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

Toshihiko Noguchi*, Member, Kosuke Nishiyama*, Student Member, Keiichi Ishida*, Member,
Yoshihisa Asai* *, Non-Member, and Toru Matsubara™*, Non-Member

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 of 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 large leakage inductance of
its 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.
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Table 1. Specifications of 13V-5000A DC Power Supply.

Power source AC3¢ 50Hz?200V
Inverter frequency 15 kHz
Output voltage 13V
Output current 0~5000 A
Load 1~2mQ
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Fig. 3. Block diagram of 13V-5000A DC power supply controller.
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Table 2. Specifications of high-frequency step down

transformer of 13V-5000A DC power supply.
30 kVA

100 mm X 155 mm X 85 mm
Thickness 0.2 mm, Width 22 mm,
8 Parallel

Thickness 0.2 mm, Width 22 mm,
35 pieces laminated, 8 Parallel
Turn ratio N;:Np,=17:1

Capacity
Core size

Primary windings

Secondary windings

Secondary Amorphas  Primary

wmdmgs iron core  windings Center tap
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B4  13V-5000AE IR O m EREE - > AW
Fig. 4. Cross section diagram of high-frequency step down
transformer of 13V-5000A DC power supply.
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Fig. 5. Photograph of secondary circuit of

13V-5000A DC power supply.
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Fig. 6. Photograph of copper plate in secondary circuit of
13V-5000A DC power supply.

—T 4 WS, ST, 2 WAERICB T A=y b
MO ERO ARV & AfE T D72, FiROAFHT 7 -
BlicWz=y FOERREEMZ 5, ZDXI
MlE~vAZ—, 2=y h2E2AL—T L LTHANBERD
¥)ftis o,

B.» BRAKRE S VR EERERROEE

EEEREE b7 ADMREE TR 2 1IRT, SO
BB 1.5 T, PHIBIK R 359 mm, BLHE T A% 2450 mm?0
TENALT 7y AT EFEH L,

—RERITIE 22 mm, JEE 0.2 mmogiHr & 8 WAIT 17
F— BN TEY, RREREEZ 43AMME LTW5,
—J7, ZUREHRRIXIA Uit & 35 MRS L T —ARDEME L,
N 8HIT 1 X—BNTWnD, bT U AO RANT
W& v 7 HXEBRHA L T D720 4 W65 2 MO L 72
STEY, “WRANSIERK 2500 AFiILD DT, K KERE
BT 4A1AMM?E LTV 5, X4 ICEEREE ~ T v 20k
fXZ 7T, AN STELT 7 227, —RER, —K
BROIETREICEREEXTHILICLVBRESEZED

o, L=y



EAXE:I: —_ o o HIEWWTLESY
= =L —_—
e X Fs T~/ L ~ Ver. 2003.01. 27
UNIT1
IGBTs 600 V-150 A IGBTs 600 V-300 A To DC exitation
c I surpression circuit
AC3¢ 11000 |+ #1 Iy out
50 Hz-200v | 300uH J i K o & Vly _{} i - _‘q Interphase
L i reactor
%\ A ic, b | < T RN *o 12V
vy | 140pF M ,NV — ourl 4000 A
700uH ~J
‘ . = 3 vlv/l
#1ip, F r L
: Schottky diodes
#1Gate5> #1Gate6 mmtjm%mj 30V-360A TaT
Gate3 #1Gate4 (8 modules for D1 or D2)
L{ UNIT2 Same circuit as shown above B

Gatel

#2Gate5>—  #2Gate6>
Gate3

]

7 12V-4000A[H
Fig. 7. Conflguratlon of 12V-4000A DC power supply.

TWa, FMZ v 7L ZUERSE OM O AIT, #2fil
PR D T 72O 217> T\ 5,
%] 5 |2 13V-5000ABFiE B D AN ) S8 & 7= 9, il

EHINTE — b U T ICBMBERD &GRS — 2
&, O RIC TR ) B & % S8 TR AT Tw
D, BARE O IIMHEPEICENTZRY 4 2 FT—T%
BRALTWD, ZOZRMEEGREIKE O T b RS 5~
3y NX—&A A — F& N HSRICESERY 15T, 437
B0 “RERE AR T D & RFCHRALIT->T0D, £
72, va v ¥ —FA A4 — RIS 2 A F 30 b A E
ERELT, E— MU ZIZEERDFIT oA TNS, X6
R B REIE BT o A ZWAE D RN L B A A A — N
OB ERT, JEX 10 MmOFIRIZ 16 [HDO > 3 v FF—4&
AF— FBEEINLTWD, K2 0D, D2IEENEin =
v M= A 4 — PR 8B I N b DITHY T 5,
AEFRIE LI BEIE - 7 v AT ihBaa % 15 kHz & = JE
BilbTsZ&icky, a7 XM TUNILLTHIE
MTED, LoL, MBEEEIC X > CTHRIMICERRE Y
HIO D BEENREL DD, —WERE WER
DEREWI D LliH 2 BEICERTES Z&Ikb,
WEHEEZEmD TRNA V27 2 ZADERBER > T
Do

4. 12V-4000A EFREIR

oL

@J>I@%®%&

7 \ZEH S 3E L= 12V-4000A 5T FEIR O T[] &
T*fo ZOBEBRLFE—EKE L o2 2 BEO=y F &I
B L TR L TV 5, AR 13V-5000A EEEIR & 573
v, EREFEERSAIZ 600V-150A @ IGBT # - “&HF
3 v RERITCND, B =R ERIL 300 gH O U T 7
MVEZFEA A —RT U v I X0 RS,
140 yF D7 4 VA3 T oY CHEREER R L TN D,

YION==h

COXIOBMERETDHIZLICE VAN NROKEERITH Z

#2 Gate2>]
#2 Gate4>J * #2i,

it BRI 0D = B A

P

. Vi,

# 3 12V-4000A L FEIRH @ E M - 7 o A DAk
Table 3. Specifications of high-frequency step down transformer

of 12V-4000A DC power supply.

Capacity 30 kKVA

Core size 100 mm X 155 mm X 85 mm, 2 cores

Thickness 2 mm, Width 5 mm,

Primary windings
v g 4 Parallel

Secondary Thickness 1 mm, Width 10 mm,
windings 15 pieces laminated, 8 Parallel
Turn ratio N;:N,=18:1
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Praimary
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Fig. 8. Photograph of secondary circuit of

12V-4000A DC power supply.
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Fig. 9. Waveforms of inverter and DC output .
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Fig. 11. Input power factor characteristics.
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