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Development of Low-\Voltage and Large Current DC Power Supply
with High-Frequency Transformer Coupling

Toshihiko Noguchi, Kosuke Nishiyama (Nagaoka University of Technology)
Yoshihisa Asai, and Atushi lobe (MACOHO Co., Ltd.)

Abstract— This paper describes low-voltage and large-current DC power supplies with a high-frequency transformer
coupling. Two different power supplies were developed with different configurations and operation characteristics of the
two were experimentally examined in this paper. Both power supplies are simply composed with a full-bridge inverter, an
amorphous-core step down transformer and a schottky diode rectifier. One power supply operates on the magnetizing
frequency of 15 (kHz), and generates 13-V and 5000-A output. The other generates 12-V and 4000-A output, but
introduces only 1-kHz magnetizing frequency due to a long overlapping period in commutation caused by leakage
inductance of the transformer. The maximum total efficiency of the former and the latter is 89.9 (%) and 85.7 (%), and the
total input power factor of the two is 83.5 (%) and 92.8 (%), respectively. Although the output voltages and currents of the
two prototypes are considerably low and large, these experimental results demonstrate excellent performance.
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Fig. 1. Photograph of sintering machine.
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Fig. 2. Configuration of 13V-5000A DC power supply.
13V-5000A
(mQY) Table 1. Specifications of 13V-5000A DC Power Supply.
(A) (V) Power source AC 3¢ 50 (Hz) 200 (V)
Inverter frequency 15 (kHz)
Output voltage 13 (V)
(A) Output current 0 5000 (A)
Load 1 2(mQ)
— Gatel
15 (kHz) §
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[
S #1 Gated
el
. + I |#1 Phase 2
I our : PI shifter [>o— g — #1 Gate2
I our #1 ileHj g
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c - ~_[#2 Phase g
#Llour > shifter So— & (- #2 Gate2
2 o
#2 IOUT #2 IINV
31> Fig. 3. Block diagram of 13V-5000A DC power supply controller.
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13V-5000A
Table 2. Specifications of high-frequency step down transformer of Ai‘rrgrc])rcp:raes
13V-5000A DC power supply. i
Capacity 30 (kVA)
Core size 100 (mm)><155 (mm)><85 (mm)
Primary windings Thickness 0.2 (mm), Width 22 (mm),
v g 8 Parallel

Thickness 0.2 (mm), Width 22 (mm),

Secondary windings 35 pieces laminated, 8 Parallel

Turn ratio Ni:N,=17:1
Secondary Amorphas  Primary 4 Schottky
windings  iron core  windings Center tap : Diodes

13V-5000A
Fig. 5. Photograph of secondary circuit of
13V-5000A DC power supply.
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13V-5000A
Fig. 4. Cross section diagram of high-frequency step down
transformer of 13V-5000A DC power supply.
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Gatel Gate3
Gated  Gatel 13V-5000A
Gate2 Fig. 6. Photograph of copper plate in secondary circuit of
13V-5000A DC power supply.
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Fig. 7. Configuration of 12V-4000A DC power supply.
12V-4000A
Table 3. Specifications of high-frequency step down transformer
of 12V-4000A DC power supply.
4. 12V-4000A copacty LR
- - Core size 100 (mm)><155 (mm)><85 (mm), 2 cores
<4.1> Primary windings Thickness 2 (mm), Width 5 (mm),
12V-4000A 4 Parallel
2 Secondary windings Thickness 1 (r.nm), Width 10 (mm),
15 peaces laminated, 8 Parallel
13V-5000A Turn ratio N;:N,=18:1
600V-150A  IGBT
300 (zH)
; o
140 (uF) Praimary E W Secondary
wmdlngs o — Wlndlngs
600V-300A
IGBT
1 (kHz)
30 (kVA) 18:1 Amorphas
13V-5000A iron cores
30V-360A
8 & B
<4.2>
90<= 10 (kHz) 12V-4000A
200 (V) Fig. 8. Photograph of secondary circuit of
12V-4000A DC power supply.
13V-5000A
1 (kHz) <4.3>
12V-4000A
2 2 13V-5000A
2
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Fig. 9. Waveforms of inverter and DC output of
13V-5000A DC power supply.
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Fig. 10. Total efficiency characteristics.
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Fig. 11. Input power factor characteristics.
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Fig. 12. Waveforms of overlapping period in commutation.
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Fig. 13. Power losses.
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