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Abstract : This paper proposes an integrated low-voltage dc/dc converter (LDC) to enable vehicle-to-load (V2L)
functionality in hybrid electric vehicles (HEVs). The proposed LDC adopts an active-clamp forward (ACF) topology and is
designed to operate over a high-voltage input range of 200-400 V with a low-voltage output of 12-15 V. The topology
incorporates the boost function by sharing semiconductor devices and magnetic components, thereby eliminating the need
for a separate boost stage and reducing component count and circuit complexity. A 3 kW prototype hardware is designed to
verify the feasibility of the proposed converter. The converter achieved efficiencies of 91.35 % in the LDC-only operation
mode and 93.18 % in the simultaneous LDC and V2L inverter operation mode.

Key words : DC-AC power converter(%] -7 % 2 ¥ 2t7]), Hybrid electric vehicles(3}o] H.2] = % 7] 2}), Integrated
circuits(Z- 33 3] 2), Low-voltage DC-DC converter( 4 1 9+ 2] 57 ¥ $-7]), Vehicle-to-load(X}#-5-3} A & &+

Nomenclature Lo : output inductance, H

HV  :high-voltage battery Ce  clamp capacitor, F

v : low-voltage battery n : transformer turn ratio

Vs  input voltage, V fs : switching frequency, Hz

Vo  output voltage, V Sac : ac line frequency, Hz

Vi : DC-link voltage, V Dipc  : duty ratio of LDC stage

Vie : ac output voltage, V Dy :effective duty ratio

Vee  :clamp capacitor voltage, V Qv :main switch

Vie  :output inductor voltage, V O+ :auxiliary switch

i : output inductor current, A Dy, ov : duty loss of main switch Qm

iLlke : leakage inductor current, A D1 o4 :duty loss of auxiliary switch Qa

iLm : magnetizing inductor current, A

Llink : DC-link current, A

irmofser : Offset component of magnetizing current, A LM E

Po : power of output stage, W 227V~ v & F7FE Q1% 7| 5 W3l Al 3)e) o] o u}
Pac :power of ac stage, W 2 92T Y olg o] Ao o] thFEuA, & AlA A o
L : magnetizing inductance, H 2 9% 2RO A2y} B dhA 2 AL ok E
Likg  :leakage inductance, H 3 719 o7 B xpEFE &4 7129 o] Aks)ER A
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Fig. 1 Conventional power conversion system configurations
of XEVs. (a) BEVs. (b) HEVs

HV Charge

! S
JEE Electric
DC/AC Motor
Inverter
R —

Low-Voltage DC/DC Converter

EERIE=N

Ac/DC
HV Battery bt Inverter

Rectifier

LV Battery

“— Dbc/c Boost pe/ac Ac Load
nverter ||

Additional V2L Circuit
HV Discharge

Fig. 2 Power conversion block diagram for V2L function in

HEVS
= 7|E A Mg R 0] 7S Y- ete] ME o
AE FoAY HEF FHE Sl AP 1588 W W
3k rxo] Aol @5t E ), H o= vl EA 25 T
o 2 FAAR7|(RCD)E A3t A S SR
= V2L Al 28l o gk A -7} o] o] %] a1 it

B =fo| A= HEVI A V2L 7] 5S f 8 HEol Hx
E WY glolE 52 ks S8 A= W3] E Al
Qrgteh. A9k 3] 2= LDCo} F- 2~ E W g th-& slte] 3]
252 Ajtete], A= A @ QA E FHTFoEM
AA A28l Hu & Foli A8 UEE FFAIZIT] o]
A3t T3 A= ofe] A8 HE GAE AX= 7IE T



HEVE H|ZH v2LE I8t LDC 7|8t ST S 2HE

Aol A WA Sh= x5 S 7h, M & A 2 B8 At
I ZE FAE ehslei) ek vkt 1EE 20 A4
LA P WSS Bl A (240 Vs 7155, F 340
V)O. 2 F A& == A A o] V2L QI Bl 7} @ 7l W
_g_ Ena=, @%L(100_240 Vims) o e} o]—;{—] 24 og /\(])J A sk &= a9

2 =] 73S oha ) Ak A2 el A= HEV V2L

¢
¢

TS g Atd B3 AWE e A8 55 % T3
& A st A|37gol| A &= Aok B E 2] o] &4
&4 9 A A S A A S ﬂlwfﬂw—‘: A -] 2] E‘r“
S 3 kW st=glo] A AIE (Y= #et200-400 V, &
A9 12-15V) Ol&ﬂ%‘%—%% H@%—JE}.UW
uto &2 A5 A A2 A g

2. AQHEl HMElD| M2 58 U S3 942

2.1 A2 A 19-1 3214

Fig. 3()= -2~ E AW E 7} 34 7]E LDCE, (b=
AlokE LDC-HA~E ABE £34 722 vwsto] 1}
ehleh 1714 sk el el A0 4= sk

2, Ak mE 2] A0S E8 (Vo) = 8l
T} 7] 4= W3k Al 2wl A= LDCS} -2~ E 718 E
7h e gAR T, LDCY 13ES EW AT
o} 7 7l 9] AE 29 X(On, Q) E T E NE|H-FF
-Z et MACF) W H 7 2& A g gt F 2 E 21HE
A= 8 AYE (L), 21A(0s), HHOl L= (D) T
Q) o & Q18| A F-3F 7ok 3 &2 HJ LT St
oh REH, At PR A= FAE gAle] 0} Ds7t
LDC 1%52] Qu, Qu®t TS AL, Lpe EWR XM 2}
st I (L) 9t shte] A7) b2 AjtE o] A A F

3 Ao 74 gesha v,

4220

F

<!

|

Fd

V2L 71 S 8 Zr & HEVSﬂ d9 552 A% 4 A H
o u}2} LDC ZF =, LDC 2 V2L SIHE FA
FARER TR S Y Aok AWE = 7] 2EH
o] 3| A5 TS HV v H 2] S = et R R 5
T g2 Aol A A9 gkt

221LDCEHSE S22 C

LDC &5 52 HEo] 9 At 73 F 9 AC =

o] 875 A ¢F= AElE UERTE o]w] HV wiE g

22 LV ulE e Sd 3z, 24 5 2 A=

Fatol vt I Enh o] RO A= LDC7F U o s
2bslH, DC/AC 1M E 9} V2L 715 B v 24 A

Bia=3

i OHI 4o Jm

Ho
>

i 1,
LYY
¥ Vo — "
Vo
Co RoT —
Lg ¥ Tk Jize L, Joe
Ds + + Viae — +
QEJ Ciink 7T~ Viini] Inverter Vac
Rac] —
(a)
i [/
s Ly 2
+ Ving + & D,
Voo =—Ce Lmd Vip
+ f"c: F‘”':I itml? — i L,
v (@ kil ¥ Vi -
oy “ml e
A J VO
Qu o, COT Rol) —
i
ik iac L fac
—> — —
+ + Viac +
Viink Inverter Vac
- ,I\ Rac N

(b)

Fig. 3 Configurations of LDCs for HEV V2L operation. (a)
conventional with boost converter, (b) proposed
integrated LDC—boost converter

222 LDC 2 V2L QIHE| SA| S& 2C

LDC ¥ V2L IHE §A] 52 B=o] 49 2+ +3)
= Y AC H-3E FAd 5 }_ 2 HVHEE
A& LDCE 53 H-3lol] a3t d88 FH35kaL, 2l

HIE| S Sol 25 AC -8l &5 Ale gt

r%

2.3 Aot Hu{E 2| E’—‘r%EI
Aetd AWE S LDC @5 53 R s
715 ACF 7]%}+ LDCS} 5%@ Y2 23k o] 2§t

52 S4g vpgo R, B OJ?OM% A EEE S

mE= JEHo s

33 0}?3\‘3}. Fig. 4+
V2L R=o] A LDC WAl o] 2913 F7]¢F &= uli{ d

W (V) 7B & HERATE ©] 3o A Ouell Q17 = o]
449 FEE Dc® 7(4/]6]'5} A A el 7]
sk & WEIE Ou 048] £F kel whet 247} Dy,
D= FHETE o] o] 4]l %E]Q‘r Fra rE 1H
ZFol o] 7E] €42 0uT 040l 3 Z+2} Di ou, D ou =
Ria=y

Transactions of the Korean Society of Automotive Engineers, Vol. 34, No. 4 2026 385



Hong-Seong Kim - Gyeong-Hyun Kwon - Young-Bin Kwon + Han-Shin Youn

« Ts . Mode 1 [ty -t]
< DLDCTS >
Dyls | Dy'Ts,
Owu [ Owu Ve,
Ve Dy ouTs Dy onT: n F
Doy Qo v @
ik 1 vs
Vim
Vee
/ v,,.,,k£ Inverter ) ‘-/tc
: e I ] - Re] ~
B S ipa/it 711__ _7
i Lm.offset
< @
v V-V, Yett=Vo Mode 2 [t; -t
el LA
. L + f"r:c itmld — LL» Lo
ﬁ I\\/\/— Vs C_) o) ra g .
L i Y R T vo
— |y ip; v ip; I Co Ro¢—
2o ! A
Ip1 Y
ipz | 1o /) Yy g e 1, L3
Tiine > + + Viae —
V,,»,,k% Inverter \}';c
Rac T —
Vac TN —
T N -
---------------- (b)
Fig. 5 Topological states of proposed converter. (a) Mode 1 [t
Vink t1], (b) Mode 2 [#2-#5]
g ge 2r], dld A T A9 A
Fig. 4 Key operational waveforms of the proposed circuit oF 218} JIY B (i)l ZFelell ol A dnt. =49
AYE ] Gt At (Vi) 1250014 dEd A (Vom)
oA A= 297 F7] F A Ago] o]Zojx= Vo 7ke] Aol & AR H T VaL § Aol A = 0 0l
TZHDep, Do) TS Uo7 T2 EAS df4dsh, st e, QJIME WEFo = Ay o] o] FofX]
Fig. 5o g 7ol A o] Alotel AvE 32 52 gy A @Eth
= AABHITE o] 32 AHelg 7)o = Ak e 54 Mode 2 [t : 047} ©l & 5 31 LDC 2442 A 7 tho] &
= s8] 98, B Aol e tha e 22 dA =21 =o] AfrHloldol 5 AFR, L] dol= FH
o nasar. = 73 A8 AHPeol 17FAITE o] w] 0,9} A Thol
1. ¥S719] AR M)E Ny : Ny : No=n:1:12 4] LEMD)E Fal Fat® Aol ddEm, i 245 4
sk, #ARE B3 By, A AFE 14504 A2
2.DC H A AVANE = 283 Z AALZo 7 714 AXVen) 2} Vo 7He] Zpo]l 2 AA Tl VoL Q) ol A =
gho] A Asks FA G o] A A o ® Oa= Dpoll S8t =, Loll A7 ol A & o] -8-3) <l
7}A 3k}, HE wako 2 A # o] AdFE)
3 RE 5% A8 AAs 9 i thel o =9} 74
AN EN(Co) Z 225 0] A Q] 229] 2] 2 7} A s}, 3. A|ehe ZHE 3|=29| S U MA|
Mode 1 [to-t:] : Qu©] © 2 S 31 LDC 2%}5 A 5 thol B Ao A= Aokst AW E 7 LDCSF VaL =4S of
Qe AHooldel FRE AFE, Lo o= Vs AR ow 2asy) Qs adaor 3 A e nS Ay
7} 17vE ) ol ouFt AF thol Q. =(D)E T3l H-5} sttt ¢)= 8 A9k B2 F9b4 5o 1A ALFS Table 1
2 Aol deHn, &4 JdYH A= 225 A5 o] A A = 0] g}

386 E=RASASEE =22 A34A H4Z, 2026



Integrated LDC-Boost Converter for Non-Isolated V2L Applications in HEVs

Table 1 Key design specification

Symbol Parameter Value
Vs Input-voltage 200-400 V
Vo Output-voltage 12-15V
Io Output-current 140 A
Po Power of output stage 2 kW

Pac Power of AC stage 1 kW
f Switching frequency of LDC stage 100 kHz
Jfac AC line frequency 50-60 Hz
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Table 2 Comparison of magnetic component A,

- Conventional converter | Proposed V2L converter
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