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[bookmark: _Toc177489241]1.0 Task 1
[bookmark: _Toc177489242]1.1 Introduction to PLCs
Programmable logic controllers or otherwise known as ‘PLCs’ are specialised industrial computer-based systems which are designed to automate and control manufacturing processes. They are essential to modern industrial manufacturers as they provide precise control of automated systems and or complex robotic assembly lines. 

Due to their ability to be programmed, PLCs can be reconfigured or updated with the use of software and do not require any need for physical changes. This type of system is also able to withstand harsh industrial environments such as extreme temperatures, humidity and mechanical vibrations. PLCs are also designed for continuous operation, therefore creating a reliable system for critical processes that can run for extended periods without downtime. 

To enable a PLC system to function, a continuous cycle known as the ‘scan cycle’ must be followed, firstly an input scan must be created to read the state of all input devices such as sensors or switches. Then a program execution is set to process the logic based on a user defined program, which controls outputs based on inputs. Following the execution, an output scan is enabled to update the state of all output devices such as motors and actuators. To conclude the sequence, the system carries out housekeeping through internal processes such as diagnostics.

[bookmark: _Toc177489243]1.2 Historical Context of PLCs
Before the introduction of PLCs most automated processes utilised a relay-based system, which relied on electromechanical relays and timers to control machinery. While effective at this time, relay-based systems had some disadvantages such as complexity, as large systems had thousands of relays which lead to complex wiring and required a large footprint to capacitate all relays. The relays in the system were also prone to mechanical failure, therefore creating the need for constant maintenance. In addition, creating changes to this type of system is time consuming due to the control logic requiring rewiring.

[image: History of  PLC]
Figure 1 – Image to demonstrate relay-based system (Library.Automationdirect.com. (2019))

As a result of the issues experienced with relay-based systems, there was a demand for a flexible and programmable solution, which resulted in the introduction of the first programmable logic controller in the 1960’s. The first PLC was created in 1968 by Dick Morely and his team at Bedford Associates, which was named ‘MODICON 084’. This system was produced for General Motors, to replace their hardwired relay system used for automotive manufacturing. This development in technology is highlighted by one source, “In addition, the PLC was equipped with enough memory to retain loaded programs in the event of power outages and was also designed to operate in industrial environments where dirt, moisture, electromagnetism, and vibration were often present.” (Process Solutions (2020)).

The success of the first PLC system led to the development of competition in the 1970’s and 1980’s, as companies such as Allen Bradley improved upon the system by offering ladder logic programming and increased processing power. This created a more user-friendly system, and more powerful processers allowed for faster program execution, as well as the ability to execute more complex tasks.

[bookmark: _Toc177489244]1.3 Technological Advancements
In the modern day, PLCs are continuing to evolve alongside other technological advancements. As PLCs have become integral to internet of things ecosystems or otherwise known as ‘IOT’, meaning that PLCs can connect to cloud servers and use data analytics to improve performance. The integration between the PLC and a cloud server also allows the user to control automated systems remotely and gather data to enhance the overall efficiency of production. This relationship is particularly important, as highlighted by one source, “This connectivity enables more intelligent and responsive control systems. For instance, data from sensors can be used to optimize processes, predict maintenance needs, and reduce downtime.” (zellusadmin (2023)). Leading on from this, the use of artificial intelligence could be considered to revolutionise PLC programming. This is due to the ability of artificial intelligence or ‘AI’ to incorporate algorithms and recognise patterns in automated processes, which can then create a predictive analysis. This could therefore lead to improvements in efficiency and predictive maintenance.

Due to the versatility of a PLC system, it has allowed flexible, reliable and cost-effective solutions for controlling automated processes. They also have the ability to integrate with different system types such as supervisory control and data acquisition ‘SCADA’ systems and human-machine interfaces ‘HMIs’, as the communication technologies have advanced considerably. Modern PLCs support a wide range of communication protocols such as ethernet, Profibus and Modbus, which has improved their ability to integrate with other systems and networks. In addition to the improvements in system integration, the user interfaces of PLCs have evolved significantly from simple text-based variants to advanced graphical interfaces. It is common for most modern PLCs to be supplied with touchscreen panels which offer software and tools for the user to control operations and monitor the progress of each process.

[bookmark: _Toc177489245]1.4 Industrial Impact of PLCs
The use of PLCs has revolutionised manufacturing through the introduction of efficient automation and control of processes, this enables precise control over all machinery and equipment associated to the manufacturing process. The management of timing, coordination and engineering changes is more effective when using a PLC, as one source highlights this ease of changing automated processes. “One of the main advantages of PLCs in manufacturing is their flexibility. A PLC can be reprogrammed to control a different process, making it easy to adapt to changes in production requirements.” (Sapot, B. (2024)). 

Due to their reliable and efficient qualities, a PLC system can also increase production rates through improving the automation capabilities of a production line. With advanced diagnostic and self-monitoring features, PLCs can help reduce downtime as the system detects potential issues and allows preventative maintenance to be carried out before major problems occur. The adoption of PLCs in many different industries across the world has also led to a standardisation of control processes. This standardisation has created the development of best practices and process control, for ease of maintenance and trouble shooting. In addition, PLCs have contributed to help manufacturers with adherence of safety or government regulations and quality standards. As a result of the ability to monitor real-time data of production, manufacturers can ensure that their product meet the demands of all necessary regulations.
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Figure 2 – Image to demonstrate user interacting with HMI of PLC system (Amd-digitalhub.com. (2024))
[bookmark: _Toc177489246]2.0 Task 2
[bookmark: _Toc177489247]2.1 Background of FDS
A functional design specification, or otherwise known as ‘FDS’ is an important document in the development of a programmable logic controller control system. This document outlines the functional requirements and parameters of a system, acting as a blueprint for designing and implementing the control system. Typically, the FDS will not contain highly technical information, but will describe how the proposed system will operate. This includes the number of people that will interact with it and the different operational scenarios that will occur depending on the process steps being followed.

One of the main reasons for developing an FDS for a PLC is to have a specification for the developer to work to, highlighting what the control system must achieve before work is carried out to produce drawings and programming code for the system. The functional design specification is usually developed between numerous stakeholders, so that all those involved can review the proposed system controls. This process of reviewing the proposed system is of paramount importance to ensure that the final design is fit for purpose and meets the needs of the manufacturer, as all requirements such as production volume and quality assurance must be considered. When all stakeholders have agreed on the parameters of the FDS, a buy off will be completed so that all individuals can sign the document to say that they are satisfied with the proposal. Once the PLC has been implemented, the FDS still serves an important purpose as a reference document throughout the lifecycle of the system so that engineers can ensure that the initial brief has been met.

[bookmark: _Toc177489248]2.2 Development of FDS
The development of a functional design specification for a PLC control system is a structured process in which a blueprint is created to ensure that a control system is designed to meet the specific functional requirements of a project. The FDS acts as a description of the control systems intended functionality, which requires collaboration between all parties such as engineers, developers, maintenance staff and the manufacturing team. The stages of developing an FDS for PLC are essential to ensuring a successful design, installation and commissioning process. The steps involved are sequential but may overlap due to the requirement of amendments from feedback during testing or further development.

The first stage of the development of a FDS is setting the scope of system requirements which are collected from all stakeholders, which includes operators, maintenance staff and management. To set the scope for the project, the team must understand the manufacturing processes and the current system if there is one place. This helps the stakeholders identify the need for automation and control improvements, to create the most suitable and efficient control system possible. The team must also identify the boundaries and limitations of the PLC system, to distinguish the controls that are within the scope of the project. Most manufacturers will set a budget for the implementation of a PLC system, so the team must work within the budget to identify the most suitable controls.

Once the scope has been established, the stakeholders will gather detailed functional and operational requirements of the PLC. This includes the user requirements, consisting of processes and performance criteria through analysis of the manufacturing processes. In addition, a detailed list of the inputs and outputs of the system that the PLC will control is accumulated to account for all existing equipment in the facility. This may also contribute to identifying the system constraints, such as response time, safety requirements and environmental considerations. Another important factor that must be considered is the PLC system compliance with regulations and industry standards, which must be investigated to create a safe environment for production and staff that will interact with the system. The importance of compliance with industry standards or regulatory requirements is demonstrated by one source, “Adhering to PLC safety standards is essential for compliance with legal requirements. Failure to comply with these standards can result in legal consequences, fines, and reputational damage for organizations.” (teckhme (2023)). 

Another essential stage in the development of an FDS is the definition of control logic and operational plan of the system. The sequence of operations must be defined to create the exact sequence in which the control system will operate, detailing each step of the process from then start up to shut down. Another method of detailing the process sequence is through the use of flowcharts, which can be utilised to describe the control logic. The flowcharts can include decision making processes and actions for specific inputs or outputs. The operational plan of the system must also specify safety features, including interlocks, fail safes and emergency shutdown procedures to ensure that the system responds correctly to process hazards.

[bookmark: _Toc177489249]2.3 FDS Documentation Process
Several critical factors must be identified during the developed of the FDS documentation, the first of which is the system requirements. The requirements should outline the overall objectives of the system and sets the foundation for the overall FDS documentation. This should include the project overview, highlighting the purpose, scope and objectives of the system. As well as this, the performance criteria of the system should be outlined for system such as response time, throughput and accuracy. As previously highlighted, the document should also describe the industry standards and regulatory requirements that the system must meet.

Once the specification of the control system has been defined, the appropriate PLC hardware must be selected. This includes choosing the correct type of PLC for the system such as compact, modular or rack mounted as well as the necessary input and output IO modules. One source describes the importance of the selection of PLC type, “The selection of hardware should be based on factors such as the number of inputs and outputs required, the processing speed and memory capacity of the PLC, and the environmental conditions in which it will operate.” (KOEED (2024)). Leading on from the hardware selection, the software required for program logic can then be defined. This is developed using specialised programming language such as ladder logic or function block diagrams, and the program logic conducts the processing of inputs and outputs based on the defined control requirements. Other types of PLC software include instruction list and structured text, so the most suitable language for the application most be identified during the development of the FDS. Although these programming languages offer similar functionality, the choice of programming language can have a considerable impact on the ease of maintenance and scalability of the system.

To ensure that the PLC meets the demands of the manufacturer, all inputs and outputs must be listed to ensure that all aspects of the manufacturing process have been covered. Input examples include sensors and switches, while output examples are actuators and alarms.  In addition, for the user to interact with the control system, a human machine interface must be designed. The HMI will allow staff such as the maintenance team to track the progress of the system through the interface, creating a more efficient method of fault finding to reduce downtime. Another consideration that must be made during the development of the FDS is the safety and compliance of the PLC, as the system must include safety requirements and comply with the relevant standards and regulations of the industry.

The last essential stage of the FDS development for a PLC control system is the outlining of testing and validation requirements, to ensure that the system meets all functional requirements. This testing may include start-up tests for both the software and hardware of the system, to validate that the system is functioning as intended. From the results of the tests, any necessary adjustments to the parameters of the system can be carried out. Following the testing of the system, an acceptance criterion must be defined in the FDS for system acceptance and performance standards. 

[bookmark: _Toc177489250]2.4 Industrial Use of PLC Systems 
Within the automotive manufacturing industry, PLC systems are commonly adopted to create controlled production lines which are sometimes automated. In the case of Aston Martin, the company utilises a Siemens PLC system to control the production line rate and interlock equipment such as tooling. To ensure that the system is functioning to the requirements of an automotive manufacturer, there are some best practises that must be considered. Due to Aston Martin’s relatively low production volume and expectation of the highest quality product, the engineering team must firstly understand the system requirements. Understanding the facility’s equipment and the product that is produced with the system, will enable a clear and precise PLC architecture and result in simpler, faster and easier programs to maintain. A common challenge that Aston Martin has experienced is the compatibility of PLC systems with the company’s older equipment, therefore it is important that the business understands the facilities capabilities before introducing new control systems which may not be compatible.

Another practice to consider is the programming of the system logic, which is most efficient using a structured programming methodology. One source describes the importance of this practice, “A structured programming methodology involves breaking your program down into logical segments, such as functions, ladder logic, and structure statements, which improves program readability, reliability, and maintainability. Structured programming helps you design your program with minimal decision-making and avoids potential errors. It also facilitates easy troubleshooting and maintenance, as it allows you to identify individual functions more quickly.” (technoco (2023)). Aston Martin can adopt this methodology to create a structured logic for all tooling interlocks along the production line, so that all tools have achieved jobs that are set for securing of critical joints. This is critical to automotive manufacturers such as Aston Martin as safety critical components must be secured with evidence for compliance and regulations to allow vehicles to be sold.

In addition, the development and introduction of a PLC system is sometimes carried out by the manufacturing engineers, particularly at Aston Martin. Therefore, aspects of the PLC development, such as the maintenance requirements, can sometimes be the lowest priority or forgotten about entirely. However, the maintenance of the system must be of a high priority to ensure that the production rate can be maintained. This can be achieved through the organisation of programs in a logical structure, and creating logic that is easy to understand for all users that facilitates modifications and updates if required. As PLC systems see regular adaptations and updates, it is also important that programming logic and associated files are kept in a secure and accessible location. A system of documentation including user manuals and technical support information, will allow maintenance engineers to easy access the sources of information. This will ultimately result in helping maintain the optimal performance of the control system, as well as reducing downtime through efficient troubleshooting. Therefore, automotive manufacturers such as Aston Martin, can ensure that production rates are kept in line with expectation and the product of the system meets the expected quality from a luxury brand.
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