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Multi-objective optimization design and study of
electromagnetic exciter structure

Gao Yuan',Zhang Liang',Liang Zheng' Zheng Ting’

(1. School of Mechanical Engineering, Southwest Petroleum University, Chengdu 610500, China; 2. College of Intelligent
Manufacturing and Automotive Engineering, Luzhou Vocational & Technical College, Luzhou 646000, China)

Abstract:In stepped eddy current thermography nondestructive testing, the structure of the electromagnetic exciter has an important
influence on the distribution and strength of the electromagnetic field and heat transfer field. In this article, an integrated optimization
system is designed and applied to the square electromagnetic exciter structure to improve the comprehensive detection performance of
volumetric defects in oil and gas storage tanks or large-diameter pipe sections. First, the influence of the variation of each structural
parameter of the exciter on the detection performance is analyzed, and the structural parameters with significant cumulative influence are
selected as optimization variables by principal component analysis. The objective assignment method is used to give weights to nine
detection performance indicators according to the amount of information, and three comprehensive indicators about temperature rise,
uniformity and detection efficiency are obtained. Then the discrete optimization space constructed from the key structural parameters
about the composite indexes is mapped to the continuous optimization space of the machine learning model. A multi-objective particle
swarm algorithm is utilized to obtain the Pareto front. Finally, the optimal structures are ranked according to the approximate ideal
solution ranking method. Compared with the initial structure, the optimized structure improves the temperature rise, uniformity, and
efficiency indexes by 18. 88% , 2.46% , and 73. 61% , respectively. In addition, a set of experimental systems is established to verify
that the optimized structure has significantly better detection performance than the comparative exciter and can be used to detect defects
in steel plates with a thickness of 8 mm and a diameter-to-thickness ratio greater than 3. By integrating and optimizing the

electromagnetic exciter structure of the system design, it significantly improves the stepped eddy current thermography detection
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performance, and experimentally verifies its efficient detection capability of internal volume defects in tank materials, providing an

effective solution for the detection of volumetric defects in oil and gas storage tanks and large-caliber pipeline segments.

Keywords : eddy current thermography; multi-objective particle swarm algorithm; electromagnetic exciter; non-destructive testing
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Fig.2 Diagram of 3D exciter structure

AU A 3] 3 2 2R L by DU T A A% 18] 2 () ~
(o) 73 7 I AR 19 3 ARLI 3% 1 R I RH
ARS8, S, ABIBUNT R O s SR R AR i
L OEIE GUNG ST B NI

R1 ARERBENSY

Table 1 Dimensional parameters for square sensors
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Table 2 Material for the finite element model
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Table 3 Composite evaluation scores for structural variables

EniaE 344 Latoy TURA %
A6 3.54 36.37
A3 2.38 24.38
Al 2.16 22.19
A4 0.74 7.61
N 0.71 7.29
A7 0.21 2.16

Forp SR B RS R A28 PR i X s T 12 B )
SEN 49K 36. 37% 24 38% il 22. 19% , B4 4 5
BRI 82.94% , FeMH 3R 3 AN S BORHG I : e 5 i)
F, HAR 3 AR (LR PR R SRl I AR, R DU
BE) XA BE S IR 2 Fl<17. 06% , I TAT & —A K2
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PV X5 PEA 8 A R 5 T e K
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Table 4 Calculation results of CTRI informativeness

THE R ic 140 Vol w
AT, 0. 568 4 0.231 6 0.1317 0.382 6
AT, 0.199 9 0.218 3 0.043 6 0.126 8
AT, 0.470 9 0.246 2 0.1159 0.3370
AT, 0.253 3 0.208 7 0.0529 0.153 6
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Table 5 Calculation results of the CTUI informativeness
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Table 6 Comparison of detection effect

X LG 2 AL Wbk
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Al 52 25
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(a) Diagram of the experimental setup
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