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 In this modern era, the need for environmentally friendly vehicles is 
increasing, along with the increasing awareness of the importance of 
protecting the environment from pollution. One solution that is 
increasingly popular is the use of two-wheeled electric vehicles. These 
electric vehicles utilize DC motors as the main drive. In this system, 
controlling the speed of the DC motor is an important aspect to ensure 
efficient and responsive performance. This study examines the 
implementation of Pulse Width Modulation (PWM) as a method of 
controlling the speed of a DC motor in two-wheeled electric vehicles. 
PWM is a technique that allows control of the power received by the 
motor by adjusting the width of the digital signal pulse. With this 
method, the speed of the motor can be controlled precisely without 
losing significant power efficiency. This study focuses on the design 
and implementation of a speed control system using PWM, as well as 
testing the performance of the system on two-wheeled electric 
vehicles. The results of the study show that the use of PWM as a 
method of controlling the speed of a DC motor in two-wheeled electric 
vehicles is able to provide a fast and accurate response to the desired 
speed changes. This system is also proven to be energy efficient and 
able to reduce the heat generated by the motor, thereby extending the 
life of the motor. Thus, the use of PWM in the DC motor speed control 
system in two-wheeled electric vehicles is an effective and efficient 
solution to improve the performance and reliability of electric vehicles. 
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INTRODUCTION 

In recent decades, the transportation world has undergone a significant transformation, 
especially with the emergence of electric vehicles. One important aspect of this change is 
the introduction of electric two-wheelers, which have become an interesting trend in the 
automotive industry. The development of DC Motor Speed Control with Pulse Width 
Modulation (PWM) for electric two-wheelers is a major innovation in the automotive 
industry that aims to improve the efficiency, performance and durability of electric vehicles. 
By combining PWM technology with efficient DC motors, electric two-wheelers can provide 
a better driving experience, as well as a greater contribution to environmental sustainability. 
PWM offers an intelligent solution to control the power supplied to the DC motor by 
regulating the duration of the electric current signal pulse. This development brings several 
major advantages to electric two-wheelers, namely: high efficiency, responsiveness and 
precision, easier maintenance, reduced emissions and a more enjoyable driving experience. 
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Literature Review 
Initial Research on the Use of PWM in DC Motor Control 

Early studies on the use of PWM in DC motor control were conducted in the 1970s. 
This research explored the potential of PWM techniques in controlling the speed of DC 
motors by varying the pulse width and period, allowing for finer and more accurate 
regulation. PWM works by dividing a certain period of time into several parts, during which 
the power signal is turned on or off to control the amount of power delivered to the motor. 
The wider the pulse given (on-time), the more power the motor receives. This allows motor 
speed control by changing the ratio between the time the signal is on and off. One of the 
advantages is high efficiency because the power delivered is only controlled by changing 
the pulse width, not by changing the voltage or current directly. This reduces energy waste 
in the form of heat. In addition, precise control allows for stable and accurate motor speed 
according to needs [1]. In the context of electric two-wheeled vehicles, DC motor speed 
control with PWM becomes very important. Accurate and responsive control is needed to 
provide a safe and comfortable driving experience. In addition, in electric vehicles, this 
technique can also be used to regulate energy regeneration during braking, which can 
improve overall efficiency [2]. 
DC Motor 

DC (Direct Current) motor is a type of electric motor that converts direct current 
electrical energy into mechanical energy in the form of rotation or movement. This motor is 
very popular and is widely used in various applications, from children's toys to electric 
vehicles and industrial equipment. Here are some important aspects of DC motors [3]. 

 
 
 
 
 
 
 
 
 
 

Figure 1. Physical form and construction of a DC motor 
The speed of a DC motor can be controlled using several methods, including: 

1. Voltage Regulation: Changes the input voltage to the motor to control its speed. 
2. Pulse Width Modulation (PWM): A method that controls the power received by the 

motor by adjusting the pulse width of the digital signal, thus producing precise and 
efficient speed control. 

DC Motor Applications 
1. Electric Vehicles: As the main driver in electric scooters, electric cars, and electric 

bicycles. 
2. Robotics: Used in robots to drive wheels and actuators. 
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DC Motor Equation 
DC motors can be described through several equations that describe the relationship 

between voltage, current, speed, and torque. Here are some important equations used to 
understand and analyze the performance of DC motors: 
Armature Voltage Equation 

The total voltage applied to the armature terminals of a DC motor can be expressed by 
the following equation: 

V = E + IaRa (1)      
Where : 

V is the armature terminal voltage (volts). 
E is the back electromotive force (back EMF) (volts). 
It is the armature current (amperes). 
Ra is the armature resistance (ohms). 

Back EMF Equation 
The back EMF (E) generated in a DC motor is proportional to the rotor rotational speed 

(ω) and the back EMF constant (kE): 
E = kE⋅ω(2)       

Where: 
E is back EMF (volts). 
kE is the back EMF constant (volts/rad/s or volts/(rpm)). 
ω is the rotor angular speed (rad/s or rpm). 

Motor Speed Equation 
By substituting the back EMF equation into the armature voltage equation, we get: 

V = kE⋅ω + Ia⋅Ra(3)      
By isolating the velocity (ω): 

ω =       
 (4) 

Motor Torque Equation 
The torque (T) produced by a DC motor is proportional to the armature current (Ia) and 

the torque constant (kT): 
T = kT⋅Ia      

  (5) 
Where: 

T is torque (Nm). 
kT is the torque constant (Nm/ampere or kg·m²/s²). 

Mechanical Power Equation 
The mechanical power (Pm) produced by the motor can be expressed as: 

Pm = T⋅ω(6)      
  

Motor Efficiency 
The efficiency (η) of a DC motor can be calculated by comparing the mechanical 

output power to the electrical input power: 



 

Jurnal Scientia  
Volume 13, Number 04, 2024, DOI 10.58471/ scientia.v13i04 
ESSN 2723-7486 (Online) 
https://infor.seaninstitute.org/index.php/pendidikan  

 

 

A DC Motor Speed Control For Two Wheeled Vehicles With PWM–Beni Satria et.al 
1472 | P a g e  

𝜂=,,𝑃-𝑚.-,𝑃-𝑖𝑛𝑝𝑢𝑡..=,𝑇.𝜔-𝑉.,𝐼-𝑎..   
    (7) 

The above equations provide a solid foundation for understanding and analyzing DC 
motor performance. Using these equations, we can calculate various important parameters 
such as voltage, current, speed, torque, and motor efficiency. This knowledge is very useful 
in the design and implementation of DC motor control systems, such as in electric vehicles, 
industrial equipment, and robotics applications. 
DC Motor Characteristic Curve 

The characteristic curves of a DC motor describe the relationship between various 
operating parameters such as speed, torque, current and efficiency. These curves are very 
important in understanding the performance of the motor under various load conditions and 
determining the most suitable application. Following are some of the main characteristic 
curves commonly used to analyze DC motors. 
 
 
 
 
                          
 
 
 

Figure 2. DC motor characteristic curve 
The DC motor characteristic curves provide deep insight into how the motor will 

behave under various operating conditions. By understanding these curves, we can select 
the right motor for a particular application, optimize performance, and ensure the reliability 
and efficiency of the system used. 
PULSE WIDTH MODULATION (PWM) 

PWM works by dividing the time period into two main components: the period when 
the signal is on (on-time) and the period when the signal is off (off-time). The pulse width is 
the ratio of the time the signal is on to the time it is off in one period. By changing the pulse 
width, we change the percentage of time the signal is on, which in turn changes the average 
power delivered [5]. 

 
 

Figure 3. PWM waveform 
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One of the main advantages of PWM is its high energy efficiency. In many cases, such 
as motor speed control or LED lighting, the device will operate well even if it is supplied with 
lower power on average. By regulating the time at which the device is turned on, but 
keeping the voltage relatively constant, energy efficiency can be improved [6]. 
The basic equations for PWM involve several key concepts, namely period (T), frequency (f), 
and duty cycle (D). 

1. Period (T) 
a. Period is the time required for one complete cycle of the PWM signal. 
b. The unit of period is seconds (s). 
c. The equation for the period is: 

𝑇=,1-𝑓.      (8) 
2. Frequency (f) 

a. Frequency is the number of PWM cycles per second. 
b. The unit of frequency is Hertz (Hz). 
c. The equation for frequency is: 

𝑓=,1-𝑇.       (9) 
Duty Cycle (D) : 

1. Duty cycle is the percentage of a period in which the PWM signal is at a high 
level (ON). 

2. Duty cycle is expressed in percentage (%). 
3. The equation for duty cycle is: 

𝐷=,,,𝑡-𝑜𝑛.-𝑇..×100%    
 (10) 

Where ton is the time in one period when the signal is at a high level. 
In PWM applications, the duty cycle value determines how long the signal is at a high 

level in one period. For example, if the duty cycle is 50%, then the signal will be at a high 
level for half of the total period and at a low level the rest of the time. 
PWM GENERATOR CIRCUIT 

 
Figure 4. PWM generator circuit 

The circuit above can provide an overview of the PWM technique on a DC motor 
driver. IC556 which is a dual 555 is set as an astable multivibrator with a fixed working 
frequency (fixed RC value) with the output given to a simple DC motor driver circuit with 
mosfet. The basic concept of PWM control using the circuit above lies in the addition of two 
diodes that control the charge and discharge process of the 0.1uF capacitor. The position of 
the 100K potentiometer lever connected to the two diodes will determine the charge or 
discharge time of the 0.1uF capacitor. The charge and discharge waveforms of the NE556 
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astable multivibrator output as a PWM control for the DC motor driver in Figure 2.3. With 
this circuit, the DC motor control process can be smoother and more responsive. 

 
RESEARCH METHODOLOGY 

The research approach used is as follows: Problem Identification: This is the purpose 
of controlling the motor using PWM, for example, to increase energy efficiency, control 
motor speed, or reduce vibration. Literature Study: To understand the basic concept of 
PWM, the working principle of electric motors, and PWM applications in electric vehicles or 
other systems.  PWM Circuit Design: Design a PWM circuit that meets the specifications of 
the electric motor and vehicle, including selecting the right electronic components. 
Simulation: Use simulation software such as MATLAB/Simulink or LTspice to test the 
performance of the PWM circuit in controlling motor speed and predicting energy efficiency.  
Implementation and Testing: Build the PWM circuit according to the design and test its 
performance on an electric motor. Record measurement data such as motor speed, current, 
voltage, and energy efficiency. Data Analysis: Analyze test data to evaluate the performance 
of the PWM circuit, including energy efficiency, speed response, and system stability. 
Conclusion and Recommendation: Conclusion based on the results of data analysis and 
discuss its implications for the use of PWM in motor control. And recommendations for 
further development 
 

RESULTS 
Data Analysis Methods 
The data analysis methods used in this study are: 

a. Correlation analysis to understand how strong the relationship is between two 
variables (for example, duty cycle and motor speed). Correlation can help you 
determine if there is a linear relationship between the variables. Duty cycle is the ratio 
of the time a signal is active to the total time period. In the context of DC motors, duty 
cycle is generally associated with PWM (Pulse Width Modulation) control, which is 
used to regulate motor speed [9]. 

 
 
 
 
 
 
 

Figure 5. Correlation graph between duty cycle and DC motor rotation 
The results of this test are presented in table 1. 

Table 1.  Results of DC Motor Voltage vs Speed Test 
No Voltage (V) Rotation (rpm) 
1 3 0 
2 4 350 
3 5 800 



 

Jurnal Scientia  
Volume 13, Number 04, 2024, DOI 10.58471/ scientia.v13i04 
ESSN 2723-7486 (Online) 
https://infor.seaninstitute.org/index.php/pendidikan  

 

 

A DC Motor Speed Control For Two Wheeled Vehicles With PWM–Beni Satria et.al 
1475 | P a g e  

No Voltage (V) Rotation (rpm) 
4 6 945 
5 7 1100 
6 8 1200 
7 9 1375 
8 10 1400 
9 11 1450 

10 12 1500 
 

 
 

Figure 6. Voltage vs. Speed and Current vs. Speed Graphs 
Discussion 

From the above test, it can be seen the correlation between the variation of input 
voltage and the variation of DC motor speed. The higher the voltage given, the faster the DC 
motor will rotate. Likewise, the input current is directly proportional to the input voltage 
given to the DC motor. This can be seen in the graph in Figure 6. So it can be assessed that 
this control system has a linear relationship between input voltage and input current with 
the speed of the DC motor. 
 

CONCLUSION 
The conclusions of this research are: The designed DC motor speed control system is 
working as desired. There is a linear correlation between input voltage and motor rotation 
speed. Likewise, the correlation between input current and motor speed.   
 
 

REFERENCES 
[1] Akbar, D., & Riyadi, S. (2019). Speed Control on Brushless DC Motor (BLDC) Using 

PWM (Pulse Width Modulation).255–262.https://doi.org/10.5614/sniko.2018.30 
[2] Astuti, P., & Masdi, H. (2022). BLDC Motor Speed Control System Using PWM Based 

on Arduino Uno Microcontroller. JTEIN: Indonesian Journal of Electrical Engineering, 
3(1),120.135.http://jtein.ppj.unp.ac.id/index.php/JTEIN/article/view/216 

[3] Candra, TY, & Ta'ali. (2020). Separately Loaded DC Motor Speed Control System with 
Arduino-Based PWM Control Technique.Jtev (Journal of Electrical and Vocational 



 

Jurnal Scientia  
Volume 13, Number 04, 2024, DOI 10.58471/ scientia.v13i04 
ESSN 2723-7486 (Online) 
https://infor.seaninstitute.org/index.php/pendidikan  

 

 

A DC Motor Speed Control For Two Wheeled Vehicles With PWM–Beni Satria et.al 
1476 | P a g e  

Engineering) , 06(01), 199–
210.https://doi.org/https://doi.org/10.24036/jtev.v6i1.107877 

[4] Hidayati, Q., & Prasetyo, ME (2016). DC Motor Speed Control Using Fuzzy-PID Based 
Microcontroller. JTT (Journal of Integrated Technology), 4(1), 1–
5.https://doi.org/10.32487/jtt.v4i1.123 

[5] IS, R., & Hartono. (2018). Design of Pulse Width Modulation (PWM) as a DC Motor 
Speed Controller Based on Arduino Microcontroller. Research Journal, 3(1), 50– 
58.https://doi.org/10.46491/jp.v3e1.31.50-58 

[6] Muis, A. (2020). Design and Build of Microcontroller Based Food Delivery Conveyors 
in Restaurants Using the PWM Method. Sinusoids, 
XXII(3).https://ejournal.istn.ac.id/index.php/sinusoida/article/view/753%0A 
https://ejournal.is tn.a c.id/index.php/sinusoida/article/download/753 /557 

[7] Budijanto, A. (2018, September). DC motor speed control on line follower robot using 
pulse width modulation (pwm). In National Seminar on Information Systems 
(SENASIF)(Vol. 2, pp. 1162-1169). 

[8] Ma'arif, A., ISTIARNO, R., & SUNARDI, S. (2021). Proportional integral derivative (PID) 
control on DC motor angular speed with system identification modeling and tuning.
 ELKOMIKA: Journal of Electrical Energy Engineering, Telecommunication 
Engineering, & Electronic Engineering, 9(2), 374. 

[9]  Ali, A., Muhammad, H., & M Ilham, R. (2024). DC Motor Speed Control using PWM 
(Pulse Width Modulation)(Doctoral dissertation, Muhammadiyah University of West 
Sumatra). 

[10] Septiarini, AD (2018). Mathematical modeling of DC motor speed using identification 
with the 2S method(Doctoral dissertation, Sepuluh Nopember Institute of 
Technology). 

[11] Wardani, R., Tharo, Z., & Fahreza, M. (2023). Analysis of Electrical Energy 
Consumption in the Use of Passenger Lifts at Adam Malik Hospital, Medan. Sriwijaya 
Journal of Electrical Engineering, 5(1), 39-48. 

[12]  Aryza, S., & Lubis, Z. (2019, November). Enhanced of Speed Monitoring Brushless DC 
(BLDC) Equipment and Controller Based on Arduino. In Journal of Physics: 
Conference Series(Vol. 1361, No. 1, p. 012049). IOP Publishing. 

[13]  Aryza S, Efendi, S., & Sihombing, P. (2024). A ROBUST OPTIMIZATION TO DYNAMIC 
SUPPLIER DECISIONS AND SUPPLY ALLOCATION PROBLEMS IN THE MULTI-
RETAIL INDUSTRY. Eastern-European Journal of Enterprise Technologies, (3). 

[14]  Siagian, P., Alam, H., & Putra, RR (2023). Low Speed Wind Energy Potential for 
Power Generation with Modified Icewind Turbines. INTECOMS: Journal of 
Information Technology and Computer Science, 6(2), 757-763. 

[15] Amini, AA, Siagian, P., & Aryza, S. (2024). Design and Construction of a Tubers Slicing 
and Frying Machine Based on the Atmega 8535 Microcontroller. Journal of 
Engineering Veranda, 9(2), 8399-8407. 


