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SPECIFIC EMISSION OF HARMFUL COMPOUNDS ANALYSIS FRO M AN
AGRICULTURAL TRACTOR IN A MODIFIED NRSC TEST

Summary

Non-road vehicles type approval tests consistgifrtg the combustion engines themselves on engimentbmeter stations.
As a part of these tests, NRSC and NRTC testadicted. The many years of research conducteléb?@znan Univer-
sity of Technology revealed differences in the ac$pecific emission of toxic components of exhgases from agricul-
tural machinery compared to the type approval testss is related to the different operating coiadis of the internal
combustion engine relative to the test cycles.thr reason, the authors conducted a study of ttesh emission from an
agricultural tractor in a 13-phase NRSC test, madifto more closely reflect real operating condiso These points were
determined on the basis of operating points obthiinem tests in real operating conditions. Befdre tests, the tractor en-
gine was warmed up to its operating temperaturirafhich it was loaded by the power take-off shatih a portable en-
gine dynamometer system. Analyzers from the PEM$grere connected to the tractor's exhaust systgich allowed
to determine the concentrations of exhaust comperserth as CO, HC, NOPM, in the type approval testing process. The
exhaust emission tests were extended with the paliitles number emission as well as their dimamai distribution,
which while not limited through emission normsstif very important from the point of view of humilaealth and life. The
analysis of the results allowed to determine thetlvalue excess level of specific compounds fhentractor.

Key words emission, NRMM, modified NRSC test, PEMS

ANALIZA JEDNOSTKOWEJ EMISJI ZWI AZKOW TOKSYCZNYCH Z ClI AGNIKA
ROLNICZEGO W ZMODYFIKOWANYM TE  SCIE NRSC

Streszczenie

Testy homologacyjne pojazdéw o zastosowaniu pogadiym polegaj na badaniu pod &em emisyjnéi samych silni-
kéw spalinowych na stanowiskach hamownianych. Wezalsie prowadzone; gesty NRSC (Non Road Stationary Cycle)
i NRTC (Non Road Transient Cycle). Wieloletnie aad@olitechniki Poznéskiej dowiodty rénic w rzeczywistej emisji
jednostkowej sktadnikéw toksycznych spalin z mas#gitzych w poréwnaniu do testéw homologacyjnybhigzane jest
to z odmiennymi warunkami pracy silnika spalinowegetosunku do cykli badawczych. Z tego powoduraytarzepro-
wadzili badania rzeczywistej emisji zgnika rolniczego w 13-fazowymséee NRSC zmodyfikowanym tak, by wkszym
stopniu odwzorowywat warunki rzeczywiste. Punktgkiesiono na podstawie uprzednio przeprowadzonych bamaa-
metréw pracy w rzeczywistych warunkach eksploat®giuzyskaniu temperatury roboczej oleju i ciedt@pdzcej silnik
ciggnika byt obcizany przez wat odbioru mocy samojezdramownd silnikowg. Do ukfadu wylotowego g@inika podk-
czone byly analizatory z grupy PEMS , ktore pozwak wyznaczeniegti toksycznych sktadnikéw spalin: CO, HC, NO
PM, rozszerzone o nielimitowgnale bardzo istotm z punktu widzenia zdrowiazycia ludzi emisgj liczby czstek statych
PN oraz ich rozktad wymiarowy. Analiza wynikéw poli#tev na okrelenie emisji zwizkdéw toksycznych wzgkem wartdci
dopuszczalnych.

Stowa kluczoweemisja, maszyny ruchome nieporugzajse po drogach, zmodyfikowany test NRSC, PEMS

1. Introduction The increase in the number of NRMM category velsicl
caused increased interest of legislators in thé&remwental
According to the definition contained in the Regjidn  pollution problem of this group of vehicles. Emasi
of the European Parliament and of the Council effluro- norms have changed over the years (Fig. 1), theswur
pean Union of 14 September 2016, NRMMof(-Road standard is called Stage 4 and it will continuapply until
Mobile Machinery is a mobile machine, mobile device or a2019, depending on the engine power and the intende
vehicle with a body or wheels or without a bodydreels, hicle purpose.
not intended for carriage of passengers or goodgudfic Legislators assure that the Stage V standard hed t
roads [1]. These vehicles are usually equipped wittn- RDE (Real Driving Emissiorsprocedure for vehicles with
pression ignition engines characterized by highssimh  compression ignition engines will come into foroe2i019.
values of nitrogen oxides (NDand particles (in terms of RDE means exhaust emissions testing in real opegrati
weight and number). Due to the continued mechanizatf  conditions and is the best available method thagggtom-
agriculture and the modernization of farms, ther@isig- plete and most reliable information on the real st
nificant increase in the number of new NRMM catggor components emission values from this group of Jekic
vehicles being sold. According to forecasts, in @@2will Such tests are performed using PEMS mobile measurin
exceed 5 million units of newly sold vehicles ofstliype. equipment. Numerous studies by the Institute of Qasn
This means a twelve percent increase compared 1@, 20 tion Engines and Transport and other scientific @sgarch
while only a 3% increase is expected for trucks [2] units all over the world have clearly shown that #mis-
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sion values obtained in real operating conditioifieidsig-
nificantly from the emission values obtained agsult of
the research process in laboratory conditions,baseap-
proved type approval tests, especially for the siwis of
nitrogen oxides and particulate matter [3, 4, 5, 6]
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Fig. 1. Dates of introducing consecutive emissiamdards
in Europe [7]

Rys. 1. Lata wprowadzania kolejnych norm emisyjnydtu-
ropie [7]
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Currently, the compounds limited by the legislatio-
clude solid particles (in terms of mass) and gasemmm-
pounds, i.e.: C@ CO, NQ and HC. The particle humber
limit (PN) for NRMM vehicle engines has not beenabs
lished for existing standards. However, the natifréhe
particle size depending on their diameter (Figst®B)ws that
nanoparticles (particles with a diameter belowm] ac-
count for 90% of the total number of particles ¢editby CI
engines, while being only 10-20% of the total mafssolid
particles emitted together with the exhaust gashas, as
the legislators have noticed the problem, a linatue of
particle number equal to 1xf0s to be introduced with the
Stage 5 standard. This is in line with the guidsdiof the
European Parliament and the Council of the Europdan
ion in Regulation (EU) 2016/1628, which reads dmo¥es:
“In order to ensure the regulation of smallest pewiate
pollutants emissions (04m and smaller), the Commission
should have the authority to accept a quantitatipproach
to particulate pollutants emissions measurementaddi-
tion to the current weight-based approach. The migak
measurement approach should use the results dfitlited

2. Test vehicle

The tested vehicle was an agricultural tractofine with
the Stage llIA/Tier 3 emission standard. The mastufer
equipped the vehicle with a 6-cylinder engine \aittisplace-
ment of 7.1 drhand a maximum power of 198 kW at 2300
rpm. The tractor was equipped with an D@&=6el Oxidation
Catalys} and EGR Exhaust Gas RecirculatipnTable 1 lists
the technical data of the vehicle, while Fig. 3vetithe vehicle
together with the measuring apparatus.

Table 1. Test vehicle technical data
Tab. 1. Dane techniczne obiektu badawczego

Engine type, number and arrangemen(?;yéml?n(g’e:' valves
of cylinders, number of valves per cy '

Cl engine
Injection system Common Rail
Displacement 7,1 din
Cylinder diameter/piston stroke 115%149 mm

Maximum power 198 kW at 2300 rpm

Maximum torque 1050 Nm at 1400 rpm
. VGT turbocharger

Turbocharging with intercooler

Aftertreatment system EGR, DOC

Emission standard Tier 3/ Stage IlIA
Source: own study4rédito: opracowanie wtasne

Source: own studyZrodio: opracowanie wiasne

Nations Economic Commission for Europe (UN/ECE)—ParFig' 3. Picture of the tractor and the emission sueag
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Fig. 2. The idealized relation between the sizeaticles
and their number and mass for exhaust gases frenCth
engine [8]

Rys. 2. ldeowa zatrasé¢ wielkdici czstek statych od ich
liczby oraz masy dla spalin silnika ZS [8]
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equipment
Rys. 3. Obiekt badawczy wraz z aparatpomiarow

3. Research method
3.1. Type approval tests of NRMM vehicles

There are currently two worldwide type approvaltse
for NRMM vehicles — stationary NRSC testdn Road Sta-
tionary Cyclg¢ and dynamic NRTC tesNon Road Tran-
sient Cyclé.

The NRSC stationary test is an 11-phase test @ig.
performed on the engine dynamometer. It allowsdted
mine the average emission of individual componentsx-
haust gases. The participation coefficients forheplase
are determined based on the intended applicatiothef
tested engine [9].

The NRTC dynamic test came into force as a patthef
Stage Ill standard and allows continuous measurteimien
toxic compounds emissions as well as fuel consumgor
variable engine operation parameters (speed ank). |Bay-

. 5 shows the evolution of the NRTC dynamic test.
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Fig. 4. The NRSC test measurement points [9]
Rys. 4. Schemat testu NRSC [9]
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Therefore, a new NRSC test was proposed, the @gin
erating points were condensed and their numberedsed
(Fig. 7). It was noticed that these engines nogntglerate in a
very narrow range of medium rotational speeds #gtulbads,
which is described in detail in [9]. Table 2 prdsethe pa-
rameters of the proposed modified NRSC test.

100
_ 80 .
T

= @
(=]

|

2 40 ‘
®

[ =

W20

Sat 60% Sat 20%
Sidle

engine power engine power

Engine speed [rpm]

Fig. 7. The NRSC test points after modification [9]
Rys. 7. Schemat testu NRSC po modyfikacji [9]

Table 2. Modified NRSC test parameters [9]
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Fig. 5. The dynamic NRTC test [9]
Rys. 5. Schemat testu NRTC [9]

3.2. Modified NRSC test

The tests presented in this article have beeropeed
using the modified stationary NRSC test. Numerdudiss
on NRMM vehicles of various roles have shown thet t
type approval tests do not fully reflect the actopérating
parameters of the engines of this vehicles catef@ryrhe
stationary NRSC test phases for the majority of tdsted
engines lie outside the ranges of rotational speeddoads
most frequently used in real operation (Fig. 6)atidition,
the ranges of maximum engine loads are typicallgy ve
rarely used.
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Fig. 6. Comparison of agricultural tractor engirpe@ting
range in real conditions with NRSC test points [9]

Rys. 6. Porownanie zakresu pracygrika rolniczego
w rzeczywistych warunkach eksploatacji z punktasiut
NRSC [9]
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Tab. 2. Parametry zmodyfikowanego testu NRSC [9]
Engine speed

. % of the Engine

P,\?ént gp[eed at maxi sp?eed L[g;gd [L’\?;? Weight
’ imum engine [rpm]
power]

1 60 1410 90 878 0,15
2 60 1410 65 633 0,2
3 60 1410 40 390 0,2
4 90 2115 80 672 0,1
5 90 2115 55 462 0,1
6 90 2115 30 252 0,1
7 Idle 850 - - 0,15
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3.3. Measurement apparatus

The measurement of harmful compounds in laboratory
conditions on the chassis dynamometer, thus simgléhe
real operating conditions, was performed using teotée-
vices from the PEMS group. The measurement of gesseo
compounds, i.e. carbon dioxide (gQcarbon monoxide
(CO), nitrogen oxides (N, and hydrocarbons (HC), was
done with the SEMTECH DS device (Fig. 8a). The meas
urement of particulate mass was made using the M@&S
apparatus (Fig. 8b), while the measurement of tigmber
was performed with the TSI 3090 EEPS device (Fay- 8

Fig. 8. Pictures of the exhaust measurement devised:

a) SEMTECH DS., b) AVL MSS, c¢) TSI 3090 EEPS [10,
11, 12]

Rys. 8. Widok aparatury pomiarowej: a) SEMTECH DS.,
b) AVL MSS, c) TSI 3090 EEPS [10, 11, 12]
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In the case of the SEMTECH DS device the exhauder passing through the neutralizer, the partiatesdirected

sample of the tested vehicle engine was taken frarex-
haust gas mass flow-meter, from where it was tramesg
via a heated conduit to the analyzer set (FigH®ating the
duct to 191°C is to prevent condensation of hyditomas as
a result of temperature differences. Subsequetithy,ex-
haust sample is subject to filtration to separagesblid par-
ticles. The sample prepared in this way is transgboto in-
dividual analyzers, allowing to examine individuaimpo-
nents of the exhaust gases.

> Saj‘::j‘;‘"e [—> Fitr [—> FD —
| Cooler |
(——I =71 |<—| NDIR |<—| NDUV |
| | l E 7
| | I Z .|
| Control managment | E
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| CAN | | GPS | | W'Ir_‘;';ss | :g N
v
Fig. 9. SEMTECH DS operation schema [10] & 2
Rys. 9. Schemat dziatania mobilnego analizatore 1 -
SEMTECH DS. [10] 0

The first analyzer to which the sample is serthésFID
(Flame lonization Detectyrwhich makes it possible to de-
termine the hydrocarbons emission. Then the gag o
cooled to a temperature of around 4°C and transgpdd
the NDUV (Non-dispersive Detector Ultra Violednalyzer,
which tests for the content of nitrogen oxides. i tiee car-
bon oxide and carbon dioxide content is determingidg
the NDIR (Non-dispersive Detector Infrargénalyzer. The
measurement oxygen via an electrochemical analgzbe

to the charging electrode; after obtaining an eilecharge,
they can be classified based on their size [12].

4. Results

The data obtained from the chassis dynamometes tes

were analyzed and a specific emission value wasr-det
mined on this basis (the mass of a given compoumittex
relative to the work performed within one hour).iS was
done for every compound limited by the Stage IltAns
dard. Moreover, the emission values obtained fowukited
actual conditions were compared with the limits tbé
Stage IlIIA/Tier 3 standard and significant diffeces were
noted (Fig. 10).

0,35 02

B emission value

B Stage IlIA limit

HC+ NOx

Source: own studyZrodio: opracowanie wiasne

Fig. 10. Comparison of the agricultural tractor cfie
emissions and Stage IllA standard limits

Rys. 10. Porownanie emisji jednostkowejgaika rolni-
czego i limitéw normy Stage IIIA

last step. The vehicle is positioned by synchramjzihe The biggest discrepancy was recorded for the HC+NO
GPS system with the analyzer. The apparatus alablen emissions, which was 83%. The particulate emissias
connection to a WLAN network and communication withcharacterized by a 75% difference between the émnissr

the CAN Controller Area Network[10].

the modified NRSC test (based on RDE tests) condpiare

The measurement of particulate mass was made usitite Stage IlIA standard. Only the carbon monoxidese

the AVL mobile analyzer MSSMicro Soot Sensgy using
the PAAS Photo Acoustic Soot Senyomethod. This
method consists in subjecting the solid partictesatliation
with modulated light, which results in their periotheating
and cooling. This process leads to changes inaheane of

sion was found to be within the emission limit edu
which was related to the high efficiency of the dizing
catalytic reactor. On this basis, it can be uneagally stat-
ed that the emission obtained in near to real dipgraon-
ditions significantly differs from the values ofetlcurrent

the tested gas, which generates a sound wave. Measutype approval tests done in accordance with thal legvi-

ments are performed by vibration-sensitive microm@s
that are tuned to work only in a certain rangerapbtudes
and frequencies. When the air is clean, no sigeadd-
tected, while when increasing the number of sootigles

in the gas (increase in concentration), the souguaak in-

creases. The exhaust gases are diluted in or@aoid soot
condensation [11].

sions. The validity of the modification of the cemt sta-
tionary test NRSC was also confirmed.

In addition, the specific emission of the particlenber,
which amounted to 1.41x30[-/kwWh], was determined, but
at the moment there is no limit set by the legiskafor this
emission value. Fig. 11 shows the dimensional iligiion
of solid particles in the exhaust gas tested. Tdrtigle size

The particle number was measured using a TSI EEPdstribution confirms the significant number of fieles

3090 mass spectrometeEngine Exhaust Particle Sizer

with the smallest diameters emitted, as is charatite of

Spectrometgr The exhaust gases are transported througbompression ignition engines. Local maxima exist de

the dilution system maintaining the temperaturerappate
for the mass spectrometer. In the first step, thefifier
stops the particles with a diameter larger thamml which
are outside of the measuring range of the devibenTaf-

Natalia SZYMLET, Maciej SIEDLECKI, Piotr LIJEWSKI, Barbara SOKOLNICKA

223

ameters of 6.94 and 34 nm. The total concentraifopar-
ticulate matter reaches up to 200007cmhich exceeds the
ambient concentration value in the area by an owfer
magnitude.
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Fig. 11. Average particle size distribution emitfeaim the
tractor engine

Rys. 11. Rozktad wymiarowygstek statych z ggnika
rolniczego

5. Conclusions

The performed research revealed that the toxicgomn
limits (Stage IlIA/Tier 3) are exceeded in a tdsittsimu-
lated real operating conditions.

Emission tests for the modified NRSC test confiime

the shortcomings of current testing methods for e¢has-
sion of toxic compounds. Currently, the RDE teghis on-
ly way to determine real emissions obtained in tesffic
conditions, also taking into account the specifigine op-
erating conditions or the atmospheric conditiorts. final
form in the case of NRMM vehicles should becomécaf
by 2019 with the introduction of Stage V emissianits.
Moreover, it is necessary to regulate the emissiotoxic

compounds from NRMM vehicles already in operatias-

of today such regulations do not exist.

One of the ways to limit exhaust emissions from dip-
eration of NRMM vehicles is through retrofitting,high
means retrofitting old machinery with modern exhaafs

Acknowledgement05/52/DSPB/0260.
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tertreatment systems. This idea is one of the robjec-
tives of the European ParliamehBRue to the long service
life of non-road mobile machinery, modernization eof-
gines already in use should be considered. Suclemamh-
tion should in particular concern machines workiiry
densely populated urban areas, in order to achiswapli-
ance with EU legislation on air quality]1].
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