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The methodology of determining the place of installation of 
accelerometers during vibrodiagnostic of controlled axes of wheeled 

tractors 
 
 

Abstract. When driving on a road with an uneven surface, the tractor receives shocks and oscillates. The main components that protect the tractor 
from the dynamic action of the road and reduce fluctuarions and vibrations to an acceptable level are the steered axle and tires. A serviceable 
steered axle of a wheeled tractor provides optimal controllability, traffic safety, durability and reliability of work. The work with faulty components of 
the steered axle impairs the controllability and stability of the tractor, reduces the safety of its movement, impairs ergonomic indications. A faulty 
steered axle contributes to the vibration of the tractor frame, as a result of which riveted and threaded connections are weakened, the alignment of 
the engine and gearbox is disturbed, and additional loads occur in the body parts. Vibration of the whole tractor accelerates wear and causes 
breakage of many parts. Therefore, monitoring the technical condition of the steered axle of a wheeled tractor is an actual task in the field of 
exploitation and repair of equipments. The article presents a method for determining the location of accelerometers for vibration diagnostics of 
steered axles of wheeled tractors. 
 
Streszczenie. Podczas jazdy po drodze o nierównej nawierzchni ciągnik ulega wstrząsom i drganiom. Głównymi elementami, które chronią ciągnik 
przed dynamicznym działaniem drogi i redukują do akceptowalnego poziomu wahania i wibracje, są oś kierowana i opony. Sprawna oś skrętna 
ciągnika kołowego zapewnia optymalną sterowność, bezpieczeństwo ruchu, trwałość i niezawodność pracy. Praca z wadliwymi elementami osi  
pogarsza sterowność i stabilność ciągnika, zmniejsza bezpieczeństwo jego poruszania się, pogarsza ergonomię wskazań. Wadliwa oś przyczynia 
się do wibracji ramy ciągnika, w wyniku czego osłabione są połączenia nitowane i gwintowane, zaburzone jest osiowanie silnika i skrzyni biegów, a 
w częściach nadwozia występują dodatkowe obciążenia. Dlatego monitorowanie stanu technicznego osi ciągnika kołowego jest rzeczywistym 
zadaniem w zakresie eksploatacji i naprawy urządzeń. W artykule przedstawiono metodę wyznaczania położenia akcelerometrów do diagnostyki 
drganiowej osi k ciągników.  (Metodyka wyznaczania miejsca montażu akcelerometrów podczas wibrodiagnostyki sterowanych osi 
ciągników kołowych) 
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Introduction  

Diagnosing and forecasting the life of machines is one of 
the important areas of research in the field of exploitation, 
technical service and repair of tractors, trucks and other 
machines. 

Diagnosing tractors allows you to more purposefully carry 
out maintenance work, make full use of the capabilities of 
individual components, while preventing at the same time 
their emergency condition, timely eliminate technical 
problems. According to the experience of using technical 
diagnostics in the operation of mobile devices in our country 
and abroad, this is an important condition for improving the 
use of mobile devices. This results in lower spare parts 
costs, operating costs and premature repairs. The efficiency 
of diagnosis will increase as the means and methods of its 
implementation and the adaptability of tractors and their 
components to the diagnosis. With the improvement of 
agricultural equipment with modern technology, diagnosis is 
becoming increasingly important when using it. It largely 
depends on the rational organization of the process and 
maintenance of energy resources. 
 
Formulation of the problem  

The dependence of the recorded signal on the location of 
the accelerometer is an important factor for the appropriate 
choice of the point of removal of the signal on the body of 
the mechanism and to determine the allowable mounting 
error when installing the accelerometer on the mechanism 
[1, 2]. 

The mechanism, as a speaker system, has a very 
complex structure, so it is impossible to provide specific 
recommendations for choosing the place where the 
accelerometer should be mounted. The decision should be 
made on the basis of sound experimental research [3]. 

Analysis of recent research and publications 
The mechanism of vibration processes in the units of 

controlled axles of wheeled tractors has specific features [4, 
5], which are determined by internal and external factors 
caused by dynamic modes of operation. As a result, in the 
controlled axle of the tractor there is a set of interconnected 
vibration processes, which are conventionally divided into 
forced, free, parametric and nonlinear [6]. 

Methods for separating sources of vibration signals during 
diagnosis were developed in [5, 6], however, according to 
the author of [7], when diagnosing tractors there are a 
number of specific issues that require development and 
improvement, especially the impact of accelerometer 
location on signal registration. 
 

The aim of the study 
The purpose of the study is to determine the impact of 

locationinstallation of the vibration acceleration sensor on 
reliability of record of oscillating processes of the controlled 
axle of a wheeled tractor. 
 

Presentation of the main material of theoretical 
research 

Consider a monochromatic wave with frequency ω, given 
in the mechanism of the studied kinematic pair. The wave 
will expand to the sensor in many ways (there are many 
such ways). At the point of removal of the signal, the waves 
will be formed and the sensor will perceive their resulting 
effect [8, 9]. From all possible ways we will allocate the 
following two.  

Let the distances traveled by the waves along these paths 
from the perturbation site to the sensor be r₁ and r₂.  

Then the amplitudes of the sensor oscillations caused by 
each of the waves can be expressed as follows [10-16]:  
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where A0 - is the amplitude of oscillations of the controlled 
axle of the tractor dirrctly after perturbation; k = ω / с = 2π / 
λ - wave number; λ - is the wavelength of the vibration 
signal; c - is the speed of spreading of the vibration signal 
wave. 

The phase difference at the location of the sensor is equal 
to 
(3)                                .21 rrr                               

The amplitude A of the resulting signal is determined by 
the following ratio [3]: 
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In cases where the difference in stroke ∆r is such that 
k∆r= ± 2πn or ∆r = ± nλ; n = 1, 2,…, the amplitude of the 
resulting oscillation is equal to the sum 
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If k∆r = (2n + 1)π or ∆r = ±(2n + 1)
2

 , the amplitude of 

the signal perceived by the sensor will be equal to the 
difference 
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Thus, the maxima correspond to the frequencies at which 
the amplitudes of the waves traveling to the sensor in 
different ways. On the contrary, areas of high attenuation 
are located at those frequencies at which the waves come 
to the sensor in antiphase. 

 Moving the sensor, change the ways in which the 
perturbations from the kinematic pairs. The position of the 
maxima of the frequency characterization will change. In 
principle, it is possible to find on the mechanism such a 
point at which the interference maxima of the frequency 
characteristics of the channels belonging to different 
kinematic pairs, which will not overlap. This will allow the 
frequency division of the signal. But there is no general 
method of finding such a point on the mechanism. It is only 
possible to predict with a kno PRZEGLĄD 
ELEKTROTECHNICZNY, ISSN 0033-2097, R. 97 NR 
10/2021wn approximation the distance ∆r to which the 
sensor should be moved so that the resonant peak ω from 
the frequency characterization is shifted by the value of ∆ω. 
From expressions (3) - (6) it follows that ∆ω and ∆r are 
related by the ratio 
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 However, ratio (7) does not indicate the direction in which 
you want to move the sensor, and some difficulties are 
caused by the choice of the value of c, because the speed 
of distribution of perturbations in the final media depends on 
many factors.  

 The dependence of the frequency characteristics of the 
acoustic channels on the location of the sensor is a positive 
fact, because it allows you to adjust the characteristics, but 
at the same time it contains a negative point that must be 
taken into account. The sensor can be installed at a given 
point only with some approximation and associated with 
certain signal distortions. Find out how the error in the 
installation of the sensor affects the output signal [15-18]. 

Consider a monochromatic wave 
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where ψ (r, t) - is a value that characterizes the amplitude of 
the wave vector r at time t. 

The argument of the function U (r) is the vector r, which 
specifies the position of the point of removal of the signal. 
We choose the most unfavorable case when the direction of 
error ∆r in the sensor setting coincides with the direction of 
the gradient of the function U (r). Then let the function U (r) 
= A sinkr, where r - is the modulus of the vector, and k is the 
wave number. 

The amplitudes of oscillations of two points at a distance 
∆r will differ between them in magnitude  
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Hence the relative change in amplitude 
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For small ∆r we have 
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 Given a certain value of the allowable relative error δ in 
the signal amplitude and the width of the operating 
frequency range, you can set the formula (11) allowable 
error in the installation of the sensor ∆r. 
 
Experimental equipment 

For fulfilling operation vibrodiagnosis steered axle  is 
developed a system (Fig. 1, a) based on a personal 
electronic computer and standard piezoceramic 
accelerometers KD-35 (accelerometers) was developed to 
perform vibration diagnostics operations of controlled axles 
of wheeled tractors [19].  

 

 
a 

 
b 

Fig. 1. System for diagnosing steered axles of wheeled tractors: 
a - general view; b - structural diagram; 1 - steered tractor axle; 2, 3 
- accelerometers; 4 - multiplexer; 5 - analog-to-digital converter;  6 - 
computing device; 7 - monitor; 8 - printing deviceа  
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The developed system for diagnosing steered axles of 
wheeled tractors (Fig. 1, b) consists of two accelerometers, 
which are mounted on the retractable tubes of the front axle 
(the first accelerometer - left, second - right), multiplexer, 
analog-to-digital converter, computing device, the result of 
which can be displayed on the monitor and printing device. 

Accelerometers KD-35 company "VEB Robotron-
Meßelektronik Dresden" (Germany) are vibration 
acceleration sensors that convert mechanical oscillations of 
the object into an electrical signal proportional to the 
vibration acceleration (Fig. 2). The sensing element of the 
accelerometer consists of one or more disks or plates made 
of piezoelectric materials. Above the sensitive element is an 
inertial mass pressed by a pin (rigid spring) [20]. 

Since piezoelectric sensors are active sensors that 
generate an electrical signal proportional to the acceleration 
of mechanical oscillations, no power supply is required 
during their operation. The absence of movable structural 
elements eliminates the possibility of wear and guarantees 
exceptional durability of piezoelectric sensors. 

Technical characteristics of the accelerometer KD-35 are 
presented in Table 1. 

To obtain the vibration acceleration curves of the steered 
axle of a wheeled tractor, connect a set of accelerometers 
with a plug, which is connected to the sound card of a 
personal computer via a microphone connector. The 
scheme of connection of accelerometers to a sound card of 
the personal computer is presented in Fig. 3. 
 

Table 1. Technical characteristics of the accelerometer KD-35 
Indicator Indicator value 

Transmission ratio 5,03 mV/msec2 
Capacity 0,65 nF 
Insulation resistance 1000 mO 
Calibration error limit (for inverse 
elationship): 
-for oscillation frequencies 50…2000 Hz 
- for oscillation frequencies 20 ... 4000 Hz 

 
 

2% 
3% 

Maximum acceleration at sinusoidal 
excitation 

 
3000 m/s2 

 Maximum lateral acceleration 1000 m/s2 
 Resonant frequency 18 kHz 
 Mass 28 g 

 

A personal computer sound card converts computer 
digital information into analog information and vice versa. 
The system for diagnosing steered axles of wheeled 
agricultural tractors works as follows. Accelerometers 2, 3 
(see Fig. 1, b) are installed on the extension tubes of the 
controlled axle of the tractor 1 by means of magnetic 
inserts. Signals from accelerometers are fed to the analog-
to-digital converter 5 through the multiplex 4. 
 

 
 

Fig. 2. Accelerometer KD-35 

 
Fig. 3. Scheme of connection of accelerometers to the sound card 
of the personal computer 

 
The analog-to-digital converter converts the analog signal 

to digital. Next, the digital signal is fed to the computing 
device 6, where it is processed. By means of the monitor 7 
and the printing device 8 the information on a condition of 
the controlled axle of the tractor is displayed [3].  

As software for recording and analyzing the vibro-
acceleration signal, the program SignalExpress 2015 was 
chosen, which allows not only to display the signal in real 
time with the possibility of scaling, but also allows digital 
signal processing with the possibility of further processing 
the results in various standard applications. 
 
The results of the experimental study  

To determine the influence of the location of the 
accelerometers on the signal registration, install the 
accelerometers on the beam (Fig. 4), and then on the 
extension pipes (Fig. 5) of the controlled axle of the MTZ-80 
tractor and record the vibration acceleration signal with the 
tractor engine running. Preliminarily, the ascent of the 
steered wheels was 5 mm and the track width was 1800 
mm.  

 
 
Fig. 4. Installation of the accelerometer on the beam of the axle of 
the MTZ-80 tractor 
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Fig. 5. Installation of the accelerometer on a sliding pipe of the 
tractor axle MTZ-80 

 
In Fig. 6 it is pointed the oscillogram of the change of 

vibration acceleration of a serviceable controlled axle of the 
MTZ-80 tractor at the location of the accelerometer on the 
bridge beam, and in Fig. 7 - on the retractable pipe of the 
steered axle of the wheeled tractor. 

 

 
 Fig. 6. Oscillogram of vibration acceleration of the controlled axle 
of the MTZ-80 tractor at installation of the accelerometer on an axle 
beam  

 

 
 
Fig. 7. Oscillogram of vibration acceleration of the controlled axle of 
the MTZ-80 tractor at installation of the accelerometer on a sliding 
pipe of the axle 

 
 
Fig. 8. Spectral analysis of oscillograms of vibration acceleration: 
1 - vibration acceleration of the controlled axle of the MTZ-80 
tractor at installation of the accelerometer on an axle beam; 2 - 
vibration acceleration of the controlled axle of the MTZ-80 tractor at 
installation of the accelerometer on a sliding pipe of the axle 

Based on the spectral analysis of oscillograms of the 
change of vibration acceleration of the nodes of the 
serviceable axle of the MTZ-80 tractor (Fig. 8) it is 
established that the vibration acceleration when installing 
the accelerometer on the axle beam (5.72 m/s²) is greater 
(approximately 2.6 times) than the vibration acceleration. 
which is obtained by installing an accelerometer on the 
extension pipe (2.19 m/s²) of the controlled axle of a 
wheeled tractor.  

This difference is explained by the fact that the 
accelerometer, which is mounted on the axle beam, is more 
sensitive to the vibration of the running internal combustion 
engine of the tractor than the accelerometer, which is 
mounted on the extension tube of the axle. 

Therefore, when diagnosing steered axles of wheeled 
tractors, accelerometers must be installed on the retractable 
tube of the steered tractor axle (see Fig. 5). 

Conclusion 
1. When changing the parameters of the individual 

elements of the controlled axle will change accordingly the 
amplitude-frequency characteristic. 

2. Determination of frequency characteristics is the basis 
for diagnosing steered axles of wheeled tractors.  

3. Determining the location of accelerometers in vibration 
diagnostics of steered axles of wheeled tractors is an 
important component of determining the technical condition, 
accompanied by a reduction in the measurement error of 
physical quantities. 

4. Experimental studies have confirmed the possibility of 
using this technique for diagnosing steered axles of 
wheeled tractors. This technique can be used to diagnose 
other components and units of tractors, as well as 
agricultural machinery.  
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