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The term "manufacturing automation" describes the control of systems or production processes utilising various tools and machinery. Automation is critical to many aspects of manufacturing due to how it could promote innovation, improve productivity, and simplify operations.
The three different forms of manufacturing automation will be thoroughly examined in this project. This research will look at the historical development and current uses of each of the three types of automation which are programmable, flexible, and fixed automation across a range of sectors. Understanding the essential control systems for each kind of manufacturing automation is a vital aspect of the research - through in-depth examination and block diagram visualisation. Analysis of the perceived advantages and disadvantages of each form of automation will also be examined as the research delves deeper into each one from higher output rates and lower labour costs to restrictions and large upfront costs.


This assignment's last section will focus on flexible automation and how well-suited it is for the manufacture of flat-packed furniture. Exploring how flexible automation is the best option for businesses producing flat-packed furniture because it provides efficiency, adaptability, and variety.
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Fixed automation refers to a form of automation where the production process remains fixed. It represents a system in which the machines and equipment are configured to carry out a certain job or series of operations in a reliable, repeatable way. When it comes to fixed factory automation, the device's setup is set in stone and is challenging to modify to accommodate modifications in product designs (Automation, 2022). 


Fixed automation is also known as hard automation and aims to build a series of automated processes that, when completely put together, will generate a certain output beginning to end. Compared to alternative approaches like manual, fixed automation has a greater initial cost but eventually pays for itself with improved manufacturing speeds and quantity. It works well for producers who make large quantities of the same product often utilising a range of distinct manufacturing techniques.


Applications for this may be found in many different fields, such as electronic assembly and car manufacturing. Welding and other processes like painting in the automobile industry are possible because the equipment is made to do certain jobs. This approach is frequently used in the electronic industry for PCB assembly, where proper component placement and soldering are essential.  


In the figure 1 below, fixed automation in the electronic section can be seen. 

[image: Pick And Place-How To Do The Basics Of PCB Design]Figure 1 - Fixed Automation
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Control systems are necessary for any type of automation, whether it be fixed or not, to guarantee the effectiveness, reliability, and performance of systems and processes. SCADA, a kind of control system with a supervisory primary focus, can be useful. Supervisory Control and Data Acquisition, or SCADA, is a type of system used to monitor, control, and analyse industrial processes and equipment. To collect data, SCADA combines hardware and software. Hardware could include devices like RTUs or PLCS. With this type of system, organisations can control processes locally or remotely and can directly interact with devices through Human machine interface HMIs software (Inductive Automation, 2010)
Below is a diagram of a basic SCADA diagram. 
[image: A diagram of a computer system

Description automatically generated]Figure 2 - SCADA
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Using fixed automation may have several benefits, such as increased production efficiency and speed. Given that everything is automated, these systems can work without the assistance of an operator and can-do jobs more quickly than humans. In addition to this, these systems can operate 24/7 allowing production to be nonstop if required.
Cost reductions are an additional advantage. Fixed automation systems frequently result in cheaper future production costs because of decreased labour needs and greater production efficiency, even if the initial cost of investment might be substantial. 
Employing this automation also offers the advantages of precision and quality. Fixed automation guarantees precise and constant task performance with little human intervention. Reduced variances and mistakes lead to better product quality, which is correlated with control mechanisms like sensors installed to identify any problems (NH, 2023).
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On the other hand, the drawbacks of this automation might include a large upfront cost. This restricts the use of this kind of automation to smaller organisations where the initial financial investment would be higher owing to the high expense of engineering, developing, and installing it. In addition to this, the maintenance costs associated with this can also be high as these systems are complex and require skilled personnel to keep regular maintenance to prevent any potential problems or downtime occurring (Balogh, 2022).

The inability to alter processes is the main drawback of fixed automation. Manufacturers would have to invest in a new automation system if future modifications are required or that certain custom products require manual intervention, as fixed systems of automation are tailored for specific tasks and are not flexible enough to adjust to changes in production requirements. It will require a completely new redesign/programmes or new machinery (Gupta and Arora, 2011).
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[image: A robotic arm working on a machine

Description automatically generated]One form of automation system that enables the sequence of processes to be controlled by a particular programme is called programmable automation. Programmable automation systems have the ability to be changed to accommodate various product types and processes, in contrast to fixed automation, which are made for mass manufacturing of identical products. By using computerised technology, this kind of automation enables.  manufacturing organisations to boost production and gives flexibility producing different products. Due to the time-consuming nature of machine modification and reprogramming, this automation is more suited for large-scale manufacturing than difficult one-off tasks. Mass production works well for both automation systems that have been researched thus far (Groover, 2019).Figure 3 – Programmable Automation 


One example of programmable automation is CNC Machines (Computer Numerical Control). There are several different types of CNC machines where they offer applications such as turning, milling, and drilling. CNC machines operate by having specific cuts programmed into the software or programmed to complete a specific task, which then instructs matching tools and machinery to complete the dimensional jobs as directed (Hess, 2017). 


The “Unimate” was created by American engineer George Devol. Combining the terms "universal" and "automation," Unimate was a programmable robotic arm. Invented by George in the late 1950s and initially made available for sale in 1961, Unimate was the first robot to achieve commercial success. It was capable of a great deal of tasks, such welding, assembling, and painting, and it was run by a programmable controller. The robot had the ability to move in six degrees of freedom and store step by step digital commands (Marsh, 2022).
Punch tape innovation was a key component of the first CNC machines, and programmable automation emerged from NC systems in the 1940s and 1950s. With the use of this technique, data was stored as long, punched-hole paper strips that represented the machine-operated code. Automated machining operations were made possible by NC systems, which used numerical instructions to operate the components of machine tools (Ye, 2023).
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[image: What is PLC Ladder Logic? - Automation Ready Panels]Another example of this type of automation is PLCs. Programmable logic controllers, or PLCs for short, are microprocessor-based controllers that store custom instructions in programmable memory and utilise it to execute logic, counting, timing, and sequencing operations to manage processes (Bolton, 2015) PLCs frequently have inputs, outputs, and a variety of programming languages, including function block diagram, ladder logic, and structured text. The actual hardware may consist of a processer, inputs, outputs, interface and an operating system. 

Pictured on the right is a basic ladder logic on a PLC system where A rung's left side is where inputs and logic expressions are located, while its right side is where outputs are located.Figure 4 – PLC Ladder 
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The advantages of using this type of automation are quite similar to fixed automation. One advantage is increase in productivity. When compared to manual labour, programmable automation systems can run constantly and with greater productivity. Additionally, they have the ability to work more quickly, cutting down on cycle durations and raising output levels all around this links into being more efficient also. Utilising automation may also save costs by lowering the number of employees needed, and it may also reduce errors and scrap (Boissonneault, 2005)
Another significant benefit of employing this technology is flexibility and versatility in production. It is feasible to swap products without paying a lot of money when using programmable automation as there is the option to change programmes. This is especially helpful in manufacturing companies where frequent design modifications are required.

[bookmark: _Toc164526086]Disadvantages

On the other hand, just as with fixed automation, the total cost of this kind of technology will be quite high because it would involve paying for maintenance packages, software, as well as equipment purchases. An additional drawback is being susceptible to technological malfunctions. Because these systems are complicated, there must be on-site engineering or qualified individuals to assist any issues that may develop. These systems are prone to technical failures, which can negatively affect overall production.

Even with its relative flexibility over fixed automation systems, programmable automation could somehow be less able to respond quickly to needs for customisation if the product specifications are new and there isn't a programme set up for it. It might take a while to reconfigure or reprogramme automation systems to support new goods or procedures.
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Flexible automation is the process of programming and controlling a highly complicated system through computer input. Systems with flexible automation enable modifications in response to changes in the product or process. Humans use computer code or HMIs (Human Machine Interfaces) to run computerised systems that control machines. Multiple product kinds can be produced simultaneously by configuring or programming the machine. In contrast, programmable automation may be configured for various goods, but doing so involves a large amount of downtime.


Businesses who create a range of items in low-to-medium production runs will find that this method is perfect for batch processes. Technology for flexible automation can quickly switch between multiple functions or product configurations. For instance, a 6-axis automated arm may be designed to perform a variety of functions on a manufacturing line, such as cutting material and making holes. If necessary, it might also be configured to perform an entirely new task the following hour (EAM Blogs, 2020).
[image: Flexible Automation – Staccato Technologies]










Figure 5 – Flexible Automation 



In the automobile business, soft automation, often referred to as flexible automation, should be considered. Honda is known for utilising this technology to make 113 modifications to their motorbike product line throughout the 1970s (Bolton, 2015). Jerome H. Lemelson, an industrial engineer from the United States, is credited with creating the concept of flexible automation. An originally concept included a robot-based system with the ability to carry, examine, fasten, and weld produced objects. In the late 1960s, his concept began to be used in manufacturing floors across Europe and the United States (Hayes, 2023).
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Distributed Control System (DCS) is a control system that is used in flexible automation to operate complicated systems. A DCS is a type of control system that makes use of controllers, computers, and sensors among other control devices. Each of these components fulfils a certain function, such as storing information, visual display, process control, and data collecting. Control systems like this are typically found in operations like chemical processing, power plant systems, and petrochemical (Control Station, 2018)

[image: What is a DCS? I Definition from TechTarget]
Throughout a workplace, the DCS communicates instructions to individual controllers, which are connected by a high-speed communication network. When set up properly, the DCS may increase production efficiency and safety.


Figure 6 - DCS
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When it comes to overall long-term cost savings, higher productivity, or better quality and consistency over manual techniques, the benefits are quite comparable to those of programmed and fixed technologies. Reducing the likelihood of accidents at work is another benefit of using technology. Tasks that are physically draining or hazardous can be automatically completed by automated devices. 

The word "flexible" describes this automation system's main benefit. Businesses can swiftly adjust to any potential modifications in manufacturing or design because of it. In contrast to the other automated techniques, this permits zero production downtime.
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The increased cost per unit resulting from the equipment's initial start-up and maintenance is a significant drawback of flexible automation compared to fixed and programmable systems (Bolton, 2015). Businesses may be put off by the cost of this technology because it might be rather costly to deploy. The lack of job stability for people is also another drawback. The possibility that human operators may be replaced by this technology may cause anxiety among workers (Wheeler, 2023)
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[image: The 7 elements of a machine vision system. - Industrial Vision Systems]The type of equipment that Flexible Automation uses for flat pack furniture will vary based on the application. One such use is CNC machining, where the programme may be configured to produce the necessary cuts and sizes. Since there are hundreds of unique products in the flat pack furniture market, CNC machines are ideal for this kind of application. In addition to this, CNC machines can be attached to a conveyor belt system where the excess material will get dropped to a bin and the produced goods will go to a separate area this is designed to move completed products quickly and in a safe manner, this can also transport the goods to the next stage of the process. Utilising collaborative robots (Cobots) in place of people to handle heavy components using gantry systems, pump trucks, or manual lifting is an additional alternative for larger objects. Thus, employing automated systems will have the advantage of reducing the likelihood of new health and safety issues. Figure 7 – Vision System


Some sort of vision system implemented would be ideal to detect any failures, however this equipment is very expensive and will only work on smaller items.  Pictured on the right is machine vison system. 








Given the variety of items that a flat pack furniture manufacturer produces, flexible automation would be the most suitable for this application. To better serve their customers, these businesses often provide their products in a variety of forms, sizes, colours, and designs. Flexible automation can support simple programme changes or reconfiguration, as mentioned above in the advantages section, making it possible for the equipment to swiftly create several items on the same assembly line without any downtime. In addition to this, some customers may require customized furniture, this automation can be programmed to carry out that specific task with high quality and fast production compared to if a manual operator had to carry out the same task. Additionally, by being able to introduce new designs and then manufacture them, the manufacturer can satisfy the demands of growing market trends, which makes them more competitive in today's market. 
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In conclusion, the examination of manufacturing automation, focusing on the three categories of fixed, programmable, and flexible automation, demonstrates the evolution of automation throughout time and makes it possible to identify the advantages and disadvantages of each form of automation. Static setup intended for mass manufacturing of the same product is referred to as fixed automation. With its degree of flexibility and usage of coded instructions, programmable automation may be used to a variety of production requirements. Flexible automation has an advantage over the other two categories since it may be tailored to the demands of the item being produced. In addition to this, flexible automation was further researched and applied to flat pack furniture to show how this automation type is the most appropriate.

Furthermore, the analysis of control systems and understanding how vital control systems are to any type of automation is shown in the report. Control systems ensure efficiency, for optimising performance and makes sure the process is running smoothly.
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