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Vibration reduction analysis and experiment of multi-rotor drone
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Abstract: Aiming at the problem of excessive vibration of the multi-rotor drone, which causes instability of flight state, the vibration reduction

analysis work was carried out based on finite element simulation technology and experimental methods. Through frequency analysis, the reason of

excessive vibration was determined to be resonance caused by coupling of natural frequency and excitation frequency, and the mode shape

corresponding to the resonance frequencies were the first-order waving, the first-order swing and the second-order swing mode shapes. An

optimization design method for optimizing the cross-sectional shape of the drone was proposed. Without adding extra weight, the corresponding

frequency points of the first-order waving mode, the first-order swing mode, and the second-order swing mode have been increased by 37.23% ,

22.47% and 18.43% , respectively. Simulation experiments prove that the proposed vibration reduction analysis and optimization design method

can provide references for design work of drones.
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Fig.1 Layout of the multi-rotor drone
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Fig.2 Resonance mechanism of rotor UAV
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Fig.3 Finite element model of multi-rotor UAV
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Tab.1 Tensile test results of materials
A=) 1 2 3 4 5 HfH
E/MPa 2052 1951 1983 1962 1981 1985

v 0.472 0.478 0.491 0.464 0.476 0.476

o,/ MPa 51 54 52 53 55 53
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Tab.2  The first five-orders natural frequencies
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Fig.6  Devices of the modal test
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Tab.3  Experimental results of the first five-orders

natural frequencies
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5 120.0 2 NI e 5.40
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Fig.5 Simulation results of the first five-orders mode shape (a) The 1st order (b) The 2nd order
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Fig.7 Experimental results of the first

five-orders mode shape
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Tab.4 Natural frequencies of different shell thicknesses

JEREREEL —Br/Hz —y/Hz =ky/Hz
1 96.7 99.7 105.8
5 S 101.4 104.2 110.5
4G/ % 4.86 4.51 4.44
s LS 105.4 109.6 117.5
AR/ % 9.00 9.93 11.06
Hi % 108.7 113.8 123.5
R/ % 12.41 14.14 16.73

(a) fLALHT

(a) Before optimization

(b) it
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Fig. 8 Horizontal optimization design
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(a) fLALHT

(a) Before optimization
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(b) After optimization
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Fig.9 Vertical optimization design
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Tab.5 Natural frequencies of the optimized structure
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14 i/ % 37.23 22.47 18.43
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