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Blocking reverse-closed strategy improvement measures with voltage transients for
the voltage-time feeder automation
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Abstract: Aiming at the problem that the existing reverse-closing lock criterion based on the amplitude of residual
voltage of voltage-time type feeder automation system may lose effectiveness in cases of two or three phase to ground
fault with low transition resistance, a novel method based on the root-mean-square value of transient line-to-line voltage is
proposed in this paper to improve the sensitivity of the reverse-closing lock criterion. The residual voltage detection
coefficient is defined to evaluate the sensitivity of reverse-closing lock criterion and the blind zone of existing criterion is
pointed out. The time window to calculate the root-mean-square value of transient line-to-line voltage is analyzed and the
practical setting method of threshold based on the minimum voltage that can ensure the PT is illustrated. PSCAD based
simulation and experiments in lab validate the effectiveness of the proposed method. The novel criterion can reduce the
number of power outages of opposite side substation caused by the misclosing of the loop switch and it needs not the
extra primary instruments, thus its cost is low and convenient to be realized in engineering.
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Fig. 1 Schematic diagram of voltage-time feeder

automation implementation system
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Fig. 2 Schematic diagram of residual voltage detection module
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Fig. 3 Voltage waveform of two-phase short circuit ground fault
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Fig. 4 Voltage waveform of three-phase short circuit ground fault
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Table 1 Direct measurement data of voltage transformer
U HLUSAN (7] L A5 00 0

W RE

1% 2% 5% 10% 100%
bz -4.56 -4.59 -4.61 —4.56 -4.70
1 ,
% -36.9 -38.4 -37.0 -36.0 -37.8
bz -4.62 -4.64 -4.64 -4.59 -4.71
2
2 -38.0 -38.3 -36.5 -36.9 -36.9
3 bz -1.70 -1.6 -1.65 -1.63 -1.62
2 -17.6 -18.1 -19.2 -20.1 -21.9
4 bz -1.65 -1.63 -1.62 -1.59 -1.62
2 -23.1 -23.4 -24.0 243 -26.8
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Table 2 Measurement data of voltage-ampere characteristics

of closed voltage transformer

EZ UV  IIA EZ Uv A EZ VA 7
il El il

11213 0 |15 1132 002229 2575  0.04
2 3810 0001 | 16 1199 0023 | 30 2639 0.041
35403 0002 | 17 1341 0025 | 31 286  0.045
4 901 0003 |18 1421 0026 |32 303.5 0.048
5 116 0004 | 19 1543 0028 | 33 3327 0.054
6 1742 0005 | 20 1612 0028 | 34 3424  0.057
73207 0009 | 21 1725 0029 | 35 3692 0.074
8 3621 001 |22 1791 003 | 36 3857 0.103
9 5066 0013 |23 1953 0032 | 37 4107 033
10 5798 0014 | 24 2024 0033 | 38 4269 056
11 7297 0016 | 25 2143 0035 | 39 4377 0859
128022 0018 | 26 2192 0035 | 40 4449 116
13 9413 002 |27 2326 0037 | 41 4532 1388
14 1004 0021 | 28 241.8 0038 | 42 4615 167
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Table 3 Measurement data of voltage-ampere characteristics

of incision voltage transformer

lig A AL

o UN  TA o Uv  IA 2 UN  TA

1 1201 0 15 1111 0.102 | 29 2513 0241
2 2030 0001 | 16 1246 0.114 | 30 2822 0.269
35347 0005 | 17 1307 012 | 31 295  0.288
4 7835 0008 | 18 1441 0.134 | 32 319.1 0337
5 1176 0013 | 19 1497 0.141 | 33 3331 0358
6 2224 0024 | 20 1654 0.151 | 34 3579 0421
7 2673 0028 | 21 1716 0.157 | 35 3738 0471
8 416 0042 | 22 1856 0.169 | 36 3846 0.545
9 4842 0048 | 23 192.1 0.175 | 37 3964 0.659
10 6283 0061 | 24 205 0.191 | 38 4077 0.826
11 6971 0068 | 25 2126 0.196 | 39 4221 1.048
12 8348 008 | 26 2252 0212 | 40 4287 1316
13 91.13 0085 | 27 231 0218 | 41 4352 1.575
14 1041 0097 | 28 2458 0232 | 42 4411 1.87
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Fig. 6 Diagram of voltage-ampere characteristics of incisions

and closed transformers
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Fig. 7 Flowchart of reverse closing locking based on

transient detection method
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Table 4 Parameters of line
IEFF e

BENEEN T/ Y/ EENEEN T/ HL2%/
(Vkm) (Vkm) (Qxkm) (Qkm) (Qkm) (Qxkm)
00242 01622 10000 0.1965 03063 14600
00208 02813 24700 0.1148 07191 60700
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Table 5 Calculation value of S12 transient at

Yl
K

=
&=

7
HE

three-phase short circuit

IR Uy
[BLANENS U el

3Q 20 15Q 10
1.000 3.020 2.099 1.598 1.081
1.002 3.031 2.099 1.594 1.074
1.005 3.055 2.088 1.552 1.039
1.010 3.059 2.203 1.734 1.290
1.015 2.573 1.810 1.363 0.890
1.020 2.900 2.007 1.486 0.956
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Fig. 8 PSCAD based simulation model of distribution network
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Table 6 Calculation value of S12 point transient when CBI S11 S12 Li S $21 CB2
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1.000 3.055 2200 1.731 1.230 Fig. 9 Diagram of automatic feeder line
1.002 3.130 2.289 1.818 1.321
1.005 3.020 2.080 1.562 1.032 DIX — EX — FIX
1.010 3.054 2.199 1.731 1.230 s22 525321 cB2
1.015 3.022 2.070 1.562 1.031 1%
1.020 2.959 2.007 1.485 0.956
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Fig. 10 Fault isolation and recovery results of conventional

residual pressure detection method

(1) #bE kA5, CBI1 AR Bk, S11. S12 %%
J H 5l o

(2) CB1 HA T, S11 15 HL X ITHI(BRIA 7 s) &,
i, CB1 PRI £ f5 g frar ki, S11
TEATRG Y RN R, 23l PRI )6 il o

(3) ZEULIE], S12 A1 S13 (RBk A R e R R
IR, TCE A B

(4) BT L1 F1 L2 £F XL RN A s S12
I S13 15 H 5 ZE A5 ], B 1B S SO AR H i
HZ T O EOR A Bk ] o
4.2 L RiRMRIFXERES5E®R

DX B b e 5 S R LI 11, ik B
CB1 1 CB2 (W R A IERS 0.2 s RS, L1



-172 -

® LRGP B R

L2 BLE 0 s ST DR o BRI iR Il TF R e ik
P ) TR, (H L BCE AR OR Y, T3 Seoxd
2 TT IR B I o

AlX BIx CIx DIX EX FIX.
Bl ) CF sy DX gy B gy
CB1 S11 S12 L1 S22 S21 CB2
S13 S14 S23
GIX HIX IX
L2

11 L RiRETRF T ZHERE S ERER
Fig. 11 Fault isolation and recovery results of L-point

quick-break protection method
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Fig. 12 Fault isolation and recovery results of voltage

transients detection method
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Table 7 Experimental results
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