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Analysis of the mechanism of side impact of cars

Shapovalenko V.12

'Kharkiv National Automobile and Highway University, Ukraine
2Kharkiv Mechanical Engineering College, Ukraine

Annotation. Problem. Globally, car crashes are the major cause of death, killing 1.2 million people,
and despite improvements in car safety, forecasts indicate that car crash deaths will increase
significantly by 2030 due to the increase in the number of cars. Such a trend requires an increase in
passive safety in the design of cars. It is also necessary to consider with these factors the most popular
segments of SUV cars, which during an accident create more dangerous consequences in the event of a
side impact, taking into account the mass and dimensions parameters. Goal. The aim is to conduct an
analysis of the side collision mechanism of cars of different mass and dimensional parameters. Taking
into account the trends in the sale of cars, identifying the most popular classes of cars in Ukraine both
on the new car market and on the second-hand market, to further identify problems in testing cars
according to various certification protocols. Methodology. The approaches to solving the tasks used in
the work are based on the use of statistical data and comparative analysis of various methodologies and
certification protocols. Results. Considering that scientific studies of frontal impact are presented by
the scientific community in the broadest form, the study of the side impact of two cars is currently a
relevant direction, taking into account the global trend towards the production of cars in the SUV
segment, which exceed passenger cars in terms of mass and dimensions. In a road accident with a side
impact of a passenger car and an off-road vehicle of the SUV segment, we will get a large difference in
the height of the primary impact, which is 250 millimeters. That is, all the energy of the impact to the
side of the passenger car falls not on the safety bar, but 250 millimeters higher, which will inevitably
lead to fatal injuries to the driver and passenger. Unfortunately, the European NCAP and the US
National Highway Traffic Safety Administration use moving barriers that are similar in terms of mass
and dimensions to an average passenger car. Originality. The obtained results of the analysis of the
mechanism of the car side collision make it possible to evaluate the current trend of the automobile
market in terms of passive safety and, in particular, to conduct certification tests for side impact in a
new way. Practical value. The obtained results can be recommended when studying the structural
features of preparing and conducting crash tests.

Key words: passive safety, road accidents, deformation zone, injuries, road accident statistics,
EuroNCAP, NHTSA.

Introduction

Globally, car crashes are the leading cause of
death, killing 1.2 million people, and despite im-
provements in car safety, projections indicate that
road traffic deaths will increase significantly by
2030 due to the increase in the number of cars. 82
million units of automobiles are produced annu-
ally in the world. By 2035, the world car fleet will
reach 2 billion cars. This trend inevitably leads to
an increase in traffic accidents (traffic accidents).

A road accident (a road accident) is an event
that occurred during the movement of a vehicle,
as a result of which people were killed or injured
or material damage was caused.

The system "man - car - environment - envi-
ronment" is a complex energetic system of inter-
action of technical means, physiological, psycho-
logical and intellectual qualities of a person,
which is becoming more and more complex due
to the increase in movement speeds and the de-
crease in the time needed to make a decision.
Driving a car requires the driver to take into ac-
count a huge number of factors, process signifi-
cant amounts of information, and analyze pat-
terns of road situations in a short period of time.

Taking into account these factors, car manu-
facturers improve the safety of the driver and pas-
sengers with each update of the model range, re-
ducing the possibility of injury in the event of an
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accident. But this is not enough. Car manufactur-
ers have reached the maximum possible changes
in the design of the car, which allows absorbing
and dissipating the energy of the impact during
an accident.

Analysis of publications

Analyzing the rating of European countries, it
was found that the highest road death rate in Al-
baniais 12.32 people per 100,000 population, fol-
lowed by Lithuania with 11.34 people per
100,000 population, and Moldova with 9.9 peo-
ple per 100,000 population. Not the lowest death
rate in road accidents is in Sweden, Great Britain
and the Netherlands - less than 3/100 thousand.
Ukraine ranks 131st in the overall rating with an
indicator of 9.11/100 thousand. At the same time,
researchers classified Ukraine as one of the coun-
tries with a "low" number of number of deaths in
road accidents.

A significant fact is that in EU countries there
are 500 registered cars per thousand people, and in
Ukraine, according to the Ministry of Infrastructure,
202, which is 2.5 times less. That is, in Ukraine,
with a lower level of motorization, the death rate in
road accidents per 1 million cars is more than 5
times higher than in EU countries [1-5].

Traffic accident statistics for the period 2011-
2020 are presented in Figure 1-2. In general,
during this period, 45,376,000 citizens died on
the roads of Ukraine and 377,696 were injured. A
certain decline in the number of accidents and
their consequences, observed from 2014 to the
present, is explained by the fact that data on
regions not controlled by the Ukrainian
authorities (AR Crimea, the city of Se-vastopol,
parts of the Donetsk and Luhansk regions) are not
taken into account ), which in previous years
were characterized by a high level of accidents
and traffic injuries.
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Fig. 1. Tréﬁlc
according to the data of the Patrol Police
and the State Statistics Service of Ukraine

One of the reasons for the data discrepancy is
that the Ministry of Health of Ukraine keeps

statistics of all transport accidents according to
the WHO methodology (V01-V99). But not all of
them qualify as traffic accidents (data on fatalities
and injuries on water and air transport are taken
into account). Another fundamental reason for
the discrepancy in official statistics is that the Pa-
trol Police records only cases of injuries and
deaths at the scene of road accidents and does not
take into account those who died in the hospital
or on the way to it.
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Fig. 2. The number of people injured in road
accidents in Ukraine (2011-2020)
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Since March 2016, on the basis of Resolution
No. 538 of the Cabinet of Ministers of Ukraine in
Ukraine, the legal document regulating the
procedure for recording road accidents has
become invalid. Instead, the new Resolution of
the CMU No. 424 "Some issues of keeping
records of traffic accidents” was adopted only on
22.05.2019, according to which the Ministry of
Internal Affairs, the Ministry of Health, the
National Police, Ukravtodor, the Ministry of
Infrastructure, Ukrtransbezpeka are obliged to
organize and carry out record keeping within
their competences, but unfortunately there is a
lack of synchronization between these
departments, which cannot but be reflected in real
statistical data (Fig. 3).
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Fig. 3. The number of people killed in road
accidents in Ukraine (2011-2020)
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According to statistical data, the most common
cause of road accidents in Ukraine is exceeding the
safe speed of movement - 34% of all accidents.
Other frequent causes of accidents are violations
of maneuvering rules - more than 22%, violations
of crossing rules - almost 8.5%, non-observance of
a safe distance - 7.5%, violations of crossing at a
pedestrian crossing - 6% , driving under the
influence of alcohol - 5% and 17% other types of
road accidents (crossing in an unspecified place,
crossing into the oncoming lane, unexpectedly
entering the carriageway, failure to comply with
the requirements of traffic signals). As can be seen
from the analysis of statistical data, the accident
rate in the world and in Ukraine is at a fairly high
level [1-5].

It must be said that among the total number of
road accidents, if we make a breakdown by types
of accidents, we will find that the first place is
occupied by a frontal impact 50%, and the second
place is a side impact 44.9%. Also a very
important factor is the secondary impact of cars
in the process of an accident, in this case the most
frequent side impact is 48.4% followed by frontal
impact 27.6%. 4.7 million road accidents were
analyzed in which 108 thousand passengers and
drivers were injured. This study was conducted
by the authoritative Association for the
Advancement of Automotive Medicine of the
USA. From the analysis, it can be seen that the
statistical indicators are equal between the frontal
and side impact, but if we take into account the
secondary impact, then in the lateral direction it
is almost twice the value of the frontal impact.
Thus, a side impact is the most dangerous in the
case of a primary impact and in the case of a
secondary impact in a road accident, it is
necessary to take into account the deformation
zone in the lateral direction, which is minimal for
absorbing the kinetic energy of the impact, which
leads to more serious injuries. We can see this by
analyzing the research of the same Association
for promoting the development of automobile
medicine. Who developed the injury severity
scale, called the "Abbreviated Injury Scale", is an
anatomical coding system presented in Table 1. It
represents the threat to life associated with the
injury, and not a comprehensive assessment of
the severity of the injury (Table 1).

Using this scale of injuries, we get the ratio of
injuries from a primary collision to a secondary
collision as 1 to 4. The study was conducted from
a sample of 100 victims of road accidents. Thus,
we can see that both primary and secondary side
collisions are very dangerous for the driver and
passengers [4-5].

Table 1. Severity according to the abbreviated scale of
injuries

Severity of injuries

Insignificant

moderate

Serious

Strong

Critical

o|u|s|w(N|=|Z

Maximum

As can be seen from Figure 1.4 of the
simulation of a side impact by the VAG concern,
the diagram of a side collision makes it clear that
the deformation zone is very small and the total
time during which the collision takes place is 60
milliseconds (Fig.4 ).

i?#w% = E‘ o=

Fig. 4. Diagram of a side collision at a speed of
50 km/h

In contrast to a frontal impact, where at the same
speed, the total impact time is 150 milliseconds due
to a larger deformation zone [1-5].

Purpose and Tasks

The purpose of this article is the analysis of
accidents on the roads to identify the most
dangerous types of road accidents and the further
study of the influence of the car design on the
injuries of the driver and passengers in order to
reduce injuries.

Programs for evaluating new cars during
crash tests

Since the 1970s, a number of European
governments have conducted studies to assess
various aspects of car safety in the European
Committee for Experimental Transport Vehicles
(ECVT). Thanks to these studies, by the
beginning of the 1990s, a full-scale procedure for
conducting crash tests was developed, which
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made it possible to assess the degree of protection
of the driver and front passenger in a frontal and
side impact, as well as pedestrians who were
injured as a result of a car collision .

In June 1994, the Department of Transport of
Great Britain approved the creation of the
Commonwealth New Car Assessment Program
(NCAP), which later spread throughout Europe. The
program acquired a comprehensive character on the
basis of test procedures developed by the European
committee of experimental vehicles. In July 1995,
the European Commission discussed the prospects
for the development of the program for Europe.

EuroNCAP publishes reports on the safety of
new cars, and gives them a rating in the form of
stars, a maximum of 5 stars is possible, based on
how the car behaved in a series of crash tests, the
main studies are:

— Head kick with displacement. Performed at
a speed of 64 km/h (40 mph) into a deformable
obstacle. Dummies imitating a three-year-old and
a one-and-a-half-year-old child are placed on the
back seat;

— Side kick. It is performed at a speed of 50
km/h. A platform with a deformed block hits the
car, the impact falls on the driver's side;

— Side impact on a pillar. It is performed at a
speed of 29 km/h. The car is placed on a cart and
hit on a pole, while the situation of loss of control
on a slippery road is simulated [6-9];

Based on the statistical analysis, we are
interested in the side crash test. The European
New Car Assessment Program uses the following
parameters for side impact studies [6-9]. The test
vehicle is placed on a flat surface statically, a
moving trolley is started from the driver's seat at
a speed of 50 km/h + 1 km/h. It is necessary to
use a cart with a wheelbase of 3000 +£10 mm and
a track of sp-red and rear of 1500 £10 mm. A
deformed barrier is fixed in front so that its lower
edge is at a height of 300 mm +/- 5 mm from the
ground. The total weight of the carts should be
950 +20 kg (Fig. 5).

The US National Highway Traffic Safety Ad-
ministration first conducted crash tests with a
safety rating in 1979. Initially, only the frontal
impact was evaluated, but over time new tests
were introduced, including the side impact test in
1997. Tested cars are awarded ratings from one
star to five stars to conveniently illustrate the re-
sults for consumers. Assessments consist of four
broad areas:

— Protection of adult passengers (for front pas-
sengers);

— Assistant systems that help the driver avoid
accidents on the road.

Fig. 5. Conditions for conducting a side crash test
according to the EuroNCAP methodology

Our attention will be focused on the protection
of the driver and passengers during a side impact.
The test vehicle is located on a flat surface stati-
cally, a moving cart is launched from the driver's
side at a speed of 62 km/h (38.5 mph) at an angle
of 27 degrees (Fig. 6). A trolley with a 3632 mm
wheelbase and a front and rear track of 1880 mm
must be used. A deformed barrier is attached in
front so that its lower edge is at a height of 279
mm from the ground. The total weight of the carts
must be 1367 kg (3015 Ib). The purpose of this
test is to assess injuries to the head, abdomen,
chest, and pelvis (Fig. 1.6) [6-9].
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Fig. 6. Conditions for conducting a side crash test
according to the USNCAP methodology

We will not cite how crash tests are evaluated
in other regions of the world, because they are
very similar in terms of their conditions. To un-
derstand how crash tests are conducted, it was
enough for us to familiarize ourselves with the
world's leaders in safety studies, namely the Eu-
ropean NCAP and the US National Highway
Traffic Safety Administration [7-9].
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In both tests, a collision with the side of the

w

Table 2. Statistics of sold car models in Ukraine for

-

The number of road accidents

car at an angle of 90 degrees is simulated as the 2022
main impact. This is due to statistical data (Fig. 7) Ne Brand/Model 2022
which show that a side impact at an angle of -
90 degrees is two times greater than a side impact cars %
at an angle of 45 degrees. 1 Toyola RAVA 7038 6.3%
2 Renault Duster 2444 6,1%
3 Toyota LC Prado 1243 3,1%
4 Volkswagen ID.4 1230 3,1%
5 Skoda Kodiaq 1155 2,9%
6 Hyundai Tucson 842 2,1%
7 Mitsubishi Outlander 757 1,9%
8 Chery Tiggo 718 1,8%
9 BMW X5 664 1,7%
i 10 Toyota Camry 628 1,6%
) —. . 11 Skoda Karoq 627 1,6%
ﬂ B 12 KIA Sportage 622 | 1,6%
v 5 45 60 30 More %0 13 Dong FEI’]g X-NV 609 1,5%
Angle of impact to the side of the 14 Toyota Land Cruiser 597 1,5%
Fig. 7. The dependence of the number of side 15 | Mercedes-Benz GLE | 595 1,5%
impacts in a road accident on the angle of 1(75 Volslijsz\lt\jla(é;:‘llt'le'lrgi - g;g 1’33’
.. . . - 470
the collision direction 13 Skoda Oclavia ) 14%
) . . 19 Renault Logan 536 1,3%
This analysis was carried out from a sample of 20 Toyota Yaris Cross 498 1,2%
100 road accidents where a side impact occurred Other 22103 | 552%
in the middle zone of the car at different angles. All 40076 | 100.0%

Analysis of the car sales market by their
types

In order to fully understand the problem, it is
necessary to analyze the car market in order to
clearly understand the trends of the types of cars
that are currently in trend in the world. In 2022,
it was possible to sell 40,000 new passenger cars
in Ukraine, which is 61.3% less than in pre-war
2021. The leader of the Ukrainian market in 2022
was Toyota, which managed to sell almost 7,000
new passenger cars. The second place was for
Renault, with a result of almost 4 thousand cars
per year. But third place was taken by
Volkswagen, selling 3,000 cars.

Toyota RAV4 became the most popular
model in the car market (Table 2). The most
popular model of the premium segment was the
BMW X5. In the budget segment, the RENAULT
Duster crossover became the most popular.

A very important fact is the type of car itself,
17 models from the TOP-20 sales leaders of the
Ukrainian car market are models of the SUV
(Sport Utility Vehicle) segment, including only
one model of the VW ID.4 electric car. And 3
models of passenger cars with a sedan body [10].

Analyzing the market of used cars, we can say
that the leader of the Ukrainian market in 2022
will be passenger cars, of which 21 are sedan,
station wagon, and hatchback body types
(Table 3) [10], in contrast to the new car market,
where cars took the lead SUV segment.

As can be seen from the two tables, the market
of new and used cars is saturated with SUVs,
which in terms of mass and dimensions can be
compared to SUVs. 15 out of 20 new cars sold
are SUVs or, as it is now commonly called,
crossovers. Conversely, the situation is opposite
in the market of used cars, where out of the 25
most popular models, only 1 SUV occupies a
place in the list. Such a situation inevitably leads
to dangerous road accidents involving cars and
SUVs. Let me remind you that the European
NCAP and the US National Highway Traffic
Safety Administration, which are currently the
benchmark in the world of crash tests, do not
conduct comparative crash tests between cars of
different classes. Basically, this is a crash test,
which is a simulation of a side impact with a cart
with a load, with parameters similar to an average
passenger car.
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Table 3 Statistics of the number of contracts for the
purchase and sale of used cars in Ukraine for

2022
Ne Brand/Model Number of
contracts
purchase and sale
1 Volkswagen Passat 26830
2 ZAZ Lano/Sens 24663
3 Skoda Octavia 22030
4 Volkswagen Golf 20759
5 Renault Megane 12669
6 Ford Focus 11567
7 BA32109/99 10715
8 Skoda Fabia 10140
9 Opel Astra 10076
10 BMW 5 Series 9431
11 BMW 3 Series 8930
12 Chevrolet Aveo 8779
13 Audi A6 8746
14 Toyota Camry 8618
15 Audi A4 7754
16 | Mercedes-Benz E-Class 7708
17 Renault Scenic 7211
18 BMW X5 7012
19 Volkswagen Jetta 6555
20 Hyundai Sonata 6133
21 Volkswagen 6083
Transporter
22 Mitsubishi Lancer 6069
23 Opel Zafira 5871
24 Mazda 6 5862
25 Renault Logan 5842

The problem lies in the different mass and di-
mensional parameters of a passenger car and an
SUV of the SUV segment (Fig. 8).

an SUV in the SUV segment with a passive
safety system in the doors of a passenger car

In passenger cars, there are safety bars in the
doors, which, in the event of a side impact, make
it possible to absorb a greater amount of kinetic

energy and minimize injury to the driver or
passenger. This will be possible in the case of an
accident involving cars of the same class or similar
mass-dimensional parameters, but in an accident
with a side impact of a passenger car and an off-
road vehicle of the SUV segment, we will get a big
difference in the dimensions of the cars. Figure 1.8
shows us that the difference between the side
impact of passenger cars and a passenger car with
an SUV segment is 250 millimeters. That is, all the
energy of the impact to the side of the passenger
car falls not on the safety bar but 250 millimeters
higher, which will inevitably lead to fatal injuries
to the driver and passenger. Unfortunately, the
European NCAP and the US National Highway
Traffic Safety Administration use moving barriers
that are similar in terms of mass and dimensions to
an average passenger car [11-14].

An important aspect that significantly affects
the safety of the driver and passengers in a side
impact are various passive and active safety
systems that allow to partially reduce the
consequences of injury to the driver and
passengers. We are interested in systems that
prevent or partially reduce injury to the driver or
passengers in the event of a side impact. A
detailed overview of such systems can be found
in the article "Analysis of adaptive suspensions
and their impact on the passive safety of the car"
[11-14]. Such passive safety systems, which are
part of the car's suspension, make it possible, as |
already said, to reduce the consequences of a side
impact in a road accident.

They make it possible to predict and react to a
side impact and prepare the car for the impact.
Two systems are the most advanced: adaptive air
suspension  with  electromechanical  roll
stabilization and hydropneumatic suspension
with electronic control. These systems make it
possible to influence  passive  safety
characteristics by improving the absorption of
kinetic energy by 50% by raising the body by 80
millimeters. As for the serial production of these
systems and their integration into serial cars, at
the moment it is possible because they are not
serial, but only prototypes that we can see only
on test grounds.

Conclusion

Given that scientific research on frontal impact is
presented by the scientific community in the
broadest form. The study of the side impact of
two cars is currently a relevant direction, taking
into account the global trend towards the
production of cars in the SUV segment, which
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exceed passenger cars in terms of mass and
dimensions.

In a road accident with a side impact of a
passenger car and an off-road vehicle of the SUV
segment, we will get a large difference in the
height of the primary impact, which is 250
millimeters. That is, all the energy of the impact
to the side of the passenger car falls not on the
safety bar, but 250 millimeters higher, which will
inevitably lead to fatal injuries to the driver and
passenger. Unfortunately, the European NCAP
and the US National Highway Traffic Safety
Administration use moving barriers that are
similar in terms of mass and dimensions to an
average passenger car.
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Ananiz mexanizmy 60K06020 3imKHEHHA A8MO-
Moobinie

Anomauin. Ilpoonema. V scoomy ceimi aemomoodi-
JIbHI a8apii € 0OCHOBHOIO NPUYUHOIO CMEPMI, 8 HUX 2UHE
1,2 mnn nrooetl, He3sadicarouu Ha NOKPAWEHHs A8MO-
MOOINbHOT Oe3nexu, NPocHO3U 6KA3YIOMb HA me, U0
cmepmuicms 6i0 JTII snauno spocme 0o 2030 poky
yepes 30inbuenHs Kinbkocmi asmomo6inie. Taka me-
HOeHYyisi sumaeac niosuyeHHs NAcueHoi Oe3nexu 6
KoHcmpykyii asmomobinis. Taxooic nompibHo 3 yumu
Gaxmopamu posenadamu HAUNONYAAPHIWI ceeMeHmu
asmomob6inie SUV, axi nio wac /JTII cmeopioroms
Oinvus Hebesneuri HaclioKu npu 6oKogomy yoapi epa-
Xogyiouu macogo-zabapumnux napamempis. Mema.
IIposedenns ananizy mexanizmy GOK08020 3IMKHEHHS.
asmomo0inié pizHUX Macoso-2abapumuux napamems-
pis. Bpaxosyrouu menoenyii npodasicy agmomooinis,
BUSG/ICHHS HAUNONYJIAPHIWUX KIACIE asmomMoOinie 6
Ykpaini sik na punxy Hoeux asmomobinie mak i Ha
BMOPUHHOMY PUHKY, OJi ROOAIbULO2O GUSLETEHHS NPO-
Onem y mecmysanni agmomoo0inie 3a pizHumu cepmu-
Qixayitinumu npomokonramu. Memooonozia. 3acmo-
cosani ¢ pobomi ni0Xoo0u 00 BUPIUIEHHS NOCMABLEHUX
3a0au 6a3yOmMvCa HA GUKOPUCMAH] CINAMUCIUYHUX
OaHUX mMa NOPIGHANLHOMY AHANI3Y PIZHUX MemOo0010-
2ill, cepmuikayiinux npomoxonie. Pezynomamu.
Bpaxoegyrouu, wo naykosi docnioscenns ghponmans-
HO20 yo0apy npeocmagieHi HayKo8oW CNIIbHOMOIO 6
Havwupuomy unsoi. JJocniosicenns 60ko8020 yoapy
060X asmMoMo0iNi8 AGIAEMbCA HA OAHULL MOMEHM

aKMYanbHUM HANPAMKOM 8PAXO08VI0OUU C8IMOo8y MeH-
OeHYil0 HANpasieHy HA BUNYCK A8MOMOOINI8 ceame-
umy SUV, axi macoso-eabapumuumu napamempamu
nepesepuiyromo jeekosi asmomoobini. B J{TII 3 6oko-
BUM YOAPOM J1€2K0BO20 ABMOMOOIIA | NO3AULIAXOBUKA
ceamenmy SUV mu ompumaemo 6enuxy pisHuyio 8 6u-
comi nepeuHHo2o yoapy, saka ckiadae 250 minimem-
pis. Tobmo écs enepeis yoapy 6 60K08y uac-muHy nea-
K0B8020 a8momo0ilisa npuxooumscs He 8 bpyc besnexi,
a suuje na 250 minimempis, wjo HemMuHyye npuzeeoe 0o
CMEPMENbHO20 MPABMYSAHHA 800is MA NACAICUPA.
Haowcanv €sponeticoxuii NCAP ma Hayionanehe yn-
pasiinua be3neku 0opodcHvozo pyxy CILIIA eukopuc-
mMogyioms pyxomi 6ap €pu sKi cx0ici 3a Macoeo-2aba-
PUMHUMU NApamMempamu 3 cepeonbOCmamucmuyHUM
neekogum asmomodinem. Opucinanvhicms. Ompu-
MaHi pe3yIibmamu aHanizy Mexanizmy 60K08o2o 3imK-
HeHHsl a8moMo0bIiNie 0arms 3M02y N0 HOBOMY OYIHUMU
CYHAaCHY MEHOEHYII0 a8MOMOOIIbHO20 PUHKY 3 MOYKU
30py nacugnoi besnexu ma 30Kpema npoedeHHs cep-
muixayitinux mecmis Ha Ooxosuti yoap. Ilpaxkmu-
yna yinnicmo. Ompumani pe3yromamu MOAICHA PeKo-
Menoyeamu npu 8USYeHHi KOHCIMPYKMUBHUX 0COOU-
gocmetl ni020MOBKYU Ma NPOBEOEHHs. Kpaul mecmis.

Kntouosi cnosa: nacusua 6esnexa, /[TI1, 30na oegho-
pmayii, mpasmamusm, cmamucmuka  JTII,
EuroNCAP, NHTSA.
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