95 21 B4 8 1 o L5 HE E R Vol.21 No.8
2023 4 8 J JOURNAL OF DYNAMICS AND CONTROL Aug. 2023

LB Y5 :1672-6553-2023-21(8)-075-007 DOI1:106052/1672-6553-2023-057

BEEMERREHNNEBSER — BN
FrEmmIBEIE AZE"

AE BT KRR

(1. b 5T B TR FMERE I¥ R, b5 100081) (2. PHLRIE RFEFZ AR, W% 710054)

E  ASCWRST TR B R LA IR ) BB A A — R TR A U IR R R 0 B S e 1 R
HENT T AR M MRS R — R AR AR M AR S ECUHL R G2 S R R A TR R ML ki
75 51 3 G0 R 25 ME 30 25 2 bR ORI T X i Hh o R SRk 2 B 5 SR R R S U O R 6 E T B 6 I IE B L R
SY M TR RIS A5 0 5 AR BN 2R G i T SR B B 5T 45 SR R T AE — R S G R O B B I Sk
JSE B 9 0 0 A £ 2 e TR 0 AR A O AR R E Y I R IR B 2% AL T 38 B R KA AT R 2 R
HRT LA TS i 2 3R 0 AR SR /0N U A A B b A S S R s o v DA AT BE A SR AR T 2L S B AL
W AR 2 P PR B4R AE AR 0 BT AR A 4R At — S Y BSR4

FEIA KRR AN PRER . REREAMILT . R ER . R

hESES . TM619;TP212.9 XEFRER:A

Stochastic Dynamics of the Bistable Piezoelectric and Electromagnetic Hybrid

Energy Harvester with Time-Delayed Feedback Control*

Sun Chengjia! Jin Yanfei'® Zhang Yanxia®
(1. Department of Mechanics, Beijing Institute of Technology, Beijing 100081, China )

(2. School of Sciences, Xi’an University of Science and Technology, Xi’an 710054, China )

Abstract In this paper, the dynamical behaviors of a bistable piezoelectric and electromagnetic hybrid
energy harvester under the colored noise are studied, which is considered the effects of time-delayed
feedback control. Firstly, the lumped parameter electromechanical coupling motion equation of a bistable
piezoelectric and electromagnetic energy harvester is established. The expressions of stationary probabili-
ty density (SPD) and average output power of the system are derived by adopting the improved stochas-
tics averaging method of energy envelope. The obtained theoretical solution is verified by numerical re-
sults through Monte Carlo numerical method. Secondly, the influences of time delay and feedback gains
on the system output power is analyzed. The results show that within a certain parameter range, the out-
put power changes periodically with the increase of time delays in the path of displacement and velocity.
An optimal combination of time delay and feedback gains exist to make the maximum of output power.
The phase and value of output power can be changed by adjusting the feedback gains. That is, the har-
vesting performance can be greatly improved by choosing the proper design of time-delayed feedback con-
trol. Therefore, the dynamical analysis in this paper provides a theoretical basis for the parameter opti-

malization and design of nonlinear vibration energy harvester under random excitation.
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Fig.1 The schematic diagram of a bistable piezoelectric

and electromagnetic hybrid energy harvester
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Fig.2 The equivalent model of the piezoelectric and

(b) Electromagnetic element

electromagnetic elements for hybrid energy harvester
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