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A Design Methodology of Digital Controller Considering Time Delay Effect
for a Modular Multilevel Converter VSC HVDC System

Ji-Wan Songl, Nam-Joon Kul, and Rae-Young Kim™

Abstract

A modular multilevel converter is widely adapted for a high-voltage direct current power transmission
system. This study proposes a design methodology for a novel digital control that mitigates the negative effects

caused by time delay, including communication transport

delay for a modular multilevel converter. The modeling

and negative effect of time delay are analyzed theoretically in a frequency domain, and its compensation
methodology based on an inverse model is described fully with practical considerations. The proposed
methodology is verified through several simulation results using a modular 21-level converter system.
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Fig. 3. MMC single-phase equivalent circuit.
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TABLE 1
SIMULATION PARAMETERS OF MODULAR
MULTILEVEL CONVERTER SYSTEM

Parameter Values|Unit]
DC link Voltage (V) 30 [kV]
Active Power (P) 30 [MW]
Reactive Power (Q) 0 [MVA]
1:
Y-A Transformer Voltage Ratio 105839
Number of Submodule in Arm (N) 20 [EA]
Submodule CAP Voltage (V) 1.5 [kV]
Submodule Capacitor (C) 0 [mF]
Arm inductor (L,,,,) 13 [mH]
Grid equivalent inductor (L,) 1 [mH]
Equivalent loss resistor (Ry,,,) 05 [Q]
Sampling Freq (f,) 3.6 [kHz]
Total delay time (T}) 500 [us]
Grid phase voltage(v,,.) 229 [kV]
Grid frequency (f,,;s) 60 [Hz]

ldre/( k) Proposed Digital Controller
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Ts
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Fig. 12. Block diagram of the proposed digital current
control with time delay.

Leird_ref ( k) Proposed Digital Controller

" vmid(ki

Tcirg_rer (K)

Fig. 13. Block diagram of the proposed digital circulating
current control with time delay.
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components of MMC, (d) phase A arm voltage of upper.
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