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25 kW, 300 kHz High Step-Up Soft-Switching Converter for
Next-Generation Fuel Cell Vehicles
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Jun-Sung Park? and Hye-Sung Yoon®

Abstract

This paper proposes a high step—up converter with zero-voltage transition (ZVT) cell for fuel cell electric
vehicle. The proposed converter applies a ZVT cell to a dual floating output boost converter (DFOBC) so that
not only the main switch but also the ZVT switch can achieve full-range soft switching. The current rating of
the ZVT switch is 17% of the main switch. The proposed converter has high reliability in that no timing issue
occurs. Therefore, online calculation is not required. The minimum turn-on time of the ZVT switch that
guarantees soft switching at all loads and input/output voltage is obtained by analysis. In addition, the proposed
DFOBC allows the use of a 650 V device even at 800 V output and has the advantage of being able to boost
the voltage by 35 times with 056 duty. Planar coupled inductor with PCB winding was successfully
implemented with the converter operated at 300 kHz. The 25 kW prototype achieves peak efficiency of 99% and
power density of 63 kW/L.
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Fig. 1. Block diagram of fuel cell electric vehicle system.
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Fig. 2. Proposed high gain converter with ZVT cell.
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TABLE 0TI
EFFECT OF THE PROPOSED 300KHZ CONVERTER
WITH ZVT CELL ON PASSIVE COMPONENT
VOLUMES (1P.U.: VOLUME OF 25kHz)
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Fig. 4. Key waveforms of the proposed DFOBC with ZVT
cell.
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Fig. 5. Equivalent circuits of mode 1 & 2.
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Fig. 6. Comparison between the off-the-shelf EE core and
proposed customized core.

(a) Flux distribution

Fig. 7. FEA simulation results of planar inductor.

(b) Current distribution
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Fig. 8. Proposed 25 kW, 300 kHz, 63 kW/L ZVT DFOBC
prototype.

Ea i

ZVS ®-&, ¥ AL 213 = k. 9b)= 4 E
coupled Q1989 A7 98y, 23 ZVT 4 & Bz
AYH HAF FH(py, oS HERATE ZVT 2994
o] "-2o o) Bz <IEE e AF/} AdsaH
48 AYE R Zold S wf HWl 29X o] W
Axe] ZVS B-25 AT 4 itk 29 9= At
= FDCY &8 &3 ASK V@ Z472te] &8 A9
A K Vo, Voo 1813 948 AF ghgelt} 800V
o] gAY Z2t = AFHAE ] AY-S 514Velar
ol 79 PCB 9199 714 AdAEA o3
= J9H AR Hdo] 180= AAE s A

F 9t 28 108 A AEe] =4
Yehe, 85 Yokogawait el WT3000S o

Vin=228V,
A e

2021/02/05 20:45:16 1832 . Running
dge CH? History [Normal
Auto 13.0 V ! ZSO-IMP 12.565/s|
+ 500ns/div|
125KPts |

v? si[300V/div] Voo sul20V/div]

-~

o /7y £ / /—————

\

\

ZVS turn-off

ZVS turn-on
Vs, 52/ 20V /div]
et e e
Y - A B ‘
e i % |
| | [ AN |
XW : p w’\’ —

ZVS turn-off ZVS turn-on

(a) Soft switching of the main switches

KOGAWA Normal
P IntP 12.565/s Aut
i i @) 200

it
ira204/div] . i 207div]

(b) Input inductor currents and snubber inductor currents

Wm’ 2021/02/22 14:10:58
unning 1383
m'ﬂ

Normal Edge CH1 1.5 ¥
IntP 12.565/s Auto
§50.0 A/d (7] (@

Vi 500V/div]

V1[S00V Zdiv]

il 50A/div]
’d

i [504/div]

I

(c) Input currents and output capacitor voltages
Fig. 9. Experimental results at 25 kW, 300 kHz, 228- 800 V.
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