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Design and analysis of three-dimensional bio-inspired flapping wing

mechanism based on spatial RURS linkage

CONG Menglei"*, LI Junlan'?

(1. Key Laboratory of Mechanism Theory and Equipment Design,
Ministry of Education, Tianjin University, Tianjin 300354, China;
2. School of Mechanical Engineering, Tianjin University, Tianjin 300354, China)

Abstract: To mimic the spatial figure-of-eight trajectory of insect wing tips, a flapping
wing mechanism based on spatial revolute-universal-revolute-spherical ( RURS) four-bar
linkage was designed to enable output of the three-dimensional spatial figure-of-eight trajec-
tory with one input. Denavit-Hartenberg parameters method was used to establish the kine-
matic model of the spatial four-bar mechanism. Based on the genetic algorithm, the optimal
parameters of linkages facilitating the flapping wing flight were acquired. A micro air vehicle
virtual prototype was designed based on the optimal spatial four-bar linkage, meanwhile, the
result of kinematic model was verified by ADAMS prototype simulation. The flapping ampli-

tude of the flapping wing mechanism was 149. 8°, and the twist angle was 29. 9°, meanwhile

W75 B # :2018-07-04

B ST 1K A AFHEIE S (51305294) 5 HLHI G 50 4 15 1 408 M T S0 0 3 P IOAE

TEZ B B & (1995—) , 9, Wi+ , T8 W07 2R $M R CAT AR WO

IR 2 22 (1983 ) A WSO WL 1 % A AT ALK 02 BLAS ABFSE . E-mail jlli@ tju. edu. en

SRR N F AR 22, T 5 i) RURS AL A = 4805 A $h ALK BT 5 4307 LT ). % 3 1 % ik . 2019,34(3) :692-700. CONG
Menglei, LI Junlan. Design and analysis of three-dimensional bio-inspired flapping wing mechanism based on spatial RURS

linkage[ J]. Journal of Aerospace Power,2019,34(3);:692-700.



5 33

AR 45 T 28 | RURS ML B = 405 2 AR 33 5 20 B 693

the designed figure-of-eight flapping pattern was similar to insects in nature. The maximum

size of the flapping wing mechanism was no more than 5. 8cm, and the time asymmetric flap-

ping pattern found from the simulation results can improve the aerodynamic performance to a

certain extent, providing valuable insight weight to design light weight and efficient micro-

air-vehicles.
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bio-inspired design; flapping wing mechanism; spatial four-bar linkage;

parameter optimization; three-dimensional trajectory
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