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\oltage error compensation method for PDM in power decoupling conducted
by isolated single-phase matrix converter and center-tapped transformer.
Nagisa Takaoka*, Hiroki Takahashi, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper presents an isolated single-phase matrix converter and center-tapped transformer for HVDC

(higher voltage direct current) power feeding system. The proposed converter comprises a full bridge inverter, a

high frequency transformer and a matrix converter and does not use a bulky electrolytic capacitor. The power

decoupling method employs a center-tapped transformer and a small L.C buffer instead of additional switches. By

applying a PDM (pulse density modulation) in a matrix converter, an isolated DC to single-phase AC converter

increase a switching frequency of the primary inverter easily to reduce the transformer volume. However, a

conventional PDM increases a voltage disturbance to power decoupling because of a resolution problem. This

paper proposes a compensation method of the voltage error based on a delta-sigma conversion. As an

experimental result, the power decoupling method with the PDM based on a delta-sigma conversion reduces the

DC bus current ripple to 84.7%.
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Fig. 1. A conventional isolated DC to single-phase AC converter.
The conventional converter uses a balky electrolytic capacitor Cg.
to absorb the power ripple caused by a single-phase load.
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Fig. 2. The proposed isolated DC to single-phase AC converter.
The secondary converter is replaced with a matrix converter in
order to eliminate a DC-link smoothing capacitor.
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A control block diagram of the proposed converter. A buffer current control is for the power decoupling. A current control of an
output filter inductor is to provide stable load voltage.
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Fig.4. A concept of a PDM method of the matrix converter. The
PDM treats a half cycle of an input voltage waveform as a pulse
and synthesize an output voltage with a density of the input
voltage pulses.
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Fig.5. A block diagram of the PDM based on PWM.
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TABLE 1. Experimental condition

DC bus voltage 350 Vg Load voltage 69.3 Vims
Rated power 410W Load frequency 50 Hz
Buffer L (Lyu) 2.0 mH Filter L (Lou) 2.0 mH (4.5%)
Buffer C (Cou) 200 pF Turn ratio of 05
Load current 5Ams transformer No/N;
Tl g mvarer | 100Kz | 10K

DC bus current Ibus 2 Aldiv

Buﬁer cépacitor vultag chf,f 10d V/drv

Output voltage (LPE) Vo, 100 Vidiv 4 msldiv

(a) Without the power decoupling method.

DC bus current Ibus 2 A dIV

Output voltage (LP

Vou 100 Vidiv 4y

(b) With the power decoupling method.
Fig. 6. Experimental waveforms with the PDM based on
PWM. The proposed power decoupling method provides the
common mode AC voltage to fluctuate the buffer capacitor
voltage.
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Fig. 7. Harmonic analysis of the DC bus current with the
PDM based on PWM.
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Fig.8. Waveform of matrix converter with PDM based on PWM.
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Fig. 9. A block diagram of the PDM based on AX conversion.
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