F38% 3 F EFH OFZ W L IR Vol.38 No. 3
2025 F 6 H CHINA SURFACE ENGINEERING Jun. 2025

doi: 10. 11933 /5. 1ssn. 1007-9289. 20240827001

HFHR YOLOVS B3ER) INT18 (R H & 43
(578 FLISE S g E N & BT 6 5%

B AT X OB AW )Hs#afr ﬁiyE‘é‘}L'
k' Bo%: & RS O#H 4

(1. LI RN LR BT 212013;

2. P RZENLE TREZBE M 215137;
3. faE/ZRBEEAR (T BRAR 75 215009)

WMR: N RABOCHEERGEEH PR NER, CUARBEOCEE L2258, N BEES L. ARERME, #®#
WO EIZ T E, TR IN718 RS EAFE T2 FRBOCEERLE, R —MEuEE SP-YOLOVS FLERFE I 52 .
EWMAZ SRR AN Coordatt 3 & HLMIHIH, iy 5@ 4r1E B A2 87 B 15 B ALE; 5 YOLOvVS Mg 454, LI
90 P 28 B R X FLBR 2R/ H AR IR I BE 71; KA Soft-NMS L # 5 NMS (CHEMCKAE4MH]) B TRMISE R JE 488, 3 — 3 FFAK
P8 IS Rf SP-YOLOVS HyAFLERE 45 R 5 YOLOVS, FasterRCNN. RCNN LA K& Image] 847 trds Ristirxttb, B
SP-YOLOVS5 S RY bt HoAth Sy B A (kS B e i 32 7H 17 10.57%; (R IERt B, @i Eoeis B ismiR g .. BibhmiR s Em
ErEm LR, B, B, BIRSANE, 3T Stacking HiLE LHOCEE T 228 S5LBEA RIS FMAER, H KA
HAMUE LIRS TR BOLEE L2 EG (BORTh#E 1330 W, FH#5EE 460 mm / min, &% 13 g/ min), XHEEH
AT ZENE, 4R ER, EXEMSECT, Stacking HA FUMI ) FLER R 5 SEPRil B — UL E] 97.5%, RUET
A TTERIA Y, B RS R o] NBOCEE Z LB Bk A 8 Hl i p B K4 .

X BOKHE; FLB: FENELR: REESEC] B fifk

FESARS: THI42

-

High Precision Detection of Porosity and its Control in Laser Cladding of
IN718 Nickel-based Alloy Utilizing an Enhanced YOLOVS Algorithm

SHENG Jie! WANG Yong' XU Tianyi' LIN Xiangqi' MENG Xiankai '
ZHOU Jianzhong' CHEN Feng® LI Guo® HUANG Shu'

(1. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China;

2. School of Mechanical and Electrical Engineering, Soochow University, Suzhou 215137, China;
3. Burkensen Automation Technology (Suzhou) Co., Ltd., Suzhou 215009, China)

Abstract: Laser cladding is widely used in the repair of key components of aircraft engines due to its advantages, such as a small
heat-affected zone, low dilution rate, good interface metallurgical bonding, and easy implementation of flexible processing. Stress

changes induced by rapid heating and cooling during laser cladding and the complex composition of the cladding powder are
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important causes of cladding defects. Accurately detecting pores to actively regulate cladding porosity is important for improving the
surface quality of cladding parts. To enhance the accuracy of porosity detection within laser cladding repair components and adjust the
parameters of the laser cladding process, thereby reducing defects such as porosity and cracking in the cladding layer and improving the
quality of the laser cladding layer, laser cladding experiments on IN718 nickel-based alloys with various process parameters were conducted
in this study. In addition, an improved SP-YOLOVS algorithm is developed for porosity detection. Initially, a Coordatt attention mechanism
module 1s integrated between the input and convolutional layers to augment the spatial location information weight within the feature map.
Subsequently, the YOLOVS network structure was restructured to bolster its capability for detecting small targets of the porosity class.
Furthermore, soft-NMS was implemented in place of the original Non-Maximum Suppression (NMS) for post-processing the detection
results, which further reduced the false negative rate of the network. The porosity detection results yielded by the SP-YOLOvVS algonthm
were compared with those of YOLOVS, Faster RCNN, RCNN, and ImagelJ software analyses, revealing that the SP-YOLOvS algorithm
model achieved the highest accuracy improvement of 10.57%. Based on these findings, measurements of the laser cladding pool temperature,
pool area, porosity rate, melting width, melting height, and melting depth of the cladding layer cross-section were performed. The results
showed that the area of the molten pool was positively correlated with the laser power and powder feeding rate. As the laser power increased
from 1 000 to 1 400 W, the average area of the molten pool increased from 5.77 to 10.52 mm®. On the contrary, the melt-pool area was
negatively correlated with the scanning speed. Similarly, the height, width, and depth of the molten pool were positively correlated with the
laser power and powder feeding rate, and negatively correlated with the scanning speed. A regression prediction model correlating the laser
cladding process parameters with the porosity rate was established using a stacking algorithm, and an optimal set of laser cladding process
parameters was derived using a target optimization algorithm. Finally, laser cladding experiments were conducted using the optimal
combination of process parameters (laser power of 1 330 W, scanning speed of 460 mm / min, and powder feeding rate of 13 g/ min), and the
porosity parameters were measured. The experimental results showed that under these optimized parameters, the consistency between the
porosity predicted by the stacking model and the actual measured values reached 97.5%, verifying the effectiveness of the optimization
method and significantly improving the quality of the cladding layer. The results of this study provide a theoretical foundation for the effective
control of porosity defects in laser cladding layers and expand the application of machine vision in thermal repair processes.
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Table 1 Chemical composition of IN718 substrate and
IN718 powder (wt. % )

Material Fe Al Ti Nb Cr

Substrate 20.17 0.54 0.80 5.00 18.41
Powder 18.10 0.54 0.97 4.92 19.20
M_ateria] Mo Si G Mn Ni

Substrate 2.97 0.30 0.035 0.13 Bal.
Powder 3.19 0.20 0.045

0.04 Bal.
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Table 2 Orthogonal test design table of
laser cladding process parameters

Level
Factor
] 2 3 4 5
A 1 000 1 100 1 200 1 300 1 400
B 10 11 12 13 14
& 400 425 450 475
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Table 4 Pre-processing table for laser cladding test results
__Group S / mm’ 1 H/mm D/mm W/mm  P;/%o
I 0.21 0.16 0.24 0.00 0.24 1.22
2 0.00 0.00 0.34 0.50 0.00 4.70
3 0.47 0.39 0.39 0.73 0.51 241
4 0.62 0.27 0.67 0.52 0.65 0.81
5 0.31 0.15 0.65 0.38 0.35 4.88
6 0.28 0.42 0.17 0.48 0.32 2.51
7 0.34 0.47 0.27 0.31 0.38 0.51
8 0.61 0.44 0.32 0.73 0.64 2.17
9 0.50 0.50 0.52 0.63 0.54 2.01
10 0.67 0.41 1.00 0.77 0.71 2.80
11 0.35 0.54 0.19 0.50 0.39 1.70
12 0.39 0.58 0.23 0.54 0.43 0.34
13 0.34 0.68 0.31 0.50 0.38 6.46
14 0.81 0.74 0.86 0.88 0.83 0.86
15 0.79 0.64 0.85 0.85  0.81 2.17
16 0.38 0.70 0.04 0.54 0.42 3.5
17 0.35 0.82 0.25 0.75 0.39 4.53
18 0.79 0.89 0.65 0.85 0.81 3.78
19 1.00 0.71 0.72 1.00 1.00 6.35
20 0.79 0.82 0.69 0.85 0.81 1.09
21 0.43 0.92 0.00 0.58 0.46 0.48
22 0.70 1.00 0.41 0.79 0.73 3.2
23 0.64 0.96 0.43 0.75 0.67 2.35
24 0.89 0.94 0.54 0.94 0.91 2.33
25 0.82 0.93 0.54 0.90 0.84 0.87

Where S is molten pool area; 7 is temperature, / is molten pool height, D is

molten pool depth, W is molten pool width, P, is porosity.
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Table S Comparison of evaluation indicators for

different models

Model R’ MAE RMSE MAPE MSE
LightGBM 0.763 4 0.455 0.913 0.275 0.833
XGBoost 0.811 0.690 0.815 0.633 0.665
BP Network 0.633 1.8883  2.3759 0.499  5.6453
Stacking 0.920 0.355 0.528 0.279

0.278

Where R’ is goodness-of-fit, MAE i1s mean absolute error, RMSE 1s root

mean square error, MAPE 1s mean absolute percentage error, MSE 1s mean

squarc €rror.
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Table 6 Particle swarm algorithm hyperparameters
Hyperparamet.er Original value Mear;ng
Learning rate 100 Population size
Learning momentum 100 Iterations
@ 0.9 Inertia weight
Popsize 16 Number of

Where w 1s inertia weight.
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