MACHINE INTELLIGENCE RESEARCH ISSN:2731-538X | E-ISSN:2731-5398
Vol. 20 No. 01 (2026)

MODELLING AND SIMULATION OF A 3-WHEELER ELECTRIC VEHICLE

S. Deepak Kumar®*
Associate Professor, Department of Mechanical Engineering,
SRM University, Delhi-NCR, Sonipat, Haryana-131023, India

Pediredla Rohith?
2Research Scholar, Department of Mechanical Engineering,
Centurion University of Technology and Management, Viziangaram-535003, Andhra Pradesh.

P. S. V. RamanaRao?
3Professor, Department of Mechanical Engineering,
Centurion University of Technology and Management, Viziangaram-535003, Andhra Pradesh.

R. Surya Teja*
*Assistant Professor, Department of Mechanical Engineering,
Centurion University of Technology and Management, Viziangaram-535003, Andhra Pradesh.

R.C. Mohanty®
SProfessor, Department of Mechanical Engineering,
Centurion University of Technology and Management, Bhubaneswar, Jatni, Odisha- 752050

*Correspondence Author
E-mail: dr.deepaksahini@gmail.com

Abstract:

Electric mobility has emerged as a key solution for sustainable transportation,
particularly in urban and semi-urban regions. In recent years the advancements of Electric
Vehicle’s technology have highlighted the need for accurate modelling and simulation of electric
vehicle (EV) powertrains are essential for evaluating performance, optimizing component
selection, and reducing development cost.

This research article presents the modelling and Simulation of a 3-wheeler electric
vehicle using MATLAB/Simulink. The complete EV powertrain model comprising the battery,
motor, controller, transmission, and vehicle dynamics is developed and simulated under standard
drive cycles. Key performance parameters such as battery state of charge (SOC), energy
consumption, motor torque, speed, and power are evaluated.

In addition, experimental validation is carried out using real-time data from a commercial
3-wheeler electric rickshaw. The comparative analysis between simulation and experimental
results demonstrated close agreement, validating the effectiveness of the proposed model. Thus,
in the context of real-time testing, modelling and simulation of EV power-train components play
a vital role in developing efficient electric vehicles.
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1. Introduction
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The need of sustainable transportation has increased the demand for efficient Electric vehicles
due to their low operating cost, zero emissions, and suitability for urban mobility.

An Electric vehicle is basically a transportation vehicle propelled by an electric motor. A
vehicle that is fully or partially driven by electric motors using energy stored on rechargeable
batteries can be termed as ‘Electric Vehicle’ (EV) [1].

The EVs operate on the principle of converting electrical energy into mechanical energy to
power the wheels, enabling movement. This process involves a battery that stores electrical
energy, an electric motor that transforms this energy into rotational motion, and a control. These
are also known as battery-electric vehicles [2].

In recent years, the global shift toward clean and energy-efficient transportation has
significantly increased the adoption of electric vehicles (EVs). This transition from
conventional fossil-fuel vehicles to electric mobility solutions is referred to as ‘E-Mobility’.
[3]. Electric mobility solutions cover electric two-wheelers, three-wheelers (e-rickshaws), four-
wheelers and buses. This shift is driven by the need to reduce pollution, dependency on oil
imports, and carbon emissions, while promoting sustainability and innovation [4].

In Indian market Electric rickshaw, popularly known as ‘e-rickshaw’ are going more popular
especially after 2018. Among various EV categories, 3-wheeler e-rickshaws have gained
prominence due to their affordability, low operating cost, and zero tailpipe emissions [5-6].
E-rickshaw is a best alternative of petrol or CNG auto-rickshaws because of their low fuel cost,
zero emissions and less human efforts. These vehicles are widely used for short-distance
passenger transport, particularly in developing countries [7].

1.1. Electric Vehicle Powertrain Architecture
The EV powertrain components which includes the battery, motor, inverter, and transmission
are critical for converting stored electrical energy into efficient, high-torque mechanical
movement [8].
Sub-systems of an EV
An Electric Vehicle comprises of several interconnected sub-systems that work together, as

shown in Figure 1.
Blectric Traction Motor X

Power Electronics Controller
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Thermal System ((oolmg;\

Traction Battery Pack

Charge Port

Transmission
Onboard Charger
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Fig. 1 Electric Vehicle powertrain components
1.2. Functions of EV Powertrain Components
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e Battery Pack: Stores electrical energy (example lithium-ion), Supplies DC power to the
motor and auxiliary systems. Determines range and overall energy capacity [9].

e Battery Management System (BMS) Monitors and controls battery health, voltage,
current, temperature, and State of Charge (SOC).

e [Electric Motor: Converts electrical energy into mechanical energy to drive the
wheels.
Provides instant torque and regenerative braking capability [10].

e Controller: Manages power distribution, motor control, and driver inputs like
accelerator/brake.

e Transmission: Transfers mechanical power from the motor to the wheels. Typically, a
single-speed gearbox in most EVs generate high motor torque [11].

e Regenerative Braking System: Converts Kinetic energy during braking into electrical
energy. It sends recovered energy back to the battery, improving efficiency [12].

1.3. Modelling and Simulation strategies for Electric Vehicles
In the context of real-time testing, numerical Modelling and Simulation of Electric Vehicle (EV)
power-train play a vital role in developing an efficient electric vehicle and charging
infrastructure as it consumes less time and cost [13]. Also, it enhances the overall performance
by optimizing the size and configuration of the EV powertrain under different driving conditions
[14].
“Simulating an electric vehicle (EV) in MATLAB can be approached through several
interconnected components such as the electric motor, battery, vehicle dynamics, and control
strategies. Below is an outline for building a comprehensive EV simulation model” [15-16].
Thus, this research article focuses on the modelling and simulation of a 3-wheeler electric
vehicle powertrain and its validation through experimental data. The main contributions of this
work include realistic drive-cycle-based simulation, performance evaluation of EV components,
and comparison with real-time vehicle data.

2. Methodology

The modelling and simulation of electric vehicles play a crucial role in modern vehicle design,
analysis, and optimization [17-18]. Further, simulation-based analysis of EV powertrains
enables engineers to evaluate vehicle performance under realistic driving conditions without
extensive physical prototyping. MATLAB/Simulink provides a powerful environment for
integrating electrical, mechanical, and control subsystems [19-20].

2.1. Modelling in MATLAB

MATLAB is a high-performance language for technical computing. It integrates computation,
visualization, and programming in an easy-to-use environment where problems and solutions are
expressed in familiar mathematical notation. The modelling is made through MATLAB/Simulink
environment [21-22].

Simulink provides built-in blocks for many of these EV sub-systems and is used in the current
work for modeling and simulation of EV models, including battery and motor dynamics [23-25].
In this research work the Optimization of process parameters of an Electric vehicle’s sub-systems
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is carried out in MATLAB -Simulink and the entire simulation system is divided into four
subsystems

e The first sub-system contains the vehicle body.

e The second sub-system contains the motor and controller circuit.

e The third sub-system contains the driver input, and

e The fourth sub-system contains the battery pack.

The block diagram showing the significant components of the Electric Vehicle system is depicted
in Figure 2.

f : R £
Drive Input : Controller %) MOTOR Gear-Box Differential
& _

Fig. 2. Block Diagram of the Electric Vehicle System

For a comprehensive simulation, Simulink was used to create block diagrams for each subsystem
[26-27].

e Vehicle Dynamics: A subsystem with inputs like throttle, brake, and road conditions [28-

29]

e Motor Control: A block that models the torque-speed characteristics of the motor [30].

o Battery System: A block that tracks SoC and delivers current to the motor [31].

e Driver Model: Simulate driver inputs like speed control and braking [32-33].

2.2. Modelling and Simulation of a 3-Wheeler Electric Rickshaw
The block diagram showing the significant components of a 3-wheeler EV is depicted in Fig. 3

and the model of the 3-Wheeler Electric rickshaw vehicle used in this research work is presented
in Figure 4.
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Fig. 3 Block diagram of a 3-Wheeler Electric rickshaw
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Fig. 4 Model of a.1“3-Wheeler Electric vehicle

The electrical system used in this work is an Indian version EV having 48V DC which can run
90— 100 km/full charge, top speed 25 km/hour and the electric motor power ranging from 650-
1400 Watts, while the battery takes 8 —10 hrs to become fully charged. Basic seating capacity is
driver plus 4 passenger total 5 persons. The specifications of the 3-wheeler electric vehicle used
in the present work is presented in Table.1.

Table.1 Specifications of 3-wheeler E-Rickshaw

Technical specifications of 3-wheeler E-Rickshaw
Battery Type Lithium Ion 330 V 75 Ah
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Vehicle kerb weight 260 Kgs No of wheels per axle 2
Load capacity 340 kgs Vertical load 3000 N
Vehicle speed 7Kmph Nominal Voltage 330 V
Driving range 140 km (160 Ah) Rated Capacity 75 Ah

Frontal Area 91m

Drag coefficient 5

Initial SOC % 100
Internal Resistance 5 ohm
Wheel radius 306m

2.3. MATLAB -Simulink Model of 3-wheeler Electric Vehicle
The Simulink Model of a 3-wheeler Electric Rickshaw is presented in Figure 5.
Initially the current flows to DC Motor from the battery through the DC-DC power converter to
drive the motor. The required voltage will be controlled in the controller. The Controller will
follow the given drive cycle reference and run the motor in the required rpm. Then the motor
power is transmitted to the wheels of a vehicle through the gear box. Accordingly, the controller
maintains the vehicle speed.
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Fig. 5 Simulink Model of a 3-wheeler Electric Vehicle

3. Results and Discussion
Here basically, e-rickshaw is modelled in MATLAB Simulink. In the designed electric rickshaw
main blocks are battery, drive cycle, controller, DC Motor, Vehicle body and transmission
system. Drive cycle in EV simulation is a standardized speed-versus-time data profile used to
model real-world driving behavior. In the current work, drive cycle like FTP75, WOT were
analyzed. The output plots of the drive cycle Federal Test Procedure (FTP) are explained below.
3.1. FTP75 Drive Cycle
The electric vehicle was simulated under the FTP-75 urban driving cycle for a duration of 2474
seconds. The total distance travelled was 19.44 km, representing typical stop-and-go city driving
conditions. The plot showing the reference speed Vs Vehicle Speed for a FTP75 Drive cycle is
presented in Figure 6. Further, the SOC and Energy for FTP75 Drive cycle is shown in Figure. 7

M
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Fig. 6 Reference Speed Vs Vehicle Speed for FTP75 Drive cycle
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Fig. 7 SOC and Energy for FTP75 Drive cycle

e Reference Speed vs Vehicle Speed: The vehicle speed closely follows the reference FTP-
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75 speed profile

o Battery State of Charge (SOC): The SOC shows a gradual and continuous decrease
throughout the drive cycle. During deceleration, SOC reduction rate decreases, indicating
regenerative braking

e Temperature: The motor and controller temperature rise gradually during the drive cycle
but remained within permissible limits, confirming the thermal robustness of the EV
powertrain under urban driving conditions.

3.2. Experimental Set-up of 3W Electric Vehicle
The Process flow of Assembly ofa3 Wheeler Electric Rickshaw is presented in Figure 8.
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Fig. 8 Process flow of Assembly of an Electric Vehicle Mechanism

Further, the Assembly process of a 3-Wheeler Electric Rickshaw is depicted in Figure 9 below:
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GT- EMobility
Skill production lab

Figure 9 (a) Quality inspection of the Electric Vehicle

(b) Electrical wiring and Lighting systems connections of the EV
(c) Assembling Circuit connections in the body panel of EV

(d) Circuit connections of the Controller

(e) Rear Axle Chassis mounted with Motor of the EV

(f) Fixing the Motor to the Rear Axle of the Electric vehicle
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3.3. Comparison of Experimental & Simulation results of 3-Wheeler E-Vehicle
To validate the simulation model, an experimental study was conducted on a commercially
available 3-wheeler electric rickshaw that closely matches the simulated vehicle specifications.
The aim was to compare key parameters: speed, torque, and battery state-of-charge (SOC) - under
identical drive conditions.

The test conditions of the 3W Electric Vehicle have the specifications: 48V, 100Ah Li-ion,
3000W PMSM
The Speed sensor and GPS for velocity; Torque transducer on motor shaft and the battery
management system (BMS) for SOC monitoring. The drive Cycle of Urban stop-go pattern
emulating FTP-75 (20 minutes) was analyzed. The comparison of Experimental & Simulation
results of 3W EV is presented in Table 2. Further, Comparison of SOC vs. Time and Torque vs.
Speed for Simulated and experimental results is presented in Figure 10.

Table. 2 Comparison of Experimental & Simulation results of 3-Wheeler E-

Vehicle

Parameter Experimental Result | Simulation Result | Deviation (%)
Top Speed 54.2 Km/h 55 Km/h 1.45 %
Max. Torque 20.5 Nm 21 Nm 2.38%
SOC Decrease 14.6 % 13.9% 4.79 %
Avg. Acceleration | 1.47 m/s? 1.52 m/s? 3.40 %
SOC vs Time Torque vs Speed
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—=-- Experimental SOC 20t \\ —-—- Experimental Torque
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Fig. 10 Comparison of SOC vs. Time & Torque vs. Speed for Simulated and experimental
results
4. Summary and Conclusions
The experimental results obtained from a 3-wheeler Electric vehicle are compared with
simulation outcomes to validate the developed EV model.

e The experimental data aligns closely with the simulated outputs. The maximum speed
and torque measured in real-world tests were within a 5% deviation range from simulation
predictions.

e The simulated top speed closely matches the experimental value, indicating accurate
modelling of motor dynamics, drivetrain losses, and vehicle resistance forces.

e The small deviation demonstrates that the motor torque model and controller behavior are
well represented in the simulation.

e The small deviations validate that the Simulink model is an accurate representation of the
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real-world electric rickshaw.

e A slightly higher deviation is observed in SOC estimation due to simplified battery
equivalent circuit model and neglecting temperature-dependent battery losses in
simulation.

o However, the acceleration results show good agreement, confirming the validity of
vehicle longitudinal dynamics and traction force modelling.

e Overall, al the deviations are below 5%, which is acceptable for EV system modelling.

e The simulation results confirm that the developed simulation model reliably predicts real-
world performance

The study demonstrated that the comparison between experimental and simulation results of

the 3-wheeler electric vehicle shows deviations within 5% for key performance parameters,

validating the accuracy and reliability of the developed EV modelling and simulation
framework.
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