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Fig.1 Structure-borne and air-borne noise paths'™
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A smart periodic strut for helicopter cabin noise reduction

YUE Hui-yu', LU Yang', ZHU Tian-yu’, DANG Chong', LI Cheng-lei'
(1.National Key Laboratory of Rotorcraft Aeromechanics, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China; 2.Shanghai Institute of Spaceflight Control Technology, Shanghai 201109, China)

Abstract: The medium and high frequency vibration caused by the meshing of the gear in the helicopter’s main reducer is one of the
main sources of noise in the helicopter cabin. The vibration transmitted to the body can be suppressed effectively by designing a re-
ducer strut with vibration isolation performance, and then the cabin noise induced by gear meshing can be reduced. In this paper,
based on the piezoelectric stack/rubber periodic structure, a kind of smart periodic strut for active/passive hybrid vibration control
is proposed for helicopter cabin noise reduction. It not only meets the requirements of strength and stiffness, but also has excellent
multi-frequency and broadband damping capacity. The piezoelectric stack and the rubber material are arranged periodically to form a
periodic structure, which has the characteristic of "mechanical filter" in a specific frequency range. At the same time, by adjusting
the driving voltage and current of the piezoelectric stack and changing the dynamic stiffness of the piezoelectric stack, the function
of active vibration reduction can be realized. In order to analyze the performance of active/passive hybrid vibration control of smart
periodic strut, the electromechanical coupling dynamics model of smart periodic strut based on transfer matrix is established, and
the correctness of the model is verified by multi-physical field simulation software. Based on this model, the optimal vibration isola-
tion performance of smart periodic strut with limited driving voltage and current is analyzed. Under the condition that one end of the
smart periodic strut is fixed, one end is subjected to 10N excitation force, the maximum driving voltage is 20V, and the maximum
driving current is 1A, the smart periodic strut has the ability to completely attenuate the vibration above 692Hz, and can control the
vibration below 692Hz to a certain extent. In addition, the influence of material and mechanical boundary conditions on active con-
trol 1s also studied, especially the influence of damping and excitation force of rubber material on driving voltage and current re-
quired for active control. The strength and stiffness of the smart periodic strut are verified by the finite element model, and the engi-
neering feasibility of the intelligent periodic struts proposed in this paper is verified. A piezoelectric stack periodic strut with 3 cells
is composed of the piezoelectric stack actuator and the PV C strut as a simplified model of the smart periodic strut. The control per-
formance of active and passive hybrid vibration control, the influence of mechanical boundary conditions on vibration isolation per-

formance, and the relationship between the driving voltage and current and optimal driving voltage and current are analyzed.

Key words: helicopter; cabin noise; smart periodic strut; active/passive hybrid vibration control; optimal vibration isolation

performance

EHE R T2 (1995—), 59 ML 4F58 4 . HiE : 15050555258 ; E-mail : brendonyueh@163.com
BIREE: B FE(1977—), 5 Wi . HiE : (025)84893262; E-mail : luyang@nuaa.edu.cn.



