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Design of Self-Powered Power Supply of Sensor for Piezoelectric Energy Harvesting
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Abstract; With the rapid development of sensor network in internet of things, the weak energy harvesting circuit

has attracted much attention due to lots of advantages. In this paper, a circuit based on piezoelectric energy harves-

ting technology is designed, which collects the low-frequency mechanical vibration energy in the environment, gen-

erates AC voltage through PZT piezoelectric ceramic transducer, and then amplifies it through quadruple voltage cir-

cuit, and rectifies and transforms through the LTC3588-1 power management circuit, eventually generates a switch-

able standard voltage for low-power sensor operation. The experimental results show that the circuit can effectively

support the low power sensor to operate normally.

Key words: piezoelectric transducer; vibration energy harvesting; self-power; power management

0 =&

TEL K 10 ZAF ML, & 2RA0 B A 1R AP E R
O R L Bl 22 K R B TG 2k AL AR M B F R EIRA
A A7 T AE Dol AP A B Tz W . R SR
1 AR ARG B )T SRR A . A R e
il I I i o L R R Y ST S W PR S v o g
SR — BRI A it 1 R 1 T I R A T R
i R e Ty A A AT A AR E AR
7 CHn B 8 v 3t 28 D 8 5 0 L R o e Tl 1
LA O L R B BN RE e . 55 Ah R ATRBH AE
SEAE N A B RE R IR R TE AL IR T .
XS T RS B ST AL i A D 7 L (HK R A%
R RN HRAE S . B — AR A A

I 75 B #5:2018-05-10

FVFHE B A SN I e B 25 . DR UL L RE 806 1L 3
Z IO A 5 8 R AR HOAR S B RO JC AL IR
o 2%k — 2D R R AR

AT 1T e T T L O 1 I 3l BE R U4 4
AL I8 T —AHISE LTC3588-1 L& BLIS A /Y
AE WAk L e
1 RERAERGRBZEARERTETAR
L1 SERXERRERERER

s L B R AR A D LR BOBUZ TR B R
ey I B R A T B F B R O R O
R D9 Wi B A 11 8 2 [0 A Ik 3h A i 4540 B TR
P JZ AP AR Al 198 IO A 7 A SR A e T I e P A
A o AR SO IO FL R R 1 O Rl DR AR 1

EEWHE:FZKARPAESTIIH (11304160 ; L3548 BF 78 2L 52 B BB 71 %) 2 4 BT ) 00 H (SICX18_0286) 5 VL3758 48 K 2% L A Al |

SRt R 4 B H (SYB2017003)

PEF B AT IR9E 4G (1997-) . I3 VIR IE 2 v N o 32 %0 T v R At e 4R B L B BT T M W9 . PR 2 (1981-) I R BUR 8 N il 4% 1
A B RS T O AR RSl BRI ATSY . E-mail : sunkx@njupt. edu. en,



214 E B 5

= 2019 4F

Peos s Herf MO EE ) 5 Ry O 8k w (0 O i
WU o R 3 [ 5 — T A S U T AR iR A
DATE IV AR A 3 85 5 18] 2 A » 4 4k 1 Ik 3l i s
LA RE ™ AR TR AR T AE TR WL TR b R 3T 7 A L A
2% Yk TE S s St B A gk R B AR — A
AT AL IE 5% U H) 3 2 L T

y

‘ BT o
of 5 ={M] & [Ju()
P SR

1R L RE SR B 45 1

1.2 ERiReERTIERRE

T e L2 7 JE B 7 1) (A 4 B o O R B LA
Bk

T,=cES, —e, E,;
D,=e, S +e3, E,

Ao Ty S Rhm R Iy 5 S0 il B A 5 of Dy e HL 2
FEE B 37 260 T B M B CRI A R B 3 5 000 O JR
A HGE, NHRGRE D, NI e N HE N AR
FIF TR A E B
2 WIREHE MK

TR s R A R A L 9 52 I L A 16 R AT kA%
SRS TAE MRS i R T B 2 0k — A Fi Y54 P P B
H AT B A o 5 48 32 A 3k A% B8 4y S L i
RE AR AR RS R Y Al 0 4 R R
Ji 4 B H B 1) R ISR R 3 A

& 58 10 4 7 B 32 B2y S 3 H i . DC/DC AR
e L P B A A T g AR A A AT H X A S R
4 43 7. FEL 6 14 R D RE R F R D BR i s N OE A
IS 1 By H P % (PZT) 0 RE o 17 AL B, Li
Yani BT 4 57 L BEOK T RERE & 1. 42 W W,
R 25 0 B 5 . R O B AR R B R R
AT SE T A RPN B (R A
A SR iy B Py R B Y R T R LS
14 fil £ OB H
2.1 LTC3588-1 BiE&EENHE

LTC3588-1 3245 2. 7~20 V My A, HAE N4
BE BT — AR AE 4 A 2R U R — A B R AR
JE#% I HEERE — D R R, S MR S
25— FRE W A] O A5 R R ) A A AL
HL . A Al i L E GO LG 5] R AE 4 Fh oA
& H (1.8 V,2.5 V,3.3 V,3.6 V), N 1 fr
N3 SN AV =D O VA1 S K 73 N W =9 DA TN 4 E 772

A Vie WEEWIE 2 s, Ph LTC3588 i
A% s PZy  PZy XU EL Vi B3 4 iy A3 » Cr Ol
B+ i i B P2 5 Ve Sk HL R B S 0

k1 HAwEHRE

GO Gl HHHEE/V R/ nAGHZS B D
0 0 1.8 44
0 1 2.5 62
1 0 3.3 81
1 1 3.6 89
PZ, 1 L PZ e
14 2 Ipz PZ
mCﬁ-"_ (C/m‘ pgogﬁfﬂm L,
3
-ﬁ uFl 37 g ]I:;Alfl; Vour ZND 10n c
J_ 0 921p0 GND a7
C LTC3588 10 uF
T

GND GND
K2 A RS B A

2.2 fEERHK

Hy T AEAR IR 4R 3l T« s v 4 B 45 i 4K
/T LTC3588-1 L J5AE BELES A 1) i A 25K Bl A
2.7 VBBt — > UG v % . f T R e BE Y
i HE R TR 5 PR A R TR B R B A P B
3PN,

C c
It |
T +Iv FIv
Vou AD, ¥D, ZD, ¥D, v
3 C4 out
It It
X FiIv FIv

3 pOAE I R

1E Vo, AEZ AR — A R D =il
D, #k i £k Dy X2 C e BIEME Vs
B AR R D 3. DUk . G
FRRES V,, BEEN. 20 D, XA C T,
UEBT SRR Vo TV, =2V, G — Bl ],
Co ERIHRIEZEAR N 2V, 8 =AM e D
D, T .D, @k R DX G st Sb,
Ngid Dy ¥ Gy 5w Co B EN V,, +
Vo —Va =2V, HMAFE . & D, 1D T
. Dy A Dy k. R BRI Dy X G e X
2D X Coei.C BT E V,, o+ Vo +
V=V =2V, . 0t A it AL Vi = Ve +
Vau=4V ..

4 DU AL B O o SRS bl T s
il U AN RS E P FE BT LA AL Voo IF A REAR TR
REN AV, AR T 10 A ECE 24 RS . R



5% 2

TR 25 45 - T ) T PR B i W 0 12 TR AR 1 I P L R BT 215

JEA 2R BN BUEAE 4V 0o BT HL A S Dy T v 45t
REAR I A 25 1F T A 28 200 R 3. 3 Hzo B
JEWEAE Sy 3V, &l 290 11V,

15.0

10.0
.
> solp!

S MR
i

(=]

-5.0)
—-10.0,

2.0 40 6.0 80 10.0 120 14.0
i al/s

B4 U TE H R O
2.3 E{KEEE
5 SR I . He F A0 R 0 AR 30 1 AL
R A% Ak g HUBE A Hh — IE 5% 0, 28 DU A% e L BR S L 2%
A LTC3588-1 A 45 #L A I , Je A il — e g 1
HL TR A AR D FE AR Ik R v

C

t B
4
A
AD, ¥D, &D, ¥D,
l C3ll C4ll
T E | |
Vin PZ, 1 Y PZ Vee
Lo 1pz PZ
= 3 Vi PGOIRIIER L,
3 Cip SWi 1
LuF g‘\f" Voul” oND c
D2 GND 7
C LTC3588-1 10 uF
T ‘61.7 uF ¢
GND GND

Bl 5 fg e WO % R

3 ERkIT 5B

X Bk B ZM-PZT-65 X 37 X 0. 4 K5 1 & i
KRR EE R s aeds 52 &l 6 B
7N o o 00 2 2 B T L 46 BB A S R v L
— i fil DA EE A R i A AR AR . @A A
A 28 A7 ¥ T P 40 BB 25 7 AR MLARCHIR 3, O 38 i R
i 58 i 19 246 B A% i 3 T S S IR IR R 5 OV
W2y 3.3 Hz MR 5% 3. R it w48 AT it 19
HL YA B PR S L 1 3 3 A AEL 1.8 V2.5V,
3.3 V ik O .

K6 JEH AR

TLH A R 1.8 V2.5 V ik 3.3 VHE
VE Ry HL U AR Ak 25 MSPA30 B R AL . 3 o) — A~ 4 B 42
Hl B A MU GO G Y 0.1 ARZS . AT B 40 ity
CENE

S R W] TR A AR RO A AL TR T AR
LM3 #X T ) MSP430 B 1 #LIE % T AFE, H % b
6 sl LED 4725 1 s,

S, 7E AR 2 #E B X R, LED 4T 52 B
MSP430 1 I#E e KAE 6. 6 mW, X 1L He iy A I
AR 2 pios . HmETE W e m W TIERN
s MR T IEH T AR .

%k 2 MSP430 i X\ 3 3K

R E/V AL/ mA )/ mW
1.8 4,29 7.7
2.5 5.48 13.7
3.3 5.09 16. 8
4 HRIE

s Hi, e WA R BR 0% WS BRI ) A1 g
i IR ALy i BE SRR I AR AL AR AT . A
SCECHE T AT D)4 v YR H R 1 R R 4R H B S
F W], HOSCAR O BE B AT it — BT #E MSP430 H )y
BLIE A . Bl A5 ) 16 0 kit 3 i 1) 4 T & I o Al
DL ZH AR BA R0 RS . DUE AR %
JEHE I BE R A L DA R R B T IR I ) A A
REJT .
5 3Lk
(1] BR&GH . E 7 BN 2 TR R AR BRI R & A%
AT F BT ] AL 54, 2014, 22(3) .
952-955.
CHEN Shaowei, WANG Zi, WEI Gang. Design of
wireless sensor node based on piezoelectric energy har-
vesting technology [J]. Computer Measurement and
Control, 2014,22(3):952-955.
(2] XUpile . st MR 2, %6, Ralfe & AR BRI AT 5
TR 5 % R 9 (1. %5 6 1 He R L 2013(12) 4347,
(31 XU@1LF B 5. To2 T 70 o 14 28 46 10 65 50 7 o
FEHE 5 LT] i PL AR 5 & &, 2016, 26 (3):
162-167.
LIU Chuang, WANG Jun, WU Han. Research on mo-
bile charging issues on wireless rechargeable sensor
networks[ ] ]. Computer Technology and Development,
2016,26(3):162-167.
(4] SRIEME ., S A ROME %, 55 Al B8 X 2y 1m) 4% 30 RE it



216 Eow 5 A ot 2019 4
e F AT LT]. B W 5 A%, 2017, 39 (4): Technology and Development, 2014 ,24(10) ;206-210.
594-598. [9] PRIYA S,INMAN D J. fg#t i ALM]. 8 0L#k.
ZHANG Xuhui, WU Zhonghua, DENG Pengfei, et WAL, PR, T AL AT RS AL, 2010.
al. Study on the optimized design of replaceable multi L10] Rl R, 8 7 8. 055 a2 U 48 o B 3 R m9 BT %
directional vibration energy harvesting device[ J]. Pie- PR S R A ] BRES 5 MRS, 2015,34(9) .
zoelectrics & Acoustooptics, 2017,39(4) :594-598. 6-10.

[5] SODO H A, INMAN D J, PARK G. Areview of pow- RONG Xun, CHEN Zhiming, CAO Guangzhong. Re-
er harvesting from vibration using piezoelectric materi- search status and developing trend of ultra low energy
als[J]. The Shock and Vibration Digest, 2004,36(3) : harvesting circuit technology[ J]. Transducer and Micr-
197-205. osystem Technologies,2015,34(9) ;6-10.

[6] STEPHEN N G. On energy harvesting from ambient [11] LI Yani, ZHU Zhangming, YANG Yintang, et al. An
vibration[ J]. Journal of Sound and Vibration, 2006, untra-low-voltage self-powered energy harvesting recti-
293:409-425. fier with digital swith control[J]. IEICE Electrics Ex-

L7] M. JE VB ¥R 3 A A CHE B 8 09 B 5 9 pF e LT . press,2015, 12(3):1-7
5 R 96,2017,39(1) : 144-148. [12] ULUSAN H,GHAREHBAGHI K,ZORLU O,et al. A
WEI Sheng. Design and experimental investigating of self-powered rectifier circuit for low-voltage energy
piezoelectric vibration energy storage circuit J |. Piezo- harvestingapplications [ C ]//Morphou: 2012 Interna-
electrics & Acoustooptics, 2017,39(1);144-148. tional Conference on Energy Aware Computing,2012:

[8] JLI%.WRLL. EiR. 5 FIB G e i 2B 52 e v 1-5.

REAT LI I HLEL AR 5 & &, 2014, 24 (10) : 206- [13] YING-KHAIT E H,MOK P K T. Design of trans-

210. former-based boost converter for high internal resist-

JIANG Bing,CHEN Hong, WANG Qiang. Piezoelec- ance energy harvesting sources with 21 mV selfstartup

tric performance analysis of an bow glyph single chip voltage and 74 % power efficiency[ J]. IEEE Journal of

trapezoidal piezoelectric cantilever beam[J]. Computer Solid-State Circuits,2014, 49(11):2694-2704.

(E#% 212 ) dem arrayed giant magnetostrictive actuator[ J]. Jsae
3T B - Rcviciv, 2001, 22(3):369-371.
N —— (5] ?ﬁhjﬁjﬁv W%, #RAKHI. TG B 4 b k4 i A A

T AR ss S i BwtsLI BFFE0)]. JEHLS 6. 2001, 23(2); 164-165.

BLBK TR, 2016, 52(7) 37-37. JIAZ Y. YANG X. GUO D M. Study on control

LTY, JIAO Z X. Research on electrohydraulic actua- Model of giant magnetostrictive materials[ J]. Piezoe-

tion mechanism of linear drive [J]. Chinese Journal of Jectrics & Acoustoopticss 2001, 23(2); 164-165.

Mechanical Engineering, 2016, 52(7). 37-37. [6] BEHRIC. 2%, FCFF. 0 S0 4 BUAT S8 R B 7 i A
[2] KWON K, CHO N, JANG W. The design and char- Pl TR R FETI T, WL 5 UE . 2000,2,3-4.

acterization of a piezo-driven Inchworm linear motor JIA Z Y, YANG X, WU D. Giant magnetostrictive ac-

with a reduction-lever mechanism [J]. Jsme Interna- tuator and its application in fluid control elements [J].

tional Journal, 2005, 47(3):803-811. Machine Tool & Hydraulics, 2000,2:3-4.

[3] YANG X L. ZHU Y C. FEI S S. Magnetic field anal- (7] BRJE R EN G0 55 50 0 2 1 % A 8 S B
ysis and optimization of gaint magnetostrictive electro- BT P EYL T#,2014,6.718-722.
hydrostatic actuator [J]. Journal of Aerospace Power, CHEN Long, ZHU Yuchuan, YANG Xulei, et al.
2016(9): 2210-2217. Driving magnetic path modeling and numerical analysis

[4] TANAKA H,SATO Y, URAI T. Development of a in giant magnetostrictive pump|[ J]. China Mechanical

common-rail proportional injector controlled by a tan-

Engineering, 2014,6.718-722.



