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1.0 - Introduction 
Manufacturing automation is the use of machinery, equipment, and components to make the production process automated, therefore no or limited manual input. Throughout the years as especially post World War 2, manufacturing automation has taken major leaps and has progressed to where it is today. The demand for automation within industries is greater than ever, with everyone striving for greater efficiency, production output, cost and possibly safety, automated manufacturing is providing the answers to these issues. 
As Finch (2022) claims, the end goal of manufacturing automation is to increase production output whilst lowering the costs. This can be achieved by either electrically or mechanically programming a system to perform operations, typically these will be repetitive however the advancement has allowed most tasks to become automated, especially tasks which require high precision. 
[image: ]The basic principle of automation includes a power source to the machinery in order to carry out the tasks, then a feedback control which tells the system that the task has been carried out and is completed, this is done by using sensors and transducers to send the feedback. It then all goes back to the original machine programme, any edits and adjustments needed for the programme will be done through this, any issues with feedback will be found here too. Groover (2023) suggests that the main goal of the machinery is to produce an output which directly matches the input.
Figure 1 – Basic block diagram of an Automation System 

Different industries require different types of manufacturing automation due to the differences in operations and tasks which are carried out. According to Westrom (2020) there are three forms of manufacturing automation, and they are: fixed, programmable, and flexible. Each of these will be discussed in depth with history along with benefits and constraints. 
2.0 – Fixed Automation 
Fixed automation is one of the more popular types of automation. Fixed automation is a process which is classed as highly repetitive and efficient. Empowered (2022) mentions that it is designed to only produce one kind of product. Fixed automation started to be regularly used during the latter part of 20th Century. Within the automotive industry the demand was growing and growing and the advancement within robotics allowed for the introduction and use of fixed automation. The introduction of fixed automation allowed for repetitive tasks to be performed whilst increasing production output, standardising quality, and keeping costs down according to Fleming (2020), this was seen during 1979 with Fiat advertising the fact that their cars were “hand built by robots”. 
During the assembly line within the automotive industry tasks such as spray-painting were the first to become controlled by robotics and automation. A regular task which does not change much and is repetitive once programmed and set up correctly. Since this the advancement of automation has allowed for more complex tasks to be carried out, such as doors and windscreens to be fitted to cars. 
Fixed automation due to the repetitiveness, strives for high volume of output whilst maintaining and standard of quality. With the high production speeds required to achieve the output desired it means that the high initial cost for fixed automation will soon be covered and turned profitable. This is done by reducing energy, time, and labour costs according to Captech (2020). This type of process is used with manufacturing industries such as automotive, chemical and pharmaceutical, transfer assemblies, packaging along with many more. 
The advantages of fixed automation within industries include, consistent quality on products, low cost per unit produced and high, fast volumes of production. The disadvantages of the process include, high initial cost and tough to change or accommodate changes. With it being critical that it is used on generic products it makes sense that Pepsi still uses this process to meet high demands for its classic drink. 
Figure 1 shows a production line complete with fixed automated robotics and systems. This is due to each of the tasks being repetitive therefore this is the only task that they can perform. 
[image: ]Figure 2 – Fixed Automation Plant Diagram 


3.0 – Programmable Automation 
Programmable automation was the next advancement of the industrial automation and it takes the next step from fixed automation. Programmable automation makes it allowable for systems to be modified and adjusted to run different products. Programmable automation machinery allows for changes to the system to be made without causing significant downtime unlike it would cause with fixed automation. Mao (2023) mentions that the efficiency of programmable automation comes through machinery having the programs built into the software beforehand, therefore the changeover process is simple and easy. This type of industry automation allows for diversity to be achieved in manufacturing whilst still achieving the batch outcome. An example of this can be seen in Enersys, where Lead batteries are produced, part of the process of making the batteries is making lead paper plates which go into the battery. With a wide variety of batteries being made, plates need to be cut and produced to different sizes, width, and amount. After the plates are produced they are automatically picked up, stacked, and then moved onto pallets then into racks, all this being done by Baron robots, these robots are re-programmed by just a simple button, with recipes and the programs being implemented into the machinery and robots already.
The advancement of programmable automation took off during the 1980s, where programmable logic controllers began to be programmed from computers, therefore allowing them to carry out greater tasks, whilst storing more memory and sequential control according to TechTarget (2017). With the further advancement of PLCs and automation, it meant they became faster and more advanced with functions such as incorporating timers and counters. Greater storage, flexibility, memory, and processors has taken PLCs to where they are today and the uses of them can be seen in the machinery and industry today. 
[image: ]Programmable automation comes with multiple advantages, but only if they are used in the correct industry. With the increased speed of changeovers, it allows for an increase in production and output whilst reducing manual turnovers. Lowers associated cost, whilst removing the manual element of production operators doing repetitive tasks. This is an ideal manufacturing process used in in industries which have a frequent change in products at any time according to EAM (2020). An example being the pick-up robots used in Enersys to collect plates from a conveyor and stack them, CNC machines and other industrial robots are all examples of programmable automation.
The image below shows an example of programmable automation with the teach pendant allowing for changes to be made to the robots which can be done quickly, saved edits and modifications can be quickly accessed and incorporated into the system and robots.

Figure 3.0 – Programmable Automation

4.0 – Flexible Automation 
Flexible automation is the process which is fully automated and does not need manual input even when changing to different products. This allows for the machine or process to produce different parts at the same time. Flexible automation also allows for a component or part to be produced and modified through its generation, therefore taking a basic part, and continuously adding and working on it until the product is fully defined claims Parker (2020). Often with machines, programs need to be changed, with flexibility automation this is often done using a network form and can be accessed, modified, or edited from anywhere. This is important as it means technicians and designers can use this whilst in the house or away from work. 
Flexible automation can massively improve efficiency of production whilst reducing the cost to manufacture the product. An example of improving efficiency would be comparing a 6-axis robot fully flexible where the heads of the robot change automatically, compared with a 6-axis robot which is fixed automated, therefore includes the need of manual tasks such as changing tools. The flexible automation would produce a batch of 100 products much quicker whilst being more accurate, and cost effective. 
Further development of programmable automation is what flexible automation is. According to Miller (2017), flexible automation uses electromechanical systems to achieve positional control and to carry out fast and repeatable changeovers, this is achievable by using effective and modern CIM systems with greater memory, storage, and feedback systems. Therefore, once a recipe, method or product is saved into the data or software, the machine never loses it. This allows for a wide variety of products or components to be developed and put through the line without creating major downtime. Where fixed and flexible automation differs is that fixed is suited to handle multiple different parts at the same time. 
[image: ]Flexible automation is suited to a more low or medium volume of production where the product or products come in a wide variety but use the same or similar tools to be able to achieve the desired outcome. For this reason, it is typically used in chemical processes or in production of common materials and metals such as aluminium, steel and woods and plastics. This would be due to the advancement and uses of CNC machines for cutting and drilling different angles, faces off just saved data. 
Figure 4 – Advanced Automation system
The implementation of flexible automation in manufacturing industry would come with multiple advantages and some disadvantages also.
According to Bemer (2021) the biggest advantage of is the versatility of the products in can produce, which a product being run continuously for 18 months, then with a simple change in program or recipe and different product can be made for a duration of time. This is where it differs from the other two types of automation which would require downtime to change over to different products.
With the system being controlled and powered by network supplies it allows for machine data to be collected much easier, no additional tools or machines will be set up. Having a network-controlled power source allows for runtime, downtime, power demand and other variables to be reported on as mentioned by Tynczuk (2021). Improvement in efficiency and output as well as the bonus of fine tuning and adjusting robots in a quicker and more accurate manner.
[image: ]Some of the disadvantages of having flexible automation includes a high upfront cost which often may take time to install and properly program. Having a more technical and complex system means a higher calibre of technicians would be needed in order to maintain and operate the system, maintenance may be more difficult and would need to be done thoroughly and routinely to keep the machines functioning at their best ability.
The image shows multiple process taking place on a product fed from the same robot.

Figure 5 – Flexible Automation


One of the industries which has taken to flexible automation is flat pack furniture. Flat pack furniture has advanced massively over the years with a demand of furniture being delivered with less packaging whilst also being incredibly easy to install. With the advancement in automation flat pack manufacturing has had to advance in order to become more efficient and effective in production and more sustainable as a company. 
The easiest approaches to flat pack designing is by butt joining and box joints. Butt joining includes the edge on one plate against the face of another, this is then secured using fasteners. This style of flat pack manufacturing suits flexible automation as it allows for the holes to be drilled through both faces as it then aligns perfectly during building. 
Walkin (2018) says that box joints are much more complex, however with the rise in automation and machinery means complex machining and joining is becoming simple. CNC machines cut opposing notches to make finger locked joints, along with interlocking and dovetails to stop the flat pack furniture from falling apart.
With the rise in fixed automation, it means recipes or programs can be saved and memorised by CNC machines to complete full product. Therefore, the machine or process does not have to stop for adjustments to be made to cut radiuses or inside corners according to Walkin (2018). With flexible automation allowing robots and machines to do so much more, it means more complex designs and building can be cut and made through CNC machines and robots therefore opening the furniture market to a wider area. Saved programs and recipes also means that certain fasteners for specific flat pack instructions can be selected from boxes and packaged with the furniture, these fasteners can be handpicked and counted for each product without having the manual input.
5.0 – Conclusion
In conclusion manufacturing automation has massively grown and developed over the years and is continuing to improve. The development of automation has allowed for industries to adapt to become more efficient for both input and output. Different types of automation can benefit companies in different sectors in different ways, by understanding the advantages and disadvantages of each type of automation can allow industries to see what type of automation can benefit their production lines the most. 
Depending on the advancement of the process will depend on what type of automation is best. Continuous and repetitive manufacturer lines which rarely change product would be best suited for fixed automation, whereas industries which change products every few weeks on lines would require programmable automation, or finally, ever changing production line such as flat pack furniture would be better off using flexible automation to achieve better efficiency, accuracy, and sustainability. 
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