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Mechanical automation involves the utilization of machinery and technology to carry out repetitive or labour intensive tasks that were previously performed by humans. This innovative process has revolutionized the way industries operate by enabling mass production, increased efficiency, lower costs, and heightened productivity. To accomplish these goals, mechanical automation employs various technologies such as control systems, robots, and sensors to execute tasks that exceed human capability or require a high level of precision. This essay aims to explore the historical development of mechanical automation, its applications in diverse industries, the advantages and disadvantages, and its impact on the workforce. Additionally, this paper will discuss the progress made in three specific automation systems, tracing the evolution of automation from its early 20th century to its present day advancements. This assignment will cover the history of all 3 systems, what the advantages and disadvantages of the systems and how each one benefits industrial use. Finally, flexible automation was one of the three that had been asked to research and from the knowledge that had been gathered, the student can go on to elaborate about how flexible automation will be most suitable for flat packed furnacing production.  
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Fixed automation has been around since the early 1940s, this type of automation refers to a manufacturing process in which machines and equipment are used to perform specific tasks that are for a specific product. Usually, fixed automation systems are set up for the task the systems will be not easily reconfigurable or programmable to perform various tasks this type of automation isn’t for this type of task. (Balogh, 2019).  

Advantages and disadvantages 

As fixed automation is such a widely used automation process it will have many advantages for companies to use it for industrial and commercial use. one of the main advantages of fixed automation is that is ideal for high volume of production of a specific product. It also can operate for long periods of times continuously with minimal human intervention. Although it has that for an advantage it is also inflexible which mean it is not adaptable for changes in production lines. Therefore, if production line needed various component for one section fixed automation would not be suitable for this process as it would be too time constraining to reprogram the system to perform this process. The reason why the automation system would be used in commercial is because of the high production speed of the operation, companies that would have a high demand on products this system optimal for how many parts that they will be manufacturing in a day. On the other hand, to install a fixed system it has a high initial cost therefore for a company to make a profit from this system. Although the system will have a high initial cost it will reduce labour cost as there would be nowhere near as much human intervention in the production line. The main disadvantage of fixed automation is the versatility of the system as it will not have the ability to manufacture more than one part in the production line (Admin, 2020). 

Industries where it emerged from and how it progressed


Fixed automation has been around several years, and one main industry that it emerged from was the automotive scene, where Henry Ford implemented this system into his company in 1913.This was a massive milestone in the manufacturing industry has it gave many companies the idea that fixed automation in assembly line will increase the production speed of product dramatically. Ford still uses this system in its production line as it has evolved significantly as well all the hundreds of thousands of companies that have also implemented fixed automation in the production (Price, 2021).  













History of fixed automation 

	Years of development 
	The design

	1950 - 1969
	In this timeline is where fixed automation made a huge jump and came along the first digital computer (ENIAC- Electronic Numerical Integrator and computer). In the world of manufacturing this was massive it was giving calculations that would have previously been worked out by humans digitally at a much faster time and was less chance of human error (Groover, 2023).

	1970 - 1989
	As automation was improving rapidly many different aspects of manufacturing began to start using it, the semiconductor industry started to use it in the 70s which meant the improvement of computer chips would reduce errors. 

	1990 - 2023
	Robots began to be introduced into automation and 3D printing which was a huge step in manufacturing which would change the company’s efficiency of productions massively. (Chapman, 2022).


	Today
	As of now fixed automation has progressed significantly in assembly lines, once the instructions have been given to the robot the precision that they give astonishing, and the errors will near to zero if not zero. 









Block diagram of fixed automation

Relevant control systems that fixed automation is used in is Heating, ventilation, and air condition (HVAC systems), the way that this is a fixed automation as it only has 2 inputs which is on and off. A system like this is usually a closed loop as it will ensure that the system will follow specific pattern which is what fixed automation is, once given a specific pattern. To follow it will continue to do unless the programming will get changed (Samaras, 2021). 

[image: closed loop system]

(2019).

This is how a block diagram would look in fixed automation, it will only have input and will continuously run on a loop that is has been patterned to do, it will not take into any changes in the system. 
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Programmable automation enables the alteration of machine configurations in production where the machinery will be able to be reprogrammed simply and can also provide more than one sequence in the production line. For example, programmable automation will produce products in batch and facilitate the change of products (TechTarget, 2017).
.


Advantages and disadvantages

The difference between fixed automation and programmable is that programmable has the advantage over it that it is flexible and allows changes in the machine configuration. This is great advantage in production as it allows to produce multiple product and variations of the product. Compared to fixed automation making it difficult to reprogram the machines, programmable automation is quick and easy to reprogram if the person has the programming skills to do so. A disadvantage with having to programmable automation is the system that will be getting used will need to have workers to have programming skills to be able to work the system. It also has the same advantage as fixed automation is that is very reliable on the products that it will product and the production time and costing. Also, the disadvantage is that it will have a high initial cost, although has they will need to pay less manual labour and the amount of products that will produced will be significantly higher the profit will be returned soon. Programmable automation is very safe as if has been caused in the equipment, the program will be able to read this problem and shut down the system before any damage has been cause to a person or the equipment. The advantages of a programmable system are better than fixed automation as the system will have wider range tasks. Although programmable has a much wider range of task to offer there is still limited flexibility and there are control systems that will be able to produce an even wider range of tasks. (Aspiring Youths, 2023).


Industries where is emerged from and how it progressed 

One of the first industries where programmable automation emerged from was manufacturing in the late 1940s where they introduced NC machines. This began to change the future of manufacturing where machine was beginning to become very accurate and then came the CNC machine, which was computerised, this came along in the early 1950s. programmable automation has come along so much that the precision of lathe, drilling and milling machines and near enough perfect on how accurate they are (Xometry, 2022). 







History of programmable automation

	DATES 
	The design

	1950 - 1969
	In the 1950s manufacturing took a huge step where the first CNC machine was introduced, which was known as the Cincinnati Milacron Hydrotel and PLC were introduced (Xometry, 2022).


	1970 - 1989
	During the 1970s to the late1980s came Distributed control systems which would improve the efficiency of company’s machines (Sachin, 2019). 

	1990 - 2023
	From the 1990s to today programmable automation has dramatically taken off and has developed significantly since the first Numerical Controller was introduced in the late 1940s. PLC, CNC and DCS machines have developed greatly and still are improving the capabilities of what they can do. 




Block diagram of Programming automation

[image: Programmable Logic Controller - an overview | ScienceDirect Topics]
(ScienceDirect, 2015)
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Flexible automation is fairly like programmable with the versatility of the system although it is used in different manners such as advanced robotics learning algorithms to enable machines to learn to change tasks and environments on their own accountability (Balogh, 2019). 


Advantages and disadvantages 

Flexible automation has increased versatility, and the meaning of increased versatility it allows machines to adapt to changing tasks and environments, which means that they can perform wider tasks than programmable automation. Although, flexible automation is much more versatile and flexible than fixed and programmable the cost of it is extremely more than the other 2 types of automation initially only having a high cost, flexible is expensive and will take a long time to break even on having the system. As the way technology is advancing, robotics is also advancing and with flexible automation for the results you will need up to date robotics, therefore in an industry that uses flexible automation they will be dependent on technology. Also, the method behind flexible automation is very complex and an industry will need people with specialized skills in that department (Hayes, 2023).  


History of flexible automation

	DATES 
	The design

	1950 - 1960
	During the 1950s Flexible manufacturing systems were introduced by Jerome H Lemelson into the flexible automation industry. This changed the manufacturing industry as it would more easily adapt changes in order to design products (Ranpak,2021).

	1970 - 1989
	During this time frame robotics started to get introduced into manufacturing. This would mean that the machines would be more capable of performing a wider range of tasks than the current industrial robots.

	1990 - 2000
	During the 1990s lean manufacturing was introduced into automation, the concept of lean manufacturing was to reduce the amount of waste of material and packaging, such as flat packed packaging (welvago,no date given)

	Today
	Currently in flexible automation is the 4.0 industry, which is smart factory production and will run from using sensors to monitor and visualise the production process to make decisions on its own(TWI,no date given).




Industries where it emerged and how it progressed


One of the first companies to use flexible automation was the General Motors in the early 1960s. GM implemented a flexible automation programmable logic controller. The PLC was designed to produce a range of automatic transmission parts with a single machine that could be quickly reprogrammed for different parts, eliminating the need for separate machines for each part. The success of the PLC system led to the development of other flexible automation technologies and the widespread adoption of flexible automation in the manufacturing industry(Ball, 2015). As this was successful, flexible took a huge step into the manufacturing industry and has evolved significantly since then and will carry on evolving. 



Block diagram of flexible automation


[image: What is Industrial Automation? Types, Levels, Advantages - Electronics Hub]
(ElectronicsHub,2019)
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From the 3 different types of automation that have been researched, flexible automation is the most suitable for flat packed furnacing. The reason why flexible automation would be the most appropriate for flat packed packaging is because it enables change in in one section of the production rather than having separate sections to perform these tasks, and flexible can perform all these without the need of constant reconfiguration in the production process. The way that this is beneficial for flat packed packaging due to the process having to go through so many processes for the finished product in the production line, if it was fixed that had to do this process it would need to go through separate section, or the programming would need to change, and this would increase the production time and increase the costs. Whereas, flexible will be able to complete all this process in one section in one section at a faster rate and will save an abundant amount of time which means it will much more efficient than programmable and fixed automation. Flat packed packaging requires high speed cutting, folding and gluing to be able to meet production demands, therefore if was left for human labour it would lead to higher demand of the products as they would nowhere near as many products being produced, flexible automation would not need any manual handling and will be in production constantly and consistently to high precision and safety. In a production line for flat packed packaging there would be different shapes and sizes of products that would need to be packaged and as flexibility of flexible automation is universal it will be able to handle these variations without needing major modification or need to change the tooling system. This is very important as manufactures that will be using flexible automation need quick response times for the change in market demands. 

The main benefit of using flexible automation for flat packed packaging is cost savings, quality and efficiency of it. As flexible automation would use advanced robotics the use of sensors will work together to optimise the production process. With robotics being able to do this it will result in faster production times which means they can produce more flat packed packaging in less time reducing the cost and improving the efficiency. Flexible automation can help ensure that the packaging is produced to the required quality standards by monitoring the production process and making adjustments. Machine sensors can detect defects in the materials and correct the production process in real-time, resulting in fewer defects and higher customer satisfaction (Cross,2020).

















Conclusion
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