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Research on influence of admittance of inter-harmonic sources to

ground on parallel resonance of distribution network

LI Bogiang', LIU Kaipei', LIN Yan®, PENG Yajie',
HUANG Daoshan®, LIN Fang®, QIN Liang'

(1. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China;2. Electric Power Science

Research Institute, State Grid Fujian Electric Power Co. ,Ltd. s Fuzhou 350007, China)

Abstract: The admittance amplitude of inter-harmonic sources to ground is very small, so traditional parallel resonance
analysis generally ignores the admittance of inter-harmonic sources to ground. However, if the admittance of inter-
harmonic sources to ground has a greater influence on the parallel resonance to a high degree, ignoring the admittance
of inter-harmonic sources to ground couldseriously reduce the accuracy of the parallel resonance analysis results. In or-
der to prove the necessity of the parallel resonance analysis to include the admittance of inter-harmonic sources to
ground, this paper establishes a parallel resonance test system based on the IEEE-33 nodes distribution network mod-
el, and carries out the research on the influence of admittance of inter-harmonic sources to ground on the parallel reso-
nance of distribution network. Based on the modal analysis method, it is found that the admittance of inter-harmonic
sources to ground at a specific node can significantly affect the parallel resonance. Through sensitivity analysis, it is

found that the admittance imaginarypart of inter-harmonic sources to ground at a specific node has a greater influence
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on the high degree to the parallel resonance, which revealsthe reason why the admittance of inter-harmonic sources to

ground can obviously affect the parallel resonance, and finally validatesthe necessity of including the admittance of in-

ter-harmonic sources to ground in the parallel resonance analysis of distribution network.

Key words: admittance of inter-harmonic sources to ground; parallel resonance analysis; modal analysis; sensitivity a-

nalysis
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Figure 1 Parallel resonance test system
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Table 1 Fundamental frequency parameters of parallel resonance test system
P SR STk k= 1ik k-1 RN P THEE XEH -1 k=1 HLA
L/ Q Bi/Q FH/Q i/ F/S R/ Q i/ fH/Q i/ &/8
1 0.097 5 0.091 0 1178.497 707.098 0.000 3 17 0.7320 0.574 0 1487.093  660.930 0.000 1

2 0.4930 0.2511 1487.093 660.930 0. 000 3
3 0.366 0  0.186 4 924.666  616.445 0.000 2
4 0.3881 0.1941 2137.008 1 068.504 0.000 2
2 404.134  801.378 0. 000 3
6 0.1872 0.618 8 641.102  320.551 0. 000 2
7 1.7114  1.2351 641.102  320.551 0.000 2
8 1.0300 0.7400 2 404.134 801.378 0.000 2
9 1.0440 0.7400 2 404.134 801.378 0.000 2
10 0.196 6  0.0650 2 465.778 1 643.852 0. 000 2
11 0.3744 0.1238 1993.064 1162.621 0. 000 2
12 1.468 0 1.1550 1993.064 1162.621 0.000 2
13 0.5416 0.7129 924.666 616,445 0.000 2
14 0.5910 0.526 0 2599.064 433.177 0. 000 2
15 0.746 3  0.5450 2404.134 801.378 0.000 2

16 1.2800 1.7210 2404.134 801.378 0.000 2

18 0.164 0 0.156 5 1487.093 660.930 0.000 2
19 1.504 2 1.3554 1487.093 660.930 0.000 2
20 0.409 5 0.478 4 1487.093 660.930 0.000 2
21 0.708 9  0.937 3 1487.093 660.930 0.000 1
22 0.4512 0.3083 1360.831 756.017 0.000 2
23 0.8980 0.7091 311.071  148.129 0.000 2
24 0.896 0 0.7011 311.071  148.129 0.000 1
25 0.2030 0.1034 2276.103 948.376 0.000 2
26 0.2842 0.1447 2276.103 948.376 0.000 2
27 1.0590 0.9337 2404.134 801.378 0.000 2
28 0.804 2  0.700 6 996.532  581.310 0.000 2
29 0.507 5  0.258 5 80.138  240.413 0.000 2
30 0.9744  0.9630 877.421  409.463 0.000 2
31 0.3105 0.3619 622.142  296.258 0.000 2

32 0.3410 0.5302 1849.334 296.258 0.000 1

7S SC LA 3 HEL I DR 1 A I U 0 1 2R 4 1Y
T T8 O R 0 Al SCTR (211 v By 32 370 L SICAP AR i) 3
PRI I S B 1 S0 L BT S B 2k 2 i

K2 MBI R A MREAT A K

Table 2 Inter-harmonic source internal impedance
fundamental frequency parameter Q
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Figure 2 Comparison chart (1)of amplitude-

frequency characteristic curve
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deviation distribution
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Table 3 Results of normalized sensitivity per unit of
admittanceimaginarypart of the inter-harmonic
sources to ground
WS ARXME |HT PRXME |[WT WRXE |(|RS WLE

1 0.000 004 9 0.759 713 || 17 0.920 904 | 25 0.002 681

2 0.002 262|] 10 0.774 184 18 0.000 004|] 26 0.003 986
3 0.0059541|] 11 0.797 716|] 19 0.000 003|] 27 0.013 226
4 0.010820( 12 0.941 268|| 20 0.000 002|| 28 0.018 633
5 0.001704| 13 0.985763|| 21 0.000002| 29 0.020 079
6 0.072967|] 14 1.000 000 22 0.002 191|] 30 0.022 669
7 0.348 792|| 15 0.998 933|| 23 0.002 001 31 0.027 707

8 0.568206|| 16 0.947 131|| 24 0.001 807| 32 0.021 611
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Figure 4 Self-impedance spectrum analysis
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frequency characteristic curve
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