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A unified power flow algorithm for AC/DC hybrid networks using modified augmented nodal analysis
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Abstract: The VSC based Multi-terminal DC (MTDC) grid is a promising approach for the integration of renewable
energy sources. It’s necessary to study the power flow of the AC/DC network. A unified power flow algorithm for AC/DC
network using Modified Augmented Nodal Analysis (MANA) is proposed. The detailed steady state model and different
control modes of VSC station, MANA based AC and DC network model is established firstly. Then a unified power flow
algorithm is developed based on the Newton MANA method, the node injection currents and branch currents of AC/DC

network are added as unknown variables and solved simultaneously with the unknown node voltages. The effectiveness of

the proposed algorithm is verified by numerical tests on modified IEEE 30-bus system.
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Table 4 Control modes of VSC station (case A)
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VsCl 3 V,=111pu. 0, =8.0 MW
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Table 5 Control modes of VSC station (case B)
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VSC2 1 P =-30 MW 0, =-5MW
VSC3 1 P =15MW 0, =50 MW

MR SRR A R A RS, P
ALY AR S8 (AR 22036 20 1.0 pou., R FB KT 4EL
kN 0.0 pou.o G WU ENE AR SRAFIL 1A
TSSO EA 1107, X T A Jsis
W, 5 J st I I AC BT R I T S Rk
6 Jr71s.

XI5 B PTos (LI, % it BT A HL
TR S A R IR T PR

WRYE 6 AR 7, w] LAFE BB ol (K A R
PEBIRE, FERCSIOR LV N, A SO AR
AR TS AT R 80 Kol T ARSI VA I IE



TSR AT LR AT ERIR A HL I g WA

- 45 -

Pho XA SO 5 2 SRARA IR IEACK AL, BEW]
G SR IS TIRACKR RS, HAT RN
TR .

*6 HFEAEER

ZHEAB R ARG 54 VSC B vl Al 1A T 5%
PE B LI, 5305 23 ) 5 A 3 FEL R 1)1 6 154 19
33, 34, 37 #Hi%E, B EE 5 AR
RS UL, Bl R L B M (K S E e
340 . A iy N 8 .
% 8 VSC #mibiliEs

Table 8 Control modes of VSC station
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VsCl 3 ¥, =1.11pu. 0. =8.0 MW
VsC2 1 P =15MW 0 =24 MW
VSC3 1 P =23 MW 0. =9 MW
VSCc4 1 P, =90 MW 0, =-36 MW
VSCs 2 P =-110 MW ¥, =1.00 pu.
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Table 6 Results of case A
Y 5 AT ELE R PPN RFRATS
6 0.969 6.2-2.301 4° 0.969 6.2-2.301 4°
V. /pu. 2 1.000 0.2-0.417 9° 1.000 0.2-0.417 9°
5 0.980 0.2-1.951 4° 0.980 0.2-1.951 4°
1 1.1100 1.1100
V. /pu. 2 11277 11277
3 1.1153 1.1153
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Table 7 Results of case B
REEE R ARILHVELE R S RPREE R
6 1.000 0.£-3.023 0° 1.000 0.£-3.023 0°
V. /pu. 2 1.000 0.£-0.357 0° 1.000 0.2-0.357 0°
5 1.0059./-2.3921° 1.0059./-2.392 1°
1 1.1100 1.1100
V/pou. 2 1.1232 1.1232
3 1.109 4 1.109 4
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Table 9 Results of 118-bus system
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TR KRILTESR SRR RS R
15 0.970 0.£-20.244 9° 0.970 0.£-20.244 9°
19 0.962 0.£-20.001 0° 0.962 0.£-20.001 0°
V.. /p.u. 33 0.984 1./-19.899 7° 0.9841./-19.899 7°
34 0.984 0.£/-19.350 2° 0.984 0.£/-19.350 2°
37 1.000 0.£-19.507 8° 1.000 0.2-19.507 8°
1 1.1100 1.1100
2 1.076 7 1.076 7
V. /p.u. 3 1.107 6 1.107 6
4 1.057 6 1.057 6
5 1.126 4 1.126 4
RIS 7 23
F 10 WHEERER
Table 10 Convergence process information
ATk AR SR A
RIS W TR S AR R 2
1 6.516 0 5(ACI) 2.097 6
2 6.448 4 4(HI) 1.504 7
3 1.5822 5(3T) 0.002 1
4 0.142 7 2(HI) 0.002 0
5 0.001 3 3(3CH) 7.833 6x10™°
6 7.4333x107° 2(H) 7.678 8x10°°
7 7.130 6 x107° 2(3) 2.9812x107*
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Table 11 Convergence behavior comparison of two methods

under different precision
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