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Abstract
The DC motor is widely utilized in industrial and household applications due to its flexibility and relatively

simple operation.  However,  one of  its  drawbacks is  the inconsistency in speed,  particularly when the load
increases. To address this issue, a controller is required to maintain a constant speed that aligns with the desired
set point. PID control is a method designed to minimize the error rate in a system or plant. This type of control
incorporates three parameters: Proportional (P), Integral (I), and Derivative (D), which collectively determine
the response level of the controller to the plant. Proper tuning of these parameters is essential, and various
methods can be employed to adjust them to suit the specific characteristics of the plant. In this study, a PID
controller is implemented and simulated using MATLAB and Simulink to evaluate its effectiveness..
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1.   Introduction 

In  industrial  applications,  household  equipment,  air  conditioners  (AC),  robotics,  and  transportation
systems, electric motors are increasingly used as driving mechanisms (Irhas et al., 2020) (Hekimoglu, 2019).
Among these, direct current (DC) motors are particularly favored due to their ease of operation  (Rahman et al.,
2024). However, a notable drawback of DC motors is the decline in speed, leading to inconsistencies caused by
varying  loads.  To  address  this,  PID  (Proportional  Integral  Derivative)  control  techniques  are  commonly
employed for speed regulation (Nugraha & Eviningsih, 2022) (Sheila et al., 2024).

PID  is  a  widely  utilized  control  technique  in  engineering  that  combines  three  control  components:
Proportional,  Integral,  and  Derivative (Dermawan  et  al.,  2023) (Ainudin  et  al.,  2022).  These  parameters
collectively influence the quality of a control system's response (Nugraha & Fathin, 2024). Previous studies
have demonstrated the effectiveness of PID control in various applications, including speed control designs that
achieve stable and specification-compliant PID performance (Kurniawan et al., 2023).

The  PID control  system operates  through  a  feedback  mechanism to  correct  errors  by  comparing  the
measured error value with its deviation (Satrianata et al., 2023). Typically, PID controls can be applied either in
combination or separately, as each component offers distinct advantages (Yuniza et al., 2022). For instance,
proportional  control  accelerates  rise  time,  integral  control  minimizes  errors,  and  derivative  control  reduces
overshoot or undershoot.

2.   Material and methods

2.1. Mathods
         PID control is a standard method used to correct errors between measured values and their deviations
(Borase et al., 2021). By tuning or adjusting control parameters, an optimal response can be achieved in a PID
control system. One commonly employed method for parameter tuning is the Ziegler-Nichols method, which is
used to determine the Proportional gain (Kp), Integral time (Ki), and Derivative time (Kd) (Latif et al., 2020)
(Febriyan & Puriyanto, 2021a). This method is typically implemented and tested first using MATLAB software,
where simulations are conducted through block diagrams in MATLAB Simulink to evaluate its performance.

A. Proportional (Kp)
Proportional control is a control method that can accelerate rise time and reduce the error of a plant.
(Ma’arif & Setiawan, 2021) Essentially,  this control acts as an adjustable amplifier (Khalifa et al.,
2021). This causes the output value to be proportional to the product of the constant gain and the error
signal, as shown with the block diagram.
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Figure 1. Block diagram of proportional

B. Integral (Ki)
Integral control is a controller that can reduce overshoot and accelerate steady-state response (Aribowo
et  al.,  2022).  Integral  control  is  often combined with other  controllers  because  it  cannot  function
independently.  Its  balancing  nature  allows  a  control  system,  when  augmented  with  an  integral
compensator, to achieve the desired response. Integral control acts as an amplifier and can be showed
with the block diagram.

Figure 2. Block diagram of Integral

C. Derivative (Kd)
Derivative control is a type of control that has properties similar to differentiation (Surindra et al.,
2020). This control can predict future errors based on the previous error values, resulting in a more
stable output (Hekimoğlu et al., 2018). It can be used in combination with both Integral (I) control and
Proportional-Integral  (PI)  control.  Essentially,  derivative  control  acts  as  an  amplifier  and  can  be
expressed with the block diagram.

Figure 3. Block diagram of Derivetive
2.2. Material

DC motors  are  classified  into  two types:  separately  excited  DC motors  and  self-excited  DC motors.
Separately  excited  DC motors  are  commonly  used  for  speed  regulation  through  armature  voltage  control
(Febriyan  &  Puriyanto,  2021b).  The  equivalent  circuit  of  a  DC  motor  is  typically  used  to  illustrate  its
operational principles and characteristics, as shown in the accompanying diagram.

Figure 1. The equivalent circuit of a DC motor.

Parameter: 

Ra: armature resistance, Ω

La: armature induction, H

ia: armature current, A
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if : field current, A

ea: applied armature voltage, V

eb: back electromotive force, V

T : motor torque, N.m

ω: angular velocity, rad/s

A: moment of inertia, kg.m2

Kb: electromotive force constant, V.s/rad

K : motor torque constant, N.m/A

B: motor friction constant, N.m.s/rad

Table 1. DC motor parameter

Parameter Value

Ra  0.4 Ω

La 2.7 H

J 0.0004 kg.m2

B  0.0022 N.m.s/rad

K 0.015 N.m/A

Kb 0.05 V.s

Block diagram illustration of a DC motor. which uses an open loop system input from the DC motor to the
output the motor speed is written in this equation

G (s )= w(s)
Ea(s )

= K
(Las+Ra ) (Js+B )+KbK

3. Results and discussion

3.1. Matlab Simulation
The following is a program for simulate in Matlab software.

clc

Ra = 0.4;

La = 2.7;

J = 0.0004;

B = 0.0022;

K = 0.015;

Kb = 0.05;

num = K;

den = [La*J (La*B + Ra*J)

(Ra*B+Kb*K)];

Gs = tf(num,den);

Kp = 0.8

Ki = 0.4
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Kd = 0.2

After the program is successful operated, then create block diagram circuit like this figure.

Figure 2. Ilustration of block diagram DC motor
To determine the values of (Kp), (Ki),  and (Kd), a manual method is employed using the PID Tuning

feature  available  in  MATLAB  software.  Through  repeated  simulations,  the  most  suitable  response  for
controlling the angular speed of the DC motor is identified. From the simulations, the appropriate parameter
values are as follows:  

Kp = 0.8

Ki = 0.4

Kd = 0.2

The resulting parameters Kp, Ki, and Kd produce a graph as shown below.

Figure 2. Graphic of block diagram DC motor
From the simulation results, an overshoot value of 110 was obtained. This value is higher than the setpoint

value of 100. Additionally, the time required to reach the steady-state condition is 6.2 seconds. These results
indicate the system's response to the changes that occurred.

4. Conclusion
Based on the research conducted, it can be concluded that the appropriate values for KpK_pKp, KiK_iKi,

and KdK_dKd for the specified DC motor parameters are Kp=0.8K_p = 0.8Kp=0.8, Ki=0.4K_i = 0.4Ki=0.4,
and Kd=0.2K_d = 0.2Kd=0.2. These PID parameters resulted in low overshoot and steady-state values, allowing
the angular speed of the DC motor to be adjusted according to the motor's requirements.

Credit authorship contribution statement
Author Name: Conceptualization, Writing – review & editing. Author Name: Supervision, Writing – review &
editing. Author Name: Conceptualization, Supervision, Writing – review & editing.

References

 Irhas M, Iftitah, dan Azizah Ilham S. A “Penggunaan Kontrol PID dengan berbagai Metode untuk Analisis
Pengaturan Kecepatan Motor DC” Jurnal Fisika dan Terapannya (2020) Vol. 7: 78-86.

Hekimoglu B. “Optimal Tuning of Fractional Order PID Controller for DC Motor Speed Control via Chaotic
Atom Search Optimmization Algorith” 2019.

DOI xxxxxx



Journal of Electrical, Marine and Its Application Technology Vol. …...., No. …….
ISSN xxxxxx Publication Periode

Nugraha, Anggara Trisna, and Rachma Prilian Eviningsih. Konsep Dasar Elektronika Daya. Deepublish, 2022.
Sheila, Sindy Yurisma, et al.  "Coffee Drying Tool with LQR-PID Control." MEIN: Journal of  Mechanical,

Electrical & Industrial Technology 1.2 (2024): 18-23.
Rahman, Farhan Wahyu Nur, et al. "Application of Ant Colony Optimization Algorithm in Determining PID

Parameters in AC Motor Control." Brilliance: Research of Artificial Intelligence 4.2 (2024): 538-549.
Dermawan, Deny, et al. "Pengontrol Kecepatan Respon Motor dengan Pid dan Lqr." Seminar MASTER PPNS.

Vol. 8. No. 1. 2023.
Ainudin, Fortunaviaza Habib, Muhammad Bilhaq Ashlah, and Anggara Trisna Nugraha. "Pengontrol Kecepatan

Respon Motor dengan Pid dan Lqr." Seminar MASTER PPNS. Vol. 7. No. 1. 2022.
Nugraha,  Anggara  Trisna,  and  Ahmad  Sayid  Fathin.  "IMPLEMENTASI  BIDIRECTIONAL  DC-DC

CONVERTER  BERBASIS  TOPOLOGI  CASCADED  PADA  PEMBANGKIT  LISTRIK  TENAGA
ANGIN DENGAN METODE PID." MEDIA ELEKTRIKA 17.1 (2024): 22-29

Kurniawan, Rizky Fitra, et al. "HOW THE PERFORMANCE OF A DC MOTOR SYSTEM IS IMPACTED
BY NOISE." Jurnal Teknologi Maritim 6.1 (2023): 23-32.

Satrianata, Lugas Jagad, et al. "EXAMINING OPTIMAL CONTROL THROUGH THE APPLICATION OF
(LQR) AND (LQT) APPROACHES IN THE CONTEXT OF DC MOTORS." Jurnal Teknologi Maritim
6.1 (2023): 17-22.

Yuniza, Salsabila Ika, Diego Ilham Yoga Agna, and Anggara Trisna Nugraha. "The Design of Effective Single-
Phase  Bridge  Full  Control  Resistive  Load  Rectifying  Circuit  Based  on  MATLAB  and  PSIM."
International Journal of Advanced Electrical and Computer Engineering 3.3 (2022).

Borase, R. P., Maghade, D. K., Sondkar, S. Y., & Pawar, S. N. (2021). A review of PID control, tuning methods
and applications. International Journal of Dynamics and Control, 9, 818-827.

Latif, A., Arfianto, A. Z., Widodo, H. A., Rahim, R., & Helmy, E. T. (2020). Motor DC PID system regulator
for mini conveyor drive based-on MATLAB. Journal of Robotics and Control (JRC), 1(6), 185-190.

Febriyan,  D.  S.,  &  Puriyanto,  R.  D.  (2021).  Implementation  of  DC  motor  PID  control  on  conveyor  for
separating potato seeds by weight. International Journal of Robotics and Control Systems, 1(1), 15-26.

Ma'arif, A., & Setiawan, N. R. (2021). Control of DC motor using integral state feedback and comparison with
PID: simulation and arduino implementation. Journal of Robotics and Control (JRC), 2(5), 456-461.

Aribowo, W., Supari, S., & Suprianto, B. (2022). Optimization of PID parameters for controlling DC motor
based on the aquila optimizer algorithm. International Journal of Power Electronics and Drive Systems,
13(1), 216.

Khalifa,  M.,  Amhedb,  A.  H.,  & Al Sharqawi,  M. (2021).  Real time DC motor position control  using PID
controller in LabVIEW. Journal of Robotics and Control (JRC), 2(5), 342-348.

Surindra, M. D., Widyaningsih, W. P., Margana, M., Supriyo, S., & Mulud, T. H. (2020, December). Sistem
Kontrol  Proportional  Integral  Derivative  (PID)  Untuk  Mengatur  Kecepatan  Motor  DC Menggunakan
Mikrokontroller. In Prosiding Seminar Nasional NCIET (Vol. 1, No. 1, pp. 528-525).

Hekimoğlu, B., Ekinci, S., Demiray, V., Doguruci, R., & Yıldırım, A. (2018). Speed control of DC motor using
PID controller tuned by salp swarm algorithm. Proc. IENSC, 1878-1889.

Febriyan,  D.  S.,  &  Puriyanto,  R.  D.  (2021).  Implementation  of  DC  motor  PID  control  on  conveyor  for
separating potato seeds by weight. International Journal of Robotics and Control Systems, 1(1), 15-26.

DOI xxxxxx


	Abstract

