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Article Info Abstract

Received: 1 Mac 2025 This project presents a Miniature Circuit Breaker (MCB) Trip Detector
Accepted: 1 May 2025 system designed to monitor electrical circuits using a relay AC coil 240V
Available online: 30 June 2025 integrated with an ESP32 microcontroller. The system aims to detect

anomalies such as overloads and short circuits, providing real-time

notifications via Telegram upon detecting an MCB trip. Performance

evaluation revealed the system's high reliability in accurately

MCB, Trip, Relay AC Coil 240V identifying faults and its effectiveness in minimizing downtime through
swift fault notification and detailed diagnostic information. Challenges
included microcontroller processing capabilities for complex tasks,
suggesting areas for future improvement. Research opportunities
include enhancing alert technology, upgrading microcontroller
capabilities, exploring IoT integration, and developing predictive
maintenance algorithms for broader applications in residential and
industrial settings.
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1. Introduction

The significance of safeguarding residential and industrial environments from potential hazards in electrical
safety cannot be overstated. MCB is the protection device that used to disconnect the circuit when a short circuit
and overload fault occurred[1]. However, while existing MCBs effectively isolate faults, they fall short in offering
post-trip diagnostic information. This leaves users struggling to identify the precise cause of the trip, leading to
prolonged downtimes and potentially hazardous conditions. This project introduces a Miniature Circuit Breaker
Trip Detector, leveraging a Relay AC Coil 240V and an ESP32 microcontroller to enable real-time monitoring and
diagnostics, providing immediate notifications to users about MCB trips.

Electrical safety is paramount in both residential and industrial settings, where MCBs play a critical role in
protecting circuits from overloads and short circuits. The short circuit is where the abnormal current flow causes
the spark to occur. These can be observed when during thunder the MCB will kick off to prevent excess high
voltage to enter the house circuit [2]. Despite their effectiveness in mitigating immediate threats, the aftermath of
an MCB trip often leaves users without detailed information regarding the specific fault. This ambiguity hinders
quick resolution of issues, leading to extended downtimes, increased operational inefficiencies, and heightened
safety risks.

The current landscape of MCB technology showcases a significant gap in post-trip diagnostics. While existing
MCBs excel in disconnecting circuits during faults, users are left without crucial details about the cause of the trip.
This lack of information can be particularly challenging in industrial settings where electrical systems are complex
and critical to operations. The inability to quickly diagnose and address the root cause of a trip can result in
significant downtime, affecting productivity and potentially leading to substantial financial losses. Furthermore,
the absence of real-time monitoring limits the ability to address potential electrical faults before they escalate
proactively.
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The Miniature Circuit Breaker Trip Detector aims to bridge this gap by providing real-time monitoring and
diagnostic capabilities. The system continuously monitors the electrical circuit for anomalies by utilizing a Relay
AC Coil 240V and an ESP32 microcontroller. In the event of a trip, the system not only disconnects the circuit to
prevent damage but also logs detailed information about the nature of the fault. This information is then relayed
to users promptly, enabling informed action to resolve the issue. Implementing this technology can significantly
reduce downtime, enhance operational efficiency, and improve overall electrical safety, ultimately safeguarding
both residential and industrial environments from potential hazards.

2. Material and Methodology

Materials and methodology are essential components in executing this project. It is important to consider the
materials and equipment, project design, and project testing, as each of these elements is critical for achieving the
project's goals and objectives.

2.1 Material

The main component for this project is a ESP32. The ESP32 is a low-cost, low-power system on a chip series of
microcontrollers with Wi-Fi and Bluetooth capabilities and a highly integrated structure powered by a dual-core
Tensilica Xtensa LX6 microprocessor [4]. Other than that, this project also used a Relay AC Coil 240V. A relay is an
electrical switch that opens and closes under the control of another electrical circuit. In the original form, the
switch is operated by an electromagnet to open or close one or many sets of contacts. Because a relay is able to
control an output circuit of higher power than the input circuit, it can be considered, in a broad sense, to be a form
of an electrical amplifier. Current flowing through the coil of the relay creates a magnetic field which attracts a
lever and changes the switch contacts [6]. A Relay AC Coil 240V monitors the MCB's status, and upon detecting a
trip, signals the ESP32 microcontroller.

2.2 Methodology

Fig. 1 shows the block diagram for Miniature Circuit Breaker Trip Detector. This block diagram illustrates a system
designed to detect and notify users of a Miniature Circuit Breaker (MCB) trip. The Power Supply provides
electricity to the MCB, which safeguards the Load by interrupting the power during fault conditions. A Relay AC
Coil 240V monitors the MCB's status, and upon detecting a trip, signals the ESP32 microcontroller. The ESP32,
equipped with Wi-Fi capabilities, processes the relay's status and sends an immediate notification to the user via
Telegram, ensuring prompt awareness and response to the tripped MCB.

LOAD

1

POWER SUPPLY ) MINIATURE CIRCUIT \R(“{f(\)\u \
BREAK (MCB) Hl R 7 ESP32
TELEGRAM

Fig. 1 Block Diagram of Miniature Circuit Breaker Trip Detector

Fig. 2 shows the flowchart for Miniature Circuit Breaker Trip Detector. This flowchart outlines the process of
monitoring the status of a Miniature Circuit Breaker (MCB) and sending a notification if it trips. The flowchart
begins with the initialization of the serial monitor and relay pin as an input to monitor the status of the Miniature
Circuit Breaker (MCB). It then checks for a Wi-Fi connection, attempting to reconnect if not connected. Once
connected, the system reads the relay state and checks for any changes. If a change is detected, it further checks if
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the relay state is LOW, indicating that the MCB has tripped. Upon detecting a LOW state, the system sends a
notification about the tripped MCB, ensuring continuous monitoring and immediate alerts, before ending the

process.
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Fig. 2 Flow Chart of Miniature Circuit Breaker Trip Detector

3. Results and Discussion
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This section will discuss the findings from the study of the Miniature Circuit Breaker Trip Detector project after
its completion. The data and analysis obtained are the research results and discussion based on this project. Fig.
3(a) shows the prototype of the Miniature Circuit Breaker Trip Detector for the hardware and Fig. 3(b) shows that
a notification promptly appears on Telegram when the system detects an MCB trip in Telegram Bot.

557 MCB TRIPPETECTOR .

MCB 1 has tripped! 10:49
MCB 1 has tripped! ;
MCB 2 has tripped!
MCB 3 has tripped! 10:50

MCB 2 has tripped! 10:57
MCB 1 has tripped! 10:55
MCB 1 has tripped! ;

MCB 1 has tripped! 10:59

Fig. 3 (a) Prototype of the Miniature Circuit Breaker Trip Detector, (b)Notification from Telegram Bot

The Miniature Circuit Breaker (MCB) trip tracking system's Arduino IDE code includes MQTT and Wi-Fi
connectivity, as shown in Figure 4. It connects to a wireless network using the ESP8266WiFi library and delivers
trip status updates to an MQTT broker using the PubSubClient library. Two input digital pins that represent the
states of two MCBs are initialised by the code, which also continuously checks the values of the pins and notifies
the user when a trip situation is detected. In order to provide real-time fault detection and reporting for improved
safety and system management, the system is configured to publish individual alerts identifying which MCB has
triggered.

Based on Table 1, the performance evaluation of the Miniature Circuit Breaker Trip Detector demonstrated
its ability to accurately detect MCB trips caused by overloads or short circuits, providing precise diagnostic
information promptly. Integrated with Telegram for real-time alerts, the system notifies users immediately upon
detecting an MCB trip, ensuring swift intervention and minimizing downtime. Benefits of the detector include
enhanced electrical safety through proactive monitoring, quick response to faults, and minimized operational
disruptions in industrial settings. Real-time notifications via Telegram enable rapid issue resolution, improving
overall system efficiency and productivity. Challenges include the microcontroller capabilities of the ESP32 for
more complex applications. Future iterations could enhance detection accuracy with advanced sensors, upgrade
microcontrollers, and expand notification methods beyond Telegram. Future research could focus on integrating
sophisticated sensors and higher-powered microcontrollers, exploring IoT integration for remote monitoring,
developing predictive maintenance algorithms, and scaling for broader commercial and industrial applications.

Table 1 Operational Results of the Miniature Circuit Breaker Trip Detector

MCB STATE RELAY STATE TELEGRAM
Trip Normally Open (NO) Yes
No Trip Normally Closed (NC) No
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1 #1nclude <Wiri.n>
2 #include <WiFiClientSecure.h> 2 ird.begin(ssid, passnond);
5 53 hi (WiF tatus() != WL_CONNECTED) {
g #include <UniversalTelegramBot.h> 54 (1000);
‘_‘ 55 Serial.println("Reconnecting to WiFi...");
2 : X 56 }
6 const char* ssid = “"Arizz"; 57 Serial.println("Reconnected to WiFi");
7 const char* password = "adik291201"; 58 }
8 59
9 € )
1e #define BOTtoken "7211458209:AAH851g9R7Hj9teEhNv2wqT_U-PduShEMmg" 61 int currentStatel = digitalRead(relayPinl);
1 #define CHAT_ID "979773239" 62 if (currentStatel != relayStatel) {
12 63 relayStatel = currentStatel;
13 64 if (relayStatel == LOW) { 3 B 1t
14 WiFiClientSecure client; 65 S 1l.println("MCB 1 Tripped! Sending notification...");
15 UniversalTelegramBot bot(BOTtoken, client); 66 age(CHAT_ID, "MCB 1 has tripped!", "");
16 67 }
17 L 68 }
18 const int relayPinl = 15; 69
19 const int relayPin2 = 4; 70
20 const int relayPin3 = 13; 71 int currentState2 = digitalRead(relayPin2);
21 72 if (currentState2 != relayState2) {
22 73 relayState2 = currentState2;
23 bool relayStatel = HIGH; 74 if (relayState2 == LOW) {
24 bool relayState2 = HIGH; 75
25 bool relayState3 = HIGH; 76 Serial.println("MCB 2 Tripped! Sending notification...");
i; void setup() { 77 bot.sendMessage (CHAT_ID, "MCB 2 has tripped!"™, "");
29 Serial.begin(11528@); Zz } '
38
31 80
32 pinMode(relayPinl, INPUT); 81
33 pintode(relayPin2, INPUT); 82 int currentState3 = digitalRead(relayPin3);
34 pinMode(relayPin3, INPUT); 83 if (currentState3 != relayState3) {
35 84 relayState3 = currentState3;
’; R . 85 if (relayState3 == LOW) {
o= . ;.5ta‘iJ£( LiCDr-.\ECTED] c 86 Serial.println("MCB 3 Tripped! Sending notification...");
. delay (1888 87 bot.sendMessage(CHAT_ID, "MCB 3 has tripped!", "");
ag serial. println{"Connecting to WiFi._."); 88 +
41 3 89 ¥
az serial.println("Connected to WiFi"); %0
43 91 delay(1e@);
44 / ) 92 }
45 client.setCACert{TELEGRAM_CERTIFICATE_RCOT);
48 ]
a7
48 vold loop() {
49
sa if (U tatus() != WL_CONNECTED) {
51 WiF connect();

Fig. 4 Coding for Miniature Circuit Breaker Trip Detector

4. Conclusion

In essence, the Miniature Circuit Breaker Trip Detector project is crucial in enhancing electrical safety and
operational efficiency in residential and industrial settings. By leveraging a Relay AC Coil 240V and ESP32
microcontroller, the system offers real-time monitoring and diagnostic capabilities that traditional MCBs lack.
This innovation not only detects and notifies users promptly of circuit trips but also provides detailed post-trip
diagnostic information crucial for quick fault resolution. Proactively managing electrical faults helps minimize
downtime, reduce safety risks, and optimize system reliability. Continuing advancements in sensor technology,
microcontroller capabilities, and integration with predictive maintenance algorithms hold promise for further
improving the effectiveness and applicability of such systems across diverse electrical infrastructure. Ultimately,
the Miniature Circuit Breaker Trip Detector stands poised to significantly enhance electrical safety practices
significantly, ensuring safer environments and smoother operations in both residential and industrial contexts.
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