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Fig.1 Schematic diagram of fault locating
method based on active injection for
transmission line equipped with UPFC
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Fig.2 Block diagram of active injection
control of characteristic voltage
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Fig4 Schematic diagram of single-phase

grounding fault locating

SR i AN ER TR

(i, +K,x3i
uA=Lr1(L'A+1<,,><3L'O)+LzlM

0 +3R,i, (6)
w0y 73 5 UPKC 32 A 2k B I A5 5 i AH A A
PR R TR TR U 5 by AR I A B 22 PP LU 5 K LK
30 Ry 4 N2k i r B | rL R e L O A R A
K.=(r,=ry)/(3r,),K,=(1,=1,)/(3L,),r, [, Ol r()\loﬁ%Iij
FE L s A K A E R L BE  FRE L
T 25 3 UPFC £k I8 1 AR 25

A [) 26 % 80 e U S R L A BT 5 s . (R
UPFC # A2 A2 2E AB AHIAIRLE , 1B ARHIE RS
[ E LN RN 4 E R

y
um,=Lr1i,\B+LzI%+Rfi,\B/2 (7)

R uyy iy 209 UPFC 32 A LR B A5 Y AB AH 2K
F R TR L 3

HEAIELFEVEA
=== JED R Rl g
B 5 tEEE BRI E R E
Fig.5 Schematic diagram of interphase

short circuit fault locating

SCHK[24 148 i, B3k et Oy R BB A5 oK i 5 LR
TR A G, R TR)— A0 0 H L L e
L RAR 2 AARFNE, (6) (DETH, E3EA
= W Rl S eI R e S A - RS B s N e
R 33X 2 AL, PIE , 1 2 A AS TR s 220 £ 0] 2 el
JE 5 R AL N AR A AT I ST SR AR, Ao T A5 B
S L5 P B R,

Al 3 o 2 AR g ) By R B S PR
b A R R T 7 B B 2SR, AE AN AR
3.3 HEAiE

R VAN =R 10 K 73 6 a3 e N = oy -
X SRR AR AT B REAE FL R L R O 50 2R A T 308 D A B
5 FIR JE % 25 AH Eb , IR 38 9% 25 A 1R e/ iz
B> A S EURRIR TG e D AR A ok
SERHIEN R | B4 A 2 AR 7 AR A T8 2 1 A5



142 L/ AR {7 G-

Fa02k

PRI | AR SCR FH A LR AT %25 150 Haz 79 4 By EURR IR
A8 98 0l i X R AR AR AR L L LR A T R

A BRIy J7 7 vh ) B RO B s ), R 25 43
THERRAE HE I A9 A0, R IE FLR | I BBCR A ) °F
YA, =X (8) FR o

D= T
u,tu
U = m m+1 (8)
avg 2
c It
lavg_ 2

S T SRR 5w, i, AR 55 m R A o
FOFL IR B0 D L2508 s, i, SR LT
LTI (.

VT 3 7 AR B R B A 2R B Y
A L 380 T (DL 61 ML U R O E 3% 05 2,
U P22 AV 5 25 43 15 R (B T 30— S 5
BB B, BL AR

(9)

A MRHIE R
34 EFHFNXBFEMEEF ERRE

AT HEIE FH T UPFC $2 AR 6 1) £ 3 AR
R B T v ) ELAAR Bl VR B B 3% A Tl A4 TR
HAT o HPUF 34-Br B

12— BB - BB i, S i 2o Ui 5

2)5 B EEE ARHER RS, H TR
AHARFAE B i AR 0, 2 HH AR L SR T S B X6 I e
D7 R R R

3) 55 =B Bt MR ARl ) B 25 SR AT R B
) ol 45415 K18

4 {FEWIE

S B8R AR SCRT RS T UPFC #: AR A4 £ 5
A R I B v A A 2 R Y R 500 kV
UPFC /R 75 T 72 2%, 1 PSCAD / EMTDC 4 4%
A& 1 TR B UPFC 32 AL 05 FURERL . UPFC A5
IG5 BB ECUNE 5 A ALFR . UPFCHEAZR L MN
A B2 40 km, R S0 :1,=0.0196 Q / km, [,=
0.9119 mH / km,c,=0.0129 pF / km;r,=0.1828 ) / km,
1,=2.700 mH / km, ¢,=0.0052 wF / km. SRFESHR Jy
5 kHz.

4.1 FFAEER R I IE

MBS EAS SCT R 3 Bl A GURRAE H R 50 5 R

P, 76 UPFC 2 A4 I WA i 1) 52 T BT i e Wk O, 1A

B BRI R A X = A 42 M T G, R BRI MMC. fig
B, 1) 2R I T Bl TR ARRAE R T E AT IR S
40 ms PN P REAE B R B HS TR A i A TR AS BT .
P AT DL, i MMC 178 W 1o T 38 Sk s R, £ B A
MMC i 0 J 28 32 266 8 1 ) oy 9iE B, 2 A 28 8% fif ]
HEABRE R 0.2 pou. Sk 50 Hz 938 i — FHARIE
e .
4.2  HBENRE 7 iR IEIE

1E UPFC 42 A28 1% 10,20 .40 km &b 43 5135 & A
[F) 24 T8 119 4 Ja A o % A s, o AR SC T Y AR A [ e s
B R BERRPEEF TR, A UPFC 32 A2k 40 km
Ak 2 A AB R ] 6 6580 A 107, 4 A % A5 R R D D
TE N AR 443 i An B 5 A [l A6 VAT Ffs . H AT
O, 6T AB AH [B] 0 %5, 55 A 2 s 7 2B B
P REAE EL G, I B A FL I R O, il A FEL AR 4 d
B SR AR A0, DR IR e ) DT 45 A FL A AR
A3 1 /)M ] S B R A

SR 2 (10) T 580 B By 92 B i 22 5% ) 24
UPFC $2 A28 8% 10.20.40 km &b % A= AB A 8] 46 ik
B s, AR SO 1 B TR 25 R AN 6 T 7 o

s~ i 100 % (10)

mea

L,
A 8 AR IER 5L, F L, 530 T B RS Bife
B ES

S=

10 20 30 40
t/ ms
— lg=10km, ------ lt=20 km, -~ Itu=40 km
Eo AEEHPEAERE ABE E G R FER,
AXFEWRERE
Fig.6 Error rate of proposed method under phase
AB short circuit fault in different fault locations
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Table 1 Fault locating results and error rate of
proposed method under different faults

in different fault locations

(e I,/ km 1./ km 85/ %
10 9.97 -0.300

AG 20 19.95 -0.250
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40 39.86 -0.350
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Table 2 Fault locating results of proposed method
under faults with different transition

resistances at 40 km of line
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Fault locating method based on active injection for transmission lines
equipped with UPFC
ZHENG Tao,WANG Yunpeng,MA Jiaxuan,SONG Xiangyan

(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China)

Abstract: Aiming at the problem that the locating accuracy of the traditional passive fault locating methods
is difficult to guarantee in scenario of lines equipped with UPFC(Unified Power Flow Controller),an active
injection fault locating method for transmission lines equipped with UPFC based on the idea of coordinated
control and protection is proposed. After isolating the fault, the proposed method makes full use of the
high controllability of MMC-UPFC (Modular Multilevel Converter based UPFC) ,switches the MMC (Modular
Multilevel Converter) at the series side to the additional control mode, actively injects the characteristic
voltage into the transmission line,and then realizes fault locating through the differential equation algorithm
based on single-end parameters. The proposed method uses UPFC as the signal source and injects electrical
signals into the access line to construct the fault locating equation, which can solve the problem that the
passive fault locating method is susceptible to the operation characteristics of UPFC and transition resis-
tances, so the accuracy and reliability of fault locating are ensured. Finally,the model of transmission line
equipped with UPFC is built in PSCAD / EMTDC simulation platform and the simulative results verify the
feasibility and effectiveness of the proposed fault locating method.

Key words:unified power flow controller;power transmission line;fault locating;active injection
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Table Al Simulation parameters of UPFC

ZH ZHE
RGHIE/KV 500
HI RV 180
Ho B MMC B (MV « A) 250
FEIARIEH% 10
HRIARIRT% 20
FEERABGRAL LKV (Yo AIY) 505/36/94
HIBAR G AR kv 43.5/36/105
an Grayy IAIY)
FR IR IDEAR 8 TR ) ek 2 2000

A FH/Q
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Table A2 Fault location results of proposed method under faults with

different transition resistances at 10km of line

[LE eI W RE RS /km IO P RE RS /km RZER%

50 9.98 -0.2

AG 10 100 10.05 0.5
300 10.08 0.8

50 9.96 -0.4

ABG 10 100 9.94 -0.6
300 10.06 0.6

10 10.01 0.1

AB 10 25 10.02 0.2
50 9.97 -0.3

10 9.98 -0.2

ABC 10 25 10.02 0.2
50 9.97 -0.3

Fc A3 £k 3% 20km &b & A AN [E)5 i B PR A SRR AT, ARSI SE R RIPEIIBE 4 R
Table A3 Fault location results of proposed method under faults with

different transition resistances at 20km of line

A R km T EEH/Q Pl BE  /km RIERI%
50 19.94 -0.30
AG 20 100 19.88 -0.60
300 20.16 0.80
50 19.92 -0.40
ABG 20 100 20.09 0.45
300 19.88 -0.60
10 20.02 0.10
AB 20 25 20.05 0.25
50 20.08 0.40
10 20.02 0.10
ABC 20 25 20.04 0.20

50 19.94 -0.30
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