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Resume
The purpose is to determine the impact of operating conditions on the 
reliability of vehicles, to identify the main causes of failure of truck units and 
assemblies and to find ways to improve their reliability. The main methods 
are a systematic approach to analysis of complex technological systems, the 
fault tree analysis to identify the most common causes of failure of trucks 
in the climatic conditions of Central Asia. It has been revealed that one of 
the frequent causes of failure of units and assemblies is fatigue failure, the 
finite element modelling of which allowed the study to obtain a diagram of 
limit deviations for various cycle asymmetries and as a result, the ability to 
predict the process of fatigue failure under the influence of external factors. 
The study results are aimed at the possibility of predicting the failure of 
components and assemblies of trucks conditioned by fatigue failure.
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average temperature and the type (connectivity) of soil. 
The performance of systems and assemblies, that is, 
the intensity of their wear is affected by the quality of 
the road surface, which, in turn, depends on the terrain 
[5-6].

In the Republic of Kazakhstan and in the Central 
Asian region, a  sharply continental and dry climate 
prevails with a hydrothermal coefficient of no more than 
0.8, which corresponds to an arid zone. The annual 
temperature difference is significant, since in winter 
the temperature can drop to -50 °C and in summer it 
can rise to + 70 °C in some areas. Daily temperature 
drops reach 20-30 °C. With the exception of the 
northern regions, soils in Kazakhstan are represented 
by chestnut, brown semi-desert soil, dry-type playa and 
desert sands. Considering the type (connectivity) of soils 
and low precipitation, the air dustiness reaches 0.1-0.3 g 
of dust per 1 m3 of air [7]. The technical conditions of 
a vehicle are determined by the changing properties of 
its components, affecting serviceability and operability. 
The theoretical state parameter curves change smoothly 
over time but are influenced by external factors resulting 
in broken curves. The main causes of technical changes 

1	 Introduction

A modern vehicle is a complex system, a set of joint 
elements - components that ensure the performance 
of its functions, made of various materials, with high 
precision machining of the surfaces of parts and, in 
turn, is part of the “vehicle-driver-road-environment” 
system and its properties are manifested in interaction 
with the elements of this system. The operation of 
vehicles is carried out in various road and climatic 
conditions, which is conditioned by the influence of 
various mechanical, physical and chemical factors on it, 
causing a  change in its technical condition. Therefore, 
the significance of the criteria for the vehicle operation 
depends on the conditions in which this criterion is 
manifested, on the operating conditions and natural and 
climatic environment [1-3]. The study by Mozharova [4] 
defines operational conditions as conditions that were 
formed as a  result of the organisation of production 
with the participation of an automobile fleet and the 
performance of technical and technological maintenance 
of vehicles. The natural and climatic conditions include 
the terrain, the amount of precipitation per year, the 
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indicators [10-11]. The currently available parameters 
of reliability indicators in accordance with the assessed 
properties are shown in Table 1.

Research in the field of predicting failures of complex 
engineering systems is conducted in various countries 
and in various areas: information systems, production 
equipment, vehicles as complex systems [12-15]. Despite 
a  large number of research papers on the reliability of 
vehicles, the problem of reduced reliability in difficult 
climatic conditions has been rather understudied, 
which leads to high repair costs, downtime. This paper 
considers reliability in relation to engineering systems 
and their elements from the position of adapting them to 
difficult conditions, which would allow comprehensively 
considering the causes of vehicle failure and suggesting 
ways to improve reliability.

The purpose of the study is to determine the impact 
of operating conditions on the reliability of vehicles, to 
identify the main causes of failure of truck units and 
assemblies and to find ways to improve their reliability.

2	 Materials and methods

The study focused on a  KrAZ-65053 motor vehicle 
chassis from Kremenchuk Automobile Plant, equipped 
with PAP-60/80 lifting units for major repairs of oil 
and gas wells and used in heavy machinery plant 
production in Kazakhstan. The reliability analysis 

in vehicles, units, and mechanisms are wear, plastic 
deformation, fatigue damage, corrosion, and physico-
chemical and temperature changes. Figure 1 shows the 
percentage of malfunctions for major truck units.

Analysis of research papers byTurdikulov and 
Kushakov [8], V. G. Kozlovet al. [9] showed that natural 
and climatic conditions (temperature differences, air 
dustiness) have a negative impact on the fatigue strength 
of vehicle components. Fatigue failure occurs on surfaces 
of the cams and gear teeth, in the rolling bearings of 
the transmission, in the antifriction layer of the engine 
crankshaft bearing shells. Fatigue failure is also observed 
in extreme operating conditions (prolonged overloads, 
low or high temperatures) in springs, semi-axles, frames. 
In the reference literature and technical characteristics 
of materials, σ-1 is used as a  criterion of the fatigue 
endurance limit. However, to investigate fatigue strength 
in difficult operating conditions, this criterion is low 
informative, therefore, in the presented studies, a more 
informative criterion will be used that characterizes the 
resistance of metal to cyclic loads - a  diagram of limit 
deviations for various cycle asymmetries. The fault-
tolerance of products is determined by their reliability, 
durability, maintainability and preservation. Reliability 
of components and assemblies of trucks is a key property 
for studying fault-tolerance, the calculations of which 
would allow predicting the operating time of a vehicle. 
Reliability, durability, maintainability and survivability 
are characterized by the quantitative single and complex 

Figure 1 Percentage of malfunctions in the major units of trucks, source: compiled by the authors
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deviations for various cycle asymmetries is constructed 
in the coordinates of the average cycle stress (X-axis) and 
maximum cycle stress (Y-axis) and allows evaluating the 
fatigue resistance of the future product at the design 
stage. The necessary characteristics of the cycle: the 
mean cycle stress σm and the highest cycle stress σmax 
[17]. The ANSYS Workbench software suite was used 
to obtain the values necessary for constructing the 
diagram.

3	 Results and discussion

Reliability indicators like failure-free operation, 
failure rate, and mean time to failure are important for 
assessing components and predicting system failures. 
A  failure tree is an effective top-down method for 
analyzing product reliability and identifying causes of 
failure. It models the complex interactions of system 
parts and considers specific and general causes of failure, 
their interaction, and influence on each other [18]. The 
failure tree analysis uses Boolean abbreviations and 
clipping set analysis to assess system reliability and 
operability based on failure rate, fault mode probability, 
and recovery rate. The method has advantages and 
disadvantages depending on its scope. In mechanical 
engineering, the failure tree is useful for visually 
identifying potential failure points, analyzing system 
reliability quantitatively and qualitatively, and gaining 
detailed insight into system behavior. The method’s 
main advantage is the ability to eliminate irrelevant 
system elements and events and focus on the most 
significant causes of malfunctions leading to system 
failure or accidents.

Limitations of the method: allows presenting events 
that depend on the time or the order of their occurrence; 
if the operation of the system depends on its state, 
then the method ceases to be flexible when rebuilding 
the system. These shortcomings can be eliminated by 
using Markov models to study the main events of the 
fault tree. Thus, combining the principles of failure 
tree analysis with Markov models provides the best 
results in relation to engineering systems. [19]. In the 
studies [18-20], the method of analyzing the failure tree 
for various engineering systems was used; the use of 
this method allowed reducing the time for diagnosing 
the cause of failures and increasing the efficiency of 
the systems. The presented method is included in 
national standards, for example, as the standard of the 
United States of America MIL-HDBK-217 “Reliability 
prediction of electronic equipment” [21] or the Russian 
RD 03-418-01 “Guidelines for risk analysis of hazardous 

showed a  significant number of failures in wheels 
and axles during technological operation. Statistical 
methods identified the main causes of failures, which 
were analyzed and formed the basis for building a fault 
tree. The semi-axle of the front-drive axle was selected 
as the investigated part, during its operation, fatigue 
failures were most often observed. The half-axle of the 
front-drive axle is included in the assembly unit of the 
differential of the front axle of the KrAZ truck, designed 
to rotate the half-axles at different speeds when turning 
the vehicle and prevent twisting of the shafts and the 
distribution of torque between the wheels. The semi-
axle, in turn, is designed to transfer torque from the 
differential to the wheels. The part in the assembly unit 
operates at high rotational speeds as well as in a reverse 
loading cycle. The working environment of the part is 
the front axle casing. The maximum dimensions of the 
part are Ø 66 mm and length 1.108 mm. 

The part is made of 40CN2MA steel, the mechanical 
properties of the material are shown in Table 2 [16]. 
The presented mechanical properties are necessary for 
further finite element modelling. 

Fatigue (cyclic) loading is the most common type 
of loading that parts and components of mechanisms 
experience during operation. It is accepted that the 
assessment of the strength of the product, from the 
action of cyclic loading, is reduced to comparing the 
values of the calculated stresses obtained and the values 
of the endurance limit of the material from which the 
product is made. σ-1 is used as a criterion of the fatigue 
endurance limit. Its values are obtained as a  result of 
fatigue tests. The tests are carried out on laboratory 
samples of small diameter (7-10 mm) made of a  rod. 
The surface of the samples is carefully polished. Next, 
a series of tests of samples is carried out during bending 
by a symmetrical loading cycle. In the first test, a  load 
value is applied that creates maximum cycle stresses 
close to the yield strength. The number of loading 
cycles that the sample has sustained before destruction 
is measured. Next, the load is reduced and the next 
test is carried out to measure the number of loading 
cycles that the sample withstands before destruction. 
Thus, the load is gradually reduced until the sample 
can withstand the base number of loading cycles (107 
cycles) without destruction. According to the test results, 
a “Stress-cycle” graph is built.

Due to the fact that three main types of loading 
cycles are considered in mechanical engineering 
(symmetrical cycle, pulsating (zero) cycle, asymmetric 
cycle) and fatigue tests consider only symmetrical cycle, 
to obtain a  more informative criterion characterizing 
the resistance of metal to cyclic loads, a diagram of limit 

Table 2 Mechanical properties of 40CN2MA steel

Yield strength σt 
(MPa)

Tensile strength σV 
(MPa)

Elongation 5 % Reduction ψ (%) Impact strength  
(J/mm)

Brinell hardness 
HB

780 980 15 50 6 230-285
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the analysis of the failure tree, but the most common 
methods of construction can be summarised in several 
steps. First, it is necessary to identify an undesirable 
event. An undesirable event acts as the root for building 
a failure tree, one event for one tree. In this case, that is 
a failure (breakdown) of the truck’s chassis.

Secondly, all the reasons that affect an undesirable 
event will be highlighted and analyzed if the probability 
of the influence of these reasons on the event is 0 or 
more, it is included in the failure tree, for trucks these 
data are summarised in Tables 3 and 4. To identify the 
causes of failures, it is recommended to use a systematic 
approach that can help limit the study to only those 
malfunctions that directly affect the failure of the 
system in question, but at the same time would allow 
avoiding skipping malfunctions affecting an undesirable 
event. Then, for the selected event, all the causes are 
numbered, then in accordance with the selected system 

production facilities” [22]. Based on the statistics of 
truck malfunctions in the period from 2014 to 2017, 
which are listed in Tables 3 and 4, 13, 380 malfunctions 
account for the chassis [23]. To simplify the construction 
of the failure tree and for the convenience of its analysis, 
fault indices for the failure tree have been introduced.

Based on the analysis of statistical data, a  failure 
tree was constructed (Figure 3). The principle of causal 
relationships for constructing a  logical-probabilistic 
model of the failure tree, it can also be called tree 
of malfunctions, undesirable events, accidents, 
incidents, which is described in [24] and implemented 
in the constructions presented in Figure 3. To find 
possible causes of system failures and failures of its 
elements, a  multilevel model is constructed that has 
a  graphological structure of the effects of violations 
and malfunctions on the functioning of the system 
under study. Various approaches can be used to model 

Table 3 Fault statistics - part I
Indicator Number of faults Percentage ratio Fault tree index

Chassis
Frame 635 100 
deflections, distortions of breakage F.1
A) overloading of the vehicle 336 53 F.1.A
B) strong tremors when moving 209 33 F.1.B
C) unfavourable climatic conditions 89 14 F.1.C
Axles 4.125 100
Swivel axle assembly 1.238 100 A.S.
1) mounting hole thread failure 738 100 A.S.1
A) natural wear and tear 502 68 A.S.1.A
B) plastic deformation 236 32 A.S.1.B
2) hub bearing wear 271 100 A.S.2

A) lack of oil 154 57 A.S.2.A
B) natural wear and tear 117 43 A.S.2.B
3) crack formation 223 100 A.S.3
A) fatigue wear 167 75 A.S.3.A
B) natural ageing 56 25 A.S.3.B
Semi-axles 2.310 100 A.S-A.
1) breakage (twisting) 1.063 100 A.S-A.1
A) fatigue wear 510 48 A.S-A.1.A
B) severe operating conditions 213 20 A.S-A.1.B
C) unfavourable climatic conditions 213 20 A.S-A.1.C
D) hidden defects (shells, microcracks) 127 12 A.S-A.1.D
2) wear of the half-axle splined joint 647 100 A.S-A.2
A) insufficient anchoring 453 70 A.S-A.2.A
B) fatigue wear 194 30 A.S-A.2.B
3) wear or destruction of the half-axle bearing 600 100 A.S-A.3
A) deformation of the half-axle 360 60 A.S-A.3.A
B) natural wear and tear 120 20 A.S-A.3.B
C) lack of oil 120 20 A.S-A.3.C
U-joint 990 100 A.U.
1) wear of crosspins 526 100 A.U.1
A) lack of lubrication 274 52 A.U.1.A
B) natural wear and tear 252 48 A.U.1.B
2) wear of needle bearings 464 100 A.U.2
A) lack of lubrication 316 68 A.U.2.A
B) natural wear and tear 148 32 A.U.2.B
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adverse climatic conditions. Predicting failure due to 
fatigue wear is a difficult task and requires a detailed 
consideration of the mechanisms of fatigue failure of 
metals and methods of their study, since fatigue failures 
begin with appearance of the hard-to-detect microscopic 
cracks and the maximum dynamic loads that cause 
them are less than with static destruction [26]. Fatigue 
failures occur during the cyclic application of loads 
exceeding the endurance limit of the metal part. At 
a  certain number of loading cycles, fatigue failure of 
parts occurs, associated with the gradual accumulation 
and growth of fatigue cracks. Improvement of calculation 
methods and manufacturing technology of vehicles 
(improvement of metal quality and manufacturing 
accuracy, exclusion of stress concentrators) will lead to 
a significant reduction in cases of fatigue failure of parts. 
As a rule, it is observed in extreme operating conditions 
(prolonged overloads, low or high temperatures) in 
springs, semi-axles, frames.

The analysis shows common causes of chassis failures 

and used for graphical implementation of building 
a failure tree (Figure 2). The main characteristics of the 
fault tree are determined by the symbols “AND” and 
“OR”, which allow building a  failure tree based on the 
previously conducted selection of an undesirable event, 
substantiation and analysis of the reasons causing 
the system failure [25]. The “AND” gate represents 
a combination of events that must occur simultaneously 
for the top event to occur and the “OR” gate represents 
a combination of events where only one event needs to 
occur for the top event to occur.

The truck’s chassis failure tree analysis, based on 
malfunctions in Kazakhstan’s climate, shows severe 
operating conditions and unfavorable weather as the 
main causes of failure. Although these reasons for 
failure appear much more frequently in Kazakhstan, 
they should be considered during truck design and 
manufacturing and during operation and maintenance. 
Fatigue wear significantly impacts the chassis’ trouble-
free operation, especially under severe operating and 

Table 4 Fault statistics - part II
Indicator Number of faults Percentage ratio Fault tree index

Suspensions 5.420 100 
Hydraulic absorbers 2.331 100 S.H.
1) break of airtightness of the rod seal 1.119 100 S.H.1
A) ageing 358 32 S.H.1.A
B) natural wear and tear 425 38 S.H.1.B
C) poor build quality 190 17 S.H.1.C
D) severe operating conditions 146 13 S.H.1.D
2) violation of the integrity of the rod coating 723 100 S.H.2
A) abrasive wear 549 76 S.H.2.A
B) poor build quality 174 24 S.H.2.B
3) damage to internal valves 489 100 S.H.3
A) severe operating conditions 298 61 S.H.3.A
B) unfavourable climatic conditions 191 39 S.H.3.B
Semi-elliptical springs 3.089 100 S.S-E.
1) sagging or breakage of sheets 1.236 100 S.S-E.1
A) lack of lubrication 408 33 S.S-E.1.A
B) fatigue wear 445 36 S.S-E.1.B
C) violation of the correct fixing 272 22 S.S-E.1.C
D) severe operating conditions 111 8 S.S-E.1.D
2) loss of elasticity 1.112 100 S.S-E.2
severe operating conditions
3) wear or breakage of pins and bushings in the spring eyes 741 100 S.S-E.3
A) corrosion 482 65 S.S-E.3.A
B) lack of lubrication 259 35 S.S-E.3.B
Wheels 3.200 100
Disks 1.115 100 W.D.
bearing backlash or jamming W.D.1
A) lack of lubrication 814 73 W.D.1.A
B) natural wear and tear 301 27 W.D.1.B
Tires 2.085 100 W.T.
tire wear W.T.1
A) non-compliance with pressure standards 1.001 48 W.T.1.A
B) violation of wheel mounting angles 542 26 W.T.1.B
C) severe operating conditions 438 21 W.T.1.C
D) unfavourable climatic conditions 104 5 W.T.1.D



B170 	 T O R T B A Y E V A  e t  a l .

C O M M U N I C A T I O N S    3 / 2 0 2 3 	 V O L U M E  2 5

The test base for determining the endurance limits 
is accepted: 10 to 106 cycles. The constructed fatigue 
strength curve is shown in Figure 3. As can be seen 
from Figure 3, the curve asymptotically approaches 
the horizontal line. The ordinate of this asymptote is 
the endurance limit, the greatest stress of the cycle, at 
which the destruction of the material will never occur. 
The results correlate with the results obtained in [27].

Thus, the entry σ-1 = 519 MPa for 40CN2MA 
steel means that this is the highest normal stress at 
which a  small diameter rod with a  polished surface 
will not collapse under the action of bending stress 
in a  symmetrical cycle. Consequently, in products of 
a  different design, size and in other cases of cyclic 
loading, when using the value σ-1, there is not enough 
information about the fatigue failure process. Based on 
the above, it is fair to assume that the endurance limit 
is not a sufficient criterion for assessing the resistance of 
a metal. At the second stage, a computational 3D model 
of the lever was created in the computer-aided design 
(CAD) system, which is transmitted in the ANSYS 
Workbench software suite via a  plug-in built into the 
menu [28]. A  material with the necessary properties 
was created in the ANSYS Workbench software suite. 
To specify the material, it is necessary to specify the 

as related to suspension, axles, semi-elliptical springs, 
and wheels. Semi-axles and swivel axle assembly have 
the highest percentage of failures among axles. Wear 
of crosspins is the primary cause of U-joint failures. 
Hydraulic absorbers have the highest percentage of 
failures among suspensions. Sagging or breakage of 
sheets is the most common failure among semi-elliptical 
springs. Tire wear is the most common failure among 
wheels. Regular maintenance and inspection of all 
components is important to prevent system failures. 
The study proposes a method for constructing a diagram 
of limit deviations for various asymmetries of the half-
axle operation cycle. Below are the steps required to 
obtain this diagram. At the first stage of the research, 
fatigue tests of a  semi-axle made of 40CN2MA steel 
were carried out, the results of which are presented in 
a  graph. The main criteria for failure in determining 
the strength limits and constructing fatigue curves 
are complete destruction or the appearance of macro 
cracks of a given size. At least 15 identical samples were 
tested to construct the fatigue curve and determine 
the endurance limits corresponding to the possibility 
of destruction of 50 %. Three samples were tested in 
the stress range of 0.95-1.05 from the endurance limit 
corresponding to the possibility of destruction of 50%. 

Figure 2 Failure tree by chassis, note is presented in Table 5
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Table 5 Note for Figure 2
Fault tree index Possible Issues
A.S-A. Semi-axles
A.S-A.1 breakage
A.S-A.1.A fatigue wear
A.S-A.1.B severe operating conditions
A.S-A.1.C unfavourable climatic conditions
A.S-A.1.D hidden defects (shells, microcracks)
A.S-A.2 wear of the half-axle splined joint
A.S-A.2.A insufficient anchoring
A.S-A.2.B fatigue wear
A.S-A.3 wear or destruction of the half-axle bearing
A.S-A.3.A deformation of the half-axle
A.S-A.3.B natural wear and tear
A.S-A.3.C lack of oil
A.S. Swivel axle assembly mounting hole thread failure
A.S.1 natural wear and tear
A.S.1.A plastic deformation
A.S.2 hub bearing wear
A.S.2.A lack of oil
A.S.2.B natural wear and tear
A.S.3 crack formation
A.S.3.A fatigue wear
A.S.3.B natural ageing
A.U. U-joint wear of crosspins
A.U.1.A lack of lubrication
A.U.1.B natural wear and tear
A.U.2 wear of needle bearings
A.U.2.A lack of lubrication
A.U.2.B natural wear and tear
S.H. Hydraulic absorbers break of airtightness of the rod seal
S.H.1 ageing
S.H.1.A natural wear and tear
S.H.1.B poor build quality
S.H.1.C severe operating conditions
S.H.1.D severe operating conditions
S.H.2 violation of the integrity of the rod coating
S.H.2.A abrasive wear
S.H.2.B poor build quality
S.H.3 damage to internal valves
S.H.3.A severe operating conditions
S.H.3.B unfavourable climatic conditions
S.S-E. Semi-elliptical springs sagging or breakage of sheets
S.S-E.1 lack of lubrication
S.S-E.1.A fatigue wear
S.S-E.1.B violation of the correct fixing
S.S-E.1.C severe operating conditions
S.S-E.1.D severe operating conditions
S.S-E.2 loss of elasticity
S.S-E.3 wear or breakage of pins and bushings in the spring eyes
S.S-E.3.A corrosion
S.S-E.3.B lack of lubrication
W.D.1 bearing backlash or jamming
W.D.1.A lack of lubrication
W.D.1.B natural wear and tear
W.D.2 tire wear
W.D.2.A non-compliance with pressure standards
W.D.2.B violation of wheel mounting angles
W.D.2.C severe operating conditions
W.D.2.D unfavourable climatic conditions
F.1 deflections, distortions of breakage
F.1.A overloading of the vehicle
F.1.B strong tremors when moving
F.1.C unfavourable climatic conditions
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finite element method. Next, it is necessary to generate 
a grid of finite elements on the model and apply anchors 
and loads. The vertical load is set as - 8900 N along 
the Z axis. It should provide a stress level close to the 
endurance limit. After the calculation is completed, the 
type of result should be selected. The general stresses 
that arise in the structure are of interest. The resulting 
stresses are close to the endurance limit of this steel 
(515 MPa).

The stress limit diagram will be constructed from 
a series of points. The first point is the limit of endurance 
of steel with a  symmetrical loading cycle, therefore, 
it will have coordinates (0; σ-1) on the graph. The last 
point of the diagram is the tensile strength, it will have 
coordinates (σB; σB). It is necessary to get the points 

density, modulus of elasticity and Poisson’s ratio. The 
value of density and other parameters is taken from the 
reference literature [29], the temperature to which this 
density corresponds is optional. 

For fatigue calculations, the Alternating Stress 
Mean Stress option from the Life option set is required. 
At this stage, the fatigue curve is set. The values shown 
in Figure 4 are entered in the Table of Properties Row 
9: Alternating Stress Mean Stress window. In column 
B - cycles, in column C - stresses corresponding to them. 
Column A  indicates the average cycle stress for the 
experimentally obtained fatigue curve (Figure 4). As 
already indicated earlier, the fatigue curve was obtained 
for a symmetric loading cycle, σm = 0. Calculations in the 
ANSYS Workbench software suite are carried out by the 

Figure 3 The resulting fatigue curve in coordinates σ-N

Figure 4 Setting the fatigue curve
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coefficient k, depending on the exponent of the degree 
m of the fatigue curve. The coefficient k  is selected 
depending on the stresses and the number of cycles 
for different samples and materials, but the proposed 
coefficient does not consider the asymmetry of the cycle. 
To expand the possibility of calculation equations for 
predicting trouble-free operation in various operating 
conditions and to improve the accuracy of the results 
obtained, it is proposed to use the values obtained for 
the boundary stress diagram instead of the values from 
the fatigue curve.

4	 Conclusions

A  review of methods for analyzing the reliability 
of engineering systems is carried out, while the truck 
is considered as a  complex system. The calculation of 
statistical data to identify the most frequent failures 
showed that for trucks operating under constant load 
conditions, 32 % of breakdowns occur on the chassis. 
The paper discusses the existing methods of predicting 
failures. The process of compiling a failure tree has been 
investigated and based on those data, the failure trees 
for the chassis of a truck have been developed. A scheme 
for constructing a failure tree is proposed, which allows 
analyzing the nature, causes and consequences of 
failures of the chassis elements, which allows solving 
complex issues to improve the reliability of the system. 

It is revealed that the main causes of failure 
are natural wear, fatigue failure, severe operating 
conditions. Unfavourable conditions are the complex 
causes of malfunctions of the chassis of trucks operating 
in the Republic of Kazakhstan. The data obtained would 
allow reducing the time for troubleshooting vehicles 
during the technical operation and maintenance. It is 
determined that when the vehicle components work at 
different loading cycles, the value of the endurance limit 
used is not always sufficiently informative. Thus, the 
study proposes a  method for constructing a  boundary 
stress diagram using the example of the front axle 

between coordinates. These will be endurance limits for 
the load cycles with asymmetry coefficients from -1 to 1. 
It is necessary to repeat the calculation with different 
load values to obtain endurance limits. As a result of the 
calculations, a number of points are obtained on which 
the boundary stress diagram is constructed (Figure 5). 
The result is the following. The endurance limit was 
557.1 MPa. The average cycle stress was 278.55 MPa. 
The point has coordinates (278.55; 557.1). The boundary 
stress diagram is constructed in the coordinates of the 
average cycle stress (X-axis) and the maximum cycle 
stress (Y-axis). 

This diagram allows evaluating the fatigue 
resistance of a  future product at the design stage. It 
is enough to know the following cycle characteristics: 
the average cycle stress σm and the highest cycle stress 
σmax. Fatigue resistance is estimated as follows: a point 
is plotted on the diagram, the coordinates of which are 
the average and maximum cycle stress; if the point is in 
the area that is bounded by the curves σmax and σmin, then 
the fatigue failure of the future product will not happen 
during the established service term. The experimental 
results obtained and the simulation data will serve as 
the basis for calculating the reliability of the front drive 
axle. The operability of parts can be determined by 
various criteria. The main criteria used in mechanical 
engineering are the criteria of strength, rigidity, wear 
resistance, heat resistance and vibration resistance.

When calculating reliability, the values obtained as 
a  result of calculations are used and compared to the 
boundary values characterising strength (endurance 
limit, strength and fluidity), maximum load, resource, 
maximum displacement, heat resistance of oil and 
materials, dynamic stability and, according to data 
obtained empirically, as a  result of experiments or 
observations during operation [30-31]. The study by 
Ostrejkovskii [32] presents a calculation of performance 
according to the strength criterion, where the limit of 
endurance acts as the boundary value characterizing 
strength. For calculations, the equivalence coefficient 
of the regime is used, the main criterion of which is the 

Figure 5 Boundary stress diagram
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be worthwhile to conduct further research on the 
effects of these factors on other vehicle components  
and systems.
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half-axle, which allows evaluating and predicting the 
behaviour of the part material depending on its design 
and with different cycle asymmetries. The values of 
the cycle stresses, obtained as a  result of modelling, 
can be used to calculate the reliability of the semi-axle 
according to the criterion of endurance chapel, which 
would improve the accuracy of calculations.

In terms of future research, it may be useful to 
expand the study to include other types of vehicles 
or machinery and to consider additional factors that 
may contribute to failures. It may also be beneficial to 
conduct more detailed analyses of specific components 
or subsystems within the vehicle to gain a  better 
understanding of the root causes of failures. Additionally, 
the study highlights the importance of considering the 
effects of severe operating conditions and unfavorable 
climate on reliability of the chassis. Therefore, it may 
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