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Abstract: In order to recover the mechanical energy during the vibration of the vehicle suspension, a vibration
mechanical energy recovery is conducted based on the designed vibration energy harvesting magnetorheological
(MR) damper and charging circuit module. The proposed vibration energy harvesting MR damper is modeled for
power generation performance based on COMSOL software, and the charging capability for 1.2V lithium battery
is also analyzed combined with Simulink for co-simulation. The full-bridge rectifier circuit is designed and
fabricated, and the experimental test system is also built. The generating electricity abilities of the induction coils
in series are tested under the sinusoidal displacement excitation with frequency of 4Hz and amplitude of 8mm.
The test results show that the induction coils in series can generate power of 0.13W, and it is lower than the
simulated value of 0.22W. The reason is that the mechanical vibration energy is relatively weak and there exists
circuit loss. In addition, the charging energy from the damper to the 1.2V lithium battery is about 1.2mAh within
40s, and it needs 1667s to fully charging. The relevent results show the developed MR damper has a good
charging ability.

Key words: MR damper; Vibration energy harvesting; Charging performance

WS BER: 2024-07-26
HEEWME: EREARRBAESTHE (52165004) ; LIHEEERHA/ERSTE (20232BBH80010).



ERAERFE

Journal of East China Jiaotong University

HEAZ (MR Fluid) & —F R BERTEA0RE, B TR E AR R A AR RN . ARG AR N
B0 IR ARG A P JE 8 HA W N EE PR . FHJE TS mT 1% Fath BLJE S K& 2 A0 AL, IR B2,
MRS OSSR A IR B0 7= A TS 1T RIS, [RS4SR A IR B BE R AR R 4t
FEORUERL AR B JE ae 0 S PERE R RN, XL ThREEAT e, SCHLIRBIAE R A REMEFI A, —ERII T
H ol

JASTRZEBSKIZS!SI 57 i it 4% BH & #5% 9% 3 e 5 SO 3R 45t ) P A SRk s A2 i 4 O 45 5 P2 S0 )
WeHRBE AR LR RE . 45 R, LB M 3. THZ 264 T, FIAE L3 VIR B f R . sdad [l AR
e B AT DLORAIESS 1l 5 ML AR HOIE AT . Wang®8PIBeit 1 — P s EL 2 LY A St LR AR LB 4%, JFRAE
ANTRTER T 26 A ORI 7 HOA T A FETh 3R . 45 AR HIZ I JE 8% 7T LA 25 08WHIA L D)=, T FH e
FHAEDIRAUN2.07TW, BB ATt ChoiS5U MR T —Fh &R ek itk F mAIER S R HIATL IR B A3k LG
TACRHJE #% o A FEMLIRN R 22305 2 SR TR, AEARBNIBUI Tk fA B R iggh, Kyl Adee, Efmtzh
TR HNBIEEMI T T — MR R AT SRS A i UK MR LR BE R AR 4% K HOFBRAE AR AR FHLJE 25
B R AR RN AR B JE A AT B . SEIR SRR, R LI RERCRIE 2124%, (BAEA TR L
A RECRIERE IS JE & (K B kel o 75 e AU IR T R AR S AR BE T T — b R UR e DR A, JFaEAT
TOTEMIG IR SIGA R, FETCANEE ] A T W] SRR RS B e R 1S, SEBLX A 4R 5h
o ZhufEPE 1 —F B B AR AR W R A R AR B JE A5 1 F B S R WS R G, IR AT
FERFIEA B LR E AT S8 . SRR, P48 B A HRALIF AT LU 4 SV N R, RS 2E 5 11
HLBEHEAT BB . TR BRSEN I T — R B RE B RAR D BRI MA AR B JE A% P R B REREAT T K
It o SRR IRV L P8 Se Al = LA 5 A rE PR RE SR AN AR G A o Hu ST TIE R VR BR 22 AT 45 ) 4R B 3 1
WALBR e d 33— Rk SR BRAE B LR AL P e 2 . i PH ) SR AE20mmy/s IR BN 64 R, AT LAFFSE™
AEVEAE A3V L, (B AR ) AR AR, HIE R, & S [mTACR) I A 3 2K

CAEAF7E BAT DA A S f R AT B B DR, (H B3 X M I AR B RE BEEAT 470, B0 € R AiA AT
BT RE, WA IR, BT, AR — R BEE R R A I #5, JF BTt 4t
UL, MRS, X T AV REEEAT B 0 A A SRR AT

s PEREDT EAI A RE T, AL 2VIOB L, B AR DR IIR S BE B A A [ 0
1 St 5REES

BRI AL AT 20 A O THEOR, BEiE T i PR XUZ SRS e SRR L AR B e 4% . 1ZFH
J[E¥ o S SRl )= I R A NN A 2 6 N il A R P o o N e IS A (B R € PR AN ER N S
IREIHUIEE AIRZ O 70, BN 2 P ) [T 50 AR 7R B R A T 37 0 EL RS i B JE 2 R A VR RE - 1 BH B 4%
HER N L e B dEa. by c=4H.

BRI RE R, [ E LR N R ] R AL P 15 R S A B AR . R B RSN Z B R P
WERASRAE R R RIS W RE D 07 M IGE S 8EIRHET,  HBCS RIS, BIUIE RN K, KRB
LI JE 3



ERAERFE

Journal of East China Jiaotong University

1. Inner sleeve 2. Permanent magnet 3. Induction coil 4. Magnet exciting coil 5. Outer sleeve
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Fig. 1 Schematic digram of vibration energy harvesting MR damper
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1. Magnet exciting coil 2.MR Fluid 3. Induction coil 4. Permanent magnet
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Fig.2 Schematic diagram of vibration energy collection
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Fig.3 Simulation diagram of induced voltage
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Fig. 4 Co-simulation model
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Fig.5 Co-simulation results
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