o5 35 &4 4 1)
2022 48 H

k o T

Journal of Vibration Engineering

% R Vol. 35 No. 4

Aug. 2022

MmaNERRLZEVAIKES S

MAER, £ o, X

B, OKERN, R

E= I o

(L. #7 VLIRS I AR 2 LS 48 RRZE A BT ST BT, WiV x4 3210045
2. W TTAS ST U 5200 4 BB A2 A HOR 52 45 AR SR &, WL 4R 321004)

FEE s i v PRI LA AT HE M £ 1 — il T 2L 0 BE A Y R 5 XU P R B R AL BIL iR AL L e IR AR
e FRER I S e RE AR . A SE T S M RE B AL 0 10 COMSOL A IRITHLAL IF EAT T fif 540, 345 T 45
1 BE # R I b JE B HE KRG Bk 1R) B X e L PR RE A R e . TR R b IR B R S S R T
0.57 JEEEH T 2) , e it dil A AR AT 1 i8I, A5 1 8l B Bk R B2 S Ak (AR 1 R L AN R L
1] 12 L, K% 7 8 W BEL S S i AL o P RE Y S e KL o AR R I BB I R /<220 Hz W, A7 78 DA BRI R A% (i
ANBUR ST AL [ R0 S0 ) A0 A S R T LR B 3R AT 5 CHL T X o7 4 WL TS (B S B L, 1, % L, B 7R AR T 72 A, 5
R % AR i S A B ) BT A AR, AR A, B R Y HL TR A R A v DL B SR PR B T . AT
5 67 28 o LR A el HLA S D Rk IR K, /=11 Hz, R="540 kQ I A 37453 (1 £ KAt D1 %345 0.19 mW .

KB BN AL IRRERY 5 MWD s TR s RS A AL
X EHS: 1004-4523(2022)04-0887-08

FE S ZES: TM619; TN384 XEkPRERD: A
DOI1:10.16385/].cnki.issn.1004-4523.2022.04.012

5l

i

Bt A A A AR T o A R K R
Pz A AL RE R A U R AR SR R AT
TEFG B 1 W5 G | s ) S A A5 o A 2B R T o
P A R Gy IR AR Tl DR, T vl L g
P PR B T H A U Y R R ALE ST R A Bt R
BIF 7 G i R o PR L R AL PR A
45 b g B SRR /N B O R B T U A AL E R RE B
By —FpE 20720, MRAEREEOR P UK A i
BLIR Z AT 43 o 4R 2l d LY L L E B A
B L A R LB

PRSI RETC AL ANTE , R Bm M RE % H A 5
R RS, PRI 3T A7 Ok T L R 3 A i HIL B
TR ARG o B4 o L i R L IR Bl R
P B A 1 o MR8 HE 32 3l O 3, KEe] 4y
P ERION- K3t € E- o D NG N E 3= = 2 3 (B
T/ BRSNS AR T b X R R LA R TR A
PRAR/IN  E s WL AR 1 7 S 308 8 il R i 52 R s ) A8 T
i R A TR 52 A8 AR BT N 7 B B A 5 () 18] 42 9Dl
A J2 R 3 5 R ] Y | A% i 4R
SRERE, BT IR AR T B MR U v T AT AR A

s B #5: 2020-12-01; 1&1T H #5: 2021-03-29

i 75 i, AR A FE B0 A 1 1) BB 2 e 46, BB G R —
FRAR T B4 W .

B SR T R B & r B0 B A 5 N AN T A
FEFESE S 25 (0] o 4R 8h & r ML Y & Hl i 5 IR gl %
(14 57 5 JCIE L A0 R A ) R A, N e
R I 3h & L HIL A AF 9 R e 20 T Hp v AR FL R
Blo SR, H KA K 2 B0 B S AR A iy, 49
N3z s (~1 Hz) KRB TR IR 2 (<10 Hz)
FZE 4 % 3l (<220 Hz) , T S0 e i R 7 600 (50T
B TR 2% ) T AR IREE R I PR I I P R Y
J HL & B ML 9 Sk 1 fRL A7 6 B T 58 R0

Shy Hi v R AR Bl A H BIL ) A B S N M R AT A
PR SO — L T AL R RB AR 1 RERR G Uk
Peah K M bl . FH 25 4 e 25 2 AC B 0R R L ik 1
ST 2 A BB R R RE 71 1) COMSOL A FR JC 5 B A
R R A BB AR 5 A K H R B ORI B
LG5 A SO & H B P BE R S M A . R S
filh b 35 i VERE L IF E A7 0 K, DA AR 98 Bk =S
(1] HE A IRl 6 A2k R 2 Y8 G Ak ) 88 A oo Bl Loyl % =
B ) B AR ) X & LS PR RE A . R i
PRBEIE I R 5 AT Sk A H R B & ML S 2k
FEHRALAE %

HE&WB: HFARBFRES KBTI H (51877199,52077201) ; Wit & W S BF & 1R H (2021C01181) s Wil & H ARl 2#
F 4 P H (LY20F010006) ; B 48 2 K 2= A= A B I 2511301 (201810345037 ) 6



888 & 3 T

% 35 %

1 ERZBIEHET/ERE

JE T4 A e Al 2% 10 R RS A X HL iR B & F PILZ
o J B A IR 1T s, p R A R A e R A T S 4
A HEA A F YIRS B 1 H ity 2 2 1) U i
B, AR 5 e AR T S 7 B e b T SE B ) (R
BE W h Jy ) ) A IR 3 5 41 A B AR A8 B R IR AR A B
PEIR 7 ) ER i 2 0 A2 VORE  B  ) 22 2 f P AR
TG B, R 4B R L iR T T S R e S g i
B, JEEIRT NV EHEH, BT 5% R0
R S 31 5 7 R A b, it 35 <22 24 11 TOT e RT3 R iR
T I ) TR AR R AR b Ol TR R A T
AR 5 LR TS A LA R R A E R B
BB AR T | AR 27K 52 R I 7 (AN 75 52 37 17 7 3
I 33/ T = T & AL AT S o Dt i Ak
1 T840 K T T B T 22 %

Sk A Al A 9 il R R 2 38R Ak T B S TE
Bl oy b B2 B ) A R 43 S0 R Sk K DR 1) B S
Lo OB L K e B L, AE5 BLAr B, LR
S fh 1 BB &, L AL GERR AR Sy,

————
o ~,

" RS m, /BRI m)
T {

T
]
R |

N s &
™, O
i%i SNl
— T

PN

-t

BI1 R & L L2 A4 D 2 ]
Fig.1 Structure and working principle of PEH
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Fig. 2 Model of the combined transducer
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Tab.1 The main structure of combined transducer
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Fig.4 Curve of influence of force load on deformation of end

point and clamping point
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Fig.5 Curve of influence of a on the deformation of end
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Fig. 6 Curve of influence of £ on the deformation of end

point and clamping point
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Tab.2 The main simulation parameters of magnetic force
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Experiments and analysis of a magnetically coupled piezoelectric

vibration energy harvester

KAN Jun—wu'*®, WANG Kai', WANG Jin', ZHANG Zhong-hua'*, FEI Xiang', WANG Shu-yun"*
(1.Institute of Precision Machinery and Intelligent Structure, Zhejiang Normal University, Jinhua 321004, China;
2.Key Laboratory of Urban Rail Transit Intelligent Operation and Maintenance Technology and Equipment of Zhejiang Province,
Jinhua 321004, China)

Abstract: To improve environmental adaptability and reliability of piezoelectric harvester, a magnetically coupled piezoelectric vi-
bration energy harvester (PVEH) based on a combined transducer is proposed in this paper. The PVEH is mainly composed of a
coupler subjected to longitudinal vibration and a combined transducer subjected to transverse oscillation. The finite element model
of the combined transducer and magnetic force is established using the COMSOL software, and the simulation analysis is carried
out. Thus, the influence of the reed length ratio, thickness ratio and magnetic distance of the combined transducer on the PVEH
performance is obtained through the simulation. On this basis, an optimal structural parameter (length ratio of 0.57 and thickness
ratio of 2) is chosen to make the prototype and the characteristic experiments are performed. The experimental results shows the in-
fluence of the transverse distance L., longitudinal distance L,, vertical distance L, of the exciting magnet and the excited magnet on
the PVEH performance. When the excitation frequency fis less than 20 Hz, there are two natural frequencies (denoted as f;, and f,,
respectively, f.,<_f.,), corresponding to the peak output voltages. Both the natural frequencies and their corresponding peak voltag-
es are changed with the values of L,, L, and L,. It is demonstrated that the adjustment of magnetic distance could reduce the first
natural frequency f,,, increase the second natural frequency f,,, enhance the output voltage, and effectively improve the bandwidth
and environmental adaptability of the PVEH. The load characteristics show that the maximum output power of 0.19 mW is

achieved under the optimal load resistance of 540 kQ at the excitation frequency of 11 Hz for the PVEH.
Key words: magnetic coupling ; combined transducer;indirect motivation; piezoelectric; vibration energy harvester
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