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Fig.1 Typical waves of power quality disturbances
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Fig.2 Zero- crossing phase locked method
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Fig.3 Basic structure of phase locked loop
LA A T 2 S A 4 K F 00 e, R 42 1) 3%
GENTRIF AR 5 BAR AL 2505 5 e A8 UL TR 280 B %
DBV A DE PG e I PR 5 A, AT k8 2R 48 9 )
AR S R FAR AL (2 5 v o e, R — 303
X R 7 58 D RN 45 K #R AR TR B 7R TR AR F
TORERNIHT, H R X FR 72— A A 8
AE LB 2 W shasthaeRc 22 . JF H, 2 R e
A R I D B e B AR P I RS B T A
) B Y A 2 s AT XS ARG R JC S 4
22 HREHIHEIR
BAF B B (SPLL) & —Fh 3 T BRI T 8 1Y
BiAR 75 2, AT H R o 3 A e N g R RE T
Ty b BT FL U PR T 1 R BB A A0 e IR RO AR R
AmEIER, 28 7R, Kl 4 75 i SPLL
T7 B FEAG 5

W
0+ S +7 - - 0"
U SN 1@%%%, —[FURI )
; = sin
b -
. s

4 SPLL WYE A&
Fig.4 Basic structure of SPLL

JEF W B JC ) BEIE B SPLL 1Y 56 AR Ji B S K
=HE A BT E w8 Pq AR Y5 3 uq,”ﬁ:}ﬁ%
JIT A P 04 2 2 BOAH B 0 07w, B9 R/NRAE T
iy AR 0 AR S A 0 Z BB 2EME, E
5 0 AHB S B9 28— LL B RR 43 (P 9815 #5985 J5 AT

MRIREES 0,0 5N R o, HINE 15 2
MR " 1% AR 2 — R0 BT S 15 B e A
WAL 0, BE A W0 RE A8 B — A~ B s A, 3 a9
PI &1 25 o] 3k BB 0 H 1),

KA AR |, S — 231, 3l AR A0 % HAH
PLZEAR R ZEW] | u, H— B A, B R /MR R B A
B s Z R AE A 225 . FEMIER A 58 A
RATEOLT Ju,=0, B u, 210 5E 0 53 i, B
H U R A AR AR T AR A, PRI 7 50K A o7
SR ARG DL (u,=0) L PTIATTW4Y u, 7T 35
FIBA M H A, BT S I SR R A 5%
SRl A RN 0 EARER K, Ik —A4 T
Wi 52—

4 = MR A L R T A Y T AN S
I BT R4 32 AR s HAE K o, X 45 SR A &
Wi, 28 L D% IE 7 i e 40 R A i, oA
o3t pq FEHRER AT R 0 4 B W 2R A E K
X0 A A E U, SPLL [ 4 s A Z Uy (F P
FHEUE 2 X ERHH R T SPLL 9% U i 81 Wi
AR AN B R SRR Y i, RGP AETE 2 A
SRS X A A A SR A BT DL — G
[ LN O 87 N E N B = = 1 e = R =
HLE, BRI SPLL HETS 1 17 2 e,

3 HLshiain

2y 25 ¥ T 0 Bl R T vk 4 BRI Sl R AR 4R Oy
LA AT 232 5 Fifr
3.1 BREEMARER)

F, A AV 2 R T B 3 — > J 0180 1 O A
BRI, T SR TR A E R S PR
Hh SR — 0 J U R s e 87 ) 2l A

1=k

u; (1)

hy i s I A A S R B ] T vk R GRS A
S 0 R B e R AT Bl K A R {HH T vk 2R
SRS ) 300 B A A R AR AR | 7 DR 52 25 A% Ik
Vi o i W 3% 07 i HOE E G R R A A W,
/D B A S A By S R T — R B IR RE
PRL I B A B M b 45 1 P R RS I I 22 R
A8 S5 I FL R R I R T B 0 A A kAR A X FR ST
32 ETEBEMENINEREIRH 40 T *

7 ¥R HAT BR R B A U PR
X abe HebR T B = AH HL i (F T B ) 1T Park
A B abe AARFR T B AR RN dg0 AL R R
AR R A

leqO:PFab(‘ (2)

2 A B C
P="\/=- 3
3 {D E F} 3)
A =cos wt ,B=cos(wt—120°) ,C=cos(wt+120°)
D=-sinwt,E=—sin(wt-120°) , F=—sin(wt+120°)



%18

S UINAT S B H T R Sk ) A O @

BRI R A (¢) =uy+w,, B wy = Usin (ot +¢@)
FFEPG A, AN R B | R
AT W AR 43 i 80 Park B2 )5 | dg0 A HR &R
T ELUR A3 5 W B BI A abe Aa bR R YRR DR 4 i
wyo 38T ARE PR IS B dgO AL AR R T Y E U 4 i
2830 Park SR | 5 AT A5 2 B 5 0 H S BRI B U R
fEfE, B ER 7L Hab T = AR B | [R5 %
FL s B e o) R R B 2 o R g A 7 sk A R) E 8
U5 % 38 HF R BEL A 2 [ 18 A5 2% ] R A /0N | T L R U g
AT L RIME | EL I S8 5K W% 0k i S i M 25
KT

3.3 ETFEshrEEOTHR

SCHER[ 7142 T —Fh B T 2l B[R] E AR
P 5 30 e A v | A PR D R T R I R
P 22 A58 AE Bl K MRS (A LT | BB 6% S I V) 4G
U P Do i, s 5 3% 4 1 (L AR 57| Ty e S
PIZ LW AR S RS AR TTAA, Sy H 0 o s SR A — b 5l
BRI,

515 0 SCAEREA I )ty | % e L 2 850 43
fife I EAN R X AAE T AR a4l ¢ AR —i 2 g =
to, BT — LA t=10— Ty MR A EE AR AR &R T, RS
A 340 R I R A 5 AR R T 3 A4 Bl A s R A S U
grie, T, R sl Aeds & & s B0 A we=2 1 /T,
SR R AR D0 R EEL R X I B Ak bR R
) AR L P 28 1) 3R B R

wl (T,00)=2 {a,(ty)cos nwyT +b,(to)sinnwyT | (4)
n=1

29 B Ak bR FR 0 ik pR RO T T S I T
T AH AR W Bl AR bR AR T 1 R R A S S PR
FWEWAHSE, 1 T 5 T, HZEAR KIS A B 5 52 BrE A
AN, TE— RIS & b Al A E AR T,
ZAH, BURE G R PR
3.4 BHH abe-dg BREE

TG dgO 78 43k 75 62 38 2 0 38 U8 I 2% 5 3 3
P43 B LI i AP IR ) R B R AR G Y S
AR X5 dg b B E o B

Uy _[ud}_i_li[ uq’}_ \/7[]ﬁiﬂ(]51 (5)
a, |l ) 20 a1 -\V2 U cos ¢,
AP W ) A g, K
TR 19 B30 1E 1y = AR A0S BN
Uy
S — 6
ey ()
‘@ (7)

cos O=—F——

¢ V(@) + (i)

7 H AL A Y R Y e P R e 2 2k 0
220 0 e, FE I (6 A 90 R B T EL T A9 0 A 3 £
U 4R A 0 B LA VST A
(F A TR T (48T, F FiL T SR RE (8 10 o B 2
SR LY TR P A A i IRRE G v R e i T
I B I 8 T AR SR B AEE B 22 3 L 1 A

F I,
35 MBS

s 5 0 3 T O L5 0 T ) 2R S 4
A5 5 7 s 2 B Gl 2 R A0 76 D %
ST LA A R T AR 5 40T . A 141
A5 BT 9 T 1008 L2 B M 8B 2 A
B 20 T35 T A0 24— 58 2
AU A, R AR AR ) 7 B £ B U R
SHT  T/INBEAS 0 7 0 O L e P 3
) BT o B A 5 AT 22 R A AL AT e T
o SR SR R XA, /N 0 9
P T 00 P 1) R 5 3 AT DA A

a2 155 B 1A 30 2525 A 3 96 2
175 5735l L A T 6 W Y 30 9 O R 24
R DR, LA — S I A 15 5 R

b. AEII 4255 h 4 Rl sh i AR A

c. T2 IO FH 2 B 30 0 i i, 26 6 0 X1 4t
R H 0 A7 W R A S 4 3
RN Y

SO T8 14 T/ e 25 505 5 R WU 4R 11 7 —
RO (dbl /NIE AL db 24 /N ) s B B4R 30 119
582 KT YR, T IR S dbl N B
NS T B 5 52 W 75 B 49 LS DT 2 o 1B
KoUK, S5 1 db24 /1N 48 S 26 0 R £
A A R BT R B IE A S B ok
S5 AR 30 45 S5

SCHRTOTH th T — Fi 4 T /Nl —— 2 o 4
F, RO K o R 9073 1 b /N OF
AS TSV IE AT 4 R /NI SM % | B4 IR 4 2
YR A 3 IS5 b 28 60 4 (PN ) 0 A K4 22
ik, X A K o R 308

AR 22 6 i 10 SR R T T/ Aok S
F, P9 A R0 1015 TR I TR
SRR HEh /N S 8 B VR A SR B
P AT I — A5

4 45

i LPnd  shasm R R C 2458 T 28
FAL AN TR A b A pR Ty L)z IR AN R 4
A, B AN R SRR ARSI A ) S e
PR S AN A R] PR32 A B0 P B R
WA, N HETRFR R | 5L T Bk JC2h 2
HIE B9 SPLL LA K 4% stk 54 /NI 53 A 5 i A X T
Holy 7 14 5 B 2 0008 | 3R A5 1 HOR B 2 (19
F o AER: | H T R RE SR [ RAS B 114 52 i A BT it
I B RSB RIBORAME . O Tl R BOR B i
RE i M 7 O O R 7 BT IF S8 Sl L AT
it IR R IS Sl B BRI e AR B i R
RS B SR A S5 N TR e f DR | 18118 Ak 3 9
W, AR PR R 1 b 3R AT o — 2P 9 3 v A



® & D8R

£27%6

fRTER BN R I AR L 2Rk
SE

[1] FITZER C,BARNES M,GREEN P. Voltage sag detection tech-
nique for a dynamic voltage restorer[J]. IEEE Transactions on
Industry Applications,2004,40(1):203-212.

[2] FLORIO A,MARISCOTTI A,MAZZUCCHELLI M. Voltage sag

detection based on rectified voltage processing[J]. IEEE Tran -

sactions on Power Delivery,2004,19(4):1962-1967.

A6 R AR L | 5F . T DSP Y = A AR Bl A R 1 1

[J7. MR 2004,24(4):11-14.

JU Xing-bao,XU Zhi-xin,ZOU Jian-long,et al. Design of SPLL

based on DSP[J]. Marine Electric & Electronic Technology,2004 ,

24(4):11-14.

FEM, EULAE R GE, ZhA i K B AR UM B AR A T S

MIRTSE ()], AT AR ,2004,38(2):24-26.

Ll Yan-dong, WANG Kai-fei,ZHUO Fang,et al. Study of phase

locked technique and control strategies of dynamic voltage

restorer[ J . Power Electronics,2004,38(2):24-26.

MR, EHLAE R AR, TR AR PR TE B A R IK A AR D

BIRLHILT]. AR 2004,28(8) :42-45.

LI Yan-dong, WANG Kai-fei,ZHUO Fang,et al. Application of

soft phase locked loop technique in dynamic voltage restorer[]].

Power System Technology,2004,28(8):42-45.

(6] B XS, BT, 5, —FICH T B UGl - g 22 AE )
ARSI R 1], AR, 2004,28(7) :53-57.
ZHAO Guo-liang,LIU Bao-zhi,XIAO Xiang-ning,et al. Applica-

tion of improved d-gq transform without time delay in dynamic

—
(98]
[

~

—
W
[

voltage disturbance identification[J]. Power System Technology,
2004,28(7):53-57.
(7] ZFE 5 X4 AR 45, — Rl e 190 e s R 35 43 &t A S I A i
JE)]. R TSR ,2002,22(2) :83-88.
LI Guo-yong,LIU Han-kui,XU Dian-guo,et al. A real-time
method for dectcting the fundamental component of line voltage
[J]. Proceedings of the CSEE,2002,22(2):83-88.
PR PR RO L A5, JLAEL I H B 5Tt B 30 43 28 RS
BN S AL )], W1 & 88 H 84k ,2003,27(22) :26-30.
LI Tian-yun,CHEN Xiao-dong,ZHAO Wei-hong,et al. Double

wavelets measurements and classification of short duration power

—
oo
i

quality disturbances[J]. Automation of Electric Power Systems,
2003,27(22): 26-30.

(9] T, RUEA MR v, K ep R 157 B ik i 392 30 1) /0N U — o 22 199 445
BOT[)]. I RS A6 ,2002,26(6) :50-54.

WANG Jin,SHU Hong-chun,CHEN Xue-yun. Surge disturbance
detection using wavelet-based neural network[J]. Automation of
Electric Power Systems,2002,26(6):50-54.
(107 #2858 bk, —FhopT ) o IR I RRAE B A0 5 35 [T ].
AL RS A B4 ,2004,28(2) :41-44.
YANG Ya-fei,YAN Xiang-wu,LOU Yao-lin. A new method to
detect voltage sag characteristics[J]. Automation of Electric
Power Systems,2004,28(2):41-44.
TheR ARG A LA A R /INIE 2 0 R T TR 1 F AR
HEASII[)]. AR R 24R ,2003,30(3) 13- 16.
MA  Zhen-guo,Ll Peng,YANG Yi-han,et al. Power quality
detecting based on wavelet-multiresolution method[J]. Journal
of North China Electric Power University,2003,30(3):13-16.
[12] A8 RIERE TR BT OB/ Y S i i R 3 s 5 5 K
[J]. "R 2005,29(6):17-21.
SHI Min,WU Zheng-guo,YIN Wei-min. Detection of short
duration voltage variation signal based on double wavelet []].
Power System Technology,2005,29(6):17-21.
Tl B RO PREEH: . BTNk AR 4 i) TC F TR R RT R Y T
PEUEHER ], P E AL TR 24 ,2003,23(6) :29-34.
WANG Ke-xing,SONG Zheng-xiang, CHEN De-gui. Interference
source identification of voltage sag in distribution system based
on wavelet transform[]J]. Proceedings of the CSEE,2003,23
(6):29-34.
BV ATRZ BRI S (E /N AR e v i A U Al BB R
SR IH )], BN [ 2003,27(11):52-54.
ZHU Feng-feng, REN Zhen ,HUANG Wen-ying. A new method

to quantitantively detect power quality disturabance based on

[11

[—

—
—_
w2

—

[14

[

two real wavelet transforms[]J].
2003,27(11):52-54.

[15] JAmgE 55 8. 2 e K & 454 I 5 6 AN SR 2738 [ ],
i 4R, 2006,30(6) :23-29.
ZHOU Hui,QI Zhi-ping. A survey on detection algorithm and

Power System Technology ,

restoring stragey of dynamic voltage restorer[J]. Power System
Technology ,2006,30(6) :23-29.
(REHE: MEX)

EERT .

FF (1964 - ), % T R wA SR IAN Mt £
LA WMAC R A FHL,

M F(1980-),F #dmiE A TRF ML ERHR
Z @A w A &% A 34 (E - mail ; yangyu@nari - china.com) ,

Detection methods for dynamic voltage quality
LUO Xiao-1li,YANG Yu
(Nanjing Automation Research Institute,Nanjing 210003, China)
Abstract: Several common detecting techniques for voltage fluctuations such as swells,sags,

flickers and harmonics are discussed. Classical and modern detecting techniques for them are
analyzed ,including zero - crossing PLL (Phase Locked Loop) and SPLL(Software PLL) in the phase
locked method,and root mean square method, dgO transformation method,improved window Fourier

transformation as well as widely used wavelet transformation in the fluctuation character extraction.

The merit and disadvantage of each algorithm are compared. The zero - crossing PLL i.e. hardware
PLL,is comprised of PFD (Phase - Frequency Detector),loop filter,VCO (Voltage Control Oscillator)
and frequency divider. It is really simple but poor in dynamic performance,and even worse in phase

lock effect with distorted input voltage. Based on the instantaneous reactive power theory,the SPLL

is simple,high speed and can exactly lock the fundamental positive sequence of source voltage,with

strong suppression for harmonic

fluctuation are concluded.

and needless filter.

Finally,detecting techniques for voltage

Key words: detection; software phase locked loop; dgO transformation; wavelet transformation



