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Loss Analysis Method for Matrix Converter
Kazuhiro Koiwa, Student Member, Goh Teck Chiang, Member, Jun-ichi Itoh, Member (Nagaoka University of Technology)

This paper discusses an analysis method to evaluate the losses of matrix converter (MC). Due to the control complexity
defining the losses in MC is difficult. In this paper, the conduction loss and the switching loss of the MC are derived theoretically

based on the virtual AC-DC-AC control method. Then, the validity of the equations is confirmed in simulation and experimental.
From the experimental results, the maximum efficiency is 97.9% with 2-phase modulation at rated power (Devices: MOSFET
R6046FNZ). At last, the relationships between the efficiency and power density are discussed in a pareto front curve.
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(a) Main circuit.
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(b) Control diagram of the matrix converter.
Fig. 1. Circuit configuration of the matrix converter.
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Fig. 2. Equivalent single phase model of the matrix converter for
formulating the losses.
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Fig. 3. Integral period of each switching loss of the matrix
converter.

Table 1. Device parameters and simulation condition to calculate
the matrix converter losses.

Parameters of switching device (SK8OGMO063)
On-state voltage Keons (VIA) 0.0182
characteristic Keonz (V) 0.9773
Switching loss kions_(J/A) 0.00005
characteristic konz  (J) 0.0
Input power factor 1.0
Maximum input line voltage V;, 283V
Switching frequency fs 10 kHz
Output angular frequency @, 180m rad/s
Input angular frequency o 100~ rad/s
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Fig. 4. Conduction loss and switching loss - load current
characteristics between calculation and simulation.
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Table 2. Device parameters and experimental conditions.

Parameters of switch (R6046FNZ) Input line voltage 200 V
Rated voltage V, 600V | output [2-phase mod{ 150V
Rated current I, 46 A |line voltage[s hhase mod] 173 v

On-state voltage| Keon (V/A)|  0.08 Output frequency f, 40 Hz
characteristic [y, V) 0.0 | Switching frequency f, | 10 kHz
Turn-on loss | Xem (J/A) | 0.00005 | Load inductance L, 10 mH

characteristic .., (3) 0.0 Input inductance L 2mH
Turn-off loss Kotz (J/A) | 0.00005 Filter capacitor C 6.6 uF
characteristic [y ..~ () 0.0 Damping resistor R -

No load loss and snubber loss 10w Wire resistance Ry 55 mQ
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Fig. 6. Steady operation at rated power by the experiment.
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Fig. 7. Total loss characteristics comparison among calculation,
simulation and experimental result.
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Fig. 8. Pareto front of the matrix converter (Rated power = 2kW).
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