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ANNOTATION

KolobovK.S. Improvement of the methddr express diagnosis of transport
diesel® technical condition.i Qualification scientific work on theright of
manuscript.

The dissertation on competition of a scientific degree of candidate of
technical Sciences on speciality 05.22.20 "Operation and repair of means o

transport".i National Transport University, Kyiv, 2Q1

Providng efficient operation of motor vehicles in operation that meets
modern requirements for fuel efficiency and environmental safety is impossible
without taking into account their technical conditi@agnosing the technical
condition and forecasting thanél resource of wheeled vehicles is one of the most
important conditions for increasing the efficientygl efficiency and reliability of
their use. The efficiency of the operation of vehicles is largely determined by the
technicalconditionof their iniernal combustion engines, for the impact on which
objective information about it is required, which is provided by technical diagnosis
on the basis of various technical means.

The technical state of internal combustion engines is described by a certair
conplex of output and structural parameters of parts, units and systems havinc
certain numerical values, and diagnostic methods are based on measurement a
analysis of those parameters, the changes of which most strongly characterize tf
state of the engine.

An analysis of the research on the effects of failures and malfunctions of
transport diesels on their performance has shown that from the point of view of the
possibility of use for diagnostic purposes, the following parameters of exhaust
gases, such amposition, smoke (color) and temperature, are of great interest.
By chemical composition, color and temperature of the exhaust gases it is possibl
to determine the malfunctions associated with the work of mechanisms and engin

systems. The indicator thahost fully meets the requirements for diagnostic



14
parameters and displays all the main malfunctions of the diesel power system is th
temperature of the exhaust gases.

According to the results of the analysis of the statistics of failures and
malfunctionsof transport diesels, it has been found that for diesel engines the
diagnostics of fuel supply system is especially important, since up tthiwas of
all engine failures can account for the fuel system's share.

The determination of the technical statéh® engine as a whole, as well as of
its separate systems and mechanisms, requires a large number of diagnost
operations, which results in significant time losses and is inadmissible from the point
of view of the effectiveness of the diagnosis. Theefmn the developed diagnostic
model of the diesel engine, it was suggested to choose the minimum and sufficier
number of diagnostic parameters of the engine based on the -lmgibabilistic
model using the advantage function. Based on the resulte @hbice of a rational
sequence of parameters control, an optimized algorithm for diagnosing the
performance of diesel vehicles of the wheeled vehicles was constructed. Thi:
algorithm indicates that in checking the efficiency of the diesel, it is negessar
control only two parameterdemperature and smoke exhaust gases. Moreover, in the
first place it is necessary to controlled temperature taking into account the maximun
value of the function of the advantage, and then the smoke exhaust gases. of diese

The analysis of existing methods and means of measuring the temperature c
gases showed that the technical means used for industrial purposes are not reliak
and have a constant time of more than 1 s, which complicates their use and limit:
informative diagnostics when using the temperature of exhaust gases as ¢
diagnostic parameter.

It was determined that the most promising for use in diagnosing under the
conditions of operation of wheeled vehicles is a method based on the dependenc
of the speed of soul on the temperature of the gases. This dependence is
instantaneous, and for its determination, the most suitable acoustic temperatur
sensors, which allow recording the instantaneous values of the temperature of E(

on the outlet of the exhaust pipe.
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As aresult of the analysis of the advantages and disadvantages of acousti

temperature sensors, they have been selected as a means of measuring |
temperature impulses of the exhaust gases at the outlet of the vehicle's exhau
system, a phas&coustic tempature sensor with a flowing acoustic resonator of
oscillation, which most closely corresponds to the purpose of recording the rapidly
changing temperature of the exhaust gases in terms of speed and accurac
registering the temperature puls&ccording he selected type of temperature
sensorit wasdeveloped a flowchart for measuring the instantaneous temperature
of the exhaust gasesida prototype acoustic senssas made

The experimental studies determined the error of measurement of the
temperature ofthe gases and confirmed the possibility of using the proposed
phaseacoustic temperature sensor with a flow acoustic resonator oscillations to
record the rapidly changing temperature of the gas stream at the outlet of the
exhaust pipe separately in cylard of the diesel engine.

An analysis of literary sources has shown that in previous studies, the
assessment of the impact of the technical state of engines on their performanc
(primarily environmental) was carried out mainly on individual modes of eaftern
high-speed and loading characteristics of engines, without their complex
assessment of specific emissions. Thus, in order to more fully analyze the impac
of diesels on their performance, they evaluated the impact of the most
characteristic bounces amthgine malfunctions on the energy and environmental
performance of the standardized procedures of UN Regulation No. 24 and UN
Regulation No. 49. During studies, the connection between these failures anc
engine faults with the temperature of the exhaustgass also identified, which
gave the opportunity to obtain the necessary data for the development of a metho
for diagnosing diesel engines at the temperature of the exhaust gases.

According to the previous analysis, it was determined that most of the
fallures of the diesel engine are due to the fuel supply system of the engine
therefore the study was conducted with the simulation of failures of this particular

system. The effect of the change (disregard) of the static angle of fuel injection
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preventionthe change in the injection pressure of the fuel by the nozzles and the

cyclic fuel supply was studied. These diesels were created artificially, by making
changes to their regulation.

The assessment of the impact of failures on energy, environmental
perfaomance and temperature of the exhaust gases was carried out in modes ¢
maximum power, maximum torque and in the mode of minimum engine speed
rotational speed. A general assessment of the impact of diesel fires on its
environmental performance was carrimat by determining the specific emissions
of harmful substances during testing in accordance with UN Regulation N&..49

The bench motor tests were carried out at the Laboratory of Fuel Use anc
Ecology of the State Enterprise&State Road Transport Resda Institute” on the
four-cylinder atmospheric diesel engine model ®b manufactured by
MercedesBenz Experimental studies to confirm the possibility of diagnosing in
the conditions of operation were carried out on a &8A9 GAZ truck with a
dieselengine model E245.7E2 manufactured by the Minsk Motor Plant (MMZ).

According to the results of the tests, the influence of typical malfunctions of
the diesel fuel supply system on its energy and environmental parameters, it:
connection with the temperatuof the exhaust gases was determined. Evaluated
the effect of these malfunctions on the conformity of diesel with the normed values
of specific emissions of harmful substances, including solid particles, in
accordance with the standardized procedur&MfRegulation No. 492. It has
been established that the deviation of the settings of systems and mechanisms
the engine power system by fuel from the staff leads to a significant increase in the
specific emissions of harmful substances by diesel.

On the basis of experimental studies, the diagnostic regimes of the diesel
engine and the limit values of the diagnostic parameter were determined. Tc
diagnose the technical state of the diesel engine at the temperature of the exhat
gases, a methodology, aogrammed technological process of diagnosis and
recommendations for the introduction of an advanced method of express diagnosi

in operation have been developed.
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In the dissertation work the phaseoustic temperature sensor from the
flowmeter using an acstic resonator of oscillations was used in accordance with
the parameters of the diesel Merce@enzOM 615.

In order to evaluate the economic efficiency of the use in operation of the
improved method of express diagnosis of transport diesels, theyataettuhe
payback period of costs associated with the manufacture of a-pbasstic
temperature sensor, and also estimated the economic effect of reducing the size
environmental damage for excessive emissions of pollutants into the atmosphere

Theresults of the dissertation work are as follows.

1. There is an urgent need to select, develop and implement such a methoc
method and means of diagnosis, which would provide in the conditions of
operation with the given accuracy rapid determination otebbknical state of the
engine directly at thevehicale during normal operation with the help of an
autonomous and not complicated means of technical diagnosis without the use c
loading equipment.

2. The analysis of the developed diagnostic model of the diesel engine made
it possible to determine the minimal, necessary and sufficient set of diagnostic
parameters, to choose a rational sequence of control of these parameters and
build an optimized algrithm of diagnostics in controlling the efficiency of the
diesel engines of theehicale It is established that out of 19 parameters, which
determine the technical condition of the diesel engine, it is necessary and sufficien
to check the operability obnly two parameters the temperatureTés) and the
smoke K) of the exhaust gases.

3. The results of bench tests of diesel MerceBlesz revealed that deviation
of its technical condition from the nominal values of operational parameters leads
to a chang in the temperature of tl#5 and other main performance indicators, as
well as the influence of the deviations of the settings of the mechanisms anc
systems of the diesel on the specific emissions of harmful substances fr&@ the

for standardized tegrocedure of UN Regulations No.-02.
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4. According to the results of the analysis of existing temperature measuring
instruments, the choice and calculation of the phase acoustic temperature sens
(FATS) with a flow acoustic resonator oscillator (FAROY fthe purposes of
express diagnostics of diesels in operating conditions is grounded.

5.1t is established that during express diagnostics RAMS, it is necessary
to correct the value (temperature pulses) of the diesel eBGindepending on the
ambien air temperature. For the first time, a method for calculating the coefficient
of correction of valuesf temperature pulses &G during diagnosis is proposed.

6. The simplified calculation of the FATS acoustic flow resonator oscillator
proposed in thavork allows to calculate its design parameters depending on the
exhaust gas temperature at the outlet of the exhaust pipe, changes in the exhat
gas parameters as it passes through the exhaust path, the diameter of the exha
pipe of the diesels and thike. According to the results of the FATS calibration, it
is found that the absolute value of the standard deviation of the mean value of th
measurements 0t does not exceed 1 A
exceed 3.3 A C.

7. To determine the conditions of operation of the technical condition of the
diesel engines of the vehicale with the help of an advanced method of rapic
diagnostics programmable technological process and method of rapid diagnostic
were developed, as well tests of the GAZ3309 car with the 245.7E2 diesel were
carried out, the results of which confirmed the possibility of determination under the
conditions operation of the technical condition of both the diesel engine as a whole
and its individual cylindes by means of FATS with FARO in idle modes.

8. It is suggested to take into account the probability of occurrence of
failures of dieselsvehicles in calculations of economic and environmental
efficiency from the implementation of an improved method oidrapagnostics.

The estimated estimated paybgmiod for the production of FATS for
vehiclesfleet in the amount of 20 units3.3 months.

9. The results of experimental tests and calculations are accepted for use i
Private Comp an yChérAhivtAotdplam'Ztd. a n d
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Scientific novelty of the obtained results.

1. It is proposed to take full account of the actual state of the engine as the
object of diagnostics in the operation, in addition to the functional and logical
connections between tHenctional elements of the diesel engine, to take into
account the probabilities of the states of its systems and mechanisms.

2. It is proposed to determine tbperaniveof diesels during rapid diagnosis
of the instantaneous value$ temperature impsgks of each cylinder at the outlet
from the exhaust pipe (Ukrainian Patentdblity model No. 117911).

3. For the first time a new application of a phaseustic temperature sensor
with a flowing acoustic resonator of oscillations as a diagnostic favotliesel
engine(patent of Ukraine for utility model No. 117912) was proposed.

4. The necessity to adjust the obtained vahfeemperature pulses &G
during the rapid diagnosis according to the ambient air temperature is established.

5. The calculaons of economic and ecological efficiency from the
introduction of the advanced method of express diagnosis are considered, takin
into account the probability of the occurrence of failures of diesel engine.

The practical value of the results.

1. Method of constructing an optimized algorithm for express diagnosis of
diesel based on the logpmrobabilistic diagnostic engine model using the advantage
function.

2. Experimental data on the influence of failures of mechanisms and the
diesel system on its engrgeconomic performance, emissions ofzdnaous
substances and temperature of exhaust gases.

3. Recommendations on the development of a programmable technologica
process and the method of express diagnosis of diesel engines at thatiemawér
exhaust gses using FAS.

4. Method of calculating the coefficient of correction valoésemperature
pulsesEG, depending on the temperature of the ambient air.

5. Acoustic sensor of instantaneous temperature of pulsed fluxes of gase:
(Ukrainian patent on uttly model No. 117912).
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6. Methods of calculation of economic and ecological efficiency at

introduction in operation of the advanced method of express diagnosis of diesel
wheeled vehicles

9. Results of researches were Ziontrr
and "Chernihiv Autoplant” Ltd.

Keywords

Technical condition, diagnostic parameter, diagnostic model, diesel,

temperature, phasscoustic temperature sensor, rapid diagnosis
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