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[bookmark: _Toc227922624][bookmark: _Toc228529364]Abstract
This project presents the design and development of a PLC-controlled thermal target system for the testing and validation of thermal imaging equipment. Thermal targets are used to simulate controlled heat signatures in industrial and defence applications; however, many existing systems are either unnecessarily complex or not well suited to routine validation tasks [1], [2]. The primary aim of this work was to develop a reliable control system capable of supplying fixed and repeatable power outputs to multiple thermal target pads, while maintaining simplicity of operation and robustness.
A structured design approach was followed, incorporating a modular system architecture with a distributed power configuration and PLC-based control. User input was provided through a rotary switch interface, allowing selection between predefined operating modes, while output switching was achieved using relay-based control. An open-loop control strategy was adopted, as the system operates using fixed electrical inputs and does not require continuous feedback control, reducing overall system complexity [3].
The system supports up to five independent output channels and utilises multiple 12V, 25A power supplies to deliver three discrete power levels suitable for different thermal pad sizes. Testing was conducted using a range of thermal targets under both normal and full-load conditions, with results confirming stable and repeatable performance across all channels. While the system performs reliably under fixed conditions, the absence of feedback limits its ability to adapt to environmental variation, which may affect performance in less controlled scenarios [4], [5].
In conclusion, the project successfully delivers a practical and robust thermal target control system that meets its intended objectives. Future improvements could include the integration of closed-loop temperature regulation to enhance system flexibility if deemed necessary.
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[bookmark: _Toc228529367]Introduction
Thermal imaging systems are widely used across defence, industrial, and inspection-based applications, where accurate detection of heat signatures is critical for system validation and performance assessment. These systems operate by detecting thermal emissions from objects, allowing temperature variations to be visualised and analysed in real time. As a result, they are commonly applied in areas such as predictive maintenance, surveillance, and fault detection, where reliable operation is essential for safety and performance [1], [2], [6]. In order to test and verify these systems, controlled thermal targets are often used to simulate known heat outputs under repeatable conditions. However, many existing thermal target systems are designed for complex or highly specialised use cases, making them less suitable for routine testing scenarios where simplicity, reliability, and repeatability are more important than advanced functionality [2], [4], [7].
This project focuses on the design and development of a thermal target control system capable of supplying fixed and repeatable power outputs to multiple heating pads. The system is centred around a programmable logic controller (PLC), which manages the distribution of power across five independent output channels. Each channel is capable of driving a thermal target pad, connected via a MIL specification interface, allowing multiple targets to be operated simultaneously. The system incorporates three predefined power levels to accommodate different pad sizes, with user selection achieved through a rotary switch interface. The use of PLC-based control provides a robust and widely adopted industrial solution for managing discrete control tasks, particularly in environments where reliability, safety, and maintainability are critical [5], [8].
The overall aim of this project is to develop a reliable and user-friendly control solution for thermal targets that can be used in the testing and validation of thermal imaging equipment. In doing so, the project seeks to address the need for a system that balances functionality with simplicity, avoiding unnecessary complexity while still delivering consistent and repeatable performance.
To achieve this aim, several key objectives were identified. These include the design of a multi-channel power distribution system, the integration of PLC-based control for output selection, and the implementation of a user interface that allows straightforward selection of predefined power levels. Additional objectives include ensuring system safety through the use of appropriate protection devices, and validating system performance through testing to confirm output stability and consistency.
The remainder of this report is structured as follows. The Research and Review of Literature section examines existing work related to thermal imaging systems and control methods, providing context for the design decisions made within this project. The Methodology section outlines the approach adopted for the development of the system, including justification of the selected methods. The Design and Implementation section presents the system architecture and development process in detail, followed by the Testing Strategy section, which describes the methods used to evaluate system performance. The Evaluation section then assesses system performance against the defined objectives. The Conclusion section summarises the key findings and identifies potential areas for future work. Finally, the Reflection section considers the overall project experience and the learning gained throughout its development.

[bookmark: _Toc228529368]Research and Review of Literature
This section reviews literature relevant to thermal systems, control strategies, industrial control platforms, and power system design. The aim is to establish the key principles that underpin the project while demonstrating how existing research has informed the design decisions made. The review is structured across several areas, including thermal system behaviour and applications, power delivery and system design, control system methodologies, and the comparison of control strategies. It also considers the role of industrial control systems, particularly PLC-based implementations, as well as key design trade-offs and the limitations of existing thermal systems. These areas collectively provide a foundation for the development and justification of the system presented in this project.
[bookmark: _Toc228529369]Thermal Systems and Applications
Thermal imaging systems are widely used in industrial, military, and diagnostic applications, where accurate detection and interpretation of temperature variations are essential. Maldague [1] explains that the effectiveness of thermal imaging systems depends heavily on the stability and predictability of thermal sources used during testing and calibration. Similarly, Rogalski [2] highlights that detector accuracy and system performance are strongly influenced by the quality and consistency of thermal inputs.
In practical applications, thermal targets are commonly used to provide controlled heat sources for system validation. These targets must produce stable and repeatable thermal signatures to ensure meaningful comparisons can be made. Kruse [5] emphasises that uniform heat distribution and consistent energy input are critical factors in achieving reliable thermal output. Any variation in these parameters can lead to inaccuracies in thermal measurements, reducing the effectiveness of the testing process.
Environmental influences represent a significant challenge in thermal system design. Vollmer and Möllmann [10] demonstrate that factors such as ambient temperature, airflow, and material characteristics can significantly affect heat transfer and distribution. These effects are particularly pronounced in open or uncontrolled environments, where external conditions cannot be easily regulated. As a result, maintaining consistent thermal output requires careful consideration of both system design and operating conditions.
Research by Bagavathiappan et al. [7] further supports the importance of stable thermal sources in condition monitoring applications. Their work shows that reliable thermal references are essential for detecting faults and validating system performance. Inconsistent thermal outputs can lead to false readings or reduced sensitivity, highlighting the need for systems that prioritise repeatability and stability.
In many industrial applications, rather than implementing complex feedback control systems, designers opt for approaches that ensure consistent input conditions. By providing stable and predictable power to thermal elements, the need for dynamic adjustment can be reduced. This approach aligns with the design philosophy of this project, which focuses on delivering fixed and repeatable outputs under controlled conditions.
[bookmark: _Toc228529370]Power Delivery and System Design
Power delivery is a critical factor in determining the performance of thermal systems. Holst [4] explains that variations in electrical input can lead to fluctuations in system behaviour, affecting both accuracy and consistency. Ensuring stable and reliable power supply is therefore essential for achieving predictable system performance.
One approach to improving reliability is the use of distributed power architectures. Willis [25] describes how multiple power sources can be used to improve fault tolerance and system resilience. By distributing the load across several units, the impact of individual component failure is reduced, and the system can continue operating even if one power source fails.
This approach also simplifies maintenance, as individual power supplies can be replaced without affecting the entire system. In addition, it allows for flexible power control, as different combinations of power supplies can be used to achieve different output levels. This aligns with the discrete power control strategy used in this project.
Safety is another key consideration in power system design. Standards such as BS 7671 [18] and IEC 60204 [19] outline requirements for protection against overcurrent, electrical faults, and unsafe operating conditions. The inclusion of circuit breakers, fuses, and isolation devices is therefore essential to ensure safe operation.
The use of industrial-grade components further enhances system reliability. IP-rated devices provide protection against environmental factors such as dust and moisture, ensuring consistent performance in challenging conditions. This is particularly important in applications where systems may be exposed to external influences.
[bookmark: _Toc228529371]Control System Methodologies
Control systems are fundamental to the operation of engineering systems, and the selection of an appropriate control strategy is a critical design decision. Open-loop and closed-loop control systems represent two primary approaches, each with distinct advantages and limitations.
Control systems can be broadly divided into open-loop and closed-loop approaches, with the choice depending on the level of control required. In an open-loop system, the output is determined directly by the input without feedback, which simplifies the design but limits the ability to respond to changing conditions. According to Åström and Murray [12], such systems are effective where system behaviour is predictable and disturbances are minimal.
However, the lack of feedback means that open-loop systems cannot compensate for variations in system behaviour or environmental conditions. Any changes in load, temperature, or external factors can lead to deviations from the desired output. This limitation restricts their use in applications requiring high levels of accuracy or adaptability.
Closed-loop systems address these limitations by incorporating feedback mechanisms. Dorf and Bishop [15] explain that feedback control allows systems to adjust their output dynamically, reducing the impact of disturbances and improving accuracy. In thermal systems, this is often achieved using temperature sensors and control algorithms such as PID control [11]. These systems can maintain precise temperature regulation even under varying conditions.
Despite their advantages, closed-loop systems introduce additional complexity. They require sensors, calibration, and tuning, which increases system cost and development time. Poorly designed or tuned feedback systems can also result in instability or oscillatory behaviour, reducing overall system reliability.
The choice between open-loop and closed-loop control therefore involves a trade-off between simplicity and performance. In this project, the use of open-loop control reflects a deliberate decision to prioritise simplicity and reliability over precision. Given that the system operates under controlled conditions with predefined outputs, the limitations of open-loop control are considered acceptable.
[bookmark: _Toc228529372]Industrial Control Systems and PLCs
Programmable Logic Controllers (PLCs) are widely used in industrial automation due to their reliability and robustness. Webb and Reis [8] describe PLCs as specialised control devices designed for real-time operation in demanding environments. Their reliable and repeatable operation ensures predictable system behaviour, which is essential for applications requiring consistent performance.
Petruzella [13] highlights that PLCs are particularly well suited to discrete control applications, such as switching operations and multi-channel systems. Their modular architecture allows for easy expansion and integration with industrial components, making them a flexible and scalable solution.
In comparison, microcontroller-based systems offer greater flexibility and lower cost but require more complex development. Bolton [24] explains that microcontrollers typically require additional circuitry for protection and interfacing as well as more advanced programming, this increases development time and introduces additional points of failure.
PLCs, by contrast, provide built-in support for industrial interfaces and protection mechanisms. They are designed to operate reliably in electrically noisy environments and can tolerate higher levels of electromagnetic interference. This makes them particularly suitable for applications involving high-current switching and industrial hardware.
The use of a PLC in this project is therefore justified by its reliability and suitability for controlling multiple output channels. The system does not require advanced computational capabilities, making the PLC a more appropriate choice than a microcontroller.
[bookmark: _Toc228529373]Comparison of Control Strategies
When selecting a control strategy for thermal systems, the key consideration is the trade-off between simplicity and adaptability. Closed-loop systems, often implemented using proportional–integral–derivative (PID) control, provide continuous feedback and adjustment of system output based on measured conditions. This allows for high levels of accuracy and adaptability, particularly in environments where external disturbances are present. As highlighted by Åström and Murray [12], feedback systems are capable of compensating for system uncertainties and maintaining stable operation under varying conditions.
In contrast, open-loop control systems operate without feedback, producing outputs based solely on predefined input conditions. While this approach lacks the adaptability of closed-loop systems, it offers significant advantages in terms of simplicity and reliability. Dorf and Bishop [15] note that open-loop systems are well suited to applications where system behaviour is predictable and operating conditions remain relatively stable. In such cases, the absence of feedback reduces system complexity and eliminates the need for additional sensing and control hardware.
For thermal applications, the choice between these approaches depends heavily on the required level of control precision. Systems used for precise temperature regulation, such as industrial process control, typically require closed-loop feedback to maintain tight tolerances [11]. However, in applications where fixed and repeatable thermal outputs are sufficient, open-loop control can provide a more practical solution. The reduced hardware requirements and simpler implementation make it particularly suitable for systems where robustness and ease of operation are prioritised over fine control resolution.
Despite its advantages, open-loop control is inherently limited in its ability to respond to external disturbances. Variations in ambient temperature, airflow, or load conditions can influence system performance without being corrected by the control system. As discussed by Vollmer and Möllmann [10], thermal systems are sensitive to environmental conditions, which can impact heat transfer characteristics and overall system behaviour. This limitation must therefore be considered when selecting an open-loop approach.
Overall, while closed-loop control offers superior accuracy and adaptability, the increased complexity and hardware requirements may not be justified in all applications. The selection of an appropriate control strategy must therefore consider the balance between performance, complexity, and reliability.
[bookmark: _Toc228529374]Limitations of Existing Thermal Systems
Existing thermal target systems are typically designed with a focus on either high precision or high flexibility, often at the expense of simplicity and robustness. Many systems employ closed-loop control mechanisms with integrated temperature sensing to achieve accurate thermal regulation. While effective, these systems introduce additional complexity in terms of hardware, control algorithms, and calibration requirements [11]. This can increase both system cost and the likelihood of failure, particularly in environments where maintenance access is limited.
In addition, some thermal systems rely on continuously variable power control methods, such as pulse-width modulation or analogue regulation. Although these approaches allow fine adjustment of thermal output, they require more sophisticated control circuitry and can introduce challenges related to efficiency and thermal stability. As noted in the literature, increased system complexity can reduce overall reliability, particularly in applications where environmental conditions are variable or unpredictable [15].
Another limitation of existing approaches is the reliance on centralised power systems. While a single high-capacity power supply simplifies system architecture, it creates a single point of failure. In contrast, distributed power systems can improve fault tolerance by isolating failures to individual channels, although this comes at the cost of increased component count and system complexity [3].
Furthermore, many advanced thermal systems are designed for laboratory or controlled environments and may not be optimised for practical deployment. Factors such as ease of use, durability, and rapid setup are often secondary considerations, despite being critical in field-based applications. As highlighted by Holst [4], system usability and operational practicality are important factors in determining overall system effectiveness, particularly when systems are used outside controlled environments.
These limitations highlight the trade-offs present in existing thermal system designs and emphasise the need for solutions that balance performance with simplicity, reliability, and practical usability.
[bookmark: _Toc228529375]Design Trade-Offs in Engineering Systems
Engineering design often involves balancing challenging requirements, and this project is no exception. One of the key trade-offs identified in the literature is between system complexity and reliability. More complex systems, such as those incorporating closed-loop control, offer greater accuracy but are more difficult to implement and maintain.
Simplicity, on the other hand, can improve reliability by reducing the number of components and potential failure points. As noted by Ogata [3], simpler systems are often more robust and easier to maintain, particularly in industrial environments.
Another trade-off relates to flexibility versus consistency. Systems that offer fine control over output conditions can adapt to a wider range of scenarios but may introduce variability and complexity. In contrast, systems designed for fixed and repeatable outputs prioritise consistency, which is often more important in testing applications.
The design approach taken in this project reflects these trade-offs. By prioritising simplicity, reliability, and repeatability, the system achieves its intended purpose without introducing unnecessary complexity.
[bookmark: _Toc228529376]Summary of Literature
Overall, the sources reviewed point to several important considerations in the design of thermal control systems, particularly in relation to stability, power delivery, control strategy and system reliability. Across the sources examined, there is clear agreement that consistent and repeatable thermal output is essential for effective system validation, with variations in input power and environmental conditions identified as significant factors influencing performance [1], [10].
Control strategy selection emerges as a critical design decision, with a clear trade-off between the accuracy and adaptability of closed-loop systems and the simplicity and reliability of open-loop approaches. While closed-loop control offers improved precision through feedback mechanisms, it introduces additional complexity in terms of hardware, calibration, and system integration [12], [15]. In contrast, open-loop systems provide a more straightforward and robust solution when operating conditions are predictable and tightly controlled.
The literature also highlights the importance of power system design in achieving stable system performance. Distributed power architectures offer improved fault tolerance and maintainability compared to centralised systems, although they increase system complexity and component count [3], [25]. Similarly, the use of industrial control platforms such as PLCs provides a reliable and scalable solution for discrete control applications, particularly in environments where robustness and ease of integration are essential [8], [13].
A consistent observation across multiple sources is the presence of trade-offs between complexity, flexibility, and reliability in engineering system design. Systems designed for high precision and adaptability often require more complex control strategies and hardware, which can reduce overall robustness and increase cost. Conversely, simpler systems prioritise reliability and ease of operation but may sacrifice fine control and adaptability.
These findings directly inform the design decisions made in this project. The adoption of an open-loop control strategy reflects the requirement for consistent and repeatable outputs rather than precise temperature regulation. The use of discrete power levels and a distributed power architecture aligns with the need to balance simplicity, reliability, and fault tolerance, while the selection of a PLC-based control system supports robust and predictable operation in an industrial context.
Overall, the literature supports a design approach that prioritises reliability, repeatability, and practical usability over complexity and fine control. By aligning the system design with these principles, the project addresses the key limitations identified in existing thermal systems while remaining suitable for real-world deployment.


[bookmark: _Toc228529377]Development Methodology
The development of the thermal target control system followed a structured methodology, progressing from initial design through to implementation and testing. The project follows a structured engineering approach, supported by iterative testing, to ensure that the final system meets the required objectives of reliability, simplicity, and repeatability.
A structured development methodology was selected due to the hardware-intensive nature of the project. Unlike purely software-based systems, where agile development approaches may be more suitable, this project required careful planning and staged implementation due to the integration of high-current power systems, safety devices, and PLC-based control. A sequential approach allowed individual subsystems, including power distribution, control logic, and user interface components, to be designed and verified independently before full system integration.
The primary advantage of this methodology is improved reliability during development. By validating each stage before progressing, potential faults can be identified early, reducing the risk of system-level failures. This is particularly important in electrical systems where faults can result in component damage or safety hazards. In addition, this approach supports clear documentation of design decisions, which is beneficial for both reporting and future system maintenance.
However, a limitation of a structured methodology is reduced flexibility once the system design has been established. Hardware modifications can be more complex and time-consuming compared to software changes. To address this, elements of iterative development were incorporated, allowing adjustments to be made during testing phases before final implementation. This hybrid approach combines the stability of structured development with the adaptability of iterative refinement.
The system was developed using an Allen Bradley CompactLogix PLC as the primary control platform. PLC-based systems are widely used in industrial applications due to their robustness, deterministic behaviour, and suitability for discrete control tasks [8], [13]. The CompactLogix platform provides modular I/O expansion, high reliability, and real-time control capability, making it suitable for multi-channel control applications such as this system [17]. The associated programming environment allows for structured development of control logic and efficient management of input and output signals.
In terms of hardware, the system required components capable of handling high current loads and ensuring safe operation. Industrial-grade power supplies, relay switching devices, and protection components were selected to meet these requirements. The use of Victron Blue Smart IP67 power supplies provided a reliable DC power source with built-in protection features, making them suitable for use in demanding environments [16]. Relay-based switching was chosen to provide electrical isolation between the control system and the power stage, which is a standard practice in industrial control system design [14].
The tools and materials used in the development process were selected based on their suitability for industrial applications. PLC programming software was used to develop and test the control logic, while standard electrical components were used to ensure compatibility and reliability. The use of rotary selector switches provided a simple and intuitive method for user input, reducing system complexity and improving usability.
Overall, the chosen development methodology supports the project objectives by providing a controlled and reliable approach to system design. The combination of structured development and iterative testing ensured that the final system was robust, functional, and suitable for its intended application.


[bookmark: _Toc228529378]System Requirements Specification
The design of the thermal target control system was guided by a set of functional and non-functional requirements derived from the intended application. These requirements define the expected behaviour of the system and provide a framework against which its performance can be evaluated.
[bookmark: _Toc228529379]Functional Requirements
The system must be capable of supplying power to multiple thermal target pads simultaneously. To achieve this, a minimum of five independent output channels are required, each capable of operating without affecting the performance of the others.
The system must provide selectable power levels to accommodate different thermal pad sizes. Three predefined power levels are implemented, allowing the user to select the appropriate operating mode depending on the application requirements.
The system must allow user input through a simple and reliable interface. A rotary switch is used to select operating modes, with the selected position interpreted by the PLC to determine the corresponding output configuration.
The system must distribute power reliably to each output channel. This requires consistent voltage and current delivery under normal operating conditions, ensuring stable and repeatable power output across all channels with minimal variation. As electrical power is defined by the relationship (P = I V), maintaining consistent voltage and current is essential for achieving predictable power delivery to each thermal pad.
[bookmark: _Toc228529380]Non-Functional Requirements
Reliability is a primary requirement of the system. The system must operate consistently without unexpected faults or interruptions, particularly when multiple outputs are active simultaneously. This aligns with the use of PLC-based control systems, which are widely recognised for their robustness in industrial applications [8], [13].
Safety is a critical requirement due to the use of high-current electrical components. The system must incorporate appropriate protection mechanisms, including circuit breakers, fuses, and isolation devices, to prevent damage and ensure safe operation. This reflects established electrical safety practices outlined in standards such as BS 7671 and IEC 60204, which emphasise protection against overcurrent and safe isolation [18], [19].
A simple design approach is important to avoid unnecessary complexity, particularly in terms of control strategy and user interaction, ensuring ease of use and maintainability. This also helps to reduce the likelihood of user error and simplifies troubleshooting, making the system more accessible for operators with varying levels of technical experience.
Maintainability is another key consideration, requiring the system to be designed so that individual components can be replaced or serviced without significant modification to the overall system.
Environmental robustness must also be considered, as the system may be used in real-world conditions. The use of industrial-grade components with appropriate protection ratings supports reliable operation in such environments, which is an important factor in thermal system performance [4].
[bookmark: _Toc228529381]Requirements Summary
These requirements form the basis of the system design and provide a clear set of criteria against which the final implementation can be evaluated. By defining both functional and non-functional requirements, the design process is guided towards a solution that meets the practical needs of the intended application while maintaining reliability, safety, and simplicity.


[bookmark: _Toc228529382]Component Selection and Justification
The selection of components for the system was guided by the project objectives of reliability, simplicity, and safe operation. Rather than selecting components solely based on availability or cost, each key component was chosen based on its suitability for the intended application, its performance characteristics, and its compatibility with the overall system design. This section outlines the reasoning behind the selection of the primary hardware components used within the system.
[bookmark: _Toc228529383]Power System Components
The power system is based on the use of multiple Victron Blue Smart IP67 power supplies, each providing a regulated 12V DC output. These units were selected due to their high reliability, integrated protection features, and suitability for use in demanding environments [16]. The IP67 rating ensures protection against dust and moisture, making them appropriate for use in non-ideal environmental conditions. The use of multiple independent power supplies, rather than a single high-power unit, improves redundancy and allows for simplified fault isolation.
A TRACOPOWER isolated DC-DC converter was used to generate a regulated 24V DC supply from the 12V distribution network. The use of an isolated converter provides electrical separation between voltage domains, reducing noise and improving system stability. Non-isolated alternatives were considered but rejected due to their reduced protection against electrical interference and potential impact on sensitive control components [22].
[bookmark: _Toc228529384]Control System Components
The control system is based on an Allen Bradley CompactLogix PLC, which was selected due to its robustness and suitability for industrial control applications [8], [13]. Compared to microcontroller-based solutions, the PLC provides deterministic operation, built-in fault handling, and simplified integration with industrial hardware. While microcontrollers may offer greater flexibility, they require additional development effort and do not provide the same level of reliability expected in industrial systems.
Relay-based switching was used to control the output channels. This approach was selected due to its ability to provide clear electrical isolation between the control system and the high-current power stage. Alternative switching methods, such as solid-state devices, were considered but not adopted due to their increased complexity and thermal management requirements.
[bookmark: _Toc228529385]Safety Components
Safety was a primary consideration in the selection of system components. A three-pole mains isolator (Siemens 3LD2222-0KT13) was selected to provide a safe method of disconnecting the system from the electrical supply. The use of a multi-pole isolator ensures complete isolation of all live conductors, reducing the risk associated with maintenance and emergency situations [21].
In addition, multiple circuit breakers were implemented throughout the system to provide localised protection. This distributed protection strategy ensures that faults can be isolated to individual sections of the system, preventing widespread failure and improving maintainability. A high-current fuse was also incorporated within the DC system to provide an additional layer of protection against excessive current conditions.
[bookmark: _Toc228529386]Interface Components
An industrial-grade MENNEKES AM-TOP IP67 connector was selected for the mains input connection. This type of connector provides a secure and durable interface, reducing the risk of accidental disconnection and ensuring reliable operation. Compared to standard connectors, industrial connectors offer improved mechanical strength and environmental protection, making them more suitable for practical deployment scenarios [20].
For the connection between the control system and the thermal target pads, MIL-spec circular connectors (ITTC 1925 CB022-22SS) were used [23]. These connectors were selected due to their high mechanical robustness, secure locking mechanisms, and suitability for repeated connection and disconnection cycles. In applications where equipment may be handled frequently or exposed to mechanical stress, MIL-spec connectors provide a significantly more reliable interface compared to standard connectors. Their use also improves system durability and ensures consistent electrical contact, which is essential for maintaining stable power delivery to the thermal pads.
The use of industrial and military-grade connectors throughout the system reflects a design focus on reliability and durability. By selecting connectors designed for demanding environments, the risk of connection failure is reduced, contributing to the overall robustness of the system.
[bookmark: _Toc228529387]Enclosure Selection
The system was housed within a Peli Case 1600 enclosure, selected for its durability, portability, and environmental protection. The case is constructed from high-impact polymer and provides a watertight and dustproof seal, offering protection against mechanical damage and environmental exposure. These characteristics make it suitable for use in real-world testing environments where equipment may be subject to handling, transport, and varying environmental conditions [26].
The enclosure also contributes to system safety by preventing accidental contact with high-current electrical components during operation. In addition, the internal structure supports organised cable routing and secure mounting of components, which helps to maintain separation between power and control wiring and improves overall system reliability. The integration of all components within the enclosure and overall system layout can be observed in the constructed system (see Appendices 21–26)
Portability was an important consideration in the system design. The Peli Case includes integrated handles and a compact form factor, allowing the system to be easily transported between testing locations. This supports practical deployment, particularly in field-based environments such as equipment validation or firing range testing.
Overall, the selection of the enclosure supports the key design objectives of reliability, safety, and usability, while enabling the system to be deployed effectively outside controlled laboratory conditions.


[bookmark: _Toc228529388]Design and Implementation
This section presents the design and implementation of the thermal target control system, with emphasis placed on the reasoning behind key design decisions and the processes used to ensure a reliable and functional system.
[bookmark: _Toc228529389]Design Overview
The design adopts a multi-channel thermal control approach, allowing power to be supplied to multiple thermal target pads simultaneously. The primary objectives of the design were simplicity, reliability, and repeatability, with particular emphasis on safe operation and ease of use. These objectives influenced all major design decisions throughout the development process.
[bookmark: _Toc228529390]Requirements and Design Drivers
The design was driven by the need to provide controlled and repeatable thermal outputs for testing purposes. Key requirements included the ability to support multiple thermal targets, provide selectable power levels, and ensure safe operation under high-current conditions. Additional considerations included system robustness, ease of operation, and suitability for use in practical environments.
[bookmark: _Toc228529391]System Architecture
A modular system architecture was adopted, consisting of a mains input stage, a distributed DC power system, a PLC-based control system, and multiple output channels. This approach allows individual subsystems to be developed and tested independently, improving overall system reliability and simplifying fault identification. Modular design is widely used in engineering systems to manage complexity and improve maintainability [3].
The modular architecture also supports scalability. Additional output channels could be incorporated by extending the existing power and control structure, provided that overall power capacity is increased accordingly. While the current design is limited by the number of available power supplies and PLC outputs, the underlying architecture does not impose significant constraints on expansion. This demonstrates that the system design is adaptable to future requirements, although further consideration would be required for power distribution and thermal management in larger configurations. The overall system structure and interconnection of subsystems are illustrated in the schematic drawings (see Appendices 1–9).
[bookmark: _Toc228529392]Power System Design
A key design decision was the use of multiple independent 12V, 25A power supplies rather than a single high-power unit. This approach improves redundancy, as failure of a single supply does not disable the entire system. It also allows better fault isolation and simplifies maintenance. The selected Victron Blue Smart power supplies provide regulated output and built-in protection features, making them suitable for demanding environments [16]. The implementation of the distributed power system and associated protection devices is shown in the system schematics (see Appendices 1–9).
Power levels are controlled using a discrete approach, where combinations of power supplies are enabled to achieve predefined output levels. This avoids the need for complex voltage or current regulation circuitry and aligns with the project objective of simplicity. While this approach reduces flexibility, it provides consistent and repeatable performance under fixed operating conditions.
An additional design consideration was the inclusion of high-current DC protection in the form of a 200A fuse. This provides a final layer of protection against fault conditions on the DC distribution side, ensuring that excessive current draw does not propagate through the system. The use of both supply-level and system-level protection improves overall fault tolerance and reduces the risk of damage to multiple components during abnormal operating conditions. Protection of individual power supply outputs and distribution paths is implemented through appropriately rated devices as defined in the system protection table (see Appendix 12).
[bookmark: _Toc228529393]Control System Design
The control system is based on an Allen Bradley CompactLogix PLC, selected for its reliability and suitability for industrial control applications [8], [13]. Alternative approaches, such as microcontroller-based systems, were considered but not adopted due to their increased development complexity and reduced robustness in industrial environments.
The PLC interprets user inputs and controls relay outputs corresponding to each power channel. A key decision was the use of relay-based switching, which provides electrical isolation between the control system and the high-current power stage. This approach is widely used in PLC-based systems to ensure safe interfacing between control logic and power circuits [14]. The mapping of PLC input signals, including rotary switch encoding and system feedback signals, is detailed in the input allocation table (see Appendix 10). The allocation of PLC output signals, including power supply control and thermal channel activation, is defined in the output mapping table (see Appendix 11).
The system operates using an open-loop control strategy, where outputs are determined by predefined input conditions rather than continuous feedback. This decision was made to reduce system complexity and because the application requires fixed and repeatable outputs. Although closed-loop systems offer greater accuracy, they were not considered necessary for this application [12], [15].
In addition to output control, the system incorporates basic monitoring signals indicating circuit health and channel status. These signals are monitored by the PLC, allowing detection of abnormal conditions such as supply failure or output interruption. While not used for closed-loop control, this monitoring capability enhances system awareness and supports fault diagnosis during operation. The relationship between PLC control signals and output switching is detailed within the system schematics (see Appendices 1–9).
[bookmark: _Toc228529394]User Interface Design
The user interface consists of rotary selector switches configured using binary-coded decimal encoding. This approach allows multiple operating modes to be selected using a limited number of inputs, simplifying both hardware implementation and control logic. The use of rotary switches was chosen for their simplicity and reliability, providing an intuitive interface without the need for complex user interaction. The binary-coded decimal input configuration used for mode and timing selection is implemented through PLC inputs as shown in the input mapping (see Appendix 10).
To complement the rotary selector, a series of light-emitting diodes (LEDs) were incorporated to provide clear visual feedback on system status and operation. These indicators serve multiple functions, including displaying power availability, system health, fault conditions, and thermal output activation. A dedicated LED is also associated with each output connector, allowing the user to identify when a specific thermal pad is energised. Indicator outputs, including system status and channel activity LEDs, are controlled via dedicated PLC outputs as detailed in the output mapping (see Appendix 11).
The inclusion of both system-level and output-level indicators significantly improves usability. The power and system health indicators allow the user to confirm that the system is operating correctly, while the fault indicator provides immediate visibility of abnormal conditions. Output-specific LEDs enable quick verification of which channels are active, which is particularly important when multiple thermal targets are connected simultaneously.
This layered feedback approach reduces reliance on external measurement tools and allows rapid validation of system behaviour during operation. It also minimises the likelihood of user error by providing immediate confirmation of both system state and output status.
Overall, the user interface design prioritises simplicity, reliability, and clarity. By combining a straightforward input method with comprehensive visual feedback, the system ensures that users can operate and monitor it effectively in both controlled and practical environments.
[bookmark: _Toc228529395]Safety Design
Safety was a critical consideration throughout the design process. Multiple layers of protection were implemented, including an input-side RCBO, a mains isolator, individual circuit breakers for each power supply and output channel, and high-current DC fusing. The inclusion of a mains isolator allows the system to be safely disconnected from the supply for maintenance or emergency situations, which is a standard requirement in electrical system design. The integration of protection devices within the system architecture is illustrated in the schematic drawings (see Appendices 1–9).
These protective measures align with established electrical safety practices and relevant standards governing low-voltage installations. For example, the use of protective devices such as circuit breakers and residual current protection is consistent with the requirements outlined in the IET Wiring Regulations (BS 7671), which emphasise protection against overcurrent and electric shock [18]. Similarly, the implementation of isolation mechanisms and protective coordination reflects best practice in industrial electrical systems to reduce risk and ensure safe operation [19].
Each thermal output channel is also individually protected by dedicated circuit breakers, allowing faults to be isolated to a single channel without affecting the operation of the remaining system. This channel-level protection improves system reliability and supports safe operation during fault conditions, particularly when multiple loads are connected simultaneously.
The use of multiple protective layers improves system reliability by preventing fault propagation and reducing the likelihood of catastrophic failure. This approach also supports safe operation during both normal use and maintenance activities, ensuring that the system can be operated and serviced with minimal risk to users or equipment. The selection and rating of protection devices across the system, including circuit breakers and fuses for each channel, are detailed in the protection schedule (see Appendix 12).
[bookmark: _Toc228529396]Design Trade-Offs
Throughout the design process, several key trade-offs were considered in order to balance system performance, complexity, and reliability. One of the most significant decisions was the use of an open-loop control strategy rather than a closed-loop system. While closed-loop control would allow for more precise regulation of thermal output, it would require additional sensing hardware, signal conditioning, and control algorithms. This would increase system complexity and introduce additional points of failure. Given that the application requires fixed and repeatable outputs rather than dynamic regulation, the open-loop approach was considered more appropriate. This aligns with established control theory, where open-loop systems are suitable for applications with predictable operating conditions and limited disturbances [12], [15].
A further trade-off was made in the selection of discrete power levels rather than continuously variable control. Variable control methods, such as pulse-width modulation or linear regulation, could provide finer adjustment of output power. However, these approaches would introduce additional complexity in both hardware and control implementation. The discrete approach simplifies system design and improves repeatability, at the expense of reduced flexibility. For the intended application, where predefined and consistent thermal outputs are required, this trade-off was considered acceptable.
The decision to use multiple independent power supplies rather than a single high-capacity unit also reflects a trade-off between system simplicity and reliability. While a single supply would reduce component count and wiring complexity, it would introduce a single point of failure. The distributed approach improves fault tolerance and allows partial system operation in the event of a failure, although it increases system complexity and cost.
Finally, the use of a PLC rather than a microcontroller-based system represents a trade-off between flexibility and robustness. Microcontroller systems can offer greater customisation and lower cost but require more extensive development and are generally less suited to industrial environments. The PLC-based approach prioritises reliability, ease of integration, and maintainability, which are key considerations in industrial control system design [8], [13].
These trade-offs demonstrate that the design was not based solely on functionality, but on a balanced consideration of performance, reliability, and practical implementation constraints.
[bookmark: _Toc228529397]Implementation Process
The system was implemented in stages, following the structured methodology described previously. Initial verification focused on individual elements such as power supply outputs and relay operation, before progressing to full system integration. This approach ensured that key functional components were operating as expected prior to combining them into a complete system, reducing the likelihood of compounded faults during later stages of development. The completed system, including component integration within the enclosure and overall physical layout, is shown in the construction images (see Appendices 21–26).
During implementation, particular attention was given to the routing of high-current wiring within the DC distribution system. Appropriate conductor sizing and secure terminations were used to minimise voltage drop and reduce the risk of overheating. Robust connection methods and suitable cable selection ensured reliable current delivery under full-load operating conditions.
As all components were housed within a single enclosure, space constraints became a significant consideration throughout the implementation process. This required careful planning of component placement and cable routing to ensure that sufficient separation was maintained between high-current power circuits and low-voltage control wiring. Managing this constraint was important not only for physical integration, but also for maintaining safe operation, reducing the risk of electrical interference, and ensuring accessibility for maintenance.
The integration of multiple independent power supplies required careful consideration to ensure stable operation across different output configurations. As various combinations of thermal outputs could be activated, it was necessary to confirm that the system maintained consistent performance without introducing instability. This was supported through progressive system checks during assembly and integration.
Implementation of the PLC control system required accurate mapping of input signals from the rotary selector to the corresponding relay outputs. Care was taken to ensure that each input condition produced the intended output configuration, reducing the risk of incorrect channel activation and ensuring predictable system behaviour during operation.
Component layout and physical arrangement were influenced by both enclosure constraints and electrical design considerations. Components were positioned to support effective cable management, minimise interference, and maintain clear separation between control and power circuits. This improved overall system reliability and simplified maintenance and fault identification.
Overall, the implementation process was guided by a focus on safe operation and reliability. By verifying key elements prior to full integration and carefully managing practical constraints during assembly, the system was successfully implemented to operate consistently under its intended operating conditions.
[bookmark: _Toc228529398]Testing Strategy
A structured testing approach was used to evaluate the performance of the thermal target control system against the defined functional requirements. Testing was carried out using actual thermal target pads of varying sizes and power ratings, ensuring that the system was assessed under realistic operating conditions. The behaviour of the system under each operating mode, including input conditions, output activation, and associated protection paths, was verified during testing (see Appendices 18–20).
Initial verification focused on individual components. Power supply outputs were checked using a multimeter to confirm that the expected voltage levels were present, while relay operation was observed to ensure correct switching behaviour. Relay engagement was found to be consistent and immediate, with no noticeable delay or instability, indicating reliable control from the PLC [8], [13].
Following this, full system testing was performed to assess overall operation. A range of thermal targets was connected, including Type B (50 cm × 50 cm, 112 W), Type D (150 cm × 50 cm, 336 W), and Type E (100 cm × 100 cm, 444 W) (see Appendix 13), representing different power demands and physical configurations. Each predefined operating mode was tested, confirming that the correct output channels were activated in accordance with the system design. The intended arrangements for each mode has been illustrated (see Appendices 14–17). 
To assess performance under maximum load conditions, all five output channels were operated simultaneously. This represented the most demanding use case for the system. Under these conditions, the system maintained stable operation, with no observable voltage drop, instability, or unexpected behaviour. This confirms that the system is capable of supporting concurrent multi-channel operation as required.
Thermal performance was evaluated qualitatively by observing the behaviour of the connected pads during operation. Each pad reached an expected operating temperature sufficient for detection using thermal imaging equipment. No evidence of overheating or thermal instability was observed, suggesting that the selected power levels are appropriate for each target type.
Repeatability was assessed by conducting multiple test runs under identical conditions. Across these tests, the system consistently produced reliable output behaviour, with no variation between runs. This indicates that the system is capable of delivering reliable and repeatable performance, which is essential for thermal validation applications.
The user interface was also evaluated during testing. The rotary switch provided a simple and effective means of selecting operating modes, and transitions between modes were smooth and consistent. No issues with incorrect output selection or delayed response were identified.
While the testing confirms that the system meets its functional requirements, certain limitations should be acknowledged. Thermal performance was assessed using a thermal imaging camera rather than through precise temperature measurement or data logging. As a result, although the pads were verified to reach the expected operating conditions for detection, detailed temperature profiles and quantitative measurements were not recorded. Thermal performance was verified using a thermal imaging camera, confirming that each pad produced a detectable heat signature. A comparison between the physical appearance of the pad and its thermal response is shown (see Appendices 27–29).
Testing was also conducted under controlled conditions, and environmental factors such as ambient temperature variation and airflow were not systematically evaluated. As thermal systems can be influenced by external conditions [10], further testing in varied environments would be required to fully characterise system performance.
Alongside controlled testing, the system was also deployed in a practical setting on a firing range to support the evaluation of thermal imaging equipment used on an armoured fighting vehicle. This provided an opportunity to observe system behaviour in a more realistic operational environment. During this use, the system continued to operate reliably, with thermal targets successfully detected by the imaging system.
However, this deployment was observational in nature rather than a structured environmental test. As such, while it demonstrates that the system can function effectively in a real-world context, it does not constitute a comprehensive evaluation under varying environmental conditions.
In addition, no fault or failure scenarios were tested. Conditions such as overload, short circuit, or component failure were not intentionally introduced, meaning that the effectiveness of protection mechanisms was not experimentally verified. However, the protection measures implemented, including circuit breakers, fuses, and residual current protection, were selected in accordance with established electrical safety practices and are considered appropriate for the intended application [18], [19]. Further validation through controlled fault testing would be required to fully verify their performance under fault conditions.
Overall, the testing conducted demonstrates that the system performs reliably within its intended operating conditions. The successful operation of all output channels, combined with consistent and repeatable behaviour, confirms that the system meets its design objectives and is suitable for its intended application.
[bookmark: _Toc228529399]Ethical and Social Considerations
The development of the thermal target control system required consideration of both safety-related ethical responsibilities and the practical use of the system by different users. Due to the use of high-current electrical components, a primary ethical concern was ensuring that the system could be operated without risk of harm. This was addressed through the inclusion of protective devices such as circuit breakers, fuses, and an isolator, allowing the system to be safely powered down and reducing the likelihood of electrical faults causing injury or equipment damage. These measures align with established electrical safety standards and professional engineering practice, where protecting users and maintaining safe operation is a fundamental responsibility [18], [19].
In addition to safety, the intended use of the system was also considered. The system is designed specifically for the testing and verification of thermal imaging equipment, and its operation is based on controlled and repeatable outputs. Ensuring that the system performs consistently helps to prevent incorrect test results, which could otherwise lead to unreliable equipment being used in operational environments. From an ethical standpoint, this supports responsible engineering practice and reflects the expectation that engineers ensure the reliability and integrity of systems used in safety-critical applications [27].
Consideration was also given to usability and accessibility. The use of a simple rotary switch interface and clear visual indicators allows the system to be operated without requiring advanced technical knowledge. This reduces the likelihood of user error and makes the system accessible to users with varying levels of experience. Designing systems that are intuitive to operate is recognised as an important factor in reducing human error and improving overall system safety and effectiveness [28].


	Requirement
	Test Method
	Result

	Multi-channel operation
	All five output channels operated simultaneously under full-load conditions
	Pass

	Selectable power levels
	Each operating mode tested using different sized thermal pads.
	Pass

	Output Stability
	Continuous operation observed with no voltage drop or instability.
	Pass

	Reliability
	Multiple repeated test runs conducted under identical conditions
	Pass

	User interface functionality
	Rotary switch and LED indicators function was verified during operation.
	Pass

	Thermal performance
	Thermal pad expected detectable temperature reached.
	Pass

	Safety operation
	Protection devices relevantly positioned and no unsafe conditions observed.
	Pass


[bookmark: _Toc228529404]Table 1 - Requirements Validation Summary
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This section evaluates the performance of the thermal target control system in relation to the defined system requirements, project objectives, and relevant findings from the literature. By linking system requirements directly to testing outcomes, it is possible to determine the extent to which the design meets its intended purpose.
The primary aim of the project was to develop a reliable and user-friendly system capable of delivering fixed and repeatable power outputs to multiple thermal target pads. This aim was successfully achieved, as demonstrated through system-level testing. The system successfully generated thermal outputs that were clearly detectable using thermal imaging equipment (see Appendices 27–29). Under full-load conditions, all five output channels were operated simultaneously, with no instability, voltage drop, or unexpected behaviour observed. This directly validates the functional requirement for multi-channel operation, confirming that the system is capable of supporting multiple thermal targets concurrently without performance degradation.
The requirement for selectable power levels was also met and verified through testing. Each predefined operating mode was evaluated using thermal pads of varying sizes and power demands, including Type B, Type D, and Type E targets (see Appendix 13). In each case, the system produced the expected output behaviour, with pads reaching appropriate operating temperatures for thermal imaging detection. This confirms that the discrete power control strategy is effective in delivering consistent and repeatable outputs across different load conditions. The relationship between input selection and resulting system behaviour across different operating modes is defined in the system mapping tables (see Appendices 18–20).
Usability requirements were addressed through the implementation of a rotary switch-based interface, supported by visual feedback from LED indicators. During testing, the interface allowed straightforward and reliable selection of operating modes, with no incorrect output activation or delays observed. The LED indicators provided immediate confirmation of system status and output activation, reducing reliance on external measurement tools and supporting effective system operation. This demonstrates that the system meets the non-functional requirement for simplicity and ease of use.
Reliability was a key non-functional requirement and was validated through repeatability testing. The system was operated multiple times under identical conditions, consistently producing the same output behaviour with no variation between runs. This confirms that the system is capable of delivering stable and predictable performance, which is essential for thermal validation applications.
Safety requirements were also satisfied, with multiple protection mechanisms integrated into the system design. These include circuit breakers, fuses, RCBO protection, and a mains isolation. During testing, no evidence of unsafe operation or fault conditions was observed, indicating that the protection strategy is effective under normal operating conditions. These measures align with established electrical safety practices and relevant standards such as BS 7671 and IEC 60204 [18], [19].
The observed system performance is consistent with findings presented in the literature. As discussed by Åström and Murray [12], open-loop control systems can provide reliable and predictable outputs when operating under fixed conditions. This was demonstrated in the system’s ability to consistently deliver predefined power levels without the need for feedback control. Similarly, Dorf and Bishop [15] highlight that open-loop systems are suitable for applications where disturbances are minimal or well understood, which corresponds to the controlled operating conditions of this system.
However, certain limitations in the system design were identified during evaluation. The use of open-loop control means that the system is unable to compensate for variations in environmental conditions or changes in thermal load. While this did not impact performance during testing, it may limit system adaptability in more variable environments. As noted by Vollmer and Möllmann [10], external factors such as ambient temperature can influence thermal system performance, which may affect output consistency under different conditions.
Another limitation relates to the discrete nature of the power control strategy. While this approach simplifies system design and improves reliability, it restricts flexibility by limiting outputs to predefined levels. More advanced control approaches, such as closed-loop systems using PID control [11], could provide finer control over thermal output but would introduce additional complexity.
Despite these limitations, the system demonstrated a high level of reliability within its intended operating environment. This was further supported by deployment in a practical setting, where the system was used on a firing range to support thermal imaging evaluation. During this use, the system continued to operate as expected, with thermal targets successfully detected, providing additional confidence in its real-world applicability.
Overall, the evaluation confirms that the system successfully meets its functional and non-functional requirements. The results support the design decisions made throughout the project, while also identifying areas for potential future development, particularly in relation to control flexibility and environmental adaptability.


[bookmark: _Toc228529401]Conclusion and Recommendations
This project focused on the design and development of a PLC-controlled thermal target system for the testing and validation of thermal imaging equipment. The primary aim was to create a reliable and user-friendly system capable of delivering fixed and repeatable power outputs to multiple thermal target pads. Based on the work carried out and the results obtained, this aim has been successfully achieved.
The system was designed using a modular architecture, incorporating a distributed power supply network, PLC-based control, and multiple independently controlled output channels. The use of discrete power control allowed predefined output levels to be implemented in a simple and reliable manner, while the PLC provided a robust platform for managing system operation. The inclusion of multiple protection mechanisms ensured safe operation under high-current conditions, aligning with established engineering practices.
The findings from the evaluation stage demonstrated that the system performs reliably within its intended operating conditions. All output channels functioned as expected, and the system consistently delivered stable and repeatable outputs. These results support the design decisions made throughout the project, particularly the choice of open-loop control, which was shown to be appropriate for applications involving fixed and predictable operating conditions.
In relation to the project objectives, the system successfully met the requirements of supporting multiple thermal targets, providing selectable power levels, and ensuring safe and reliable operation. The user interface was effective in enabling straightforward control of the system, while the overall design achieved a balance between functionality and simplicity.
Despite the successful implementation, several areas for further development have been identified. The most significant limitation of the current system is the use of open-loop control, which restricts the ability to compensate for variations in environmental conditions or thermal load. Future work could involve the integration of temperature sensors and closed-loop control algorithms to enable dynamic adjustment of output power. This would improve system accuracy and expand its applicability to more demanding testing environments.
Additionally, the implementation of more granular power control could enhance system flexibility by allowing finer adjustment of output levels. While this would increase system complexity, it may be beneficial in applications requiring more precise control of thermal output. Further improvements could also include enhanced system monitoring and data logging capabilities, enabling performance analysis over extended periods of operation.
Overall, the project has demonstrated the successful development of a practical and reliable thermal target control system. The work provides a solid foundation for further development and highlights the effectiveness of combining simple control strategies with robust industrial components to achieve reliable system performance.


[bookmark: _Toc228529402]Reflection
This project provided a valuable opportunity to apply theoretical knowledge to a practical engineering problem, while also developing a range of technical and professional skills. Through the design and implementation of the thermal target control system, a deeper understanding of control systems, power distribution, and industrial hardware integration was gained.
From a technical perspective, one of the key learning outcomes was the importance of designing for reliability and simplicity. While it may be tempting to pursue more complex solutions, particularly when considering advanced control strategies such as closed-loop systems, this project demonstrated that simpler approaches can often be more effective when aligned with the application requirements. The decision to use open-loop control and discrete power levels reinforced the value of selecting an appropriate level of complexity rather than assuming that more advanced techniques will always lead to better outcomes.
The project also highlighted the importance of system-level thinking. Rather than focusing solely on individual components, consideration had to be given to how different parts of the system interact, particularly in terms of power distribution, control logic, and safety. This approach improved the overall design and ensured that the system operated reliably under the intended conditions.
In addition to technical development, the project contributed to the improvement of problem-solving skills. Although no major faults were encountered during implementation, the process of designing and assembling the system required careful planning and decision-making. This included selecting appropriate components, considering alternative approaches, and evaluating trade-offs between simplicity, flexibility, and performance. The ability to make informed engineering decisions based on these factors is a key skill that will be applicable in future work.
Time management was another important aspect of the project. Managing a large, multi-stage task required consistent progress and effective organisation. Breaking the project into smaller stages, such as design, implementation, and testing, helped to maintain focus and ensured that each part of the system was completed to an appropriate standard. This structured approach reduced the risk of delays and contributed to the overall success of the project.
While the project was successful, there are several areas where improvements could be made in future work. One key improvement would be the inclusion of more detailed testing and data collection. Although functional testing confirmed correct operation, the collection of quantitative data would allow for a more thorough evaluation of system performance. This would strengthen the analysis and provide a more comprehensive validation of the design.
Another area for improvement would be the exploration of alternative control strategies earlier in the design process. While the decision to use open-loop control was appropriate, further investigation into closed-loop systems could have provided a stronger comparison and deeper understanding of the trade-offs involved. This would have enhanced both the design justification and the overall evaluation of the system.
Overall, the project has contributed to both technical and professional development, reinforcing the importance of practical application, structured design processes, and critical evaluation. The experience gained from this work provides a strong foundation for future engineering projects, particularly in areas involving system design and industrial control.
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22-10.75 mny’ Red “ 24-1 0.75 mm” Red24-1
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cros ENABLE (o) @275 ? Blac] | 2g 0075 mm? Red 0.75 mm? RedO 11241 75 mm? Black(,
crosennLe (s @pL0-7S i’ Blac@ow -050.75 mm? Red 0.75 mm? RedO1-13g\ 75 mm? Black
crorenaLe By @L0-75 mn” Elacgz_D_M.ow -060.75 mm? Red 0.75 mm? Red 011 ‘e . 75 i Black,
cros enanie @) @075 min’ Blac} A101-070.75 mm? Red 0.75 mm? Red01-1 ‘® ° .75 mm? Black
0 20075 mn? Black 0.75 mm? Black 0.75 mm’ Black 075 mm? Black

0Vdc

24-1
2 de P e

CR09 ENABLE (B3)

CR10 ENABLE (B4)
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INPUTS

PLC Address Description Comments
11-00 ROTARY MODE SELECT SWITCH BCD[1] SWO1 [SLOT 00 EMBEDDED INPUTS
11-01 ROTARY MODE SELECT SWITCH BCD[2] SWO1 {SLOT 00 EMBEDDED INPUTS
11-02 ROTARY MODE SELECT SWITCH BCD[4] SWO1  {SLOT 00 EMBEDDED INPUTS
11-03 ROTARY MODE SELECT SWITCH BCD[8] SW01 [SLOT 00 EMBEDDED INPUTS
11-04 ROTARY TIME SELECT SWITCH BCD[1] SW02  |[SLOT 00 EMBEDDED INPUTS
11-05 ROTARY TIME SELECT SWITCH BCD[2] SW02  |SLOT 00 EMBEDDED INPUTS
11-06 ROTARY TIME SELECT SWITCH BCD[4] SW02  |SLOT 00 EMBEDDED INPUTS
11-07 ROTARY TIME SELECT SWITCH BCD[8] SW02  [SLOT 00 EMBEDDED INPUTS
11-08 | THERMAL ENABLE SELECT SWITCH SW03 |SLOT 00 EMBEDDED INPUTS
11-09 SPARE |SLOT 00 EMBEDDED INPUTS
11-10 SPARE |SLOT 00 EMBEDDED INPUTS
11-11 SPARE |SLOT 00 EMBEDDED INPUTS
11-12 SPARE |SLOT 00 EMBEDDED INPUTS
11-13 SPARE |SLOT 00 EMBEDDED INPUTS
11-14 SPARE |SLOT 00 EMBEDDED INPUTS
11-15 SPARE |SLOT 00 EMBEDDED INPUTS
12-00 B1THERM ENABLED (CR7) SLOT 01 INPUTS
12-01 B2 THERM ENABLED (CRS) SLOT 01 INPUTS
12-02 B3 THERM ENABLED (CR9) SLOT 01 INPUTS
12-03 B4 THERM ENABLED (CR10) SLOT 01 INPUTS
12-04 D1 THERM ENABLED (CR11) SLOT 01 INPUTS
12-05 D2 THERM ENABLED (CR12) SLOT 01 INPUTS
12-06 D3 THERM ENABLED (CR13) SLOT 01 INPUTS
12-07 D4 THERM ENABLED (CR14) SLOT 01 INPUTS
12-08 B1+12V CIRCUIT HEALTHY (CR7) SLOT 01 INPUTS
12-09 B2 +12V CIRCUIT HEALTHY (CRS) SLOT 01 INPUTS
12-10 B3 +12V CIRCUIT HEALTHY (CR9) SLOT 01 INPUTS
12-11 B4 +12V CIRCUIT HEALTHY (CR10) SLOT 01 INPUTS
12-12 D1+12V CIRCUIT HEALTHY (CR11) SLOT 01 INPUTS
12-13 D2 +12V CIRCUIT HEALTHY (CR12) SLOT 01 INPUTS
12-14 D3 +12V CIRCUIT HEALTHY (CR13) SLOT 01 INPUTS
12-15 D4 +12V CIRCUIT HEALTHY (CR14) |SLOT 01 INPUTS
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OUTPUTS

PLC Address Description [Comments
01-00 [CRO1 ENABLE (PS2) [SLOT 00 EMBEDDED OUTPUTS
01-01 [CRO2 ENABLE (PS3) [SLOT 00 EMBEDDED OUTPUTS
01-02 [CRO3 ENABLE (PS4) [SLOT 00 EMBEDDED OUTPUTS
01-03 [CRO4 ENABLE (PS5) [SLOT 00 EMBEDDED OUTPUTS
01-04 [CROS ENABLE (PS6) [SLOT 00 EMBEDDED OUTPUTS
01-05 [CRO6 ENABLE (PS7) [SLOT 00 EMBEDDED OUTPUTS
01-06 [CRO7 ENABLE (B1) THERM ENABLE SLOT 00 EMBEDDED OUTPUTS
01-07 [CRO8 ENABLE (B2) THERM ENABLE SLOT 00 EMBEDDED OUTPUTS
01-08 [CRO9 ENABLE (B3) THERM ENABLE [SLOT 00 EMBEDDED OUTPUTS
01-09 [CR10 ENABLE (B4) THERM ENABLE [SLOT 00 EMBEDDED OUTPUTS
01-10 [CR11 ENABLE (D1) THERM ENABLE [SLOT 00 EMBEDDED OUTPUTS
0111 [CR12 ENABLE (D2) THERM ENABLE [SLOT 00 EMBEDDED OUTPUTS
01-12 [CR13 ENABLE (D3) THERM ENABLE SLOT 00 EMBEDDED OUTPUTS
01-13 [CR14 ENABLE (D4) THERM ENABLE SLOT 00 EMBEDDED OUTPUTS
01-14 [SPARE SLOT 00 EMBEDDED OUTPUTS
01-15 [SPARE [SLOT 00 EMBEDDED OUTPUTS
03-00 [THERMAL ENABLED LAMP (LP1) SLOT 03 OUTPUTS
03-01 [SYSTEM HEALTHY LAMP (LP2) SLOT 03 OUTPUTS
03-02 [SYSTEM FAULT LAMP (LP3) SLOT 03 OUTPUTS
03-03 [CON 1A ACTIVE LAMP (LP4) SLOT 03 OUTPUTS
03-04 [CON 2A ACTIVE LAMP (LPS) SLOT 03 OUTPUTS
03-05 [CON 3A ACTIVE LAMP (LP6) SLOT 03 OUTPUTS
03-06 [CON 4A ACTIVE LAMP (LP7) SLOT 03 OUTPUTS
03-07 [CON 5A ACTIVE LAMP (LP8) SLOT 03 OUTPUTS
03-08 SPARE SLOT 03 OUTPUTS
03-09 SPARE SLOT 03 OUTPUTS
03-10 [SPARE SLOT 03 OUTPUTS
03-11 [SPARE SLOT 03 OUTPUTS
03-12 [SPARE SLOT 03 OUTPUTS
03-13 [SPARE SLOT 03 OUTPUTS
03-14 [SPARE SLOT 03 OUTPUTS
03-15 [SPARE [SLOT 03 OUTPUTS
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[Rating.

[Description

[Comments
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[PS2 Victron Battery Charger Supply
[PS2 Victron Battery Charger Supply
1PS3 Victron Battery Charger Supply
[PS4 Victron Battery Charger Supply
PS5 Victron Battery Charger Supply
[PS6 Victron Battery Charger Supply
[PS7 Victron Battery Charger Supply
|DC/DC 1 Tracopower +V in Supply
1DC/0C 1 Tracopower +V Out Supply.
|CR7 Input for 81 Therm

|CR Input for B2 Therm

|CR9 Input for 83 Therm
ICR10Input for 84 Therm

|CR11 Input for D1 Therm

IcR12 Input for D2 Therm

|CR13 Input for D3 Therm

ICR14 Input for D4 Therm

[PATCH 01 Target 01/02 /03- Therm 1
[PATCH 02 Target 01/02 - Therm 2.
[PATCH 03 Target 01/02- Therm 3
[PATCH 04 Target 01 - Therm &
[PATCH 01 Target 03- Therm 1

[+12v dc Output

|AC Input

[TE Connectivity W58 Single Pole Thermal Circuit Breaker 250V ac Voltage Rating, 3A Current
[Rating Mir. Part No.: WSS XBIA%A-3 RS Stock No.: 762:8029

|TE Connectivity W58 Single Pole Thermal Circuit Breaker 250V ac Voltage Rating, 3A Current
[Rating Mfr. Part No.: WS8-XBIA4A-3 RS Stock No.: 762-8029

[TE Connectivity W58 Single Pole Thermal Circuit Breaker 250V ac Voltage Rating, 3A Current
[Rating Mir. Part No.: WSS XBIA%A-3 RS Stock No.: 762:8029

|TE Connectivity W58 Single Pole Thermal Circuit Breaker 250V ac Voltage Rating, 3A Current
[Rating Mfr. Part No.: WS8-XBA4A-3 RS Stock No.: 762-8029

[TE Connectivity W58 Single Pole Thermal Circuit Breaker 250V ac Voltage Rating, 3A Current
[Rating Mfr. Part No.: WS8-XBIA4A-3 RS Stock No.: 782-8029

[TE Connectivity W58 Single Pole Thermal Circuit Breaker 250V ac Voltage Rating, 3A Current
[Rating Mfr. Part No.: WS8-XBIA4A-3 RS Stock No.: 762-8029

[TE Connectivity W58 Single Pole Thermal Circuit Breaker 250V ac Voltage Rating, 3A Current
[Rating Mir. Part No.: WSS XBIA%A-3 RS Stock No.: 762:8029

ITE Connectivity W58 Single Pole Thermal Circuit Breaker SOV dc Voltage Rating, 15A Current
Rating Mfr. Part No.: WS8-XB1A4A-15 _RS Stock No.: 782-0902

[TE Connectivity W58 Single Pole Thermal Circuit Breaker S0V dc Voltage Rating, 4A Current
[Rating Mir. Part No.: WSS XBIAdA-4 RS Stock No.: 782-8022

ITE Connectivity W58 Single Pole Thermal Circuit Breaker SOV dc Voltage Rating, 30A Current
[Rating Mfr. Part No.: WS8-XBLA4A-30 RS Stock No.: 762-0918

[TE Connectivity W58 Single Pole Thermal Circuit Breaker SOV dc Voltage Rating, 30A Current
[Rating Mir. Part No.: WS- XBIAZA-30 RS Stock No.: 762-0918

ITE Connectivity W58 Single Pole Thermal Circuit Breaker SOV dc Voltage Rating, 30A Current
[Rating Mfr. Part No.: WS8-XBLA4A-30 RS Stock No.: 762-0918

[TE Connectivity W58 Single Pole Thermal Circuit Breaker SOV dc Voltage Rating, 30A Current
[Rating Mir. Part No.: WS- XBIAZA-30 RS Stock No.: 762-0918

ITE Connectivity W58 Single Pole Thermal Circuit Breaker SOV dc Voltage Rating, 30A Current
[Rating Mfr. Part No.: WS8-XBIA4A-30 RS Stock No.: 762-0918

[TE Connectivity W58 Single Pole Thermal Circuit Breaker SOV dc Voltage Rating, 30A Current
[Rating Mir. Part No.: WS- XBIA2A-30 RS Stock No.: 762-0918

ITE Connectivity W58 Single Pole Thermal Circuit Breaker SOV dc Voltage Rating, 30A Current
[Rating Mfr. Part No.: WS8-XB1A4A-30 RS Stock No.: 762-0918

[TE Connectivity W58 Single Pole Thermal Circuit Breaker SOV dc Voltage Rating, 30A Current
[Rating Mir. Part No.: WS- XBIA2A-30 RS Stock No.: 762-0918

ITE Connectivity W58 Single Pole Thermal Circuit Breaker SOV dc Voltage Rating, 40A Current
Rating _ Mifr. Part No.: W23-X1A16-40 RS Stock No.: 782-7953

[TE Connectivity W58 Single Pole Thermal Circuit Breaker SOV dc Voltage Rating, 404 Current
[Rating _Mifr. Part No.: W23-X1A16-40 RS Stock No.: 762:7953

ITE Connectivity W58 Single Pole Thermal Circuit Breaker SOV dc Voltage Rating, 40A Current
Rating _ Mifr. Part No.: W23-X1A16-40 RS Stock No.: 782-7953

[TE Connectivity W58 Single Pole Thermal Circuit Breaker SOV dc Voltage Rating, 40A Current
Rating _ Mifr. Part No.: W23-X1A16-40 RS Stock No.: 762-7953

ITE Connectivity W58 Single Pole Thermal Circuit Breaker SOV dc Voltage Rating, 15A Current
[Rating M. Part No.: W23-XB1A%A-15 RS Stock No.: 782-0902

[Pudenz 2004 Automotive Bolt-down Fuse, 80V dc (RS 226-0901)
1P + N 25 A RCBO, DIN Rail Mount, Trip Sensitivity 30mA, Type C

[Manuf: ABB Part No: 2CSR255051R1254 DSE201 (RS 914-4064)
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Target Type: Type B

50cm x 50cm
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Target Type: Type E

100cm x 100cm
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Target Type: Type D

150cm x 50cm
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Target Type: Type B

50cm x 50cm
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Target Type: Type E

100cm x 100cm
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Target Type: Type D

150cm x 50cm
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Type E
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Mode 4
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PLC INPUT ADDRESS

DESCRIPTION

MODE 01 (TYPEB) | MODE 02 (TYPEE) | MODE 03 (TYPE D)

MODE 04 (TYPE E)

11-00 ROTARY MODE SELECT SWITCH BCD[1] SW01
11-01 ROTARY MODE SELECT SWITCH BCD[2] SW01
11-02 ROTARY MODE SELECT SWITCH BCD[4] SW01
11-03 ROTARY MODE SELECT SWITCH BCD[8] SW01
11-04 ROTARY MODE SELECT SWITCH BCD[1] SW02
11-05 ROTARY MODE SELECT SWITCH BCD[2] SW02
11-06 ROTARY MODE SELECT SWITCH BCD[4] SW02
11-07 ROTARY MODE SELECT SWITCH BCD[8] SW02
11-08 THERMAL ENABLE SELECT SWITCH SW03
11-09 SPARE

11-10 SPARE

11-11 SPARE

11-12 SPARE

11-13 SPARE

11-14 SPARE

11-15 SPARE

12-00 B1 ENABLED (CR7)

12-01 B2 ENABLED (CR8)

12-02 B3 ENABLED (CR9)

12-03 B4 ENABLED (CR10)

12-04 D1 ENABLED (CR11)

12-05 D2 ENABLED (CR12)

12-06 D3 ENABLED (CR13)

12-07 D4 ENABLED (CR14)

12-08 B1+12V CIRCUIT HEALTHY (CR7)

12-09 B2+12V CIRCUIT HEALTHY (CR8)

12-10 B3+12V CIRCUIT HEALTHY (CR9)

12-11 B4+12V CIRCUIT HEALTHY (CR10)

12-12 D1+12V CIRCUIT HEALTHY (CR11)

12-13 D2+12V CIRCUIT HEALTHY (CR12)

12-14 D3+12V CIRCUIT HEALTHY (CR13)

12-15 D4+12V CIRCUIT HEALTHY (CR13)
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PLC OUTPUT ADDRESS DESCRIPTION MODE 01 (TYPE B) MODE 02 (TYPE E) MODE 03 (TYPE D) MODE 04 (TYPE E)
01-00 CRO1 ENABLE (PS2)
01-01 CRO2 ENABLE (PS3)
01-02 CRO3 ENABLE (PS4)
01-03 CRO4 ENABLE (PS5)
01-04 CRO5 ENABLE (PS6)
01-05 CRO6 ENABLE (PS7)
01-06 CRO7 ENABLE (B1)
01-07 CRO8 ENABLE (B2)
01-08 CRO9 ENABLE (B3)
01-09 CR10 ENABLE (B4)
01-10 CR11 ENABLE (D1)
01-11 CR12 ENABLE (D2)
01-12 CR13 ENABLE (D3)
01-13 CR14 ENABLE (D4)
01-14 SPARE
01-15 SPARE
03-00 THERMAL ENABLED LAMP (LP1)
03-01 SYSTEM HEALTHY LAMP (LP2)
03-02 SYSTEM FAULT LAMP (LP3)
03-03 CON 1A ACTIVE LAMP (LP4)
03-04 CON 2A ACTIVE LAMP (LP5)
03-05 CON 3A ACTIVE LAMP (LP6)
03-06 CON 4A ACTIVE LAMP (LP7)
03-07 CON 5A ACTIVE LAMP (LP8)
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CIRCUIT PROTECTION DESCRIPTION MODE 01 (TYPE B) MODE 02 (TYPE E) MODE 03 (TYPE D) MODE 04 (TYPE E)
CBO1 PS1 VICTRON
CBO2 PS2 VICTRON
CBO3 PS3 VICTRON
CBO4 PS4 VICTRON
CBOS PS5 VICTRON
CBO6 PS6 VICTRON
CBO7 PS7 VICTRON
CBO8 DC/DCIN
CBO9 DC/DC OUT
CB10 B1 THERM
CB11 B2 THERM
CB12 B3 THERM
CB13 B4 THERM
CB14 D1 THERM
CB15 D2 THERM
CB16 D3 THERM
cB17 D4 THERM
CB18 PATCH 01 TARGET 01/02/03 THERM 01
CB19 PATCH 02 TARGET 01/02 THERM 02
CB20 PATCH 03 TARGET 01/02 THERM 03
CB21 PATCH 04 TARGET 01 THERM 04
CB22 PATCH 01 TARGET 03 THERM 01





image27.png
H“

ML
e

-wunmm J‘





image28.png




image29.png




image30.png




image31.png




image32.png




image33.png




image34.png
n_.._ ,
KU
I

O _1-





image35.png




image1.png
University of Wales
Trinity Saint David

X





image2.png
cont

e A el el e g et ]
i i iilc].:
H K -
5 e b i o o
: EHRI i 5 1
i i F} i i F} H
iy i D) i 0 i
& :3: E%_Elj %: %: E%_H] ?

st Ps2 Ps3 Psa Pss Pss Ps7
F
 — -
H .

2




