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A B S T R A C T 

The modeling of a DC motor using Simulink, a potent simulation and model-based design tool created by MathWorks, is thoroughly examined in this research. The 

dynamic performance and control properties of the DC motor, a mainstay in many consumer and industrial applications, are examined. The main goal is to replicate 

the motor's performance under various settings and create an accurate mathematical model that captures its physical behavior. The first step in the investigation is 

the formulation of the governing equations for the motor, which include the mechanical and electrical dynamics and are stated in terms of torque, angular velocity, 

voltage, and current. To improve model fidelity, important characteristics including moment of inertia, armature resistance, inductance, and back electromotive 

force constant are included. A modular and scalable design is then made possible by translating the obtained equations into a block diagram representation in 

Simulink. 

To assess the DC motor's transient and steady-state performance under various input voltages and load torques, simulations are run. The outcomes show how well 

the model captures real-world behaviors by offering insights into the motor's speed, current, and torque responses.  

Simulink is a useful tool for research, education, and industrial applications because of its modular nature, which makes it simple to integrate with other systems. 

This study serves as a practical guide for engineers, researchers, and educators, providing a foundational framework for modeling and analyzing DC motors using 

Simulink, thereby contributing to the optimization and control of electromechanical systems. 
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1. Introduction 

One of the most popular electromechanical devices, Direct Current (DC) motors are essential to consumer, business, and industrial applications [1]. For 

applications needing precise speed and position regulation, such robots, conveyor systems, electric vehicles, and home appliances, their simplicity, 

dependability, and controllability make them perfect [2]. For DC motors to be used and controlled in such systems effectively, it is imperative to 

comprehend their dynamic behaviour [3]. By mathematically representing a DC motor's physical properties, modelling allows engineers and researchers 

to forecast how well the motor will function in different scenarios [4]. A strong model ensures optimal functioning and integration into larger systems by 

providing a basis for design, analysis, and control system development [5-8]. However, the interaction of several elements, including resistance, 

inductance, back electromotive force (EMF), and inertia, makes it difficult to adequately depict the motor's electrical and mechanical dynamics [9-12]. 

For modelling and evaluating dynamic systems like DC motors, MathWorks' Simulink model-based design and simulation tool provides an adaptable 

platform [13-15]. Simulink enables users to effectively construct, simulate, and improve system models because to its user-friendly graphical user 

interface and large library of blocks [16-18]. The program is an effective tool for both academic study and industrial applications because of its capacity 

to combine mathematical equations, visualize dynamic responses, and apply control measures [19-22]. 

The goal in this study is to use Simulink to create a thorough model of a DC motor. The electrical and mechanical dynamics of the motor, including how 

it reacts to external loads and input voltages, are captured by the model. To assess important performance metrics, like torque, speed, and current, under 

various circumstances, we run simulations. The outcomes show how accurate the model is and how well it can forecast behavior in the real world. 

Nomenclature 

V - Supply voltage of the motor 

Ra - Resistance of the armature winding 

http://www.ijrpr.com/
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Ia - Current flowing through the armature winding  

Eb - Back electromotive force 

La - Inductance of the armature winding 

J - Moment of inertia of the rotor 

B - Viscous friction coefficient. 

ω - Angular velocity of the rotor  

dω/dt - Angular acceleration of the rotor 

K - Motor constant 

Kt - Torque constant 

T - Motor torque 

TL - Load torque 

2. Mathematical Model 

The mathematical model of a DC motor is derived by analysing its electrical and mechanical dynamics. It is governed by the interaction between electrical 

and mechanical components, represented by voltage, current, torque, and angular velocity 

2.1 Electrical Dynamics 

The electrical circuit of a DC motor consists of an armature with resistance(Ra) and inductance (La). The input voltage (V) applied to the motor terminals 

drives the current (Ia) through the armature, producing torque. The back electromotive force (Eb) opposes the input voltage and depends on the motor's 

angular velocity (ω). 

The governing equation for the armature circuit is: 

𝑉 = 𝐼𝑎 𝑅𝑎 + 𝐸𝑏 + 𝐿𝑎  (
𝑑𝐼𝑎

𝑑𝑡
)  (1) 

In practical applications, the motor's inductance La affects the transient response. For DC motors, the inductance smooths out the changes in the current 

when the voltage is applied or removed. This effect is crucial when switching the motor on and off. For an ideal analysis, the inductance effect is often 

ignored in steady-state conditions, but in transient conditions, it affects the current rise or fall time. 

The back EMF is directly proportional to the angular velocity and is given by: 

𝐸𝑏 = 𝐾 𝜔    (2) 

2.2 Mechanical Dynamics  

The torque generated by the motor (T) is proportional to the armature current (Ia) 

𝑇 = 𝐾𝑡 𝐼𝑎    (3) 

The generated torque is used to overcome the load torque (TL), friction, and inertia of the rotor. Using Newton's second law for rotational motion: 

𝑇 = 𝑇𝐿 + 𝐽 (
𝑑𝜔

𝑑𝑡
) + 𝐵 𝜔   (4) 

2.3 Laplace Transform Representation 

Using the Laplace transform, the system equations are expressed in the s-domain for easier analysis and implementation in control systems. 

Electrical equation is given as; 

𝑉(𝑠) = 𝐼𝑎 (𝑠)𝑅𝑎 + 𝐾𝜔(𝑠) + 𝑠𝐿𝑎 𝐼𝑎(𝑠) (5) 

Mechanical equation is given as; 

𝐾𝑡 𝐼𝑎(𝑠) = 𝑇𝐿(𝑠) + 𝐽 𝑠 𝜔(𝑠) + 𝐵 𝜔(𝑠)  (6) 

These transfer functions are used to simulate the DC motor's behavior in Simulink and analyze its dynamic response. 
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3. Modelling in Simulink 

Simulink is an ideal tool for implementing and simulating the DC motor model due to its block diagram-based interface and extensive library of 

components. Below, we outline the key steps to build the DC motor model in Simulink, incorporating both electrical and mechanical dynamics. The DC 

motor is represented as a combination of subsystems corresponding to its electrical and mechanical equations. Each subsystem models a specific aspect 

of the motor’s behaviour, and they are interconnected to reflect the coupling between electrical and mechanical domains. 

Electromechanical system 

For modelling the electromechanical system, various blocks are connected in an orderly manner.  

• Constant block is used to input the supply voltage.  

• Sum block is used with [+-] sign to sum up the supply voltage with back emf. 

• Transfer function block is used with [1/Ra] as numerator and [ta 1] as denominator. 

• Gain block is used represent the torque constant, Kt. 

• Constant block is used to input the load torque.  

• Sum block is used with [+-] sign to sum up the motor torque with load torque. 

• Transfer function block is used with [1/B] as numerator and [tm 1] as denominator. 

• Gain block is used represent the motor constant, K. 

• Gain block is used to convert the obtained angular velocity in rpm 

• Bus creator block is used to combine the input signals or messages into a bus, which retains the separate identities of the signals and messages.  

• Scope block is used to visualizes outputs like armature current, motor torque, motor speed and back emf with respect to time. 

• Display block is used to get the mathematical output value for armature current, motor torque, motor speed and back emf 

 

Figure 1 – Simulink model of DC motor 

The following parameters are used for the simulation: 

• Damping coefficient, B = 0.5 N·m·s 

• Moment of inertia, J = 0.01 kg·m² 

• Motor constant, K = 0.1 V/rad/s 

• Torque constant, Kt = 0.1 Nm/A 

• Armature inductance, La = 0.1 H 

• Armature resistance, Ra = 10 Ω 

• Load torque, TL = 1 Nm 

• Supply voltage, V = 230 V 
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4. Simulation Result 

The response of the DC motor to a constant input voltage is analysed. The simulation results show the transient and steady-state behavior of the motor. 

In total, four scope blocks used with bus connector block in order to plot the graph for armature current, motor torque, back emf and motor speed. In all 

the four plots, time is taken as abscissa with 10 seconds scale and the four output parameters are plotted in ordinate. 

All the four parameters show an increase during the transient stage where the armature inductance is considered. Whereas in the steady state condition, 

the parameters hold a constant position. The results demonstrate that the Simulink model accurately represents the dynamic behavior of a DC motor. The 

ability to simulate various conditions provides valuable insights into the motor's performance and the effectiveness of control strategies. Furthermore, the 

impact of parameter variations highlights the importance of precise modelling in control system design. 

 

Figure 2 – Output parameters plot Versus Time 

5. Conclusion 

The modelling and simulation of a DC motor using Simulink provide valuable insights into its dynamic behavior and control. This study has demonstrated 

a systematic approach to developing a comprehensive mathematical model that accurately represents the electrical and mechanical dynamics of the motor. 

By translating the governing equations into Simulink’s graphical environment, a modular and flexible framework was created for analysing key 

performance characteristics such as speed, current, and torque. 

The DC motor model successfully captures the interaction between the electrical and mechanical domains, as evidenced by its response to varying input 

voltages, load torques, and control strategies. The inclusion of key parameters, such as armature resistance, inductance, back EMF constant, and moment 

of inertia, ensures the fidelity of the simulation. Through sensitivity analysis, it is clear how parameter variations affect the motor’s performance, which 

can guide the optimization and design of motor-driven systems. 

The results of this study emphasize the importance of simulation tools like Simulink in engineering practice. Simulink not only provides a platform for 

verifying theoretical models but also serves as a powerful tool for prototyping and testing control algorithms before hardware implementation. This 

reduces development time and costs while enhancing system reliability. 

The presented model can be extended to include advanced features, such as: thermal modelling to account for the effects of heat generation, nonlinear 

effects like saturation and hysteresis for higher accuracy, advanced control techniques, such as adaptive or model predictive control, to handle complex 

operating conditions. 

This work serves as a practical guide for engineers, researchers, and educators, providing a foundational framework for understanding and simulating DC 

motor behavior. Future advancements in modelling techniques and computational tools will continue to enhance the design and control of 

electromechanical systems, contributing to innovations across industries. 

In conclusion, the use of Simulink for DC motor modelling and control has proven to be an effective approach, bridging the gap between theory and 

application, and paving the way for further research and development in motor control systems.  
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