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Table 3 Average fault probability and repair time

X} 4 S 185 i i g R 652 k) /h

BELE M, 0.00099 3.0
TR B L, 0.00119 1.0
BB L, 0.00320 1.0
TRE B Ly 0.00220 1.0
TREL B L, 0.00375 1.0

BEZE M, 0.00099 3.0
BB L 0.00148 15
TREEEBE L 0.00539 1.5
B L, 0.00347 1.5
BREEBE L 0.00421 1.5
LR B L, 0.00329 15

BEZE M, 0.00080 2.5
TREEBE Ly 0.00272 1.0
B Ly, 0.00421 2.0
PR B L, 0.00499 2.0
B BE Ly 0.004 58 2.0
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Table 4 Risk thresholds of users and system

PO we wr/s w;/ (kW+h)
— g H P 0.0150 10 7
ZH 0.0185 20 10
=% 0.0200 30 14

IOE 3 v/ V/s W,/ (kW+h)

EX 0.22 300 145
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Table 5 Predicted user loads of case 1

M w,/ kW w,/ kvar o,/ kW o,/ kvar
1 1697 346 189 20
2 966 383 60 15
3 797 339 50 21
4 740 457 46 24
5 1358 271 96 16
6 499 146 21 18
7 1434 612 54 62
8 774 375 33 13
9 789 359 47 12
10 1974 649 88 52
11 1164 338 102 31
12 877 373 77 22
13 740 243 49 27
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Table 6 Predicted user loads of case 2

H n,/ kW wu,/ kvar o,/ kW o,/ kvar
1 2036 416 283 54
2 1530 604 256 71
3 1354 577 233 65
4 1178 730 176 79
5 1697 346 154 29
6 1296 378 110 31
7 1434 612 176 64
8 1091 528 80 37
9 945 432 54 46
10 2304 756 312 84
11 1613 470 247 35
12 1398 597 177 49
13 1275 419 212 59
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Table 7 Calculated risks of case 1

Xt 4 re re/s r/ (kW-h)  XUES %5 9%
JAFT1 001084  7.803 3.679 E 3!
JAF 2 0.01084  7.803 2.094 o,
JAF3 001084  7.803 1.727 o,
FAFt4 001084  7.803 1.596 o,
FAr5 001803 12.98 4.896 4,
JAF 6 001803 1298 1.800 o,
JAF7 001803  12.98 5.172 o,
JArT8 0.01803  12.98 2.811 o,
JAFT9 0.01803  29.98 6.564 a1
HF 10 0.01630  11.74 6.438 (0,
JF 11 001630  11.74 3.795 4,
FF 12 001630  11.74 2.858 1,
HF 13 001630 11.74 2414 o)
X% R/ Re/s R/ (kW-h) MRS
R4 0.1987 160.1 45.84 o,
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Table 8 Calculated risks of case 2

it 4 re re/s r/ (kW-h) KU 59
A1 001084 7.803 4415 1,
JAF 2 001084  7.803 3.317 2
FAS13 001084  22.10 8.315 n,
FArt4 001656 46.01 15.05 iRt
5 001803 12.98 6.121 )
JAF 6 002011  28.78 10.63 A
JAFT7 001803  12.98 5.747 o,
JArT8 0.01803  12.98 3.952 E 3!
P19 0.02348  82.27 21.26 EAR o)
JAFT10 0.01630  11.74 7.510 416
JAF 11 001630  11.74 5.149 o,
AP 12 001630  27.97 10.53 (
HIF 13 0.01866 4751 17.37 iR
X% R/ Ry/s R,/ (kW-h) US55
R4 02143 3327 119.7 A
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Table 9 Change of user risk level
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Power system reliability analysis considering substation interior

CHEN Chen,LIU Junyong,LIU Youbo,JIANG Changjiang, GOU Jing, LIU Ruofan

(School of Electrical Engineering and Information,Sichuan University,Chengdu 610065, China)
Abstract: Traditional reliability analysis method takes substation as an equivalent node,ignoring the impact
of substation interior on system. An improved reliability analysis method is proposed,which divides the
power grid into three layers,i.e. equipment,substation and system,applies Monte Carlo method to sample
each layer,adopts the Markov state space equations and the hidden failure model to calculate and sample
the state probabilities of substation equipment and protection functional groups,takes the minimum cut set
algorithm based on the adjacency matrix to calculate the expected accident set of substation,compares the
accident set with the results of substation sampling to form the substation outage line set,and integrates the
line set into the results of grid sampling to calculate the system reliability index. Simulative verification is
carried out with the modified RTS test system for a terminal substation,and results show that,the proposed
method quantitatively analyzes the impact of substation interior structure and equipment outage on system
reliability under relay protection failure.
Key words: electric power systems; reliability; electric substations; relay protection; protection failure;

multi-layer sampling; Monte Carlo methods; Markov model
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Customer-oriented distribution network operational risk
assessment considering urgency
LIU Jian',HAN Lei*,ZHANG Zhihua'
(1. Shannxi Electric Power Research Institute,Xi’an 710054 ,China;

2. School of Electrical and Control Engineering,Xi’an University of Science & Technology,Xi’an 710054 ,China)
Abstract: A customer-oriented method for assessing the operational risk of distribution network and its
urgency is proposed,which takes customers as the assessment objects and analyzes the loss of customer by
simulating the load transfer in operating distribution network with anticipated fault. Different risk indexes
considering load uncertainty are defined,such as customer expected outage probability,customer expected
outage duration and customer expected electricity loss,which are combined with the risk index of system
expected outage customer number to indicate the influence of anticipated fault on whole system. A risk index
of overload is defined to reflect the influence of overload. Based on the comparison between the preventive
control execution time and the risk coming time,the urgency level of risk indicates the opportunity to
effectively execute the preventive control. The proposed method is illustrated with IEEE 3-feeder distribution
network as an example,verifying it feasible and effective.

Key words: electric power distribution; distribution automation; risk assessment; urgency; customer-oriented;

risk index; uncertainty analysis; preventive control
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