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Analysis and optimization of torsion shafts in the context
of improving the strength and durability of a light armoured vehicle

Abstract. In the context of the continuous development of armoured vehicles and the increasing requirements for the
strength and efficiency of armoured vehicles, the study and improvement of torsion shafts becomes relevant to ensure
high service life and optimal functioning. The aim of this study is to analyse the torsion shafts of light armoured vehicles
to identify possible areas of optimization to increase the strength and durability of these vehicle elements. The methods
used include the analytical method, classification method, functional method, statistical method, synthesis method, and
others. As a result of the study, a comprehensive analysis and optimization of torsion shafts for light armoured vehicles
was carried out to increase their strength and durability. The choice of high-strength material and weight consideration
helped to reduce the weight of the vehicle, increasing its efficiency. Geometric design included the use of advanced
techniques to optimize the shaft shape, and stress and strain analysis helped determine the optimum parameters. The use
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of computer modelling and simulation simplified the analysis of the shaft’s behaviour under load. The use of safety factors
and consideration of impact loads during operation helped to improve the reliability and durability of the structure. The
use of the latest materials and manufacturing technologies allowed achieving the optimum parameters of the transmission
element. Testing of the prototypes in real conditions confirmed their efficiency and durability. The optimization of weight
and weight distribution was aimed at improving the stability of the armoured vehicle, taking into account the requirements
of a particular application and manufacturer. The results indicate the potential for improving the design of torsion
shafts to increase the performance and stability of light armoured vehicles. This study makes an important contribution
to science, as the identified optimizations and improvements in the design of torsion shafts of light armoured vehicles
contribute not only to increasing their strength and durability, but also to the rational use of resources and increasing

the overall performance of the vehicle

Keywords: geometry; composite materials; suspension; smoothness of movement; tension; deformations

INTRODUCTION

A detailed study of the aspects of torsion shafts, especially
in the context of their use in light armoured vehicles, is an
important task. This is due to the constant development
of modern armoured vehicles and the growing require-
ments for their strength and efficiency. Consideration of
this topic allows identifying the most effective ways to im-
prove the design and use of torsion shafts to ensure high
performance and stability of armoured vehicles in modern
conditions. Torsion shafts, as key components of the trans-
mission, are important parts that carry a significant part
of the mechanical load. Their role is to transmit rotational
motion and influence the overall performance and stabil-
ity of the vehicle. Improvements in their design can lead
to significant improvements in strength, durability, and
weight and size characteristics.

Considering the aspects of the study, an important
task is to address specific challenges, namely, improving
the configuration of torsion shafts for light armoured ve-
hicles. One of the key issues is to achieve an appropriate
balance between the strength and weight of torsion shafts
to ensure high durability and efficiency under heavy loads.
Another important issue is the selection of a suitable ma-
terial for the shafts that has high strength and endurance
under various operating conditions. These problems define
the current research objectives aimed at improving the de-
sign and functional characteristics of torsion shafts in the
context of the requirements of modern armoured vehicles.

According to the study by M. Manziak et al. (2021),
the importance of optimizing torsion shafts for light ar-
moured vehicles is gaining special emphasis due to the
increasing technical requirements for armoured person-
nel carriers. The need to improve these elements to meet
modern requirements for vehicle efficiency and durability
is emphasized. The study does not consider aspects re-
lated to the impact of the operating environment on the
strength of torsion shafts and their possible adaptation to
different operating conditions of armoured vehicles. In the
work by I. Polyak et al. (2023), the authors emphasize that
a detailed analysis of the geometry and materials used in
torsion shafts is a key step in finding optimal solutions to
ensure their strength and reliability. The importance of a
systematic analysis of these parameters to achieve optimal

shaft characteristics in the context of their operation in ar-
moured vehicles is indicated. The paper does not address
issues related to the dynamics of torsion shaft operation
and the possibility of their optimal adaptation to different
modes of operation of armoured vehicles.

According to the study by I. Kyrychenko et al. (2021),
the importance of using computer modelling to estimate
stresses and strains at different points of the shaft empha-
sizes the need for modern approaches to studying this topic.
The need to apply modern methods in the study of this topic
to achieve more accurate and comprehensive results in ana-
lysing the behaviour of these elements is highlighted. The
study does not take into account the impact of external fac-
tors, such as temperature changes or exposure to aggressive
environments, on the strength and service life of these el-
ements. Researchers M.V. Sklyarov & O. Shapovalov (2021)
note that improved geometry and the use of high-strength
composite materials are becoming key factors in reducing
shaft weight and improving the efficiency of an armoured
vehicle. The importance of these aspects for achieving opti-
mal transmission element parameters was emphasized. The
researchers do not consider the possible effects of operating
conditions, such as wear or abrasion, on the strength and
service life of the torsion shaft and composite materials.

A study by M. Hrubel et al. (2023) emphasizes that pro-
totype testing plays a crucial role in confirming the effec-
tiveness of proposed changes and their impact on durability
and sustainability. The importance of conducting compre-
hensive testing to reliably assess the response and practical
effectiveness of the modifications is highlighted. The paper
does not consider the possibility of adapting the test results
to different operating conditions of armoured vehicles in
real-life scenarios. The paper by M. Tkachuk et al. (2022)
raises an important question about the potential for im-
proving the design of torsion shafts as a way to increase
the performance and sustainability of light armoured ve-
hicles in the modern military context. The researchers
identify the relevance of developing technologies to opti-
mize shafts in order to improve their functionality with-
in current military requirements. The study does not take
into account ergonomics and safety in the design of shafts,
which is significant in military use.
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This study aims to analyse torsion shafts used in light
armoured vehicles. To achieve this goal, the following tasks
have been identified:

1. To conduct a safety analysis, considering the rele-
vant safety factors and assessment of impact loads during
operation.

2. To determine a high-strength material for the tor-
sion shaft, providing high strength and endurance under
heavy loads, considering the lightness of the selected ma-
terial to reduce the overall weight of the vehicle.

3. To analyse in detail and evaluate the possibilities of
using modern technologies such as composite as or high-
tech alloys, and implement advanced manufacturing meth-
ods, including additive technologies and CNC machining.

MATERIALS AND METHODS

The analytical method helped to identify potential weak-
nesses and determine the optimal parameters, including
stress concentration points and other possible problems.
The study of material selection contributed to the selection
of a high-strength material that meets the requirements
for sustained loading, thereby ensuring increased strength
and service life of the torsion shafts.

Using a statistical method, the critical parameters and
their interaction were identified, which allowed the devel-
opment of optimization strategies to achieve the best re-
sults in the production of torsion shafts. The study of safe-
ty factors proved to be key to ensuring the reliability and
durability of the design in real-world operation. The de-
duction method helped to formulate general principles and
approaches to optimizing torsion shafts. Determining the
cause-and-effect relationships between the shaft parame-
ters and its characteristics made it possible to consider the
influence of various factors on its functionality. The func-
tional method was used to determine the parameters and
configurations of torsion shafts aimed at achieving max-
imum strength and optimal performance. The functional
method made it possible to take into account the influence
of various factors, such as load, rotational speed and tem-
perature conditions, on the operation of torsion shafts.

By applying the synthesis method, new concepts and
strategies for optimizing torsion shafts were developed,
considering a comprehensive approach to their improve-
ment. This method allows combining various aspects, such
as material properties, geometrical parameters, safety fac-
tors and the use of the latest technologies, to achieve opti-
mal results. The classification method helped to define the
main characteristics of torsion shafts and their properties,
considering the various factors that affect their function-
ing. The study of a large amount of data using this meth-
od allowed creating a classification system that takes into
account different types of shafts, materials, geometry and
operating conditions. The induction method was used to
generate new ideas and concepts aimed at improving tor-
sion shafts in light armoured vehicles. This method pro-
vided new insights into potential areas of improvement in
shaft geometry, materials, and manufacturing techniques.
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The use of the generalization method in the context
of the study of torsion shafts in light armoured vehicles al-
lowed systematizing and summarising the results obtained
to determine the chosen optimization path. This method
allows for a detailed study of a large amount of data and
takes into account the various influences of factors on
torsion shafts. Geometric design, based on advanced tech-
niques, helped to achieve the optimal shaft shape, ensur-
ing efficient load distribution, and increasing its stability.
The use of computer modelling and simulation software
ensured high accuracy in assessing the performance of
torsion shafts under various operating conditions. The use
of the latest technologies in production, such as additive
technologies and computer numerically controlled ma-
chines (CNC), contributed to the accurate implementation
of the designed parameters and ensured the high quality of
the manufactured torsion shafts.

This comprehensive approach to the study and opti-
mization of torsion shafts for light armoured vehicles takes
into account important aspects necessary to improve the
performance, strength, and durability of vehicles in a mil-
itary context.

RESULTS AND DISCUSSION
Optimization of structures and characteristics
of the suspension of light armoured vehicles
to improve passability and dynamic properties
Traditionally, the main design parameters and suspension
characteristics of general-purpose vehicles have been for-
mulated taking into account the rated loads and driving
conditions on Category I and II roads with asphalt concrete
pavement. At the same time, all-wheel drive modifications,
known as multipurpose vehicles, which have remained the
basis of the Armed Forces of Ukraine’s fleet since the days
of the Union of Soviet Socialist Republics (USSR), were
based on the use of the maximum equipment with basic
general-purpose models with minor modifications. These
modifications included changes to the drive axles, a lower
transmission range, a single-slope layout to meet off-road
requirements and allow for a 6x6-wheel configuration, a
centralized tyre pressure management system and other
similar changes. These additional changes were introduced
to improve the vehicle’s off-road capability. However, in the
case of off-road driving, in addition to the issues of off-road
traction, the actual maximum speed is limited by an artifi-
cially set crew corresponding to the wheeled vehicles. This
limitation is due to the achievement of extreme driving
discomfort due to significant vibration oscillations caused
by bumps in the road. These limits of vibration load and
the permissible duration of their impact on the crew are
already known and described in the modern scientific liter-
ature on wheeled vehicles (Nussupbek et al., 2023).

The development of a new generation of tactical vehi-
cles was determined by significant requirements for mine
and ballistic protection, which were taken into account at
the conceptual and working design stage for new models.
The traditional way to protect against mines and bullets was
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to improve the existing vehicles of the previous generation
by installing modern protective equipment and making ap-
propriate changes to the serial designs of the chassis, frame,
suspension, and other components. However, this approach
is complicated because it significantly affects the driving dy-
namics of vehicles that were not designed to accommodate
the increase in overall weight. Another important aspect
was the increase in maximum driving speeds, especially off-
road. This is because when driving on paved roads, the max-
imum speed is limited primarily by engine power, and there
is a steady upward trend in this parameter. This also applies
to heavy tactical vehicles with a GVWR of 12 to 40 tonnes,
which have changed their top speeds from 70-80 km/h to
105-120 km/h over the past fifty years with the introduc-
tion of the KAMAZ-4310 model (Krainyk et al., 2022).

In today’s world, light armoured vehicles are becom-
ing an increasingly important component of the transport
environment, especially in the face of growing demand for
safety and mobility (Fig. 1). The efficient operation of such
vehicles depends on numerous factors, among which the
design and quality of the components used, in particular,
the torsion shafts, are of key importance. The analysis and
optimization of these shafts are becoming an integral part
of the development process to improve the strength and
durability of light armoured vehicles. To achieve this goal,

an important step is the selection of suitable materials for
the torsion shaft construction. The use of high-strength
alloys or special composite materials can significantly im-
prove the strength and lightness of the shaft, providing
an optimal balance between functionality and service life
(Feyye et al., 2021). Optimizing the torsion shaft geome-
try plays a key role in achieving high performance. Taking
into account stress concentration points, load analysis, and
the influence of external factors allows for optimal shaft
shapes and geometries designed for maximum strength
and durability. The use of computer modelling and simu-
lation software plays an important role in the development
of torsion shafts. It allows virtually testing different de-
signs and materials, determining the optimal parameters,
and predicting the behaviour of the shaft under different
loading conditions. Another important aspect is the con-
sideration of safety factors. The use of safety factors helps
ensure that the torsion shaft can withstand not only stand-
ard operating conditions, but also unforeseen situations
that may arise during extreme conditions. The final stage is
the development of prototypes and their intensive testing
in real-world conditions. This stage allows verifying the ac-
tual efficiency and strength of the optimized torsion shaft,
identifying possible shortcomings, and making the neces-
sary adjustments.
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Figure 1. Light armoured vehicle
Source: Light armoured vehicles for the Armed Forces are undergoing the final stage of national trials (2019)

The analysis and optimization of torsion shafts for
light armoured vehicles is a multidisciplinary task that re-
quires the interaction of various engineering disciplines.
By integrating aspects of material science, geometric de-
sign, software modelling and prototype testing, engineers
can create torsion shafts that meet high standards of
strength and durability, ensuring optimum performance of
light armoured vehicles.

Material selection for torsion shaft optimization:
balance of strength and lightness

In today’s world, where technology is improving every day,
the development of vehicles, especially light armoured ve-
hicles, is a task that requires high engineering and scien-
tific expertise. Optimization of torsion shafts, as key ele-
ments of the drivetrain, is becoming an important aspect to
ensure the efficiency, strength, and durability of vehicles.
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In this context, the choice of material for torsion shafts is
determined not only by its strength, but also by its light-
ness, where the balance of these characteristics becomes
the key to success.

The strength of torsion shafts is a crucial factor, as
these elements are subjected to significant rotational loads
during the movement of an armoured vehicle (Huda, 2021).
Stress and strain analysis allows engineers to determine
how the material can withstand these loads and avoid pos-
sible flaws or loss of efficiency. Thus, choosing a material
with high strength and fatigue resistance is a top priority.
However, the issue of material lightness is equally impor-
tant. In modern automotive and military equipment, great
attention is paid to weight reduction to improve fuel con-
sumption and manoeuvrability. Torsion shaft optimization,
which includes the selection of lightweight yet highly du-
rable materials, can play a key role in achieving these goals.

An important aspect of material selection is the engi-
neering ability to take into account the conditions of actual
operation. Consideration of temperature fluctuations, ag-
gressive environments and other factors is essential to en-
sure the reliability and durability of torsion shafts in a varie-
ty of conditions. The material choice for optimizing torsion
shafts can also include the use of modern composite mate-
rials that combine high strength and lightness. This opens
new horizons for engineers and designers, allowing them to
create vehicles with an optimal combination of properties.

According to the results of recent research by H. Ban-
kar et al. (2013), material optimization and weight reduc-
tion of the drive shaft using composite materials is an
important area of technology development. Composite
materials consist of two or more components with differ-
ent physical properties that interact to create a material
with improved characteristics. The use of composite mate-
rials in drive shafts allows for an optimal balance between
strength and weight. Composites often have a high relative
modulus of elasticity and strength at low weight, making
them an attractive choice for applications where equip-
ment weight is important. Optimizing drive shaft material
and weight can also help reduce fuel consumption and im-
prove system efficiency, which is critical for vehicles and
other mechanical systems.

Material selection for torsion shaft optimization in
light armoured vehicles requires a careful balance between
strength and lightness. Engineers must carefully analyse
the operating conditions and use advanced material tech-
nologies to create optimal designs that meet the high per-
formance and safety requirements of today’s world.

Geometric design of torsion shafts: a path to

optimization and performance improvement

The geometric design of torsion shafts is recognized in
modern mechanical engineering as a key step in the de-
velopment of efficient and reliable transmission systems
for light armoured vehicles. The use of advanced design
techniques is essential to achieve an optimal shaft geom-
etry that maximizes strength and efficiency in real-world

O. Krakhmalyov et al.

applications. The use of advanced design techniques is an
important step in the geometric design of torsion shafts.
Engineers use computer programmes and engineering
solutions to create three-dimensional models of shafts,
taking into account various aspects such as geometric pa-
rameters, materials and operating conditions.

Stress and strain analysis is an important step in deter-
mining the optimal shaft shape in the geometric design of
torsion shafts. By using mathematical models and compu-
tational software, engineers can determine how different
torsion shaft shapes affect the stress and strain distribu-
tion in the structure. This allows them to choose a geom-
etry that minimizes stress concentrations and increases
the shaft’s resistance to fatigue. One of the most advanced
techniques is the finite element method (FEM), which al-
lows engineers to virtually simulate stresses and strains
in real-world operating conditions (Kushwah et al., 2021).
This method considers a variety of factors such as loads,
temperature changes, and other operating conditions, al-
lowing engineers to more accurately determine the optimal
geometry. It is important to note that the design of torsion
shafts is not a static task. As technology advances and new
materials become available, engineers must constantly im-
prove their geometric design techniques. Regular updates
and adaptations to shaft geometry can not only improve
strength, but also reduce weight, which is important for
light armoured vehicles.

Referring to the definition of D.E. Osakue et al. (2015),
shaft fatigue testing, considering its bending and torsion,
is a key step in the development of mechanical systems. A
shaft that is subjected to constant loads must be thorough-
ly tested for the possibility of deformation and material
fatigue. During bending tests, it is important to consider
the loads that may occur during operation and to check
whether the shaft can withstand these loads without dam-
age or deformation. Torsional testing, on the other hand,
is important for determining the selective rotational sta-
bility of the shaft and for preventing possible problems
related to torsional loads. These tests help to confirm the
reliability and stability of the shaft design under real-world
operating conditions, as well as identify possible areas for
improvement to optimize its performance and service life.
The geometric design of torsion shafts is a key element in
optimizing the transmission systems of light armoured
vehicles. The use of advanced techniques and mathe-
matical methods allows engineers to create efficient and
fatigue-resistant designs that meet the high demands of
modern technical development.

Modelling and simulation in the design

of torsion shafts: strength analysis and improvement
In today’s rapidly evolving engineering environment, the
use of computer modelling and simulation software is an
essential component of torsion shaft design. This stage not
only provides the ability to analyse the shaft’s behaviour
under load, but also allows engineers to identify and re-
solve potential problems, ensuring optimum strength and
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safety. It is to be started with the use of computer mod-
elling software, which gives engineers the ability to cre-
ate virtual models of torsion shafts. This includes taking
into account shaft geometry, materials, and factors such as
loads and operating conditions. Computer simulation soft-
ware allows engineers to reproduce real-time operating
conditions and evaluate the impact of various factors on
shaft strength and reliability.

Simulation, in turn, is a key step in analysing the be-
haviour of a torsion shaft (Wang et al., 2022). Using the
resulting models, engineers can perform virtual tests by
subjecting the shaft to various loads and operating condi-
tions. The simulation allows them to identify stress con-
centration points, determine areas of maximum force, and
identify possible problems that may arise as a result of ma-
terial deformation or fatigue. The assessment of stress con-
centration points is particularly important in the design of
torsion shafts. These points can indicate where stresses
may be highest, which can lead to damage or fatigue of
the material in the future. Simulation allows engineers to
effectively correct these problems by optimizing the shaft
geometry, selecting the best materials, or making other de-
sign changes (Hajiyev & Damirov, 2023).

Researchers M. Liang et al. (2022) determined that
modelling the torsional resistance of a small-diameter hol-
low shaft using ABAQUS software is an important step in
the design and analysis of mechanical systems. ABAQUS is
a powerful engineering tool for numerical modelling and
simulation of the behaviour of materials and structures
under various loading conditions. When modelling the tor-
sional resistance of a hollow shaft, a variety of parameters
such as shaft geometry, material properties, loading condi-
tions and boundary conditions must be taken into account.
ABAQUS allows engineers to create sophisticated models
that consider real-world operating conditions. Analysing
the torsional resistance of a hollow shaft can provide im-
portant data on its strength and deformation characteris-
tics, which helps to improve the design and ensure a high
level of reliability in operation. This approach allows en-
gineers to optimize designs and improve their efficiency
before physically manufacturing prototypes.

In modern engineering practice, the use of computer
modelling and simulation software is becoming a key ele-
ment in the optimization of torsion shafts. This allows not
only to increase their strength and durability, but also to
effectively deal with potential problems, ensuring safety
and reliability in operation.

Consideration of safety factors in the design

of torsion shafts: ensuring reliability and durability

In the field of mechanical engineering, where high relia-
bility and durability are key success parameters, consider-
ation of safety factors in the design of torsion shafts is a
mandatory component. The application of safety factors
and careful consideration of impact loads allow for not only
optimal shaft performance, but also its reliability in re-
al-world operating conditions (Nuraliyev et al., 2023). The

first step in taking safety factors into account is to establish
safety factors for all key parameters of the torsion shaft de-
sign. These factors consider the various uncertainties and
variations that can occur during design and manufacturing.
In addition, they provide an additional safety margin to en-
sure the shaft’s reliability in extreme conditions and when
exposed to unforeseen factors.

Considering the magnitude of impact loads is another
important aspect in the design of torsion shafts. In the op-
erating environment of light armoured vehicles, a variety
of situations can arise, such as jolts, obstacles, or unfore-
seen explosions, which can cause impact loads on torsion
shafts (Chovnyuk et al., 2022). Analysing these scenarios
allows engineers to consider these safety factors and incor-
porate them into the shaft design, ensuring reliability and
durability. It is important to emphasize that safety factors
are determined not only on paper, but also by experimental
studies and prototype testing. Consideration of real-world
operating conditions and the ability of the design to with-
stand unexpected loads are important to ensure the safety
and reliability of the shaft in the real world.

Researchers A. Koch et al. (2023) have shown through
their work that identifying safety issues related to torsional
side shafts in electrified vehicles plays an important role
in ensuring reliable and safe system operation. Side shafts
in electrified vehicles, such as electric or hybrid vehicles,
are subject to particular dynamic and thermal loads due
to their interaction with electric motors. Systems for de-
tecting side shaft torsion problems can include sensors
that measure torsional parameters and monitoring algo-
rithms that analyse this data for deviations from normal
operation. Prompt detection of such problems allows time-
ly measures to be taken to prevent accidents and improve
the safety of passengers and the vehicle as a whole. The
development and implementation of effective systems for
detecting torsional problems in side shafts in electrified
vehicles is an important aspect of engineering work in the
field of electromobility aimed at improving the safety and
reliability of new technologies.

Consideration of safety factors in the design of torsion
shafts is a critical element to ensure the reliability and du-
rability of the structure. The application of safety factors
and careful consideration of impact loads allow creating
not only technically advanced shafts, but also those that
can operate effectively in real-world conditions where
safety is a priority.

The use of the latest technologies in the design of
torsion shafts: innovations for efficiency and quality
In today’s industrial landscape, the use of the latest tech-
nology is key to achieving high efficiency, durability, and
product quality. In the context of torsion shaft design, the
use of the latest materials and manufacturing technol-
ogies plays an important role in improving their perfor-
mance and functionality. An innovative area is the use of
advanced materials such as composites or alloys with high
performance characteristics. Composite materials, which
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combine different components to achieve optimum prop-
erties, can be used to create lighter but stronger torsion
shafts. High-strength alloys can withstand heavy loads,
ensuring high safety and reliability (Pavlikov et al., 2019).

An important innovation is the use of advanced man-
ufacturing technologies, such as additive technologies or
CNC machining. Additive technologies, such as 3D print-
ing, allow for the creation of complex geometries and op-
timized shaft design to accommodate internal cavities and
structures, which improves weight and mechanical perfor-
mance. CNC technologies, on the other hand, provide high
machining accuracy and the ability to produce complex
parts (Zhu et al., 2022). The use of the latest technologies
also includes the application of manufacturing methods
that allow for the use of thin and resistant materials, en-
suring efficiency and minimizing weight. Engineers and
designers must constantly improve their approaches and
use advanced technologies to optimize and meet the chal-
lenges in torsion shaft design.

As noted by E. Bilalis et al. (2022), optimizing the de-
sign of drive shafts made of composite materials is a hot
topic in the engineering and manufacturing industries,
aimed at increasing the strength and lightness of the el-
ements. Composite materials consist of a combination of
two or more different materials, usually fibres and a ma-
trix, working together to achieve optimum properties (Sko-
rokhod et al., 1995). Optimizing the design of a drive shaft
involves considering various parameters such as geometry,
fibre orientation, fibre type and number, and the compos-
ite matrix. These parameters can be carefully tuned to
achieve the desired mechanical characteristics, including
high strength at low weight. The use of composite materi-
als in the design of drive shafts allows for weight reduction
while maintaining the required strength, which is impor-
tant in the production of vehicles, aircraft, power gener-
ation equipment and other industries (Averin & Borovyt-
skyi, 2023). This approach helps to improve the efficiency
and service life of mechanical systems.

The use of the latest materials and production tech-
nologies allows us to create not only strong, but also light-
weight and efficient shafts that meet the high standards of
modern mechanical engineering.

Testing torsion shaft prototypes:

ensuring high efficiency and strength

Prototype testing is a critical step in the torsion shaft de-
velopment process, as it provides an opportunity to deter-
mine the real-world performance of a design and refine it
before large-scale production. This approach allows engi-
neers not only to identify possible shortcomings, but also
to improve and optimize torsion shafts to achieve the high-
est efficiency and durability. Manufacturing physical pro-
totypes of torsion shafts is the first step in this process. The
use of advanced manufacturing technologies, such as addi-
tive manufacturing or CNC machining, allows for the pre-
cise realization of structural elements that meet the pro-
ject requirements (Kassay et al., 2023). However, prototype
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production is only the beginning of the process, as its ef-
fectiveness and durability must be objectively verified.

Intensive tests play a key role in ensuring the quali-
ty and reliability of torsion shafts. These tests must reflect
the actual operating conditions as well as additional fac-
tors that may affect the product in real life. Loads, tem-
perature effects, vibrations, and impact loads should all be
taken into account during testing. The test results provide
engineers with important data on the operating strength
and efficiency of the torsion shaft. They can identify weak-
nesses, optimize the design, and improve material and
geometric aspects. This iterative approach allows for high
quality and efficiency in the design of torsion shafts. Proto-
type testing also opens up opportunities to improve tech-
nical solutions and use the latest technologies. Engineers
can implement changes in real time, refining and optimiz-
ing the design of torsion shafts based on the data obtained.

Researchers A. Wieczorek et al. (2022) determined tha t
vibration analysis of a drive system equipped with an inno-
vative prototype of a flexible torsion coupling is an impor-
tant step before implementing this element in real-world
applications. Flexible torsion couplings are used to trans-
mit torque between shafts, while providing some flexibility
to compensate for vibrations and torsional oscillations. It
is important to conduct a vibration analysis to determine
how well a new coupling prototype will meet the perfor-
mance and durability requirements under various operat-
ing conditions. Analysis methods can include measuring
vibration frequency, amplitude, and shape, as well as tak-
ing into account the dynamic properties of the prototype
material. Such analysis allows engineers to refine the de-
sign and parameters of the flexible torsion coupling pro-
totype, ensuring its optimal performance and durability in
real-world applications. Preliminary vibration tests help to
identify and eliminate potential problems during the de-
velopment phase, contributing to the further efficiency and
safety of the drive system.

Prototype testing of torsion shafts determines the suc-
cess of their functionality and durability in real-world con-
ditions. This stage allows confirming concepts, identifying
weaknesses, and achieving high standards of efficiency and
quality in the manufacture of torsion shafts.

Optimization of mass and weight distribution

in the design of torsion shafts: impact on the
efficiency and stability of an armoured vehicle

In today’s engineering world, mass optimization and
weight distribution has become a key aspect in the devel-
opment of torsion shafts for armoured vehicles (Venczel et
al., 2022). This optimization is crucial to ensure not only
high efficiency and strength of the shaft, but also to im-
prove the overall stability of the armoured vehicle. Opti-
mizing the torsion shaft mass with respect to efficiency and
fuel consumption is one aspect of this process. It is impor-
tant to strike a balance between strength and lightness of
the shaft, as this directly affects the overall performance of
the armoured vehicle. The use of high-strength materials
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and optimized geometry can help reduce shaft weight
while still providing the required strength.

Uniform weight distribution is an important factor in
improving vehicle stability, especially when driving on un-
even roads or in combat situations. Optimal weight distri-
bution can be achieved by taking into account not only the
weight of the torsion shaft but also other components of
the suspension system. Additive manufacturing and CNC
machining technologies can be used to create optimized
shaft geometries that contribute to weight reduction. It
is also important to use analytical methods and computer
modelling programmes to accurately determine the opti-
mal shaft parameters, considering its functionality and in-
teraction with other armoured vehicle systems.

In their study, W. Zeng et al. (2023) found that Opti-
struct-based modelling and lightweight design of auto-
motive transmission shafts is a state-of-the-art approach
to optimize weight and maintain the required strength of
these important automotive transmission components.
Optistruct is a topological and topographic optimization
software that allows engineers to automatically structure
material and geometry to optimize part properties. Mod-
elling shafts with Optistruct allows engineers to perform
topological optimization by considering various param-
eters such as shape, dimensions, and materials. This ap-
proach helps reduce shaft weight while maintaining the
required strength and stiffness. The lightweight design
process is made more efficient by using the optimization
tools offered by Optistruct. The use of this software not
only improves the mechanical properties of transmission
shafts, but also reduces their weight, which contributes to
the efficiency of the automotive transmission and the fuel
efficiency of the vehicle as a whole.

By considering the above aspects, engineers can create
torsion shafts that not only meet high standards of strength
and efficiency, but also make a significant contribution to
improving the stability and control of an armoured vehi-
cle. Optimization of weight and weight distribution is be-
coming a strategic approach in the development of torsion
shafts that meets the modern requirements of high-perfor-
mance and stable armoured vehicles. The development and
optimization of torsion shafts for light armoured vehicles
is a task that requires a thorough understanding of the spe-
cific application of these components and the manufactur-
er’s capabilities. Taking into account the requirements of a
specific application ensures that the engineering challeng-
es associated with armoured vehicles are addressed accu-
rately and efficiently.

Engineers must examine the characteristics and fea-
tures of the light armoured vehicle for which the torsion
shafts are being designed. This includes the weight and
dimensions of the vehicle, the types of materials used
in the construction, the anticipated operating condi-
tions, and the specific tasks the vehicle performs. Next,
engineers must carefully analyse the manufacturer’s ca-
pabilities, which include process limitations, available
materials, production methods and technical capabilities.

Taking these factors into account allows for optimized
solutions that consider realistic production capabilities
and deliver efficiency in terms of serviceability and cost.
When optimizing torsion shafts, the specifications and
requirements of the specific application should be the
focus. For example, if a light armoured vehicle has high
requirements for speed and manoeuvrability, optimizing
shaft weight may be a priority. In a case where safety and
stability play an important role, weight distribution and
shaft strength may be key factors.

All these aspects interact in the development and op-
timization of torsion shafts, where balancing the require-
ments of the specific application with the capabilities of the
manufacturer is essential to achieve high standards of qual-
ity and performance in the light armoured vehicle sector.

CONCLUSIONS

The analysis and optimization of torsion shafts in the
context of improving the strength and durability of a light
armoured vehicle is an important step in the develop-
ment of vehicles designed to operate in high-risk envi-
ronments. It is a key aspect of the engineering approach,
as torsion shafts play an important role in the mechanical
structure of vehicles, providing torque transmission and
supporting loads during movement. The analysis of tor-
sion shafts involves the study of their geometry, material
properties, and operating conditions. This process allows
engineers to identify potential problems, such as stress or
strain points, that could lead to damage or material ex-
haustion of the shaft. The detailed analysis is also aimed
at determining the optimal shaft design for maximum
strength and efficiency.

The use of the latest technologies in the design of tor-
sion shafts is a key stage in the development of transmis-
sion systems and mechanisms for light armoured vehicles.
Innovations in this area are aimed at improving the effi-
ciency, durability, and overall quality of shafts to optimize
their performance in the high-risk conditions and require-
ments of military operations. Prototype testing of torsion
shafts is a critical step in their development process to
ensure high efficiency and durability. This process allows
engineers to evaluate the actual performance of the shafts
when operating under conditions that most closely repli-
cate real-world operating conditions.

Optimization of torsion shafts, in turn, involves the
use of advanced engineering methods such as topological
optimization or finite element analysis. These methods
help reduce shaft weight while maintaining the required
strength and stability. The use of new materials such as
composites or high-strength alloys can also make a signifi-
cant contribution to improving the performance of torsion
shafts. This analysis and optimization are important steps
in ensuring that armoured vehicles are as strong and dura-
ble as possible, with a high level of safety for their crews.
This helps to improve the design and functionality of the
vehicles, ensuring they have the optimum parameters for
optimal performance in the causal environment.
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When developing the next generation of tactical
vehicles, the importance of mine protection and tor-
sion shaft optimization for improved strength should be
considered. Changes in the suspension design of gener-
al-purpose vehicles and all-wheel drive modifications
are aimed at increasing the off-road capability, but the
limitation of the artificially installed crew of military
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of the transmission system and the impact of various
operating conditions, such as temperature fluctuations
or high humidity, on their performance. In addition, the
interaction of torsion shafts with external factors, such
as impacts or explosions, should be analysed to develop
technologies for increased durability and safety in ex-
treme conditions.

vehicles arises when driving off-road due to vibration.
This aspect, together with the increase in maximum
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AHani3 Ta onNnTUMI3aLia TOPCiOHHUX BasliB B KOHTEKCTI NOJlinweHHs MILHOCTI
Ta AOBroBiYHOCTI Nerkoi 6poHbOBaHOI MaLLUMHU

AHoTauifa. Y KOHTEKCTi MOCTiiHOTO PO3BUTKY OPOHETEXHIKM Ta 3POCTAHHSI BUMOT IO MilITHOCTi Ta e(heKTUBHOCTI
6pOHBOBAHMX MalllMH, BUBUEHHSI Ta YIOCKOHATEHHS TOPCIOHHMX BaJliB CTa€ akKTyaabHUM 151 3a6e31e4eHHs BUCOKOi
TPUBAJIOCTI CTY>KOM Ta ONTUMAIBHOTO QYHKIIIOHYBaHHS. MeTOI0 JaHOTO JOCTiPKeHHS € TPOBeJeHHS aHali3y TOPCIOHHMUX
BaJTiB JIETKMX OPOHBOBAHMX MAIMH IS imeHTUdiKalii MOKIMBUX HATIPSIMKIB ONITUMi3allii 3 MigBUIIEHHSIM MillHOCTi
Ta JOBTOBIYHOCTI IMX eJleMeHTiB TPaHCIIOPTHOTO 3acoby. Cepes, BUKOPUCTAaHMUX METOZIB CJTif] 3a3HAUUTY aHATITUIHMIA
meToq, Metop kinacudikaiii, QyHKIiOHAIbHNUIT METO/I, CTATUCTUUYHMIT METOM, METOH, CUHTEe3Y Ta iHlIi. Y pe3ynbTaTi
IOC/TimKeHHS OYII0 3/1i/iCHEHO KOMIUIEKCHMIA aHaJIi3 Ta ONTUMIi3allilo TOPCiIOHHMX BaliB IJIsl IETKMX OPOHbOBAHMX MaIIVH
3 MeTOIO MigBUIIEHHS IXHbOI MILIHOCTi Ta JOBrOBiYHOCTI. B1bip BMCOKOMIIITHOTO MaTepiany Ta ypaxyBaHHS Baryu CIIpUsIIN
3HIDKEHHIO Baryu TPaHCIIOPTHOTO 3aco0y, MigBUILy0un iioro eeKkTMBHICTh. [eoMeTpUUHe MPOEKTYBAaHHS BKIIOYATIO
3aCTOCYBaHHS IIepeJOBUX TEXHIK /151 onTuMisaliii popmu Basa, a aHasi3 HanpykeHb Ta AedopMalliit JO3BOIUB BU3HAUUTHI
OTITUMAJbHI apameTpy. BUKOpMCTaHHSI KOMIT IOTEPHOTO MOJETIOBAHHS Ta CUMYJISILIIT CITPOCTIU/IO aHaTi3 MOBeAiHKM BaJia
Mg, HaBaHTakKeHHSIM. 3aCcTOCyBaHHS KoedillieHTiB 6e31eKky Ta BpaxXyBaHHS iMIIAaKTHMX HABAHTAXKeHb ITiJ] Yac eKCIuTyaTarii
CIIPUSIIO MiABUIEHHIO HAJliJiHOCTI Ta JOBrOBiYHOCTI KOHCTPYKILii. BuUKOpMcTaHHS HOBITHIX MarepiajiB Ta TeXHOJIOTriN
BUTOTOBJIEHHS JO3BOJIMJIO JOCATTY ONTUMAa/JIbHUX [TapaMeTPiB TPAHCMIiCiliHOTO esieMeHTa. TecTyBaHHS IPOTOTUIIIB B
pearpbHIX YMOBaX MiJTBEPAIIO IXHIO e(eKTUBHICTh Ta MillHiCTh. ONITUMI3allis Macy Ta pO3MOAiTy Baru 6y/ia CrpsMoBaHa Ha
MOKPAIeHHS CTiiKoCTi 6pPOHBOBAHOI MAIIVHY, 3 YPaxyBaHHSM BMMOT KOHKPETHOTO 3aCTOCYBaHHsI Ta BUpOOHMKA. OTpUMaHi
pe3y/nbTaTy BKasyloTh HAa MOTEeHIlia/l BAOCKOHAIeHHS KOHCTPYKIIii TOPCIOHHMX BaJTiB [J1s1 MiABUIEHHS TPOIYKTUBHOCTI
Ta CTiIKOCTi JIerkux 6POHbOBAHMX MaIINH. Ile TOoCTimKeHHS] TIPUHOCUTD BaskJIMBUIT BHECOK Y HAYKY, OCKI/TbKY BUSIBJI€HI
OMTHMMIi3allii Ta MoKpalleHHsI B KOHCTPYKI[il TOPCIOHHUX BaJliB JTeTKMX OPOHbOBAHMX MALIMH CIIPUSIIOTH He JIMIIe
36i/bLIIeHHIO IXHbOT MiITHOCTi Ta BUTPMBAJIOCTI, aje i parioHaIbHOMY BUKOPUCTAHHIO PeCypCiB Ta MigBUIIEHHIO 3araabHOL
MIPOAYKTUBHOCTI TPAHCIIOPTHOTO 3aC00y
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