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DEVELOPMENT OF MULTI-SOCKET POWER TEST BENCH FOR INDUSTRIAL OVEN TESTING
A MICROCONTROLLER-BASED SYTEM WITH SAFETY AND SENSOR INTEGRATION



1. [bookmark: _Toc203119210]Introduction
Industrial oven electrical testing is a critical process for ensuring the safety, reliability, and performance of high-power equipment before deployment. With the growing diversity in plug standards and voltage requirements,—particularly between regions such as the UK and USA there is an increasing need for a flexible, standardized platform dedicated specifically to industrial oven testing. This project focuses on the design and development of an industrial electrical testing bench for industrial ovens, which require support for multiple socket types, high current ratings, and accurate thermal monitoring.

The test bench is designed to serve as a safe and controlled power distribution system, integrating electrical safety components, individual socket management via contactors, and real-time feedback mechanisms. It is built to interface with a custom-made external controller, enabling automation, remote monitoring, and data acquisition via PC software. The bench prioritizes safety, modularity, and future expandability while ensuring compliance with relevant electrical standards such as BS EN 61439.

This report outlines the design methodology, component selection, system architecture, safety features, monitoring solutions, and development timeline. It also evaluates the environmental, societal, and ethical considerations of the project, ensuring a good engineering solution that is both practical and responsible. 

[bookmark: _Toc203119211]2. Aim and Objectives
[bookmark: _Toc203119212]2.1 Aim:
Designing and creating an industrial electrical testing bench that can securely distribute and manage power to a variety of industrial outlets in the US and the UK is the goal of this project. Industrial ovens, which need various power ratings, plug kinds, and temperature detection while operating, will be the sole purpose of the bench. The system needs to have dependable safety features, real-time status indications, and be appropriate for high-power equipment.

An external, custom-made controller that manages logic control, monitoring, and communication with PC-based software will be interfaced with the testing bench. By reacting to control signals and adaptable operation, the bench itself will serve as the power distribution and protection layer.
[bookmark: _Toc203119213]2.2 Objectives:
[bookmark: _Toc203119214]2.2.1 Electrical Safety and Regulatory Compliance
· Integrate safety components including emergency stop switches, isolators, MCBs, RCDs, and safety modules to ensure compliance.
· Conform to PUWER
· Adopt BS EN 61439 for low-voltage switchgear and control gear assemblies [4]
· Provide fault isolation and protection against risks such as electric shock or fire during testing.
· Incorporate IEC 62061 standard  which is a machinery safety standard focused on the functional safety of safety-related control systems
[bookmark: _Toc203119215]2.2.2 Socket Control and Power Management
· Individual contactor-based control for each socket on the bench.
· Seven industrial sockets (three-phase and single-phase, UK/US types), with each socket wired through appropriate protection and switching components.
· Use MOSFET-driven custom-made controller that can actuate the contactors by low-level signals
[bookmark: _Toc203119216]2.2.3 Sensor Integration and Feedback Support
· Hardware support to feedback custom-made controller:
· Current transformers 
· Voltage monitoring modules for each power phase 
· Temperature sensors, including a Type K thermocouple for oven interior temperature.
· Route low-voltage signals through auxiliary contacts to provide feedback on the status of MCBs and contactors.
· Include LED stack lights and socket status indicators for immediate visual feedback.

[bookmark: _Toc203119217]2.2.4 Cost Optimization and Expandability
· Optimize the bench layout for scalability, ensuring space and connectivity for future feature additions.
· Maintain total system cost within a £3000–£5000 budget range.
· 

[bookmark: _Toc203119218]3. Background Research
[bookmark: _Toc203119219]3.1 125A 3-Phase Distribution Board (Distro Works)
[image: A black box with many blue and red plugs
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Figure 1 125A 3-Phase Distribution Board (Distro Works)
Distro Works' 125A 3 Phase Distribution Board is short-term industrial power distributor in settings like test labs and construction sites. A 125A 415V 3-phase input is accepted, and it has several outputs with optional protection. For safety, each output has its own RCBO to prevent complete shutdown during failures. Its shape and sturdy polypropylene body guarantee portability and chemical resistance. The board allows modular power distribution. Multiple socket power distribution works nicely with this kind of equipment. It must be operated manually, though, as it is not controlled by an automated controller of any kind. This dependence on human labour may result in mistakes or in operators taking short cuts during testing. Unit costs around £2500[1]
[bookmark: _Toc203119220]3.1.1 Considerations
With a wide range of socket options and RCBO protection for added safety, Distro Works' 125A 3-Phase Distribution Board offers a temporary solution for industrial power distribution. However, it is important to consider a number of limitations:
[bookmark: _Toc203119221]3.1.1.1 Manual Operation Without Integrated Control:
There is no PLC or automated control system integrated into the machine for selective socket management. As a result, power distribution and switching have to be done by hand, which raises the possibility of operator error or dangerous shortcuts during testing.
[bookmark: _Toc203119222]3.1.1.2 Remote Monitoring:
Without embedded control or communication capabilities, the board cannot support remote operation or automated fault detection beyond RCBO trips.
[bookmark: _Toc203119223]3.1.1.3 Fixed Socket Configuration:
Although offering a wide range of socket types and ratings, the fixed configuration not cover all plug variations used across different industrial oven equipment.

[bookmark: _Toc203119224]3.2 RubberBox – RUB4202 
[image: A black box with many buttons
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Figure 2 RubberBox – RUB4202
A high-capacity power distribution unit RUB4202 is used in industrial settings that needs electrical power control. It is designed to distribute three-phase 415V power safely and effectively, with a 400A maximum current rating. [2]
This distribution box has several outgoing circuits and a 400A Powerlock input. MCBs are used to individually protect each output circuit and costs around £2500[2]
The RUB4202's digital multimeter, which continuously measures current, voltage, and frequency, is a major benefit. It facilitates testing and enables continuous electrical parameter monitoring. LED indicators are also incorporated inside the machine to show the incoming power supply's status.[2]
[bookmark: _Toc203119225]3.2.1 Considerations
While the RUB4202 400A Power Distribution Box offers reliable power distribution and individual circuit protection through MCBs, several important limitations should be noted:
[bookmark: _Toc203119226]3.2.1.1 Lack of RCDs:
The unit does not include RCDs for earth leakage protection on individual outputs. This reduces its ability to promptly disconnect circuits in the event of earth faults, potentially compromising operator safety and increasing the risk of electric shock or fire hazards.
[bookmark: _Toc203119227]3.2.1.2 Absence Control System:
The distribution box does not feature a built-in controller or PLC to manage power delivery selectively to individual sockets. Consequently, it cannot support automated switching or remote control of sockets.
[bookmark: _Toc203119228]3.2.1.3 Compatibility Constraints:
The fixed socket configurations may not accommodate the full range of plug types required for various industrial equipment, potentially necessitating the use of additional adapters or hardware modifications.


4. [bookmark: _Toc203119229]Project Desing
[bookmark: _Toc203119230]4.1 Power Distribution
According to the power distribution flowchart in Figure 3 Power distribution flowchart and schematics found in Appendix 11.3 and 11.7, power is distributed via a number of MCBs after being provided from a 63A supply protected by an RCD main supply in the UK or the USA. Every MCB supplies power to a different socket and is sized correctly to safeguard its downstream circuit. Because each of these sockets is managed by a separate contactor, safe switching and load separation are made possible. To provide both protection and control, the contactors are rated to match the current capability of the sockets to which they are connected.
Every socket, whether three-phase or single-phase, has its own switch, protection, and monitoring system. Particularly for high-power appliances like electrical ovens, this modular architecture allows for flexible operation and testing.
Socket Configuration:
· Three-Phase Sockets: 32A, 16A, USA 32A
· Single-Phase Sockets: 63A, 32A, 16A, 13A
Main input supply sockets:
· Three-phase: 63A 5 pin
Additional Sockets:
· 2 Pole 2 Gang 13A switches
[image: A screenshot of a computer flowchart
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[bookmark: _Ref200460809]Figure 3 Power distribution flowchart
[bookmark: _Toc203119231]4.2 Safety
To ensure the highest level of operator protection and compliance with industrial safety standards, the testing bench will have emergency stop mechanisms and a dedicated safety relay module as shown in Figure 4 Safety control circuit flowchart and Appendix 11.5 schematics. In order to enable instant power shutdown in the case of an emergency, regardless of the operator's location, two emergency stop push buttons will be placed strategically—one at the front and one at the back of the bench. A Schneider Electric XPSUAF13AC safety relay module, which reliably interrupts control power to the contactors, will be linked to these emergency stops. The XPSUAF13AC is appropriate for high-risk industrial applications since it complies with EN ISO 13849-1 and IEC 62061 standards. During equipment testing, this setup assures that all power outputs may be quickly and safely disconnected, removing risks like electric shock, overheating, or arc problems. [3]
[image: A diagram of a safety system
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[bookmark: _Ref200464440]Figure 4 Safety control circuit flowchart

[bookmark: _Toc203119232]4. 3 Socket Control Architecture
Each socket is independently controlled via a dedicated contactor as seen in Figure 5 Output control flowchart. The switching logic is managed by a PIC microcontroller, which receives commands and manages sensor inputs and programmed conditions.

[image: A diagram of a program
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[bookmark: _Ref200522536]Figure 5 Output control flowchart


[bookmark: _Toc203119233]4.4 Monitoring and Indicators
To ensure safe and efficient operation, the system monitors key electrical parameters which then feeds the custom-made controller as shown in Figure 5 Output control flowchart.
[bookmark: _Toc203119234]4.4.1 Current Monitoring
Each input from isolator is fitted with an SCT013-000V current sensor, which enables current measurement. These sensors are connected to the microcontroller for live current data and overcurrent detection.
[bookmark: _Toc203119235]4.4.2 Voltage Monitoring
A ZMPT101B voltage sensor module is used to monitor line voltage. The system is configured to record each phase voltage which then sends data back to the PCB controller
[bookmark: _Toc203119236]4.4.3 Temperature Monitoring
An integrated temperature monitoring circuit is provided in custom-controller. This feature is used to monitor enclosure or socket temperatures to prevent thermal overload. Work bench will contain Thermocouple Connector then connected to custom-made controller.
[bookmark: _Toc203119237]4.4.4 Stack lights indicators
Stack lights as a visual indicator system will quickly and clearly communicate the status of the testing process. This improves workflow visibility, reduces the need for constant manual monitoring, and enhances overall safety and efficiency in the testing environment.
[bookmark: _Toc203119238]4.4.5 Contactor Status and Socket Indicators
Each MCB's auxiliary contacts will be used to check the functioning of the MCBs that are attached to the corresponding sockets. The controller receives feedback from these auxiliary contacts verifying whether the MCB is in the ON or OFF position. Additionally, a panel-mounted LED indication will be installed right above each socket outlet. The appropriate LED will light up when a contactor is energised and electricity is applied to the socket, giving a clear visual cue that the socket is operational.
[bookmark: _Toc203119239]4.5 BS EN 61439 standard
The safety, performance, and verification standards for low-voltage switchgear and control gear assemblies are outlined in BS EN 61439. The entire electrical assembly, including distribution boards, protection devices, and socket outlets, must be considered as a formal assembly under the standard in order to guarantee compliance in the design of a multi-socket test bench for industrial ovens. This means assembling pre-approved components (MCBs, RCDs, and isolators) in an enclosure with the appropriate IP rating for the workplace.
Testing, computation, or comparison with a tested design are required to confirm that the design takes into consideration the total load current, temperature rise, and short-circuit withstand capacity. Documentation must also be supplied, including wiring diagrams, verification records, and maintenance instructions. [4]


5. [bookmark: _Toc203119240]Resources
The station bench will be developed and tested using a wide range of hardware parts, software, and testing apparatus. A PCB board, different contactors, MCBs, isolators, and socket outlets that complies with US/UK standards are essential hardware components. The system has a power supply unit, emergency stop buttons, and sensors for temperature, voltage, and current. other modules like HMIs, USB readers, and LEDs. 
Table 1 Resources shows what will be used inside the testing station and the total cost.
[bookmark: _Ref200542643]Table 1 Resources
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6. [bookmark: _Toc203119241]Planning
To ensure a structured and efficient approach to the project, a Gantt chart as shown in Table 2 Gannt chart for power test bench development was created detailing the main stages and duties needed to finish the testing station bench. Planning, Design & Component Selection, Physical Build and Assembly, System Integration & Testing, and Documentation are the six main stages of the project that are delineated in the chart. Specific subtasks with predetermined start times, durations, and dependencies are part of every phase.
[bookmark: _Ref200626707]Table 2 Gannt chart for power test bench development
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7. [bookmark: _Toc203119242]Expected Outcome
A fully functional industrial electrical testing bench that can securely distribute and handle high-power electrical loads over numerous industrial plugs in the US/UK will be the project's end product. It will be used to test industrial ovens. To enable safe testing of industrial ovens with different power needs, the bench will accommodate a total of seven independently controlled sockets safeguarded by contactors, MCBs, and RCDs. In order to comply with regulatory standards like BS EN 61439, the system will have integrated safety features such as dual emergency stops, a certified safety relay, and status indications.
Low-voltage signals will be used to connect the bench to an external, specially designed controller, enabling intelligent switching and real-time temperature, voltage, and current monitoring. Stack lights and panel-mounted LED indicators will be used to offer visual input, enhancing system diagnostics and user awareness. The build will be ideal for continuous industrial testing applications because it will stay below a £5000 budget and be constructed with scalability and future expandability in mind.


8. [bookmark: _Toc203119243]Risk of ethical considerations
The development and use of an industrial electrical testing bench presents several risks and ethical considerations that must be addressed to ensure safety, compliance, and responsible engineering practice.

[bookmark: _Toc203119244]8.1 Electrical Safety Risks:
High-current systems used on the testing bench carry safety risks, including the possibility of electric shock, arc flash, fire, or equipment damage. Designing the system to reduce these hazards through appropriate circuit protection (MCBs, RCDs), safety interlocks, emergency stop mechanisms, and visible indicators are requirement of ethical responsibility. To guarantee operator safety and avoid damage, all parts and wiring must adhere to EN 61439, EN ISO 13849-1 and IEC 62061 standards.

[bookmark: _Toc203119245]8.2 User Responsibility and Misuse:
Ethically, the system must be designed to discourage misuse or unsafe operation. This includes integrating safeguards to prevent unintentional activation of sockets or testing live equipment without proper monitoring. Clear user documentation and safety training are necessary to ensure responsible usage.

[bookmark: _Toc203119246]8.3 Environmental and Resource Ethics:
Resource efficiency and material selection are also ethical factors. When possible, components are selected for their durability and environmental sustainability in addition to their performance and safety. Responsible system design includes minimising electronic waste and distributing power efficiently.

By addressing these risk and ethical factors, the project ensures the electrical testing bench is not only functional and safe but also developed with responsibility toward users, the public, and the wider engineering community.


9. [bookmark: _Toc203119247]Environmental and Societal Impact
The development of an industrial electrical testing bench carries both environmental and societal implications, which have been carefully considered throughout the project to promote sustainability, safety, and community benefit.

[bookmark: _Toc203119248]9.1 Environmental Impact
The testing bench's design minimises its influence on the environment. When possible, components have been selected for their low environmental impact, longevity, and energy efficiency. Temperature, voltage, and current monitoring in real time reduces unnecessary energy consumption by assisting in the early detection of issues and overuse. Additionally, modular design extends the product's useful life and reduces electrical waste by making it easy to update, repair, and replace components.

At the end of the bench's life cycle, RoHS compliance also influences the choice of materials, such as wiring and enclosures, encouraging safe disposal and recyclability.

[bookmark: _Toc203119249]9.2 Societal Impact
The testing bench provides a positive societal contribution by improving safety, efficiency, and reliability in the testing of industrial ovens. By offering safer and more controlled testing conditions, the system reduces the likelihood of accidents and equipment failure, promoting a safer workplace for engineers and technicians.

Moreover, by supporting both UK and US industrial standards, the bench promotes international compatibility. 

10. [bookmark: _Toc203119250]Conclusion
This project successfully satisfies the need for a safe, flexible, and intelligent industrial electrical testing bench that can regulate industrial plugs for high-power equipment, particularly industrial ovens, in the US and the UK. Because of careful planning, component selection, electrical safety, and regulatory compliance, the bench provides a solid foundation for regulated power distribution, real-time monitoring, and fault management.

By including features like temperature and voltage sensors, emergency stop systems, and visual indicators, the system increases user safety and operational effectiveness. Its versatility and expandability for future developments are enhanced by its compatibility with an external custom controller. The project's dedication to wider technical and professional standards is further demonstrated by its consideration of societal impact, ethical responsibility, and environmental sustainability.

All things considered, the project not only meets its initial goals and objectives but also contributes positively to the automation and electrical testing disciplines by producing a scalable and maintainable solution that can be utilised in a range of industrial scenarios. 


11. [bookmark: _Toc203119251]Appendix
11.1 [bookmark: _Toc203119252]Equality & Diversity Certificate
[image: A white background with text and images of people
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11.2 [bookmark: _Toc203119253]PREVENT Certificate
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11.3 [bookmark: _Toc203119254]MonoPAT-001 UK Power Circuit Diagram
[image: A diagram of a wiring diagram
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11.4 [bookmark: _Toc203119255]MonoPAT- 002 Input Control Circuit Diagram
[image: A diagram with lines and numbers
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11.5 [bookmark: _Toc203119256]MonoPAT- 003 Safety Circuit Diagram
[image: A diagram of a circuit
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11.6 [bookmark: _Toc203119257]MonoPAT- 004 Output Circuit Diagram
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11.7 [bookmark: _Toc203119258]MonoPAT - 005 USA Power Circuit Diagram
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