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Strategies to improve response of distance protection in renewable power grid

HUANG Hui, DENG Huiqiong, HUANG Hongyu
(School of Electronic, Electrical Engineering and Physics, Fujian University of Technology, Fuzhou 350118, China)

Abstract; With the wide application of renewable power generation system in power grid, its control strategy
has an increasingly significant impact on distance protection performance. To solve this problem, a distance
protection method based on voltage plane is proposed. Firstly, theoretical analysis reveals the performance
degradation mechanism of the distance protection in the renewable power grid-connected system under fault
conditions, especially the influence of the significant increase of the system power angle on the protection
performance. Secondly, according to the characteristic that the system power angle is close to 90° after the
fault, combined with the characteristic that the voltage cosine significantly increases the resistance to transition
resistance when the power angle is large, an effective criterion for judging whether asymmetric phase fault
occurs in the system is proposed. The simulation model constructed by Matlab/Simulink is verified, and results
confirm that this scheme can reduce the interference of renewable power control strategies, showing a strong
ability to resist transition resistance, and high sensitivity and reliability.

Keywords: distance protection; renewable power generation system; control strategy; transition resistance;
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Fig.1 Effect of transition resistance on distance protection
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Fig.7 Schematic diagram of simulation system
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Fig.8 System power angle characteristics after different

types of faults

P9 JiE7R 1 A BC A [A] il e ik 6 BH 6 )
DFEASR . b, 7, T RE TR M0 2 42 i Il 4 fHL
YU, 7, FOBEROIF M R SR I BH T, A ]
VAR PR R o 9 P B e B 2 1R, 2, 6 £
SIS BB O P IR Sh A ; TS T RE TR A i R
GEpE i RS 2, 2, 0 T PR AP B A, S B0
B ORAPICE IR SR, D5 HARRY, Brae ik
HL 2R SR ] SRS S A T O I AR e A i L
15§ 52 BE A7, o 45 2 T B0 - i A 3 5 O 3 1
TR,

0 10 20 30 20
RIQ
B9 MERMMHELER

Fig.9 Simulation results of measured impedance

32 AREEREMHESR
TERTBEWOIF M R GE | 2 P SR B 52, &



55 4 3]

T, A BT RE TR R 100 H B DR R 17 4 SR 365

BLUIff & HT 90°, £ i & A BC AH MBI BT, AN
[ei) e 368 L BEL R Ha AR 5% 3 k= U cosep, I A7 L4
W 10 FrR, MEHRTLUE 7 AR TR 8 H BH
MR L k<0.5 pu, BB IR REAS IEBA SIAE . 1 E
SERFH ARSI T B AR IR I I R G e & A
FHE B B D A 90° IR S5 . I FH L R AR 5% i
ke R B) i B, B 6% 76 AN W) 3k V8 F BHL T 4 R
TR B It P B 8 A4 IR AR Bh 1

1.00 R8O

- — R=16Q

0.75 ----R=24Q

. —-— R=30Q
20500 =i = At = = v = e o
o | |

0.25 J

0 1 1 1 I

0.5 020 025 030 035

t/s

10 BC HHEHER Lk HTRELER
Fig.10 Simulation results of k in BC interphase fault

3.3 FEMBHENFTESER
M PERRH R=15Q, TEL BRI A R B LA
BC FHE]E B | B R AN 5% k= U,cosp; W5 B4
KB 11 Fos, WEHATLIE L Toiesl b & 4
TELR I B MIEAN7 EL k<0.5 pu, BB AR P BEAS 1IE 1
Ve, T EER R, A IR EE I A Z i b
B R SZ I, BEAE TE A [a] i o 8 T v U

B It DR B DR AP LE A B A

026
0.25¢
024}
§0.23 F
022+
0.210

20 40 60 80 100
PH 25 /km
11 AESEMCERBEEN L NHELER

Fig.11 Simulation results of k for two—phase short circuit

at different fault locations

34 AEIRMITEER

1 JRIR T4t & A BC AR RN B, AN A
TR AR = k=Uy'cos¢UE/ﬂfﬁE%%o MM
RKPATLLAE WL, KRGV 6 ¥ HI KU | 78
R AR J5 2 HE3E 90° , Ty fA % B R A% 7% it

SN/ HELR B AN TR 57 B DL AN ] 5k 9
BH S5t T R AE RSB | k<0.5 pu, BE B R 316
B E, 15 B 245 R 76 040 30 B i oA
6] TR & A= A e o ), A TF 5% T 4 46 4
FE VA R 91k B - B L B S 1 9 IR W B 4
— IR T % B AN BT 5 F & ek
FATHEE

F1 AXFREESFER L (FEER
Tab.1 Simulation results of k at asymmetric

interphase faults

WBE h
fr/km HFL/Q  s=150  §=30°  §=60° 5=90°
8§  0.1127 0.1124 0.1126 0.1127
20 16 02265 02264 02268 0.2264
8§ 01130 0.1133 0.1129 0.1130
0 16 02293 02294 02295 0.2295
8§ 01159 0.1160 0.1162 0.1160
o0 16 02373 02374 02376 02377
8 01273 0.1274 0.1277 0.1272
% 16 02617 02616 0.2616 0.2615
4 Zig

HTREIR K L AR LY S AR HH R B A B )
S T SRS H R, AR BT R R SEY)
FAL Bl SR TR PR 2 A S AR R RE AR
RFRW NI — AR, AR WS T —Fh
HTHIERZRIRY TR, THAREY, %
TR BALUT E R A

1) B PR A 52 A A 2R G0 D) A BRI e B
o A L R 52 BE T Pl T ] RS REAS i R
GEYIFARE R B HEE 90, I i 4T T HUE AR
5% a0 i 0 F RHL A TR

2)) TG a5 FRL B8 DR /DN L R i e A Y
AT, B D5 S RETERA UM DX N kR

3) SR IBCH T A% 5% B4 IR 8] 27, SR IR 8] 75
0.05 sLA A7 B TR THIE B O 4 sh A i ), B4
R A T AR S FHAEL



366 IR T %23 %

S0k
[1] XU Z Y,ZHANG X, HE J,et al. First—zone distance relaying algorithm of parallel transmission lines for single—phase to

ground faults[ J]. International Journal of Electrical Power & Energy Systems,2016,80:374-381.

(2] Zes, SCUIT, , T, A, FRZRANTT A0 B B0 AY o TR ELTR 4R R BE Bs OR 4 [0 ] v B R BL TR 2% 41, 2020, 40 (12)
3888-3897.

(3] 73 MU, BXH B A5 LISt XU H R Fh T R T X B R AR S I A3 BT [0 ] L) RGEOR I 545, 2017,45(6) : 37
-47.

[4] ZHANG F,MU L H. A fault detection method of microgrids with grid—connected inverter interfaced distributed generators
based on the PQ control strategy[ J]. IEEE Trans Smart Grid,2019,10(5) :4816-4826.

(5] E4IE, T, R, 45, OB BE IR & v, 2% e 47 o) ke o mig 07 0o 5 i 2k e B B AR 4P 2w 2 B [ . IR 2024, 48
(9) :3834-3843.

(6] JAENT, T, 225 4. BrieIRae R Bk th 5 T A S BOUL BB R A E S EDLR 2 #r ()],
PLTFE2:47,2023,43(5) :1730-1739.

[7] 225 SRk HE R Ik, 55, 0 A e 0 B S R P A SE AL AR AT [0 ] i ) RGEAR B 540 ,2018,46(16) :54-59.

(8] WRIGEHE, 230 Mok, 55 02 S JLH AT AR TG F 19 19 3 7 BE B R 0 22 [ 1] B ) R g ARy S 45, 2023, 51
(11) .27-38.

[9] Thffs, Beise, 5 5 5%, 45, —Fhiid P8 iy BELAY BELD O st A7 26 (0] F AR 2020,44(3) : 1134-1139.

[10] Mo, AT, EAEAR, 45, B4 NIX 1 0T BE 0 M FE RS R4 SB[ T ], HL 4R 1 2014,38(11) :2943-2947.

[11] ZE52 5kARAs, 22850, 4. SR THIE B O 4P 7 1 9 BB R = sl Bdss dlm e [ 1], KRB REEH,2022,43(7) :22-29.

[12] BRANT BESS , RE MR, 55 s 2 i i AR ) B & R BE RS DR [ 1], s RGP 518 11,2010,38(17) .22
27,32.

(REHE: FEE)

(E3#% 337 W)
[6] ZHANG Y,CHENG Y,DONG X, et al. Study on the performance of new TPS high viscosity modifier on its modified asphalt
[J]. In IOP Conference Series; Earth and Environmental Science,2020,587(1) :012023.

[7] 28, BBk 5 TPS S5 MU M HE KPR iR G RHEREDFTE [ )] BB SRp 4, 2020,47(7) :95-98,103.

[8] WANG F,XIAO Y,CUI P,et al. Correlation of asphalt performance indicators and aging degrees:a review[ J|. Construction

and Building Materials,2020,250.118824.

(9] LVRIE INE , BIAF%, 55, Wi A b 28 A SRR S Rp 1 4 3 25 B DD i 28 e R AE [ T ] APRHR AR, 2024,38(4) 192

-98.

[10] " ETREEbRHE 2. A BIRFR I I IR ARG THOR ML : T/CECS G:K44—01—2020[ S]. Jbat: ARAZ
38 H hAt, 2020.

[11] rhAe N RIERNE 520 iz . 2 i TR 0 7 S0 7 R A BB LR - JTG E20—2011[S]. bt AR i
#1,2011.

[12] NOURA S,AL-SABAEEI A M,SAFAELDEEN G I, et al. Evaluation of measured and predicted resilient modulus of rub-
berized Stone Mastic Asphalt (SMA) modified with truck tire rubber powder[ J]. Case Studies in Construction Materials,
2021,15.00633.

[ 13] GUI W,LIANG L,WANG L,et al. Performance evaluation of warm—mixed crumb rubber modified asphalt based on rheolog-
ical characteristics| J]. Construction and Building Materials,2021,285;122881.

[14] MA Q,GUO Z,GUO P,et al. Research on the viscosity-temperature properties and thermal stability of stabilized rubber
powder modified asphalt[ J]. Sustainability,2021,13(24) :13536.

(REHE: BFE



