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This report contains academic research on the use of automation in manufacturing. Various topics, including the three types of automation—fixed, programmable, and flexible—were discussed, and the advantages and disadvantages were discovered. The report also provides a brief history and chronology.
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Manufacturing automation refers to using control systems & technology together with electromechanical equipment to automate manufacturing processes or systems (bihler, 2022). These technologies are used to perform functions traditionally conducted by manual operation, thus improving efficiency, productivity, and consistency in manufacturing processes (deskera, 2024). Manufacturing automation encompasses a wide range of technologies, including sensors, conveyors, computer numerical control machines (CNC), programmable logic controllers (PLCs), industrial robots, and artificial intelligence (AI) (wevolver, 2024) (nevatio, 2022).
Manufacturing automation can be used in various industries, including automotive, electronics, aerospace, pharmaceuticals, food and beverage, and consumer goods (Conger, 2024). In the automation industry, robots perform tasks such as body assembly, welding, machining, painting, final assembly, material handling, packaging, and inspection/quality control. Food and beverage industries can significantly benefit from the applications of tasks such as filling, packing, labelling, coding, and material handling (wevolver, 2024).
Automation, Industry 4.0, and connected solutions have become increasingly prevalent as the manufacturing industry strives for greater efficiency. Manufacturers are adopting these modern technologies to enhance precision, reduce costs, and optimise manufacturing processes (Finch, 2022).

[bookmark: _Toc164621352]History
[bookmark: _Toc164621353]The Industrial Revolution - Late 18th to Early 19th Century
The first automated manufacturing emerged in the late 18th and early 19th centuries during the Industrial Revolution. During the Industrial Revolution era, the production of goods was conducted through manual labour, where skilled craftspeople used basic tools and techniques to create products (deskera, 2024).
The Industrial Revolution introduced water-powered mills and steam engines, enabling mass production. (Walker, 2021). The introduction of innovative equipment such as the spinning jenny in 1764 (Figure 1), the power loom in 1765 (Figure 2), and the cotton gin further increased manufacturing efficiency (historycrunch, 2019), leading to the rise of textile mills and the mechanisation of other industries.
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[bookmark: _Toc164621128]Figure 1 - Spinning Jenny
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[bookmark: _Toc164621129]Figure 2 - The Power Loom
[bookmark: _Toc164621354]The Assembly Line - Early 20th Century
Henry Ford introduced the electric assembly line at the Ford Motor Company in 1913, revolutionising the automobile manufacturing industry by enabling the mass production of cars. This innovation allowed the vehicle to be transported through the plant with the use of conveyor systems and assembled in a sequence of pre-planned steps; with each worker responsible for a specific task, this planning and automated step sequence allowed the vehicle to be assembled in ninety minutes resulting in significant improvements in efficiency and cost reduction (Ford, 2024).
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[bookmark: _Toc164621130]Figure 3 - Model A Assembly (Ford, 2024)


[bookmark: _Toc164621355]Computer Numerical Control – 1940 to 1960
The first numerical control machine was introduced in 1949 when John T. Parsons and Frank L. Stulen developed a machine to produce helicopter blades precisely and repeatedly. The initial technological breakthrough paved the way for creating the first CNC machines. (Ye, 2024) (rapiddirect, 2024). Numerical control uses data in the form of numbers, letters, words, symbols, or a combination to automate the control of machine tools (Tools, 2019).
In 1952, Richard Kegg worked alongside MIT to build the first CNC milling machine, the “Cincinnati Milacron Hydrotel”. In 1958, a patent for a “Motor Controlled Apparatus for Positioning Machine Tool” was filed by Richard Kegg (rapiddirect, 2024). This innovation marked a significant milestone in the history of automated manufacturing and laid the foundation for modern-day computer numerical control (CNC) machining (prototechasia, 2024).
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[bookmark: _Toc164621131]Figure 4 - Patent Diagram of Positioning Machine Tool (Tools, 2019)
[bookmark: _Toc164621356]Programmable Logic Controllers – 1970 to 1980
The development of electronic and computer technology paved the way for greater automation in manufacturing with the invention of programmable controllers. This enabled computer programs to control machines, automating repetitive and complex tasks (firgelliauto, 2024). Electronic and computer technology allowed for greater automation in manufacturing through programmable controllers that enabled computer programs to control machines and processes. Thanks to advancements in processor technology and memory capabilities, modern PLCs can now be manufactured in much smaller sizes than previously achievable (processsolutions, 2020).
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[bookmark: _Toc164621132]Figure 5 – Modern PLCs in Industrial Automation (oregoneti, 2024).


[bookmark: _Toc164621357]Robotics and Flexible Automation - Late 20th Century
In the early 1960s, primitive hydraulic or pneumatic-controlled robots were being used for heavy-lifting functions in the manufacturing industry, and they proved invaluable for increasing production (Misiti, 2020). Robots were gradually utilised in automated manufacturing for tasks such as welding, painting, material handling, and assembly, offering greater flexibility and precision than traditional automation methods (firgelliauto, 2024) (wevolver, 2024). 
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[bookmark: _Toc164621133]Figure 6 - Automotive Robotic Assembly Line (texasstandard, 2015)


[bookmark: _Toc164621358]Industry 4.0 (Smart Manufacturing) - 21st-Century
The emergence of Industry 4.0 in the 21st century has embraced integrating connectivity, data, computational power, analytics and intelligence, human-machine interaction, and advanced engineering into manufacturing processes, of which robotics and automated production are core factors (mckinsey, 2022). In Industry 4.0, automation refers to technologies that enable machines and systems to operate with minimal human intervention (Zuzana, et al., 2022).
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[bookmark: _Toc164621134]Figure 7 - Robotics in Operation (telefonica, 2023)
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Fixed automation, or "hard automation," (captechautomation, 2022) Refers to an automatically controlled production facility where the processing or assembly operations follow a fixed sequence determined by the permanently fixed equipment configuration. The single operations in these sequences can be simple tasks involving fundamental functions like plain linear motion or rotational motion (conger, 2024); when integrated and coordinated with other operations and sequences, the system becomes more complex and is not adapted to easy system modification. Therefore, fixed automation is tailored towards manufacturing a single product with a high-volume production (aurora-process, 2024) & (eaminc, 2020). Examples of this type of product are packaged drinks in the food beverage industry (Figure 8) and vehicles in the automotive industry.
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[bookmark: _Toc164621135]Figure 8 - Bottled Beverages
The initial investment required for custom-engineered products is often higher than for other types of automated machinery. However, this method has a low unit cost compared to alternatives when producing high-demand goods (aurora-process, 2024).
[bookmark: _Toc164621361]Fixed Automation Applications
Fixed automation is commonly used in the following applications:
Automated Assembly: Automated assembly machines are used in several industries, such as electronics, automotive, and appliance manufacturing. They are responsible for tasks like placing parts in a product, fastening parts together, and conducting quality checks (shoplogix, 2024).
Chemical Manufacturing: Fixed automation systems are extensively used in chemical manufacturing processes. Automating such systems allows control over variables like temperature, pressure, and flow rates, resulting in consistent product quality (shoplogix, 2024). Figure 9 shows a simple temperature control system as a process flow diagram; the temperature transmitter feedback signal activates the control valve to adjust the input (Mehra, 2024).
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[bookmark: _Toc164621136]Figure 9 - Automated Control Valve (Mehra, 2024)
Material Handling: Material handling conveyor systems are essential in the food and beverage, warehousing, and logistics industries. They play a crucial role in transporting products from one stage of the production process to another, enabling smoother and more efficient operations. They are specifically designed to maximise efficiency and reliability, helping to reduce the need for manual labour and minimising any potential damage to products (shoplogix, 2024).
Paint and Coating: Automated processes in paint and coating applications ensure uniform application, reduce waste, and increase the safety of workers from harmful vapours.
Machining Transfer Lines: Machining transfer lines are used for sequential machining operations in automotive manufacturing. Each station performs a specific task while the workpiece is automatically transferred to the next station, ensuring fast and consistent production.
[bookmark: _Toc164621362]Advantages of Fixed Automation.
High Levels of Production: Fixed automation can efficiently generate large quantities of products. This results in a lower cost per unit, which makes fixed automation a cost-effective solution for products in high demand (controlfreaksltd, 2020).
Consistent Quality: The set procedures of an automated process reduce error outcomes, leading to a better-quality product. The production procedure's traceability allows for quick identification and resolution of any issues (conger, 2024).
Reduced Maintenance: Fixed automation systems seldom fail due to their durable design, resulting in reduced downtime and maintenance requirements overall and increasing the safety of the workforce.
[bookmark: _Toc164621363]Disadvantages of Fixed Automation.
High Initial Investment: Hard automation systems require a significant initial investment to design and engineer the necessary equipment (eaminc, 2020).
Lack of flexibility: Fixed automation cannot alter the output from the unique product or process initially designed for, limiting future product evolution.


[bookmark: _Toc164621364]Programmable Automation
Programmable automation systems (PAS) enable machine configurations and operation sequences to change based on signals from electronic controls. By reprogramming machine operations and sequences, products can be produced in batches. The production process typically creates batch quantities ranging from several dozen to several thousand units per batch (mwes, 2024). The production rates of programmable automation are comparatively lower than fixed automation, owing to its changeover-optimised design, which prioritises flexibility over specialisation. Specifically, the former is designed to accommodate frequent equipment changeovers and adjustments, while the latter is engineered to optimise production for a particular product. Therefore, in terms of production efficiency, fixed automation outperforms programmable automation (mwes, 2024). Programmable automation processes best suit medium-to-high production levels and low product variations (britannica, 2024). Programmable automation uses programmable logic controllers (PLCs) (Figure 10), CNC machine tools, and industrial robots operating in real-time. Logical programming commands and automation technologies that power machinery and equipment produce efficient operational output (eaminc, 2020).
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[bookmark: _Toc164621137]Figure 10 - Components of a PLC System (machinedesign, 2015)
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[bookmark: _Toc164621138]Figure 11 - Components of a CNC Machine (Shen, 2023)
[bookmark: _Toc164621365]Programmable Automation Applications
Machining Tools: While Numerical control machines controlled by punch tape are still in use, the modern version of Computer Numerical Control (CNC) is now more common due to the evolution of computer systems' ability to create more efficient sequences. The program's ability to be altered also allows for variation in product outcomes (xometry, 2022).
Process Control: Using A Programmable Logic Controller (PLC), processes can be automated by processing input information and using it to trigger outputs. PLCs can turn components on and off, adjust temperatures and flows, and display alarms when detecting abnormalities. (controlsystemsdesign, 2021). Another example of PLC use is in the glass industry, where PLCs are used to control the material ratio and process flat glasses (Logicbus, 2021).
Automotive Industry: The automotive industry uses industrial robots for such tasks as welding and painting. The use of robots has significantly reduced the average welding cycle time for a car body to 85 seconds and a 50% reduction in paint waste (Wasim, 2023).
[bookmark: _Toc164621366]Advantages of Programmable Automation.
Higher flexibility: this type of automation can be reprogrammed or reconfigured to perform different tasks and adapt to changes in the production process (deskera, 2024). 
Safety: Repetitive and hazardous tasks previously carried out by labour can now safely be operated by CNC and industrial robots (eaminc, 2020).
[bookmark: _Toc164621367]Disadvantages of Programmable Automation.
The complexity of changeover: The programmable systems can be intricate and demand skilled operators to re-program and maintain (deskera, 2024). Tooling and fixtures may need to be changed manually, which can be time-consuming (eaminc, 2020). 

[bookmark: _Toc164621368]Flexible Automation
Modern manufacturers face the significant challenge of managing the quality of their products while also being adaptable to the ever-changing market demands. Flexible automation systems enable manufacturers to automate processes according to market demands. These systems can simultaneously process various product categories without any downtime. (controlsystemsdesign, 2021). Flexible automation systems consist of robots and machines that can perform various tasks, eliminating the need for manual labour. Manufacturers can respond faster to changing market conditions by adapting to fluctuations in production volumes, product mix and design. Industries with batch operations and moderate production volumes benefit from diverse product offerings (Kommetere, 2023).
Flexible automation involves a system to be programmed and controlled through computer input, allowing adjustments for changes in products or processes. Code or Human-machine interfaces (HMI) are used to input instructions into a computer system, specifying parameters for production tasks. Changes can be made by programming a new set of instructions. There are various types of flexible automation systems, including multi-purpose CNC machines and industrial robots (robotsdoneright, 2024).
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[bookmark: _Toc164621139]Figure 12 - Industrial Robots (robotsdoneright, 2024)

[bookmark: _Toc164621369]Flexible Automation Applications
Automotive Industry: The automotive industry has been a leader in the application of robotics and flexible automation, and the evolution of its manufacturing processes continues to advance. Consumers now demand highly personalised vehicles in which they can choose everything from the colour to the engine size (Owen-Hill, 2023).
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[bookmark: _Toc164621140]Figure 13 - Automotive Industry Industrial Robots (Kommetere, 2023)
Warehouses: Industrial Robots are widely used in retail and large warehouses for online companies that hold large amounts of stock; the robots can manage stock numbers, pick items from shelves and also manage inventories (Probot, 2024) 


[bookmark: _Toc164621370]Advantages of Flexible Automation.
Return on investment: The graph in Figure 14 illustrates the benefits of flexible automation compared to fixed automation and manual production. If the return on Investment is considered for fixed automation, it shows profitability for low-mix production, where the same part is manufactured repeatedly. However, manual labour is more cost-effective when production volume increases to a medium or high mix. Ultimately, the graph illustrates that Flexible Automation can help reduce costs and provide a fast ROI. 
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[bookmark: _Toc164621141]Figure 14 - Part Quantity to Cost per Unit Graph (crossco, 2024)
Flexibility: Flexible automation can accommodate a large number of varied products and quickly adapt to design changes, changes in market conditions, and customer demands in mid-production (Kommetere, 2023). 
Zero Downtime: Changes to product requirements can be completed in real-time while production runs are in process without the need to shut down the plant and re-configure (Kommetere, 2023). 
Quality Control: Manufacturers can achieve precise control over their processes with flexible automation systems. This enables real-time identification and resolution of quality issues, improving product quality and reducing defects (Brandon, 2023).
Safety: Reducing repetitive and hazardous tasks improves worker safety, reducing injuries and accidents and improving employee morale (Kommetere, 2023).
[bookmark: _Toc164621371]Disadvantages of Flexible Automation:
Initial Costs: Higher up-front costs for machinery and robots and also additional fees for specialised expertise to update, run and maintain the system (Hayes, 2023).
Setup Time: The complex programs and processes require unique designs and can take time to set up from the initial product concept (Hayes, 2023).


[bookmark: _Toc164621372]Flat Pack Furniture Manufacturing.
For a furniture company to employ automation in their manufacturing process, the following technology could be employed to aid the various processes:
Picking and Placing: Large sheet materials require locating and placing into the initial step of the manufacturing process through automated guided vehicles (AGVs); this process can be automated and programmed into the manufacturing sequence.
Manufacturing Process Transport: Through the use of automated conveyor systems, the material can be moved through to the relevant steps of the process
Cutting, Drilling and Laminating: The various shaping and sizing processes would require the use of automated robots equipped with drill arms and rotary saw blades
The flat-pack furniture industry extensively employs automation in all manufacturing stages, from the initial supply of sheet material to the finished product in packaging. Automation has enabled the industry to efficiently produce high-quality parts that consumers can purchase from the warehouse and easily assemble in their homes.
For example, a wardrobe can be assembled with parts that have unique features, such as specific hole locations and recesses, and manufacturing requirements can vary based on the different ranges. The flexible automation process is highly compatible with flat-packed products, as it can achieve various operations such as lifting, transportation, drilling, cutting, laminating, edging, and packaging. With the help of automation, these operations can be accomplished with greater precision, efficiency, and safety. For efficient operation, a flexible style of automation is necessary due to the variation in parts for each furniture range and the need for pre-programming different functions for each part. Flexible automation also enables companies to keep modernising their furniture ranges.
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