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Abstract. Support of the established technical characteristics of engines is 

reached by its regular service and diagnostics in particular - existence of the 

diagnostic programs built in the onboard computer of the car which carry 

out constant control of the main parameters of the engine.Based on the 

algorithm of vibroacoustic diagnostics, a system of vibration and 

vibroacoustic diagnostics of the internal combustion engine (ICE) is 

proposed, which can be integrated into the intelligent environment of self - 

diagnostics of the car (Check - Engine). The algorithm takes into account 

the normalized parameters and criteria for assessing the vibration state: the 

absolute values of displacements, velocities and accelerations and their 

changes.For the self-diagnostic system, it is important to develop a classifier 

of engine states also to determine and / or predict the failure of its parts or 

units. Engine vibrations can be attributed to the following types: imbalance 

of the 1st and 2nd order of the engine; vibration associated with combustion 

in the engine; auxiliary units.The analysis of a vibroacoustic signal at work 

of the serviceable and faulty engine is carried out, influence of various 

elements of a design, placement of the gauge in horizontal and vertical 

directions is shown on it. 

1 Introduction 

A significant increase in the number of cars is accompanied not only to a man, but also a 

number of negative consequences, primarily harmful emissions contained in exhaust gases. 

This leads to increased requirements for car power plants. The main measures are decreased 

by the specific fuel consumption and reduction of emission of harmful substances contained 

in the engine's exhaust gases. The solution of these tasks is possible both by improving the 

design and parameters of the engine itself, and the improvement of its auxiliary systems: 

preparation and submission of the working mixture in engine cylinders, inflammation, 

exhaust gases, etc. Another direction in satisfying the growing demands imposed on DVD - 

supporting the established technical characteristics of engines achieved by its regulatory 

service and diagnostics, in particular - the availability of a computer-based computer 

programs that make constant control of the main parameters of the engine [1, 2]. When 
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detecting the deviation of any parameter from the permissible values, an alarm system is 

carried out with the help of car self-diagnostics (Check - Engine) [3]. 

The new world standard in the field of on-board diagnostics ISO 27145 «Road vehicles 

are currently acquiring. Implementation of World - WIDE HARMONIZED ON - BOARD 

DIAGNOSTICS ». The ISO 27145 standard includes five parts. ISO 27145-1 "General 

Information Andusecase Definition" defines the use of on-board diagnostics and its concept. 

In the practical diagnosis of machine machines, there are two main approaches to the 

decision of diagnostic tasks [4, 5]. 

In the first case, the diagnosis is performed only after the detection of changes in the 

vibration state of the machine by means of monitoring and its task is to interpret these 

changes. However, as a rule, monitoring is carried out in a low-frequency and medium-

frequency vibration, which responds to the appearance, basically, only developed defects. 

They lead to significant changes in the energy parameters of vibration, which exceed their 

natural fluctuations when changing the modes of the machine. 

The second approach is to use the methods and means of diagnostics that exhibit the main 

types of defects at the stage of their origin before the significant energy changes in the 

vibration signal of the machine as a whole will occur. Detection of defects at the stage of 

origin makes it possible to observe their development and plan work on repair and 

maintenance of the machine. This approach is often called defects monitoring. 

Normalized parameters are [6, 7, 8, 9, 10]: acceleration in m / s2, in a frequency range 

from 2 to 3000 Hz; speed in mm / s, in the range of frequencies from 2 to 1000 Hz; Moving 

in μm, in the range of frequencies from 2 to 200 Hz. Acceleration measurements in the range 

of 2 to 3000 Hz are used to evaluate the vibration state. 

For the purpose of in-depth study to identify malfunctions (diagnostics), acceleration 

measurements in the frequency range up to 10,000 Hz and higher [11, 12] are recommended. 

If the features of the design of the equipment that created by vibration concentrated in the 

narrower frequency range, it is allowed to measure broadband vibration in a narrower 

frequency range, for example, to accelerate - from 10 to 3000 Hz, for a speed - from 10 to 

1000 Hz, for moving - from 10 to 200 Hz. In this case, the designation of the measured value 

is complemented by the range of measurement frequencies. 

The standard GOST 32106-2013 [13] Installed two criteria for evaluating vibration status: 

absolute values of displacements, speeds and accelerations and their changes. The general 

estimate of the vibration state is determined by the criterion, according to which the vibration 

state of the equipment is the most dangerous. 

Based on the first criterion zone of the vibration state are determined for absolute values 

of displacements, speeds and accelerations [10]. 

According to the second criterion, changes in the values of movements, speed and 

acceleration in one hour [13] are determined. 

2 Presenting main material 

Based on the algorithm of vibroacoustic diagnosis, a system of vibration and vibroacoustic 

diagnosis of internal combustion engines is proposed, which can be integrated into the 

intellectual vehicle self-diagnostic environment (Check-Engine). 

The algorithm of vibroacoustic diagnostics can be presented in the form of a functional 

scheme (Fig. 1), which is proposed on the basis of a known scheme [14]. Methods for 

measuring the engine vibration must have at least two measurement channels, one of which 

determines the vibration amplitude at the rotational frequency, and the other (channel with a 

circuit sensor) - its phase relative to the selected label on the crankshaft. When looking for 

defects, vibration is measured in typical modes of engine operation and in addition to low-

frequency can measure and high-frequency vibration of the support or the engine housing. 
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Fig. 1. Functional diagram of technical diagnostics: 1 - object of diagnosis; 2 - diagnostic signals; 3 - 

diagnostic features; 4 - management of the object; 5 - diagnosis (evaluation criteria); 6 - expert system; 

7 - classification of features and defects; 8 - set of decisive rules; 9 - system of diagnostic features and 

defects; 10 - Troubleshooting classes and defects; 11 - matrix of diagnostic features and defects; 12 - 

reference variables of diagnostic features; 13 - diagnostic model. 

 

The amplitudes of oscillations of various elements and engine aggregates have 

significantly different meanings (for example: fluctuations associated with defects in rolling 

bearings are many fewer than those caused by various defects, such as imbalance, non-

dustiness or damage to gear or growing gears) [5, 15, 16]. These defects cause oscillations 

with amplitudes of different orders, so it is advisable to compare the obtained data with 

existing reference values for various defects, instead of using the only general level adopted 

by the level of warning about possible details. Since in practice, it is necessary to deal with 

different designs and methods of application of parts and aggregates, different rotational 

frequencies and conditions of their loading, - it is very difficult to install one level of warning, 

which would work well in all, or even many situations. When they talk about the magnitude 

of the development of defects, then in the first place binds it with the characteristic features 

of the spectra [17, 18]. Image recognition is a key point to determine the stage of development 

of a defect based on a vibroacoustic picture of the behavior of parts and engine aggregates 

[19, 20]. 

The proposed block diagram of a vibration and vibroacoustic diagnostic system (Fig. 2), 

which consists of a measuring system (blocks 2 and 3), diagnostic information processing 

systems (block 5) and a technical condition recognition system (blocks 6 and 7). 

As can be seen from the brought structural scheme, the recognition unit provides the 

implementation of the final stage of the diagnostic process, the quality and efficiency of 

which greatly affects the reliability and accuracy of the diagnosis as a whole. Therefore, in 

the development and implementation of a system of vibroacoustic diagnostics as a component 

of an integrated monitoring system of DICs, special attention, along with other tasks, should 

be discussed by the development of a vibroacoustic classifier. 

For the system of self-diagnosis it is important to develop a classifier of engine states also 

to determine and / or predict the failure of its parts or units [21, 22]. Engine vibrations can be 

attributed to the following types: 

1. Unbalance of the 1st and 2nd order of the engine; 

2. Vibration associated with combustion in the engine; 

3. Auxiliary units. 
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Fig. 2. Functional block diagram of the car self-diagnostic system (Check - Engine): 1 - engine; 2 - unit 

for measuring vibration and acoustic signals; 3 - unit for measuring the speed of the crankshaft; 4 - 

diagnostic model of the engine; 5 - signal processing unit; 6 - block selection of diagnostic criteria; 

7 - block formation of a set of signs and defects; 8 - state classifier; 9 - unit for generating diagnostic 

results. 

 

1. The order of imbalance refers to the number of imbalance factors during one revolution 

of the rotating body. For example, if there is only one point of imbalance on the wheel that 

makes one turn, it is a 1st order vibration. If there are two unbalanced points, it will be a 2nd 

order vibration. The reason for using the order of vibration is to obtain the amount of vibration 

created by the unbalanced factor, when multiplying the order by the obtained frequency. The 

speed of rotation of a rotating body, such as a crankshaft, is determined by the engine speed 

(rpm ÷ 60 = Hz). In the presence of two unbalanced factors per revolution of the crankshaft 

rotation, the order of this rotating body becomes a 2nd order vibration. Based on this, we can 

calculate that the excitation source has a frequency of 40 Hz at 1200 rpm (1200 rpm ÷ 60 × 

2 (order)). Analyzing the obtained frequency with the help of measuring equipment, the order 

allows to understand the number of existing unbalanced factors. The calculation of the 

frequency of the unbalanced factor is very simple and consists in dividing the obtained value 

of rpm by 60 and multiplying by the value of the order. 

1st order motor imbalance vibrations occur if the crankshaft or other parts rotate at the 

same speed and have an imbalance (mass, shape) or increased wear. A good example is an 

unbalanced flywheel or cylinder balancer. Rarely, but sometimes the crankshaft itself can be 

unbalanced. In this case, the vibration of the engine can be eliminated by restoring the balance 

between the components or eliminating wear. In addition, the vibration of the 1st order of the 

engine components can be eliminated by adjusting the counterweights on the crankshaft. 

The vibration of the imbalance of the engine of the 2nd order can additionally be the 

movement of the piston. The mass of the piston and its movement inevitably create vibration. 

Signs of engine imbalance: shaking (vibration) at low speed is felt at a frequency of 480 

to 1200 rpm (8-20 Hz); strong vibration or noise is felt at a frequency of 1200 to 3000 rpm 

(20-50 Hz). 

The imbalance of the 1st and 2nd order in the engine is usually determined during engine 

warm-up at idle. 

2. The combustion frequency in the engine refers to the frequency of vibration resulting 

from the combustion of fuel inside the cylinder. This frequency can be different and depends 

on the number of cylinders in the engine. At one rotation of a cranked shaft combustion is 

carried out only in half of cylinders. If one combustion chamber is defined as an imbalance 

factor, it can be considered as 0.5 imbalance factor per revolution of the crankshaft. In other 

words, half of all engine cylinders are the order of vibration of the engine. For example, on 

a 4-cylinder engine, combustion occurs in the 2nd and 4th cylinders during one revolution of 

the crankshaft, ie the vibration order for this engine is 2 (4 cylinders ÷ 2 = 2). On a 6-cylinder 

engine, the combustion order in the engine is 3. 

3. All auxiliary units driven by the engine by means of a belt or gear transmission can 

experience vibration at each turn of a cranked shaft. In the event of noise and vibration, in 
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order to determine the device that is the source of vibration, it is enough to remove the drive 

belt and start the engine. Measure the vibration level. Then set the belt in place and test each 

device separately to determine the main source of vibration. For example, you can turn on / 

off the air conditioner. To test the power steering, a good test is to turn the steering wheel. 

In addition, misalignment or modification of the pulley can cause vibration of auxiliary 

equipment. In the case of air conditioning systems, overload or vulnerability to high oil 

content can also lead to abnormal operation. These vibrations must be compared with the 

presence of vibrations on a working car. 

The engine mounting and gearbox must support the engine and insulate the body from 

engine vibration. In order to absorb the engine rotation caused by the transmission of force 

through the power drive, the mounting must be relatively rigid. However, in order to reduce 

the vibrations transmitted to the car body from the road surface through the tires, wheels and 

powertrain, the mount must be relatively soft at the same time to absorb a certain level of 

vibration. For this reason, in order to meet both requirements at the same time, liquid-filled 

and electronically controlled fastening systems have been developed and implemented. At 

the same time, rubber supports are used. 

Tasks of fastening of the engine: provides fastening of the engine and transmission to a 

body and supports weight; absorbs the vibration transmitted from the engine to the car body; 

eliminates certain behavior of the engine and transmission when transmitting force and 

absorbs shocks coming from the road surface. 

In fig. Figure 3 shows a typical graph of the relationship between the vibration frequency 

of the components (Hz) and the frequency level (dB). If you look at the data, the horizontal 

axis means the frequency component of the obtained data. The vertical axis reflects the level 

of vibration of each frequency component. The vibration frequency range of the components 

felt by passengers is usually below 300 Hz. Higher frequency vibrations are rarely felt by 

humans, but can be transmitted to passengers in the form of noise. On the graph, you can see 

that the left side of the dotted line, due to the nature of the frequency of the equipment, will 

change slightly with each measurement and therefore it can be ignored (below 4 Hz). At the 

same time, the components with a high frequency (dB) on the left side of the dotted line are 

targets that need to be confirmed. As shown in the graph above, components with a frequency 

of 11.7 Hz show a level of 104 dB compared to other frequencies. This frequency is the main 

target object that can be used to determine the source of excitation. As already mentioned, 

measurements should be made in the area where the signs of vibration are most obvious. The 

reason is that if the data obtained from the measurements made at the point where there is no 

vibration will have the highest level of dB in the graph above, there is a high probability that 

this is not a real source of vibration. 

 
Fig. 3. A typical graph of the relationship between the vibration frequency of the components (Hz) 
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and the frequency level (dB). 

 

Using the obtained data and the engine speed during vibration, we can determine the part 

of the engine that creates vibration [23]. For example, according to the graph above, if the 

engine speed during the measurement is 700 rpm, you can calculate the frequency of each 

order on the engine and the frequency of each unit. For the 1st order frequency on the motor, 

it is equal to 700 ÷ 60 = 11.6 Hz, and for the 2nd order frequency, it is equal to 23.2 Hz. It 

can be confirmed that the frequency of the component having the highest vibration level (dB) 

on the graph is identical to the 1st order of the vibration frequency of the motor. The source 

of the 1st vibration level of the engine becomes the target source of excitation, and the 

vibrations emanating from it are transmitted to the passengers inside the car through a 

resonant system, body or transmission system, such as the suspension. Usually, if there is 

vibration in the engine, the vibration of the engine component associated with combustion is 

also probable (4 cylinders - 2nd order). In this regard, we can assume that there is a certain 

factor that creates a significant vibration of the 1st order in the engine. It is necessary to 

carefully check the parts that create a vibration of the 1st order. 

Point A (Fig. 4) is the frequency range of the motor that has no vibration at 1000 rpm. 

Point B displays the frequency range if the shift lever of the automatic transmission is moved 

to position D (Drive) from the initial position N (point A). If the frequency falls below the 

normal level and the dB increases, it means that the vibration increases simultaneously with 

the decrease of the engine speed. The part marked with points A and B has the highest level 

of dB (104.39 dB) according to the waveform specified above. This means that this zone has 

the highest amplitude among the vibrating components, and vibration occurs in this range of 

vibrations. Thus, the vibration occurs in the highest range of dB. 

The frequency shown in the form of a signal (Fig. 5) is equal to 33.69 Hz. If the waveform 

is measured on a car, it means that the vibration occurred under the action of a forced 

vibrating body (vibration force) with a frequency of 33.69 Hz. Thus, it is necessary to find a 

forced vibrating body in this range of vibration. The found body will most likely be a source 

of vibration that requires repair. 

 

 
Fig. 4. Change of size of vibrations depending on operating modes of the engine. 

 

When switching the gearshift lever to the driving mode on a parked car, the load is 

transferred to the engine. Usually, motors compensate for the increase in engine speed, so 

engine vibration is rare. However, in the event of a power imbalance, the engine speed drops 

and the engine vibrates. Then this vibration is transmitted to the car body. If the engine mount 

absorbs vibration, it does not reach the body. However, if it exceeds the absorption limits, 

6

MATEC Web of Conferences 351, 01014 (2021) 
20th International Conference Diagnostics of Machines and Vehicles

 https://doi.org/10.1051/matecconf/202135101014



the vibration is transmitted to the car body. If vibration is transmitted to the car body, you 

can check whether it is due to an imbalance in the engine or mounting by measuring the 

vibration frequency and dB level. 

When considering low-frequency vibrations, the bottom line of the waveform in the graph 

above reflects the vibration frequency and the dB value at 1000 rpm with a working engine. 

The upper bottom line of the waveform on the graph above shows the vibration frequency 

and the dB value when the engine is faulty under the same conditions. 

 

 
Fig. 5. Changing the magnitude of low-frequency vibrations with a faulty (1) and serviceable 

(2) engine. 

 

The frequency range in faulty and serviceable mode does not change, while only the value 

of dB changes. When the value of dB and the constant frequency of vibration change, the 

amplitude of the motor changes (forced vibrating body). This is not a problem for the engine, 

however, as a result, the engine mount cannot properly absorb vibration. Changing the 

frequency can be seen as a problem of motor imbalance. If this is a problem with the motor 

imbalance, the dB value will change with the change in frequency and amplitude. 

The vibroacoustic signal adequately reflects the operation of the valves (Fig. 6), ie the 

vibroacoustic signal reflects the dynamics of the engine and pressure changes in the inlet 

manifold [24, 25]. Therefore, the analysis of the vibroacoustic signal allows to visually and 

reliably assess the condition of the engine and its mechanisms. 

The use of acceleration can be a good means of identifying defects that are accompanied 

by oscillations with very small amplitudes, if we consider not the spectral but the temporal 

shape of the signal [26, 27]. The use of acceleration, in whatever form it is displayed - 

temporal or spectral - provides an exponential increase in amplitude with increasing 

frequency. Therefore, having at their disposal data of low-amplitude high-frequency 

components, obtained in the form of vibration acceleration signals, it is possible to determine 

the characteristic types of defects of engine parts. 
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Fig. 6. Vibration (4) and pressure (1), (3) in the cylinder with serviceable valves; vibration (5) and 

pressure (2), (3) in the cylinder with a faulty valve 

 

In fig. 7 shows the vibration of the housing at the place of installation of the motor 

bearings in the horizontal and vertical directions with increased vibration in the high 

frequency range (800 ... 2000) Hz. 

 
Fig. 7. The engine vibration spectrum is measured in vertical (1) and horizontal (2) direction with 

increased vibration in the high-frequency range (800 ... 2000) Hz 
 

2

2

315

51

0 45 90 135 180 225 270 315 0 45 90

-120

-60

0

60

120

30

45

60

Shift corner of turn, grad

V
ib

ro
a

cc
el

er
a
ti

o
n

, 
m

/c

4 3

P
re

ss
u

re
, 
B

a
r

2

800

Frequency, Gz

V
ib

ro
a
cc

el
er

a
ti

o
n

, 
m

/c
  
x
 1

0

1

120 1600 2000

0,08

0,10

4000

0,06

0,04

0,02

2

2

90

Time, c

V
ib

ro
a
cc

el
er

a
ti

o
n

, 
m

/c
  
x
 1

0

1

90 120 150 210 2406030
-10

-5

0

5

10

2

8

MATEC Web of Conferences 351, 01014 (2021) 
20th International Conference Diagnostics of Machines and Vehicles

 https://doi.org/10.1051/matecconf/202135101014



3 Conclusions 

Based on the algorithm of vibroacoustic diagnostics, a system of vibration and vibroacoustic 

diagnostics of DICs is proposed, which can be integrated into the intellectual self-diagnosis 

of the car (Check - Engine). The algorithm takes into account the normalized parameters and 

criteria for assessing the vibration state: absolute values of displacements, speeds and 

accelerations and their changes. 

For self-diagnostics, it is important to develop a classifier of engine states as well as to 

determine and / or predict the breakage of its details or aggregates. Engine vibrations can be 

attributed to the following types: imbalance of the 1st and 2nd engine order; vibration 

associated with the engine combustion; Auxiliary aggregates. 

The analysis of the vibroacoustic signal during the work of a proper and faulty engine is 

carried out, the influence of the various elements of the design, placement of the sensor in 

horizontal and vertical oppression is shown. 
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