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3D dynamic deformation measurement and visual analysis of helicopter rotor
HU Binghua, YAN Hui
(Chinese Flight Test Establishment, Xi'an 710089, China)

Abstract: In order to meet the requirements of helicopter rotor dynamic load test, a three-dimensional (3D)
dynamic deformation measurement and visual analysis method for helicopter rotor was proposed. Firstly,
according to the structure and high-speed rotation characteristics of helicopter rotor, a dynamic deformation
image measurement and monitoring as well as analysis system of rotor with binocular high-definition camera
as the core was designed. Then, based on the binocular stereo vision measurement theory, the principle/method
of the measuring system calibration, real-time single point deformation measurement, speckle image matching,
rotor surface 3D reconstruction and 3D dynamic deformation visual analysis were discussed. Finally, the
simulation test of simulated and measured environment was carried out on the ground, and the test system
construction, test data acquisition, processing and analysis were realized. The test results show that this method
can obtain the positioning measurement accuracy with the maximum error less than 4 mm, and can well realize
the 3D dynamic deformation measurement of helicopter rotor, which provides intuitive and reliable data and
technical support for the flight test rotor load test data analysis.

Key words: helicopter rotor; binocular stereo vision measurement; system calibration; dynamic deformation

measurement; digital speckle correlation; 3D visualization
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Fig. | Composition of rotor dynamic deformation measurement and visual analysis system
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Fig. 6 Algorithm implementation process of helicopter rotor

deformation measurement based on digital speckle

correlation
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Table1 Comparison and analysis of visual measurement calculation results of coded mark points and measurement data of

total station

e Ll S HA LY A AR Al FRX L /mm
Xc/mm Ye/mm Zc/mm X/mm Y/mm Z/mm dx dy dz
36 980.0 -9.7 1156.8 979.8 -7.3 1160.0 0.2 2.4 3.2
37 560.0 11.0 930.5 560.6 12.2 933.7 0.6 1.2 32
38 1019.1 12.7 505.9 1020.7 13.5 506.7 1.6 0.8 0.8
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