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A method for three-phase power flow in a medium-voltage ungrounded distribution network

ZHANG Yi', LIN Jinrong', LI Chuandong?, SHAO Zhenguo', LAN Tian', CHEN Shuchang'
(1. College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China; 2. Electric Power
Research Institute of State Grid Fujian Electric Power Co., Ltd., Fuzhou 350007, China)

Abstract: With a large amount of distributed generation connected to the medium and low voltage distribution network,
three-phase power flow calculation is the basic means to analyze their influence. The existing research on three-phase
power flow for a medium-voltage ungrounded distribution network mainly adopts the method of manually setting the
reference neutral point or zero-sequence voltage. This makes it difficult to simulate and analyze the neutral point or
zero-sequence voltage offset, and the zero-sequence power flow and the imbalance of phase to ground voltage. Thus this
paper proposes a new three-phase power flow algorithm for a medium-voltage ungrounded distribution network. First, the
particularity of three-phase power flow for this network in terms of node variables and admittance matrix is analyzed.
Second, based on a power balance equation and the Newton-Raphson method, a three-phase power flow algorithm for an
ungrounded distribution network with constrained zero-sequence current is designed by using admittance matrix
reversible processing and matrix replacement technology. Finally, the power flow for the ungrounded distribution network
is simulated based on the 6-bus system and the modified IEEE123 test case. The accuracy of the proposed method in
different scenarios and its applicability and convergence in large power grids are verified by PSCAD, and a practical
application is carried out in local power grids. The example analysis shows that the proposed algorithm gives accurate
calculation results and good engineering practicability.
This work is supported by the National Natural Science Foundation of China (No. 51777035).
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Fig. 1 Ungrounded network zero-sequence constraint
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Table 1 Zero-sequence component results for different

capacitor configurations
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Fig. 3 Three-phase voltage results for different
capacitor configurations
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Table 2 Transformer parameters
SR A3 MR/ % EERIFEAW A E/KVA
YNdI1 35/10.5 7.4 40.1 6300
Dynll 10.5/0.4 5.7 103 1000
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Table 3 Load parameters
BN A MffG/KVA B #fS/KVA  C AHGUR/KVA
4 112+j69 113+j4 171+j34
6 180+j60 120+j30 160+j40
FT 4 BBRESY
Table 4 Line parameters
ik FLFH/Q HIT/Q of Hb LA/ F
1-2 5.4 7.58 0
3-4 2.7 3.35 0
4-5 2.7 3.35 0.1
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Table 5 Three-phase voltage of node 3 with different

ground susceptance to ground

WA SHERF =ML R4S R/p.u.

ZHuF  HE/pa A B C

A: 0.05 0.00 0.97./-33.6° 0.97./-150.9° 0.98./88.9°
B: 0.03 0.05 0.99./-30.8° 0.96./-150.4° 0.98./87.9°
C: 0.07 0.10 1.01.£-303° 0.94.-149.9° 0.99.£87.0°
A: 0.05 0.00 0.97/-31.3° 0.98./-150.9° 0.98./88.9°
B: 0.05 0.05 0.99./-30.8° 0.96./-150.4° 0.98.£87.9°
C: 0.05 0.10 1.01./-30.3° 0.95./-149.9° 0.99 /87.0°
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Table 6 Phase A voltage of node 5 when « changes
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Fig. 4 Comparison of voltage results of different
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methods in scenario 1
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Table 7 Zero-sequence component in scenario 1

p.u.
St T RE T HUEIRE SO E ) HIRIEE
HiRi6 B 6-5
A giA 0.003 177 0.000 548
PSCAD 0.003 183 0.000 550
M) 0.003 177 0.000 548
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2, (BRI RIAZRm.

MF 7 w1 s, AT RO P&
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7E 0.01 uF B2, P 3-4 IAFHr S5 =0(14) At
TNo AR TERF ZE R, K4 N AL 6 [ 7 far 2
P AT A

5.65/78.97° 1.95/83.57° 1.65/86.15°
Z,. =|1.9583.57° 5.81£80.97° 2.06.85.84°
1.65./86.15° 2.06/85.84° 5.95.79.29°
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Table 8 Comparison of voltage results of different

calculation methods in scenario 2

MR 8 i LA N, A5 RON KL
R—%, W#HE PSCAD 1 HEIEE M Z AN 0.04%,
HAMmZEN 0.2°. MK 6 ATk, =R T BAH. C
IR TCIH I 5 FE, (4 B M. CHIILEIThRA
R o

WM AR PSCAD GENO) H13% 9 "I, AT AT AOWTF 28R
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