833. 8
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Fig. 3 Flow chart of search optimization using genetic neural networks and genetic algorithms
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Fig. 5 Training results of genetic neural networks. (a) Evolutionary curve of genetic error;

(b) epoch curve of BP neural networks
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Table 3 Comparison between genetic neural network output values and input samples

Bonding strength

Microhardness

Sample Experimental Simulated Relative Experimental Simulated Relative

value /MPa value /MPa error /% value /HV value /HV error /%
14 49.9 50. 1 0. 40 1985. 3 1982. 6 0.14
24 53.5 53.6 0.19 1887.9 1889. 4 0.08
34 55.3 56.1 1.45 1793. 4 1788.7 0. 26
44 61.7 61.7 0. 00 1872. 6 1872. 1 0.03
54 66. 3 66.7 0. 60 1749. 6 1745.9 0.21
6+ 59.8 60. 2 0.67 1938. 1 1943.7 0.29
74 58.3 57.9 0.69 1713.7 1717.8 0.24
84 54.1 54.95 0.74 1901. 5 1901. 5 0. 00
9+ 55.6 56. 1 0. 90 1838. 8 1820. 8 0.98

4.4 HEWIIE LTI R f) Al A7V 5 A R S S A R 2
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JEGK AL O,-13% TiO, Fi %%k 2 45 4 50 B L i
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Table 4 Comparison between experimental values and network prediction values

Bonding strength Microhardness
Sample Experimental Simulated Relative Experimental Simulated Relative
value /MPa value /MPa error /% value /HV value /HV error /%
10# 60. 2 59.8 2.3 1985. 6 1967. 3 0.9
11# 62.1 62.6 0.8 1838. 7 1885. 4 2.5
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Fig. 6 Fitness curves of genetic algorithms. (a) Bonding strength; (b) microhardness
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