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Multi-Mode Single Inductor Converter for DC Grid System with a Battery

Ji-Yeon Kim' and Jae-Kuk KimT

Abstract

This study proposes a new single inductor converter for DC grid systems. A conventional system is

composed of two independent converters for controlling battery and load. This system is simple but it has two

inductors that affect power density and efficiency. The proposed converter can reduce the number of inductors

by integrating the two converters and relieve voltage stress on switches by using a battery switching cell.

Accordingly, power density and efficiency can be improved using a single inductor and lower voltage-rated
switches. A prototype of a 500 W converter is built, and each mode is experimented on to confirm the validity

of the proposed converter.
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Fig. 1. Circuit diagram of the conventional converter.
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Fig. 2. Derivation of the proposed converter.
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Fig. 3. Flow chart for mode selection.
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Mode 4: DC o] Aol
B3} obd Algtel M wjE s} BatzA

Q;

Voc+Vsatt-Vo

Ls

i
o s

Yo
Ls

(b) Mode 2

Ts

DmaTs

Q;

Q3

Viatt-Vo
Ls

ul
=

Al

hud

ﬂJ[O o,

[e)
F
o

gud

A o
et rlo
- R

_ P vaz—
iis Ls D: Q2 |io
| +
Dy Cor Ro| | Vo

sHHoR A4S 6] s 24 wiE

84S Agsts island RE2 F2E0L
Q37 AAW Vp/Ls®] 718712 <Y
S7kM, AAW - Vo/lLs9 71€7]12 1Y

¥ 62 DC st 380V, wiElg] A 250V, &
g A 200V 18l =9 A= 500W= 7 ds o,
z | Azke] HAg 9 AF{F 2EHAE YEhh
3lZo] A= 2% DC WA ™S} Vpez 33
2 wh ARbele 2] A9 wiEE 2904 Al 914
& Q¢ Q7F WiHe Ay VeeE 298 €tk whebA
= 32 Q% Q= 71E9 32 HE] W
AGAAL] 2AE AHEE 5 Ut
g AQtehe F=o Ag Ad Adw Fxo|7] o
HAF L7 BE 29A9 toletd 52
Heh whd 7]E3 29 A9 299A Q9 QT wigE



346 DC S 913 v 2= T 1YE A

@7 Conventional E= Proposed
500 . T i
400 T
s i 1°e
= 3
@ 300 E 3
~
=
! I 128
3 @
o 200 T 4
3 o
8 . 115
100 T
0 — 0
Qn O V' Qo500 Qn Or 1 Qoslos

Semiconductor Device

Fig. 6. Voltage and current stresses on semiconductor devices.
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TABLE 1T
VOLUMES OF ADDITIONAL COMPONENTS
CAdd1t1onal Conventional Proposed
omponents
Inductor, L 8997 mm® -
Diode, Do, Ds 1510 mm®
Heatsinks 2872 mm®
Total 8997 mm’® 4382 mm’
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Fig. 7. Key waveforms of the conventional converter.
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