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Optimization of Filter Based on Power Factor and Voltage Sag Depth for
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Abstract The medium-voltage cascaded H-bridge dynamic voltage restorer ( DVR) is embedded into the
grid in series for suppressing voltage sags. The parameter selection of the LC filter in the DVR is a key factor
which decides the cost and volume of the DVR. Therefore, the paper discusses the requirement of the LC filter in
the medium-voltage cascaded H-bridge DVR systematically, then derives boundary conditions of the inductance
and the capacitance, and analyzes parameter variations under different conditions of voltage sags depth and power
factors. Finally, an optimized design method of the LC filter is proposed for the medium-voltage cascaded
H-bridge DVR with the consideration of double impact factors. The LC filter optimization procedure of the 10 kV/
2 MW DVR prototype is presented in detail, and the validity is demonstrated by the simulation in Matlab/
Simulink and experimental results in static and dynamic test.
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CPS-SPWM ( partial enlarged view)
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Fig.3 The tracking waveform of peak current under

CPS-SPWM ( partial enlarged view)

MRYE L FAL T IRE R RS, H0<e<T, it
Ai,
u, — e, = nV, —ecosp = LT 9)

M T, <t<T, Bt

Ai,

T,
B PO T IE KB E TR, (A | = A,

HT T, +T,=T,, WRHEL(9) F5K(10) 7T H

(10)

u, —e;, = (n-1)V, —egcosp =~ L

e, cosp — (n—-1)V
Cm (4 dcT

T, = v, (11)
T
Ai, = (nV,, - eg,cosp)[eg,cosp — (n - I)Vdc]T
Lv, ¢
(12)
I - (nV,, - egcosp) [ ey cosp — (n - I)Vdc]T
| Ai [V :
(13)

2R CPS-SPWM I J7 & ET, N T W 2 A Rl
NELRECE B R AR, B Ady | A L Bk B fo i B R ME
AL, H3N(13) 7 H s RBUETE Y

. (nV,, - egcosp) [ ey cosp — (n - 1)Vd0:|Ts

L AI max Vdc

(14)

BREBHER LEMBIEL N b, ZH2BER
B9 AR L IR IAE A R B &, , W ERAE V, 5
u KRN Vy, = khyu,,, 2T I, 7£ DVR *ME27E H

2016 4£5 H
AR (14) iR S H
L= (nkk,u,, - eycosp) ey cosp — (n —1)kku,,] r
- AL kku,, :
(15)

2 eon = Au,, WA (15) 182 L, 580 H &
R, HBEBRIRE R RFIXAN
nkk, U, — nkk, Au, — Au_cosp .
Al Kk (U, - Au,)
[Au,cosp — (n - 1)kk, (U, - Au,) 1T,
(16)
X (16) ATAl, f(Au,, cosp) H—AILEREL,
U B T f(Au,, cosp) 5 Au, Fll cosp HYAHE
KFo
B, RIEK(16) KM df(Au,, cosp)/deosp =0,
A AR BN TE B B BRI TR B — R B A5 T AR B Bl i i
RANBBACK 2 ATEIL . 2
(2n - 1) kk, (U, - Au,)
2Au, (17)
W, 77E f(Au,, cosp) RIMRME A, % n £
Au,cosp FIEME, BrA(17) F#7E n MRS
DAL EBRTE R L Au,, = 0.5 ), i i 2h 3 B 4L
B0 ZALE 1 B, FAEZMRMER: n=1/, cosp =
P Rt ) Gt i B s n =2 B, cosp =

W0 = B e e s 300 B 0K 2

. WE4a ATIFE W, S RE £ 0 22463 1
B, f(Au,, cosp) IR M XK o

f(Au, ,cosp) =

cosp =

S
8
&
S
N
<

0 0.2 04 0.6 0.8 1.0

cosg
(a) AT PRAE S5 0 DO R BRI BRI SR 2R

s
3
E
S
N/

0 0.1 0.2 0.3 0.4 0.5

Au /U,

(b) HER T FRAE L MR VR VR AT () S R
B4 BT RIE-SPUEmE TR R ML

Fig. 4 Lower inductance limit versus double impact factors

H, RHEX(16) Kf# df (Au,, cosp)/dAu, =0,
] AT i D R PR — RE B9 AR T AR LS B R R R
EHREEN AL 4


http://www.fineprint.com.cn

BILEHEIH  HREKE

D3R PR %55 v T BRI R B UM R 1 T P P AR e sKB25 s IR R A8 BB B as AL BT 79

nkk,[ cosp + (n — 1)kk, ]
m = 2(nkk, + cosp)[(n - 1)kk, + cosp] ™ *
(n = 1)kk,(nkk, + cosp) U
2(nkk, + cosp)[(n - 1)kk, + cosp] ™
W, #F7E f(Au,, cosp) KIRAE R, % n i
Au,cosp frhesg, FrLAR(18) F7E n MRS
DA O AR R L S ), R R BRVE IR O 8
2 0.5 B, FEEZMRER, A: n=18, Au, =

kk,
Z(TU B 7 7E R E A

D
kk, Kk,
T U= 30 ) U PR LB
ST . MR 4b FTLAF H, o R B IEVRBE fh O
ZAEN 0.5 B, f(Au,, cose) EIRAL R XIF oA o

Au

(18)

n =2 A/, Au, =

LR ERTIR, L, H R I R v R B2 o 2 SRR 4
AT IR pesE, 72
L. = maxf(Au,,cosp) (19)

B R AT AT LA Y, e R RV TR B A H T R
HBRE T Lo
2.3 RKFAFSHBA C,.MC,,HHEE

B, 2B TIFRGFR R ARR, mBEH
A C L RARE R, B, HHmotR4s, B
FHARARAAE B, HIR, BEHEAE CHERIERZ
UEFR CPS-SPWM i pfri R o TR AU, DAPRAE DVR %
HAEEPIC PR, FE, IBBEARA C 2L LC IR R4
L, DA R R BRER R IR IO BER . SR Bk,
P AS R TRW L . ORAEFHRT T/ T
AR N; QLC JRPAR A B RIRFW L 10f, <
£, <0.5f,,, f, 7 DVR REHERIE TR, f,., 0 H
PrEESFRHOT IR, £, 9 LC uBSAs B R,

MRYEE 1 795 DVR /9 A AR B SF R BN E 5 By
o B i, AMERAN, Z, A EHEREEGT, i

FHW, Zo A B EHCER T C SRR
VA —Ui 20
W (20)

K, SAHMEIR; U NHEIEAE,
I, = Bg + L (21)

L i i
La load

+ Uim

:lica Zeq H Hload ()\E Zeq

F
o)
| +8

Bl5 DVR SF3H B
Fig. 5 Equivalent circuit of DVR

ﬁ%ﬂﬁ*g—k@ JEJE/J\:J: Vigad © ﬁﬁﬂ—F
KR
1 . Yoad . €ca 1 Upg
00z, Ste~z,510'z,

DVR % 7o EAMESS, A EIRE R E
WA, BEERFTITE, WA Uad = Uy €y =
Au,, HAFE(22) ATERE N

1 U, 1 U,
100 Au, 0,2, sts 10 Av, 0,72

MK (23) FTLAFR ), HASEA BN f R %
HESL, BV Au, 8K, BASEH L. TREB
N, SERR RGBT 75 4% 2R G0 B R TR B v TR (R BE
it

R A > T 96 R IR P A BT SR @, ) LC IR
R BRI L R

(23)

1
10, < f = <0.5 24
f, <f, zﬂﬂf< f oo (24)
4 0.01
LQﬁMY\C\LQﬁQZ (25)

NT AR B R AS AR, 723 2 P RE S A B A
T, HBRSHRE/ME. K(25) FHBSH—M
BEHCF PRI L,y B Cn AR R/ME, C NHEAER
KRAEL, T 2SR e B LN A

c.sC<scC, (26)
Hr
0.010, 4
C,. = max
Au,w,Z (Zﬁfpsw) L.
. [ 0.10, 0.01
C,.. = min
Au, w,Z (211'f) L.

HERSIATUEY, BERERERAES
L. PUE THESHEM L. TRE. BT L,,ZHER
HREMB B REHEGE W, BESEW L. TRE
Ve FR T p R TR B X L e K R T R R BT
PIE
2.4 MU RGESH

HEZBRRG T, HEBRIEREM DVR K% D)
REAFAARFEE, HEATEELSERN LC SHMN
Wit ER F, SREF BT HBRSEEDREEMAEE
BRTEVREE XU B F T BAR(E A R g, AR 4
R RS HOE X R, JFRE LC B & R R
W—SHH T SEOBUETEE, ST HeiRit
TAE,

HEI ﬂ: iC<<iload ’

WA iy, =i, RIERTFHRE


http://www.fineprint.com.cn

80 BT # AR ¥ #H

2016 4£5 H

SR (8) TLUARE L, L, = 1.298 9 mH,

*1 ZR&GBH
Tab. 1 System parameters
z B BOE
RGEHESHIEME U,/ V 14 140
HUE B R Au,, /U, 0.07 ~0.5
FERARL S/ (MV « A) 2
FERAE LI [igaa” A 115.5
HAREER N 9
PWM 52 CPS-SPWM
H 5 SFROT KIE £,/ kHz 20
AVFRKHIRE TS AL, /A 23
B AR R L & 690/10 000
LC & P H R KB 7 3% £,/ Hz 350
ST YA A TR B R 2.34/.2
HEB AR fo/ Ha 50

WA 2.2 TR AL, AR 2R AR
IR EBRVE R AT, RS H T BRARAE L, 50
fiARE, Joik B HH E RS HN T RARE R &K
H. HHEE=LRG TH—PHTRESHNT
FRARAE 4T o

RFERESHEMGERB R TR ERERE.
H TR RS BT FRIEAY R AR 20 N[ 6a BR 9 2
W AEL T
cosp=0.758 6

At/ Upy=0.07
0,328 4mH

cosp=1
Au /U,=0.051 24

L=0334 3mH-..~
0. 4 e o

N
@, 0 04 03 02
%~ 03 s R BT U

(a) SUEMIA T T HUE T FRAE AT

0 0.2 0.4 0.6 0.8 1.0
cosg

(b) %yt D (R 5 R BRAE

. Au /Uy .
(o) AL IR BRVE R 5 MU T IR (B

Bl6  rLEE-S5 U N B 7 A R

Fig. 6 Distribution curves of inductance versus

double impact factors

TERL ERRVE R BB KT, Wi R AL S
BTFRERRER, A 6b fin. HARESSHER
P TR TR DR ERCR AT, BERE
BESHET REFXRME 6c fim, HARMERSM
B, FERETUR.

RIEE 6a FIXRMATTLAE I, £E=4E445
T, BESBN ML MREFH. RHEE 6b
i D R R S BE T R R & T AR E,
T AR R OB, X A T BRARE R B R AR
W22 FH A, M EEE R 1A, 7
ERBESHNRRER. BRESHRAR18) i
HARF Y Au, =0. 051 24U, BH7FEREL f( A, cosp)
BRKRME R, B

f(Au,, cosp) |Aum=0.051 AU, cosp=1 0.334 3 mH
BB RS R KEH 0.334 3 mH,

HRAE E ZKhnifE GB/T 12325—2008 (Hi e & ke
HUEMmZE) HUE, 20 kV R EUT = AHHE A o R AR 22
FFREERY 0. 07 £, ZEMTEEIN, 10 kV B ESFHAY
H gt DVR B RH/HATHME, B TRRERMNL
B EBRVE TR B 0.051 24, /NTFHRdERLE /Y 0. 07,
T%E DVR Wit ZsR 2N, B &S8R T RE R

E— AL

HRYEE 6c ATLAFE HY, TER PR (0, 0.051 24)
WHEA, ZXRMEERHE L&Y, MaEELRA
(0.05124, 0.5)FERE N, mRAMEERF TG
e, PLTErR P BT IREE R 0. 07 ~ 0.5 BIFERE N,
Au, =0.07U, B THHE f(Au,,, cosp) TR KIEH. HE
K(17)FJHI, cosp =0.758 6 WAFTEARAES, BT

f(Au,,, cosp) |Aum=0.07Um, wsp=0.7586 = 0- 328 4 mH

ZERR, TEREBIERE N 0.07 ~0.5 KL HE
W, B

L,, = max[f(Au,,cosp) |Aume(0.07Um~0.5Um),oos¢e(0,l)]

=0.3284 mH


http://www.fineprint.com.cn

BILEHEIH  HREKE

T2 PR %55 v T R R B U M R 1 T P R AR E KB 25 ie IR R A8 BB B as AL BT 81

WAELL il 3 S50 B T RIVER
bS]

0.3284 mH < L <1.298 9 mH

HRAEZ (26) 15 B2 BBETEE N

1.27 uF < € < 6.3 uF

FELPR i TREN I o, BRI S RE LT
AEEENXRR, HAENR/NX A AR m i
/AN, IR 2 DVR Hi i MEREFE AR RO ST, i T
PEICUE B T HR S B AL 5 A R ETE B AP A
NEUE . DA RME R /DA AT, WL R LC IR E AR
BRSSO L = 0.328 4 mH, C = 6.3 uF, f =
3 500 Hz,

REH R BN BRBRESENR 1 FHRES
%%, 7F Matlab/Simulink F#8 T 10 kV o K/ ME H
ikl DVR {5 EARL, XHIRE A 1AL BT 45 R 3047
',

 Ta A ERRTETRE R 0. 1 B B4 i Th 2R R4
FUF TR RBRBREE, B 7b b EERERE AR
0.1, %Iy RE N 0.75 &4 B BH R
SXTW AT AR M, B Ta oA E Bk 3h & KA/ T B
7b FRRY K SR RME . BT R, R [R]AH H Th AR
PRIEAR AT H R W B B IR R E R R], R4S i
ThAR R AR B RS T IR B R SR BT,

& Tc Sy Bk D AR R BOR AT o R BR TR R B R
0.15 B By B BB W I, 5 &l Ta X AT LUE i,
Bl 7a e ERRYE 2 0. 1 BB WK S B KRB/ T Te
HH EBRTE A 0. 15 Ry kSR ARME. BT, A
[F Fy e, s Bk 9 T8 5 8 b, JR R i 19 Bk 3l B RABL A B A
A, BVeR FEBRE R B E R W T IR s S

Bt
200 5 5
100 /ﬂ AI!MX/IIOﬂd:OlZS / ~\
< o
-100 \“
-200
0 0.005 0.010 0.015 0.020 0.025 0.030
t/s
(a) A7 iy HH T 22 R M)
200
100 y AIma_x/I 0ag=0-193 o,
< off /
-100 \"‘-1 /
-200

0 0.005 0.010 0.015 0.020 0.025 0.030
tls
(b) Fr DI R 0.75 0

200

100 ﬁMnax/IloadzO'l75 A
< o
-100 N r 4
-200 :

0 0.005 0010 0.015 0.020 0.025 0.030
t/s
(c) FL Bk P8 R FE 0. 158

BT ARFET R R R B ETE
Fig.7 Simulation results of inductance current

under different conditions

3 X

RIBEIEHES . MO R BB A2 A9
HASE, 37T 10 kV/2 MV A # DVR #4HL, W@
Bl 8a i, MRBHESESER 1 Biaii ESHHE R,
DVR FEHLTEE] 8b BT 7 B v i Bk ¥ SE 9 F- 65 7547 1 U
o Bl 8c HHLEBRIERE N 0. 4 BT BRI, H R H,
Fe. fAERHELL K DVR Ak i i IR 28 B0E, 78
R BRVE I AR 20, T ST ERE B TR s AR B T 52
H#ER, MMBFRIR SRR E, Mgy 3 A
BizJa, BIUNEREAHEETTEYE TR, DVR 3%
BRI RZEHE A, e P G B R

w'm;

(a) RS AR IR R AL (b) EE.EE%YEZQEESF &

205.4 1:

uload/ kV

usag/kV

9 02 04 06
t/s

(c) B JEBTE IR E 0.4 B (M LEETF:
YR, EMEL R, kR, fMEHRE)

B8 mEBELE ARG SLEIIY

Fig. 8 Voltage sag experimental system and experimental waveforms



http://www.fineprint.com.cn

82 BT # AR ¥ #H

2016 £ 5 A

 9a L EBRVEIREE N 0.1, RS REH 1
AT DL T R R T IS R, LR A v O ok 3 L EE
#5790.132; [ 9b N EBRIEHRE N 0.1, FrHioh =&
B%N 0.75 f B L0 T BB RSG5 R, Hodm KAk
HL K S E L 2908 0. 1985 [&] 9c Sy AL R Bk V& TR A
0.15, FHThRHELCN 1 H1E 00T H R A I I K 4
A, HERA B FKSIMEL A 0. 182, XHEH,
LR BRIE R O 0. 1 i, (&1 9a o L BK 3 e RAE WK/
T 9b By F Bk Sh e KA. H D REHO 1 B9 4%
7T, Bl 9a BRIk Sh B RAE MG/ T & 9 i HL SRR 30
= PNk

Al lioi=0L132

i, (100 A/¥%)
~
W

i (100 A/¥%)
™~
-
N
N

t (5 ms/#%)
(b) it TR EHCH 0,758

AT T =0.182

any

i (100 A/¥%)
~

o

t (5 ms/#&)
(c) B R TR E 9 0. 15

B9 REZMFT R R LB TY
Fig. 9 Experimental results of inductance current

under different conditions

B 3 X G AT AS [ i Dl 3R PR RO AS (] o T v
GEAMFTRBBRNLEIOE, TURH: AR
3R PR S50 L s R U B oL UL O Y B Bl e R {EL
HETANIR, 2T 5 2 3R R BOM i R kv R B
THATIRB AR S HAMAC BT I S5 RAEW B RGBT
PEEEISTR RO ESRT, FIRMEAL T RS R, 75 DVR

AGRRAMER BB T A RMFE R RABITTr
EEBAR, hIRBGHRM THIER S
4 #ig

AR T —F P R H £ DVR 700 i X
T T RUBR AR S B BT T vk o JE It S v K
HASHA L. TRER, [HITEE:

D) M RBRIETREE . it Dh R AR B RS HCT
FRIEBETT

2) R BRI RO S RS EOCT IR MR E
THRASHHBUETLE.

HETU LIS ER, AICHEH T HET I
720 T LC ISR DiE MRS R IER,
AR I A B R 98 B4 S M S ST 20 2
ARG IERETS IR, I AT LUK B & A R B 2 %
o MBI RN TR ERF BB B TRE
BB AR S HOT B IR T BB A BOTHKYE, BA
RLA i TAER A RT R A EIE 2B MHE

% 0k

(1] =%, B®FY, hiE, § EATESIRBEMNHE

ThRBHRBAMEARRTZE (], M TH AR, 2015, 30
(23): 58-66.
Jiang Fei, Tu Chunming, Yang Jian, et al. Multi-
function series compensator for active distribution
network [ J ]. Transactions of China Electrotechnical
Society, 2015, 30(23): 58-66.

(2]  EXH, F46&, STEF EMPRERERTS

MR T]. ARG RY SR, 2012,
40(8) . 78-83.
Feng Xingtian, Wei Tongzhen, Qi Zhiping. Optimal
allocation of voltage quality conditioner in distribution
network[ J]. Power System Protection and Control,
2012, 40(8): 78-83.

[3] Papic . 300 kW battery energy storage system using an
IGBT converter[ C]//IEEE Power Engineering Society
Summer Meeting, Edmonton, Alta, 1999, 2. 1214-1218.

[4] X%, =HE, KBV, ¥ KRARWREERS
A= m SR [J]. B TH AR, 2014, 29(3):
75-82.

Liu Xue, Jiang Xinjian, Zhang Chaoping, et al.
Optimization control strategies of large capacity flywheel
energy storage system[J]. Transactions of China

Electrotechnical Society, 2014, 29(3) . 75-82.

[5] Wang Bingsen, Venkataramanan G. Dynamic voltage


http://www.fineprint.com.cn

BILEHEIH  HREKE

DR PR %55 v T R R B WU M Y 1 T b I H AR E KB A5 i IR R AR BB PeAs Ak 8Lt 83

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

restorer utilizing a matrix converter and flywheel energy
storage[ J]. IEEE Transactions on Industry Applications,
2009, 45(1) . 222-231.

EEE, RIEE, ATV BEEEFEAINSHE
RO RI]. BARGERY5HH], 2009, 37
(17) . 82-87.

Wang Zhiyong, Wu Zhengguo, Zhou Weiping. Study
on the dynamic voltage restorers with capacitordirect-
coupled[ J]. Power System Protection and Control, 2009,
37(17) . 82-87.

&, BEE, Bt HEsSHEERE SR
SRR [T]. B A3, 2011, 31(7):
62-66.

Jin Nan, Tang Houjun, Yang Cunxiang. Topology and
control strategy of dynamic voltage restorer[ J]. Electric
Power Automation Equipment, 2011, 31(7): 62-66.
Chen Guodong, Zhang Liang, Wang Ruiting, et al. A
novel SPLL and voltage sag detection based on LES filters
instantaneous

and improved symmetrical components

method[ J]. IEEE Transactions on Power Electronics,
2014, 30(3) . 1177-1188.

Roncero-S’anchez P, Acha E. Dynamic voltage restorer
based on flying capacitor multilevel converters operated
by repetitive control[ J]. IEEE Transactions on Power
Delivery, 2009, 24(2): 951-960.
Chen Guodong, Zhu Miao, Cai Xu. Medium-voltage
level dynamic voltage restorer compensation strategy by
positive and negative sequence extractions in multiple
frames[ J].
Electronics, 2014, 7(7): 1747-1758.

Banaei M R, Dehghanzadeh A R. A novel Z-source

reference IET Transactions on Power

based multilevel inverter for renewable sources fed DVR
[ C]//Power Quality Conference, Tehran, 2010; 1-6.
Farsadi M, Salehpouroskouyi G A. Photovoltaic based
DVR for improving the operation of wind farm[ C]//7th
International Conference on Electrical and Electronics
Engineering( ELECO) , Bursa, 2011, 1. 298-301.
Masoud Barakati S. Voltage sag and swell compensation
with DVR based on asymmetrical cascade multicell
converter[ C]//North American Power Symposium, Boston,
MA, 2011. 1-7.

PRER, RE®, K3, % ITEEREHEA
AR AR ) E R IR B R s [T]. P E Rl TR
], 2014, 34(28) . 4983-4989.

Chen Guodong, Song Jinfeng, Zhang Liang, et al.

Control strategy for eliminating DC magnetic flux in the

[15]

[16]

[17]

[18]

[19]

[20]

[21]

injection transformer of a dynamic voltage restorer[J].
Proceedings of the CSEE, 2014, 34(28) . 4983-4989.
SRR, RIRI, $N4. 20 kW =8 F I MA A
ERBESHEN R B ORERP 5EH,
2010, 38(20) : 193-200.

Yi Yingping, Liu Gang, Hu Siquan. Design of main
circuit parameters for 20 kW three-level grid-connected
converter[ J]. Power System Protection and Control,
2010, 38(20): 193-200.

EAF, FOUR, K, %. B R STATCOM %tk
LCL IR a0 i R SB[ T]. B TR
#H], 2011, 26(12) . 99-105.

Wang Cunping, Yin Xianggen, Zhang Zhe, et al.
Characteristic analysis and parameter design of output
LCL filter in D-STATCOM[J]. Transactions of China
Electrotechnical Society, 2011, 26(12) : 99-105.
KK, B&, s, %. STATCOM % HIE Panssty
B RSEAALT]. BIHARER, 2008, 23(4):
137-142.

Rong Fei, Luo An, Tang Ci, et al. Structure design of
output filter in STATCOM and its parameter optimization
[J]. Transactions of China Electrotechnical Society,
2008, 23(4) . 137-142.

BHH, IMENR, WS, S REEAREHE
B EHERR[T]. B ITHERER,
2011, 26(11) ; 74-80.

Tong Liging, Sun Yaojie, Lin Yandan, et al. Research
on output filter in hybrid active power filter[J].
Transactions of China Electrotechnical Society, 2011,
26(11) . 74-80.

ER, N, AFEF. L8 PWM B8R BRIE R
ST Sk IR B AR T T]. PEELTEER,
2003, 23(10). 78-82.

Wang Yi, Li Heming, Shi Xinchun. Harmonic analysis
and output filter design for multilevel PWM inverter[ J].
Proceedings of the CSEE, 2003, 23(10): 78-82.

Kim H, Kim J H, Sul S K. A design consideration of
output filters for dynamic voltage restorers[ C]//IEEE
35th Annual Power Electronics Specialists Conference,
2004, 6. 4268-4272.

X, HMT, ®KE. HBEERESNER
FREAMEREATT]. P E B TR, 2010,
30(13): 69-74.

Liu Yingying, Xiao Xiangning, Xu Yonghai. Characteristics
analysis on energy steady compensation for dynamic

voltage restorer[J]. Proceedings of the CSEE, 2010,


http://www.fineprint.com.cn

84

BT AR %R 2016 £ 5 A

[22]

30(13): 69-74.

NG, BEK, BT, ETHRAHEER DVR #ME
MG AT Tk R/ NRERAERI[T]. HE B YL IR
], 2010, 30(31). 43-49.

Sun Zhe, Guo Chunlin, Xiao Xiangning. Analysis
method of DVR compensation strategy based on load

voltage and minimum energy control[ J]. Proceedings of

the CSEE, 2010, 30(31) . 43-49.

fEE "I

HEMAE B, 1982 4, WA, TR, PRy eER
BAHIBOR AL Ry i AR BBIAR

E-mail; chengd@ shanghai-electric. com GE{E/EH )

Kk & 5, 198FAL, B, BLARW, HET A, il
WEEEGL, BESETT ) A H B BT &2 4 B R R ol A el g iy AR
R,

E-mail; miaozhu@ sjtu. edu. cn


http://www.fineprint.com.cn



