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Zero voltage switching method for an isolated DC - 3 phase AC converter

using AC - 3 phase AC direct converter at secondary side of transformer
Ryo Oshima*, Hiroki Takahashi, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper proposes a zero voltage switching (ZVS) method for an isolated DC to three-phase AC converter

using an indirect matrix converter at secondary side of the transformer. The primary side inverter is applied a

phase shift control and the secondary side inverter employs a pulse density modulation in order to achieve a

ZVS on all switches in the converter. As a result, the proposed method reduces switching losses of the whole

converter. From the experimental results, the efficiency of the entire range is improved by 2% in compared to

the conventional method. In addition, the primary side inverter loss is reduced by 84.7% at 2kW output power.

Therefore, the validity of proposed method is confirmed by experiment.
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Fig.1. Conventional isolated DC to three phase AC
converter with matrix converter in consideration
of drain to source capacitance at primary side and
transformer parameters. The conventional circuit

cannot achieve ZVS of one leg of the primary
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Fig. 2. Proposed isolated DC to three phase AC
converter with IMC. The proposed circuit achieves
ZVS of all switches.
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Fig.3. Control block diagram of the primary inverter. This

diagram is based on a phase shift control.
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Fig. 4. Inverter waveforms, terminal voltage
and gate signals of MOSFETSs of the
conventional converter in simulation. Spa of the
primary inverter cannot achieves ZVS because a
pole of the transformer current is changed by

the secondary matrix converter.
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Fig.5. Inverter waveforms, terminal voltage and
gate signals of MOSFETS of the proposed
converter in simulation. The proposed converter
achieves ZVS of all switches on the primary

inverter.
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Fig.6. Control block diagram of the inverter on IMC.
This diagram is based on a PDM and achieves ZVS on

the secondary inverter.

Table 1. Experimental conditions.
Element Symbol | Value
Input DC voltage Vie 200 V
Carrier frequency of inverter fe inv 50 kHz
Carrier frequency of matrix converter fe me 5kHz
Modulation frequency of matrix converter | fn mc 50 Hz
Turn ratio Ni:N, 1:2
Duty of primary voltage D 0.9 p.u.
Load inductance L 2 mH
Rated power 3kW
Drain to source capacitance of MOSFET Cgs 2.94nF
Winding resistance Ry 53.8mQ
Leakage inductance Ly 3.39uH
Magnetizing inductance Lm 4.58mH
Dead time of primary inverter tgead 200ns
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(a) Experimental waveforms
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(b) Extended waveforms of Fig.7.(a)

Fig.7. Input and output waveforms of the proposed converter at the rated power in experiment.
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(a) Experimental waveforms at the rated power

(b) Experimental waveforms at 33% rated power

Fig.8. The gate to source voltage and drain to source voltage of Spa and Sub at the primary side converter.
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Fig.9. Efficiency characteristics of the conventional

and the proposed converters obtained from R-L load

experiment that is subjected to the output power.
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proposed converters at 2 kW-load.
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