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Fig.1 7-type equivalent circuit of line
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Fig.2 7-type equivalent circuit of
power distribution transformer
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Fig.3 Structure of simple distribution network
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Table 1 Different configuration schemes
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Table 2 Calculative results of 33-bus system with
Loop 1-5 closed

T HL

o Gl LA T AR SCIRG S AR %

1 0.997092 0.997092 0.997092 0.997092
2 0.986238 0.986238 0.986238 0.986236
3 0.982551 0.982551 0.982551 0.982548
4 0.979100 0.979100 0.979100 0.979097
5 0.971050 0.971050 0.971050 0.971046
6 0.970077 0.970077 0.970077 0.970075
7 0.968956 0.968956 0.968956 0.968953
8 0.965663 0.965 663 0.965 663 0.965 660
9 0.965234 0.965234 0.965234 0.965231
10 0.965234 0.965234 0.965234 0.965230
11 0.965365 0.965365 0.965365 0.965362
12 0.961966 0.961966 0.961966 0.961963
13 0.960760 0.960760 0.960760 0.960757
14 0.960406 0.960406 0.960406 0.960403
15 0.958598 0.958598 0.958598 0.958596
16 0.955067 0.955067 0.955067 0.955061
17 0.953959 0.953959 0.953959 0.953954
18 0.995332 0.995332 0.995332 0.995331
19 0.980742 0.980742 0.980742 0.980742
20 0.976657 0.976657 0.976657 0.976655
21 0.972928 0.972928 0.972928 0.972924
22 0.980736 0.980736 0.980736 0.980733
23 0.970003 0.970003 0.970003 0.969999
24 0.962650 0.962650 0.962650 0.962 645
25 0.970051 0.970051 0.970051 0.970047
26 0.968 786 0.968786 0.968786 0.968781
27 0.963629 0.963629 0.963629 0.963 624
28 0.960136 0.960 136 0.960136 0.960131
29 0.956945 0.956945 0.956 945 0.956938
30 0.953827 0.953827 0.953827 0.953820
31 0.953280 0.953280 0.953280 0.953273
32 0.953498 0.953498 0.953498 0.953493
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Table 3 Maximum calculation deviation of proposed
simplified method for different configuration schemes

AR ERE R RARE

AN IRE o BE o 3 RE oA
0 0 0 3 Tx107° 8x10°°

1 Tx10°° Tx10°° 4 1.2x107°  1.8x107°

2 7x10°° Tx10°° 5 7x10°° 1.3%x10°°

® 4 5333 SR AGH S EEERT L
Table 4 Comparison of convergence performance
for 33-bus system

Rgpfic PO SCIR[1815T 1% ASCREE ARk

BEHRX N, t Niew t Nier ¢ Nier ¢
0 6 0.32 5 0.16 5 0.22 5 0.18
1 5 0.56 4 0.36 4 0.93 4 0.32
2 5 0.63 4 0.44 4 1.08 4 0.30
3 5 0.73 4 0.54 4 1.18 4 0.29
4 5 0.85 4 0.64 5 1.46 5 0.35
5 5 0.98 4 0.72 5 1.61 5 0.36

TE N FEEARUCE 1 R3S ] B ms s S5 T
R 5 3T 69 Bk R GRS RS L

Table 5 Comparison of convergence performance
for 69-bus system

e PSP SCEIR[ 1818 % ASUREGE:  AFifbik
B Ne ot N ¢ Nee & Ny o

0 6 0.67 5 0.35 5 0.53 5 0.39
1 6 1.19 5 0.74 5 1.77 5 0.71
2 6 1.31 5 0.86 5 2.19 5 0.63
3 6 1.51 5 1.01 5 2.44 5 0.65
4 5 1.46 4 0.95 4 2.01 4 0.59
5 5 1.63 4 1.02 5 2.36 5 0.65
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Table 6 Different configuration schemes of
69-bus system with PV nodes
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Table 7 Comparison of convergence performance
for 69-bus system with PV nodes

Z%E CER[18]F L AURAY ARk

BN, ' Niw ! N !
1 6 0.60 5 1.50 5 0.45
2 6 0.55 4 1.56 4 0.44
3 5 0.93 5 2.71 4 0.85
4 8 1.45 4 3.80 5 0.90
5 5 1.30 5 3.92 5 1.13
6 5 1.35 5 3.80 5 1.07
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Table 8 Calculated reactive outputs of PV nodes
by three algorithms

EX PV it T %/ kvar
B WA SuR[18]8: ASURAY: Ak
PV1 4.2 -2.6 -2.6
1 PV2 300 300 300
PV3 250 250 250
PV1 200 200 200
PV2 300 300 300
4 PV3 250 196.4 196.1
PV4 300 300 300
PV5 -200 -200 -200
PV6 150.7 -72.9 -72.9
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Power flow calculation algorithm for AC-DC hybrid distribution network
with multi-terminal flexible interconnection
PENG Ke,ZHANG Xinhui,CHEN Yu

(College of Electrical and Electronic Engineering,Shandong University of Technology,Zibo 255000, China)
Abstract: An improved Zbus Gauss algorithm is proposed for the AC-DC hybrid distribution network with
multi-terminal flexible interconnection under droop control. The DC voltage reference given by the droop
control curve is adopted to solve the AC-DC power flow and determine the steady-state calculation point of
active power,based on which,the DC voltage is updated according to the droop control curve and the
updated steady-state calculation point of DC voltage is used to solve the AC-DC power flow until
convergence. The improved IEEE 123-bus test system is applied to verify the validity and correctness of the
proposed algorithm.
Key words: power flow calculation; AC-DC hybrid distribution network; droop control; constant voltage
control ; multi-terminal flexible interconnection
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Hybrid power-flow calculation based on power flow for distribution network
JIN Yong'?,LIU Junyong',LI Hongwei’,ZHANG Xi',DUAN Haoxiang'
(1. School of Electrical Engineering and Information,Sichuan University,Chengdu 610065, China;
2. Sichuan Electric Power Company of State Grid,Chengdu 610041, China;

3. School of Electrical Engineering and Information,Southwest Petroleum University,Chengdu 610500, China)
Abstract: Based on the relationship among branch power,branch power loss and node injection power,a
power flow algorithm for weakly meshed distribution system is deduced,which establishes a hybrid matrix to
simultaneously process the link branches,slack buses and PV nodes for simplifying the calculation. It takes
the power-flow rather than the complex current phasor as the variable to calculate the reactive and active
powers respectively. The calculative results for multiple cases prove that,with higher calculation efficiency,
the calculation accuracy of the proposed method reaches those of the Newton-Raphson method and the loop
theory based method. After simplification,the proposed method has even faster calculation speed and higher
calculation accuracy.

Key words: distribution network ; power flow; weakly meshed network ; power variables; PV nodes;

combined calculation



