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A New Voltage Balancer With Bidirectional DC - DC Converter Function
for EV Charging Station

Hyun-Taek Nam'!, Sanghun Kim!, Honnyong Cha® and Heung-Geun KimT

Abstract

This study proposes a new voltage balancer with bidirectional DC-DC converter function. The proposed
balancer can serve as a voltage balancer and a bidirectional DC-DC converter. Thus, the balancer can be
applied to battery management systems or fast chargers in electric vehicles (EVs) charging stations while
balancing bipolar DC bus voltages. The proposed system has unlimited voltage balancing range unlike the
conventional voltage balancing control using a three-level DC-DC converter. A comparison of the voltage
balancing range between the proposed and conventional scheme is explored to confirm this superiority.
Simulation and experimental results are provided to validate the effectiveness of the proposed system.

Key words: Bidirectional DC-DC converter, Bipolar DC bus, SC(Series—Capacitor) DC-DC converter, Voltage
balancer, VBC(Voltage Balancing Control)
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Fig. 3. Voltage balancers. (a) Traditional voltage balancer™.
(b) The proposed voltage balancer when the output load is
eliminated.
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Fig. 4. Key steady-state waveforms of the proposed balancer
without the output load connected.
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Fig. 5. Equivalent operational modes of the proposed balancer.
(a) Mode 1. (b) Mode 2 and 4. (c) Mode 3.
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Fig. 6. Key steady-sate waveforms of the proposed balancer
with the output load connected.
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Fig. 7. System control block diagram for the proposed
balancer.
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Fig. 8 Two equivalent operational modes of the TL dc -dc
converter. (a) When S, and S; are turned on. (b) When S,
and S, are turned on.

9
g Alol7k Jbsaieh 2oy Ay 1,5
ARHER [, LRt F

Jbe  TL ZAMEF BAre 4 9l Ab/ehe 2
Aze] A ¥HY A P, vhest 2ol vy
.

B :{(l/d—l)Pg, d>05 ®

TL ZAWEe SC 7IHES M 2
=4 s AR SRHF a0l BF
SC zdwE e IYE7F A=l Sl
in?l BFSRE Q3] SC 7AMEH= P,=04
Ak |9 A7t 7hssith AlgrE SC ARE=
WA ] 75 zhal Q7] Wil BHE A3
of #Aglel At HE AolE Hdl iLes LT
o2 A 7pE 5 v wepd SCo 7
P> PRl Ao B9E At Bl 7P%oﬁ} 2
ﬂrmi Akl Mok WA =R A B WS

= AFEA G

5

ol e i

Ho&
J lo

2
RS ¥
4o & 3o
= [ r_>i 2,
N

fr = N o

_VE

il



318 A7) FH e 483 DC-DC AWE 7sg 2te A ¥HA

TABLE 1
ELECTRICAL SPECIFICATION OF THE PROPOSED
BALANCER
Parameter Symbol Value
Input voltage Vin 400 vV
Output voltage v, 50~70 v
Switching frequency fsw 20 kHz
Switches Sy~ 8, FGH40N60SMD
Resistances Ry, R, 40 Q
Maximum unbalanced P, 1w
power
Inductors Ly, L, 700 uH
Input capacitors Cy, Cy 14 mF
Output capacitor C, 200 pF
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Fig. 9. Simulation results of the proposed balancer without

the output load connected (d=0.4). (a) Dynamic performance
of the system. (b) Steady-sate waveforms of v, .., i,
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Fig. 10. Simulation results of the proposed balancer with the
output load connected. (a) Dynamic performance of the
system. (b) Steady-sate waveforms of voltage and current
of inductors, i Ly i and I,,.
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Fig. 11. Experimental results of the proposed balancer.

(a) Dynamic performance without the output load connected.
(b) Dynamic performance with the output load connected.
(c) Expanded waveforms of (b).
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