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RESEARCH OF INFLUENCE OF OPERATIONAL DUAL-FREQUENCY LOAD  

ON DURABILITY OF MOBILE VEHICLES BEARING STRUCTURES 

 

The methods for assessing the operational load on mobile vehicles are analyzed. The methodology of experimental re-

search of mobile vehicles loading is provided. The frequency composition of the stresses in the bearing structures of heavy 

load machines is studied. The methodology to assess the durability of frame structures under the application of dual-frequency 

load is proposed. The vibration influence on reduction of durability of bearing systems is evaluated. 

 

INTRODUCTION 

Global trends of vehicles and related infrastructure develop-
ment involve the questions of reliability, energy saving, emission 
reduction, safety and optimization of road traffic. Up to 90% of inno-
vations in modern automotive industries are realized due to elec-
tronics [1, 2]. In order to create effective control systems it is neces-
sary to have correct models of vehicles workflows, their components 
and systems, as well as models of varied conditions and modes of 
vehicles exploitation. This is particularly applicable to heavy box 
trucks, tank cars, quarry dump trucks, forklifts, special road machin-
ery, mobile machines for agricultural purposes and others for which 
the correct evaluation of operational load and resource calculations 
are crucial [3-5], and which are characterized with an increase in 
energy-saturation due to complication of structurally-layout schemes 
of machines, reduction in the margin of safety and total unit costs of 
production and provision of equipment  operability. 

The limitation factor in this regard is the provision of the neces-
sary level of reliability because its lack increases downtime, de-
creases productivity, increases costs to support the operability of 
machinery. Analysis of the causes of damage of mobile machines 
shows that the failure due to imperfect design of the structure and 
manufacturing technology consists of 55-65% out of the total num-
ber. It is noted that the significant amount of structures of mobile 
machinery collapses due to fatigue (along with deterioration). The 
annual costs on supporting machines in workable state reach 30% 
of the initial price [6]. 

1. THE DURABILITY OF BEARRING STRUCTURES  
OF HEAVY MOBILE MACHINERY CONSIDERING 
DUAL-FREQUENCY LOAD 

1.1. Formulation of the problem  

World experience shows that the most effective design of new 
vehicles structures is the one using modern universal engineering 
software systems (with maximum use of prior information about 
loading of the real analogues objects  and resource-defining nodes) 
in combination with the direct testing of experimental group of ma-
chines and separate units [3, 6]. 

Volumes and value of the field tests of experimental group of 
machines (which sometimes make up to 80% of time spent on new 
technology development), as well as the adjustment of the parame-
ters of system units  and machines in general defining the tests 

appropriateness, in many respects depend from the accuracy of 
initial information about the characteristics of fatigue resistance of 
statistical data details under operational load, adequacy of computa-
tional model and structures of real object, and the improvements of 
methods of strength calculations. 

Experimental and analytical prediction of reliability and service 
life of structures in the machine design process, in accordance with 
the foregoing, requires the system of case study. This allows to 
solve two major problems: development of stress strain state model 
of structure which corresponds to the life cycle of the machine; and 
prediction of the structure reliability based on this model. 

1.2. Methods of definition and application of mobile 
machines load modes 

Methods associated with obtaining and using of load modes 
are presented in Fig. 1 [6]. 

 

 
Fig. 1. System of methods to receive and apply load modes 

 
The methods that determine the load mode include: experi-

mental statistical methods, computational statistical methods and 
methods of modeling motion processes. 

Experimental statistical methods are based on the use of data 
obtained by generalized experimental research. The advantages of 
this method include its high reliability. However, due to the rapid 
upgrading of vehicle fleet, improvements in their designs and road 
grid and shortened design terms and efforts of manufacturers to 
reduce costs on tests, they have been gradually replaced by simu-
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lating experiments. Particularly perspective method of obtaining 
loading modes is a simulation of traffic on certain types of roads. 

This method is a new scientific direction and is under develop-
ment. Detailed modeling of all the motion process of the mobile 
machine is not always justified, because on many areas the motion 
is stable. To simulate such a mode the usage of quasi-static mod-
els, which are the bases of computational statistical methods, suf-
fices. Computational statistical methods can be classified as inter-
mediate one between experimental-statistical methods and methods 
of motion processes modeling. They are based on simulation of 
quasi-static component of loading as the fundament of the mode 
and its dynamic components consideration. Directions of modes 
usage are shown on the lower level of Fig. 1. 

It should be noted that the calculation or simulation process of 
mobile machines loading give accurate or probable results provided 
that the input data is real. 

When considering mobile machines in general, its loading 
mode is a complicated multi-frequency process, and any detail or 
structure (e.g. frame) simultaneously bears several kinds of load-
ings. Nevertheless, it is too hard to consider the specified diversity 
of mobile machine loading modes in full. 

With the development of computing power of computer tech-
nology, the generalized model of vehicle as a single-mass system is 
replaced with more detailed models. These models should increase 
the accuracy of calculations of established motion, but mainly reflect 
the mobile machine work during transients modes (starting mode, 
gear changes, braking) or adequately describe the workflow of 
forklift or exploitation of tank trucks. It is specifically noted [3], that 
the durability and reliability of the bearing system of tank track is 
significantly lower than the bearing system of vehicle of base model. 
Reduction in durability is predefined with the changes of mode of 
force interaction of bearing system element during installation of 
chassis tank on the base and the effects of liquid fluctuations on 
bearing system load. For such mobile equipment the assessment of 
loading has the highest priority. 

2. METHODS OF EXPERIMENTAL RESEARCH  
OF OPERATIONAL LOAD ON MOBILE MACHINES  

Modern experiment usually requires simultaneous registration 
of values such as parameters of motion, strength, time, pressure, 
temperature and so on. Therefore, nowadays the multi-information-

measuring systems providing receipt and processing of information 
from various sensors in real time have become more widely used. 
Schematic diagram of a universal measuring system for investiga-
tion of the dynamics of the load on mobile vehicles [7] and general 
appearance of the universal recording system are shown in Fig. 2 
and 3 respectively. Measured values are recorded in the memory of 
the microcomputer, followed by statistical processing and systema-
tization of results. 

 

 
Fig. 3. General appearance of a universal registering system 

The main characteristics of the measuring system 

1. The structure of the measuring system: 
– a universal registering device; 
– a set of special measuring devices: 

1) dynamometers of three-component dynamic characteris-
tics; 2) angular velocity sensors; 3) vibration acceleration 
sensors; 4) strain gauges; 5) devices for machines energy 
evaluation. 

– - software. 
2. The main technical characteristics of the registering system: 

 
Fig. 2. Schematic diagram of a universal measuring system used for investigation of the dynamics of the load on mobile vehicles 
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– the total number of measuring channels are 8; 
– the use of channels is combined; 
– the sampling rate per channel is 1-2000 Hz; 
– registration time of information is in automatic mode at the 

maximum sampling frequency of 52 minutes. 
3. The fundamental model of results registration: 

– standalone mode: work process with integrated internal mi-
crocomputer and registration of information on embedded 
flash-drive; 

– system work with external computer using connection via 
LPT-port. 

– recording fragment (0.25 sec) of sensor’s (Fig. 4) signals 
when evaluating loading  of mobile machine is shown on 
Fig. 5. 

 

 
Fig. 4 Sensors to study the dynamic characteristics of mobile ma-
chines. 
  

2 1 3 6 8 

2  
Fig. 5. Fragment of waveforms registration of real dynamics of 
loading on mobile machines (1 - 8 - sensors) 
 

The resulting statistics allow to determine the components of 
the stress state and the nature of their changes over time (mean 
value, maximum and minimum stresses, their frequency, coefficient 
of variation, etc.). 

3. THE ASSESSMENT OF STRUCTURES DURABILITY 
UNDER DUAL-FREQUENCY LOAD 

Multi-frequency complex stochastic processes that significantly 
affect the strength and durability of supporting structures occur in 
mobile machines. 

For example, Fig. 6 shows the results of experimental tests of 
the carrying system of hopper harvester HOLMER Terra Dos. 

The experiments results show that the spectrum of force influ-
ence on the carrying system elements during performance of the 
technological process includes loading of different frequency and 
amplitude (Fig. 6). Technological process consists of loading / un-
loading of raw materials on hopper, leading to the change of bend-
ing stresses in the central beam. The given process is the variable 
component of the loading with low-frequency and large amplitude. 
High frequency components with lower amplitude caused by vibra-
tion processes from unbalanced rotating mass of the engine, trans-
mission and others overlay on these loadings. 
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Fig. 6. Fragment of waveforms recording of the loading in central 
beam in carrying systems of harvester HOLMER Terra Dos. 

 
Overlaying of the high-frequency component (natural oscilla-

tions of dynamical system) on the main cycle of variable stress 
causes accelerated accumulation of fatigue damage and leads to a 
significant reduction in cyclic durability of materials and welded 
structures, the emergence of cracks at an earlier stage of machine 
operation [8]. During the dual-frequency loading, the negative effect 
of high-frequency component increases with the increase of relative 
values of its amplitude and frequency.  

To determine the reduction factor of cyclic durability of steel 
and welds under dual-frequency multi-cyclic loading, the most prob-
able formula to be used is:  
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where 1N  – durability under single-frequency loading with ampli-

tude 
1а

 ; 

2N  – durability under dual-frequency loading, determined by num-

ber of cycles of low-frequency component 
1а

 ; 

1f  – frequency of changes of loading under single-frequency load-

ing; 

2f , 
2a  – frequency and amplitude of high-frequency component 

of the dual-frequency load respectively; 
  – coefficient that reflects the influence of material properties, 

 = 1.30 for low-carbon steels;  = 1.45 for low-alloy steels under 

multi-cycle loading;  = 1,5 for low-carbon steels and  = 1.7 for 

low-alloy steels [8] under low-cycle loading with N<105 cycles. 
The peculiarity of this dependence is the invariance of factor 

  as to the level of loading, stress concentration, residual stress-
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es, temperature, characteristics of the cycle, and fatigue test com-
pletion criterion. 

Increase in coefficient   leads to an additional reduction of 

cyclic durability under low-cycle loading. Under low frequencies ratio 
it leads to a slight decrease. However, with the increase of the dual-
frequency loading parameters the factor of reduction of cyclic dura-

bility    under low-cycle loading increases and may exceed the 

value in multi-cycle area by several times. This indicates that in the 
low-cycle area the cyclic durability of materials under the influence 
of additional stresses from vibrations is reduced more than in the 
multi-cycle area. In such case, the loading/unloading of hopper is of 
a low-cycle type. 

Frequency characteristics of operating loading shown in Fig. 5, 

and included in equation (1) have the following values: 
12 aa  = 

0.08…0.12;  f2 = 2…2.3 Hz;  f1 = (1.11…1.67)·10-3 Hz;  = 1.7; 

 = 3…3.2. Therefore, the overlaying of high-frequency compo-

nent on the main cycle of variable loadings results in reduction of 
fatigue strength of the mobile machine carrying structure (reduction 

factor  =3…3,2). This method can be proposed to calcu-

late durability of quarry dump trucks, tank cars and other mobile 
machines, which characterized these load modes. 

Engineering calculation of the fatigue of welded elements and 
joints under dual-frequency load is performed using fatigue curves 

of single-frequency loading ( 1N ,
1а

 ) according to Eurocode 3 [9] 

taking into account factor  : 


 1

2

N
N  (2) 

This method can be proposed to calculate durability of quarry 
dump trucks, tank cars and other mobile machines, applicable to 
this these load modes. 

SUMMARY 

The methods and tools to study the operational load on mobile 
vehicles elements have been provided. Based on experimental 
studies, the modes of load on mobile vehicles bearing structures 
have been clarified. For cases when dual-frequency load is applied, 
the methods to take into consideration the high-frequency oscilla-
tions, which have a negative effect and lead to the decrease in 
durability compared to the single-frequency load, have been de-
scribed. 
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Badania wpływu obciążenia operacyjnego  
podwójnej częstotliwości na trwałość  
struktur nośnych pojazdów mobilnych 

W pracy zaprezentowano metodę oceny obciążenia ope-

racyjnego w odniesieniu do pojazdu mobilnego. Przedsta-

wiono metodykę badań eksperymentalnych w zakresie zała-

dunku pojazdów. Wyznaczenie współczynnika redukcji trwa-

łości cyklicznej oparto o wyznaczenie częstości naprężeń 

generowanych w konstrukcji ramy pojazdu przy wymuszeniu 

obciążeniem o podwójnej częstotliwości.  

 
Authors: 

dr hab. inż. Mykola Pidgurskyi - Akademia Techniczno-
Humanistyczna w Bielsku-Białej – Wydział Zarządzania 
i Transportu, Katedra Transportu 

 


