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Abstract 

Three-phase electric motors are essential components in industrial production processes, 

playing a crucial role as the driving force for almost all industrial machinery. These motors are 

susceptible to various electrical disturbances, such as overcurrent caused by overloads or short 

circuits. Common issues that frequently occur with three-phase motors include high starting 

currents, overcurrent, and short circuits. To mitigate the losses caused by these disturbances, 

an effective protection system is necessary. This study analyzes the implementation of a 

protection system using Programmable Logic Controller (PLC) and Human Machine Interface 

(HMI) to control and monitor the protection mechanisms for electric motors. The proposed 

protection system aims to safeguard the motors from disturbances such as high starting 

currents, overcurrent, and short circuits. By leveraging the real-time monitoring and control 

capabilities of PLCs and the user-friendly interface of HMIs, the system can accurately detect 

and respond to abnormal conditions, thereby minimizing the risk of damage to critical three-

phase motors. The development of this protection system ensures the reliability and longevity 

of three-phase motors in industrial applications, reducing downtime and enhancing overall 

operational efficiency. 
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Introduction  

Three-phase electric motors are crucial components in industrial production processes, 

serving as the primary driving force for almost all machinery in factories (Rifaldo & Yuhendri, 

2022). The superiority of three-phase motors over single-phase ones lies in their higher 

efficiency, ability to handle heavy loads, and smoother operation. Therefore, they are widely 
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utilized in various industrial applications such as pumps, compressors, conveyors, and other 

heavy-duty machinery requiring reliable operation. 

In industrial environments, the smooth operation heavily relies on the reliability of 

three-phase electric motors. Any disturbance to these motors can result in significant losses, 

including costly production downtime and equipment damage. Given the importance of three-

phase electric motors in industrial operations, having an effective protection system is 

paramount to safeguarding them from various electrical disturbances (Abdelmoaty & Soliman, 

2020; Mugaruka Josue & Biru Worku, 2021; Pradipta et al., 2023). 

Although three-phase electric motors are highly reliable, they are not immune to various 

electrical disturbances. Common disturbances include high starting currents, overcurrent, and 

short circuits (Triyono et al., 2021). Each of these disturbances has the potential to cause serious 

damage to the motor if not promptly identified and addressed. When initially powered on, 

three-phase motors can draw a significantly higher current than their normal operational 

current. This high inrush current can induce thermal stress on the motor windings and 

associated electrical components, potentially leading to premature failure if not managed 

properly. Overcurrent occurs when the motor draws a current exceeding its nominal capacity, 

often due to excessive loads or short circuits. Prolonged overcurrent can result in excessive 

heating, insulation damage, and motor winding failure. Short circuits in motors can occur due 

to insulation failure, mechanical damage, or other electrical faults, creating a direct path for 

current flow and causing severe damage to the motor and related circuits. 

Reducing the losses caused by these disturbances requires a comprehensive and 

effective protection system. The primary objective of this research is to develop and implement 

a protection system capable of quickly detecting and responding to abnormal conditions to 

prevent motor damage and minimize production downtime in industrial environments. The 

proposed protection system utilizes Programmable Logic Controller (PLC) and Human 

Machine Interface (HMI) to control and monitor the protection mechanisms of electric motors 

(Khairullah & Sharkawy, 2022; Ningrum, 2021; Prakoso et al., 2023; Prasetyo et al., 2023). It 

involves continuous monitoring of motor operational parameters such as current, voltage, 

temperature, and frequency, rapid and accurate identification of abnormal conditions, 

appropriate corrective actions such as motor shutdown or adjustment of operating conditions 

to prevent damage, and provision of a user-friendly interface for operators to manage and 

configure the protection system according to industrial application requirements. 

 

Literature Review 

In this research, we focus on developing a comprehensive protection system for three-

phase electric motors using Programmable Logic Controller (PLC) and Human Machine 

Interface (HMI) technologies. The key concepts and components utilized in this study include: 
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Three-Phase Electric Motors 

Three-phase electric motors are essential components in industrial production 

processes, serving as the primary driving force for various machinery. They offer superior 

efficiency, robustness, and capacity to handle heavy loads compared to single-phase motors. 

Electrical Disturbances 

Electrical disturbances such as overcurrent, overvoltage, under voltage, under 

frequency, and short circuits pose significant risks to the operation and longevity of three-phase 

electric motors. Addressing these disturbances requires an effective protection system (Yakhni 

et al., 2023). 

Programmable Logic Controller (PLC) 

PLCs are digital computers designed for industrial automation, capable of executing 

control functions based on programmed logic. They offer real-time monitoring, control, and 

data processing capabilities, making them ideal for motor protection applications (Prasetyo et 

al. 2024, n.d., 2021; Triwijaya et al., 2020). 

Human Machine Interface (HMI) 

HMIs provide a user-friendly interface for operators to interact with control systems. 

They facilitate visualization of data, monitoring of operational parameters, and configuration 

of system settings (Prasetyo et al., 2024; Ridwan et al., 2023). 

 

Research Method 

Testing is a process conducted after a designed system has been completed and meets 

the expected requirements. Testing is performed multiple times to achieve optimal results. The 

stages of testing involve conducting tests on several critical parts of the system. The results 

from these tests are then used as a comparison with the initially planned system. 

Here are the general stages in the system testing process: 

1. Test Planning: Determining the objectives, scope, approach, and resources needed for 

testing. 

2. Test Design: Designing test scenarios, test cases, and test data based on the system 

specifications and requirements. 

3. Test Execution: Performing the tests by executing the designed test cases. Each critical 

part of the system is tested to ensure that every component functions correctly. 

4. Monitoring and Reporting: Recording the test results and reporting any bugs or issues 

found. These results are compared with the initial expectations and specifications to assess 

conformity. 

5. Test Evaluation: Evaluating the test results to determine if the system meets the acceptance 

criteria and is ready for deployment. 

6. Bug Fixing and Re-testing: Fixing any bugs found during testing and conducting re-tests 

to ensure that the fixes are successful. 
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Comprehensive and repeated testing is crucial to ensure that the built system not only meets 

specifications but is also reliable and ready for use in a real-world environment. 

 

Result and Discussion 

Below is the documentation of the motor protection system testing conducted according 

to Figure 1. The testing was carried out by running the motor in both no-load and loaded 

conditions, then observing the results displayed on the HMI screen. Subsequently, tests were 

performed for several current values passed through the motor to determine whether the motor 

protection system could function properly. The motor protection system will activate if the 

current value read exceeds the set current value, causing the system to shut down the motor. If 

the current value read is less than the set current value, the system will operate normally. 

 
Figure 1. Motor Protection System Testing 

Table 1. Motor Test Results 

No. Variation Starting Current (A) Nominal Current (A) RPM 

1 No Load Motor 0.80 0.46 2997 

2 Full Load Motor 6.12 1.94 2960 

 

Table 2. Motor Protection System Test Results 

No. I setting (A) I rated (A) Condition System 

1 0.5 0.2 Normal ON 

2 0.5 0.8 Overcurrent OFF 

3 0.5 0.4 Normal ON 

4 0.5 0.2 Normal ON 

5 0.5 0.6 Overcurrent OFF 

 

The current setting value of 0.5 A is the reference value or the maximum safe limit set 

for the system or electrical device. Current exceeding this value can cause issues such as 
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equipment damage or safety hazards. Current values below the setting limit (<0.5 Ampere) can 

be considered safe and normal. Current values exceeding the setting limit of 0.5 Ampere, such 

as when the current reaches 0.6 or 0.8 Ampere, indicate that an overcurrent condition is 

detected. Overcurrent is a condition where the electric current flowing in the circuit exceeds 

the maximum allowable limit (>0.5 A). Several factors that cause overcurrent include short 

circuits in the circuit, excessive load, and component failures. 

 

 

Figure 2. Motor Protection System Testing 

There are several conditions where the current flowing has already exceeded the safe 

limit set, which is more than 0.5 Ampere. If this condition continues, it can cause damage to 

equipment or other hazards. Therefore, corrective actions need to be taken, such as: 

1. Inspecting and Reducing the Load: Reducing the number of loads connected to the 

circuit. 

2. Inspecting the Circuit for Short Circuits: Identifying and repairing short circuits if they 

exist. 

3. Using Overcurrent Protection: Installing protective devices such as fuses or circuit 

breakers that will automatically disconnect the current when an overcurrent is detected. 

 

Conclusion 

Three-phase electric motors are crucial components in industrial settings, and 

protecting them from electrical disturbances such as overcurrent, and short circuits is essential 

to mitigate potential losses and ensure operational efficiency. The implementation of PLC and 

HMI technologies underscores the growing importance of automation in industrial processes. 
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These technologies enable efficient control and monitoring of motor conditions, enhancing 

overall system reliability. 

Setting parameters for protection, including start current, voltage drop, interphase 

voltage, nominal current, frequency, and start time limits, is critical for maintaining motor 

performance and preventing damage. The developed protection system aims to swiftly and 

accurately address various electrical disturbances, safeguarding the motor from potential 

damage and minimizing production downtime in industrial environments. Effective motor 

protection enhances operator safety and equipment availability, reducing the risk of accidents 

and unexpected downtime. 
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