% 38 B 1M ® z I B ¥ Vol. 38 No. 1
202541 H Journal of Vibration Engineering Jan. 2025

ERETHHEFRE &R RETMETIE
A B KFW W B

(LRTE R AR TRE2EBE, Bl 2000925 2. 48w Rl R AR A5 AR TR2GE, T4 )M 510640)

R T REMPURIT AR FZA X R AT A S B AR o D TR B S IS A AR SR TR
0 KA T 235 A 5 o 17 S R B R M RE TN vk o 2% W TR T S DL ke T T Tk S 0 A B TR A B
T A 1 AR LA S8 152 75 M 7 o [ 5 QS Yl S R A T 8 R A A () OSSR kil A K ik e R Bl T IS5 R i R 0 A S T X
AR AL R AT N R R E BRIV f o A o M0 0 A W 7, 50 T T A A 2 e S 12 4 5 4 AR 7S 7 g R LA ) W 3R A R A
Ao SR 1100 kV 2K B8 SR R IEATROIBT I, OF B ik 3h & 8 A4 S 80K R BUEEAT T 38k . 25 R RWIFI T %
A T 35 4 38 W 17 0 T A 5 i v Y AR IS L g 5 R B U BE A O A R AU R Y PN R A SR TR B AR s R B
20 0 B S0 T 45 R R E T AU BT 45 2R B A 1

KGR BRI IR BRI PO PR, ILE 2T B RE AL s - i S EUAR R
hE42S: TU3L1.3; TM71 XERFRERD: A X EHS: 1004-4523(2025)01-0068-10
DOI:10.16385/j.cnki.issn.1004-4523.2025.01.008

Fast performance evaluation method of porcelain cylindrical equipment

in substations after seismic events
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Abstract: Seismic research technologies of power systems focus on the design, analysis and disaster mitigation before earthquakes.
To quickly assist the emergency work after earthquakes, this paper proposed a post-earthquake evaluation method facing porcelain
cylindrical equipment that uses monitoring data to predict structural stress responses. This method establishes a stress response
proxy model by integrating machine learning and swarm intelligence evolution technologies, then builds refined simulation model,
and conducts response analyses to form structural response database. Based on this, the proxy model can be trained and evaluated.
Once the structural responses can be monitored, the proxy model can supply the stress response rapidly after earthquakes to help
the post-disaster detection. A case study was performed using 1100 kV transformer bushing, and the evaluation models were vali-
dated by shaking table tests and theoretical model based on distributed parameter system. The results indicate that using accelera-
tion monitoring data can accurately evaluate the base stress of porcelain cylindrical equipment. Particle swarm optimization can effi-
ciently adjust the internal structures of evaluation models, further increasing the model accuracy. The accuracies of evaluation mod-

els were validated by both shaking table tests and theoretical model.

Keywords: porcelain cylindrical equipment; shaking table tests; fast evaluation; machine learning; swarm intelligence evolution;

distributed parameter system
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Fig.1 Typical porcelain cylindrical equipment in substations
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Fig.3 Whole process of post-earthquake evaluation for

porcelain cylindrical equipment
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Fig.4 Structure and size of 1100 kV transformer bushing
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Fig.5 Simulation and experiment models of the 1100 kV

bushing-support system
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Fig. 6 Response spectra of selected ground motions
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Fig.7 Selected acceleration key points outside the bushing
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Tab. 1 Statistics of samples of seismic responses

A LA BAH m/AME MM b
A, m/s’ 47.92 526  16.13  6.81
A, m/s’ 30.13  1.38 9.19  4.84
A, m/s’ 2176 1.71 7.25  3.37
A, m/s’ 536 3.12 3.83  0.36
A, m/s’ 419 381 3.94  0.04
S MPa 42.73 131 1245 7.2
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Fig. 11 Evaluation model establishment based on PSO
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Tab.2 Search range and results of the hyperparameters
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Fig. 12 Search process for hyperparameters
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Tab.3 Test scenarios of the shaking table tests
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Tab.4 Comparison of evaluation models and

experimental result
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