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Abstract  
Introduction. The creation of reliable test sets of vibration signals remains a critical challenge in vibrodiagnostics, as 
the lack of data on early-stage bearing defects hinders the development and validation of diagnostic algorithms. 
Experimental acquisition of such signals is limited by the absence of appropriate test specimens and the long duration 
required for defect progression. Existing numerical simulation approaches demand high computational resources and 
complex setup, reducing their practical applicability. A significant gap in current research is the absence of a simple, 
reproducible, and validated methodology for generating signals that reflect the progressive development of defects. 
The objective of this study is to create a simplified methodology for generating a test set of bearing vibration signals 
that can be used to develop and verify new vibrodiagnostic techniques. The methodology is based on a combination of 
experimental and simulated signals.  
Materials and Methods. Experimental data were obtained from a laboratory rig simulating a rotor unit with a rolling 
bearing (type 180603). To simulate early-stage defects (single and double chipping pits), dynamic finite element 
modelling was performed using ANSYS Mechanical (version 16.2) based on plane elements Plane162 using the  
LS-DYNA package. The resulting impulse sequences were superimposed onto the measured signal from a healthy bearing 
to generate combined signals. All signals (3 experimental, 2 combined) were analyzed using Fourier transform, bandpass 
filtering (5.4 kHz), and calculation of statistical parameters: root mean square (RMS), crest factor, and kurtosis. Analysis 
was conducted in Mathcad (version 15.0). 
Results. As a result of the study, a method for generating a test set of vibration signals from a rolling bearing was 
developed, covering the serviceable state and the sequential development of a local defect of the outer ring. The results 
showed a correlation between the amplitude of vibration signals and the stages of defects — an increase in amplitudes 
was observed in the high-frequency region, which confirmed the interaction of rolling elements and defective surfaces. 
Additional statistical analysis revealed an increase in diagnostic parameters (RMS value, crest factor, and kurtosis) as the 
damage developed. It was found that the simulated signals reproduced the characteristic signs of a defect and fitted 
correctly into the general trend of parameter changes. 
Discussion. The data obtained demonstrate that the proposed technique makes it possible to simplify the generation of 
reference signals without the need for long-term accumulation of experimental data or damage to equipment. The physical 
validity of the simulated pulses and the consistency of growth dynamics of diagnostic parameters with real data confirm 
the possibility of using this method for standardized testing of vibrodiagnostic techniques.  
Conclusion. The developed methodology provides an efficient and reproducible approach to generating test signal sets 
for vibrodiagnostics. It can be used to accelerate algorithm verification, reduce experimental costs, and improve diagnostic 
reliability. Future research will focus on simplifying impulse generation through analytical modelling and extending the 
methodology to other bearing types and defect forms.  
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Оригинальное эмпирическое исследование 

Получение набора вибрационных сигналов подшипника качения с разной степенью 
развития локального дефекта наружного кольца 
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Аннотация 
Введение. Создание достоверных тестовых наборов вибрационных сигналов остаётся актуальной задачей вибро-
диагностики, поскольку отсутствие данных по ранним стадиям дефектов подшипников затрудняет разработку и 
верификацию алгоритмов диагностики. Экспериментальное получение таких сигналов ограничено отсутствием 
соответствующих образцов и длительностью процесса накопления повреждений. Существующие подходы на ос-
нове численного моделирования требуют высоких вычислительных ресурсов и сложной настройки, что снижает 
их практическую применимость. Пробелом в исследованиях является отсутствие простой, воспроизводимой и 
валидированной методики генерации сигналов, отражающих последовательное развитие дефекта. Целью дан-
ного исследования является создание упрощённой методики формирования тестового набора сигналов вибрации 
подшипника, который может использоваться для разработки и верификации новых методов вибродиагностики. 
Методика основана на комбинировании экспериментальных и смоделированных сигналов. 
Материалы и методы. В исследовании использовались экспериментальные данные, полученные с лаборатор-
ной установки, моделирующей роторный узел с подшипником качения (тип 180603). Для имитации ранних ста-
дий дефекта (единичная и двойная ямка выкрашивания) применялось динамическое моделирование методом ко-
нечных элементов в среде ANSYS Mechanical (версия 16.2) на основе плоских элементов Plane162 с применением 
пакета LS-DYNA. Полученные последовательности импульсов накладывались на измеренный сигнал исправного 
подшипника для формирования комбинированных сигналов. Все сигналы (3 экспериментальных, 2 комбиниро-
ванных) подвергались анализу с использованием преобразования Фурье, полосовой фильтрации (октавная по-
лоса частот 5,4 кГц) и расчёта статистических параметров: СКЗ, пик-фактора и коэффициента эксцесса. Анализ 
проводился в среде Mathcad (версия 15.0). 
Результаты исследования. В результате исследования разработана методика формирования тестового набора 
вибрационных сигналов подшипника качения, охватывающая исправное состояние и последовательное развитие 
локального дефекта наружного кольца. Результаты показали корреляцию между амплитудой вибрационных сиг-
налов и стадиями дефектов — наблюдался рост амплитуд в высокочастотной области, что подтверждает взаимо-
действие тел качения с дефектными поверхностями. Дополнительный статистический анализ выявил увеличение 
диагностических параметров (среднего квадратического значения, пик-фактора и коэффициента эксцесса) по 
мере развития повреждения. Установлено, что смоделированные сигналы воспроизводят характерные признаки 
дефекта и корректно вписываются в общую тенденцию изменения параметров. 
Обсуждение. Полученные данные демонстрируют, что предложенная методика позволяет упрощенно формиро-
вать эталонные сигналы без необходимости длительного накопления экспериментальных данных или поврежде-
ния оборудования. Физическая обоснованность смоделированных импульсов и согласованность динамики роста 
диагностических параметров с реальными данными подтверждают возможность использования данной методики 
для стандартизированного тестирования методов вибродиагностики. 
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Заключение. Разработанная методика обеспечивает эффективное и воспроизводимое формирование тестовых 
наборов сигналов для вибродиагностики. Она может быть использована для ускоренной верификации алгорит-
мов, снижения затрат на эксперименты и повышения надёжности диагностики. В дальнейшем планируется упро-
щение генерации импульсов на основе аналитического моделирования и расширение методики на другие типы 
подшипников и дефектов. 

Ключевые слова: вибродиагностика, подшипник качения, МКЭ, моделирование сигналов вибрации 
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Introduction. In modern industry, there is a tendency for the size, complexity and productivity of machinery to 
increase, which results in growing capital expenditure on its acquisition, repair and maintenance. Equipment shutdowns 
cause significant losses due to short-received production. 

A considerable part of rotating industrial equipment contains rolling bearings. In most cases, their technical condition 
is the decisive factor in ensuring trouble-free operation — i.e., the failure of a rolling bearing causes the failure of the 
entire product. Experts in vibrodiagnostics are faced with the need to analyze and interpret vibration signals to assess the 
condition of rolling bearings. The presence of a set of signals reflecting various stages of fault growth is critical for the 
development and testing of new diagnostic techniques. This allows not only for improvement of accuracy and reliability 
of diagnostic algorithms, but also for their adaptation to real operating conditions of the equipment. However, obtaining 
such a set of signals under real conditions is a difficult task [1]. Traditional methods include either waiting for the natural 
occurrence of a fault, which can take a significant amount of time, or intentional damage to the bearing, which is not 
always advisable and can cause additional costs. In this regard, there is a need to develop alternative approaches to 
obtaining vibration signals with varying degrees of fault development. 

One such technique is mathematical modeling and simulation of bearing vibration signals [2]. Researchers have 
developed various models, including systems with three [3] and two degrees of freedom [4]. These models take into 
account factors, such as radial clearance, number of balls, and localized faults on the inner race, outer race, or balls. 
Advanced stochastic models have been proposed that take into account random sliding of roller elements and periodically 
changing transfer functions [5]. Simulations by MATLAB have been used to generate vibration time signals and 
frequency spectra [4].  

However, modeling bearing vibration signals remains a non-trivial task related to a number of technical and 
methodological difficulties. First, real bearing systems have a high degree of complexity [6]. An accurate representation 
of all factors affecting bearing vibrations in a single model is practically impossible. Models often simplify complex 
interactions between components, which can result in potential inaccuracies in predictions. Second, bearings exhibit 
nonlinear dynamic behavior, specifically in the presence of faults [7]. This nonlinearity is difficult to capture in 
mathematical models, especially when dealing with composite faults, such as simultaneous faults on the inner and outer 
races. Third, there is a problem of parameter uncertainty [8]. Numerous models depend on parameters that are difficult to 
measure or accurately estimate, such as contact stiffness and damping coefficients. This further complicates the modeling 
process and can cause inaccuracies in the results [9]. More complex models require significant computational resources, 
making real-time analysis challenging for industrial applications. Some models may ignore important factors, such as 
temperature effects, lubrication conditions, or manufacturing variations, leading to discrepancies between predicted and 
actual behavior [9]. Due to the lack of calibration bearings, experimental validation capabilities are limited, challenging 
the completeness and reliability of verification of the developed mathematical models [10]. 

This research objective is to develop a simplified methodology for generating a test set of bearing vibration signals 
reflecting various types and stages of faults, and to check its applicability for testing and verifying vibration diagnostics 
algorithms. The proposed approach is aimed at overcoming the limitations of existing modeling methods related to high 
computational complexity and insufficient adequacy of reproducing real operating conditions of the system. 
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For this purpose, a method was developed that combines experimental recording of the initial signal from equipment 
in good condition and finite element modeling of the system's behavior in the presence of faults. Based on the modeling, 
a sequence of pulses was obtained that simulated the effect of bearing damage. These pulses were added to the initial 
signal, creating a set of combined signals corresponding to different stages of fault development.  

This approach provides the formation of a standardized and easily reproducible dataset that can be used for testing 
and comparative evaluation of various vibration diagnostics methods. The proposed method of simulating faulty signals 
is a promising direction for the development of vibration diagnostics and can be useful for various industries where the 
reliability and durability of equipment are important. 

Materials and Methods. The development of a method for obtaining a set of signals from a bearing with different 
stages of fault development includes the following stages: obtaining a correct signal experimentally, creating a model of 
the bearing being studied, simulating the fault on the model, obtaining a sequence of fault pulses, and mixing this sequence 
with a real correct signal. 

Obtaining a correct signal from a laboratory setup is advisable because it is difficult to take into account numerous 
factors affecting the real signal during modeling, such as noise from the equipment itself, noise from the measuring device, 
the existing imbalance of the equipment shafts, etc. 

To compare the real and simulated signals, signals from bearings with faults were also obtained on the laboratory 
setup. To obtain the pulse sequence, finite element modeling (FEM) was used, which is one of the most efficient and 
widely used approaches to the numerical analysis of mechanical systems and structures [10]. The pulse sequences 
obtained using FEM were added to the real correct signal to form signals with a fault.  

1. Obtaining a correct signal experimentally 
The object of the study was a single-row radial ball bearing with a seal type 180603 as per GOST 8882–751. The 

geometric characteristics of this bearing are given in Table 1. 
Table 1 

Geometric Characteristics of Rolling Bearings 
Characteristic, dimensions Designation, formula Value 

Overall dimensions 

External diameter, mm D 47 

Internal diameter, mm d 17 

Width, mm B 19 

Dimensions of rolling elements 

Diameter, mm db 9.5 

Quantity 𝓏𝓏 6 

Contact angle, rad β 0 

Angular pitch of rolling elements, rad g = 2π/𝓏𝓏 π/3 
Diameter of the circle passing through centers of rolling 
elements, mm 

D0 = (D+d)/2 32 

Initial radial clearance, µm g 8–15 

Dimensions of rolling tracks 

Minimum thickness along the gutter, mm h = [(D–d)/2–db]/2 2.750 

Diameter of the outer track, mm do = D–2×h 41.500 

Diameter of the inner track, mm di = d+2×h 22.500 

Radius of cross section, mm r = 0,515×db 4.893 

 

 
1 GOST 8882–75. Single Row Radial Sealed Ball Bearings. Technical Conditions. Electronic Fund of Legal and Regulatory Documents. URL: 
https://base.garant.ru/5926172/ (accessed: 09.06.2025). 

https://base.garant.ru/5926172/
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The bearing diagram is shown in Figure 1. 

 
Fig. 1. Rolling bearing diagram 

Bearings of this type are installed in the supports of a laboratory setup, which simulates the simplest rotary machine 
and basically represents a rotor on two supports. As in any real machine, the setup diagram contains manufacturing faults, 
such as static and dynamic imbalance, skew and tilt of the axes, which brings the operating conditions of the bearing setup 
closer to real ones. 

Structurally, the laboratory setup, whose diagram is shown in Figure 2, consists of a base platform on which two 
supports and an asynchronous electric motor of the 4A80A type with a power of 1.1 kW and a nominal rotation frequency 
of 1000 rpm are mounted. A shaft with a flywheel rotates in the supports on rolling bearings. The shaft is connected to 
the motor through a coupling. 

 
Fig. 2. Laboratory setup diagram 

Due to the presence of friction in the bearings, the rotation frequency of the laboratory setup rotor is slightly different 
from the nominal rotation frequency of the engine and is 995 rpm, or 16.58 Hz, or 104.2 rad/s. A new, correct bearing is 
placed in the right support of the setup (closest to the engine and less accessible). The bearing under study is located in 
the left support, farthest from the engine, in the radial vertical direction.  

For the experimental study of rolling bearing vibrations, the measuring system shown in Figure 3 was used. The 
measuring system included a piezoelectric accelerometer, a signal amplifier, an oscilloscope, an analog-digital converter 
(ADC), and a computer. In addition, to calibrate the measuring system, a signal generator was connected instead of the 
accelerometer and amplifier. 

 
Fig. 3. Measuring system  
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Three bearings of type 180603 as per GOST 8882–752 were installed sequentially in the left support of the laboratory setup: 
− healthy rolling bearing; 
− faulty bearing with a developed fault (intensive chipping of the rolling tracks); 
− bearing in a critical condition with a crack in the outer race. 
Vibration acceleration signals were recorded from each of the listed bearings with a sampling frequency of 16 kHz 

and a duration of 0.12 seconds. 
2. Construction of a bearing model using the finite element method 
The model of a healthy rolling bearing placed in the support of the laboratory setup is shown in Figure 4. The model 

is constructed using Plane162 elements. The elastic support of the laboratory setup is rigidly fixed to the base. A bearing 
is inserted into the support — the support and the outer race of the bearing have common nodes along the contact line. 
The shaft and the inner race of the bearing are connected in a similar way. The outer and inner races of the bearing are 
elastic. The shaft and separator are rigid. The rolling elements are modeled as follows: the central part of the ball is rigid; 
the periphery is elastic. 

All elastic elements of the model use a material with the following properties: E = 210 GPa; μ = 0.33; ρ = 7850 kg/m³. 
Rayleigh damping is introduced into the material. 

Loads on the model: 
− shaft, as a rigid body, is given a law of motion — the angle of rotation around z axis with time φ(t)=ωt; 
− radial load q1 = q0, is applied to the shaft, directed vertically downwards (the static load of the bearing is simulated); 
− radial load q2 = q0/2, whose direction rotates together with the shaft around z axis is applied to the shaft (the 

imbalance is simulated). 

 

Fig. 4. Bearing model based on Plane162 elements 

To ease the task in a computational sense, the following simplifications of the model were introduced. 
1. Hollow balls were inserted, which led to a decrease in the number of nodes in the model. In this case, the density 

of the rigid part of the ball was recalculated so that the mass of the ball remained unchanged. 
2. The finite element mesh was compacted near the contact surfaces. The dimensions of the elements in these areas 

were minimal. 
3. The structural elements of the system, whose rigidity can be neglected (shaft, separator), were made of the material 

“Rigid”. 
The calculation feature of the model under consideration is that for subsequent processing of the calculated vibration 

acceleration signal (in particular, for applying the fast Fourier transform to it), it is required that the signal recording step 
in time be constant. 

3. Simulation of a local fault of the outer race of a bearing  
The objective of the experiment-calculated study is to obtain vibration signals of a bearing for different degrees of 

development of a local fault of the outer race of a rolling bearing. The problem is solved through superimposing a 
sequence of short-term, rapidly decaying “single pulses” caused by the rolling element hitting a fault (pit) on the measured 
signal of a healthy bearing. The sequence of pulses is obtained using the FEM model.   

 
2 GOST 8882–75. Single Row Radial Sealed Ball Bearings. Technical Conditions. Electronic Fund of Legal and Regulatory Documents. URL: 
https://base.garant.ru/5926172/ (accessed: 09.06.2026). 
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The depth of the chipping pit is considered equal to the depth of the dangerous point in the contact zone of the rolling element 
and the track when the endurance condition is violated — reaching equality of the amplitude value of the maximum equivalent 
stress in the contact of the rolling element and the track to the endurance limit of the material — steel ШХ15: 
 экв 02 .maxσ = σ  (1) 

The fatigue limit of steel ШХ15 GOST 801–793 during heat treatment of the type “quenching at 840°С in oil and 
tempering at 300°С”, used for ball bearings, is σ₋₁ = 650 MPa. However, the fatigue limit σ₋₁ for a symmetrical stress 
cycle is not suitable for contact strength calculations, since the contact stress cycle is zero (pulsating). The fatigue limit 
in a zero-to-tension cycle σ₀ is determined using a schematized diagram of limiting amplitudes, linking the average cycle 
stress σₘ and its amplitude stress σa = σ–1 – ψσₘ, where coefficient ψ = 0.2–0.3 for alloy steels. From which: 

 
( )

1
0 520 МПа.

1
−σσ = =
+ψ

 (2) 

To determine the maximum equivalent stress, we consider the stress state at a point located at depth z below the center 
of the elliptical contact area. We introduce the coordinate system Cxyz: C — center of the elliptical contact area, z axis is 
perpendicular to the contact area, x axis is directed along the major semi-axis of the contact area, y axis is directed along 
the minor semi-axis of the contact area. The semi-axes of the contact area are: major — a, minor — b. For ease of writing 
formulas, we denote: a/b = β, z/a = ζ. 

In areas parallel to the coordinate planes, the shear stresses are equal to 0, the normal stresses are the main ones and 
are determined by the following formulas: 

 0 2
2

1 ,

1 1

z pσ = −
 ζ

+ ζ ⋅ +  β 

 (3) 

 ( )
2 2 2 2

0 2 2 2 2 2
1 11 2 2 1 ,

1 1 1x p L K L K
    β β + ζ β + ζ

σ = − ⋅ ⋅ − + ζ ⋅ − − µ ⋅ − ⋅ + ζ ⋅ −   −β + ζ β + ζ β     
 (4) 

 ( )
2

2 2 2

0 2 2 22 2 2

21 1
11 2 2 1 ,

1 11
y p L K L K

  + ζ ⋅ −    β  β β + ζ  σ = − ⋅ ⋅ − + − ζ ⋅ − + µ ⋅ − + ζ ⋅ −   −β β + ζ  + ζ + β + ζ   
 (5) 

where K(e), L(e) — complete elliptic integrals depending on eccentricity e of the elliptical contact area of the rolling 
element and the bearing race. 

The eccentricity of the contact area e, the greatest intensity of pressure between the contacting bodies p0, the minor 
semi-axis of the elliptical contact area are found from the Hertz problem of contact between spherical rolling elements 
and a toroidal bearing race. 

The equivalent tensile stress is determined from (3), (4) and (5) using the Huber-Mises strength hypothesis: 

 ( ) ( ) ( )2 2 2
экв

1 .
2

x y x z y zσ = ⋅ σ −σ + σ −σ + σ −σ  (6) 

According to the calculation results using formulas (1), (2) and (6) for the bearing under consideration, the depth of 
the chipping pit on the inner raceway was 0.56 mm, on the outer raceway — 0.60 mm. Assuming the shape of the chipping 
pit is hemispherical, its transverse size (diameter) is considered equal to twice the depth. 

In the flat model of a healthy rolling bearing, we introduce a fault in the form of a V-shaped notch on the outer raceway 
(Fig. 5). We round off the width and depth of the fault and take them equal to 0.5 mm.  

 
Fig. 5. Bearing outer race fault model 

 
3 GOST 801–79. Bearing Steel. 
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Such a change in the model of a healthy bearing can describe a single chipping pit. Moreover, it is practically 
impossible to obtain an experimental vibration signal for a single chipping pit due to the long duration and labor intensity 
of the experiment. A local fault of double width corresponding to a “double” chipping pit — two closely located pits that 
merged into one — was also considered. Using these models in the LS DYNA program, vibration acceleration signals 
were calculated in the vertical direction of the upper support point lying on the symmetry axis. 

The calculation was carried out for the following parameters: 
− dimensions of finite elements in contact zones aэл ≈ 0.8 mm; 
− damping value in the material b = 0.25; 
− radial load parameter q0 = 2160 kN/m; 
− process implementation time Т = 1.2 s; 
− signal recording time step Δt = 1 μs. 
4. Processing a set of signals 
As a result of the measurement and simulation techniques described above, a set of vibration signals was generated, 

including three signals measured on a laboratory setup and two signals obtained by mixing the simulated fault pulses with 
the real signal of a healthy bearing. The combined signals are intended to fill gaps in the sample and compensate for the 
lack of experimental data on bearings with an early-stage fault. 

Fast Fourier transform was used to analyze the time and frequency characteristics of vibration signals, which allowed us 
to obtain amplitude spectra in the frequency domain. Spectrum analysis was performed in a wide frequency range (0–8 kHz). 

To isolate pulses caused by local faults, the signals were filtered in an octave frequency band of 5.4 kHz. The resulting 
narrowband signals were used to identify fault pulses and calculate their maximum amplitudes. 

The average value of the maximum pulse amplitudes was calculated as the arithmetic mean for all selected pulses in 
a narrowband signal. This parameter was used to quantify the severity of the fault. 

The following statistical parameters were calculated for quantitative evaluation and comparison of signals: root mean 
square (RMS) of vibration acceleration, peak factor, and excess coefficient. The selection of these parameters was 
validated by their efficiency in identifying local bearing faults [11, 12]. 

RMS was calculated using the following formula [13]: 

 2

1

1СКЗ ,
N

i
i

x
N

=

= ∑  (7) 

where xi — i-th vibration acceleration value, N — number of signal samples. 
The peak factor was defined as the ratio of the maximum value of the signal to the RMS value [14]: 

 ( )
,

СКЗ
max x

Pf =  (8) 

where x — vibration acceleration values. 
The excess coefficient was calculated using the formula for a large sample (N > 100) [15, 16]: 

 
4

1

1 ,
N

i

i

x xE
N s

=

− =  
 ∑  (9) 

where x� denotes the arithmetic mean value of vibration acceleration, s — standard deviation. 
The calculated parameters were used to construct a correspondence table for the degree of development of the bearing 

outer race fault, which made it possible to assess the likelihood of the simulated signals and their suitability for testing 
vibration diagnostics methods. 

Research Results 
1. Measured signals 
Three signals were obtained, corresponding to different states of the bearing: healthy condition, developed fault (multiple 

pits), emergency condition (race crack). Figure 6 shows the shapes of vibration signals in the time domain (1 — healthy 
rolling bearing; 2 — faulty bearing with developed chipping of the rolling raceways; 3 — bearing under the emergency 
condition with a crack in the outer race).  
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Fig. 6. Measured vibration acceleration signals 

Figure 7 shows the amplitude spectra of signals in the frequency domain (1 — healthy rolling bearing; 2 — faulty 
bearing with developed chipping of the rolling raceways; 3 — bearing under the emergency condition with a crack in the 
outer race). As the fault develops, an increase in amplitudes is observed in the high-frequency region (about 5.4 kHz), 
and sequences of short-term pulses appear in the signals. 

 
Fig. 7. Amplitude spectra of measured vibration signals 

After filtering in the octave band of 5.4 kHz, the fault pulses were isolated. Narrowband signals are shown in Figures 
8 and 9. 

 
Fig. 8. Narrowband vibration signal of a rolling bearing with developed chipping of the rolling raceways 
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Fig. 9. Narrowband vibration signal of a rolling bearing with a crack in the outer race 

The average value of the maximum pulse amplitudes was: 24.3 m/s2 — for a large multiple pit (a sequence of the 
strongest pulses in a bearing signal with chipping); 39.8 m/s2 — for a race crack. 

2. Combined signals 
The pulses obtained through dynamic simulation of the FEM model are shown in Figure 10. The correct signal from 

the setup, with which the pulses obtained were mixed, is shown in Figure 11. 

 

Fig. 10. Sequence of received pulses 

 
Fig. 11. Measured vibration signal of healthy bearing 

Two combined signals were generated, corresponding to the early stages of the fault: with a single and double chipping 
pit. Figure 12 shows the time representations of the signals obtained (1 (green line) — vibration signal of a healthy 
bearing; 2 (blue line) — combined vibration signal of a faulty bearing with a single chipping pit; 3 (red line) — combined 
vibration signal of a faulty bearing with a double chipping pit. 
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Fig. 12. Combined vibration signals of a rolling bearing for different degrees of fault development 

The signal with a single pit visually differs little from the healthy one due to the relative smallness of the pulses. 
After filtering in the 5.4 kHz band, the fault pulses were isolated. Figure 13 shows a narrowband signal for a single pit.  

 
Fig. 13. Narrowband signal of bearing with single chipping pit 

The average value of the maximum pulse amplitudes was: 
− 9.6 m/s2 — for a single pit; 
− 14.7 m/s2 — for a double pit. 
3. Comparison of statistical parameters of measured and calculated signals 
For all signals, the following statistical parameters were calculated: 
− average value of the maximum amplitude of fault pulses А; 
− RMS, calculated using formula (7); 
− peak factor Pf, calculated using formula (8); 
− excess coefficient Е, calculated using formula (9). 
The results are presented in Table 2. 

Table 2 
Statistical Analysis Results of Calculated Vibration Signals for Healthy and Faulty Rolling Bearings 

Signal Technical condition A, m/s2 RMS Pf E 

Measured Healthy condition, 
no faults 0 6.81 3.04 3.03 

Combined Faulty, early stage of 
development — single pit 

10 6.86 3.86 3.10 

Combined 
Faulty, developed  
fault — double pit 15 6.93 4.49 3.27 

Measured Faulty, developed  
fault — multiple pit 25 7.15 5.64 4.30 

Measured Emergency, race crack 40 7.67 6.96 8.09 

Figure 14 shows the change in the normalized values of statistical parameters depending on the degree of fault 
development. 
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Fig. 14. Growth of statistical parameters depending on the fault development  

Discussion. The main objective of this study was to develop a methodology for generating a set of bearing vibration 
signals at various stages of development of a local fault of the outer race. The proposed approach, combining experimental 
data and numerical modeling, made it possible to fill in the gaps in the experimental base, especially at the early stages 
of the fault, whose acquisition under laboratory conditions was difficult due to the lack of appropriate samples. 

The analysis of the signals obtained has shown that as the fault develops, characteristic changes are observed in both 
the time and frequency domains. Sequences of short-term pulses appear in the signals, while in the spectra, there is an 
increase in amplitudes in the vicinity of the bearing unit's natural frequency — ~5.4 kHz. These changes are due to the 
impact nature of the interaction of the rolling elements and the faulty surface. When a fault enters the contact zone, an 
impact occurs that excites the unit's own vibrations. The amplitude of these vibrations is modulated by the flicker 
frequency of the fault, which manifests itself in the form of decaying pulses in the narrowband signal. 

Statistical analysis revealed a steady increase in key diagnostic parameters — RMS, peak factor and excess 
coefficient — as the damage degree increased, which is consistent with the expected behavior of the vibration signal 
during the development of a local fault. However, a key aspect of the analysis was to check the likelihood of the 
simulated signals included in the set to compensate for the lack of experimental data at the early stages of the fault.  

The analysis has shown that the parameter values for combined signals logically fit into the general trend observed in 
the measured signals. Thus, for a signal with a single pit (early stage), the RMS was 6.86 m/s², the peak factor was 3.86, 
and the excess was 3.10; for a signal with a double pit, it was 6.93 m/s², 4.49, and 3.27, respectively. These values are 
between the healthy state and the developed fault, indicating a consistent and physically based change in the signal with 
an increase in the degree of damage. 

Thus, the simulated signals not only fill the gaps in the set, but also retain the correct dynamics of changes in diagnostic 
parameters, which confirms their validity and suitability for use as reference signals in the development and testing of 
vibration diagnostics methods. However, the analysis of the trend characteristic has shown that the growth of the 
parameters does not correspond to the threshold values specified in GOST R ISO 20816–1–20214 standard (an increase 
of 2.5 times for a faulty state and 10 times for an emergency). This suggests that unified thresholds may not be accurate 
enough for specific types of equipment, and that individual calibration of diagnostic models is required on the basis of 
experimental or simulated data. The proposed methodology allows such calibration to be performed without the need for 
long-term collection of fault statistics or intentional damage to equipment. 

An important advantage of the approach is the ability to simulate the development of a fault for a specific bearing and 
operating conditions. However, the method has limitations. In particular, creating a finite element model requires 
significant time and skill resources. To reduce labor intensity, the key characteristics of the pulses generated by the fault 
are analyzed: 

− carrier frequency of the pulse is equal to the natural frequency of the bearing unit — 5.4 kHz; 
− largest pulse amplitudes — random with an average value 1 m/s²; 
− pulse repetition frequency coincides with the frequency of the fault (flickering of the rolling elements on the outer race); 
− initial phase — random; 
− pulse shape — exponentially decaying. 

 
4 GOST R ISO 20816–1–2021. Mechanical Vibration. Measurement and Evaluation of Machine Vibration. Electronic Fund of Legal and Regulatory 
Documents. URL: https://docs.cntd.ru/document/1200182677 (accessed: 20.05.2025). 
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The amplitude distribution and attenuation pattern correspond to those observed in real signals with a crack in the 
race. This indicates that the pulse generated by the fault can be described analytically, which makes it possible to replace 
resource-intensive FEM modeling with simulating predetermined pulse shapes and thereby significantly simplify and 
speed up the signal generation procedure. 

Thus, the proposed technique not only solves the problem of forming a complete set of signals for vibration 
diagnostics, but also opens up the prospect of creating individualized diagnostic models adapted to specific equipment. 
In the future, it is planned to develop a simplified algorithm for generating pulses based on the obtained characteristics, 
which will make the method more accessible for practical application.  

Conclusion. During the research, a method for generating a test set of vibration signals from rolling bearings was 
developed, combining experimental data and numerical modeling. The proposed approach provides reproducing various 
stages of the development of a local fault in the outer race, including early ones for which there are no experimental 
samples, without the need for long-term data accumulation or equipment damage.  

The analysis has shown that the simulated signals fit correctly into the general trend of changes in diagnostic 
parameters (RMS, peak factor, excess), which confirms their validity and suitability for testing vibration diagnostics 
methods. The resulting set of signals can serve as a standardized basis for comparative evaluation of diagnostic algorithms. 

The practical significance of the work involves reducing the costs of experimental research, accelerating the 
verification of diagnostic models, and increasing the reliability of assessing the technical condition of equipment. 

In the future, it is planned to simplify the generation of pulses based on the identified mathematical characteristics, 
expand the methodology to other types of bearings and faults, as well as integrate it with data analysis techniques to create 
solutions in the field of predictive maintenance. 
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