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Abstract. The relevance of the research is the intensity of noise emitted by lorries
depends on the regime of the vehicle movement. One of the main negative factors caused by
road vehicles is air pollution with exhaust gases. The article presents results for noise
caused by lorries and gas usage while the vehicle is accelerating. The subject of the study
is 4 lorries (MAN lorries, the total mass of which is ~18000 kg, whereas the lorry itself
weights ~8000 kg and has the power of 420-460 HP), and they also feature fuel recording
systems which are less than 5 years old. Research methodology. The level of noise emitted
by heavyweight transport vehicles is measured according to Lithuanian standard LST ISO
1996-2:2008 requirements. During the tests the noise levels of Laeg, Lceq Lcpeak Were
measured. The tests were done 5 times each and the results are presented as arithmetical
averages. Fuel consumption is registered in vehicle data registration system. The researched
vehicles have to comply with environmental safety normative requirements; that the vehicle
carbon monoxide (CO), particulate matter (PM), nitrogen oxides (NOXx), unburned fuel (HC)
and other hazardous substances contained in the combustion gases must not exceed the
prescribed limits. The results of the experimental studies show that EUROG6 lorries (440 and
460 AJ) noise level is the lowest compared to the EURO4 and EUROS. After carrying out the
analysis of the caused noise and gas usage, it was found that noise pollution and gas usage are
higher without speed control system. The noise caused by lorries can be described in square
polynomial which defines the noise inclination change while vehicle is accelerating.
Scientific novelty of the research a complex research on noise and fuel consumption of
lorries by using and not using speed control system. Research idea and problem is to
achieve sustainable transport development objectives, in particular the reduction of
greenhouse gas emissions under the Kyoto Protocol. It is very important to find ways to
forecast and reduce transport noise pollution, while also reducing overall pollution, as well as
mitigating the impact on the global climate.,

Conclusion — after conducting a lorry noise and fuel consumption analysis, it was
determined that not using speed control system increases the noise and fuel consumption and
if the system is used both of these factors decrease drastically.

Key words: lorry, noise level, analysis of noise and gas, speed control system, vehicle
acceleration

The problem is presented in with important scientific or
general terms and its connection practical tasks. Lorry transport flow
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intensifies each  year  because
Lithuania is an important transit
country in Eastern Europe with well-
developed and constantly improved
road transportation system. Mobility
and transportation flow increases due
to ongoing economic, social and
political changes [1, 2]. Besides the
economical factor, environmental
protection aspects are also important.
Noise level depends on the type of the
vehicle. Heavier vehicles emit
significantly more noise than lighter
ones. While driving, a light car emits
70 - 80 dBA, a bus 80 - 85 dBA, a
lorry 80 - 90 dBA, and a motorcycle
90 - 95 dBA[1].

Heavy vehicles moving uphill in
summer emit maximum  noise
measured at 83 dBA. During
acceleration vehicle equivalent noise
level Laeq Can reach up to ~87 dBA
[2]. There are increasing talks in
Europe about transport noise as a
primary source of noise. According to
European Federation for Transport
and Environment, ~200 million
people in the EU suffer because of the
transport noise [3, 4]. Atmosphere
pollution by exhaust gas is also one of
the main negative transport factors for
environment. The biggest part of
pollution is comprised of fuel
combustion products. Along with the
exhaust gas, during the combustion
process, more than 200 various
chemical compounds are released to
the environment, most of which are
harmful to people and biosphere. The
amount of fuel consumption and
exhaust pollution greatly depends on
driving speed [5]. The faster the
vehicle is moving, the more noise
increases.

In order to achieve coherent
transport development, it is very
important to find means to reduce the
transport pollution and the effect on
the climate.

Aim of the research — to examine
the impact of speed on pollution cause
by lorries and their fuel consumption.

Research methodology

The level of noise emitted by
heavyweight transport vehicles is
measured according to Lithuanian
standard LST [ISO 1996-2:2008
requirements, and evaluated according
to the approximation of the laws of
the Member States relating to the
permissible sound level and the
exhaust system of motor vehicles
70/157/EEC by the Directive of the
European Parliament and of the
Council [6, 7]. The noise emitted by
vehicles is s classified as volatile
noise.

It is difficult to measure the noise
level emitted by a vehicle when it is
accelerating because it is complicated
to keep the exact distance between the
vehicle and the microphone. For the
research, a road stretch was chosen
according to the requirements of the
70/157/EEC directive and 1SO 362-
2:2009 standard, meaning that the
width of the driveway is at least 3
meters and that there are no objects or
secondary noise sources which could
affect the test. A paved road near a
transport company was chosen for the
test.

Integrated noise meter CEL — 440
was used for the measurement. The
device complies with the requirements
of Lithuanian LST 1EC 804+Al1+A2:
1999 en. Standard ,Integrated
Medium Noise Level Meters”. The
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measurements were performed when
the wind speed was less than 5 m/s.
The noise was measured with 1.5
meter distance from the ground, more
than 3.5 meters from buildings [8].
The noise meter was placed on a stand
with the distance of 7.5 meters from
the driving trajectory centre, at the
height of 1.2 meters from the ground.
In order to avoid mistakes, the
measurements were conducted by
placing the measuring person at the
distance of 0.5 meters from the
microphone. The noise level was
recorded when a vehicle would be
passing by and accelerating up to 50
km/h.  Vehicle with  automatic
transmission would accelerate until
reaching a steady speed (from 10 to
50 km/h, in a distance of 100 meters)
and then they would increase the
speed within 10 meters before the
microphone. The Engines of the
measured vehicle were heated until
the operating temperature and during
the testing when the engine is at
maximum power the engine speeds
are maintained automatically. During
the tests the noise levels of La,eq, Lceg,
L peak Were measured. The tests were
done 5 times each and the results are
presented as arithmetical averages.
Research object: 4 lorries (MAN
lorries, the total mass of which is
~18000 kg, whereas the lorry itself
weights ~8000 kg and has the power
of 420-460 HP), and they also feature
fuel recording systems which are less
than 5 years old. The fuel
consumption is recorded in the vehicle

data records system. The tested
vehicles have to comply with
environmental  safely  normative

requirements; the emissions of carbon

monoxide (CO), particulates (PM),
nitrogen oxides (NOx), unburnt fuel
combustion (NC) and other hazardous
substances in  the combustible
materials of the vehicle must not

exceed the limits for green
procurement requirements.

Factors that may affect
performance: vehicle technical

condition (by mileage); fuel quality
(fuel was be taken from the same gas
station); driving style (all cars were
driven by the same driver).

The mathematical statistics
methods and the electronic calculator
of the Microsoft Office program
package were used for data processing
and presentation. Measuring results
are transferred from the device to the
EXCEL by using.

Research results

According to the data of the lorry
registration system, factors
influencing fuel consumption are
selected. For this purpose, 4 lorries
were selected: EURO4 with a trailer
(MAN TGA 18.420), EURO5 (MAN
TGX 18.440)), EURO 6 (MAN TGX
18.440), EURO6 (MAN TGX 18.460
(338kW)). After analysing the factors
it can be stated that the height of the
vehicle has a significant impact, if we
compare a vehicle with the height of 4
meters consumes 3.6 1/100 km more
than its counterpart which is 4 meters
in height,. The driving behaviour and
the conditions of use of the vehicle
influence fuel consumption the most.
An analysis of factors influencing fuel
consumption shows that driving in the
city in comparison with the motorway
has the greatest influence on the fuel
consumption of a commercial vehicle.
This can be explained by the fact that
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a car in the city must often stop and
accelerate. Factors can interact with
each other, but they cannot always be
summed up with each other.

The automobile data registration
system provides data on the fuel
consumption of each vehicle in
various driving modes. The data
system records not only fuel
consumption but also speed variation,
driving conditions, brakes,
accelerations, engine parameters, etc.
These recordable parameters provide
detailed information on the entire
nature of the lorry's journey. Based on
the data, it is possible to control the
economy parameters of each vehicle.
Speed control system is used to
increase lorry economy and improve
the drive. The data analysis revealed
that a part of drivers use speed
management system about 19.3% of
driving time, while other drivers use
this system more than 60% of the
time. Noise tests are performed with
one lorry from each of these groups.

80

The results presented here do not
include noise levels associated with
gear shifting. Noise measurements are
made for two driving ranges: the
speed control system is not used, 50
km/h speed is reached in 9 or less
seconds; and the speed-up system is
used, the 50 km/h speed is reached
within 14 s and more.

As the vehicles accelerated, the
loaded lorry generated a much higher
noise level. Laeq Was up to 84 dB (A).
The background noise from the
measurement results is not eliminated.
Vehicle acceleration means a
significant increase in noise levels.
The acceleration is higher at lower
starting speeds. The loaded EURO4
lorry was the noisiest over the test
speed range. EUROG6 with different
engines (440 and 460 AJ), the noise
level was the lowest. Even at 35 km/h
the noise level would not increase.
The following noise results were
obtained from lorries using a speed-
control system (Figure 1).
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Figure 1. Laeq Noise levels and lorries speed without using a speed-control
system
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Using this system, Lzm. (the
highest value was 89 dB) and Laeq (73
dBA maximum) noise levels were
lower than the values obtained
without using the speed-control
system (Lzmax peaked at 120.5 dB,
Laeq had & maximum value of 84 dBA
). A quadratic polynomial is used to
analyse the measured data, which
defines the nature of the noise

80

s & & 3

o

Fuel consumption, 1/100 km

20

10

20

30

=.1,

Speed, km'h

variation when the vehicle accelerates
(with increasing acceleration). R2 is
between 0.999 and 0.962, with a
reliability of more than 90%. Because
the reliability is high, the quadratic
polynomial is really suitable for
describing the change of the results.
Fuel consumption was recorded at the
same time as the measurement of the
lorry noise (Figure 2).
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Figure 2. Laeq noise levels and lorries speed without using a speed-control

system

After analysing fuel consumption
of lorries, it has been found that fuel
consumption is higher without using
the speed control system. Almost a
linear dependence is found when
using a quadratic polynomial to
describpe the change of fuel
consumption. R, is between 0.9988
and 0.9912.

Conclusions

1. Analytical review and analysis
showed that driving the city in
comparison with the motorway has
the greatest impact on the
consumption of fuel for a commercial
lorry. Some drivers use speed-control
system to increase fuel economy
19.3% of driving time. Another part
of the drivers use this system for
about 60% of driving time.
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2. Experimental research revealed
that the noise level of EUROG6 lorry
(440 and 460 AJ) was 76 dBA at
50km/h™,

3. After analysing the noise and
fuel consumption of lorries, it was
found that noise and fuel consumption
were higher without the use of a
speed-control system (LAeq was up to
84 dB (A) noise level, fuel
consumption of 711/100km while
driving 50kmh™). Meanwhile, using

the speed-control system, lowered the
LAeqQ's noise level to 73 dB (A), fuel
consumption to 51.51/100km while
driving 50kmh™).

4. The noise caused by lorries can
be described by a square polynomial,
which describes the nature of the
noise when the vehicle accelerates. A
linear dependence is found for fuel
dependence on the speed of the
vehicle.
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JOCAIKEHHA IIYMY I CHOKUBAHHS TOILJIMBA JJIS CTIHKOIO
PO3BUTKY TPAHCIIOPTY
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3a0pyHEHHS MOBITPS BUXJIOMHUMU razamu. HaykoBa HOBM3HA OCTIKEHHS - KOMILUICKCHE
JOCITI/DKEHHS IIyMY 1 PO3XOAYy TOIJIMBA BaHTAKHUX aBTOMOOUIIB 3 BUKOPHCTaHHSIM 1 0e3
BUKOPUCTAHHS CHCTEMHU VIPABIIHHS IIBHIKICTIO. [mest 1 mpobiema AOCHIDKEHHS - B
JOCSATHEHHI LiJeH CTIMKOro pO3BUTKY TPAHCIOPTY, 30KpeMa CKOPOYEHHS BHKHJIIB
MAapHUKOBUX Ta3iB y BimmosimHocTi 3 KioTchkuMm mporokosoM. Ham3BuuailHO BaKIMBO
3HalTH CIIOCOOM IPOTHO3YBAaHHS 1 NMOHWKEHHs PiBHA 3a0pYyAHEHHS TPAHCIOPTHOIO HIyMY,
MIOHMKEHHS 3arajIbHOTO 3a0pYIHEHHS, a TAKOK TIOM’SITIIIHHS BIUIMBY Ha TJI00aJbHUM KIliMaT.

MeTo0 10CHiIKeHHS] € BUBUYCHHS 3aJ€KHOCTI BAHTa)XHOTO TPAHCIOPTY BiJ LIyMY 1
BUTPATH TOIUIMBA P MPUCKOPEHHI aBTOMOOLIIS.

Bukiag ocHOBHOro marepiaay. Y cTaTTi IpPEACTaBICHO pe3yJbTaTH JOCIIJKEHHS
IIyMy, BHUKJIMKaHOTO BUKOPUCTAHHSM BAaHTQXHUX aBTOMOOLIIB IiJ] Yac TNPUCKOPEHHS
aBTOMOO1IA. Pe3ynpTaT eKCIepUMEHTAIbHUX JOCHIKEHb CBiYaTh, IO PIBEHb IIyMY
BaHTaXHUX aBTOMOO1TiB EUROG6 (440 1 460 AJ) € camum Hu3bKuM y nopiBHsiHHI 3 EURO4 1
EUROS. TIlicns mpoBeneHHs aHaizy BUKIMKAHOTO IIYMY 1 BHUKOPHCTaHHS Ta3y OyIio
BCTaHOBJICHO, IO ILIYMOBE 3a0pyIHEHHS 1 BUKOPHCTAHHS ra3y 0e3 CHUCTeMH KOHTPOIIIO
mBUIAKOCTI 3Bepxy. lllyMm, BUKIIMKaHUI BaHTa)KHUMH aBTOMOOUIAMH, MOXe OyTH OIMCAHUH y
BUTJISAI KBaJpaTHOTO MOJIHOMY, SIKMH BH3HA4Ya€ 3MIHM HAKJIOHY IIyMY IPH TPUCKOPEHHI
TPAHCIOPTHOTO 3aco0y; o0 AOOUTHCS CTIHKOrO TPaHCHOPTY, BAXIMBO 3HAWUTH CIIOCOOU
3MEHILIEHHS 3a0pyIHEHHS TPAHCIIOPTY, 00 3MEHIIUTH [10M’SITHIEHHSI BIUIMBY HA IVI00aIbHUN
kiimar. [ToToku BaHTaXXHUX ME€peBE3€Hb 30UIBLIYIOTHCS 3 KOKHUM POKOM, NMOCTLIbKY JIuTBa €
BXJIMBOIO TPAH3UTHOIO KpaiHoto y CximHiid €Bpormi 3 100pe pPO3BUHYTOI CHCTEMOO
aBTOMOOUIBHUX I1€PEBE3EHb, 1110 MOKPALTYIOTHCS.

BHCHOBKM - TCIS TPOBEICHHS aHATi3y HIYMy BaHTaKHOTO aBTOMOOUIA 1 poO3Xomy
ToIuIMBa OyJI0 BU3HAYEHO, IO BIJICYTHICTh CUCTEMH YIPABIIHHS MIBUAKICTIO 301IBIIYE IIYM 1
BUTpATa TOIUINBA, a P BUKOPUCTAHHI CHCTEMH OOMIBA YMHHUKA Pi3KO 3MEHIIYIOTHCS.

KurouoBi ciioBa: BaHTaXHUN aBTOMOOLIIb, IIIyM, aHaJi3 UIyMY 1 Ta3y, CUCTEMa KOHTPOIIIO
MIBUJIKOCTI, IPUCKOPEHHS TPAHCIIOPTHOTO 3ac00y
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HNCCIEJOBAHUE IIYMA U ITIOTPEBJIEHUA TOIIVIMBA JJIA
YCTOMYUBOTI' O PA3BUTHUS TPAHCIIOPTA

AHHOTaNUAA. AKTYalbHOCTh HCCIEAOBaHUS B TOM, 4YTO WHTEHCHUBHOCTb IIIyMa,
MPOU3BOJIUMOTO TPY30BUKAMH, 3aBHCHT OT PEXKHUMa ABMKEHHUS aBTOMOOWIs. OgHUM U3
OCHOBHBIX HETaTHUBHBIX (PAKTOPOB, BBI3BIBAEMBIX TOPONKHBIMH TPAHCTIOPTHBIMH CPEJICTBAMH,
SIBIIICTCS 3arpS3HEHNE BO3/1yXa BBIXJIOMMHBIMH ra3aMHu.

B ocHoBe wucciaegoBanus. HayuyHas HOBU3HA WUCCIIEJOBaHMUS - KOMILUIEKCHOE
WCCIIeIOBaHKE IIyMa M pacxojia TOIJIMBA TPY30BBIX aBTOMOOMIIEH C UCHONB30BaHUEM U Oe3
UCIIOJIb30BAaHUSl CUCTEMBl VIpPaBICHHUS CKOpocThio. Mned u mpobinema wucciaenoBaHus
3aKJII0YaeTCsl B JOCTHKEHHMM LeJield YCTOMYMBOTO PAa3BUTHSI TPAHCIOPTA, B YaCTHOCTH
COKpAIIIeHHs BEHIOPOCOB MAPHUKOBBIX Ta30B B COOTBETCTBUU ¢ KnoTrckum mpotokonaom. O4eHb
B2KHO HAWTHU CIOCOOBI MPOTHO3UPOBAHUS U CHUYKCHHS YPOBHS 3arps3HEHUs] TPAHCIIOPTHOTO
IIymMa, a TakKe CHIDKCHMsI OOINEeTo 3arpsi3HEHUs, a Tak)Ke CMATYEHUS BO3JICUCTBHUS Ha
rI100aNbHBIN KIMMAT
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Lenbo wucciaenoBaHus sIBJsIeTCH M3YyUCHHE 3aBUCHUMOCTH TIPY30BHKAa OT IIyMa H
pacxo/ia TOIIMBA IPU YCKOPEHUU aBTOMOOMJIS.

N3i0xeHne 0CHOBHOTO MaTepuaJia B crartbe pe/icTaBiIeHbl pe3yIbTaThl HCCIEI0BAHUS
IIyMa, BBI3BAHHOT'O HCIOJIb30BAaHUEM TPY30BUKOB BO BpEMs YCKOPEHUS aBTOMOOMIIS.
Pe3ynbTarhl SKCIIEpUMEHTAIBHBIX UCCIIEI0BAaHUM MOKA3bIBAIOT, YTO YPOBEHD IIyMa I'PY30BBIX
asromooOmiieli EURO6 (440 u 460 Al) siBisiercst caMbiM HU3KUM 110 cpaBHeHHIO ¢ EURO4 u
EUROS. Ilocine mpoBeaeHusi aHaiW3a BBI3BAHHOTO IIyMa M HCIOJB30BAaHUS Taza ObLIO
YCTaHOBJIEHO, YTO IIYMOBOE€ 3arps3HEHHE W HCIIOJIb30BAaHHME Ta3a 0e3 CHCTeMbl KOHTPOJIS
ckopoctu Bbie. [1IyM, BEI3BaHHBIN I'Py30BBIMH aBTOMOOWIISIMH, MOXET OBITH OMUCAH B BUJIE
KBaJIPATHOTO IOJMHOMA, KOTOPBIA ONpezessieT U3MEHEHHE HAKJIOHA IIyMa IMPHU YCKOPEHUU
TPAHCHOPTHOTO CPENICTBA. YTOOBI TOOUTHCS YCTOMYMBOTO TPAHCTIOPTA, BAKHO HANTH CIIOCOOBI
YMEHBIIUTh 3arps3HEHUE TPAHCIOPTa, YTOObI YMEHBIIUThH I00aNbHBIM Kiaumar. [loToku
IPY30BBIX [1EPEBO30K YBEJINYUBAIOTCS C KaKIbIM I'0JI0M, IOCKOJBKY JIUTBa sBiIsIETCS BaXKHON
TpaH3UTHOM cTpaHoil B BocTouHoil EBporne ¢ Xxopolio pa3BUTON U yIy4IIAOIIEHCs CUCTEMOM
ABTOMOOMWJIBHBIX [IEPEBO30K.

BbiBoabl - mocie mpoBeleHUs aHalIM3a IIymMa IPy30BHKA U pacxoja TOIIIMBA OBLIO
OIPEENIEHO, YTO OTCYTCTBUE CUCTEMBI YIPABICHUS CKOPOCTHIO YBEIMYUBAET LIYM U PacXo
TOIIIMBA, a MPU UCIOIB30BAaHUH CUCTEMBI 00a 3T (paKTOpa pe3Ko YMEHbIIAIOTCS.

KuroueBble cjioBa: rpy30BUK, YPOBEHb IlIyMa, aHAIM3 IIyMa U ra3a, CUCTeMa KOHTPOJIS
CKOPOCTH, YCKOpEHHUE TPAHCIOPTHOTO CPE/ICTBA.
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