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Prediction of Cracks and Optimization of Processing Parameters in Laser
Cladding of Ni60 Based on HGA-ACO-RFA

LI Tao DENG Linhui® MO Bin SHI Feifan LIU Weiwei

School of Mechanical Engineering, Dalian University of Technology,Dalian, Liaoning, 116024

Abstract: To explore the complex nonlinear mapping relationship between the cracks in the clad-
ding layer and the processing parameters during laser cladding of Ni60, the entropy method combined
with TOPSIS comprehensive evaluation method was used to comprehensively characterize and evaluate
the cracks in the cladding layers. The HGA-ACO was used to optimize the hyperparameters of the
RFA, and a prediction model between processing parameters and crack evaluation indicators was con-
structed. Finally, the genetic algorithm was used for reverse optimization of processing parameters.
Results show that compared with the ACO-RFA model, HGA-ACO-RFA significantly improves pre-
diction accuracy and evaluation indicators, and the optimal processing parameters obtained through re-
verse optimization may prepare almost crack free cladding layers.

Key words: laser cladding; crack; evaluation method; hybrid genetic ant colony algorithm (HGA-
ACO); random forest algorithm(RFA)
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Fig.1 Laser cladding system
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Tab.2 Orthogonal experimental factor table

Tab.1 Chemical composition of Ni60 and 45 steel K 7%&;‘(:/1{;’35 Y /j::i%?ﬂ) . /ﬁ%if h
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Fig.3 Crack feature collection
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Fig.4 Surface appearance of cracks
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Tab.3 Crack index scoring table

e WOt % 9 4 8 %ﬁ%%ﬁ N
P/W v/(mm s ') |ng/(r+ min!)
1 800 3 0.5 0.8845
2 800 6 1.0 0.8445
3 800 9 1.5 0.8127
4 800 12 2.0 0.7725
5 800 15 2.5 0.8554
6 1050 3 1.0 0.8683
7 1050 6 1.5 0.7610
8 1050 9 2.0 0.7669
9 1050 12 2.5 0.6865
10 1050 15 0.5 0.7981
11 1300 3 1.5 0.8767
12 1300 6 2.0 0.7672
13 1300 9 2.5 0.7113
14 1300 12 0.5 0.8619
15 1300 15 1.0 0.7835
16 1550 3 2.0 0.8713
17 1550 6 2.5 0.7644
18 1550 9 0.5 0.9546
19 1550 12 1.0 0.8662
20 1550 15 1.5 0.7715
21 1800 3 2.5 0.8785
22 1800 6 0.5 0.9617
23 1800 9 1.0 0.9718
24 1800 12 1.5 0.8828
25 1800 15 2.0 0.7466
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Fig.5 Random forest algorithm
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Fig.7 Comparison of prediction results
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Tab.5 Evaluation indicator results

ZH EATE ey ACO-RFA HGA-ACO-RFA
R? 0.9305 0.9147 0.9598
OMAE 0.0328 0.0325 0.0220
O RMSE 0.1916 0.0379 0.0267
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