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Fig.3 Flow chart of finite element calculation
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Fig.6  Vibration characteristics of transformer
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Fig.7 Vibration displacement of point a
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Tab.1 Displacement and simulation value

K, =

K, of point a in different states

EH ¥AZH 10% ¥AZH 20%
i/ pm 22.036 29.756 33.791
K, 0 0.350 34 0.533 45
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Tab.2 Displacement and experimental value

K, of point a in different states

1EH W8h 10% A%l 20%
iR/ um 8. 096 11. 478 12. 857
K, 0 0.417 7 0.588 1
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Fig.10  Relationship between vibration amplitude and

voltage in different states of iron core
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Tab.3  Experimental value K, of point a under

different states of voltage fluctuation

Kl
U EWE M 10%  Hd)20%
0.9 -0.162 3 0.014 9 0.112 3
0.95 -0.087 9 0.221 5 0.346 5
1 0 0.417 7 0.588 1
1.05 0.086 7 0.579 5 0.822 4
1.1 0.227 4 0.799 2 1.232 3
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Tab.4  Calculated value K, of point a under different

states under voltage fluctuation

KZ
U/ TE 5 FA5h 10% FA5h 20%
0.9 0.038 2 0.402 3 0.614 2
0.95 0.027 1 0.392 1 0.570 4
1 0 0.350 3 0.5335
1.05 0.009 2 0.350 2 0.530 3
1.1 ~0.018 8 0.340 2 0.512 6
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Tab.5 Experimental value K, of point a under different

states of voltage fluctuation

U/U, . - K, -
IEH B ¥A5h 10% ¥ 5 20%
0.9 0.034 0 0.304 7 0.418 7
0.95 0.010 4 0.3532 0.491 7
1 0 0.417 7 0.588 1
1.05 -0.014 5 0.4325 0.652 7
1.1 0.014 2 0. 486 7 0.844 6
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Fault diagnosis of transformer core based on vibration analysis

YAN Rong-ge'>, DONG Zheng-yu'?, JIAO Pei-lin'*, GU Hao-wei'”
(1. State Key Laboratory of Reliability and Intelligence of Electrical Equipment,
Hebei University of Technology, Tianjin 300130, China;
2. Key Laboratory of Electromagnetic Field and Electrical Apparatus Reliability of Hebei Province,
Hebei University of Technology, Tianjin 300130, China)

Abstract: Core loosening is an important problem in transformer faults. The vibration signal analysis method has a
good application prospect because of its simple structure, high safety and low cost. However, the vibration methods
studied at this stage do not consider the influence of voltage fluctuation and compressive stresses caused by core
loosening on the magnetic characteristics of silicon steel sheet, which is easy to cause misjudgment. In this paper,
the magnetization and magnetostriction characteristics of silicon steel sheet under different compressive stresses are
tested, and the electromagnetic-mechanical strong coupling model of transformer considering the influence of com-
pressive stress on the magnetic characteristics of silicon steel sheet is constructed. The vibration characteristics of
transformer under normal and core loosening are calculated by the finite element method. The amplitude fault eigen-
value method is proposed to diagnose the core loosening fault. In order to effectively avoid the disturbance caused by
voltage fluctuation, the fault eigenvalue considering voltage and vibration amplitude is proposed as the condition of
fault diagnosis. The feasibility and accuracy of this method are proved by calculation and measurement, which is of
great significance for accurate diagnosis of transformer core fault.

Key words: transformer; vibration method; core loosening; fault diagnosis



