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Abstract. The paper presents an assessment of diagnostic usefulness of the vibration 
measurements and analysis of selected components of the common rail system in the diesel engine. 
Measurements were performed of the selected components of the CR system and changes were 
determined in the time and frequency structure of the recorded vibration signals. The research has 
shown that vibration recorded on the injector's housing and the rail of the common rail system is 
useful diagnostic information for the evaluation of the technical condition of the fuel supply 
system of a compression ignition engine. 
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1. Introduction 

Injection systems of compression ignition engines are currently some of the most precise 
subassemblies used in engines. The main requirements these systems are expected to meet include 
ensuring fuel injection at a very high pressure and in several phases. Meeting these requirements 
is not always possible because the quality of fuel may cause accelerated wear of the components 
of these systems. This contributes to the deterioration of the quality of the course of the 
combustion process, worsening of the engine operation dynamics as well as the increased emission 
of toxic components of exhaust fumes and may contribute to an in increase in fuel consumption 
[1-6]. In critical situations failures of the fuel supply system may cause highly degradative damage 
to the engine, which manifests itself in, for example, the burn-out of the piston head. 

The development of new methods for diagnostics of combustion engine injection systems, 
which use measurements and analyses of vibration signals, may expand the stream of information 
processed by OBD systems [7-11]. The usefulness of vibration signals combined with the stream 
of data flowing from mechatronic components of the engine enables the construction of new 
platforms for processing and analysing diagnostic data [12-22].  

The paper presents the initial examinations of the evaluation of the diagnostic usefulness of 
vibration signals generated by the components of the common rail system of a compression 
ignition engine. Test-stand measurements of vibration generated by the rail of the common rail 
system and injectors were made and then changes were determined in the time and frequency 
structure of the recorded signals. The study also evaluated the diagnostic usefulness of the 
measurements of vibration made at the selected measurement points of the common rail fuel 
injection system. 

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. 

During the tests the acceleration of the vibration of the components of the common rail system 
was recorded at the location of the supply from a high-pressure pump, designated (I), at the outlet 
to injector 4 (II) and on the injector housing (III). Furthermore, engine body vibration was 
recorded in order to evaluate the impact of the combustion process on the time and frequency 
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structure of the recorded vibration signals. The diagram of the layout of piezoelectric transducers 
is shown in Figure 1. 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 program. 

 
Fig. 1. The piezoelectric transducers lay-out 

3. Examples of research results and their analysis 

In order to identify the frequency structure of the recorded vibration signals their spectra were 
determined using the fast Fourier transform. The results of these calculations are shown in Fig. 2. 

  
a) 

   
b) 

 
c) 

Fig. 2. The spectrum of the acceleration of vibration recorded on: a) injector housing (I),  
b) outlet from the common rail system rail to injector 4 (II), c) on the engine head 

According to the presented results of calculations the frequency structure of vibration recorded 
on individual components of the engine varies. In the case of the examined engine the resonance 
of the components of the common rail system is observed in the frequency range below 2.2 kHz, 
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whereas vibration recorded on the engine block are characterised by resonance at higher 
frequencies (approximately 3.75 kHz). 

Fig. 3 shows examples of the results of measurements of the acceleration of vibration recorded 
on the cylinder 4 injector housing (III) and at the outlet from the common rail system rail to 
injector 4 (II) as well as Wigner-Ville time-frequency distributions.  

According to signal processing and measurements the vibration signal recorded directly on the 
injector shows the course of vibration generated by the injector during fuel injection (frequency 
range: approximately 0.75 kHz), subjected to further interference caused by the combustion 
process (frequency range: approximately 3.75 kHz). The measurement of vibration on the injector 
housing does not include, however, significant local increases in amplitude, which should be 
considered direct interference with vibration transferred from adjacent cylinders. Measurements 
made at the outlet from the common rail system rail to injector 4 (II) include comprehensive 
information on the course of rail vibration, which is caused mainly by a change in pressure in the 
injection system (frequency range: approximately 1 kHz), caused by the injection of fuel to 
consecutive engine cylinders. 

 
Fig. 3. Time (a) and Wigner-Ville time-frequency (b, c) courses of the acceleration  

of vibration recorded on the cylinder 4 injector housing (III) and at the outlet  
from the common rail system rail to injector 4 (II) 

4. Conclusions 

An analysis of the technical condition of combustion engines is a very complicated and 
complex diagnostic activity. Looking for symptoms of wear or damage to engine components 
requires in-depth knowledge of its operation as well as, frequently, intuition and vast practical 
knowledge. The authors of the paper propose expanding the existing engine diagnostics systems 
by adding systems for measuring and processing vibroacoustic signals. Such an approach makes 
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it possible to diagnose early symptoms of damage to engine components which until now were 
difficult to detect. 

The paper presents the initial results of tests whose aim was to evaluate the diagnostic 
usefulness of vibration signals in the process of the evaluation of the technical condition of the 
common rail system of a compression ignition engine. The results of the tests lead to an 
unambiguous conclusion that the vibration signal recorded on the common rail system rail or 
injector differs from the signal recorded traditionally on the engine head in terms of the transient 
and frequency response. At the same time, these vibration signals are only to a small extent 
subjected to interference caused by vibration generated by the combustion process, but they can 
be clearly observed when measuring vibration on the engine head. The obtained results will be 
used in further research to evaluate the technical condition of the components of the common rail 
injection system of a combustion engine. 
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