Journal of Engineering Science and Technology
Vol. 20, No. 4 (2025) 1069 - 1088
© School of Engineering, Taylor’s University

I0T BASED INDUCTION MOTOR PID SPEED CONTROL
SYSTEM USING ZIEGLER - NICHOLS METHOD

CHARLES RONALD HARAHAP*,
F. X. ARINTO SETYAWAN, CAHYA ANDIKA SALSABILA

Department of Electrical Engineering, Faculty of Engineering, University of Lampung,
Jalan Sumantri Brojonegoro No. 1, Bandar Lampung, Lampung, 35141, Indonesia
*Corresponding Author: charles.harahap69@gmail.com

Abstract

This research aimed to determine the Proportional Integral and Derivative (PID)
parameters in a three-phase induction motor (TPIM) speed control system using the
Ziegler-Nichols oscillation method. Presently, the three-phase inverter used for
regulation, was designed with MOSFET (Metal Oxide Semiconductor Field Effect
Transistor) through the PWM (Pulse Width Modulation). This method is unable to
maintain a stable motor speed during a disturbance or when under a load, which led
to the use of the Ziegler-Nichols oscillation method with efficiency in determining
PID parameters. The Internet of Things (IoT) was implemented using the Blynk
application with the NodeMCU ESP8266 module as a platform and
microcontroller. The result led to the successful design of a TPIM speed control
system. The closed-loop control system provided good speed response results, with
an average rise time of 2.2 seconds without load and an overshoot of 1.06%. When
disturbance is given to the TPIM, the recovery speed was immediately set to 2
seconds in accordance with the ideal characteristics for both step and disturbance
response. The application of the IoT through the Blynk application successfully
controlled and monitored the TPIM remotely. In conclusion, this research
successfully designed the proposed system, and the experimental results were
presented to prove the feasibility of the proposed method.
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1. Introduction

The Ziegler-Nichols method is used for tuning proportional integral and derivative
(PID) controller parameters on three-phase induction motor (TPIM), including
monitoring and controlling it remotely through smartphones in real time. TPIM is
used in many industrial applications such as pumps, fans, compressors, conveyors,
cranes, and elevators. It is also used in the transportation sector, namely electrical
cars and trains. Meanwhile, induction motor is preferable due to the characteristics
of the motor and operational activities which are simpler, reliable, and requires less
maintenance when compared to the other types [1]. The industrial field requires a
type of motor whose speed can be adjusted according to needs and desires. The
speed of a TPIM can be fine-tuned by adjusting the frequency using an inverter [2],
consisting of power electronic components. This includes MOSFET (Metal Oxide
Semiconductor Field Effect Transistor), controlled by switching the PWM (Pulse
Width Modulation). The technique is adopted where the output voltage can be
adjusted as needed resulting in varied motor speed.

Based on this, regulating the speed of a TPIM using an inverter had not been
able to provide a stable induction motor speed and when under load is affected by
any disturbance. The motor performance tends to decrease, disrupting work in the
industrial sector. Therefore, a closed loop control system must be applied to
stabilize and maintain the desired speed of a TPIM when there is a disturbance or
added load. In the present research, the Ziegler-Nichols method was applied to
determine the values of Kp, Ki and Kd in the PID controller. This was due to the
efficiency in determining suitable parameters by providing a more structured
approach in a relatively short time, compared to the trial and error method which
requires more experiments [3].

The Internet of Things (IoT) is currently the main pillar of industrial
transformation [4], and the integration of a TPIM enabled remote monitoring and
control. This entails the adoption of the NodeMCU ESP8266 module as an IoT
platform and microcontroller, with the Blynk application used for controlling the
Arduino and monitoring the data from the motor. In addition, this information can
be accessed in real time from a mobile device, allowing better monitoring and
management, compared to having to oversee and control the motor directly which
is tiring and less efficient.

Several previous research had been conducted on PID controllers, and according
to [5-7], these are applied to DC motors using mathematical models, namely
Simulink/MATLAB. The research reported that PID controllers offered the best
performance compared to PI and Fuzzy Logic Controllers. Prior research [2] used a
PID controller to regulate the speed of a TPIM, comparing it to an open loop control
using an inverter. Furthermore, performance analysis was carried out using
Simulink/MATLAB. The research by [1, 8, 9] used a PID controller to monitor the
direct torque of an induction motor. These controllers can be tuned using several PID
methods such as the Ant Colony Optimization [10]. The research by Ferdiansyah et
al. [3] used a combination of the Ziegler-Nichols oscillation and IFOC methods to
control the speed of a TPIM. However, Premkumar et al. [11] combined fuzzy logic
methods with PID to resolve windup problems in the control system. Bharti et al. [12]
adopted a closed loop PI controller through Simulink/MATLAB to reduce rotor speed
harmonics, as well as designed open loop control using an inverter. Several previous
research had been conducted on IoT, for example Maity et al. [13] used the Blynk
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application to control smart homes remotely with Arduino nano and Bluetooth
module. Meanwhile, Othman and Zakaria [14] monitored the base of energy meter
remotely through Blynk application using ESP32.

Based on previous research, the PID method was widely applied to TPIMs,
through a simulation process using MATLAB software. Accurate results were
obtained, because environmental variables not contained in the simulation model,
were not considered. This led to the retesting and incorporation of previous findings
into a TPIM speed controller hardware. The contribution of the research is the
application of the PID control system to the induction motor speed controller
hardware. In addition, [oT was applied to this system, enabling monitoring and
speed control through smartphone with internet connection.

The research is organized in the following manner section 1 focused on
introduction, describing the background, previous research, contributions, and
novelty. Meanwhile, section 2 described the methods and system design used,
including hardware and software implementation. Section 3 presented the
experimental results and discussions, outlining the performance of the PID
controller and the IoT-based monitoring system. Finally, Section 4 focused on
conclusion, summary of the findings and recommendations for future work.

2. Methods
2.1. System design

Figure 1 shows the research flowchart outlining the sequential steps adopted in
designing, implementing, and testing a TPIM control system.

@ Generate Kp, Ki,
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Device and system
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and conclude)
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Fig. 1. Research flow chart.

The research reported that the TPIM operated under balanced voltage and load
conditions. External disturbances were limited to step changes in load and
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temperature variations, considered negligible. Additionally, the system model was
used to approximate the motor as a linear time-invariant, neglecting minor
nonlinearities in the rotor dynamics to simplify the PID controller design.

Figure 2 shows the overall system block diagram, with the TPIM (731404 Class
0.1) coupled to the load, which is a DC generator. A rotary encoder with an LM393
module considered as a speed sensor, was placed on the DC generator rotor. The
output of the generator was connected to the load in the form of three 5 Volt DC

lamps with a total power of 15 watts.
3 Phase
" Step-up }——{ Induction
ransformer Motor

bc [

Power S‘upplv ~—a 3 Phasc Inverter f—

ACS 712 LM393

Power Supply |+  Gate Driver

| Arduino Mega 2560

|

— [
PWM PID ]

|

NodeMCL

RIYwN 1  Esps266

Fig. 2. System block diagram.

Several system modules, such as the DC power supply, gate driver, and three-
phase inverter were designed. These were realized using the Easy EDA application,
printed in the form of PCB.

The system is started with a 220 Volt power source, lowered by the supply module
to 15 Volts, considered the input voltage for the IC on the gate driver. Additionally, it
is connected to the Arduino Mega 2560 circuit, which has a switching program
installed. The switching arrangement moves towards the three-phase inverter, with
power supplied from another DC, namely the MOSFET working voltage in the inverter.
The switching process and speed regulation of the induction motor occurred in the
three-phase inverter through changing frequency settings. Furthermore, the step-up
transformer increased the output voltage of the three-phase inverter to supply the TPIM.
The rotation speed, read by the sensor, provided feedback used by the PID control
system. The ACS 712 current sensor monitored the current value in the system, with
similar program also installed on the Arduino Mega 2560. This was also connected
through serial communication with the NodeMCU ESP8266, linked to the internet
network. The NodeMCU ESP8266 was also connected to the Blynk IoT application for
controlling the TPIM remotely.
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2.2. Model of PID control

The research adopted a control system that combined three components, namely
proportional, integral, and derivative [15-17]. The PID control model used is
represented in Fig. 3, showing the relationship between the proportional, integral, and
derivative components in the system. This model served as the basis for determining
the PID controller parameters using the second Ziegler-Nichols tuning method,
commonly referred to as the oscillation method. Based on Fig. 3, the input signal is
the desired reference speed, compared with the actual speed of the motor. The
difference between the reference and actual speed is called the error, which serves as
the input of the PID controller. The output generated is sent to the TPIM as the speed
controller input. The motor tries to adjust the speed according to the reference speed.
Meanwhile, the speed sensor (Encoder) is used to read the actual speed of the motor,
providing feedback to the system. The first step in carrying out this method entailed
setting the Ki and Kd values to zero (Ki = 0, Kd = 0), because the system works only
with the proportional controller (Kp). Additionally, Kp is set from 0 to a value where
the system reaches an oscillation condition with relatively the same amplitude
consistently [18]. This condition is referred to as sustained oscillation, and the Kp
value that causes oscillation is called the critical Ku (ultimate gain), while the period
of sustained oscillation is termed Pu (ultimate period) [19].

e(t)

u(t)

v

1 3 Phase Induction
Mator

Speed (Encoder)

Fig. 3. Diagram of PID control [2].

After obtaining the values of Ku (temporary Kp) and Pu, the Kp, Ti, and Td
values were calculated using the following Ziegler-Nichols second method PID
determination shown in Table 1 [19, 20].

Table 1. PID controller parameters.

Ziegler — Nichols Closed
loop Oscillation Method

Controller Settings

Kp 0.6 Ku
Ti 0.5 Ku
Td 0.125 Pu

However, after obtaining the values of Kp, Ti and Td, PID control algorithm
was calculated using Eq. (1) [21, 22].

u(®) = ky [e(®) + 1 [ (e + 7,57 (1)
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where £k, is proportional gain, 7; is integral time constant, u(#) is output control quantity,
e(t) is deviation therefore, with the Ki and Kd values calculated using Eq. (2).

T T,
kizkpr—i;kdzkpx?d )

2.3. Specification of motor and load

The induction motor used as a plant or controlled object in this research is a TPIM
Type 731404 Class 0.1. In addition, the adopted parameters are shown in Table 2.

Table 2. Specifications of TPIM.

Parameter Value (Unit)
Voltage Rating 400V (Y) 230V (A)
Current Rating 0.45A (Y) /0.78A (A)
Power Rating 0.12 Kw

Frequency Rating 50 Hz

Speed Rating 1380 U/min

Cos ¢ 0.67

Source: Three-phase Induction Motor Type 731404 class 0.1 at the Electrical Energy Conversion Laboratory, Faculty of
Engineering, Department of Electrical Engineering, University of Lampung.

The induction motor was coupled to a DC generator (Type 73121) as the load,
with total output power of 15W, represented by three 5V DC lamps. Furthermore,
the parameters of the DC generator used are shown in Table 3.

Table 3. Specifications of DC generator.

Parameter Value (Unit)
Voltage Rating 220V
Current Rating 0.7 A

Power Rating 0.1 kW
Speed Rating 2000 U/min
Cos ¢ 0.67

Source: DC Generator Type 73121 at the Electrical Energy Conversion Laboratory, Faculty of Engineering, Department of
Electrical Engineering, University of Lampung.

2.4. Design of hardware control of induction motor

In this research, a TPIM and gate driver module were designed to connect the voltage
control signal (G) and MOSFET source (S). These were designed using several
components such as IC Optocoupler HCPL 3120, 47 Q resistor, 220 Q resistor, and
100nF Mylar capacitor. The inverter module comprised six IRFP460 MOSFET
components, and Elco 2200 uF 180 V capacitors. The HCPL 3120 Optocoupler IC
causes the voltage to function based on the DC power supply module. This was
designed from the following components, a 220/15V 1 Ampere CT transformer, FR207
diode, LM7815 regulator IC, 3300 uF and 100 uF capacitors. Additionally, all the
components and circuits were designed using the easy EDA application, as shown in
Fig. 4, and three phase inverter circuit is shown in Fig. 5.

Based on Fig. 5, the MOSFET components used in the three-phase inverter circuit
were arranged in a bridge configuration. Table 4 shows the inverter switching
configuration, with a conduction mode of 180 degrees. In line with Table 4, the
MOSFET switching scheme and inverter output voltage are shown in Table 5.
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Fig. 4. One-line diagram of hardware control of induction motor.
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Fig. 5. Three-phase inverter.

Table 4. Three-phase inverter switching configuration.
S1 S22 S3 S4 S5 Sé6

OO O = = -
OO === O
O = ——O O
—_——O O O =
—_—0 OO = -

Table 5. PWM inverter switching schematic.

Interval Switch Phase Voltage Interphase Voltage
(ON) Va Vb Ve Vab Vbe Vca
1 1,6,5 1/3 Vdc -2/3 Vdc 1/3 Vdc Vdc -Vdc 0
2 1,6,2 2/3 Vdc -1/3 Vdc -1/3 Vdc Vdc 0 -Vdc
3 1,3,2 1/3 Vdc 1/3 Vde -2/3 Vdc 0 Vde  -Vdc
4 4,32 -1/3 Vdc 2/3 Vdc -1/3 Vdc -Vdc  Vdc 0
5 4,35 -2/3 Vdc 1/3 Vde 1/3 Vde -Vdc 0 Vdc
6 4,6,5 -1/3 Vdc -1/3 Vdc 2/3 Vdc 0 -Vde  Vdc

2.5. Internet of things

The research adopted NodeMCU, in connection with Arduino Mega 2560, and an
internet/Wi-Fi network to connect with the Blynk cloud server. In addition,
smartphone devices served as monitoring and control media. The device also issues
commands to the NodeMCU, which then sends the data to the Arduino Mega
microcontroller for processing. The application of IoT in motor control addressed the
limitations of traditional methods, which required on-site supervision, and lacked
real-time monitoring capabilities. The integration also enabled remote monitoring
and control of the three-phase induction motor through the Blynk application. This
provided a user-friendly interface for adjusting motor speed and observing the
following critical parameters speed and current in real time. The integration of IoT
was particularly beneficial in industrial settings where efficiency, scalability, and
quick troubleshooting are crucial. Furthermore, the adoption process is in line with
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the current transformation to Industry 4.0, where interconnected systems played a
relevant role in enhancing productivity and operational insights.

The IoT [23, 24] in this research undergoes a process to ensure the functionality,
as shown in Fig. 6. In the Physical layer [25], the ACS712 current [26, 27] and
LM393 speed sensors [28, 29] were connected to the microcontroller [30, 31]. The
ACS712-20A sensor was connected to the NodeMCU microcontroller through the
Vcc pin with the 3.3 V pin, the OUT pin with the NodeMCU AOQ pin, and the GND
pin of the sensor and NodeMCU were interconnected. The LM393 sensor was
connected to the Arduino Mega microcontroller through the Vce pin with the 5V
pin, the DO pin with pin 2, while the GND pin of the sensor and Arduino Mega
were interconnected, with the data read by the sensor processed in the next stage.
This occurred in the Gateway Layer section, where two microcontrollers [31]
namely Arduino Mega 2560 and NodeMCU ESP8266 [32-34] were connected
through serial communication. Additionally, pins 11 and 12 Arduino Mega were
connected with pin RxD5 and TxD6 NodeMCU, with the GND pin connecting
Arduino Mega and NodeMCU. The data contained in Arduino Mega was
subsequently sent to NodeMCU. In NodeMCU ESP8266, a Wi-Fi module [30, 35]
was installed to send the data to the software through the internet network.
Furthermore, the Middleware Layer consisted of the Blynk Cloud Server [36]
which functioned as a data storage sent from the NodeMCU ESP8266 and a bridge
connecting the equipment to the user through the Blynk application. The final part
or aspect of the Application Layer was the software used namely Blynk [37].

bt}

) (
T
elayer o Blynk Cloud Server .

T

Gatewaylayer e MicrOCORUrOller & Qﬁ

Physical Layer ._ Sensors &%

Fig. 6. Architecture of IoT modelling.

Figure 7 shows the overall circuit of the IoT design, on the microcontroller, the
program was embedded through the Arduino IDE software [32, 38]. In order to
ensure the functionality of Blynk [25], the Blynk and Wi-Fi libraries [39] must be
installed on the Arduino IDE, passing through the token obtained from the server
after designing a project [33] on Blynk. After the connection process and the
program is successfully running, the user can interact with the equipment, from
anywhere and at any time. The user can also control and monitor the speed of the
TPIM using the internet network through the application.

Journal of Engineering Science and Technology August 2025, Vol. 20(4)



1078 C. R. Harahap et al.

- |
&0

Fig. 7. Internet of things-based system control and monitoring circuit.

The IoT system adopted username and password-based authentication to ensure
only authorized user access and control the induction motor through the Blynk IoT
application. Each user must enter unique credentials before being able to access the
monitoring and control features.

3. Result and Discussion

3.1. Experimental set up

The induction motor used, and the overall circuit design of the experimental setup
are shown in Figs. 8 and 9, respectively. Additionally, these diagrams depicted the
integration of various components used in the system.

DC Generator " Induction Motor

Fig. 8. Induction motor.

Figure 9 shows that the overall circuit design, consisting of a power supply
module was connected to a gate driver. This module connects the power supply with
a three-phase inverter circuit, with an output in the form of AC voltage raised by a
step-up transformer to drive a TPIM. The motor was coupled with a load circuit,
namely a single-phase DC generator. Furthermore, the output of the DC generator
was connected to the load in the form of three DC lamps with a total power of 15
watts. The rotation speed of the plant was detected by the LM393 speed sensor with
data processed as feedback for the PID controller. The current in the system was also
detected by an ACS712 current sensor monitored to avoid early surges.
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Fig. 9. Overall circuit design.

Based on this, induction motors had more complex non-linear characteristics
than DC, with proportional and integral control insufficient to handle significant
load variations or sudden disturbances. As a result, derivative components were
often required to maintain system stability under various operating conditions.
The PID parameters in this research were determined using the Ziegler- Nichols
second method.

These parameters were determined to obtain the Ku (Ultimate gain) or Ker
(critical) value responsible for producing stable oscillating waves. However,
from the tuning process, the resulting value Ku = 0.03121.

Using Ku = 0.03121, the system response was obtained as shown in Fig. 10,
with the Ultimate Period (Pu) value determined for two seconds. This value was
calculated using the Ziegler-Nichols formula stated in Table 1. In addition, Eq.
(2) was then used to obtain the value in Table 6.

Spead (RPM)

Pu =1 Second
Tiae e
Fig. 10. Motor speed oscillation period.

Table 6. PID controller parameters.

Parameter Value
Kp 0.018726
Ki 0.18726
Kd 0.0046815
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3.2. Experimental results

The microcontroller Arduino Mega 2560 was used to generate a PWM signal [40],
adopted for switching on a multilevel inverter with 16 MOSFETs. In this research,
PWM was used to perform inverter switching with a total of six MOSFETs. The
following digital pins four, five, six, seven, eight, and nine, were used to issue
switching commands. The output voltage of the Arduino Mega 2560 is 5V serving
as the voltage source of the gate driver IC to issue on/off commands to the
MOSFET. This test was carried out by examining the PWM wave and inverter
output frequencies of 20 Hz, 30 Hz, and 40 Hz. The frequency selection was based
on determining the set point, with the PWM output waveform shown in Fig. 11.

i
+
I
i

(|

Fig. 11. PWM output wave.

The PID controller parameter testing was conducted at the following set-points,
600 rpm, 900 rpm, and 1200 rpm. This was realized by observing the response of
the system to the motor speed under no-load and load conditions by changing the
set-point values. The speed response is shown in Fig. 12.

Based on the speed response in Fig. 12, rise, and settling time, including
overshoot data are shown in Table 7. In Fig. 12(a) the speed response graph of the
TPIM without load when the set point is 600 rpm, shows the motor response in
respect to PID control. The results showed that when the set point is at 600 rpm,
the system has a rise and settling time of 1.53 seconds, and 3.6 seconds, respectively
with a maximum overshoot and undershoot of 0.5% and 0%. In Fig. 12(b) the speed
response graph of the TPIM without load when the set point is at 900 rpm, shows
the motor response when given PID control. The results implied that when the set
point is at 900 rpm, the system has a rise and settling time of 2.56 seconds, and 3.9
seconds, with a maximum overshoot and undershoot of 1% and 0%, respectively.
Figure 12(c) shows the speed response graph of a TPIM without load when the set
point is at 1200 rpm, depicting the motor response when given PID control. The
results implied that when the set point is 1200 rpm, the system has a rise and settling
time of 2.52 seconds, and 3.9 seconds, with a maximum overshoot and undershoot
of 1.75% and 0%, respectively.
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Fig. 12. Step response of induction motor speed without
load (a) at 600 rpm (b) at 900 rpm (c) at 1200 rpm.

Table 7. PID step response of three-phase induction motor speed.
Set Point Rise Time Settling Time Overshoot

(RPM) (sec) (sec) (%)
600 1.53 3.6 0.5
900 2.56 3.9 1
1200 2.52 3.9 1.7

Average 2.2 3.8 1.06
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In line with the step response of the induction motor, Fig. 13 shows the speed
response graph of a TPIM when given a load. The test was conducted by controlling
the speed of the TPIM at a set point of 600 rpm, which was later changed at 1200
rpm. When the speed is 1200 rpm, the TPIM was disturbed at the 24th second of
three dc lights with a total load of 15 watts. As a result, the motor speed decreases,
with the speed of the TPIM returning to the set-point for 2 seconds.

[
=}

V

Speed (RPM)

[}
[=}

- 0 10 50

Time (Second)

——Output ——Setpoint

Fig. 13. Step response of induction motor speed with load.

Examining the system output graph, the Ziegler-Nichols method was adopted for
this system, because it is easier to use compared to the trial and error method. The
second Ziegler-Nichols or oscillation method was used to determine the values of Kp,
Ki, and Kd. This method is brief, and the requirement fulfilled by analysing the
oscillation of the output graph, in accordance with the PID tuning provisions.

Based on the results obtained, the speed response generated was consistent with
the ideal response. The IoT can be applied to control and monitor the induction
motor in this research. Furthermore, the Ziegler-Nichols tuning method was easily
used to determine the values of Kp, Ki, and Kd.

Speed control and current monitoring were observed using the Blynk IoT
software. The application of [oT was implemented to monitor and control the speed
of a TPIM, rather than tuning PID remotely. The designed Blynk software is shown
in Fig. 14. From the application, speed (RPM) and current (Ampere) monitoring can
be implemented. In addition, speed tend to be controlled by pressing the selection
button. The application was also used to plot the step response graph of TPIM speed.

In accordance with several previous research, the application of the PID
controller was carried out using MATLAB Simulink. Accurate results were
obtained, but the limitation was that the outcome seemed invalid when affected by
environmental factors. This research implemented PID on TPIM hardware, with
the results obtained shown in Table 7. The novelty is the application of the PID
control system designed using the Ziegler-Nichols method. The induction motor
speed controller hardware was used to provide a speed response in the form of step
and disturbance responses. Previous research designed PID using Ziegler-Nichols
only on step response. In addition, the novelty included designing a PID controller
with Ziegler-Nichols method based on control and monitoring using the IoT, which
produced a speed response in the form of step and disturbance responses.
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Fig. 14. Display Blynk (a) at Set-point 600 rpm, (b) at Set-point
900 rpm, (c) at Set-point 1200 rpm, (d) under load testing.
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The title of the GUI, Kontrol dan Monitoring Motor Induksi Tiga Fasa, is
translated to Control and Monitoring of Three-Phase Induction Motor in English.
This explanation aimed to provide clarity for native speakers while maintaining
the original language for easy understanding by users. The error difference
between the Blynk application and real-time display under load and no-load
conditions was caused by changes in the internet network. This led to a slight
error, with the results displayed in real-time.

This drive system was designed to operate within the base speed of a TPIM.
However, with appropriate modifications to the control algorithm and inverter
parameters, the system had the potential to support field weakening operation
enabling speeds outside the nominal range.

Some of the experimental equipment used was personally designed, for
example the power supply, inverter, and gate driver modules, including disk
encoder, resulting in efficient research costs.

The Ziegler-Nichols PID control and IoT-based induction motor speed
control applications were successfully implemented, although the system had
certain limitations. It was designed to control only motor speed, in one direction,
and the implementation of speed reversal also required additional modifications
to the inverter including control algorithms to manage safe transitions between
positive and negative speeds. The vector control system was not used in this
system, so an inner current loop was absent from the control system.
Furthermore, the system relied on a stable internet connection for remote control
and monitoring, limiting the application in areas with poor network coverage.

The proposed IoT-based induction motor PID speed control system showed
significant potential for practical applications. In industrial automation, the
system was used for the precise speed control of conveyor belts, pumps, and fans,
ensuring operational efficiency and reliability. Additionally, the ability to
provide real-time monitoring and remote control made it ideal for energy
management systems. This was particularly evident in water treatment plants and
power distribution networks, where optimized motor performance led to
substantial energy savings.

The association with Industry 4.0 principles facilitated the development of
smart manufacturing environments, using interconnected systems to enhance
productivity and decision-making. These applications focused on the versatility
of the proposed system, offering solutions for diverse sectors demanding reliable
and efficient motor control.

4. Conclusions

In conclusion, a TPIM speed control and monitoring system using the Ziegler-
Nichols PID controller was successfully designed with the tuning outcome
resulting in a parameter value of Kp = 0.018726, Ki = 0.018726, and Kd =
0.0046815. This was aimed to generate an exceptional TPIM speed response step.
During the occurrence of additional load and disturbance, the PID controller
quickly fixed the motor rotation back to the set point with an average rise time and
overshoot of 2.2 seconds and 1.06%, respectively. The IoT was also successfully
carried out using the Blynk IoT application, ensuring speed monitoring and
controlling of a TPIM was performed remotely using a smartphone. Although this
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research focused on a TPIM, the proposed Ziegler-Nichols PID tuning method was
adapted for other motor types, such as DC, BLDC, and synchronous motors. With
necessary adjustments based on the dynamic characteristics of each motor type, this
method had the potential to deliver optimal performance and stability in various
applications. Future research should combine the PID controller method with other
types such as fuzzy logic controller.

Nomenclatures

e(t) Deviation

Ky Derivative Gain

K; Integral Gain

K, Proportional Gain

Ta Derivative Time Constant

T; Integral Time Constant

u(t) Output Control Quantity

Abbreviations

IoT Internet of Things

MATLAB  MATrix LABoratory

PID Proportional Integral Derivative

TPIM Three-Phase Induction Motor
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