YMER || ISSN : 0044-0477 http://ymerdigital.com

Electric Vehicle Modeling & Simulation Using MATLAB
SIMULINK

Inaganti Anand Babu?, Belle Ganesh?, Selvamuthukumar M?
1Students, Department of Applied Engineering, Vignan’s Foundation for Science,
Technology & Research (VFSTR), Guntur, AP, India.

2 Assistant Professor, Department of Applied Engineering, Vignan’s Foundation for Science,
Technology & Research (VFSTR), Guntur, AP, India.

Corresponding Author Email Id: m.selvamuthukumar@gmail.com

Abstract:

In this design, we use MATLAB SIMULINK tool blocks to create an electric car model. Vehicles
using IC engines perform well and last longer. However, as a result of low energy efficiency
and pollution-causing emigrations, interest in electric vehicles is growing. Electric vehicles
have a limited range and cannot go at high speeds. Long-range vehicles are becoming more
common as battery and electric motor technology improves. As a result, by selecting the motor
and battery based on the region and driving cycle, the performance of these cars may be
improved. In this study, the dynamics model of an electric car was created using MATLAB
SIMULINK.
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1. Introduction: Energy conservation is one of the most pressing issues confronting the world's
climate. The global energy climate is also under threat one accurately predicts the future of
energy; We believe that transportation will play an important role in saving energy in the future
EVs are currently products of technological innovation that have contributed to making our
lives easier and safer. Electric vehicles not only consume energy but also produce, store and
transport it. They are therefore an excellent fuel vehicle option. The recent development of
hybrid and electric vehicles is closely related to the need for highly efficient machines capable
of meeting the latest emissions regulations. In the automotive industry, electric propulsion is
now a mature technology that is already available on the market and capable of meeting
pollutant emission regulations based on the most recent testing process. In recent days, Electric
vehicles represent the most viable alternative to the IC engines. Batteries may behave
differently depending on operating temperature, actual capacity, and aging conditions.

2.The MATLAB/Simulink program has proven to be a useful modelling platform, capable of
simulating full EV powertrains at various degrees of realism and detail. The software includes
a number of models that may be used to simulate both pure battery electric and hybrid electric
vehicles in various configurations and types [12—-15]. Many add-ons already used in the vehicle
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model, including as the Super system and SimDriveline [15], Advisor [13], Sims cape,
Powertrain Block set, and others, are supported by the MATLAB/Simulink platform, as well
as the physical modelling approach. Simulink also includes hardware testing and
implementation code creation, as well as testing and analysis frameworks for test case
management and reporting. There have been various studies of MATLAB/Simulink models
published in the literature. However, no approaches for verifying these models in a real-world
research setting have been developed.

3. Block Diagram of Proposed Model: It consists the following main blocks, 1.)Vehicle
body, 2.)DC Motor,3.)Power converter, 4.)Battery,5.)Drivecontroller,6.)Drive cycle

Power converter Motor
Drive | | Drve | | H-Bridgewith | | Permanentmagnet| | Vehicl
cyele | [controller| | regenerating NC body
braking

Battery
Charge -
Discharge & SOC

Figurel: Block diagram of the Proposed model

4.Tool Blocks Used:

A.Vehicle Body: The two-axle body travelling in a straight line is represented by the Body Block.
Two front wheels and one rear wheel, for example. Two front wheels and one rear wheel, for
example. Body mass, aerodynamic drag, road inclination, and weight distribution between the
axles owing to acceleration and the road surface are all taken into account in this block. Pitch
and suspension dynamics are two options. The vehicle's axes are parallel and create a plane.
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This plane contains the longitudinal direction, x, which is perpendicular to the axis. When

going down an incline, the normal z is always perpendicular to the longitudinal plane of the

axis and never parallel to gravity.
e The vehicle motion is a result of the net effect of all the forces and torques acting on it.
® The weight mg of the vehicle acts through its center of gravity(CG).

MVX ' = gx - gg-MQ * SiN B
Fx = n(Fxf + Fxr)
Fd = 4*CdpA(Vx + Vw) - sgn(Vx + Vw)

e The normal force on each front and rear wheel.
Fzf _—h(Fd+mgsinB+mVx)+b-mgcosp

n(a+b)
Fzr _+h(Fd+mg sinB+mVx)+a-mgcosp
n(a+b)

e The wheel’s normal forces satisfy
Fof tFr _ngCoSh

n

o Pitch accelerationdependsonthreetorquecomponentsandtheinertiaofthevehicle

o (Fh)+ (FzFa)—(Fzrb)

Where:

a is the pitch acceleration.

F is the longitudinal force.

h is the height of the center of gravity when measured parallel to the z-axis. J is inertia.

B. Tire: The tire's longitudinal movement is the same as when it is rolling along the road. It is a
structural element based on the Tire Road Interactive block (Magic Formula). To improve the
authenticity of the tyre model, you can select tyre compliance, inertia, and rolling resistance.
These attributes, on the other hand, contribute to the tyre model's complexity and can cause the
simulation to run slowly. Consider eliminating tyre compliance and inertia if you're running
the model in real time or prepping for hardware in the loop (HIL) simulation.

C.DC Motor: The DC Motor block uses the following equivalent circuit model to represent the
tourque and electrical characteristics of a DC motor. The resistor R is equivalent to the
resistance specified in the parameters of Armature resistance. The inductor L is equivalent to
the inductance specified in the parameters of Armature inductance.

e The motor is having permanent magnets that cause the armature to experience the following
back emf vb.
Vh=kyw
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e whereas ky denotes the Back-emf constant and angular velocity motor produces the following
torque, which is proportional to the motor current I.
TE=kt
Where kt is the Torque constant

e Equating these two terms gives
TE w= vpiktlw= kywi
kv=kt
e TheblockmodelsmotorinertiaJanddamping/forallvaluesoftheModelparameterization
parameter. The resulting torque across the block is
T=kt(V—k )—Jb—Aw

R w
D. Power Controller: The tool blocks in a DC motor power controller are (a) H-Bridge and (b)
Controlled PWM Voltage.

E. (a).H-Bridge: This block has simulation mode options as given: 1) PWM, 2) Mean The H-
Bridge block's output is a controlled voltage determined by the input signal at the PWM port.
When the input signal exceeds the Enable threshold voltage value, the H-Bridge block output
is activated and has a value equal to the output voltage value. The averaged model is the other
mode. In this mode smoothed and unsmoothed load current characteristics are available. The
Smoothed option assumes that the current is nearly continuous due to load inductance. In this
case, the H-Bridge block output is

VoVpwm 7
Apwm ov Ron

where: r

Vois the value of the output voltage amplitude parameter.

Vpwwis the value of the voltage at the PWM port.

Apwwis the value of the PWM signal amplitude parameter.

louT IS the value of the output current.

Ron is the Bridge on the resistance parameter.

(b).Controlled PWM Voltage: The Controlled PWM Voltage block represents a pulse-width
modulation (PWM). In the Modeling option parameter, choose between electrical and physical signal input
ports. Using the reference voltage across its ref and ref gates, the block calculates the duty cycle. The duty
cycle value can be set directly via the physical input signal port. The appropriate duty cycle is given when

modelling electrical input ports.veer—Vmin
100+ percent

Vmax—Vmin
Where as:
Vieristhereferencevoltageacross theref+andref-ports.
Vmin is the minimum reference voltage.
Vmax i the maximum reference voltage.
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F. Drive Cycle: A standard or user-specified longitudinal drive cycle is generated by
the Drive Cycle Source block. The output of the block is the longitudinal speed of the
specified vehicle, which can be used to

e -+ Calculate a vehicle's engine torque and fuel consumption to reach the desired speed and
acceleration using specified gear inputs.

e Create realistic velocity and shift references for closed loop acceleration and braking orders
in vehicle control and plant simulations.

® Study tune and optimize vehicle control, system performance and system robustness over
multiple drive cycles.

® |dentify the faults with in tolerances specified by standardized tests, including EPA
dynamometer driving schedules

G.Battery: The Battery block represents the battery model. The block calculates 0-load voltage as
a function of charge level and comes with a variety of modelling choices. Self-discharge,
Battery Fade, Charge Dynamics, and Charge Dynamics Ageing by the calendar are the four
categories. The Battery (Table-Based) block has four modelling versions that may be accessed
by right-clicking the block in your block diagram and selecting the relevant option from the
context menu (under Simscape > Block options). Uninstrumented Instrumented Show thermal
port with no instrumentation, instrumented show thermal port with instrumentation, and
instrumented show thermal port with instrumentation The instrumented models offer an extra
physical signal port that outputs the internal state of charges. This functionality allows you to
adjust load behavior based on charge status without having to generate a charge.

H.Simple Gear: The Simple Gear block illustrates a gearbox with a set ratio between the
coupled transmission shafts of the base gear, B, and the rear gear, F. can define whether the
follower axis rotates in the same or opposite direction as the base axis. If the follower and the
base rotate in the same direction, the angular velocity of the follower, F, and the angular
velocity of the base, B, have the same sign. If F and B rotate in opposite directions, they have
opposite signs. It's simple to add and eliminate backlash, flaws, and thermal effects ..
e The kinematic constrain that the Simple Gear block imposes on the two connected axes is

TFWF=TpWp

where:

re is the radius of the follower gear.

wr is the angular velocity of the follower gear. rg is the radius of the base gear.

wg is the angular velocity of the base gear.
e The follower-base gear ratio is

g _rr_Np
FB N

where:
Ng is the number of teeth in the base gear.
Ngr is the number of teeth in the follower gear
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Proposed Model:

fi}=0
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Figure: MATLAB SIMULINK MODEL of an Electric Vehicle

Simulation Results:
After designing and modeling the MATLAB SIMULINK was used to create an electric

vehicle some simulation has to be performed in order to assess the electric vehicle battery
capacity, range,speed ,and time for acceleration and deceleration, idle time, and cruise time.
Also, according to the model, the main parameter is to plot the difference in the rated speed of
the vehicle and the actual speed of the vehicle by taking feedback from the vehicle body.

> Simulation results of given input drive cycles are shown in figures Al and A2.

Simulation results of the PWM voltagesignalareshowninFiguresBland B2.

> Simulation results of the velocity of rated and actual velocity fora
giveninputdrivecycleareshowninFiguresC1, and C2

Y
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Conclusions:
Modeling an electric vehicle system makes it simple to figure out how much battery
capacity an electric car with specified specifications needs to travel a certain distance.

e This model can be used to measure the performance of a vehicle throughout the starting
process or when running at a constant speed, as well as to estimate how long the battery can
be utilized.

e In this project, we model an Electric Vehicle while taking into consideration its all the basic
system of vehicle body parameters, DC motor, HB ridge, PID Controller, Driver Cycle input.

e We get the feedback input from vehicle body and we sorted it by using descret PID
controller.
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