
J. Electrical Systems 20-9s (2024): 537-545 

 

537 

 

1Yi Zhang 

2Chunli Liao 

3Yi Zhang 

4Minglai Liu 

5Zhanjiao She 

PLC Technology Under the New 

Energy Vehicle Motor Drive System 

Fault Detection Research 

 

Abstract: - With the burgeoning adoption of electric vehicles (EVs) and the imperative for robust fault detection systems within their motor 

drive systems, this research delves into the application of Programmable Logic Controller (PLC) technology for fault detection. The advent 

of new energy vehicles necessitates advanced monitoring and diagnostic systems to ensure operational safety, efficiency, and longevity of 

the vehicle's motor drive components. PLC technology offers a versatile platform capable of real-time monitoring, data analysis, and 

adaptive control, making it an attractive candidate for fault detection in EV motor drive systems. This study systematically investigates the 

integration of PLC technology into the fault detection framework for new energy vehicle motor drives. Through a comprehensive literature 

review, existing methodologies and techniques for fault detection in motor drive systems are analyzed, highlighting their limitations and 

areas for improvement. Subsequently, the research proposes a novel approach leveraging PLCs for fault detection, incorporating features 

such as sensor data acquisition, signal processing, and algorithm implementation. Experimental validation of the proposed PLC-based fault 

detection system is conducted using a prototype EV motor drive setup. Performance metrics including detection accuracy, response time, 

and reliability are assessed under various fault scenarios, demonstrating the efficacy and robustness of the developed system. Furthermore, 

the scalability and adaptability of the PLC-based approach are evaluated to ascertain its potential for integration into commercial EV 

platforms. 

 Keywords: PLC technology, new energy vehicles, motor drive systems, fault detection, electric vehicles, Programmable 

Logic Controller, real-time monitoring. 

I.INTRODUCTION 

The advent of new energy vehicles (NEVs), particularly electric vehicles (EVs), has revolutionized the automotive 

industry, promising a cleaner and more sustainable mode of transportation. As the global transition towards 

electrification gains momentum, ensuring the reliability and safety of EVs becomes paramount [1]. Among the 

critical components of an electric vehicle, the motor drive system plays a pivotal role in converting electrical energy 

from the battery into mechanical power to propel the vehicle. However, like any complex system, the motor drive 

unit is susceptible to various faults and anomalies that can compromise its performance, reliability, and safety [2]. 

Fault detection in motor drive systems is essential for preemptively identifying and mitigating issues before they 

escalate into critical failures [3]. Timely detection and diagnosis of faults not only prevent potential accidents but 

also minimize downtime and maintenance costs, thereby enhancing the overall operational efficiency of electric 

vehicles. Traditional fault detection methods in motor drive systems often rely on sensor-based monitoring and 

centralized control algorithms [4]. While effective to some extent, these methods may lack adaptability and real-

time responsiveness, especially in dynamic driving conditions. 

In recent years, there has been a growing interest in exploring alternative approaches to fault detection in motor 

drive systems, leveraging advanced technologies such as Programmable Logic Controllers (PLCs) [5]. PLCs, 

originally developed for industrial automation, offer a versatile and robust platform for real-time monitoring, data 

processing, and control [6]. The inherent flexibility of PLCs makes them well-suited for applications in diverse 

fields, including automotive engineering. The integration of PLC technology into the fault detection framework for 

new energy vehicle motor drives presents a promising avenue for enhancing system reliability and safety [7]. By 
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utilizing PLCs, it becomes possible to implement sophisticated fault detection algorithms, adaptively adjust control 

parameters, and facilitate seamless communication with other vehicle subsystems [8]. Moreover, PLC-based 

systems offer the advantage of modularity and scalability, allowing for easy integration into existing vehicle 

architectures without significant hardware modifications. 

This research aims to investigate the feasibility and effectiveness of employing PLC technology for fault detection 

in new energy vehicle motor drive systems [9]. Through a comprehensive literature review, existing methodologies 

and techniques for fault detection in motor drives are analyzed to identify gaps and opportunities for improvement 

[10]. Subsequently, a novel approach leveraging PLCs for fault detection is proposed, encompassing aspects such 

as sensor data acquisition, signal processing, and algorithm implementation. Through the adoption of PLC 

technology, it is envisaged that the proposed approach will offer a robust and cost-effective solution for mitigating 

faults and ensuring the smooth operation of electric vehicles in diverse driving conditions [11]. 

II. LITERATURE SURVEY 

The literature on fault detection in motor drive systems of new energy vehicles (NEVs) encompasses various 

methodologies and techniques aimed at enhancing system reliability and safety. Traditional approaches 

predominantly rely on sensor-based monitoring and centralized control algorithms to detect and diagnose faults 

[12]. These methods often entail complex hardware setups and may lack adaptability and real-time responsiveness, 

particularly in dynamic driving conditions. In recent years, researchers have explored alternative approaches 

leveraging advanced technologies such as Programmable Logic Controllers (PLCs) for fault detection in NEV 

motor drives [13]. PLCs offer a versatile platform capable of real-time monitoring, data processing, and adaptive 

control. Their inherent flexibility enables the implementation of sophisticated fault detection algorithms and 

seamless integration into existing vehicle architectures [14]. 

Several studies have demonstrated the effectiveness of PLC-based fault detection systems in NEV motor drives. 

By utilizing PLCs, researchers have developed robust monitoring and diagnostic frameworks capable of detecting 

various types of faults, including overcurrent, overvoltage, and short-circuit conditions [15]. These systems employ 

sensor data acquisition, signal processing, and algorithm implementation to identify anomalies and trigger 

appropriate responses, such as fault isolation and system reconfiguration. Furthermore, PLC-based fault detection 

systems offer advantages such as modularity and scalability, allowing for easy integration into commercial NEV 

platforms without significant hardware modifications [16]. Researchers have investigated the scalability and 

adaptability of PLC-based approaches for deployment in diverse vehicle architectures, including hybrid electric 

vehicles (HEVs) and plug-in hybrid electric vehicles (PHEVs). 

Experimental validation of PLC-based fault detection systems has been conducted using prototype NEV motor 

drive setups [17]. Performance metrics such as detection accuracy, response time, and reliability have been assessed 

under various fault scenarios to evaluate the efficacy of the proposed systems. Results indicate that PLC-based 

approaches offer comparable or superior performance to traditional methods, with faster response times and higher 

detection accuracy. Moreover, researchers have explored the potential for integrating PLC-based fault detection 

systems with other vehicle subsystems, such as battery management systems (BMS) and powertrain control units 

(PCU). This integrated approach enables comprehensive fault detection and management across the entire vehicle 

platform, further enhancing operational safety and reliability. Despite the promising results, some challenges remain 

in the development and implementation of PLC-based fault detection systems for NEV motor drives. These include 

optimizing algorithm performance, addressing communication latency issues, and ensuring compatibility with 

existing vehicle networks and protocols. Future research directions may focus on addressing these challenges to 

further improve the robustness and efficiency of PLC-based fault detection systems in NEVs. 

The literature suggests that PLC technology holds significant promise for advancing fault detection capabilities in 

NEV motor drive systems, offering a reliable and cost-effective solution for ensuring the safe and efficient operation 

of electric vehicles. Continued research and development in this area are essential to realize the full potential of 

PLC-based fault detection systems in the automotive industry. 

III.METHODOLOGY 

The methodology for developing and validating the PLC-based fault detection system for new energy vehicle 

(NEV) motor drives involves several key steps, including system design, algorithm development, experimental 
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setup, and performance evaluation. Firstly, the system design phase encompasses the conceptualization and 

architectural layout of the fault detection framework. This involves identifying the components of the NEV motor 

drive system, including sensors for data acquisition, PLC hardware for real-time monitoring and control, and 

communication interfaces for interaction with other vehicle subsystems. The design also involves specifying the 

fault detection algorithms to be implemented on the PLC, considering factors such as fault types, detection 

thresholds, and response strategies. 

 

Fig 1: Block Diagram Of PLC 

Next, algorithm development involves translating the conceptual fault detection framework into executable code 

for the PLC platform. This step includes programming the PLC to acquire sensor data from the motor drive system, 

process the data using signal processing techniques, and execute fault detection algorithms to identify anomalies or 

deviations from normal operation. The algorithms may employ various signal processing methods such as Fourier 

analysis, wavelet transforms, or statistical techniques to extract relevant features indicative of faults. Subsequently, 

the experimental setup involves configuring a prototype NEV motor drive system equipped with PLC-based fault 

detection hardware and software. This entails installing sensors for measuring key parameters such as current, 

voltage, temperature, and speed, and interfacing them with the PLC input modules. The PLC is then programmed 

with the developed fault detection algorithms, and communication interfaces are established with other vehicle 

subsystems, such as the battery management system (BMS) and powertrain control unit (PCU), to enable 

coordinated fault management. 

Performance evaluation of the PLC-based fault detection system is conducted through a series of experiments under 

various fault scenarios. These experiments aim to assess the system's detection accuracy, response time, and 

reliability in detecting and diagnosing faults such as overcurrent, overvoltage, and short-circuit conditions. Fault 

injection techniques may be employed to simulate realistic fault conditions, and the system's response is monitored 

and analyzed to evaluate its effectiveness in mitigating faults and preventing system failures. Furthermore, the 

scalability and adaptability of the PLC-based fault detection system are evaluated to assess its potential for 

integration into commercial NEV platforms. This involves testing the system's compatibility with different vehicle 

architectures, communication protocols, and operating conditions, and identifying any potential limitations or areas 

for improvement. Feedback from these evaluations is used to refine the fault detection algorithms and optimize the 

system's performance for real-world deployment. 

Overcurrent detection plays a critical role in ensuring the safe and reliable operation of NEV motor drives by 

preemptively identifying and mitigating potential faults that could compromise system integrity. By integrating 

overcurrent detection algorithms into the PLC-based fault detection system, researchers can enhance the system's 

ability to detect and respond to overcurrent events in real time, thereby minimizing the risk of damage and 

improving overall system reliability. By integrating overvoltage detection algorithms into the PLC-based fault 

detection system, researchers can enhance the system's ability to detect and respond to overvoltage events in real 

time, thereby safeguarding the vehicle's electrical system and ensuring uninterrupted operation. Overvoltage 

detection plays a crucial role in maintaining the safety and reliability of NEV motor drives, especially in scenarios 

where voltage fluctuations are common due to dynamic driving conditions or external factors. 
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The detailed methodology outlined above provides a systematic approach for developing, implementing, and 

validating a PLC-based fault detection system for NEV motor drives. By following these steps, researchers can 

ensure the reliability, efficiency, and safety of electric vehicles through advanced fault detection capabilities enabled 

by PLC technology. 

IV.EXPERIMENTAL SETUP 

The experimental setup for validating the PLC-based fault detection system for new energy vehicle (NEV) motor 

drives involves configuring a prototype motor drive system equipped with sensors, Programmable Logic Controller 

(PLC) hardware, and associated peripherals. The setup aims to assess the system's performance in detecting and 

diagnosing faults under various operating conditions. To begin, the prototype motor drive system comprises an 

electric motor, a power electronics module (inverter), and associated control hardware. Sensors are strategically 

placed to measure key parameters such as motor current (I), Voltage (V), Temperature (T) and Speed (N). These 

sensors provide input data to the PLC for real-time monitoring and analysis. The PLC hardware includes input 

modules for interfacing with the sensors, a processor for executing fault detection algorithms, and output modules 

for communication with external systems. The PLC is programmed with fault detection algorithms, which may 

include signal processing techniques such as Fourier analysis, wavelet transforms, or statistical methods, to analyze 

sensor data and detect anomalies indicative of faults. In the experimental setup, various fault scenarios are simulated 

to evaluate the system's performance. For instance, an overcurrent fault (Ifault), may be induced by increasing the 

load on the motor beyond its rated capacity. Similarly, an overvoltage fault (Vfault) can be simulated by injecting a 

higher voltage into the motor drive system. Short-circuit faults (Rfault) may be introduced by connecting resistive 

loads across motor terminals. 

Overcurrent detection is a crucial aspect of fault detection in motor drive systems, as excessive current flow can 

lead to overheating, component damage, and even system failure. The objective of overcurrent detection is to 

identify situations where the current flowing through the motor or associated components exceeds safe operating 

limits, indicating a potential fault condition. In the context of the PLC-based fault detection system for new energy 

vehicle (NEV) motor drives, overcurrent detection involves monitoring the current (I) flowing through the motor 

or power electronics module (inverter) and comparing it against a predetermined threshold (Ithreshold) This threshold 

represents the maximum allowable current level beyond which the system is deemed to be in a fault condition. 

Mathematically, overcurrent detection can be expressed as follows: 

 

then flag fault condition. 

Where,  

• I is the measured current flowing through the motor or power electronics module. 

• Ithreshold is the predetermined threshold for overcurrent detection. 

Overvoltage detection is another essential aspect of fault detection in motor drive systems, particularly in the context 

of new energy vehicles (NEVs) where high-voltage components are prevalent. Overvoltage events can occur due 

to various reasons such as regenerative braking, rapid changes in load, or faults in the power electronics circuitry. 

Detecting and responding to overvoltage conditions promptly is crucial to prevent damage to sensitive electronic 

components and ensure the safety and reliability of the vehicle's electrical system. In the PLC-based fault detection 

system for NEV motor drives, overvoltage detection involves monitoring the voltage (V) across critical components 

such as the motor terminals or the DC bus of the power electronics module (inverter). The measured voltage is 

compared against a predetermined threshold (Vthreshold) representing the maximum allowable voltage level beyond 

which the system is considered to be in a fault condition. Mathematically it is represented as:  

 

then a flag fault condition. 

 

……… (1) 

……… (2) 
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Where, 

• V is the measured voltage across the monitored component 

• Vthreshold is the predetermined threshold for overvoltage detection. 

Short circuit detection is a critical aspect of fault detection in motor drive systems, as short circuits can lead to 

excessive current flow, component damage, and system malfunction. Short circuits occur when there is an 

unintended connection between two or more points in an electrical circuit, resulting in a low-resistance path that 

bypasses the intended load. Detecting and responding to short circuit faults promptly is crucial to prevent damage 

to components and ensure the safety and reliability of the system. In the PLC-based fault detection system for new 

energy vehicle (NEV) motor drives, short circuit detection involves monitoring the electrical resistance (Req) across 

critical components such as the motor terminals or the power electronics module (inverter). The equivalent 

resistance (Req) is calculated on measured current (I) and voltage (V) using Ohm’s Law 𝑅𝑒𝑞 =
V

I
 . Mathematically, 

short circuit detection can be expressed as follows: 

 

then a flag fault condition. 

Where, 

• V is the measured voltage across the monitored component 

• Vthreshold is the predetermined threshold for overvoltage detection. 

When the calculated equivalent resistance (Req) falls below the threshold (Rthreshold) indicating a low-resistance path 

or short circuit, the fault detection algorithm triggers a fault condition. Subsequently, appropriate protective 

measures can be activated to mitigate the fault, such as isolating the affected component, shutting down the system, 

or activating current-limiting devices. 

V.RESULTS 

In this scenario, the motor drive system operates under normal conditions without any faults. The measured current 

and voltage are within normal operating limits, and no fault is detected by the PLC-based system. The response 

time is not applicable (N/A) as no fault is present. An overcurrent fault is simulated by increasing the load on the 

motor beyond its rated capacity. The measured current exceeds the predetermined threshold, triggering the 

overcurrent detection algorithm. The fault is detected within 10 milliseconds (ms) of the fault occurrence, and 

appropriate protective measures are initiated to mitigate the fault. An overvoltage fault is induced by injecting a 

higher voltage into the motor drive system. The measured voltage surpasses the predetermined threshold, leading 

to the activation of the overvoltage detection algorithm. The fault is detected within 15 ms of the fault occurrence, 

and corrective actions are initiated to address the fault condition. A short circuit fault is simulated by creating a 

low-resistance path across motor terminals. The measured current increases significantly due to the short circuit, 

triggering the short circuit detection algorithm. The fault is detected within 12 ms of the fault occurrence, and 

protective measures are implemented to isolate the affected components and prevent further damage. 

Table 1: Performance of the PLC-based fault detection system 

Fault 

Scenario 

Measured 

Current 

(A) 

Measured 

Voltage 

(V) 

Detected 

Fault 

Measured 

Time (ms) 

Normal 

Operation 
50 350 None -                         

Overcurrent 

(Fault) 
100 350 Overcurrent 10 

Overvoltage 

(Fault) 
50 400 Overvoltage 15 

……… (3) 
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Short 

Circuit 

(Fault) 

150 200 
Short 

Circuit 
12 

Normal 

Operation 
45 355 None    - 

Overcurrent 

(Fault) 
110 360 Overcurrent 8 

Overvoltage 

(Fault) 
55 405 Overvoltage 13 

Short 

Circuit 

(Fault) 

155 195 
Short 

Circuit 
11 

 

 

Fig 2: Analysis of Normal Operation 

 

Fig 3: Analysis of Overcurrent 
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Fig 4: Analysis of Overvoltage 

 

Fig 5: Analysis of Short Circuit 

These results demonstrate the performance of the PLC-based fault detection system under different fault conditions, 

including overcurrent, overvoltage, and short-circuit faults. The system effectively detects each fault scenario and 

triggers a response within a specified response time, highlighting its capability to enhance the safety and reliability 

of new energy vehicle (NEV) motor drives. 

VI.DISCUSSION 

 The results obtained from the experimental setup provide valuable insights into the performance of the PLC-based 

fault detection system for new energy vehicle (NEV) motor drives. The results obtained from the experimental 

setup provide valuable insights into the performance of the PLC-based fault detection system for new energy vehicle 

(NEV) motor drives. The absence of detected faults indicates that the PLC-based fault detection system accurately 

distinguishes between normal and fault conditions, ensuring that false alarms are minimized. The absence of 

detected faults indicates that the PLC-based fault detection system accurately distinguishes between normal and 

fault conditions, ensuring that false alarms are minimized. The short response time (10 ms) demonstrates the 

system's ability to promptly identify and respond to overcurrent events, mitigating potential damage to components 

and ensuring system safety. 

The overvoltage fault, induced by injecting a higher voltage into the system, is promptly detected by the fault 

detection algorithm. Although the response time (15 ms) is slightly longer compared to the overcurrent fault, it still 

falls within an acceptable range, allowing for timely intervention to mitigate the fault. The short circuit fault, 

resulting from a low-resistance path across motor terminals, is quickly identified by the fault detection system. With 

a response time of 12 ms, the system demonstrates its capability to rapidly detect short circuit events and implement 
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protective measures to prevent further damage. Overall, the PLC-based fault detection system exhibits robust 

performance in identifying and responding to various fault scenarios in the NEV motor drive system. The system's 

ability to detect faults accurately and initiate timely responses is crucial for safeguarding the integrity and reliability 

of electric vehicles. 

The results highlight the system's high level of accuracy in distinguishing between normal and fault conditions. 

This is essential for minimizing false alarms and ensuring that genuine faults are promptly addressed. The response 

time of the fault detection system is critical for mitigating faults effectively. The observed response times for 

different fault scenarios indicate that the system can quickly identify and respond to faults, thereby minimizing 

potential damage and ensuring operational safety. The ability of the system to reliably detect various fault types, 

including overcurrent, overvoltage, and short circuit faults, underscores its effectiveness in enhancing the reliability 

of NEV motor drives. This reliability is essential for maintaining vehicle performance and ensuring passenger 

safety. The scalability of the fault detection system, i.e., its ability to adapt to different vehicle architectures and 

operating conditions, is an important consideration for real-world deployment. Further research may focus on 

evaluating the system's scalability and optimizing its performance for integration into commercial electric vehicle 

platforms. 

VII.CONCLUSION 

In conclusion, the experimental results underscore the effectiveness of the PLC-based fault detection system in 

enhancing the safety, reliability, and performance of new energy vehicle (NEV) motor drives. The system 

demonstrates robust capabilities in accurately detecting and promptly responding to various fault scenarios, 

including overcurrent, overvoltage, and short-circuit faults. The observed response times for different fault 

scenarios highlight the system's ability to quickly identify and respond to faults, thereby minimizing potential 

damage and ensuring operational safety. The short response times demonstrate the system's effectiveness in 

mitigating faults before they escalate into critical failures. The PLC-based fault detection system offers versatility 

and scalability, making it suitable for integration into various vehicle architectures and operating conditions. Its 

adaptability to different fault types and system configurations enhances its utility across a wide range of electric 

vehicle platforms. 

The development and validation of the PLC-based fault detection system contribute to the advancement of electric 

vehicle technology by providing a reliable and efficient solution for fault detection in NEV motor drives. By 

addressing the critical need for robust fault detection systems, the system facilitates the widespread adoption of 

sustainable transportation solutions. Further research may focus on optimizing the fault detection algorithms, 

improving system performance, and enhancing scalability for integration into commercial electric vehicle 

platforms. Additionally, investigations into real-world deployment and validation of the system in diverse driving 

conditions can provide valuable insights into its practical utility and effectiveness. In summary, the experimental 

results affirm the effectiveness of the PLC-based fault detection system in enhancing the safety, reliability, and 

performance of new energy vehicle motor drives. By offering accurate and timely fault detection capabilities, the 

system contributes to the advancement of electric vehicle technology and paves the way for a sustainable and 

greener future in transportation. 
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