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ABSTRACT: Based on the ratio between the sum of two
terminals fault component voltage phasor of the transmission
line and the sum of two terminals current phasor of the same

line, which is defined as fault component integrated impedance,

a new transmission line pilot protection principle is proposed.
When an outer fault occur, the fault component integrated
impedance reflect the capacitance impedance of the line, its
value is large, and when an internal fault occur, the fault
component integrated impedance reflect the impedance of the
system source and the line, its value is relative small.
According to such a characteristic, whether there is fault in the
line can be distinguished. The criterion is not influenced by the
capacitive current and fault resistance, and can be applied in
the line with or without shunt reactor. Also, it can be easily set.
Simulation with EMTP and dynamic model data shows that the
presented principle has high sensitivity and reliability.

KEY WORDS: transmission line; pilot protection; capacitive
current; fault component; integrated impedance
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Fig. 5 Model of system of switching onto fault

LB AT AR LR R B L BB I, Zeg S I
Pt R BEURIT A R 37 2 2 Ak 3] s i PR e B FH T

A, WURPTHBAELL N, £E2 FEL I,
USRI EBAT I, Zog D ZANEE, MR AT
WO, Zcq S ek 952, BELARD D EReAP 22 2 b 38 i 1)
PR, LB S 2 g A PTRIBE AN 22 50K, A2
T 73 2R BT IR DR ) 9 T LA

-

Hrek it FoR AT i

URPTRAE BRI, 3 AT, FARERT 2
SRt L, ANBETHS Zog, BUIN B IR HAS )
i o
25 AR ESHSENTNT

Wk A RN, ZESh I ST U R
Wiy, it kg IR ZE S IR RSB, AT
P UL T I BRI B R A, AR A AR AT K
Ja, AMRBARIER, PRI RBUE

R THEMA L Z AT, AR iR s
FEFR, DRI sV T IR T BRAR 1 RUEE, o Rl
RAFAET TR, PRYRE S B2 BN

ASCHTR M, B2 B 5 8 2 B 5
Wi, £ AR 7 EER T BRI BT T Al (H
TDCA XA BRI, b R R S P RE 22
BECKR, XAMSRRRS, —BOKT 1000 Q, XL
B, —fRAEEC QTS MR T BHT T,
X N AT A R IR B A E S i ELT 4 s A
R RRBHIGOC, g bR i I F B R
(SIS S (S

3 {mEWIE

31 EMTP{FE

EMTPYiELH, REH RSN 500 KV, 2814
KA ASHRI, R T 4 PR TI0E,
Oyl R 1, B 2, B 3 FIBEAY 4, Fp
RPN IE P AR P BRI HOH R, AR LR S K
FTHLIEBRBT KN 7 A Z2 50, ] 6 A sE i il 1]

m n
Ki Kz Ks Ka
© I 2 1% 12
6 SKIGIEE
Fig. 6 Model of system

R 1 R KRR, PR 400 km, Zmy=
4.3578+j49.8097 Q, Zno=1.1+j16.6Q, Z;,;=2.1788+
j24.904 8Q), Zn(=0.436+j 8.02Q2,

TR 2 2 A 2B - 2R B K52 0 200 km, Ziny=
4.3578+j49.8097 Q, Zno=1.14j16.6 Q, Z;,;=1.0894+
j12.452 4 Q, Z¢=0.27+j4.151 Q.

B 3 AR, 2 KR 40 km, Zp=
4.3578+j49.8097 Q, Zno=1.14j16.6 Q, Z,=7.262 7+
j83.016 Q, Zpo=1.21+j 27.7 Q2

A 4 2591 . 2Bk Kl 400km, Zmi=
4.357 8+j49.809 7 Q, Zno=1.1+j16.6 Q, Z,;=800+
j1000Q, Z,=50+j100Q2, nfil| Ky 5515 o




58 L I - ¢

28 4

4 ML H S EFS8hr, =
0.019 58 Q/km, 1,=0.819 2 mH/km, ¢,=0.013 5 pF/km;
EFZH hr=0.182 8 Q/km, 15=2.74 mH/km, c;=
0.009 2 pF/km,

PiE, BHlfEK Koy Kav Kg 4 A5
T 455 Je P g e A a9 L BEL A b e, Ko 87 T mii
e, Ko T2 A, Kefr TrniimZe i th 1,
Ko7 iy BELR S g ) e 11, S 50 B SR A B
W XLV T 4 MEAEK. Koy Kay Ky 4
AN RUR AN R S B 4 i 1 e s ) 1) — A 2555 BT
WHER, Wbl Zegal v [Zeanl v | Zeae| 3 HRKA,
B. CEAHMZEGBABUMIBIE. & 2 Fh TR 1
H R 28 A1 BAH A 28 AN () aod 9 P B e b Wl 1 1)
PiEa gL, HorhRegs et i i v BE I A, 2301
I 100. 300. 400 Al 500 Q; g Ak EEIB
M AR ZEBN R, Ty =T+ 1y Ty BT, 2305

F 1 EMTPHEFE&EMHMEMAELS

Tab.1 EMTP simulation result under
fault without resistance
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Tab.2 EMTP simulation result under
single phase to ground fault with resistance
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Tab. 3 Dynamic model simulation result
under fault without resistance

B R MR Zl/Q [ZeanlQ [Zeac/Q
Kio ABG 6.84 6.16 |
" Ky ABG 31.32 6.58 O
Z:L; Kis ABC 3.24 2.96 3.17
. Ky BC | 4.64 5.06
Ky CG O O 2.73
Ks AG 1060 O O
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b K CAN 12.86 O 11.92
5 Ky AB 15.38 13.70 O
Ks AN 1334 O O
e Kio BC O 11.43 11.75
it Kiz AN 12.42 O O
6 Ky, BC O 12.6 13.0
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Tab. 4 Dynamic model simulation result under single
phase to ground fault with resistance

[ [ et Zeda Zcdo Zedc
i Kio BG O 6.32 O
it Ku BG O 5.797 O
4 Ky, AG 3.08 O m]

LY Ku CN O O 43.530
5 Ky, AN 11.86 O m]
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Fig. 7 Calculated value of Z.4 when fault occur
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