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RETROFITTING ISSUES OF NON-ROAD VEHICLES
ON THE EXAMPLE OF A FARM TRACTOR

Summary

It is not possible to meet the current type appletandards for the exhaust emission from intem@hbustion engines
without the use of exhaust aftertreatment systdmsdditional problem is in the increased emissionseal driving condi-
tions compared to the values obtained in type aygirtests. The current legislative trends are rited to just lowering
the emission limits for new vehicles, but also@ttiaimed at reducing the impact of vehicles thatadready in operation.
One of such actions is known as retrofitting, diwsat as retrofitting older structures with modershaust aftertreatment
systems, without the need for any changes in tgmenlesign. Research has shown that the emiss$itoxic compounds
from agricultural machinery engines can reach valup to 30 times higher than those of an averageseager vehicle.
This problem has been noticed by the legislato rgulations concerning operated non-road machigessuccessively
being introduced. Such restrictions are alreadyser in the Berlin city center for example, whellevahicles operated
within the given zone must meet the Stage 3b emibgiits. Retrofitting is a multi-stage procesbeTarticle discusses the
issue of performing this process, starting with NRNon-Road Mobile Machinery) emission measuremémtsugh sim-
ulation studies of a virtual model of a particulditer in CFD software (Computational Fluid Dynaes), to verify its op-
eration in an agricultural tractor, i.e. one of tlmeost numerous vehicle types within the non-roduicleegroup in Poland.
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ZAGADNIENIE RETROFITTINGU W POJAZDACH POZADROGOWYCH
NA PRZYKLADZIE ClI AGNIKA ROLNICZEGO

Streszczenie

Nie jest meliwe spetnienie aktualnych norm homologacji typa dhmisji spalin z silnikéw spalinowych bez stosawan
uktadbéw oczyszczania spalin. Dodatkowym problenesinziwkszona emisja w rzeczywistych warunkach jazdy \évpor
naniu z wartgciami uzyskanymi w badaniach homologacyjnych. Obéendencje legislacyjne nie ograniezaje tylko do
obnkenia limitdw emisji dla nowych pojazdéw, alezakio dziatd mapcych na celu ograniczenie wptywu jeksploato-
wanych pojazdéw. Jednym z takich dzigkst modernizacja, opisywana jako modernizacjasgtach konstrukcji za pomo-
cq nowoczesnych systeméw oczyszczania spalin, beelpotvprowadzania jakichkolwiek zmian w projelsiieika. Ba-
dania wykazatyze emisja szkodliwych zyzkow z silnikéw maszyn rolniczych z@@signgé wartasci do 30 razy wisze
niz w przypadku przeginego pojazdu pasarskiego. Problem ten zostat zauaay przez ustawodawcow i sukcesywnie
wprowadzanegregulacje dotyazce eksploatowanych maszyn pozadrogowych. Takieiogemnia 8 juz obecne na przy-
ktad w centrum Berlina, gdzie wszystkie pojazdyleksowane w ramach danej strefy muspetia limity emisji Stage
3b. Modernizacja jest procesem wieloetapowym. Wkaht opisano problem prowadzenia tego procesuhagzmc z po-
miaréw emisji NRMM (Non-Road Mobile Machinery), pmgz badania metadsymulacji wirtualnego modelu filtru ggtek
w oprogramowaniu CFD (Computational Fluid Dynamijos) celu sprawdzenia jej dziatania wgghiku rolniczym, czyli
jeden z najliczniejszych rodzajéw pojazdéw w grymgzdow nieporuszggych s¢ po drogach w Polsce.

Stowa kluczoweretrofitting, emisja spalin, emstki state

1. Introduction sions will increase from 15% to 20% in 2005-202D Kgri-
cultural tractors are covered by a separate diecti

Non-road mobile machines (NRMM) cover all types of(EC/167/2013) and must comply with the emissionitim

internal combustion engines, from small stroke eegjiand
spark ignition used in handheld machinery, to eegiwith a
large displacement volume and compression ignitged in
the mining industry, as well as railway engines tbe in-
tended for floating objects, fueled by liquid oisgaus fuels.
In London, construction machinery accounts for 1df%otal
PM emissions and 12% of N@om automotive sources [1].

from the previous NRMM directive (EC/97/68). Mostun-
tries base their legislation on US and EU standadst is
important that values are set in Europe, which thiédn be
adopted around the world.

Switzerland has stricter rules for constructiorthigery that
require the use of a particulate filter in the emtaystems of all
non-road engines with a capacity of more than 18 ud&d

The share of NQemissions is expected to increase in thehroughout the country. Because engines have besking for

coming years, as restrictions have been introdicesther
transport sectors on the emission of harmful coraptmof
exhaust gases by reducing the emission limits.tDtiee less
restrictive regulations for off-road vehicles comguhto even
HDV category vehicles, NRMM's share in total N€mis-
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several decades, the issue of introducing exhgstetns compo-
nents that complement existing solutions has bealyzed to
reduce emissions of toxic compounds into the athmeysp This
means that without applying additional requiremebtsthe
used engines, modernization devices will be udéttiag the
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purity of the emitted exhaust gases (Fig. 1) [2jisTaction is
referred to as retrofitting.

Source: own studyZrdio: opracowanie wiasne

Fig. 1. Examples of construction equipment subjeatet-
rofitting

Rys. 1. Przyktadowe maszyny budowlane poddanefitetro

tingowi

2. Emissions regulations for NRMM vehicles in sel¢ed
European cities

Non-road vehicles are one of the main sourcesm$-e
sion of harmful components of exhaust gases, wisiaf-
ten overlooked. In some cities, they account fo¥o3ff all
road pollutants. Construction and agricultural niaety
are used for many hours a day during long periddsord-

ing to research, NRMM are responsible for 7% of-su

struction machinery must be equipped with a pdetetfilter
to be legally usable [4]. There is currently noidémgion in
Poland regarding this aspect.

3. The problem of the apparatus fixing

Due to the completely separate nature of off-roali-
cles, their tests constitute a separate challeegeined for
the retrofitting process. In connection with th&aduction
of new regulations on emissions, there is a neestudy
non-road machinery in order to determine the degree
their negative impact on the environment and tdofwehe
applied elements of the exhaust gas treatment rayate
part of retrieval. Road vehicles, both passenger @ad lor-
ries, are equipped with recesses, luggage racksagst
compartments and holders dedicated to fix positiatsch
make it possible to mount the test equipment ingiden.
Despite the large size of non-road machines andnih&-
turization of test equipment and the reductiorhefiumber
of personnel required to operate, the design ofhinas
very often makes testing impossible [5].

Agricultural tractors are the most popular mackine
from the NRMM group operated in the country. Theaghie
of the test equipment is a problem when the trabtmy
shell is made of plastic, which has insufficienaibieg ca-

ghacity. This material is often used to cover thefravhich

pended soot and 16% of nitrogen oxides in Euroge T 'S the only place where the apparatus can be plé¢eBue

European Union regulation on non-road vehicles letgs

emissions from the NRMM to a small extent compated
the regulations for passenger cars and lorries.tatie be-

low contains a list of the largest capitals andesiin Eu-

rope in terms of the applicable provisions for moad ve-

hicles (Table 1).

Table 1. Comparison of the advancement level ofileeg
tions in selected European cities [3]

Tab. 1. Poréwnanie stopnia zaawansowania przepiso

w wybranych miastach europejskich [3]

Zurich ++ | Stockholm + | Paris — | Glasgow -
Vienna + | Berlin + | Madrid — | Prague ——
London + | Copenhagen + | Dublin — — | Stuttgart ——
Graz 0 | Lyon 0 | Rome — — | Lisbon ——
Barcelona 0 | Dusseldorf 0 | Brussels — — | Luxembourg ——
Milan — | Amsterdam —

The city with the most developed emissions letigstais
Zurich. There is a division into works in urban gmivate
areas within the city. Accordingly, for each casé manda-

to this, special frames or trailers are designedllimw the
analyzers to be placed outside the vehicle. Thi®is uni-
versal solution, because agricultural machinesaalapted
to perform various works, which often prevent ifgéeence
in the vehicle's geometry. In addition, the magerohin-
ders agricultural work and increases the centegra¥ity.
An example is the weight mounted in the front af thac-
tors to ensure improved stability and efficiency vadrk
(Fig. 2). Often their shape makes it impossiblentmunt the
frames in a stable manner, which especially appies
smaller units.

\ W s
k3

Source: own studyZrodio: opracowanie wiasne

tory that machines with engines above 18 kW and

37 kW have a particle filter in the exhaust sys{8in the
case of Vienna, this is the responsibility of eegirover
18 kW users. The list also includes cities for vahio regu-
lations related to the emission of harmful compaungre

adopted, among others Rome and Stuttgart. Therenare

provisions regarding those cities in which the oval and
European provisions are introduced. In most cdSgs,egu-
lations were adopted, but individual cities did impose ad-
ditional recommendations regarding the use of @didrvehi-
cles. In Berlin, a recipe analogous to the wellknaovehicle
labeling with ecological badges was introduced,ciiguar-
antees the possibility of passing through speeiféas of the
city. In this city, since 2014, construction maainused on
construction sites must comply with the IlIB/llIAngssion
standard (llIA for machines <37KW). This correspsrid
the current EU standard set for new machines. Gider
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Fig. 2. View of the weight used in the front of thehicle
Rys. 2. Widok obginika stosowanego w przedniejefa
pojazdu

'y I it A8 2 i wki
Source: own studyZrédio: opracowanie wtasne

Fig. 3. A view of the movable part of harvestertthae-
vents installation of the test equipment

Rys. 3. Widok eZci ruchomej kombajnu unierflwiajgcej
monta aparatury badawczej
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In the case where the vehicle sheathing is madeetdl
materials, the reason for the inability to attaoh test appa-
ratus may be in the nature of the work that thehimecper-

The emission unit for vehicles with non-road use i
g/kWh. In order to determine it, information abdhbé in-
stantaneous power generated by the engine is eefuir

forms. An example is a combine harvester whose somEhese data are collected by the engine contrallerder to

elements must remain movable, which prevents tiadyan
ers from being placed on its roof (Fig. 3), closdte end
of the outlet system.

4. Apparatus operating conditions

select the parameters of diesel injection. Thierim&tion is
transmitted via the CAN network of the vehicle. Skalue
should be read by PEMS apparatus in order to determ
the unitary emission of toxic compounds. The diagico
connectors in NRMM vehicles are usually separatevés
hicles and for the engine. There is no standaridizgire-

The PEMS Portable Emission Measurement Sysfemssent in PC-class vehicles where DTC connectorspage

apparatus is adapted for use outside the laborakmy-

ever, the conditions of use of vehicles with offdause sig-
nificantly differ from PC class vehicles. The largeternal

combustion engine dissipates more heat, whichoif tyy

to investigate field work carried out at the turfnJaly and
August, can increase the operating temperaturbeofiha-
lyzers to as much as 60-70°C, which may lead to the

struction. The cooling the exhaust sample is thetlpm-

atic. Before it goes to the NDUV and NDIR analyzer
should be cooled to less than 5 Celsius degreessitite
discrepancies cause incorrect results of concembradf

carbon monoxide and nitrogen oxides. Additional licgp
beside the air circulation inside the devices it pussible
due to the already mentioned amount of space Obttier

hand, too low temperature will not allow keeping tem-

perature of the heating path at the level of ald®& °C,

which will cause hydrocarbons to condense. Air icapl
also causes problems with the settling of polliganside
the analyzers, which is typical during field testglry con-

ditions (Fig. 4a). It is also impossible to use dpparatus in
rain and snow (Fig. 4b). A number of problems alsours
during tests carried out on water vehicles, becafisalt in

seawater additionally acting in a highly corrosivay to

the electronics used in the analyzers.

a)

b)

Source: own studyZrdio: opracowanie wiasne

Fig. 4. Examples of operation conditions of agticrdl
tractors a) summer, b) winter

Rys. 4. Przyktadowe warunki pracygnikéw rolniczych,
a) lato, b) zima
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sent. Examples of NRMM vehicle class connectorsttier
diagnostic system are shown in Fig. 5.

Fig. 5. CAN plugs used in non-road vehicles
Rys. 5. Wtyczki CAN stosowane w pojazdach pozaaymio

The connectors provided by manufacturers are dinit
to the most popular solutions, but despite havirgraper
plug-in, often the data transfer protocol is imploles to
read by the apparatus, i.e. the vehicle transnmitseveral
channels at the same time, and the apparatus carant
pret such results and as a results and thus nalsgnead
[6]. This results in the necessity of using produsmutions
and only at the stage of processing the resuksg¢dimbina-
tion of mass emission with instantaneous motor ppwe
which causes many difficulties with proper startnoéas-
urements at the same moment and with the same isgmpl
frequency.

5. Particle filters simulation testing

In order to verify the legitimacy of using diegarticu-
late filters in the outflow systems of non-road iedds, a
series of virtual filter simulations were performed the
AVL Fire Aftertreatment software, carried out inesjfic
temperature and pressure ranges, with a set @reift in-
ternal filter structures, i.e. number of cells femt filter
surface (CPSI Cells Per Square Inghas well as the di-
mensions of the external media and the diamettheoinlet
channel (Fig. 6b). These numbers affect the filgertapa-
bility of the carrier, thereby increasing the pressand,
consequently, increasing the resistance of the usthgas
flow. The new design of the filter should have lib&st pos-
sible effect on the exhaust flow resistance, bexduis val-
ue is directly related to fuel consumption and thasbon
dioxide emission (Fig. 6a).

The second problem consists in the constructiothef
carrier itself. The simulation program only alloJitter
simulations of the ceramic housing (Fig. 7a), ofilegaon
the principle of flow through a porous wall, wheseatro-
fitting is based on metal supports arising fromabé#ing of
a catalytically thin, corrugated sheet metal teatharacter-
ized by a flow structure. This causes a numberroblems
in the simulation due to changes in the real gepnukiring
the flow of heated exhaust gases (Fig. 7b). Thalsitions
themselves are also burdened with certain apprdioma
related to the wave phenomena occurring in the nuit

,Journal of Research and Applications in Agricultural Engineering” 2018, Vol. 63(4)



let systems. Virtually all self-ignition enginesagquipped
with a turbocharging system, combined with consgs-
tems, i.e. variable geometry of the turbine steprvheel
blades or exhaust vent (wastegate valve). Thisesaasse-

ries of flow disturbances in the channel, whichaiso
shaped depending on the particular engine.
a) b)

uuuuuuuuuuuu
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Fig. 6. a) the result of simulation of the absolilbev pres-
sure, b) filter mesh prepared for simulation [7]

Rys. 6. a) wynik symulacji absolutnegén@nia przeptywu,
b) siatka filtra przygotowanego do symulaciji [7]
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Fig. 7. View of the particulate filter carrier: &pramic,
b) metal [8]

Rys. 7. Widok ngnika filtra czstek statych: a) ceramiczne- [7]

go, b) metalowego [8]

Acknowledgements

6. Conclusions

Numerous NRMM tests have proved their over-
emissivity in real operating conditions comparedht® lim-
its contained in the approval standards. Their ickemable
number and age, as well as the increasing numbesrthe
years, mean that their use has a significant impacthe
surrounding environment, especially in the fielchdfogen
oxides and particulate matter, which are the biggesb-
lems of today's diesel engines. Retrofitting usedHDV
vehicles brought the expected results and confiried
such actions bring a positive effect in the fornreducing
emissions by modern exhaust gas treatment systeosed
vehicles. The working conditions of NRMM are separa
and require separate solutions. The issues dedcitibthe
article indicate difficulties in carrying out thetrofitting
process for NRMM, but these activities will be neddn
the future, due to the introduction of restrictidios such
machines in various countries and cities.
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