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Fig. 1  Finite element model of blade
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Table 1 ~ Setting of damage unit
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i Bigg/m R /emxem %
A 1.3 10x20 G
A, 1.8 10x20 G
A 2.3 10x20 G
A 2.8 10x20 Gy
As 33 10x20 Gs
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Fig. 2  Schematic diagram of position of blade damage

unit and vibration mode observation point
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Table 2 Natural vibration frequencies of each blade damage at first 6 orders(Hz)
EL VST BT % F1H 26 H3B Ex oy S Fok
K 0 3.0545 5.3030 16.0608 33.6854 43.7875 54.4675
20 3.0529 5.3021 16.0575 33.6781 437512 54.4398
40 3.0504 5.3010 16.0530 33.6678 43.6971 54.4012
A' 60 3.0463 5.2992 16.0458 33.6516 43.6071 543413
80 3.0379 5.2956 16.0320 33.6204 43.4241 54.2290
20 3.0535 5.3029 16.0456 33.6826 437322 54.4495
40 3.0521 5.3028 16.0231 33.6786 43.6502 54.4253
. 60 3.0496 5.3027 15.9863 33.6724 435154 54.3892
80 3.0447 5.3024 15.9127 33.6606 43.2478 54.3245
20 3.0538 5.3029 16.0320 33.6798 43.7664 54.4541
40 3.0527 5.3028 15.9895 33.6720 437352 54.4564
. 60 3.0509 5.3027 15.9193 33.6603 43.6842 54.4108
80 3.0471 5.3026 15.7792 33.6394 43.5821 54.3682
20 3.0541 5.3029 16.0311 33.6696 43.7568 54.4592
40 3.0532 5.3028 15.9868 33.6462 437116 54.4481
A 60 3.0520 5.3027 159132 33.6078 43.6373 54.4319
80 3.0493 5.3026 15.7639 33.5310 43.4884 54.4045
20 3.0544 5.3029 16.0442 33.6651 437173 54.4479
40 3.0541 5.3028 16.0192 33.6344 43.6129 54.4192
b 60 3.0537 5.3027 15.9769 33.5822 43.4396 54.3729
80 3.0528 5.3026 15.8885 33.4713 43.0898 54.2830
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Fig. 3 Curve graph of change rate of natural vibration frequency based on damages of each unit
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Fig. 4  Curve graph of change rate of natural vibration

frequency based on each unit
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Fig. 5 Curve graph of change rate of strain modal based on damages of each unit
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Fig. 6 Change trend of strain modal based on damages of each unit
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Table 3 Training samples of BP neural network (%)

ERLVL oW LYol Ry H2Br %30 EoNiy %55 e
40 16.2040 13.3392 14.4413 14.5650 21.2157 18.2859

A 60 19.2699 15.6245 16.9697 17.1205 25.2160 21.4659
80 22.9651 18.4339 19.9654 20.1130 30.0345 25.1410

20 9.8750 6.5693 16.8800 9.1513 18.6101 13.3608

A 60 16.2040 7.8122 25.0868 13.4803 27.7139 19.3002
80 19.3524 9.2904 29.7841 15.8137 32.8888 22.4138

20 9.8750 6.5693 19.7431 11.4589 14.6283 12.4039

A, 40 12.4172 7.8122 24.7781 14.2726 18.3536 15.3135
80 17.6693 9.2904 34.5635 19.4923 25.8370 20.4262

20 9.1897 6.5693 19.9288 14.4210 17.2998 11.1866

A, 40 11.3579 7.8122 25.0315 18.1089 20.1974 13.8488
60 13.5069 8.6457 29.7401 21.4765 23.9541 16.1219

20 6.9827 6.5693 17.2870 15.2277 19.7995 13.8488

As 60 10.4415 8.6457 25.9253 22.8691 29.5402 205112
80 12.0944 9.2904 31.0217 27.4186 35.1577 24.2305
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Fig. 7 Comparison diagram of test results
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Table 4 Testing samples of BP neural network (%)

ELIL iR H2Br 5530 S4B 556 Yy
A, 20 10.6855 11.5792 11.7398 16.8862 14.7081
A, 40 6.5693 21.1645 11.4589 23.3551 16.5400
As 60 8.6457 29.4038 16.7444 21.7615 17.7815
Ay 80 9.2904 35.4064 25.5049 28.4453 18.6192
As 40 7.8122 21.7654 19.1790 24.8639 17.3358
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DAMAGE IDENTIFICATION OF WIND TURBINE BLADES BASED ON
DYNAMIC CHARACTERISTICS AND BP NEURAL NETWORK

Xue Gang, Su Tian
(College of Civil Engineering , Inner Mongolia University of Science and Technology , Baotou 014010, China)

Abstract: In order to solve the problem that the blade damage caused by environmental erosion during the operation of
the wind turbine is not easy to directly observe, the ANSYS Workbench is used to carry out the finite element analysis of
15 kW wind turbine blades with different damaged positions and different damaged degrees, and the BP neural network
is used to make the quantitative judgment on the damage degree. The analytic results show that the variations in natural
vibration frequency of the blade can be used to determine whether it is damaged as well as the damage degree, but the
damage position can not be located; the degree and location of the damage can be identified by the change of the blade
strain mode; The BP neural network is established by using the dynamic characteristic parameters of the blade, and the
damage degree can be quantified, the relative error rate is between —1.57% and 2.54% , and the recognition effect is
more accurate.

Keywords: wind turbine; blade damage ; dynamic characteristics; BP neural network



