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based interface developed using Node-RED. The system design involves the

Induction motor integration of hardware components, including a three-phase induction
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1. INTRODUCTION

The industrial world requires a system that works effectively, efficiently and reliably. Therefore,
industry requires automatic technology [1]. Various industrial equipment operates based on mechanical
motion, either rotational or linear. Generally, this motion is generated by electric motors. In industrial
environments, a variety of electric motors are used as sources of driving power, including asynchronous
motors, DC motors, servo motors, and others [2]. Induction motors can be implemented through various
approaches, one of which is by automating the system as a strategy to enhance product quality, cost
efficiency, and time effectiveness in order to meet the continuously growing demands of human life [3]. The
asynchronous motor is one of the most commonly used types of electric motors as a driving power source in
the industrial sector. Its main advantage lies in its simple design, making it more cost-effective to produce
and easier to maintain compared to DC motors, which still utilize carbon brushes [4].

However, induction motors operating at constant speed require higher power, which can lead to
increased electrical energy consumption [5]. In addition, excessive electricity usage often occurs during the
starting process of induction motors, especially because many systems still rely on conventional methods. To
address this issue, a solution is needed to reduce electricity consumption, particularly in the operation of
electric motors [6]. One way to save electrical energy in motor operation is by using a Variable Speed Drive
(VSD), also known as a Variable Frequency Drive (VFD). A Variable Speed Drive (VSD) or Variable
Frequency Drive (VFD) is a device used to control the speed of an AC electric motor by adjusting the
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frequency of the power supplied to the motor [7]. The use of induction motors in industrial production
processes requires an optimal control system to ensure production outcomes meet the desired targets [8].
With the current industrial advancements, induction motor control can now be automated using a
Programmable Logic Controller (PLC), which can be monitored and operated through an interface known as
a Human Machine Interface (HMI) [9]. This enhances communication between users and machines, while
also improving the efficiency of electrical energy usage. Moreover, in today’s technological landscape, an
IoT (Internet of Things)-based interface is essential—an interface technology that enables devices to connect
to the internet [10]. The integration of HMI with IoT in remote control and monitoring systems can enhance
operational efficiency. Devices can be monitored and analyzed in real-time to ensure system performance
remains within acceptable tolerance limits [11]. Several previous studies have discussed three-phase
induction motors, such as IoT-based remote control of three-phase induction motors [12], speed control and
monitoring of three-phase induction motors using PLC with HMI expansion [13], design of voltage control
and monitoring systems for three-phase motors based on the Internet of Things using the Blynk application
[14], and constant torque control of induction motors using variable frequency drive based on the Internet of
Things [15].

This research presents the development of a control and monitoring system for three-phase
induction motors based on the Internet of Things (IoT), utilizing a Variable Speed Drive (VSD). The system
enables users to control and monitor motor performance remotely via smartphone or computer. The control
system employs an Omron 3G3JX-A VSD and an Omron CP2E-N Programmable Logic Controller (PLC),
which communicates using the Modbus protocol as the core control components. The IoT framework is
implemented using CX-Programmer and Node-Red software, with one device functioning as a web server
and another as a client for real-time control and monitoring. To improve operational efficiency, a scalar
control strategy with a constant torque configuration is applied through the VSD. The proposed system was
implemented on a 0.75 kW three-phase induction motor and validated through laboratory experiments to
evaluate its performance and functionality. The findings demonstrate that the system effectively controls and
monitors motor speed and direction. This approach is expected to enhance the efficiency and reliability of
induction motor control, particularly in industrial applications where such motors are widely used.

2. METHOD

The design and development of a control and monitoring system for induction motor speed based on
a Variable Speed Drive (VSD) with a constant torque configuration in this study was carried out using an
experimental research method. The research stages included system design, hardware assembly,
programming, and system testing through various scenarios to comprehensively evaluate the device's
performance. The components used consist of hardware such as the Omron CP2E-N PLC, Omron 3G3JX-A
VSD, and an induction motor, while the software was developed using CX-Programmer and Node-Red. The
three-phase induction motor is controlled using a scalar method with a constant torque configuration, which
allows variable speed control via the Modbus communication terminal on the PLC connected to the VSD,
with input frequencies adjustable up to 50 Hz.In addition, the motor’s direction of rotation can also be
controlled, both forward and reverse. This system enables remote motor control through IoT connectivity
using a smartphone, as illustrated in Figure 1.
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Figure 1. The scheme of proposed system
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The speed control system for three-phase induction motors using an Omron VSD with the scalar
control method can be implemented through several approaches, one of which is the constant torque method.
This method is applied when the motor operates at a power level lower than its rated power as indicated on
the motor nameplate. Under these conditions, the motor speed can be varied by adjusting the voltage or
frequency below the motor’s nominal frequency, as illustrated in Figure 2.
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Figure 2. Operation zone of induction motor based on scalar control

The entire control process is managed through the Omron CP2E-N Programmable Logic Controller
(PLC). To regulate the motor frequency, the Variable Speed Drive (VSD) is activated via the Modbus
communication terminal on the PLC, which is connected directly to the VSD, as illustrated in Figure 3. Two
Modbus output terminals on the PLC are utilized to vary the motor frequency and to control the direction of
rotation. All terminal operations are controlled through the Human-Machine Interface (HMI) and the IoT
system, allowing users to set frequency inputs and motor rotation directions. These controls are visualized
and accessible via a control interface displayed on both smartphones and PC servers.
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Figure 3. PLC circuit for VSD

Figure 4 illustrates the design of the control screen interface on a PC or smartphone, developed
using Node-Red software. The control interface includes a main menu to start and stop the control system,
configure the motor’s rotation direction (forward or reverse), and set the motor’s frequency input. The motor
frequency input can be varied from 1 Hz to 50 Hz, which will automatically display other parameters such as
motor speed, voltage, and output current. This control screen can be accessed via the Human-Machine
Interface (HMI) and the internet network, using either a PC or a smartphone.
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Figure 4. Display of control screen with node-red application.

3.  RESULTS AND DISCUSSION

The design of the three-phase induction motor control and monitoring system using a constant
torque method based on a Variable Frequency Drive (VFD) has undergone testing and validation in a
laboratory setting. The testing was conducted on a 0.37 kW three-phase induction motor. This IoT-based
system was operated using one PC as the server and one smartphone as the control device. The hardware
installation used during the testing process is shown in Figure 5.
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Figure 5. Hardware installation

The initial test was conducted by operating the motor at a low frequency with both forward and
reverse rotation directions. The frequency was set to 15 Hz. The motor was operated using both the PC server
and a smartphone. Figure 6 shows the control screen display when the motor is running at a frequency of 15
Hz with forward and reverse rotation directions.
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Figure 6. PC server screen at first test
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The control interface shown in Figure 6 demonstrates that the control and monitoring of the
induction motor via the PC server were successfully carried out. The displayed frequency value corresponds
accurately to the input frequency. A similar condition was also observed when the motor was operated using
a smartphone and HMI, as illustrated in Figure 7.
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Figure 7. Smartphone screen at first test
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When the motor speed is set with a frequency of 15 Hz, the motor operates at a speed of 450 rpm
with a stator voltage of 154 Volts and a current of 0.74 Amperes. These results indicate that the motor is
operating at a rotational speed below its nominal speed of 1500 rpm. Additionally, the motor voltage is also
below its rated voltage. This confirms that the motor is operating within the constant torque zone.
Subsequently, testing was carried out with variations in frequency and rotation direction. The frequency was
varied from 1 Hz to 50 Hz. The test results are summarized in Table 1.

Table 1. Experimental Results

Frequency Speed (rpm) Voltage (Volt) Current (A)
15 450 154 0,74
30 900 286 0,66
50 1500 462 0,61

The data in Table 1 shows that when the speed is increased to a frequency of 30 Hz, the motor
reaches a speed of 900 rpm with a voltage of 286 Volts. Meanwhile, the motor current is recorded at 0.66
Amperes. These results indicate that as the frequency setting increases, the motor speed also increases. The
same trend applies to the voltage value. This demonstrates that the motor speed control is achieved by
varying both the voltage and frequency, which are directly proportional. On the other hand, the ratio between
voltage and frequency is inversely proportional, as indicated in Table 1. At the maximum frequency of 50
Hz, the motor operates at a speed of 1500 rpm with a voltage of 462 Volts. This indicates that the motor is
operating at its rated speed of 1500 rpm. These results confirm that the motor is functioning as expected.

Based on all test results, the three-phase squirrel cage induction motor control system using an [oT-
based VSD and constant torque control method has successfully regulated the motor frequency and direction
of rotation as intended. The motor can be effectively operated and monitored through the HMI, PC server, or
smartphone connected to the internet. These findings demonstrate that the induction motor control system
with an IoT-based constant torque approach has performed in accordance with the established.

4. CONCLUSION

This study developed a control and monitoring system for three-phase induction motors using a
Variable Speed Drive (VSD) that utilizes the Modbus communication protocol with a PLC and is integrated
with Internet of Things (IoT) technology. The control features include speed regulation, starting, braking, and
direction control of the motor. All of these functions can be executed through the Omron 3G3JX-A VSD.The
IoT-based system is implemented using a PLC, with a user interface accessible via HMI, PC, and
smartphone. The IoT architecture was designed using the Node-Red application. The motor control system
applies a scalar control method with a constant torque approach. Speed control is achieved by varying the
frequency set point.Test results show that the developed system successfully controls and monitors the
induction motor through HMI, PC, and smartphone. These findings demonstrate that the proposed system has
operated effectively and as expected.
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