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Stochastic estimation method of voltage sags for a distribution network based on
network propagation property

XIE Weilun, XUE Feng, HUANG Zhiwei
(Dongguan Power Supply Bureau of Guangdong Power Grid Co., Ltd., Dongguan 523008, China)

Abstract: The wide application of sensitive loads increases the customer requirement for power quality. The rapid and
efficient assessment of voltage sag is becoming important in voltage sag study. In this paper, a stochastic estimation
method of voltage sags for a distribution network based on network propagation property is proposed. First, a voltage sag
propagation path is searched based on distribution network topology. With the phase component method, the
vertical/horizontal propagation property of voltage sag is derived. Then the voltage sag propagation equation in a
distribution network from the fault source to the load side is established according to the path search results. Finally, the
area of vulnerability and the estimation index are calculated by combining different fault types and line fault rates. An
example analysis of a real distribution network is given to verify validity and superiority of this method.
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Fig. 1 Topology of voltage sag propagation

R 6 AR, WIS ) —AG)Fs
(V)70 e 2 AH U A R R, 19 A 2 BT A R TR
NA

Usa Uys
UZfB =T Ulf B “4)
szc UlfC

Kb TR EEHHRE; Ulec Ushwe I T 5
AT R 2 A B L s
1.2 BEEERAEFREBTT

AR TR Y o A R AR R R, Kl s
I7] P s S5 2 A R AR 90 Ay e e A R A AR
R L B AL AR
1.2.1 ARl £ i AL FR L

AN IR PR ST AR O A e, F S T
FEARMBR LR R AL RIS, AT AT A H B BT AN
A7, FURFAE 3 T2 252 it S Ay FELYTLSE I

HHAR P A et W 7 P s A, 7T LAAS B2k
e AT A i PR AT B HL

Ui Uix
U, |=A"'BAxT| U}, 5)
U Uye
(0) (©] (2)
B, = ding(C o S ©)
1 1 1
A=|1 o «a (7)
L a o }



e, 5%

HET P E AT AR R IR O I R I PR B BB R A 7 ik - 165 -

R A WP EHHE: a="" Ml N1 B
R AR PUARARE Z O T R B
AR U BT 2O 2 1 i 2 8 R i 1
RPN

n-1
7(012) _ ZZ(-OIZ) " zf(:dlz) (8)
j loadn
j=i

X, Zia WA n AT AR HEA(S),
7 AT L s W (A2 5% T St BT 5 Smr A5 AR LT
PRAL, U DU R R BT 0, R bk
35§ 1) L 37 PR I 2 A P AR 1Y AT B PR SR AT
O AR R A7 A 45 8 BEL T 0 L 8 B AR A AR o 5
(RIsmd, ASCREH TP DR s LEAR B P A%
AR A BT L SO S . R (6) IR (BT
PSRRI T IR % Fr R BT U EA T AR e, T4 3 2
G LB EE 5 1P BT LE B Ok R ansXi(9).

n n
Sze 3 z0
J J
= +1 S+l
Z(OZ) Z(l) Z(OZ) Z(l)
i i _ oadn loadn
load; x load (9)
(02) O n
D Y D v
j Jj
j=l1 j=i
+1 +1
(02) @)
Z loadn Z loadn

2, Z0 S R R R+ Z TR AR
FH - B33 A7 IS 67 Ay BEL 0 3 SR 1 BELUASE Y
HEZ BT it/ T BT, OMMELN 1,
BHGULIBAILE B, H (1% e M e BT B T AU
IEFRATEEEAR, T, s((S)mresih

S0 g0 g f
U;ABC ~ A ldlag(F,_Z(,) ’_Z(]) YAXTU, ype =
1) 1) (10)
A V4

ﬁA"ATU,ﬁ ABC :ﬁTU{ ABC

MR (10),  F A 7 AT A s 2 B (A B R
P IR b S H L R AL R I P S A AR, TR
A EE R IE P pidoE, BRI AREAREE.
T BT LSk AE, SR TR AR RS
HR BB IE B bL . B U 49 i A
J&, A0S N

(O]
Zi f

Uipref
70 TUI,ABC =

pref
1

f
Ui,ABC ~

TU, uc (11)

1.2.2 Wbk AL Fh e 1

V5 RS R TR SRR A T R, PR PR AE
[ R Y e i L (1 = NI Tl o L E W)
ARG . B W R B B 46 e ) e o
TEMZ:, RGN, R R W 99 4% rp
KA, DO Z AR R

PRI, R LR b A SR R A SR A
(Point of Common Coupling, PCC), HiJ{i% PCC
(MR BT Zs, PCC A 22 Wi i) 2R R BHBTRR by
Zpo MBBEMSHT IR E=1, SCER[23190HT T AH&R
Gy Ty 2R 2 B RS T AT H s ALE
AR B R s S LN AR 1

2 BT EREr IRV ED BB e ik 77 0%

2.1 EEBBRENE

FAL 27 B AR R A T H B TR v AR A i A AT, WF
FOPRLTA 1) C FL I P BT B TR AR B AR R T Ve 1
BRI R, LLEL 2 77 (1) 3 S50 it e 9 A 43
8 SCHLYEY R 1 R SR Y R, 5 6 5 AT A 11 4T
RA TP, R A 4 T A 50 11 AR
A TR AT B FE IR AT LI A F T B R4 R i AR
LR JFUTF

2 BB N
Fig. 2 Real distribution network

(1) WACHRAT ORI R, DL I RS N
], PR PR AR R 52, KA
B AR b

() fRIERE A, LUBAIA 7R s R
Oy SONBTI R AR R R, B R MR, H
EXn (SO T (R S

(3) BRIb AR A, B W H AR SR PR O Al b
AR, R AR R S L R S 1 A SR
O HL S 4 B AE A b S e AT A AR 0

EBEE 2 Pl r 9 o kit 10-18 A Az il
UL BT e MR, rIA R 3 Pros i

e W —— R DTS S @ SR
3 BB N
Fig. 3 Real distribution network



- 166 - ® LRGP B R

FEB AR R AT AR R PR A AR R I, BT
DLAERA VAR 4 9 04 R s 37 B R AL 23 A o
2.2 RIEFFIERR

FIFALRE AR R I78, K IiC i R Kl 20 Ay s
PRACFIAE MR R AT o ARV R m R BBURR A AT 15 R
A R m AL TR AT, WY S m B4 PCC AT,
RGP 1 0] DA RIAS RIS R 5 5 m (1) %
HI R MRAELs 5759 R m A T EMBERA, PR R
B A7 g W R AR IR A SR R PCC (XA
WD), FRAFI MR 11 PCC R B
MR PCC R AR i A adim, R (1)
THEREY A m AT A PR s o TG P O o e s 327 e (1) A%
FEPETTRERT Rl

T frpc(Zs, Zy)
Ui ane = TXfABC(ZS’ZF)XZL meC (12)

pref
i

A Upgane B2 TR0 m TR ST (037 1 P 1 1)
T T 7 C O HP O HE AR e 4 114 58 25504 3
Sapc(Zs,Zp) AR IR 1 1520 B R 5 C
H B ERAT T R Zs TN Zp 30D BT L 1) BRI 4
2.3 BIEEEREITGIRRE

L B 8 1 3 g AR 4 R A e e
JRA 1, 3 SO A oy 1 PR IR B T B L s
MNTIAS 8 155 A AR i D e X 38 AR A2 I H A
AT R S py g AR AR, WA E A e
A p R A5 £ 2 TR 2R B K BE R S 21 p-g K&
fEZ W o AR X (12) 7 13 B v Ry R T
m WL BT B IR da, g O ek, Rl my 15 2
T P )2 T B A (Expected Sag Frequency,
ESF).

R 0(12), MR PCC s T B s
B T MO B R Zs RN Ze Y, 24 PCC R
PEE—E, 1% 1 H 2 AR R L it A st i P R
REP=L AW ERE ) NTTiTR: iy N M e 27 L 2 =
W ] SR R R A T R A K e, AT
BT m R R, AR S RN T
fof FEL R BRAEL, U ReE B A A 2R AE [ B ek, A5 0,
CIBtBuR R R d R S el LN s o r B SN
AT A ST HR H I 2 T I 8 AR Rk R PR Pl
JR T B BEML UG i A W&l 4 s o

3 Eflnth

N AEA S P E I & B AT, X
2 Jron s B AL R BEA TS O BT, R 2 i
P FLAR s 4 e A OGS IR 2.

meC

[R5, VI b i P |

AL b R T B

e e RN
bt R 7 R AR
AKERIN, 55 Rimi
HREWIRU,,

HRAE (L) V5T A
THASASRIT, 5 im i
HHHEU,

R b B || R
TR || b

A A

LA B
TEMBE A

| LR 2 S skt |

| A0t A BT |

4 BEEMEmMARE

Fig. 4 Flow chart of voltage sag estimation

3.1 BIEERIEEITES

T I FE D — R P i, R ARRRIEAT
A7 WA 5 A0 AR S P 1 D R T 3 5
R T BRI IE R TAE R, AR SO T b
ZHT T R R SRR AT R s
BC R PX BT R A R ) N G S R, Y A 8 kAR
BC A )46 b, 2R 4% 1-18 Ay i S5 27 BAAL %
(IR RR A7 o FE T X AL R 1 H T PR T
SRR BB EE LR 5 A 1

T 208 T A s AR IR B L, AR R
VRS GE — Mems  TSEBRAE, 19 B B (e Rl

0.85

LR /p .

0.50

0 2 3 4 5 6 7 11 12 13 14 15 16
RS
5 SEHIEC M B E EFER(E
Fig. 5 Sag magnitude of real distribution network



e, 5%

HET P E AT AR R IR O I R I PR B BB R A 7 ik

- 167 -

=1 KOIECM T = R A

Table 1 Sag magnitude of real distribution network

R i 5iE SIS
2 0.815 0.815
3 0.701 0.699
4 0.577 0.572
5 0.545 0.539
6 0.540 0.528
7 0.525 0.519
11 0.577 0.571
12 0.576 0.570
13 0.538 0.529
14 0.538 0.528
15 0.538 0.526
16 0.536 0.525
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Table 2 Sag magnitude of node 2 in different places

AR A ARG LY
3 0.408 0.406
4 0.616 0.612
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6 0.665 0.658
7 0.687 0.677
8 0.743 0.734
9 0.747 0.735
10 0.752 0.743
18 0.786 0.778
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Fig. 6 Voltage sag magnitude of node 2 of different fault location
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Table 4 Area of vulnerability of real distribution network

[ 2k AR R R R
TPF 14-15 [0,0.987] [0,0.979]
7-8 [0,0.225] [0,0.211]
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Attached table 1 Voltage sags caused by different faults with different grounding modes
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Attached table 2 Voltage sags caused by different faults with different grounding modes

Zeik iy e KB /km T i U /RVA e FL A S %
1-2 LGJ-35 1.83923 2.641+0.8691 S11-200/10
2-3 LGJ-35 1.266 5 3.17+1.042i S11-100/10
3-4 LGJ-35 1.679 05 0 —

4-5 LGJ-35 0.582 53 0 —

5-6 LGJ-35 0.114 88 0 —

6-7 LGJ-35 0.386 77 25.691+8.444i S11-125/10
7-8 LGJ-35 1.298 43 5.943+1.953i S11-400/10
8-9 LGJ-35 0.090 22 0 —
9-10 LGJ-35 0.172 06 7.469+2.4551 S11-M-200/10
4-11 LJ-70 0.241 45 11.469+3.7691 S11-160/10
11-12 LJ-70 1.180 71 3.877+1.274i S11-100/10
6-13 LGJ-35 1.610 48 1.204+0.396i $9-100/10
13-14 LGJ-35 1.527 95 1.966+0.6461 S11-M-100/10
14-15 LJ-70 0.985 15 1.987+0.653i 59-20/10
15-16 LJ-70 0.708 15 1.428+0.4691 59-30/10
9-17 LJ-70 2.318 59 3.646+1.198i S11-M-100/10
10-18 LGJ-35 1.180 55 2.228+0.732i S11-M-100/10
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