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Abstract: Electrical extension boards are a significant cause of 

electrical fires in homes, university hostels, offices, and other key 

applications worldwide, often due to overloading beyond their 

rated capacity. Additionally, users usually forget to turn off 

appliances such as televisions, portable fans, or electric irons, 

resulting in unnecessary energy waste. These Extension boards, 

commonly used to power multiple electrical appliances, are widely 

used in homes and universities; however, overloading them can 

lead to overheating, burning, and potential fire hazards. This is 

often due to exceeding the board’s rated capacity, which reduces 

load resistance and increases current flow, particularly in 

parallel-connected domestic loads. To address this risk, this paper 

presents an innovative energy-efficient extension board equipped 

with overcurrent protection. The system continuously monitors 

the current drawn by connected appliances and automatically 

isolates them via a relay mechanism when the load exceeds the 

rated capacity of 13 amperes. The overcurrent status is displayed 

on an LCD. A microcontroller, interfaced with a current sensor 

and relay, manages the process, ensuring the safety of the 

extension boards and home appliances. Additionally, a buzzer 

notifies the user of the system's status. Furthermore, the system 

features a timer function to manage energy consumption based on 

user-defined settings. Both simulation and experimental prototype 

were employed to verify the design, and the results showed a 

strong correlation between the expected and actual performance, 

demonstrating the practicality of the proposed system.  

Keywords: New Extension Board, Overcurrent Protection, 

Energy-Efficient, Microcontroller, Relay. 

I. INTRODUCTION

Modern technology has driven the rapid development of

smart home appliances, but these advanced devices lose their 

convenience if users rely solely on fixed socket outlets. 
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 Thus, electrical extension boards are essential for 

extending the power supply beyond fixed socket outlets. 

Despite significant investment in smart devices, users often 

overlook the critical role of electrical extension boards, 

which can either protect or damage these appliances and 

significantly impact their lifespan. Additionally, many users 

forget to turn off devices such as refrigerators and televisions, 

resulting in wasted energy and higher electricity bills. 

Furthermore, frequent fires often occur due to negligence, 

oversight, or failures in the safety features of appliances and 

household electrical systems [1].  

While cost-effective technologies exist that could reduce 

energy consumption, they have not been widely 

implemented. As a result, energy resources are not being 

utilized as efficiently as they should be [2]. Additionally, a 

microcontroller-based system was developed to protect home 

appliances from voltage and current fluctuations, utilising 

sensors to measure current levels and activating a relay when 

these values deviate from a preset threshold. A GSM module 

was also used to notify users of faults [3]. In contrast, the 

proposed system will integrate home automation features and 

include a buzzer to alert users when faults are detected or a 

preset time has been reached. However, an Electronic Circuit 

Breaker (ECB) was introduced to provide faster protection 

against short circuits and overloads compared to traditional 

mechanical circuit breakers, such as the Miniature Circuit 

Breaker (MCB), which relies on a slower thermal bimetal 

mechanism. In the event of a short circuit, the ECB detects 

current flow through a low-resistance series element. A 

voltage comparator assesses the voltage drop across this 

element and sends a signal to the microcontroller if it exceeds 

a preset threshold.  

The microcontroller then activates a MOSFET, which 

controls the relay, quickly tripping the circuit [4]. Raj et al. 

[5] proposed a Wi-Fi-enabled power extension board for

controlling devices and optimizing energy usage. Their

approach utilized wireless sensor networks (WSNs) and

cloud computing to create an efficient wireless

communication framework within the home. The goal was to

achieve energy savings for smart home applications while

establishing a smart home environment without altering the

existing electrical wiring or infrastructure. Besides, Gupta et

al. [6] introduced a smart extension board capable of

controlling electrical appliances through Google Assistant

and a mobile app. Unlike traditional extension boards, which

only allow manual operation via physical switches, this smart

extension board offers remote control through a mobile app

in addition to the manual

switches integrated into the

board.
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Nonetheless, extensive research has focused on developing 

a protection system using the Internet of Things (IoT) to 

monitor and analyze voltage levels, aiming to prevent 

damage to loads connected to an extension board. The system 

employs the ZMPT101B sensor to detect voltage variations 

and transmit alerts via Wi-Fi modems managed by the 

ESP8266 NodeMCU microcontroller. Additionally, the 

Arduino Uno processes the voltage data, which is then 

displayed on an LCD screen [7]. Moreover, a protection 

system for electrical appliances utilizing an automatic 

tripping mechanism for under-voltage and over-voltage 

conditions was proposed in [8]. The system, designed with 

components such as a relay, transistor, and operational 

amplifier, demonstrated that the load (a lamp) would turn off 

when the voltage dropped below 210V or exceeded 240V, 

indicating under-voltage and over-voltage situations. The 

study suggested that incorporating GSM technology could 

further enhance the system by sending SMS alerts to notify 

users of the system's status.  

Nevertheless, as outlined in [9], an overvoltage and 

undervoltage protection system was developed using a 

comparator and relay to disconnect the power supply during 

voltage fluctuations. The system was designed to trip the 

relay when high or low voltage conditions were detected, 

effectively protecting both industrial and household electrical 

appliances. Additionally, Statistical analysis depicts that 

electrical products are highly prone to causing fires, with 

wires and cables leading in terms of fire incidents, casualties, 

and property damage. The primary causes of conductor 

overheating are typically overloads or short circuits [10]. 

Based on the analysis above, this research proposes the 

design and implementation of an energy-efficient extension 

board with integrated overcurrent protection, ensuring both 

device safety and effective energy management. 

A. Novelty of the Proposed Design 

The proposed home automation protection system 

introduces an innovative solution for safeguarding electrical 

appliances by automatically tripping the circuit or cutting off 

power in the event of an overcurrent exceeding 13 amperes. 

The system also features a timing mechanism that allows 

users to set a predetermined shut-off time, effectively 

reducing energy waste and lowering electricity consumption 

for both prepaid and postpaid meter users. Additionally, the 

energy-efficient extension board, integrated with overcurrent 

protection, offers the flexibility to reset or bypass the timing 

function for continuous operation, offering enhanced security 

compared to traditional extension boards. 

II. MATERIALS AND METHODS 

A. Design Topology and Simulation Analysis 

The design and implementation of an energy-efficient 

extension board with integrated overcurrent protection were 

first modelled using a block diagram, as shown in Figure 1. 

The selected power supply, rated at 220V/12V, was stepped 

down to 5V DC after rectification and smoothing through a 

filter capacitor, allowing the microcontroller, the system's 

core, to function. The current sensor, buzzer, and loads were 

connected to the microcontroller, which was programmed to 

coordinate all components to achieve the design objectives. 

Figure 1 illustrates the simulated circuit diagram of the 

energy-efficient extension board with overcurrent protection 

for home appliances.  

Using the Arduino Integrated Development Environment 

(IDE), a Universal Serial Bus (USB) programmer was 

employed to upload the operating instructions to the Arduino 

Uno. The Arduino IDE provided a user-friendly platform for 

writing, compiling, and debugging C/C++ programs. After 

programming, the compiled code was tested in Proteus to 

simulate real-world conditions and verify the system's 

operation. Proteus Design Suite (PDS) was used for 

simulation, schematic capture, and printed circuit board 

(PCB) layout design. 
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[Fig.1: The Block Diagram of the Energy-Efficient 

Extension Board with Integrated Overcurrent Protection 

for Home Appliances] 

 

[Fig.2: The Circuit Diagram of the Energy-Efficient 

Extension Board with Integrated Overcurrent Protection 

for Home Appliances] 

B. Design Construction Analysis 

As shown in Figure 3, a miniature circuit breaker (MCB) 

was used as a switch for the entire system, preventing any 

transient current or voltage during switching. The output of 

the MCB was connected to a socket outlet and power supply, 

which were first mounted on a breadboard to generate the 5V 

DC power required for the microcontroller, sensor, and LCD.  

The sensor, relay, LCD, and buzzer were all configured to 

work with the microcontroller, ensuring the system met its 

design objectives.  

To provide proper cooling and prevent thermal issues, a 

rectangular acrylic casing with cooling fins was used to house 

the components of the energy-efficient extension board with 

integrated overcurrent 

protection, as shown in Figure  

3. This casing not only 

protects the circuitry but also 
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allows clear visibility of the internal components. After 

soldering the components on the breadboard, they were 

secured in the acrylic casing to prevent movement. Figure 4 

illustrates the final packaging of the design, ensuring both 

functionality and protection for the system. 

 

 

[Fig.3: Picture of the Experimental Setup] 

 

 

[Fig.4: Picture of the Final Proposed System] 

III. RESULTS AND DISCUSSION 

A. Simulation Results 

The results were obtained from simulating the design 

system using Proteus Software and testing the system under 

load conditions. When the current in the extension board 

exceeded the maximum allowable value, the relay activated 

to sound a buzzer and disconnected the supply until the 

overcurrent fault was resolved. The no-load current, as 

shown in Figure. 5, was 0.00A. 

 

 

[Fig.5: State of the System for no-Load Current] 

The initial load, as shown in Figure. 6, revealed a current of 

5.49A. This indicates that the first load drew 5.49A of 

current. Therefore, the load current reflects the amount of 

current absorbed by the connected load. 

 

[Fig.6: State of the System for Load Current of 5.49A] 

Following the addition of the loads, a correspondingly 

larger amount of current was drawn when the second load 

was added. As shown in Figure. 7. The load current displayed 

on the LCD is 10.99 A, indicating that the second load has 

increased the total load current to 10.99 A. 

 

[Fig.7: State of the System for Load Current of 10.99A] 

The addition of the third load resulted in a higher current 

consumption. As shown in Figure. At 8, the load current 

displayed on the LCD increased to 13.00 A, indicating the 

effect of the third load. 

 

[Fig.8: State of the System for Load Current of 13.00A] 

 

Ultimately, when the fourth load was connected, the current 

increased to 17.68A, triggering the buzzer and the relay.  
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As shown in Figure. 9, the relay disconnects the extension 

board from the power source, while the buzzer sounds an 

alarm to alert users to the overcurrent fault. 

 

[Fig.9: State of the System for Load Current of 17.68A] 

B. Experimental Results 

The circuit's practical trials are illustrated in Figures 10-14, 

which validate the simulation results. As the load is added, 

the LCD's current reading rises until it reaches the 

predetermined value point. The simulation and the 

experimental performance, as shown, are closely related. 

Figure 10 depicts the system under no stress, while Figure 14 

depicts the system under overload. The results were obtained 

from constructing the design and testing the system under 

no-load conditions. The no-load current is shown in the 

Figure. 10, was 0.00A. 

 

 

[Fig.10: Picture of the Implemented System at No-load] 

 

The initial load, as shown in Figure 11, revealed a current of 

5.45 A. This indicates that the first load drew 5.45A of 

current. 

 

[Fig.11: Picture of the Implemented System for Current 

of 5.45A] 

In the third test, another load was added, and a 

correspondingly larger amount of current was drawn. As 

shown in Figure. 12, the load current displayed on the LCD is 

10.93A, indicating that the second load increased the total 

load current to 10.93A. 

 

[Fig.12: Picture of the Implemented System for Current 

of 10.93A] 

In the fourth test, an addition of the third load resulted in a 

higher current consumption. As shown in Figure 13, the load 

current displayed on the LCD increased to 12.91 A, 

indicating the effect of the third load. 

 

[Fig.13: Picture of the Implemented System for 

Current of 12.91A] 

Finally, when the fourth load was connected, the current 

increased to 17.56 A, exceeding the system’s threshold value. 

The system detects “OVER CURRENT” as indicated by the 

LCD in Figure. 14. At this point, the buzzer sounds to alert 

the user of a malfunction. Additionally, a signal is sent to the 

relay to disconnect the load from the power source. 

 

[Fig.14: Picture of the Implemented System in an 

Overloaded Condition] 
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Table 1: Shows the Design Comparison for Both the 

Experimental and Simulated Findings 

No. of 

connected 

loads 

Simulated 

load 

current 

(Amp) 

Experimented 

load current 

(Amp) 

State of 

relay 

State of 

buzzer 

None 0.00 0.00 Close Off 

1 5.49 5.45 Close Off 

2 10.97 10.93 Close Off 

3 13.00 12.91 Close Off 

4 17.68 17.56 Open On 
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[Fig.15: Represents the Graph of the Energy-Efficient 

Extension Board with Integrated Overcurrent Protection 

for Home Appliances] 

C. Discussion  

The design results revealed that the current flowing through 

the extension board increased as the number of connected 

loads grew. This relationship is illustrated in Table 1, where 

the increase in sensor output voltage results in corresponding 

increases in current values displayed on the LCD. Five tests 

were conducted, with each test adding a load or appliance. 

Overcurrent was detected when the current surpassed the 

13-ampere threshold. 

Both simulated and experimental tests were performed, 

yielding similar results. Simulated current values ranged 

from 0 A to 17.68 A (Figures 5–9), while experimental 

current values ranged from 0 A to 17.56 A (Figures 10–14). 

In both cases, it was observed that as more loads were added, 

the current measured on the LCD increased proportionally. 

In the fifth test, when the fifth load was connected, the 

system's relay triggered, isolating the loads from the power 

source. A warning alarm sounded from the buzzer, 

accompanied by the LCD reading “overcurrent detected.” 

These findings demonstrate that the energy-efficient 

extension board with integrated overcurrent protection 

functions as designed. As shown in Figure 14, as the number 

of connected loads increases, the current rises until it 

surpasses the preset 13-ampere limit. At that point, the relay, 

controlled by the current sensor and microcontroller, trips to 

isolate the circuit and prevent overload. Microsoft Excel was 

used to analyze the experiment results. 

IV. CONCLUSION 

This research paper introduces a newly designed 

energy-efficient extension board with integrated overcurrent 

protection for home appliances. The relay serves as the 

primary switch, disconnecting the system both in the event of 

an overload and after a predetermined time has elapsed. 

Additionally, the design incorporated an auxiliary device to 

provide warning messages in the event of an overcurrent 

issue. 

The use of a few locally sourced components results in a 

relatively low implementation cost, making the project 

cost-effective. Compared to other configurations reported in 

the literature, this system’s integration of an alarm enhances 

its functionality by offering immediate awareness and home 

automation capabilities. Consequently, the proposed design 

is superior to many existing designs. 
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