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Characteristics of Non-Isolated OSAKA Converter
-Characteristics of Three-Phase Soft-Switching Power Factor Corrected Converter

for Large Scale Power Without Three-Phase Transformer-
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Non-isolated OSAKA Converter, which removes 2 three-phase transformer, is described in this paper. The converter
switches once in every half cycle of an AC commercial power source. Therefore, it can solve many problems caused by the
high frequency operation. The proposed converter achieves the soft-switching operation and the EMI noise can be reduced. In
this circuit, the resonant capacitor, which is used for the soft-switching operation, is utilized for the improvement of an input
current waveform. To achieve low cost and compact structure, non-isolated OSAKA converter removes a three-phase
transformer of the OSAKA converter. By removing the three-phase transformer, three phase currents occur the interferences
each other. To avoid the interference, a new switching method for non-isolated OSAKA converter is proposed. The converter
can be constructed by the low-speed large power devices. The converter generates the low distorted input current waveforms

with high power factor.
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1. Intreduction

PWM rectifiers require the high frequency operation
causing the many problem such as switching losses, high
stress of switching devices, EMI noise, high cost of devices,
etc.. Moreover, the control scheme of the PWM rectifier is
more complex and the cost of the circuit configuration is
higher. For large-scale converter such as mega watts power,
it is important to go back to the basics of the converter and
to design a simple control scheme.

Large-scale three-phase soft-switching power factor
corrected converter so called “OSAKA converter” has been
proposedV. The switching device of the OSAKA converter
switches once in every half cycle of an AC commercial
power source. Therefore, it can solve many problems
caused by the high frequency operation. Low switching
frequency, simple control scheme of the system and simple
circuit configuration satisfy the condition to construct the
large-scale converter. However, the higher switching power
generates the higher electromagnetic interference (EMI)
even if the switching frequency is very Jow. Soft-switching
techniques are generally used to reduce the electromagnetic
interference. The proposed OSAKA converter achieves the
soft-switching operation and then EMI noise in the
Jarge-scale converter can be reduced. The resonant capacitor,
which is used for soft-switching operation, is also utilized
for the improvement of an input current waveform,

In this paper, a non-isolated OSAKA converter is
proposed. To achieve low cost and compact structure,
non-isolated OSAKA converter removes a three-phase
transformer of the OSAKA converter. By removing the
three-phase transformer, three phase currents occur the
interferences each other. To avoid the interference, a new
switching method for non-isolated OSAKA converter is

proposed.

2. Single-Pulse Soft-Switching (SPSS) PFC
Converter

To improve the input current waveform, we have
proposed a SPSS (Single-Pulse Soft-Switching) PFC
converter as shown in Fig.5® ® @), A soft-switching circuit
consists of a series connected switch-diode pair
{(T,-D,,D,-T,) with resonant capacitor C, . The
switching devices (T, and T,) of a SPSS converier
switches once in every half cycle of an AC commercial
power source. When the switching devices, T, and T,
are turned off simultaneously, the inductor current charges
the capacitor C, in the soft-switching circuit. Then,
turn-off of T, and T, is the ZVS (Zero Voltage
Switching). Since the input current
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Fig.! Single-Pulse Soﬁ-Switching‘ PFC converter.

of the SPSS-PFC converter always begin at zero, turn-on of
T, and T, is the ZCS (Zero Current Switching).
Therefore, the proposed SPSS converter achieves the
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soft-switching operation (ZCS at turn-on and ZVS at
turn-off) and, the EMI noise and switching loss can be
reduced. A charged voltage of resonant capacitor C, atthe
end of switching operation is equal to a DC output voltage
E,.
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Fig.2 Waveforms of input voltage and input current of
cinole-nnlee eofi-switehine PRC converter

3. Non-Isolated OSAKA Converter

Fig.3 shows a circuit configuration of the proposing the
non-isolated OSAKA converter. To achieve low cost and
compact structure, non-isolated OSAKA converter removes
a three-phase transformer of the OSAKA converter'®). By
removing the three-phase transformer, three phase currents
occur the interferences each other. To avoid the interference,
a new switching method for non-isolated OSAKA converter
is proposed.

Fig. 4 shows the several voltage and current waveforms
of the converter to obtain a three-phase sinusoidal current
waveforms with high power factor. In Fig3, three-phase
currents are given by

ill = i"v - l‘“" (]4)

i=i, -, (13

I (16)
The currents (7, .4, i, ) shown in Fig. 4 are waveforms of

inductor currents which three-phase currents become
sinusoidal wave with unity power factor. In the half cycle of

i, 60° interval of £, from 30° to 90°of v, is
same waveform to ¢, and 60° intervalof i, from
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Fig.3 Circuit configuration of proposed non-isolated OSAKA converter.
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i Table 1 Principal Parameters of non-isolated
! . OSAKA converter.
H P~ =
: / \ Source Voltage E 100042V
R ™ Inductor L 8§mH
i:
v L, Capacitor C, 6uF
0° og° \—2‘10" Oninterval  Tpy 2.55ms
Capacitor Cy 1000 F
Fig.4 Several voltage and current waveforms of Load Rou 200

Proposed non-isolated OSAKA converter.

Time {ms)

Fig. 6 Simulated voltage and current waveforms of the non-isolated Osaka converter.
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90° to 120° of v, is same waveform fto -e, .
Similarly, waveforms of i, and £, can be also obtained by
same manner.

A dotted line shown in the Fig.5 is the inductor current
waveform in order to obtain a sinusoidal phase-current.
Therefore, the three-phase currents can be improved if the
inductor current waveforms of the non-isolated OSAKA
converter can be approximated to the waveform of dotted
line shown in the Fig.5. C,:off is the case removing the
resonant capacitor and means a hard switching operation of
the non-isolated OSAKA converter. The hard switching
operation increases distortion of three-phase currents
because the inductor current of C,:off is not able to
obtain a closing waveform to the dotted line in the Fig.5.
The Non-Isolated OSAKA converter is also suitable for
large-scale system because the proposed converter can be
constructed by the low-speed large power devices, achieves
the soft-switching operation and generates the low distorted
input current waveform with high power factor.

Fig.7 shows a relation between ON time duration of
switching devices and DC output voltage in accordance
with DC output power. DC output power is proportional to
ON time duration and DC output voltage can be kept almost
constant values.

Fig.8 shows THD and Power Factor vs ON time duration
of switching devices. THD is smaller than 5.5% and power
factor is larger than 99%.

4, Conclusions

OSAKA converter is a large-scale three-phase
soft-switching power factor corrected converter. The
converter switches once in every half cycle of an AC
commercial power source. Therefore, it can solve many
problems caused by the high frequency operation. The
higher switching power generates the higher EMI even if
the switching frequency is very low. The proposed converter

reduces the EMI due to achieve the soft-switching operation.

In this circuit, resonant capacitor, which is used for
soft-switching operation, is also utilized for the
improvement of an input current waveform,

In the OSAKA converter, three-phase transformer is
employed due to cancel the third harmonic components
included in the input phase currents. Non-Isolated OSAKA
converter, which is a large-scale three-phase soft-switching
power factor corrected converter without isolation, has been
a three-phase transformer of the OSAKA converter. By
proposed in this paper. To achieve low cost and compact
structure, non-isolated OSAKA converter removes

removing the three-phase transformer, three phase currents
occur the interferences each other. To avoid the interference,
a new switching method for non-isolated OSAKA converter
is proposed. The proposed circuit is very simple. The
Non-Isolated OSAKA converter is also suitable for
large-scale system because the proposed converter can be
constructed by the low-speed large power devices, achieves
the soft-switching operation and generates the low distorted
input current waveform with high power factor.
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Fig.8 THD and Power Factor vs ON time
duration of switching devices
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