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Performance Simulation Analysis on Pillow-shaped Piezoelectric
Harvester Based PVDF
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Abstract; A pillow-shaped piezoelectric harvester was proposed in this paper. With the aim to know about the
generating capacity of the piezoelectric harvester, the finite element simulation was performed. The simulation re-
sults showed that the output voltages of the piezoelectric harvester decreased with the increase of the thickness of the
flexible substrate, the width of the piezoelectric cantilever and the initial curvature radius; the output voltages of the
piezoelectric harvester increased with the increase of the length of the piezoelectric cantilever and the elastic modulus
ratio;the output voltages of the piezoelectric harvester first increased and then decreased with the increase of thick-
ness of the piezoelectric film. Furthermore, the output voltages of the inside piezoelectric film of the piezoelectric
cantilever were larger than the outside piezoelectric film and the beryllium bronze substrate piezoelectric cantilever
was supetior to the steel substrate piezoelectric cantilever.

Key words: PVDF ; pillow-shaped; piezoelectric hatvester;performance simulation; finite element

RAMEEHEBAEBEE, T EEBETES
P e b B TR T P . AR T 5 S PR P R A R

0 5%
W& & BB R 5 BE 45 4 BF 52 S A T R

JB, BT R AR R 3 R B R B B BT R
N ERTHMR . R AR AR R RE DI E
AT B IR R B S ML R AR R F LS TR
H—MRABHHRSERWETR. BAT R
FRENEBARDERUREE T RAREREY
ot AR SHRBRTEENE.
ERERRERKERBEANEEBREF

1§ %8 H 89 :2013-09-11

AU TR B & » 7 3R AL B LA 7 5 BT » iX 7
—EBE ERH T HEREGEFREA. £l
AR, BB BT B R BB AORHE A BT H B R SRR R & 0
(PVDF) s B A1 hr A T 4% 3 RE B W 4R 19 BF 55 T 4R
FIEAMKEES, PVDF Ed B RARER,
TR H SR, AT A0 T S B B AR T R TR
& P RSIEERRNTE . FHEE LT

ESWH :ERX A KB 2ESHTEIME (51305183) ; SR F BB LR SIESF M E Gitrb-201412) ;L HH “FH TR Z SR E)

mE

fEE B R 980, 8, IR B BALHW, B, FENFERRIBBBRETAKR . E-mail: xiangjianliu@126. com,

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

640 E B 5 5B X

2014 48

A B K G & WM A .

#T PVDF R BB BRI, A5 —
MR R B E, KA ARZBE KK ES, [
PVDF KB A = EBRKEE, AT EE
ZRIRBIBER A BT AR M AR F R REREIRE
R ERRSIGERBNERERES S,

1 #METHERE

ERABERENEARGHINE 1z, BB
M, ZEBREEEFER B TH A RSB ER
MAE AW NI ERBHR, Hd, B EREX
M-S BN M PVDF E MR, YEE
TAERE, S A PRI BURY b 0 T Ry 4 < B B AR L BN
FE R W B A 58 Yk 3 T R A &5 AR T, T 51 AR
PVDF [k i ¥R P D AR FI B2 7 284k . 1R ¥R TR AR 57
B, 2 e o W P DR A B R AR AR AL I, TE R
ECRA B AT =4, AT SRS B h LR AE 2 i
BB AL . oo, TR BT 2 0 R A B I R
7 )

S=s"T+dE (D

D=dT+¢'E (2)
A S AR E:; D HEMAEEGE;ENBG
BRERE;T AN ME;e" FNJJEENK B H
I H BRI 55" O ¥ 348 R I I 4R B B M SRR
BOERE sd R NI WA s BAn T A% L&
s B ENEBTRERMS.

PVDEER#EE qiss g

W AR

K
r

NN —
AL IR A
H1 MEEREAEESHRERE

2 HBRTUEELN
IR ERRBEENZBERE. AAE
FRoTE M ANSYS M H#THES . 7R RTl
E R Solid98 Hyn it FE Hi 8 B k47 I 45 21 4 »
SR A Solid92 H 76 %t 58 ¥ 4 J& 2 Fr 47 R A& R 4%
Wbt ZBERE4E ZE0 E R E R NN,

1AM EBEEEER RITRE R E AR R M
MRS Hh PVDF b ¥ B o R % 3
1 (o) 71 i P 304 2R B0 FE (o) 30

) 0 0.0104 T
0 0 —0.016 4
0 0 —0.065
e= (C/m*) (3
0 0 0
—0.0388 0 0
L 0 0 0 |
8.1 4.84 4,84 0 0 0
4.84 6.92 4.38 0 0 0
4.84 4,38 6.92 0 0 0
“lo 0 0 1.38 0 0 x
0 0 0 0 1.38 0
L 0 0 0 0 0  1.38]
10° (N/m*) €Y
1 HWHERAEEENEART AR BSH
Z ¥ PVDF  &&H4H L]
HE/ (kg m?) 1780 8 290 7 800
BWHBE/GPa 131 210
THA L 0. 30 0.35 0.30
B E/mm 0.2 0.1 0.1
£ E/mm 6 6 6
£ E/mm 15.7 15.7 15.7
XA E R 12
1A i #E4 2 /mm 5

A BRTiE B . 4 PVDF ki #E 5 3
P JB 22 Al TED BY R TR BE O 0, 3 R TR A AR Y
A—RENEEHTRS . SEREZBREMNHE
EBEREZINT B . EREREEFESR
EXAEEsERNREE R - RPHBEE,
HERHEBERTREEZIEETERT@R S
HRPATN,

B2 AR AR EERREREHERS
HEEHNXAMER, EREEHEREELIRF,
REEREERERNHMEHSEARE, TLUFH,
e T P VAR T 0 34 » R s R S 0 KU
NS LR B A TR R R R B B R G T R TR
JE 0.3 mm, E A R & B3R E K &AL E
RN 0.4 mm, XEATEMEEREABREES
M R, B B B AR A [R) A B A % AR R

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

L

X ¥ % 2 T PVDF WAL K R s e B 4R Re 0 B i 641

HEEREEBAR.

5

.5

0.1 02 03 04 05
B2 EA#BEESSEERRHR

PRIGHETE I i 22 W 2R B T hi VIR ) TR L
ERENREREERZ, NHZHEESRER B
BE.GEEEEREHEESHESREREE
MXARMEINE 3 i, R A, EERESRE
H R BE R A AL T R R R B B T v R A
H B TR A BB 0B/ » A Y e R AR AL B BB SRR R
PEBEERBRERENF. Wl RERTERR.
WA ERALEMERESBEGEET EREN
if A B o SR SRR B0 A, R e T F A
FR SRR B EER R E SR
TR

Ol .2 » ::n. o A
it BE A S8 mm
3 BEsBERFEESHERRMA
F4AmiEEBRRBEEREHERGEEES
WEEHERRKERXRAME., AETH.EZIEE
HEZRKEHNABENSEBY  MEEREREEEE
HEEMEEEEARAT. B EAREHER

a7 é 55 llﬂ 11 |I2 ll3 1:-1 '_I5
5 mm
B4 NEEBREREFSHEERRMA

FE SO R A B2 B9 1< B2 38 ek, 7 3o 9 i o SR AR
BE B BRSNS K, R R A
IR, Bt hEBEBREEBERAME DS
E-WNEFENITEMMET . RENKEEES
BRHKE.

HEXEEREZREBENEERRNEE. K
RS IEFE. N RE RS RRIEE . 53
ERARFERRERRUNBESHEERBRER
MXFEHEME S Ira. ETAMEERRRE
JBE B4 38 HIKs S BOME T i F e B T e TR HH s
BB/ X RN S I B o 52 BE J3E B4 38 i 5 4R 3
RT s v VR A R T AR, 5 T e VR A 0 T O
%, {E R it 38 K T IO% R B R B 5 R B, LT
P v RSN BB IN= AE EH B R T R W ER
T AR S AN 7= A B B2 M, BIO00 e TR B R R R
7R A

BE He/V

Hs WEEEERFSHEXRA:ZE

o uttBERZHEREEHRM Bk
SMEESRE B BEERNCRBR. hET
M.EEEPREREEREN. ER RO REBE
AEE N W EARRHEEEEWE EREY
By SR LA 38 K, A g X LT 7 AR B SRR
16 4 3 465 0B/ » 5 B0 P WL TR AR A O AR B8R0 » bl T R
MRS ERE RS THABE RSB B ERRRE
B2, IR IE N (2) 15 B B 2 i 3R B TR A W )
W R A BTN . YL, TERL R IR R AR B )

0.5

AiEE i mm

6 IR AR R R R R

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

642 E B 5 5B X

2014 48

ST, RIS BOR B R TR T B R
VAN A2y o

RE.EEHRERNBEEEESHESRER
MEEREZ E MR EL. B 7 AR
HMARRKE R R RS RAEEE LR RR
MR, ERAHMUERE NIRRT, RIEERE®B
RENSHSHAZ, HETH,FEE IR Ed 3
BB RN, e R R R E R RN
Ml EERET . AT, EEBREEEK
eI, N7 3 20 T T R T A R ARG
BRAKNBEMEE R EGERABREERME B
.

167
1.4}

z

H12

£ —=— H
10] —

0.3 . . . . ,
0 [ 0.6 0.5 1.0

HEEE T

7 BWEEBRLSHELRER

ME 2~7 T EH, TR IEE R RN ESH S
FR LR 20 4T 2R 4k, Py 000 s R T R A B R R
BRFIMIER SRS m R, BEERERB
FHZRETHEFNERE. XEEEATRARE
FHL 2 P A Y ol SR AR R AR/ TFAMINE
P, T R b R 2 45 T i R BN » ) Bt 4 7 40 ) S AR
BE/NTHRYBEER, 3L KB R HERN
ER/ANCLE D,

3 HXRE
AXBRET—-MHEERLEEER, A THE

Reteae, HETERTMGES . TFREREK
BR, B R 2 SR O T R R B B B A 0 oy R
A S AR 5 e R A R R B T R R R
PR ARG 5 DI T P 2 ) IS JBE % 3 MR AR B L 0 388
Sl A A B R R R A BT
P s, TR T 0 B0 A 4 T vl R R B T e AR
o Hh R TR ST KU TR /0 5 I T v 2R P ) o VAR
A H R TR AR B R T A B vl W R B e R TR, L
PEWER EBRREMTHEREHEE,

B E 3k

[1] CHEW Z]J,LIL J.Design and characterization of a pi-
ezoelectric scavenging device with multiple resonant
frequencies| J ). Sensors and Actuators A, 2010, 162
(1).:82-92.

[2] LIAO Y,SODANO H A. Structural effects and energy
conversion efficiency of power harvesting” J_. Journzl
of Intelligent Mzterial Systems and Structares, 200%,
20¢51; BO3-314,

[3] JEONG SJ,KIM M S,SONG J S. Two-layered piezoe-
lectric bender device for micro-power generstor[ J_.
Sensors and Actuators A,Z008,148(1);158-167.

[4] FEENSTRA J,GRANSTROM J,SODANO H. Energy
harvesting through a backpack employing a mechani-
cally amplified piezoelectric stack[ J]. Mechanical Sys-
tems and Signal Processing,2008,22(3) :721-734.

[5] LIU X J,CHEN R W,ZHU L Y. Energy conversion
efficiency of rainbow shape piezoelectric transducer
[JT]. Chinese Journal of Aeronautics,2012,25(5) ;691-
697.

[6] JIANG S N,LI X F,GUOQ S H,et al. Performance of a
piezoelectric bimorph for scavenging vibration energy
[J]. Smart Materials and Structures,2005,14(5) ;769-
774.

(L&H 638 D

[6] SAN P A, GARCIA R. Unifying theory of tapping-
mode atomic-force microscopy[ J]. ] Phys Rev B,2002,
66(4) :114310.

[7] KLINOV D,MAGONOQV S. True molecular resolution
in tapping-mode atomic force microscopy with high-
resolution probes[J]. ] Appl Phys Lett, 2004,84(14)
2697-2699.

[8] HOLSCHER H, SCHWARZ U D. Theory of ampli-
tude modulation atomic force microscopy with and
without Q-control[ J]. Int J Non-Linear Mech, 2007 ,42
(4):608-625.

[9] KIRACOFE D, MELCHER J, RAMAN A. Gaining
insight into the physics of dynamic atomic force mi-
croscopy in complex environments using the VEDA

simulator[ J]. J Rev Sci Instrum,2012,83(1) ;:013702.

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn
http://www.fineprint.cn

