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Resonant Step~Down DC/DC Converter to Reduce Voltage Stresses of Motor Driving
Inverter under 3—phase AC Utility Line Condition

Kyung-Soo Kang', Sang-Eon Kim', Joon-Hwan Lee?, and Chung-Wook RohT

Abstract

This paper presents a resonant step-down DC/DC converter to reduce the voltage stresses of a 3-phase
inverter module under the three-phase AC utility line condition. Under this condition, a conventional 3-phase
mverter module suffers from high voltage stresses as a result of the high rectified DC link voltage; hence, a
high—cost high-voltage-rating inverter module must be used. However, using the proposed converter, a

low-cost low-voltage-rating inverter module may be adopted to drive the motor even under the 3-phase AC

line condition. The proposed converter, which can be realized with small size inductor and low-voltage-rating

semiconductor devices, operates at a high-efficiency mode because of the zero—current switching operations of

all the semiconductor devices. The operational principles are explained and a design example is provided in the

study. Experimental results demonstrate the validity of the proposed converter.
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Fig. 1. Conventional inverter driving circuit for 3-phase
power condition.
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Fig. 2. Inverter driving circuit of using buck converter.
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Fig. 3. Inverter driving circuit of applying the resonant step
down DC/DC converter.
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Fig. 4. The power stage of the resonant step down DC/DC
converter.
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Fig. 5. Operating mode of proposed circuit.
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(a) Mode 1: M1 switch turn-on, equivalent circuit
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Fig. 7. Equivalent circuit for according switch operation.

w
=Io|=l
1=
it
W)
D
4]
Q
>
2
>

3.

Bomfol A Aetsls ¥3 49d DC/DC AHE Q)
A s HsiA dEY AY WEnE Ayt
ol T3ty 9lsiA dod A9 Frd wE 5718
2 a9 73 2

WA ~91x Qi¢] Turn-on, Q27} Turn-off &4 ujel
7825 a9 7(a)9t #a, olwf KVLel 23 (1),
2)& 7 4 drh

Vi=Veaat Vo D
I/[ - VOI‘l + VOI + V02 (2)

Tah 294 Qo] tun-off, Q7} tum-on € o] &
7bel e a9 T(h)eh 2, olwl KVLl <& 4 (3),
@DE T T Utk

= V()] (3)
Vo =Vor+ Voo @

g 4 (D~WE ARHA FHAY Vo et
2.

w
oz
2
rﬁ
BN
Al
fo
td
o,
-
offt
o,
=z
n)
=

2L
ol
o
o
rok
oft
™
ol
o
oft,
)}
S
e}
Y
=
)

webd] Aloke 3
& Qeasre 2% AEe Fe8

32 27 olefe| Ay ME

4 AdY AAE A AdEe s2t Ay
ARE Sslol ar. ¥4 AGE Ao ARE 7o
7l glaM A 4EE A= wAAol Bas Bev
e e B

9 A3 29 Age 2o

AWE T8-S 100%0H

F 9 QEE 47 $golth 1o
&l 4 AL AR

2 4o]31, B
WE7)o Wt Ash Bl A% g A (1), @)%

’T\/ﬁ t
A= / L earSin dt (7
0 peak L.C, )
B=T,, <1 > @®)
A9t B 2oz |18 A, S o3 A9y At
AFghe vet 2o,

I P, 1
=2 VEL N TG Y



The Transactions of the Korean Institute of Power Electronics, Vol. 19, No. 5, October 2014 395

3.3 27 eldEet 3T FHTAIE ] A TABLE 1
R AANEG B s wAE Tl A SIMULATION CONDITION
A 293 Fagret 331 FIkae Z2rha 7Pt o Components Parameters
u, A Qg A7) Ad9H msdLY rms A Input Voltage (Vi) 600V
wo] o AAYW S, F7)s P Output Voltage (Vo) 400V
Maxi Output P
aximum Output Power 2 51cW
I (Po,max)
V 7'TIL€: N =~ s (10) i 1
Lems = o 5 0 o Switching Frequency (fs) 25kHz
1 = a (11)
frme 2 \ QLTCT‘fsw FEk---F-- - -d4--=-+-
P} -
Siot= Viems Xdprms = m

4 (122 89 2 95l
TR S ATAEIS] ool ke s,
2 Qg el 32 AsAE e Al 014,
H 2718 Axz 7] AaNE 32 AN
£ 24 3ok Bk

>
do
o,
N
K<)

;o
2
x

3.4 4 oA
Ak ke sl mE 2E AEE 9
H8 DODC AWEls] d%e Al 47
3} g,

oo o
~

29149 7CS EAE dHE 2904

e Ak 27 1 600V FA TS el steeh k& °
59 Aot 27 1 A0V T2 285kHzE AHEFTE whebA &3 Q9 H Lo
= = : QYR g2 4 (159 oA 7 e AAE L F
- =9 AF x=7 o 45A oz g 2 ot
%8 A8 27 25kW
2914 34 1 25kHz SR S 16)
X AR O] Ho Aok ot 2ol Fejdrt b= 47r20rf3—9' ! .
v Iy n 2V (13) 91e] AAE Ediz st=dol A3 A, 33 AYEE
Crlmax 4q1fsw 3 EE2525 Core% /\]"Q‘O]'AA-—J]% fSW:25kHZy Lr:94UH7
I Vv C=33uFE AH&-3t31
VC’!‘Q max = = + = (14) ’ "
’ 4 2f5u 3

35 7|& 4 Z{E{2fo] H|W
B2 AWAE GO 21 A (13, (4% gol Asp S4B TG WA AR AE B AVHE LA
NE e AAANY BAS gonl o = mw g AL W AUY DODC AMEe A9y 27,
Argte]l 7Hasta, GO 7|7t Aow AAAgte] = =AE £ A A7) S vadt
Fbhs A trade-oft7h MARL Cuzh Cool gt WA 7IE W AMEL CIREE T AdDeE 5

rEYAE gD £ oA 44 dete] ogy 2 & T A

718 HAag st 3 AAIEY A71E aA sok

@k webd AsAee gARe @ wae A, UZDLV. | 083x400 _ 0 0
A e Aol Hesit)y H E=HojxE AFAE] A L, vipple 25 % 10% % 10

2 ASE mRlst &3S westel 33uFe sR A
HE 4 2kHzE 2913 Fakg T2 A, HAx de e

i
¢



396 3 A 239 2H TE AHE WY AE A% 211 2E DC/DC AHE

Fig. 10. Proposed resonant step down DC/DC converter
and inverter system circuit.
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TABLE 1T
EXPERIMENTAL PARAMETERS OF PROPOSED CIRCUIT
Components Parameters
Resonance Inductor (L) 9.4uH
Resonance Capacitor (Cp) 3.3uF/400V
Resonance Capacitor (Cr2) 3.3uF/630V
Resonance Frequency (f;) 28kHz
Output Capacitor (Co1, Co2) 3.3uF/400V
Switch THW15N120R3
Diode IDD15E60
Core EE2525W
Gate Driver Control IC IR2114
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Fig. 12. Converter efficiency graph of resistive load condition.
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Fig. 13. Key waveform of inverter driving condition.
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