ERORIET 2022 4F 5532 5 555 #].545-552

doi:10.3772/j. issn. 1002-0470. 2022. 05. 012

ETRERFBKERBSFXNEREEWERRER REiEIT"

BEAD EZE K K

(T T AFHARTEZER M 310023)
(T T K FEMELH S EH M T HAAT B EEEZHE M 310023)

i B HMBEYRENBAEFH AT R AERT AN EMHETFR, BE —AEXTK
FEAR A E 4 SEBE R F] % FF 4 (ISP-SSHI) & 2t db Bl i 5 o 3t B (it 8 SE 5%
F Ik B E R B X BT R T AT, T T R R BT 5 ZE R (SD) Xt
HEW E R R B A, P T 2T ISP-SSHI w J 09 T & 15 B &, FF 41 7 ¢
BFERBEHFATTIEGMER, FRFN, kSt B 5 g et ugRF T X
(SP-SSHI) H # A8 e i sh R4 & T 15.5% , 5 #r ok fp B £ & ¥ (SEH) 48t #r B 3p %
®EHT 121.8% % B TEANMELNFER,

gkl EwibEdE; BBta; JTRIER(SD); R AT A

JE A A EALTE i B (R B3t I, AR
Joik 5 B, A AR XU PR BT
AFIE ARG B 42 i) 28 G W T s SR 422 0 £ B8 7 1) LA
SR MR, R HLE N T M s
J5 AP PO RS E , DR IE 2 4 AR 5 1 R RI0R
el PR T 28 8 o AR I R R B W ) o SR
B K B B AL O LR AR IR I 4 R G R AL, H
A HERE TC LA IR ARG BB A R G Y S
Ho

WA K BARE AREFIIR SN e S5 2 FhBRUR , L
TR RE B T B R A 2 R0 AR 0N T i AR
BN Z RS Rt B BT FRRE ALY IR 2h RE M AR
DI AR 48 B B Re, 5 28T AR Y 1Y Be B ICAR
O ARG R B Ottman 25 A7 B A B o
eI HEL K ( standard energy harvesting, SEH) ,i%
H, BT FL B AT THD L BT B (H A A e S AR AL
FALFAMRE . Guyomar 25 A1 7R LR F 42

THET AR A TT KB Y HL R 2P IT 2% ((synchiro-
nized switch harvesting on inductor, SSHI ) Hi #% | i i1
HLFE B 4 i T B S ISCER A% . Lefeuvre 55 N7 A1
SR T — e Ay [] A0 B BRSPS R
AILAC RS T RERUERCR . BRSOk
PEIFRBARBITIA B BT T RE WA ROR, IR {2
A7 ] PAY b3 R e 7 S A 5 AT T R
MBFSE . Do SE N4 —Fh i 1] 4 A S R4 1Y
TAr L . Du SR A 1 A S A
FEL AR R PA T A A% R iy 2 8l A ) G L v R
TiAn L . Chen S A 4R Hy — i i v 5 A H
FRIAH S I R R AR R B AR AL AR LB . Zouari A
NPAE SSHI s rh g AT 3 F 43 BOF B 1 e K 3
FBERHOR . AN, 3B AT I A S 2 B B K Bl £
TFSE BB O 030 2ok ol s o 4 6 4
ZRIBE L, H ERSTER TP I SCEAR B S8 — 7
T 25 L AR T S 1 L B 5 AME LR, SRR
fem 1 RE TR IAERCR (AR T R RGLINFE,
T3 —J7 T, oA B S Ry 2 2 | T L A

O EHFEHARBIEIES (51375456) FIHTTA HRBHFAIL 4 (LYISE050025 ) WEBHTH H
@ B ,1974 Ak Wl HUZ W ) 2L RGBT S 00T MIMUR B3 12 B R N E-mail : jiangjd@ zjut. edu. cn,,

( Wk B 39 :2020-12-05)

— 545 —



BRAMEIN 202245 A $32% $F5H

& E A2 K (complementary metal oxide semi-
conductor, CMOS) T A7 il T, XfE LLAE SC P T2
Hin FH . Lallart £ Cuyomar[ 6 FE I H R ] A T
(parallel synchronized switch harvesting on inductor,
P-SSHI) HL % Ay S itk L, 482 t — & B 1 fE I 15¢ . Jek
] & T 5 ( self-powered parallel synchronized switch
harvesting on inductor, SP-SSHI) Hi %, i & F £k P
TEPFSEIIF S Wi ) . Liang Al Liao' " #E— 25
it T SP-SSHI HLE  FERHEAEAR R K-F- T SP-
SSHI 5 P-SSHI HL e 2 [A] (9 IX 5], {HRE, 3k STk
SURIE LR 3R 58 b B9 HF OCHE IR (switching delay,
SD) INSE A —AMEEE , F A % 2] SD X g it ik
SRR A IR

BEXF bR R, AR SOR L B P SD kAT BB A
TR 5 SR B, A SP-SSHI LB (19 JE A, 1,
Fi I HE IR A SO A [ HERE T I5 H I m] 25T ¢
( improved self-powered parallel synchronized switch
harvesting on inductor, ISP-SSHI) Hi %, I3 T It i%
T A BERETCL AR IR B Y a5, il B A S
B PR S B S 5 S IR R SRy AT
ik,

1 Ewat &k e BRI

R TCL A M 4 | 5 B LT 15 AR I
2T L, e R E s s 2 IS L B B 1 2
BEERAR AT R IR I S R S A v e
TR TG — AR A B A A T R S A AR
il e EA TR A L, LASE S R ML AR S A
BT SR 1A AR i S B A

[ Ewiermmmrns |
A

EH. BB
Hrh ety

Hilfs 5 K%
TR R A ]

FailfE 5 8%
W BT
SR 4

1 ETR&EBRNENESRRATRIESNREFER

CANSZ JE A i B AR A i 8%
TR A HPLCHE
il KRG

— 546 —

1.1 ERIRFERBFER
e H R R A Rk
F, = K,,u +aV
(1)
I =au-C,V
Ko, F, MR R IR T, K,y 8 AR R
WIS, w2 R AL, o S A A He g 7 1R
¥, C, NIRRT RIFFRZ, VR A a5 i
JE, TR R = AR F R, AR SEPR R 38
BRSO — R i, 5 H IR
2% C, SNFFHF R, FFFEE, R, NHERI TR, &
HIRTHIRIEN i, = Lsin(wt), o1, Z2HR
R, o 2R,
1.2 P-SSHI B &5 47
P-SSHI Hi, 3 i ZE B A R R I A — A HU S L
F—ATFFK S, FFRMHLRZ A& RO R, Lhgib
FEEAS TR N e S B %, 35 m # A f B 1Y B 1 UK
FESEFRA DR ok R JE6 110 26 2 I e BEL AR A7 A
TEHUE B X — s B S B Pk — i g
PFE 5437 L B 00 T BT R Q A O BRI =,
Vig = Ver = @0 (Vo = V,,) (2)
K, v, MV, e BERi E g, vV, 25%
HLE, Q Rl
R HTE A B L i < A

Ve T oty oty

R]A 2 - - (Jto Idt - JZO [Sdt) (3)
l()+l

[ 1t = =200, + 2,7, (4)
to

’0+71 .

[ 1d = - €V, (1 4 e (5)

BESEAR (1) 1(3)(4) (5) b

40’ VA0’ R
Ppsgn = U L (6)

(wCpR, (1 = e2) + m)>

K, U, WEERIRSNN IR, o RSN A
K, Vo H R, BIRHLIR, o S FEHLH A9 FE LR 7
¥

38 P-SSHI HL S TAETEHNE 25 0F T 11, 7658
B, FF G S AAT R IEAFAEAL R B AL A5, P
Z IR EAFAE A — 5 B ML B3R | 42 R 4 Hr S b
T80T (4 P-SSHI Hi 8% T ARSI,



RS R TR AE IR 166 i AT AP T DG A s L RE i WAC A L B S R B i

1.3 SP-SSHI EB & SD 43t 5 2ist

SP-SSHI Hi, %3 i, 25 A6 2% | L 3 4 A ] 25
TFE 3 FASEIIFOE S M TAE, 2 23 #3m
JRitR I

- | I [
' | [
: | : |
| | |
' | | [
' | [ [
' | [ [
: | [ [
| SZDl : : D3 SZ :
' | [ [
' | o1 | |
: : 7\ : NLFoo :
[ p— [ I [
' cl | [
' | | [
: | | |
| sk | R | RSHE

& 2 SP-SSHI IS ERE

RS R SE IR EA o Ll 3 ER M, (1)
FEHR T R 508 Z [ A 28R o (2) 2
LRI AR AR IEIR 0, (3) LS AYARALSE R B,
A HTIX 3 AR,

X T He LR 1 HL R SR8 2 ] AR A 22 0
NEBHLZS €, S R, . —He4% D, %5k s FE R,
PIKHLES C, G IFRCH — 5 — BT 2, IR AT
IR A, N

.- 1 +w'RC
2 W' RC(C, + € + 0’ (Cp, +2C,)7
(7)
N _ RC*
o = tan”' (wRC —tanl( _ @it )
( 1) wRCl CP +2Cl
(8)

KPR =R, +R,,

X FALER R 25 AR AL IE R | By T IE s~
JRSABRT AR, HOsF 8 0 R 4 545 0, 672 3 1)
L, YREIR TRV, 38 K B KB R, JF G
IF U v, 5V, W

Yo o 1 4. (9)
V, = 1+jwRC, -
A = 12 2 2

S+ o’ RC (10)

6 = —tan"' (wRC,)

o, A0 53 53] 2 A0 26 A6 i g 14 P, T 1 L L FTAH
(DA TSI

X T LA AR BRI ZE IR B v, R B KA,
BARE VN =V, +2V,

S H RS TAE 75 250 AL

Ve =V, = Voo (11)

AV Sy SR - R SR B R . LB
> = 0,C, [E AT LIBE R AV A

AV — Vi cosB = V) (12)

TIE A
BE
B = cos™ (A _ Von ) (13)
V.. +2V,
o A 1 T Rl 2
p _ UL R [1 + cosd — e (1 - cosd) 17
SPSsHl =

(wCpR, (1 - e%g) +a)?
(14)

R (14) PRI TE 6 e [0, 5] DY AL ¢

= 0}, Pyssur = Prssin o SD XT3 A B I A AR BICR
HEMREM, B ¢ 8K, Bk, 456
R, A 3 SRR AR R B o S0
BN, B di EF UL 6 FTLAZBS AT, B, A
/N SD BN B IR B RN T 1

2 E A% %R ISP-SSHI JE = 68 & Yk
BN R ALK

2.1 KR ISP-SSHI it FE 2%

BT BRI, N B4R — IR HE R
ISP-SSHI Hi, f#% , FC A AN 3 s

W AE AR Q1 W B R B A —A4> AR
D6 , TR =M% Q1 ML R v, | W/ B U
KB TN SD B H Y, Bl 4 B8 SP-SSHI 5 ISP-
SSHI HLE 11 SD 7ERF[RIH 4L m = RC, WAL T A%
FA G, Fh PR AT 23T, ISP-SSHI %% {4 il £k # 1 SP-SSHI
L2 T,

Sy E 75 WA M 5 AR MR ST 3R ISP-SSHI HE, % 1Y T4
JR B S SR AR SRR IRIR i, FERTT JFLIE R
I L TARIRAS o A R

— 547 —



BRAMEIN 202245 A $32% $F5H

3 ISP-SSHI H 3%

2 T :
— SP-SSHI
_ —— ISP-SSHI
18 pow™ 1
el
g
=)
w
0.5
OO 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
I )% 5 7/s
4 THEEE SD XFLLE

A SR TR T BL, Fa i P ARSI iR A LS
HA ) FL T AL S () BT/, FEIX — B B, L i U
Zend R1 M ZARAE DS mIHLAE C1 FoH B AT h —
WA D1 D4 3 ) 1 2R AL

FEFLRSS 1 B B B, S s F AR 1 B
W PR IR R (l TR V), S Q1 S, A
A ) = Q2 3l , 4R Cp idat D7 Q2 5 HL )
L1 R A1 %, B 28 C1 @it Q1 .D10 Q2 JitH,
H fi P ) FL R SR AN 5 (b) IR

FEFLR S 2 U B B B, RIS v FR R T
BI5(c) i, FEXASBY B, FLER L T i 1) T
HL, T R A B Sl DA R Q3 NIRAETE Y
NTFAERLAS L E ST Q3 D8 FFURTIH .

R R RIS B R B 1 FR A 1) AN R 5 ()
JR o MBS =A% A A E W (R 2 A B AR
F fap , PRHGE 3 D12 R2 JFIAi

56 IE Mk IS Y ISP-SSHI Hi, % 5 J5L SP-SSHI
H % 22 (] % DX 0, B o £ B PR X SP-SSHI
ISP-SSHI HL i HEA O Bt BB 40k B sk 1
B o

— 548 —

ka /N D4

Crect
— RL

i—

r’ 1
IR
b ok AOIKDS ()}
T 3 _Crect
c &2 zgmz;'m
L1
(a) ARFTHITE
1
NDIZAD3
_|Crect<py
RD27K D4
W 4
Cln ok ADIZ D3
) ==
_ [Crect. RL
IND278 D4
2 :
D7 KD
Ip lcp R ADIRD3
Q== DIl (Crect.
02() 2 - §RL
L ool | zp2skDa
fail L1
1

B 5

(d) WA BL

EFEHARETERE



RS R TR AE IR 166 i AT AP T DG A s L RE i WAC A L B S R B i

®1 FEREERHNESESH

28 HfE
Ip 1 mA
FiR 100 Hz
Cp 33.74 nF
Rp 100 kQ

MRS LK 6 B, B I E KEGRIE , (H
ISP-SSHI H, [ e 2 58 B9 i H8 R 7E 3..5701 VA
T SP-SSHI HL %1% 3.3213 V322 7.5% .

(0.31,3.5701)
3.5F AN‘M/V\/\,\,WW\/vvvvvv\NW"V‘/WWvwvvx |
3F o (031,3.3213) |
e
¥ 251
#
2 b
— SP-SSHI
L5r — ISP-SSHI ||

0 005 01 015 02 02 03 035
g

B 6 e Rt A R XY bt

2.2 RELERTRIET

FT R RAER [SP-SSHI % 7 o 6, 563+ 1 1]
TRBER RGN LML ARG, REAHE
HLRE SR AR B U0 H I | L P 4 v | v e o]
7 BRI AL R B

Horr IR AR R AR L XU A
H, B RS B A LA ARAS B 4 A I S A i, L 7Y
R R A e R AR A A AN R 7 TR,

B7 ERSERAGERLEMESIUNE

F RS 4 Fi T8 R LR 7 A I R AR
SEREN R TAEHR R, i i 5 2 B8 ADI A A 1Y)
LTC 3331 L B R -FH 5 DC/DC 44 8% . %
O B A 15 PR B AR FL R R — 1 el T SR

F, E AR F ) [ - THE A DC/DC 48, D3y
H—A 10 mA (44 48 S ] it 2R AT 15 R 7T
L IR 25 A RS IR R R B IR A
Wil 3.3V EEIBERSE TAE, R, S0t 55 P
B REAE O AME A M Y S A R
IR, FLH BRI 8 F

;! F‘I “H GNDLTml
o B 2F =
—4a ¢ BEE §§ o
VIN 10 o
C7 1
C3 o
Taour ¢l .
if = vasz
= 4TuFRI oy
o CHARGE
GND 100K
20 BAT_0UT
—LC8 BY_ON
4.7uF 16 EEIN 3
= g2 8 ggg &
x sg58 § BER 3

4

[

T

33

19

) 21

VING
=1 o

TJPGTND
9 GND
.JuF
= Lilm
= —battery
GND T

B8 HETLEEE

HEUE R G AT ATV 38 A LA RO R
PR HEAT O B, S bR O B K Ip F N
K10 £, 05 VOUT i th LR A& 9 R, /R i
U EAE 23 ms 5 30 ms B — B S 16 31 ms
JERETE 3.3 V /i AT RERSTH L R G0 T A R
Ko RIS S 28 e e 67 2 Y 4 i, 78 VOUT
JEHEA—A-10 kQ AR, L & 1A T 2R
KN, SRR VRSB RBEIEIA, 7 f R 07
G T, i R A B TR 31 ms T, WE(ET)
HEAFAELL mW e AT, K 2 R IR VR RS 1 B b T

4 T T T T T T T T T 15
3.6f ;
32f B {12
2.8f : ;

> 24 o 19 B
g 2} : 1 £
B 16f ; 16 &
12F ! -
0.8 ! -- iR E |{3
o4l — W |
000,01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.0

L
9 HmHBEMIZRERE

A R s il S PR B MSP 430 F169 %00 A
— 549 —



BRAMEIN 202245 A $32% $F5H

FATAREIIIFE, 1. 1 wA HYFSHLAL I 1508 & T
BERARIIFER R R GE I . TEERNCR AR T4
1 2. 4 GHz EL 1 nRF24101 2804, il SPT #1015
MSP 430 AT R, fLIRAREEHF ADXL 345 i)
F#E 3 fhhnk e T, s 1IC 4 11 55 MSP 430 #E7 38
i, ARG h MSP 430 GBI IRIR 5 AR

BN o

3 EE IR

AR R RGe TR BT AH I A LR A% B 5
BRGS0 6 DL IE ) RE 51 BE A9 52 56 )
W, SRS E 10 fis

E10 THERTARERBTA

AR S R HUAY He L R Gt L L R b A
ML P % H, Sk PZT-5A, R HL B RSF (K 58
J&) M 60 mm x 15 mm x0. 3 mm, 3£ 51 H 70 mm
x17 mm x 0.3 mm, L BIZNESE F-o4 45 mm x 15 mm
x0.3 mm, SLHHH SA-SG 030 BIFS(E 5 & L A%
FEAIE OG5, 4t SA-JZ 002 FL % X IR
FEANRE LA B R R G AR SCHL R HSR 4T
TCHESEE, BRI JT# e 7 5 250N 3k 2 i,

B UEA SC T Y ISP-SSHI HA, B& 19400 340 | 4
PEFTXT S, 4 SEH Ha % A1 SP-SSHI Hi 4 | 1SP-
SSHI Ha, 3 75 AF [] 1) 552 30 2% A1 047 i 1 Fi s A 0
T, A A A R AR R Bk R A G, IR,
T EUAN () 1) P BELBEL AL, 43 J30) 2647 s PP P 45
FE 11,

EERESIN S BT o1 I i i R =R b N S O
HP R RS B 22 3 K, He ) A ST 4 Y Y 1SP-SSHI
FL B R A 1 e I R R . ORI L R S5 D3R A 56
— 550 —

R 11, AR 12,

®2 BEPTIZEFRHNESRESY

aF2A TR LRSI E 24
ZHED IN60P
01.0Q3 PNP 4 S8550
Q2.4 NPN 7 S8050
Ll 10 mH
R1 .R2 200 kQ
C1.C2 680 pF
Crect 47 pF
RL 33 ~220 kQ

—e— SEH |
—— SP-SSHI
—<— ISP-SSHI

100 120 140 160 180 200 220
B /kQ

E11 fEElEMEHEEZBHER

20 40 60 80

0.2
120, 0.1961

0.18 g 2
0.16 (120, 0.1697)

—e— SEH

—o— SP-SSHI
0.12 —#— ISP-SSHI ||
0.10 J
0.08 | (150, 0.0884) 1
0.06 - 1
0.04 1 1 1 1 1 1 L 1 1

20 40 60 80 100 120 140 160 180 200 220

HLPH/kQ
12 HEERMHEINEZBNXR

H 12 R, SEH HL B 7 £ 330HL Bl 150 kQ
At o R i K, ok 88. 4 wW 5 SP-SSHI HiL Ik 22,
TETARN 120 kQ T 169, 7 wW (35, A SC
& ISP-SSHI Hi i 3 Y D 3 e K TE SR 120 kQ
BT D%k 196. 1 W, AHELT SEH i ISP-SSHI
HL B IR B 121, 8% , 4T L SP-SSHI Ha %, 4y



RS R TR AE IR 166 i AT AP T DG A s L RE i WAC A L B S R B i

g 15.5%

Ryt — AL B UE T B R AR H BR AR A R A
SRR ) TAE T SR, 075 % R G 1) TAE D AE
— 0,

LA BT U TAEL RS R 3 A 72 BR
MR B B B R AR B BORBIE Kk B, o IR
B B ORAr A PR ES AJBE  TCEMUR A A R BERIR
B R G AR THFE , TR FH 2 I e AL PARHIR
— BB [A] J5 e i MCU, Jf-3F A B80S R AE BT BL ., It
IF, MCU R i o 58 32 A7 Joeats , ol Jom 3 2 42 Sl 1
TAE, B # ADXL 345 % s #88 1600 Hz, fi i
1600 G , ML I8 TR 4%, #EA
Blla R BT, IRy R A B B R AT Rk, R
FE RN 1 Mbps , &£ RIRF S22 40 ms, S8 5 T
HEARIRIY B . RSP BRI DIFE NS 3 PR .

®3 BEMRERZINFR

o LEHUIE TARRUE TARERRE
LRGSR IV /W
RIRBYB:  0.401 3.3 T, 1.32
HARRIE 0.552 3.3 1000 1.82

=t
w}fkﬁ 11.630 3.3 300 38.38
[ Bt

S T AR GE R ORI ] ] L 8 2R 4 1 °F
YUIRE , AR ISCAR B T L RE B AT VR C e 55 3
R, TR SR R

p 1327, +13.334
B T.+1.3

Kb, PRFYIIRE, T, & RGMIRIRI E , o
B KR DR 196. 1 wW, UL, A 2 AL
AR IAE , FEA i ] A FH i i, 7 de DR T
11.64 s, RN REPHA , fic H R AR IR 3] )07 A 2T
20 s,

4 Z ®

AN SCHR Y —Fh 3 T ZE R ISP-SSHI 1 /5 24 RE
WS TP & T 18 F T TR AU S 55 1)
A BERE TCZR A YT A, #E ST T R HR 1 0 B 2 SR
FiRY 5 SP-SSHI Ha % 4 B S AR Y | I 38 i3 1) o0 By

(15)

FSZE X LA A0 N 4518

(1)SP-SSHI HL#HT SD FOF7E S EU T RE Sl gE
ORI AR,

(2)SP-SSHI HLE&H /Y SD 1 o .60, B 4L, Hrp
B A TN, s B AT LAH i AR = HR A Y
B -2 5 A0 1 PR s 52 B, O LAt ISP-SSHI
HL % 7 ELAE R /R A LE T 5L SP-SSHI HE i it rl
JEARTH 7.5%

(3) #E47 7 SEH , SP-SSHI , ISP-SSHI i i 2~ [d]
AT L S50, 0 kR 19 DR/ N R AT 3 30
B SEIRZEALRW T B 1 TR 196. 1 pW
kb SP-SSHI Hi 42 J+ 15. 5% , tt SEH Hy, % #2 7}
121.8%,

S% 3k

[ 1] %, whgiak , MERE 25, 2T P R R R] 26 T
AR A T R RE B P AR BT[] AR AR i
2018,31(12) .1815-1821

[ 2] wttde, F, &4, %, JRZerE3m E I 3
FRREMT 4 A BT S AR E AT [T ). AL BLACF ik,
2019, 50(7) :398-405

[ 3] NICO V, RODRIGUEZ J C, PUNCH J. A vibration ener-
gy harvester and power management solution for battery-
free operation of wireless sensor nodes [ J]. Sensors,
2019, 19(17) :3776

[ 4] DUCHARNE B, GUPTA B, LITAK G. Simulation of syn-
chronized-switching method energy harvester including ac-
curate piezoceramic nonlinear behavior [ J ]. Energies,
2019, 12(23) :4466

[ 5] OTTMAN G K, HOFMANN H F, LESIEUTRE G A. Op-
timized piezoelectric energy harvesting circuit using step-
down converter in discontinuous conduction mode [ J ].
IEEE Transactions on Power Electronics, 2003, 18(2):
696-703

[ 6] GUYOMAR D, BADEL A, LEFEUVRE E, et al. Toward
energy harvesting using active materials and conversion
improvement by nonlinear processing[ J]. IEEE Transac-
tions on Ultrasonics Ferroelectrics and Frequency Control ,
2005, 52(4) :584-595

[ 7] LEFEUVRE E, GUYOMAR D, BADEL A, et al. A com-
parison between several vibration-powered piezoelectric
generators for standalone systems[ J]. Sensors and Actua-
tors A; Physical ,2006,126(2) :405-416

[ 8] DO X D, NGUYEN H H, HAN S K, et al. A self-pow-
ered high-efficiency rectifier with automatic resetting of

— 551 —



BRAMEIN 202245 A $32% $F5H

transducer capacitance in piezoelectric energy harvesting
systems[ J]. IEEE Transactions on Very Large Scale Inte-
gration (VLSI) Systems, 2015, 23(3) :444-453

[ 9] DU S, SESHIA A A. An inductorless bias-flip rectifier

[10]

[11]

(12]

[13]

[14]

for piezoelectric energy harvesting[ J|. [EEE Journal of

Solid-State Circuits, 2017, 52(10) :2746-2757

DU S, JIA Y, SESHIA A A. An efficient inductor-less
dynamically configured interface circuit for piezoelectric
vibration energy harvesting [ J ]. [EEE Transactions on
Power Electronics, 2018, 32(5) :3595-3609

CHEN Z, LAW M K, MAK P I, et al. Fully integrated
inductor-less flipping-capacitor rectifier for piezoelectric
energy harvesting[ J]. IEEE Journal of Solid-State Cir-
cuits, 2017, 52(12) :3168-3180

ZOUARI M, NAIFAR S, BOUATTOUR G, et al. Energy
management based on fractional open circuit and P-SSHI
techniques for piezoelectric energy harvesting[ J]. Tech-
nisches Messen, 2018, 86(1) :14-24

TIWARI R, BUCH N, GARCIA E. Energy balance for
peak detection method in piezoelectric energy harvester
[J]. Journal of Intelligent Material Systems and Struc-
tures, 2014, 25(8) :1024-1035

GIUSA F, GIUFFRIDA A, TRIGONA C, et al. Random
Mechanical Switching Harvesting on Inductor; a novel ap-

proach to collect and store energy from weak random vi-

[17]

(18]

[19]

brations with zero voltage threshold[ J]. Sensors and Actu-
ators A Physical, 2013, 198 .35-45

CHEN Y Y. Piezoelectric power transducers and its inter-
facing circuitryon energy harvesting and structural damp-
ing applications[ D|. Taibei: College of Engineering, Na-
tional Taiwan University, 2013 :20-23

LALLART M, GUYOMAR D. An optimized self-powered
switching circuit for non-linear energy harvesting with low
voltage output| J]. Smart Materials and Structures, 2009 ,
17(3) :035030

LIANG J, LIAO W H. Improved design and analysis of
self-powered synchronized switch interface circuit for pie-
zoelectric energy harvesting systems [ J]. IEEE Transac-
tions on Industrial Electronics,2012,59(4) :1950-1960
FENME. FET RS R FRER LM [ D], Jbat:
Jemtzgil R A LA TR 2%Pe , 2018:20-24

CHEN Z S, HE J, LIU J H, et al. Switching delay in
self-powered nonlinear piezoelectric vibration energy har-
vesting circuit; mechanisms, effects, and solutions[ J].
IEEE Transactions on Power Electronics, 2019,34 (3) .
2427-2440

LALLART M, WU Y C, GUYOMAR D. Switching delay
effects on nonlinear piezoelectric energy harvesting tech-
niques| J |. IEEE Transactions on Industrial Electronics ,
2012, 59(1) 464472

Piezoelectric energy harvesting circuit and system design based on

low delay parallel inductance synchronous switch

JIANG Jiandong, WU Songtao, QIAO Xin
( " College of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310023 )

( ™ Key Laboratory of Special Equipment Manufacturing and Advanced Processing Technology,

Ministry of Education, Zhejiang University of Technology, Hangzhou, Zhejiang 310023 )
Abstract

Aiming at the self-powered demand of wireless sensor nodes in the crawler crane hook stabilization control sys-

tem, a high-efficiency energy harvesting circuit based on a low-latency improved self-powered parallel synchronized

switch harvesting on inductor (ISP-SSHI) is proposed. A theoretical model study is carried out on the switching re-

sponse of the self-powered parallel synchronous switch inductance collection circuit, the influence of the switching

delay (SD) of the rectifier circuit on the energy collection efficiency is analyzed, and a wireless sensor node based

on the ISP-SSHI circuit is designed. The experimental node device is developed and the engineering comparison ex-

periment is carried out. The results show that the output power of the improved circuit is increased by 15.5% com-

pared with the self-powered parallel synchronized switch harvesting on inductor( SP-SSHI ) circuit and an increase of

121.8% compared with the standard energy harvesting( SEH ) circuit, which could meet the needs of construction

machinery equipment.
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