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A hybrid calculation method of three-phase power flow with distributed generation
resource on a distribution network

DENG Honglei, ZHANG Libin, TANG Chongwang, LIU Zhao
(School of Electric Power, South China University of Technology, Guangzhou 510640, China)

Abstract: Given the shortcomings of the three-phase power flow calculation method for the distribution network, a new
three-phase power flow hybrid calculation method for a distribution network with distributed power supply is proposed.
This paper first analyzes the characteristics of the relevant components, and establishes the three-phase mathematical
model of distribution lines, distribution transformers and loads. Analyzing the processing methods of four different types
of distributed power supply nodes, a three-phase power flow calculation model is established using a forward-backward
algorithm and the Newton-Laphson method. The loop impedance matrix method is used to calculate the three-phase
voltage difference. It solves the applicability problem of the single-phase power flow calculation. The convergence of the
node voltage is used to control the power flow calculation. The voltage value can be obtained directly, and the iterative
calculation is simple and efficient. Finally, it is verified that this method has good convergence by taking the IEEE
33-node network model and a 10 kV distribution line from Shantan substation as examples.
This work is supported by National Natural Science Foundation of China (No. 51777079).
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Fig. 1 Three-phase equivalent circuit diagram of
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Fig. 2 Three-phase model of distribution transformer
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Fig. 3 Flow chart of hybrid power flow calculation method
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Table 1 Power flow calculation results of IEEE 33 node

system with distributed power supply

RPN T R R I R HUEAR A

WS A B #H CH A B #H CH

1 1 1 1 0 -120 120

2 09976 09976 09975 00092 -119.987 120.0128
3 09868 09864 09862 00632 -119.917 120.084
4 098 09795 09793 01274 -119.843 120.1599
5 09734 09723 09724 01923 -119.765 120.2372
6 09569 09543 09551 01235 -119.822 120.1886
7 0953 09509 09518 -0.0905 -120.049 119.9741
8 09491 09461 09473 -0.0536 -120.01 120.0082
9 09433 09399 09415 -0.1122 -120.078 119.9411
10 09381 09342 09362 -0.1606 -120.136 119.8857
11 09373 09333 09353 -0.153 -120.128 119.8924
12 0936 09318 09338 -0.1403 -120.116 119.9029
13 09306 09258 09277 -0.2057 -120.202 119.8067
14 09287 09236 09255 -0.2656 -120.277 119.7256
15 09276 09222 0924 -02912 -120.314 119.6878
16 09263 09208 09227 -0.3138 -120.338 119.6646
17 09243 09188 09207 -0.3878 -120.416 119.589
18 09237 09182 09201 -0.3968 -120.426 119.5794
19 09971 0997 0997 -0.0018 -119.998 120.0023
20 09937 09934 09933 -0.0689 -120.066 119.9364
21 09931 09927 09926 -0.0881 -120.086 119.9178
22 09925 0992 09919 -0.1075 -120.108 119.8983
23 09855 09849 09847 00235 -119.954 120.044
24 0983 09827 09823 -0.0629 -120.037 119.9529
25 09847 09838 09834 -0.1058 -120.08 119.9096
26 09553 09524 09541 0161 -119.726 120.2158
27 09532 09499 09518 02146 -119.662 120.279
28 0943 0939 09411 03163 -119.533 120.4073
29 09368 09313 09335 04076 -119.42 1205193
30 09339 09281 09303 05076 -119.301 120.638
31 09309 09247 0927 0467 -119.344 120.5975
32 09303 09241 09264 04604 -119.351 1205914
33 09303 09241 09265 04769 -119.334 120.608

® 2 FEAERFRITESERIEE
Table 2 Comparison of power flow calculation results of
the different methods
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Table 3 Calculation results of the power flow
T 5 i U R AR
M5 AM B CHl A B A CHl
1 1 1 1 0 -120 120
3 09989 09983 09981 -0.1240 -120.897 119.9084
4 09987 09979 09982 -0.1660 -120.143 119.8161
6
8

0.9985  0.9923  0.9891 -0.1684 -120.892 119.8126

09976  0.9894  0.9921 -0.2491 -120.01 119.8124
10 09976 09942  0.9923 -0.3124 -120.136 119.7865
11 09977 09943  0.9894 -0.3329 -120.159 119.8546
1209972 09954  0.9967 -0.3521 -120.642 119.5416
13 0998 09962  0.9951 -0.3678 -120.202 119.8132
14 09968 0991  0.9950 -0.3671 -120.277 119.6341
20 09959 09934  0.9933 -0.3792 -120.062 119.9356
26 09973 09956  0.9941 -0.2185 -120.026 119.9158
28 09971 09967  0.9951 -0.2063 -120.133 119.8065
30 09967 0.99932 0.9946 -0.1693 -120.301 119.9380
31 09960 0.9954  0.9943 -0.1085 -120.344 119.8462
35 09987 09983 09979 -0.1250 -120.351 119.8913
38 09959 0.99951 0.9939 -0.898 -120.265 119.7320
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Table 4 Comparison of power flow calculation
results of the different methods
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