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Fig.1 Closed-loop transfer function of system
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Fig.2 Structure diagram of supplementary damping controller
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Fig.3 Amplitude-frequency and phase-frequency
characteristic curves of system
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Fig.4 Bode diagram of open-loop transfer function
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Fig.6 Comparison of active power in AC transmission line
between with and without HVDC supplementary
damping controller
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Table 1 Eigenvalues and participation factors

KAl ZERHMEE ARHEE Z5RT
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G, 0.008 43 0.162 48 0.831 94
G, 0.005 24 0.151 01 0.480 53
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Fig.7 Comparison of active power in AC tie-line between

with and without HVDC supplementary damping controller,
when disturbance source is located at G,
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Fig.8 Comparison of active power in AC tie-line between

with and without HVDC supplementary damping controller,
when disturbance source is located at G,
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Fig.9 Comparison of active power in AC tie-line between

with and without HVDC supplementary damping controller,
when disturbance source is located at G,
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Fig.10 Comparison of active power in AC tie-line between

with and without HVDC supplementary damping controller,
when disturbance source is located at G,
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Fig.11 Comparison of active power in AC tie-line between
with and without HVDC supplementary damping controller,
when line distance between G, and converter station is 60 km
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Fig.12 Comparison of active power in AC tie-line between
with and without HVDC supplementary damping controller,
when disturbance frequency is 0.7 Hz
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Fig.13  Comparison of active power in AC tie-line between
with and without HVDC supplementary damping controller,
when disturbance frequency is 1.5 Hz
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Table 2 Active power in AC tie-line between with and

without HVDC supplementary damping controller
and suppression ratios

f/Hz AP/MW AP'/MW S,
0.2 42.72 30.47 0.7132
0.3 60.6 34.81 0.574 4
0.4 98.81 32.26 0.326 5

0.468 145.5 23.23 0.1597
0.5 135 29.94 0.2218
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0.7 26.12 22.36 0.856 0
0.8 18.97 13.94 0.734 8
0.9 15.95 9.5 0.5956
1.0 12.34 6.192 0.501 8
1.1 6.008 2.777 0.4622
1.2 2.817 1.215 0.4313
1.3 1.814 0.7271 0.400 8
1.4 1.476 0.5537 0.375 1
1.5 1.301 0.4607 0.354 1
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Fig.14 Relationship between suppression ratio and
disturbance frequency
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Fig.15 Comparison of active power in AC transmission line
between with and without HVDC supplementary damping
controller,when DC transmission power is 106 MW
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Fig.16 Comparison of active power in AC transmission line
between with and without HVDC supplementary damping
controller,when DC transmission power is 170 MW
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Fig.17 Comparison of active power in AC transmission line
between with and without HVDC supplementary damping
controller,when DC transmission power is 404 MW
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Mitigation effect of HVDC supplementary control on forced oscillation
XU Yanhui',LI Zhen' , WU Shuangxi’
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China;
2. Dispatch and Control Center of Guangdong Power Grid Corporation, Guangzhou 510060, China)

Abstract ; The forced oscillation is one of the main problems of power grid dynamic stability and may cause high
amplitude active power oscillation in the area tie line. The principle of forced oscillation in multi-machine system is
analyzed and the HVDC supplementary damping controller is designed to analyze its mitigation effect on the forced
oscillation under different locations and frequencies of disturbance source and different HVDC transmission power.
Simulative results of the 2-area 4-machine AC-DC hybrid system show that the mitigation effect of HVDC supplemen-
tary controller on the forced oscillation is not very relevant to the location of disturbance source, while mainly de-
pends on the frequency of disturbance source and the transmission power level of HVDC. When the frequency of dis-
turbance source is equal to the inter-area oscillation frequency,the mitigation effect is the best, and the higher the
HVDC transmission power is,the better the mitigation effect will be.

Key words :forced oscillation ; HVDC power transmission ; supplementary controller; AC-DC hybrid system ; dynamic
stability



