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Abstract – This study investigates the Pulse Width Modulation (PWM) signal management techniques used 

in electric vehicles and how battery heat control is performed. It discusses how the application of the gas 

pedal, gear changes, and simultaneous pressing of gas-brake pedals prevent accidental movement of the 

vehicle in certain scenarios. Additionally, it evaluates the impact of battery management and heat control 

on the safety of the vehicle. The reviews and conclusions carried out have the potential to improve vehicle 

safety and battery life. 
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I. INTRODUCTION 

Electric vehicles (EVs) are rapidly gaining 

acceptance and becoming widespread as an 

environmentally friendly transportation solution. 

However, a range of technical and management 

strategies are required to ensure the safe and 

efficient operation of such vehicles [1-3].  

This study focuses particularly on PWM (Pulse 

Width Modulation) signal management and battery 

heat control techniques. PWM plays a crucial role in 

the control of electric motors, and hence, 

understanding how it responds to different driving 

scenarios is important. PWM is a simple way to 

control energy flowing [4,5]. These scenarios 

include the application of gas pedals, gear changes, 

and simultaneous pressing of gas and brake pedals. 

Battery management and heat control, on the other 

hand, have a significant impact on the overall 

performance and safety of EVs [6-8]. Shedding light 

on these issues can assist us in developing safer and 

more efficient EVs. 
 

II. MATERIALS AND METHOD 

The vehicle is equipped with a BLDC Hub motor 

directly connected to the wheel, obviating the need 

for a transmission system. Carbon fiber is utilized 

for the external bodywork, while the chassis is 

manufactured from aluminum. An emergency stop 

feature capable of mechanically cutting the motor's 

energy is included for safety. Seats are designed as 

double-belted racing seats, produced from non-

combustible materials. All moving parts and control 

elements within the vehicle are secured to prevent 

dispersion in the event of an accident. 

In addition to these safety measures, safety 

software central to this study has been integrated 

into the software of the BLDC motor controller. 

This software ensures the safe operation of the 

motor and prevents the motor from being damaged 

in case of mishaps. 
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Fig. 1  Exterior view of the manufactured vehicle. 

The produced electric vehicle has specific 

dimensions and equipment features. The lateral axle 

distance is 162 cm, the longitudinal axle distance is 

311 cm, and the total vehicle length is 365 cm. The 

core of the energy conversion mechanism in the 

vehicle is a nominal 2kW power BLDC (Brushless 

Direct Current) Hub motor. The low power of this 

motor has been determined with the objective of 

maximizing energy efficiency. As illustrated in (Fig. 

1). 
 

 
Fig. 2  3 phase PWM inverter schematic. 

The motor control mechanism is implemented 

with a specially designed BLDC motor driver. This 

driver is designed using an STM32 series 32bit 

ARM-based microcontroller. The STM32 evaluates 

the input signals and generates a PWM (Pulse Width 

Modulation) signal. Examples of PWM signal 

graphs can be observed in (Fig. 4). A switching 

frequency outside the audible frequency range is 

employed to minimize acoustic disturbances. This 

design choice aims to prevent the distraction of the 

driver and allow a clearer perception of 

environmental sounds. The generated PWM signal 

is transmitted to the IGBT switching element using 

isolated gate drivers for safety [9,10]. This control 

system constantly monitors the motor temperature, 

IGBT temperature, and current values. (Fig. 2) 

presents a schematic view of the experimental setup. 

The fundamental structure of BLDC (Brushless 

Direct Current) motor controllers comprises a 

microcontroller, a gate driver, and a switching 

component that can be an IGBT (Insulated-Gate 

Bipolar Transistor) or a MOSFET (Metal-Oxide-

Semiconductor Field-Effect Transistor). In this 

research, a microcontroller from the STM32F103 

series, gate drivers from the TLP250 series, and an 

MWI 75-06 A7 IGBT block have been utilized. The 

IGBT blocks fundamentally incorporate a three-

phase Pulse Width Modulation (PWM) inverter 

circuit. The designed driver image is given in the 

(Fig 3.). 

 
Fig. 3  Photograph of the BLDC motor driver designed for 

the EV produced in the study. 

 

Control of a BLDC motor necessitates an 

understanding of the motor's position state. In this 

study, a switching method based on data received 

from Hall sensors has been adopted. Compared to a 

sensorless method, this technique enables 

approximately 5% additional torque production 

[11,12]. 

 

 
Fig. 4  PWM signal with different duty cycles. 
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The duty cycle of the PWM signal can vary 

between 0% and 100%, determined by the signal 

received from the vehicle's throttle. In situations 

requiring caution, the PWM signal can be limited to 

a lower maximum value. This restricts the 

maximum power output of the vehicle, 

simultaneously limiting its speed. In challenging 

weather conditions (rain, snow, etc.), the signal 

from the throttle is converted into a PWM signal 

using a ramp function for a softer throttle response. 

However, in this study, this function is disabled 

when the racetrack conditions are suitable. 

In this project, materials with low specific gravity 

were preferred to ensure the lightness of the vehicle. 

For instance, a carbon fiber body, aluminum 

chassis, and lightweight wheels have been used to 

reduce friction. Considering safety and lightness, 

plexiglass was chosen over glass. The energy 

storage system used in the vehicle is a 72-volt 

battery pack created by connecting 18650-coded Li-

ion batteries in series and parallel. 18650-coded 

batteries are widely used in electric vehicles to 

energize [13,14]. To minimize the risk of 

combustion and explosion, the battery is placed in a 

special protective box. 

Within the scope of high-security protocols, the 

high-current carrying cables and signal cables of the 

motor have been placed as far apart as possible. 

These arrangements have been implemented to 

prevent potential confusion that electromagnetic 

noise and parasitic signals can cause. Additionally, 

the Faraday cage principle has been used for the 

electromagnetic protection of the cables. 

The algorithm operates in real-time on an STM32 

microcontroller, continuously monitoring and 

adjusting the state of the vehicle from the initiation 

process to the parking process. Please refer to (Fig. 

5) for a detailed illustration of the algorithm. 

At the start, if the ignition is on and the accelerator 

pedal is activated, the algorithm prevents the vehicle 

from starting. The system will not start until the 

accelerator pedal is released. Furthermore, to ensure 

that the vehicle is stationary during ignition, the 

algorithm requires that the brake pedal be kept 

depressed. When these two safety conditions are 

met, the vehicle becomes ready for operation. The 

speed control signal, Pulse Width Modulation 

(PWM), is initially set to zero. 

The vehicle's transmission system is configured to 

support only forward and reverse movements. There 

are three available gear positions: Drive (D), Neutral 

(N), and Reverse (R). In the N gear position, the 

PWM signal maintains a zero level, preventing the 

vehicle from moving. The D gear enables forward 

movement, while R indicates reverse movement. To 

initiate movement, the vehicle must be set to a gear 

position other than N. 

 

Fig. 5  The security algorithm diagram produced in the study. 

Gear changes cannot be made while the vehicle is 

in motion. Once the vehicle is confirmed to be 

completely stationary, the desired gear position can 

be selected, and the PWM signal can be released, 

allowing movement. When the brake pedal is 

pressed, the PWM value is swiftly reset to zero, 

allowing the vehicle to continue its movement by 

inertia, thereby preventing power loss, maintaining 

safety, and preempting potential problems. 

The PWM signal is typically activated in 

conjunction with the accelerator pedal, assuming 

that the necessary safety systems are functioning 

correctly. When the ignition is off, the process is 

halted and requires a restart. The aforementioned 

algorithm can be seen above. 
 

III. RESULTS 

This study encompasses the design and 

development of a safe motor driver and an electric 

vehicle explicitly tailored for a competition 
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involving student participation. We present a series 

of algorithms and procedures in our study, 

specifically devised to ensure the safety of the 

vehicle's operation. The vehicle and driver have 

been designed to optimize safety during operation 

by controlling the PWM signal according to safety 

conditions and managing battery temperature. 

The research assessed the vehicle's performance 

and safety under various operational scenarios. 

These scenarios include situations such as gear 

changes, simultaneous application of the gas and 

brake pedals, and instances of battery overheating. 

In each case, the performance and safety of the 

vehicle and motor driver were upheld at satisfactory 

levels due to the applied algorithms and control 

mechanisms 

In conclusion, this study introduces a novel 

approach to prioritizing safety in the design and 

development of electric vehicles. The design of the 

vehicle and motor driver, along with the utilized 

algorithms, provides a valuable reference for future 

work. 

IV. DISCUSSION 

The development and evaluation of a safe motor 

driver for an electric vehicle underscored the 

importance of integrating safety considerations into 

the design and development phase of electric 

vehicles. Critical operational situations such as 

responses to gas and brake pedals, gear changes, and 

battery management were taken into account. These 

scenarios simulate situations that can be 

encountered in real-world driving scenarios. 

The developed algorithms and control 

mechanisms successfully operated to prevent 

potential safety risks. However, considering more 

complex and unpredictable scenarios, future work 

needs to further enhance these algorithms and 

mechanisms. 

In conclusion, this study highlights the 

importance of integrating safety as a primary factor 

in the design and development processes of electric 

vehicles and motor drivers. This approach is of 

critical importance, especially in situations such as 

competition vehicles to be used by students and 

young engineers. 

 

 

V. CONCLUSION 

This study involved the design and 

implementation of a safety-prioritized motor driver 

for electric vehicles. We developed algorithms and 

mechanisms focused on the control of gas and brake 

pedals as well as gear changes and battery 

management. These mechanisms have effectively 

worked to secure various aspects of vehicle 

operation. 

The results indicate the importance of integrating 

safety into the design and development stage of 

electric vehicles, especially for young engineers and 

students. This study reveals that safety-focused 

vehicle design and development serves as a guide to 

overcoming challenges encountered in real-world 

driving scenarios. 

Further investigations are suggested to focus on 

more complex and unpredictable driving scenarios 

and to further develop safety mechanisms 

accordingly. 
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