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QUALITATIVE EVALUATION AND 

IDENTIFICATION OF DEFECTS IN THE 

AUTOMOTIVE INDUSTRY USING 

VISUALIZATION TECHNIQUES 
 

Abstract: This article describes the method of dynamic 

visualization of noise using acoustic camera. With this 

device it is possible to visualize and identify the sound 

sources. This study focuses on the sound sources of 

moving vehicle as well sources of noise in the engine 
space. For better diagnosis of defects can be this 

method combine with measurements using vibration 

sensors. 
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1. INTRODUCTION  
 

In most cases, the effort of engineers 

in acoustics is to reduce the sound level 
emitted by the machine in the environment 

to a minimum. However, achieving zero 

acoustic emissions is not technically 

possible at the moment. Therefore, the 

acoustic engineers attempting to reduce 

noise levels to values that do not bother of 

people. In the automotive industry is not 

desirable to reduce the noise to a 

minimum, but rather reduce noise such 

values at which it will travel by car 

pleasantly for the crew. “The main task of 

the sound engineering is optimal 
adaptation of car noise on subjective needs 

of its users.” 

Although most vehicle transmission 

noises relate to internal parts and cannot be 

seen, their behavior and sound frequency 

always deal with a moving part according 

to engine rpm or pressure. Other worn 

vehicle parts can mimic the noise or feel of 

faulty transmission parts, so it becomes 

important how to identify noises specific 

to certain problems [1]. 
 Sound is a propagating type of energy 

traveling through a medium with particular 

velocity. The unwanted sound is noise. 

Vibration is the variation or displacement 

of a body with respect to specific reference 

position with time when displacement is 

alternatively greater or smaller than 

reference. Harshness is defined as 

vibration perceived actually and audibly 

produced by interaction of the tyre with 
road irregularities and vibrations of the 

structure and components ([2, 3, 4]). 

 

 

2. SOURCES OF NOISE AND 

VIBRATIONS IN AUTOMOBILE   
 

 Vibrations in engine are generated due 

to the reciprocating mechanism used for 

converting the energy into rotary motion. 

The forces producing the engine vibrations 

are:  

 Combustion.  

 Reciprocating and Rotational 

Forces.  

A downward force is generated during 

combustion stroke on the piston which due 

to geometrical construction of connecting 
rod and crankshaft generates a torque 

around crankshaft axis [5]. 

Torsional vibrations are generated due 

to the torque variations. A multi-cylinder 

engine can be compared with a system of 
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masses rotating on a single crankshaft in 

single and different planes. The primary & 

secondary forces as well as couples 

generate vibrations due to reciprocating 

unbalance. Significant inertia effects are 

generated due to small unbalance of 

rotating masses in high speed engines. 
Rotating unbalance generates unacceptable 

levels of vibrations and stresses in 

individual and supporting structures. 

Various noise sources in an automobile are 

induction noise, exhaust noise, noise from 

accessories, and noise radiation from 

engine sources [5]. 

Noise and vibration in driveline are a 

consequence power transmission from 

engine to wheels. The various sources are 

transmission gear noise, drive and 

propeller shaft, axle noise, tyre noise, 
aerodynamic noise, wind noise and interior 

noise. Generation of noise & vibrations 

from gears results due to improper bending 

dynamics of gear tooth and both torsional 

and bending characteristics of shafts [3]. 

 Tyre noise is due to tribology between 

tyre and road. Mechanics of tyre noise 

generation may be combination of squash 

vibration (primary noise source) exists due 

to rough road surface, tread squirm results 

lateral vibrations and generates noise 
spectra. Tyre is excited by several means, 

which include non-uniform wear, radial or 

lateral run-out, road roughness, road 

surface irregularities, road surface 

discontinuities that induces impacts, 

bumps etc, which contribute to noise and 

vibration of automobiles [5]. 

 

 

3. IDENTIFY OF NOISE 

SOURCES OF MOVING CAR  
 

Measurement was realized on 

passenger car Volkswagen Golf 1390 cm3, 

55 kW, 4 disc brakes. Speed of the vehicle 

in the measurement position was 50 km/h. 

Measurement is carried out under 

relatively favorable conditions, air 
temperature 11 ˚C, sunny, no wind. 

In the measurement was used a ring 

antenna, which consists of 48 microphones 

and camera (Figure 1). Distance of 

measured object and the antenna was 10 

m. Measurement time record was set at 8 

seconds. NoiseImage program is designed 

for processing of measured data. In this 
program, we generated outputs as time 

sound record (Figure 2), spectrum, 

spectrogram (Fig. 3) and sound images. 

Acoustic image for the whole frequency 

spekrum is shown in Figure 4. It is evident 

that the greatest noise of moving car is 

emitted on contact of the tire with the road. 

This issue is also described by the authors 

in [6].  

 

 
Figure 1 - View of the ring antenna and 

the location of measurement 

 
Figure 2 - Time sound recorder 

 

 
Figure 3 - Spectrogram of sound 

recording 
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Figure 4 - Acoustic image of moving car 

 

 

4. IDENTIFY OF NOISE 

SOURCES OF THE CAR IN THE 

ENGINE SPACE 

  

4.1 Measurement at engine idling speed  
Location of ring antenna was 1m from 

the engine, see Figure 5. Measuring time 

was set to 8 seconds. In Fig. 6 we see time 

sound record from the engine and other 

mechanical parts. In Figure 7 is an acoustic 

image of sound emissions of the engine 

and mechanical parts. The acoustic image 

is calculated from the whole frequency 

spectrum, in the range of 0 ÷ 48 kHz.  

 

 
Figure 5 - Location of ring antenna from 

the engine 

 

 
Figure 6 - Time sound recorder at engine 

idling speed 

 
Figure 7 - Acoustic image of sound 

emissions 

 

4.2 Measurement at 2000 rpm and the 

stationary vehicle 
Position of the ring antenna is the 

same as in Figure 5. In the frequency 

spectrum (Figure 8) and spectrogram of 

audio recording we identified frequencies, 

which showed the highest levels of sound 

pressure. Acoustic images were created for 

frequencies ranging from 195 Hz to 

207 Hz, see Figure 9, from 718 Hz to 746 

Hz, see Fig. 10, from 990 Hz to 1000 Hz, 

see Fig. 11 and from ranging 2900 Hz to 

3100 Hz, see Figure 12. 
  

 
Figure 8 - Frequency spectrum 

  

 
Figure 9 - Acoustic image from 195 Hz to 

207 Hz 



 

554                                      P. Liptai, M. Moravec, K. Lukacova 

 
Figure 10 - Acoustic image from 718 Hz 

to 746 Hz 

 

 
Figure 11 - Acoustic image from 990 Hz 

to 1000 Hz 

 
Figure 12 - Acoustic image from 2900 Hz 

to 3100 Hz 

 

 

5. CONCLUSION 
 

With dynamic visualization is possible 

to localize a sound source of engine parts. 

Then can determine the sources of defects 

and take measures to eliminate them. Four 

cylinder engines at idling speed producing 

dominant frequency components in the 

range from 16 Hz to 40 Hz. It has been 
found that the vibration of the engine and 

the transmission through the chassis cause 

the greatest noise. Problem can be solved 

by isolating the chassis from the excitation 

forces and restrain the engine against 

excessive movement.  
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