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Abstract. Damage to fuel system components of combustion engines significantly contributes to
the deterioration of their operation dynamics, accelerates their wear and worsens the emission of
toxic components of exhaust fumes. Measurements and calculations of the level of vibration and
noise of a diesel engine with a damaged common rail system injector were conducted as part of
the study. The impact of damage to the fuel system injector on the change in the vibroactivity of
the engine during its starting was evaluated based on the calculations carried out. Time and
frequency distributions of signals of vibration and noise were also calculated in order to evaluate
the impact of the injection system damage on the frequency structure of vibroacoustic signals
emitted by the engine.
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1. Introduction

Modern compression ignition engine is required to meet strict standards of the emission of
toxic components of exhaust fumes. One way to meet these requirements is to use injectors which
supply fuel under very high pressure in several charges per work cycle. common rail systems make
it possible to meet these requirements in compression ignition engines. However, these systems
require the use of high-quality fuels with a high degree of purity. Failure to meet these
requirements causes accelerated wear of injectors, decrease in the quality of the fuel stream
injected into cylinders, deterioration of the combustion process and, in critical situations, damage
to the engine. Damage to the injector may cause its deactivation and significant deterioration of
the engine operation dynamics [1-9].

Basic systems based on engine OBD (On-Board Diagnostic) systems and external software
prepared by vehicle producers and commercial companies are used to evaluate the correct
operation of combustion engines [1-4]. However, these systems are dedicated to the control and
diagnostics of mechatronic components of engines. In the case of first symptoms of wear or
damage to mechanical components of an engine these systems adapt to the technical condition of
the engine and are often insensitive to these changes [4, 10, 11].

Not all engine damage directly causes changes in electrical values measured by OBD systems.
Therefore, papers [4, 10-20] propose the use of measurements and analyses of noise and vibration
signals emitted by combustion engines. Owing to the development of measurement systems and
signal processing methods, the development of these methods in the last several years has been
very dynamic.

Measurements and calculations of the level of vibration and noise of a diesel engine with a
damaged common rail system injector were conducted as part of the study. The impact of damage
to the fuel system injector on the change in the vibroactivity of the engine during its starting was
evaluated based on the calculations carried out. Time and frequency distributions of signals of
vibration and noise were also calculated in order to evaluate the impact of the injection system
damage on the frequency structure of vibroacoustic signals emitted by the engine.
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2. Stand tests

The object of the study was the diesel engine of Renault Master 2.5 DCI with 88 kW and the
mileage 102000 km, equipped with the common rail system.

On the test stand there were measures conducted connected with the vibration acceleration in
the transverse direction to the axle of the piston movement and the direction accordant with the
movement and the noise with the distance of about 0.5 m from the cover of the engine valve.
During the experiments the referential signal position of the crankshaft was recorded. The
measures were conducted with the sampling frequency 25 kHz. The signal transformation was
conducted in the Matlab-Simulink programme.

The scheme of the piezoelectric transducers lay-out and the place of condenser microphone
are presented in Fig. 1.
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Fig. 2. The recorded vibration and noise signals of the engine in a good technical condition, during the
measures, where: Signal A — signal of the vibration acceleration in the transverse direction to the piston
movement, Signal B — signal of the vibration acceleration in the parallel direction to the piston movement,
Noise — signal of the level of the acoustic pressure near the engine, [-V — next phases of the engine start;
red color — reference signal of the position of the crankshaft of the engine (the beginning and the end of the
cycles of the engine work)
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3. Examples of research results and their analysis

Fig. 2 shows examples of the results of vibration and noise measurements recorded during
tests of an engine with a good injector. According to the presented research 4 characteristic phases
of engine operation during its starting may be distinguished. These phases are described in more
detail in [19].

Fig. 3 shows examples of the results of calculations of an average level of sound and acoustic
power [19] of an engine with an operational and damaged injector. A significant increase in the
level of vibration and noise of an examined engine can be observed during its starting. It has been
observed that damage to the injector causes an increase in the engine vibration level already during
its starting, whereas the sound level increases after several first cycles of its operation.
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Fig. 3. The calculation results of the signals recorded for the engine in a good technical condition and
with one injector damage, where: a) average level of the noise signal,
b) average power of the vibration signal in the transverse direction to the piston movement

The impact of damage to the injector on the change in the vibration amplitude in time and
frequency distributions was analysed in the further part of the study. Fig. 4 shows an example of
the CWT distribution [20] of a vibration signal recorded when the engine was working with a
good and damaged injector. The results of these analyses confirm a significant increase in the
engine vibration amplitude during its starting. In the case of an engine with a damaged fuel injector,
cyclically repeating amplitude increases are observed which are caused by the combustion process
in three consecutive work cylinders, in the frequency scale range above 12. No vibration amplitude
increase is observed in this frequency scale range at the time of the rotation of a crankshaft in
which fuel from a damaged injector was supposed to have been injected.
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Fig. 4. Calculated time-frequency distributions of engine vibration
(vibration signal in the direction transverse to the piston movement):
a) engine in a good technical condition, b) engine with a damaged injector
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4. Conclusions

Combustion engines require constant development of methods for diagnosing their condition
because standard OBD systems may mask some damage and adapt engine operation to its
temporary technical condition. The use of methods for the measurement and processing of
vibroacoustic signals significantly expands the base of information on the temporary condition of
an engine and makes it possible to perform repairs much earlier. Making a quick decision on the
turning off the engine due to it poor technical condition requires evaluation of its condition already
during its starting.

It was evaluated in the study how its vibroactivity level changes during starting. According to
research damage to a fuel system injector causes an increase in the level of vibration and noise of
an engine during its starting by several decibels. It has been demonstrated that damage to an
injector causes qualitative changes in CWT time and frequency distributions, which may be used
in further analyses as a new source of information for new automatic solutions for combustion
engine diagnostics systems.
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