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A Bidirectional Three—-phase Push—pull
Zero—Voltage Switching DC-DC Converter

Min-Ho Kwon', Kook-In Hanz, Jung-Sung Parks, and Se-Wan Choi®

Abstract -

This paper proposes an isolated bidirectional three-phase push-pull dc-dc converter for high

power application such as eco-friendly vehicles, renewable energy systems, energy storage systems, and
solid-state transformers. The proposed converter achieves ZVS turn-on of all switches and volume of passive
components is small by an effect of three-phase interleaving. The proposed converter has identical switching
pattern for both boost and buck mode, and therefore can provide seamless characteristic at the mode transition.
A 3kW prototype of the proposed converter has been built and tested to verify the validity of the proposed

operation.

Keywords:

.M B

HZ AAARANAA], A7 AE AL, oA A G|, HhE
AMG7] Fo] S8FobilA e DC-DC HHE <
daAo] U= Aok e AWEHE A W]
£ ol g3ty ¢-F¥7te] Ar|HoR Aol H AAY
AW E 9 W] glo] Y-EFHZo] FE JHYES 2=
HAAY AMHZ Ys F ded o] T 498 Al
He A7|Ae Aoz obdAdo]l =a wely] @Al
£ o] &3l 27 EH e 5AYHE e 5 e A
o] 2

71E Ay ohEr AWEE T2 W MYUIE A}
{3 FTHEA FF FETBIA PR EE FHE IX
7F 4] AREEO sit) fl9f e & EoklAMe &
THE= AggFo]l Azt AXI JE FAlER AF
Has Zolu A9 MAHL foldA v <lEg

Paper number: TKPE-2013-18-4-13 ISSN: 1229-2214
Corresponding author: schoi@seoultech.ac.kr, Dept. of
Electrical & Information Eng., Seoul Nat'l Univ. of
Science and Technology

Tel: +82-2-970-6042  Fax: +82-2-972-2866
1Dept. of Control & Instrumentation Eng., Seoul Nat'l Univ.
_of Science and Technology
,ZEV Component R&D Group, LG Electronics
3 Dept. of New Energy Eng., Seoul Nat'l Univ. of Science
and Technology

Manuscript received Apr. 9, 2013; accepted Jun. 12, 2013

ZVS, soft-switching, bi—directional dc—dc converter, three—phase transformer, push-pull, current—fed

We Aol £5a09 $E Y 5 U3 F
W DC-DC A6l U@ A7t #us Agsa
g1}”
PR .

71E 3 YU AWEHZ e 59 S5E3A(Dual
Active Bridge : DAB)ZIH g™
A (Active Clamp Half Bridge)
HE 52 F8 T BE A9A7}
Voltage Switching : ZVS)S AH k= o] Ut o]
% DAB 2w "= uy w

2

A2 F s 2t 2EAG 2 dEs =
o -8 A A7k 2 dAFxAA 9 gEo] AA
o] gltk. PWM(Pulse Width Modulation) ¥4<
&3k 5F U= SEnal AWE & sgRs
=9 2913 Hgo] A& t27] wiel| w24

Aol 278 49 2903 Ade] W A
St Azde BEYE AL F 9

Dehong Xuell ¢J3] #go= A|¢td PPS (PWM plus
Phase-Shift)14]” ¢ %48 552U LA

e E
e e PWMo R Adde A% Qe Aols
V|



404 e 34 F41¥ ZVS DC-DC 71HE

B ol 2R 74 502 Qs AR AREY
Ei Bgo] EA7b 1 4 gl

B mRoME 34 Tz 4w FHE AvHES
AorET). Akats AWEE Adgd JAZd 3 A
o Ay ey EYES B F Q= TEEA
A AFe g =y Addee] AF EHE 2A ¢l
oh m3k 34 TE oWAE nFu} WMo FolE &
U2 Abgste] 3709 mol2 77t AMEE TrREY B
9 9 RA7 gon Aqdor AAART W] 7}
A7re] Buge] A& y-y 122" W)z 24 o
ojqlrk. wak Aloksls AMEE kA AFa PpS” W
Ao olgdte] BUNUE WY mrAsle] slsEm
RE 297 GAYG A9H S AHFT

IS Abeke e dvHe JExE vEd
712 2+ 34 DABZ T4 o 3loH 134=
Aol ZE A9 E(Filter inductor : L)E Es A
@ dAgkde] A4y E AFY FHE FxoIth A
M (Low voltage side @ LVS)oll &= 6709 ~9]2](Su
~S) 2 TAE 34 29} dE AdE aga 29
X A H(Clamp capacitor : CoZ FAE 9o
of Fx% BHW 3 HF2E WY Fxolth aigtd
(High voltage side : HVS)olli= 6702 2~$1 2] (Sn1 ~ Ste)
2 FAE 3 BEAZ AT e 1y 29
ol Y-Y& A 34 v "]zt vk

d e Ana Ana ,p

pe L UL |
. LU ) )
LT
% &
n o

Fig. 2 Physical construction of the transformer

Liz SR Ardor s4ate] Afbet= HHE
7V et @ g A =8, viE s A
o+ FHAES st A 2 AF fES AAAIH

21 2918 w

% 32 ARtk AWE O] 2913 WRolth A St
o &= AR S, Su, Se9t YT = A93
Swz, Swa, Sue7}F WICIFE D7F H AAGE 4= 29

] Sui, Sis, Sis€F AU A= A9 Swp, Sy, Sws
= ool RE ) BgY ARA 528 s} w7}

SR £

294 Fohge
Fpe] @
1 299 A

o] XLq_

Agale ANEE 1243

ojo} PWM #21e] FE|(D)Ao] o] A

o T HEY AY9] 55 (&

3= Xﬂ‘ﬂ‘?‘; (Control variable)o|t}. 14}5
e}

A7 ) JA

Aol AfEs 2,

27

(b)

DT, ¢ (1-D)Ty —————)
SL2 .]H SLl ||_ >
-f DTy : (1-D)Ts ————
| SHz .H SHl l
(a)
‘ I
e f - DT 1 (1-D)Ts —
| St B s Tl
DTy - (-D)Ts ————
S B s. TN

Fig. 3 Switching pattern of the proposed converter (a)
boost mode (b) buck mode

7

I LVS ﬁ%\
Ly +
a la!’ N N +Vik2— ‘ipl 3 gNSI p
L ! b ib!’ N Lz * 3 é \—l A
- VCc " . n Vp2 N o) q
CC _ lgn + V03— - -

_ ‘T Lys ;’ 3 g N

sLﬂEI} sLﬂEI} sLﬂEI} s N - St El}sHﬂEI}sHs EI}
o Primary  Secondary

Vi

Fig. 1 Circuit diagram of the proposed converter



The Transactions of the Korean Institute of Power Electronics, Vol. 18, No. 4, August 2013

AAW mAgeelA Adguoz A8e AgsE 7
o Eae an Mo 4 gnezny AuEHe 224
Hol g 4 the3t ol T3 & glvk
ViV (2 tp)
T L, (5 27 W
ek 9nd s AFEDW = AR
ARk Aourt | Aotk whe] D= FHZ )
AN A Ve AR Aousrt Hn Gol 2
7 Aghe thest ol AgHnt
VL
VCc 1—-D (2)
of W 9% gE3 Fr AL A2u"d) A%
Vecs thesh o] AA Tt
V,
VG:ZWH 3)
99 A @)He] Vg AAs A (D& v A
7] ek
NV?
_ e Li) @
¢ wL, 3 2m
of At 9 4L B3l ,ol s FHAY Pl F3t
o] A o e 2= Ae FYBHln &
o ghol e FgFgel Ak webd 4o w2
gl meddte] st 2 o & gtk
22 S&te|
s %N st Lis F88) AN 747t At
3 Afdolet Fgstel @57 L Vast 1o Y
B A5gtom Ba, 7 gl 2913 U=k
& FAE. 7128352 AF W= (Kirchhoff's

Current Law : KCL)ol 93] Wet7] 12342 2z} Aol
o]

I
El\:‘ ;E]_Tr Ian, 1b11, Icnvq %"‘8‘ ]Lo] E].L_ %]_%FE_% _]l—
ol 291x9 AR7E vk 125 dlae] At W
7] Ao AE= ARE A7 e w,
Ve
— % o<wt<2r D—z)
3 3
2V, 2 2m
— 27r(D 3 <wt< 3
V,
—%, 2?71-< wt < 2wD
v, (wt) = v dn ®)
& mD<wt< —
3 3
2V,
& Am wt<27T(D—l)
3 3 3

<wt <27

Ve,
e 27r(D— 1
3 3

405
. (>3]
— O<wt—p<2n|D——
I wt—p T 3
2Vy 2) 2
7@ 27T(D §<a)t Lp<?
v,
- 2—7T<a)t p <2mD
o 3N’ 3
v, (wt) = (6)
' Vi 2rD < wt— <4—7T
3N ¥=73
QVH 471' 1
W’ T<wt_g0<2ﬂ'(D_§)
V, 1
3—;177 2#(D—§)<wt—<p<27r
aea W7o rAQlYE e FEIYHe Hee
Agke T3t ol Ao 4 A
UL“(wt) Unn(wt)—vpl(wt) 7
/(wt) V,—wv, (wt) (8)
(1) s¢s=
a9 4= Sk AWE Sbeste] F2 3ol
a0 5e 7t Bed was ekl agold

Mode 1 [t~a] : °] =7} Az 7] Aol 2%
Sui, Sis, Sis, SHi, Sz L8] Swe7} AX YR £ = b
7b FW 2$1A Suel AR I SpE: AW o] REsE A

At o714 S GAY AEelM A29HS Fh

21(5), (6), (MNoZHE Luo| Ao+ AYS F35HH
.V

vy (a)t) “ *WI\{I (9)
o] it} o] wel ko] Wakow 2w Ul [l T
43| Zaeshy] AlAste] o Wakew mbm 1 7]
7= v 2

di{m _ 1 VH)

dot 3w, ‘JrW (10

o714 2+ el A

i 7HRE AL Lg o3t 2ol

L= Ly =Ly, = L (11)
A 6% 9F o83t we T8hd

Ve,
v, (wt) = 360 12)



406 e 3 FHE ZVS DC-DC 1AW H

Va 13)

va(th) =V, - 3

Mode 2 [t~t] : t = 14 o] wi AzEn]
2917 Smel A3 Swrk GAL AN AL, o]
TR A Laol AE)s Age

(15

Mode 3 [e~8] : t = £4 W o] R=7t Alzhem
294 S AAIL S5 sl A SuTt 2ol Ay
29 E o] FH AAIL Laol Aele A¢E

| DTy 1 (1-D)Ts ——)|
T T |SLZ T 1 L1 2t
Sia | : St S 2¢
[ [ 1 [
Sie -: Sis ! | Sie | ¢
T [ [ T
- ﬁf [ 11 1
[ [ [ [
Jj] Suz Sm 2t
10 [l i1 [
llr Sus <|- Sha Susz ¢
(I T [ T 1
|Slf6 T T SLl T S 2t
[ 1 [ 1
[ 1 [ 1
Van| | | Vo ! 1 3
Vp1 -4 [ | ;|
r { i | . [
B B oy
. 7:./:’11"1 i J:,/Irlm o lan (Ts)
N =\
B A s
v | R e AN /
[ 1 1 1
[ 1 [ 1
[ [ [ Il
il
AR R
T [ (] T —2t
[ 1 [ i
1 1] [ 1
[ 1 [ 1
11 1 L Ll
1 1 R T
. e
I 1 [ 1 SL2
i i i i 1
[ 1 [ 1
1 1 [ 1
[ 1 [ 1
[ Ll Ll 1
I
| 1 1 VSHL I | 1
1 1 [ 1
i - (] (] 1 2¢
11 1 [ 1
[ 1 [ 1
vl 1 [ 1
1 1 [ 1
1 [ 1
o
| 1 11 1 VSH2
! Ly ,
T T 1 7 2t
1 [ [ Vo
1 1 11 1
H [ [ [
oty Lt 4y ts tc t;

Fig. 4 Key waveforms of the proposed converter in
boost mode
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Table 1 Parameters of the proposed converter

Parameter Symbol | Value | Unit
Output power Po 3000 i
LVS voltage Vi 70~120 | V
HVS voltage Vi 400 \Y%
Clamp capacitor voltage Vee 200 \%
Switching frequency Is 50 kHz
Turn ratio N 2 turn
Clamp capacitance Ce 18 uF
Filter inductance Lr 20 uH
Leakage inductance Ly 3 uH
Magnetizing inductance L 221 uH
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