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1.0 [bookmark: _Toc164626187]Introduction
[bookmark: _Toc163495745][bookmark: _Toc164626188]1.1 Automation Background
The increase in use of automated manufacturing can be traced back to the late 18th and early 19th centuries, due to the introduction of mechanical production processes powered by both water and steam engines in the textile industry. This period laid the foundations for the automation of tasks that were previously performed manually. However, the modern concept of automated manufacturing emerged during the mid-20th century, with the introduction of computer controlled systems and robotics due to advancements in technology. 

One significant milestone in the history of automated manufacturing is the development of computer numerical control or otherwise known as ‘CNC’ machines in the 1950’s. These machines created automated machining processes with the use of computer controlled systems, creating precision and efficiency in production of complex parts. The 1960’s saw a widespread adoption of programmable logic controllers, which are known as ‘PLC’s’. The increased use of PLC’s resulted in the automation of sequential control logic, allowing the control of machinery in industrial settings. Progressing into the 1970’s, the integration of robotics into manufacturing processes began to occur, the industrial robots can be equipped with sensors and programmed to perform various tasks. 

While the concept of automated manufacturing has been around for centuries, the mid-20th century has seen a rapid development, which has shaped modern industrial production. Automated manufacturing can be defined with three categories: fixed, programmable, and flexible automated manufacturing. These three types of automation have advantages and disadvantages, which allow different businesses to adapt their favoured type to create competitive advantage.

















2.0 [bookmark: _Toc164626189]Fixed Automation
[bookmark: _Toc164626190]2.1 Historical Background
Fixed automation is a type of automation in which the processes of manufacturing are fixed by configuration, creating a fixed sequence of automated processes. Some of the earliest examples of fixed automation date back to the early 20th century, which saw Henry Ford revolutionise mass production of motor vehicles through a production line of fixed processes. Progressing into the mid-20th century, fixed automation was adopted by numerous industries and developed using new technologies such as electronic controls to regulate different conditions. This type of automation is also known as ‘hard automation’, which refers to the use of specialised equipment to execute a specific set of tasks. Fixed automation was designed and optimised for precise functions, to reduce human intervention and achieve consistent output.

2.2 [bookmark: _Toc164626191]Advantages & Disadvantages
One of the most notable advantages of fixed automation is the ability to generate mass production levels with great efficiency. This helps lead to a reduction in cost per unit, therefore making fixed automation more favourable to businesses who require high production output. As a result of high production levels, manufacturing processes can be refined and allow more consistent quality. Due to the businesses who utilise this type of automation requiring high output levels, there is also less room for error. One source also highlights the reduced maintenance requirements of fixed automation systems, “Fixed automation systems are designed for durability and rarely fail, resulting in decreased downtime. This reliability means they require less maintenance compared to other types of automation systems, improving workplace safety.” (Midence, C. (2024)).

The greatest limitation of fixed automation is the lack of flexibility in the manufacturing process, as the systems cannot adapt to new product cycles quickly and without significant investment. Therefore, this type of automation is less suitable to businesses with short product life cycles and or frequent production level fluctuations. In addition, there is a high initial cost to set up a fixed automated process which requires upfront investment. Subsequently, fixed automation is not suitable for low quantity production as it may not be considered economical unless utilised for extensive production runs. As a result of the set up for mass production using fixed automation, this creates a greater risk to the cash flow of a business if the demand does not match the supply of the product. If the product becomes obsolete or sales drop below the supply quantity, this could cause the business significant financial issues and can only be resolved through significant investment in changes to the fixed automated system.

2.3 [bookmark: _Toc164626192]Industrial Use
An example of the use of fixed automation is a transfer line, this is a system which consists of a sequence of predetermined machines. This can be utilised in the automotive industry for machining the mass production body in white panels, which may consist of common machined holes or cut sections. Fixed automation is best suited to this application as it can help create an efficient and accurate product at a low unit cost, which is important for the OEM’s such as Ford and Volkswagen to create mass production of their vehicles. Although the set up cost of a transfer line may be significant, businesses can benefit from a reduction in scrap and rework as a result of a streamlined processes with minimal error.
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(Figure 1 – Diagram to show example of fixed automation transfer line (Tomíček, J. (2014))

Machining transfer lines are common in the automotive industry, where different machining operations are performed in a sequence as demonstrated by ‘Figure 1’. Each station within this line performs a specific task, the product is then automatically transferred from one station to the next. This automated process ensures a high speed production rate with consistent quality output.





















3.0 [bookmark: _Toc164626193]Programmable Automation
[bookmark: _Toc164626194]3.1 Historical Background
Programmable automation refers to a form of manufacturing in which processes or systems are controlled and coordinated through controls such as computer numerical control (CNC) or programmable logic controllers (PLC). In contrast to fixed automation, programmable automation offers flexibility as processes can be modified through the use of software programming. Programmable automation grew in popularity during the mid-20th century with the development of numerical control or ‘NC’ machinery, numerical control utilised punched cards or magnetic tapes to control the movement of lathes and milling machines. The 1960’s saw the introduction of computer numerical control or ‘CNC’ machinery, this machinery could be programmed by a computer system to execute a sequence of operations automatically. This created greater flexibility and ease of reprogramming, when compared to ‘NC’ machinery. Progressing into the early 1970’s, the invention of programmable logic controllers or ‘PLCs’ revolutionised industrial automation. ‘PLCs’ were used to replace complex relay-based control systems, offering a system that could be easily programmed and modified if required.

[bookmark: _Toc164626195]3.2 Advantages & Disadvantages
The main advantage of the use of programmable automation is the flexibility of the systems, as the machinery can be reprogrammed accordingly when the user demands to carry out different tasks and processes. As one source describes that this is financially beneficial to a business too, “With programmable automation, it’s possible to switch from one product to another without incurring high costs. This is particularly useful in industries where product life cycles are short and frequent changes in product design are necessary” (Bonilla, M. (2024)). With the consideration of flexibility, programmable automation can be used effectively in the application of batch production. The machinery can be programmed appropriately for a small batch of products and then reprogrammed to create a different or improved variant of product. In addition to this, the use of PLCs and CNC machinery can allow businesses to create and produce design changes to their products with efficiency due to the flexibility of the system. 

On the other hand, one limitation of programmable automation is the high investment costs involved in purchasing and setting up the equipment. Due to this high set up cost, it may take a prolonged period of time before a business creates a profit with the use of a PLC or CNC based system. As well as the high cost involved in the setup of the systems, programmable automated systems also require technical expertise to ensure that they are programmed effectively and efficiently. This requirement of technical expertise can also increase the cost of manufacture, as well as creating a risk of the downtime if the correct individuals with technical expertise on the system are not present. 
When compared to the fixed automation systems, a programmable automated system may create a lower production volume as they typically carry out multiple tasks as an alternative to a singular repetitive task. Therefore, programmable systems may not be considered suitable for businesses who require a high production volume, to maintain supply with increased demand.

3.3 [bookmark: _Toc164626196]Industrial Use
Programmable automation finds extensive industrial use across various sectors due to its flexibility, efficiency, and adaptability. One example of the use of programmable automation are computer numerical control systems, which can be programmed to perform precise machining tasks such as milling, drilling, and turning. 
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(Figure 2 – Block diagram to demonstrate CNC configuration (Shen, B. (2023))

The use of a ‘CNC’ in an automated system is demonstrated by ‘Figure 2’, this type of system uses ‘G’ and ‘M’ codes to command the machine and are often generated with the use of CAD models. The machine control unit or ‘MCU’ acts as the brain of the CNC machine, generating glide paths and tool movements. From these commands, the machine tool then performs the manufacturing processes accordingly. A feedback loop is utilised in the system to generate information for the user to reprogramme if an error is identified, demonstrating the flexibility of the system. This feedback is communicated to the user via the display unit, this unit can also be utilised by the user to adjust parameters and make changes to production. There are many different types of CNC machinery, such as milling machines, CNC routers and lathes, creating suitability to a range of different sectors of manufacturing engineering. Industries such as aerospace and medical manufacturing utilise CNC machinery as they are cost effective, one operator can run and maintain several machines at one time. 













4.0 [bookmark: _Toc164626197]Flexible Automation
[bookmark: _Toc164626198]4.1 Historical Background
To produce multiple different parts with the use of a single system, manufacturing companies utilise flexible automation. This type of automation is connected to a network from which engineers can upload programs to manipulate robot cells and machinery, this can also be carried out remotely. Whereas programmable automation focuses on precise control and repeatability, flexible automation offers adaptability and versatility. Flexible automation began to emerge in the manufacturing industry during the late 1960s, but popularity increased dramatically in the late 1970s with the development of flexible manufacturing systems (FMS). FMS allowed the integration of computer controlled machinery and computer aided software into a unified system, which resulted in the creation of automated production with minimal setup time and cost. Within a flexible automation system, various different control systems to manage and coordinate machinery. Some examples of these systems are PLC, CNC and DCS, the favoured system of a manufacturer will depend on the type of product and machinery at hand.
Top of Form

[bookmark: _Toc164626199]4.2 Advantages & Disadvantages
Flexible automation offers many benefits such as versatility, giving manufacturers the ability to offer a wide range of products through multiple process methods. This allows businesses to diversify their product range, through the programming of their systems to carry out different manufacturing processes. The flexible system can be reconfigured with ease to accommodate changes in production setups, configurations, or product specifications. As a result, a manufacturer can quickly respond to changes in market demands and customer preferences. Flexible automation systems also integrate multiple technologies, with the use of robotics, CNC machining and material handling applications in an interconnected system. Another benefit of this automation type is the flexibility in production volumes, as flexible automated systems can fluctuate between different speeds and change the production rates according to demand.

Similar to the issues associated with programmable automation, a significant initial investment is required to set up a flexible automation system. An upfront investment would cover the requirement of equipment, software and infrastructure but could be considered prohibitive for small to medium sized manufacturers. In addition to the high cost of setup, the use of complex hardware and software creates a dependency on technology to maintain production levels and meet demand. Any disruptions or failures in the infrastructure of the system could result in the poor performance of the automated system and could lead to customers becoming dissatisfied. While flexible automation systems offer versatility and adaptability, they may have limitations in terms of customisation. Some manufacturers may encounter challenges in finding opportunities to tailer automated solutions to their specific requirements, particularly those who produce niche or specialised items. As well as this, the widespread adoption of flexible automated systems could lead to mass workforce displacement as certain jobs become automated. 


[bookmark: _Toc164626200]4.3 Industrial Use
Within the automotive industry, flexible automation is commonly used for robot cells. This is demonstrated by the block diagram in ‘Figure 3’, the PLC within this program will dictate the positioning and coordination of the robot arm to allow the system to carry out specific manufacturing processes.
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(Figure 3 – Block diagram to demonstrate PLC configuration for industrial aisle robot system (Közkurt, C. (2011))

Another example of the implementation of flexible automation is within the flat-pack furniture industry, the versatility of the system allows a business to reprogram the machinery to carry out many different types of furniture and associated products. Automated woodwork machinery, CNC routers and robotic systems can aid the fabrication of furniture with various designs and dimensions. In addition, the systems can also be programmed to work with different materials, depending on the type of furniture that the customer may demand. The use of flexible automation in the flat-pack furniture industry allows manufacturers to meet unique needs and preferences of their customers, as well as streamlining manufacturing processes and reducing lead times.

One of particular manufacturer within the flat-pack furniture industry, ‘Svedplan’, has invested in the introduction of a flexible automated system for the packaging of their products. An online source describes the requirement for this system in the ‘Svedplan’ production facility, “As demand and production grew, it knew that automation was the natural development in the production process. Robotic systems have been involved in loading and unloading production lines, together with automated processes for drilling holes. But packaging the various components was still largely a slow and costly manual activity.” (Manufacturing Automation (2019)). This source also mentions the benefits that the manufacturer experienced as a result of the introduction of the automated system, “The investment has made an impact on the production line: production has increased by an impressive 45 percent with a return on investment estimated at just two to three years.” (Manufacturing Automation (2019)). This highlights the importance of the use of flexible automation in this industry, manufacturers such as ‘Svedplan’ must invest in systems that will allow them to reduce handling costs and increase production to improve their flow of revenue.
5.0 [bookmark: _Toc164626201]Executive Summary
[bookmark: _Toc164626202]5.1 Summary of Automation
In summary, all types of automation can benefit manufacturers depending on their specific requirements, constraints, and objectives of the manufacturing operation. Fixed automation systems are specialised and optimised for high volume production of standardised product; the systems perform a repetitive task of process with extreme accuracy. However, they are inflexible and lack adaptability for the introduction of new products and design changes, this makes the fixed automated systems less suitable for dynamic or diverse types of manufacturing. On the other hand, programmable automation offers flexibility and adaptability, allowing for fast changes in production setups and configurations. It is suitable for applications in which, consistency and reliability are essential, with the use of PLCs. But these programmable systems have limitations in adaptability when compared with flexible automation. With the use of multiple technologies, flexible automation allows the manufacturer to create changes to the production setup and the design of the production with efficiency. Therefore, these types of systems create an opportunity for a manufacturer to expand their product line or change production processes quickly to meet the demand of the customer. Flexible automation is suitable for dynamic manufacturing environments, where responsiveness to meet market demands and production flexibility are essential. Overall, automation is essential in modern manufacturing to remain competitive and sustainable as global industries become increasingly complex. By investing in automation, manufacturers can embrace new opportunities to innovate and succeed.
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