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Breathing Vibration Suppression of a Blade Structure Based on

Topology Optimization "

Zhang Jintao Sun Jialiang' Jin Dongping
(State Key Laboratory of Mechanics and Control for Aerospace Structures, Nanjing University of Aerospace

and Astronautics, Nanjing 210016, China)

Abstract Blade structures are widely employed in aerospace engineering, such as wings and rotor
blades. Blade structures are usually thin-shell structures, which are very easy to excite low-frequency
breathing vibration and result in structural damage. This paper takes a blade structure as the research
object and considers the optimization design for maximizing its first eigenfrequency (i. e. the breathing
vibration frequency). The topology optimization formulation for eigenfrequency of the blade structure is
therefore established. Under the volume constraint, the distribution of the webs in the cavity of the
blade structure is designed. By employing ANSYS software for modal analysis and experiments for vi-
bration tests of the blade structures before and after optimization, the results show that the first four
eigenfrequencies of the blade structure are all improved dramatically, which achieves the purpose for ma-
nipulating the eigenfrequency of the blade structure. The structural safety issue caused by the low-fre-
quency breathing vibration of the blade structure is alleviated by improving its first-order eigenfrequen-

cy, which provides a reference for relevant structural optimization design of eigenfrequencies.
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Table 2 The first four modal frequencies of the blade
structure before and after optimization

WIS HH /Ha e Ak i etk )G A
1st frequency 412.01 1350. 3 227.73% 4
2nd frequency 558. 94 1719.5 207. 64 % 4
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Table 3 The first four resonance frequencies of the
blade structure before and after optimization

Wi i A% % / Hz P AL i [ A= AR Ak I B
1st frequency 29. 92 59. 67 99.43% 4
2nd frequency 35.73 83.61 134.01% 4
3rd frequency 63.97 128. 63 101.08% 4
4th frequency 73.05 144. 22 97.56% 4
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