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Abstract: This study generates a mathematical model of the most popular vehicle model in Malaysia (Perodua
Myvi) and simulates it on the first Malaysian city and highway drive cycles. The fuel consumption results from the
simulation are then compared to the experimental fuel consumption of the same vehicle run on the same drive
cycle, to verify the mathematical model for Perodua Myvi that was simulated by using Matlab. The drive cycles data
are gathered twice at different times of the day based on city and highway roads in the state of Kedah, Malaysia.
Simulation and experimental results are comparable, with the average percentage difference of 13 %.
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1. Introduction

Malaysia is a rapidly developing Southeast Asian
country, where the demand for passenger cars
increases every year. In 2014 alone, Malaysia has
produced 305230 personal cars and ranked at 22nd
place in the world car producer statistic (OICA,
2014). Perodua Myvi has been the best-selling car in
Malaysia for eight consecutive years, between 2006
and 2013 (Tan, 2011). Like many vehicles, the
vehicle performance has much room for
improvements as it is not optimized to be driven in
Malaysian road conditions. This paper intends to
build the mathematical model for Perodua Myvi and
simulate it on Malaysian city and highway drive
cycles.

Every drive cycle resembles the specific road
conditions of a particular place and they can vary
quite widely. Thus, it is not suitable to optimize a
Malaysian car using American or European drive
cycles, for instance [Lin, 2003]. Unfortunately, no
Malaysian drive cycle has ever been developed
before. This study, therefore, intends to develop the
first Malaysian’s highway and city drive cycle. With
the vehicle model and the Malaysian road drive cycle
built, the vehicle fuel economy performance can be
estimated, and further improvement can be made
using simulations. This paper is divided into two
parts, the simulation and the experiment. The fuel
economy results from the simulation are verified by
the experiment.

A vehicle must overcome four forces (inertial, air
drag, road gradient and tire resistance) to move and
achieve a certain speed. In the simulation, the forces
are calculated from the required speed and
acceleration obtained from the drive cycle. The
required forces are then translated into the torque
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that must be provided by the wheels and the drive
train components. A series of simple rule-based
control strategies is employed to choose which gear
ratio to use by the transmission. Next, the torque and
speed at the transmission input shaft becomes the
engine operating conditions. The engine operating
conditions are used to estimate the fuel consumption
from the engine map. The fuel consumption is then
summed up for the entire drive cycle to determine
the fuel economy of the vehicle.

Fig. 1: Perodua Myvi

This study simulates the vehicle using a MATLAB
backward-facing discretised simulation. This means
that the drive cycle is divided into discrete time
steps spaced of one second apart. Each time step
consists of the average speed and the average
acceleration of the vehicle at that point. The
simulation starts from the end point (t= n) and
works its way up to the beginning of the drive cycle
(t= 0), assuming that the speed and acceleration are
met by the drive train at each time step. If the drive
cycle speed and acceleration exceed the capabilities
of the drivetrain at any time step, the simulation
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would not find the cost (fuel consumption) and the
whole simulation is considered to have failed. In this
study, the simulations fuel consumption results are
close to the experimental ones.

For the experiment, the vehicle is driven on the
same drive cycles as those in the simulations, and the
fuel economy results are compared to the simulated
ones. There are five drive cycles derived from
driving the vehicle around the state of Kedah. Two of
the drive cycles are high-speed highway type and the
other three are low-speed stop-and-go city drive
cycles. All of the drive cycles data are taken twice at
different time of the day.

2. Simulation

The simulation reads the speed profile from a
drive cycle and discretizes it into one-second time
steps. At every time step, the average speed and
acceleration of the vehicle from a drive cycle is fed
into the vehicle model. The torque and the speed of
the wheels and the flywheel are determined. The
torque and the speed of the engine are then
determined depending on the gear ratio selected by
following a simple rule-based control strategy. The
engine operating conditions (torque and speed) are
used to estimate the fuel consumption by fuel
consumption engine map. The fuel consumption
values at each second are summed up, and the total
fuel consumption of the vehicle operating on the
drive cycle, is obtained.

2.1. Simulation equations

The vehicle has to overcome four forces of the
driving wheels. They are the air drag force (Fair), the
force of slope road (Fsiope), the acceleration force
(Facceteration) and the rolling resistance (Froiiing). Thus,
the total force that must be overcome during driving
a vehicle should be equal to sum of the forces of the
driving wheels. The total force of the driving wheel
(in Newton) can be obtained by using Equation 1.

theel = Fair + Fslope + Facceleration + Frolling (1)

In order to calculate the total force of the driving
wheel (Fuwheel), We have to calculate every force in
Equation 1. The equations for the forces are shown
in Equations 2, 3,4 and 5.

For air drag force,

Far =05 p v2CyA 2
where, p is density of air (kg/m3), v is velocity of
the vehicle (m/s), Cqis air drag coefficient, and A is
frontal area of the vehicle (m2).

For the force of slope road,

Fsiope=m g sina 3)
where m is the sum of the mass of the vehicle and
the driver (kg), g is the gravity acceleration (m/s2),
and a is angle of slope road (°).

For the acceleration force,

Facceleration = M & 4
where m is the sum of the mass of the vehicle and
the driver (kg) and a is the vehicle acceleration
(m/s2).
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For rolling resistance,

Frolling = Crmg (5)

where Cis the coefficient of rolling resistance, m
is the sum of the mass of the vehicle and the driver
(kg), and g is the gravity acceleration (m/s2).

From the total force, Equation 1, we can calculate
the wheel torque, the flywheel torque and the engine
torque by using Equations 6, 7 and 8.

For the wheel torque,

Twheel = Fwheel Rtire (6)
where Twhee is the wheel torque (Nm), Funheer is the
total force of driving wheels (N) and Riire is the radius
of the tire (m).
For the flywheel torque,
Tflywheel = Twheel / Gratio (7)
where Trywheel 1S the flywheel torque (Nm), Twneel
is the wheel torque (Nm) and Graiio is the total gear
ratio.
For the engine torque,
Tengine = Tﬂywheel / Nt (8)
where Tengine IS the engine torque (Nm), Tsywheel IS
the flywheel torque (Nm) and n:is the efficiency of
transmission between the engine and the flywheel.

Next, we have to find the engine angular speed in
order to read the engine map. It can be calculated by
using Equation 9.

Wengine = U)flywheeI/ Nt (9)
where wengine IS the engine angular speed (rad/s),
Wiywheel 1S the flywheel angular speed (rad/s), and n:
is the efficiency of transmission between the engine
and the flywheel.
For the flywheel angular speed,
Wlywheel = Wwheel Gratio (10)
where wsaywheel 1S the flywheel angular speed
(rad/s), wwheel is the wheel angular speed (rad/s) and
Gratio IS the total gear ratio.
For the wheel angular speed,
Wwheel =V / Riire (1 1)

where wwneel is the wheel angular speed (RPM), v
is the velocity of the vehicle (m/s) and Riire is the
radius of the tire (m).

Finally, we can obtain the fuel economy by using
Equation 12.

Fuel Economy (km/L) = D1/ FCr (12)

Where, Dris total distance travelled (km) and FCr
is the total volume of the fuel consumed (L). (Matej
Juraj, 2013)

2.2. Vehicle parameters and gear selections

Section 2.2 shows the simulation uses many
equations involving parameters that are specific to a
particular vehicle, in this case, a four speed
automatic transmission Perodua Myvi. The overall
vehicle parameters of the vehicle are given in table 1.

The gear selection in the simulation is rule-based,
selected depending on the speed range. The vehicle
speed ranges are chosen such that the engine would
operate at the speed below 3000 RPM. Table 2
shows the speed ranges for the gears selected. These
ranges are derived from observations made while
driving the car in normal city driving condition.
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Table 1: Automatic Perodua Myvi parameters

Maximum engine Tengine 116 Nm

torque
Total gear ratio (gear ) 1st
ratio x final drive ratio) Gratio gear 1101
2nd
6.15
gear
d
3 4.03
gear
h
4 281
gear
Eff|0|er)c3/_ of ne 085
transmission
Tire radius Riire 0.3556 m
Frontal area A 2306 m?
Air drag coefficient Cd 0.32
. . 1.225
Air density p kg/m?3
Mass of vehicle + driver m 1055 kg
Coefﬁue_nt of rolling c 001"
resistance

Table 2: Gear selection rules

Speed (m/s) gears

<773 1
7.73t013.83 2
13.83t021.09 3
>21.09 4

2.3. Engine fuel consumption map

The fuel consumption engine map provides
information regarding how much fuel is consumed at
any operating conditions (torque and speed) of the
engine in the simulation. Previously, the Brake
Specific Fuel Consumption (BSFC) plot in Fig. 2 was
made (Ramasamy, 2014) at wide open throttle
(WOT). However, the fuel consumption data are
insufficient for the simulation because the engine is
expected to operate at a wider range of throttle and
torque. Thus, a more elaborate engine fuel
consumption map has to be estimated.
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Fig. 2: BSFC curve of K3-VE engine (Ramasamy, 2014)

A study was done to estimate a full fuel
consumption map, based on the limited fuel
consumption data of adiesel engine (Goering, 1988).

2("Rolling friction and rolling resistance,")
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This method is used to estimate the full fuel
consumption map in this study. The estimated fuel
consumption engine map for the Perodua Myuvi
engine (Daihatsu K3-VE) is shown in table 3 and the
3D mapisin Fig. 3.

3. Experiment

The fuel economy was obtained by driving a
Perodua Myvi over five designated courses derived
from driving in Alor Star city, Kedah, Malaysia. One
of the courses is shown in Fig. 4 and the other four
are shown in appendix. The car was fuelled up and
driven over the designated courses. At the end of
each course, the fuel tank of the car was filled up
again to determine the volume of the fuel was used.
The drive cycles of five different courses were
recorded by using ‘My Tracks’ android app.

The data of five courses are taken twice, at
different time of the days. This is done to observe
the effect of time of the day on the driving
conditions. Drive cycles A, B and C are derived from
city driving conditions and drive cycles D and E are
from highways driving conditions. The five drive
cycles are also used in the simulations, and the fuel
consumption values obtained from the simulations
are then compared to the experimental ones in the
results section.

4, Results

The fuel economy results from the simulation and
the experiment are shown and compared in Table 4.
Based on the results, the percentages of differences
for Al, B2, C1, C2, E1 and E2 are more than 10 %
while those for A2, B1, D1 and D2 are less than 10 %.
The worst reading difference is 29% and the best
one is 2.72%. All in all, these differences averaged
out at 13%. There are a few of factors that affect the
results for both the experimental and the simulation
parts.

For the experimental part, the amount of fuel
consumed is obtained from the fuel volume readings
at the fuel station. Meanwhile, the speed data are
obtained from the Global Positioning System (GPS).
The accuracies of these two measuring methods are
unknown. The results are also affected by the fuel
density especially for the experiments done in the
morning (A1, C1 and E2), between 8 and 11 am. As
the ambient temperature gradually increased
between 8 to 11 am, the fuel density also decreased
due to the expansion of the volume. Thus, the
volume of fuel needed to fill up the tank until it is full
is lower.

For the simulation part, the main factor affecting
the results is the estimated engine fuel consumption
map. The map is generated by using the diesel
engine equations. Another issue is the fact that it
does not consider does not consider the effect of
Variable Valve Timing (VVT) used in Daihatsu K3-VE
engine. VVT improves the fuel economy of the engine
at high speeds. This factor may affect the results for
E1l and E2 because these courses are derived from
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highway driving conditions, which require high
engine speed. Additionally, the simulation does not
take into account the accessories that are used in
Perodua Myvi, such as a hydraulic power steering
pump and an air conditioning system.

5. Conclusion

This study presents five newly developed
Malaysian city and highway drive cycles. The drive

cycles are used in Perodua Myvi vehicle simulations
to obtain the vehicle estimated fuel economy. The
estimated fuel economies from the simulation are
compared to the experiment fuel economy of the
same vehicle on the same drive cycles. The average
difference between the simulation and experimental
fuel consumptions was 13%.

Fig. 3: Estimated fuel consumption engine map

Table 3: Fuel consumption map estimation

Torgue (Nm) Fuel rate (g/s)

120 085 | 106 | 146 | 180 | 235 | 295 | 339 | 382 | 443 505 | 594 6.93

100 073 | 091 | 126 | 156 | 203 | 255 | 293 | 331 3.83 437 | 514 6.00

80 061 | 076 | 1.05 | 130 | 171 | 215 | 247 | 280 324 | 369 | 435 5.07

60 049 | 062 | 085 | 106 | 139 | 175 | 201 | 228 | 2641 | 302 | 355 414

40 037 | 047 | 065 | 081 | 106 | 135 | 156 | 176 2.05 234 | 275 321

20 025 | 032 | 044 | 056 | 074 | 094 | 110 | 125 145 166 | 196 2.28

1 014 | 017 | 025 | 032 | 044 | 056 | 066 | 076 0.89 1.02 | 120 1.40

Engine Speed (rpm) | 800 | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | 5000 | 5500 | 6000

Courses No. of

Table 4: Comparison of fuel economy between the experiment and the simulation
Fuel consumption

Distance travelled Fuel economy

experiments (L) (Km) (Km/L)
A 1 Morning 1.250 10.21 8.168
2 Afternoon 1.045 10.21 9.770
B 1 Morning 1.246 12.17 9.767
2 Afternoon 1.110 12.17 10.960
c 1 Morning 0.772 10.83 14.030
2 Afternoon 1.447 10.83 7.480
D 1 Morning 1.125 11.45 10.180
2 Morning 1.092 11.45 10.490
£ 1 Afternoon 2.150 27.45 12.770
2 Morning 1610 23.72 14.740

79




Muhammad Iftishah Ramdan, Chee Piew Lim / Journal of Scientific Research and Development, 2 (13) 2015, Pages: 76-82

Fri R i gl 10
Fig. 4: Driving course A

Drive Cycle Al
20
o
15
E
<10
()
()
&5
0 .-
0 500 1000 1500 2000 Fig. 9: Driving Course E
Time (s)
Fig. 5: Drive cycle Al .
e Drive Cycle A2
Appendix
20
2
E 15
©
o 10
Q.
(%]
5
0
0 500 1000 1500
y Time (s)
= © i Fig. 10: Drive cycle A2
Fig. 6: Driving Course B 95 Drive Cycle B1
20
<
RS
@
10
[oX
(%)
5
0
0 500 1000 1500 2000
Time (s)

Fig. 11: Drive Cycle B1

-i'J:.'II:-|H|IHl. LR S =TT

Fig. 7: Drivm Course C

80



Muhammad Iftishah Ramdan, Chee Piew Lim / Journal of Scientific Research and Development, 2 (13) 2015, Pages: 76-82

- Drive Cycle B2
< 20
§, 15
©
2 10
Q.
Y 5
0
0 500 1000 1500 2000 2500
Time (s)
Fig. 12: Drive cycle B2
25 Drive Cycle C1
ZEZO
E15
©
910
Q.
(%]
5
0
0 500 1000 1500
Time (s)
Fig. 13: Drive cycle C1 (city)
- Drive Cycle C2
_20
<L
Ei15
@
010
Q.
wv
0
0 500 1000 1500 2000 2500
Time (s)
Fig. 14: Drive cycle C2 (city)
25 Drive Cycle D1
_20
<
E1s
kot
o 10
Q.
(V0]
5
0
0 500 1000 1500
Time (s)

Fig. 15: Drive cycle D1 (city)

81

30 Drive Cycle D2
p7)
©
()
()
Q
(%¢]
0
0 200 400 609me (8O 1000 1200 1400

Fig. 16: Drive cycle D2 (city)

B
o

Drive Cycle E1

Speed (m/s)
N w
o o

=
o

0
0 1000 2000 3000 4000
Time (s)
Fig. 17: Drive cycle E1 (highway)
Drive Cycle Highway a (modified)
__ 40
€ 30
o 20
s
a 10
(%]
0
0 500 1000 1500 2000
Time (s)
Fig. 18: Drive cycle E2 (highway)
Acknowledgment

The research was funded by University Sains
Malaysia. We thank the reviewers for their helpful
comments.

References

Ben-Chaim, Michael, Shmerling, Efraim, & Kuperman,
Alon. (2013). Analytic Modeling of Vehicle Fuel
Consumption. Energies, 6(1), 117-127.

Burgess, S. C., & Choi, J. M. J. (2003). A parametric
study of the energy demands of car
transportation: a case study of two competing
commuter routes in the UK. Transportation

Research Part D: Transport and Environment,
8(1), 21-36. doi:

Carvalho, de, R.N, Villela, A.CS. Botero, & SW.
(2012). Fuel economy and CO. emission - A
comparison between test procedures and driving
cycle. SAE Int.



Muhammad Iftishah Ramdan, Chee Piew Lim / Journal of Scientific Research and Development, 2 (13) 2015, Pages: 76-82

characteristics, regional driving cycles,
Transportation Research Part D: Transport and
Environment, 8(5), 361-381. ISSN 1361-9209.

d’Automobiles. 2014 Production Statistics. Retrieved
18 September 2015, from

EPA, US. (2006). Final Technical Support Document
Fuel Economy Labeling of Motor Vehicles:
Revisions to Improve Calculation of Fuel Economy
Estimates.: Retrieved from
www.epa.gov/carlabel/documents/420r06017.p
df.

Giakoumis, E. G, & Lioutas, S. C. (2010). Diesel-
engined vehicle nitric oxide and soot emissions
during the European light-duty driving cycle
using a transient mapping  approach.
Transportation Research Part D: Transport and
Environment, 15(3), 134-143. doi:

Goering, C. E., & Cho, H. (1988). Engine model for
mapping BSFC contours. Mathematical and
Computer Modelling, 11(0), 514-518. doi:

http://www.oica.net/category/production-
statistics/

Intranet, Toyota Peru. Daihatsu Data: 3SZ-VE/K3-VE.
Toyota. Retrieved 15 March 2015, from
http://intranet.toyotaperu.com.pe/tdp_sit/data/
DAIHATSU/TERIOS/TERIOS_SHORT/pdf/manual
/9514/D55B-2-E.pdf

Juraj, Matej. (2013). Simulation of the engine and
automobile driveability during a driving cycle.
Posterus, 9.

Lin, Jie, & Niemeier, D.A. (2003). Regional driving

Liu, Yingji, Li, Jingyi, & Shen, Bo. (2014). Research on
Driving Cycle of Long distance Passenger Vehicles
Based on Principle Component Analysis and
Cluster Algorithm. International Journal of Control
and Automation, 7(3), 125-136.

82

Organisation Internationale des Constructeurs

PERODUA. (2013). Specification of Perodua Myuvi.
Retrieved 30 October 2014, from
http://www.perodua.com.my/ourcars/myvi/spe
cifications

Pischinger, Stefan. (2004). The future of vehicle
propulsion -  Combustion engines and
alternatives. 5-16.

Rakha, Hesham A., Ahn, Kyoungho, Moran, Kevin,
Saerens, Bart, & Bulck, Eric Van den. (2011).
Virginia Tech Comprehensive Power-Based Fuel
Consumption Model: Model development and
testing. Transportation Research Part D:
Transport and Environment, 16(7), 492-503. doi:

Ramasamy, Devarajan A/L. (2014). Improvement of
in cylinder airflow burning rate for a four stroke
spark ignition engine running on compressed
natural gas (CNG) fuel. (PHD), Universiti Sains
Malaysia.

Rolling friction and rolling resistance.). Retrieved
30 November, 2014, from
http://www.engineeringtoolbox.com/rolling-
friction-resistance-d_1303.html

T., Korakianitis, Namasyvayam, A.M., & Crookes, R.J.
(2011). Natural-gas fueled spark-ignition (SI) and
compression-ignition (Cl) engine performance
and emissions. Pragress in Energy and Combustion
Science, 89-112,

Tan, Danny. (2011). Perodua achieves record sales in
2010. Retrieved 30 May, 2015, from
http://paultan.org/2011/01/12/perodua-
achieves-record-sales-in-2010-5-year-old-myvi-
is-still-malaysias-best-selling-car-alza-leads-the-
mpv-charts/



