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Abstract 

Car accidents are the leading cause of death, with 1.2 million deaths each year, despite improvements in 

car safety, and forecasts indicate that road traffic fatalities will increase significantly by 2030 due to the 

increasing number of cars. This trend requires increased passive safety in car design. During independent crash 

tests that test the side safety of the driver and passengers, the impact energy is distributed and absorbed by the 

side sills, door pillars and safety bars located inside the doors. Unfortunately, there are no crash tests between 

cars of different mass and dimensions, for example, when a passenger car is hit from the side by an SUV. The 

main problem is that the height of the crossbar with crash boxes in an SUV is higher than the safety bars in the 

doors of a passenger car. Thus, it is difficult to predict the distribution of kinetic energy of the impact and the 

degree of injury to the driver and passengers of a passenger vehicle. A study of experimental emergency body 

lifting systems based on an electro-mechanical system and a hydropneumatic system at the moment of a side 

impact has been conducted. Such a system allows for 0.5 seconds to raise the car body to a height of 85 

millimeters relative to the zero position and reduce injuries by 50% on the side where the side impact will 

occur. Using mathematical modeling, the functioning of the system and the possibility of implementing an 

emergency body lifting system based on a pneumatic suspension system were analyzed. 
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1. INTRODUCTION 

 

Every year, the number of vehicles sold in the 

world increases [1-2]. This trend leads to an increase 

in road accidents [3-5]. The most dangerous type of 

collision between two vehicles is a side impact, the 

average statistical indicator is 24% in different 

regions of the world [6-8]. The driver and passengers 

receive the greatest injuries during a side impact due 

to the minimum deformation zone, which is not 

enough to absorb the maximum amount of impact 

energy and reduce injuries to the driver and 

passenger [9]. Independent organizations that study 

vehicle safety have developed and are improving 

side impact research methods every year to better 

analyze potential side-impact accidents, research 

programs may vary depending on the organization 

that is involved in the research. Usually, dummies 

are used for research, which allows each specific car 

to be evaluated for safety with high accuracy without 

taking into account the average injury values. For 

each specific case, injury coefficients for different 

parts of the body in a side impact are calculated in 

order to further make an objective assessment of the 

safety of the car. 
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Car manufacturers are trying to find different 

approaches to reduce driver and passenger injuries. 

In contrast to classic approaches such as: safety bars 

in car doors, side airbags, safety trim for car doors, 

etc.. At the moment, there are two such passive 

safety systems of pre-activation, which, according to 

car manufacturers, are able to reduce injuries to the 

driver and passengers in the chest and abdomen area 

during a side impact by 50% [10-11]. The use of such 

systems in the near future will improve passive 

safety and reduce injuries to the driver and passenger 

during a side impact. 

 

2. ELECTROMECHANICAL SYSTEM OF 

EMERGENCY LIFTING OF THE CAR 

BODY  

 

The conceptual electromechanical suspension 

system can increase or decrease the load on each 

wheel separately, this is necessary in order to adapt 

to the road as needed, by changing the settings of the 

electronically controlled shock absorbers. This 

means that the system can actively control the 

position of the car body while driving. In addition to 

smoothness of movement, reducing body roll, it has 
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a very important advantage in terms of passive 

safety. 

Such a suspension system allows you to 

additionally use its functionality to ensure the 

possibility of implementing the function of 

emergency body lifting in the event of a side impact 

by lifting the body from the side of danger. 

For such a system to function, additional 

elements must be used that allow monitoring the 

situation on the right and left sides of the car in order 

to perform an emergency body lift in time. 

To do this, the emergency body lift system uses 

information coming from radar sensors located on 

the sides of the car in the front bumper and records 

movement at a distance of up to 50 meters and 

checks the situation on the right and left sides of the 

car at a frequency of 15 times per second. The 

control unit, processing the information, determines 

the potential risk from a vehicle approaching from 

the side, calculates the minimum permissible 

distance at which the system can be triggered and the 

expected time to a collision. The system allows to 

detect the threat of a side collision at speeds from 25 

km/h to 60 km/h. In such a situation, the 

electromechanical system must raise the car in 0.5 

seconds to a height of 85 mm in the event of a 

collision from the side from which the critical 

approach of the car occurs (Fig. 1) [11]. 

 
Fig. 1. Activation of the electromechanical system  

of emergency lifting of the car body [11] 

 

For the emergency body lift function to be 

activated, the vehicle must be moving at a speed 

above 8 km/h [12]. 

Near each wheel are compact actuators 1 that 

operate from the 48-volt main electrical system of 

the vehicle. 

The main components of the 48-volt electrical 

system are a belt-driven starter-generator and a 

lithium-ion battery. The belt-driven starter-generator 

is the power source for the 48-volt electrical system. 

If it works as a starter, it should be considered an 

energy consumer within the 48-volt system. The 

voltage converter is the connecting link between the 

48-volt electrical system and the 12-volt electrical 

system. The torque from the actuator 1, which is 

bolted to the bottom of the vehicle (mounted on the 

body) together with the front and rear axle struts, 

increases the torque to 1100 Nm via the belt drive 2 

and ensures its transmission to the wave gearbox 3, 

inside which is located a steel torsion bar 4. Which 

can rotate by an angle of 20 degrees. Due to the 

rotary movement of the lever 5 fixed on the side of 

the wave gearbox, the force component acts on the 

corresponding damper lever or the corresponding 

transverse rod through the corresponding connecting 

rod, which transmits the force through the hinged 

connection to the rod 6, which is connected at its 

upper end to the air spring housing. 

As a result, the distance between the wheel and 

the car body decreases or increases depending on the 

direction of rotation of the drive (the springs move 

up or down). 

The drive is supported on the wheel contact point 

by means of a lever, a connecting rod, a damper lever 

and a transverse link. The rotary movement of the 

lever raises the drive and the vehicle body directly 

connected to it. The damper piston rod is tensioned 

(rebound damping). If the lever is turned in the 

opposite direction, the vehicle body is lowered. The 

suspension strut is compressed and the damper 

piston rod is loaded (compression damping). 

The motor is activated by an alternating voltage 

of 0 to 48 volts with a phase rotation of 120°. This 

generates currents in the stator windings in 

alternating directions. Corresponding magnetic 

fields are generated around the coils through which 

the current flows. Their polarity changes each time 

the direction of the current changes. This generates a 

magnetic field with rotating polarities that surrounds 

the rotor. This magnetic field exerts a corresponding 

force on the permanent magnets that are permanently 

connected to the rotor, thereby generating a torque 

that causes the rotor to rotate. Depending on the 

activation (direction of rotation of the magnetic 

field), clockwise or counterclockwise rotation can be 

achieved. 

The position of the rotor is determined by a 

sensor. This sensor is located at the end of the rotor, 

at the opposite end from the belt pulley. There is a 

permanent magnet in the hollow rotor shaft. Its 

position is measured by a magnetoresistive sensor. 

The principle of magnetoresistive measurement is 

based on the fact that the electrical resistance in 

ferromagnetic metals changes under the influence of 

external magnetic fields. Analysis of the changes in 

resistance allows the position of the magnet on the 

rotor shaft, and therefore the angle of the rotor, to be 

determined. 

The design of this emergency body lifting system 

is not unified, but is designed for a specific car 

model. 

 
Fig. 2. Scheme of the electromechanical system of 

emergency lifting of the car body: 1 – actuator; 2 – belt 

drive; 3 – wave gear reducer;  4 – torsion shaft; 5 – lever; 

6 – rod 
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In the front suspension, the force acts on the 

lower part of the air spring housing, and in the rear 

suspension on the transverse link [11-12]. 

As a result of the collision, the impact energy will 

be directed to the side sills and the floor structure. 

The load on the passengers is reduced by 50% 

compared to a side impact without an 

electromechanical emergency body lift system. The 

design of this emergency body lifting system is not 

unified, but is designed for a specific car model. 

 

3. ELECTROHYDRAULIC SYSTEM OF 

EMERGENCY LIFTING OF THE CAR 

BODY  

 

Active hydraulic suspension, has the ability to 

influence the passive safety of the driver and 

passengers by reducing injuries in the event of a side 

impact, this conceptual safety system allows you to 

influence the safety of the driver and passengers of 

the car during a side impact. In the event of a side 

impact, the electro-hydraulic suspension system 

raises the body to a height of 80 millimeters (Fig. 3). 

The time for which the system is activated is not 

disclosed by the manufacturer. 

 
a) 

 
b) 

Fig. 3. Activation of the electrohydraulic system of 

emergency lifting of the car body [13]: a – body position 

before the emergency body lift system is activated; b – 

body position after detecting the risk of a side impact 

 

In this case, the impact force is directed to the 

lower side of the car, and not to the door itself. The 

system consists of radar sensors located in the front 

of the car in the bumper. They detect the risk of a 

side impact. After detecting the risk, the electronic 

control unit transmits a signal via the CAN 

(Controller Area Network) connection to the 

electronic control unit 1 (Fig. 4). 

Which is combined in one housing 3 with the 

electric motor 2, such a compact design made it 

possible to place the hydraulic pump 5 in one 

housing. Depending on the signal, the hydraulic 

pump can change the damping coefficient using two 

channels, each of which has pressure sensors 4 that 

allow for accurate monitoring pressure change in the 

hydraulic part of the emergency lifting system of the 

car body. The working fluid under pressure enters 

through the valve 6 and the adjustable throttle with a 

check valve 7 into the working cavity under the rod 

8, with an increase in pressure, the shock absorber 

rod 10 rises and changes the volume of the 

pneumatic spring 11. From the cavities 9 located 

above the rod, in the opposite direction the pressure 

will decrease and through the adjustable throttle 12 

with a check valve and the valve 13 will flow 

through the pump 5 to the working cavity under the 

rod. As soon as the control unit receives a signal 

from the radar sensors that there is no danger, the 

system redistributes the pressure between the 

working cavities under the rod and above it, 

returning the suspension to the transport position 

based on information from four body level sensors. 

 
Fig. 4. Scheme of electrohydraulic system of emergency 

lifting of the car body: 1 – control unit; 2 – synchronous 

electric motor; 3 – electrohydraulic pump; 4 – pressure 

sensors; 5 – hydraulic pump; 6 – tap of the working 

cavity under the stem; 7 – adjustable throttle with check 

valve of the working cavity under the rod; 8 – working 

cavity under the rod; 9 – working cavity above the rod; 

10 – shock absorber rod; 11 – working cavity of the air 

spring; 12 – working cavity tap above the rod; 13 – 

adjustable throttle with check valve of the working cavity 

above the rod 
 

Similar to the previous system, the main function 

in this case is to reduce the impact energy that affects 
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the driver and passengers in a side impact. The 

system with the emergency body lift function helps 

reduce the impact force by 50% and ensure minimal 

load on the chest and pelvic-femoral part of the 

driver or passengers [14 15]. 

 

4. ANALYSIS OF EMERGENCY BODY 

LIFTING USING A POSITION TRACKING 

ALGORITHM 

 

In order to check the reliability of the values that 

characterize the operation of the electromechanical 

and electrohydraulic emergency body lifting 

systems, we will use the Tracker analysis tool. [16] 

(Fig. 5). The program allows you to model and 

analyze the movement of objects in video or images. 

We will use the ability to manually track the 

movement of objects with the overlay of position, 

velocity, and acceleration data. 

 
Fig. 5. Tracker app interface 

 

We will use available video fragments of the 

operation of electromechanical and electrohydraulic 

emergency body lifting systems, which allow us to 

visually obtain information about the movement of 

elements selected as a reference point from the initial 

(zero) location of the car body to the highest position 

after the operation of the external lifting system. 

(Fig. 6-7). 

 
Fig. 6. A frame of video material of the operation 

electromechanical emergency body lifting systems 

 

After analyzing the data on the operation of the 

electromechanical and electrohydraulic emergency 

body lifting systems, which were obtained using the 

Tracker program (Fig. 8), a graph was constructed of 

the dependence of the vertical movement of the car 

body on the time of operation of the emergency body 

lifting system. 

 
Fig. 7. A frame of video material of the operation 

electrohydraulic emergency body lifting systems 

 
Fig. 8. Verification of the operation of emergency body 

lifting systems 

 
The operation graph of the experimental 

electromechanical emergency body lifting system 

(blue graph), which is based on the electro-

mechanical part of the transverse roll stabilizer, 

showed that in 0.5 seconds the system is able to raise 

the body to a height of 95 millimeters and 

subsequently stabilizes at a height of 85 millimeters, 

which corresponds to the information stated in the 

media. In comparison with the experimental 

electrohydraulic emergency body lifting systems 

which is based on the pneumatic-hydraulic 

suspension system of the car showed the body lifting 

time in 0.8 seconds to a height of 90 millimeters after 

stabilization the height is 80 millimeters. The 

operating time of these two different actuators 

coincides with the declared one, only the systems 

differ in the approach to building the emergency 

body lifting system. 

 

5. STUDY OF THE POSSIBILITY OF USING 

A PNEUMATIC SYSTEM AS AN 

EMERGENCY BODY LIFTING SYSTEM 

 

To investigate the possibility of using a 

pneumatic suspension system in the event of an 

emergency body lift, a mathematical model needs to 

be created. 

The complexity of mathematical models depends 

on the purpose of such models. To implement a 

model to study the function of emergency body 
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lifting and analyze the speed of operation of 

elements responsible for the operation of the system, 

first you need to draw up a calculation diagram of 

the car suspension system. (Fig. 9) in which 1 is the 

sprung mass of the vehicle and 2 is the unsprung 

mass of the vehicle. Also, for this scheme, it is 

necessary to display the elastic and damping 

elements of the suspension, since they are mandatory 

for a reliable assessment of the time and height of 

raising the vehicle body. 

 
Fig. 9. Calculation diagram of the vehicle suspension 

system 
 

The presented calculation scheme makes it 

possible to evaluate the relationships between the 

suspension elements of a car and to compile a system 

of equations for further mathematical modeling. 
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where:  

mK – wheel weight; 

ja – acceleration of the body during the action of 

vertical displacement; 

g – acceleration of free fall, g = 9,81 m/sec2; 

Fs – force in a pneumatic cylinder; 

вn – shock absorber damping coefficient; 

аZ


 – derivative of the vertical coordinate of the 

vehicle body position; 

кZ


 – derivative of the vertical coordinate of the 

vehicle wheel position; 

кC  – wheel stiffness coefficient; 

kr  – wheel rolling radius; 

кв  – wheel damping coefficient;  

пC  – suspension stiffness coefficient, s
п

b

F
C

h
= ; 

стZ  – vertical coordinate of the static position of the 

vehicle body relative to the supporting surface; 

кZ  – vertical coordinate of the movement of the 

vehicle wheel center; 

аZ  – vertical coordinate of the cylinder attachment 

point; 

кZ  – vertical coordinate of the wheel position; 

ко
Z  – vertical coordinate of the wheel position at 

rest; 

кст
r  – static radius of the vehicle wheel; 

ао
Z  – vertical coordinate of the body position at rest; 

k  – adiabatic index; 

R  – universal gas constant; 

1T
 – temperature before entering the pneumatic 

cylinder; 

bG
 – air consumption when filling and emptying a 

pneumatic cylinder; 

bT
 – air temperature in a pneumatic cylinder; 

bV
 – volume of the pneumatic cylinder; 

bp
 – air pressure in a pneumatic cylinder; 

1p
 – air pressure in the pipeline before the pneumatic 

cylinder, to the electromagnetic control valve; 

bS
 – area of the pneumatic cylinder; 

bh
 – height of the pneumatic cylinder; 

Modeling of the working process in the 

pneumatic circuit of the suspension system of a 

wheeled vehicle is performed for the case when the 

vehicle is stationary, there are no oscillations from 

external disturbances; the duration of the transient 

process does not exceed 10 seconds, therefore heat 

transfer with the environment occurs without taking 

into account the heat capacity of the walls of the 

pneumatic cylinder shell; an ideal gas is used as the 

working fluid. 

The emergency body lift function is simulated on 

a stationary vehicle. In this case, the calculation 

scheme for modeling the process of changing the 

position of the vehicle body relative to the support 

surface can be represented as an oscillatory system 

that contains an elastic element - an air spring of the 

vehicle suspension with a nonlinear elastic 

characteristic and a hydraulic damping device (shock 

absorber). Since the mass of the unsprung parts of 

the vehicle is usually no more than 15...20% of the 

sprung mass, and the stiffness of the suspension is 

several times less than the stiffness of the tires and 

the frequency of random oscillations of the unsprung 
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mass is much greater than that of the sprung mass, 

the influence of the unsprung mass on the movement 

of the body in this case can be neglected. 

The working process in the pneumatic circuit of 

the vehicle suspension system occurs as a result of 

the control effects from the control system, and in 

turn, causes changes in the position of the vehicle 

body relative to the supporting surface. Only the 

natural damped oscillations of the part of the sprung 

mass of the vehicle that falls on one elastic element 

of the suspension system are taken into account. 

Kinematic connections in such a system allow only 

rectilinear vertical movements. 

In this case, the oscillatory system with one 

elastic element of the vehicle suspension system can 

be represented as a system with one degree of 

freedom and part of the general calculation scheme 

for its mathematical modeling can be simplified. 

This allows the following assumptions to be applied: 

forced oscillations of the vehicle from force or 

kinematic disturbances are absent; oscillatory 

motion of the unsprung mass is not simulated; the 

effect of dry and intermolecular friction in the 

vehicle suspension parts is not taken into account; 

there is no connection between the oscillations of the 

front and rear parts of the vehicle body. The steady-

state equation of such a system has the form [17-25]: 

)(

2

HSp
dt

dH
bgM

dt

dH
M aбa +=+










 (3) 

where:  

M – part of the sprung mass of a vehicle that falls on 

one elastic element of the suspension system, kg; 

H – current distance of the vehicle body from the 

supporting surface, m; 

t – current time of the process of changing the 

position of the wheeled vehicle body, sec; 

g – free fall acceleration, m/sec2; 

ba – hydraulic resistance coefficient of the shock 

absorber, Н·sec/m; 

pб – current pressure in the air cylinder, Pа; 

Sa(H) – active (effective) area of the air cylinder, m2. 

The system equation briefly reflects the process 

of filling and emptying the variable open internal 

volume of the pneumatic cylinder cavity. Each DE-

link, which is characterized by the corresponding 

pressure and temperature, is assigned indices that 

correspond to the calculated capacities. These also 

include the volumes of pipelines connecting the 

receiver with the control system actuator, and the 

actuator with the pneumatic cylinder. In the 

connection of each pipeline with the consumer 

(device), there is a local hydraulic resistance, which 

is characterized by the effective area.  

In the pipeline between the actuator and the 

pneumatic cylinder, air moves both from the actuator 

to the pneumatic cylinder and in the opposite 

direction. The force of the pneumatic cylinder is 

determined based on the filling dynamics, it is a 

function of the active pressure area of the pneumatic 

cylinder. In this case, the pressure in the pneumatic 

cylinder can monotonically increase and 

monotonically decrease. In the pipeline between the 

receiver and the actuator, air moves only in one 

direction - from the receiver to the actuator. V, p, T – 

volume, pressure and temperature of the air 

corresponding differentiating link; μ, f – flow rate 

and effective area of the corresponding 

differentiating link. 

To implement the algorithm, Simulink, a 

graphical programming environment based on 

MATLAB for modeling, simulation, and analysis of 

multi-domain dynamic systems, was used. A 

structural and logical diagram of an emergency 

vehicle body lift was constructed. (Fig. 10). Before 

starting the simulation, the parameters inherent to the 

vehicle were formed, which was previously studied 

in the program Tracker. Among such parameters is 

the mass of the vehicle 500 kg, wheel weight 18 kg, 

static wheel radius 0,28, dynamic wheel radius 0,25, 

wheel and spring stiffness and wheel and spring 

damping coefficient 0,2.  

 
Fig. 10. Structurally logical diagram of the emergency 

vehicle body lifting system: 1 – algorithm for standard 

settings of the vehicle's pneumatic suspension system;      

2 – algorithm with changed parameters of the shock 

absorber of the pneumatic suspension system of the 

vehicle; 3 – parameters transferred from the study of 

emergency body lifting by the program Tracker 

 

The speed of the body lifting based on the air 

suspension system with the characteristics of a 

passenger vehicle was investigated, as well as how 

the shock absorber damping settings affect the speed 

of operation. The result is presented in the form of 

graphs (Fig. 11), which allow comparing three 

different options for the emergency body lifting 

system operation. 

Graph 1 (Fig. 11) corresponds to subsystem 1 

(Fig. 10) where the damping and filling settings of 

the air spring are made in the standard operation 

mode of the vehicle's pneumatic suspension system, 

as can be seen in the graph 1, this occurs slowly over 

0,8 sec and does not allow the body to be lifted 85 

mm in 0,5 sec, which does not correspond to the 

parameters obtained during the verification of the 

operation of the electro-mechanical emergency body 

lifting system in the Tracker program. The graph 2 

(Fig. 11) subsystem corresponds 2 (Fig. 10) already 

with changed parameters shows that using the 
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pneumatic system and settings it is possible to obtain 

the possibility of emergency lifting of the body for 

0,5 sec. Graph 3 (Fig. 11) corresponds to the 

electromechanical emergency body lift system, the 

operation of which was verified in the Tracker 

program. This system allows the car body to be 

raised by 85 mm in 0.5 seconds before a possible side 

impact. 

 
Fig. 11. Body lifting speed: 1 – standard settings of the 

vehicle's air suspension system; 2 – changed parameters 

of the shock absorber of the vehicle's air suspension 

system; 3 – parameters transferred from the study by the 

program Tracker 

 

6. CONCLUSIONS 

 

While researching passive safety systems, the 

question arose of the possibility of combining 

vehicle systems that allow for further improvement 

of the passive safety properties of the driver and 

passenger inside the vehicle during a collision. One 

such example is the emergency body lift system, 

which is based on electromechanical components 

installed in the vehicle's suspension. This system 

allows, in the unlikely event of a side impact when 

the speed of the approaching vehicle is in the range 

from 25 km/h to 60 km/h, to lift the vehicle body by 

85 millimeters in 0.5 seconds, thereby exposing the 

lower part of the vehicle, where the reinforced side 

sills and safety bars are located, to a side impact, 

which allows for a 50% reduction in injuries to the 

driver and passengers. Taking into account the 

features of the emergency body lifting system, a 

study was conducted on the possibility of 

functioning based on the vehicle's pneumatic 

suspension system. The studies showed that by 

changing the settings of the damping parameters of 

the shock absorbers and the pneumatic suspension 

system, it is possible to obtain the parameters of the 

emergency body lifting system to operate by 85 

millimeters in 0.5 seconds.. This makes it possible 

to use and unify an emergency body lifting system 

based on a pneumatic suspension system for 

vehicles equipped with a suspension with 

pneumatic elements. This topic is relevant against 

the backdrop of the trend of increasing accidents 

and the increase in the number of vehicles in the 

world. 

 
Source of funding: This research received no external 

funding. 

 
Author contributions: research concept and design, 

M.M., V.S., O.Y.; Collection and/or assembly of data, 

V.S., E.D., O.Y.; Data analysis and interpretation, 

V.S., E.D., O.Y.; Writing the article, V.S., E.D., O.Y.; 

Critical revision of the article, M.M., V.S., O.Y.; Final 

approval of the article, M.M. 

 

Declaration of competing interest: The author declares 

no conflict of interest. 

 

REFERENCES 

 
1. Number of cars sold worldwide from 2010 to 2023, 

with a 2024 forecast.  

https://www.statista.com/statistics/200002/internation

al-car-sales-since-1990. (date of access 02.09.2024). 

2. Total Worldwide Passenger Cars Sales. 

https://www.goodcarbadcar.net/worldwide-car-sales-

by-country-all-years. (date of access 02.09.2024). 

3. Road safety annual report 2021. https://www.itf-

oecd.org/sites/default/files/docs/irtad-road-safety-

annual-report-2021.pdf. (date of access 12.09.2024). 

4. Road safety annual report 2022. https://www.itf-

oecd.org/sites/default/files/docs/irtad-road-safety-

annual-report-2022.pdf. (date of access 12.09.2024). 

5. Road safety annual report 2023. https://www.itf-

oecd.org/sites/default/files/docs/irtad-road-safety-

annual-report-2023.pdf. (date of access 12.09.2024). 

6. Frequency of Injuries in Multiple Impact Crashes, 

https://pmc.ncbi.nlm.nih.gov/articles/PMC3217534/. 

(date of access 25.09.2024). 

7. Characteristics of passenger car side to pole impacts -

analysis of German and UK In-depth data using 

different approaches. https://bast.opus.hbz-

nrw.de/opus45-

bast/frontdoor/deliver/index/docId/464/file/Characteri

stics_of_Passenger_Car_Side_to_Pole_Impacts_.pdf  

(date of access 25.09.2024). 

8. Early Estimate of motor vehicle traffic fatalities in 

2020, Traffic Safety Facts: Crash Stats, National 

Highway Traffic Safety Administration U.S. 

Department of Transportation.  

https://crashstats.nhtsa.dot.gov/Api/Public/ViewPubli

cation/813115. (date of access 07.10.2024). 

9. Safety Wissen, European Car Assessment Programme 

(EuroNCAP). 

https://www.safetywissen.com/#/requirement/. (date 

of access 07.10.2024). 

10. Multifaceted personality: predictive active suspension 

in the A8 flagship model. https://www.audi-

mediacenter.com/en/press-releases/multifaceted-

personality-predictive-active-suspension-in-the-a8-

flagship-model-11905 (date of access 08.10.2024). 

11. Active suspension. 

https://static.nhtsa.gov/odi/tsbs/2020/MC-10172997-

0001.pdf. (date of access 14.10.2024). 

12. Footage Audi A8 driver assistance systems. 

https://www.audi-

mediacenter.com/en/search?filter=&order=relevance

&query=Pre+sense+side+system+&type=video. (date 

of access 20.10.2024). 

https://www.statista.com/statistics/200002/international-car-sales-since-1990
https://www.statista.com/statistics/200002/international-car-sales-since-1990
https://www.goodcarbadcar.net/worldwide-car-sales-by-country-all-years
https://www.goodcarbadcar.net/worldwide-car-sales-by-country-all-years
https://www.itf-oecd.org/sites/default/files/docs/irtad-road-safety-annual-report-2021.pdf
https://www.itf-oecd.org/sites/default/files/docs/irtad-road-safety-annual-report-2021.pdf
https://www.itf-oecd.org/sites/default/files/docs/irtad-road-safety-annual-report-2021.pdf
https://www.itf-oecd.org/sites/default/files/docs/irtad-road-safety-annual-report-2022.pdf
https://www.itf-oecd.org/sites/default/files/docs/irtad-road-safety-annual-report-2022.pdf
https://www.itf-oecd.org/sites/default/files/docs/irtad-road-safety-annual-report-2022.pdf
https://www.itf-oecd.org/sites/default/files/docs/irtad-road-safety-annual-report-2023.pdf
https://www.itf-oecd.org/sites/default/files/docs/irtad-road-safety-annual-report-2023.pdf
https://www.itf-oecd.org/sites/default/files/docs/irtad-road-safety-annual-report-2023.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC3217534/
https://bast.opus.hbz-nrw.de/opus45-bast/frontdoor/deliver/index/docId/464/file/Characteristics_of_Passenger_Car_Side_to_Pole_Impacts_.pdf
https://bast.opus.hbz-nrw.de/opus45-bast/frontdoor/deliver/index/docId/464/file/Characteristics_of_Passenger_Car_Side_to_Pole_Impacts_.pdf
https://bast.opus.hbz-nrw.de/opus45-bast/frontdoor/deliver/index/docId/464/file/Characteristics_of_Passenger_Car_Side_to_Pole_Impacts_.pdf
https://bast.opus.hbz-nrw.de/opus45-bast/frontdoor/deliver/index/docId/464/file/Characteristics_of_Passenger_Car_Side_to_Pole_Impacts_.pdf
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813115
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813115
https://www.safetywissen.com/#/requirement/
https://www.audi-mediacenter.com/en/press-releases/multifaceted-personality-predictive-active-suspension-in-the-a8-flagship-model-11905
https://www.audi-mediacenter.com/en/press-releases/multifaceted-personality-predictive-active-suspension-in-the-a8-flagship-model-11905
https://www.audi-mediacenter.com/en/press-releases/multifaceted-personality-predictive-active-suspension-in-the-a8-flagship-model-11905
https://www.audi-mediacenter.com/en/press-releases/multifaceted-personality-predictive-active-suspension-in-the-a8-flagship-model-11905
https://static.nhtsa.gov/odi/tsbs/2020/MC-10172997-0001.pdf
https://static.nhtsa.gov/odi/tsbs/2020/MC-10172997-0001.pdf
https://www.audi-mediacenter.com/en/search?filter=&order=relevance&query=Pre+sense+side+system+&type=video
https://www.audi-mediacenter.com/en/search?filter=&order=relevance&query=Pre+sense+side+system+&type=video
https://www.audi-mediacenter.com/en/search?filter=&order=relevance&query=Pre+sense+side+system+&type=video


DIAGNOSTYKA, Vol. 26, No. 4 (2025)  

Mykhalevych M, Yaryta O, Shapovalenko V, Don E.: Verification of the emergency body lifting system … 

8 

13. Meet the S-Class DIGITAL: Innovation by 

Intelligence. 

https://www.youtube.com/watch?v=rxMnpK2GoGg.  

(date of access 20.10.2024). 

14. Vehicle dynamics international 2019. 

http://www.rapa.com/automotive/wp-

content/uploads/sites/2/2024/01/eABC-

VehicleDynamics.pdf. (date of access 26.10.2024). 

15. Konieczny K. The statistical analysis of damping 

parameters of hydraulic shock absorbers. 

Diagnostyka. 2014;15(1):49-52. 

16. Tracker online with sample collection. 

https://physlets.org/tracker. (date of access 

26.10.2024). 

17. Savchenko Y, Mykhalevych M, Droździel P, 

Verbitskiy V, Wrona R. Accuracy and durability 

increasing of the body level control systems in the 

immobile state of the vehicle. Diagnostyka. 

2022;23(3):2022310:1-8. 

https://doi.org/10.29354/diag/154793 

18. Eskandary K, Khajepour PA, Wong A, Momtaj A. 

Analysis and optimization of air suspension system 

with independent height and stiffness tuning. 

International Journal of Automotive Technology. 

2016;17:807-816. 

https://doi.org/10.1007/s12239-016-0079-9. 

19. Vaičiūnas G, Steišūnas S, Bureika G. Specification of 

estimation of a passenger car ride smoothness under 

various exploitation conditions. Eksploatacja i 

Niezawodnosc – Maintenance and Reliability. 2021; 

23(4):719–725. 

http://doi.org/10.17531/ein.2021.4.14.  

20. Bazhanova A, Nemchuk O, Lymarenko O, Piterska V, 

Sherstiuk O, Khamrai V. Diagnostics of stress and 

strained state of leaf springs of special purpose off-

road vehicles. Diagnostyka. 2022;23(1):2022111. 

https://doi.org/10.29354/diag/147292. 

21. Abburu SK. Modelling advanced air suspension with 

electronic level control in ADAMS/Car. University 

essay from KTH Royal Institute of Technology. 2020. 

22. Chizari M. Quarter and full car models optimisation of 

passive and active suspension system using genetic 

algorithm. Systems and Control. 2021; 

10.48550/arXiv.2101.12629. 

https://doi.org/10.48550/arXiv.2101.12629. 
23. Rychlik A. Wheel rim state assessment using modal 

and geometrical parameters. MATEC Web Conf. 

2018;182:01029. 

https://doi.org/10.1051/matecconf/201818201029.   

24. Borecki M, Prus P, Korwin-Pawlowski M, Rychlik A, 

Kozubel W. Sensor set-up for wireless measurement 

of automotive rim and wheel parameters in laboratory 

conditions. Proc. SPIE. 2017;10445:1044569. 

https://doi.org/10.1117/12.2280970.  

25. Shirahatti A, Prasad PSS, Panzade P, Kulkarni MM. 

Optimal design of passenger car suspension for ride 

and road holding. Journal of the Brazilian Society of 

Mechanical Sciences and Engineering. 2008;30:66- 

76. https://doi.org/10.1590/S1678-

58782008000100010 

 

D.Sc. Mykola 

MYKHALEVYCH, Professor 

Department of Automobiles, 

Kharkiv National Automobile and 

Highway University. He defended 

his PhD thesis in 2009. In 2021, he 

received the degree of Doctor of 

Technical Sciences. Scientific 

direction he is working on: 

Improvement of electropneumatic 

devices - brake drive; - transmission control devices; - air 

suspension control devices. Chassis and control systems of 

high-speed cars. Modeling of vehicle dynamics and work 

processes. Research of control system elements in a wide 

range of ambient temperatures.  

e-mail: mkolyag@gmail.com  

 

C.Sc. Оleksandr YARYTA 

Department of Automobiles, 

Kharkiv National Automobile 

and Highway University. In 

2017, he received the degree of 

Candidate of Technical Sciences. 

The scientific direction he is 

working on: Improvement of 

electropneumatic transmission 

devices. 3D modeling. 

e-mail: aleks.yarita@gmail.com     

 

Vladyslav SHAPOVALENKO, 

assistant Department of 

Automobiles, Kharkiv National 

Automobile and Highway 

University. Scientific direction he 

works on: research and 

improvement of passive safety 

systems. 

e-mail: vladislav-

shapovalenko@ukr.net  

 

C.Sc. Evgeny DON Department 

of Automobiles, Kharkiv 

National Automobile and 

Highway University. In 2020, he 

received the degree of Candidate 

of Technical Sciences. The 

scientific direction he is working 

on is: 

Improvement of dynamic 

properties of electropneumatic 

brake control of a wheeled 

vehicle.e-mail: 

evgenypj82@gmail.com  

 

 

 

https://www.youtube.com/watch?v=rxMnpK2GoGg
http://www.rapa.com/automotive/wp-content/uploads/sites/2/2024/01/eABC-VehicleDynamics.pdf
http://www.rapa.com/automotive/wp-content/uploads/sites/2/2024/01/eABC-VehicleDynamics.pdf
http://www.rapa.com/automotive/wp-content/uploads/sites/2/2024/01/eABC-VehicleDynamics.pdf
https://physlets.org/tracker
http://www.diagnostyka.net.pl/Author-Paweł-Droździel/38771
https://doi.org/10.29354/diag/154793
https://doi.org/10.1007/s12239-016-0079-9
http://doi.org/10.17531/ein.2021.4.14
https://doi.org/10.29354/diag/147292
https://doi.org/10.48550/arXiv.2101.12629
https://doi.org/10.1051/matecconf/201818201029
https://doi.org/10.1117/12.2280970
https://doi.org/10.1590/S1678-58782008000100010
https://doi.org/10.1590/S1678-58782008000100010
mailto:mkolyag@gmail.com
mailto:aleks.yarita@gmail.com
mailto:vladislav-shapovalenko@ukr.net
mailto:vladislav-shapovalenko@ukr.net
mailto:evgenypj82@gmail.com

