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Low-voltage and High-current DC Power Supply

Using Direct Power Control Based Three-phase to Single-phase Direct Converter
Keita Nakai , and Toshihiko Noguchi (Nagaoka University of Technology)

This paper describes a low-voltage and high-current DC power supply with a direct-power-controlled (DPC) AC-AC converter,

which is applied to electric furnaces.

The AC-AC converter operates as a positive current-source rectifier and negative one

using the DPC technique, in order to excite the high-frequency step down transformer with a single-phase square-shaped primary
current.  The secondary current is rectified by a diode bridge to obtain the low-voltage and high-current DC. According to the
simulation results, it has been confirmed that the DC current can be controlled up to 2500 A and the input power factor is

improved to more than 90 % at 20-kW (2500-A) output.
load range through experimental tests.

In addition, operations of the AC-AC converter were examined at low
The efficiency and the total input power factor of the AC-AC converter was 93.2 % and

98.0 % at 3.7-kW load, respectively, and total harmonic distortion was 10.1 %.
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Fig. 1. Schematic diagram of low-voltage and high-current DC power supply using AC-AC direct converter.
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Fig. 4. Block diagram of direct power control
based AC-AC direct converter.
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Fig. 5. Quantized phase of power-source voltage vector.
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Table 1. Optimum switching state.
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Table 2. Switching state.
P N [¢) S
High-side device (S, S;, S;)| ON | OFF | OFF | ON
Low-sidedevice(S,, S,, Sg)| OFF [ ON | OFF | ON
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Table 3. Parameters used in computer simulations.
Power source AC 3¢50 Hz 200 V
Input filter inductance Ly 600 uH
Input filter capacitance C¢ 100 pF
Load 3.2mQ 10 xH
Output current command Iy 2500 A
Reactive power command Q" 0 var
6 CK Sigpe =06y D-FF
Sip (=0-6)
Sip. =06)
Sin (=0-6) 15
kHz S  Sp
DPC
Sip Sin AC-AC
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Fig. 7. Simulation results at 20-kW load.
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Table 4. Parameters in experimental tests #1.
Load 10 Q 22 4H
Calculated output current
* 16 A
command loytcan)
Reactive power command Q" 0 var
20 THD
8.1%
5. AC-AC
51
AC-AC
30 kVA
AC-AC
Iout* Iout
p*
8 i1
LPF
Iout(cal) Iout(cal)*
P* Iout(cal)
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Fig. 9. Experimental results at 3.7-kW load.



5 #2
Table 5. Parameters in experimental tests #2.
Load 25 Q 56 uH
Calculated output current
command louealy A
Reactive power command Q" 0 var
9 (c) iy
FFT 20 THD
10.1% LC
93.2 % 98.0 %
5
10 30A
5.8 kKW 17 Apns 10 (a)
lout(cal)
10 (b)
R=25Q
5.8 kW
10 (c) 2 kHz
(b)
0.44ms f=2200
Hz LC 89.6 %
97.6 % THD13.2
6.
AC-AC
3.7 kW LC
93.2 % 98.0 %
5.7 kW
LC 89.6 %
97.6 %
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Fig. 10. Experimental results at 5.7-kW load.



