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Abstract: This research utilizes MATLAB to
analyze the performance of various vehicle
propulsion technologies, including petrol, hybrid,
and electric powertrains. It focuses on torque
characteristics, road resistance impact,
performance metrics, braking dynamics, and
driving range simulations. The study assesses
critical parameters such as maximum speed,
acceleration time, and electric vehicle range, while
also exploring braking efficiency and stability
enhancements through the Anti-Lock Braking
System  (ABS). By combining theoretical
understanding with practical application, the
research provides valuable insights for enhancing
vehicle design and operation across different
driving scenarios and propulsion technologies.
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1. INTRODUCTION

Vehicle propulsion technologies have evolved
significantly, driven by innovation and societal
shifts. Initially, internal combustion engines (ICEs)
replaced horse-drawn  carriages, leading to
unprecedented mobility. Mass production techniques
in the early 20th century made cars more accessible,
while  mid-century  advancements  improved
performance and efficiency [1]. Concerns about
environmental impact in the latter 20th century
spurred research into hybrid wvehicles, combining
combustion engines with electric motors [1]. The
21st century saw a shift towards electric propulsion,
driven by advances in battery technology and
environmental concerns. Governments and industries
are investing in electric vehicles (EVs) and exploring
integration with the energy grid [2]. This research

uses MATLAB to delve into vehicle performance
across propulsion technologies, aiming to contribute
to the evolution towards more efficient and
environmentally responsible transportation [2].

The dissertation sets out to explore and analyze
various facets of vehicle performance across a
spectrum of propulsion technologies, including
petrol, hybrid, and electric vehicles [3]. The first
objective involves a detailed examination of
characteristic curves, focusing on how engine or
motor torque interacts with road resistance. Using
MATLAB simulations, this analysis aims to provide
insights into the dynamic relationship between torque
and speed ratios across different propulsion systems

3].

Moving on, the second objective revolves around the
calculation and interpretation of performance metrics
such as maximum vehicle speed, acceleration time,
and gradeability [4]. Through this, the research seeks
to understand how road resistance and external
factors impact vehicle power requirements and
overall efficiency, facilitating comparisons between
different propulsion technologies in terms of energy
consumption and power output [4].

A ssignificant focus of the dissertation lies in
understanding braking performance and stability,
addressed in the third objective. By delving into
vehicle braking dynamics and the role of Anti-Lock
Braking Systems (ABS), the study aims to analyze
braking efficiency, stopping distances, and the
interplay between regenerative and traditional
braking systems, leveraging MATLAB simulations
to model vehicle stability under various conditions

[4].

The fourth objective shifts attention towards electric
vehicle performance and simulation, with a specific
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emphasis on factors influencing power performance,
driving range, and battery efficiency for both Battery
Electric Vehicles (BEVs) and Extended Range
Electric Vehicles (E-REVs) [5]. Through driving
range simulations and power characteristic matching
using MATLAB, the research aims to optimize
electric motor selection to meet vehicle resistance
requirements effectively [5].

Another area of exploration lies in the analysis of
Fuel Cell Electric Vehicles (FCEVs) in the fifth
objective. By establishing mathematical models and
conducting simulations, the study aims to understand
the driving range under specific conditions, such as
the New European Driving Cycle (NEDC) [6], and
assess the feasibility of integrating fuel cells for
enhanced power performance and energy efficiency.

The sixth objective focuses on parameter matching
and design optimization, aiming to select motors and
batteries that align with the design requirements of
electric  vehicles. Through battery parameter
matching and analysis of trade-offs between vehicle
parameters, the research seeks to achieve optimal
performance while balancing considerations of
range, efficiency, and design constraints [6].

Lastly, the seventh objective centers on simulation
and performance prediction, leveraging dynamic
characteristic graphs and MATLAB simulations to
simulate vehicle dynamics and predict performance
under various driving conditions. This analysis aims
to provide insights into the influence of parameters
such as aerodynamics, weight, and tire characteristics
on overall vehicle performance.

Overall, through these objectives, the dissertation
aims to offer a comprehensive analysis of vehicle
performance across different propulsion
technologies, using advanced simulation techniques
and modeling tools to deepen our understanding of
vehicle behavior and drive advancements in future
vehicle design and operation.

2. LITERATURE SURVEY

H. S. Pavan et al. (2022): With the global rise in
demand for electric vehicles due to emission
regulations, concerns about battery lifespan, mileage,
and charging time persist. To address these issues,
the study suggests a hybrid energy storage system
using batteries and fuel cells, controlled by a robust
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Energy Management System (EMS). The EMS,
operated by a classical Pl controller, enhances
hydrogen consumption efficiency and cruising range

[71.

J. Dong and J. Bauman (2022): Investigating
sustainable passenger transport options, the study
explores Battery Electric Vehicles (BEVs) and Fuel
Cell Hybrid Vehicles (FCHVs). Introducing a fuel
cell range extender vehicle (FCREV) concept, they
optimize driving range by utilizing the fuel cell to
charge the battery during driving and parking.
Analytical optimization results in a cost-effective
FCREV with significant range enhancement
compared to BEVs [8].

G. Huang et al. (2022): Aiming to improve electric
vehicle energy efficiency and range, this study
proposes a novel energy management strategy based
on deep reinforcement learning (DRL). Using gated
recurrent units (GRU) and double deep Q-network
(double DQN) algorithms, the approach optimizes
energy efficiency while considering battery thermal
effects. Simulation results demonstrate a significant
energy reduction during aggressive driving compared
to existing control methods [9].

P. Zheng and J. Bauman (2022): Addressing
challenges faced by electric vehicles such as limited
range and slow refueling, the study explores
integrating solar and fuel cell technologies to extend
range. They propose a practical multi-port converter
to facilitate this integration, with simulation results
validating its operation and potential benefits for
vehicle performance [10].

A. Ferrara and C. Hametner (2022): Focusing on
eco-driving for fuel cell electric trucks, this study
emphasizes the importance of optimal speed
planning in enhancing vehicle efficiency and range.
Using dynamic programming and Pontryagin’s
minimum principle, they develop an optimal speed
plan that increases vehicle range by 8% compared to
constant speed plans, offering potential extensions up
to 50% in areas with limited hydrogen infrastructure
[11].

B. Balasingam et al. (2022): Highlighting the
significance of Battery Management Systems (BMS)
for safety and performance in electric vehicles, the
study emphasizes their role in controlling charging
and safeguarding batteries from extreme conditions.
BMS ensures efficiency and longevity in various
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applications, including electric vehicles, contributing
to overall vehicle performance and safety [12].

3. PROPOSED WORK

The proposed work outlines a comprehensive process
for simulating and analyzing vehicle performance
across different propulsion technologies using
MATLAB. It begins by initializing simulation
parameters and vehicle characteristics, then proceeds
to develop dynamic simulation models for each
propulsion technology, incorporating equations for
power delivery, torque-speed relationships, and
efficiency.
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Plug-in Hybrid Electric Vehicles (PHEVS) represent
an evolution of conventional hybrid technology,
offering increased electric driving range and the
ability to recharge their larger batteries from an
external power source [8]. Let's delve into the details
of PHEVs, including their distinction from
conventional hybrids, larger batteries and charging
capabilities, as well as their advantages and
limitations.

4. RESULT ANALYSIS

Parallel Hybrid Electric Vehicle

120
Next, the simulation process involves simulating -
vehicle performance under various driving 4
conditions, calculating acceleration, maximum 2 % // ]
speed, and driving range, and analyzing power H /
requirements, efficiency, and energy consumption. s ef //
Braking efficiency and stability are evaluated, and & P
motor, battery, or fuel cell parameters are matched g //
for optimization. . P
20 ///
The impact of parameters on power performance is S i
simulated, and results are analyzed and interpreted in 0 2 L 1 120
relation to research questions and objectives. ehicle Travel Speed (kmh)
Conclusions are drawn pased on thg analygis, Fig 1. NEDC Cycles
recommendations are provided for vehicle design
and policy formulation, and areas for future research =
are identified. Fa
100 F ]
A
. . = A
Overall, the process aims to provide a thorough 2 sl L
understanding of vehicle performance characteristics g /«/
and interactions across different propulsion S el -
technologies, with implications for the automotive $ |
industry and sustainability.Related Work 5 aof 4
= ///
20[ /,//
<
//
OO 5 10 15 20 25 30 35 40 45 50
Grade Climbing Speed (km/h)
Fig 2. Grade Climbing Speed
300
250 \
s A
gZDD .
§ 150 ~
g
100
50
5 10 15 20
Acceleration Time (sec)
Fig 3. Acceleration Time
www.ijtre.com Page 17



International Journal For Technological Research in Engineering
Volume 11 Issue 7 March-2024

ISSN (online) 2347-4718

120

100 [

80

60

Vehicle Speed /(km/h)

a0 & &
[

L} R |
BT " " !
[ [ | |
[ L | N | 1 ‘
0 200 400 600 800 1000 1200

Time(sec)

Fig 4. New European Driving Cycle (NEDC)

The code simulates and visualizes the vehicle
speed profile during the urban and suburban driving
portions of the New European Driving Cycle
(NEDC). It sets the range for the x-axis (time in
seconds) and y-axis (vehicle speed in km/h) for the
graph to be plotted later.

For the wurban driving portion, it simulates
acceleration, constant speed, and deceleration phases
for the first loop, plotting the vehicle speed profile
over time using the plot() function. This speed
profile is then extended to subsequent urban cycle
loops to create a continuous speed profile.

Similarly, for the suburban driving portion, it
simulates acceleration, constant speed, and
deceleration phases with appropriate speed values.
The xlabel() and ylabel() functions label the axes,
and grid on command turns on grid lines in the
graph.

5. CONCLUSION

In  conclusion, this research comprehensively
analyzed various vehicle propulsion technologies,
including petrol, hybrid, and electric powertrains,
using  MATLAB. It successfully achieved its
objectives of investigating torque characteristics,
assessing road resistance impact, analyzing
performance metrics, examining braking dynamics,
and simulating driving range scenarios. The study
utilized  characteristic ~curves and  dynamic
simulations to deepen understanding of power
performance and critical parameters like maximum
speed and acceleration time. It also explored braking
performance, optimized power systems for electric
and fuel cell vehicles, and provided insights into
driving range management. Overall, the research
offers valuable insights for enhancing vehicle design
and operation in the automotive sector.

REFERENCES

Ehsani, M., Gao, Y., Longo, S., & Ebrahimi, K.
(2018). Modern electric, hybrid electric, and
fuel cell vehicles. CRC press.

Singh, K. V., Bansal, H. O., & Singh, D. (2019).
A comprehensive review on hybrid electric
vehicles: architectures and components. Journal
of Modern Transportation, 27(2), 77-107.

Silva, F. A. (2018). Modern electric, hybrid
electricc and fuel cell wvehicles, [Book
News]. IEEE Industrial Electronics
Magazine, 12(4), 46-48.

Agamloh, E., Von Jouanne, A., & Yokochi, A.
(2020). An overview of electric machine trends
in modern electric vehicles. Machines, 8(2), 20.
Husain, 1. (2021). Electric and hybrid vehicles:
design fundamentals. CRC press.

Kebriaei, M., Niasar, A. H., & Asaei, B. (2015,
October). Hybrid electric vehicles: An overview.
In 2015 International Conference on Connected
Vehicles and Expo (ICCVE) (pp. 299-305).
IEEE.

H. S. Pavan, S. Sridhar and G. Kodeeswara
Kumaran, "Energy Management System in
Hybrid Electric Vehicle," 2022 IEEE 19th India
Council International Conference (INDICON),
Kochi, India, 2022, pp. 1-6, doi:
10.1109/INDICON56171.2022.10039808.

J. Dong and J. Bauman, "Maximizing Driving
Range for Fuel Cell Range Extender Vehicles
With Fixed Energy Storage Costs," in IEEE
Transactions on Transportation Electrification,
vol. 9, no. 1, pp. 1042-1059, March 2023.

G. Huang, P. Zhao and G. Zhang, "Real-Time
Battery Thermal Management for Electric
Vehicles Based on Deep Reinforcement
Learning," in IEEE Internet of Things Journal,
vol. 9, no. 15, pp. 14060-14072, 1 Aug.1, 2022,
doi: 10.1109/J10T.2022.3145849.

P. Zheng and J. Bauman, "A Multiport
Bidirectional Converter for Fuel Cell Range
Extended Vehicles with On-board Solar
Generation,” 2023 IEEE  Transportation
Electrification Conference & Expo (ITEC),
Detroit, MI, USA, 2023, pp. 1-6, doi:
10.1109/1TEC55900.2023.10187103.

www.ijtre.com

Page 18



International Journal For Technological Research in Engineering
Volume 11 Issue 7 March-2024 ISSN (online) 2347-4718

11. A. Ferrara and C. Hametner, "Eco-driving of
fuel cell electric trucks: optimal speed planning
combining  dynamic  programming  and
Pontryagin’s minimum principle," 2022 IEEE
96th  Vehicular  Technology  Conference
(VTC2022-Fall), London, United Kingdom,
2022, pp. 1-7, doi: 10.1109/VTC2022-
Fall57202.2022.10012715.

12. B. Balasingam, P. Kumar and G. Rankin,
"Battery Fuel Gauge: A Crucial Element in
Battery Management Systems,” in IEEE
Instrumentation & Measurement Magazine, vol.
25, no. 7, pp. 14-20, October 2022, doi:
10.1109/M1M.2022.9908256.

13. F. El Bakkari, H. Mounir and A. ElI Marjani,
"Electric Vehicle Progress and Challenges on
the Road to Sustainable Transportation,” 2021
9th International Renewable and Sustainable
Energy Conference (IRSEC), Morocco, 2021,
pp. 1-6, doi:
10.1109/IRSEC53969.2021.9741163.

14. M. Rasheed et al., "Composite Hybrid Energy
Storage System utilizing Capacitive Coupling
for Hybrid and Electric Vehicles," 2021 IEEE
Applied Power Electronics Conference and
Exposition (APEC), Phoenix, AZ, USA, 2021,
pp. 939-946, doi:
10.1109/APEC42165.2021.9487261.

15.  S. J. Rasti and P. Schegner, "A Novel Approach
to describe and aggregate Multi-Energy
Flexibility in Cellular Energy Systems using
Affine Arithmetic,” ETG Congress 2021,
Online, 2021, pp. 1-6.

16. X. Meng, D. Hao, R. Wang, Y. Xu, Z. Wei and
L. Zhang, "Research on the Energy Management
Strategy of Range Extended Fuel Cell Electric
Vehicle,” 2020 IEEE 4th  Information
Technology, Networking, Electronic and
Automation Control Conference (ITNEC),
Chongqging, China, 2020, pp. 503-507, doi:
10.1109/ITNEC48623.2020.9084694.

www.ijtre.com Page 19



