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Piezoelectric energy generator based on deflection-limiting circular arc
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Abstract: A piezoelectric energy generator with a Deflection-limiting Circular Arc (DLCA) was pres-
ented to enhance its generated energy and reliability. The structure and working principle of the piezo-
electric generator were introduced and an energy conversion model for the piezoelectric generator was
established. By simulation, the influence of thickness ratio of the substrate thickness to the total
thickness of the piezo-cantilever on the minimal radius of DLCA as well as the generated energy, and
that of total thickness of the piezo-cantilever and the radius of DLCA on the generated voltage as well
as electrical energy were obtained. The analytical results show that the minimal radius of the DLCA
decreases linearly with the increasing of thickness ratio, and there is a shared optimal thickness ratio

(0. 35) for piezoelectric generators with different total thicknesses to achieve maximal output voltage
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and energy. Several piezoelectric generators with different radii of DLCA were fabricated and tested.

The results show that the maximal voltage (displacement) of the piezoelectric generator depends

mainly on the radii of DLCA. When a minimal radius of DLCA is set, both the maximal electrical en-

ergy and higher reliability can be achieved.
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Fig. 1 Structure of piezoelectric generator

I

P 1 Ay [ I FR AV v 2B ) B A 45 4 L 7E I
S bk Tk — 25 A R T R A 1 4 UKk
PR 0 R Dl 1 A X e e Xk
HACE S, T LR R A i e E TARR &
R IR 5 T AR AT AL DR B A g (o JHG 7 R AV 5 9 T
ARTE T AR A HLRE g el SR

e v e ri 25 T B T O A A B P e 4
TR AR T0 Lk 7 48 41 Ik Sk 9 B & Bt L TR AR
{1 FEL B LAY e F T AR A U A R L T R R TR fE
SR B A v R ) T T A 2 PR
XFFHT A1 B R A L R 2 BT BE A R
B B FR 8 AT R T A AR 7 5 (D) A RE
R B SR BB 28 9 0 P 3 S AT i P AR A0
(o SR Hh 4 e Y R G5 (2) S b SR



344 7\16?‘

%21 %

BT

EE@T ARG

» *

B2 A 5% e i 5 At e JRU LA
Fig. 2 Schematic diagram of energy conversion and

supplying circuit
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Fig. 3 Influence of thickness ratio on minimal radius

and generated energy
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Fig. 6 Piezoelectric generator and test system

K7 2508 1 BRAZ B 9242 24 765 mm, 4k
AN 2 Haz I R A A o A (W] B ) H s
BOB 2k . 550 i e Rk BN R & TAER
JEO~1.5 V) i#ah 3R 4 R L ik 7 5 BR AL
[ SIRAN 56 4 2 fi » 1 B Hl S 98 O A 30 AL 1 1 5% it
2k, HLoR J P B 0 0R i A H E CFR 38 R 2% R
{ED (38 i 34 m L 25 R 7 () fin . MBI
ar TAFHR R M3 — B E R QC V), Kk
5 il A8 TV B 5 4 I A PR A [ 9 2% I L B e A
P 7 2B B H R (RIS TR 60 S T B OR824
F, A A — 25 18 i 44 0. HL A R R S A X AR
BB R WE 7(b) i, Bl s REm,
SR FH T80 SR BRAVE 199 P 266 5 A 2 PRI AR D o 3 R I 4t
I AT R A e s B IR 7 AR I B K F R 58 4 B
P BRA B I 212

St TR A TAEM 2.5 V. i3 2
Hz i} He FL R 77 A8 19 Jie KT I i e 5 B 67 132 5K
AR OC AR . Ak G i 1 s F P S R T
A AT 350 o e e AR R R R A2 4 B
FE HLAR T2 TE )G 58 2 W g AE RO IR IR 1w . &1 v

G INSTEK V3~ 0.000s
v

2: chan of{

FHE
1: =149mU
2: chan of{

1:2.0Hz
2: chan of'f

= H 2: chan of'f
a=5y @ 258ms RroLL CH1 EDGE FDC
2m=2Y 0 <{20Hz

(a) Wl Ha BB T i (0~1.5 V)
(a)Votage increase from 0—1.5 V

G INSTEK v 0,000s ™. _Measure
v

0=20V mZSGhS- ro.. @CH1 EDGE FDC
2=2y ©<20Hz
(b) W ER 2.0V
(b) Votage with 2.0 V
&7 [ R A AR H TR N A A TR OB
Fig. 7 Voltage wave-form under different shaking

amplitudes

55
fil7ir

45F O I

VelV

35k

25F

15

600 800 1000 1200 1400 1600

Ro/mm

K8 IR AR B IR B9 5

Fig. 8 Influence of radius on generated voltage

HES s - s DA il A WA A N S Y SR B WO R
/N BRI D B R A FRL R 0 RS AT R D/ BR A [
SRR PS TN (R St e T U AR R A P D
T3 3 A5 58 AN AR A T R IR 5 B A5 A RS



5% 2 3

F A BT R IR A Y T HL R e e 347

FE A B fre /AR o AEAS SO L R (5 9K
4270 665 M1 1 565 mm I 4t H R S 2350
52.9 F123.4 V.,

AR R HLBE ) S T AR R — PR T R
IFRAL 14 1 FL A L B B R AT TR e . AR

S & Lk

[1] KHALIGH A, ZENG P, ZHENG C. Kinetic ener-
gy harvesting using piezoelectric and electromagnetic
technologies-State of the art [J]. IEEE Transac-
tions on Industrial Electronics, 2010, 57(3) :850-
860.

[2] SAADON S, SIDEK O. A review of vibration-based
MEMS piezoelectric energy harvesters [J]. Energy
Conversion and Management » 2011, 52 500-504.

[3] TANG L H,YANG Y W,SOH C K. Toward broad-
band vibration-based energy harvesting [J]. Jowrnal of
Intelligent Material Systems and Structures, 2010,
21. 1867-1897.

[4] QIU]J H,JIANG H,JI H L, et al.. Comparison be-
tween four piezoelectric energy harvesting circuits [ J].
Frontiers of Mechanical Engineering in China » 2009,
4(2):153-159.

[5] PAULO J, GASPAR P D. Review and future trend
of energy harvesting methods for portable medical
devices [C]. Proceedingsof the World Congress on
Engineering »2010.

[6] FARINHOLOT K M, MILLER N, SIFUENTES
W, et al.. Energy harvesting and wireless energy
transmission for embedded SHM sensor nodes [J].
Structural Health Monitoring, 2010, 9 (3): 369-
281.

(7] B4, HER, ¥k, F. TPMS HERKH
FEME [J]). Ev5 F£,2010,32(5):744-776.
YAN SH W,YANG ZH G,LUO H B, et al.. Re-

search on piezoelectric generator device for TPMS

FEW L Fe/INBIR AT 158 9 > A58 i 55 B %) 38 o £k
W0 o ELAF A R ) A B 2 A0 JRE JE EE (0. 35) o (A ]
JEL S R R - 1 i S e S R B O s FE R (R
JE LR it H R A B i IR R B G i s
A A1 S e o (TR | I s I R A A1
220 665 F1 1 565 mm I i % L TE R 40 51 A
52.9 F123. 4 V. iEH R F & B FR A 5 9K 42 w]
AR R BRETT

[I]. Piezoelectrics & Acoustooptics, 2010, 32(5),
744-776. (in Chinese).

(8] &£, 274.FB4%. ETERIFREN LB

S RGEFEITK[T]. @& R H K .2008, 25(6):
65-67.
LIU J X, WANG N H,LI G F. A Battery- free
learning remote control switch based on the piezoe-
lectric energy harvesters [J]. Telecom Power Tech-
no logy . 2008, 25(6): 65-67. (in Chinese)

9] AT#H . MAX. KRB, F. EESMNER KRR

BEMERREEL]] e A E A2, 2008, 16(1):
92-96.
TANG K H,KAN J W,ZHU G R, et al.. Power-
supply performance of piezoelectric generator for re-
mote control [J]. Opt. Precision Eng., 2008, 16
(1), 92-96. (in Chinese)

[10] LINJT. ALPHENAAR B. Enhancement of ener-
gy harvested from a random vibration source by
magnetic coupling of a piezoelectric cantilever [J].
Journal of Intelligent Material Systems and
Structures ,2010, 21, 1337-1341.

[11] GU L. Low-frequency piezoelectric energy harves-
ting prototype suitable for the MEMS implementa-
tion [J]. Microelectronics Journal, 2011, 42.
277-282.

[12] AYERSJ P, GREVE D W, OPPENHEIM 1 ]J.
Energy scavenging for sensor applications using
structural strains [C]. SPIE, 2003, 5057 364-
375.



348

%21 %

EER N

FEME (1965 =), 2, & KIS AL T
4, #0457 . 1988 4 ,2001 4EF0 2008 4 F
T AROE 2 AR A 2 B A
o7, 3222 A= TR IR ) B R O
BT B AR AL 5 7 AT 5. E-mail.
wshy888 (@ yahoo. com. cn

EW= (1976 =), Lo, HAAK I AL
&L Bl 82 2003 AR F AR LA K 2F 3R
RA L, 2009 4F T[] 3 K 2% 4K 11 2%
A, BN RE B R 5 254 1 1

%% . E-mail:emmawhy@zjnau. cn

BRE988—) B LHKREN W+
WF5EAE . 2010 4F F p 5 5 B LB K%
RAF R, 32 I o P R AL
Wl Je 3 Bt R 8 B AR DF 5K . E-mail:

lingronghua30(@ sina. com

BiR=E (1987 ), 55 i Py 4 SN L At 1
B 582 5 2011 AF it JH B 15 27 B 4R 15
Pt 0, 32BN TR A R A Il
Lo B iR B£8R BF 5T, E-mail:
18757603007 @163. com

(RRALEr &

Hok 4 (1982 =) J . Wi i i & AL 1
T P, 2004 4R T T B R R
S 2 i, 2007 4F TG A R 2 4K
243, 2010 4F T 8 B OR & 4R Tl
S, AR S R S T %
SR Y WF9Y . E-mail : jyh@zjnu. cn

KRB (1980 —), B, i AR RN T
+:,2002 4 ,2005 4 Fil 7 TR A K
20 AR AT 2 B 22 47, 2009 4F T
KEM TR AR L0, FENEE
AR A | TR H % e T L R HL A R BF
4%, E-mail; zhhzhang225 @ yahoo.

com. cn

BE R (1965 —), 5B, HF MM A B
2 14 5 0, 1991 4F,2000 4F F
SOy =23 1B 72 R o VARG e p
37,2003 4F F 3 bR OK 2 RG24
2005 4 B} B 4 AR 6 LT I 4 F
s, JEF AT R B IR Sl L B i i
ERETE N i IR AR N IR
i #F 8. E-mail: jutkjw @ yahoo.

com. cn

REWH FEHR)





