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Simulation Study on the Fuel Economy of Plug-in Type Hybrid Electric Vehicle
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ABSTRACT

In this paper, the fuel economy of plug-in type hybrid electric vehicle is investigated through simulation. For
the simulation study, 2 shaft type parallel hybrid powertrain is chosen and its operation modes are described. The
operation algorithm which yields operation points of minimal fuel cost is suggested. Dynamic model for
operation of HEV and simulation procedure is described. Simulation results of fuel economy is compared to non
plug-in type HEV as well as conventional vehicle. With total driving distance of 37km and full usage of 2kwh of
electric energy stored in battery pack, plug-in type HEV shows 28-30% improved fuel economy compared to non
plug-in type HEV and 86-93% improved fuel economy compared to conventional vehicle.
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Fig. 1 Configuration of 2 shaft parallel hybrid power-
train with CVT
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Fig. 2 Power flow diagram of 2 shaft paraliel HEV
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Table 1 Vehicle specifications for simulation study (c) Motor torque sec.
Item Value Units )5
mass 1400 kg - ’—j {_ I—
tire radius 0.278 m o \ ’ l ,
. . P) 315
Vehicle proj. area 1.83 m \ / ] l
1.0 Y
drag coef. 0.32 - 05 : ./ ./
rolling resist. 0.01514 keflkg ' ; 50 o0 150 200 350 380 350
. displacement. 1498 cc (d) CVT speed ratio see.
Engine
max. power 95 ps 1.0 T
max. power 30(42) kw(ps) 0.9 o
Motor o
max. torque 12 kgfm $08
type CVT 0.7
Tfan‘s- ratio range 0.45-2.45 - 0.6
mission -
final gear ratio 5763 - 0 50 100 150 200 250 300 350
Battery voltage 288 volt (e) Battery SOCi sec.
pack capacity 2 kwh Fig. 4 Simulation results of plug-in type HEV

126 E=ASAS e =2



AREH B4 solnels ArAFAe) du) Age oM

= 1 Abo] 2o 228 A7 HE o 0.3kwh A%
¢ AT

o]t} SOC7} Wisthat -9 wieje] o} Wi
4 Halel oste] MYPA Ang 22 & YA
e g & ol AHE FHAYE HAH
oi_q.olal 9glo ]ai-@ A& HEVY A A
oAA e E] §FS HARsE de @7 AR
zg88d T Ides AL Bddr
R ZH 4 HEVA A 2h=ke] An], 5 F3

Azlo] e AAAE 2R FS F A F o]
deg Feleind FA7127 Sl nhet

o}ﬂ HHE%W} LXJH @;oﬂ
35t o} Ftu 2 Fa A F7 o
Elol o Fefof a7} Uio]—7] o ot}
g e E W HEVY dulE 93AYE
Fste z2AsNA A =
Zret) B A7 4= ECE 229 3§ 14 Alo]

2, 281 LA-4 REQ| H§-ol =3 Ato] & 53
%‘riﬁ& ZFejol A HEVS] AHE &l 2
A A BE F FAAGE o 3Tkm x|
. E gl o] SOCE 3] FAA A AR E
3 Q).

Fig. 5+ ECE 2= ¢} LA-4 UEoﬂ o) 3 <dn)
ADE Vdehd a8 o2, U554 44 HEV 2
7V Abide} <dn)s HIJLo}%lD} A71A WEF
W WA HEVS} 7| &3] A EL 25 9%
Z7 WA HEVS S U8k 2710]1, o] 59 AN

wHko] oju|

g

¢
P

>~1

J
A

jis

@ plug-in type
B non plug-in type
conventional

[¥%]
w
1

Fuel economy(km/1)
—_ ] N (98]
$ . 2.2.2

—
<
il

5-

ECE mode
Fig. 5 Fuel economy of plug-in type HEV

LA-4 mode

A AlEeol Ao gste] Fol Ao}
EE, A A9 v E Hstod s A7) A
o] ARE EFG Hw7F 8 FH U, A7l
o FH7IAL AR Al Hlsto]
o2 By gio] B Ao @7
2RE 28R & FelelA Qv g vlast

OE
>
1o

Ak SfEFH dH|E= ECERZOA
34.Tkm/I2 A 71E 2pFo] u]5lo] 86%9] S
Boli 9, LA4R oA 30.9%km/I2 AN 7 &
212 thH] 93%2] Au) &3-S e gk
HZ2H A3 8w g A9, ECE = 4 28%,
LA-4E =o)X 30%2] d4] 44 el gl
ok Fule A7l e FFEL S o)
g} Zbo) 7k QIR W 7FA -9 F9- 1 kwh B 1002
ujRtoly FFL I Aopdr] g HAfolE o
B} g & Fojt}, o] 9} o] Aol A
= A8 7t usle Auld oz A
22 d7lovx B&e Tsidee o7
3 WA HEVE T3] & Holl A =2 A4
& /A Bojth B & o] AFe & F87)
27} 37kmo} 2 Wi} 2] 8-Fo] 2kwhl 23 A
AQul & 7KW, FAARE TN 249 H
o= e %3S AR F/he vl @St
o F7MAZICHE flol A Fdg An AHE

SsZ

op

oo
in
ox Ol'ﬂ [‘5\.{‘

O
>,
et}
2
S
el >
o 24 jui)
mﬁrlfog 1o
= g
e Lo N
o
22 i
01’0:;1_1_1. oo
Sl f
2
) 2
i g o =
= I S
L 10 o o o B |
o o SL i =~
Loy BT o0 o tmoex
oz 2 fo o N o
& oo 41 e rjr & xR o m 2

o o o
-4
Ot
o
hatd
)
re
E
=2
K il
o
>
i
=}
o

108 mM5%E. 2002 127



3

it

o) =] A~
3. Ady

A7} 9527 v HEVE ECE R =& 143] vt
B35 oA 34.7Km/19] Au]E YehAS
LA-42 = 33] dbEF 8 274 30.9 Km/1e] A
H & Yehi i

02 ¢

[0

1) F. G. Willis, R. R. Radtke, “Hybrid Vehicle
Systems Analysis,” SAE 850225, 1985.

2) A. A. Frank, “The Use of a CVT in a Parallel
Hybrid Electric Vehicle for Super Fuel
Efficiency and High Performance,” Proc. of In-
ternational Congress on Continuously Variable
Power Transmission, pp.202-208, 1999.

3) A. Kalberlah, “Electric Hybrid Drive Systems for
Passenger Cars and Taxis,” SAE 910247, 1991.

4) C. H. Kim, E. Namgoong, S. C.-Lee, T. C. Kim,

128 B=XSAZ5tE=2H

H. S. Kim, “ Fuel Economy Optimization for
Parallel Hybrid Vehicles with CVT,” SAE
1999-01-1148, 1999,

5) A. F. Burke, “Hybrid/Electric Vehicle Design
Options and Evaluations,” SAE 920447, 1992.

6) A5, 1A, 2% @4y stojRy= A
ZFol HAAdn F& duyF,” =2
33 =84, A9E AS5F, pp.122-130,
2001.

7) Automotive Handbook, 3rd Edition, Bosch,
1993.

8) A2, “CVT W] AAAols} AH-CVT
F&A o] dngF A AT HdS o
gh9l whaLek9] =4, 2000.

9 224, 1A%, “SIMULINKS o] & 32
T2 S0 Hel S OVT A% =23 5439
4 g2AEAT I 19745 FA £
3] =53], pp.1045-1050, 1997.



