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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 Laeq, 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 (NOx), 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 EUROG lorries (440 and
460 AJ) noise level is the lowest compared to the EURO4 and EURO5. 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

Investigation of lorry noise and fuel consumption during acceleration



dinocodis

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, Lceqg,
Lcpeak 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, Lzmax (the
highest value was 89 dB) and Laeq (73
dBA maximum) noise levels were
lower than the wvalues 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
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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 50kmh1).

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

AHOTaliA. AKTyaJbHICTh JOCHIPKEHHHS B TOMY, IO I1HTEHCHUBHICTh IIyMYy, IO
BUPOOJIIETHCS BAaHTOKHUMHU MaIllMHAMHU, 3aJICKUTh Bl PeXUMY pyXy aBTOMOoOUIA. OqHUM 13
OCHOBHMX HETaTMBHMX YMHHHKIB, BUKIMKAaHUX JIOPOXKHIMU TPAHCIOPTHUMHU 3aco0amH, €
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3a0pyHEHHsI MOBITPsI BUXJIONHUMU razamu. HaykoBa HOBM3HA JOCIIIKEHHS - KOMIICKCHE
JOCIHIUKEHHSI IIyMY 1 pO3XOAy TOIUIMBAa BaHTAXHMX AaBTOMOOUTIB 3 BUKOPHCTaHHIM 1 0e3
BUKOPHUCTAHHS CHUCTEMHU YIOPABIIHHSA MIBUIKICTIO. Ixges 1 mpobiema IOCHIDKEHHS - B
JOCSTHEHHI WLiJel CTIMKOro pO3BUTKY TPAHCIOPTY, 30KpeMa CKOPOYEHHS BHKH/IIB
MapHUKOBHX ra3iB y BiamoBimHocTi 3 Kiorchkum mporokonoM. Haa3uuaiiHO BaKIMBO
3HAHUTH CIOCOOM TMPOTHO3YBAaHHS 1 MOHKEHHS PIiBHA 3a0pyIHEHHS TPAHCIOPTHOTO IIyMY,
MOHMKEHHS 3arajbHOr0 3a0pyAHEHHS, a TAKOX IOM’SITLIEHHS BIUIMBY Ha I100aJIbHUM KIiMar.

MeTo10 10CHiIsKeHHS] € BUBUYCHHS 3aJI©KHOCTI BAHTA)XHOTO TPAHCHOPTY BiJ IIyMy i
BHUTPATH TOIUIMBA MPU MTPUCKOPEHHI aBTOMOOLIS.

Buk/ag oCHOBHOro marepiajy. Y CTarTi HpeACTaBICHO pe3yJbTaTH JOCIHITKEHHS
IIyMy, BMKJIMKAHOTO BHUKOPUCTAHHSAM BAHTA)XHUX aBTOMOOUIB HiJ 4Yac NPUCKOPEHHS
aBTOMOOUIA. Pe3ynbTaT eKCHepUMEHTANIbHUX JOCHIPKEHb CBi4aTh, IIO PIBEHb IIyMY
BaHTaXHUX aBToMOOLTIB EURO6 (440 1 460 AJ) € camum HU3bkuM y niopiBHsHHI 3 EURO4 1
EUROS. Ilicns mpoBeleHHS aHami3y BHKJIMKAHOTO IIyMy 1 BHUKOPHCTaHHS Ta3y Oyio
BCTaHOBJIEHO, IO LIYMOBE 3a0pyJHEHHsS 1 BUKOPHCTaHHS rasy 0e3 CHCTeMH KOHTPOJIIO
MBHUIKOCTI 3BepXy. Lllym, BUKIIMKaHUI BaHTOKHUMH aBTOMOOUISIMHU, MOXe OyTH ONHCAHUHN y
BUTJIAA1I KBAJpaTHOTO MOJIHOMY, SIKMH BHM3Haya€ 3MIHM HAKJIOHY IIyMY IPH NPUCKOPEHHI
TPAHCIOPTHOTO 3aco0y; 00 JOOMTHUCS CTIMKOrO TPAaHCIOPTY, BAXKIMBO 3HAUTH CIIOCOOU
3MEHILIEHHS 3a0pyHEHHS TPAHCIIOPTY, 1100 3MEHUIMTHU MOM’SITIIEHHS BIUIMBY Ha II100aIbHUM
kiimat. [IoTokr BaHTa)XKHUX MEPEeBE3E€HB 301UIBIIYIOTHCS 3 KOKHIM POKOM, MOCTiIbKHY JIuTBa €
BAXJIMBOIO TPAH3UTHOIO KpaiHowo Yy CxiaHii €Bpomi 3 100pe PO3BHUHYTOI CHCTEMOIO
aBTOMOOUTBHUX MEPEBE3CHB, 1110 MOKPALTYIOTHCS.

BucHoBKM - micns MPOBENCHHS aHaNi3y IIyMy BaHTaXHOTO aBTOMOOUIS 1 PO3XOIy
TOIIMBA OyJI0 BU3HAUEHO, 110 BiJICYTHICTH CUCTEMH YIPABIIHHS MBUKICTIO 30UTBIIYE IIYM i
BUTpaTa TOIUIMBA, a IPU BUKOPUCTAHHI CUCTEMH OOMBA YNHHUKA PI13KO 3MEHIIYIOThCS.

KarouoBi ciioBa: BaHTaXHUI aBTOMOO1ITB, IIIyM, aHAII3 IIyMY i ra3y, CHCTEMa KOHTPOJIIO
IIBUJIKOCTI, IPUCKOPEHHSI TPAHCIIOPTHOT'O 3ac00y
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HNCCIEJOBAHUE IIYMA U ITIOTPEBJIEHUA TOIIVIMBA JJIA
YCTOMYUBOTI' O PA3BUTHUS TPAHCIIOPTA

AHHOTanUsl. AKTyaJbHOCTh HCCIENIOBAaHUS B TOM, YTO WHTEHCHUBHOCTH IIyMa,
MPOU3BOAMMOrO TPY30BHKAMH, 3aBHCHUT OT pPEXHMMa JBMXEHHS aBTOoMoOWs. OgHUM U3
OCHOBHBIX HETaTUBHBIX (DAKTOPOB, BBI3BIBAEMBIX JOPOXKHBIMU TPAHCIIOPTHBIMHU CPEACTBAMH,
SIBJISIETCS 3aTrPSI3HEHHE BO3/yXa BBIXJIOMTHBIMH Ta3aMH.

B ocHoBe wucciegoBanus. HayuHas HOBU3HA UCCIIEJOBaHMS - KOMILUIEKCHOE
UCCIIeIOBaHME IIyMa M pacxojia TOIJIMBA TPY30BBIX aBTOMOOMIIEH ¢ UCHOIB30BaHUEM U Oe3
UCIIOJIb30BAaHUSl CUCTEMBI VIIpaBIEHHUS CKOpocThio. Mneda u mpobiema wucciaenoBaHuUs
3aKJII0YAeTCsl B JOCTH)KEHHMM LIeJied YCTOMYMBOTO PAa3BUTHUSI TPAHCIOPTAa, B YacCTHOCTH
COKpAIIIeHHs BEIOPOCOB MAPHUKOBBIX Ta30B B COOTBETCTBUU ¢ KroTckum mpotokosiaom. OdeHb
B2)XHO HAWTH CIOCOOBI MPOTHO3UPOBAHUS U CHU)KCHHS YPOBHS 3arps3HEHUs] TPAHCIIOPTHOTO
IIymMa, a TakKe CHIDKCHHsI OOINEeTo 3arpsi3HCHHs, a TakKe CMATYEHUsS BO3JICUCTBHUS Ha
rI100aNbHBIN KIUMAT
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Henbo ucciaenoBaHus SIBJISACTCH H3YYCHHE 3aBUCHUMOCTH TIPY30BHKA OT IIyMa H
pacxojia TOIJIMBA MPH YCKOPEHUN aBTOMOOHIIS.

H3i10:xeHMe OCHOBHOIO MaTepHaJia B craTbe npeacTaBiIeHbl pe3yJIbTaThl UCCIEI0BAHUS
IIymMa, BBI3BAHHOTO HCIOJIb30BAHUEM TPY30BUKOB BO BpEMS YCKOPEHHS aBTOMOOWIISAL.
Pe3ynbTaThl SKCIIEpUMEHTAIBHBIX UCCIIEAOBAHUN IT0OKA3bIBAIOT, YTO YPOBEHB IIyMa I'PY30BbIX
asromobmiieii EURO6 (440 u 460 AJ) siBisieTcst caMbIM HU3KUM 110 cpaBHeHUIo ¢ EURO4 u
EUROS. Ilocine mpoBeaeHus aHaiaM3a BbI3BAHHOIO IIyMa M HCHOJIb30BAaHUS Traza ObLIO
YCTAQHOBJIEHO, YTO LIYMOBOE 3arps3HEHHUE U MCIIOIb30BaHHE raza 0e3 CHCTEMBbl KOHTPOJIA
ckopocty Bbie. [1IyM, BbI3BaHHBIN I'Py30BBIMH aBTOMOOMIIIMHU, MOXET OBbITh OIKMCAaH B BUJIE
KBaJPaTHOIO IIOJIMHOMA, KOTOPBIN ONpENENseT U3MEHEHHE HAKJIIOHA LIyMa IIPpU YCKOPEHHUH
TPaHCHOPTHOI'O CPEJICTBA. YTOOBI JOOUTHCS YCTOMUMBOIO TPAHCIIOPTA, BAXKHO HAHUTHU CIIOCOOBI
YMEHBUINTh 3arps3HEHUE TPAHCIOPTa, YTOObI YMEHBIIUTH TN0OANbHBINA KinMmaT. IloToku
IPY30BBIX IIEPEBO30K YBEINYMBAIOTCS C KaKIBbIM I'OJIOM, IOCKOJIBbKY JINTBa sIBIIsIETCA BaXKHON
TPaH3UTHOM cTpaHOU B BocTtouHol EBpone ¢ X0opoIo pa3BUTON U yJIy4dINAIOLIENHCs CUCTEMOU
aBTOMOOMJIBHBIX IIEPEBO3OK.

BeiBoabl - mocie npoBeleHUs aHalIM3a LIymMa IPy30BUKA U pacxoja TOIUIMBA ObLIO
OIIPEECIIEHO, YTO OTCYTCTBUE CHCTEMBI YIPABICHUSA CKOPOCTBIO YBEIMYUBAECT IIYM U PacXof
TOIJINBA, & IPU UCIIOJIB30BAHUU CUCTEMBI 00a 3TH (haKTOpa pe3KO YMEHbILAKOTCS.

KuiroueBbie cjI0Ba: Irpy30BUK, yPOBEHb LlIyMa, aHAIMU3 IIymMa U rasa, CUCTeMa KOHTPOJIA
CKOPOCTH, YCKOPEHHE TPAHCIIOPTHOI'O CPEICTBA.
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