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[bookmark: _Toc160982966]Introduction 
This aim of this report is to discuss the development of manufacturing automation. Manufacturing automation has become an important foundation of industrial progress, revolutionising production processes and developing industries worldwide. Among the various approaches to automation, three distinct automation types have emerged: flexible, fixed, and programmable automation. Each of these methods possesses unique characteristics, historical roots, and application domains, profoundly impacting a variety of industries.
To investigate the three types of automation, researching and observing the history and chronology of these manufacturing automation types will allow an insight into which industries they were emerged from, when they emerged and the purpose for the invention of these automation types.  Furthermore, to construct the purpose of these manufacturing automation types, the benefits and drawbacks will be considered along with the control systems required to achieve either flexible, fixed and programmable manufacturing automation. In addition, this report will discuss the use of flexible automation when creating flat-packed furniture for a company and how it will be suitable for the manufacturing of this product.

[bookmark: _Toc160982967]Fixed Automation and its History

Firstly, fixed automation is a manufacturing system, in which every production and assembly process is managed by equipment that has been precisely programmed for one purpose to carry out a specific, repeatable process (Captech Automation, 2022).  In modern day, this is not enabled using a robot with a single programmable unit but by standalone servers, linear or rotary actuators, independent sensors and fixed programmable logic controllers (PLCs) all combined into one system (Thoma, 2023). A PLC (see figure 1) is a device which controls industrial processes in a way similar to a computer, other than they have dedicated features as a microprocessor-based controller which ensures they are suitable for a fixed automative system. For example, they are robust and designed to cope with factors such as vibrations, high temperatures and different humidity levels, PLCs interface with inputs & outputs are contained within the controller and programming is straightforward and primarily concerned with logic & switching operations (Goodson, 2024). 
[image: Programmable Logic Controllers, Part 2: Evolution and history]
Figure 1- Rob Goodson (2024), PLC System. Available at: https://uowtsd.sharepoint.com/:p:/r/teams/Level5FTControlDynamics2023_24_GRP/Shared%20Documents/General/Automation%20teaching%20material/Industrial%20Automation_lecture_5.pptx?d=w144d5817cf19494abd416a2eaaeb4886&csf=1&web=1&e=f8vvi8 

One of the first introductions of fixed automation was the creation of powered devices that required no human strength to function. Examples of these are water wheels, windmills, and simple steam powered devices. Among the initial introductions to this technology, over two thousand years ago the ancient Chinese used trip hammers which were powered by water wheels and the early Greeks produced a simple reaction motor which was powered by steam (Groover, 2019). However, a major milestone of fixed automation was during the time of the industrial revolution in the textiles industry. This important development of automation was the Jacquard loom, which introduced the idea of a programmed machine, further advancing automation (Groover, 2019). In 1801, Joseph-Marie Jacquard, a French inventor, created an automatic loom that could manipulate the movements of several shuttles made of various coloured threads to create intricate designs on textiles (see figure 2). A program that was embedded in steel cards with punched holes that dictated which patterns were chosen (Groover, 2019). The automation of making textiles this way improves the time efficiency compared to manufacturing them manually, reducing the extensive labour hours required for the weaving of fibres by hand. 
[image: ]Figure 2- The Bettmann Archive (2019), Jacquard loom. Available at Jacquard loom | Definition, HIstory, Computer, & Facts | Britannica











Moreover, the driving factor for the invention of fixed automation (which was one of the first forms of automation) was to employ machines to complete jobs that had previously been carried out by people or, to a greater extent, duties that were not possible to complete without them. While mechanisation typically refers to the straightforward substitution of machines for human labour, automation typically denotes the incorporation of machines into a self-regulating system. Almost every element of modern life has been impacted by automation, which has revolutionised the sectors in which it has been implemented (Groover, 2019).
Finally, for this method of automation there are a variety of advantages. The first is that fixed automation has a lower initial cost than other automation techniques as it is much simpler as they only have one original function and cannot be used for other purposes (Wardrup, 2021). Another advantage is that fixed automation can accommodate for high levels of production, as its coherence allows for each task to be completed efficiently. In addition, this also ensures that production quality is kept consistent throughout the manufacturing process due its simplicity (Control Freaks Ltd, 2020). Another main advantage of fixed automation is that as a result of its high production volume, the cost per unit manufactured can be kept low (Control Freaks Ltd, 2020). However, the disadvantage is that it cannot be used for other purposes which means a reduction in the use of a particular machine. This demonstrates that changes in manufacturing cannot be accommodated for if an industry has a product update (Wardrup, 2021).

[bookmark: _Toc160982968]Programmable Automation and its History

Another method of automation is programmable automation. This is where machines undergo a predetermined configuration of sequences by following instructions, making it suitable for manufacturing processes with a set pattern of steps (QodeNext, 2023). This allows for automated manufacturing by handling batch processes and ease product switchover (E.A.M Inc, 2020). Industries such as the automotive industry, benefit greatly from this type of automation. The ability of the machines to reproduce jobs accurately every time, leads to a higher productivity and better-quality products (QodeNext, 2023). Programmable automation is carried out by using manufacturing equipment together with computer-controlled devices that allow a sequence of functions and tasks to be controlled and monitored. It takes advantage of a variety of Computer Numerical Controlled (CNC) machine tools and industrial robotic applications to operate effectively and achieves operational efficiency by employing logical programming commands with a PLC controller and automative technologies to power equipment and machinery which creates an automated process (E.A.M Inc, 2020). An example of the computer-controlled devices that may be used is a proximity sensor, to detect the presence of a part being produced along the manufacturing line.
Historically, the first use of programmable automation was introduced in 1968 by Richard Morley and Dr Odo Struger who were the main innovators within the Modicom brand. They created the Modicon 084 which was made up of thousands of relays to operate similarly to a small computer which could perform many operations in a fraction of the time to previous inventions (Peterson, 2022). The use of programmable automation highly consists of using a PLC, such as the Modicon 084. The PLC was originally needed to have 16 inputs, 16 outputs, and 1 kilobyte of memory; all these features were intended to be upgradeable. Early in the 1970s, the well-known brand Allen-Bradley made its debut in the PLC industry, shortly after the Modicon PLC brand was established. The PLC term and acronym were made popular by the Allen-Bradley corporation. Formerly, it had been referred to as a "Programmable Controller". (Peterson, 2022). One of the first industries to utilise the use of a PLC within programmable automation was the automotive industry as they were smaller, faster and had an increased reliability than the predecessors that were in place. This is since the Modicon 084 could efficiently store and carry out programs which allowed for the completion of difficult tasks without requiring manual intervention (Turner, 2023).
An important factor for the invention of this method of automation is its ability to be reprogrammed and reconfigured effortlessly. This ensures it is adaptable to new processes or new equipment, which reduces the downtime of a business and increases productivity (Turner, 2023). Currently, PLCs have become a vital tool for programmable automation manufacturing as they deliver a reliable and efficient method to control machines and processes. In addition, the use of PLCs is to control a range of electro-mechanical processes in manufacturing facilities and automation environments, including temperature and pressure to motion and robotics (Turner, 2023).
Finally, for programmable automation there are multiple advantages. The first being that it has an increased flexibility compared to fixed automation, which allows for various designs to be implemented to specific products if required as it can facilitate changeovers (Weyers, 2023).  It is much easier to program than flexible automation to produce a product on a manufacturing line. A further advantage is that programmable automation is suitable for batch production of a product which lowers the cost of production over a long period of time (Weyers, 2023). However, the disadvantages of this means that there is a high initial startup cost as there is an increase in complexity of machines. Furthermore, due to its increase in complexity there is fewer units manufactured with a single cycle of production (Weyers, 2023). Lastly, there is an element of ineffective, time consuming changeovers during equipment reprogramming or production equipment changes (Weyers, 2023).

[bookmark: _Toc160982969]Flexible Automation and its History

Lastly, Flexible automation is a type of manufacturing automation that utilises the versatility of tools and systems. Flexible automation is where the tool, such as a robot arm, or systems used in manufacturing a product can change its role to quickly shift from one task to another (E.A.M Inc, 2022). This is enabled to take place by using a command exchange to an altering line of code or a controller which allows a robot arm or another form of automation tool to switch from one type of operation to another, capacitating smart manufacturing facilities to quickly adjust when required (E.A.M Inc, 2022). It is essentially a type of artificial intelligence, and given the technology at present day, it may even be able to react automatically when presented with visual stimuli or answer to spoken orders. Flexible automation offers industries countless opportunities (E.A.M Inc, 2022). This allows for a tool to be much more versatile which reduces the cost for industries to some extent as fewer tools are required to carry out identical tasks of the roles of many tools, hence, the title flexible automation.
Historically, one of the initial flexible automation strategies was created in 1965 by a tool company called the Sundstrand Corporation (Stecke and Parker, 2022, pp.213-217).  Sundstrand Corporation first established in 1905 and was originally called Rockford tool company in Rockford Illinois by an inventor and machinist by the name of Levin Faust. This tool company later became Sundstrand Corporations and optimised manufacturing using flexible automation (Sundstrand Corporation -- Company History, n.d). Sundstrand Corporation  carries out flexible automation by a method of using eight numeric control (NC) machines in addition to a computer operated roller conveyor. Although flexibility in this system was low and was not as versatile as current manufacturing lines, it demonstrates that the beginning of flexible automation where part programs for multiple part types could now be loaded quickly into local microprocessors and production could transition between a variety of part kinds without substantial setup time. To support this process, relay switches were used to accomplish the automated movement required (Stecke and Parker, 2022, pp.213-217). 
In addition, the motives for the use of flexible automation are essential for businesses to maintain growth, ensure a variety of products are available across their lines, and reduce the downtime brought on by product changes (The Drivers of Flexible Automation | Valin, 2017). The machine operator combines mechanical and recipe control to smoothly switch between processes at the push of a button. This enables suppliers to create a greater range of goods using a single machine that may change to meet the needs of the upcoming product generation (The Drivers of Flexible Automation | Valin, 2017). Electromechanical automation is used by flexible equipment to achieve positional control, enabling rapid and reproducible process changeovers. This reduces downtime and permits an extensive range of items to pass through the line (The Drivers of Flexible Automation | Valin, 2017).
For this method of automation there are many advantages and disadvantages. One advantage is that due to the range in numerous products a flexible automative machine can produce, industries can obtain a diversified portfolio allowing manufacturing lines to be expanded to adapt their output to market demands (Wardrup, 2021). Another advantage is that there are fewer machines that are required to carry out identical tasks of the roles of many automative machines, this enables businesses to have a reduced operational cost as there is a decreased downtime for each sector due to lower maintenance requirements. The next advantage is that tasks which are increasingly dangerous to other tasks in a company can be delegated to a machine, for example, chemical processing plants can vastly benefit as automation can remove human workers from high levels of risk, increasing the safety of product production (QodeNext, 2023). However, the main disadvantage of flexible automation is that there is a high initial investment for a business, as introducing complex, custom automation machinery into a manufacturing line requires a significant upfront cost for equipment, setup, and training (QodeNext, 2023). Additionally, the use of a flexible automated system can induce a vast number of job losses into a company, particularly in industries which are labour intensive (QodeNext, 2023). Furthermore, due to the equipment being versatile this is increased as numerous tasks can be occupied by a single instrument. 
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The use of flexible automation within an industry such as the flat-pack furniture industry is beneficial to both the business and consumers. The implementation of flexible automation into a furniture manufacturing business, can be carried out by applying more automative technology to reduce its reliance on manual labour. The industry is gradually adopting more low-cost automation technologies, such as the usage of hydraulic and pneumatic tools, which will undoubtedly help to increase the rate of production and productivity (Ratnasingam, 2022). Flexible manufacturing procedures allow custom automation equipment to be applied by low-volume and high-mix businesses with minimal financial impact. In addition to making small batches of products more affordable to make, these methods and the technology that underlies them enable manufacturers to respond quickly to changes in the market, new orders, or even design alterations. Automation can be employed in the packing process in addition to the product manufacturing process, due to this flexibility (E.A.M Inc, 2022).
 An example of a corporation that uses this method is IKEA. As of 2021 an IKEA branch located in Los Angeles implemented a new automation system which automates packing and racking of products high in demand (INGKA, 2021). Doing this ensured that most human operated forklifts have been eliminated by the automation process, which started at the supplier and ended at the consumer. More items can be maintained in stock thanks to the upgraded racking system (see figure 3), which helps handle higher volumes and customer demands (INGKA, 2021). This process leads to a shorter delivery time and a better stock availability as the store obtains an increased fulfilment capacity (INGKA, 2021).



[image: ]Figure 3- INGKA (2021), New Automation System Dramatically Improves Customer Delivery Times. Available at New automation system dramatically improves customer delivery times | Ingka Group
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