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Abstract

This paper aims to evaluate the energy consumption of motorcycle operating in urban traffic. Position, speed, and
elevation in each time segment are collected by GPS - tracking data from the journey of motorcycle Honda Verza
150 in Bandung city. The distance, acceleration, and required tractive force for the motorcycle motion are then
calculated. Furthermore, the energy consumption is investigated by modeling the motorcycle and calculating tractive
force from the force equilibrium. For each time segment, engaged gear is then proposed for the best energy efficiency.
The relationship among speed, required tractive force, and shifted gear according to time and distance are

comprehensively discussed.
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1 Introduction

In Indonesia, the number of motorcycles is increased
significantly in the last ten years. Figure 1 shows the
growth of motorcycle compare to other road vehicles
[1]. This growth is aggravated by limited and unreliable
public transportation, especially in big cities such as
Jakarta, Bandung, and Surabaya [2]. The motorcycle is
also considerably cheap, has a low maintenance cost,
and low taxes [3]. Furthermore, motorcycle sellers
usually provide a secure payment scheme with little
interest to attract low economic class customers.

The high number of motorcycles on the road might not
be beneficial since those consume a lot of fossil fuel
energy, which is mostly subsidized by the government
[4]. Thus, the government must allocate a high budget
for this subsidy. Too many motorcycles on the road can
also increase heavy traffic jam and raise accident
probability, especially when drivers do not follow
traffic regulation [5].

In order to reduce energy consumption and improve
safety during driving motorcycle, effective driving
behavior can be implemented [6]. One of the practices
is to select proper gear, which might generate the most
efficient fuel consumption [7]. Calculation of energy
and power consumption in a vehicle needs to be done
accurately. Thus, gear selection and shifting can be
appropriately determined. The calculation is influenced
by various parameters, including road condition [8],
traffic jam [9], and environment.
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Figure 1 Number of vehicles in Indonesia

In this paper, an evaluation of energy consumption on a
motorcycle running in urban traffic was demonstrated.
Various parameters which affect energy consumption
were considered in detail. From the calculation, the
ideal selected gear which can minimize energy
consumption at each waypoint is presented.
Furthermore, some driving strategies which might
improve energy efficiency are also comprehensively
discussed.

2 Data Collection

The motorcycle used for this test was Honda Verza 150,
manufactured in the year of 2013. OsmAnd program, an
Android-based software, was used to collect the
necessary data from Global Positioning System (GPS).
The track test from parking the lot at ITB campus
dormitory to Dago Pojok street was selected for this test
(see Figure 2).
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The GPS data provides vehicle position, vehicle speed
(v), and road elevation (e). Data points were collected in
intervals of 2-4 seconds. The total distance was 2,85
km, and it took the time of 3 minutes and 56 seconds for
the driver to finish the track. Compare to the
speedometer in motorcycle dashboard; it is found that
the accuracy of GPS data at low speed is not too
accurate. However, as motorcycle speed increasing, the
error becomes smaller. Figure 3 shows v and e curves
obtained from GPS. It can be seen from the e curve that
Dago Pojok street is placed at higher land than ITB
campus. Since the testing was conducted at night, there
is relatively no traffic jam. Thus, the average speed of
44 km/h can be achieved.

Figure 2 Track for testing
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Figure 3 Velocity and elevation obtained from
GPS data tracking

3 Mathematical Formulation

From the speed data obtained by GPS, moving distance
(S) can be calculated by integrating the v data to time
(f). Furthermore, the acceleration (a¢) can also be
obtained by deriving the v data to ¢. Those parameters
are stated in (1) and (2), respectively.

S = fvdt (1)
dv
a=— (2)

From the force equilibrium of the motorcycle, the
tractive force (F;) required by the vehicle to move with
a can be calculated as follows [10],

Fe—Ry;— Ry — R, =ma 3)

Where R, is grade resistance, R, is aerodynamic
resistance, R, is rolling resistance, and m is the total
mass of motorcycle and driver.

The R, can be then calculated as follows,

R, = mgsin® 4)

Where g is gravitational acceleration and 6is an
elevated angle. For small 6,

de
ing ~ tanf = — 5
sin an 7S (5)
Furthermore, R, can be calculated as follows,
Ra = BCdAf'UZ (6)

2

Where p is the density of air, ¢; is aerodynamic
resistance coefficient of drag and driver, and A4, is the
frontal area of the motorcycle.

The R, can be calculated as follows,

R, = fym @)
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Where f. is rolling resistance coefficient which depends
on tire deformation when contacting the road.

From F, data, the power required to move the
motorcycle (P) can be calculated as follows,

P =Fv (8)

The total energy (£) can be calculated as follows,
E = f Pdt ©)

To obtain efficient required energy for driving a
motorcycle, Internal Combustion Engine (ICE) of the
motorcycle must be in an optimum point in which the
ICE can provide maximum torque (Tgngine) With
minimum fuel consumption. From the datasheet, 7, of
12.7 Nm and o of 6500 rpm are most efficient for the
ICE. Thus, the gear number is selected by considering

this condition.

The maximum torsion transferred to the wheel can be
calculated as follows,

max _ pmax
wheel — Tenginegrt (10)

Where g,, is total gear ratio. Furthermore, F, can be
obtained by using equation as follows,

Fy = Tyheerw (11)

Where r,, is wheel diameter.

Consider 20% losses in drivetrain, transmission, and
wheels, the actual tractive force produced by drivetrain
can be calculated as follows,

Factual — 0 8F, (12)

4 Results and Discussion

Table 1 shows the required parameters for calculation
of force equilibrium and energy consumption. Figure 4
shows the curves of R,, R,, and R, for each time
segment. It can be seen that grade resistance give a

significant influence on the vehicle movement,
followed by aerodynamic and rolling resistance. This
result is expected since the test track has elevated
condition.

From (3), the tractive force can be obtained. Figure 5
shows the curve of the tractive force. There is a negative
tractive force which is caused by the braking condition.
From the tractive force, the power required to move the
vehicle can also be calculated. Figure 6 shows the
power curve. By integrating the power curve to time,
the total energy consumption can be obtained and
plotted in Figure 6 too. Negative power is not
considered here because it is caused by mechanical
braking, not regenerative braking in which the energy
can be absorbed. The total energy required to complete
the ride is 131.8 Wh.

Table 1 Parameters for calculation

Parameter Value

m 220 kg

p 1.225 kg/m’
Ay 0.8 m’
Cy 0.5

1 0.02

g 9.8 m/s’
T s 12.7 Nm
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Figure 4 R, R,, and R, curves calculated by using
(4), (6), and (7), respectively
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Figure 5 Speed and tractive force in motorcycle
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Figure 6 Power and energy consumption in
motorcycle

After v and required F, at any measured waypoint are
obtained, the ideal gear is then selected. A multiple “IF”
function which selects the highest possible gear is
created according to “Shift UP” values in Table 2. After
the gear is selected, the function checks if the required
F, is lower than FA°t44! (see Table 3). If the required F,
is higher, the gear is shifted to lower one until the
required F, is lower than the FA°“4! The gear shifting
can only be repeated once in maximum for gears 3 and
2 in, and twice for gears 5 and 4. This approach can
ensure that any exceedingly low gear is selected in case
of any significant inaccuracy in measured data using
GPS. Figure 7 shows ideal gear that should be selected
by the driver to obtain minimum energy and fuel
consumption. It can be seen that the tendency of the
selected gear curve is mostly similar to v of the
motorcycle.

Table 2 Parameter of gear

Total Speed  Speed at Shift Shift
Gear gear atIdle Redline DOWN UP
ratio - g« (km/h) (km/h) (km/h)  (km/h)

1 27.05 6.4 40.32 - 21.12
2 17.01 10.08 63.68 20.16 33.6
3 12.95 13.28 84.16 26.56 44.32
4 10.47 16.48 104.16 32.8 54.72
5 9.13 18.88 119.36 37.76 -

Table 3 Torque and forces for each gear

Gear T/ (Nm) F™™ Nm) F2al (Nm)
1 3435 1116.8 893.4
2 217.1 705.8 564.6
3 164.5 534.7 4278
4 132.9 432.0 345.6
5 115.9 376.8 301.4
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Figure 7 Ideal gear recommendation

5 Conclusion

The goal in this work is to determine the relationship
between tractive force on driving conditions and speed,
according to the selected ideal/efficient gear. Position,
speed, and elevation were obtained by using free
software app OsmAnd. The result meets the
expectation. However, this simple setup can lead to
some uncertainties, especially in elevation changes for
low speeds, which can significantly influence the final
result by changing the slope of the road to unrealistic
values. The energy consumption is then obtained from
the tractive force, which calculated by using the force
equilibrium of the motorcycle. The most important
results are represented in Figure 7, which presents the
relationship between speed and ideal shifted gear
according to time and distance, respectively.
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