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[bookmark: _Toc164634241]CHAPTER 1: INTRODUCTION AND BACKGROUND
1.1 [bookmark: _Toc164634242]INTRODUCTION
Over the past century traditional “manufacturing” has gone through a considerable evolution, which has largely been attributed to technological advances aiding the automation of processes. As a result of this evolution, automation has now become a fundamental part of modern manufacturing with a varying scale of adoption across many sectors. The scale of manufacturing automation as an individual industry can be demonstrated by highlighting the financial position of the industrial automation products supply chain which is estimated to be approximately a $115 billion global market in 2025 (McKinsey & Company , 2023). 

[bookmark: _Toc164634243]CHAPTER 2: MANUFACTURING AUTOMATION
Automated systems within manufacturing can be categorised into three basic types. These types are referred to as: 
· Fixed Automation. 
· Programmable Automation. 
· Flexible Automation. 
All three types follow the same primary principle, that the use of technology can be applied to a system to aid control and execute required tasks with reduced human input. The key benefits when discussing “Automation” as a topic without categorising into the specific types, will often lead to the following benefits being highlighted: 
1. Increased productivity
2. Improved consistency 
3. Reduction in labour costs
4. Increased flexibility 
5. Enhanced safety
It is important to highlight that the type of automation selected and implemented within manufacturing can influence the benefits seen. Therefore, the correct selection of automation type is critical to ensure the benefits of automation are aligned with the manufacturers requirements.  

2.1 [bookmark: _Toc164634244]FIXED AUTOMATION  95
Fixed automation also referred to as “Hard Automation” is a type of automation where the processing or assembly sequence are pre-determined and fixed by the equipment configuration (Groover , 2019). The objective of fixed automation is to develop a sequence of automated processes, that will produced a particular product or complete a specific task. This type of automation is traditionally used for high-volume and low variety production. The actions being performed by the associated equipment within the sequence can often seem basic but the complexity is in the integration and coordination of the fixed actions.  
2.1.1 [bookmark: _Toc164634245]History & Chronology
[image: Celebrating the Moving Assembly Line in Pictures | Ford Media Center]Fixed automation as a concept began during the industrial revolution, with the desire to improve efficiencies and reduce labour costs by automating manufacturing processes. An example of early adopted automation can be seen with Edmund Cartwright’s automated weaving loom in 1785, followed by the use of steam engines replacing manual labour (Wertz, et al., 2019). A significant change occurred in the 20th century with the emergence of automated assembly lines which were introduced into the mechanised production lines of the automotive industry. The change has now been largely attributed to the innovation performed by Ford Motor Company, with the introduction of their automated assembly line (Fig 2) which revolutionised the manufacturing of cars and allowed for increased productivity (Britannica , 2024).  [bookmark: _Toc164618611]Figure 1: Ford Motor Company "Moving Assembly Line"


The late 20th and into 21st century has seen further adoption and improvements within fixed automation with most notably the advances in robotics and programmable logic controllers (PLCs) which has allowed for the introduction of other automation types which can be integrated with fixed automation systems. The advances within this technology has allowed fixed automation to be utilised in additional industries such as chemical manufacturing processes, material handling systems and more. 

2.1.2 [bookmark: _Toc164634246]Industrial Uses 
Fixed automation has been and continues to be widely used within industrial sectors. The automation method is often used within industry for processes which remain stable, unchanged and often have a matured production optimisation. There are a wide range of  industrial uses for fixed automation, two of the most well known are: 
i) Automated Assembly Lines 
ii) Material Handling Conveyor Systems
[image: A diagram of a machine

Description automatically generated]The use of fixed automated assembly lines within the automotive industry is an established automation method. A specific example of how fixed automation could be utilised in the automotive industry can be seen with the assembly of an engine, the steps required (Fig 1) without the use of automation could involve over 20 separate human interactions with the equipment. [bookmark: _Toc164618612]Figure 2: Assembly line flow chart of an engine


This is an example of a process where fixed automation could be considered a suitable automation method. It could be deemed suitable for the following reasons: 
· Process steps are defined and established. 
· End product understood and stable. 
· Process involves a high number of steps to achieve the product. 
· Fixed automation could potentially lead to a higher volume and a lower variance in product quality. 

2.1.3 [bookmark: _Toc164634247]Advantages & Disadvantages
The application of fixed automation can lead to high initial investment costs, therefore the ability to develop positive business cases is challenging if high volumes of the desired output and low production variety cannot be achieved. Therefore, this limits the application and the feasibility for small batch production processes or processes requiring a higher level of flexibility (Lofving , et al., 2018).  
Fixed automation system are also susceptible to the risk of obsolescence as technology advances, paired with high initial investment costs can lead to costly upgrades or replacements. The lack of customisation and also versatility of a fixed automation can also be seen as a disadvantage. This is a disadvantage which directly contradicts one of the key benefits identified when discussing “automation” as a general topic. 
There are many advantages of automation, the first being the potential high productivity which can be achieved when a fixed automated system is designed correctly. In addition to the high productivity another advantage is the high consistency and repeatability in the action process steps being performed. This can lead to improved product quality, reduced labour costs and a more efficient process. The implementation of fixed automation can also expand a company’s ability to continuously generate products which can lead to increase competitiveness within the marketplace. One further advantage is the ability to enhance safety within a process, fixed automation can prevent the need for human interaction either with repetitive tasks or potentially hazardous activities.  

2.2 [bookmark: _Toc164634248]PROGRAMMABLE AUTOMATION
Programmable automation is a type of automation which uses a range of computer numerical controlled (CNC) machine tools, programmable logic controllers (PLC) and industrial robotic applications which all work in real time (EAM, 2020). The automation is controlled through the use of applying logical programming commands into the PLC. Programmable automation allows for operation sequence or equipment configurations to change depending on input signals. The PLC is often seen as the brain of the system, the input devices such as sensors provide the PLC with information and then the output devices allow the PLC to control the system by for example closing valves. 
 
2.2.1 [bookmark: _Toc164634249]History & Chronology
Programmable automation has largely been attributed to the development of the programmable logic controller (PLC) in the late 1960s. This has been recognised as the major breakthrough within programmable automation and has shaped the PLCs which are found in use today. Prior to this breakthrough programmable automation was reliant on hardwired relays and timers. The automotive industry were the first industry to deploy the use of PLCs into their operations, more specifically General Motors in 1968 (C3Controls , 2024). 
The use of PLCs have become the most common choice for programmable automation of manufacturing controls, gaining popularity due to being a cost effective method of controlling complex systems. This initial development has led to further advances within programmable automation such as the introduction of remote input and output systems in 1976, the introduction of microprocessors within PLC in 1977 and then the eventual ability to network the PLC to allow for real time programmability which was introduced in 1985 (Roy, et al., 2016). 

2.2.2 [bookmark: _Toc164634250]Industrial Uses
Programmable automation is widely used within manufacturing and industrial settings. An example of programmable automation use and industry reliance can be demonstrated by looking at a simplified tank level control setup (Fig 3). 
[image: ]



  
[bookmark: _Toc164618613]Figure 3: Simplified tank level control PLC setup


Within the simplified tank level control setup, there are two PLCs within the system which would orchestrate the required automation dependent on the control logic provided to them. The control logic would be supplied directly from the linked Supervisory Control and Data Acquisition (SCADA) system. The system would allow for the “setpoints” for flow and level to be configured in real time. The PLCs would monitor the inputs (PLC 1 – Flow Data, PLC 2 – Level Data) against the control logic. The PLC would then initiate the required output to control (PLC 1 – Pump Control Data, PLC 2 – Valve Control Data). 
A clear advantage of the use of programmable automation is the ability to adjust the automation in real time. This allows for operations to continually optimise and improve plant control throughout the lifetime of an asset without always requiring extensive redesigns.  
2.2.3 [bookmark: _Toc164634251]Advantages & Disadvantages
Programmable automation has seen significant adoption within a variety of industries since the 1960s, there are still disadvantages associated with this type of automation. The disadvantages associated with programmable automation are also seen across all types of automation, an example being high initial cost of implementing an automated system due to the hardware and resource required to correctly design. However, programmable automation can often see a lower initial investment costs that fixed automated systems. This means that is can be a suitable automation method for small to medium batch processes. 
In addition the complexity of automated systems and configuration does require the need for skilled workers to maintain these systems. This is not a specific disadvantage for programmable automation as this is true with other types of automation. The use of programmable automation relies on the use of programming to perform specific task, errors within this can lead to errors and downtime which can be costly to businesses. An advantage of programmable automation is the flexibility to reprogram to meet changing requirements, both planned changes and ad hoc changes required to meet operational needs.   
.
2.3 [bookmark: _Toc164634252]FLEXIBLE AUTOMATION 
Flexible automation is a type of automation which exhibits “flexibility”. This will commonly be applied to processes requiring flexibility within the process to be able to produce different part types and often the flexibility comes from the programmability of the computers controlling the machines (Swamidass, 2000). Flexible automation includes the use of multi-purpose CNC machines and industrial robots which have the ability to be highly adaptable depending on computer instructions. The use of flexible automation is being widely adopted in industries which require frequent product changes and requiring increased variety. 

2.3.1 [bookmark: _Toc164634253]History & Chronology 
Flexible automation has evolved from fixed automation and has benefitted from the technological advances within microprocessors. The advances has allowed the use of microprocessors to be integrated into machine tools which has enable computer controlled equipment. The computer numerical control (CNC) was first establish in the 1950s, this gave way to the CNC machine tool which is the basis of the flexible automation within machining (Stecke & Parker, 1997). 
The introduction of the CNC within machining allowed for programs consisting of code describe the desired machining operation to be used. These program could be adapted to allow for changes within design and greater level of versatility. Flexible automation has been adopted within industries that require an approach between a programmable and fixed automation system. The use of flexible automation has been seen to suit industries required a balance between allowing variability within their process but still requiring high productivity (Fig 4). 
[image: Different Types of Automation - Control ...] 







[bookmark: _Toc164618614]Figure 4: Types of Automation by Volume & Variety


[bookmark: _Toc164634254]CHAPTER 3: FLAT-PACK FURNITURE AUTOMATED PRODUCTION 
3.1 [bookmark: _Toc164634255]INDUSTRY BACKGROUND 
The flat-pack furniture industry also commonly known as “Ready-to-assemble” furniture is a significant industry segment within the furniture market worldwide. It is estimated that in 2020 the segment was worth 13.8 billion dollars (Statista, 2023). A survey performed in 2020 in the United States with 2000 respondents posed the question, “Which of the following is most important to you when purchasing ready-to-assemble furniture?”. The responses were collated (Fig 5) and 
[image: ]provide an insight into consumer behaviour and requirements. [bookmark: _Toc164618615]Figure 5: Survey Responses: Which of the following is most important to you when purchasing ready-to-assemble furniture?

The survey demonstrated that “Quality/Performance” was identified as the most important, followed by “Price” which was answered by 21.9% respondents. 
The “Ease of Assembly” was also identified as an important requirement by the consumer. With the insight gained from this completed survey it can be seen that “Brand” is not an important factor to the respondents with only 3.9% answering this. With the survey results it can be seen that the consumer focus is on build quality resulting hopefully in good performance and brand is not necessarily an important factor.  
This survey response demonstrates the importance on manufacturers to ensure build quality is optimised, designs are optimised to allow for ease of assembly and also that price is competitive. An interesting statistic which highlights the market potential is that statistics indicate that a significant 83% millennials have made purchase within the diverse spectrum of ready-to-assembly furniture (Skyquest, 2024). 

3.2 [bookmark: _Toc164634256]INDUSTRY REQUIREMENTS 
Considering the identified important requirements from the survey the following requirements are the key requirements (Excluding specific consumer preferences e.g. style/colour, material selection): 
· Quality/Performance 
· Price 
· Ease of Assembly
In order to successfully meet consumer expectations and requirements, the flat-pack industry must operate with a high degree of “flexibility” within their production abilities. It is not only needed  to meet the important requirements stated from the survey but also to meet the growing demand of the consumer for shorter lead times and continuous evolution of product designs in line with trends. In addition a growing trend within the industry is the ability to offer consumers the ability to customise designs at point of purchase (Technavio, 2024). 
Considering the identified requirements and demands, the following types of flexibility could be considered critical when considering flat-pack furniture production:   
· Machine flexibility – The ability for a machine to perform multiple types of operations without being prohibited to a single operation. 
· Material handling flexibility – The ability to move different part types through a system efficiently. 
· Process/Product flexibility – The ability to alter the manufacturing system to produce different part types without major setups. 
· Routing flexibility – The ability for the system to provide a part by alternative routes through the system. 
· Volume flexibility – The ability of a manufacturing system to operate profitably at different output levels. 
· Expansion flexibility – The ability for the system to ease and expand production when required. 
· Program flexibility – The ability to run independently for a long period without human interference. 
· Production flexibility – The ability for the system to be able to provide a wide range of part types/products without adding major capital expenditure. 
· Market flexibility – The ability for the system to adapt to a changing market environment. 

3.3 [bookmark: _Toc164634257]FLEXIBLE AUTOMATION USE 
With an understanding of the industry background, consumer requirements and the identification of the need for a high degree of “flexibility” within the process it can be clearly seen why the use of flexible automation could be deemed the appropriate type. Flexible automation has many advantages which align directly with the industries need for flexibility and the flexible automation system can be designed to achieve the flexibility types.
Examples of how flexible automation could be applied to achieve the flexibility types are briefly described below:  
[bookmark: _Toc164634258]3.3.1 	Machine Flexibility 
The use of robotic assemblies can be deployed to allow for flexibility, these assemblies can enable multiple operations to be performed and not prohibited to one fixed operation. These robots can be programmed to adapt to changes and execute differing operations depending on received input data. The input data can either be based on programmed instructions or advanced robotic assemblies are now adopting a multi-sensory approach though the use of different sensors (Jorg, et al., 2000).
[bookmark: _Toc164634259]3.3.2	Material Handling Flexibility 
The automation of material handling though a manufacturing system is not a new phenomenon. However, alternative technologies are now becoming available to reduce further the requirement for fixed and specified locations. The increased used and development of automated guided vehicle (AGV) has led to terms such as “The Portable Assembly Line” now being used due to the ability for this technology to create a virtually invisible conveyance system (Emerry, 2014) The benefit being that is quickly relocated and rerouted, increasing the material handling flexibility.   


    
[bookmark: _Toc164634260]CHAPTER 4: CONCLUSION 
In conclusion, automation has a significant presence within the manufacturing industry. It has evolved from humble beginnings enhancing efficiencies in material handling to now being integrated into complex manufacturing systems such as the ready-to-assemble industry. It is possible to formulate an overarching opinion on “automation” as a topic and this often means grouping both the advantages and disadvantages. However, the three types of automation do have similarities but also have their own distinctive advantages and disadvantages. It is also worth noting that the application of automation within a manufacturing system does not require the sole use of one specific type.   
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