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Power Conversion System and Technical Trend of
Fuel Cell Electric Vehicles

U.D. Choi, B.D. Min, J.C. Lee, J.C. Kim, J.P. Lee
Hyundai Heavy Industries Co., Ltd. Machine Electric Research Institute

ABSTRACT

The power conversion system for Fuel Cell
Electric Vehicle(FCEV), technical trend, and a
various type of Fuel Cell and its characteristics
are presented. Especially, this paper is focused
on the control methods of power conversion
devices applied for the Fuel Cell Electric Vehicle,
configuration of power system and operation
mode of the bidirectional DC/DC converter. The
prevalent topology for the power conversion
systems, simulation results and development a
tendency of FCEV and it's market investigations
are introduced.
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Table 1 The type of Fuel Cell
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Table 2 Spec. of Ford-FCEV

Model Focus FC5 Focus FCV - P2000

Platform 2000 Model 200 l\ilo_(.iel >:c1zntcl‘1utf{ /\l

Body Style 4 Door Sedun 4 Door Sedan 1 Door Sedun

— Gt | G

FC Type PEMFC With Reformer PEMEC PEMFC

FC Stack Ballard Mark 901 Bailard Mark %00 Ballard Mark 700

Max. Speed 128km/h 128kmvh 128km/h
Driving Range - 1km 160km
Motor AC Induction AC Induction AC Induction
Motor Peak Power kW 67kW HTKW
Inverter JPAC Ecostar Traction 3$Bridge 30Bridge
Min/Max. Voltage AN/440V Y40V A0/386V
Nominal Voltage 35V 315v 256V

o3 EoAle] sfEabeke ¥ 29 23 GMS 20009
A2 s AH FFske W9 FCEVS "Hydrogenl”
MaEratg on, 55kW AE7]9 200709 Cellg FAE
oﬂgmu ga2 xpekEao] 1575kgo g 712 AHR
t} 125kgel AR HDAE140km, 100km7HA S 7hs
AZb 16%, 938 FAFAAZ 400kmeltt.  olgte]
260[Vdc] ~340[Vdcl/100kW-§ 2] A5 A2 800km7+
2} F3ol 73t "Precept’E MEEAd. dE2
Toyota®t Mazda?t FCEV/i#e] deir A5 dijoln
T=otE 96d FA2EAEFE FCEVY Aztnds ¢
Fatn, 97d vk e AMES AsHAAE AEssch
¥3 3 ¥4 = 717} Toyota®t Honda®l FCEVAF%o] }.
o] W= Mazda®l % AfFde 200[V]~440[V]Z
o] vjghg ukAlo] PEMFC?! BallardAF2l Mark901
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Table 3 Spec. of Toyota-FCEV

Model reuv-3 FCHV-4 FCHV-BUSI
Platform Kluger V Kiuger V Him&ixwé;l:l(x)r
Fucl Fure EHydrogen Pure hydrogen Pure hydrogen
asAgdn, | aslEadIda | asteangua | 2ussdgda
FC Type PEM PEM PEM
Stack Qutput kW kW DKW
Max. Speed 15%0knmvh Over 150km/h Over 8kmh
FeAR More than 300km Over 250km Over 30km
Motor Type Synchronized PM PM PM
PR BOKW S0kW BKW x 2
Sy Ni-MH Ni-MLL Ni-MH

A5 g Fu45 124km/hel FCEV "Premacy”&
sty enl Nissan? Prototype FCEV “Xterra-FCV”

2 )ralel o Mitsubishie 2003 7b#] FCEVE 443}
g BR2 N Foloh FuidXe ddiAEx7t FCEV
g Qestn Jov, oA sLd FCEVEY AMgS
F5 9 22 HiWE dadxse 728lHe ds"as #
a9l el a4 FHOZ 160km Fol 7Hedtn
A& 124km, BAGEAA A& 100kn7HA] 7HE A
& 18x0th $dL& mF A9 FEeole des Mine, Air

Liquide, ©lEl2] De Nora, Ansaldo ¥ 2¢€le] VolvoAk
7} ZEog sfwo} Folstz Ui 53] IRISBUS(OIH
2}), Scania(z=19), Airliquide(=#2), Nuvera(o] gl ),
SAR(¥IB}), Genova Univ.(olBj2))FollA $AHF4E
AgHA BAE sfatsta otk o] FCEV W& v
T UTCALSl 60kWA S A ~8& ARgst Sl
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Table 4 Spec. of Honda-FCEV

Modcl FCX-V3 FCX-VA4
Fued Pure Hydrogzen Pure Hydrogen
ghit g R R B T K e
FC Type Polymer PEFC Polymer PEFC
Stack Qutput TOkW 7KW
Max, Speed P0kmvh Over 150km/h
Driving Range | More than 180km Over Z0km
Motor Type Synchronized PM Synchronized PM
vl G0kW GOKW
G 3 1770ke 17:40ks

T 5. HMC-FCEVS| ALY
Table 5 Spec. of HMC-FCEV

Uyt Santa Ce FCEV Specifications
Weight 1,620kn
Fucl Cell Power TKW
notor Phase AC / 65kW
M, Spped 124kmvh
Milcage Casohine Equivalent of 50 to 60 mpg
Tuat Comnoressed Hydrogen
Tuel Tank 72 Liters
[missions Wiater Vapor
Operation Pressure Ambient
\oltige DC 1680~ 270V
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Figure 1 System configuration with Battery and Converter
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Figure 2 System configuration without Battery
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Figure 3 System configuration without converter
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Figure 4 System of using Fuel Cell only
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Figure 6 Start-up Mode of Bidirectional Converter
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Fig.7 Waveform of Start-up Mode of Bidirectional

Converter
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Figure 8 Simulation waveform of Start-up Mode
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Figure 10 Theoretical Operation waveform of Boost Mode
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Figure 11 Simulation waveform of Boost Mode
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