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Abstract: The risk of resonance in the frequency range of several farm integration through MMC-HVDC are summarized, which

Hertz to several hundred Hertz may occur in wind farm provide guidance for broadband resonance suppression.

integration through flexible high-voltage direct current (HVDC)

system. Firstly, in order to reproduce the characteristics of

a broadband resonance, a resonance analysis model of the
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interconnected system composed of modular multilevel ¥ OE. NELZHEBIEMNEE LR 2L A R2Z R
converter (MMC)-HVDC and wind farms is generated based JEHERIES G . &, NEMSESEIE SR, T HR
on the impedance-frequency measurement method. Then, the I, A s KU S B A T R RS
resonance mechanism of the interconnected system in the sub/ SRR SRS, S I 26 BEL B B s M 9 9 2 4 b B
super-synchronous frequency range and the medium-or high- PO, ST I G Y/ R A S5 R s e R o

frequency range is revealed by using the network damping stability
criterion. The changes of wind turbines or MMC-HVDC control
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parameters, wind speed, and the integrated number of wind turbines

were considered in the analysis of the impedance characteristic of
the system for identifying the resonances in sub/super-synchronous-
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potential resonance risk and influence factors is quantitatively R BT AR e T R

evaluated by the impedance aggregation method, and the influence
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of the changes in different influence factors on the resonance

frequency of the system is discussed. Finally, the key factors

affecting the resonance across different frequency bands for wind 0 %I
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Fig. 1 Structure of wind farms integration through flexible HVDC
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Fig.2 Control structure of MMC sending-end converter station
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Fig. 3 Real-time simulation platform of wind farms integration
through flexible HVDC
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Fig. 5 Tested frequency points of the sweep experiment
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Fig. 6 Impedance characteristics in frequency domain and
simulation results in time domain
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Fig. 7 Impedance characteristics in the condition of smaller
proportional gain in the outer loop of wind generator grid side converter
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Table 1 RLC fitting results in the condition of smaller proportional
gain in the outer loop of wind generator grid side converter

Ky R/Q LM CIuF afs’ f/Hz

04 1648365 87.6817  2.58 0939971 10.5651
03  -207401 761633 297  -0.1362 10.5705
02  -54.0644 451738 472 -0.5984 10.893 5
01 334241 195426  9.88  -0.8551 114523
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Fig. 9 Impedance characteristics in the condition of smaller
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Table 2 RLC fitting results in the condition of smaller proportional
gain in the inner loop of wind generator grid side converter

K, R/IQ L/H C/uF ols’ f/Hz
0.26 — — — — —
0.24 -4612 3441791 292  -0.0067 31.524
0.22 -10.5  89.5904 155  -0.0586 26.7958
0.2 -16.432 1235488 151  -0.0665 21.4199
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Table 3 RLC fitting results in the condition of smaller proportional
gain in the outer loop of wind generator machine side converter

Koo R/ L/H C/uF als’! f/Hz

0.5 234158 322621 14.3 03629  7.4135
0.3 -4.8563  53.3659 6.92 -0.0455 82792
0.1 -10.529 27.7371 103 -0.1898 93961
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Table 4 RLC fitting results in the condition of smaller proportional
gain in the outer loop of MMC

Koo R/Q L/H C/uF ols” f/Hz
0.5 — — — — —
045  -30.5241 69.9348 0.21 -02182 41.5028
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Table 5 RLC fitting results in the condition of bigger proportional
gain in the inner loop of wind generator grid side converter

K, R/Q L/H C/nF ols’ f/Hz

50  662.0168 — — — 384.526 4
70 -15.385 1243857 535 -0.061 8 387.3524
90 241663 131.5365 485 -0.0918 395.7258
110 -47.7035 1278596 472 -0.1865 407.749 5
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Fig. 10 Impedance characteristics varying with wind speed variation
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Table 6 RLC fitting results varying with wind speed variation
HA R/Q L/H C/nF als’ f/Hz
1pu 243.525 — — — 324.20
0.75pu  -9.2796 183.4456 0.995 -0.025 2 372.48
-15.4065 68.2729 21.1 -0.112 8 132.58
0.5pu
-24.4305 150.5311 1.7 -0.081 1 314.60
-45.3182 134.5973 133 -0.168 3 118.98
0.25pu  -22.9452 127.8596 25.1 -0.0897  280.53
-39.3528 54.8365 2.1 -0.3588  467.71
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R 7 MMCHIMEHIZERLLHIE M ARRLCIIGE R
Table 7 RLC fitting results in the condition of bigger proportional

gain in the inner loop of MMC

K, R/Q L/H C/nF ols’ f/Hz
1 _ _ _ _ _
5 -235691 1267014 0737  —0.0931 520.604 4
10 -253186 1082752  0.619  -0.1169 614.7254
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Table 8 RLC fitting results varying with number of grid-connected
wind generators
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Fig. 12 Summary of the influence of the main factors on the risk of oscillation in each frequency band
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