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High Power Density 50kW Bi—directional Converter for Hybrid Electric
Vehicle HDC
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Abstract

This paper proposed a high—-power density bidirectional converter for hybrid electric vehicle high-voltage
DC-DC converter(HDC). The conventional HDC has two disadvantages. First, large inductance is required to
satisfy the ripple current of inductor by low switching frequency (<20 kHz). Second, large core size is required
to prevent the saturation of inductor by high current. Compared with the conventional HDC, the proposed HDC
can reduce inductance with SiC-FET for high frequency driving. High-power density of I/O capacitors can be
achieved through two-phase interleaved method. The high-power density of inductors can be achieved because
the offset current of magnetizing inductance is theoretically terminated by using the differential mode coupled
inductor instead of using two single inductors. The validity of the proposed converter is proved through the 50
kW prototype.

Key words: Non-isolated, Bi-directional, HDC(High voltage DC-DC Converter), Interleaved, High power
density, DM(Differential Mode) coupled inductor

1. A

rhu

WO 137 o] wiE e A HAA ol m, Qv
B 2 RE g FOE ¢

AAA R f7ksh AFed A BFFA W@ EokE FAelth ol
Zs FAR gAdE AERS gAske dA7AEx, g9 A RHE T
solnels g 9 ARdA AEA T ARA s TE& AME Ao adt
o t)ar sl ks Ay 9k A7)ake] odn]  voltage DC-DC Converter : HDO)wo] Exgic}, HDCeH->
&4 L= EV(Electric Vehicle)®Z=e] 7144% 9 5 AFYE Ak Aol s wiEe s
Wsd Y 5o BAL 96 wEe o] oy HHE d¥& ddds FAE § vH
FAloltt, dRo] T QE T 9xo st BFS B o IJAAUAE WiEHR dEdhs ¥ FH
gt 71 IGBTE ©]89 4% HDCx IGBTS ©
oF 54 % we dZE tolexs o5u Sy

EL

o
i
rlo
W £
flo

O

offl
ol
)
Ho
4ol
e
T =
(o
ot o
o -
R
=
Q
=

o

e i
¢

Paper number: TKPE-2016-21-2-1 olal & ~ox Ezbe] B =508 o1 Bt

Print ISSN: 1220-2214  Online ISSN: 2288-6281 s gk 297 5 ﬁi?‘iﬁ? = H:‘iq_' 1¥ <
Corresponding author: scsk@kookmin.ac.kr, Electronic Aoz ol JEy AF ZF UHS 3 2 <yH
Engineering. Kookmin University 27 2 g Bl A3}y ) ol
Tel: +82-2-910-4706  Fax: +82-2-910-4449 S 4 j fi s 14 o L f }j ‘ﬁi ;A
lElectronic Engineering, Kookmin University el =8 =8 AAEY] RMS A7z & AfA e
“Hyundai Motor Group 7} eFEEE AdAE I mAHdEEsiyl o€
Manuscript received Sep. 25, 2015; revised Oct. 20, 2015; - NElH aar gNxo = ol sl uk
accepted Dec. 4, 2015 o] 31@ ﬂo—lF/]-— -LZ]"q &) on’]' Xﬂz_l = EO] 7] H?l' ]

— 2 =22 2015 MAMASas P4EH=Le ot Fu4E A= WHY QEHZERE +F W



9% sfolue= A4 HDCE 919 S0kWH

TABLE 1
TOYOTA PRIUS BATTERY SPECIFICATION

Feature Prius Model

1997]2000]2004] 2010 2015

Cells (Modules) | 40 | 38 | 28 | 28 | &8

Nominal Voltage[V] | 288 | 273 | 201 | 201 | 201

B:; Nominal Capacity[Ah] | 60 | 65 | 65 | 65 | 65

Specific PowerlW/kg] | 800 |1000 /1300 | 1310 | 1400

Module Weight[g] |1090 | 1050 |1045 | 1040 | 1040

Blectric) y  rating VoltageV] | 288 | 273 | 500 | 650 | 650

Motor
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Fig. 1. A proposed 2-phase interleaved bidirectional boost
converter with a DM coupled inductor and SiC-FETs.
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Vdd=400V
20, Rg=5.600 10
SI MOSFET
1] B switching loss reduced 8 % .
2 . By 0% (war) % . 0.22 to 0.24 ohms
£ i i even at 120°C
s a - o
5 Si.Super Junction
MOSFET
o 2
SIC MOSFET SIiC MOSFET
o
= 50 100 150 200 250 300 350 400 450 o 50 100 150 200
Time tnsec) Temperature (T)

Fig. 2. Characteristic comparison between SiC-MOSFET
and Si-IGBT (a) Turn off characteristics (b) On-resistance
temperature characteristics
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Fig. 3. Current flow of a CM interleaved HDC (a)
Photograph of flux flow in a CM coupled inductor (b)
Key waveform of magnetizing/leakage current
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Fig. 4. Current flow of a DM interleaved HDC (a)
Photograph of flux flow in a CM coupled inductor (b)
Key waveform of magnetizing/leakage current
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Fig. 5. Comparison of switching losses between SiC-FET
and IGBT.
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Loss comparison @ L,, = 30uH
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Fig. 6. Comparison of total losses in accordance with
switching frequency and magnetizing inductance.
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Fig. 7. RMS current of Ci/C, comparison according to
switching frequency.
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Fig. 8 Comparison of total losses in accordance with
input voltage and switching frequency.
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Fig. 9. Loss Comparison according to increasement of
leakage inductance (a) Switching loss (b) Inductor loss
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TABLE II
SPECIFICATION OF REACTIVE COMPONENTS
Features
Tnput Rated voltage 450[V]
capacitor Capacitance 50[uF]
Output Rated voltage 0[]
capacitor Capacitance 75[uF]
Core HF Block Core
Permeability 60[ul
Coil 1.6T*7[mml]
Inductor
Turns 20[Ts]
Magnetizing Inductance 42[uH]
Leakage Inductance 15[uH]

(c)
Fig. 10. Experimental waveform of boost mode operation
(Po=53kW, V=700V, f=60kHz, V,=100V/div, V4=100V/div,
1L1=20A/div, T12=20Adiv) (a) V=280V (b) V=320V (c)
Vin=400V
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Fig. 11. Comparison of efficiency between experimental
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Fig. 13. Photograph of 50kW prototype of the proposed
HDC.

TABLE II
VOLUME OF REACTIVE COMPONENTS
Feature Quantity Volume[ £]
DM inductor 1EA 0.313
Input capacitor 1EA 0.112
Output Capacitor 2EA 0.224
System - 2.540
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