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Study on damping low frequency oscillation of an AC/DC power grid based on UPFC & DC-SDC
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2. China Electric Power Research Institute, Beijing 100192, China)

Abstract: In order to damp the low-frequency oscillation of an AC/DC hybrid power grid, a UPFC & DC-SDC integrated
control system is proposed. This combines the Unified Power Flow Controller (UPFC) with the DC Supplementary
Damping Controller (DC-SDC). In order to make the UPFC & DC-SDC control system have the best control effect, the
eigenvalue augmentation matrix of AC/DC hybrid system based on VSC-HVDC is obtained from the state variables of
UPFC & DC-SDC. Based on the matrix, the eigenvalues of small signal probability are calculated of multi-operating
modes. The objective function is to minimize the weighted sum of the real part of the probabilistic eigenvalue.
Considering the eigenvalue augmented matrix damping ratio, transmission limit and safety voltage constraints, an
optimization equation for determining the parameters of the UPFC & DC-SDC integrated control system is constructed
and solved by a particle swarm optimization algorithm. Taking the CEPRI36v7 system as an example, it is verified that
the control strategy can damp low-frequency oscillation without restricting DC transmission capacity.
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Table 1 Calculation results of system eigenvalues under mode 1
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Table 6 Calculation results of system eigenvalues under

[LS2N FFIEA $R/Hz BHLJE /% optimized operation mode 2
1 -0.021+j2.033 0.323 56 1.033 (5N RHIEE B4 /Hz FHLJE /%
2 ~0.035+{3.420 0544 31 1.023 1 -0.149+j2.600 0.413 80 5.721
3 -0.117+j2.984 0.474 92 3.918 2 ~0.285+3.238 0.515 34 8.768
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Table 2 Calculation results of system eigenvalues under mode 2

(L5 FFAILAE WA Hz FHLJE EE/%
1 -0.024+j2.547 0.405 37 0.942
2 -0.062+i3.153 0.501 82 1.966
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Table 3 Calculation results of system eigenvalues under mode 3

(L5 FFILAE Wi Hz FHLJE EE/%
1 -0.039+j2.741 0.436 24 1.423
2 -0.073+{3.635 0.578 53 2.008
3 -0.128+j3.827 0.609 09 3.343
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fEfE, R 4 Pros.
x4 REMEEEETESER

Table 4 Calculation results of system probabilistic eigenvalues

(5N R $i#/Hz FLJELE/%
1 ~0.023+j2.410 0.383 56 0.954
2 ~0.069+3.472 0.552 59 1.987
3 -0.120+3.337 0.531 10 3.594

X9 — @)W THE, wE Y
WS C =005, C,=02. C,=-5; BEhik 1
IRCRE W, R 0.4, B 2 IBERE W, J 0.2, B
X3 IR, A 0.4, AEMRARIIHR G IR
o0 0. tHE 4 Bt E T, W43 UPFC&DC-SDC
FEHIRGENIBRREK e =10 Koo =85, H/NT
P E R WL 5—K 7 TR

AT G RGRFEE T 45 T e mT 4, 18
753 1 FRLBEEM 1.023%38 K% 6.291%, 4T
T 2 FHLJE A 0.942%38 K& 5.712%, i&4T/7
3 FRLJE LA 1.423%18 K % 8.126%.

%5 MUBETHR | TAGSEETEER

Table 5 Calculation results of system eigenvalues

under optimized operation mode 1

(L5 R Hi#/Hz FLJELE/%
1 -0.12+j2.102 0.334 54 5.700
2 -0.221+3.506 0.558 00 6.291
3 -0.289+j3.251 0.517 41 9.128

x 71 MUBEITHR 3 TRFFEETESER
Table 7 Calculation results of system eigenvalues under

optimized operation mode 3

5N FFIEAE i /Hz BHLJE E/%
1 -0.226+j2.772 0.441 18 8.126
2 -0.299+j3.730 0.593 65 7.990
3 -0.314+j3.879 0.609 09 8.068
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Fig. 6 Active power waveform of target line under

operation mode 1
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