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Frequency Analysis and Electricity Generated by Multiple Piezoelectric
Cantilevers in Energy Harvesting

XIE Tao, YUAN Jiangbo, SHAN Xiaobiao, CHEN Weishan
(School of Mechanical and Electrical Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: To improve the performance of the piezoelectric cantilever in energy harvesting, multi-
ple piezoelectric cantilevers (PECS) were manufactured. The resonance frequency of PECS was
analyzed by FEM and tested by experiments, It is found that the calculated results are in good
agreement with the experimental results. Compared with a single piezoelectric cantilever, the
PECS can effectively increase the band of resonance frequency. A maximal output power of 4.9
mW can be obtained from the PECS at 60 Hz across a resistive load of 820 (), which is enough for
some wireless communication systems.

Keywords: multiple piezoelectric cantilevers; electrical energy generation; finite element analysis

Vol. 44 No2
Feb. 2010

W JCLk M 2\ MEMS M 485 2 e, 7 35045 19 7
FIH i) iz A 2 B b L RE ) 7 sXUAF AR 1 2 B
g, AR BRI, JBRE R L B RE 77 i A7 PR L 2 ) B
e, LK BT SR BRI 9% L BRI 95 e 45 ]
JEHCXT T H iy A S H 4 U A JCER 19 288 Rl A X 2R
GEAULIN  Fit b A3 FL PR e BT S 72— B4
TR IR 5 Wk 2 1 0 8 25 v it B 4 2 7
A AN L AN AT ] L X ST 7 R T R AR
PERIREFH. PR, Jn ey Sy X SEARAE RE A TR L 7 i 4t
RE » A0 V) 5 S A DR f T ) S A R

Wk H B : 2009-09-08.

VEZ i W (1965 —), B, # 4%, i+ A= 5.

FOTE FEF 0T o 7 0 1 0 3D I
HL AT B 738 PR REAT B . 512 T RS AL
PR S I 4 T LR T 00— 4
e,

1T BRI SR T3 3R M B ki 1A
SIS THAC A0 40452 e SRR 1 a3
VAN B T o K e T T4 4 AL BT
G AT RS T RG>
I A LA RO B I ISR 10 R B
H A B B L AL, SO X PFR s

HEWH: HEARPAEERIIH

(50875057) 3 M 7R e Tk R 2ERHIFRI 3T 3 4 9% Bh I H (HIT. NSRIF 2008. 50).



5 2 39

WV G5 2R R IR TR OIAT B LSRR TS 99

T iEAT TR R M, A5 T R
R F R A < R A ) B AR R BE L O B
TEREEN R SRR S R R R R
AR BAR TR S5 OUAL S v e r R 5 A9 A H
AES). LRBTFEARER A LS R i R 1 A SR
K BUIFSE AR PRI P A8 IR 3l PR Sl 3 A TR AE AN AR
SE » LB IR SR ARG A 5 LB BR
SR SR IR SR ) B4 DR E . A RE 78 70 IR M 3R 355
TR RE 10K T UK HL R B A RE ALK
RET.

ARICBATHIE T Z B R R T sl 2
AR R IR T — D2 R R TR Al
T8 T s AR T OISR AT (i s oL AR 1 AE — BOW
SRR AR RE ™ A IR I AT (0L B0 8 R o T 22
A T s B T O U AT 1A RGO B b
SRR e 3 2 BV R A 2 B AT T
S HLRE ST I

1 ZEE R R 1 25 b T AR B

H1 T 2R3 4R Sh IR SR TR AN AR RE L X
TR R R HAR T A 5 S5 PR Sh IR )
AR R AP DU IE 304 5 B0 L K R B A e
WRCERACT. L 7 20T 2 B R R LU
i T LR T AR IR BT » 92 305 4R 3 PR3 A A5 R DT
P, B i R R R, B 1 4 Ih 2B R R R T
ISR R B I h 2088 R R B IR T 4L
— AR IR B IR T e B R R
P FITBRE IR 5 R 2 B S T FEL A AR s 7 5
A RPN R TR A S B
PRI FLIBRIR 22, e 22 e s AR T RETE —
(R0 = T PR 7 2 I o A L A . 1B
TR0 — g 1 T R A S L 5 — i B PR A 9IR 50
U miRsh. ShF RS 5 DR B H R 218 k5 . &
BOBH R A2 it A, R 5 | e Fi 2 PR 72 A
777 B AR. AR T L 2 B SRR T A a2
SN T A 25 i S T I R TR AT A i F A
AR R HMR BT A2 15 R AR R 3 B O R AT R
Sfy010]

D =dIl +¢'E @y
S = s"T+dE (2)
AP D IEHALRS s E JE 58 2 5 d J2 L B8
Pz sS FNT 53550 J2 AR N Sy 58" S I ) 5 1 )
I F A HLU R RO 5 5™ O HL 37 i I 110 B 9 22
I 2R O . T T R R R B 2 i R T R Y

BT R = TR 7 A AR A B HL B2 L T O B K

fHLHE.

K1 ZE8RERIRT4amERr

2 IRSNPCRIA FROCOT B A

AHIA BRI B 07 120k 2 B R LAl 1
PEATREAS AT A5 HOE RIS A A2 T L AR 3%
1 RESHI SRR T R R T A FROCRC R, 4 f&] 2
FI. 4 I SR FH W 7 i o LB AR O B R
S RIPEAL. R PR pE F PZT-5H. Ji it 85 it
0 25 D — S [T 7 & 5 — S bUAR 1 Pl T R
IRUH BRI &' L B A BLUH R e (e = 8. 854 X
1071 e HLZR R KO R 5™ (10" m® /ND Al L
WHGER d(107° C/ND 43514

3 130e, 0 0
g = 0 3 130e, 0
0 0 3 400g,
st =
16.5 —4.78 —8.45 0 0 0
—4.78 16.5 —8.45 0 0 0
—8.45 —8.45 20.7 0 0 0
0 0 0 43.5 0 0
0 0 0 0 43.5 0
L 0 0 0 0 0 42.6]
0 0 0 0 7.41 0
d= 0 0 0 7.41 0 0

—2.74 —2.74 5.93 0 0 0

1E ANSY SEF: /I F e #L 23#7 89 B 0T 4 Sol-
K1 SERHERERIKRTEMSH

FoJE/mm JEE/mm KJE/mm  MHNEE/g
73.7
70.9 0.4
0.2
68. 7 0.8
66. 8 1.1
20
65. 2 1.5
63.8 1.8
0.3
58.6 3.3
55.0 4.7

http: / www. jdxb. cn



100 i . i}

5 44 &

K2 ZEMERERRTA RO

id5 Fi1 Solid98 WiFfr, Solid5 BAICIE 6 Thi S 7 M A HE
G570, Solid98 HLITIE 4 T 4 5 s AR5 3 R
JG. 2R Solid5 FLIGCHT I A T He H, I iy A4 BT
X153 HoAl 2R H] Solid45 o0, Il KRG 45 2 152
M) B HE VTV 7 A BEAEURG &  FEAN 452 L]
(RS L) S .

X FARPERL AT 45 A 25 th 1) 280 B2 R FL i
FHRIE B B h— A~ 240 TR R T (d31
B L BN Z B R R TARTEA R E IR
RN, B 3 45 T e B 4R Tl PR I 1 A8 1k
k. i B AA, 288 2R 78 8 MR T
R 2B s 1 25 i ARIE W03 A8 A0 Fl R 2 2y 56~
66 Hz, Ifif B8 2 s L 3R 5 0 i 2 401 2% s, HL AT
RANEIRAZE [ 2~3 Hz. fiHE5REN, 25
T % e R e A 80P S L TR %3 L

niA~

Kl 3 ZBHE R IR IR0 BT A 26

SR

e S 56 5 R AL UR . i SR S R T
s S BT B A RSE 0 H AT b 3, b
FL ARV AL SR FHRD AR 25 B 35 i 28 i ) 4 AL IR (]
I FH AT 8 8 o P B 2 AR A e 10 <63 e
BRI DA 5 55, R T L P R <5 B AR R IS
EUF A T RUBORS 12 L 15 R R O TN TR LR
FIAI A 2 5 T L IR ARG P i R A Rl e it
P FP RN BB IR T HL B 8 e 3 T B A L A Oy
G THE T A At BE R 5 P BRI SR [
TEPRUERG 1 LA RO TR O T RS 3E RBaipi ir  2 KJR
AREDEA R R. & 4 45 R 2 88
ZER R TS

K4 Z2ERERIRTEYE
K HIPEIE Polytec 28 ml ) PSV-400-m2 HOEM
PRASOOS B R 7 AT H 90 O M2 - T
J7 S IR RSN Sl m 5 4L . L2
Horp— AL TR RS T s B 808 B4R 14k
TAH BRI A 10 LA AL 18]
545 il T Hrp— M RIR IR .

B 5 2B RIE RIR TR IR

16 25 10 T SEIn A5 i) 22800 B2 IR rL IR T IR
WA AR 2. B AT 2 e LR IR R AIR 1Y
AAVTE Rk 56 ~72 Hz, 54 BR oo B 5 B 45 SR 5L
ENU/EES

ST I 22 B R R B AR T R LR T T
ZREREAIRT ARSIk E K 7 R, S
%6 FEALRE HEAS-S DiR k4% . HEV-50 = fig
RS e A0 L AT DS-5000 258 P A7
W A%, RGOS N B 155 & A A — iR

721 o0—O0

R A
2 3

(=)
S
T

Kl 6 Z8 R R TR R S Hh 2

http: / www. jdxb. cn



&2l

W 5 2R B TR LR TR S 2 K P S BT 101

AR ) IE SRR 5 » AR 5 S D) RN i RE
PRASPEAT IR BN 0 AT Ay s L A TR 1 4R it e
JE BFR IR, R HLAR 1 AR Y i e W A AT AT
I 1] S RAERE. ) K777 il s e 0 00 2 ) B
P PR A S I e A G e TR

K7 LR TS g A

K8 25t T IRshnig o 19 SME i 820
€ ok s L A L 2RE ) B G 2 23R BE AR 1) A2 A ph 2K
Forp B R L IR T A5 RSP o R 1 s 3
2. 1A 8 R, 22 B R L A HU R LR R 56
~72 Hz WERA BRI IR 40 IR 3135 60
Hz I K SR 4. 9 mW., 1] LB 2 TR
PR 2 B RIS IR 7 f it SR W g/ B R
TEARZE MM A A A s DR . 2 B R AL IR
T D AR B A AR A X e B T 2 B
BRHAR TR 98 1T HAS R . e IR A —
AR A GE P A IR L M RAE A B AR
AR A D AR ARSI 60 Hz i . i ]
6 ] A, HLERE TR A 00 Uk D Rk R 2.3
W, HHA S S H A D) AR X B R AT ol %
AN L A LR B A D RO ARSI 71 Hz
I i 1E] 6 n] A0 AE AR AR BEA B A1 IR . HL B
A 2 A R A TSR A A AR B AR AR A HE
TR LRI S D A0 DR AR X AR N AR S 5
1 AR S R DR 0. 4 mW) L AN R LR
PR A L DR BN R A 2 B R
FL J FRL R PR A5 S 1T P i 1 D13 7= A T AR X

T - HMERRE T\

S - EEER / .
2 \/\/ \/
ﬁz- /,/ /-/'\\ )

I

_dw -—"/ \\‘ -.\-\

% 50 60 70 80

% /Hz

Bl 8 ZBE R AR 7t D AR B 9 A2 A th 2

PP ot o 20 2 T T i A P 2BE EEE AR AR 1 P
T A A TR A R4S

4 45 5

ASCEITIFHIE T 2 88 R R 1 R A
PRI Bk W 22 8008 32 TR W 4 1A 300 AR AR
BT T U5 BT B AT T SR G W] X 22
AR T T A RE . TR A R AR
B, 288 IR A BRI B4 B iR 45y
56~66 Hz, 55250 45 RIEAW) & AH HE 5B 2R
¥ 2RV AR RO T AR, 5 TS
IR B IR 2N U5 20 431 32 DT TE AP /8 e L A RSO, Y
Z R R A BT O 820 Q. TAERIR
60 Hz i, e KA H D3R 3] 4. 9 mW, 7= A (1 BE
ARSI L M0 25 AL R SRR BE U 17 b B R e
S 30k
[1] JIANG Shunong, LI Xianfang, GUO, Shaohua, et al.

Performance of a piezoelectricbimorph for scavenging

vibration energy [ J]. Smart Mater Struct, 2005, 14

769-774.

[2] JIANG Shunong, HU Yuantai. Analysis of a piezoe-
lectric bimorph plate with a central-attached mass as an
energy harvester [ J|. IEEE Transactions on Ultrason-
ics, Ferroelectrics, and Frequency Control, 2007, 54
(7): 1463-1469.

[3] HU Yuantai, XUE Huan, HU Hongping, et al. A pi-
ezoelectric power harvester with adjustable frequency
through axial preloads[]J]. Smart Mater Struct, 2007,
16:1961-1966.

[4] HU Yuantai, XUE Huan, HU Ting, et al. Nonlinear
interface between the piezoelectric harvesting structure
and the modulating circuit of an energy harvester with
a real storage battery [J]. IEEE Transactions on Ul-
trasonics, Ferroelectr, and Frequency Control, 2008,
55(1):148-160.

[5] NG T H, LIAO W H. Sensitivity analysis and energy
harvesting for self-powered piezoelectric sensor [ ] ].
Journal of Intelligent Material Systems and Structures,
2005, 16(10) .785-797.

6] BB, FER L, £ %, 4. Energy efficiency of piezoe-
lectric monomorph cantilever generator[ J . 2% K %%
TH,2008,16(12) :2389-2405.

HAN Junwu, TANG Kehong, REN Yu, et al. Ener-

gy efficiency of piezoelectric monomorph cantilever

i

generator [ J]. Optics and Precision Engineering,

2008, 16(12) : 2389-2405. CF#%5 107 1)

http: / www. jdxb. cn



