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5.1 Introduction 

Manufacturing has been adapting to innovative technology for hundreds of years. Every century brings new and more efficient ways of carrying out the same tasks due to leaps in technology and equipment over the years. The word "manufacturing" first appeared in the English language around 1567, when most manufacturing was done by hand in small shops and goods were relatively simple compared to modern-day products. Since then, manufacturing has adapted to a much larger scale, with factories employing a large workforce in a centralized location. Companies strive to make their factories increasingly efficient due to the cost benefits. As products became more complex, companies took the first steps toward adapting to a production setting where processes within the factories were confined to specific personnel. These systems were the starting points of how modern-day production is set up, with the most efficient factories achieving the highest levels of productivity and success.
This report will focus on how, over the last 80 years, manufacturing has pursued various forms of automation within factories. Automation is a process that uses technology to carry out tasks with minimal human intervention.













5.2 Automation

Automation involves the use of machines, computers, software, and other tools to perform repetitive, time-consuming, or complex tasks. Automation can help businesses to improve efficiency, reduce costs, increase productivity, and minimise errors if carried out correctly.
There are several types of automation, including:
1. Robotic Process Automation (RPA): RPA involves the use of software robots to automate routine and repetitive tasks, such as data entry, invoicing, and report generation.
2. Artificial Intelligence (AI) and Machine Learning (ML): AI and ML technologies can be used to automate tasks that require decision-making, problem-solving, and pattern recognition.
3. Industrial Automation: This involves the use of machines and equipment to automate manufacturing processes, such as assembly lines, packaging, and quality control.
4. Business Process Automation (BPA): BPA involves the use of software to automate business processes, such as inventory management, customer service, and HR functions.
 (
Figure 
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(Pestoni, 2022)
)Where automation has its advantages, it can however lead to job losses and other unintended consequences, so it is important to carefully consider the potential impact of automation before implementing it. Manufacturing automation has revolutionized the way products are made, and it offers several advantages over traditional manufacturing methods. Figure 1 shows a fully automated modern production line that many factories have adopted. There are several types of manufacturing automation, and each has its own set of advantages and disadvantages. 
The three recognised types of manufacturing automation are fixed automation, programmable automation, and flexible automation (Kusiak, 2013). Fixed automation is a system that is designed to perform a specific task over and over with a set sequence of operations. It is typically used for high-volume production of a standardised product. The equipment and machinery are often designed specifically for the task at hand and are not easily reprogrammable. Programmable automation uses machines that are designed to be easily reprogrammed to perform different tasks. This type of automation is commonly used in flexible manufacturing systems where the production runs are shorter, and the products are more varied. This would suit  (
Figure 
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(Miller, 2017)
)smaller businesses that have a verity of various products that are made every day. These different programmes generated can then be saved to be used again if the product reoccurs. Flexible automation is a system that is designed to be highly adaptable to changing production needs. It typically uses a combination of programmable machines and robots that can be easily reprogrammed and reconfigured to perform different tasks.  This type of automation is commonly used in industries where there is an elevated level of customisation and low volume production (Kusiak,2013). Figure 2 shows a breakdown of the evolution of automation through the years. 
According to Groover (2018), these three types of automation come with their pros and cons. Fixed automation is characterized by high production rates, low labour requirements, and a low cost per unit, but it has limited flexibility and is difficult to modify for various products. If changes to these systems are very costly and often present their own problems once implemented. Programmable automation is highly flexible and easily reprogrammable for various products, but it requires a higher initial investment than fixed automation and has longer setup times for product changeovers. Flexible automation is highly adaptable to changing production needs, can handle both high and low volume production runs, and has reduced labour requirements, but it has a higher initial investment and may require more maintenance due to the use of robotics and programmable equipment. 
Overall, manufacturing automation has several advantages over traditional manufacturing methods, including increased efficiency, consistency, and quality control. However, it also comes with certain disadvantages, such as excessive costs, specialised technical knowledge requirements, and potential job losses. The best approach is to carefully consider the specific needs of a manufacturing process and choose the most appropriate type of automation to achieve the desired results.
5.3 History of manufacturing automation
The history of manufacturing automation can be traced back to the Industrial Revolution, which saw the invention of machines such as the spinning jenny and power loom (Friedman, 2006). However, the history of manufacturing automation can be divided into three main periods.
The first wave of automation began in the 1890s and lasted until the 1950s. This period was characterized by the introduction of fixed automation, which was used to improve the efficiency and productivity of mass production in the automotive industry. The assembly line, first introduced by Henry Ford in 1913, is a prime example of fixed automation (Nof, 1999).
Manufacturing automation has undergone significant transformations since World War II. The adoption of automation technology in the post-war era was driven by the need for increased productivity, efficiency, and competitiveness. 
 (
Figure 
3
 1940 Tin paint Manufacturing
)The first generation of automation technology emerged after World War II, characterized by the use of electrical and electronic devices, such as relays and switches, to control machines. The development of numerical control (NC) in the 1950s marked a significant breakthrough in the automation of machine tools. NC enabled machines to perform complex operations accurately and repeatedly, resulting in increased productivity and reduced labour costs (Lee, 2005). The photo shows a machine manufacturing tin can paint containers. At this point these machines could carry out very simple tasks such as movement of products or forming. Figure 3 shows a simple production line of tin cans being manufactured, automation in this instance is only being used to move the product from place to place. 
According to Lee (2005), electrical and electronic devices such as relays and switches were used to control machines in the first generation of automation, while numerical control (NC) technology allowed for the automatic control of machine tools.
Lee (2005) also notes that in NC technology, the programme contained instructions for the machine to follow in order to produce the desired shape or part, and process variables included factors such as the speed and direction of the machine's movements, the depth and width of the cuts, and the feed rate of the cutting tool.
 (
Figure 
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General Motors assembly line, Youngstown, Ohio, ca. 1972
 
(
Carpo
, n.d.)
) The second generation of automation technology saw the emergence of computer numerical control (CNC) between 1960s and 2000s, which replaced the mechanical devices of the first generation. This was a massive leap in technology as programmes could be written to carry out most tasks if programmed correctly. Figure 4 shows the General Motors production line in 1972 where robotic NC machines are being used to conduct the assembly process. This period was characterized by the introduction of programmable automation, which was used in the aerospace and electronics industries for manufacturing aircraft parts and printed circuit boards. The development of programmable logic controllers (PLCs) and computer numerical control (CNC) systems facilitated the automation of manufacturing processes that required more flexibility (Nof, 1999) 
CNC technology enabled the automation of a wider range of manufacturing processes, including milling, turning, and drilling. It also allowed for greater precision and flexibility in manufacturing, as well as the ability to produce complex shapes and parts (Hanschke, 2016).
Hanschke (2016) explains that computer numerical control (CNC) technology replaced the mechanical devices of the first generation, enabling greater control and flexibility in manufacturing processes.
According to Hanschke (2016), CNC technology allowed for greater precision and flexibility in manufacturing, as well as the ability to produce complex shapes and parts. Process variables included factors such as the speed and direction of the machine's movements, the depth and width of the cuts, and the feed rate of the cutting tool. CNC machines could also adjust these variables automatically based on the material being machined.
 (
Figure 
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(Doty, 2021)
)The third generation of automation technology comes after the 1980s and this saw the integration of computers and automation systems, resulting in the emergence of flexible manufacturing systems (FMS). FMS were designed to enable rapid changeovers between products, reduce downtime, and improve efficiency. They also enabled real-time monitoring of production processes, allowing for quick adjustments and better-quality control (Mokhtar, 2005). Factories all round the world adopted CNC machines such as the CNC forming machine in figure 5 due to their precision and efficiency. 
Mokhtar (2005) explains that flexible manufacturing systems (FMS) were designed to enable rapid changeovers between products, reduce downtime, and improve efficiency, and were controlled by computers that coordinated the various machines and processes.
According to Mokhtar (2005), FMS allowed for real-time monitoring of production processes, allowing for quick adjustments and better-quality control. Process variables included factors such as the material being processed, the desired product specifications, and the production schedule. FMS could adjust the process variables automatically based on real-time data from sensors and other sources.
The fourth generation of automation technology is characterised by the integration of information technology, communication, and robotics. It includes advanced robotics, machine vision systems, and the Internet of Things (IoT), among other technologies. This has resulted in the emergence of Industry 4.0, which emphasizes the interconnectedness of machines, systems, and people in the manufacturing process (Kagermann et al., 2013).
 (
Figure 
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(
Manthey
, 2020)
)The fourth generation of automation is often referred to as Industry 4.0, and it is characterized by the integration of advanced technologies such as the Internet of Things (IoT), artificial intelligence (AI), and big data analytics into the manufacturing process (Lu, Xu, & Zhang, 2020). Control systems in Industry 4.0 include cyber-physical systems (CPS) that integrate the physical and virtual aspects of the manufacturing process, cloud computing to store and process substantial amounts of data, and AI algorithms to optimise the process and predict equipment failures (Lu et al., 2020). The process variables in Industry 4.0 include real-time monitoring of the manufacturing process to allow for quick adjustments to variables such as machine speed, temperature, and pressure, IoT sensors to collect data on every aspect of the process, and big data analytics to analyse the data collected by IoT sensors for continuous improvement of the process and product quality (Lu et al., 2020). This can be seen in figure 6 where nearly 100% of the whole assembly line within Tesla’s new factories are carried out using automation. This provides the business with the precision and the speed to manufacture full automotive assemblies quicker than ever before. 
In conclusion, the history of manufacturing automation since World War II has seen significant technological advancements that have transformed the manufacturing industry. From the early days of electrical and electronic devices to the current era of Industry 4.0, automation technology has enabled increased productivity, efficiency, and competitiveness in manufacturing.

5.4 Automation Within a Flat Packed Furniture Company 

 (
Figure 
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F
urnature
 Production Line
)Flexible automation can be appropriately employed for a company that produces flat-packed furniture by implementing a combination of hardware and software solutions that enable the company to manufacture products while remaining agile and adaptable to changing customer needs quickly and efficiently (Frazzon & Maculan, 2006). According to Raja and Goyal (2015), CNC machines can perform a variety of tasks such as cutting, drilling, and routing, with high accuracy and speed. The machines can also be programmed to produce unique designs and dimensions, allowing for a greater variety of products to be manufactured. Robotic automation can be used to automate tasks such as picking and placing materials and components, as well as assembly and packaging, as suggested by Zolfaghari and Kanani (2018).  Figure 7 shows a furniture business in China where you can see the amount of CNC machinery being utilised for a verity of different tasks as detailed above. 
Automated material handling systems, such as using robots to transport flat-packed furniture components to and from assembly stations, can be used to reduce the amount of manual labour required and increase production efficiency (Fasihi & Shafaat, 2014). Robotic assembly can also speed up the production process by performing repetitive and time-consuming tasks such as drilling holes or inserting screws, which is especially useful for flat-packed furniture production, as the assembly process often involves repetitive tasks (Zolfaghari & Kanani, 2018). Figure 8 shows robotic arms being utilised for the relocation of flat packed parts within the assembly line. This can be utilised to relocate the parts either onto another machine carrying out a separate task or relocate onto a pallet ready for storage. 
In addition to hardware solutions, software solutions such as computer-aided design (CAD) can be used to design and test furniture prototypes quickly and accurately, allowing companies to quickly iterate on designs and make changes as needed, without the need for physical prototypes (Frazzon & Maculan, 2006). Automated inventory management systems can also be used to track the movement of materials and products throughout the production process, helping companies optimise their supply chain and reduce waste by ensuring that the right materials are in the right place at the right time (Fasihi & Shafaat, 2014). 
 (
Figure 
8
 Robotic Arm Designed 
to
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)Machine learning algorithms can be used to analyse production data and identify areas where improvements can be made, such as predicting which components are likely to be needed in the near future, allowing companies to order and stockpile them in advance (Zolfaghari & Kanani, 2018). By implementing these and other flexible automation solutions, a company that produces flat-packed furniture can improve its production efficiency, reduce costs, and remain competitive in an increasingly crowded market (Frazzon & Maculan, 2006; Raja & Goyal, 2015; Zolfaghari & Kanani, 2018).
Flexible automation is often considered the most appropriate type of automation for the furniture industry due to the variety and customisation of furniture products (Frazzon & Maculan, 2006). Flat-packed furniture products usually require different processes for assembly, such as cutting, drilling, and joining, and therefore require a flexible automation system that can handle different processes and accommodate changes in production. With flexible automation, machines can be reprogrammed or reconfigured to handle different products or product variations without the need for major hardware changes or downtime (Fasihi & Shafaat, 2014). This allows furniture manufacturers to quickly adapt to changing customer demands or production needs, without the need for significant investment in new equipment or retooling.
Flexible automation can also help reduce the costs associated with labour, as it can perform repetitive or dangerous tasks that may be difficult or unsafe for workers. This helps to ensure a safe and efficient production process, while also improving product quality and consistency (Raja & Goyal, 2015). In summary, flexible automation is the most appropriate type of automation for the furniture industry due to its ability to handle a variety of products and product variations, its flexibility to adapt to changing production needs, and its potential to improve efficiency and product quality while reducing labour costs (Fasihi & Shafaat, 2014)






















5.5 Glossary of Terms 

Automation: The use of machines, computers, software, and other tools to perform repetitive, time-consuming, or complex tasks.
Robotic Process Automation (RPA): The use of software robots to automate routine and repetitive tasks, such as data entry, invoicing, and report generation.
Artificial Intelligence (AI): The ability of machines to simulate human intelligence and perform tasks that require decision-making, problem-solving, and pattern recognition.
Machine Learning (ML): The ability of machines to learn and improve from experience without being explicitly programmed.
Industrial Automation: The use of machines and equipment to automate manufacturing processes, such as assembly lines, packaging, and quality control.
Business Process Automation (BPA): The use of software to automate business processes, such as inventory management, customer service, and HR functions.
Efficiency: The ability to do something in the most productive way possible with the least waste of time and effort.
Productivity: The measure of how much output is produced per unit of input.
Quality Control: The process of ensuring that a product or service meets the desired level of quality before it is delivered to the customer.
Assembly Line: A manufacturing process in which a product is assembled in a series of steps, with each step being performed by a different worker or machine.
Numerical Control (NC): A system that uses a program to control the movement of machine tools and equipment in a manufacturing process.









5.6 Bibliography

Fasihi, M., & Shafaat, M. (2014). Automated material handling system for lean manufacturing. Procedia CIRP, 17, 477-482. 
Frazzon, E. M., & Maculan, N. (2006). A flexible job shop scheduling problem with setup times and outsourcing. International Journal of Production Economics, 103(1), 441-449. 
Groover, M. P. (2018). Automation, Production Systems, and Computer-Integrated Manufacturing (4th ed.). Pearson.
Hanschke, I. (2016). From numerical control to Industry 4.0: A review of the development of manufacturing technologies and their role in the fourth industrial revolution. Journal of Industrial and Production Engineering, 33(1), 4-13.
Hanschke, I. (2016). Numerical control. In Handbook of Manufacturing Engineering and Technology (pp. 1-68). Springer.
Kagermann, H., Wahlster, W., & Helbig, J. (2013). Recommendations for implementing the strategic initiative INDUSTRIE 4.0: Final report of the Industrie 4.0 working group. Springer.
Lee, J. (2005). CNC machining centers: Historical development and current state-of-the-art. International Journal of Machine Tools and Manufacture, 45(3), 333-342.
Lee, J. (2005). Evolution of manufacturing automation. In Handbook of Industrial Automation (pp. 1-27). Springer.
Lu, Y., Xu, X., & Zhang, L. (2020). Industry 4.0: State of the art and future trends. International Journal of Production Research, 58(15), 4728-4746.
M. Fasihi and M. Shafaat, "Automated Material Handling System for Lean Manufacturing," Procedia CIRP, vol. 17, pp. 477-482, 2014. doi: 10.1016/j.procir.2014.01.082
Mokhtar, H. (2005). Flexible manufacturing systems. In Handbook of Industrial Automation (pp. 155-182). Springer.
Mokhtar, M. A. (2005). Flexible manufacturing system: An overview. Journal of Advanced Manufacturing Technology, 26(1-2), 7-22
O. Candace Faber, "CNC Machining: Advantages and Disadvantages," Industry Today, Jan. Marcin Żurek and Stanisław Legutko, "An analysis of selected costs of CNC machine tools," Archives of Civil and Mechanical Engineering, vol. 15, no. 4, 2015, pp. 1065-1074.
Raja, S. N., & Goyal, S. K. (2015). Application of automated guided vehicles in furniture manufacturing: A review. Journal of Manufacturing Technology Management, 26(1), 23-47. https://doi.org/10.1108/JMTM-10-2012-0111
Yifan Wang et al., "Cybersecurity of Industrial Control Systems in the Age of Industry 4.0," IEEE Access, vol. 6, 2018, pp. 12450-12459.
Zolfaghari, S., & Kanani, N. (2018). Automated guided vehicles in material handling: A comprehensive survey. International Journal of Production Research, 56(12), 4217-4239. 

Figures 
Pestoni, F. (2022). Council Post: A Farm Of Robots: How Do We Define A Collection Of Modern, Smart Devices? Forbes. https://www.forbes.com/sites/forbestechcouncil/2022/10/12/a-farm-of-robots-how-do-we-define-a-collection-of-modern-smart-devices/?sh=4400b5542e58 
Miller, J. (2017). The Drivers of Flexible Automation | Valin. www.valin.com. https://www.valin.com/resources/articles/drivers-of-flexible-automation 
Carpo, M. (n.d.). MARIO CARPO ON ROBOTIC CONSTRUCTION. www.artforum.com. https://www.artforum.com/print/202003/mario-carpo-on-robotic-construction-82219.
Doty, C. (2021). A New Era of Automation in Manufacturing. RapidMiner. Available at: https://rapidminer.com/blog/automation-in-manufacturing/.
Manthey, N.M. (2020). Gigafactory 4: Tesla applies for state funding in Germany - electrive.com. [online] https://www.electrive.com/. https://www.electrive.com/2020/02/10/gigafactory-4-tesla-applies-for-state-funding-in-germany





































image2.png




image3.jpeg




image4.jpeg
THE EVOLUTION OF AUTOMATION

Fixed
Automation

Inflexible-no ability
to change product
o process

Manual Changeover/
Programmable
Automation

>

Abilty to chan
Iabor intensive with
significant downtime

Fully Flexible
Automation

Quick/seamiess
conversion between
product/process




image5.png




image6.jpeg




image7.jpeg




image8.jpeg




image9.jpeg




image10.jpeg
rmmllllllmmt

mum; I
ol l‘}mﬂm = 1!!!”!!”%5&” il
) e gl U Vil

&





image1.png




