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Summary: Noise is unpleasant sound that can have harmful effect on people’s health. Motor vehicles and working machines are mobile sources of noise, in which engine is one of the key elements that create noise. Engine noise can be divided into mechanical noise and combustion noise. Diesel engines are always considered to be louder, and, as such, they are used to identify engine combustion noise. Increase of pressure in engine cylinder is typical for combustion noise. Based on this, an experiment was performed, during which a cylinder pressure and noise emitted by the engine were simultaneously recorded. By coherence analysis of acquired data, it was concluded that it is possible to separate engine combustion noise from mechanical noise of the engine.
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1. INTRODUCTION
Motor vehicles are considered as the biggest polluters on the planet. Proof of this is the constant tightening of regulations for vehicle emission. The first thought associated with the word “emission” is focused on exhaust gasses. However, vehicle noise also represents one type of emission. Both the exhaust emission and noise emission place certain restrictions in front of the vehicle. 

What is noise actually and why is it restricted for vehicles? Noise is an unpleasant sound that can have harmful effects on people health. Noise can have harmful effects on drivers, passengers and people in vehicle environment. 


Engine is one of the noise sources of vehicle. Engine noise can be classified into mechanical noise and combustion noise [1]. Combustion noise is especially prominent in diesel engines. Noise that occurs during combustion process is directly related with the engine pressure ratio. A small number of papers exist on this subject that have dealt with combustion noise.


Narayan S. used coherence analysis in [2] to separate combustion noise from mechanical nose. In order to achieve this, he simultaneously recorded signals of cylinder pressure and noise.


Genuit K. [3] investigated whether noise has influence on vehicle comfort. He conducted the research using different people and different cars and concluded that noise can have big influence on comfort and passenger’s mood. 


Brandl F. et all [4] have also used coherence analysis for separating combustion noise from mechanical noise. Coherence analysis was performed using software that they have designed. During the research, they found that the time distance between pressure peek and noise peek is 5 ms. 


The main purpose of this paper is to use coherence analysis to separate combustion noise from mechanical noise of one-cylinder engine that is known to be very loud.
2. EXPERIMENTAL RESARCH
In order to conduct the coherence analysis, it is necessary to simultaneously record pressure in engine cylinder and engine noise. Scheme of the used experimental installation is shown in Figure 1.
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Fig. 1 Experimental setup

Characteristics of the test engine are shown in Table 1.

Table 1 Test engine characteristics 

	Capacity 
	454 cm3

	Number of cylinders 
	1

	Bore x Stroke
	85 x 80 mm

	Compression ratio 
	17,5:1

	Maximum torque 
	28,5 Nm

	Maximum power 
	7,3 kW

	Engine speed min
	3000 rpm


For obtaining better results, measurements were performed for 5 different engine speeds: 1000, 1200, 1400, 1600 and 1800 rpm. Pressure and noise signals for 1000 rpm shown in Figure 2.
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Fig. 2 Pressure and noise signal for 1000 rpm
3 RESULTS AND DISCUSION
Coherence analysis of measured data was performed for every regime. On first hand obtained coherence function was hard for analysis and was performed averaging for 200 times (Figure 3).  
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Fig. 3 Averaged coherence function
Coherence functions for all regimes are shown on Figure 4.  
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Fig. 4 Coherence functions for all regimes

For better understanding of a diagram in Figure 4, maximum coherence values for all regimes are given in table 2.  

Table 2 Maximum coherence values
	Engine speed [rpm]
	Coherence maximum value
	Frequency [Hz]

	1000
	0,72671
	1482,8

	1200
	0,76986
	1521,9

	1400
	0,87866
	1503,1

	1600
	0,85065
	1407,8

	1800
	0,89415
	1381,3


From Table 2, it can be stated that maximum values of coherence functions are high. This means that there exists a relation between engine noise and combustion pressure in the cylinder. The value of frequency at which maximum coherence between engine pressure and engine noise is obtained is very interesting. This value is very close to 1500 Hz for all regimes. 

4 CONCLUSIONS
Noise is unpleasant sound that can have harmful influence on people. One of the main sources of noise are vehicle engines. Engine noise can be classified into combustion noise and mechanical noise. Diesel engine is used for identification of coherence between combustion pressure and engine noise. Combustion noise in cylinder is closely related with engine pressure ratio. To identify combustion noise, cylinder pressure and noise signal were simultaneously recorded. By coherence analysis of cylinder pressure and engine noise, high values of coherence function are found at frequency near 1500 Hz. 
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