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COMPARATIVE ANALYSIS OF SAFETY DESIGN FOR ELECTRIC VEHICLE AND
INTERNAL COMBUSTION ENGINE CARS

Purpose. A comprehensive study of the current safety design of electric vehicles (EVs), identifying the problems to be
addressed for the development of the national electric mobility market infrastructure and the competition with conventional
internal combustion engine cars (ICE) in Ukraine.

Research methods. Synthesis and analysis of the published theoretical developments using world statistical indicators
on electric vehicles, analytical calculations, and statistical analysis. The methodology of theoretical research is based on the
logical and mathematical methods. A number of particular methods are as follows: axiomatic and hypothetical methods,
analysis and synthesis, interpretation method. An integrated approach including synthesis and analysis of literature review
and research on automobile transport.

Scientific novelty. The analytical assessment of the safety design of up-to-date electric vehicles and the identification
of the key directions and technical capabilities to further enforce of active, passive, post-accident and environmental safety of
electric vehicles.

Practical significance. The main design criteria result in reduced road traffic fatality rates thanks to a number of
electric vehicles on the road. The high dependence of the whole EV safety design on individual parts and units of the EVs has
a direct impact on improving road safety.

Results. A comparative analysis of the technological components of active, passive, post-accident and environmental
safety of electric vehicles and conventional cars. Test results of EV's compared to ICE cars are summarized. An assessment of
fire risks of vehicles equipped with electric batteries of different types. The constructive solutions of modern mass-produced
electric vehicles, which pose the greatest threat to road safety, are noted. Further research priorities for improvement of
electric vehicle safety design are identified.

Key words: electric vehicle, safety design, electric vehicle battery, crash tests of electric vehicles.
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Problem statement. Although the popularity of the electric cars are growing at an incredible rate
in the modern world of high technology every year, their development has problems and controversial
issues. It is obvious that an electric vehicle (EV) and a conventional internal combustion engine (ICE)
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vehicle cannot yet be compared. However, the electromobile industry is strongly supported. In some
countries, the Government gives tax reliefs to EV users like tax free parking and permission to drive
into city “no-go areas”. Other countries encourage car manufacturers to reduce vehicular emissions.
Big car manufacturers and technology companies supported by state plan to expand and improve their
products.

The electromobile industry is rapidly commercializing even without stimulation factors. In 2018,
electric cars and hybrids were sold up 791130 units more than in 2017, thus sales growth amounted to
64%. According to Insideevs.com, more than 2 million units of new Plug-In Hybrid Electric Vehicles
(PHEV) were sold worldwide in 2018.

In view of the current energy carriers, the State government is primarily interested in a wide range
of e-mobility application resulting in energy independence, higher environmental well-being and
economic benefit of Ukraine. Electric cars would benefit both the state authorities and users.

Analysis of the recent research and publications. The efficient and safe use of road transport,
the influence of usage conditions on the technical and operational performance of motor vehicles and
the problem of road safety are reflected in the works Avdonkin F.N., Arinin A.N., Afanasiev J.L.,
Babkov V.F., Bezborodko M.B., Boldin A.P., Velikanov D.L., Vlasov V.M., Ginzburg L.L.,
Govoruschenko H., Zyrianov V.V., lvanov A.M., llarionov V.A., Indikt E.A., Karagodin V.I.,
Klinkovstein G.L., Knoroz V.A., Konoplyanko V.I., Korchagin V.A., Kramarenko T.V.., Kuznetsov
E.S., Lakhno R.P., Litvinov A.S., Lukanin V.N., Maksimov V.A., Mirotin L.B., Miroshnikov L.B.,
Moroz S.M., Narbut A .N., Nefedov A.F., Ostrovtsev A.N., Platonov V.F., Reznik L.G., Rotenberg
R.V., Ryabchinsky A.l., Silyanov V.V., Tokarev A.A., Tolsky V.E., Trofimenko Y.V., Farabin E.E.,
Khachaturov A.A., Chudakov E.A., Sheinin A.M., Yurkovsky I.M., Yurchevsky A.A., James Migletz,
Thomas Hedblom, Ludwig Eigenmann, etc..

The comprehensive and in-depth academic studies on road safety of electric cars are mostly un-
derrepresented. Moreover, recommendations on how to ensure real safety of electric vehicles are not
formulated in most works. An analysis of the earlier published papers and regulatory documents (na-
tional and foreign) showed that they provide only recommendations on improving individual units and
systems of the EVs and cannot be used as a quantitative technical and economic impact of electric
vehicle design safety on crashes.

Objectives of the article. Ukraine has put forwards significant developing the e-mobility.
Marketing agency IRS Group has published the latest statistics of the electromobile market in Ukraine
for May 2019, whose EV sales reached 1419 items, which is 31% more than a month before.
Processing the May figures, the number of electric motor vehicles to date reaches 25 175, of which 13
287 EVs and 11 884 hybrids of all modifications. Nissan Leaf holds the leading positions in the
Ukrainian market. However, according to May statistics BMW i3 (+ 1%) and Toyota RAV 4 (+ 1%)
sales also increased. The development of electricity infrastructure and the abolition of import duties
enabled electric vehicles to become cheaper at an average rate of 10%. Most electric vehicles are
purchased in Kyiv and regional cities around the Ukraine.

The importance of new generation of electric vehicles naturally raises concerns over safety on
roads. Accordingly, the following research objectives were formulated:

to review and analyze the safety design of EVs and explore a sustainable trend towards higher
highway safety levels;

to review and systematize the design concepts of structural systems, units and spare components
of EVs, which radically increase road safety;

to develop methods for the safe integration of EVs in the smart transport environment.

Presentation of the main research and results. There are five ambiguous statements concerning
the safety of electric vehicle.

1. The safety design of electric vehicle is low.

For several years, electric cars and gasoline cars have been passed the similar crash tests -
EuroNCAP tests in Europe and I1HS test in the US. The EVs like ICEs differ in results. Their general
safety design is high, the airbags deploy during a crash, the crash sensors disconnect the batteries and
stop the car. The airbags are intended to reduce serious injuries of a driver and occupants of the
electric vehicle, as well as the occupants of the other collided vehicle.

For example, the results of the North American electric vehicle crash test in 2011are given bel-
low. The Chevrolet Volt and Nissan Leaf earned a five-star rating in safety during frontal and side
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crashes when hitting behind, and during a crash simulation when a car overturns. The Insurance Insti-
tute for Highway Safety (IIHS) tested two electric vehicles, BMW i3 and Tesla Model S. Both models
performed well, although they did not get the highest rating of Top Safety Pick +. In order to get the
highest rating, it is necessary to show superior results in all tests. The electric car BMW i3 was rated
Good almost in all crash tests. However, its head rests were rated Acceptable. IIHS experts praise the
preventive braking system of the BMW i3.

The Tesla Model S electric car also achieved Good in most tests. However, a seat belt did not
properly protect the driver dummy's head from hitting the steering wheel hard through the airbag in
small overlap frontal crashes.

It should be noted that the design of the electric car makes it more secure in case of a collision. Li-
ion battery is located within the wheelbase under the bottom of the car. Thus, compared to a gasoline
car, the center of gravity of the EV is placed lower. Consequently, it is much more difficult for the EV
to turn over in an accidental collision.

As the EV is not equipped with a large fuel tank, the Tesla Motors experts offer to make longer
deformation zones to absorb high-speed shock energy.

2. Traction Inverter for electric and hybrid vehicles can be very quiet at low speed, making them
difficult for pedestrians to detect, that causes a car-pedestrian crash.

In fact, this problem could be greatly eased through the following technical solutions. The
National Highway Traffic Safety Administration (NHTSA) of the United States has adopted a new
standard for electric and hybrid vehicles. Since September 2019, existing electric or hybrid vehicles
are gradually to be retrofitted with sound devices to indicate their presence on roads for the blind and
partially sighted people. According to the new standard, all EVS/HEVs with a full weight of up to 4.5
tons (excluding passenger and cargo weight) have to be sounded. The acoustic signal is to be activated
if such a vehicle reverses or moves forward at a speed less than 30 km per hour. According to
NHTSA, at speeds above 30 km per hour, an acoustic signal giving blind pedestrians information
about the presence of a nearby quiet car is not required. The fact is that a fast-moving EV with no
special signal makes enough noise to be heard. It is about tire noise and aerodynamic noise.

3. Electric vehicle battery has an increased risk of fire.

Manufacturers have been paying considerable attention to this risk ever since the crashed
Chevrolet Volt in the United States in 2011. This is due to the fluid leaking from the battery cooling
circuit. However, the National Highway Traffic Safety Commission (NHTSA) later concluded that the
Volt model does not have a general tendency for manifest defects, and recent General Motors
improvements minimize the risk of fire in the event of side collisions.

Lately, there were two incidents when Tesla cars broke out twice due to a collision with metal de-
bris on the road. Tesla Model S, manufactured since 2012, currently they are about 107,000 cars on
the road. In fact, 6 fires occurred resulted from:

10.01.2013 - a bottom hole with metal debris,

10.18.2013 - accident in Mexico,

11.06.2013 - bottom hole with metal debris,

11.15.2013 - a battery charge;

02.11.2014 - a car caught fire in a parking lot in Toronto (the reason was never announced);

01.01.2016 - a case of ignition of an electric car at a fast recharging station in Norway;

And now let us compare Tesla EV with ICE:

There were 6 fires for 107 000 Tesla Model S and 2600 Tesla Roadster, which is 0.0055%.

In 2013, this would mean 27,000 cars and 0.014%.

The data on the ICE vehicles are as follows: - Between 2006 and 2010, on average 152300 vehi-
cle fires occurred every year. At present, there are 250 million vehicles in the United States, which
amounts 0.061% of fires every year.

There are also the following statistics. In the US, there were about 219 thousand fires per 254 mil-
lion vehicles in 2011, which was about 0.085%.

Between 2003-2007, the situation got even worse: 287 thousand fires per approximately 240 mil-
lion vehicles, which was about 0.12%. Thus 49% of them were caused by vehicle breakdowns, 23% -
by electrical problems, 8% - by deliberate action, 3% - by road accidents, and 5% - by other sources of
fire.
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There is a big difference in above-mentioned Tesla performances in a favour the latter. It should
be noted that the ignition statistics are given without taking into account the age of the machine. Since
Tesla is not yet 9 years old, it is not quite correct to compare these values. The average age of a vehi-
cle inthe USis 11.5, and fires are calculated for all vehicles.

After the two incidents of Tesla cars' fire due to a collision with metal debris, the company
provided the titanium-aluminum plates on all Model S to protect the bottom, and at customer requests
modified the bottom of the cars already sold.

Thus, we may conclude that ICEs currently have a far higher percentage of auto-ignition than
EVs. In addition, the explosion presents an immediate and more significant danger than a flame,
hence, the very dangerous automobile is powered by liquefied gas.

4. Electromagnetic radiation exposure to occupants of the vehicles.

Numerous studies conducted by world-leading companies and experts have measured the
electromagnetic fields (EMFs) and exposure levels to occupants of the vehicles. Particular attention
was paid to the potential risk of cancer, miscarriage and child leukemia. Given the fact that batteries
are most often located directly under the driver and passengers, this means that long-term EMF effects
are inevitable. The maximum value of this parameter was fixed at the start of the car engine, and the
point closest to the pallet where the power source was installed became the limit value. However, even
in this case, the registered maximum of the magnetic field was below the limits recommended by the
International Commission on Nonionizing Radiation Protection (ICNIRP). Despite the study results,
many users of hybrid or electric vehicles are more concerned about the symptoms such as headache,
anxiety, suicide and depression, nausea, fatigue and loss of libido, sleep disturbance and concentration
caused by the EMF within a vehicle.

The complex of studies, completed by the Norwegian company SINTEF, reported that such fears
are completely unfounded, and the fact of a potential risk was raised by mistake or intentionally.

During the road test, seven models of EVs powered by different systems were involved. Hybrid
models, equipped with electric, gasoline (diesel) and hydrogen engines, have passed both the
laboratory and road testing. Sensors in the dummy on the head, chest and legs showed that the fixed
value of EMF at these points is 2% of the normalized recommended value for humans. The findings of
a series of studies in six other countries also confirm, that electric cars are absolutely safe for human
health, and the magnetic field value created by electrical equipment is less than the recommended
value.

5. Electric vehicle batteries are toxic.

To date, the three batteries most commonly used in the road transport industry are as follows:
lead-acid batteries, lithium-ion batteries, and supercapacitors. It is obvious that a lithium-ion battery
represents a decisive competitive advantage in terms of energy / mass ratio. The theoretical voltage
limit of a modern 18650 block is 4.2V, but no battery allows it to be used. When the safe level is
lowered, the Lithium plating occurs. Thus, the formation of conductive sections of lithium leads to an
internal short circuit and, as a consequence, thermal runaway, (Fig. 1).

This situation is possible when exposed to lower temperatures. When the voltage is exceeded, a

temperature instability of the cell also

e i leads to its destruction. Thus, there is a
< Soptiat > need to limit the voltages on the top and
2y bottom because of some variation in the

< P t = performance production. In this regard

{%‘1 45V ) g batteries with a voltage of 2.1 V with
2 ! = LTO and LiFePO4 electrodes are
El \,< 170/ LiMeO; > Ej considered to be the most secure,
= 27V = however security is ensured by reducing
the voltage, and therefore paying for

< Lo/ UFeP0: X,* energy about twice. In modern lithium-

= | ion batteries, the anode is usually a layer

5 42v of graphite deposited on a copper foil.
During the charge, lithium ions

Fig. 1. Lithium plating in various types of batteries accumulate in the graphite layer. This

(the type of battery indicates the voltage when fully charged) design was devised for reasons of safety
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and durability - the anode of pure lithium metal degrades very quickly, as the charge gradually grows
"branches" on its surface, which, reaching the cathode, can cause a short circuit. The use of graphite
"sponge" solves this problem, but the energy intensity of graphite anode is about 350 milliamp-hours
per gram, while in pure lithium this figure is 11 times higher. A team of Stanford University scientists
led by Professor Yi Cui have developed a technology that prevents the formation of lithium "branches"
on metal lithium anode and paves the way for reliable, much more capacious batteries. In practice, it
can be a three or four-fold increase in capacity.

Currently there is no alternative to lithium-ion batteries (LIBs) for electric vehicles. It is
understandable that electric vehicle LIBs must be disposed, while lead-acid batteries for petrol cars are
potentially unsafe and environmentally undesirable. In addition, the demand for lithium as the most
valuable component of LIBs is now growing rapidly, and the mining industry is not keeping up with
this demand. Thus, LIB recycling when these vehicles reach the end of their lives is very important.
Additionally, end-of-life LIBs can be used in second-use applications as balancing power in electrical
networks, moreover enhance environmental benefits.

It should be added that the European Union is developing common requirements for the safety
design of electric vehicles and their use in the Old World. The requirements document all the possible
risks associated with the use of electric vehicles and ways to prevent them. In particular, the future
regulation should protect drivers and passengers from electric shocks and take into account the impact
of noiseless electric vehicles on road traffic safety. According to the European Union statement, 27
EU governments have to protect the EU's 500 million population with the document. The safety design
requirements for electric vehicles are expected to be completed within two years.

Conclusions. Despite the shortcomings of EVs, it should be noted that the safety design of EVs is
competitive with ICEs and even exceeds in some components. EV constitutes a silent menace to indi-
viduals with sight loss due to travelling at low speeds. One of the possible ways to tackle electric cars’
silent menace to pedestrians is to equip existing vehicles with sound emitters. Sound device would be
used when driving in urban areas with lower limits and automatically based on the movement of the
vehicle, and when reversing.
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ONTUMI3AIIMHE MOJEJIOBAHHS PO3IOALTY NPOAYKIII BUTOBYBHOI'O
HIANMPUEMCTBA MIZK KOHTPAI'EHTAMHU

Meta poboTH noJjsrae y po3po0ui onTuMi3aniiiHol eKOHOMIKO-MaTeMaTHYHOT MOJIEN JUIsl IUIaHyBaHHS 30yTy MPOIyK-
il BUOOYBHOTO MiJNPHUEMCTBA, sika O BpaxoByBaja HE TLIBKU 3HAUSHHS LIIOBOI (YHKLIT — YMOBY MakcHuMi3awii oOcsriB
30yTy Ta JOXOJIy BiJi OCHOBHOI HisIIbHOCTI, aJie TAKOX BpaxoByBaJia MPIOPUTETHICT (PiBEHb 3HAYMMOCTI) KOHTPAreHTIB IS
JIOOYBHOTO TMiIPHUEMCTBA.

MeToau aocizkeHHsI: Y pOOOTI BUKOPHCTOBYBABCS METOJ] TEOPETHYHOTO aHANi3y B MPOIEC] JOCIiIKEHHS HAyKOBO-
MPaKTHYHUX PO3POOOK Ta MiAXOMIB JO MOAETIOBAHHS PO3MOALTY MPOAYKIil BUPOOHUYNX MIiAMPUEMCTB MiXK CIIOKHBAYaMU;
CHUCTEMHHUH aHalli3 BUKOPHCTOBYBABCS JJISI PO3POOKH CTPYKTYPHO-JIOTIYHOI CXEMH, IO BifoOpaka€ eTamd MiATOTOBKH 1O
MPUAHATTS PIlICHHS 00 ONTUMAIIBHOTO TTaHYBaHHS 30yTy MPOIYKIii a TakoXK (HOPMYBaHHS METOAWKH PAHKyBaHHS KOHTpareH-
TiB; METOIM €KOHOMIKO-MaTEMaTHYHOTO MOJICIIOBAHHS BUKOPUCTOBYBAIUCH JJISI PO3POOKH OMTUMI3AIiHHOT MOJIENi PO3ITOIi-
JIy MIPOJYKIiT; CTATUCTUYHI METOJ BUKOPHCTOBYBAIIKCH JUISl PO3PaXyHKy (haKTHYHOTO 3HAYEHHS TapaMeTpiB MO,

HaykoBa HOBH3HA: TIOJISITaE y TOMY, 1[0 3al[PONOHOBaHA EKOHOMIKO-MaTeMaTHYHa MOJEINb, 3aCTOCYBaHHS SIKOi 3a0e3-
neyye ONTHMI3alilo MPOIeCy PO3MOALTY MPOAYKIIT MiANPHEMCTBA, BPAXOBYE PEUTHHT KOHTPAreHTIB a TAKOK CHUTYaTUBHHUI
XapakTep MpoLecy PO3IOILTY IIPOIYKII.

IpakTuuna 3HaunMicTh. PoboTta mpucBsyeHa po3poOIi ONTUMI3ALIHOT MOIeNi sl OOTPYHTYBAaHHS NMPUUHATTS Pi-
HIEHb TIPU PO3MOALTI MPOIYKIIT Mk KOHTpareHTaMH, B CUTYallii, KOJIM BiZOyBCs HETOCTaTHIN BUIOOYTOK KOPHCHOI CHPOBH-
HU. [IpobreMoro € NpUIHATTS PilICHHS MIOJ0 TOTO, XTO 3 KOHTPAreHTIB € OLIBII MpiopuTeTHIM. B maHiit poOoTi 3amponoHo-
BAHO 3aCTOCOBYBATH METOJY €KCIEPTHOI OL[IHKA KOHTPAreHTIiB MPOIYKIil, Ta pamkyBaHHs iX. [laHa MOJeNb € peleBaHTHOO
JUTSL TATIPUEMCTB, 1110 BUPOOIISIIOTh OJHOTHUITHY MPOIYKILIIO.

PesyabTaTn. B pesynbrati po6oTH Oyino JOCTIIKEHO TEOPETHYHI OCHOBH IUIaHYBaHHS 30yTy Ta PO3HOULY MPOJYKIIiT
J0OYBHOTO HiINPHEMCTBA; CHOPMYIILOBAHO PEKOMEHAAIIT 11010 MOOYIOBH PEHTHUHIY KOHTPAreHTIB MPOIYKIT MiIPUEMCT-
Ba; po3po0JIeHO ONTUMI3aNiiHy MOJETb UTaHyBaHHS 30yTy MPOAYKIii T0OYBHOTO MiAIPUEMCTBA 32 PI3HUX YMOB BUKOHAHHS
IUTAHOBOTO 00CATY T0OYTKY KOPHCHUX KOMaJMH. Po3pobieny Moaens Oyio 3acTOCOBAHO ISl YMOB BHIOOYBHOTO ITiIIPHEM-
CTBa JUISl Pi3HMX BapiaHTIB HEJOBUKOHAHHS Ta MEPEBUKOHAHHS IUIAHOBHX IOKa3HUKIB BUPOOHMITBA. MoJenb CKIIaJicHO Ha
OCHOBI 0a30Bo1i BifkpuToi iH(popMmarii 3a 2017 p. BpaxoBaHo yMOBY IIOKBapTaIbHOTO TUIAHYBaHHS OCTABOK.

KawouoBi cioBa: ontumizaiiiiHa eKOHOMIKO-MaTeMaTHYHA MOJIENb, €KCIIEPTHE OI[IHIOBaHHS, 30yT, HEIOBHUITYCK, Tip-
HUY0-BUI00YBHE ITiAIPHUEMCTBO.
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