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Abstract

The study on the static voltage stability of multi-infeed DC systems is generally based on multi port
Thevenin equivalent model. The mutual impedance between the DC infeeds makes the corres-
ponding relation between the static voltage stability evaluation index and the voltage stability at
the receiving end of the multi-infeed AC/DC system uncertain. This letter diagonalizes the node
impedance matrix of the multi-infeed HVDC receiving system based on Thevenin equivalent model
to propose a new equivalent terminal decoupling model. Based on the decoupling model, a new
static voltage stability evaluation index for multi-infeed HVAC/HVDC system is proposed. BPA
software is used to simulate two multi-infeed systems with different evaluation indexes; we set
line fault in the two systems and compare the voltage waveforms of the receiving terminal buses
to determine the voltage stability of two systems.
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Figure 1. Traditional simplified model of multi-infeed HVDC system
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Figure 2. Decoupling model of multi infeed HVDC system
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Figure 3. Equivalent model of single infeed HVDC system
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Figure 4. The electrical wiring diagram of the three infeed HVDC system
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Figure 5. Equivalent circuit of three-infeed example system decoupling model
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Figure 6. The main bus voltage curve of A system
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Figure 7. The main bus voltage curve of B system
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Figure 8. Frequency deviation of commutation bus of A system
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Figure 9. Frequency deviation of commutation bus of B system
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Table 1. Calculation results of maximum eigenvalue
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Mk A

Table Al. DC system parameters of example A

#AL B AERRGSH

i WA
el BE2R HLZ11, HLZ21, HLZ31 HLZ12, HLZ22, HLZ32
B HEKV) 500
ELR IR (KA) 31
HIRTIFE(MW) 1000
fil A A (°) 15
FEIAA(°) 18
#7720 SETE SE KIS
Table A2. AC system parameters of example A
T A2 Bl ARRAEGEH
HLFR REHEH T3 B g L2
TR RR
R (p.u) HFAC) HIMTHEMW)  EITHEMVar)  HIEMW) LI MVarn)
RHpll 1.01 0 802.1 1915.8 0 0
REML 2 1.01 2.1 4000.0 1937.0 0 0
RHML3 1.01 6.3 4000.0 1965.2 0 0
R ELHL 4 1.0 0 1500.6 350.3 0 0
REHL5 1.0 0 1500.6 349.2 0 0
RN 6 1.0 0 1500.6 349.2 0 0
B A 1.023 —4.4 0 0 6000. 1000.
Bp4 B 1.004 1.35 0 0 2400. 900.
B C 1.024 -1.48 0 0 4000. 900.
RRgg 1 1.031 -0.74 0 0 0 0
TR 2 1.04 -0.66 0 0 0 0
45 3 1.029 212 0 0 0 0
BR; 4 0.992 6.88 0 0 300. 0
B2 5 0.890 16.82 0 0 300. 0
1R 6 0.890 16.82 0 0 300. 0
HLZ12 0.991 8.19 0 0 0 0
HLZ22 0.884 18.42 0 0 0 0
HLZ32 0.884 18.42 0 0 0 0
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Table A3. Impedance and power flow of AC system of example A

RiP= Bip=t 2% B B BT (p.u) 2R H 40 (p.u) B IER(MW) JC AL (Mvar)
HLZ12 R4k 4 0.0015 0 1498.4 -93.5
HLZ22 R2% 5 0.0015 0 1472.1 —347.8
HLZ32 B2 6 0.0015 0 1472.1 —347.8
Bk 1 B2k A 0.0025 0.0044 2693.0 427.0
B2k 1 B2 B 0.002 0.0039 —1890.7 1421.1
B2k 2 B2k A 0.0021 0.0076 3306.9 954.6
REZL 2 REZ: C 0.0022 0.00372 693.1 750.0
REZ 3 R4 B 0.002 0.0089 693.0 12711
R12% 3 Bk C 0.002 0.00522 3306.7 343.7
R4 B R 4 0.008 0 -1198.7 2111
B4 B B2k 5 0.02 0 -1190.7 735.5
B4 B B2k 6 0.02 0 -1190.7 735.5

Mi% B

Table B1. DC system parameters of example B
= Bl & BERRGESH

LIl WA
el Rk HLZ11, HLZ21, HLZ31 HLZ12, HLZ22, HLZ32
B HEKV) 500
ELI R (KA) 31
HIZEMW) 1000
A 41 (%) 15
FEIA (°) 18
T SEIE SE RIS
Table B2. AC system parameters of example B
7 B2. Bl B RRAGSH
K R AL T 2 itk
W RAATR
e E (p.u) ) HITHEMW)  EBIhThEMVa)  AIERMW) BT MVar)
KL L 1.01 0 1901.3 648.2 0 0
KL 2 1.01 1.14 4000.0 1219.2 0 0
KL 3 1.01 3.98 4000.0 778.0 0 0
Kl 4 1.0 0 1000.4 56.9 0 0

()
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Continued
KNS 1.0 0 1000.4 0 0 0
KHAHL 6 1.0 0 1000.4 0 0 0
BEZE A 1.039 —4.65 0 0 5000. 1000.
R4 B 1.004 1.35 0 0 2400. 900.
RE£k C 1.024 —-1.48 0 0 4000. 900.
Bk 1 1.052 -1.73 0 0 0 0
BRek 2 1.049 -1.59 0 0 0 0
BRek 3 1.051 -0.11 0 0 0 0
12k 4 1.082 0.62 0 0 500. 0
BEZE 5 1.082 0.62 0 0 500. 0
R12% 6 1.082 0.62 0 0 500. 0
HLZ12 1.088 1.35 0 0 0 0
HLZ22 1.088 1.35 0 0 0 0
HLZ32 1.088 1.35 0 0 0 0
Table B3. Impedance and power flow of AC system of example B
7= B3. Bl B Zin3M A G LK SR
R A AP BT(p.u) A (p.u) A DR (MW) ToThElif(Mvar)
HLZ12 Rk 4 0.0015 0 999.6 408.7
HLZ22 Bk 5 0.0015 0 999.6 408.8
HLZ32 RE2% 6 0.0015 0 999.6 408.8
RE2E 1 REZE A 0.0025 0.0044 2231.3 654.5
RR2k 1 R128 B 0.002 0.0039 —330.0 —69.5
RR2E 2 BELE A 0.0021 0.0076 2768.7 596.7
B2k 2 Bk C 0.0022 0.00372 1231.3 —140.3
BR2k 3 B4 B 0.002 0.0089 1231.3 12711
B2k 3 Bk C 0.002 0.00522 2768.7 625.2
k12 B BE2k 4 0.008 0 —499.6 —366.3
K4 B BR2k 5 0.008 0 —499.6 —366.4
R4 B 125 6 0.008 0 —499.6 —366.4
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