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Abstract 

This article is primarily devoted to the comprehensive study of vibroacoustic evaluation 

methods for detecting and analysing defects within the driving axles of wheeled vehicles. The 

fundamental essence of this research consists of meticulously investigating the practical 

application of existing vibroacoustic diagnostic methodologies to systematically assess the 

technical condition and operational performance of the driving axles in various wheeled 

transportation means. The vibroacoustic method functions as a highly effective, non-destructive 

testing technique that facilitates the accurate evaluation of axle conditions by thoroughly 

analysing the sound waves and vibrational signals emanating from the vehicle's suspension 

system during its operation. Furthermore, this sophisticated approach is fundamentally rooted 

in the core acoustic and mechanical principles that were initially developed and extensively 

utilised in foundational research within the fields of materials science and structural 

engineering. By systematically employing this analytical method, it becomes entirely possible 

to precisely determine the real-time structural condition of the axles and to rigorously evaluate 

their overall level of serviceability and remaining operational lifespan. Consequently, the 

widespread implementation of such modern, scientifically advanced, and highly efficient 

diagnostic procedures within the contemporary automotive industry bears significant 

importance; it plays a critical role in substantially enhancing the long-term reliability of motor 

vehicles and proactively preventing potential mechanical failures and severe traffic accidents. 
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Introduction 

Within the diagnostic systems designed for the driving axles of wheeled vehicles, the 

continuous operation of the moving mating nodes inevitably leads to their physical alteration 

and progressive wear over time [1]. The driving axle of a motor vehicle serves as a critical 

mechanical unit fundamentally responsible for the efficient transmission of torque directly from 

the engine to the driving wheels [2]. Consequently, transmission units are strictly required to 

function flawlessly across all operational modes and under the varying load conditions of the 

vehicle. A loss of functionality or complete mechanical failure of the driving axle directly 

precipitates the operational failure of the entire vehicle. In this context, evaluating the technical 

condition of these components based on their vibroacoustic characteristics appears to be a 
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highly preferable and scientifically sound approach [3]. This preference is primarily because it 

falls firmly under the category of non-destructive testing methods, thereby significantly 

allowing for a reduction in both the time and labour costs associated with its practical 

implementation [4]. By establishing a correlation between the observable changes in technical 

parameters and the inherent vibroacoustic properties of the equipment with a high degree of 

reliability, it becomes entirely feasible to accurately diagnose its structural condition, 

proactively prevent malfunctions, and simultaneously develop constructive engineering 

measures aimed at its further refinement. 

However, the fundamental challenge that currently restricts the widespread application of 

vibroacoustic diagnostic methods is the overall reliability and precision of the diagnostic 

results—essentially, the accuracy of the formulated "diagnoses." Establishing standardised 

reliability indicators for this specific type of diagnosis in a generalised format is highly 

problematic, primarily because the degree of uncertainty in how a vibration signal responds to 

emerging operational defects remains considerably high. Fortunately, the current 

developmental stage of the element base and sensory technology successfully allows for 

reducing this degree of uncertainty in the vibrational response to an acceptable and 

scientifically manageable level [5]. Ultimately, the feasibility of utilising vibroacoustic 

evaluation in the rigorous diagnostics of vehicle transmission units is well-founded, facilitating 

the precise identification of informative vibroacoustic markers that indicate the initial 

manifestation and subsequent development of defects within the typical units and constituent 

elements of driving axles [6]. 

 
Figure 1. Test stand for the vibroacoustic diagnostics of passenger car driving axles 

 

Passenger cars, predominantly owing to their relatively light weight and enhanced energy 

efficiency, have become exceptionally widespread among modern means of transportation. The 

overarching safety and operational reliability of these motor vehicles inherently depend on a 

multitude of complex factors, with the suspension system undoubtedly constituting one of the 

most fundamental structural elements. The driving axles (or associated linkages), acting as 
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integral components of this suspension system, effectively connect the vehicle's main body to 

the wheels and play a paramount role during dynamic movement and navigation [7]. The 

accurate and timely diagnosis of the mechanical condition of these specific axles is of particular 

and critical importance for ensuring both the safety of the vehicle and its overall operational 

efficiency [8]. For this specific reason, the systematic application of the vibroacoustic method 

in diagnosing the driving axles of passenger cars is of immense practical significance. Over the 

course of recent years, the continuous and rapid advancement of non-destructive testing (NDT) 

techniques has progressed substantially. Traditional diagnostic approaches, such as standard 

visual inspections and rudimentary mechanical tests, are increasingly being supplemented and 

refined by advanced acoustic techniques, most notably the vibroacoustic method. These novel 

methodologies provide invaluable real-time data by meticulously analysing the sound waves 

and vibrational frequencies emanating directly from the vehicle's suspension system. 

Furthermore, they cause minimal to no operational disruption or structural dismantling during 

the vehicle's testing phase [9]. Ultimately, such sophisticated analytical methods play an 

indispensable role in the process of ensuring effective, efficient, and environmentally sound 

vehicle maintenance and repair protocols. 

 

Materials and methods 

1. The Essence of the Vibroacoustic Method. The vibroacoustic method is primarily utilised 

as an advanced analytical tool wherein acoustic waves and mechanical vibrations are 

systematically studied to evaluate the overarching condition of various physical structures. This 

sophisticated methodology is extensively applied in detecting internal defects within materials 

and comprehensively assessing structural integrity. The driving axles of passenger cars hold 

paramount importance for ensuring their correct operation and overall safety on the road; 

therefore, establishing a profound understanding of the theoretical foundations of the 

vibroacoustic method is absolutely essential for conducting accurate diagnostics on these 

critical components. 

The theoretical foundations of the vibroacoustic diagnostic method are intrinsically linked to 

the fundamental principles of both acoustics and solid mechanics. As acoustic waves propagate 

through a given material, their inherent velocity and specific amplitude are profoundly 

dependent not only on the intrinsic physical properties of the material itself but also on the 

presence of any internal defects. When these acoustic waves travel through a structural 

component, the emergence of a flaw or discontinuity invariably alters both the propagation 

speed and the amplitude of the traversing waves. By meticulously analysing these distinct 

acoustic variations and waveform alterations, technical specialists and engineers can accurately 

evaluate the current mechanical state and operational viability of the material under 

examination. 

Driving axles, acting as vital mechanical components of passenger cars, exert a direct and 

substantial impact on the overarching safety of the vehicle through their proper functioning. To 

accurately ascertain the internal structural condition of these axles using the vibroacoustic 

method, it is fundamentally necessary to first generate targeted acoustic signals. As these 

specific signals propagate through the axle structure, it becomes entirely feasible to detect a 

wide array of potentially hazardous defects, such as micro-cracks, structurally weakened zones, 
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or material deformations. A multitude of advanced methods and technological approaches are 

actively employed for the rigorous analysis of these acoustic signals, prominently including 

spectroscopy, sonic measurements, and various other sophisticated acoustic analysis 

techniques. The vibroacoustic method is fundamentally predicated on the comprehensive study 

of physical vibrations and sound waves within the constituent materials. Consequently, this 

highly efficient technique is remarkably effective in accurately determining the condition of 

the axles by precisely measuring their mechanical characteristics. Based on the intricate 

propagation dynamics and the qualitative nature of the sound waves, concealed flaws or 

structural vulnerabilities present within the internal architecture of the material can be reliably 

identified. Furthermore, the systematic investigation of the axle's condition and its specific 

mechanical properties is successfully executed through the implementation of reflective 

acoustic technologies, which necessitates the deployment of highly modernised sensors and 

meticulously calibrated acoustic measurement instrumentation. 

The application of the vibroacoustic method in the rigorous diagnostics of passenger car axles 

presents a multitude of significant advantages. Firstly, this highly analytical method is 

inherently non-destructive, thereby providing the invaluable capability to accurately ascertain 

the precise condition of the axle without inflicting any form of physical damage or requiring 

structural dismantlement. Secondly, through the strategic utilisation of this methodology, the 

technical condition of the axle can be evaluated with both exceptional speed and remarkable 

precision; this consequentially streamlines the entire maintenance procedure and substantially 

enhances the overarching operational performance of the vehicle. A third crucial aspect is that 

acoustic methodologies facilitate the successful implementation of highly effective, continuous 

monitoring systems, which in turn renders the vehicular control and predictive maintenance 

processes significantly more efficient and reliable. 

Nevertheless, the practical application of the vibroacoustic method is also associated with 

certain inherent challenges and operational complexities. For instance, the accurate and 

scientifically sound interpretation of complex acoustic data necessitates a substantial degree of 

specialised knowledge and advanced technical expertise. Furthermore, the considerable 

variations in different automobile models and their diverse structural designs can significantly 

influence the propagation characteristics of sound waves, a phenomenon that may inadvertently 

reduce the precision of the diagnostic outcomes. Due to these specific technical constraints, it 

remains absolutely necessary to develop and implement rigorous standardisation procedures 

and comprehensive verification protocols when applying this diagnostic method in practice. 

Ultimately, the systematic application of the vibroacoustic method in diagnosing the driving 

axles of passenger cars will undoubtedly contribute to the future advancement and progressive 

development of the global automotive industry. The continuous, in-depth research and 

subsequent refinement of this methodological approach hold immense significance for 

enhancing the technical provision of motor vehicles and substantially elevating their 

fundamental safety standards. In turn, the proven operational efficiency of acoustic diagnostic 

methods delivers numerous tangible benefits and sustainable advantages for both automotive 

manufacturers and end-consumers alike. 
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2. Principles of the Vibroacoustic Method. Acoustic diagnostic procedures are firmly 

founded upon several fundamental scientific principles, among which the vibroacoustic 

methodology represents a primary and critical approach. By precisely measuring and 

systematically analysing the structural vibrations that naturally occur within the mechanical 

components of a motor vehicle, this sophisticated method provides the critical capability to 

accurately ascertain the real-time condition of the driving axles. For example, during the 

practical application of the vibroacoustic method, highly sensitive sensors are strategically 

deployed to precisely measure the micro-vibrations occurring directly on the surface of the 

axle. Subsequently, the gathered empirical data is subjected to rigorous analysis utilising 

advanced mathematical models and complex computational algorithms. This intricate 

analytical process serves as an invaluable aid in accurately pinpointing any potential defects, 

structural flaws, or mechanical shortcomings that might be present within the axle structure. 

Furthermore, the acoustic diagnostic methods specifically tailored for passenger cars 

meticulously take into account the unique material properties and structural characteristics of 

the driving axles. The dynamic interactions between mechanical vibrations and propagating 

acoustic waves within the materials, functioning as an integral structural component of the axle 

system, provide essential statistical and highly analytical data. This comprehensive and 

insightful information proves highly beneficial in accurately evaluating the structural 

susceptibility of the axles and effectively implementing measures to extend their operational 

lifespan and mechanical durability. 

In addition to these fundamental principles, the integration of modern technological 

advancements and state-of-the-art equipment plays a distinctly pivotal role in the execution of 

acoustic diagnostic methods. Currently, through the proficient utilisation of highly mobile and 

compact acoustic measurement devices, the exact location of a mechanical issue and its 

corresponding severity can be determined with exceptional speed and remarkable accuracy. 

Consequently, this high level of diagnostic precision significantly aids in reducing both the 

time required to transport vehicles to service centres and the overall financial costs associated 

with extensive repair procedures. 

However, it is important to acknowledge that the practical employment of the acoustic method 

does encompass certain methodological limitations. For instance, the precise propagation of an 

acoustic signal can vary considerably depending on the complex internal structure of the 

material and specific environmental or operational conditions, which may consequentially 

impact the overall reliability and consistency of the diagnostic results. Furthermore, as 

previously noted, correctly interpreting the intricate datasets generated by acoustic analyses 

strictly demands a high level of specialised technical knowledge and refined analytical skills 

from the diagnostic personnel. 

Overall, the strategic utilisation of the acoustic method in the structural analysis of driving axles 

holds significant importance within the rigorous technical inspection processes of passenger 

cars. This highly capable method provides a reliable means to accurately evaluate the 

mechanical condition of the axles, facilitating the early detection of potential operational 

problems and thereby substantially increasing overarching vehicle safety. The continuous 

application and refinement of acoustic methodologies effectively contribute to the ongoing 

evolution of the automotive industry and actively assist in proposing innovative, highly 
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efficient solutions essential for the effective management and maintenance of passenger 

vehicles. 

The driving axles integrated into passenger cars are predominantly manufactured from a diverse 

array of specialised materials, with each specific material possessing its own unique structural 

and mechanical properties. One of the most frequently encountered issues over the operational 

lifespan of these axles is the gradual onset of material fatigue and cumulative mechanical 

damage resulting from continuous stress. Therefore, conducting regular and meticulous 

inspections of the axle conditions is highly critical; such proactive measures significantly 

enhance their operational reliability and successfully prevent the occurrence of severe 

mechanical failures. 

The vibroacoustic method stands as a widely applied, highly modern technique within this 

diagnostic process, notably providing the ability to determine the structural condition of axles 

without exerting any adverse or destructive effects on the components themselves. By utilising 

this advanced method to systematically study how acoustic waves propagate through the solid 

architecture of the axles, various material anomalies, microscopic cracks, or other structural 

defects can be identified with high precision. Ultimately, the exceptional speed and operational 

efficiency characterising this procedure are widely considered to be among the most significant 

functional advantages of the vibroacoustic methodology. 

The practical application of the vibroacoustic method for axle diagnostics is primarily executed 

through the deployment of highly sensitive acoustic measurement instrumentation. These 

sophisticated devices continuously measure the structural vibrations generated as the axles 

operate over a given period, systematically analysing the propagating waves that possess 

distinct and mathematically definable geometric characteristics. Based strictly on the rigorous 

results of this wave analysis, exact and scientifically sound conclusions can be drawn regarding 

the actual mechanical condition of the axles. For example, if the detected vibrational amplitudes 

are recorded as being unusually strong or distinctly weak relative to baseline metrics, this 

notable deviation may strongly indicate the presence of an underlying structural problem within 

the axle. 

The incorporation of modern technological solutions, such as high-fidelity acoustic sensors and 

highly advanced software algorithms, profoundly assists in achieving even more effective and 

highly accurate results throughout this diagnostic process. The extensive empirical data 

obtained from these sensors is meticulously analysed using specialised, state-of-the-art 

software applications, which swiftly and precisely yield comprehensive information regarding 

the exact operational condition of the driving axles. Consequently, this advanced technological 

integration provides the invaluable capability to proactively identify potential mechanical 

issues long before the vehicle even commences its intended movement, ensuring optimal safety 

and reliability. 
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Figure 2. A specific section of the test stand utilised for the vibroacoustic diagnostics of 

passenger car driving axles. 

 

Conclusion 

The paramount significance of employing the vibroacoustic method for the rigorous diagnostics 

of driving axles in passenger cars is fundamentally predicated upon the exceptional operational 

efficiency of this methodology, alongside the extensive analytical capabilities it inherently 

provides as a highly advanced, non-destructive testing (NDT) technique. Throughout the course 

of this comprehensive research, the underlying theoretical foundations of the vibroacoustic 

method were meticulously examined, specifically focusing on the targeted diagnostics of 

driving axles within passenger cars and the subsequent practical application of these 

sophisticated acoustic methodologies in real-world scenarios. This particular analytical method 

presents highly distinct and unique advantages when comprehensively evaluating the 

overarching mechanical condition of the vehicle's entire suspension system, as well as in 

precisely determining and verifying the long-term structural integrity of the individual driving 

axles under various operational loads. Ultimately, the empirical results derived from this study 

unequivocally demonstrated that the vibroacoustic method, especially when directly compared 

to more conventional and traditional diagnostic approaches, facilitates a markedly rapid and 

highly efficient diagnostic process for these critical axles. Consequently, this enhanced 

diagnostic capability is of absolute importance in substantially elevating the overarching safety 

standards, prolonging the service life, and ensuring the absolute operational reliability of 

modern motor vehicles. 
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