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An online evaluation method of relay protection operation state based on multi-level framework

LIU Xuan', LI Chuan®
(1. Baoding Electric Power VOC. & TECH. College, Baoding 071051, China;
2. Department of Electrical Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: To solve the problems that current protection operational state evaluation is ineffective to reflect the real-time
operation of protection and accomplish online analysis and evaluation for protection system automatically, an online
evaluation method of protection operating state is proposed. Based on the concept of measuring intercept, a fault line
identification method is introduced, which avoids the influence of transition resistance on the distinction between
measured impedance and real impedance from fault point to relay location. Evaluation method for operating state of
protection system is built. Layered transmission of real-time operation probability message is realized through the
establishment of the protection information matrices. The evaluation of protection “four characteristics” is done using
operation probability of fault elements and non-fault element. Simulation of protection operation evaluation on different
fault conditions in actual grid validate that the proposed method can identify the fault line rapidly and is effective and
reasonable to evaluate operation state of the protection.

Key words: protective relaying; operation probability; fault identification; state evaluation
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Fig. 1 Effect of transition resistance on protective zone
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Table 1 Line parameters and ground distance protection setting value

Lk AR S FRHhE Y 1B Fedu g 11 B Fedu g 10 B
SO 11.9.279.4° 7.0425 £79.4° 22 22.17
A 8.46 ~80.7° 5.191 £80.7° 15.1478 18.765
s I 10.2.£82.1° 4.193 £82.1° 22.28 39.86
i 5t 16.6 £76.1° 9.83676.1° 25.1034 25.103
A5 9.86.£83° 4.677 £83° 24 52.815
PSS s 11.9.£79.4° 7.356 £-109.8° 19.59 19.59
e 11 10.2.£82.1° 4.162 /82.1° 21.89 39.763
%2 AMERMEMELKRSH
Table 2 Line parameters of A phase grounding fault
L ELN TR A R K S P,
HAL 2227.9419 ~/-109.6° 6876.6699 ~-109.6° 0.553 5.97.£75.5° 0.72
R 1957.5487 ~-109.8° 5679.7901 ~-109.8° 0.556 10.85.£77.3° 0.31
XL 561.2121 £-110.6° 1664.6577 ~-111.3° 0.521 30.28 £77.2° 0
I 473.8866 ~-111.4° 1871.2559 ~-110.9° 0.564 36.32 £78.45° 0
fiip 546.3039 ~-102.8° 1783.7546 ~—-105.1° 0.467 41.36./71.6° 0
At 424.8721 /-108.8° 9247711 /-110.3° 0.511 49.6 £76° 0
XU 1957.5487 /—-109.8° 5679.7901 /—-109.8° 0.553 6.06 275.7° 0.69
w1 489.0935 /-111.0° 1896.7770 ~—-110.7° 0.564 35.6 /78.2° 0
* 3 AHZ10 QT EREED R LIRS
Table 3 Line parameters of A phase grounding fault with 10 Q transition resistance
L5444 i A FIHLE K B Z, L
j=9d 1487.5028 /-71.0° 4591.2593 ~-71.0° 0.553 14.6 £23.2° 5.89 0.73
A 641.7248 /—66.5° 2389.7436 £ —69.3° 0.556 33.8./30° 17.79 0
AR 374.6953 £-72.0° 1111.4201 £-72.7° 0.521 64.2 £28.66° 31.03 0
st 1 316.3929 ~-72.8° 1249.3548 ~-72.3° 0.564 65.7 £34° 34.09 0
i 5t 364.7423 £ -64.2° 1190.9338 £-66.5° 0.467 71.3£29.1° 35.72 0
Al 283.6698 ~-70.1° 617.4292 ~-71.6° 0.511 103.9 £27.5° 48.34 0
Rt 1306.9703 ~-71.2° 3792.1512 2-71.1° 0.553 16.7.£20.3° 5.88 0.7
st I 326.5468 £ -72.4° 1266.3948 ~-72.0° 0.564 64.4 /33.72° 36.09 0
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Table 4 Line parameters of A phase grounding fault with 20 Q transition resistance
B4R TP A M K TELBHT Z P,
SR 968.3770 £ -55.2° 2988.9518 £ -55.3° 0.553 26.,12.8° 5.79 0.737
AERL 417.7681 £-50.7° 1555.7451 £ -53.5° 0.556 55.9./16.33° 15.93 0
XL 243.9305 £-56.3° 723.5441 ~-57.0° 0.521 110.7 £16.9° 3243 0
T 205.9760 £ -57.1° 813.3430 /-56.6° 0.564 99.9 £20.45° 35.24 0
1 5% 237.4516 L -48.4° 775.3118 ~=50.8° 0.467 115.6 £30.9° 61.16 0
5 184.6718 L -54.4° 401.9546 £-55.9° 0.511 178.8 £15.58° 48.38 0
At 850.8511 £-55.4° 2468.7266 L -55.4° 0.553 30.34/11° 5.79 0.704
s I 212.5854 /-56.6° 824.4359 ~-56.3° 0.564 106.4 £20.1° 36.92 0
* 5 AR50 Qi iE AR R LS H
Table 5 Line parameters of A phase grounding fault with 50 Q transition resistance
LR 4R FF A MR K U5 BEL Z P,
O 458.9031 £-41.7° 1417.3397 ~/-41.7° 0.553 60.06 £5.6° 5.96 0.729
AR 199.8711 £ -41.7° 740.3914 £ -41.7° 0.556 122.5/8.5° 18.35 0
st 1 30.8355 £-41.7° 144.2874 ~-41.7° 0.564 269.3 £8.5° 40.19 0
1 5% 114.5689 ~—-41.7° 372.3432 /-41.7° 0.467 247.7/8.7° 16.22 0.354
AR 87.6418 £/ -41.7° 190.1139 £-41.7° 0.511 403.7.2/6.9° 9.41 0.608
At 403.6883 £-41.7° 1170.4345 ~-41.7° 0.553 70.9 £4.7° 591 0.698
s 1 99.6557 £-41.7° 388.7425 /-41.7° 0.564 235.9./8.5° 35.20 0
& 6 ATRE2100 QT E R FRIEH B LIRS
Table 6 Line parameters of A phase grounding fault with 100 Q transition resistance
LSRR it AR K SRR e A P,
O 234.2712 /-35.9° 723.5580 /-35.9° 0.553 118.9 /2.8° 591 0.731
A 102.0354 ~-35.9° 3779736 ~/-35.9° 0.556 241.6 £4.3° 18.36 0
XL 58.4153 £-35.9° 173.9054 ~-35.9° 0.521 498.9 /3.4° 29.82 0
Har 1 49.0949 ~-35.9° 195.5159 ~-35.9° 0.564 475.5/4.3° 37.51 0
i 5t 58.4881 /-35.9° 190.0838 £-35.9° 0.467 432.8./3.1° 24.12 0.039
At 44.7421 /-35.9° 97.0551 ~-35.9° 0.511 532.2./2° 18.7 0.221
At 206.0839 ~-35.9° 597.5123 £-35.9° 0.553 140.72 £2.3° 5.75 0.706
Hoa I 50.8746 £ -35.9° 198.4554 ~-35.9° 0.564 303.924.1° 21.94 0
x 71 EHERER
Table 7 Information matrix of the master
%g‘ 0 10 20 50 100
08 1 1 072 =X 0 1 1 073 0 0.045 0.068 0.737 0 0 0 0.729 0 0 0 0.731
0 1 1 031 X 0 0 0 0 0 0 0 0 00 0 0 00 0 0
0o 0 0 0 X 0 0 0 0 0 0 0 0 00 0 0 00 0 0
?Eﬁ 0 0 072 0 I 0 0 0 0 0 0 0 0 000 0 000 0
’;Eﬁ?r 0 0 0 0 % 00 0 0 0 0 0 0 0 0 0 0354 0 0 0 0.039
0 0 065 0 g 0 0 0 0 0 0 0 0 0 0 0 0.608 0 0 0 0221
094 1 1 0.69 Rt 0 0.87 087 0.7 0 0 0 0.704 0 0 0 0.698 0 0 0 0.706
L0 0 076 0 I 10 0 0 0 0 0 0 0 | 10 0 0 0 10 0 0 0
AR T ub e EAERE i,  ubn] DLPR AR R ) EFEPE: RSN, M OL T, 5t

R 2 RSN R B AT RS DL, JER R

IR T PR

UL I IR I 2 e 1 (R B ot 2 fRedy 2 AL S
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