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FEATURES OF OPERATION OF THE TESLA MODEL 390D ELECTRIC
CARIN THE CONDITIONSOF THE CITIES OF UKRAINE

Summary. Tendencies of sustainable development of transport, the use of alternative energy
sources, and requirements to the reduction of the carbon footprint on all stages of life cycle on all
levels of road transport have led to the increase of the share of the eectric car both at the first
registration and used vehicles. The appearance of a large amount of used modern eectric cars on
the market caused the necessity to develop the procedures of provision their technical operation
both by requirements of rational use and provision of traffic safety. Research of the use of electric
car Tesla Model 0D in conditions of Ukraineis carried out with certain indicators of environment
and with different settings of car parameters. This provides an opportunity to understand how much
the given model of the electric car is appropriate in exploitation in different conditions and also to
determine which parameters of electric car settings fit the economic usage in different conditions
and different seasons most of all. By results of road research on the change of accumulator battery
capacity depending on the temperature of the environment, we established that the capacity reduces
by 1 % with every degree of negative temperature. A comfortable range of temperatures is
determined for the use of accumulator battery of car (from 0 to 20 °C) is determined. By results of
the research, the indicators of the effectiveness of the use of eectric car battery power saving mode
are determined — the reduction of the consumption is from 14 to 29 % depending on energy
consumers. The significant impact of the pressure values in electric car tires on the energy
consumption is established independently from turning on the energy consumers — the increase is
from 10 % to 40 % depending on its speed of movement. Additionally, the determination of the
indicators of electric car energy effectiveness for the speed of 140-150 knvh is carried out by which
the energy use is 550-670 W h/km and provides the driving distance on the level of 160 km.

Key words. eectric car, exploitation, maintenance, failures, defects, energy consumption,
accumulator battery, recuperation.

1. INTRODUCTION

Nowadays, a large number of leading European countries whether limit the usage with classic
internal combustion engines (especialy diesels) or totally refuse from the usage of such cars in favor of
ecological transport operation — electric car [1-3]. However, some emphasize that the growth of energy
consumption will cause new problems [4]. On the legislative level, in most countries citizens are
encouraged in different ways to buy electric cars by giving them whether the opportunity to enter the
central districts of the city or movement on the allocated lanes for public transport, or reduction of
canceling the duty, free parkings, partial compensation of the car cost, intensive development of
infrastructure, etc. [5, 6]. Ukraine also cancelled import duty and VAT on éectric cars, which caused the
increase of the number of eectric cars import to the country, especially used [7]. But, in Ukraine, electric
cars are not for sale yet officially, which caused the absence of warranty service and the demand on the
qualitative electric car service[8, 9]. At the same time, the growth of release of different types and models
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of electric cars and their growth on the public roads requires the development of the method of exploitation
and technical service of these electric cars. Proper exploitation and service of eectric cars is the guaranty
not only economically profitable and seamless usage of these cars. This is also a key factor relative to the
safety of the driver and passengers as impropriate behavior with elements of delivery and different
elements of dectronics which are in the car can cause bad consequences and in some cases even to the
electric car inflammation. That is why today it is important to determine the main rules of the effective
exploitation of eectric transport, in particular in our region, taking into account both climate conditions
and existing energy consumers in electric cars. An important factor here is the operation of comfort
systems, in particular, for instance, system of car interior heating because in internal combustion engines
heat is received in result of their operation.

2. RESEARCH STATEMENT

By results of the change of European and Ukrainian market of the new and used vehicles, the growth
of the number of eectric cars in composition of car park and forecasts of demand on such vehicles, the
problem of availability of services and specialists of appropriate level for providing services of eectric cars
technic exploitation is topical nowadays. Low motorization level in our country comparatively with all-
European data testifies about a large potential and request of population for buying vehicles. Last year, in
Ukraine more than 7100 dectric cars are put on the registration, among them more than 90 % are used
[10]. By forecasts of the development of the market taking into account the tendencies of the development
of automotive industry, implementation of new standards of certification and testing of cars, up to 2030
year more than 30 % of car sales will make a segment of carsin Ukraine [11, 12], and in the world and
European countries will make more [4]. Taking into account legislative initiatives, the perspectives of legal
regulation of used cars market it is forecasted the further growth of the share of used carsincluding electric
cars which will lead to saturation of the market by used transport with existing problems of cars with
mileage and in case of dectric cars with accumulator battery of lowered capacity.

Electric cars speed and run are limited. They can run without recharging, depending on the class, on
average 160-230 km [11, 13]. It also depends on the modd, but the limit is always present. Modern
accumulators do not allow yet to increase this indicator noticeably and not to overweight the car.

Full charging of accumulators can take to 8-10 hours if not to use fast charging [14]. It should be
taken into account during the time and travel planning.

That is why the task was set to research the change of electric car energy consumption depending on
operational movement conditions to determine the rules and recommendations about effective electric car
exploitation.

A large number of studies were carried out by the researchersin the field of sustainable devel opment
of transport, particularly the development of private electric transport. An interesting is a research carried
out in [15], in which the cost of owning the different vehicles considering their wear during the
exploitation period of 7 years is determined. It was shown that owning an expensive electric car does not
always economically justified because of the significant cheapening of the last. However, as given in [16],
in conditions of the use of determination of equivalent fuel consumption, the use of electric carsis to 10
times more economical than the use of cars with internal combustion engines on the territory of Ukraine,
but worldwide trends are somewhat different [17].

A lot of researchers concentrate on the provision of energetic safety of our country more than on
ecological or economic advantages from electric transport exploitation [13]. There are many theoretical
kinds of research on the opportunity of electric car development [18], also, design developments are
carried out and the search of ways of small series production organization of electric cars in Ukraine is
ongoing, in particular, commercial light transport [11].

Concerning the determination of the effectiveness of eectric car parameters, then many researchers
carry out calculations, but concentrate whether on the data from the manufacturer or the imperfection of
electric car systems, for example, neglect of motion parameters by the system of determination of the
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residual range of motion parameters [19]. However, none of these researchers carry out the analysis of the
impact of different exploitation conditions and working energy consumers on the energy consumption by
the car, and, as a consequence, on therun.

Although the dectric car is simpler at the expense of its construction, at the same time, typical
malfunctions are present, particularly in the car Tedla, there are not so many of them and they can be
grouped by several groups[8, 18, 19]:

—  dectricity, dectronics, eectric car mistakes (many unexpected mistakes, usualy reset MCU,

AKB 12 B; key; display; graphic processor Tegra; charging port; battery power contacts, door
handles; sensors of rain, parking, air suspensions);

— chassis of an electric car (rare gearbox, front constant velocity joints, silent blocks of

suspension levers).

Instead of taking of usual maintenance every 10 or even 20 thousand kilometers, the modern electric
car requires only annual maintenance with the aim of changing the cabin filter, checkup of the condition of
windshield wipers and spacing blocks, general diagnostics of the electronic control unit. Usually, for the
electric car, more time-consuming maintenance should be carried out, directed on the change of antifreeze,
which is used for cooling the accumulator battery, changing the brake fluid, changing the brake pad, and
controlling the ail in the gear system if necessary. The absence of an internal combustion engine and
simplifying the maintenance and its cost allows forgetting about the change of oil and oil filter, air filter
contamination, scheduled replacement of spark plugs, application of strangling, changing the cambelts or
cam chains, turbines, neutralizer, setting of gas distribution phases, etc.

3. RESEARCH METHODOL OGY

To research the impact of different exploitation conditions on the amount of energy consumption,
the electric car Tesla Moddl S90D (Fig. 1) was used, which is an al-wheel-drive sedan with two electric
motors with a capacity of 422 h.p. Car is equipped with an accumulator battery with capacity 90 kW-h,
which allows driving to 550 km on one accumulator charge.

The general car run from the beginning of exploitation was 87355 km, the car passed unscheduled
mai ntenance previously before the research, and diagnostics of the battery in case of failure of some of its
sections were additionally carried out. Control for the pressure values in tires and bringing them to nominal
was carried out with the help of a verified manometer.

The research was carried out on the straight road segment with the length of 4 km at the
environmental temperature range from O to 18 °C on the section of road Khmelnytskyi-Vinnytsia (Fig. 2),
namely 2 km from the village Perogivtsi and 21 km from the city Khmelnytskyi.

Fig. 1. General view of investigated electric car Fig. 2. Road segment for road tests conduction
Tesdla Model S90D

Thereisalot of factors from which the maximal run of an electric car without charging depends, as
even incorrectly adjusted pressure in tires can significantly lower the run on one charge. Of course, one of
the main factors is environmental temperature as even modern electric cars are not adapted to the
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qualitative exploitation in conditions of low temperatures, thus almost all they have liquid heating of
accumulator batteries. Anyway, at low environmental temperature, electric car temperature strongly cools,
its maximal capacity reduces, which, in its turn, causes the reduction of the maximal run. Additionally, at
low temperature in the car cabin heating works constantly, and in parallel accumulator heating works that
summarily can consumeto 15 kW-h per every 100 km of run.

That is why, based on the analysis of available sources, forums, and own observations of
exploitation indicators of the car, a plan is made for research to determine the electric car energy
consumption on different car speeds depending from turned on the regime of energy recuperation and
conditioner, turned on consumers — cabin heating and seats heating. Also, the determinative impact has set
tire pressure, moreover, on the different forums the pressure 0.23 MPa is intensively recommended to set
for improvement of comfort and smooth movement, thus the manufacturer recommends setting the
pressure at the level 3.0 MPa. That iswhy research for given pressuresin tiresis also carried out.

Before the start of the research, depending on chosen regimes, it is needed to set the recuperation in
standard regime in car parameters that allow using energy recuperation in different exploitation regimes
maximally effectively. Setting the parameters of recuperation of investigated electric car Tesla Model
S90D isgivenin Fig. 3.

We can see energy consumption on an on-board computer considering accumulator capacity and
energy consumption per 1 km of road (Fig. 4), aso we can calculate the forecasted run of the electric car
on one charge at different car parameters.

Fig. 3. Turning off the recuperation Fig. 4. Energy consumption
of investigated electric car Teda Model SO0D of investigated electric car Teda Model SO0D

4. ANALYSISOF THE RESULTSOBTAINED FOR THE OPERATION
OF TESLA ELECTRIC VEHICLES
Results of carried out research of investigated electric car Tesla Modd S90D for two values of
speed, different combinations of turning on the consumers and accumulator energy-saving regimes are
given in the Table 1. Additionally, testing at lowered pressure value in eectric car tires and different
combinations of turning on the consumersis carried out.
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Table1

The main indicators of testing the investigated electric car
Indicator 1 2 3| 4 5 6 7 8 9110|1112 |13 |14 | 15| 16

Car speed, km/h 65 95
Recuperation +| -|+|-|E|E|+|+|+|-|+]|-|E]|E| + +
Conditioner - | -]+ |+ |+ | =+ ===+ ]|+ ]+ =]+t -
Cabin heating — | =+ |+ ]|+ =+ = = =]+ ]|+ ] +]|-=]H+ -
Sest heating — | =+ |+ ]|+ =+ = = =]+ ]|+ ] +]|-=]H+ -
Tire pressure, Bar 313131333 (23{23,3|3|3|3]|3]|3]/23]|23
Energy . — < <t (o] b o N~ N L0 (o] i (o] N~ <t (o] —
consumption, 2SR K|IR|S|R|R|B|8|H |8 |88 |88

W-h/km

Consumedenergy, | 1K | & |3 || 8|8 |2 |8 |3 (8 (9 (8|8 & «
kwh. S|d|lo|d|CP|c|ad|CP|d|d|ld|d|d|c] o]

By results of conducted testing of investigated eectric car Tesla Modd S90D on different fixed
values of speed and different combinations of turning on and accumulator energy-saving regimes, the
diagram of the change of electric car Tesla Model S90D at different speed depending on consumers’
combination is built (Fig. 5).

Fig. 5. Change of eectric car Teda Model SO0D energy consumption (W-h/km)
depending on consumers’ combination and speed of movement

By results of conducted testing, it was obtained that at the same exploitation conditions two
powerful energy consumers — cabin heating and seat heating — spend about 5 kW-h per 100 km of run.

Besides, the change of electric car Tesa Model S90D energy consumption is given separatdy
depending on the speed of movement at different tire pressure values and turning on the consumers

(Fig. 6).
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Fig. 6. Change of electric car Teda Model S90D energy consumption depending
on the speed of movement, tire pressure, and at turning on consumers

Based on carried out testing, the modd of depending the electric car energy consumption from the
impact of different factors is created due to obtained results. Indicators of the model of energy
consumption are determined depending on turned on energy recuperation (x;), turned on energy
consumers, i.e. conditioner, heating or cabin heating (x), and tire pressure (xs) (Table 1):

Q=232.875-14.375% + 35.875x%, —9.125x3 — 8.875% X —1.875X X3 + 45.625X, X3. (@)

The obtained model indicates the direct impact of turned on energies recuperation, turned on energy
consumers, i.e. conditioner, heating or cabin heating and tire pressure on eectric car energy consumption,

Residual run on one charge depends significantly on the general number of energy consumers. That
is why it will be practical to use the opportunity to heating-up (or cooling) of eectric car cabin before
running from the parking lot or the box to bring the cabin temperature to the comfortable while charging
the electric car from the network.

An important factor of the increase of car run on the charge is electric car exploitation conditions.
Specifically, in the condition of cities, the eectric car instantly uses the recuperation for braking which
provides an opportunity to accumulate the energy and increase maximal run without charging. By results
of the conducted research, we established that the usage of the energy-saving regime of dectric car battery
allows reducing the energy-saving at the speed 65 knvh and with turned on energy consumers by 29 % and
with turned off energy consumers — by 14 %. Besides, researching the speed 95 km/h and with turned on
energy consumers showed the reduction by 16 %, and with turned off energy consumers — by 22 % at the
same speed.

One more but not less important indicator of energy spending is the speed with which the car is
moving. For instance, the electric car Tesla Model S90D on high speeds in the range of 160-200 knmvh will
have enough charge for 100-130 km of the run at the environmental temperature 0 °C, which is almost four
times less than claimed run by the manufacturer. And thisis even though dectric engine cools by the liquid
cooling system which has a common contour with the cooling system of accumulator battery and is
actuated by two electric pumps which are installed on the big and small cooling contours, i.e. there is a
battery heating.

It is established that eectric car accumulator battery significantly reduces its capacity at negative
temperatures; the capacity reduces by 1 % per every degree of frost —i.e. at -10 °C the capacity of eectric
car accumulator battery and distance traveled will reduce by 10%, which causes the increase of charging
frequency in winter. The comfortable temperature for the usage of eectric car accumulator battery is set in
the range from 0 to 20 °C, moreover, the temperature growth also causes the reduction of the capacity
because of intensive battery cooling — system protects it from overheating.

We obtained that at the car speed in the range 140-150 km/h its drive range on one battery chargeis
about 163 km, the car is not quite adapted to far travels on fast highways. Energy consumption on given
speed is 550-670 W hkm, which is more than two times exceeds the consumption at the speed of
65 km/h/.
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5. CONCLUSIONS

1. Analysis of obtained results and calculation of obtained indicators after the testing carried out
on the straight road segment at the same indicators of environment and different electric car
settings allowed understanding the validity of the car brand Tesla Model S90D for the use on
the highways and at relatively small environmental temperatures. This provided an opportunity
to form the range of parameters and settings that are necessary to use the car in conditions of
highway and low temperature.

2. It is established that eectric car accumulator battery significantly reduces its capacity at
negative temperatures; the capacity lowers by 1% per every degree of frost —i.e at -10 °C the
capacity of dectric car accumulator battery and distance traveled on one charge will reduce by
10%, which causes the increase of charging frequency in winter. Based on the road testing, the
comfortable temperature is set for the usage of eectric car accumulator battery in the range
from 0 to 20 °C moreover, the temperature growth also causes the reduction of the capacity
because of intensive battery cooling — system protects it from overheating.

3. By the results of the conducted research, it is established that the usage of the energy-saving
regime of eectric car battery allows reducing the energy consumption. For the speed of 65
km/h and with turned on energy consumers the reduction of energy consumption is by 29%, and
with turned off energy consumers — by 14 %. At the speed of 95 knm/h and with turned on
energy consumers the reduction of energy consumption is by 16 %, and with turned off energy
consumers — by 22 %.

4. The impact of tire pressure values is essential on the level of dectric car battery charge, and
lowered pressurein tires for 65 kmv/h increases energy consumption regardless of turning on the
energy consumers to 10 %, and at speed 95 km/h and with turned off energy consumers the
reduction is 30 % but with turned on energy consumers — 40 %.
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OCOBJIMBOCTI EKCILTYATAII EJEKTPUYHOI'O ABTOMOBLIS
TESLA MODEL S90D B YMOBAX MICT YKPATHHA

Anomauia. Tenoenyii cmanoco po3eumKy MpaHcnopmy, SUKOPUCMAHHA ANlbIMEPHAMUBHUX
Oofcepen enepzii ma UMOcU 3MEHUEHHS 8Y2eYe8020 CIOY HA 8CIX emanax HCUMmmeEE020 YUKy i Ha
YCIX pIGHSAX A8MOMOOIIbHOI MeXHIKU npuseiu 00 30IIbUIeHHST YACMKU eleKmpomodinie, K i3
NEPBUHHOIO peecmpayicio, maxK i 6)CUBAHUX MPAHCNOPMHUX 3acobie. Tlosiea Ha puHKy 6eauxoi
KIIbKOCMI  BJICUBAHUX CYHACHUX eeKIPOMODinie 3yMoeuna nompedy po3pooOaeHHs npoyeoyp
3abe3neuenns ix mexuiunoi excniyamayii K 8iON0GIOHO 00 GUMO2 PAYIOHAILHO2O KOPUCIYBAHMS,
max i 0na 3abe3nedenns Oesnexku pyxy. Buxkonano 00cuiodicenus wjooo UKOPUCANHA eleKmpo-
mobins Tesla Model 00D 6 ymosax Vkpainu 3a neenux nokasHuKié HAGKOIUUHBO2O CePedosUUd
Ma 3a pi3HUX HAAWMYE8AHb napamempie eiekmpomooins. Lle dano smoey 3po3ymimu, HACKITLKU Ysl
MoO0enb  eleKkmpomoOins npudamua Ofs eKcnayamayii 6 mux uu IHWUX YMOBAX, a MAaAKoNC
BUSHAYUMU, SIKI NApaMempu HATAWMYB8AHH e1eKMPOMODLI HAOLTbUe NIOX00IMb 0151 eKOHOMHO20
BUKOPUCIMAHHS V PIZHUX YMOBAX mda 6 pi3Hi nopu poxy. [{ocniodxceHuamu 3MiHU EMHOCMI
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akymynsimoproi bamapei enekmpomoobiis 3aiexHCHO 6i0 memnepamypu O0SKILIsL 6CHMAHOBNIEHO, WO
emuicmv 3menutyemoca Ha 1 % na xooicen epadyc 6id’ emnoi memnepamypu. Buznaueno xomgpopm-
Hutl Oianaszon memnepamyp 0N GUKOPUCMAHHS AKYMYIAMOPHOL bamapei  enexmpomoois
(020 °C). Busnaueno makodic NOKA3HUKU eDEKMUBHOCMI 3ACMOCY8AHHS PEXNCUMY eHep2o3bepe-
JicenHs bamapel enekmpomooins — 3MeHulenHs cnodicusanns odocsieae 14-29 % szanescrno 6io
VBIMKHEHUX CHONCUBAYIE eHepeii. Bcmanoeieno icmomHuil 6naue mucky 6 WuHax e1ekmpomooiis Ha
CHOJICUBAHHSL eHePell He3ANeHCHO 60 BGIMKHEHHs Chodicueauie enepeii — 30invuenns 6io 10 % oo
40 % 3anexcro 6i0 tioeo weuoKocmi pyxy. J{o00amro6o u3HA4eHO NOKAZHUKU eHep2oeqdhekmugHoCHi
enexkmpomo6ins ona weuokocmi 140-150 xmle00, 3a sxozo cnoowcusanHs enepeii cmanosume
550670 Bm-200/km i 3a6esneuye 3anac xody na pisni 160 xm.

Knwuoei cnosa. erexmpomobine, excniyamayis, mexuiune 00C1y208y8aHHs, HECNPAGHOCHI,
deghexmu, eHEPLOCNONCUBAHHSL, AKYMYTSAMOPHA DAmMapes, peKynepayis, eHepeoCnONCUBAHHSL.



