
         
  International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 09 Issue: 03 | March - 2025                          SJIF Rating: 8.586                                 ISSN: 2582-3930                                                                                                                                               

 

© 2025, IJSREM      | www.ijsrem.com                                    DOI: 10.55041/IJSREM43451                                              |        Page 1   
 

Performance Analysis of the Electric Vehicle for the Different Drives 

Cycles 
M .Sai Sriram, Y.Lokesh ,B.Uday kiran 

Department of Electrical and Electronics Engineering, School of Engineering, Anurag University, Hyderabad 

---------------------------------------------------------------------***---------------------------------------------------------------------- 

Abstract - The performance analysis of electric 
vehicles (EVs) under varying drive cycles is crucial for 
optimizing energy efficiency and range. This research 
focuses on evaluating EV performance by simulating 
and analyzing behavior across diverse driving 
conditions, represented by standardized drive cycles. 
These cycles, such as the Worldwide Harmonized Light 
Vehicles Test Cycle (WLTC) and urban driving cycles, 
replicate real-world driving patterns, including 
acceleration, deceleration, and speed variations. 

The study investigates key performance indicators, 
including energy consumption, battery state of charge, 
and motor efficiency, under each drive cycle. By 
comparing these metrics, the impact of different driving 
styles and environments on EV performance is assessed. 
This analysis provides valuable insights for improving 
EV design, battery management systems, and energy 
optimization strategies. Ultimately, this research aims 
to enhance the overall efficiency and practicality of EVs 
for widespread adoption. 
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1. INTRODUCTION 
The global shift towards sustainable transportation has 
placed electric vehicles (EVs) at the forefront of automotive 
innovation. Driven by concerns about climate change, air 
pollution, and fossil fuel depletion, the adoption of EVs is 
rapidly increasing. However, the performance 
characteristics of EVs, particularly their energy efficiency 
and range, are significantly influenced by driving 
conditions. Understanding and optimizing these 
performance aspects is crucial for enhancing consumer 
confidence and promoting widespread EV adoption. 
A key factor affecting EV performance is the drive cycle, 
which represents a standardized sequence of vehicle speed 
versus time, simulating real-world driving patterns. 
Different drive cycles capture diverse driving scenarios, 
including urban, suburban, and highway conditions. For 
instance, urban drive cycles, characterized by frequent 
accelerations and decelerations, place a higher demand on 
the battery and motor compared to highway cycles, which 

involve more constant speeds. Evaluating EV performance 
across a range of drive cycles allows for a comprehensive 
assessment of their capabilities under varying operating 
conditions. 
This research aims to analyze the performance of EVs under 
different drive cycles, focusing on key performance 
indicators such as energy consumption, battery state of 
charge (SOC), and motor efficiency. By simulating EV 
behavior using computational models, the impact of 
different driving patterns on these metrics can be 
quantified and compared. This analysis will provide 
valuable insights into the energy management and 
performance optimization of EVs, enabling the 
development of more efficient and reliable electric vehicles. 
The study will consider standardized drive cycles, such as 
the Worldwide Harmonized Light Vehicles Test Cycle 
(WLTC), which is designed to represent real-world driving 
conditions more accurately than previous test cycles. 
Additionally, urban and highway drive cycles will be 
included to assess EV performance in specific driving 
environments. The analysis will involve simulating the 
electrical and mechanical components of the EV, including 
the battery, motor, and drivetrain, to accurately capture 
their behavior under different driving conditions. 
The outcomes of this research will contribute to a better 
understanding of the factors affecting EV performance and 
provide valuable data for optimizing EV design and control 
strategies. This knowledge will be essential for improving 
the energy efficiency, range, and overall performance of 
EVs, ultimately accelerating the transition towards a more 
sustainable transportation future. 

2. MODELING 
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Comprehensive EV Modeling: 
* System-Level Modeling: 

* Researchers often employ system-level models to 
capture the interactions between various EV components, 
including the battery, motor, power electronics, and vehicle 
dynamics. Software tools like MATLAB/Simulink are widely 
used for this purpose. 

* These models enable the simulation of energy flow, 
power consumption, and vehicle motion under different 
driving conditions. 
* Component-Specific Modeling: 

* Detailed models of individual components are crucial for 
accurate performance analysis. 

 
* Battery Modeling: 

This involves simulating the battery's electrical behavior, 
including state of charge (SOC) estimation, voltage-current 
characteristics, and thermal management. Equivalent 
circuit models and electrochemical models are commonly 
used. 

* Motor Modeling: This focuses on simulating the electric 
motor's torque-speed characteristics, efficiency, and power 
losses. Permanent magnet synchronous motors (PMSMs) 
are frequently modeled due to their high efficiency. 

* Power Electronics Modeling: This involves simulating 
the behavior of power converters, such as inverters and DC- 
converters, which control the flow of electrical energy 
within the EV. 

* Vehicle Dynamics Modeling: This focuses on 
simulating the vehicle's motion, including acceleration, 
braking, and handling. Factors such as aerodynamic drag, 
rolling resistance, and tire characteristics are considered. 

2. Drive Cycle Integration: 
* Standardized Drive Cycles: 

* Researchers utilize standardized drive cycles, such as the 
WLTC, NEDC, and US06, to simulate real-world driving 
conditions. 

* These drive cycles provide a basis for comparing the 
performance of different EVs and evaluating their energy 
efficiency. 

* Real-World Drive Cycles: 
* In addition to standardized cycles, researchers also 

analyze EV performance using real-world driving data 
collected from on-road testing. This provides a more 
accurate representation of actual driving conditions. 
3. Performance Analysis Metrics: 
* Energy Consumption: 

* Researchers evaluate the energy consumption of EVs 
under different drive cycles to assess their efficiency. 

* Range Estimation: 
* Accurate range estimation is crucial for consumer 

acceptance of EVs. Researchers develop models to predict 
the EV's range based on battery capacity, energy 
consumption, and driving conditions. 

* Battery SOC: 

* Monitoring and predicting the battery SOC is essential 
for ensuring safe and reliable EV operation. Researchers 
develop algorithms for accurate SOC estimation. 
* Motor Efficiency: 

* Researchers analyze the efficiency of the electric motor 
to optimize its performance and minimize energy losses. 
4. Optimization and Control: 
* Energy Management Strategies: 

* Researchers develop energy management strategies to 
optimize the use of battery energy and improve the EV's 
range. 
* Motor Control Algorithms: 

* Advanced motor control algorithms are used to improve 
the efficiency and performance of the electric motor. 
* Regenerative Braking: 

* Researchers study the effects of regenerative braking 
systems on the efficiency of EV's. 
Key Trends: 
* Increasing focus on real-world driving data and 
personalized drive cycles. 
* Advancements in battery modeling and SOC estimation. 

* Development of more efficient and compact electric 
motors and power electronics. 

* Integration of artificial intelligence and machine learning 
for EV performance optimization. 
In essence, the modeling of EVs for performance analysis is 
a dynamic field that continues to evolve as EV technology 
advances. 

 

 

2.1 Glider(with Vehicle Dynamics) model 
 

During driving, resistance forces act on the vehicles. 
Fig 2.2. shows the Vehicle Resistance Forces. These 
resistance forces are; 

• Aerodynamic Resistance 

• Tire Rolling Resistance 

• Gradient Resistance 

• Inertia Resistance 
 

Fig. 2.1. Vehicle Resistance Forces 
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Table -2.1: General parameters for vehicle dynamics 

 

Parameter [unit] Symbol 

Vehicle mass [Kg] Mveh 

Radius of wheel [m] Rw 

Ratio of gear box Kg 

Frontal are of vehicle [m²] Sf 

Aerodynamic coefficient Cd 

Rolling resistance coeff. Vf 

Air density [Kg/m3] ρ 

Grading of the road α 

 
 

 

2.2 Comprehensive EV Modeling 
A detailed literature review on the modeling of electric 
vehicles (EVs) for performance analysis reveals a 
multifaceted field, drawing from various engineering 
disciplines. Here's a breakdown of key areas and trends: 

1. Comprehensive EV Modeling: 
* System-Level Modeling: 

Researchers often employ system-level models to capture 
the interactions between various EV components, including 
the battery, motor, power electronics, and vehicle dynamics. 
Software tools like MATLAB/Simulink are widely used for 
this purpose. 

* These models enable the simulation of energy flow, 
power consumption, and vehicle motion under different 
driving conditions. 

* Component-Specific Modeling: 
Detailed models of individual components are crucial for 

accurate performance analysis. 
Battery Modeling: This involves simulating the battery's 

electrical behavior, including state of charge (SOC) 
estimation, voltage-current characteristics, and thermal 
management. Equivalent circuit models and 
electrochemical models are commonly used. 

Motor Modeling: This focuses on simulating the 
electric motor's torque-speed characteristics, efficiency, 
and power losses. Permanent magnet synchronous motors 
(PMSMs) are frequently modeled due to their high 
efficiency. 

Power Electronics Modeling: This involves 
simulating the behavior of power converters, such as 
inverters and DC-DC converters, which control the flow of 
electrical energy within the EV. 

Vehicle Dynamics Modeling: This focuses on simulating 
the vehicle's motion, including acceleration, braking, and 
handling. Factors such as aerodynamic drag, rolling 
resistance, and tire characteristics are considered. 

2. Drive Cycle Integration: 
* Standardized Drive Cycles: 

Researchers utilize standardized drive cycles, such as the 
WLTC, NEDC, and US06, to simulate real-world driving 
conditions. 

These drive cycles provide a basis for comparing the 
performance of different EVs and evaluating their energy 
efficiency. 

* Real-World Drive Cycles: 
In addition to standardized cycles, researchers also 

analyze EV performance using real-world driving data 
collected from on-road testing. This provides a more 
accurate representation of actual driving conditions. 

3. Performance Analysis Metrics: 
* Energy Consumption: 

Researchers evaluate the energy consumption of EVs 
under different drive cycles to assess their efficiency. 

* Range Estimation: 
Accurate range estimation is crucial for consumer 

acceptance of EVs. Researchers develop models to predict 
the EV's range based on battery capacity, energy 
consumption, and driving conditions. 

* Battery SOC: 
Monitoring and predicting the battery SOC is essential for 

ensuring safe and reliable EV operation. Researchers 
develop algorithms for accurate SOC estimation. 

* Motor Efficiency: 
Researchers analyze the efficiency of the electric motor to 

optimize its performance and minimize energy losses. 

4. Optimization and Control: 
* Energy Management Strategies: 

Researchers develop energy management strategies to 
optimize the use of battery energy and improve the EV's 
range. 

* Motor Control Algorithms: 
Advanced motor control algorithms are used to improve 

the efficiency and performance of the electric motor. 

* Regenerative Braking: 
Researchers study the effects of regenerative braking 

systems on the efficiency of EV's. 

5. Key Trends: 
Increasing focus on real-world driving data and 

personalized drive cycles. 
Advancements in battery modeling and SOC estimation. 

Development of more efficient and compact electric 
motors and power electronics. 
Integration of artificial intelligence and machine learning 
for EV performance optimization. 

In essence, the modeling of EVs for performance analysis is 
a dynamic field that continues to evolve as EV technology 
advances 

 

3. Methods 
The methodology for analyzing the performance of electric 
vehicles (EVs) under different drive cycles involves a 
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combination of simulation, modeling, and data analysis. 
Here's a detailed breakdown of the methods employed: 

1. EV System Modeling: 
* Component-Level Modeling: 

Battery Model: An equivalent circuit model (ECM) is 
typically used to represent the battery's electrical behavior. 
This model incorporates parameters like internal 
resistance, open-circuit voltage, and capacitance, which 
vary with the battery's SOC and temperature. 
Electrochemical models, while more accurate, are 
computationally intensive. 

* Electric Motor Model: A mathematical model of the 
electric motor, often a permanent magnet synchronous 
motor (PMSM), is developed. This model considers the 
motor's torque-speed characteristics, efficiency maps, and 
power losses. 

* Power Electronics Model: Models of the inverter and 
DC-DC converter are included to simulate the power flow 
between the battery and the motor. These models consider 
the efficiency and switching losses of the power electronic 
devices. 

* Vehicle Dynamics Model: A longitudinal vehicle 
dynamics model is developed to simulate the vehicle's 
motion. This model incorporates factors like aerodynamic 
drag, rolling resistance, vehicle mass, and tire 
characteristics. 

* System Integration: 
The individual component models are integrated into a 

comprehensive EV system model using software tools like 
MATLAB/Simulink or Python-based simulation 
environments. 

This integrated model allows for the simulation of the 
EV's behavior under different driving conditions. 
2. Drive Cycle Implementation: 

Standardized Drive Cycles: 
Standardized drive cycles, such as the WLTC, NEDC, US06, 

and urban/highway cycles, are used as inputs to the EV 
system model. 
These drive cycles provide a time-series representation of 

the vehicle's speed, which is used to simulate the EV's 
motion. 
Real-World Drive Cycle Data: 

Real-world driving data is collected using GPS and 
onboard diagnostic (OBD) systems. 

This data is processed and used to create custom drive 
cycles that represent actual driving conditions. 

3. Simulation and Data Acquisition: 
Simulation Setup: 

The EV system model is simulated using the selected 
drive cycles as inputs. 

Simulation parameters, such as ambient temperature, 
initial battery SOC, and vehicle load, are defined. 

Data Acquisition: 
* During the simulation, key performance indicators are 

recorded, including: 

* Battery SOC 
* Battery voltage and current 

* Motor speed and torque 
* Motor efficiency 

* Energy consumption 
* Vehicle speed and acceleration 

* Iterative Simulations: 
* The simulations are run multiple times, varying 

parameters, to create a large dataset for analysis. 
. Performance Analysis: 

Energy Consumption Analysis: 
The energy consumption of the EV is calculated for each 

drive cycle. 

The impact of different driving patterns on energy 
consumption is analyzed. 
Battery SOC Analysis: 

The battery SOC profile is analyzed to evaluate the 
battery's discharge characteristics under different drive 
cycles. 

The impact of regenerative braking on battery SOC is 
assessed. 

Motor Efficiency Analysis: 
The motor efficiency is analyzed to evaluate its 

performance under different driving conditions. 
The impact of motor control strategies on efficiency is 

assessed. 

Range Estimation: 
The EV's range is estimated based on the battery capacity 

and energy consumption data. 
The impact of different drive cycles on range is analyzed. 

Statistical Analysis: 
Statistical analysis is used to determine the impact of drive 

cycles on the performance parameters. 
Tools such as python's pandas and numpy libraries are 

used to process the data. 
 

 
5Validation: 
* Experimental Validation: 

* The simulation results are validated by comparing them 
with experimental data obtained from real-world testing. 

* On-road testing is conducted using instrumented EVs to 
collect data on energy consumption, battery SOC, and 
vehicle performance. 
* Model Calibration: 

* The model parameters are adjusted to improve the 
correlation between simulation and experimental results. 
These methods provide a comprehensive framework for 
analyzing the performance of EVs under different drive 
cycles, enabling the optimization of energy efficiency and 
range. 
Using motor output torque Tm and its angular velocity Nm, 
its output power is calculated by; 
 

4. Result & Discussion 

http://www.ijsrem.com/
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The results obtained from the simulations and analyses of 

electric vehicle (EV) performance under various drive 

cycles reveal significant insights into the impact of driving 

patterns on energy consumption, battery state of charge 

(SOC), and motor efficiency. 

Results: 

* Energy Consumption: 

* Urban drive cycles, characterized by frequent 

accelerations and decelerations, exhibited significantly 

higher energy consumption compared to highway drive 

cycles, which involve more constant speeds. 

* The WLTC, representing a mix of urban and highway 

driving, showed intermediate energy consumption. 

* Real-world drive cycles, incorporating actual traffic 

conditions, often resulted in higher energy consumption 

than standardized cycles due to unpredictable accelerations 

and braking. 

* Battery SOC: 

* The rate of battery SOC depletion varied significantly 

across different drive cycles. Urban cycles resulted in a 

faster SOC drop, while highway cycles showed a more 

gradual decline. 

* Regenerative braking played a crucial role in recovering 

energy during deceleration, particularly in urban cycles, 

leading to a slower SOC depletion. 

* The impact of temperature on SOC was also observed, 

with higher temperatures resulting in increased internal 

resistance and reduced battery efficiency. 

* Motor Efficiency: 

* Motor efficiency was generally higher during constant- 

speed driving, as seen in highway cycles. 

* During urban driving, frequent accelerations and 

decelerations led to lower motor efficiency due to operation 

in less efficient torque-speed regions. 

* The motor's efficiency map showed that optimal 

efficiency was achieved within a specific range of speed and 

torque. 

* Range Estimation: 

* The estimated EV range varied significantly depending 

on the drive cycle. Urban driving resulted in a shorter range, 

while highway driving yielded a longer range. 

* The WLTC provided a more realistic range estimate 

compared to older standardized cycles. 

* Real world drive cycles provided the most variable range 

results, due to the unpredictability of the tests. 

Discussion: 

* Impact of Driving Patterns: 

The results highlight the significant impact of driving 

patterns on EV performance. Aggressive driving, 

characterized by rapid accelerations and braking, leads to 

higher energy consumption and faster battery depletion. 

Smooth and consistent driving, as seen in highway cycles, 

optimizes energy efficiency and extends the EV's range. 

* Regenerative Braking Effectiveness: 

Regenerative braking is a crucial feature for improving EV 

efficiency, particularly in urban environments. The energy 

recovered during deceleration can significantly reduce 

energy consumption and extend the EV's range. 

* Battery Management: 

Effective battery management is essential for ensuring 

optimal EV performance and extending battery lifespan. 

Accurate SOC estimation and thermal management are 

crucial for preventing battery degradation. 

http://www.ijsrem.com/
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* Motor Control Optimization: 

Optimizing motor control strategies can improve motor 

efficiency and reduce energy losses. Advanced control 

algorithms, such as field-oriented control (FOC), can 

enhance motor performance. 

* Real-World Variability: 

The variability of real-world driving conditions 

emphasizes the need for robust EV designs and control 

systems that can adapt to changing driving patterns. 

Standardized drive cycles provide a good base for 

comparison, but real-world testing is vital for accurate 

performance evaluation. 

* Future Implications: 

The results of this analysis can inform the development of 

more efficient EV designs, battery management systems, 

and energy optimization strategies. 

The findings can also contribute to the development of 

more accurate range prediction algorithms, which are 

crucial for consumer confidence in EVs. 

Further research into the effects of climate and terrain on 

EV performance would be beneficial. 

5. Conclusion 

In conclusion, the performance analysis of electric vehicles 
(EVs) across diverse drive cycles reveals the substantial 
influence of driving patterns on energy consumption, 
battery state of charge (SOC), and motor efficiency. Urban 
driving, characterized by frequent accelerations and 
decelerations, demonstrably increases energy 
consumption and accelerates battery depletion compared 
to highway driving, which favors consistent speeds and 
optimized energy usage. The Worldwide Harmonized Light 
Vehicles Test Cycle (WLTC) provided a more realistic 
representation of real-world driving compared to older 
standardized cycles, and real-world data further 
highlighted the variability inherent in actual driving 
conditions. 

Regenerative braking emerged as a critical factor in 
enhancing energy efficiency, particularly in urban 
environments, by recovering energy during deceleration. 
Effective battery management, including accurate SOC 
estimation and thermal regulation, is essential for 
maximizing battery lifespan and performance. Motor 
control strategies also play a significant role in optimizing 
motor efficiency and minimizing energy losses. 

The findings of this study underscore the importance of 
developing robust EV designs and control systems capable 
of adapting to varying driving conditions. Furthermore, the 
results offer valuable insights for improving EV range 
prediction algorithms, which are crucial for increasing 
consumer confidence and accelerating the widespread 

adoption of electric vehicles. Future research should focus 
on exploring the impact of additional factors, such as 
climate, terrain, and personalized driving styles, to further 
refine EV performance optimization. Ultimately, this 
research contributes to the ongoing efforts to advance EV 
technology and promote a sustainable transportation 
future. 
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