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Table 1 Calculation results of power flow for IEEE 4-bus system with three-phase balanced loads using loop current method
1 2 3 4 5
v /(°) v (%) v /(°) v /() IV /()
A 7.20 0 7.20 0 7.20 0 7.20 0 7.20 0
1 B 7.20 -120.0 7.20 -120.0 7.20 -120.0 7.20 -120.0 7.20 -120.0
C 7.20 120.0 7.20 120.0 7.20 120.0 7.20 120.0 7.20 120.0
A 7.12 -0.3 7.12 -0.3 7.12 -0.3 7.13 -0.3 7.12 -0.2
2 B 7.15 -120.3 7.15 -120.3 7.13 -120.3 7.15 -120.3 7.14 -120.3
C 7.13 119.7 7.13 119.7 7.13 119.6 7.14 119.7 7.13 119.7
A 2.27 -3.2 2.27 =33 2.27 -3.2 2.29 -2.9 2.26 -2.9
3 B 2.28 -123.1 2.28 -123.1 2.25 -123.1 2.30 -122.8 2.27 -122.8
C 2.28 116.8 2.27 116.7 2.26 116.8 2.29 117.2 2.26 117.2
A 1.98 -7.8 1.97 -8.0 2.00 =7.1 2.03 -6.8 1.95 -6.7
4 B 2.10 -127.3 2.10 -127.4 2.00 -126.9 2.13 -126.5 2.06 -126.4
C 2.04 112.0 2.03 111.8 2.00 111.5 2.08 112.9 2.00 113.0
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e. . . /s
IV
PV 1 8 4 0.235 0.215 <0.1
2 8 4 0.234 0.229 <0.1
DG PV PV 3 8 4 0.206 0.194 —
PQ . 4 7 4 0.223 0.207 —
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Table 8 Voltage calculation results for IEEE 34-bus

system with loop scheme 3
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Table 5 Test results of weak loop network
for IEEE 34-bus system
1 4 5 6
2 4 6 6
3 4 7 7
4 4
6
Table 6 Calculation results of induction motor
IV /(°) v /(°)
G, 252.64 6.9 1.13 123.0 -0.009 66
G, 0.22 19.5 1.24 82.1 -0.013 30
7 IEEE 34 6
Table 7 Voltage calculation results for IEEE 34-bus
system with loop scheme 6
A B C
/ / / / / /
kV (°) KV (°) kV (°)
800 14.38 0 14.38  -120.0 14.38 120.0
802 14.35 0.1 1436 -120.0 14.36 120.1
806 14.33 0.1 14.35 -119.9 14.35 120.1
808 14.00 0.8 14.16 -119.5 14.21 120.8
810 — — 14.15 -119.5 — —
812 13.61 1.6 13.95 -119.0 14.04 121.7
814 13.30 2.3 13.79 -118.6 13.90 122.4
816 13.30 2.3 13.79 -118.6  13.90 122.4
818 13.29 2.4 — — — —
820 12.90 3.4 — — — —
824 13.25 2.6 13.71 -118.2 13.85 122.7
828 13.24 2.7 13.71 -118.2 13.84 122.7
830 13.10 3.1 13.69 -118.2 13.72 123.5
832 12.87 3.9 13.68 -118.0 13.53 125.0
834 12.83 3.8 13.67 -118.1 13.50 125.1
836 12.82 3.8 13.65 -118.1 13.49 125.1
838 — — 13.65 -118.1 — —
840 12.82 3.8 13.65 -118.1 13.49 125.1
842 12.83 3.8 13.67 -118.0 13.50 125.1
844 12.83 3.8 13.67 -118.0 13.50 125.1
846 12.85 3.8 13.68 -118.0 13.51 125.1
848 12.86 3.8 13.68 -118.0 13.51 125.1
850 13.30 2.3 13.79 -118.6  13.90 122.4
852 12.87 3.8 13.68 -118.0 13.53 125.0
854 13.10 3.1 13.69 -118.2 13.72 123.5
856 — — 13.69 -118.2 — —
858 12.84 3.8 13.69 -118.1 13.51 125.1
860 12.82 3.8 13.66 -118.1 13.49 125.1
862 12.82 3.8 13.65 —118.1 13.49 125.1
864 12.84 3.8 — — — —
888 2.01 6.9 2.14 -115.1 2.12 128.0
890 1.92 16.2 2.02 -107.2 2.04 136.8

A B
/ / / / / /
kV (°) kv (°) kv (°)
800 14.38 0 14.38 -120.0 14.38 120.0
802 14.35 -0.1 1436 —-120.1 14.36 119.9
806 14.34 -0.1 1435 -120.1 14.35 119.9
808 14.04 -1.2 14.14 -120.8 14.13 119.1
810 — — 14.13  -120.8 — —
812 13.70 -2.5 1391 -121.6  13.89 118.1
814 13.44 -3.6 13.74 -122.3  13.70 117.2
816 13.44 -3.6 13.74 -122.3  13.69 117.2
818 13.42 -3.6 — — — -
820 13.05 -3.6 — — — —
822 13.00 -3.6 — — — —
824 13.37 -4.0 13.62  -122.6  13.60 116.8
826 — — 13.62 -122.6 — —
828 13.36 -4.0 13.61 -122.6 13.59 116.8
830 13.22 -4.8 13.41  -123.0 13.39 116.0
832 13.00 -6.3 13.06 -123.8 13.05 114.5
834 12.98 -6.8 13.00 -124.1 13.00 114.1
836 13.00 -6.9 13.00 -124.1 13.00 114.0
838 — — 13.00 -124.1 — —
840 13.00 -6.9 13.00 -124.1 13.00 114.0
842 12.98 -6.8 13.00 -124.1 13.00 114.1
844 12.98 -6.8 13.00 -124.1 12.99 114.1
846 12.98 -6.9 13.00 -124.1 13.00 114.0
848 12.98 -6.9 13.00 -124.2 13.00 114.0
850 13.44 -3.6 13.74  -122.3 13.70 117.2
852 13.00 -6.3 13.06 -123.8 13.05 114.5
854 13.22 -4.8 13.41 -123.0 13.38 116.0
856 — — 13.40 -123.0 — —
858 12.99 -6.5 13.03 -123.9 13.02 114.3
860 12.99 -6.8 13.00 -124.1 13.00 114.0
862 13.00 -6.9 13.00 -124.1 13.00 114.0
864 12.99 -6.5 — — — —
5.2 IEEE 123
123
(85 75)
85 75 10
9
4 0.08 s
9 IEEE 123
Table 9 Test results of loop distribution network
based on IEEE 123-bus system
/s

0 0 4 0.054
I (8575 (36 57) 3 4 0.078
2 (39 66) (56 90) 5 4 0.074
3 (23 44) (62 101) 7 4 0.079
4 (81 86) (70 100) 9 4 0.085
5 (9 18) (30 47) 1 3 0.071
6 (34 94) (64 300) 13 3 0.081
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Table 11 Comparison of power flow results for 33-bus system
A B C
16 16 16

1.000 00 1.000 00

0

1 0.997 18+j0.000 20  0.997 18+j0.002 07

2 0.986 66+j0.000 70  0.986 66+j0.000 71

3 0.983 07+j0.000 75  0.983 06+j0.000 76
0.979 76+j0.000 74  0.979 75+j0.000 76
0.972 10-j0.001 13 0.972 08-j0.001 11

0.970 11-j0.002 95 0.970 09-j0.002 93
0.967 10-j0.003 34 0.967 08-j0.003 32

4
5
6 0.971 15-50.002 67  0.971 13-j0.002 64
7
8
9

0.966 69-j0.003 71 0.966 68-j0.003 69
10 0.966 70-j0.003 75  0.966 69-j0.003 73
11 0.966 85-j0.003 85  0.966 83-j0.003 84
12 0.963 70-j0.003 75  0.963 68-j0.003 74
13 0.962 61-j0.003 92 0.962 59-j0.003 91
14 0.962 39-j0.003 80  0.962 37-j0.003 78
15 0.960 61-j0.003 55  0.960 59-j0.003 54
16 0.957 13-j0.003 72 0.957 11-j0.003 71
17 0.955 99-j0.003 28  0.955 98-j0.003 26
18 0.995 48-j0.000 06  0.995 47-j0.000 05
19 0.981 49-j0.001 52 0.981 48-j0.001 51
20 0.977 58-j0.002 37 0.977 56-j0.002 35
21 0.974 04-j0.003 34  0.974 03-;0.003 33
22 0.981 39+j0.000 47  0.981 38+j0.000 48
23 0.971 13-j0.000 63  0.971 12-j0.000 62
24 0.963 97-j0.000 94  0.963 96-j0.000 93
25 0.971 14-j0.000 98  0.971 13-j0.000 96
26 0.969 95-j0.000 76  0.969 93-;0.000 73
27 0.965 05-j0.000 93 0.965 04-j0.000 91
28 0.961 73-j0.000 88  0.961 71-j0.000 86
29 0.958 79+j0.000 15 0.958 78+j0.000 17
30 0.955 86-j0.001 91  0.955 85-j0.001 89
31 0.955 32-j0.002 51  0.955 31-j0.002 49
32 0.955 53-j0.002 88  0.955 52-j0.002 87

-0.500 00-j0.866 03 -0.500 00-j0.866 03 —0.500 00+j0.866 03 —0.500 00+j0.866 03
-0.498 33-j0.863 71 -0.498 33-j0.863 70 —0.498 78+j0.863 39 —0.498 78+j0.863 39
-0.492 35-j0.854 98 -0.492 36-j0.854 94 -0.494 00+j0.853 71 —0.494 00+j0.853 70
-0.490 59-j0.852 08 -0.490 58-j0.852 01 —0.492 28+j0.850 51 —0.492 29+j0.850 52
—-0.488 75-j0.849 05 -0.488 72-j0.848 97 —0.490 63+j0.847 50 —0.490 63+j0.847 53
-0.486 18-j0.840 95 -0.486 13-j0.840 81 —0.485 06+j0.841 44 —0.485 09+j0.841 51
-0.487 08-j0.839 22 -0.487 08-j0.839 07 —0.483 29+j0.841 42 —0.483 31+j0.841 48
-0.486 74-j0.838 11 -0.486 75-j0.837 98 —0.482 51+j0.840 71 —0.482 53+j0.840 75
-0.485 40-j0.835 04 -0.485 43-j0.834 91 —0.480 59+j0.838 24 —0.480 60+j0.838 25
—-0.485 50-j0.834 42 -0.485 53-j0.834 30 —0.480 24+j0.838 26 —0.480 25+j0.838 27
-0.485 53-j0.834 39 -0.485 56-j0.834 27 -0.480 18+j0.838 24 —0.480 19+j0.838 25
-0.485 69-j0.834 44 -0.485 73-j0.834 33 -0.480 11+j0.838 35 —0.480 11+j0.838 36
-0.483 91-j0.831 58 -0.483 96-j0.831 46 —0.478 31+j0.835 32 —0.478 31+j0.835 32
—-0.483 48-j0.830 42 -0.483 54-j0.830 29 -0.477 42+j0.834 39 -0.477 42+j0.834 38
-0.483 20-j0.830 14 -0.483 27-j0.830 01 —-0.477 30+j0.834 00 -0.477 29+j0.833 98
-0.481 92-j0.828 72 -0.482 00-j0.828 60 -0.476 66+j0.832 21 -0.476 65+j0.828 95
-0.479 96-j0.825 58 -0.480 08-j0.825 46 —0.474 86+j0.829 03 -0.474 83+j0.828 95
-0.478 86—j0.824 88 -0.478 99-j0.824 76 —0.474 76+j0.827 75 —0.474 72+j0.827 65
-0.497 66-j0.862 08 -0.497 66—j0.862 06 —0.497 72+j0.862 01 —0.497 72+j0.862 01
—-0.491 48-j0.848 88 —0.491 49-j0.848 81 —0.489 42+j0.850 13 —0.489 42+j0.850 15
—-0.490 13-j0.844 93 -0.490 14-j0.844 84 —0.486 74+j0.847 06 —0.486 75+j0.847 07
—-0.489 08-j0.841 15 -0.489 11-j0.841 05 —0.484 14+j0.844 42 —0.484 14+j0.844 43
-0.489 57-j0.850 15 -0.489 60-j0.850 09 -0.491 10+j0.849 00 —0.491 09+j0.848 97
—-0.484 71-j0.840 37 -0.484 81-j0.840 29 -0.484 83+j0.840 16 —0.484 80+;0.840 07
—-0.480 94-j0.833 93 -0.481 10-j0.833 82 —0.481 10+j0.834 00 —0.481 04+;0.833 86
—-0.485 02-j0.840 21 -0.485 43-j0.840 03 —0.484 89+j0.840 88 —0.484 74+j0.840 53
-0.484 13-j0.839 22 -0.484 52-j0.839 05 -0.484 47+j0.839 61 —0.484 32+j0.838 28
-0.481 51-j0.834 63 -0.481 79-j0.834 49 -0.481 71+j0.835 01 —0.481 60+j0.834 77
-0.479 58-j0.831 65 -0.479 78-j0.831 53 -0.479 97+j0.831 77 -0.479 89+j0.831 60
-0.476 88-j0.829 41 -0.474 07-j0.829 29 -0.479 42+j0.828 33 -0.479 34+j0.828 17
—-0.477 32-j0.825 53 -0.477 49-j0.825 41 -0.475 96+j0.826 74 —0.475 89+j0.826 61
-0.477 63-j0.824 72 -0.477 79-j0.824 60 -0.475 16+j0.826 64 —0.475 10+j0.826 52
-0.478 16—j0.824 70 -0.478 31-j0.824 58 -0.474 91+j0.827 08 —0.474 86+j0.826 97
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Table 12 Comparison of convergence between two
algorithms after loop splitting of 33-bus system
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Table 13 Test results of loop distribution network
based on PG&E 69-bus system
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Table 14 Test results of loop distribution network
with PV node based on PG&E 69-bus system
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Loop-eurrent method based power flow algorithm for active distribution network
DONG Shufeng' ZHANG Duxi® ZHOU Fei’ CAO Zhikun® HE Zhongxiao' SONG Yonghua'
(1. College of Electrical Engineering Zhejiang University Hangzhou 310027 China;
2. State Grid Ningbo Electric Power Bureau Ningbo 315016 China)

Abstract: A three-phase power flow algorithm for active distribution network based on loop-eurrent method is pro—
posed in which the calculation models of various distributed generations such as wind turbines etc. are built. The
graph of distribution network is constructed while the loop KVL equations transformer winding current equations
load power balance equations and distributed generation relevant equations are formulated which take the funda-
mental loop current transformer primary winding voltage branch voltage of non-constant impedance load branch
voltage of dispersed generation positive and negative voltages of induction motor and slip as unknown quantities.
The Jacobian matrix is derived and Newton method is adopted to solve the equations. The process of PV node trans—
ferring to PQ node loop splitting and complex node numbering; and simplification and approximation of Jacobian ma—
trix are not needed in the proposed method and it is of quadratic convergence. Cases show that the proposed method
can handle all common distributed generations and loop circuits with fast calculation speed and has better conver—
gence than the forward-backward sweep method.

Key words: active distribution network; three-phase power flow calculation; loop current method; distributed genera—

tion; quadratic convergence



