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Development of Tucson Fuel Cell Hybrid Electric Vehicle
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Abstract : Hyundai Motor Company developed the second generation of fuel cell
hybrid electric vehicle based on Tucson SUV in 2004. This vehicle has cold start
capability below —-10C and its driving performances including maximum speed and
accelerating time are almost similar to conventional Tucson SUV's performances
without any sacrifice in terms of cabin space. Especially, the cold start
capability was realized by utilizing only internal power sources such as fuel

cell power and high voltage lithium ion polymer battery.
introduce specifications of Tucson FCEV and

briefly
based on field test and simulations.

Nomenclature

AUX : auxiliary

FC : fuel cell

HV : high voltage
INV : inverter

LV : low voltage

P : power, kW

V : vehicle speed, kph

=

—

1. M

AsAe gEE 87 € AuA ojrE Ky}
HFHo2 figdy) AT ¥gez AT
o] A= 2000 % 9] CaFCP (California Fuel Cell
Partnership) 719]€ 7FXAQ AdAHoz A8
AA AFa ALE ALl dEHQY A=,
20010 el 7wt &4 A8AR AFL
Agsgl oy, ol 75kWF PEM Q& A X9} 65kW
H9 ZEE AlgsE AABos A3 AHER
ol daAAA L], Ao XEH L 5H
Ao)719 B&7) Fol FFHFAr.V 20039 x0)
£ A8 &F daAA ko] 30kWE NiMH ol
Heg F3¢ 484X solnds A43E A
3lo], FUDSREMAN &4 dax=] 23 gy <%

In this paper, we will
its driving performances

18%9] dHl A4 AHE UG 2004doE
NiMH ®jeial € 15.7F9 $¥Pes dA® o
dol=g Z3l, wEa stolrx= ojy] o 10%
A7t GAd e d8dX sojHgE A4F
g A

443 2ARAE € AFHFE VIELR,
200199 &4 AEAA AFL 14Y, 20039 %
9} 2004359 viglel ¥ 9 ds5AA slo
BE= 2FE 15402 33 9, 20049 10
Yol g F4 7Nk A8 A FolnId=
AFL(Fig. 1) 242 HFd £ gloy, ¥ &=

1) doAER} QA2 eY

E-mail : soonill@hyundai-motor.com

Tel : (031)368-7480 Fax : (031)368-6787
2) AuAEHA Qe A 2EMNEY
E-mail : seoho@hyundai-motor.com
Tel : (031)368-7092 Fax : (031)368-6787
AAEa ERANZDMNLE
E-mail : kingksw@hyundai-motor.com
Tel : (031)368-7480 Fax : (031)368-6787
HAF A AaAAAN2FMNLg
E-mail : leekyul@hyundai-motor.com
Tel : (031)368-7088 Fax : (031)368-6787
AoAEa dERAA2PMEY
E-mail : sjjeong@hyundai-motor.com
Tel : (031)368-6669 Fax : (031)368-6787
AoAEA AEAANZFAEE
E-mail : ysg7758@hyundai-motor.com
Tel : (031)368-6669 Fax : (031)368-6787

3

4)

5)

6)

- 357 -



BEoHe B4 48X slolnge ko] Apgk
2 AF 4% H2EY AgYod g 1
A aAstnA @,

Fig. 1 Photo of Tucson FCEV
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Table 1 Specifications of Tucson FCEV

Operating pressure: Ambient
Max. net power: BOkW
Fuel Cell
:estem Qutput .voltage: 240 ~ 450V
Y Efficiency: 55% @ 16KW
Cold start capability: -10C
Energy Type: LiPB 20kW
storage Nominal voltage: 152V
X Max. power: BOKW for 1 minute
Electric . < A0KW
Orive Train Cont inuous power -
Max. torque: 212Nm up to 3600rpm
Type: Compressed gaseous hydrogen
H storage | Max. pressure: 5000psi
Total volume: 152liter
Vehicle | P®° S'f'a” W
Curb weight: 1800kg

\
High Voitage Devices
Reduction Gear o He Tenk

Fig. 2 Package layout of Tucson FCEV
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Fig. 3 Schematic diagram of power flow
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(b) HWFET driving cycle
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Fig. 5 Fuel cell power profiles (simulation)
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Fig. 6 Fuel cell system efficiency
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Fig. 7 Temperatures during cold start test

4. 8 8

80kW PEM J= -9} 20kW LiPB ¥ 80kW ACE
g AHSHE F4 9837 soludE AFe
Pyl Bd o 28 UAER A 240
AEAN AFo2A, ARAAA L] ANE
o FANE 3 LYY T4} FUR A T
He FARES A74 Ao, Ausmst
Y5 WAME W) E ARl JaE A
52 #u¢ 5 =S ATIY,

7144 ARWoNE, LiPB W% 98
A AA ARG 0§ -10C FAFol 5
ARAA A 2ol A% GAHLLH, YAF A
¢ ALs 3 ALY A%E AR ATALE
A&3n 9o,

E@, 200093 E AFsE NE AW ¢4 §
# 74870 ne dEANLY 2 42 1
FRE 2N 2 A1 +9YoEA, 98
A A% Funel AYE 39 s A% U
33 WY Bae Ae AT easT A
[e]

References

[1] Kichun Lee, Seoho Choi, et. al, Hyundar
Santa Fe FCV Powered by Hrodrogen Fuel Cell
Power Plant Operating Near Awbient
Pressure, SAE world congress, 2003

[2] Secho Choi, Soonwoo Kwon, et. al, Control
of Power Distribution in Fuel Cell Hybrid
Vehicle, EVS20, 2003

[3] Secho Choi, Soonwoo Kwon, et. al, DJesign
of Fuzzy Logic Power Distribution
Controller for Fuel Cell Hybrid Vehicles,
Fisita, 2004

[4] Soonil Jeon, Joonyong Lee, Sungjin Jeong,
Taewon Lim, HAyundai Supercapacitor Fuel
Cell Hybrid Electric Vehicle, EVS21, 2005

{5] Sangkwon Kim and Seoho Choi, Development
of Fuel Cell Hybrid Vehicle by Using
Ultra-Capacitors as a Secondary FPower
Source, SAE world congress, 2005

[6] Sae Hoon Kim, Young Bum Kum, Ki Chun Lee,
Tae Woon Lim, Joon Chul Park, John Ferro,
and Dave M. Flanaghan, Development of
Hyundai's Tucson FCEV, SAE world congress,
2005

- 360 -



