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Quantitative Defects Detection in Wind Turbine Blade
Using Optical Infrared Thermography
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Abstract A wind turbine blade is an important component in wind-power generation, and is generally exposed to
harsh environmental conditions. Ultrasonic inspection is mainly used to inspect such blades, but it has been
difficult to quantify defect sizes in complicated composite structures. Recently, active infrared thermography has
been widely studied for inspecting composite structures, in which thermal energy is applied to an object, and an
infrared camera detects the energy emitted from it. In this paper, a calibration method for active optical lock-in
thermography is proposed to quantify the size. Inclusion, debonding and wrinkle defects, created in a wind blade
for 100 kW wind power generation, were all successfully detected using this method. In particular, a ¢ 50.0 mm
debonding defect was sized with 98.0% accuracy.
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Fig. 1 The cross section of wind blade

Table 1 Material and size of wind turbine blade

Rotor Reinforcement | Resin | Core Process
Diameter
PVC
15-40 . foam/ | Vacuum
m Glass fiber Epoxy Balsa Bag
wood

Table 2 Mechanical material property

Tensile Tensile Fiber Resin
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Table 3 Atrtificial defect materials

Thickness Copper sheet
(mm) (0.03 mm)
7.65
0.38
58.0

oo

Upper curing tool  Prepreg FWD, Prepreg
Lay-up RWD Lay-up
core
Master tocl Spar, Shell Spar, Shell © Final
Curing tool Lay-up Assembly
Lower curing  Prepreg FWD, Prepreg
Curing teel  Lay-up RWD Lay-up

core

Fig. 2 Process flow chart of wind blade
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Wrinkle Defects

Fig. 3 Wrinkle defects specimen
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Fig. 4 Infrared thermography experiment system
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| Copper sheet inclusion

28.1mm X 48.3 mnil

40 mm X 30 mm
'

Fig. 6 Optical infrared thermography of inclusion
defects
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Fig. 7 Optical infrared thermography of wrinkle defects

Table 4 Quantitative detection of wrinkle defects
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40mm X 30mm

Fig. 8 The artificial defects specimen

Fig. 9 Optical infrared thermography of debonding
defects
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Table 5 Quantitative detection of debonding defects

Size (mm) 50.0 400 | 25.0 | 10.0 5.0
PVC core 50.9 418 | 255 | 10.9 3.6

Spar 49.1 38.2 236 | 9.09 5.5

Fig. 10 Temperature profile of debonding defects
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Fig. 11 Accuracy of quantitative detection of debonding

defects
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