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wear ' based on the tests on the group of 126 on-site repairs were assessed.
Repairs were made in the repair centres in Podkarpackie Voivodeship
and centres dealing with repair of injection systems. Metallographic
tests were carried out in the Laboratory of Materials of Rzeszow
University of Technology with the use of electrone scanning micro-
scope Hitachi S-3400N.
Introduction

Foreign concerns and domestic producers of farm vehicles and machines have built
a modern infrastructure which includes a network of authorized trader and repair centres
representatives in Poland within the last two centuries. Ensuring by the general distributor
and dealers professional technical service of products concerning surveys and repairs
(Juscinski, 2012; Jusécinski and Chomik, 2016; Juscinski and Piekarski, 2010) is a basic
standard in this network. The above actions are necessary due to a continuing progress
concerning structural solutions and technologies of production of units and repair service
systems of farm vehicles and they result from the research and development works as well
as scientific research (Klimkiewicz, 2005a, 2005b, 2008; Michalski et al., 2014, 2015).

Modern agricultural vehicles are equipped with self-ignition engines which have mod-
ern technical solutions including high pressure common rail fuel injection systems. The
common rail injection system has to optimize the fuel supply to cylinders with regard to the
parameters of the amount and form which ensure the best course of the combustion process.
The European Parliament and the American Agency for Environmental Protection succes-
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sively confirm new versions of standards where they define admissible values of emission
of hazardous substances. Emission levels are varied depending on the type and power of the
engine. Meeting the fumes emission standard 1V/Tier4 due to high reduction of admissible
value of hazardous substances emission — NOx oxides and solid particles, was a great chal-
lenge for producers of tractors and self-propelled farm machines. The operation of the fuel
injection system, which is fit with regard to technical and exploitation issues, depends on
the operation of the injection pump or in-line pump distributor. In case of improper fuel
pump operation, in particular of injection parameters, the course of the process of forming
fuel and air mixture and at the same time the engine operation are disturbed (Graba et al.,
2010; Hetmanczyk et al., 2013; Kowalski, 2012; Kowalski et al., 2011). Symptoms of in-
correct operation or damage to the fuel pump are as follows: decrease of power at the in-
crease of the engine loading, irregular operation of the engine and the fact that another
restart is impossible.

Factors which have a negative impact on those processes are as follows:
— high pressures operation,
— operation of variables and high temperatures,
— chemical influence of combustion products,
— phenomena which cause or impede erosive consumption (including cavitation erosion).

Friction processes have a significant impact on the course of consumption in exploita-
tion of farm tractors. Tribological processes which take place in the places of a mobile
contact of solid bodies depend inter alia on parameters of the cooperating surfaces and
smearing of mobile units. Friction also occurs in supply systems which due to their struc-
ture and complex operation, high thermal and mechanical loading take a specific course.
The injection apparatus consist of the engine unit which among main systems: a piston
crank, timing gear, smearing, cooling and starting systems, is the most vulnerable to dam-
age, therefore its participation is prevailing in repairs. In the structures of fuel systems of
farm tractors, two types of injection pumps were used: section and distributor ones. Tradi-
tional fuel systems with injection pumps with mechanical regulators are replaced by elec-
tronically controlled systems. Common Rail high pressure injection systems producing
pressure exceeding 200 MPa cooperate with electromagnetic and piezoelectric injectors
made by: Bosch, Delphi, Denso, Continental (Simens). Negative changes take place during
exploitation both in macro and micro-geometry of material on the surface of working preci-
sion pairs, therefore there is a need of research in this field.

Methodology of research

Tests with the use of documentation of repairs were carried out in three establishments
in Podkarpackie Voivodeship which deal with authorized repair of the injection apparatus.
The tests included a representative group of 126 repair services made between 2015 and
2016. Metalographic tests with a scanning electrone microscope were carried out. They
included consumption of the injection apparatus on the example of precision pairs of row
pumps. Tests of injectors with the use of a digital microscope for particular types of wear
were carried out. A statistical assessment of damages of elements of the injection pump and
electromagnetic injectors used in Common Rail systems CP4 type used in Massey Ferguson
tractors was performed.
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Research results

Metalographic microscope tests were carried out for the plunger and barrel assembly
from the multi-sectional injection pump with combined sections. The micro-structure of the
plunge and barrel assembly was tested including the groove controlling the fuel dose. Mo-
torpal plunge used in Zetor tractor after 3000 motohours was the object of investigation.

Figure 1. Plunger from Motorpal pump of Figure 2. Plunger enlarged 10x with a view
Zetor tractor after 3000 motohours of op- on the groove controlling fuel dose
eration

$3400 20.0kV 61.8mm x800 SE 50.0um

Figure 3. Plunger enlarged 150x with a Figure 4. Piston enlarged 600x with a view
view on the groove controlling fuel dose on the groove controlling fuel dose

Metalographic tests were carried out in the Laboratory of Materials of Rzeszéw Univer-
sity of Technology with the use of a scanning electrone microscope Hitachi S-3400N which
is designed for testing the morphology of the surface of solid bodies. Research was carried
out with the use of enlargement: 10x, 150x, and 600x. Figures 1-4 present research results.
The wear of the plunger in the area of the groove which controls the fuel dose was reported.
Numerous indentations and pits were observed. Adsorption phenomenon and accumulation
of carbon deposit and waxes which cause irregularity of fuel doses and decrease the tight-
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ness of the plunger and barrel assembly was reported. Metalographic images show the ef-
fects of friction wear and chemical corrosion as a result of the surface oxidation of metal.
Figure 5 and 6 shows places where intensive consumption of elements during exploitation

takes place in the DPA injection pump by CAV.
+ &

Figure 5. Selected elements of the injection pump DPA by CAV which are subject to inten-
sive wear during exploitation

Figure 6. Rotational distributor of DPA
injection pump by CAV with indicated spots
of intense wear during exploitation

Analysis of documentation of technological processes performed during 126 repairs and
information obtained in the form of a direct survey with employees of the repair department
enabled estimation of the percentage participation of damages of particular elements of
Common Rail type CP4 injection pumps. The highest level of damages was reported in case
of a pump pressure controller and working elements namely pump pressure valves. Damag-
es of the supplying pump or other damages, e.g. wear of the camshaft in the pump was
considerably less often (Fig. 7).
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Figure 7. Distribution of particular damages of elements in the injection pump Common
Rail type CP4 used in farm tractors

Injectors are the most impermanent elements of the Common Rail injection system,
which directly influence the engine performance, capacity, fuel consumption and emission
of hazardous oxides to atmosphere. Their consumption is related to direct impact of the
pulsation pressure of 200 MPa and thermal loading. The highest level of damages was
reported for the needle valve, sprayers and control valves (Fig. 8).

4% 2%
@ Needle valve with plungers
@ Sprayer (ending)

@Control valve

® Electromagnetic valve

others

Figure 8. Participation of particular damages in electromagentic injectors used in the high
pressure Common Rail systems
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Figure 9. Corrosion pits on the knife-edge Figure 10. Overheating and change of the
follower from Common Rail -Bosch sprayer  structure of the Common Rail-Bosch spray-
er ending

Figure 11. Damage to the control valve set Figure 12. Corrosion pits and the change in
of Common Rail-Bosch the shape of the Common Rail-Bosch spray-
er cone

Microscopic images of advanced changes in the condition of the cone surface of the
needle and seat were made with a digital microscope Optical Smart with a specialist fibre-
optic lighting (Fig. 9-12).

Yellow coating visible on the surface of the needle valve of the sprayer results from
application of biofuels and influence of organic acids included in fuel.
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Figure 14. Corrosion pits on the injector Figure 15. Corrosion pits on the needle
sprayer which occurred affected by sulphur which affected by sulphur and water
and water compounds in fuel compounds in fuel

Source: firma Gladysek Source: firma Gladysek

AR
Figure 16. Friction and corrosion wear of Figure 17. Fricton and corrosion wear of
the control valve piston (Common Rail) the knife-edge follower (Common Rail).
Source: firma Gladysek Source: firma Gladysek
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The tests which were carried out on components of the injection system confirmed that
the wear of the surface of elements as a result of friction and corrosion is a frequent phe-
nomenon (Fig. 9-17). This type of damage occurs in the plunger and barrel assembly alt-
hough these elements are adjusted, smeared and cooled. Sprayers exposed to the simultane-
ous impact of several factors (pressure, temperature, combustion processes) and the so-
called cavitation erosion work in particularly difficult conditions. Endings were often
blocked with coke which disturbed the process of fuel injection. The problem occurs par-
ticularly in case of diesel oil with addition of fatty acids methyl esters (FAME) used as bio-
components (Czechlowski et al., 2006; Dzieniszewski, 2008; Klimkiewicz et al., 2013).

Conclusions

During the use of farm vehicles, various processes of destruction of the technical condi-
tion of particular units take place. Intensity of their wear and tear depends on the structure,
conditions of exploitation and the manner of use. A technical condition in the period of
exploitation depends also on the proper selection of exploitation materials and correct re-
pair operations with maintaining the type specification and time periods recommended by
the producer (Natke and Cempel 2012; Rybacki et al., 2013; Rzeznik, 2008; Rzeznik et al.,
2015). Tests on the repair of injection high pressure systems confirm that the condition of
malfunction and fault occur very often within this scope. Damages and faults are usually
related to improper features of the used fuel and particularly with the level of permanent
contamination. PN-EN 590/2013 standard determines an admissible value of solid impuri-
ties at the maximum level of 24 mg-kg™ of fuel. It should be emphasised that this level of
contamination is applicable from the moment the traditional injection systems are used.
Presence of mineral and organic impurities is a result of improper realization of refining,
transport and distribution of diesel oil processes. Diesel oil may also contain water in the
fixed (emulsion) and non-fixed form. Water in the free form is produced as a result of tem-
perature changes and the process of condensation and this leads to corrosion damages. Fuel
filters constitute protection against contamination but only if they are replaced on a regular
basis. Two-stage fuel filters: initial 10 um and the final one 2 um with water and heavier
impurities separator are used in the engine of e.g. John Deere 6R equipped with the Com-
mon Rail fuel injection system. Modern fuel filters are efficient at the level of over 98% for
particles with the diameter of 2-4 pm.

The research and analysis of results enable formulation of conclusions:

— Metalographic tests with the scanning electrone microscope on the wear of injection
apparatus on the example of the plunger and barrel assembly of the injection pump
proved occurrence of pits and micro-indentations and wax substances which influence
the quality and precision of measurement of subsequent fuel doses.

— Assessment of the types of damage to the elements of the injection pump and electro-
magnetic injectors used in Common Rail type CP$ systems proved that the highest
number of damages is related to the pump pressure control and pressure valves and in
case of electromagnetic injectors needle valves, sprayers and control valves were dam-
aged the most often.

— Based on the research it may be said that the reason of fault of the elements of the injec-
tion system consisted in improper quality of the used fuel: the increased water content
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which causes corrosion and chemical or solid impurities which lead to friction wear or
seizing up of elements which touch fuel. Information obtained in the direct survey with
employees of the repair departments allow the statement that vehicle users who are re-
sponsible for irregularities related to service, no regular replacement of fuel filters and
using fuel which does not meet quality standards cause faults of the fuel systems.
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ANALIZA RODZAJOW USZKODZEN UKEADOW WTRYSKOWYCH
STOSOWANYCH W POJAZDACH ROLNICZYCH

Streszczenie. Praca przedstawia analize proceséw zachodzacych w uktadach paliwowych, ktére prowadza do
uszkodzen aparatury wtryskowej pojazdéw rolniczych. Opisano i omowiono najczgsciej wystgpujace w eksploata-
cji przyczyny niezdatnosci uktadéw wtryskowych konwencjonalnych i wysoko ci$nieniowych Common Rail,
spowodowane m.in. niewlasciwa jakoscia oleju napgdowego. Przeprowadzono badania mikroskopowe powierzch-
ni zuzytych ttoczkow par ttoczacych pomp wtryskowych Motorpal stosowanych w ciagnikach Zetor. Dokonano
oceny rodzajow uszkodzef elementow pompy wtryskowej i wtryskiwaczy elektromagnetycznych stosowanych
w systemach Common Rail typ CP4 na podstawie badaf grupy 126 napraw warsztatowych. Miejscem badan byty
firmy serwisowe prowadzace dzialalno$¢ na terenie wojewddztwa podkarpackiego oraz firmy zajmujace sig¢
naprawa uktadow wtryskowych. Badania metalograficzne wykonano w Laboratorium Materiatow Politechniki
Rzeszowskiej z zastosowaniem mikroskopu elektronowego skaningowego Hitachi S-3400N.

Stowa kluczowe: uktad wtryskowy, ciagnik rolniczy, eksploatacja, jako$¢ paliwa, zuzycie
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