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A phenomenological model-based gearbox fault monitoring method using
stator current analysis for doubly-fed induction wind turbines

Shen Yanjie, Li Pengfei, Wu Yingjie, Yin Xinrui, Wang Jianguo

(School of Automation Engineering, Northeast Eleciric Power University, Jilin 132012, China)

Abstract: To address issues in gearbox fault diagnosis of doubly-fed wind turbines, such as the lack of coverage of doubly-fed grid-
connected conditions in existing stator current methods and the difficulty in comparing frequency band aliasing under variable operating
conditions, this article proposes a gearbox condition monitoring method based on stator current signals from doubly-fed wind turbines.
Firstly, a phenomenological model is formulated based on the stator current signal of the generator of the doubly-fed wind turbine physical
simulation platform, and the composition and law of the stator current signal were determined. Then, the stator current signal
phenomenological model is used to link the mechanical part of the fan with the electrical characteristics and determine the influence of the
mechanical side of the fan on the electrical side. The current-energy ratio algorithm was proposed. For the problems of frequency band
overlap and inability to compare caused by variable working conditions, the method of segmentation and reorganization is used to avoid it.
Rotor speed estimation is achieved by leveraging motor cogging harmonics, enabling the calculation of the current energy ratio using only
stator current signals, with a mean relative error of 0.277 2 and a mean squared error of 0. 114 6. To validate the feasibility of the
method, stator current signals under various operating conditions are collected from a physical doubly-fed wind turbine simulation
platform for both normal and multiple fault states of the gearbox. The results show that the current energy ratio under gearbox fault
conditions is significantly higher than that in the normal state, and the severity of faults in the same component is positively correlated

with the current energy ratio—specifically, more severe faults correspond to higher current energy ratios. Comparative analysis of the
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current energy ratio between the parallel stage and the secondary planetary stage further shows that the algorithm maintains strong

universality even when wind turbine parameters change. It can effectively monitor faults in both the parallel and secondary planetary

stages of the gearbox.

Keywords : wind turbines; gearbox; stator current; condition monitoring
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Table 1 Comparison table of modulation phenomena of stator current signals (1~7 times frequency)

1% T4/ He 2 {5 T4/ Ha 3% T/ He 5% T4/ He 7 £ T A0/ Ha

(WEfE/A) (HR{E/A) (WEfE/A) (HR{E/A) (R{E/A)
ARG S THRZEM 50.000(8. 343 0)  100.00(0.026 2) 150.00(0.062 8)  200.00(0.003) 250.00(0.068)  350.00(0.011)
1% 5.498 55.498(0.070) 105. 53(0.003) 255.21(0.001)  355.28(0.001)
2f%  10.957 60. 957(0. 037) 111. 84(0.002) 261.11(0.001)  361.17(0.001)
6%  32.808 82. 808( 0. 059) 132.84(0.002)  182.88(0.008 0) 282.96(0.270)  383.03(0.215)
124%  65.576  115.57(0.030) 315.73(0.003)  415.81(0.006)
18 1% 98.328  148.32(0.012) 348.50(0.002)  448.61(0.003)

x2 EFERESAFNKRITER(9~17 F50)
Table 2 Comparison table of modulation phenomena of stator current signals (9~ 17 times frequency)
9 {3 T4/ H 11 1% T4/ He 13 1% T4/ Hz 15 {5 T4/ Hz 17 1% T4/ He
(IR{E/A) (WRfE/A) (IR{E/A) (MEE/A) (MRAE/A)

LR A 5 T AR5 (E 450. 000( 0. 004) 550. 000( 0. 026) 650. 000( 0. 002) 750. 000( 0. 000) 850. 000( 0. 004)

6%  32.808 483.110(0. 003) 583.190(0. 005) 683.269( 0. 002) 883.362(0.001)

124%  65.576 515.895(0.002) 615.958(0.078) 716.037(0. 057) 816. 100( 0. 004) 916. 180(0. 005)

18 1%  98.328 648.759(0.003) 748. 805( 0. 007) 848. 855(0.009) 948.965(0. 117)

24 % 131. 112

783.332(0.001)
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Fig. 8 Doubly fed wind power simulation test bench
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Table 3 Gear parameters of the scaled-down gearbox
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Table 4 Current energy ratio under constant working conditions
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Fig. 10 Current energy ratio under constant working conditions
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Fig. 12 Comparison of noise-to-signal ratio methods

under constant operating conditions
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Table 5 Reorganization of current energy ratios under variable operating conditions ( parallel stage)
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Fig. 15 Mean current energy ratio under variable operating

conditions ( secondary planetary stage)
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