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High Gain Soft switching Bi-directional Converter for Eco—friendly Vehicle
HDC

Se-Cheol Oh1, Jun-Sung Parkz, Min-Ho Kwong, and Se-Wan Choi

Abstract - This paper proposes a non-isolated bidirectional soft-switching converter with high voltage for
high step—up/down and high power applications. Compared to the conventional boost converter the proposed
converter can achieve approximately doubled voltage gain using the same duty cycle. The voltage ratings of
the switch and diode are reduced to half, which result in the use of devices with lower Rpsoon) and on drop
leading to reduced conduction losses. Also, voltage ratings of the passive components are reduced, and therefore
the total energy volume is reduced to half. Further, the switch is turned on with ZVS in the CCM operation
which results in negligible surge caused leading to reduced switching losses. The validity of the proposed
converter is proved through a 10kW prototype.
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Table 1 Toyota Prius Battery Speciﬁcationsm

Model code
Feature
1997 2000 2004 2010
Modules 40 38 28 28
Cells per module 6 6 6 6
Total cells 240 228 168 168
Cell Voltage 12 12 12 12
Battery
Voltage total volts 288 273.6 201.6 201.6
Capacity amp-hours 6 6.5 6.5 6.5
Capacity watt-hours 1728 1778 1310 1310
Weight kilograms (kg) 57 50 45 +
Eletric Operating voltage 288 273 500 650
Motor Power Kw (hp) 30(40) | 33(44) | 50(67) | 60(80)
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Fig. 1 proposed high gain soft switching bidirectional
converter

1-D)T

bT 3
eead time [eDead vime

1
kﬁﬂ: D, !
I i
Vik I
L] .
I I
ik TN D N
i : ¥ I:-,I.hnh I
L o I
I _
—I :,_,_—f-ls'{{"‘ Vg1 .
L /
il\l\n‘Sturn-on

+

ZVS turn-on - ’f

B
4' iss Vs3 i
i’\zvs e TNZCS turn-off :
| Vsa Isa !
= /:‘\zcs turn-off ‘:’ZEW%
§.,5; |D: | ; Dito Ty | D;toT.
S3,5: | b} | D, | Ds
I ]
ta t t; t3 ty

Fig. 2 Key waveforms for step—up operation of the proposed

converter
Lrjign
i t, Q_l
S,
+ [—t {
D Viiigh
Viow TCr SH
L~ A1
+ Ly St
==
) Vitign
Viow =C 84
Lc,
@ Viign
Viow )
Lc,
Trjigh
=,
1 @ Viigh
Viow ==.Cf N{ )
=C,

Fig. 3 Step-up operation modes of the proposed converter
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Fig. 4 Key waveforms for step-down operation of the
proposed converter
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Fig. 5 Step-down operation modes of the proposed converter

Table 2 switching characteristic of the proposed converter

Operation mode S Sy S Sy
Tum-on|  ZVS Hard s Vs
Step-down switching
mode
Tum-off|  7CS e Hard Hard
switching switching
Turn-on ZNS ZVS ZVS ZVS
Step-up
mode
Tum-of] 14 Hard 78 7S
switching switching

2.1 Metst= 2] SAtHE
211 SYEE
221 (to~t)

ool A =9 H] S9F S e FHW [ 32d A
FE FA87] 8 294 S0 Ad T2 229 A
FE 294 S0 UidgoeloE DioRE 38 F Tio7
sEoEM ZVS H2s AAgrh o Bx dYH Lk
= & 29 HYo] Hyrmg % Wgow s=d
A Ik w4 As 00] He 3 EEE

)
>
N =
e
Ku)

2E 2 (t1~t)

InZF 0o] =W 294 S0 i tole= Dy 52
d AFE ZCS 225 & A Ha
Q5 DiE BEOEH e SoHdko
o} ojuf A9)A S Sgo] Hox HW v
ZFE T},

DE 3 (to~t3)
292§ Szl Hex HW Il

Sy

¢S du

o rlo [

2902 S0 H HeoleE Do ZEWA 7V

& AT oln) Lol 2 o) gkl AYuz 2
‘04 Hg_ég:gi EE’:% 75_% ILKE %Z:]—,—(_S]—}ﬂ 71:}’,/;\_—8}-11] OO]
e 7 o REsF AR

BE 4 (t3~t4)

In7b 00] =W 2914 S39] jFto]e = Dye 52
W AFE ZCS 225 A FHa 7
LagoEM Ine FAUFer A

e DE SHA
Aok o] %, Hx QIYE AR ot S7kske] 2 QY

B A7 b 2ok 2944 S0 il o= Dy
s2d HA{e Ad T =%sh @
SyFHeEZ HW R 15 gHEgth

212 dere
BE 1 (to~t)
tooll Al 29 AS9F Sy Hex wHE I

als
ot
[
i)
2



FE FA87] A8 294 Sl A TR 529 A
FE 294 S Ui thol o DyE EEOEM ZVS
H2s A oo Lol & 49 Hdgfo] ez
so] Mo sad AR L FAs g I,
oF Ik ZobAIHA R =7 A AT

=2

o W¥Fow s=d It gaste] It oA
2917 S§¢] viFtole s Dyl 52 AFe 2904

o Do

$i9 D02 B8 o F, It gastel 074 el
W 292 S5 AFH ZVS EL%% A8t} ol 2~
A2 St ol Mok He vhgrEst A

2E 3 (to~13)
291283 Sk Mo X wd It 529 4
X?‘)—}7] g,]gﬂ /\_04 ] 539] A Tgi z2d A

éﬁfﬂﬁr ojwf Lgoll= & &2 duL Aoz o
weko 2 wavl AfF IIK% TAsHA A oln
2902 Sy7F B HW RV ARET

2E 4 (3~14)

29A St B A&7

A2 =Y e 529 AR/E
Skl /\-r]?q S8l AE Tosk 2914 2

D2 329 Ip7F 07H4] HHs & dugos s2d
2914 54;-_ AFH ZVS EJL% 4A s o]% &9
Wio s s 9

S92 T)i =29 AF
2 S# S HeE HY RE % Elaein=

4 AZEANAY S 2INE 325

Aotst= AWME S Sul= A3)F o] 7|E 3=
22 ARG oF 2u]9] SUHE ZH7] uo] 1
T4 S8l A3ty EHAYL o5 2k

2

Viggh = 1-D, Viow 3

D, =D—AD (4)

AD=D;+D, ®)

714 Der= & FEIOIH o= Ao =N 2
e E D9 FEIEE ADO Abololn] Iy 201X
Hitol Bz IHE die] 727l o 2™ Dy

o D= vt 2t

]Lk+pk s L,

D= ®)
ILk*pk s L,

D, = 71/01 Ty (7)

~

RZE QAUHY 7 APFE e 2

2. IH? h,av
Lpjoipr = (1,é) ®)
2 ° 1 1,av
L = % ©
7 AsjAlE ] e Agke thed 2.
1
V(ﬂ - ﬁ VL{)U} (10)

Table 3 Comparison of component ratings

Conventional 2-phase Half-bridge Bidirectional Proposed 2-phase high step—up soft-switching
converter Bidirectional converter
Rating Components Rating Components
Switching frequency 15kHz 15kHz
Duty cycle 066 ~ 0.84 0.33 ~ 0.66
S, Ss 600V, 37A . 310V, 50A
s SKM100GB128D -
Sy, Sa 600V, 19A 310V, 28A .
. . Vpk. Irms SIQVHOOGBOGSD
S5, S7 - 290V, 27A
Se, Sg - 290V, 33A
L Le. 600uH*2, 50A Powder core 200uHx*2, 50A Powder core
Inductor b A (2.98pu) 1150uH@0A (1pw) 290uH@0A
(Energy volume : Powd
-2
L) Lic1, Lt - SuHx2, 41A OWSELI core
) C 30uF, 600V UNL7W50K-F 30uF=2, 300V UNL6W30K-F
Capacitor H (2pu) 50uF, 600V (1pw) 30uF, 600V
(Energy volume :
o o - 30uFx2, 300V U o
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