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Introduction.
Manufacturing is the transformation process that occurs from raw material to finished product through various equipment, techniques, methods and processes. In our day-to-day lives we don’t often think about how the items we use on a daily basis; toothbrush, cutlery, cars- where these actually come from. Or the extensive work that’s gone into creating these products. There’s a vast, ever evolving history into how we; humans have developed and grown manufacturing processes from man-made to man-and-machine made. 
The major boom, shift in this field began during what we refer to today as the ‘Industrial Revolution’, the process in which humans developed technologies to transform life as we knew it, from agrarian and handicraft processes to a newer, modern economy dominated by industry and the development of machine manufacturing.  An icon from this time that really broke through as the catalyst when Thomas Newcomen designed the prototype of the first modern steam engine. This is known as the ‘atmospheric steam engine’ (ushistory.org, 2019). In the 1760s a Scottish engineer, James Watt began to develop on the back of Newcomen’s theory, he later collaborated with Matthew Boulton to invent a steam engine with a rotary motion (Boisset, 2018). On the back of the successes achieved within Britain, and Northen Europe the boom reached the United States where Samuel Slater opened the first industrial mill 1790 on the back of a design that was heavily based on a British model, where the technology substantially increased the speed with which cotton could be spun into yarn (ushistory.org, 2019).
As previously stated, the world around us is constantly evolving, new and improve developments within the manufacturing industry have enabled all industries to expand exponentially to a scale undreamed of beforehand. New technologies are popping up all over the globe enabling us to facilitate the growth. Manufacturing automation is one of those, to put it simply manufacturing automation is the use of technology which allows for almost seamless production and processes (The Ultimate Guide To Manufacturing Automation, 2021). The key goal for manufacturing automation is to drive efficiency, reduce costs and increase production capability. 
Manufacturing automation has been used for a number of years now, it has roots back to when Dick Morley created the first programmable logic controller (=PLC) in 1968; as well as the distributed control systems that were developed by Honeywell engineers in the early 1970s. Moving forward to today and the advancements made within the manufacturing industry, more closely the automation aspect; there are different aspects of which that directly deal with the other aspects of manufacturing (ushistory.org, 2019). These others are namely- fixed automation, programmable automation, and flexible automation . 

Fixed Automation – 
As previously stated automation pays a key, pivotal role in modern day manufacturing offering a very diverse range of systems that can be tailored to specific production needs. Fixed automation, or otherwise known hard automation is a key, consistent performer within the field. It’s a process in which manufacturing stays fixed to a set point, the way it was configured, and follows a fixed sequence of automated processes (Different Types of Automation, 2020). The significant milestone that was achieved through history is the water wheel and windmill, which were used to as a fixed automation system to complete milling grain and pumping water. The fixed, hard automated process is geared to manufacture the same product style over and over again, as was first created using the water wheel, but with modern day advancements in energy, systems, and overall understanding has led us to the modern day which is designed to suit high productivity systems, examples can include  (The 3 Types of Automation in Manufacturing - EAM, Inc., 2020) – 
· Automated assembly machines .
· Web handling and converting systems.  
· Paint and coating automation processes. 
· Chemical manufacturing processes. 
Fixed automation presents advantages and disadvantages, offering streamlined processes and increased efficiency while also posing challenges such as rigidity and high initial costs  (The 3 Types of Automation in Manufacturing - EAM, Inc., 2020) These are highlighted below – 
Pros of fixed automation – 
· High levels of production. 
· Lower cost per unit produced.
· Consistent quality in production. 
· Limited automation maintenance. 
Cons of fixed automation –
· When the task/job changes the unit must be replaced, or recalibrated to suit. 
· Requires high levels of initial costs.
Throughout the 19th and 20th centuries the idea, process of fixed automation continued to evolve with the advancements in electric power developed to introduce more sophisticated machinery. This led to a rise in the widespread adoption of more advanced assembly lines, and other automated systems in industries such as the automotive manufacturing (Staff, 2023). Today fixed automation encompasses a wide rage of technologies from simple mechanical systems to far more complex robotic systems, all designed to perform a specific task with little to no intervention (Staff, 2023). 
Programmable automation – 
Programmable automation is the process in which the production of said tasks can be altered to change the demands, unlike fixed/hard automation. Whenever a new product or task is required the programmable automated system can be changed and reprogrammed to handle the new and different products. The flexibility of the reprogrammable automated systems allows for the production line to be continuous even while the reprogramming and changeover processes are occurring; on completion the production of a different batch can be ran. Programmable logic controllers (PLCs) have become an essential part of the programmable manufacturing process, developed in the 60s, PLCs began the size of suitcase and required logic programs. These first PLCs were developed to replace large banks of hardwired relays and timers. At that time using relays and timers for applications that are now handled by PLCs posed numerous challenges to the system, most of the issues rose from the use of several relays to control a singular machine, which in turn took up a copious amount of space. The relays also had to be configured in a specific order for the machine to operate properly. But if one relay encountered any sort of issues the whole system would stop working, and any troubleshooting could take hours to complete which resulted in the potential to incur hours in overall productivity downtime  (A Brief History of Programmable Logic Controllers (PLCs), 2020). 
As well as PLCs there are also other ways in which systems/processes can be controlled, programmable automation controllers (=PACs) are in the broad sense industrial controllers that combine the functionality of a PLC with the capabilities of a PC  (A Brief History of Programmable Logic Controllers (PLCs), 2020). There is no industry standard term/definition to distinct between PACs and PLCs, its rather blurry with owing to the fact that both technologies are vastly used within all aspects of automated manufacturing industry (Collins, 2018).  PACs do however differentiate themselves from PLCs by integrating a more open architecture and modular design. They’re also more superior than PLCs in monitoring and controlling large number of I/O – I.e. large processing plants or a advanced automated system. They’re able to do this through the data that is exchanged between devices and the different applications in different domains I.e. process and motion control. PACs are able to send and receive data from other PACs thus creating a distributed control system of PACs throughout an entire process (Collins, 2018). An example of this technology can be seen below – 
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Figure 1.0 – Diagram illustration of a Programmable Automated System.
There are many advantages/disadvantages of a programmable system, below is a closer look into both sides, starting with advantages – 
Reliability – Programmable automated systems are designed to be rugged and reliable to operate in all manners of industrial environments.
Flexibility – Programmable automated systems are able to react accordingly to perform to a wide range of processes and systems, they’re easily adaptable and flexible to a wide range of demands from the operators. 
Safety – Programmable systems can be programmed to include safety features that are designed to aid/protect workers and equipment. I.e. they can be programmed to shut down a process if certain conditions aren’t met, such as machine overheating or if there is a slight risk in collision with fellow equipment. 
Disadvantages – 
Complexity – Programmable systems are/can be difficult to program and maintain, especially for those individuals that are not familiar with the specialised programming language. This can result in a barrier to entry for many of those who would like to use programmable systems, it would require extra levels of training and resources. 
Dependence on programming – Programmable systems use PLCs which are programmed to perform specific tasks, and if the program isn’t written correctly, the PLC functionality is hindered this will lead to errors and downtime which isn’t cost effective for many businesses. 
Flexible Automation. 
Flexible automation is the automated system that refers to the systems/processes and technologies that can adapt to a evolving/fluctuating environment and requirements, i.e. volumes, labour shortages, spaces optimization, or any other business requirements that could possibly change. The systems are designed to enhance efficiency, productivity and responsiveness in operating while being dynamic enough to adapt to the business needs  (How to Identify Flexible Automation for Your Warehouse, 2023). The idea of ‘flexibility’ as an advantage in terms of competitiveness has existed within the manufacturing for several decades now. Because of its flexibility, the range of sensors, and the ability to reprogram the equipment seamlessly to suit the demand. Flexible automation is well suited to a high mix of systems, it can handle high levels of productivity, as well as low with ease (Finn, 2021). 
Flexible automation as we know it started in the latter part of the 20th century driven by the advancement in computing, technology and control systems. A key milestone in the development of flexible automation was the introduction of numerical control (=NC) machines in the 1950s/60s, these machines used punched cards or a magnetic tape to control the movement of machines, allowing the ability to perform with greater precision and becoming repeatable manufacturing processes  (Autodesk.com, 2024). 
The introduction in the ability to perform at a farm superior level within the industry arose in the 1970s when computer numerical control (=CNC) replaced the traditional operating processes, where a newer more modern way of operating occurred where manufacturing industries were now able to manufacture more complex, sophisticated parts in a more effective/efficient way  (Autodesk.com, 2024). 
In the 1980s/90s with the implementation of robotics into the manufacturing processes totally took that game to another level, robots provided the industry with an never before seen, unprecedented level of flexibility and adaptability, that is capable f performing a wide range of tasks in the most diverse of settings. (Hart, 2023). The idea of creating a solution surrounding all these innovations to reate a cohesive approach was evidently needed, this is when flexible manufacturing systems (=FMS) emerged. FMS combined CNC machines, robots, and automated material handling systems to create an agile production environment that is capable of producing the required output without the level of unprecedented downtime occurring before. Flexible manufacturing has advanced even further in modern times, the advancements in sensor technology, networks and artificial technology enable us today to monitor real-time data and optimize the process when needed, paving the for future development of smart factories and industry 4.0 initiatives (IBM, 2022). 
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Figure 2.0 – A smart factory (Flexible automated system).
Advantages and disadvantages of flexible automation – 
Although there are many disadvantages that can make companies/businesses wary of implementing flexible automated systems it is important that there is potential there to outweigh the overall drawback in the long run. 
Flexible automated systems may be expensive to initially implement and add to systems. However, they’re likely to save a business money in the future; they reduce the overall costs of operation because their ability to adapt to changes helps to prevent future defective products, as well as time and resources (PLC, 2023). On top of these, flexible automated systems require fewer workers to operate them compared to other manufacturing systems, so the potential to save money through labour costs. Perhaps the biggest benefit to flexible automated systems is the added level of efficiency, the systems work to keep running as seamlessly as possible adapting to process/production changes with the aim of reducing overall delays and potential bottlenecks. This in turn helps to create an environment/system that creates products faster and, as a result increases the overall satisfaction from customers (PLC, 2023). 
There are a few disadvantages to the implementation of flexible automated systems that many companies must consider. The most important being the implementation can be complicated, it requires extensive planning. Because of this high level of complexity the business requires itself to operate with highly skilled employees to operate the machinery, meaning the salaries for these employees can be far more expensive than in other manufacturing systems. As well as the additional costs associated with higher skilled operators the initial costs for adaptation/implementation is regarded as extremely expensive. 

Flat-pack furniture company – Flexible automation. 
Flexible automated systems refers to systems that can handle a wide array of tasks and are available to adjust to varying manufacturing demands without requiring any significant reprogramming or reconfiguration. Given a wide range of products and the requirement for swift response to the shifting customer demands, flexible automation would prove appropriate for a company that is in the business of manufacturing flat-packed furniture. The ability for the process to adapt to a wide range of potential products within a flat packed furniture business – offering varying designs, sizes and configurations. 
Many potential consumers would seek bespoke, personal or customized furniture pieces to suit a specific need and preference. Flexible automation enables the efficient production of customized by easily adjusting to incorporate unique specifications, the adaptability ensures the company can meet the demands of a diverse customer base/productivity rate. Prototyping, the ever-changing scene within the furniture world requires the industry to be flexible and innovative in ways to produce product lines to stay competitive within the market. Testing new designs or incorporating feedback from consumers will allow the implementation of prototyping products the ease of which can be achieved through the flexible automated system of manufacturing. As previously stated the advantageous flexible systems enable businesses to adapt quicker and more seamless, as opposed to a fixed system the ability to resource the correct utilization and reduction in potential wastage and downtime will also save businesses in the long run whole choose to implement flexible automated systems into their businesses. 
To summarise, flexible automated systems are the most appropriate type of system to for a business, company that specialises in flat packed furniture, the ability to accommodate product variation, customization and cost efficiency allow businesses to maintain a competitive edge over competitors within the same field. 
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