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Resume
In principle, every vehicle is equipped by a  suspension system, which 
usually consists of springs and shock absorbers. The main purpose of the 
suspension system is to eliminate vibration of sprung and unsprung masses. 
Therefore, the proper operation conditions of the shock absorbers affect in 
a  fundamental way total running properties of vehicles. However, during 
operation, shock absorbers are being worn out or they can even be damaged. 
Then, such a  situation is unwanted and it has to be detected as soon as 
possible. The content of this article is focused on analysis of vehicles’ shock 
absorbers defects. Methods for detection of possible shock absorbers faults 
are presented. Further, a proposal of the method for detection of a state of 
a hydraulic shock absorber during its operation is presented. The method 
uses identification of the temperature change of a hydraulic shock absorber 
during operation.
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there are such situations, when 50 % of defective shock 
absorbers per locomotive exist. The change of their 
temperature or the gradient of the heating rate of any 
particular object during the vehicle running is one of 
the important characteristics of the working shock 
absorbers [6-9].

2	 Vehicles’ suspension system

Vehicles suspension system absorbs shocks and 
vibrations, which are generated during the vehicle 
movement on an uneven track. Track unevenness causes 
quite rough and fast shocks, which are transmitted 
to the suspension system and transformed to soft and 
damped deviations of individual vehicle’s body [10-11].

The suspension system of a  vehicle affects the 
running safety, ride comfort for passengers and loading 
of a  track [12-15]. If the suspension system works 
properly, it ensures the constant contact of wheels with 
a track. It means, that all the forces in the wheel/track 
contact can be transmitted to the track [16-18], i.e. 
driving forces, guiding forces and braking forces [19-
20]. Thus, the proper function of all the components of 
a vehicle suspension system is one of the most important 
factors for safety and comfort operation of vehicles [21].

As it was mentioned above, the track unevenness 
causes movements of a  vehicle. Profiles of unevenness 

1	 Introduction

Diagnostics and control of the technical conditions 
of transport facilities is an essential attribute of their 
operation, because due to comprehensive monitoring, 
the necessary level of reliability, safety and stability 
of freight and passengers transport can be achieved 
[1-2]. An important parameter of technical conditions of 
vehicles, which determines the comfortable performance 
and affects the safety of transport, is efficiency of the 
shock absorbers, which are used to improve the dynamic 
qualities of vehicles through use of damping properties 
of their structural elements [3-5].

The shock absorbers are designed to compensate 
forces that cause oscillations of a body of a vehicle during 
its movement. The damping of the body oscillations 
energy must be performed simultaneously in three 
directions with respect to the straight-line movement of 
a vehicle itself. A locomotive can be equipped by as many 
as 32 shock absorbers. In the case of defective conditions of 
shock absorbers, a spring suspension does not ensure the 
operation of railway vehicles within the defined running 
smoothness and may endanger the transport safety. The 
presence of a  defective shock absorber increases wear 
on elements of vehicles, adversely affecting a track and 
leads to a  need for a  speed reduction. Regarding the 
absence of the needed methodology for determining the 
failure of shock absorbers during operation in practice, 
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the scheduled inspections, while, as a  rule, t attention 
is paid to traces of oil and external damage. Methods 
for testing the shock absorbers directly on a  vehicle 
are being researched, which would make possibility of 
repairing according to their technical conditions.

The attention is focused on development of 
a  fundamental database of shock absorbers damages, 
since only incomplete information was available about 
their type and numbers. A  database of damage types 
and characteristics is created. It is used in modelling the 
characteristics of shock absorbers of wagon oscillations. 
The simulation is carried out based on characteristics 
of the real shock absorbers, which are then prepared for 
experiments on a roller stand, as well as by a measuring 
wagon.

Objective monitoring of the performance of 
hydraulic shock absorbers is carried out on specialized 
stands using the harmonic oscillation method with 
diagram recording. A  diagram determines parameters 
of the resistance and then it compares them to the 
standard values, resistance forces, their symmetry on 
the extension-compression strokes and maximum values 
in the valve mode, possible defects in a shock absorber.

Currently, studies of the damping ability in the most 
studies are performed only according to the performance 
characteristics (Figure 1) in compliance with the 
secondary data, in the construction of which, both 
in working diagrams and experimentally, substantial 
inaccuracies are allowed, do  not provide a  sufficiently 
adequate idea for the real view of the absorbed and 
scattered energy by the shock absorbers for the cycle of 
oscillatory motion of a vehicle [36-38].

The working diagram is recorded in these 
coordinates: y - axis is the piston movement; x - axis is 
the resistance force. In the case of a working hydraulic 
shock absorber in the throttle mode, the diagram has the 
form of a closed ellipse and in the valve mode it comes 
closer to a rectangle (Figure 2), where F is the damping 
force, h is a  piston stroke in a  damper, Le is value of 
a damper expansion and Lc is a damper compression.

The area of the ellipse reflects the work of the forces 
of the shock absorber resistance: 

W = r · α · F(α,ω),	 (1)

of roadway surfaces or railway tracks are irregular 
and in the point of view of the statistic dynamics, 
unevenness are stochastic [22-25]. When the vibration 
properties of vehicles are investigated, sometimes 
a single unevenness or impact is considered [26]. Based 
on numerous research, such unevenness can lead to 
significantly worse running properties of vehicles and 
even to an accident [27-28].

Generally, the suspension system of a  vehicle 
consists of springs and shock absorbers. While spring 
ensures the required positions of individual components 
of a  vehicle with respect to each other and allow 
their mutual movements in determined directions, the 
main functionality of the shock absorbers is to reduce 
amplitudes and frequencies of generated vibrations. 

Based on described above, the proper operation of 
the shock absorbers is extremely important in terms of 
running properties of vehicles. In the opposite case, the 
insufficiently effective shocks absorbers or even damaged 
shock absorbers can cause a number of deficiencies [29-
31], among others the following:
•	 Time extension of vibration of individual bodies of 

a vehicle while running on track unevenness,
•	 Excessive vibration of a vehicle body, when it runs 

on successive track unevenness,
•	 Large deviations of a  vehicle body at the 

improper frequencies generate excessive values of 
accelerations, which deteriorate the ride comfort for 
passengers [15, 32],

•	 Due to high amplitudes of vibrations, a wheel can 
lose the contact with a  track, which means really 
dangerous situation in terms of the running safety,

•	 It leads to the worsen effectiveness of braking and 
directional stability of a  vehicle (a  normal force is 
lower) and causes a danger of a skid mainly during 
running in curves [33].

3	 Methods for identification of a damaged 
shock absorber

Hydraulic shock absorbers undergo maintenance 
as a part of the system of the preventive maintenance 
[34-35]. Their premature failures are detected during 

Figure 1 Operating characteristics of a shock absorber:  
F - force; s - piston movement; h - full stroke
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properly working shock absorbers. As a result, the state 
of the shock absorber and/or internal and external shock 
absorber defects are determined. Outer defects are also 
determined by observation a shock absorber during the 
testing process on the test stand. An infringement of 
required form indicates the presence and the form of 
a defect (Table 1, Figure 3).

Stand “ENGA” type SIL-02-01 is designed for 
testing the hydraulic shock absorbers of locomotives, 
passenger wagons, metro wagons, etc. Tests are carried 
out by harmonic oscillations at an installation angle of 
the shock absorber from 0° to 90°, by constructing the 
working diagram of the hydraulic shock absorber in 
a test.

i.e. the energy eff﻿iciency rating of the shock absorber (α 
- oscillation amplitude, ω = 2 ∙ r ∙ f - angular frequency, f 
- oscillation frequency from 1 to 4 Hz) [39]. The length of 
the diagram, at a given scale along the y-axis, represents 
the maximum resistance - the total resistance from the 
extension and compression stroke 2 ∙ F(α, ω) = 2 ∙ Fm - the 
force indicates the inelastic shock absorber resistance.

The most advanced method for determining faults 
of the shock absorbers is use of the bench equipment. 
To do this, the shock absorbers have to be removed from 
a  vehicle, installed and mounted on the test bench. 
Next, the shock absorber loads are applied and the 
working diagrams of its operation are recorded. The 
obtained data are compared to the sample diagrams of 

Figure 2 Working diagrams of the hydraulic shock absorbers: a - throttle mode, b - valve mode

Table 1 Analysis of diagrams of hydraulic shock absorbers on a stand at various working modes

Form of a diagram, when: Analysis of the 
resistance forces Failure

ve1 = 0.04 - 0.06 m·s-1 ve2 = 0.08 - 0.10 m·s-1

Expansion Compression Expansion Compression

A damper works properly, it is in good 
conditions.

Resistance forces are approximately the 
same under extension and compression.

The small force in 
the compression

Few oil, 
contamination, 

leakage of safety 
and intake valves in 

the bottom

Figure 3 Examples of damaged hydraulic shock absorbers: a) leakage of absorber’s oil, b) a broken piston rod
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The method consists of statistical processing of 
measurements of experimental diagrams. The diagrams 
are created in the process of experimental tests with 
different scale and speeds of the piston. Herewith, the 
number of measurements should be sufficient to ensure 
the statistical reliability of results. For data processing, 
the method of regression analysis is used.

Monitoring of technical conditions of the shock 
absorber can also be performed according to the values of 
accelerations of the unsprung mass of a vehicle oscillatory 
motion during its running on track unevenness [42-43]. 
This method involves comparing information on one 
hand from sensors, which measure accelerations of the 
oscillatory motion of the unsprung mass of a  vehicle 
when running on unevenness and, on the other hand, 
from sensors mounted on the body. The microcontroller 
processes the results using the mathematical method of 
the spectral analysis [44-45]. If a  disagreement arises 

Figure 4 shows the ENGA test stand [40]. The test 
bench consists of a  test module, control module and 
registration module. The test module consists of the 
base and a  frame of a  portal type. In the lower part 
of the frame, a  gearbox of the power drive, the crank 
mechanism, the fixing mechanism of the lower eye of 
the tested hydraulic shock absorber, the gearbox for 
changing the angle inclination, a  brake mechanism, 
a  position sensor, sensors of the vertical position and 
counting of the angle of the stand and the power module, 
are located. In the upper part of the test module, 
the fixing mechanism of the upper eye of the tested 
hydraulic shock absorber, a force-measuring device and 
a micro-controller module, are located. The control and 
registration module form a  special rack with a  system 
unit, a monitor, a keyboard and a printer.

The study [41] discloses a  method for evaluating 
the damping capacity of the hydraulic shock absorbers. 

Figure 4 An example of a test stand for the damage detection of a hydraulic shock absorber

Figure 5 The device for temperature measuring of a shock absorber:  
1 - shock absorber, 2 - emitted infrared rays, 3 - radiometer, 4 - receiver
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production of the thermal indicator inks are the 
wax pencils.

•	 The sensors for detecting the ambient temperature; 
the temperature of the shock absorber and the color 
change of the vibration shock absorber are installed 
and connected to a data processing unit (DPU). The 
DPU software calculates the permissible heat of the 
working shock absorber depending on the ambient 
temperature.

•	 For verification of a relevant results of the method 
is used a sensor, which reacts to colors of the shock 
absorber. The software processes information from 
this sensor and compares it to the temperature 
sensor.

•	 After processing information in the DPU, 
information about the operational capability of the 
shock absorber is shown on the control display of 
a mobile unit. 

•	 To further check the operation of the shock absorber, 
the operator performs an external inspection of it 
immediately after the vehicle stops and by its color 
confirms the state of the shock absorber and records 
that in a fault book.

6	 Conclusion

According to results of the study, it was determined, 
that a  large number of shock absorbers do  not work 
properly. This phenomenon worsens the running 
characteristics of a  vehicle and impairs its running 
dynamics. There are many methods for eliminating 
the non-working shock absorbers, but the main ones 
are based on using the bench equipment. In this 
case, it is necessary to remove a  shock absorber from 
a vehicle. This complicates the procedure for identifying 
a  defective shock absorber. A  method is proposed for 
diagnostics of the shock absorbers on vehicles, based on 
an assessment of the shock absorber’s temperature. This 
method allows:
•	 Reducing costs,
•	 Reducing maintenance effort,
•	 Improving the maintenance quality,
•	 Reducing time for restoring the operation capability 

condition of vehicles with timely detection of non-
working shock absorbers and their subsequent 
replacement during operation and

•	 Increase the economic efficiency of the operation of 
vehicles and helps to carriers to secure themselves 
against accidents on tracks and breakdowns during 
operation.
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between the theoretical and experimental power spectral 
density of the vertical accelerations of the sprung mass, 
the microcontroller sends a  signal to an information 
board and it shows which shock absorber is failed.

Diagnostics of the shock absorbers is obtained with 
help of reliable information on their technical condition, 
based on the fact, that their failures are detected and 
prevented in a timely manner. Especially important are 
the diagnostic methods for monitoring the performance 
of hydraulic shock absorbers without removing them 
from bogies and without disassembling.

Diagnostic parameters that characterize the 
technical state of the shock absorbers, are the required 
amount of working fluid, the intensity of infrared 
radiation from heating and the background noise of fluid 
throttling. Measurement of these parameters is carried 
out on diagnostic devices. Moreover, a radiometer is used 
for determining the shock absorbers’ heating.

The working principle is shown in Figure 5. During 
operation, the shock absorber (1) heats up and emits 
infrared rays (2), which are absorbed by the receiver (3). 
After amplification and transformation of a  signal in 
the radiometer (4), they are registered by the indicator 
arrow. According to the level of temperature, the 
indicator determines the operation capability of the 
shock absorber.

5	 Development of a method for detection of the 
damaged shock absorber

The main problem with using the methods presented 
above for determination of a  properly working shock 
absorber is the inability to detect a faulty shock absorber 
during the operation. As it is known, one of the extended 
defects of vibration shock absorbers is the leakage of 
the working fluid. As a result, the vehicle runs with idle 
shock absorbers until the vehicle’s maintenance [42]. 
Accordingly, the dynamics, smoothness, comfort and 
effects related with them are deteriorated [46-48].

The research is based on the task of reducing costs, 
labor-intensive maintenance, improving the quality of 
maintenance, reducing the time to restore the operational 
condition of vehicles with timely detection of the idle 
shock absorbers and their subsequent replacement 
during operation, improving the economic efficiency of 
operation, transportation and help to carriers to secure 
themselves against accidents on tracks and breakdowns 
during operation [49-51].

The method is proposed for determining a defective 
shock absorber, which is as follows:
•	 Determination of a  failure of a  shock absorber in 

operation; the mounted shock absorber is painted 
with a heat-sensitive color, activity of which depends 
on temperature. The heat-sensitive colors change 
their crystal lattice when heated and, as a  result, 
change color (based on the change in the absorption 
spectrum due to a  phase transition). One form of 
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