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[bookmark: _Toc160817568]1.Introduction 

Since its inception in the post-World War II era, manufacturing automation has experienced remarkable growth, evolving into the pillar it has become today in the industrial production and fundamentally transforming manufacturing processes. This report investigates the historical trajectory of manufacturing automation, back to the mid- 20th century when industries sought increased efficiency and productivity. 
Over the decades,’ manufacturing automation has not only become prevalent but has also revolutionized the entire landscape of production of goods. This encompasses the advantages and disadvantages inherent in automated systems, shedding light on the impact on industries. The evolution of control systems, propelled by advancements in computing and robotics, is a central theme, highlighting the sophisticated and adaptable nature of contemporary automation systems. 
A specific focus is directed towards fixed, programmable, and flexible automation, analysing their unique characteristics and applications. This report further investigates the suitability of flexible automation for a company specializing in flat- packed furniture production. This in-depth analysis aims to provide a comprehensive understanding of the historical, technological, and practical dimensions of manufacturing automation, emphasizing its role as a driving force in shaping the future of industrial production. 
[bookmark: _Int_HeqzPctz][bookmark: _Int_KWk6c08D]Before the advent of automated manufacturing, production processes were manual and labour-intensive. Workers played a significant role in carrying out various tasks involved in manufacturing, relying on their skills, physical effort, and attention to detail. Craftsmanship and individual craftsmanship were often integral to the production of goods.
Production rates were limited by the speed and endurance of human workers, and consistency in product quality could vary based on the skills and attention of individual workers. Manufacturing facilities were characterized by large workforces engaged in repetitive tasks, often involving assembly lines where each worker performed a specific function in the overall production process.
The absence of automated machinery meant that production setups were less flexible and adaptive to changes in product design or manufacturing requirements. Adjusting production lines for various products often involved significant downtime and retooling efforts.
Overall, the pre-automated manufacturing era was marked by a heavy reliance on manual labour, leading to limitations in scalability, speed, and the ability to efficiently handle complex or large-scale production processes. The introduction of automated manufacturing technologies has since revolutionized the industry, bringing about increased efficiency, precision, and adaptability to changing market demands.

[bookmark: _Toc160817569]

3.Types of Manufacturing Automation:

Fixed Automation: 

 Fixed automation involves the use of specialized equipment to perform a specific set of tasks repetitively. It is commonly employed in industries with high-volume production, such as automotive manufacturing and consumer electronics. Fixed automation systems are designed for dedicated tasks and lack flexibility. While they excel in efficiency and consistency, they are expensive to implement and challenging to reconfigure for new products or processes. 

[image: What is a Car Assembly Line? - Stoneacre Motor Group]


Figure 1 – fixed automation being used in automotive industry. 
Source – Megan Maxwell (2023)


 Programmable Automation:

Programmable automation offers greater flexibility compared to fixed automation. It employs computer- controlled equipment capable of performing various tasks based on pre-programmed instructions. This type of automation is prevalent in industries requiring moderate production volumes and frequent product changes, such as appliance manufacturing and machining operation. Programmable automation enables faster changeovers and customisation but may entail higher initial costs and maintenance requirements.
[bookmark: _Int_lCKgpz6F]An example of programmable automation is food and beverage industry, specifically food packing lines can use programmable automation to adjust packaging processes for different products and sizes, the flexibility is essential in industries where products and packaging requirements change frequently. 

[image: Automation and food processing today: It's about labor | Food ...]


Figure 2- Programmable automation being used in food and beverage industry.
Source - Labs, W. (2022)





Flexible Automation:

Flexible Automation represents the pinnacle of adaptability in manufacturing. It utilizes advanced robotic and control systems to execute a wide range of tasks with minimal human intervention. Flexible automation is well-suited for industries characterised by high product variety and demand fluctuations, such as aerospace and pharmaceuticals. While offering unparalleled versatility and scalability, flexible automation necessitates substantial initial investments and expertise in programming and maintenance. 

[image: M-900]

Figure 3- flexible automation being used in the aerospace industry.
 Source- FANUC 

[image: ]Figure 4: Types of manufacturing automation diagram
Source:  Daten & Wissen [2022]


[bookmark: _Toc160817570]3.1 Fixed Automation advantages and Disadvantages 

[image: ]Fixed automation, often referred to as hard automation, is characterized by its specificity to a predetermined set of tasks within the manufacturing process. One exemplary application of fixed automation is evident in the automotive industry, particularly in the construction of the "body-in-white," which denotes the assembly of a car's metal framework before the addition of other components.


[bookmark: _Int_lIAZI1XH]Figure 5: Body in White (BiW)
Source: Davies (2012)

The advantages of fixed automation are notable, starting with the achievement of a low unit cost. This cost-effectiveness arises from the ability of fixed automation systems to streamline production processes, resulting in reduced labour costs per unit. Additionally, fixed automation is renowned for its high production rate, as the machines involved are finely tuned to execute their designated tasks with precision and speed. This efficiency contributes to meeting the demands of large volume production, a key requirement in industries such as automotive manufacturing.
 
However, fixed automation has its disadvantages. One significant drawback is its high susceptibility to risk. Given its rigid programming and specialized nature, any malfunction or deviation from the predefined tasks can lead to disruptions in the production line, causing downtime and potentially significant financial losses. Another challenge is the issue of not being the latest model, as fixed automation systems may become outdated quickly due to advancements in technology. This necessitates continuous investments in upgrading or replacing equipment to stay competitive.
 
Additionally, the inflexible nature of fixed automation poses a challenge in accommodating changes in product variety. If there is a need to introduce new product specifications or alterations in the manufacturing process, the entire automation system may require reprogramming or even replacement, leading to increased downtime and costs. Lastly, the high commencing investment is a notable disadvantage, as the initial costs for designing, implementing, and integrating fixed automation systems can be substantial, deterring smaller enterprises from adopting this technology.



[bookmark: _Toc160817571]3.2 Programmable Automation Advantages and Disadvantages 

 Programmable automation is a manufacturing approach that proves to be particularly advantageous when faced with the need for customization and frequent alterations in the production process. In this method, the entire manufacturing process is overseen and controlled by a program of instructions that the system reads and interprets. This adaptability allows for the convenient implementation of changes, as a new program can be inputted into the hardware, facilitating the production of novel items at any given time.

[bookmark: _Int_vLr5HBct]One notable example of programmable automation is found in industrial robots. These versatile machines can be programmed to perform various tasks, making them highly adaptable to different manufacturing requirements. Their ability to handle tasks ranging from assembly to material handling showcases the flexibility that programmable automation brings to the manufacturing landscape.

Advantages of programmable automation become evident, especially in scenarios involving batch production. The capacity to swiftly switch between different product configurations makes this approach well-suited for scenarios where varied items need to be produced in smaller quantities. Additionally, programmable automation is capable of accommodating design variations, making it an ideal choice for industries where product specifications frequently evolve.

[bookmark: _Int_dBHMzaXZ]However, it is important to acknowledge the associated disadvantages of programmable automation. One significant drawback lies in the requirement for substantial initial investments. The cost of acquiring and implementing the necessary hardware and software components can be considerably high. Moreover, programmable automation may exhibit a lower production rate when compared to fixed automation methods, as the flexibility and adaptability of the system can introduce complexities that may impact overall efficiency.
 
[bookmark: _Toc160817572]3.3 Flexible Automation Advantages and Disadvantages 

[bookmark: _Int_Uz6o4QfR]Flexible automation plays a pivotal role in modern manufacturing, enabling companies to produce a diverse array of parts seamlessly while minimizing downtime for changeovers. This dynamic approach is particularly crucial in industries where versatility and adaptability are paramount. One of the key features of flexible automation lies in its connectivity to networks, allowing programmers to remotely upload new programs to existing systems from any corner of the globe. This not only enhances operational efficiency but also fosters a globalized approach to manufacturing.
[bookmark: _Int_M83uz8tH]A prime example of flexible automation is found in the deployment of robotic arms programmed for multiple tasks. These adaptable robotic systems can seamlessly transition between different production requirements, showcasing the flexibility that this automation strategy offers. This adaptability is a significant advantage, allowing manufacturers to respond swiftly to changing market demands and produce a wide variety of products without the need for extensive retooling or reprogramming.
One of the prominent advantages of flexible automation is its ability to provide medium production rates. While not as rapid as fixed automation, the versatility of flexible automation makes it well-suited for industries that require a balance between production volume and product variety. This is particularly beneficial in markets where customization and diverse product offerings are essential.
However, it is essential to acknowledge the disadvantages of flexible automation. Implementing such a system requires substantial investments in technology, infrastructure, and employee training. The upfront costs can be prohibitive for some companies, posing a barrier to entry for businesses with limited financial resources. Additionally, the unit cost of production in flexible automation tends to be higher than that of fixed automation due to the complexities associated with adaptability and programming.


[bookmark: _Toc160817573]4.Application in Flat- Packed Furniture Industry:

Flexible automation revolutionizes the flat-packed furniture industry by employing versatile automated systems that enhance manufacturing and assembly processes. This approach is instrumental in achieving customization, quick changeovers, and maintaining high precision through production. 	

In terms of customization and variety, flexible automation enables efficient production of diverse flat-packed furniture designs. The automated systems can be easily reprogrammed to accommodate different specifications, sizes, and styles, meeting the demand for personalized furniture options. 		
A notable advantage is the ability to facilitate quick changeovers, allowing manufacturers to swiftly between product lines or variation. This agility is crucial in meeting market demands for a wide range of furniture designs and configurations, contributing to enhanced flexibility in production.

Automated system ensures high precision and consistency in manufacturing processes, particularly in flat-packed furniture assembly. Precise measurements and alignments are critical for the seamless fitting of components, and automation ensures these standards are consistently met. Flexible automation contributes to increased efficiency and productivity. Automated systems can operate continuously, reducing downtime and increasing overall output. By automating repetitive and labour- intensive tasks. Manufactures can lower labour costs and allocate human resources to more skilled responsibilities. 

Just in time manufacturing practices are supported by flexible automation, enabling manufactures to produce furniture components precisely when needed. This minimizes inventory costs and waste, aligning with lean manufacturing principles. In conjunction with this quality control is significantly improved through the integration of automated systems. These systems implement quality checks at various production stages, identifying and addressing defects or inconsistencies early on to ensure the final flat-packed furniture meets high quality standards. 

In terms of sustainability, flexible automation can be optimized for resource efficiency, promoting environmentally friendly manufacturing practices. The precise control over materials and reduced waste aligns with sustainability initiatives in flat-packed furniture production. 



[bookmark: _Toc160817574]5.Capital expenditure:

The trajectory of automation expenditure has transitioned from rigid, programmable systems to agile, flexible solutions. Originally designed for the standardized efficiency of mass production, industries now pivot towards adaptable automation to meet the growing demand for customized products. This shift is encouraged by technological advancements in robotics, sensors, and control systems, giving rise to cost- effective and modular solutions that resonate with the principles of industry 4.0.

The emphasis on real-time communication and decision-making inherent in smart manufacturing has propelled the widespread adoption of flexible automation. This adaptability proves invaluable, allowing industries to swiftly respond to market changes and efficiently produce diverse, smaller batches.
Reestablishing this evolution of agile manufacturing practises, prioritizing flexibility, and responsiveness. This approach not only reduces time-to-market but also supports the dynamic production needs of today’s market. More so, the cost-effectiveness of flexible automation becomes evident, offering significant savings compared to the substantial upfront investment required for fixed automation.

The collaboration between humans and machines is seamlessly integrated, fostering dynamic and efficient production environments. Industries with short product lifecycles, like consumer electronics, harness the rapid adaptability of flexible automation to stay ahead in a globally competitive market. 

While flexible automation takes centre stage, fixed and programmable systems still find their niche in stable production environments. The choice between them hinges on factors such as the nature of the product, production volume, and the overreaching business strategy. 


[bookmark: _Toc160817575]5.Conclusion

Manufacturing automation has undergone significant evolution since its inception, offering diverse solutions tailored to the specific needs of different industries. While fixed, programmable, and flexible automation each have their advantages and disadvantages, flexible automation emerges as the most suitable option for industries like flat-packed furniture production due to its unparalleled versatility, adaptability, and efficiency. As technology continues to advance, the role of automation in shaping the future of manufacturing remains indispensable. 
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