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QLD
VOLUME OF ELECTRIC VEHICLES: STATISTICS OF CO, EMISSIONS PER 1 kWh
Russia 2530 Russia 597
China about 2 000 000 China 745
UK about 190 000 UK 225

The total volume in the world: 4 million pieces of EV and 500 thousand electric buses.

CO,, g/km
Range, km

.E[[E- 130 (100) 49(39) 162(125)
BTG 220 (130) 83(49) 275(162)

CO./ on full 11 044 4162 13 782
charge®, ¢

1 kWh, GBP

* taking into account losses in the electricity transfer (15%)

All off

Air conditioning on ||
(+35°0)

Heater on (0 °C)
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The Carbon Intensity of Electricity Generation ‘(-\'
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465 SOLAR POWER RADIATION, KWh/M2 PER YEAR
Moscow 1000
London 975
& &

Beijing 1400

Efficiency of photovoltaic converters
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Trends in the development of electric transport with photovoltaic converters

Venturi Electric (2006) Pininfarina B0 (2010)  Dacia Hamster Hybrid E-4WD (2011) Ford C-MAX Solar Energi (2014)

Sport solarEV since 1983 Fisker Karma (2011) Toyota Prius Phv (2016) Sono Sion (2018)



Creating a mathematical model

Stages:

- Car movement model -bt\[bz-
« Modeling of EV components X=
* Driver model 2a

« Solar radiation model (Baird model)

* Implementation of EV model on a computer i

 Definition of initial data for simulation

« Computational testing

« EV simulation

« Evaluation of traction-speed and energy characteristics of the EV

« Simulation of an EV with a battery of photovoltaic converters

 The method of estimation of power properties of EV batteries photovoltaic
converters using computer simulation



Development of mathematical model of motion and calculation method of traction-dynamic characteristics EV

[The equation of straight-line motion of a vehicle in\
normal form

dv r./r,—F,

dt M+Un +1)/F

mp

\_ J

( Driver model in the form of feedback system \
and regulator

T .
Cycle —+ V* ki = Regulator i Vehicle
- model

\_ J

Energy exchange between electric motor, traction battery
and photovoltaic converter battery

— [P ‘N . _ —sgn( Py ) —sgn(Fy)
o @.>. @.3. 77dcz’ dc oM 773Mr,cp oam.cp

E ; - traction battery;

qu_a_— electric power, single solar cell;

nqb_a_— number of solar cells in the battery;

T4c/4c — Efficiency DC/DC;

P,,, — mechanical power of electric motor

Mom,cp — Average efficiency of traction electric machine;
Noam,cp — AVerage efficiency of traction battery;

P, - the power of the charge/discharge of the traction
battery




Solar radiation model

density of solar radiation incident on the a horizontal
platform without considering the atmosphere

0 —
v, =Y. -coso,
V. =1367W / m2 - constant;

0, —the angle of incidence of sunlight.

Cosine of the angle of incidence of sunlight
C0S 8, =C0S J,, - COS @,, - COS @ +SiN¢@,, -SIN O,

o, —the angle of declination of the Sun;

@, —the latitude of the place;
@. —the hour angle of the Sun.

The angle of declination of the Sun
5 =235 sin[ 360° =51
365

n-the serial number of the day of the year, starting from January 1.

Calculation of the hour angle of the Sun

o, = E(tM ~At, —12+t )+ (4, —4,)
yac

t

At,, -adjustment for the time used in Russia (1 hour);

y — local times;

t, — time correction;
vAg A, —the longitude of the place;
< C)>
@ 4,  —longitude of the middle Meridian of the time zone.
DVQ

Calculation of the density of diffuse solar radiation incident on a horizontal platform :

\Peaoup¢ =W, 0080, To3 7,0, Thoo Tas(0.5-(1=75) + B, -(1-7,)) [(1-M T+ (M *)1'02) ' Kjoi?



The upper level of the model EV with photoelectric converters in the Simulink software environment
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em trg cmd

day No insolation model scopes
-C- p——day _No B
roof flux W/m2 roof _flux
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bonnet flux W/m2 solar cells +
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1 - Vehicle

2 - Final drive (gearbox)

3 - Traction EM

4 - High voltage battery

5 - Photovoltaic converters + DC/DC converter 11 - Scopes virtual oscilloscopes and digital displays

6 - Insolation model (roof and hood)
7 and 8 - Car speed control system

9 - Simulations of power consumption from on-Board devices
10 - Mech brakes system
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Estimation of the influence of
the driving mode on the mileage

of the EV at the time of day
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The results of the mathematical tests

The density of solar radiation on a horizontal
surface, depending on the time of year
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Results of calculation of traction, power and energy parameters

of the power plant of the base vehicle in cycles
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Scheme of the system of photovoltaic converters of EV

+12V

12-72V, 7A, DX
1]
PHOTOVOLTAIC | & e Pt v =] 3000
CELL ' MPPT DCDC CONTACTOR |-1-| STORAGE BATTERY
T Modbus % : ‘ I
" 7
: HEATER, 4 kW
CHAF::F-{SER 1 Y e | A
230-400V (NAMD) [ BMST
220V, AC 12

P

9

LiFeP0, Battery 12V

KEY

13

v

BMS 2

'——’l ONBOARD GRID, 12V\

In the figure: the normal mode of operation of the electric power supply and 2 modes

of operation with the system of photovoltaic converters:
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Implementation of algorithms for the system of photovoltaic converters for electric vehicles
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Algorithms for the main control unit of the PHV system are compiled into C++ code

1-high voltage battery BMS inputs;

2 — input signals the BMS low-voltage;
3-DC/DC Converter inputs;

4-MPPT controller inputs;

5-subsystem containing the main part of the
control algorithm;

6-subsystem for checking warnings about
faults in the components of the PHV system;
7-input signals specifying the boundary values
of the parameters used by the control
algorithm;

8 - DC / DC Converter control signals;

9-MPPT controller control signal (on / off)

14



3D-modeling

i DC-DC (12V-300V12V)

MPPT controller

12V Li-ion bat“

installing components

LLLLLAA G AL

designing and production of the main
controller

monitoring system

15



An experimental model of an EV with a system of photovoltaic converters

120 elements (roof + hood), Maximum performance: 6A, 62V.

Statistics of electricity generation photovoltaic converters (1.8 m2, angle 0)
Moscow 292 kWh per year

London 280 kWh per year
Beijing 495 kWh per year
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Graphs of performance of the
PHV-converters system

Testing of electric vehicle
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