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Comparison of Bidirectional Isolated DC to DC Converter Topology Focus on Voltage and Load Condition

Shunsuke Takuma, Hayato Higa, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper clarified a loss of a dual active bridge (DAB) converter and a forward converter on a bi-directional isolated DC-DC
converter. A conduction loss and switching loss of each converter are formulated. Efficiency characteristics are estimated by loss
calculation against the voltage fluctuation. In the forward converter, the converter efficiency at the heavy load is constant against
the voltage fluctuation. Besides, the converter efficiency of the DAB converter at the middle load is higher than that of the
forward converter. From above, the forward converter is suited to wide voltage range for battery. On the other hand, the DAB
converter is suited to wide load range at close to the nominal voltage.
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Fig. 3. Operation waveforms of forward converter for charging mode
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Fig. 4. Ideal equivalent circuit of DAB converter.

. Ufew _
Vin —_ gl
Vhv 0 7
'Vin 5
NVuut ™
Viv NV0 .
B out ™
o iH\/7|I| iHVﬁIV ’
e / i Thv 0
[y Tuv 1 a
im0 P i
~—" ~—~——— 9
iLy 0 //\iLv_m iLV_lV//
i i [
ivo) /ILV - ILV;’”\\/
0¢ 7T 7+d 27 [rad]
Mode 1{ 1 fIi IV

Fig. 5. Operation waveforms of DAB converter.

1 (14)
[FERIZ DAB =1 2 /3— & DIEEE AL (15), (16) TE S D,

2
Peond _HV_DAB — 2 Run_ v iy (15)

PcondeVfDAB = 2R0n7LV (NI Lv )Z ------------------------------------- (16)

2T, Ronnv IEmEEM = = DA R, Ron v 13
REM = o _R—=F DA EHTH 5,
(3-4) AL vF U THEK
TA T —=Rav"—FDAAL v T THKITFTREROY
&, BEMOLTREEL, ANXNTEEND,
f
P

w_HY — v =2V, {euffiHv (e n)+eu v (i )} - (17)
HY

s

DAB 2t U N—F DAL v F 2 ZHKIT(18), (19 THE S

P ot =2 o o s Gy O+t G )}

i (18)

P = = P (N )+ 1 (i)}
................................................................................................ (19)

ot 1EAA v F 7 L EOX—2F 7K, Vi LT

Vs T8 — A Bk & & — oA 7 BRRAIER O3 T-FIN
BETHD, 22T, WELIAL vy F o 7HRE KK
THPT 2% £ (20), QU TEREND,

3.6



H Ise H
€t _rv (Tv ) = Kiora_nv (W)z + Ktz iy + Kotrr_py ... (20)

ot v (v ) = Kiatrs_tvise T Kiorrz v Niy +Kigrr 1y

Kottt Kotizs Kotz (ZENENAA v F o VA “ kATl

BlL7- & & OEEIHE,
(3:6) AF 1 {EK
T U—RarnN—x T“@E’E%@JVEH# Mode | TifH
AUE I B RAZEZ BN =L FX —ITERICEAET S
728, AT NEy U H DBEE Vg 1T EF L7V, Lﬁb
W EEMEEBET S &, V—UBEEZNHIT 5720
WA Z I RETNTY v var —2OMIC mmx%w
DOHEGEPIE S D AT /N TORIIZA TP Reny & A
TR XU HABEORKRELD () TERIND,

— RO, “IROBRETH D,

4. F/EAHE

R LICHEFIT DRI AT A= T, RO R
Dicd, NHNEELBETE, RARIEEES), FERHET,
2A v F v T JEEEIT T R TR—& 15,

4-1) b7 RAREITE

T4 T —RaroN—HL, RERFIZERHSOA V¥ 75

WL o THRIEEIEL 25, DFV, MT U ADBEIKILE
¢é<f%6# IRER] = S — & OHIIEET Vin/N &
PAMNBIEIARTT L e Wiz, BT K o TEE 7T
%m<Téz%m%é ARETTIE, KRB O 5K R T
DMEEEF—& LT NI U ADOBRE KL EZNTH#E
Lz,

K612 hT o AOBEHE T A Z AL OB
%mﬁo7¢7~%:/A~&®%Q,@W*#iVMN
SVou TH Y, X6 ORFANEMERIFH CTH D, TD7d
AR O e/ NEE Fme&ﬁrW@WmWW%%%ﬁ%
HRTHREND,

AR TR/ NOBEHILIIH LT, ~— V&I TEX
bk 6 TEREE LT,

DAB =12 /38— % T, EF A JIEE T ZVS i)
KRERDIIITEERLAERET D, 2F0, AHEE
LB EREA—ET D L0 ICHE 2T 5,

4-2) A 77 ZERHITIE

T+ T —=Rary X—=FOEJA Z T H Le ik, THEED
TPREmRY e (25 N TEREN D,

80 |

Design point of Forward converter
70
1 Minimum turn ratio Npin
60 {

Design point of DAB converter

50 / Viom

Vuut_max

Transformer
secondary voltage vs[V]

40 Vout_m in

30
5 6 7 8 9 10 11
Transformer turn ratio
Fig. 6. Design of transformer turn ratio
Table 1 Simulation conditions
Element Symbol Value
DAB Forward
Rated power Pated 0.8 kW
DC voltage in HV side Vin 380V
DC voltage in LV side Vout 36~60 V
Nominal voltage in LV side Viom 48V
Switching frequency fow 100 kHz
Dead time at HV side Td 1y 125 ns 125 ns
Dead time at LV side Ta v 175 ns
Over lap at LV side To Lv 100 ns
DC inductor Lac 35 uH
Additional inductor L 123 pH
Leakage inductor L 40 uH 9uH
Magnetizing inductance Lm 12 mH 5mH
Transformer turn ratio N NyN, = 40/5|NyN, = 30/5
Snubber resister Renu 2kQ
Snhubber capacitor Csnu 1.0 uF
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Table 2 Parameters of transformer and inductor
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