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Design and Control Strategy for Autonomous and Seamless Mode Transition
of High Efficiency Bidirectional DC-DC Converter for ISG Systems

Jun-Sung Parkl, Min-Ho Kwonz, and Se-Wan Choi"

Abstract

In this study, a bidirectional DC -DC converter for idle stop and go (ISG) is developed to reduce fuel
consumption. A three-phase non-isolated half-bridge converter is selected through a design method by
considering efficiency and volume. According to the state of charge of the batteries at both the low—voltage
and high—voltage sides, buck mode, which charges a low-voltage battery from the generated motor energy, and
boost mode, which provides power to the motor from the low—- and high-voltage battery sides, are required in
the ISG system. Hence, an autonomous and seamless bidirectional control method using a variable current
limiter is proposed for mode change. A 1.8 kW engineering sample of the proposed converter has been built
and tested to verify the validity of the proposed concept. The maximum efficiencies, including gate driver and
control circuit losses, are 96.4% in charging mode and 96.1% in discharging mode.

Key words: BDC(Bidirectional DC-DC Converter), Buck converter, Boost converter, Interleaved, ISG

—L
i

e

tie
rlo

Zekdol wel B 94

o

Sk ul 9 eskeel sk Ak
R C IR

ISG N=e Agstel Agsta Jop P ISG s
7], wEEsth, AR ol

A FAAT AS AN it WA FES
& HA o4 sg

Al

A

o

=M 14V g $4d, 42X ~gE 9 3
Astulel gl AAGuiE )7 A 2EC AHS T

=

=

Aele Argow
o] Alx®l wlo]lm w9 e DC-DC AHEHE
E R

=tk o]d ISG

Paper number: TKPE-2016-21-1-3

Print ISSN: 1229-2214  Online ISSN: 2288-6281
Corresponding author: schoi@seoultech.ac.kr, Dept. of
Electrical & Information Eng., Seoul Nat'l Univ. of
Science and Technology

Tel: +82-2-970-6542  Fax: +82-2-972-2866
} Korea Automotive Technology Institute

2 Dept. of Electrical & Information Eng., Seoul Nat'l Univ.

of Science and Technology
Manuscript received Jul. 31, 2015; revised Sep. 1, 2015;
accepted Nov. 24, 2015

— £ =22 BESlA P47|sEE0R SHE

AlZ~gle stolH =gl Bl Fx27F whes)] sfdn]go)
aA g Azg7) 7 B ATl dnA &
7} 5~20%744 AL 5 e,

ISG Al =5l 19 13 o] BH, IHE], 48V g
HlElg], DC-DC AWE 9 14V 42 FA=
o714 DC-DC ZAWE = dutd oz 14V wjglg] 3
kg = e WekS ARSI

153
o}

)

1

N
mu‘.
EL
32
oo

331§ meiste] WA HxueA
4 sgon Agdeln BRgE Re

ower Net
rer |
Torque by

Belt Driving Converter

- L Batt
Motor gy Inverter geem attery
] (40~60V)
48V Power Net

Fig. 1. ISG systemm.
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Fig. 2. Proposed bidirectional DC-DC converter.

TABLE 1
ISG SYSTEM SPECIFICATION
Specification
High side voltage(Vy) of the BDC 30~54V, 48V nom.
Low side voltage(V7) of the BDC | 105~15.2V, 12Vom
Ripple voltage of the Vg < 1%
Ripple voltage of the Vi < 1%
Rated power 1.8kW
Maximum 94%
Efficiency
0.3kW ~1.8kW 90%
Extend voltage of the Vg 54~60V
Extend voltage of the Vi 105~16V
Temperature -40~105C
Dimension of the BDC 190mm280mm#*80mm
Cooling type air cooling
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TABLE I
A COMPARISON OF RATING ACCORDING TO PHASE
Rating 3-phase 4-phase
L 10.25pH / 57.2A SuH / 43A

Cn 220uF / 60V / 283A 180uF / 60V / 20A

G 63uF / 16V / 1L7A 51uF / 16V / 1A

60V / 52A 60V / 40A
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