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Table 1 Parameters of three-phase
grid-connected converter

BAENES,,, 001 (MV-A) | HEHIE U, 0.19 kV
1 LU Ly 0.03 kA YL LR L 0.03H
HERHLE Uy, 0.40 kV BHIHRA Cy 200 pF

ROVE K55 HL I 25 1F T O I i A A8 B AR TR R AT
Bk, AR 5B Ee 1 A AN [R] B R SR R PLL
LU P A ) 2 i 5 ) BB A [ 1 190 46 0 4 i
Y LR BT Sk e A R GE AR E R AP 4 B o
K2M I T 25T AR R LA PLL A 98 X 1 9
LA P A o 2 RO ) R AN SE PR AE .

SO = =lh- KK

L TV”““’Mﬁ*’”““fﬁﬂf”"”“ﬁ&W% < RS < i

g aree m ) n s

2 - lpadpoped 3 %W&WW&WMMW% < "R
: 4 AEEELE. ?:%Uﬁ%?u%;iﬁ;;éjimggﬁﬁ B 3 3 )

Fig.4 Output current waveforms of grid-connected converters under various short-circuit ratios,
control bandwidths and parameters
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Fig.5 Responses of grid-connected converter with
varying DC voltage control parameters
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Construction Method and Control-interaction Analysis of Security Region for Control Parameters of

Grid-connected Converter

WANG Jinyuan', LIU Chongru', SU Chenbo®, WU Wenchuan®, FANG Jiashu'
(1. State Key Laboratory for Alternate Electrical Power System with Renewable Energy Sources (North China Electric Power
University), Beijing 102206, China; 2. Department of Electrical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The interaction between the phase-locked loop (PLL) and the DC voltage control loop of a power electronic converter
under weak grid conditions may trigger oscillations. In order to reduce the risk of oscillation caused by the grid-connected
converters, a method for determining the boundary of the security region for the control parameter is proposed. By studying the
relative constraint relationship of the control bandwidth, the influence law of each control parameter on the interaction between the
main control links of the grid-connected converter and between the controller and the weak grid is quantitatively analyzed. First,
from the perspective that the dynamic response characteristics of the overlapped region of the controller bandwidth are similar, a
mathematical analytical expression model of the closed-loop transfer function of the outer DC voltage loop covering the grid
strength and each control link is established. Then, based on the analytical expression of this transfer function, the boundary of the
security region for the control bandwidth ratio is solved by using the Nyquist stability criterion and stability margin constraints. The
result can guide the design of the PLL and DC voltage control bandwidths under weak grid conditions and map it to the security
region for each control parameter. In addition, the security region for control parameters intuitively reflects the influence of
differences in parameter settings of the grid-connected converter on system stability, thereby guiding the adjustment direction of
control parameters. Finally, the effectiveness and accuracy of the proposed method are verified through PSCAD/EMTDC
simulations.
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