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The paper discusses the use of vibrodiagnostics in automotive 
production. Describes the Fast Fourier Transformation and its 
importance in evaluating the measured values. It focuses on 
the process of honing the toothing of shafts used in series-
produced gearboxes. Describes 3 different states of amplitude 
with consideration to the set limit. In the first state, all 
production criteria are met. In the second state, the limit is 
exceeded and the specific error and its impact on the 
continuation of production are described. The third state 
describes the extreme crossing of the limit and the 
consequences for this state. Finally, the importance and 
practicality of the method for predicting production conditions 
are summarized. 
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1 INTRODUCTION 

Measurement, recording and analysis of mechanical vibration 
are an integral part of the diagnostic system for monitoring the 
operating conditions of machines throughout the industry. The 
aim is to find the causes of oscillations and the possibility of 
their elimination. 
Vibrations are measured because they affect the life of 
machines and structures, but also the assessment of its harmful 
effect on humans, whether in the form of noise or vibration, 
which are closely related. Increased vibrations in most cases 
generate noise that spreads to the surroundings. Noise is the 
original phenomenon of vibrations, which in technical 
equipment causes material stress leading to direct failure. 
Vibration measurement is usually combined with measurement 
of other diagnostic variables such as speed, temperature, 
torque, operating pressure, machine start and stop parameters. 
Vibration can be imagined as the oscillation of a mechanical 
system, which represents the movement of a flexible body or 
environment whose individual points oscillate around its 
equilibrium position. Their monitoring and evaluation is one of 
the basic and crucial methods of technical diagnostics. Early 
detection of a possible defect is then a basic prerequisite for 
strategic planning of corrective measures. Vibrations can be 
described by amplitude and phase at a given point in time 
[Straka 2018a,b, Molnar 2019].  
The vibrations are mostly random in nature and are composed 
of many frequency components, which describes the spectral 
power density, which is always related to a certain bandwidth. 
The effects of vibrations can be assessed from their amplitude, 
time course, frequency or spectrum. In the range of acoustic 
frequencies (audible) we refer to waves in a gaseous or liquid 

environment as sound, mechanical waves (oscillations) in solids 
as vibrations [Kreidl 2006, Krenicky 2012].  
In the case of mechanical oscillations, the values of the 
determining quantities of oscillations (deflections, velocities, 
accelerations) constantly change over time, and energies are 
converted. We therefore say that mechanical vibration is a 
dynamic process. If we are interested in the time course of 
oscillations of a certain body, we must examine its kinematic 
conditions [Panda 2014, 2018a,b and 2019, Valicek 2016 and 
2017, Macala 2009 and 2017, Pandova 2018, Balara 2018, 
Monkova 2013, Gombar 2013, Bielousova 2017, Dyadyura, 
2017, Duplakova 2018, Bozek 2021, Flegner 2019 and 2020, 
Mrkvica 2012, Modrak, 2019, Peterka 2018, Pollak 2020a,b, 
Olejarova 2017 and 2019, Rimar 2016, Zaborowski 2007, 
Michalik 2014].  
When we are interested in the causes of oscillations, we must 
investigate the equation of balance of forces and moments 
acting on the system. The position of a rigid body or mass point 
in space is determined by its position vector. If we determine at 
any time the amplitude (magnitude) and phase of this vector, 
we are able to describe their mechanical oscillation. We also 
calculate shocks for mechanical oscillations. These involve the 
collision of two bodies moving relative to each other, this 
collision causing a transient phenomenon, a shock [Smetana 
1998]. 

2    FOURIER TRANSFORMATION 

A Fourier transform is a transform that maps the functions of a 
real variable. This operation is performed every time we hear 
different sounds. The ear performs an automatic "calculation", 
which our consciousness is able to do only after studying the 
relevant part of higher mathematics. The organ of hearing in 
humans creates a transformation, resulting in sound (oscillating 
motion of conditioned particles in an elastic medium that 
propagates in wave form in a solid, liquid or gaseous medium) 
in the form of a spectrum of successively reaching tones of 
different pitches. Then the brain turns this information into a 
sound that is known to everyone [Dillinger 2007]. 
The transformation of sound waves or other oscillating 
processes (from light radiation and ocean tides to stellar or 
solar activity cycles) can be performed using mathematical 
methods. So with these techniques you can divide functions by 
presenting oscillating processes using a set of sine components, 
that is, wave-like curves that go from minimum to maximum, 
then again to minimum, like a sea wave. A Fourier transform is 
a transform whose function describes the phase or amplitude 
of each sinusoid corresponding to a specific frequency. The 
phase is the starting point of the curve and the amplitude is its 
height [Dillinger 2007]. 

3    DESCRIPTION OF STATES 

When determining the diagram and its results, we can define 
two states. Positive and negative. this result depends on the 
workers and their ability to evaluate the assessed diagrams. 
However, this requires certain preparatory steps that must be 
completed before introducing diagnostics. An important factor 
is the prevention of unwanted vibrations from the 
environment, best to isolate the machine on which operations 
are performed and vibration diagnostics is applied. if this 
condition is not met, the conditions may be distorted and thus 
all diagnostics unsuitable for such a production process. First, 
the system needs to be prepared to know when and what 
components to classify and evaluate as unsuitable for further 
use. 
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Figure 1. Diagram for OK part 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The system must recognize which values to evaluate as 
undesirable. First of all, a limit must be set, which when it 
exceeds the measured frequency, is evaluated as an error. Such 
a limit is usually entered manually. It can be assigned to a 
worker who has experience with the given frequencies, has 
knowledge of the processes and procedures used and is 
qualified for these tasks. 
The limit can be entered for the entire machining process, for 
individual operations, different for individual bends of the 
machine, workpiece and tool, or for specific frequencies  of one 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

movement, the more fragmented the limit is set, the more 
accurate the production.  
 
Such a limit requires preparation and knowledge of the 
operation. The limit is set according to the available workpiece 
information. For a more accurate setting, a sample of the 
measured workpieces that were measured as satisfactory is 
taken. It is a good idea to sample several dozen workpieces 
from different periods, if the production conditions allow it. 
Combine their graphs into one and write a boundary 
accordingly. It is too good use of knowledge gained in other 
processes and evaluate which of the assessed frequencies are 
important for correct evaluation and which are not. 

Figure 2. Diagram for NOK part 
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In our case, we will describe the last variant, and thus the limit 
is set for the individual frequencies during the process of 
feeding the workpiece and tool. Three conditions are 
considered, despite the mentioned two conditions. 1. The 
condition is an ideal part whose production continues and the 
worker evaluates it as satisfactory. 2. Condition is a part that is 
not ideal. During the assessed operation, an unsatisfactory 
frequency was found that exceeded the specified limit and was 
evaluated as erroneous. 3. A condition is a course in which the 
border has been crossed in several places and to a large extent, 
and the following procedures are needed. 
In Figure 1, we can see a graph that shows the first state, which 
describes a workpiece that meets all the necessary parameters 
for the next process in production. The border is marked in 
purple. Certain peaks have been set at the boundary to limit 
normal production vibrations. Even on an ideal component we 
can observe an increased value of vibrations as in Figure 1, at a 
frequency of approximately 4550 Hz, but this does not mean 
that this component is not satisfactory. Every production 
process has its vibrations. At frequencies of 800Hz, 1400hz and 
2000Hz we can see the increase of the limit and the limit of the 
increased frequency. Here you enter a tolerance of 20% which 
can be changed as required. Sometimes it is up to 50%. It 
depends on the employee who evaluates the situation. Around 
the frequency of 3850Hz we can notice the limit whose 
tolerance is much higher than the measured value.  
This is due to the limit setting of the elevations of many 
components, where an increased amplitude may occur at this 
frequency value, but does not affect the accuracy of the 
process and its effect on the part being manufactured. 
In Figure 2 we can see a graph that describes the second 
phenomenon. This part was evaluated as unsuitable by the 
system and was sent among non-compliant pieces. The 
following measurements should be made on the component 
and the correctness of the set diagnostics assessed. If we find 
that the part does not conform when measuring the part, we 
will take the necessary measures. The diagnostic system was 
successful and found an error as expected. We can evaluate 
this as a success. However, if the component undergoes 
measurements and no defects are found on it, the 
vibrodiagnostic system must be re-evaluated and the necessary 
operations must be carried out to prevent such phenomena. 
This means finding insufficient tolerance of the border and its 

subsequent change. In this case, however, the part did not 
comply. If we take a closer look at the graph, we can see a 
significant crossing of the limit at a frequency of 1400Hz by a 
high value. This is a visible indicator of a faulty component. 
However, this condition may not always be obvious, or this 
obvious condition may not be the cause of the part error. 
Sometimes it can be a small overshoot as at the frequency of 
2800Hz, which we can see in Figure 4. 
 

 

Figure 4. Detail of the failure signal 

In Figure 3 we can see a graph that also describes the second 
phenomenon. As in the previous case, the part was evaluated 
as unsuitable and sent among the non-compliant pieces. 
However, when looking at the graph, we can see several limit 
exceedances at the values of 200Hz 800Hz 1200Hz-2000Hz and 
2600Hz-3050Hz frequencies, which visibly exceed the limit. 
Without the need for a detailed visual analysis, we can evaluate 
the undesirable condition of the product and not only that the 
unwanted condition of the mine also occurred on the machine. 
This requires more intervention in the production process. The 
need to measure the part, and perform an inspection of the 
machine. Workers can be suggested other necessary operations 
or testing of another piece that has been evaluated as an OK 
piece. In this particular case, it was necessary to work on the 
machine and align the production tool. After such an incident, 
extra care must be taken the next time the device is started. It 
is important to pay attention to such conditions, as the 
consequences can be fatal and can trigger a series of adverse 
effects on production. 

4    CONCLUSIONS 

Diagnostic systems of various kinds are implemented in 
production spheres in order to obtain information. This 
information is evaluated and used to create an effective 

Figure 3. Diagram for NOK part and further actions needed 
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network of improvements. Sometimes these systems help in 
efficiency, speed and overall profit for different businesses. 
Thanks to these data, we can assess the correctness of 
production and many times predict phenomena that we would 
not otherwise predict. 
Vibrodiagnostic systems help everyday production to meet the 
required conditions and make life and work easier for 
employees. Although this is preceded by the time of 
preparations, measurements and comparisons, this time must 
be taken as an investment in the future with the intention of 
streamlining production. In the case under consideration, we 
see information on a graph that is not very valuable for the 
average eye, but after a closer look we can find out more 
information that can be used in further production. With higher 
production, we can assess several correct products and set 
more precise limits with limits lower than 20% for more 
efficient diagnostics when assessing incorrect pieces. We also 
find information about frequencies, and their effects. In this 
case, we found that frequencies higher than 4600Hz are 
irrelevant to us and do not tend to rise when faulty 
components occur. 
Looking at the graphs of the second state, we also find a lot of 
interesting information about the behavior of the component 
from the point of view of vibrations. We see what defects on 
the components tend to increase values at which frequencies 
and based on that we can evaluate the defective pieces. After 
long-term use of vibrodiagnostics, we can reduce the frequency 
of measured pieces and speed up production and release 
measuring instruments for other pieces. However, this applies 
if we can rely on diagnostics, and this will be provided by an 
experienced worker. 
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