AL 5 W) R &l K o R Vol. 41 No. 5
20244£10 H Journal of East China Jiaotong University Oct., 2024

NEHHS:1005-0523(2024)05-0029-10

E TNt T EEFERRIR G

BBk M aAER, oM, R

(1. PUZE A RIS 27 Bt S A IR BB B KR A A0 A 50 B2 15 7 i 2 e T A S 3, B P22 7100495
2. H ] TRHLaR B S P 5 A S A 4 e AR S BRIV P22 7100655
3. VU 3 KA UE Al I8 40 AR G 4 I T s S L DU )1 R 611756)

HE:[B]A T BB AN PR PR E AR RAE A ARG PR T — A&tk 5 by BB AL
Fk(NGO) wy 25t Wam) (SHM) 2 K [ 318 4, R R3804 M e 3vm F 38, 5F LR T 4 M e ity 245 5 4 45
Mo B AT T 0 My ik B AR A A X 5 A T B R, A AR L R A S B A B Je L 3Ok N B B A Sk
(NGO) , *F B A7 % S SEATRAC KA . 5, VAT @ M7 22 45 # 4= ASCE Benchmark %5 # 5 #F 7 5F %, 41 A NGO | 4 F B4 4L
(PSO) Ao A AL (ALO) J ik st 3L & AP 145 T oL AT AR A5 A i e s st [ 8 R 48 RA M, ARG JE Aw ) £ 454 F NGO,
PSO fe ALO F-ik ¥ £ I B RIF O KRR N A0 e H 4 E Fn KA 2 45 M P NGO ABE T PSO A= ALO Lok B .3 69 545 4
MR ) A Stk [ S | B G 0 7 k4R & T 5 Al S AR AR A .

FERIF 150 % s A5 45 ;s NGO ; ASCE Benchmark Structure

FE 4SS TP273 MERFRAERD: A

A AR AE R Wod, AR F. AT UkAe by B8 SLE RS BGAM)]. 4o A 3Tl K 5254k ,2024,41(5) :29-38.

Vibration Damage Detection Based on the Spectral Element Method
and Northern Goshawk Optimizer Algorithm

Zhou Yunlai', Yao Feng', Bai Chunyu’®, Li Kaixiang’, Zhu Shengyang’

(1. State Key Laboratory for Strength and Vibration of Mechanical Structures, School of Aerospace Engineering, Xi'an Jiaotong
University, Xi’an 710049, China; 2. National Key Laboratory of Strength and Structural Integrity, Aircraft Strength Research Institute
of China, Xi’an 710065, China; 3. State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong
University, Chengdu 611756, China)

Abstract: [Objective] To address the issues of imprecise modeling and high computational cost in structural dam-
age detection using the finite element method (FEM), this study proposes a structural health monitoring (SHM)
technique that combines the spectral element method (SEM) with the Northern Goshawk Optimization (NGO) algo-
rithm. [ Method ] Firstly, the spectral element method was used to establish the frequency response function of the
structure, which was then applied to construct the objective function for damage localization and detection. This ap-
proach divided the damage detection problem into two stages, reducing the optimization dimension and complexity.
Secondly, NGO algorithm was introduced to optimize and solve the objective function. Finally, planar truss struc-

ture and ASCE Benchmark Structure were used as case studies to compare the damage detection performance of
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NGO, Particle Swarm Optimization (PSO), and Ant Lion Optimization (ALO) algorithms under various damage cas-

es. [Result] The results show that for low-dimensional and simple structures, NGO, PSO, and ALO algorithms all

exhibit good solving capabilities. However, for high-dimensional and large complex structures, NGO demonstrates

superior damage detection capability and robustness compared to PSO and ALO. [Conclusion] The improved

method enhances the accuracy of numerical modeling in damage detection.
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Fig. 1 Planar truss structure
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Tab.1 Damage cases of the planar truss structure

Damage case Element number ~ Damage degree/%

Case 1 6 70
2 30
Case 2
7 20
2 30
Case 3 5 40
6 25
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Tab.2 ASCE Benchmark Structure parameters

Parameters Brace Beam Column
Cross-sectional area A/m’ 0.141x107 1.430x107 1.133x107
Young's modulus E/Pa 2x10" 2x10" 2x10"
Moment of inertia about the X-axis /, /m* 0 1.22x10° 1.97x10°
Moment of inertia about the Y-axis /, /m* 0 0.249x10°° 0.664x107°
Torsional constant J/m* 0 38.20x10™ 8.01x10™
Shear modulus G/Pa 0.77x10" 0.77x10" 0.77x10"
Density p/(kg/m’) 7 800 7 800 7 800

6 ASCE Benchmark Structure 22! ;R = E
Fig. 6 Schematic diagram of ASCE Benchmark Structure
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Tab.3 Damage cases of the ASCE Benchmark Structure

Damage case Element number ~ Damage degree/%
Case 1 103 80
Case 2 93~100 100
9 50
Case 3
58 70
3 50
Case 4 12 70
24 60
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