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Consideration on Stability of Damping Control to Suppress Filter Resonance in Multi-modular Matrix Converter

Hiroki Takahashi®, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper discusses a stability analysis for a damping control to suppress LC filter resonance in a multi-modular matrix

converter. The damping control is combined to an output current control of the system and reduces current distortions due to the

resonance. However, any design methods for the damping control have not been clarified. Therefore, in order to design the

control parameters to obtain the desired damping effect and the transient response, this paper describes a stability analysis using

Bode-diagrams of a linearized block diagram of the whole system including the circuit and the control block. In simulations, the

damping control ensures the phase margin by 46 degrees, and leads the system to stable. In addition, the design equations of the

damping control are derived and the validity is confirmed by simulations.
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Fig. 1. System block diagram of a multi-modular matrix converter employing three modules with the output damping control.
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Fig. 2. Simplified single-phase DC model of a matrix converter

with an input LC filter.
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Fig. 3. Block diagram of the simplified single-phase DC model
with an input LC filter.
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Fig. 4. Linearized model regarding the differential components

of the simplified single-phase DC model with an input LC filter.

Table 1. Simulation conditions of the circuit model and the

linearized model of the simplified single-phase DC model.

Input voltage 115.5V  |Rated output voltage 100V
Rated power 1 kW Load resistance 83.7%
Carrier frequency 10 kHz 1mH
Load inductance
Input filter L | 4mH (0.3ms) (0.1ms)
20.4ps Filter C voltage
Input filter C (0.27ms) (steady state) 3.5V

Duty command (step input) 0.01 p.u.

Open loop control
Duty command (steady state) 0.5 pu

Current command (step input) | 0.01 p.u.

Current command (steady state)| 0.5 p.u.

ACR natural frequency 650 Hz

PI + damping control
Damping gain 0.29 p.u.

Damping HPF cut off frequency| 60.6 Hz
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Fig. 5. Indicial responses of the linearized model and the circuit
model with an open-loop control in a simulation.
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Fig. 7. Bode-diagram of the open-loop transfer function of the

output current control loop in the linearized block model.
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(b) Boundary condition (filter inductance 7.54%).
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(c) Unstable condition (filter inductance 9.42%).
Fig. 11. Simulation results of R-phase input current 7,

in the simplified three-phase circuit.
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