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Abstract Through arranging coded markers on the blade surface of a wind turbine, and based on binocular stereo
imaging principle and image feature matching and tracking method, the spatial motion information of coded markers
can be obtained dynamically and in real time. Aiming at the problem of noise pollution affecting modal
identification, a singular value decomposition (SVD) and Cadzow algorithm was used to construct a Hankel matrix
without noise pollution, which effectively reduces false modals caused by noise. In order to solve the problem that
false modes are easy to appear in the process of modal order determination, an improved eigensystem realization
algorithm (ERA) is proposed. Compared with the traditional ERA, the proposed method improves the accuracy of
natural frequency identification by 3.6% and obtains a clearer stabilization diagram.
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Results

Parameters for camera 1:

Internal parameters:

6619.625835, 0.000000, 1947.652923, 0.000000, 1947.652923, 0.000000
1947.652923, 0.000000, 6617.386978

distortion parammeters:

-0.093855, 0.152275, 0.000016, -0.002171, -0.704352

Parameters for camera 2:

Internal parameters:

6629.418940, 0.000000, 2076.189525, 0.000000, 2076.189525, 0.000000
2076.189525, 0.000000, 6624.550213

distortion parammeters:

-0.092238, -0.056330, -0.000701, 0.002389, 1.120597

Calibration error: 0.186213  Size of the squares: 30.015629 mm

B4 ARHLARE &5 R

Fig. 4 Camera calibration result
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Fig. 5 Vibration displacement curves of coded marker.

(a) X direction; (b) Y direction; (c¢) Z direction
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Fig. 6 Stabilization diagrams for traditional ERA. (a) X direction; (b) Y direction; (c¢) Z direction
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Fig. 8 Diagrams of damping and frequency.

(a) X direction; (b) Y direction; (c¢) Z direction
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Fig. 9 Stabilization diagrams for improved ERA. (a) X direction; (b) Y direction; (c) Z direction
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Mode Table

Drag a column header here to group by that column.

| Mode | Damped Frequency (Hz) | Damping (%) Description Complexity | Parameter Estimation Method
vi1 6.60665 6.57569 0.00902 Rational Fraction Polynomial-Z
[ 2 22.17505 3.18672 0.01246 Rational Fraction Polynomial-Z
¥ 3 42.05181 3.17192 0.06762 Rational Fraction Polynomial-Z
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Fig. 11 Stabilization diagram for B& K instrument
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Table 1 Natural frequency identification results of blades unit; Hz
Traditional ERA Improved ERA
B&.K
Ttem X Y Z X Y Z
hammer
direction Direction direction direction Direction direction
First-order 6.59 6. 36 6.28 6.67 6.73 6.67 6.61
Second-order 22.35 22.57 22.08 22.62 22.58 22.60 22.17
Third-order 39. 87 39. 86 40. 95 41. 21 41.19 41.15 42.05
2 A AR AR IR R 2
Table 2 Natural frequency identification error of blades unit: %
Traditional ERA Improved ERA
B&K
Item X Y Z Average X Y Z Average
hammer
direction  Direction  direction error direction  Direction  direction error
First-order 0.18 3.66 4.77 2.87 1.04 2.01 1.12 1. 39
Second-order 0.79 1. 80 0.43 3.02 2.01 1.85 1. 96 1. 94
Third-order 5.18 5. 20 2.62 4.3 1.99 2.04 2.14 2.05
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