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Abstract : Fuel Cell Hybrid Vehicle (FCHV) is one of the most promising candidates for the next generation of
transportation. It has many outstanding advantages such as higher energy efficiency and much lower emissions than
internal combustion engine vehicles. It also has the ability of recovering braking energy. In order to design an FCHV
drive train, we need to determine the size of the electric motor, the Fuel Cell System (FCS), and the battery. In this
paper, the methodology for the sizing of these components is introduced based on the driveability constraints of the
FCHV. A power management strategy is also presented because the battery energy capacity depends on it. The
warm-up time of the FCS is also considered in the power management strategy and the simulation result is compared to
that without considering the warm-up time.
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Table 1 Vehicle parameters
Item Symbol Value
Vehicle total mass (kg) M 1500
Final drive gear efficiency (%) 7y 95
Tire radius (m) R 0.29
Aerodynamic drag coefficient Gy 0.37
Vehicle frontal area (m®) A, 2.59
Air density (kg/m®) Pu 1.23
Rolling resistance coefficient f. 0.014
Mass factor 0 1.15
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Fig. 1 Required motor power and acceleration time
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90 Table 2 Driveability constraints
80 Acceleration time from 0 to 100km/h (s) 12
i Maximum speed (flat road) (km/h) 130
g 70 Maximum speed (grade road) (km/h) 95
260
N
e 50 Table 3 Powertrain parameters
E Motor power (kW) 75
S 40
§ FCS power (kW) 45
30 Battery power (kW) 43
%10 120 130 140 150 160 170
Vehicle speed (km/h) S 50 . .
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a0l /1 | N
s |/ |
60 £ f ! ! \
Z 30 o i
~55 s | | |
i S 20 .
5 50 % i |
= = : |
8 45t 10 |
A | |
L 40 0 - , . .
3 0 10 20 30 40 50
§_ 35 Net power (Kw)
& 3ol Fig. 5 Power management strategy of the FCHV
%o 80 % 100 110 = Fig, 59} 2o] Az AR Al ~Ele] §EEA ]
Vehicle speed (km/h) a2 o] A ekS W aztol o] ko ol m
Fig. 3 Required FCS power and vehicle speed (grade road) 18k & Hlo) s A =E A Eatalnh o] W AR
A A zglo] o] BE TRroIA AEIHES
60 T | s Agelth AmAdA Axde] Tge] e
5 SkW o]} 98] 7o A= ARHAE 224 @il
g Admissible area HJE g whe AF&3FH SkWOllA] 20kWAFo] ol A=
Tq-;40 AT AR A|2Ele] F&o] oma dgAxue
3
g AT 8T Fo] 1 ol solnee 1
=
g E7b A g o] W ARAA AR AY
® e TRk et oA 5 S BHEA
A,
"% a0 40 s 60 70 Fig. 62 & Aol A 7t AR~ sholrg]
FCS power () = A ABdeld 2ol gl
Fig. 4 Relationship between FCS power and battery power B 2= g)xo] o] RO AR MR A 2El ujE
- . 2], BH, £}, 2 Alo)7] T REHE 755
4. _&Eﬁxl sto|=E|= XSRS o] 93t Aol 71 Fig, 59 & Aol 2850}
Tl =rnt HiE{2|2| o X| S&F o o
ALk A7)} 7 REELS AEH o AFH
SF 7ol A Table 33} 2Fo] & A EAIE A8}k AL 7t HEE AlolE B84 S22 s How 4
= A71M MiE Y= w8 S8 HER oA Ax o] At
S-S agstofof s o= As A stolBE = Fig. 52| A 2FS Table 19] x}eol] %|-8-3}o] FTP75
A ake] Fadere] mEk A--Frh & ARl A urban F=3§H}o] Fol| A Al Ed o] A8 3 3HA Fig. 7

Transactions of the Korean Society of Automotive Engineers, Vol. 19, No. 6, 2011 115



[E] Chunhua_strategyl

Chunhua Zheng - Chang Woo Shin - Yeong-il Park - Suk Won Cha

File Bdit View Simlation Format Tools Nelp
DEzES G > 4

EEX

P s [emd G Q@RS REES

R

R A parae

Driver

Controller Results

M=

Battery!

Conn1g—3|Conn1 Conn2 Conn1
Motor Final gear Vehicle

E,

change

e “
o] 7]4 K = vilE] 2] SOC 2] A& 715 9 o] Tt Fig. 7
o] Aytg ww wiElg] ] x| st digk
0.125kWh<l o] el 2] SOC2] A 715 W71 0.4
oA 0.87H4] = ARS- 7He W 91E 40%TFaL 7Hd 8t
W g uE ] A g2 0.3125kWholth.

Srl M AFE ] ARAA] A 25l A A

E,=

en ol melth wa A% 27] A2de] rs A
LA ol T A5 AW Akl Basl
T}, o] A7 E3k whelk Aol x| el = ) 7] 8}
Fig. 6 Developed FCHV simulation program Qo x}gFo] Wl S Fig. 59F 12 Ao A 2f
o] A-§¥ X%k wkef t)7]5hA] ekal AR EFWE)
3} e AyE A7 Fc} o 7]4 DC-DC ZﬂH%Eii’-J Al o] A7k EoF Az Az AR A|AEL =
EEHE BT OSUE A AMAEE AN F oo pua 4+ glon My} dEon B
J- a R 3L -
AR AP £ AWA R = BV UE g Ak weba ekl tir)elA] ek v
719] thol S 118k A8 Hd R A ~E 2] Power- 2931918 7 S0l = Fig. 89} 7ol 9 A7 B
ratet= 20kW/s 2 7PASI AT F & MBI ol gpopi jejel st B BEek o] A7kl ALt
#) W shake o33 o] A4 H oY W Fig, 5¢] & nlo] 2~ Ago] 2-gHu}
2] 2O o] x}ako] -4 3
By = / Podet_/ Pyt 3) Fig. 82] %1 2F3 Table 1] 2} &gol 283} FTP75
traction braking urban $3£7>q-0] E‘Oﬂ /\1 }\]‘E‘Eﬂ ] *% 33 ?‘5}‘1351 Flg 9
o1 7)ol el 2] SOCe] A 715 WS melsba Ty S 2eh ol71A 970 AL 1080 Sk
o3} zro] T @ & ] 7] o] L] #] RS 84 gl an A R R R R = R RS B Lﬁ‘ro~ o =F
= 100 T T T T T
: |
S J‘J‘V / \ I ,‘ oy | V \ A V) \ 1\1
‘-“E’ | ] 1 ‘ \ 1’ 1 L] 1 [ ‘ \ [ \J
z % 200 400 600 800 1000 1200 1400
B
E 40 T FCS power
g 20 | Battery power
s WU
= IR | | ‘ I
8 o ' v 4
§ 20, 200 400 600 800 1000 1200 1400
£ 015 - : :
g
S 01- A
g 0.05]- Tl _ prasd - - .
005, 200 400 600 800 1000 1200 1400
Time (s)

Fig. 7 Simulation results of the FCHV
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Fig. 8 Power management strategy considering warm-up time

Table 4 Battery energy capacity

Not considering warm-up time 0.3125kWh

Considering warm-up time 2.925kWh
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Fig. 9 Simulation results of the FCHV (including warm-up)
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