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Error correction based measurement method for wing bending and torsion
deformation caused by high-speed airflow in wind tunnel
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Abstract: In the wind tunnel experiment, high-speed airflow will cause bending deformation and torsion deformation in the wing. This
paper proposes a method for measuring the wing bending and torsion deformation based on the error correction model. First, the
camera calibration method based on photogrammetry is used to obtain the camera distortion parameter with the use of digital image
correlation method to locate and track the distortion-free pixel coordinates of fluorescent points. Then an airflow calibration plate with
coordinate axis system is established based on photogrammetry technology, and the airflow coordinate axis calibration plate is used to
calibrate the external parameters of the camera and obtain the Y coordinate of the fluorescent marker point on the wing. Finally, the
three-dimensional reconstruction models of the single and binocular measurement systems and the error correction model for bending
and torsion deformation are established with the known Y-axis constraints of the marker point. When the angle of attack is 0°
horizontally, the bending and torsional deformation of the wing in the blowing state is calculated as the reference state with the model.
After experimental verification, the measurement error of wing torsional deformation proposed in this article is less than 0. 01°, and the
measurement error of wing bending deformation is less than 0. 15 mm/m. This method can provide reliable and robust experimental
data for aircraft design.
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Fig. 1 Experimental scene of wing flexional deformation
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Fig.2  Fluorescent marker dots on rough edges
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Fig. 4 Speckle stereo matching vs. timing matching
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Fig.7 Bending deformation verification experiment scene
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Fig. 8 Camera calibration
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Table 3 Three-dimensional coordinates and displacement

errors of fluorescent labeled points

PR/ mm ZYEAEAR/mm 2 /mm
0 (49.93,-104. 45,-635. 34) 0
0.5 (49.71,-104. 040, -635. 34) 0.038
1 (49.69,-103.52,-635.37) 0. 040
1.5 (49.68,-103.01,-635.42) 0. 037
2 (49.69,-102.52,-635.41) 0.058
4 {H 0.043

SEIREE R AT LI AEARPLIZ N 1 mx T m T 2R
FHASI 5 22 G831 X91R% 220 0. 043 mm , #50H R G225
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Fig.9 Schematic diagram of the distribution of fluorescent

marker points in each section
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*4 EEHIRAIEETSHTRENE
Table 4 Average cross-section bending deformation

in repeatable experiments

Yef/(0) o T 2 I 5 im0 A 14

-4 0.006 086 0.009 749 -3.676 200 —7.414 400 —11.809 800
-2 0.006306 0.008 916 —-2.254 000 -4.589 020 —7.340 410

0 0.008 785 0.004 277  1.086 530 2.142459  3.377 321
2 0.009 667 0.003328 4.812576 9.642902 15.296 210
4 0.006 851  0.008 520  5.887 142 11.816 990 18.781 550

*5 ESHIWMSBEIDEFINE
Table S The average cross-sectional attack angle for part

after repeatability experimental measurements

W/

0
¢y "

U 2 A 5 i 10 A 14

-4 —-4.517790 -4.503 780 -4.108 200 -3.703 070 -3.227 310

-2 -2.155420 -2.168 840 -1.956 750 —-1.721 93 —1.440 990
0 0.259 719 0.164 400 0.068 061  0.026 275 -0.003 430
2 2.748 828  2.581 221 2.152521 1.801 309 1.420 534
4 5.073 138 4.948 106  4.331 185 3.787 560  3.175 735

Fo EEUTURMABESHEMIREE
Table 6 Standard deviation of bending deformation of

partial section under reproducibility experiment

Wf/(°) MO0 U 2 # 5 #m 9 U 14
-4 0.002 818 0.002874 0.030391 0.051906 0.077 256

-2 0.003 394 0.003 816 0.034398 0.068 967 0.110 166

0 0.005450 0.005802 0.016 616 0.031479 0.048 929

2 0.003464 0.003297 0.05148 0.098 713 0.125 341

4 0.004599 0.005606 0.025102 0.050 548 0.080 572
FEEME 0.003945 0.004279  0.031599 0.060323  0.088 453

*7 EEMIHBLIBEHARTEIREE
Table 7 Standard deviation of torsional deformation of

partial section under reproducibility experiment

W) iAo T 2 T 5 Wi A 14
-4 0.008 501 0.003653 0.036944 0.045602 0.060 045

-2 0.004 698 0.006391 0.027 997 0.043 860 0.067 923

0 0.006413 0.004 609 0.038595 0.056 274  0.076 149

2 0.007 968 0.022 834 0.009 358 0.030393 0.074 194

4 0.004938 0.013851 0.027 135 0.048 285 0.075 089
SEEME 0.006 504 0.010267 0.028006 0.044 883  0.070 680
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Fig. 10 Results of bending and deformation of each

section of the wing
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Fig. 11  Torsional deformation results of each section of the wing
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