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Fig.1 Mathematical model of transformer windings
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Fig.3 Experimental platform of windings
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Fig.5 Relationship between vibration amplitude
and current squared of point 2
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Fig.6 Relationship between nonlinear characteristic
parameters and clamping force for point 2
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a function of clamping force

3 IiFM

3.1 MWiKEAR

TE R SRR BAE Y, SRR M 4R 3h FLHE R U T 48
P T A S B 4 TG 3 IR Bl A T
FEIMAR A FR, HOBE RS LA B 7 5 0T 28 4 110 i A R
o FEBLSINIA T 2R -5 S 56 56 Tk A [ 28 5 1 22
Fe#ii (S29-50000/110) , 4 iiE PR 2l 132 X R s A5 AL Y
SN, P19 D IR s i 1k R 2 T R 3 o)
Aii ARG A 25 A, 705 47 5 4

Yile| 6@ |llle |16@ |21 @
20| 70 |12/@ |17/@ |22|@
3@ | 8@ |13|@ |18|® |23 @
4| 90 |14 @ 190 |24 @
5@ |10/@ |15/ @ |20/®@ |25/ @

0 X

B9 MEARERSNNAHE
Fig.9 Arrangement of measuring points on the tank
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Table 3 Comparison of average characteristics of
adjacent measurement points
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Transformer winding condition detection based on

the nonlinear characteristics of vibrations
QIAN Guochao', HU Jin', DAI Weiju', WANG Haozhou®, ZHAO Hanwu', HONG Kaixing’
(1. Electric Power Research Institute of Yunnan Power Grid Co.,Ltd.,Kunming 650217, China;
2. Kunming Power Supply Bureau of Yunnan Power Grid Co.,Ltd. , Kunming 650299, China;

3. College of Mechanical and Electrical Engineering, China Jiliang University , Hangzhou 310018, China)
Abstract : Power transformers are critical devices in power grid systems, with windings as their core components. To perform
state detection on online windings, this paper establishes a nonlinear model between vibration amplitude and current based on
the relationship between winding structural parameters and load variations. The numerical relationship between structural
stiffness and model parameters is proved,and a winding clamping force evaluation method based on the nonlinear characteristics
of vibrations is proposed. In the experiment, the relationship between current and vibration amplitude is obtained by adjusting
the axial clamping force of windings and performing short-circuit load tests. The experimental results show that the nonlinear
characteristics of vibrations are significant when the winding clamping force is small, and the characteristic parameter C,
accurately reflects the equivalent stiffness change of the winding structure. In practical applications ,the vibration characteristics
of oil tank surface corresponding to normal windings and loose windings are compared,and the results are presented in the form
of two-dimensional contour plot. The results indicate that the vibration characteristics of the tank reflect the structural state of
the winding near the measurement point. The above results demonstrate that the parameter C, is a monotonic function of
clamping force ,and there is structural degradation in the winding when this value is greater than 0.5.

Keywords ; transformer winding; fault diagnosis; electric-vibration model; nonlinear characteristics; clamping force state;

vibration image
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