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ABSTRACT

Transportation in urban areas is often synonymous of traffic congestion. In the last decade, this situation led
users to give up passenger cars and incited them to adopt powered two-wheelers (PTW), better adapted to the
traffic hazards. However, the question of the noise emitted by PTW remains a concern for the population. In
France, these vehicles are quoted in second position in the opinion surveys relative to the transportation noise.
The main objective of the French research project Ascoot (Acoustique des scooters et des motocycles) is to
propose solutions aiming to reduce the noise emitted by the most represented PTW in the current traffic. This
paper summarizes the results obtained on the acoustical investigation of a panel of ten PTW (including an
electric powered scooter). Global and third-octave noise analysis has been performed, relying on the classical
Controlled Pass-by procedure, and on a determination of the directivity characteristics. Pass-bys at constant
speed, with acceleration and deceleration have been considered, and the influence of mechanical parameters, as
the engine capacity, is also analyzed. The noise emission of PTW has been finally compared with those of other

means of transportation usually met in urban zones (light vehicles, medium heavy vehicles, buses, trams).

Keywords: Noise emission, powered two-wheels, electric powered two-wheels [-INCE Classification of
Subjects Number(s): 13.3.3

1. INTRODUCTION

In a context of strongest traffic congestion in urban areas, using powered two-wheelers, particularly
scooters, can be considered as an acceptable solution to avoid jammed traffic situations. In the past, many
studies have been conducted on noise emission of means of transportation, however, few researches
discussed the case of powered two-wheelers. In absence of information on the volume of powered
two-wheels on the total traffic, this category of vehicles was not taken into account in noise prediction
models. Noise emitted by powered two-wheelers remains a primary concern of the population : in a recent
survey [1], these vehicles are quoted in second place — after light vehicles but before the heavy trucks - by
43% of French peoples claiming to be annoyed by transportation noise.

In January 2012, the French Ministry of ecology, sustainable development and energy published
official statistics showing that the real fleet of powered two-wheels is more important than the carried out
assessments to there [2]. Recent studies performed on the main parisian streets indicate that powered
two-wheelers can represent up to 30% of the total traffic [3].

The purpose of this paper is to present some of the results obtained in one of the workpackages of the
ASCOOT (Acoustique des SCOOTers) research project (2011-2015) whose objective was to assess noise
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emission of a panel of scooters representative of the french fleet (the scooters were selected on the basis
of the best sales in France in 2010 [4]). This article describes the panel of scooters, the experimental
device and the measurement protocol, and the calculation methodology of the emission laws of each
vehicle. The analysis of three important parameters influencing noise of scooters is then presented.
Finally, comparisons of noise emissions of the scooters to those of other typical urban means of
transportation are investigated in the last part of the paper.

2. MEASURES AND METHOD

2.1 Vehicles

The tested vehicles panel consists of ten conventional scooters representative of the best statistics of
sales in France during 2010 as well as an added electric-powered scooter. These scooters represent the
production of several european and asian manufacturers [4]. For the sake of confidentiality, the vehicles
are not identified in this article (see Table 1). This panel is composed of:

*  Four scooters of 50 cc cylinder capacity : two 2-stroke engine scooters (2T) and two 4-stroke
engine scooters 4-times (47T),

*  Four scooters of 15 cc cylinder capacity,

* Two scooters of cylinder capacity exceeding125 cc.

* An electric-powered scooter, which is the electric version of a 50cc scooter developped by the
same manufacturer.

Table 1 — Technical characteristics of the selected scooters.

Name Engine capacity, cc Engine Power, kW
S50-2T-A 4
2T
S50-2T-B 4
50
S50-4T-C 2.8
4T
S50-4T-D 3.6
S125-A 11
S125-B 11
125 4T
S125-C 11
S125-D 9.5
M-A 400 4T 26
M-B 500 4T 35
E-Scooter -- --

The ten conventional scooters are fitted with a continuously variable transmission (CVT) which can
change seamlessly trough an infinity number of effective gear ratios between minimum and maximum
values. The transition between the ratios is progressive, depending on both engine- and vehicle speeds.

2.2 Measurement setup

The test facility offers open-field acoustic measurement conditions. The test track surface is dense
asphalt concrete 0/10, representative of road surfaces used in French urban areas. Pass-by noise
measurements were performed with the vehicles running in both directions in various real use conditions.
Two acoustic devices were implemented simultaneously on a distance of 20 m along the track, leading to
complementary information on the scooters noise emission (Figure 1). The pairs of infrared cells /
reflective plates allow to estimate the speed of the scooters in the way of each acoustic device. The engine
speed is determined continuously using an amperometric clamp fixed on the spark plug cable.
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Figure 1 — Measurement setup

2.3 Standard 7.5 m microphone measurement (CPB)

Four microphones, facing each other on either side of the track in pairs, are set up 7.5 metres from the
track centre and 1.2 metres high. The two microphone pairs are within 20 metres of each other along the
track. The procedure carried out is similar to Controlled Pass-by standard [5,6] extended also to pass-bys
with acceleration or braking: in each configuration, the third-octave (frequency range 50 Hz to 10 kHz)
and global maximum A-weighted noise pressure levels on each microphone are recorded. Results which
do not exceed background noise by more than 10 dB(A) were discarded. This requirement happens to be
difficult to fulfil at the lowest speeds when the electric scooter was investigated.

2.4 Sound power- and vertical directivity measurements

The method used by IFSTTAR to determine the noise characteristics of road vehicles (e.g. sound
power and vertical directivity of noise emission) [7] has the advantage to be used on moving vehicles. It
consists in measuring the sound pressure levels in seventeen points spread over a hemisphere of radius
4.57 m (see Figure 2).

Figure 2 — Sound power measurement

For each vehicles pass-by, sound power level (Lw,a) is calculated from noise pressure levels (L)
measured by each of the seventeen microphones when the vehicle is located in the centre of the
hemisphere. These noise levels are associated with each corresponding elementary area, and Ly, is
calculated as follows:

L,4=10%*log [Z}:ﬂ% 10Lp(i)/10] 0
)

where St is the total area of the hemisphere and S, is the reference area (lmz).

This device also allowed us to determine the directivity in the two horizontal planes where the
microphones are located (1.08 m and 3.23 m height in accordance with Figure 3)
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Figure 3 — Location of microphones on the hemisphere.

2.5 Experimental methodology

2.5.1 Constant speed pass-bys
Constant speed pass-bys ranged on [V, V. Speed range in 10 km/h steps where:
*  V.in = 10 km/h whatever the cylinder capacity of the scooter
* V. = 45 km/h for scooters of 50 cc cylinder capacity and the electric-powered scooter,
* Vi = 90 km/h for scooters of 125 cc cylinder capacity
v

. max = 110 km/h for the scooters exceeding 125 cc cylinder capacity.

2.5.2 Acceleration pass-bys

For the test during acceleration, the scooter was either stopped 10 m before the center of the
hemisphere and pulled away with full acceleration until the exit of the measurement area (point A or D
on Fig. 1 depending on the direction of travel), or arrived at constant speed (10, 20 or 30 km/h for
scooters of cylinder capacity 50 cc and the electric-powered scooter, 30, 50 and 70 km/h for the scooters
of cylinder capacity exceeding 50 cc) and began to accelerate hard 10 m before the center of the
hemisphere until the exit of the measurement area.

2.5.3 Deceleration pass-bys

The measurement protocol used in this study in deceleration conditions specifies that the scooters
arrive at constant speed (45 km/h for scooters of 50 cc cylinder capacity and the electric-powered scooter
and 90 km/h for the scooters of higher cylinder capacity) and begin to decelerate (without braking) 10
meters before the center of the hemisphere (point A or D on Fig. 1 depending on the travelling direction).

3. RESULTS

Results presented in this paper relate only to global noise emission, however it should be kept in mind
that third-octave band analysis, which isn’t described here, was also performed in the [S0 Hz — 10 kHz]
frequency range.

Whatever the driving condition, noise emission laws are determined by quadratic regression on the
maximum sound pressure levels at 7,5m :

LAmax(v‘ 7, S) = Qg + ﬁrslog (t) + Vrslogz (V;:f> (2)

or by quadratic regression on the power noise levels :

LWA(v’ r) = 91_ + 19Tl0g (é) + ﬂrlogz (#) (3)

where a, B, v, 6, 9 and 9 are the regression coefficients, » is the running condition (constant
speed, acceleration, deceleration) and s is the considered side of the scooter (left, right).
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An example of noise emission laws is given in the case of the scooter SI25A (Figure 4 ). Information
on the noise emission laws of the other scooters can be found Fig. 8. The comparison between the noise
emitted by the electric-powered scooter and the « equivalent » conventional 50 cc scooter shows that
substantial noise reduction can be expected with this type of motorization, whatever the running
conditions (10-15 dB) — cf. Fig. 5
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= Steady speed
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Figure 4 — S125 noise emission laws. Left graph : Lamax. Right graph : (Lwa)
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Figure 5 — Comparison of the noise emitted by the electric powered scooter and the 50cc conventional
scooter.

4. NOISE EMISSION ANALYSIS

The analysis of the results allowed to identify parameters which have an influence on L., or Lya
levels. The influence of three of these parameters is presented here:
* the scooter side (dissymetry of noise emission)
* the engine capacity,
* the running condition : effect of acceleration on the acoustic power level

4.1 Dissymetry of noise emission

The emission laws depicted Figure 4 in the case of the scooter S125-A shows that the emission noise
levels are higher on the right side of the vehicle. This dissymetry is maximal at low speed and decreases
up to become negligible at high speed. It becomes also more marked in acceleration running condition
than at steady speed. This dissymetry in the noise emission, caused by the presence of a muffler located
on the right side of the ten scooters, reaches 1.8 dB for decelerating scooters, 2.4 dB at constant speed and
3.1 dB for accelerating scooters (Figure 6).
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Figure 6 — Dissimetry of the noise emission of scooters for constant speed, acceleration and
deceleration running conditions.

The dissimetry of the noise emission depends also on the type of motorization : the scooters fitted with
a two stroke engine show a more accentuated dissymetry than those fitted with a 4 stroke engine. On the
other hand, this dissymetry doesn’t depend on the engine capacity of the vehicle. Figure 7 shows relative
levels for speeds minimum and maximum for each stage of the S50 - 2T scooter - B which introduces
strongest asymmetry. These polar patterns are represented by taking for reference 0 dB (A) the noise level
measured by the microphone located at the top of the hemisphere (microphone referenced W17 in Fig 2).
During deceleration, only the diagram rated at the maximum speed is represented. These diagrams
analysis confirms that the noise emitted by this scooter is higher at the right side. Moreover noise
emissions are more important to 1.08 m in height and the rear of the vehicle.

Horizontal directivity (ref. 0 dB : top of the hemisphere) : S50-2T-B
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Figure 7 — Dissimetry of the noise emission of scooters for constant speed, acceleration and
deceleration running conditions.
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5.2 Influence of the engine size

Figure 7 shows the distribution of the maximum sound pressure levels, represented in the form of
clouds representing each a family of scooters of same engine size. The influence of the engine size on
Lamax levels depends on the the vehicle speed.

Distribution of the noise emission laws - Right side of vehicles
eady speed
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Figure 7 : Influence of the engine size on the L an,y levels.

At constant speed, the lower the engine size of a scooter is, the noisier the vehicle is : for a given
speed, the engine speed reached by low-sized engine scooters is higher than that achieved by scooters of
greater engine capacity. In acceleration runing conditions, a scooter is even noisier that its cylinder
capacity is strong: for a given speed, the engine speed reached by high-sized engine scooters is
significantly higher than that of a 50cc scooter.

5.3 Influence of full acceleration load

Acceleration causes an increase of the noise level compared to a scooter running at a similar
instantaenous speed during a steady-speed pass-by. This increase of L,,,, is maximal at low speed and
decreases to become negligible when the vehicle reaches its maximum speed. The increase of the L,y is
significant especially at lower speeds for which the torque is high : it reaches 9 dB (A) for 50cc scotters,
16 dB (A) for 125cc scooters, 14 dB (A) for scooters exceeding 125cc (Fig. 8).
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Figure 8 : Increase of the Lay.x levels due to acceleration (ref. Lamay level at constant speed).
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5. THE POWERED TWO-WHEELS : A VERY NOISY VEHICLES ?

5.1 Comparison at steady speed and acceleration using the Lamax index.

It seemed interesting to compare noise emission of powered two-wheelers to those of other means of
transport frequently used in urban areas, such as light vehicles, heavy goods vehicles, buses and trams.
For each category of scooters (50cc, 125 cc and scooters exceeding 125 cc), Lamax levels measured on the
louder size have been averaged. The comparisons were established as follows :

- For passenger cars and heavy trucks, Lamax levels are given by the NMPBO08 prediction method

[8,9] for a R2 road surface corresponding to the road surfaces used in urban areas.

- For buses and trams, Lanax levels have been determined in the frame of previous studies ([10]

for buses, [11, 12] for trams).

A steady speed, scooters are less noisy than a heavy truck regardless of their engine size. On the other
hand, if the 50 cc scooters are more noisy than a light vehicle (+ 4.2 dBA at 45 km/h) and are as noisy as
buses, Lamax levels of 125 cc scooters are equivalent to those of passenger cars at low speed and are
noisier at 90 km/h (+3,9 dBA). The scooters of engine size exceeding 125cc are a little less noisy than a
passenger car (Fig. 9).
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& Scooters 50cc

Scooters 125cc

30km/h 45 km/h 70 km/h 90 km/h Scooters > 125cc

Figure 9 — Comparison of noise emitted by powered two-wheels and other means of transportation
(L amax - steady speed)

In acceleration running conditions, scooters are more noisy than passenger cars regardless of their
engine size and the speed. The differences are more important at low speed: + 7.8 dBA at 30 km/h and +
3.6 dBA at 70 km/h for 125cc scooters. At 30 km/h, the noise emissions of 125 cc — or exceeding 125cc
scooters are equivalent to those of a heavy truck, and are higher than those of buses. However they remain
less noisy for acceleration at higher speeds (Fig. 10).
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Figure 10 — Comparison of noise emitted by powered two-wheels and other means of transportation
(L amax - acceleration)
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5.2 Comparison at steady speed using the spatial sound exposure level (Lax)
The spatial sound exposure level (LAx) of a moving source is defined as follows :

+00 p?(x) dx

Lux(v) = 10log |/ | = Limax(v) + 1000g [ /77 s(20) i_:] (4)

2
® Ps Xo

where s(x) is the relative acoustic signature of the source. It was showed in a previous study [13]
that this term doesn’t depend on the speed in the case of a moving point source.

This index offers two advantages :
*  The real directivity of the source is taken into account
* The physical meaning of this index is close to the real exposure of a local resident during

the considered vehicle pass-by.

To establish the comparison, the integral in eq. (4) was calculated over the distance [Xpi,=-30m, Xy, =1
30m] in order to avoid errors due to background noise.

110 -
105 - & Cars
100 & Trucks
_&: 95 . [ |7 Buses
AV - [ —
< % r I_ I_ & Trams
E 85 Yy EE—— I — -
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30 km/h 45 km/h 70 km/h 90 km/h

Figure 10 — Comparison of noise emitted by powered two-wheels and other means of transportation
(Lax - steady speed)

The trends observed in § 5.1 remain identical when considering the averages between the powered
two-wheels and the cars, it confirms that these vehicle can be considered as point sources. However, the
gaps are more marked in the case of large-sized vehicles, it justifies the fact of taking into account the
complete signature of these vehicles.

6. CONCLUSIONS

This study compares the noise emission of a panel of conventional and electric powered scooters.
Emission laws, represented by a quadratic regression based on the logarithm of the speed, have been
established for each scooter at various running conditions. The analysis of the obtained results allowed to
identify parameters influencing noise emissions from such vehicles. The influence of three of these
parameters was presented in this article. The noise emitted by each of the ten scooters of the panel is
higher on the right side where the unique exhaust system is positioned. This disymetry is maximal at low
speed and decreases to become negligible at high speed. The influence of engine capacity of the scooters
on LAmax levels depends on the speed of the vehicle. At steady speed, a scooter is even noisier as its
cylinder capacity is low. When accelerating, a scooter is noisier as its cylinder capacity is high. LAmax
levels of the conventional scooters were compared with those of urban mean of transportation. Scooters
are generally noisier than passenger cars but quieter than heavy trucks. However, scooters exceeding
125cc can be less noisy than a passenger car at steady speed and as noisy as a heavy truck with
acceleration at low speed. The noise increase due to acceleration is significantly higher for scooters than
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for the other categories of vehicles.
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