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Fig. 1. Configuration of the non-reciprocal vibro-acoustic experimental system: (a) The overview of the experimental set-up; (b) the

non-reciprocal experimental apparatus.

BeAE LA RN R R & SR BOE )
MFRAL (B2 Polytec PSV 400) 5 38 5 00
PRSI, RESEN L5 % B BRI 0
1M 2 45,

®1REMSEER

Table 1. Nomenclature.

ZRAFR e
ey csulis Ly
GRS Ly
AR Vi
TR Va

LA e

WL h

W HIAR Sime

W Mime

W T BN 2 B ma
SCHAT R — B S frdiiofe f1
TETRN 1 BRI LR AT fo

Wi L Pme

THiRAS AR E
MR ERIBE k1
WSS T AR E kK B ks
LA LL v
PRV S n
WEBE L R T R Gme
T2 Tn,

RV co

R Pa

LIRS ws

TSR IR (A Qs

EH G NR

(a) WAL (b) IFE 5 IR E

104301-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 10 (2022) 104301

£2 RESH
Table 2. System parameters.
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Fig. 2. Experimental system for measuring nonlinear cubic

stiffness of membrane.
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Fig. 3. Comparison of the theoretical and experimental results for non-reciprocal vibro-acoustic system: (a) Excitation sound pres-

sure; (b) average membrane velocity.
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Fig. 5. System responses under different VVS: (a) Forward response sound pressure (solid line) and backward response sound pres-

sure (dot dash line); (b) non-reciprocal quantity.
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Modeling and experimental study of non-reciprocal acoustic
energy transfer in vibro-acoustic Duffing oscillator”
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Abstract

Mechanisms for the nonreciprocal transmission of acoustic energy and the construction of non-reciprocal
vibro-acoustic systems have been subjects of intense research in recent years. An experimental study of acoustic
nonreciprocal transmission in an experimental system with a nonlinear membrane and two acoustic cavities of
different sizes is reported. The membrane can be simplified into a Duffing oscillator, and the asymmetry of the
frequency response function of this oscillator is used to realize the non-reciprocal transmission of acoustic
energy. The asymptotic solution of the frequency response function of the nonlinear membrane is obtained by
the complexification-averaging method. The theoretical simulation results accord well with the experimental
results. The results show that the experimental system has a maximum non-reciprocal quantity of 9.1 times in
theory, 4.3 times in the experiment, and the normalized frequency bandwidth of the jump phenomenon region is
up to 0.56. The research results reveal the mechanism of non-reciprocal transfer of acoustic energy in the
experimental system and demonstrate a new way to realize the asymmetric transfer of acoustic energy in an

acoustic system with an air medium.

Keywords: acoustic non-reciprocity, one-way transmission, nonlinear membrane vibration, Duffing oscillator
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