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Full Field Transient Deformation Measurement and Vibration Characteristics
Analysis of Variable Section Rudder Surface Structure

PENG Fuhao, YU Kaiping, KANG Yatao, LIU Shuaishuai, ZHANG Wei
(Aerospace Institute, Harbin Institute of Technology, Harbin 150001, China)

Abstract: A system of full field non-contact strain measurement is established to experimentally study the deformation and vibra-
tion characteristics of variable section rudder surface structure under random excitation load. Taking the variable section rudder sur-
face structure made of 2A12 aluminum alloy as the test object, a high-resolution digital camera is used to record the clear speckle im-
age of the structure in the whole field, and then the continuous deformation of the structure surface is directly measured by the three-
dimensional digital image correlation method (DIC). At the same time, the vibration characteristics of the collected speckle image are
analyzed by Fourier transform method, the modal frequencies and modal shapes of the variable section rudder surface structure are ob-
tained. In order to verify the accuracy of the vibration characteristic results obtained by the non-contact measurement, it is compared
with the vibration response signal obtained by using a small mass normal temperature acceleration sensor. The test results show that
in the test frequency band of 0~500 Hz, the first three-order modal parameters of variable section rudder surface structure identified
by three-dimensional digital image correlation method are very consistent with the measurement results of acceleration sensor. The er-
ror of the first three-order natural frequency is less than 2%, the error of damping ratio is less than 6%, the first two-order modal
modes are the bending mode, and the third-order modal mode is the bending torsional coupling mode, The effectiveness of the full
field vibration measurement technology based on three-dimensional digital image correlation is verified. which provides a basis for the
non-contact vibration measurement of nonlinear variable section rudder surface structure in high temperature environment.

Keywords: variable section rudder surface structure; digital image correlation method; full field strain measurement; modal iden-

tification; optical test; vibration response
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