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Abstract A new wind turbine blade damage detection method is proposed to address the challenges surrounding
imprecise positioning and the inability to monitor the turbine under operating conditions, which is a shortcoming of
traditional wind turbine blade damage detection. The proposed method uses optical frequency domain reflectometry
(OFDR) to measure the surface strain of the wind turbine blade. Subsequently, fast Fourier transform is taken for the
strain value and its fundamental frequency amplitude is taken to obtain the blade surface strain distribution. On this basis,
the position, length and width of the blade damage are calculated. According to the relationship between the strain and
damage degree, the damage degree judgment formula is fitted, and the blade damage degree is identified. Based on
OFDR, a cantilever beam damage detection experiment is designed to simulate the instantaneous state of the cantilever
beam vibration, and the damage location is identified according to the strain distribution, which verifies the feasibility of
the proposed damage identification method.
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Fig. 4 Strain at the leaf root sensing location at different wind speeds. (a) Time domain diagram; (b) frequency domain diagram
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Fig. 7 Blade strain values at different wind speeds in forward wind. (a) Normalized strain distribution of undamaged blade;

(b) normalized strain distribution of damaged blade
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Fig. 11  Strain distribution and damage coefficient of the damaged blade. (a) Normalized strain distribution diagram of fan blades with
different damage degrees at 1. 0 m damage; (b) relationship between damage level and damage factor for different damage cases
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Table 1 Information on the location and extent of the injury

Damage center position /m 0.2 0.4 0.6 0.8 1.0 1.2
Damage range /m 0.18-0.22 0.38-0.42 0.58-0.62 0.78-0.82 0.98-1.02 1.18-1.22

Damage center position /m 1.4 1.6 1.8 2.0 2.2 2.4
Damage range /m 1.38-1.42 1.58-1.62 1.78-1.82 1.98-2.02 2.18-2.22 2.38-2.42
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Table 2 Validation sample information of a single injury and its judgment result

Blade material Wind speed / Damage position /m Actual damage Degree of damage Identification error /%
(m-s ") degree /% identified / %
FPR 15 1. 20 62. 50 62. 10 0. 40
FPR 17 0.27 25.00 28. 60 3. 60
FPR 17 1.20 45.00 46. 80 1. 80
FPR 21 1. 20 35.00 37.70 2.70
Aluminum 17 1.60 50. 00 50. 80 0. 80
Steel 17 1. 60 50. 00 46. 10 3.90

F 3 AR B IE AR AR B R A T 5 2R

Table 3 Validation sample information of multiple impairments and their judgment result

Blad terial  Wind 4/ 5D ition / Actual damage Degree of damage ldentificati %
ade materia ind spee m-s amage position /m entification error
b gep degree /% identified /% ’
0.8 40. 00 39.10 0.90
FPR 17
1.2 70.00 68. 30 1.70
0.6 10. 00 7.70 2. 30
FPR 17
1.4 50. 00 50. 60 0.60
0.4 10. 00 7.50 2.50
FPR 23
2.2 75.00 76.90 1.90
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Fig. 12 Structure diagram of optical fiber sensing system based on OFDR
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Fig. 13 Fiber optic paste method and paste after the specimen
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Fig. 14

Strain of cantilever beams. (a) Strain distribution of damaged and undamaged cantilever beams; (b) strain distribution of

damaged cantilever beams at different deformations
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