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An Algorithm of Rapidly Determining Grid—fault Voltage Based on the
Principle of Compensation in Current and Voltage

LIU Guangye, CHENG Shan, WANG Yang

College of Electrical and Information Engineering, Hunan University, Changsha 410082, China

Abstract This paper proposes an algorithm of rapidly determining the node voltage based on current and voltage compensation. The
pre—contingency voltage is calculated by Newton power flow method, and the derivatives of first 2 orders of current and voltage with
respect to branch outage parameters are calculated by using the convergent power flow equation of the base network topology. The values
of current and voltage are obtained by using the Taylor series expansion. Lines out of operation (excluding the generator) based on the
power injection remain unchanged, the node’s current and voltage satisfy the compensation principle, the function of the node voltage with
respect to the fault branch parameters is obtained by calculating the average compensation of current and voltage as the voltage Taylor
expansion of the correction. The advantage of this method lies in the fact that the admittance matrix is not to be re—factorized after one
branch is out of operation, and the accurate node voltage can be obtained by using only a low order Taylor expansion, to meet the
requirements of calculation speed and accuracy. The feasibility and the efficiency of the proposed method are tested on the standard
IEEE system.
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Current and voltage comparison between accurate

Table 1

and predicted values by Taylor’s series for the branch of

4-5 outage in IEEE 14 bus test system (pu)

R i — By U B R EA
2 I v I v kST
1 0.0260 0 0.0260 0 0
2 0.0642 -0.0012 0.0643 -0.0012 0.0116+0.0188i
3 0.0017 -0.0000 0.0018 —-0.0000 -0.7057+0.0329i
4 0.0014 -0.0032 0.0010 -0.0026 -0.8958+0.2496i
5 0.0001 -0.0005 0.0001 -0.0003 -0.0412-0.0119i
6 -0.0042 0.0000 -0.0042 0.0000 -0.0003+0.0001i
7 0.0000 -0.0036 0.0000 -0.0031 0.0000+0.0000i
8 0.0263 -0.0001 0.0262 -0.0001  0.0000+0.1824i
9 0.0021 -0.0067 0.0018 -0.0060 -0.2462-0.0290i
10 0.0006 -0.0061 0.0005 -0.0055 -0.0517-0.0071i
11 0.0001 -0.0039 0.0001 -0.0034 -0.0043+0.0003i
12 0.0000 -0.0003 0.0000 -0.0002 0
13 0.0002 -0.0015 0.0002 -0.0014 -0.0007+0.0005i
14 0.0007 -0.0049 0.0006 -0.0043 -0.0425+0.0057i
HL IR
e -0.0023 -0.0020
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Table 2 Voltage comparison between accurate value and

that corrected by Taylor’s series and the later

Power injection deviation for the branch of 4-5

outage in IEEE 14 bus test system (pu)

165 1F J Hh 152 22 ‘
p R wERA
B e MR M B0
1 0 0 0 0 0
2 —0.0009 -0.0120 -0.0003 -0.0122 0.0002-0.0005i
3 —0.0000 -0.0322 -0.0000 -0.0311 -0.0001+0.0003i
4 —0.0006 -0.0698 -0.0000 -0.0694 -0.0010+0.0030i
5 —0.0003 0.0287 -0.0001 0.0286 0.0003-0.0008i
6 —0.0000 0.0032 -0.0000 0.0033 -0.0000-0.0000i
7 -0.0012 -0.0510 0.0004 -0.0506 0
8 0.0001 -0.0412 0.0003 -0.0509 0.0004+0.0006i
9 -0.0046 -0.0413 -0.0007 -0.0409 -0.0002+0.0006i
10 —-0.0044 -0.0333 -0.0006 -0.0319 -0.0007+0.0006i
11 —-0.0031 -0.0148 -0.0003 -0.0136 -0.0001+0.0001i
12 —0.0003  0.0008 -0.0000 0.0009 0.0000+0.0000i
13 -0.0014 -0.0022 -0.0001 -0.0012 -0.0001+0.0000i
14 -0.0036 -0.0243 -0.0008 -0.0220 -0.0000+0.0000i
I
{Hi%2%  -0.0015 -0.0002
44 {f
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Table 3 Result of calculation for the line 16—-17 outage

on IEEE 30 bus system (pu)

B TR EE 0
Y Y L MR
1 0 0 0
2 0 -0.0001 -0.0001
3 0.0001 0.0001 0.0001 0.0002
4 0.0001 0.0001 0.0001 0.0001
5 0 -0.0001 -0.0002
6 -0.0002 -0.0002 -0.0004
7 -0.0001 -0.0002 -0.0003
8 0 -0.0003 -0.0005
9 -0.0009 -0.0015 -0.0001 -0.0023
10 -0.0017 -0.0023 -0.0004 -0.0033
11 0 -0.0015 -0.0024
12 0.0010 0.0027 0.0003 0.0040
13 0 0.0027 0.0041
14 0.0007 0.0021 0.0001 0.0031
15 0.0003 0.0016 0.0024
16 0.0049 0.0061 0.0011 0.0088
17 -0.0031 -0.0039 -0.0006 -0.0055
18 -0.0004 0.0002 -0.0004 0.0004
19 -0.0009 -0.0006 -0.0004 -0.0008
20 -0.0010 -0.0011 -0.0003 -0.0015
21 -0.0015 -0.0020 -0.0003 -0.0029
22 -0.0015 -0.0019 -0.0002 -0.0028
23 -0.0002 0.0005 -0.0002 0.0008
24 -0.0008 -0.0010 -0.0007 -0.0013
25 -0.0005 -0.0007 -0.0004 -0.0011
26 -0.0005 -0.0007 -0.0004 -0.0010
27 -0.0003 -0.0007 -0.0003 -0.0009
28 -0.0001 -0.0003 -0.0001 -0.0005
29 -0.0004 -0.0007 -0.0003 -0.0010
30 -0.0003 -0.0007 -0.0002 -0.0009
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Table 4 Comparison of execution time on IEEE system
under branch—outage (unit: s)

EX EUIRER & IEwk
4 — B —kr — B -y 1
IEEE 14 0.0490 0.0652 0.0589 0.0646
IEEE 30 0.0545 0.0749 0.0567 0.0674
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