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Design and Analysis of a 7kW LDC using Coupled Inductor for Heavy
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Abstract

This study proposes a 7kW low-voltage DC-DC converter (LDC) using a coupled inductor (CI) for heavy
hydrogen electric transport vehicles. The LDC uses a phase-shift manner for soft switching. SIC-MOSFET is
used to reduce the loss of reverse recovery current through the use of a high switching frequency. LDC is
require large transformer and inductor because of large output current. The size of transformer and inductor
can be reduced by deviding the transformer and inductor into two pieces each. This work presents the

experimental results of the proposed circuit.

Key words: CI(Coupled Inductor), EV converter, LDC(Low DC-DC Converter), PSFB(Phase-shift Full-bridge)
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Fig. 2. Proposed 7kW LDC circuit diagram using a coupled inductor.
A 1 Hr]e] FARJYHE A L 29 Wst]e] o Ly
FARJMYHA Lkt Attty 7hgdsta 54 245 g —. L, )
. C. C= =27 s H X3 - " Ly Ikl
. C. G DC 227 AsAEols Wes] ¥3 A (LHL )+1
ke AR A A8 Agd o 2 Lia |\ Lo

ANAE S ARG ER 2914 Fo47} 2 2AAA
C. GO dudai= v} ey . Gol 97bsE= A

§h2 A EAHolA aehA S

2.1 Mode 1 (tr<t<ty)

Mode 173+ EE 235 tho]e=rt £5 Hol &
S1dE] HF7} freewheeling 52+ 3t} wabd W
71l Al A Vy, Vet 25 0022 CI9 #3}
gdxg udste 4 (D9 218 /M 2 (D=
e LA Vn 02 278k A4 (28 72 4 Sl

4 2

)

Vn =V =0
ip] = ip‘l + i(,m (1)
Vm = V;kl + I/.Y':m = V;k? - I/:m
lel ) ( lel )
Vm =l | Vet Vum + I/(m (2)
( leQ 2 L(’m

[q"j/]’/d Mode l:l’Lﬂ' 9] \/cm7 Vlkl, Vlk2% Vin, Lcm, lelv
Lol 3t 2oz Agshd o3 Z}

L
Vin = V(”“)
v, = L 3
o ( lel ) ( lel )
Ly Y L O
leZ L(’m
L L
2( k1 )+( k1
”d " ( lel )+( lel +1
le? Lcm

2.2 Mode 2 (t1St<tz)
Mode 273+ powering &% T2 2 ()9 %=
& 7hzlh

Vi = Vi
iy =ty tipn =iy tin ®6)
I/in = ngl + V;)l + ch = V;k2+ I/pQ_ I/L""L

é} (6)-%;‘}‘?*}51 Vpl% Vin, Vo, Lcm, lel, le2’ Looﬂ EH
@ Hom Aelsy oot 2

[ n2Lo (4Lcm +le1 +le2) V;n
+on{L,, (Ly +Lys) +LyaLyst V,
I/pl _ k1 k2 Ik1~1k2 } )

WLy (4L, + Lyy + Lys)
+2 {L{:m, (lel + LZkQ) + lelleQ }

>,
=
o
off
o,
=)
ofl
ol
>,
[o
o
=
=<
<
=
3
Lo,
h

2Ly, (2Lcm + leQ)( Vin—
n2‘Lo (4Lcm + Ll/cl + LZkZ)
+2 {L(’m (lel +le2) +le1le,2 }

nV)

0

2le2 (2Lc'm + lel ) ( I/z'n
7L, (4L, + Ly + L)
+2{L lel +le2)+lelle2}_

(777,(

—nV)

o

2L, (Lyy = Lyy ) (V;, =0 V,)
ch - 2 7 (10)
n L() (4Lcm + lel + LZk'Z)

+2 {L(’m (lel +le2) +le1le2 }




The Transactions of the Korean Institute of Power Electronics, Vol. 25, No. 1, February 2020 39

V,,1=V,,z
‘/(k1 Vike
\'Z
vlk1: vlkz: vcm = L |7
iL1=iL2
Ip1 Ip2
/cm

to T t; ? t; ? tz

Mode1 Mode2 Mode3

Fig. 3. Key waveforms of the LDC using a coupled inductor.
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Fig. 4. Primary transformer current waveforms during one
switching cycle.

TABLE 1
PARAMETERS OF SIMULATION

Parameter Value
Input voltage (Vi,) 720 [Vdc]
Output voltage (V,) 28 [Vdc]
Power (P) 7 [kW]
Switching frequency (f,) 150 [kHz]
Leakage inductance 1 (Lyq) 6 [uH]
Leakage inductance 2 (Lyo) 10 [uH]
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Fig. 5. Simulation waveforms of primary transformer current
and secondary inductor current with coupled inductor.
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Fig. 6. Simulation waveforms of primary transformer current
and secondary inductor current without coupled inductor.

Fig. 7. 7kW LDC prototype.
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TABLE I
PARAMETERS OF PROTOTYPE
Parameter Value
Input voltage (Vin) 538~800 [Vdc]
Rated voltage (Viaed) 720 [Vdc]
Output voltage (V) 28 [Vdc]
Power (P) 7 [kW]
Switching frequency (f.) 150 [kHz]
Main transformer core size EQ5050
Turn ratio (nl1) 151

Leakage inductance 1 (Lyq) 8.20 [uH]
Leakage inductance 2 (Liw) 8.26 [uH]

DC blocking capacitor (C,/Cy)

2.2 [uF] / 2.2 [uF]
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