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Abstract. Vibrations and dynamics within mechanical engineering concern the 

behaviour of mechanical systems under forces and movement, making it possible 

to optimise system performance, safety, and reliability in a wide range of appli-

cations, including in the design of machinery itself or structural integrity. The 

proposed work is a scientometric analysis of the dynamics and vibrations in me-

chanical engineering published within the period of 2020 to 2025. The objective 

of the study is to trace the history of the field, learn the most influential figures 

in the sphere, and discuss trends of dynamic modelling and vibration control. It 

covers 786 relevant publications, visualized with bibliometric software such as 

Gephi, VOS viewer, and Power BI. Its results show a close cooperation of coun-

tries with the leading involvement of China, Belgium, Canada, and France. The 

main directions are vibration suppression, the application of machine learning in 

vibration prediction, and application of smart materials to provide energy-effi-

cient damping. Advanced computational models, including finite element analy-

sis and digital twins, are also highlighted as important to the study because of 

their contribution to system reliability and performance. The conclusion is that 

there is a small decrease in the growth of publications, but a general growth in 

the volume of research and interdisciplinary collaborations. The present paper is 

the accumulated description of the modern state in dynamics and vibration re-

search, which is telling of the subsequent trends of the optimization and control 

of the mechanical systems. 

Keywords: Dynamics and Vibrations, Mechanical System Modeling, Vibration 

Control and Suppression, Machine Learning in Vibration Prediction 

1 INTRODUCTION 

Dynamics and vibrations are the cornerstones of mechanical engineering, providing 

theoretical and practical approaches to the study of the behaviour of the systems under 

the impact of forces and movement. Dynamics is concerned with the nature of forces 

as sources of motion and change, and vibrations, with oscillatory behaviour, its causes, 
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effects and control. (Huang, 2022; Sinou et al., 2019). These disciplines enable engi-
neers to model and predict responses on a range of systems, including simple single-
degree-of-freedom systems to highly nonlinear and multi-degree-of-freedom systems. 
(Rega & Settimi, 2021). This broad knowledge permits optimization of mechanical sys-
tems at a range of scales between macroscopic structures and micro- and nano-mechan-
ics. (Rega & Lenci, 2015). Dynamics and vibrations are especially significant in opti-
mization of design and performance. Vibration studies in the automotive industry en-
hance comfort, safety and durability by dealing with engine vibrations, vibrations 
through the suspension systems and noise- related problems. (Liu et al., 2023). Aero-
space engineering is based on dynamic modelling to examine aerodynamic loads, tur-
bulence, and resonances, which assess safety and fuel efficiency. (Friedmann et al., 
2023). Similarly, civil-mechanical constructions such as bridges and towers require vi-
bration control to withstand seismic and environmental forces to ensure long-term sta-
bility. (Dogra, 2021). Finite element analysis and nonlinear dynamic models are im-
portant in modelling the realistic conditions, identifying the weak points, and formulat-
ing mitigation measures. (Paez et al., 2020). In addition to classical areas of application, 
the effects of dynamics and vibrations are felt in various fields of science and industry. 
Vibration has been used in reducing vibration in precision machining during manufac-
turing and in dynamic analysis used in rotating machinery and turbines in the energy 
industry. (Liu et al., 2023). In robotics and mechatronics, flexible dynamics guide the 
design of efficient and lightweight systems (Rega & Settimi, 2021). The field of non-
linear dynamics and chaos theory has and is still actively applied to biomechanics, nan-
otechnology and structural health monitoring, highlighting the ubiquitous scientific and 
industrial importance of such concepts. (Wiercigroch, 2018) 

1.1 Historical evolution and research progress 

The analysis of dynamics and vibration took its initial steps by using methods of clas-
sical mechanics with linear systems and single or multi-degree-of-freedom models. The 
equations of motion were made, modal analysis, and methods like the Galerkin and 
Lagrange technique were used to solve vibration problems of structures and machinery 
(Velmisov et al., 2024). These classical theories were the basis of the idea of free and 
forced vibrations, resonance and damping of discrete and continuous systems. (Chiaia 
et al., 2020). Experimental methods took on a vital role in the discipline because ana-
lytical models could be confirmed and complex behaviors of great interest could be 
experimented which could not be readily explained through theory. The method of vi-
brational spectroscopy, modal testing, and physical prototyping assisted the researchers 
in investigating the behavior of the system, calculating natural frequencies, and being 
taught the nonlinearities and non-damping factors in a practical way. (Ditler & Luber, 
2022). The mathematical models and control measures of vibration suppression were 
also developed based on experimental studies. (Natrayan et al., 2024) 

The last decades have been marked by a radical change towards the use of compu-
tational modeling and simulation. The high dimensional, nonlinear and complex sys-
tems can now be studied with advanced numerical techniques, including finite element 
analysis and molecular dynamics. (Rohskopf et al., 2022). The combination of machine 



 

516             V. Mahesh et al.

learning and data-driven methods also improve predictive performance, allowing mod-
elling, control, and optimization of dynamic systems in which the solution to the prob-
lem is not feasible in the traditional sense of the term. (Zhi et al., 2024). These devel-
opments facilitate the development of advanced vibration control plans and the study 
of the phenomena in the regimes previously unreachable. (Q. Liu et al., 2022) 

1.2 Applications across mechanical engineering 

In machinery design, dynamics and vibrations form the basis where careful modelling 
and control of oscillatory behaviour provides the optimum performance and lifetime of 
gears, rotors, and other moving surfaces. (Liu et al., 2023). Vibration analysis is essen-
tial in structural engineering, to analyse and improve structural integrity, particularly in 
aerospace, automobile and civil applications, where loads caused by dynamic loads 
may cause fatigue or failure. (Dogra, 2021). The use of noise and vibration control 
technologies includes the use of advanced vibration isolators and damping devices to 
reduce the unintended oscillations of buildings, vehicles, and industrial machinery and 
enhance comfort and accuracy of operations. (Zhang et al., 2025). Robotics and manu-
facturing systems are dependent on dynamic modelling to ensure high speed, accuracy 
and safety operations especially with the increased use of lightweight and flexible struc-
tures.  (Huang, 2022). Vibration-based energy harvesting systems in energy systems 
convert mechanical vibrations into power that can be used, which adds to sustainability 
and efficiency. (Garus et al., 2022). 

       The dynamics and vibration research directly influence the area of safety since 
it allows predicting and preventing failure modes involving resonance, instability, or 
fatigue (Rega & Settimi, 2021). The advanced diagnostic tools (vibration-based fault 
detection, condition monitoring, etc.) are used to increase the reliability of the product 
by enabling the detection of mechanical problems in the initial stage (Yang et al., 2024). 
The related efficiency improvement can be realized through better vibration control 
measures, materials choice, and design, minimizing losses of energy and maintenance 
expenses and increasing system life. Recent developments in nonlinear dynamics, 
global analysis and intelligent vibration suppression technology are driving safer, more 
robust, and energy-efficient mechanical systems across diverse engineering applica-
tions (Wiercigroch, 2018; Astroza et al., 2021). 

Table 1.  Key technologies for vibration prediction and control with applications 

Technol-
ogy 

Description Key Applictions/Bene-
fits 

Citation 
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Finite Ele-
ment Anal-
ysis (FEA) 

FEA remains foundational for simulating and analyzing com-
plex dynamic systems, enabling accurate prediction of vibration re-
sponses and structural integrity in both discrete and continuous sys-
tems. Hybrid approaches combining FEA with analytical and 
lumped parameter models further enhance simulation efficiency 
and accuracy, especially for machine tool dynamics and vibration 
prediction under operational conditions. 

Accurate vibration predic-
tion, structural integrity 
analysis, hybrid model-
ling for machine tool dy-
namics 

 
 
 

(Sato & 
Igarashi, 
2025) 

 

Machine 
Learning 
for Vibra-
tion Predic-
tion 

Machine learning (ML) is increasingly used to predict and con-
trol vibrations, offering high accuracy in modeling complex, non-
linear dynamic behaviors. ML algorithms, such as gradient boost-
ing and neural networks, have demonstrated superior performance 
in predicting vibration amplitudes and tool conditions, especially 
when integrated with real-time sensor data and digital twin frame-
works. 

High-accuracy vibration 
prediction, tool condition 
monitoring, integration 
with real-time data and 
digital twins 

 
 

 

(Zhuo 
et al., 
2021) 

 
 

 

Smart Ma-
terials for 
Damping 

 
The development of smart and intelligent materials, such as vac-

uum-packed granulated materials and piezoelectric devices, has en-
abled adaptive vibration damping solutions. These materials are 
used in energy harvesting, vibration suppression, and intelligent 
damping devices, contributing to both energy efficiency and im-
proved system stability. 

Adaptive damping, en-
ergy harvesting, vibration 
suppression, intelligen 
damping devices 

 
 

 

(Li et 
al., 2023)  

t 

Digital 
Twins 

Digital twin technology is revolutionizing vibration manage-
ment by creating real-time virtual replicas of physical systems. 
Digital twins integrate sensor data, FEA, and ML to predict, mon-
itor, and control vibrations, optimize machining parameters, and 
enable proactive maintenance. Their applications span manufactur-
ing, tool condition monitoring, and dynamic process modelling. 

Real-time monitoring 
predictive maintenance 
process optimization, too 
condition monitoring, dy-
namic process modeling 

 

 

 
 

(Eding-
ton et al., 
2023) 

, 
, 
l 

Applications and foundations of dynamics and vibrations are not only limited to 
mechanical engineering but have a significant impact on civil, aerospace, and 
biomedical engineering (Berg et al., 2020). As an example, the fields of wind 
engineering, aerospace structures, and biomedical devices use ML-based vibra-
tion prediction and digital twin, which indicates the interdisciplinary nature of 
the advances discussed and their widespread applicability (Qiu et al., 2022). 
These analyses can aid researchers and policymakers to trace new trends, effi-
ciently allocate resources, and build interdisciplinary collaborations and eventu-
ally increase the speed of innovation and knowledge sharing. (Núñez-lópez et 
al., 2025). 
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Although recent reviews have offered a discussion of methodological advancement 
and particular application in vibration analysis like blind source separation, nonlinear 
model and optimization of dynamic system, their content is largely technical or case-
study based, in comparison to an overall, data-oriented overview of the research field 
(Geradin and Rixen, 1994). Interestingly, scientific literature does not reflect much in 
terms of systematic mapping of the research trends, key authors, institutional partner-
ships, and the changing topics of research in this field. 

   The present paper discusses the given gap by performing a scientometric review 
of the research on dynamics and vibrations in mechanical engineering. The study pro-
vides useful information on how to guide future research and strategic collaboration by 
mapping research output, collaboration patterns, and the development of themes. (Ka-
bilan & Venkatesan, 2024). The recent development in dynamics and vibration has rev-
olutionized mechanical engineering with the introduction of state-of-the-art computing 
and material technologies. (Abiraami et al., 2021) 

2 METHODOLOGY 

The method of study was a scientometric review of the research trend in dynamics and 
vibrations within the discipline of mechanical engineering during the period 2020-25. 
Keywords were typed into the Scopus database, and the search output was 786 relevant 
publications. Gephi, VOSviewer, and Power BI were used to perform network analysis, 
map key words and trend visualization respectively. This two-fold method also pro-
vided an insight of the international research environment, patterns of collaboration and 
even change of theme in the topic, as they could have a general perspective on the 
advancements in the field and its trending pattern. Search query : ( TITLE-ABS-KEY 
( "Vibrations" ) AND TITLE-ABS-KEY ( "Structural Dynamics" ) AND TITLE-ABS-
KEY ( "Modal Analysis" ) ) AND PUBYEAR > 2019 AND PUBYEAR < 2026 AND 
( LIMIT-TO ( SUBJAREA , "ENGI" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" 
) ) AND ( LIMIT-TO ( EXACTKEYWORD , "Machine Vibrations" ) OR LIMIT-TO 
( EXACTKEYWORD , "Structural Dynamics" ) OR LIMIT-TO ( EXACTKEYWORD 
, "Damping" ) OR LIMIT-TO ( EXACTKEYWORD , "Modal Analysis" ) OR LIMIT-
TO ( EXACTKEYWORD , "Vibration" ) OR LIMIT-TO ( EXACTKEYWORD , "Dy-
namics" ) ) 
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Fig. 1.  Methodological framework for scientometric analysis. 

The approach to methodology in this scientometric analysis is indicated in the frame-
work in fig 1. The selected keywords included Vibrations, Structural Dynamics and 
Modal Analysis, with the period of search being 2020-2025 and the search executed at 
Scopus database which had 786 publications. The dataset was analysed with the help 
of Gephi, VOS viewer, and Power BI, and each of them has something to contribute to 
the network analysis, mapping keywords, and trends visualisation. This integrated ap-
proach contributed to the creation of graphic visual representations of research output 
in a transparent way, the development of thematic development and association of part-
nership and provided an impression of objectives and applications of dynamics and 
vibrations in mechanical engineering. 

3 RESULT AND DISCUSSION 

 
Fig. 2.  Core Aspects of Bibliometric Analysis. 

This bibliometric review, 2020-2025, includes 786 papers in 160 sources, which high-
lights the scope of research publication in journals, books, and conferences. Despite the 
slight decrease in the annual growth rate (–2.33%), the impact of the field is quite high, 
each document has an average of 4.459 citation and is backed by 6,267 references. 
Intellectual diversity can be traced through 6,013 Keywords Plus and 7, 052 Author 
Keywords that demonstrate a large thematic coverage. Teamwork is also a characteris-
tic aspect (3,971 contributing authors, 12.01 co-authors per paper on average, 18.96% 
of international partnerships) in fig 2. The prevalence of conference papers (398) and 
journal articles (377) point to the existence of a dynamic, interdisciplinary research 
environment. 
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Fig. 3.  Co-authorship Network of Authors Visualized Using VOS viewer 

Co-authorship network created using VOS viewers, visualizing collaborative relation-
ships of top authors in the field. In fig 3, The nodes are the single authors of papers, 
their size is a measure of publication output, and the links show the intensity of the co-
authorship relationships. Cooperation clusters with separate colour clusters showing 
collaborations: Yuan J., Salles Loic, Schwing Hackl Christoph W., Mao Zhu, Allen 
Matthew S., and Napolitano Kevin I. The existence of inter-cluster links implies inter-
disciplinary collaboration, where some authors serve as connectors. Generally, visual-
ization provokes a very collaborative research setting involving not only closely knit 
organizations but also cross-linking relationships. 

 
Fig. 4.  International Research Collaboration Network Visualized through Co-authorship World 
Map 

collaboration world map that shows the patterns of international co-authorship among 
countries. Node size denotes the volume of publications with China coming up as the 
most dominant contributor, followed by Belgium, Canada, and France. Close coopera-
tion lines (thicker lines) point to the vast partnerships of China with the USA, Brazil, 
Pakistan, and several European countries. Both intra-continental and cross-continental 
partnerships are also a priority of regional clusters that reflect the global character of 
research activities. Visualization in fig 4 underlines how dominant countries are the 
nerve centres serving as the centre of knowledge transfer, and smaller nodes exhibit 
emergent contributions, and all these reflect the integrated and interdependent quality 
of the current scientific research. 
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Fig. 5.  Annual Research Output of Leading Institutions Over Time (2020–2025) 

The development of research output in four top institutions in 2020-2025 in fig 5, Tech-
nische Universitat Munchen, Technical University of Denmark, Politecnico di Torino, 
and Dalian University of Technology. There is steady growth, and it is the increasing 
contributions of these universities to the sector. Technical University of Denmark 
demonstrated a high level of initial advantage (2021-2022), and Technische Universität 
München demonstrated constant growth during the period. Gradual growths were ob-
served at Politecnico di Torino with momentum afterward and in 2023, Dalian Univer-
sity of Technology came into the limelight achieving its maximum output in 2025. To-
gether, the statistics point to the increase in global learning activity. 

Table 2.  Yearly Distribution of Research Articles (2020–2025) 

Year Articles 

2024 167 

2020 144 

2025 128 

2022 125 

2023 123 

2021 99 

The number of published articles per year during 2020-2025 illustrates the var-
iability in the output of research during the years in table 2. The peak on the 
number of scholarly contributions was in 2024 when the number of articles was 
167. A high output of 144 publications was also registered in 2020 that provides 
a solid starting point of the timespan. In 2021, we can notice a certain decrease 
as only 99 articles are listed, which is a temporary decrease. Since 2022, the 
number of publications has slowly stabilized and was between 123 and 128 
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articles. The trend, overall, indicates not only an increasing level of research 
activity but also its changes over the years, which highlights the dynamics of 
research 

 

 

Fig. 6.  Most Locally Cited References in the Dataset 

The most locally mentioned sources in the data set demonstrate their importance to the 
formation of the research area. The points indicate each reference, and the size of the 
bubble denotes the frequency of citation. The most influential work obtained the biggest 
number of 31 citations, and then there were other key references based on 20, 15 and 
14 citations. Early work by Ewins, Modelling Theory and Craig have formed the basis 
of methodological and theoretical approach to the field. The distribution shows that 
there are a small number of seminal papers that control the citations; this indicates their 
central position in advising other studies. In this analysis in fig 6, cornerstone literature 
has been identified, and it still has an impact on the research direction, both present and 
future. 

4 CONCLUSION 

The research has comprehensively examined the principles, applications and research 
trends in dynamics and vibrations in mechanical engineering. It will be analysed using 
scientometric mapping of the works published in 2020-2025 that will provide an active 
and cooperative research environment that will be contributed by leading institutions, 
prolific authors, and influential journals. The results demonstrate the overlap of theo-
retical advances, computational modelling and experimentation to the issue of safety, 
reliability, and efficiency in a broad spectrum of fields of application, e.g. aerospace, 
automotive, civil and manufacturing systems. International cooperation and interdisci-
plinary overlaps further prove the relevance and applicability of vibration research in 
the world. The sphere continues to grow with the introduction of digital twins, machine 
learning, and vibration-controlling smart materials but the total output differs annually. 
The paper gives ground towards future research as the thematic development, dynamics 
of publications, and collaborative networks are outlined, which can then be used in the 
future research of this subject and lead to the design of innovative solutions that can be 
applied to the construction of mechanical systems. 
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