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Vibration Source Localization and Dynamic Load Reconstruction Method for GIS Based on

Modal Space Analysis

DING Dewei, LI Yuhang, YAN Yingjie, LIU Yadong, JIANG Xiuchen
(School of Electric Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: To address the difficulty of quantitatively identifying internal mechanical defects in gas-insulated switch-
gear(GIS) through external vibration signals,a study on vibration source localization and dynamic load reconstruction
for three-dimensional thin enclosures is performed. A joint inversion framework centered on modal space analysis is
constructed, in which a physics-informed Gaussian process (PIGP) combined with a finite-element-mode-based spa-
tial shape dictionary is used to perform constrained reconstruction of modal forces. In the vibration source optimiza-
tion, a physical constraint based on modal energy distribution is introduced and integrated with a genetic algorithm
(GA) to achieve global optimization of the load application position. Based on a GIS enclosure finite element model
and a full-scale experimental platform, the acceleration response data is acquired under different excitation paths,
background vibrations, and noise conditions, and the localization accuracy as well as the reconstructed load time his-
tories are comparatively analyzed. The results show that the proposed joint inversion method can still stably identify
internal excitation locations and their dominant temporal characteristics under sparse measurement points and multi-
source interference, providing an effective technical approach for physical tracing and quantitative evaluation of GIS
mechanical defects.
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232 RFEHEITE

VA R HE A B 2 BB E M, AT
O B, A BRAEUAIN S8R o I 2 AN T 5 R ) o
Py Dk i B R, O DA L SNVR(signal -
to-noise ratio) xE e /i Mg 7K -

Psignal
SNR=101g(;

) (14)

KA, P FP, L TR 5 R
BRINER, AT ECE SNR=30.20.10 dB 3 25151
i, IF 5 MR T O T L o

AEME MR AR N Ay S A A AR XS L DL 8
WEL A1, 7E 30 dB 5 20 dB 454, HH4 fbk i ity e
B FEEeAT a5 B A R E U IR
TSN 7E 10 dBSEMER T | I h 2 i 04 B G B
BUERAR , (H F 08 MR 5 ko 58 BEATS REHERR TS, 1A

HESRAE ST IUAE PR I e

1201 e _j%mzm
100f f o 120 —-30dB
i e ~--20dB
5 | 1 p
oo 1 £ 80 : 1048
60F 1 b !
A R
tede Lol
E % ﬁ 175 225 275
20¢ {1 B l)/ms
0 fiiikiaiind Ih Artpneantos Vi Ao 'N_N;&x,t';lg- G
_20 L
—40F
000 002 004 006 008 010
ENEIS

8 AEMEMRLL KM T RIEMERERIT L 247
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Table 3 Simulation inversion results under different
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