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Voltage sag source location method based on the polarity of single port network internal resistance

SHI Yun, NI Bing, SONG Sisong, ZHOU Yuming
(Xuyi Power Supply Company, Huaian 211700, China)

Abstract: Locating the voltage sag source is to determine on which side of a monitoring device the voltage sag originates.
This paper takes the analysis of power grid faults as an entry point and applies the port network theory, and then any
complex power network at both sides of voltage sag source monitoring devices can be equivalent into two active
single-port networks respectively. Grid faults are regarded as external disturbances of “active single-port network”,
meanwhile the internal resistance of the “active single-port network” will be measured and calculated. Based on the sign
of internal resistance in these two active single-port networks, the voltage sag source location relative to the monitoring
devices can be identified accurately. If the sign of internal resistance is positive, the location of voltage sag source is
opposite to the reference direction, that’s upstream. If the sign of internal resistance is negative, the location of voltage sag
source is consistent with the reference direction, that’s downstream. Calculation method of internal resistance is given.
The proposed method has a solid theoretical basis. Simulation results show that this method can locate voltage sag source
with an accuracy of 100% in power networks with various topologies, such as radial or non-radial power systems as well
as the network adopted neutral grounded effectively or ineffectively. It is a practical and effective method for voltage sag
source location.
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0 33

LR, R At e L T A 5 AR AR A JELI TR Y
N B R AUE R IR 10%~90% , SV HESE I 1) 2
10 ms~1 min F—F G, 7EI0A () L B8 IR VR
R ) U A R, T BTREE 80%T. AT
AL UL FR) P 3B R T L e b TN 7, R i) — 2
HBNACREBEAR e (0 v ™ A ™ B, AR T4 0F
Ag E5E ERHUREY, dufg e —Fh ik, A A

J5 3K R ORAUE R FRVRF IR it o 0 HL s B PR A7 3
PRI XAE T, U R R AR, XS
B PRI SR RBEA TAE ], ] LU AR AT i) RS 145 2
I TS XS soE4s HARTE
PIFRDENT, WA 5 L P (R Bl
A7 WA s — O BRAT T PR A
FR BRI, 2K, LT IRBh RGNy
%0 SCHR[6] 5 L PE Y T APl B AL B D]
QRN P BT B A TR A R 53 SCRR[T1H /s



o, %%

R g 1 o 2% pAY R BELAR P ) P s B P X 05 - 171 -

B HHZ I LT T o, SCHR[8-917E 1% Ty i3
fih LI NS AT e, 1 2 3 2040
W2k, ETHPIIE. RElpiREP
WS AEE S, BGE TR BRSO I s A
BR[ 13142 2P sk, S AEXFR B shis
R UERGREA P, (52 SR SR A v A 2847w
AL SR o AR BHLS  E  5 A2 es F ick
PRSI . o S B Pk e e O T AR A
2% SCER[ 17132 H 25T Hilbert 284 i) 53 BHAC ) 5 V2
PR = A R R (14 5« fEb 2 4, SCHR[18]
P& R 10 W 7 v R T B e A e A T i SR
P o SCHR[19-21]38 BN A 8 Bt 1 7 v REHERf &
PR | I PR P, X ARl 5 i
TR e AR R AN G, T BANE FH T =R
DRI XS 327 R A T re N 1A 7 ¥ o B D I

1 WHEREEFMERNDHR

1.1 BEFHERMCERMEX

HLL s 7 PRl R 7 A9 P P A M 0
BRI IUTT0 A s v AR X 8
frE, BEE AN “SHEITT. IR TIA
HL s 7 PR (67 T 9 e L P I s A TN
BAT IR I SR sh )5 M B %5 . AE1%5 7%
JTIERE JE, MIETIRE B2 AL SR, L BT R
BT E S 22 5 1 (AR R I 27 B+ R s
B Z MR E 3 7o xek - H epL e o G He P (L
1), s P AT B 2 R U L i S S ke
(B TR IR Ey ORI FER TR, A
ST AL Sk ), A7 Dy i s T H AR 1) S
fif, STk B Tk, HIrm AR . X
BE 255 WINAAE T, SRAhAE IR & Y b3 B
Psh T W B A pE s Bez, AL ke
FLA Ao AR T30 R (B 2) s XA P g
W, SEBRAT DR S ) 5 G RN A R
IR BB oL B )38k, A il A
M ITIAE “HE” 1. D, RMECf 7
BN AL, 4T3 AN BEA T PGS
BMALE . P, AR, BT R B R E
RETPEFRAE TSGR MAE A TR AR . A
P RIS R AR, AN SCHR AR O R8BS A A
I S0 25 1 v O R P s TR 1) AR P (I 44 )
“HE” ATYPRIRESHE T . IEHROL R AT M
SE 7 S AR T N A SR I IES % 5 TR,
5 omi WIS BT PR S ek, W 2
Homi BT C =70 ARSI WIS, B
RIS AR EAR R S 0, K mi MW S 2L

A, BVRTHERE AL T IR DRI, ASSCPTR Y
IRREE M TR AE A TR A M

Bus4 T2 BUSG 10 kw-+j90 kVar
Skm 10.5/0.4 KV

~j250 kVar

A Y,

?r: i @ ‘ 350 kW-j200 kVar
5 350 kW+j200 kVar
] o |

F1

Busl Bus2 Tl
El 20 km 110/10 kV
T
[1] 2
— —

B 1 B[RS B

Fig. 1 Single loop radial power system

Bus4
Bus3 j3
o 10 ki Bus6, 350 kW+{70 kVar
) T3
10.5/0.4 kV
200 kVar
Bust Bu2, Tl 800 KW-j120 kV:
a
El 20 kin 11010 kV :
Sa €05
73
milm
F1 Bus10
Bus9
_______________________________________________
30km| |5 MW+1.8 MVar, 8 km s r
2 MVar, 10.5/04 1y BusITy 1150 KWA{190 kVar
<« ?FS
Bus8
Bus7 T4 200k Var
i

—> 470 kW+j230 kVar -

(
E3 )
E4®——> ~j250 kVar

B2 FHFMHEMLE
Fig. 2 Hand in hand power system

1.2 HEBEEEMNENE

R Get, R ET RR IR PR L Y A e
Fhn: ks, KEVUG3. BANEDIE).
CLFE ) 2 40 Hh R (i s W Bk it , 7EFL ) RS
JUTANTT e A H B AN S LA 1 o i i s o PRk
BAVFE AT IS IA K ) R G v RAFAE — A s W e
FIfEDL,  FER I RGH TCA A e PR . MK
P 2RV r ity 1 X S8 AR, G Am] e X DA R %87
PR A5 ) ) 00 F B I D D A m2 W
%, NERMMHING I EZ A0, AR
T #AT LA RIS AEE ml R m2 AR 2
AN YRR P2 . DRI HEL D9 i 2 B AN R R K
AT IEABLIA Ay i 11 9 246 o (1) FL 50 A YR . BRI,
SoF AN EL %, AN R 1 4% (1 N3 2 53 2,
ST DU N EAE R RN — N2 BEATUAH ER B 1)
ATVESCEEARAEE, I 3 B 3 e wg, (1) =[uys, (1),
Uy, (1), e, ()" ARSI SR, Z, W X
N RGBSR AT, ug, (¢) =[uy, (¢),
sy (1)sttesy (O3 Zigy 53900 K9 FH RN 55 50 L O
R BHAT, Z,, F1Z, 50 BASRENIEE] 2 AN W R
ZBHPT, ml Flm2 A& 2 NI, Ny “—=7 £




-172 - & 0% EP DA

7 mi I A DI S 25 5 1R 5 f b R s ()
HO R BB AU o 76 i o 00 380 ) P PR
KRN
{umi (t) = [uami (t)’ubrm ( ) Ui ( )]T (1)
imi (t) = [iami (t)’ibmz (t)’icmt (t)]T
Za  ml Zu f ZE m2
U, u,n

Zo

3 BiREinm O W & E(E B

Fig. 3 Active single port network equivalent circuit

AP g (1) 3 14 (2) ~ vty (6) iy (2) ~ i (2)
I (£) 2350200 mi D0 RO 453 = 2R G 1) P H R
e M, FERHERIESHE T AT, 1A
N i M ) TR T 47 R A e (P 2 AR U A
5y, IS L 1 925 S5 B R TR S RN BTk

Z,,(t)=Au, (t)/ A, (1) =R, (1) + X, (1) (2
Ao 1) = ()=, (1) 29 mi W A
s A (1)=i 0 () S mi WO AR

%E’ upmt(t) apmt( ) ”bpmt( ) Cpmt( )] *ﬂ lpmt( )
Ui (0) i () e ()7 235020 080 B0 0BT
P2 mi D0 DN A 1 A T R R LR R
g ()=t (6t (1) 00 (O 050 200
(1) (B s SO D0 ) 76 o 00 00 45 1) P P 2R
i (£) = i () > o (2) s g ()17 28 T B0 5 7 301 1]

(B WieBes BRI LE md S0 s 0045 PR FRL R 2R o

MR At B 1 R 2 e, o FL A R A U R
Ui 12 [ AR R B i, REARHE A ThI) AR, SM(E
FHPTHISEES R, At BHPTRF G 4 Hh 28— 5B
A FLUT R AN I AN A s B 1 2%, RIVEAER DI 2h
R, SHHBHPUNSEA R, N IE, FHBURFEWIE 4
BTG R Fe FEARSONAA  S2 Jy n HHE s
HBHYH FE A DI D)2 A D IE 2257 0] o IR
16 mi s ISINRI R VHSEARSE T M T %
PEBUS R ) W R i IEEE S mi 5 A5 28500 1 99 295 £
W HLBEAE, £F 5 T mi ,ﬁﬁﬁ’%%ﬁm N5
J7 1) 2 MG 1 6% [a) SN, 55204 “417, &l 3
2o ml R g, WS AR R A D
2% 07 AR R T W), BURE A, %07
) & AT ) g 11 0 288 SIS, 5508 “IE7,
Bl 3 M m2 fm 2%, s shdaide 5 i A
B SHE T I B 7R, B _EiE. B

{Rm>0,7““@b§%%@7ﬁWWWQﬁT] Wwa(”

R, <0, {EMEIN RS2 5 RS T, BRI R

emi

U, IV

B 4 FiREimOMEE mi BN S H A EFE RS
Fig. 4 Internal impedance characteristics of single port

network in mi monitoring point

AR ATR SR, A RS ST L
B 3 RSB, BB
e P e
BB AR T AL AT AT
BHATK. B, BT S
R IR Al L A
i AT

2 PEHMREBRIITETIE

AT 11O 4 000t B LR S 0 o
SNOHETEEEY

R, (1)=Au,, (t)/Ai, (1)cose, (1) 4)
R, g, (¢) AIRFN LS S0 A, (1) 550D B
B A (1) 2 IS
g RAH AR 2 Aa,, (¢) F A () »
et 0] W s B ) 5 g R A R OB AT R 2P
KAt e 5. X, THEA
Au,,, ( ) U dmi (n) U pmi (” - KN )
{Azmx )=t (W)= (n-kv) O
X N OA—AIER I T FERFESEG n=0, 1,
2,5 K HUESEH, A e 1 TR) b5 i B iy vl s AR P
TR T B R AT ) R B S 48, K=1 80 2, 5l 3¢t

Kl 59, K=3); xela,b,c], a,b,c i ilKn =40,
15 X(6)
K/ f, (K=3,Integer) ,
|-<l_i/71>_| _______ )| it I
Ja\ o\ JaNPAN
\VARVA \_/: T T 7

previous — digs a‘ during — digs

5 MER AR X EREE

Fig. 5 Synchronous sampling schematic of pre- and post-fault



o, A

R g 1 o 2% pAY R BELAR P ) P s B P X 05

- 173 -

{Aumi(n)=[Auami(n), Aubmi(n), Aum( )]T ©)
A, (n)=[Ai,, (n), Ai,(n), Ai,, (n)]"
ST URR B AR BIRA, 1 A, () 1
A, (n) S EFF=HIAARAG, o a4yt )
R, (n)=Au, (n)2 /Ap,,;(n) (7)
Rofe BB TN Ap,, (n) 2 FHEN A
AR, Ap,, (n) = Au,, ()" - A, (n) 5 4R
B U IR b Au,, (1) = /A, (1) - A, (n)

K 3 mi '51JFIJHE’J€AZ$ 1 o 5% 45 5&%&%
P HBHAE WA 6 EHEl?‘x‘

0.1 0.4
0 s : ! | 0.3 i

03} oo 0

I VR —Y3 0T T 05 06

t/s /s
(a) FAARRL R m 1 25 (b) HAHAT e m2 1

& 6 = RE MRS mi NS A EPE R,
Fig. 6 Measured internal resistance R,,, of three

phase short circuit fault in mi point

A HL R T AR Y5 A AN BRI 3 (v A R 16 )
Au,, (n) R AL, (n) KRG, S ERFRISUT5
i,%m%W§ﬂﬁ%ﬁ$w%ﬂﬁ%,%E$ﬁ

FEANEA F 743 B AN ik L 327 At 10 S ] R
%i Au,, (n) T AG, (n) A SUTA R, T E 3
BATIN WA Uy s, G, G

{A”;u‘ (t) =U,, (t) = (Ui (t)’ul:dmi (t)’uc_dmi (t)]T (8)
by (8)= 5 (1) = [ () g ()1 ()1

BV AN S ik i P B e 1P B 0 L R L 9 R
A LR T B () U H R R R . IXE,
ks <7 Fon AU AR, 1ERE@)IH AT
) Hi R R 9 2 L% 5X(6) VB I R 3 R T R
TR AT, B RR B, 29 A=N0) AT
SRR A0 557 P L R LA 5 P B Bk F
wW=(9). KX10)Fw.

ua_dmi (t) = uadmi (t) + azubdmi (t) + aucdmz t)
ul;dmi (t) = ubdmi (t) + azucdmi (t) + auadmi t) (9)
uc_dmi (t) ucdmz (t) + azuadmz (

(10)

= icdmi (t) + aziadmi (t) + aibdmi (t)

Xk ML A PR R R MT LA 5 BRI o R AR NV

s FEHIUN Oy 3 BPHEEUS, o =™ 3257
Jis FSCRAHMERE A A1), XA2)P .
i (1) =ty (1 )+“wm,(” N/3)+u,w(n+N/3)
Uy, (n+N/3) (11)
+tyy, (n+N/3)
(n) =i, (n +lbdw(n N/3)+i,. (n+N/3)
(n) (n=N/3) iy, (n+N/3) (12)
T (1) =g (1) + i (= N13) +iy, (n+ N /3)
P 2 (8) RT T SA5 A1 A U0 3 11 o0 % (1) 454
A HLEL
R, (n) =l Au,, (n)IF/Ap,, (n) (13)
s B SUPIREATDIDIEE Ap,,, (n) ST 50350
USRS, Ap,, (n) =uy,, (n)' ALy, (n)
oy Pt s R R KO u,(n)=

\/u;mi (n)T Uy, (n) o

HE 3 ENi B, Z =02+j1.8Q
Z,=025+2Q. Z,,=03+j26Q. Z,=02+2Q,
R 2 0.4~0.6 s.

Kl 4 W omi S SE RS E i 7 A2k

NI3)+
n— N/S)

PR o
0.1 —_— 04— :
0 03
& 02} o < 0.1
’03 L 0 ......................
A 05 06 0I5 0.5 0.6
t/s tls
(a) "AH R e m 155 (b) FLAH L Mem2 14,
0.1 . : 04—
0 IS 03
& 02f < 0.1
203} 0
0403 0.5 0.6 O s 0.6
/s /s
(c) WA m 1 K1 (d) A m2 1
01 N N N 0'4 N N N
0 : 0.3 . . :
AT 05 os T s 06
t/s t/s
(&) PAH R e m 155 (F) PAH R m2 11
B 7 AAAFREBERNSE N B EE R,

Fig. 7 Measured internal resistance R,,,; of all kinds of

asymmetric faults



-174 - & & AEY D EH

M6 FIE 7 2T F H, AESRHPTSEA R, 1
1E A BBV T RS B R AL L 1 6(a) - ] 7(a)
Bl 7(c)s B 7(e) A m1 MW AT 4 il e il Hes I 21 1)
WHBFHTSEHL R, Ik, #ATUE, Bl Sml R
Z:25 77 B ), BRI B 6(b) . Bl 7(b) B 7(d).
P 7(6) 2 m2 W W 55 4 g i 4 00 28] ) R S5 BEL B
SR, MEk, HOMIEAE, HAEES m2 S5y
W7, BYEJE. R BRATIA 2] 4 PR S N
AR, RN EFEER, 1m0 S Ak R, VHAAE
(K 6(a). K 7(a). B 7(c). B 7(e)#H5T-0.2Q,
BI R, =—R s AEm2 Wl sk R, THHEAE(E 6(b).
Kl 7(b) B 7(d) . I 7(D)#F 55 T-0.25 Q, BT R, =—R, »
CA R BGAE T A S e 7 BEAS (1 IE AT, BIAE mi 100 A5
IR R, VAR ST A R BBl A vl
WA mi WSS, mi i 552800 M 25 (R R, A
SYGET mi ST, MBIk i 4
WA, FF5h “47, AR, ST E SNSRI
Uiy L1 P92 RIS, 550 “1E.

HARLL EEER RR 3 Lt B HEAR 11,
B A Y 127 SE(EBR BT T AR 5 e T8
o, BRI & I AR L L FRR RSN
Ko, BhEeHER B SR BT, Bk, AR
$E 07 AR RS A T s b R T ok oot
PG Ol 25 BRTA,  H B R e A v 1S 1] 8 HE
KD,

ARAESA LR L

ittt 3y L |

N i
Y
Lo AT e A PR R )

YN

A
\ ARSTRPE S M, g

Y
\%fﬂﬁwmm i

2 M EEAR B R | | haRa8). RAIE SRS EE,

FHC(14) TS HL B R i HH0Q0) T 5L A HL B R
v

\ R 5 15 WL T MU \

8 FTiRAERIMITIER
Fig. 8 Flowchart of the proposed method

i
i

3 {REIIE

3.1 BHXEN
FASC T3 71 (SIR)Y R & 1 e 2 i I 3k 4 707
B, PFEFIME RN 1, e U A 100%.
R 1 SR ERBEMAEBEHRLER
Table 1 Simulation results of SIR

F(LY/F(1,1)/FQ2)/[F(3)

[
F1 F2 F3 F4
ml *[R[E )X *[R[E )X WARRRR] *[R[E[*
m2 *[R[E )X *[R[E )X WANAWA *[R[E )X

m3 IRANAVAI
m4 VIV
m5 VIV
mé VIV

WARAWAI
NANATR)
WARANAI
NARANAI

WARANAI
WARANAI
WARANAI
NARANAI

VIV
t/trtrt
t/trtrt
IARARAI

Kl 1R B 2RO, FIE% 2 1 000 MVA,
E2 M SN 100kVA , SEFr &k M H Ih I &
3BkW. 3 MNREMSMAERILEINA 6.3MVA,
1 MVA A1 1.25 MVA, H#g07:0miE 1 fis. 76
Pz siar, T3 053 e — ] 45 B AR N
bt finr. RGO A: 110kV, 380V fil]
Wk e, 10 kV Ik SO, R E A
AR SR 6 AN A5 . F1. F2. F3 FlF4 £ 4
RS, mls m2. m3. md. mS F m6 Fox 64
I o BRSO AL 4 PSR A AT B
IR R B A B . PR AR RO . 79 A i R
SAHRIRE . AN REERIAER 1“7 R
7%, G0 F1(1). F2(1,1)s F3QQ)MI1 F4(4) 2R Fl
FAH L. F2 WIS . F3 PAR LIS R Fa 5
SAHRIEE o 0 LIS R NS T a1
BH omi N “—7 Pim. £ 19 “47 FRTF
We, 7 Fos Bl Y7 TR mi M A
FRIGAIE B R BT B b e, AN VEET B A7 T
3.2 RSN

ASCRTIEF R FAL MWL 2 fios, hHESH
Wr: El. E3 N5 KU, ARSI
1000 MVA. 1200 MVA. E2. E4 &% 5l K
QR-60-2. QR-30-2, SEfxithJih 52 kW. 25 kW,
XaWKIKR 21, 21.7. RIS ES NN 6.3 MW,
I MW. 1.25MW. 63MW. 1.25MW, JL#E#T7
KA WL 2. FARSCET IR ITENE 2 P
TRt e AT L, 8 NWLIN 55 22 J7 1) n ] 2
=7 FoR, PIEAIBERIE 2, iR
h 100% 6 E BIASCHTHE 73208 AT W B2 4544



I, A T A R4 P AR b 1 P T e R S 175 -
% 2 SIR EMEBEEMAENHE M R s
. . 4 Zole
Table 2 Simulation results of SIR
S F(1)F(1,1)FQ)F() N 227 2R 1) P O AU 5% A A L R S
ml m2 m3 mé4 AJ DATE HE S 7 Bt 0 28 2 B b 3 T S 350 2 A
Fl Kk i WAt Attt A7V B 2%, R L P A Y B 1 o) 2% 45
F2 * )k [k * )k [H WANEWE VIV P H]:I x| & sty 1
F3 Y Y VY N VA VA VA R VA VAV ﬁ?ﬂr ﬁfi%ﬂﬂ%W%%@ﬁﬁ,T@%
FS k4 wpprpe Rttt 74”*imﬂﬁi233§7ir]Eﬁ*ﬁﬁi??r], EﬂJ:&f: A FELBEL
ms mé ml m8 FF5 AU, PLAEN I 5 Z25 7 ) FIAH R 7 1),
Fl FOAIAIE RIS LIS Mt RURUE . P v H B Bt e 8 V2 A 2 P HEL B i
I Y VT VT R VEVA VR R A WA D FIR 2 Be, A R SE LR JERT, BRI, mIRfe Pk
F3 INARANA INARANA * Y4 INARANA i@ﬁ{ﬁ%l&f E‘ﬂ?ﬁiﬁﬁﬁmfiﬁ/ﬁfﬂk_ﬂﬁ/ﬁ
B e R T T, 5 ek o 1 e R (e
F5 Y R N VI R VIV AV YA NE

3.3 KEHLEzh

KNG B0 EAEA,  fE 1 BToRicH M
i T2 AR A% 35045200 KVA B A 25 4k 2575 B (1)
S BN G B 9(a) A 528 FANLAE 0.4 s JE B
WS m3 MEBW R, BREE. B 9b) kb
ML 21 I 3 R i 0 i £ 280 4D g 11 O 286 PN 50 P
BHAY. R,,=-0.19Q<0, %ML T m3 Filf;
R,,=1.68Q>0, LT ma FhE, S55brth
BUABAT o LAY A H s B AR A I 21 i 8T PR
X@@%?%Mﬁmﬁ%ﬁ)fﬁmuﬂﬁ

800 32
7U7

* [ ‘WU ww N

b (110 I "” “‘
,400‘1“ W ‘ H ‘ “‘ 7“‘“ ]< y

-800 I T L P L -32
0 05 1.0 g 2.0

" AAﬁAAAAS
vV \’/Y/“M/ \O

0.30 0.35 0.40 0.45 0.50
t/s

(a) m3 K HL AL T 1]

o
I/A

/A

-800

0.2

Ren3/Q
=4
-

02 b M
i i

Rema/QQ
=

0 0.5 1.0 1.5 2.0
t/s

(b) m3/mANLI 553 (1 55AF L BEL
& 9 RARY RRALE N
Fig. 9 Induction motor starting

BRI, Pk, &M FATARZ I b g HU R 1K
LI BRUSE (0 o BT 0 1A Uit 1 190 2% 2

W, PSR ] I R, AT SR I S A
(10 L P P L P o U0 00 L ) 2 SR o7 A T LA

RO — MU P4, R, 07k E AT

LN R St vl EN T 1 1 N 25 W [T S V1T

2 PR AT B (8 PN o BUARAS ST VA R 44

Mo R SRR BAE MT AR 0 4518, EiZ AR

FEE T H AR BN . s gel) . RSB, K

UL 55 1B FEEUE A o

B3k

[1] IEEE Std. 1159-1995 recommended practice for monitoring
electric power quality[S]. Draft 5. 1995.

[2] GRANAGHAM M F, MUELLER D R, SAMOTYJ M J.
Voltage sags in industrial systems[J]. IEEE Transactions
on Industry Applications, 1993, 29(2): 397-403.

(3] FWIWE, P57, XIBeds. H M B0 il i R gl Sk

R S VP AL R bR (AT ST [0, AP L TR A A,
2005, 25(21): 63-69.
TAO Shun, XIAO Xiangning, LIU Xiaojuan. Study on
distribution reliability considering voltage sags and
acceptable indices[J]. Proceedings of the CSEE, 2005,
25(21): 63-69.

[4] SAMOTYJ M J, MIELEZARSKI W, WASILUK-HASSA
M M. Electric power for the digital age[C] // 10th
international Conference on Harmonics and Quality of
Power, Brazil, 2002, 1: 276-282.

[56] LIC, TAYJASANANT T, XU W, et al. Method for
voltage-sag detection by investigating slope of the system
trajectory[J]. IEE Proc Gen, Transm, and Distrib, 2003,
150(3): 367-372.

[6] PARSONS A C, GRADY W M, POWERS E J, et al. A

direction finder for power quality disturbances based



- 176 -

&) &GS

(7]

(8]

[9]

(10]

(11]

upon disturbance power and energy[J]. IEEE Transactions
on Power Delivery, 2000, 15(3): 1081-1086.

s, Eaih, mEIH, A T/ NEZ R
HL 8 B AL TS [T]. WD R Gt %, 2010,
38(22): 90-95.

YANG Jie, WANG lJinhao, ZHANG Xuemeng, et al.
Analysis of voltage sag source location based on wavelet
multiresolution method[J]. Power System Protection and
Control, 2010, 38(22): 90-95.

LEBORGNE R C, MAKALIKI R. Voltage sag source
location at grid interconnections: a case study in the
zambian system[C] // IEEE Lausanne PowerTech. 2007:
1852-1857.

KONG Wei, DONG Xinzhou, CHEN Zhe. Voltage sag
location based on instantaneous

source energy

detection[C] // Electric Power System Research, 2008, 78:

1889-1898.

HAMZAH N, MOHAMED A, HUSSAIN A. A new
approach to locate the voltage sag source using real
current component[J]. Electric Power System Research,
2004, 72(2): 113-123.

HAMZAH N, MOHAMED A, HUSSAIN A. Locating
voltage sag source at the point of common coupling in
industrial distribution systems[C] // IEEE PEDS 2005:
532-537.

[12] GAO lJie, LI Qunzhan, WANG Jia. Method for voltage

[13]

sag disturbance source location by the real current
component[C] // Power
Conference, 2011: 1-4.

POLAJZER B, STUMBERGER G SEME S, et al.

Detection of voltage sag sources based on instantaneous

and Energy Engineering

voltage and current vectors and orthogonal Clarke’s
transformation[J]. IET Gener Transm Distrib, 2008, 2(2):
219-226.

[14] TAYJASANANT T, LI C, XU W. A resistance sign-based

method for voltage sag source detection[J]. IEEE
Transactions on Power Delivery, 2005, 20(4): 2544-2551.

[15] KUMAR A, ROUTRAY A. Applying distance relay for

voltage sag source detection[J]. IEEE Transactions on
Power Delivery, 2005, 20(1): 529-531.

[16] YU Yilin, XU Yonghai. Research of method for voltage

sag source detection in power distribution network[C] //

[17]

(18]

[19]

[20]

(21]

6th IEEE Conference on Industrial Electronics and
Applications, 2011: 485-488.

FEEA, EFIE, Rk —FidE T S RHHUR A R P
SENL T[T W R GRS 5 I, 2016, 44(4):
149-154.

CHEN Zhiyou, WANG Xuefei, XU Jia. A voltage sag
detection method based on complex impedance[J].
Electrical Measurement & Instrumentation, 2016, 44(4):
149-154.

Bz, REW. R BRI E AL A LR A A
). ARG 5#E, 2013, 41(5): 66-71.

LU Ganyun, WU Yiicong. Optimization comprehensive
criterion of voltage sag source location[J]. Power System
Protection and Control, 2013, 41(5): 66-71.

Y, Tk, R, S5 T H 0 o e A AR
FrIPER ). il 5K, 2011, 48(8): 53-58.

HE Weiguo, DONG Ruian, ZHANG Xiaoyin, et al.
Comparison of methods for voltage sag source detection
in distribution system[J]. Electrical Measurement &
Instrumentation, 2011, 48(8): 53-58.

B, BRI, e A RS b A T H S A
PSP VR AE (0 7R 0], ) R R R,
2015, 43(13): 105-110.

ZHAO Ying, ZHAO Chuan, YE Hua, et al. Method to
reduce identification feature of different voltage sag
disturbance source based on principal component
analysis[J]. Power System Protection and Control, 2015,
43(13): 105-110.

s, Mk, FPHE. AT IR ST IR &
KIEFFHD]. BRG], 2015, 43(2):
138-147.

ZHANG Yi, LIN Yan, WU Danyue. Current status and
development trend of power quality monitoring system[J].
Power System Protection and Control, 2015, 43(2):
138-147.

et HEF: 2015-12-05;
EHTEIN:

& HHF: 2016-06-25

BB 1974, d, SR, KT S HL T

RBAE 32 TAE,

(%% &5



