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The reliability of automotive equipment is its ability to perform constructively laid down functions
without additional labor and material costs to maintain an able-bodied condition for a long time. Due to the
fact that the quality of automotive equipment is characterized by its reliability and performance, increasing
the level of reliability is an urgent task at the present stage of development of the technical operation of
agricultural equipment.

In addition, increasing the reliability of automotive vehicles is a promising way to reduce production
costs, since the operation of more reliable equipment requires less labor and material costs.

In the restored FS, the stabilization of the initial parameters during operation depends on many
technological factors. The main reasons are those that greatly affect the reliability and have a wide range of
characteristics under repair conditions.

Changes in the technical condition of diesel engines during operation have a great impact on the
indicators of fuel efficiency and toxicity of exhaust gases, with the former accounting for half of the resource
consumption in agriculture. In order to achieve the necessary environmental and economic performance
indicators of an autotractor diesel engine, its characteristics and fuel supply parameters should be adjusted
in accordance with the operation and operating mode of the engine. Such a solution will make it possible to
change the required parameters and characteristics, thereby ensuring the required nature of the flow of such
fuel supply processes as spraying, mixture formation and combustion in each mode of operation.

For efficient fuel injection into a diesel cylinder, it is necessary to have a significant reserve of fuel
pump performance.

Accordingly, a decrease in productivity can lead to a decrease in the amount of cycle feed. Based on the
determination of the fuel consumption in the low pressure line of the system, the following tasks can be solved:

- assess the technical condition of the fuel system in operation;

- to optimize the balance of fuel supply in the experimental FS of the accumulating type and thereby
reduce the power consumption for the operation of the system.

Key words: automotive equipment, maintenance, fuel system, diagnostics, high pressure fuel pump
(HPF), diesel engine.

Table. 1. Fig. 4. Ref. 9.

1. Formulation of the problem

The costs of maintaining the operability of auto-tractor and transport vehicles exceed the cost of new
ones, reaching 20 ... 25% of the cost of operation, up to 40% of which falls on maintenance (WFM) and repair
(R). In this regard, the task of full and timely satisfaction of the needs of the country's agro-industrial complex in
agricultural machinery by increasing the efficiency of rolling stock operation is one of the most important today.

The solution to this problem is ensured not only by the production of agricultural machinery with high
reliability and manufacturability by the country's industrial complex, but also by service services that are working to
improve the methods of technical operation and reduce the labor intensity of work on their maintenance and repair.

2. Analysis of recent researches and publications

Numerous studies carried out by various scientists in the field of technical operation of automotive
vehicles indicate that the efficiency of a diesel engine largely depends on the state of the elements of a high
pressure line (HPL) of a FS, malfunctions of which lead to a deterioration in the powerful and economic
performance of the engine.

3. Purpose of the study

To ensure the operability of the injection pump of a diesel engine by improving the diagnosis of
plunger pairs.

35



Ne4 (115) /2021 TexHika, eHepreTHka,

% TpaHcnopT AIIK
E “ Vol. 115, No 4 /2021

4. Presentation of the main material

An injector plays an important role in the power supply system of a diesel engine. The duration,
quality and timeliness of fuel supply to the engine cylinder depends on it. The nozzle is designed to inject a
certain amount of finely atomized fuel into the combustion chamber.

Each generation of injectors in power supply systems differed from each other, first of all, in the high
pressure of fuel injection. If the first diesel injectors were designed for injection pressures of up to 100 MPa,
then with the development of technology, this indicator on some systems may exceed 200 MPa. The pressure
increase trend continues as the efficiency and environmental friendliness of diesel engines depends on it.
This sophisticated, precision fuel system assembly is required to provide accurate fuel metering. If we
consider the injector element by element, then the statistics of the failure of its elements looks something like
this: ball valve - 34%, atomizer - 31%, high pressure sealing ring - 23%, the rest - 12% [1].

The injectors used in fuel equipment differ greatly from each other depending on its type. So, on
diesel engines with split-type fuel equipment, such as KAMAZ, YaMZ and ZIL-645, closed-type nozzles
with a fixed sprayer and hydraulic needle control are used (Figure 1). The principle of operation is that the
fuel entering the nozzle under high pressure from the injection pump passes through the technological
channels into the cavity between the nozzle body and the needle, lifts it and is injected into the cylinder. Fuel
that has passed through the gap between the needle and the nozzle body is discharged through the channels
in the nozzle body and drained into the tank through the drain pipes.

The nozzle is installed in the cylinder head, and the cavity between it and the cylinder head is
removed from the ingress of dust and water by means of an O-ring.

The differences between the nozzles of these automotive diesel engines are insignificant and are reduced
to design changes, mounting methods in the cylinder head, as well as the number of nozzle openings of the nozzle
and the value of the pressure of the nozzle needle rise. So, for a nozzle of an auto-tractor engine of the KAMAZ-
740 family, 3-5 nozzle openings of the sprayer are characteristic and the working pressure of raising the sprayer
needle is from 18.0 to 25.0 MPa. Engines produced by YaMZ have four holes and a pressure of 19.5-20.2 MPa,
respectively, the ZIL-645 engine is adjusted for a nozzle needle lift pressure of 18.5 + 0.5 MPa, but has only two
holes in the sprayer and the RABA engine - MAN has one hole at a pressure of 18 MPa.

Modern nozzles are most often nozzles with

9 pressure control using washers; the spring is located

w at the bottom of the nozzle, near the sprayer. This

8 solution significantly reduces the size of the nozzle
7 1 fungus, which simultaneously acts as a spring

support, and also reduces the size of the spring,
which reduces the mass of the moving parts. At the
top, the spring comes into contact with washers,
which serve to adjust the opening pressure. Injection
occurs when the fuel pressure overcomes the spring
force and raises the nozzle needle. For pin nozzles,
11-14 MPa is set (17.5 MPa for turbocharged
engines), and for perforated nozzles: 15-30 MPa.

A very important role in nozzles with
z pressure control using washers is played by the

Fig. 1. KAMAZ engine injector: 1 — sprayer; spacer located between the nozzle body and the spray

jon
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2 — nut; 3 —spacer; 4 — barbell; 5 — housing; body. Its main functions are: - connection of the high

6 — sealing ring; 7 — fitting; 8 — filter; 9 —sleeve; ~ pressure channel in the nozzle body with the fuel

10 — adjusting washers; 11 — a basic washer; ~ channel in the atomizer; - closing the spring
12 — spring; 13 — spray needle. chamber; - in nozzles with perforated sprayers, it is

used to locate the bayonets that determine the position of the sprayer in the nozzle. The surfaces of the
spacers are precision-cut and must be perfectly flat, smooth and parallel. The thickness of the spacer in
nozzles with “S” size nozzles is 5-9 mm, and its smaller diameter is equal to the diameter of the nozzle
flange - 17 mm (“S” nozzle) or 14.3 mm (“P” nozzle). The spacer design provides two pins (distance pins)
made of steel bar with a diameter of 1.8 - 3 mm for precise alignment of the fuel supply line of the nozzle
body and the atomizer.

The most common nozzle design is one in which the body is made of steel bar, drawn or turned.
Most of the nozzles are produced (according to 1SO 2699-1983 and 1SO 3539-1975), in three sizes, with
nozzle body diameters: 17, 21 and 25 mm.
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S-size pin-type nozzles usually have a body diameter of 21 mm, while P-type perforated nozzles
usually have a 17 or 21 mm body diameter. In the high pressure channel in the nozzle body there is a slotted
filter that retains contamination in the fuel [2].

TA is a highly loaded system of a diesel motor-tractor internal combustion engine. According to the
calculations of various TA researchers, a diesel engine of a heavy-duty motor-tractor vehicle under modern
operating conditions will spend from 2 to 3 tons of fuel per year, while simultaneously increasing the
emission of harmful components into the atmosphere:

* CO - for 100-150 kg,

* CH - for 30-50 kg.

The studies carried out have shown that with operational maintenance of a diesel engine, it is
possible to obtain a decrease in fuel losses up to 30-40% and a reduction in the mean time between failures
of an internal combustion engine by 15-20% based on the results of diagnostics. A malfunction of the FS
leads to excessive consumption of fuel, loss of starting, traction, economic and environmental properties of
the diesel engine. In particular, in the event of a malfunctioning motor-tractor diesel engine of small volume
(2.5-3.0 liters) for 10 thousand km of run it overruns up to 150 kg. fuel, and due to a malfunction of one
injector of the same engine - up to 15 kg. With an increase in the engine displacement, the losses grow
almost proportionally.

Malfunctions in mechanisms, assemblies of fuel pumps and regulators are manifested in violation of the
original adjustments due to wear of parts in the occurrence of extraneous noise, overheating of moving messages
and fuel leakage. The main cause of pump failure is wear of parts. At the same time, tensions in fixed landings are
weakened and the gap in moving messages increases, the correct mutual arrangement of parts is violated, the
surface rigidity of parts changes, foreign deposits in the form of dirt, carbon deposits, etc. accumulate.

When analyzing the main operational malfunctions of parts and assemblies of FS diesel engines, 2
types of malfunctions were identified, as a result of which the FS operability is lost, or the technical and
economic performance of the internal combustion engine and agricultural machinery in general deteriorates.
The first type of malfunction includes:

- cut of the key of the spline sleeve of the pump drive;

- cut of the spline gear key of the regulator drive;

- breakage of the camshaft;

- breakage of the camshaft bearings;

- breakage of the key and roller of the camshaft of the pump;

- deformation of the high pressure fuel pump pipelines.

As a rule, the listed malfunctions cause a complete failure of the injection pump or a significant
deviation in its functional characteristics. They can be caused by long-term operation of the FS with
deviations from the manufacturer's specified limit characteristics and operation on contaminated fuel. In case
of malfunctions of the second type, the power, environmental friendliness and efficiency of the engine
decrease, the volume of fuel supply decreases, its unevenness and duration increase, these include:

- wear of plunger pairs and their seals;

- wear of the discharge valves;

- wear of the plunger leashes;

- wear of the rail clamps;

- wear of the rail teeth;

- deformation of high pressure pipelines;

- deformation of the fuel pump springs;

- failure of the injector;

- wear of the plane of the adjusting bolt of the pusher;

- wear of the roller axis;

- wear of the pusher body;

- roller wear;

- wear of ball bearings and pump casing seats connected to it;

- wear of the camshaft;

- Leakage of seals [3].

Uneven fuel supply to the engine cylinders leads to unstable operation at low speeds, interruptions in
the operation of individual cylinders, and significant vibration of the engine block.

Normal operation of FS is characterized by uninterrupted fuel supply and good fuel atomization in
the cylinder. Significant effect on the operation of the FS and the quality of the fuel (presence or absence of
water and mechanical impurities, viscosity). Monitoring the operation of the FS is reduced to its prevention
(flushing the fuel system), testing and regulation. However, diagnostics of FS by the parameters of its
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operation will make it possible to reduce the proportion of failures and malfunctions of the diesel engine, as
well as significantly reduce the costs of its operation.

For the separated fuel-like equipment used on automotive diesel engines of the KAMAZ family, it is
characteristic to diagnose injectors by removing them from the adjustment engine at specialized stands.

The most common method for assessing the technical condition of such a nozzle, used in repair
departments and service centers, is to determine the pressure of the beginning of the needle lift, however, in
order to fully assess the technical condition of the nozzle, it is also necessary to take into account such
parameters as the hydraulic density of the fuel, the quality of the cut and the nature of its cutoff.

This method is constantly being improved. A device for testing and adjusting diesel injectors Kl-
35460 is presented, in which an electronic method is used to determine the quality of fuel atomization by an
injector based on an optoelectronic meter and a photo sensor. Removing the nozzle affects the condition of
its operation, which leads to the conditional nature of the assessment of the quality of fuel atomization.

Devices are also used to control the pressure of the start of fuel injection without dismantling the
nozzle, for example the Mechanical tester MTA-2 (DD-2120) is shown in Figure 2.

They are connected in series to the HPD
of the section under test. These devices also make
it possible to control the maximum pressure
developed by the plunger steam. The
disadvantage of this control method is the limited
number of controlled parameters.

Adjustment of the pressure of raising the
nozzle needle is made by installing washers
under the nozzle spring or an adjusting screw,

. . depending on the nozzle design.

Fig. 2. Mechanical tester MTA-2 (DD-2120) If necessary, the pressure of the start of fuel
injection in the KAMAZ engine injectors is adjusted by changing the total thickness of the regulating
washers 10 (Figure 3 a). An increase in the thickness of the washers increases the compression of the spring
12, and a decrease in their thickness decreases the compression of the spring, which increases or decreases
the pressure of the beginning of the stubborn fuel.

Fig. 3. Diagram of the injector test bench and the injector test bench (A1009):
1 — fuel tank, 2 — injector, 3 — high pressure fuel line, 4 — pressure gauge, 5 — fuel supply line,
6 — single section high pressure pump, 7 — base, 8 — drive lever

Changing the thickness of the washers by 0.05 mm changes the lifting pressure of the nozzle needle by 0.30-0.36 MPa.

To check and adjust the injectors, remove them from the engine using a special puller. Tightness, needle start
pressure, fuel spray quality and injector capacity are determined on the stand (Figure 3, b). It consists of a single-section
high-pressure pump driven by a lever 8 (or electric motor), a fuel tank, a high-pressure fuel line, a pressure gauge, a fuel
supply line, and a base.

The quality of the spray is considered good if, when fuel is supplied to the injector 70-80 by pumping the
pump lever per minute, it is injected in a foggy state without drops with a uniform jet cone. The beginning and end of
the injection must be clear.

The lower and upper limits of saturation of the composition of the hydrocarbon mixture of rapeseed oil and
diesel fuel with an interval of rapid changes in the properties of physicochemical characteristics are determined. The
interval of the lower limit starts from 0 and ends with 33% of the fractions, which determines the saturation with a rapid
change in the properties of the mixture. The interval of the upper saturation limit starts from 76% and ends at 100%,
which is complete replacement of the mixture with fuel with the properties of the initial state (diesel fuel).
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Fuel injection by a new injector is accompanied by a characteristic sharp sound, but if the used injector does
not have this sound, it does not mean that the injector is defective.

When coking the nozzle holes, the nozzle is disassembled and the parts are cleaned with a wooden scraper
impregnated with diesel oil, then washed in gasoline. The nozzle holes are cleaned with a steel wire with a diameter of 0.25
mm. Leakage of fuel along the spray cone or jamming of the needle indicates a fault in the coupling of the spray gun housing
with the needle to be replaced. Also when tightening the spray nut, it must be pre-pressed with emphasis to the conical end
until the springs are fully compressed. The moment of an inhaling of a spray of 70-80 N-m. Before installing the nozzle in the
cylinder head, as a rule, the seat is cleaned of dirt and check the presence and condition of the sealing washer (ring) [4].

Most injector malfunctions occur as a result of the use of contaminated or low-quality fuel, as well as due to
prolonged operation of the engine at low crankshaft speeds at idle. At low speeds, the injection pressure drops sharply,
the fuel is sprayed insufficiently, leaks, does not burn completely, the exhaust gases acquire a dark color, which is often
accompanied by burning of the nozzle holes of the injectors. The causes of engine cylinder failures and injectors are
tested by loosening the injector fitting so that fuel leaks out and does not enter the injector.

If, after switching off the injector, the crankshaft speed decreases, the interruptions in the operation of the
cylinders become more noticeable and the smoke of the exhaust gas does not change, the injector of this cylinder should
be considered serviceable. If the speed and interruptions do not change, and the smoke of the exhaust gas decreases, it
indicates a malfunction of the nozzle, it should be removed and repaired.

One of the reasons for the difficulty of starting the diesel engine is the ingress of air into the power supply
system. Air is removed from the fuel system when the engine is not running. To pump the fuel system, unscrew
the handle from the cylinder rod of the manual booster pump and move it up and down for a few minutes. In this
case, the fuel from the tank is pumped through the coarse and fine filters into the channel of the high-pressure
pump, and from there through the bypass valve and pipelines back into the air tank that has entered the system.

With more complex injectors such as pump-injector and Common Rail, computer system diagnostics
began to be used. The largest manufacturer of diesel fuel injection systems of this type - Bosch, offers a stand with
digital control and electronic continuous measurement system Bosch EPS-815 with CAM-box, which allows
qualified testing of EUI and EUP sections, authorized repairs, a complete list of parts and repair technology.
currently not provided. It is possible that this situation will be eliminated in the near future.

So far, Delphi is the only manufacturer of pump injectors to provide technology, spare parts and test
equipment for repair at the manufacturer's level. EUI and e injection systems Delphi, in cooperation with
Hartridge, has developed and offers a program covering the full range of repair and restoration of A and Ye-1
series pump-injectors [5].

This program includes the recommended test equipment, software, test plans, tools, staff training,
diagnostics, parts lists, components themselves. All of the above creates a unique offer for restoration as an
alternative to new injectors for diesel engines of cars of the following brands: VVolvo, Hyundai, DAF, Land Rover,
John Deere. The quality of the refurbished injector pump is not inferior to the original due to the use of the
recommended test equipment, tests developed by Delphi engineers, and original components, the quality of which
cannot be repeated by any secondary manufacturer.

Thus, AVM2-RS and Bosch EPS-815 are the most high-tech stands with full computer control and
automatic test modes with results and evaluation of the performance of EUI and EUP sections at the
manufacturer level. This equipment is recommended directly by the manufacturers of pump injectors and
pump sections, and they accept the results of authorized work on the specified equipment. The only minus is
the cost of different configurations and equipment.

Timely detection of damage and malfunctions of components and units of agricultural machinery
leads to a decrease in the intensity of their failures, and as a consequence, to reduce the cost of their
operation. Currently, in terms of increasing fuel efficiency and reducing the number of harmful emissions by
vehicles, a set of criteria for assessing energy and quality parameters of fuel supply systems of internal
combustion engines is introduced, which include: dynamic fuel supply factor, relative fuel spray ratio to
average effective capacity stability of fuel spraying, criterion of injection intensification.

Methods of technical diagnostics of diesels, as a rule, are carried out at removal of knot or the unit from
the diesel engine for its partial dismantling or adjustment. The most modern method offered is made on the stand
of own production, has small consumed power of 2 kW, weight and cost of production, at the same time this stand
does not allow to establish a fuel line of the diagnosed TA that negatively influences accuracy of an assessment of
a technical condition. The use of this stand in the field is complicated by the fact that it is necessary to protect the
diagnosed components from external dust. Also, removing the assembly or unit helps to reduce its service life by
15-20%, even if the part is not repaired. In this regard, the use of modern contactless and non-detachable
diagnostic methods based on the analysis of the initial parameters of the diesel engine, which are functionally
related to its structural parameters, is expanding. Such diagnostics is a subsystem of information at management
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of a technical condition of autotractor equipment and allows to reveal malfunction of systems and elements of the
diesel engine before occurrence of failure without its dismantling.

Currently, leading scientists and other scientific institutions are conducting research aimed at creating new
methods of technical diagnostics and diesels, as well as improving the known ones.

To date, the issues of non-demountable methods of technical diagnostics of diesel engines of agricultural
machinery have not been studied in depth enough. There are certain developments in the diagnosis of diesels used on
tractors and combines. And since the process of fuel supply of automobile, tank and tractor diesels is similar, some
methods and means of their technical diagnostics are applicable to agricultural machinery.

Known methods for diagnosing diesel fuel equipment can be divided into groups according to
diagnostic parameters and indicators:

- diagnosis according to the characteristics of the FS;

- diagnosis by FS parameters;

- diagnostics on indicators of work of the engine.

Let's consider a possibility of application of the specified methods of technical diagnostics of the fuel-
taxing equipment of the autotractor diesel engine. The most common method of diagnosis is based on the main
indicators of diesel operation. When using this method of diagnosis is carried out on indirect grounds, which can
lead to erroneous rulings in more than 50% of cases, even in the case of diagnosis by an experienced mechanic.
Signs of malfunction and autotractor diesel on the performance of the engine are presented in table 1.

Table 1.
Signs of disturbance of normal work of fuel system of the diesel engine and necessary technical influences
External signs (symptoms) Structural changes Needed diagnostic, preventive and
disorders normal operation interacting elements repair effects
1 2 3

Difficult to start the engine.
Unstable work engine
The engine stalls or not develops | Clogging of filters fuel cells
sufficient power filters
The engine stalls, no develops
sufficient speed crankshaft
The engine is running uneven and

Check for leaks, if necessary

Leakage fuel system fasten the elements

Wash or replace filter elements

Remove and disassemble the pump,

Fuel failure pump when need to replace details

does not developpower Clogging of filters nozzles Check the condition of filters
The engine does not develo Coking blow windows in .
requiredgpower, smoky releage c%/linder liners Check and clean the windows
Difficult to start and uneven work | Violation of normal work of | Remove the injectors and check on the
engine nozzles device
Uneven and "hard" engine Violation of the angle advance| Check and adjust setting the lead angle
operation, release black injection fuel injection
Uneven work engine with knocks | Violation of regulation rivers | Check and adjust uniformity of supply
and smoky release fuel pump fuel in the cylinders

The engine is excessive increases

the frequency rotation, there isa | Violation of work regulator | Check and adjust regulator or repair
"contribution”

The engine does not develop

capacity, the air cleaner is dark Pollution air cleaner Wash the filter element, pour oil

butter

According to the research of Professor Zhdanivsky NS reduction of internal combustion engine
power by 15-20%, which is a consequence of the deterioration of the technical condition of fuel and tax
equipment, is not always possible to detect on indirect grounds.

Changes in diesel idling speed are monitored by the controller, but it is not always possible to
estimate the speed mode held by the controller under load, which leads to the recommendation to check the
number of diesel revolutions under load. Also not very informative diagnostics and diesel on the parameters
of smoky exhaust gases and knocks. From the known methods of instrumental control of technical and
economic indicators of the high-speed autotractor diesel the most actual:

- brakeless method of Professor NS Zhdanivsky;

- method of determining the power of the diesel by mileage;

- partial method.
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The essence of brakeless and partial methods is to disconnect several cylinders of the running engine,
which contributes to the perception of working cylinders not only the load produced by loading devices, but also
additional - from mechanical losses occurring in the switched off cylinders. The power of the working cylinder, in
this case, is determined by the number of engine revolutions, while controlling the fuel consumption of the
cylinders involved. The considered methods allow to estimate the general technical condition of the diesel engine,
but the control of a condition of the fuel-taxing equipment is complicated by a set of the factors influencing
decrease in powerful and economic indicators of the engine. Thus, fuel consumption in case of loss of
compression increases by 4-6%, and when the operating temperature of the engine (coolant temperature) falls
below 75 ° C or the formation of soot in the combustion chamber - by 7-12%.

Thus, the performance of the diesel engine depends on the operation of the FS, as well as on other
components and units, which makes it difficult to use these indicators as a diagnostic criterion.

The gas-analytical method of diagnosing the fuel-taxable equipment of the D-240 diesel engine
consists in an estimation of quality of processes of mixing and combustion based on indicators of the content
of soot and CO2 in the fulfilled gases. Strengthening the standards for the content of harmful substances in
the exhaust gases of diesel engines has increased the number of parameters diagnosed by this method, which
reduces the informativeness of its diagnostic parameters.

The method of diagnosing diesel FS on the parameters of its work is to assess the quality of regulation
and condition of the main elements of FS. Thus, the state of the plunger steam of the pump is monitored by the
maximum injection pressure, the amount of fuel supplied and the supply factor. It is known that the process of
diesel fuel supply is determined by the operation of the plunger vapor, the wear of which leads to its violation
of the increase in the unevenness of the fuel supply, especially in the start modes of the engine.

Deviations of fuel supply by the worn-out plunger steam on a starting mode can reach 70-75% rather
new, and at a nominal speed mode of the diesel the unevenness of fuel supply from 3-5% increases to 10-
15%. Also, the wear of the plunger vapor helps to delay the start of fuel supply and significantly reduce the
duration of its injection at low speeds, which leads to an increase in hourly fuel consumption to 6% and
reduce the effective diesel power to 12%. Progressive wear of the plunger vapor formed during operation has
a significant impact on the regularity of fuel supply.

This effect of the wear of the plunger pair on the performance of the diesel engine and the injection
parameters of its TA has led to the spread of various methods of monitoring its technical condition.

The most well-known method of monitoring the technical condition of the plunger vapor from the
maximum fuel injection pressure, which can be produced in the atmosphere or in a deaf closed chamber.
When diagnosing the first method, a maximeter is used. However, this method is not suitable for quantifying
the hydraulic density of the plunger vapor due to the small pressure range (up to 50 MPa), unavoidable fuel
leaks due to the needle and low accuracy of the device.

To monitor the technical condition of the plunger steam on the engine use the measurement of the
amount of fuel supplied through the injector at a given speed of rotation of the camshaft of the pump. When
using this method at low feeds, an additional error is manifested due to fuel leaks along the guide needle of
the sprayer. Also, this method is not widely used due to low accuracy and high complexity of measurements.

The next method of controlling the wear of the plunger vapor is the assessment of the supply factor -
the ratio of the supply of fuel by the plunger vapor through the injector to the fuel supply without the
injector. However, this method has the same disadvantages as the previous one, which is a variant of it.

Based on the analysis of methods for monitoring the technical condition of the plunger pair of diesel
fuel pumps in operation, it can be concluded that the implemented control methods have low accuracy and
performance. At the same time, their use for the purpose of diagnosing TA is not profitable due to the high
complexity and the need for a significant amount of assembly and disassembly work.

The characteristics of the fuel-like equipment are also affected by the injection valve of the pump,
determined by the wear of its unloading belt. Such wear degrades the quality of the fuel cut-off and increases
the residual pressure in the fuel line, which leads to the formation of additional injection fuel with low pressure
- injection, which significantly reduces the powerful and economical parameters of the diesel engine.

When diagnosing the pump, it is common to monitor the technical condition of the valve on the shut-off
cone using a momentoscope (Figure 4). It is connected to the fitting of the pump shaft, feeding the 1st fuel and
rotating at low speed. If the fuel column falls in less than 2 minutes, the discharge valve is considered worn. The
disadvantage of this method is that it does not take into account the state of the discharge belt of the discharge valve.

Also an important parameter in the control of the diesel engine FS is the lead and duration of fuel
supply, which changes due to wear of the parts of the drive mechanism of the shaft and precision parts of the
pump, formed during operation. Changing the angle of advance of fuel injection has a negative effect on the
start of the diesel engine, leads to a decrease in power and increase the smoke of the exhaust gases and the
noise of the work [6].
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An essential part of the methods for
determining the advance angle and injection duration
are used to diagnose tractor diesels. For tractor
diesels, during operation, it is recommended to
control the angle of advance of fuel entry with a
momentoscope. In this case, it is connected to the
fitting of the 1st section of the pump and check the
coincidence of the adjustment mark of the
crankshaftpulley with the mark on the camshaft gear
cover, comparing this with the start of the fuel
meniscus in the instrument tube.

The use of this method is justified for new
plunger pairs and discharge valves, as their wear can
lead to significant diagnostic errors. When the pump

Fig. 4. Momentoscope: discharge valve wears (fuel leaks through the shut-
1 - glass tube; 2 —a plastic tube; 3 —a steel tube;  off cone or unloading belt), the fuel meniscus in the
4 —sealing washer; 5 — cap nut instrument tube will move ahead, and when the

plunger steam wears out (increased plunger-sleeve
clearance, seal wear) - with a delay.

Instruments are available to determine the advance and duration of fuel supply, the use of which
provides minimal interference in the operation of the FS diesel. In this case, the installation of sensors in the
high pressure line (LVD) is typical.

When determining the angle of advance of the fuel supply by the above methods, it is necessary to have
access to the flywheel or any mark of the existing diesel pulley for control using a stroboscope, which generally
reduces the convenience of their use. To improve the quality of use of these methods, the installation of a pulse
sensor corresponding to the position of the piston at the top dead center is considered. In this case, to determine the
angle of advance of the fuel injection, the signal from this sensor is compared with the controlled pulse.

The next important indicator of work of FS of the diesel engine is productivity of section of its TNVD.
Measurement of fuel consumption at diagnostics can be made on a reference nozzle or with removal of separate nozzles.

However, when working on individual cylinders, it is difficult to achieve stable operation of the
engine at low speeds and at rated speed. Also with this method, errors may occur due to the fact that the fuel
supply is determined by the performance of the plunger vapor and the technical condition of the injector.
Deterioration of the technical condition of the injectors leads to an increase in fuel consumption and smoke
of the exhaust gases, a decrease in engine power, a decrease in the stability of operation at low speeds.

Everything that was said earlier indicates the low efficiency of the existing FS maintenance system.

For these reasons, a new approach to determining the technical condition and high pressure of diesels is
required. This method can be a control of the technical condition of the tractor diesel by moving the injector needle.

5. Conclusion

The analysis of systems and diesels allows us to draw the following conclusions:

1. At present, up to 70% of the operated agricultural machinery is equipped with fuel equipment with
a separate injection system, the diagnosis of which requires dismantling and partial disassembly of its main
components and units;

2. Existing methods and means of diagnostics and the diesel engine with the divided injection system
differ in a variety of the used diagnostic parameters, insufficient accuracy and rather big labor intensity that
limits their application in various conditions;

3. The available FS diagnostic devices do not meet the requirements of operating companies: they are
either uninformative or expensive. A promising direction, along with the existing ones, is the movement of the
injector needle as a diagnostic parameter associated with changes in fuel pressure and wear of the coupling
"plunger-sleeve™ of the plunger pair of the pump and determining the performance of the diesel engine FS;

4. It is necessary to give recommendations on the frequency of diagnosis with the selection of a set
of diagnostic tools, a set of diagnostic parameters.
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JAIATT'HOCTYBAHHS EJIEMEHTIB ITAJIMBOIIOJAYI IM3ZEJIBHOI'O IBUT'YHA TA HUISIXU
HIABUIIEHHSA TEXHIKO-EKOHOMIYHUX IIOKA3HUKIB

Haoitinicms aemompaxmophoi mexwixu - ii 30amuicmv 6UKOHY8AMU KOHCHMPYKMUBHO-3AKAA0EH]
dyukyii 6e3 000amrogux MpyoosuUx i MamepianbHux Gumpam O01s NIOMPUMKU APaAye30amHo20 CMAHy
NpoOmMA2OM MPUEAno2o yacy. B cumy moeo, wo Axicmv asmompakmopHoi mexHiKu Xapakmepuzyemocs ii
HaoltiHicmio i npaye30ammuicmio, ni08UWeHHs pieHs HAOTHOCI - AKMYaabHe 3a80AHHs HA CYYACHOMY emani
PO3BUMKY MEXHIYHOT eKCyamayii CiibCbK020Cn00apCbKol mexHIiKu.

3 inwoeco 60Ky, niosuwjenHs HAOIHOCMI ABMOMPAKMOPHOI MEXHIKU - NEePCNeKMUGHUL ULLAX
SHUJICEHHA GUMPAM y SUPOOHUYMEI, OCKINbKU eKCHayamayis Oitbut HAOIUHOI MeXHIKU euMa2ac MeHuux
MpYyoo8UX I MaAMePialIbHUX UMpPam.

YV eionosneniii TA cmabinizayis uxioHux napamempis npu excniayamayii 3anexcumv 6i0 6esniyi
MEXHON02TYHUX pakmopie. B AKocmi OCHOGHUX (axmopie npuliMaiomscs mi, AKi MAKCUMANbHO 6NAUBAIOMb
Ha HAOTUHICMb | MAIOMb WUPOKULL 0iaNa30H NOKA3HUKIE 8 YMOBAX PEMOHMY.

3Minu mexHiuHo20 cmamny Ou3enie y npoyeci eKCnayamayii Maioms GeIUKULL 6NIUE HA NOKASHUKU NATUGHOT
EKOHOMIYHOCII MA MOKCUYHOCHI GIONPAYbOBAHUX 2a3i6, NPUYOMY Nepuie CMAaHOBUMs HON0GUHY GUMPAM Pecypcie
y cimbebkomy 2ocnooapcemei. [ 0ocsieHents: HeOOXIOHUX eKONOSIYHUX A eKOHOMIMHUX HNOKA3HUKIE pobomu
A8MOMPAKMOPHO20 Ou3eNa, U020 XAPAKMEPUCIMUKY Ma Napamempu namueonooayi OOYiibHO KOpu2yeamu
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8I0N0BIOHO 00 excniyamayii ma pedxcumy pobomu osucyna. Taxe piwieHHA O00360MUMb 3MIHIOBAMU HEOOXIOHI
napamempu i XapaKxmepucmuxy, mum camum 3abe3neuyeamu HeoOXiOHUll XapaKmep NPOMIKAHHA MAaKUx npoyecie
nooaui nanuea K po3nOPOUEHHs, CYMIUeoOPa3yBaHHs i 320PSIHHA HA KOXCHOMY PeXCUMI eKCHILyamauyil.

s eghekmusnoz2o 8NOPCKYBAHH NANUBA 8 YUNIHOP Ou3els He0OXIOHO B0J00IMU 3HAYHUM 3ANACOM
NPOOYKMUBHOCI NATUBHUX HACOCIS.

Bionosiono, 3uudicenns npoOyKmuHoOCmi MOdce Npu3gecmu 00 3MEHUIeHHs BelUYUHU YUKT08OI
nooaui. Ipynmylouuce Ha GUSHQUEHHi 6UMpPam namea 6 JNiHiI HU3bKO20 MUCKY CUCMEMU, MOJICHA
supiuLy8amu maxi 3a60AHHL:

- OYIHUMU MEXHIYHUL CIAH NATIUBHOI cUCMeMU, WO 3HAXOOUMbCS 8 eKCHIYyamayii;

- onmumizysamu 6aiaHc nAIU8onoo0ayi 8 00cHionoi TA akymynionyoco muny i mum camum 3HUIUMU
BUMPAMU NOMYHCHOCII HA DYHKYIOHYBAHHA CUCHEMU.

Knrouoei cnoea: asmompaxmopHa mexHiKa, MexHiyHe 00CIy208Y8AHHA, NATUBHA CUCTHEMA,
0laeHOCMYB8AHHS, NAAUGHUN HAcoc ucoko2o mucky (IIHBT), ouzenvHuil 08ueyH.

Taén. 1. Puc. 4. Jlim. 9.

AUATHOCTUPOBAHHUE SJIEMEHTOB TOILIMBONOJAYHY JU3EJIBHOI'O ABUT'ATEJIA U
IMYTU NOBBIIEHUSA TEXHUKO-9KOHOMUWYECKUX ITOKA3ATEJIEN

Haoesicnocmv agmompaxmopHou mexHuKy - ee CHOCOOHOCIb BbLINOJIHSIMb KOHCIPYKIMUBHO-3AI0NCEHHbIE
Qyrryuu 6e3 OONOTHUMENbHBIX MPYOOBbIX U MAMEPUATbHLIX 3ampam 05l HOO0EPIHCaHUs pabomocnocooHo20
COCMOsIHUSL 68 meyenue ONUMEIbHO20 GPeMeHU. B cumy moeo, umo Kayecmeo asmMOmpaKmopHOUu MeXHUKU
XapaKmepuzyemcst ee Ha0eHCHOCMbIO U pabomMoCnOCOOHOCHIBIO, NOBLIUUEHUE YPOBHSL HAOCHCHOCTU - aKIYATbHASL
3a0a4a HA COBPEMEHHOM IMANE PA3GUMUSL MEXHUYECKOU SKCIIYAMAyuU CelbCKOXO3SUCMBEHHOU MEXHUKU.

C Opyeotl cmoponvl, nogvlueHue HAOEICHOCTU ABMOMPAKMOPHOU MEXHUKY - NEPCREeKMUBHBII HYMb
CHUDICEHUsL 3ampam 6 Npou3eo0cmee, NOCKOAbKY IKCHIyamayusi 0olee HAOeICHOU MeXHUKu mpedyem
MEHBUIUX MPYOOBLIX U MAMEPUATLHBIX 3AMPAm.

B soccmanosnennon TA cmabunuzayus ucxoOHbIX NAPAMEMPO8 NPuU IKCHIAYAMAYUU 3A6UCUTT O
MHOIHCECMBA MEXHONI02UHeCKUX Gaxmopos. B kauecmee 0CHOBHBIX (Pakmopos NPUHUMArOmcs. me, KOmopbule
MAKCUMATLHO GIUSIION HA HAOEICHOCb U UMEIOm WUPOKUL OUANA30H NOKA3amenell 8 YCl08UsIX PEMOHMA.

Hzmenenus mexnuuecko2o cocmosiHusi Ouzenell 8 npoyecce IKCHIyamayuu umerom 60avuioe euusHue
Ha noxaszamenu MONIUSHOU IKOHOMUYHOCMU U MOKCUYHOCMU OMPAOOMAHHBIX 24308, NpUYeM Nepeoe
cocmasusiem NoaosUHy PAcxo008 pecypco8 6 CelbCKoM Xxossucmee. [ns docmudiceHusi HeobXooumblx
IKOJIO2UHECKUX U IKOHOMUYECKUX NOKazameell pabomvl asmompaxkmopHo20 OUseis, €20 XapaKmepucmuxu
U napamempvi MONIUBONROOAYU YEeNeCOOOPAZHO KOPPEKMUPO8AmMb 6 COOMEEMCMEUU ¢ IKCHIyamayuel u
pesicumom  pabomuvl  Ogueamensi. Taxoe peuienue NO360IUM MEHAMb HEOOX0OUMble Napamempsl U
Xapaxmepucmuxy, mem camvlM obecneyusams HeoOXO0OUMbIll XapaKmep NpomeKauus maKux npoyeccos
nooauu Monauda Kax pacnvlienue, CMeceodpaz0eanue u c2opanue Ha Kaicoom pedcume dIKCHIyamayuu.

s sghpexmuenoco enpvicka monauga 6 YuaruHOp ouzens HeobdXooUMo 001adams 3HAYUMETbHBIM
3anacom nPouU380OUMeTbHOCIU MONJIUBHBIX HACOCOB.

CoomeemcmeeHHo, CHUdICeHUe NPOU3B0OUMETbHOCIIU MOICEm NPUGECU K YMEHbULEHUIO 8eIUYUNb
yuxnosotl nooauu. OCHOBbIBAACH HA ONpedeseHUl PACX0008 MONIUBA 8 TUHUU HUZKO20 OAGAEHUsL CUCIEMb,
MOJCHO pewamsb credyiowue 3a0ayu:

- OYeHUMb MEeXHUYeCKoe COCMOsSIHIE MONIUGHOL CUCEMbL, HAXOOSUEUCS 8 IKCINIYAMAyUU,

- ONMUMUBUPOBAMb OANAHC MONAUBONO0AYU Y onvblmHOU TA akKyMyaupyowezo muna u mem camvlm
CHU3UMb 3AMPamvl MOUWHOCIU HA DYHKYUOHUPOBAHUE CUCTEMDL.

Knrwouesnvie cnosa: agmompaxmopuas mexuuka, mexHudeckoe 00CIyjicusanue, moniugHas cucmemd,
ouazHocmupogarie, MONIUBHbIL HACOC 8bicoKo2o dasnenus (IIHBT), ousenvHulil 0sucamens.

Taé. 1. Puc.4. Jlum. 9.
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