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An improved adaptive distance protection scheme for the outgoing line of PV power station
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Abstract: When non-metallic faults occur on the outgoing line of the photovoltaic (PV) power station, the performance of
traditional distance protection may be deteriorated due to the weak-infeed property of the PV power station. The existing
adaptive distance protection scheme can improve the performance of the distance protection to some extent, but there is
the possibility of mal-operation when the external fault occurs. Firstly, the reasons for mal-operation of adaptive distance
protection are analyzed when the external fault occurs, and then an improved scheme for adaptive distance protection is
proposed. Due to the defects of adaptive distance protection, the short-circuit impedance of the line is introduced.
According to the difference of the short-circuit impedance under internal fault and external fault, the auxiliary criterion is
formed to identify external faults which may result in the mal-operation of the existing adaptive distance protection. The
new scheme only needs the PV side electric quantities to obtain the short-circuit impedance approximately, and cooperates
with the existing adaptive distance protection to distinguish internal and external faults. Finally, the simulation based on
the PSCAD verifies the proposed scheme.
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Fig. 1 Single-phase-to-ground fault in double end system
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Fig. 2 Operating zone of adaptive distance protection

1.3 B BEMEBRRIPFER R

X ICAR I LB Ry R U, DT FE R B
T PRAP A B R T DX A I I A 8 2 ERg FH BT
e 10 H AT AIARSRBIFTESE T DX bR R 47 1
BN, X AR A I R K B 1R
PERE, EERATHRMIE,

0 50

B 1.2 75 I R B R 0 S 1 DX I S )
AICUE H, (R sh R X 0l S AR I B R
KA (6K, KL B 3 N AR s 1 X I s
AN TR AN A B4, BT B B
L8, DX IR () BB e 2 VR AE 138 Y. B 2 R
PBIEX I . LA s A ], B z(6) T
T, XA /N i B B A A S s R [ A 28 K F B
FFHEE M, JS R A R B AT REAH 4,
X PR 0 DU R BH TR S TS AE RS X, DRI
A I P S R T B0 W X A R X A
oy X A

AT PSCAD i 565, Mg 1 fisrt
fRI% LR B B, DRI 2Rk A Ko ], 55
X Ah AR, SN B S R S . 4
DX AP — s AN el LR b, R B L
AERTREUWNE 2 iR VT, b A B
(a0 B RHEFT )R N TS E X 8, AT RE S5k
WENIIR A

gE b, eARIgEI% 2R A A B b e
FEGE IR B AR RN BLAT 1 30 Y B B R A — 2 )
), R R — RO EE B AR TR, IREEDL R
%R 2 AIEAT
2 AR BERNEEERIFRIE

BEXS 1.3 o0 B BRAT B 3 YR 2 OR A AR 1)
i, B O HE MR B AR T Il SN
S8 T L0 At i 38 R 2 2B b 110 28 i LT ) (1) 1R
o, AR DX P AR 2 i R BB IR R/ 2
o s 3 Y BE S R R Bh I, I A& MR
B ORA VR FLIC A% DX M i BAIX 4«

2.1 ZRE&FEREPE AR EL

B L T e g, R Z,, ) th 2
FLE%BHAT( Z, )R PR (AZ) P o A e, sl 3
P, Hodo Fla 43 AT T 2k BHAT A A B nEH
s K, Ma<0°iF, BEINFHPTABHZ M, 4
a>0° I, B BTN B2,

ivQ WO
A A AZ

o

Zy Zy
Zy

Zu
? » R/Q) ’ »R/Q
E 3 EmEHTE

Fig. 3 Impedance complex plane




-130 - ® LRGP B R

H 1.3 WMl &, BT B G AR Ry &
TOIEIERAIX 70 DX A AN PR J DR DX P9 R Akl e
Zyel REASAH I S R PT. 45 a 1 3 45 A LT
Z AU R AR AN, AR BT &I, X
PSR IX A i PR B RELAC L e i BEL BT B L
PHER T LA LT R WA 4 s, B o fla,
I IRER X AN KT IN BT o Zygprn Zy FIZ,,
I3 AR ORI B B R BT B (B . X A b
LR FHLHTAN DX AN B BT AZ FIAZ, 23 AR
DX PAY i e B DN BEL L AT DX AR i s B I BEL BT s+ Z,, ARAR
WO e R LT 2 X A A IS ) B T PEL T 5 A

X /Q 7. &~ ——————————-
Yy A o,
/e
/ \“-
/
7 SET /‘ \
/ \ AZ,
/ S
/
Zdl#’n_.,n_ - - —l —————————
- Je
/ AZp T
/
/
/
/
// Zl\l
/
/ R/IQ

(@) o, <0% ar, <0°

Q .
A Zy f}az

/

X
A

/ R/IQ

(c)a, >0%a, >0°

4 tEREN 2 A A =Fh AT sEER

Fig. 4 Three possible cases of the same measured impedance
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Fig. 6 Simulation result when the internal fault (K1) occurs
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Table 1 Comparison of action results of traditional distance protection, existing adaptive distance protection and new

adaptive distance protection with different fault locations and different transition resistance
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Fig. 7 Simulation results when the external faults (K2,K3) occur
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