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Fig.2 Comparison of output characteristics between
two energy scavenging topology types
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Table 1 Comparison of parameters between two
energy scavenging topology types

Wb iy SV LA EE /]
A 7 4.0 789.33x10°*
B A 5.8 182.48x107

S 505 H AR AR [R] A% M e JEE ) A F
T BROE R F A AR BEOCR B TP R b, BR
JEE R F M AR e R L R R 3 Y i R o A RE SR Y
Wi 2, B URIE EOC R , i TR IR 2 sk
Az BT ) R 3 A L R S TP AR RE M A AR R FR
i 45, S g b 8 78 30° LA AR AR I B AR AL A 2R 0
BRI FM AR BERICR AU

2 FAEBATHAIMIITEMNE

PRI A1 50 B 37 4 AS T A8 Ak DL R A% 8% 235% 1 28 7 % 2
TR R T AR RS 1) e 46 ot 3 3801 45 30 BH e 199 22 AR
5 S FE B L P R S D B Bl iz SE R R A R
T AR 1 W 2 MR R s v | A2 TR SE R R B
B A AR R SE DR A — AR ) R B F B R R R
MERERET RS BT REMAEME TR,
2.1 AEBITHEIMEIT

&l 3 BT 7R Ay 2 TG A% I AR D g 2R B it i
VA H R B FR D L AR FD | S SR AT R0 B U
P W 45 e 91 ¥ PR i R R 2 460 Ry 3 DU Y B I, HL S 42
A7t HL 25 0 S AR 19 i 7 B A7 A A O | TR] B i B 1
o A] Ay S e 4 o L AR T AR R h iR R R H
B, A BRI N OR T Buck HUH . oML AR L Ek
AR | R, FI R, 2H A B [ i R i

Vi L
1¥I

N AN

N

|
1
N
11

3 IR R4 Hh
Fig.3 Topology of conditioning circuit



167 ® 4 & & it &

8355

R 26 3L 24 1850 PWML A5 5 4 I
BT BBV, BTN o, 455 1 B P B
.
22 AEEHERRHFER

o FSE AR 11 B 0 PR, 24
ACRE AN AR IR i 2 FL B T RLAF8Ch DC/DC
At B, 0 IS B L A 4t T
b, A4S R R i3k 0, 3 T
A LA
18D 24 () ,(0) 1= [1=d0) T o)

A ()r _ oy u(t) (17)
¢ dt =i(t) R

Horp u (o) M HLES €, P R TR, (¢) R B o L
§() AR ; (v (1) )y TR —NFFREW T, AR
() FEIEd() WP R E S T,

P H R S AR S — S A A W R S i A
o d)=D, BB T W ER U, i
FERIRRISE N U,, AR A I e A PR R S i 5t B
P, 75 P i ) ST J B 09 R SRR R G S 3 R R R 2
HL O 0P SR AR AF T2 85 25 DL & B
DA RN LR KAG S a4 P A B A s
Z LR,

{D(U:UJ—(I—D)UO:O

_U, _ (18)
=4 0

Hor U, U, 7390 2 v Ak A 7 285 AR (R B Ak A
ELR TARARS TS ) B 5% g R AR S L I

EEY LI
U,=DU,

;U (19)

R

FER/EBL NN R = T I S = Y D)
HARZHMXER, W) FE il R E
ARSI S A B R S RN G, A
FE N T E IS R N SR |= KU 7 N i BU R =i =
WTF 1) 7 25 AT A5 f (A R A O
Tok B fe L s b pE 2ok

07 2 A AR TR R R A e A R
K sl R 52 Pt a0 ) v i i o He e A9 52 i) |
WL ST R B B Sh A /M S A SR e R
LI A H TRy R RD o 4 A B AR AR
AR  IF L 2 (1) Fem (o) IS & B4 3 &
AKX 7)1 25 BRI Z s — By 28 g i, ml 45
R WS M R

‘Ld(zfigt):ms(t>+vﬁ<t>—&o<t>

da(t) 1,(1) (20)
w,(l) _ 2oy ul
‘C de =i R

X b AT L 107 307 A8 4 - B B AT A5

Gu(s)= li(,(s) | = Ui
d(s) |u()=0 LCs2+R—s+1

A (21)
Culs)=tl8)] 7DL
u(s) |ds)=0 LCs*+ R—s+1

2.3 SMERIZEAL T HY VR E R R A I

PR AR L 37 T REAN T AZ AL | SR BE #4119 i (14 L
e Fifidh e 3 AR A T 5 2 i A PR B O W e sl 2%
AR B A ™ A R B AR B B A A2
4 53 2, AR 11570 K B4 5 ey 9 L i o ) A
PEFAT S

WA (17), 23 5 AN S v 538 FOC IR
AT IR T5 R AT P8-S Az 4, nl 7353
FFE V. 538 HOC I 977 0

UO(S)=C 11(8)

S+ﬁ (22)
1) = =~ [U(s) = U(s)]
UO(S)=C 1 1 I(s)

s+R— (23)
()=~ Us)

IR (22)F1(23), 358430 32 5 BX (1 MATLAB/
Simulink 15 EAEFI W 4 i, FEixf5 BRI %
EFHBESECN . U=20 V(SERHM AR E), L=1mH,
C=500 uF,R=1kQ,T=10 ws,R,=15kQ,R =15 kQ,
5 B R 1-U e R

|

— S SR
s 47e-55+1/1000

1/(Cs+1/R)

I N
B U,
Bl 4 Simulink {7 E#&E
Fig.4 Simulation model by Simulink

T a0 B PR R R S R B 0 A S AR R S R
R 5~30 V, BEMEAEE U AMKT 5V el 30 v
A, H S TAEAE AR 2 R WPIRAS B 5 - A iRl



%6

AR 3R R Al IR P D R R ®

S 3 T AR MR CE M, BRI O R R
5 A R A RS M, — T T Ak S RE AR R 25 A L
i AR A R 2 A X B R LR Y B I | 5 — Ty T
LR P 7 3 IS A R Bt Il B R R T L R B AR e
P | ] B S5 rfn] SR FH AR A 0SB DL K He AR
AT B A RS L
24 THESHS

TS A 90 245 R L R ) A0 | AR SR
T T AN 2 B S TR B P A R G R R
3 o R B A B 0 R fk R R, o G (s ) A
W25 (A5 33 PR AR, G (s ) PWM #5 I L 38 R H ()
FoR 43 R W 465 1 A% 3 pR L, T o O

M’T—ﬁ G.(s) H Gu(s) | ) I Gu(s) | )

H(s)

5 HEEEARRSIER
Fig.5 Block diagram of close-loop system of
conditioning circuit

B 5 T P BR 25 45 110 B4 [ 8 444 25 bR B G (s)
R AR (24), Hod U, Fm PWM 2% 1 5 14 )%
i 11

Q@h@@wmnmw=chw (24)

m

W PWM (88 IR U, 2.5V, R4
0245 4532 PR o M 1, BB i RS HU AR (24)
6 5 L, G 100 0 [T R 2 A2 i R B AT
T A D R L R A U B R R I 5% A £ i
IZB!%Z GC(S) :

G.(s)=

(144.5x107%) (1+4.49x10™%) (25)
1.60x107% (1+1.59x107% ) (1+1.59s)

HR A 3 I S 50 D R AT 0 R IME X 45 19 1% 346 bR
BG(s), ITFHR BIE 3 F5 e L IR LB AE 0.5~
0.52 s WIMA] H it L BH B 1 kQ 227828 100 Q, BTG
LBAGIRASAE R BT | RIS 45 5 & SR
PP, B R R LA SR AN IET 6 TR

5

-1
0 0.2 0.4 0.6 0.8 1.0
t/s

Eo MEREKAHEBENHESR
Fig.6 Simulative results of output voltage of
conditioning circuit

TE 0.5~0.52 s WIfA], 2 sk /N | i Hh 1) SRk
]38 K, B 6 HnT LA HY 18 B BA T A L R 7
R ER N B | 24 S R Bk Bl S AR PR 2 F)
JER L KO LA SRR Iz A T A R

WA FR AR
3 KBHR

Sk ek A B R DA H 2 AR R N Y SR AR 1Y
AAtRe R0 oE S A tRE L P &, BT
FE A H 37 5 5 AR Ak i R B et 78 42 RE 0 F M A B
FL R AR Pl R | R S 6 v o AT 5 Bk e A A
REFH TIN5 IR L B 5 19 AR PR RE

Sy rh RS He R 3 F B ) OC EE BR A5l TRF540
N BN, B HA ALK S8 B 36 mQ,
RN 1.7V, BB RUVATT BT E ] 53504 97 ns
F1 52 ns, B RIRALT 1 kHz B, DIZRALT 100mW
I ARINFER S R R T2 7 AR 7= A K2
FEAE WL R A PWM FE I % TL5001CP, H TAE 1% A
HLRHR 58, 7E 3.6~40 V Z IRl FEHLTAEHIY 1 mA,
IEF AR ZAN 1.4 mA , BARDIFERAR & & T K
DIkE AN, BT T S i il v 5 i A R 3 i |
PR I 3 5 DGR X 3K BN A5 5 2R AT R B L 2k ] TLP250
IRIIFES R R, R AE A GaAlAs &G A I
FEHUR IS, DIFEL R 100 mW

AR S 50 v R R L b B A iR P A2 5 20 em
BAE 15 em B BRI RV RS I o o o — A
A, ZHERNBEBRER 27V, KA SF,H
FEEMRBEERFINUESI M RRE, LR,
AT R T AR R AR R 25V,
Fea s e PR AR A A RE B | DURA (R A4 TR H R A T o6 K
LA o L B AE R W RS R B, SE g b 2 i
14 L 25 JC AR AR 4 2 IS A B A g A, U R, B85 v G
NG ] P B A AR F S T B R B 2 R Ik
e, MR S AR TR 2.5 V I
fittRE R 15.6 ], FF& SHAE I BRI FE L) 300 mW T
AL WU G R A7 ) P, B FE 00 4 e i 29 FE T 1 min,
SRR N TAR L3 22 5 B s H B v L 25 T A A
JE AT DLAESRe e — RO AR M BUE W5 W% A Ak hg
ARG B RRE T LA AL

W TR KRR R BT AR A TR R 25V
Ja N TR | i EE A 10 kV/m, 5 min J5 D
e FEL 2 T AR AN B LR TR Al 7 () TR

&l 7 (a) TN B2 R TP () LS FE 9D IR e R
225V /E,HitkiRBI B EREFE 26 VAL =T
WIHAAE PR % E A REAE B n] DL B S e A U
B 7 (b) s R A1t T A5 L 3 5 B 5 KV /m 38 14
JNZE 10 kV/m B RS HL 3 P i B L 25 1 L R R TR |
MR DUE I8 PR o e AR R R A
RS SR S T 7 () BT 7 S A1 it T 001 H 3 56 58



162 ® 4 8 & it A

8355

LY R——
| PR

s | SMRGSRIE

0
L
(a) WAMETLE 25V,
ShHL 53R I 10 kV/m

I S——
| POERERILIEL
BIE | b

0

(b) MR EH 5kV/m
WA 10kV/m

I e

%
BE S
0 t
(¢) AP IZEEH 10 kV/m
/0% 5kV/m
EE.Ei, iy S5 23
I | SR

(d) MHLIZFEEH 5 kV/m
W% 3kV/m

B 7 fEeER B REMIEIFEE R
Fig.7 Waveforms of storage capacitor voltage
and external electric field intensity

10 kV/m Z#i/NE 5 kV/m B 6 B8 HL 28 1) R i
HY | HL 25 H T B A1 R 3 A i 1) B AR T s/ | {H i
KIRETE 26V,

H Y 51 F g 5 B AR S AR, S kV/m FEARE
3 kV/m B it 68 HL 25 0 HL O O IR 4R REFE 2.6 V1T
2 B A1 R 5 A AR T RN WL 7 (d) B, X
S T B A A it T H 7 0 B Y AR, bR e
LS NI s o 1 D A e B L Kol 5 T o S o
17 Z— 2 WRE A , Y A B e 3 8 U B g = /D
TR BB OCIE AT T YRR B B % BE L 2K ST A
2 70 2 0 HLRE | PRI PR 2 T FR R R B A R R
Y AR AR T I B

4 HHig

7R 3 T B0 2 6] L RE R RE e AR E AT T B AN
SCHRBIETT AT RS AR R AR RE # A £ RE BR G HRE H BR
TULEREIH AN I X HBEATHOA A B T BR B4 $h
ERERCR I RE M N 3, 5 S8 S BRAg v ol i 3o Bk Y
WA AT S5 A B ket | B O B A Fh A5 A Xt
T s VA B PR R AT R ST AR AL R AE S s S
TR A IR A3 BT U S 8 TR R AR T
WIS REAE, B IRRISNE AW T EH T T
L BEUE S EN 2 P NG R 7 A N U P B R O 9 S 3 <

T AR R MR S0 6 (R SC BN G T A0
Sy TR A A RE R ST R B IR IS T HERE

2 () HL i 4R BE 7 40 s T B2 43 A S I 17 R T I 1)
T T B TR ffe o B BB P i 2 0k A BEL B e K )
W DR Tk B 2 B — Bl T R R e e
AR AT A L H B &, FE AR T AR 2555 5 55— Fh J7
RN AR RE e AR A R AL, X 2 M7kt
R RE A SR o T S P 3ty P B 47 22 2 1) DRI 5 22 A R

SEXH .

(17 AT dE 2850, 8 RErl FRIE[) ], PIE APl TR 241, 2009,29
(34):1-8.

YU Yixin, LUAN Wenpeng. Smart grid and its implementations
[J]. Proceedings of the CSEE,2009,29(34):1-8.

[2] JOSEPH A P,THAD S. Energy scavenging for mobile and wire-
less electronics[J]. IEEE Transactions on Pervasive Computing,
2005,4(1):18-27.

[3] LEE D S. Wireless and powerless sensing node system developed
for monitoring motors[J]. Sensors,2008,8(8):5005-5022.

[4] JIANG B,JOSHUA R S,MATTHAI P. Energy scavenging for
inductively coupled passive RFID systems[]J]. IEEE Transactions
on Instrumentation and Measurement,2007,56(1):118-125.

[5] PhERE. HeT K PH AR ML A 0 TC L3R 3h 1% B &R e B g (], MRS

SRS ,2007,27(4) : 132-133.

SUN Yuguo. Study on structure vibration wireless sensor based

on solar cell[J]. Noise and Vibration Control,2007,27(4):132-

133.

SIMONE D,VITTORIO F,MICHELE G. Autonomous sensor sys-

tem with power harvesting for telemetric temperature measure-

[6

[l

ments of pipes[J]. IEEE Transactions on Instrumentation and
Measurement ,2009,58(5) :1471-1478.

[7] LEFEUVRE E,BADEL A,RICHARD C. A comparison between
several vibration-powered piezoelectric generators for standalone
systems [J ]. Sensors and Actuators A :Physical ,2006,126(2):
405-416.

(8] M, ) X8, 2RI (], Rl 540k,

2010,47(532) :40-44.

WANG Chan,ZHOU Zeguang,OU Yuguang. Research and develo-

pment on thermoelectric generators[J]. Electrical Measurement

and Instrumentation,2010,47(532) :40-44.

KM RI SCE A A S5 —Flg L {3 H T 2 A Al v TR B

HUBRBIESE ()], e BER 2741, 2008,21(8) : 1427-1431.

LIU Pangang, WEN Yumei,LI Ping,et al. Study on the power

o
—

management circuit of a magnetoelectric self-powered wireless
sensor [ J]. Chinese Journal of Sensors and Actuators,2008,21
(8):1427-1431.

[10] ZHU M,BAKER P C,ROSCOE N M. Alternative power sources
for autonomous sensors in high voltage plant[CJ//2009 1EEE
Electrical Insulation Conference. [S.l.]:IEEE,2009:36-40.

[11] EAF, WA PR, 2 ne Wa A i 2 =04 AR % 1 25 4 Fh M
WEFE()]. W A3 kB4 ,2011,31(9) . 78-81.

HUANG Jinxin,ZHANG Li,LI Qingmin. Research on capacitive
topologies of the energy scavenging converters used for smart

monitoring[J ]. Electric Power Automation Equipment,2011,31

(9):78-81.
[12] EICHl. Ber Py B SRR R B M ). Jbat . @ A5 808 o
2004 :84-99.

[13] FzA4 /NP DC-DC FFIASHAR m s 5 23 BT i S 2 [ 1.



%64 AR5 R A M IR 2 ] e A A R B (165)

B R BT K44, 2000,28(8) : 112-116. EERIIT .

ZHOU Jianong,ZENG Xiaoping. A review of the modeling and 8 % (1983 —), F L AKX ETA B
analysis of DC-DC switching power converters[]J]. Journal of IR £ R E[VESLLER BA
South China University of Technology,2000,28(8):112-116. WREF AR N AR ZFRAEBERIAER

[14] BAEus. s Jy 1 R G Rl (M. AL st BLBC T R A 7 @ 89 #F 50 L AF (E-mail : zouliang@sdu.edu.
2005 :6-109. cn);

[15] 5k, DC-DC & He e 4 L MR il LR B 52 (1], w5 2003 A& (1984—), % b R T A B
(3):35-38. R RS ERNFHEES %L
ZHANG Bo. Research of non-linear chaotic phenomena in DC- P s TRl e R G R e a ( (E-mail .
DC converter[J]. The World of Power Supply,2003(3):35-38. linbowhjx@163.com) .

Spatial electric field energy scavenging converter used for smart grid
Z0U Liang' ,HUANG Jinxin®, LIU Mengqi',ZHAO Tong',ZHANG Li'
(1. School of Electrical Engineering,Shandong University, Ji’nan 250061 , China;
2. State Grid of China Technology College,Ji’nan 250002, China)

Abstract: A spherical energy scavenging topology is proposed,its mathematically analytical model is built
and its influencing factors are analyzed. For the practical applications,the spherical-cap topology is adopted.
The large signal model and dynamic disturbance model of the conditioning circuit are built,the design
principle of its feedback network is given,and its feasibility is verified by the simulative results. Since the
variation of external electrical field may influence the operating characteristics of main conditioning circuit,a
simulation model is built to study its operating characteristics under the equivalent variation of input voltage.
An experiment platform of self-power system is established and the overall operating performance of the
energy scavenging converter is verified by the experimental results.
Key words: smart grid; energy scavenging converter; spherical energy scavenging topology; conditioning
circuit; design
S S o S O S U
(L#% 153 W continued from page 153)

transformer insulation condition assessment method based on 2004,36(2):147-160.

set pair analysis[J]. Automation of Electric Power Systems, [17] CHOI S W,LEE C,LEE J M. Fault detection and identification

2010,34(21) :55-60. of nonlinear processes based on kernel PCA[J]. Chemometrics
[13] Rk, 4k R WM 5 5 Bz Wb i o0 Mk (7], bl and Intelligent Laboratory Systems,2005,75(1):55-67.

RS WE,2007,35(1) :241-243.
ZHU Songqing,SHI Jinfei. PCA approach to condition monitoring EEZE .
and fault diagnosis[J]. Machine Tool & Hydraulics,2007,35
(1):241-243.

[14] WANG Haiqing,ZHOU Hongliang, HANG Bailin. Number selection

of principal components with optimized process monitoring

Wi (1975—), B, #d FEA 8l %
BoWE ZERAT AL LAEEKRAL
M a2 S FE B A KB W R 89 5 (E-

performance[C]//43rd IEEE Conference on Decision and Control. mail:yangt‘ingfang@126.com);
Atlantis, Bahamas : IEEE,2004:4726-4731. KOAR(1990—), F  #AdaRUA AL,
[15] JOLLIFFE I T. Principal component analysis[M]. New York, IR T @ K e R %% E K (E-mail ;
USA : Springer, 2002 : 11-20. maji_3513@qq.com);
[16] WANG Shengwei,FU Xiao. AHU sensor fault diagnosis using W HLE974—), F T REEA LR
principal component analysis method[J]. Energy and Buildings, i AL EEHR T @GN G

Incipient fault diagnosis based on improved principal component analysis
for power transformer
YANG Tingfang',ZHANG Hang' , HUANG Libin?>,ZENG Xiangjun'
(1. School of Electrical & Information Engineering, Changsha University of Science and Technology,

Changsha 410077, China;2. Electric Power Research Institute,China Southern Power Grid,Guangzhou 510080, China)
Abstract: Based on the transformer DGA (Dissolved Gas Analysis),an improved PCA (Principal Component
Analysis) is proposed to diagnose the incipient fault of transformer. Different from the traditional PCA it
standardizes the sample indices with the sum of their absolute values,which eliminates the numeric
magnitude difference between indices while keeps their information differences. The principal components
are selected according to the cumulative contribution rate and the Euclidean distances between them are
clustered to determine the fault state of transformer. Diagnosis instances show that,the proposed method
effectively improves the diagnosis accuracy of transformer incipient faults.

Key words: power transformers; fault diagnosis; dissolved gas analysis; principal component; cluster
analysis
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