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Variable Output and Parallel Operation Control of EV Charger

Sang-Hyeok Lee!, Seong-Gu Kangz, Prakash Awasthi', Jung-Goo Hwang', Seung-Yul Lee!,
Han-Byul Wi, and Sung-Jun Park”

Abstract - This research paper describes the development of battery charger with a variable output voltage
capacity for charging the batteries used in electrical vehicles. The voltage and current accordingly is control via
the buck converter that receives three phase current at primary side and fed to bridge rectifier which is
comprised of full bridge converter and HFTR(High Frequency Transformer) for isolation and a square wave
AC output. The transformer primary side is in series to divide certain charging current and the secondary side
1s comprised of six fix transformers so that they can generate certain amount of power and various output
voltage through relay connection using 6 DC outputs. Moreover, all parallel connected full bridge serial resonant
converter communicate together with upper(main) controller. The constructed structure is verified by conducting
the test on PSIM as well as experimentally.

Keywords: parallel control, battery charger, resonance, electric vehicle

.M B e 10~20 o2 Hlud FHe AR W S 7bss

YHoz Y F 4 FAT 5 UES FHa B

A AARCE 34 ouA e iy HARAZ = o AAHY, FH7| FFE ugE T Aoles A
B2 98] AAA oy e g @] AEHEV: Akl At FHdskA Ak v 9 FHS 4~5
Electric Vehicle)ol that #Alo] zolx|a i) &4 AlRE o]do® 21 Ajzte] AQwm &P MEL ofgtE
EVY] g&3lel #AZE F% 0@ M4, &S 59 A, Fo ARAY A, I M s AR A7 )
e 289 FZ437] 93 ~¥o|HA mEge wEy e It FE A, Akl FAE Ao]EE o
2o} 10 24 Axdd g dvt ks o]Fo]  &dte] TS "ok dwbow EV FH AAES
A A g e Ao BV golw gerd Bop &, A% AUHET wEas] 8] wFs 293
A AggoRA YATEE AAN-cd), UYAFA S ARESH 98 A3 ¥ A40iEE dsheol
AZANi-MH), #Eol2 AA(Li-lon)E o|&st gz H71Howm ddwjo] Axgle Y-S Fratojof o
e g 77} dARE Aaso] gon] wiEe =4 W th 3w &3] FgsE =2 FE =2 9
Hore  AMF  (CCConstant Current), AAY T3 Aol &2 7besta 4F= Aok e W7t
(CV:Constant Voltage), AAF-AACC-CV), Pz HAA 7]ofF Fr} ARt AxAL ¥z g &334
(Pulse) W4 o2 T3 5 Aok Ak AR 2k wjEEt 248wt 71Ee) W
olg]gh 24 HWHlel wet FAARE 24 S w g FHVIE0] A= wiEHE Hsho]l Aeldk A2l
F% 243 9% FAoE TR = Q. 34 2 A $5E 715e Wi 8% Rals vl gl o

= WiEEe gl T AgeA Ho AFE I4 T

Paper number: TKPE-2013-18-2-6 ISSN: 1229-214 T A AAoEM A7]e EAFCRE olF sfdst
Corre_sponding. author: sjparkl@chonpam.a_c.kr, Dept. of 7] 93] B =R thekal mlela] At A]2Elof A
R L L L, WS B 2ES FA) A 9 A4S
;Dggt. of Electrical Engineen'ng, Chonnam Nat’l Univ. 71Fo R st = AAEES AAT £ Jde NES
Voot oo Ot 8 D012 accepted Jan. 4 2013 EERAE AU Akd A2 el o8
— 2 =22 HEQYsM 47|sE20R XHE gowan =gol Lolstn A FFpo] Fidata



154 A7 AEAHE 5%
A 9 AHES olgdoeRM A dHde
olf na&stE HAdslal, 1353 2359 A4
s kS FEsith adga Ve FAVIER
?] 9 A9 dA F7 At Gl AT &
S SR Uk ARk Alage Alggolda A
S &l B3 FAlstait

)
31 Cascade 140l 7H¢ A& 139 EZEAES
2@ ok st QEE A Al wE S
trle]l AElZel Wi usyulel wEHS 9Ex
HFTRE 3 d=9 o5 244 wavs g3 <
o ol 725 A & o Uk olYd HI S vt
o7 B =EdA Aldtete Alade I8 13 2o
st A 1

s

Rectifier Buck
OJ v 3
PR : P
R
o0— —
s
ot

)
1o
N
N
2]

I\
)
e
ok
i)
Ho
2
2,
2

A8 23 AMEE 29 2% o] FHA T2
2 B3 i) w2979 EEARE Jadks 5
ol glo} AR L Fh PaelA H&ol F3, 34
ALEI(L,)0] AA 297 F35 W97t FobAE ¥
He % EER-

S
5 B
A OH T
R
s

(o

ff

X

[

o

o

S
o,
m

o =
ol

L
oty

ftl

frtl

k:,

) 2
a3 + Yk
EHYx AAF AE 2907 Tk S 54
B 3R Fogel] we A3} o5 54 A 07 2
VOUT: 1
Vin ™ _w W 1)
1+ Q2 — 2
J 8 Q[wo u)]
wols 1
7] % S wy =
PN, Q= B =i

oH e
DC(-)

JjoCy ac

DC(-)

(b) AC equivalent circuits

Fig. 2 AC equivalent circuits for series resonant converters
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Table 1 Simulation parameter of charger system

Component Value
3PHASE DIODE+THYRISTOR _
(DFA100BA160) Verv=1600[V]
SWITCH Vees=1200[ V],
(SKM300GB128D) 1c=370[A]
INDUCTOR 2[mH], 15[A]
CAPACITOR (Cy) 4[uF] (
Leakage Inductance 12.5
HFTR g [uH]
No. of tuns of the winding 9:9
POWER RELAY
UOX-30) 250[V], 30[A]
SWITCHING FREQUENCY 24.78[kHz]

T A4d 29 el 248 HFelth wes
AR AgAl)e) Few Age] Ao Fd

d1g 5 glon Aol ANy A

2R
2ol a7t Eolel meh Agke] B
%

100 -
80 |
;; 60
3 40
g
s
20
0 . . . . .
0 100 200 300 400 500
Our Volarage[l]
Fig. 13 Constant efficiency in the area of the 3[kW]

OutputGh A

Output Ch'B

-
6 Ch & Relay

(b) 50[kW] Upper controller

(a) 10[kW] charger system

w5 ] Tek Prevu |

Upper Controller
Output voltage. |

4 D “
chi rus :

e
SO N eevme——

| B Charger out
Ch3 RMS %
FEC pl ECINE -
e e e ha RMS = * y
W @ A [ chargerout] FT36%
Lodd Chdnge Current #3

250V (Ch2[ 20.0A M 1.005] A ChT \ 0.00
Ch3[ 20,04 cha[ 20.04

S50V TCha 50 0 A WTo.ome A ChT L 0.00
Ch3[ 20.0A |cha[ 20.0A

HA160%

(c) Parallel operation (d) Load change

Fig. 14 Output wave on parallel work when load changed

of Power Electronics, Vol. 18 No. 2, April 2013

159

lek 37|
-

u

\

v 1 !MW"mni'-uan | ety

i
;
{
: :
|

5
L 1 el | i
Under Upper 1 charger:  Chafaer
Conteoller ©  Controller Response  Resplonse
TX start TXEnd : Start Erjd
S00mv o “UMd6.0ps A Chi J 172V

Fig. 15 Verification wave of CAN communication TX/RX

(i
Shl
o
2,
rlr
>
[>
i}
1o
Y
ofN
i
3
iy
=)
©

ofy

of

L
o o

& A

N

N

g
2
o
o
iz}

-
o,
g

Y
=
N
il
(o3
o Mx T
e
ol
9¢7
ui

T ofr o2 riN
2

[

1o et o

e oL 12 ofy
kol
o
o
i
tlo
>
i ¥o J®

filo
o

N >

rl

O % Mo [0 of 2 N %
3@ o X & 12 S ub o rlz

et

[1] J. S. Kim, G. Y. Choe, H. M. Jung, B. K. Lee and Y. J.
Cho, “Design and Implementation of 3.3 kW On-Board
Battery Charger for Electric Vehicles,” Journal of Power
Electronics, Vol. 15, No. 5, pp. 369-375, Oct. 2010.

[2] S. Y. Yun, H J. Chae, W. Y. Kim, H. T. Moon, Y. S.

Jeong and J. Y. Lee, “Battery Charger for EV,” Journal of

Power Electronics, Vol. 15, No. 6, pp. 460465, Dec. 2010.

FA Wryczlek, "Hybrid Electric Vehicles year 2000

status,” IEEE Aerospace and Electronics Systems

Magazine, Vol. 16, No. 3, pp. 15-19, Mar. 2001.

[4] David Linden, "Handbook of Batteries and Fuel Cells,”
McGraw Hill, 1984.

[5] Butterworth-Heinemann,

(3]

"Rechargeable Batteries



160 ANAEAE 4719 7hEd 9 HEed A

SL(EFA)
1983 72 1024, 20104 8 WA &7
S £ 200129 33 MW o o
7|5kt qAREY,

Applications Hand book,” 7echnical Marketing Staff
of Gates Energy Products, pp. 215-223, 1992.

[6] Y. C. Chuang and Y. L. Ke, "High-efficiency and
low-stress ZVT-PWM DC-to-DC converter for battery
charger,” [EEE Trans. Ind Electron, Vol. 55, No. 8,
pp. 3030-3037. Aug. 2008.

[71 RL. Steigerwald, ”"A Comparison of half-bridge
resonant converter topologies,” [IEEE Trans. Power
Electron., Vol. 3, No. 2, pp. 174-182, April 1988.

[8] C. Y. Oh, J. S. Kim, and B. K Lee, “Design of Optimal
Resonant Frequency for Series-Loaded Resonant
DC-DC Converter in EVs On-Board Battery Charger
Application,” Journal of Power Electronics, Vol. 17, No.
1, pp. 77-84, Feb. 2012.

AHESE Y. 20094 28 = |'|‘3|'('3'._J X of —755.0.:1 1993[_;1 = fstel [My|=etn}

HESET ZAMAD 2009 38 ~2012 8 1(AMAD. 1096 = sl M7|Zstm}

o 23 (@e. 20024 £ Chee XS TIAB
I Z2(34h. 1996 38 ~20004 2¢
2000 3% ~2003H 8 =Hohs ™|

BETF(ERK) 8e~ x| Mutry My|=stn @4

19784 10 2 272 2004 SAITH ASFE

stup 2. 20124 MU MY|SEtn 2

7
(AAW. 2003L4~2009L4 ZFas|sd
X IR EN LR AME A
~2010d (F)ZEo|=Z odpa Mo
\ 20104 ~2011d (FELEX g
2012 ~ SR AMMSDI ESS At R Meloipel

Awasthi Prakash

Born on 1977 March 30, received the B.E.
degree in  Electrical and  electronics
engineering  from  Kathmandu  University,
Dhulikhel, Kavre, Nepal, in Aug, 2001,and
the M.S. degree in Electrical engineering
from Chonnam National University, Kwangju, South Korea, in
Feb, 2013.




