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Table 2 Robustness comparison of branches with

high impedance ratio
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Direct power flow algorithm for three-phase unbalanced island microgrid considering
distributed power generation droop control and load static characteristics
SU Xiangjing, GUO Longhai,FU Yang,MI Yang,TIAN Shuxin
(School of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, China)

Abstract: Based on DG (Distributed power Generation) droop control, load static characteristics and three-
phase unbalanced network model,a direct power flow algorithm for three-phase unbalanced island microgrid
is proposed. Firstly,based on the direct power flow algorithm of distribution network,considering the influence
of DG droop control and load static characteristics, a calculation model of direct power flow algorithm for
three-phase unbalanced island microgrid is derived. In order to solve the calculation model of the proposed
direct power flow algorithm,a two-layer power flow iteration method is proposed. The inner power flow itera-
tion method is used to solve the power flow calculation of the three-phase unbalanced island microgrid be-
side the virtual node,and the outer power flow iteration method is used to update the voltage and system
angular frequency of the virtual node. Finally, multi scenario simulation analysis is carried out based on
Australian real network and 25-bus typical microgrid respectively, and compared with Newton trust region
method. The simulative and comparison results show that the proposed algorithm can quickly and accurately
reflect the characteristics and real operation state of microgrid, and can solve the power flow calculation
problem of three-phase unbalanced island microgrid.

Key words:direct power flow algorithm;three-phase unbalanced network;island microgrid;droop control;dis-

tributed power generation
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FAL DG T EEHISH
Table Al Parameters of droop based DGs

IR mp ng Po/kW  Qolkvar

1 1.4x107 3.1x10° 2 1.4
18 1707 3.7x10° 13 0.6
37 09<107  4.1x10° 15 07
50 21x07  2.9x10° 17 0.8
72 1.5x107 3x10°® 1.2 0.7
90 12x107  35x10° 1 0.5

® A2 BUERMEMEAEALAL N

Table A2 Load and DG outputs of modified microgrid

HE PL/KW Qu/kvar Pev/kW Qpv/kvar
B A 7.28 4.25 1.24 0.58
f B 6.79 3.81 2.59 1.11
B C 6.49 3.54 1.42 0.64
=M 20.56 11.6 5.25 2.33

ElA4 2575 2 A T ETL S i
Fig.A4 25-bus three phaseunbalanced islanded microgrid
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Table A3 Simulation comparison of voltage between proposed method and NTR on 25-bus microgrid

- a FHHLE a AR A b A HLE b AR £ c AHHLE c ARAH A
AL NTR AL NTR AL NTR AL NTR AL NTR AL NTR

1 09795 09791 0 0 0.9737 09733 -119.9833 -119.9336 09694 09707 119.9863 119.908 1
2 09795 09791 0 0 0.9737 09733 -119.9833 -119.9336 09694 09707 119.9863 119.908 1
3 0.9813 09800 00669 00568 09822 09746 -119.9112 -119.8879 0.9731 0.9720 120.0363 119.9902
4 09825 09812 01573 01432 09778 09762 -119.8207 -119.8165 09747 0.9737 120.1426 120.092 4
5 09817 09804 01550 0.1450 09768 0.9752 -119.8195 -119.8100 0.9737 0.9725 120.1398 120.088 9
6 09772 09770 -0.0867 -0.0664 09708 09704 -120.0221 -119.9828 0.9662 0.9674 119.9055 119.8277
7 09762 09765 -0.1485 -0.1379 09696 0.9698 -120.0678 -120.0411 0.9643 0.9662 119.8520 119.7547
8 09764 09754 -0.0891 -0.0627 09698 09683 -120.0208 -119.9697 0.9651 0.9650 119.9026 119.820 6
9 09853 09812 -02741 -0.2182 09815 09761 -120.2075 -120.1485 0.9778 0.9732 119.7900 119.709 8
10 0.9910 09871 -0.3362 -0.2996 09888 09838 -1202792 -120.2640 0.9859 0.9816 119.7663 119.6722
11 09973 09910 -0.3975 -0.3488 0.9970 09890 -120.3517 -120.3370 0.9953 0.9874 119.7484 119.6540
12 0.9964 09903 -0.4003 -0.3475 09955 09879 -120.3526 -120.3334 0.9939 0.9863 119.7442 119.6582
13 1.0055 0.9974 -04523 -0.4156 1.0074 0.9974 -120.4224 -120.4156 1.0072 0.9974 119.7372 119.5844
14 09736 09722 -0.1539 -0.1306 09663 0.9639 -120.0611 -119.9975 0.9602 0.9591 119.8341 119.7302
15 09716 09706 -0.1502 -0.1268 0.9638 0.9617 -120.0559 -119.9841 09572 0.9568 119.8376 119.7230
16 09756 09757 -0.1486 -0.1361 09689 0.9687 -120.0662 -120.0345 0.9634 0.9650 119.8542 119.7512
17 09731 09713 -0.1559 -0.1282 0.9658 0.9628 -120.0602 -119.9944 0.9594 0.9575 119.8312 119.7307
18 09809 09797 00297 00182 09767 09750 -119.9605 -119.9344 0.9742 09726 119.9681 119.9711
19 09831 09864 00011 -0.0899 09803 09864 -120.0051 -120.0899 0.9785 0.9864 119.9628 119.9101
20 09822 09819 00031 -0.0250 09789 09790 -120.0017 -120.0017 0.9766 0.9771 119.9646 119.963 7
21 09783 09770 00293 00240 09732 09713 -119.9593 -119.9229 0.9707 0.9681 119.9188 119.9809
22 09769 09755 00277 00267 09710 09689 -119.9575 -119.9154 0.9685 0.9657 119.9235  119.989 2
23 09859 09851 02073 02184 09828 09812 -119.7833 -119.7571 0.9808 0.9789 120.1739 120.1850
24 09948 09900 03432 02914 09935 09873 -119.6397 -119.7060 0.9929 0.9853 120.3159 120.2817
25 1.0000 1.0003 04281 04138 10000 1.0003 -119.5655 1195862  1.0000 1.0003 1204203 120.413 8
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Table A4 Simulation comparison of power and frequency between
proposed method and NTR on 25-bus microgrid

HfL: AR LME
"%k Pa QLa PLs Qs Pic QLc Pg Qs Ploss  Quoss f
%Y 0.257 0189 0.322 0.238 0.387 0.292 0.993 0.734 0.027 0.015 0.999
NTR 0.258 0.190 0.325 0.240 0.390 0.288 0.973 0.718 0.020 0.015 0.998

= A5 BRI EE

Table A5 Comparison analysis of convergence process

ERE WA /ms

BEARYE E/ms

WS4 1407 WS 140712
175 8 17 13 20
NTR 3 3220 4 3893

= A6 TEMRItL eSS

Table A6 Comparison analysis of robustness on branch impedance ratio

A NTR
FHHLLL - —— - - ——
Ik AR EL THEI /s RS IEARIEL THAEL A /s
JR UG = 8 0.017 3 3 3.22
2 % = 8 0.017 3 5 3.34
5 f% = 9 0.017 3 13 4.39
10 fi% 2 9 0.018 = 19 5.76
20 fi = 12 0.020 % — —
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