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Abstract

The era of high-priced oil has opened its stage as they went
through o1l crises twice in 1970s. Although the oil price has
been stabilized since 1980s consecutive exchange rate increase
and rapid increase of the oil price have increased the burden on

the consumers who use oil energies.

Also, the increase of vehicles are becoming the major factors for
the global environment contamination, and the exhaust
regulations restricted to hydrocarbon, nitrogen oxide, carbon
monoxide are expanded to cover carbon dioxide, as related to the
recent day-to-day global warming. As the amount of COq
increases as the fossil fuels used for the vehicles are combusted
ideally, the ways of reducing the CO: itself using combustion
technology or post-processing technology are not being
presented. The only way is to reduce the use of fuels, and for

this reason many researches are in progress.
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Vehicles are used by many drivers who have different driving
habits, and the driving modes are also different accordingly.

Selecting the driving mode properly and driving in efficient areas
can reduce the fuel consumption dramatically. Also, vehicles
consume the height energy and the motion energy with the
braking energy when they go down a hill or when they brake.
They have Fuel cut-off capability in order to recall this energy,

and the driving utilizing this can further save the fuel.

This paper intends to make a calculating program that can
calculate the fuel consumption rate in the general driving mode,
and using this compare the fuel consumption rates for the fast
accelerating mode, the normal mode and the slow accelerating
mode, and after the collective examination will present the best
driving mode when driving on flat lands.

As the result, We would be predict the best running mode

and save 24% fuel oil as well.
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Ci
C2

Cs

: Vehicle traction force (N)

S

S

= ¥ <S8

Nomenclature

: Projected frontal area of vehicle
. Acceleration of vehicle ( "% )

. Vehicle rolling resistance coefficient

. Vehicle aerodynamic drag coefficient

Compensation coefficient to allow for rotating inertia

: Gravitational constant ( 9.81 "§ )
: Total reduction ratio

: Engine speed (RPM)

: Driving wheel radius ( m )

: Torque of engine (N * m)

: Vehicle speed ( km/h )

: Vehicle weight ( kg )

. Air density ( kg/m' )

. Efficiency of vehicle transmission system
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Table 2.1 Values of (;

Road condition Ci
Good aspalt road 0.01
Good cement road 0.011
Normal aspalt & cement road 0.015
Sand road 0.165

Table 2.2 Values of Co

Type Co
Passenger car 0.3~0.5
Truck 0.4~0.6
Bus 0.5~0.8
Bike 0.6~0.9
Advanced car 0.15~0.3
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Fig 2.5 Engine map of F.C. with Torque & RPM

Table 2.3 Engine data of F.C. with Torque & RPM

130 0.000  0.00 0.00 0.00 0.00 2.88 0.00 0.00 4.73 5.77 0.00 0.00
120 |0.000  0.00 0.00 0.00 2.40 2.65 3.20 3.76 4.39 517 5.95 6.62
1100.000  0.00 1.36 1.71 2.04 2.42 2.83 3.31 3.95 4.67 5.37 6.06
100 |0.000  0.00 1.15 1.45 1.83 2.19 2.54 2.96 3.51 4.22 4.70 5.41
90 [0.000 0.86 1.03 1.32 1.66 1.96 2.31 2.71 3.13 3.68 4.15 4.78
80 [0.00i 0.64 0.93 1.20 1.52 1.77 2.10 2.46 2.82 3.21 3.68 419
70 [0.00; 0.51 0.83 1.08 1.35 1.59 1.91 2.22 2.56 2.79 3.23 3.68
60 [0.000 0.46 0.74 0.96 1.21 1.44 1.70 1.99 2.30 2.57 2.85 3.21
50 [0.000 0.42 0.66 0.87 1.07 1.27 1.50 1.76 2.02 2.27 2.56 2.84
40 [0.00; 0.36 0.57 0.74 0.90 1.11 1.30 1.50 1.77 1.99 2.22 2.52
30 [0.00; 0.33 0.47 0.62 0.79 0.92 1.12 1.29 1.50 1.68 1.91 215
20 [0.00i 0.29 0.39 0.51 0.65 0.77 0.94 1.10 1.30 1.45 1.59 1.79
10 |0.200 0.25 0.30 0.40 0.50 0.60 0.75 0.85 1.10 1.25 1.40 1.53
-200{0.00] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ba 800 1000 1500 2000 2500 3000 3500 4000 | 4500 | 5000 | 5500 | 6000
a . RPM

b : Torque
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Table 3.1 Specifications of vehicle

Item Values

Vehicle weight 1300 (kg)

Projected frontal area of 9
s 1.0 (m")

vehicle

Driving wheel radius 0.25 (m)

Drag coefficient 0.3
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Table 3.2 Specifications of test engine

Engine type 1.5 DOHC Gasoline MPI
Number of cylinders 4
Arrangement of cylinders In-line

Ignition Spark

Firing or injection order 1-3-4-2

cycle 4 Strokes

super charging device none

Table 3.3 Specifications of mission system

T/M Lever Gear ratio
1st step 3.462
2nd step 1.950
3rd step 1.393
4th step 1.061
5th step 0.878
Final Reduction Ratio 3.650

- 14 -
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Table 3.4 Comparison of modes

Running Accelerating time| Max speed | Stopping time
modes (sec) (km/h) (sec)
Fast 23 34 7
Normal-1 29 80 19
Normal-2 20 60 20
Slow 40 30 63

- 17 -



4.1 A Az

( Fast running mode )

A

e

X
o

)

—
o

—_
file)

—_—

<R

Ho
el

H
Ar

ol
X
o

4r
—_—

Mo

o

Fig. 418 & 7}

60km/h 2]

of

ot oA 64km/hE 7HE

o7
Ho
N

o

—
o

4km/h7HE =& 71&S

qH

=

4

S

Ar

oo

Fig 4. 2 & & o

ehe

=
=

oluwj o] RPM2] W3}

1A
N

gk

717 o2 RPMeo] W

—
o

o
dr

UEl = Fig 4. 3 oA+ =

=
=

w3 EaWs)

- 18 -



Vehicle speed ( Km/h )

Engine RPM

100

——— Fast running mode
80 - 7\

| f/f \ ththth ;
60 \n”‘ﬁ °°°°°°°°°°°°°°°°°°°°°°

| / \
40 / / x
20 / \

T T T T T T T
0 20 40 60

Elapsed time (sec)

Fig. 4. 1 Vehicle speed variation of fast
running mode

6000 -
5000 - /
4000 - ! . 3

_ / / \

3000 /

Fast running mode

2000 / \

Ny ]

0 , . , . , . , .
0 20 40 60 80

Elapsed time (sec)

Fig. 4. 2 Variation of engine speed

- 19 -



Engine torque (Nm)

Engine torque ( Nm )

150
100

50

o
1

_50_-
-100-
-150-
-200-

-250 o

Fast running mode

150
100

50 4

o
1 L

-50

N

o

S
1

-150

-200

-250

T T T T T T T T 1
20 40 60 80

Elapsed time (sec)

Fig. 4.3 Variation of engine torque

—— Fast running mode

0

T T T T
3000 4000 5000 6000

Engine RPM

T T
1000 2000

Fig. 44 Running condition on torque and RPM

domain

- 20 -



=

N

——

—

—

—

=

.

e —

—— Fast running mode

3000 5000

1000

1004

T
o

100

(wN) enbuoy suibug

-2004

-300

6000

4000

2000

Engine RPM

Fig. 45 Running condition on torque and RPM

domain supper imposed on engine map

Al RPM¥} E=9] #AE

ne

s

% ex

= 7t

T
-

Fig. 4.4
B glon, Fig. 45

ol o},

=

T
-

o

—_
file)

o

< Fig. 4591

AN FHHAF

< YEhY, o

H] & (g/s)

<
]

B/

O

Fig. 4614 /o]

™

- 21 -



o

N
M
0|
oy

4

%

o] AR T

- 37
T AN

9 ey

T3 0.0

oj

il

A g Au o] 758z o=
H %L 0752 AAk

[€)

Bl 9.9 km/ ¢ o]t}

o

st

T
T

o]

A2k

Fast running mode
— = Total fuel consumption (75.82 g )

(6)'0'4 sAneINWNooy

- 80

o
© < N
T T T T

Ve
\

7/
S

-

60 80

40

Elapsed time (sec)

F. C. and accumulative

Fig. 4.6 Variation of

consumption

- 22 -



-1 ( Normal running mode-1 )

=

412 2% 31 =

o

o

T
-

Fig. 4.7

o] 60km/he] <

qhe]l 80km/h7} |

Normal running mode-1

-0-0-00:0:0:0:00:00-00-Q

60

40

20

80+

Elapsed time (sec)

Fig. 4.7 Vehicle speed variation of normal running

mode-1

- 23 -



ojuf o] RPM9| W3E Uetl= Fig 48 oAM= o]d =

7 E o s WSS AARE 713 RPMeO] Weh s B
R

p

9, EAWEE Uil Fig 49 oA e &S & HiE(
=

Ad A7IF Be AEE 4 glok

Normal running mode-1
4000 1 A

] . / N
3000 4 I/ v
/ / \/ \'\.
] / \
J \
2000 4 / \
\

! \
\'\
1000 + A
A\

Engine RPM

Elapsed time (sec)

Fig. 4.8 Variation of engine speed

- 24 -



Normal running mode-1
100 - o
A
A
x\‘,nn‘
504 | esccssceecesee
S
£
S
g 01 o000
@]
-— \°$
2
2 504 RS
L S
\
-100 A
T T T T T ) T ) !
0 20 40 60 80

Elapsed time (sec)

Fig. 4.9 Variation of engine torque
—— Normal running mode-1

100 +

50 1

-50 4

Engine torque (Nm)

-100

-150 A

T T T T T T T T
0 1000 2000 3000 4000
Engine RPM

Fig. 4.10 Running condition on torque and RPM

domain

- 25 -



g

7 [
....../.A,,. ,, ,J;W m
\,\ ._ ._é ERN

120+
80
40
0

(w-N)3NOY0L INIONT

ENGINE RPM

Fig. 4.11 Running condition on torque and RPM

domain supper imposed on engine map

veba slew, Fig.

=
=

RPM¥ E=9] A

Fig. 4.10=>

o

RPM¥} 1 E= oA x50

g

Fig. 4.11

o
=

o

—
o

- 26 -



Fig. 412014 Aol A8iH&(g/s)e UEHWH, 5 7%

o] v)s] 12 RPM, 12 EF HFEoA &4 3t UA &

55 9 F 9
w3 E37) 0.0 Bk ZA(T<0)E = Lol gzt G710

o] R REoMe= T Aniv o] 71.8g0 % ANty

1w o] ¢H] 10.5 Km/ ¢ | t.

Normal running mode-1

, — — Total fuel consumption (71.77 g ) - 80
——F.CR
2.5 1 == Jd7
A /\ Ve |
Vi % _
2.0 / ¥ K/ s ] 60
. / -7 450 B
s I / 13
a0 / / H40
> E / 1 2
O: 104 / e —-30 %
- / - 20 %
[/ 17 8
0.5 / / J10
i 7/ /‘“\,wm J
0.0 - vt brrnerd ] 0
T T T T T T T T -10
0 20 40 60 80

Elapsed time (sec)

Fig. 412 Variation of F. C. and accumulative

consumption

- 27 -



413 ¥ £3HA E=-2 ( Normal running mode-2 )

ks

o

t}
A O
-

&

KeX ko3
A= o T

B

o 1:1{0
EH
Mo

ol glom MR A%E sl 54
nE

[

Fig. 413& HE #A RE=E-2% »}EM1~HI, £33 20%wk

60km/h7te =5 7H5&

gt s&HEHd AA F AA 20x

o
=
Aol A4S s Ao, £ F 2RATFS 020l

32 YEhE Fig 4.14 oA = old =
% W&S AAG 714 RPMe] W& g ®
= W EAaWsE Ye = Fig 4.15 dA+= = 7F
Rert dds] #E5S o] wimol AEAT Al7I7F B

Normal running mode-2

AR

o/ \

Vehicle speed ( Km/h)

T T T T T T T T T
0 20 40 60 80

Elapsed time (sec)

Fig. 413 Vehicle speed variation of fast running

mode

- 28 -



ENGINGE RPM

Engine torque (Nm)

3500 —-
3000 —-
2500 —-
2000 —-
1500 —-
1000 —-

500

Normal running mode-2

T T T T T T T
20 40 60 80

Elapsed time (sec)

Fig. 4.14 Variation of engine speed

Normal running mode-2
100
o
w
50 ) MJ
0 - ] 0000
-50 .
S
\
-100 4 X
-150 T : T : T : T
0 20 40 60 80

Elapsed time (sec)

Fig. 4.15 Variation of engine torque

- 29 -



Normal running mode-2

100

5
-100

(wpN) anbuoy auibug

-150

3500

1000 1500 2000 2500 3000

500

Engine RPM

Fig. 4.16 Running condition on torque and RPM

domain
Fig. 4.162 RPM¥ E =9

Ao Fig.

e T
o],

WA=

A

RPM¥} 1 &

o

=
= =

AT/ o

Az E=Z7F 0.0

Al

4r
L

%

Bt ZA(T<0)E

!

e}

S
=

o] AEAH[E(g/s)

A

d

Al
=

Fig. 4.18°l A

7}

=
o

il

- 30 -



120

80 ~
A

40

-40

-80

ENGINE TORQUE ( N-m )

-120

-160

T
3000
ENGINE RPM

T T
1000 2000

Fig. 4.17 Running condition on

T T
4000 5000 6000

torque and RPM

domain supper imposed on engine map

Normal running mode-2

, — — Total fuel consumption (64.81g) - 80
,5] ——FCR
2.0 1 / P 77 1%
A 7 )
1.5 // Ve 7 O
© / ’ 1°%
2 // Ve =
G 1.0 / e kS|
o N 7 =
// / 120 3
05 / / <
N -
d- [T
0.0 bend 1°
T T T T T T T T
0 20 40 60 80

Elapsed time (sec)

Fig. 4.18 Variation of F. C.

consumption

- 31 -

and accumulative



o

H o] ¢4 11.6 Km/ 4 °]t},

)

414 A 7t& A

.
&

il
o-
ﬁo
!

ol
il
N
o
e
e

E

—
o

ofp
i

—_—

o
"

-

;AL

r
~L

o

!
4r
L

B

T0km/h7tE =2 71& S

d

&

q e &

T
) .

Fig. 4.19

—_
file)

qH

=

40

2 QA ZHE 10320t}

by

2=

=2

ol &l

Fig 4.200] 4 &

T
T

=
=

ke

oluf o] RPM¥]

UelY & Fig 421 oAM=

=
=

Jow, Eaws)

PN
T

o
=

LR

S
=

)

- 32 -



80

Slow running mode
Jjbbs
J %
60 Jf ™,
7
< F)f ™,
£ 7
Z 404 s
- f >,
[0 J o,
(] s %
o S ",
) o o,
(] o %,
S 20+ /
< bhb
) /
> f{ b“%
04 S bb%
T T T T T T T T T T T T 1
0 20 40 60 80 100 120

Elapsed time (sec)

Fig. 4.19 Vehicle speed variation of fast running

mode
4000
; /\ Slow running mode
I/ A
3000 - /'/ I/ N
./ /./ ,/- \_\.‘
s ] T h
& f ",
2000 ]
2 / N
2 / Y
| ] ,
1000 - ] N
; / N
| N
04
o 20 40 60 8 100 120

Elapsed time (sec)

Fig. 4.20 Variation of engine speed

- 33 -



Engine torque (Nm)

Engine torque (Nm)

100 4

—— Slow running mode
ppf
rd
50 j
/ .
o,
04 l R
%%%“"”%%w
-50 T T T T T T T T T T T T 1
0 20 40 60 80 100 120
Elasped time (sec)
Fig. 4.21 Variation of engine torque
100
Slow running mode
50 -
0 -
-50 T T T T T T T T T
0 1000 2000 3000 4000
Engine RPM

Fig. 4.22 Running condition on torque and rpm

domain

- 34 -



Engine torque (Nm)

120

@®
=1
1

N
S
1

o
1

—— Slow running mode

40

T T T T T T T T T T T T
0 1000 2000 3000 4000 5000 6000
Engine RPM

Fig. 4.23 Running condition on torque and RPM

domain supper imposed on engine map.

Slow running mode

— — Total fuel consumption (65.86 g ) _
2.5 _ -
——F.CR _ - 4160
-
Ve
2.0 1 Ve
/\J 7/
C)
. 1.5 / / O
@ N w
> 4 o
~ 1.0 ;o =
Q MW N, 1,03
w 7 / ™ v €
0.5 7 - 3
;77 1 :
Ny frr———
0.0 _ 1o
0.5 T T T T T T T T T T T T
0 20 40 60 80 100 120

Elapsed time (sec)

Fig. 424 Variation of F. C. and accumulative

consumption

- 35 -



RPM¥} B39 #AZS Yel oY, Fig.

T
) .

Fig. 4.22°]
4232 °olE&

of Al

F7] w

5

W oA e

el
=

Et
=

Al 7}

il
!
)
mﬂ

To-

4
i

Fig. 4.24 o+

il

H] #o] 659 g & AXk

HH, o] ¥ 114 km/ 4 °|t},

M wa gho e A

alcin=

i

- 36 -



100 4
= = Fastrunning mode
Normal running mode-1
- - = - Normal running mode-2
— - — Slow running mode

80 4 -

60

40 4

Vehicle speed ( Km/h )

20+

T T T T T T T T T T
0 200 400 600 800 1000
Distance (M)

Fig. 4.25 Comparison of all modes by vehicle speed

=

&>
i)

I~
N}
Ol
rlo
el
__>|~l_v“
N
O?I(:t"
Y
i)
/g
i

400m F3 A7tA e d5 AvFE v HE =3
2 E=-2(Normal running mode-2)¢] 4d$-7F 714 & A
2 BoFH, 400melld 700m7tA FHL AXREsL AbF

e AR &uES Ui o F9 g% e AR

e Bol o] §AFT 2 ANE molZrh

-

RUBINIS
fol

il

- 37 -



Fuel consumption (g)
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Fig. 4.26 Comparison of all modes by F. C.
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Taken fuel
consumption
(Km/ 2)
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10.5
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114

Time (sec)
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72
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Running distance
(km)

Mode
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running -1
Normal
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Table 4.1 Comparition of calculation result for all modes
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FUEL CONSUMPTION (g)
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