The Transactions of the Korean Institute of Power Electronics, Vol. 21, No. 5, October 2016 427

http://dx.doi.org/10.6113/TKPE.2016.21.5.427
¥4 A4 ¥5S 1T 3 YHIAEBE BT
DC-DCZAHE Y ARIHE A7 7|9

Mok’ e, wol™T, Haw?

Current Ripple Reduction Method of 3-phase Interleaved Bidirectional DC-DC
Converter with the Consideration of Input and Output Voltage Variation

Daun Sun', Jae-Hun Jung', Eui-Cheol NhoT, and Gyu-Bum Joung®

Abstract

This paper proposes a new method for the current ripple reduction of a three—phase interleaved bidirectional
DC -DC converter. Usually, the three-phase interleaved bidirectional DC - DC converter is used for battery
charging and discharging to reduce battery current ripple. In V2G application, a PWM AC - DC converter is
used to connect the AC power grid and three—phase interleaved bidirectional DC - DC converter for battery
charging and discharging. The magnitude of DC link voltage affects the battery current ripple magnitude.
Therefore, the magnitude of the battery ripple current is analyzed with variations of battery and DC link
voltages. The ripple current magnitude is found to be minimized by controlling the DC link voltage. Simulation
and experimental results show the usefulness of the proposed method.

Key words: 3-phase interleaved bidirectional DC-DC converter, V2G(Vehicle to Grid), Minimize the battery
ripple current
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Fig. 2. Battery charging and discharging system.
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Fig. 3. Current flow in each operating mode of a-phase.
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Fig. 4. Waveforms of switching signals, inductor current,
and switch voltages in discharging mode.
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Fig. 5. Inductor current waveform in discharging mode.

L12 =

=2 C Vot~ 20V V)] ®

o714 wiEe A Vy 7k DCHA A Vi 7]

o 1/2Rt He Aol IRt Hdl#k
2(Vpe—Vg) 7F Vpe Btk A7) ol AGEo] F7}
2 UAE FFekA Lol ZVS 29 Aol rbsaith
o] Agev 294 S5 & "-2% Fa7F §gli Mode

59} 6% WAlEA ekt

4

Mode 5 (t,~ t;): 2=91%] S; o] ZVS ©-2 Z3lwix
Mode 57} A&t} ZVSE AAAEE V) 9 =
o] lurh AsiAEe JAEEE 48 FxleHA
A elyuAE A og Vg, o Ak 4 (6)3
o

=
ful=]

mlorE

Vg = V= (Vg — Vi, (t,))cosw, (t —t,) + Zyi, (¢, )sinw, (t—t,) (6)

Mode 6(t,~ t;): © Mode: 29 At Vg, 7t
GAYe] i 8, o the]e et H-& aHA AZE
ok el wiEE A Vi 7k 7] el
H AfF= I Lo A 0[A] & XE-]XE-] kA Hck
B AEE A (DE Ygd &+ 9on dA9E AF7E 0
= Mode 6& »Z—go}yﬂ Lr/}.

oy
1

ol

t
iL:iL(t5)+if Vg dt )
LJ,

P,=3<i;>Vp )



430 429 A MEs 1w 34 AE

A7 <ip > iy 9] HtES ou|gh

Az L, A9ANEHE

PR A AEW =) Wil L, o vl& =S

A2 grolm g 0[A] gtar 7Hg et JAYH AR{ ok
= A0 B A 100 2ol Yehd 4 9l

1
Imax = f( VD(/'i VB) tf (9)
1
Lnax:fVBtr (10)
21 (8), 4 (9 28z 4 (1005 o&ste] 244 F
7] TE YehdE 2 (D% 23 wE= 4 129 2
c},
P, LV,
T=t+t=—p— 20— (an
15V5(Vpe— V)
_ t, _ Vpe— Vp
23 M7 2/& oy

A7) HlEE
g} WEsit) 34 4% iy
2] Aol DCHA At A719] 2/3 7k 2 o wiE g
7} At ek DCHA A
00 [VIQl 75 wielg] Zste] 267[V]Y o, siele]
Aol 220[VIel A%
S 350 ~ 400 [V] A2 Ao 7hEstez,
AASHA FA g g Aol m
7 Hgto] 233 ~ 267 [V] ol 7ol A
Z5 0[Al = & drk
@EE Al dlEE] HStel DCHA #st
2 TRl A e e AR d9Y
: HHE%EI AF7E AEste 7S A
He BE FEstgon wigy AR gE
o} B4l Fdsit). s BE § 49
AStol dA7bElo] AF{7F s
of dwako R zsto] Q17hxe] A
ste}, g BolAl e AR 2 E RskE 4
(13)7 23 3+ B F71 Ty

A3t

=
o
1o,
[-‘O
)
o

(13)

(14)

2 (137 (14 ol83le] A ip v 2 (152 vep = Sltk

S

ir. Tl 6 A - /
= DT =
T

Fig. 6. Waveforms of battery and inductor currents in case of

2
Vp < g Voo
A B
Ip
= Tp

Z'La
I
Z'Lc o [7] i 2 {

= DT <

T

Fig. 7. Waveforms of battery and inductor currents in case of

2
Vg > g Voo

Al aE e %

Agte] DCEHA At

z7le) 9/3 W 2 kel wele) ARsh oEE A
H9e e Aol 477 BlAe A% #Z W
32 Aoz deiw 4 163 21 77 Bl 7]
Tyt~ 1) 5 A (D3 2ok oeby A5 92 W

s Aige A (18)% Yepd  dth
in="7 f (Vo Vo) d (16)

1

T —ET*DT a7
Aig= 3(VDC; Vs) (%—D)T (18)



The Transactions of the Korean Institute of Power Electronics, Vol. 21, No. 5, October 2016

AR Y T Voe
S I SN Swantod M| MNP RIS
\\“\\K
LI N /
~ ﬁ\*\A“\ \\\ / o
. NANIRNS
2 AN I
) P—1[w] \\:ﬁs\\i‘w/ % 7,
N\
TS0 [0 200 210 220 20| 240 350 260 (270 280

176 187 233 267 Vs
vl

Fig. 8 Magnitude of current ripple versus battery
voltage with the variation of output power and DC-link
voltage.
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TABLE 1
DESIGN PARAMETERS
Parameter Value
Voo 350 ~ 400 [V]
Vg 176 ~ 280 [V]
L 1 [mH]
C 2.2 [nF]
Pasea 3 [kW]
fo 20 [kH]

Fig. 9. Experimental setup.
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