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Fig.1 Laser cladding schematic diagram
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Fig. 2 Schematic view of selected responses of laser clad

45 78 )2 AT 1 TR IR BT DL Hi A RE 28 (Dilution) K %
M, MRERNEMHEERR R REE, & USHE
JE IR W] 1 201 5

— Al _ 1
A+A4, 1+4,/4

n (1)

e AR A BRI DO AR 4, 05
W R A . KRS R L, AR 4, A
A B E B RIAEIREIR WL h SEMIFR d, Ik,
A QIR A 2 (A R 2,

d 1

N=——=—7+ (2)
d+h 1+ﬁ

d

XHFRIE) 20 ASSERAFAFEAT DI R 1T %
ZERCERIEINT, A Bl 0 R B IS ) S B A LR 1.
XESHARALAE A YIZR RE B REAR .

2 BEREBRRSTHUN

21 EBIEY

N4 B2 ) 5590 (Ensemble  learning) 49 3sk i i
B2 3 2K2%, BENIARMR L ORI SAE — 28/
AET T TR E LA 2R I 2% . SR R B HLE Ak
Tt o ASON ST RST TS A 72 AT PA 23
N JIA PR

1) FA HFERL R 75 1 (Bootstrap) N O 15 7 5
BB FEARSEFIEI n DMFEARTE N — LR

2) FHAH A A il — BRAR SRS o 8 A )
— AN, BN E R MRS d ANMREIE, ARSI



1646 hEA O RYR 2020 4F 7
®1 LRI SER
Table 1 Experimental design and corresponding experimental responses
Process parameter Response
No. Laser Scanning Powder C‘lad QIad Clad HAZ Dilution/ Wetting
power/W speedi/1 flow .raitle/ height/ width/ depth/ depth/ o angle/
(mm-s ) (gmin ') mm mm mm mm ©)
1 800 8 15.12 0.58 2.17 0.03 0.45 05.23 46.11
2 800 8 10.08 0.48 2.19 0.03 0.51 05.88 36.89
3 800 14 10.08 0.164 1.86 0.09 0.53 34.40 17.46
4 800 14 15.12 0.284 1.92 0.03 0.47 10.69 25.88
5 1100 11 12.60 0.544 243 0.05 0.62 28.42 30.92
6 1400 12.5 12.60 0.502 2.62 0.50 0.84 50.00 28.72
7 1400 9.5 12.60 0.682 2.73 0.55 0.90 44.46 38.95
8 1400 11 11.34 0.492 2.68 0.49 0.86 49.90 28.60
9 1400 11 13.86 0.584 2.68 0.48 0.84 44.90 32.67
10 1400 11 12.60 0.512 2.70 0.47 0.88 47.86 27.71
11 1400 11 12.60 0.512 2.69 0.52 0.89 50.19 29.29
12 1400 11 12.60 0.554 2.74 0.50 0.89 47.24 32.77
13 1400 11 12.60 0.562 2.72 0.48 0.86 45.86 29.22
14 1400 11 12.60 0.56 2.70 0.47 0.85 45.42 28.53
15 1400 11 12.60 0.516 2.70 0.46 0.85 47.24 27.14
16 1700 11 12.60 0.564 2.86 0.70 1.06 55.45 33.81
17 2000 8 15.12 0.906 3.10 1.00 1.40 52.37 48.89
18 2000 8 10.08 0.66 3.13 1.12 1.57 63.00 32.52
19 2000 14 10.08 0.41 2.86 0.85 1.22 67.56 22.02
20 2000 14 15.12 0.536 2.86 0.75 1.11 58.26 33.13
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Table 2  Fitting results performance comparison of training set

importance measures, VIM)FJJFE#Z: THEEARHIE
FEREHLARAR P AR A ok, SRS HLBLs R
TURA ) K/ o RE[81E 750 i o — i H 2 8 18 £
(Giniindex, GI)ELE £ /M HE (OOB) 4 i 2k AL RHAIE
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Model tpe Clad height/mm  Clad width/mm Clad depth/mm HAZ depth/mm  Wetting angle/(°)  Dilution
Rolynomial model 0.921 0.984 0.961 0.953 0.972 0.967
RF-prediction model 0.968 0.989 0.987 0.968 0.988 0.972
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Variable importance measures of laser power
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prediction(c)
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Application of random forest regression analysis in
trace geometry prediction of laser cladding

LIANG Xu-dong, WANG Wei, ZHAO Kai, HAO Yun-bo, YANG Ping, ZHU Zhong-liang

(Shanghai Aerospace Equipments Manufacturer Co., Ltd., Shanghai 200245, China)

Abstract: The shape of the single cladding layer in the laser cladding repair process greatly affects the quality of the
repair. It is necessary to control the morphology of the cladding layer to achieve high-quality repair. However, the
coupling mechanism of multi-process parameters on the cladding layer was studied clearly. Therefore, obtaining the
quantitative relationship between different process parameter combinations and the size of the cladding layer is an urgent
problem to be solved. Based on the laser cladding repair of Inconel 625 alloy, a random forest (RF) algorithm was used to
construct a regression model of laser cladding process parameter set (laser power, scanning speed, powder feeding rate) to
single pass cladding size. The model was used to predict the single track size of a specific cladding parameter group. At
the same time, the strong correlation factors were selected based on the Gini impurity and used to build a process
parameter prediction model. The results show that the prediction error of the laser cladding process parameter prediction
model is less than 4%, which can accurately estimate the laser cladding process parameters required to process the
specific single-pass cladding cross-section geometry.

Key words: random forest; laser cladding; feature selection; parameter prediction
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