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Fig.1 Schematic diagram of offset
test points of grounding grid
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Fig.2 Equivalent model of 25-branch grounding grid
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Table 1 Fault diagnosis results of Group 1 when test point deviates from node 6 to Ry,

SEaE SIBRAE/ B WAE R SF A 1R 2 E/ %
XEEHL mQ 7=0  1=2% 1=5% n=10% n=20% n=30% n=40% n=50%
R, 1.6 0.01 3.96 963 1453 584 1370 6731  30.83
Rs 25 0.02 4.42 592 1721 161 2509  37.03 3692
Ry 4.5 0 0.53 137 357 1188 1564 1584  20.14
Ry 3.8 0.02 0.54 1.94 2.88 102 2135 3161 5378
Ry 4.8 0.01 0.20 0.26 059 1423 2749 3156 9.56
Ry 15 0.01 921 2140 3333 3333 3333 3333 3333
Ry 1.7 0.01 0.60 1.58 2.76 833 2829 7500 1234
Ry 3.0 0.01 0.20 0.55 169 1797 2694 3190  38.82
Ra 42 0 0.51 1.29 350 1272 1681 1690  23.26
Ry 4.1 0.02 0.06 0.52 064 1048 3312 4287 3877
R, 5.0 0.01 0.18 0.41 056  11.61 1940 2213  30.55
1 0.01 1.85 4.08 630 1173 2375 3686  29.85
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Table 2 Fault diagnosis results of Group II when test point deviates from node 6 to Ry,

SELTI SERRAL LW g R FEAXT R 2 £/ %
S BH m() n=0 n=2% 1n=5% n=10% n=20% n=30% n=40% n=50%
R, 32 0.01 3.31 5.67 2175 7632 6289  33.50 19.53
Rs 22 0.02 4.46 6.51 2273 7083  95.11 7.02 3.08
R, 2.8 0.02 1.91 431 7.28 10.18 319 2898  28.85
Ry 15 0.01 1.31 272 378 227 4.07 1.14 0.38
Ry 1.7 0.01 0.05 0.10 0.09 0.56 153 3676 4321
Ry 42 0 4.14 5.26 2873 5119 7619 7619  76.19
Ry, 42 0.02 0.79 1.79 378 8.24 740  23.65 16.06
R 25 0.01 1.72 3.53 4.86 8.83  30.15 3595 4393
R 15 0.01 1.10 243 3.81 3.98 0.62 19.42 18.31
Ry 1.2 0 0.42 1.13 2.09 2.90 1.60 16.67  20.00
Ra 1.8 0 0.10 0.05 1.24 4.18 0.12 3530  41.69
¥ifa 0.01 1.76 3.04 9.10 21.77 25.71 28.60 28.29
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Table 3 Fault diagnosis results of Group Il when test point deviates from node 6 to R,

SEA RN SRR/ W45 X SRR 2 B/ %
SCHEBL mQ n=0 7=2% n=5% n=10% n=20% n=30% n=40% n=50%
R, 2.8 0.01 3.99 5.57 1850 3310  32.04  66.06 9.98
Rs 42 0.02 4.05 4.81 2178  60.80  28.16 7.91 12.88
Rs 1.7 0.02 0.37 0.83 1.35 5.91 15.80 18.61 21.46
R, 26 0.01 276 3.36 10.01 25.42 1519 3257  80.78
Ry, 2.5 0.01 1.79 4.59 8.99 933 37.01 4834 5143
Ru 2.4 0 1292 2265 47.80 5833 5833 5833  58.33
Ry 3.1 0.02 0.77 1.75 2.55 4.05 17.21 66.52 12.05
Ry 4.8 0.01 1.02 1.90 1.76 1444 2731 3243 3830
Rx 32 0.01 0.31 0.62 0.66 5.49 15.90 18.40 2333
Ry 1.8 0 2.38 4.63 9.41 23.19 2000 3566 7846
Ry 29 0 0.85 2.32 5.39 090 2628  36.16 4573
YA 0.01 2.84 4.82 11.65 2191 26.66 38.27 39.34
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Table 4 Fault diagnosis results of Group 1 when test point deviates from node 16 to R,

SEAT SEBRE/ LW g P AT R 25 B/ %
2 e LB mQ 1=0  n=2% n=5% mn=10% n=20% n=30% n=40% n=50%
R, 1.6 0.01 0.01 0.01 0.01 0.11 1.69 3.62 11.00
Rs 2.5 0.02 0.02 0.02 0.02 0.99 1.67 0.71 2.10
Rs 45 0 0 0 0 0.05 0.15 1.34 422
Ry 3.8 0.02 0.02 0.02 0.02 0.08 1.16 1.83 6.76
Ry 4.8 0.01 2.00 4.99 9.99 2000 3045 4103 5262
R 1.5 0.01 0.01 0.01 0.01 1.02 2.50 3.07 10.10
Ry, 1.7 0.01 0.01 0.01 0.01 0.04 0.43 0.91 3.17
Ry 3.0 0.01 0.01 0.01 0.01 0.22 0.34 3.88 12.33
R 42 0 0 0 0 0 0 221 8.08
Ry 4.1 0.02 0.02 0.02 0.02 0.46 0.97 4.06 10.96
R, 5.0 0.01 1.88 4.59 8.76 16.11 2252 2740 3249
A 0.01 0.36 0.88 1.71 3.55 5.62 8.19 13.98

IR A MR S  (198

. (R UL 07 A S0 3 80 45 45 i o L
W

e SRR | X A2 R B2 W HE A R

S Z )N

d. BT oA 45 BN R F 2R T B S
%S B AR R /I | T LR 2 o — 3k R A I A
FE I 5 A LT 58 4 ml I S 012 W 25 R AR/
ST LA A5 AH iR 25 M a5 9% BN A 12257 % RT RE & A

TiRiE, B3R5 i ISR 58 4] I 57 2 Wi iR
ZXF L, B 1—6 AU L KB 3 WAl e s
5% b R e AR Ak | 4R 2 B AR S /N T A
T 5% i HX AR R 22 K HAF S B AR/ T ok 23T
5% A2 E KT 5% 2 KRz B,
o7 R BRI A 2550 A Ak B 1k B 5 12 KT A R
Shy 4 TG Sz e ) 3 A e A% T T O 1992 IR 1R 22 3L
N ABEL s SR ) 0 A5, 1) 4 SR AR A S I O 1) i



& 9 B %% ¢t % %36 %

Xof 45 AR

X 48 AR X

x5 TR 16E R, MREHE, | HHHEISHER
Table 5 Fault diagnosis results of Group II when test point deviates from node 16 to Ry,

SEATI SEBRAE WA R SRR B/ %
S BH m() n=0 n=2% 1n=5% n=10% n=20% n=30% n=40% n=50%
R, 32 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.03
Rs 22 0 0 0 0 0 0 0.33 0.95
Ry 2.8 0 0 0 0 0 0 1.83 6.93
Ry 15 0 0 0 0 0 0 2.14 3.04
Ry 1.7 0.01 2.00 5.00 10.00 2000 3000 4000 41.18
Ru 42 0.01 0.01 0.01 0.01 0.01 0.01 0.14 1.87
Ry 42 0 0 0 0 0 0 0.56 2.47
Ry 2.5 0.02 0.02 0.02 0.02 0.02 0.02 3.24 4.67
Ry 1.5 0 0 0 0 0 0 2.09 3.25
Ry 12 0.01 0.01 0.01 0.01 0.01 0.01 0.01 4.11
Ry 1.8 0 1.85 451 816 1589 2208 2742  37.80
¥(E 0.01 0.35 0.87 1.66 3.27 474 7.07 9.66
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Table 6 Fault diagnosis results of Group I when test point deviates from node 16 to R,

SEAAl SIPR{E/ L WiEE B MR 2E B/ %

37 s B mQ) 7=0  n=2% n=5% mn=10% n=20% n=30% n=40% n=50%
R, 2.8 0 0 0 0 0 0.12 1.45 1.90
Rs 42 0.02 0.02 0.02 0.02 0.02 0.02 3.28 432
R, 1.7 0.02 0.02 0.02 0.02 0.02 1.22 5.21 6.85
Ry 26 0 0 0 0 0 0 2.09 3.65
Ry 2.5 0 2.00 5.00 1000 2000 3000 4000  50.00
R 2.4 0.01 0.01 0.01 0.01 0.01 0 0.87 1.24
Ry, 3.1 0.01 0.01 0.01 0.01 0.01 3.12 4.65 5.18
Ry 438 0 0 0 0 0 246 3.68 4.98
Ry 32 0.02 0.02 0.02 0.02 0.02 0 0 1.25
Ry 1.8 0 0 0 0 0 0 0.23 3.78
R, 29 0 1.69 4.13 7.94 14.71 2055  25.64  30.12

{H 0.01 0.34 0.84 1.64 3.16 5.23 7.92 10.30
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Fig.3 Comparison of fully-measurable branch diagnose error for five offset types
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Table 7 Results of grounding grid corrosion diagnosis

s - E/% s - E/%
CEEHE BIHE/Q SEPRE/Q FOEE g CEEHE WIHE/Q SEPRE/Q FOEE T

R, 17.10 18.00 16.34 0.04 Ry 6.08 6.08 0.24 1.25
Rs 17.10 4520 62.17 0.23 Rx 12.54 212.54 94.10 8.87
R 7.22 10.22 29.35 3.55 Ry 3.04 3.04 0.11 2.20
Ry 342 4,02 14.93 0.52 Rss 1.52 6.52 76.69 5.89
Ry 4.56 5.06 97.53 1.78 R 1.52 1.52 0.02 1.23
Ry 4,94 494 0.11 3.69 Ry 1.52 1.52 0.33 1.10
Ro 6.84 6.84 97.78 8.78 Ro 2.28 5.28 56.82 3.56
Rs 5.70 5.70 89.82 9.63 Ry 2.28 2.28 1.87 221
Ry 6.08 25.08 49.14 5.21 Re 2.28 3.98 4271 423
Ry 6.84 9.84 96.80 321 Rs 3.28 5.08 35.43 0.58
Ry 8.36 8.86 97.64 7.32 Rs 1.90 26.90 92.94 8.22
Ry 12.16 82.66 2.72 221 R 1.90 1.90 0.89 0.23
Ry 11.78 11.78 0.02 0.02 Ro 1.90 1.90 2.59 0.14
Rx 6.84 6.84 64.40 4.52 R 1.90 1.90 1.56 1.23
R» 8.36 88.36 71.56 6.89 Ro 1.90 31.90 94.04 1.55
R» 12.54 21.54 96.18 7.55 R 1.52 62.02 97.55 0.15
Rax 12.16 12.16 0.01 0.25 Rs 1.90 1.90 6.57 0.01
R, 7.60 13.20 67.66 14.93 Ry 3.04 3.04 0.01 18.73
R; 6.08 8.08 24.75 15.37 Ry, 3.04 21.04 85.55 7.18
R, 7.60 8.60 11.63 7.82 R 3.04 3.04 30.25 29.00
R, 4.94 15.44 68.01 10.84 Ry 1.52 1.52 4422 22.43
Rs 6.84 17.64 61.22 2.38 Ry 2.28 2.28 3.28 64.10
Ris 4.94 6.94 28.82 3.70 Ry 2.28 3.78 39.68 11.90
Ry 4.94 20.74 90.67 15.22 Ry 1.90 1.90 0.01 0.04
Ry 4.94 5.84 15.69 1.52 Rs 1.52 252 39.68 25.11
R 7.89 7.89 0.11 0.98 Rs, 2.28 2.28 0 0
Ry 10.64 20.64 48.45 13.30 Rs, 2.28 8.28 72.46 38.34
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Protection system modeling based on probabilistic behavior trees and quantitative
evaluation of its reliability
XIONG Haijun',ZHU Yongli',ZHANG Qi*,WANG Dewen'
(1. School of Control and Computer Engineering,North China Electric Power University, Baoding 071003, China;
2. School of Science and Technology,North China Electric Power University, Baoding 071003, China)

Abstract: According to the functions and characteristics of digital relay protection system,the model of its
behavior trees and the quantitative evaluation of its reliability are proposed. The reliability models are given
for its hardware components,software behavior,sequence relation and selection relation. The existing behavior
tree model is probabilistically extended,based on which the relay protection system is modeled. The
calculative formula of behavior reliability is given,based on which the protection system reliability is
quantitatively evaluated. The simulative results of case study show that,the proposed method can correctly
evaluate the reliability of relay protection system and identify its weak parts.

Key words: relay protection; reliability; model buildings; quantitative evaluation; probabilistic behavior

trees
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Grounding grid corrosion diagnosis with offset test point

LU Chao,LIU Ligiang,HU Kaixuan, WANG Jiao,SUN Qian
(Inner Mongolia University of Technology, Huhhot 010080, China)
Abstract: Two levels of test point offset are simulated in PSCAD for the fully-measurable branch and
their fault diagnosis results are compared to analyze the influence of test point offset on the corrosion
diagnosis of grounding grid,based on which,a reducing method is proposed for different levels of test
point offset. According to the proposed method,the mathematical model of non-linear fault diagnosis
and the hybrid particle swarm algorithm are improved. The simulative results show that the improved
grounding grid corrosion diagnosis algorithm is correct and effective in the condition of offset test
point.

Key words: grounding grid; corrosion; diagnosis; offset test point; failure analysis
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