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1 – Introduction

Manufacturing Automation is a system of manufacturing that applies technology to automate tasks, processes and production. Automation has experienced significant growth since its introduction and is still continuously evolving as new technologies are discovered. Automation is expanding into a wide variety of businesses, such expansion is due to its ability to streamline operations by removing the requirement for human labour, this in turn reduces process errors and delays and therefore keeping production lines lean, productive and efficient.
Manufacturing automation has three main methods: fixed, programmable and flexible. This report will look at these three methods in more detail including looking at their history and origins. Also, these manufacturing methods will be assessed for their advantages, disadvantages and which industries they are typically found in along with what relevant control systems are involved with their implementation.
Further to investigating these manufacturing methods, it will be discussed and justified why a flat-pack furniture company would be best suited to a flexible manufacturing system.


Fixed Automation 

Fixed automation is a manufacturing system which can contain several processes that are in a fixed configuration to provide a finished product without the requirement of human intervention. Fixed automation will come at a high initial cost due to specific purpose built machines which will build up the assembly line, however the high initial investment will return an assembly line which will provide high production rates and high levels of quality. 
Fixed automation originated in the early 20th century where it emerged in the automotive industry, many believe it was introduced by Henry Ford during the Ford Motor company’s production of the Model T, however, it was Ransom Olds who invented the first automotive assembly line(Klaess, 2021). Although Ford did not invent the assembly line, they are credited with advancing the concept and creating the science of line balancing and design. The assembly line enabled the production of vehicles in large quantities with high levels of consistency, this helped to reduce costs and increase efficiency within their organisations. Since its origin, fixed automation has developed greatly over the century due to continuous improvements in technology which has enabled assembly lines to improve at vast rates. Fixed automation soon expanded from the automotive industry and is now commonly used in chemical manufacturing processes, material handling systems, paint/coating processes and machining transfer lines. 
Due to its design and costs fixed automation has many advantages and disadvantages, one of the advantages being it can lead to low labour costs. Due to the nature of fixed automation production lines being highly automated there is often a minimal requirement for human interaction/labour and will therefore reduce the organisations labour costs. A second advantage is that fixed automation lines provide high production rates, due to their level of automation and specific machinery which is engineered to suit their product high production output is achieved. Further to high production rates, as fixed automation lines are designed and engineered for specific products/tasks they also achieve very high accuracy/precision which leads to a further benefit of low waste, low waste also then leads to lower costs for the organisation, so fixed automation lines have many advantages to organisations which chose to adopt them.
Aswell has having advantages; fixed automation lines also have disadvantages. One of the disadvantages of fixed automation is the high initial costs which are incurred, as fixed automation lines are designed and built using specific purpose-built machines this comes at a high initial cost to organisations, this can make it unaffordable to smaller companies who are looking to automate their manufacturing. A second disadvantage to fixed automation is the lack of flexibility, as the name says, fixed automation is designed for specific tasks/processes. Therefore, changing product details or designs can be difficult and costly as the production line will have to be stopped to implement changes. This also applies to scaling production rates up or down, as production lines are often designed to build to a desired production volume, increasing that volume and prove difficult. 




Fixed automation lines can use a range of control systems to run their assemblies, depending on the organisations requirements and specifications, these control systems can range from PLCs, SCADA systems and Distributed Control Systems(DCS). SCADA, which stands for Supervisory Control and Data Acquisition, are systems which can be used to control and monitor industrial processes. SCADA systems can provide organisations with valuable information which will improve their reliability and efficiency, this is through alarm messages which can be configured on the system to alert staff when the process is out of the norm, these alarm management features also are great tools to use when troubleshooting on the system (A&BProcess, 2021). DCS systems may also be used on fixed automation systems, DCS are systems which consists of a range of sensors, controllers and computers which are located at various locations of the plant. These pieces of equipment then all communicate with a central computer which is the brain of the system, from here the system can make automated decisions on process output depending on what inputs in is receiving from the devices on the network. Figure 1 below illustrates a DCS system.
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Figure 1 – DCS System illustration, 
ControlStation
 (2023)
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Programmable Automation

Programmable automation is a method of manufacturing which allows for machinery operations and configurations to change based on signals and electronic controls. Generally, programmable automation produces products in batches due to the design of the systems, these batches can range from tens to thousands of products per batch. Once a batch has completed its production run, the production line/process can be reprogrammed to suit the updated/new product, this allows more flexibility to the production line however, downtime will be incurred whilst the updates/changes are implemented. Due to its versatility, programmable automation is often used in a range of industries such as automotive, packaging, pharmaceutical and the food & beverage industry.
Programmable automation was founded shortly after the second world war in the form of numerical control(NC) machines, these machines used perforated cards, paper tapes or magnetic tapes to control the movement of tools in manufacturing processes (Ferguson, 2023). The introduction of these machines allowed for greater precision and consistency in manufacturing as initial machines ran on a continuous path and were predominantly used within the aerospace industry for frame components, turbine blades and wave guides. Developing from NC machines came the computer numerically controlled(CNC) machines, these were introduced in the 1950’s by Richard Kegg and now allowed for alterations to be made to programmes far easier than what it was on NC machines as changes could now be implemented using a computer rather than having to create new tapes. Programmable automation really started to progress in the late 1960’s with the introduction of programmable logic controllers(PLC), these were designed to replace large banks of relays and timers which would be hard wired(ProcessSolutions, 2019) this was much suited to programmable automation as changes were now quicker and easier to implement with the use of PLC’s rather than having to physically rewire electrical cabinets. Introduced by Richard Morley, PLCs were initially introduced for the automotive industry but soon developed into other aspects of manufacturing due to their ability to save on man hours and improve production rates.
On from PLC’s came the development of robotics to further develop programmable automation. Although originally introduced in the 1950’s, robotics really started to progress during the late 1970’s and 1980’s where they began to incorporate sensors and vision systems, using this technology allowed for huge increase in capabilities for robotics in manufacturing. The introduction of robotics has greatly improved production rates due to needing no breaks like manpower require and have very high efficiency and repeatability rates. Alongside increasing production rates, robotics has also improved safety in organisations as robots are now used to perform tasks which would be dangerous or strenuous for humans to undertake.
Programmable automation comes with its advantages but also its disadvantages, one of the stand-out advantages is its scalability. As discussed, programmable automation allows for alterations to be made relatively easily to the system to adjust for product demand or product improvements/replacements, this is a big asset for organisations to have as markets frequently alter. A second advantage is that programmable automation can reduce costs, due to the introduction of PLCs and robotics there is a lower requirement for manpower which in turn leads to lower costs for organisations. The introduction of robotics and advanced machinery has led to a third advantage which is improved safety in the workplace, robots are frequently used in hazardous environments instead of human labour therefore leading to improved safety.

There are however some disadvantages to programmable automation, one of which being the high initial investment that is required, due to the complexity and specialist equipment/machinery required high initial costs will be inevitable, this will also lead to a high skill level of employee’s required to operate/maintain the advanced equipment. Another disadvantage is the loss of production that will occur when modifications are required to the production line, as modifications cannot be made whilst the production line is running down time will have to be incurred unless changes can be made during out of production hours. 
[image: A diagram of different parts

Description automatically generated with medium confidence]






 (
Figure 2 - Production volume, 
ControlFreaks
(2023)
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Control systems that can be used for programmable automation can include SCADA, PLCs, HMIs and PACS. HMIs are Human Machine Interfaces, which are touch screen panels which allow operators to connect and manipulate the system. HMIs communicate with the systems PLC to allow alterations to the system to be performed at the operator’s discretion. PACs – Programmable Automation Controllers, are another control system which may be found in programmable automation. PACs are an improved version of a PLC, which can complete functions such as PID loop control, data acquisition and latching. PACs are also more capable than PLCs for controlling and monitoring large amounts of I/O, which would likely be seen at large processing plants or automation systems(AutomationForum, 2023).







Flexible Automation

The third method of automation that can be adopted by organisations is flexible automation, which is an extension of programmable automation. Flexible automation is a method of manufacturing which allows for production of more than one part at a time, this is implemented by having several machines/tools which are linked together via a handling system. Flexible automation can also allow for production to change from one product to another with no downtime incurred, this is because the code/programming for products are stored on a central computer which will then implement changes to settings, tools etc which are required when alternating between products. This method supports manufacturers to quickly react to order variations, product alterations and market fluctuations. Due to its design flexible automation is suited to production environments where volumes are low to medium and changes in products and demand is likely, flexible automation can be found in a range of different industries from material handling systems, machining factories and automotive (EAM, 2022).
Flexible automation emerged in the 1960’s when automated technology was introduced into organisations in the form of CNC machines, this changed the automation paths that many manufacturers decided to take and soon robotics and PLCs were introduced to further boost flexible automation. 
There are several advantages to choosing flexible automation as the chosen method of automation within an organisation, one be its versatility. Flexible automation can deal with product variations/alterations without incurring any loss to production, this is a feature that fixed and programmable cannot offer. Also, flexible automation will reduce fixed costs, this is due to less manual labour required and therefor will reduce the wage bill within an organisation and reduce fixed costs. Due to less human labour required this also improves efficiency and reliability of the production line which will lead to further savings for the business. A third advantage is it provides a safer workplace, due to less manual labour required and enhanced safety features on modern machinery there is less likely for accidents to occur. 
Flexible automation does however come with its disadvantages, high initial investment is required to design and install the machinery and software which will operate, these costs can be large especially for smaller businesses who may to be able to afford the initial costs and may be priced out of this automation choice. A second disadvantage can be complexity of equipment, due to the design and programming of flexible automation systems they can be more difficult to maintain and repair, therefore a higher skill level of employees will be required to operate and repair.
Flexible automation uses a range of control systems which have already been discussed such as PLCs, SCADA, DCS and PACs, the choice of control system will depend upon the on the organisations preference and suitability to their process/production line.








Flat Pack Furniture Company
After researching the three types of automation methods which have been discussed previously, it is evident that a flat pack furniture company would be best suited to a flexible automation system, this is due to several reasons. 
Due to the nature of the business being furniture the market is forever changing as new designs and styles of furniture are created and the customer desires are constantly evolving. Therefore, flat pack furniture production would need to keep up with that trend and adapt to market changes and be able to implement these quickly and efficiently to keep producing furniture and maintaining sales. As flexible automation allows for quick and easy alterations to production output with little to no downtime this would be a real benefit for a flat pack furniture company which would not be the case if they were to use fixed or programmable automation. Second to design changes are market changes, different times of the year would likely see peaks and troughs in the quantity of furniture sales, have a flexible automation system would allow the manufacturer to scale up or down their production rates to suit the current demand for their furniture, this would also be highly beneficial during sale periods where they could see a sudden increase in orders which would need to be fulfilled.
A further reason that flexible automation would be most suited to a flat pack manufacturer is that the manufacturers would most likely have a wide range of products that are available from them, flexible manufacturing will allow their production line to manufacture a range of different furniture models efficiently and with high quality. For example, this would allow the manufacturer to produce one hundred units of a chest of drawers, then switch to produce one hundred units of a bed frame. These changes in product output would incur little to no downtime as they would not require any manual intervention or re-configuration of the production line as it would be designed and built to cope with such changes. 
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