JlocToBipHICTh TOOYIOBAaHUX MOJEIEH MIATBEPKYETHCS MPOBEACHHSIM
HOPIBHSUIBHOTO ~ aHaNi3y pPO3PaXyHKOBHX Ta EKCIEPHUMEHTAIbHUX JaHHUX, SKi
Y3TOJIKYBAJIHCS 3 pe3yJIbTaTaMu JIOCIiIKEeHb 1HIIUX aBTOPIB.

BucnoBku

Cratnuna mogens I1J[ 103BOjsie BU3HAUUTH BEIMYMHHU THCKY CTHCHEHOI'O
MOBITPS Ha BIYCKY 1 ()a3u ra3opo3MOJiIy JJis Y3TOJDKEHHS KPHUBHX MOTYXHOCTI 1
KpyTHOTO MOMeHTy nipu niepexoi KEY mix pexxumamu pobotu I1/1 1 IB3. I'padiuna
IHTepIpeTaliss pe3yapTaTiB ToKa3ana, 110 31 30UIBLIICHHSM TPUBAIOCTI BIYCKY
CTHCHYTOTO TOBITps Oiibin HiX 135 rpai. m.K.B. 3MiHa MOTY)XHOCTI Ta KPYyTHOTO
MOMEHTY He croctepiraetbes. s y3romkenHs mokasHukiB podotu I 1 JIB3
HEOOX1/THO 3aCTOCOBYBATH PEAYKTOP 3 IUIABHUM PETYJIIOBAHHSIM THUCKY CTHCHEHOTO
MOBITPS Ta KEPOBAHUX EJIEKTPOTIIPABIIYHUX KJIaMaHiB AJiA 3MIHU KyTa MOYaTKy Ta
TPUBAJIOCT] BILYCKY CTUCHEHOTO TOBITPA.
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Introduction

The need to protect the environment is having an increasingly important impact
on the development of the automotive industry. The task of eliminating the damage
caused by modern cars, i.e. exhaust gas pollution, is becoming more urgent. The
growing level of air pollution in large cities has raised the issue of developing a set of
measures to reduce the content of toxic substances in the atmosphere.

The bulk of toxic emissions into the atmosphere are accounted for by road
transport. This leads to requirements for the automotive industry to reduce the level
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of toxic substances emitted during vehicle operation. Given the analysis of the global
automotive market, it can be concluded that electric vehicles and vehicles with
electric power plants are currently becoming a serious alternative to basic vehicles
with internal combustion engines.

Research materials

An electric vehicle is a vehicle driven by one or more traction electric motors,
which are powered by traction batteries rather than internal combustion engines. In
addition to harmful emissions in the form of chemicals and compounds, internal
combustion engines are inefficient.

In the balance of the heat energy released by a car engine, only about 12% is
actually spent on movement, and the remaining 88% of the heat energy is wasted
through various car devices into the external environment. And the efficiency of
traction electric motors reaches 98%. That is why leading countries are intensively
searching for rational technical solutions to create promising models of electric
vehicles and directing all efforts to their industrial production.

A block diagram of the main components of an electric vehicle is shown in
Fig. 1.

Electric traction

Voltage converter Control ystem

Rechargeable

motor
battery 7

\ 4

\ 4

\ 4

Electronic accelerometer
pedal

Figure 1.1 - Schematic diagram of an electric vehicle

The main advantages of an electric vehicle: no harmful emissions; simplicity of
design (including the traction electric motor) and control; high reliability and
durability of the power plant compared to a conventional car; the possibility of
recharging from a household electrical network, but this method takes 5... 10 times
longer than from a special high-voltage charger;; traction electric motors have an
efficiency of 92...98% compared to the efficiency of an internal combustion engine of
20...30%; less noise due to fewer moving parts and mechanical gears; the possibility
of recharging energy sources during regenerative braking.

Today, the weight, capacity and recharging time of batteries are still the
weakest points of electric vehicles.

In general, the process of driving an electric vehicle in urban mode without
having to change the speed due to obstacles encountered on the way (pedestrians,
speed limits, road signs, other road users, regulated and unregulated intersections)
consists of four stages:

- acceleration and/or speed maintenance, if necessary - a smooth increase in
speed to a predetermined value with restrictions on phase coordinates and control;
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- acceleration - movement without power supply to the wheels;

- regenerative braking - braking of electric machines operating in generator
mode to charge the electric energy storage device;

- braking by the service brake system - braking with mechanical brakes to stop
at a given location.

At the stages of acceleration and speed maintenance, the energy stored in on-
board power sources is used to achieve or maintain the design speed of the electric
vehicle. The energy conversion is as follows.

The electrical energy stored in the batteries (energy storage devices), minus
losses in the converter (traction inverter), is used to rotate the rotor of the electric
vehicle, being converted into mechanical energy with a coefficient of efficiency
(COE) that depends on the frequency of rotation of the electric vehicle shaft and the
amount of perceived load.

Further, the mechanical energy of the electric machine rotor rotation is
converted into the kinetic energy of the electric bus movement by means of a
transmission and a motor. In the transmission, the energy is used to overcome the
friction force in the components and bearings, as well as to mix the gear oil of the
rear axle. In the propulsion system, energy is consumed by sliding in the contact
patch and overcoming rolling resistance.

When the electric bus is braking, part of the energy, excluding losses, can be
returned to the storage device. In this case, the energy conversion is reversed. The
Kinetic energy of the electric bus movement is used to rotate the rotor of the electric
motor by means of the motor and transmission, and part of the mechanical energy can
be converted into heat and dissipated into the atmosphere by the operating brake
mechanisms.

The mechanical energy of the rotor rotation is then converted with losses into
electrical energy by an electric machine operating in energy recovery mode. The
electrical energy, minus the losses in the converter, is then stored in a battery. Thus,
one of the ways to reduce costs and reduce irrecoverable energy losses is to minimise
the use of the service brake system.

Energy losses in the converter and transmission must be taken into account
using the efficiency of the electric bus components.

The task of an energy-efficient control law for wheeled autonomous urban
electric transport between stops on a city route should be formulated as an
optimization problem: to determine the law of change in speed from the distance
travelled v(s) on the route when moving from a route point with phase coordinates S;,
v, = 0 to a route point S,, v, = 0, for time T = t,-t; while minimizing the energy
consumed for movement, which is determined by the objective function

J = [*(N, — Ny + Ny ) dt = min (1)
where N, — is the discharge power of the drive developed during acceleration;
Nt — is the charging power of the drive during regenerative braking; Nyt — is the
power consumed when using the service brake system.
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Conclusions

A method for determining the energy-efficient law of electric vehicle
movement along a city route has been developed, which differs in the use of the
dynamic programming method for solving the optimisation problem with respect to
an urban transport object.
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