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1.0 Introduction  

Automation is becoming the cornerstone of many manufacturing sectors which continues to grow every year with the advancement of electronics and robotics. In today’s world, smart manufacturing is being spoken about more and more, with the goal of producing vast amounts of personalised products using automated manufacturing techniques, whilst also keeping the cost of manufacturing down .
 An early example of manufacturing automation in the 20th century was the programmable controller (PC) which was invented by Richard E. Morley in 1968, where his team used ladder logic to control electric relays within a manufacturing environment. Meaning that automation became easier as one no longer needed to rewire and reconfigure complex electrical panels, but simply needed to reprogramme the PC . PCs then went on to become the programmable logic controllers (PLCs) that we know and use in today’s manufacturing environments.
This report will discuss three types of manufacturing automation; fixed, programmable and flexible automation. The history and chronology will be reviewed, whilst also looking at which sector these types of automated manufacturing emerged for the first time. The advantages and disadvantages of each type will also be noted along with the relevant control systems that may be employed and shown visually with the use of relevant images. 
There will also be a section of this report dedicated to the discussion of using flexible automation in the flat-pack furniture sector, going over why that particular type of automation best suits the industry compared to fixed or programmable automation. 










2.0 Main Findings

2.0.1 Fixed Automation

Fixed Automation is a type of autonomous production that is set, or fixed, to a certain state or configuration. This configuration is determined by the mechanical or electrical hardware within the process, such as gears, wiring and other pieces of equipment that are not easily reconfigured . 
One of the earliest example of fixed automation would be watermills that were developed in the first century BC that ran all the way through to the nineteenth century. These mills used the power of water to turn a large wheel which would be used to grind down seeds . The control system refers to the wheel itself as that is what controls and regulates the output i.e. seed grinder, whereas a process variable would be the seed grinder functioning.
Early examples of fixed automation in a complex scenario would be the mechanical clock, which was developed in the thirteenth century and used a series of weights and ropes that would turn the clocks as they ascended and descended. By its nature, this type of automation was fixed due to the size and weight of the system . The process variable here is the clock turning, whereas the control system are the multiple gears within the mechanical clock.
In 1745, Edmund Lee invented the automatic speed control system for windmills, where the higher the wind speed the more pitched the sails would become which allowed for the sail speed to stay under control. Conversely, when the wind speed decreased the sails were less pitched ergo increasing rotational speed . As the pitch system was integrated into the windmill, it is not easily changed and therefore, is an example of fixed automation. The rotational speed of the mill is the process variable in this example, with the pitch changing system being the control.
A modern day example of fixed automation would be an automated assembly machine, which are used in operation constantly to be able to maximise the production of a single part or unit . An example, in Figure 1 below, shows an automated bottling machine where by thousands of the same type of bottle pass through the automated process:










Figure 1, Automated Bottling Machine 
This machine falls under the fixed automation category as once the product type is set up on the machine, it is not a quick and easy process to then change product type. The process variables here are the filling, capping, and labelling of the bottles, whereas the control system is the programmable logic controller (PLC). 
An advantage of fixed automation systems are that they are more precise than manual operations; using the automated bottling machine as an example, these machines reduce the time taken to fill bottles and also reduce any waste product compared to a manual operation . One disadvantage of fixed automation would be that it is expensive to initially set up, more so than using standard manual or human input processes, commonly due to the fact that the machines used are large and complex . This disadvantage is opposed by the labour cost reduction of having an automated process; by removing the human labour, the product cost reduction is largely reduced .
Extrapolating from the examples above, fixed automation emerged in sectors where the mass production of a single product was needed, like the soft drinks industry. Other industries that took advantage of the emerging fixed automation machines are the automotive and packaging industries . 






2.0.2 Programmable Automation

Programmable automation is a branch of technology that fits into manufacturing engineering and computer science, by applying methods from both practices to achieve automation in an industrial environment. What makes this type of automation “programmable” is the ability to change tasks or commands by modifying the embedded computer code or physical components that control the instructions to suit the new goal .
In 1956 Dr Seiuemon Inaba, founder of the FANUC company, developed the first numerical control (NC); which is an automated machine that controls and moves precision tools by following a series of commands or instructions that it ascertained uses a series of punched cards . The control system here being the punched cards and the process variables being the outputted parts.
One of the first recorded uses of programmable automation in an industrial setting is a die casting robot in a General Motors factory, as shown in Figure 2. This robot was developed in 1961 by George C. Devol and Joseph Engelberger of the Unimation company; with its main function being to press sheet steel in a certain sequence that could be altered at any time .












Figure 2, Die Casting Robot 


Shortly after this invention in the late 1960s, General Motors started using a programmable logic controller (PLC) on its production lines, with the company again taking advantage of emerging technologies. The PLC was first developed by Modicon, an American company, as a direct replacement for the large quantities of electrical relays to make a much simpler and programmable process . PLCs are one of the main technologies used in programmable automation and they provide an easier route towards an automated industrial process capable of manufacturing more than one item or assembly. 
Following on from Dr Inaba’s NC invention, in 1976 the computer numerical control (CNC) which, similar to the NC, is a machine that controls the movement and precision of machine tools. For CNCs however, these movements and commands are written in the form of computer code that is embedded into the machine which gave these new machines the capability to work on most parts within XYZ axis .
In 1981, Dr Hideo Kodama became one of the first to invent a rapid prototyping machine (or 3D printer) which used ultraviolet light to polymerise resin layer by layer to achieve a desired part, with this process being a type of stereolithography. The control system of this particular process would be the computer or .stl file (stereolithography), and the process variables are the parts that it produces. This is a fine example of programmable automation because rapid prototyping brought about the invention of the .stl file by Charles Hull, which is the most commonly used file type in rapid manufacturing . Hull went on to produce the SLA-1 machine which also used stereolithography to 3D print parts, seen in Figure 3:









Figure 3, SLA-1 Machine 

The advantages of programmable automation mostly come from its ability to be able to be reprogrammed to accommodate different settings are commands i.e. its versatility. With the automation comes efficiency, as once programmed (or reprogrammed) these systems will offer faster and more precise solutions than a manual worker. The precision of these systems will ultimately lead to less errors ergo less waste, improving the overall quality of the manufactured parts . 
Some disadvantages would include a high start-up cost, with programmable automation systems needing a large cash sum to first install, which could be too much for smaller businesses to afford. Programmable automation also requires the skill and knowledge to reprogram which could result in a specialist being called into the company to achieve, which would also cost more money .

2.0.3 Flexible Automation

Flexible Automation is a branch of manufacturing automation that is flexible in more than one way, but the main reason it is flexible comes from its ability to be able to manufacture different parts or assemblies without the longer change-over times of fixed or programmable automation. There also comes flexibility from a generational perspective; this type of automation allows for the production of parts through different iterations and generations, meaning if one wanted to make a small design update to a part, it could be done quickly and seamlessly with this technology .
Jerome Lemelson invented a “universal robot” in the 1950’s that was capable of multiple different processes including moving, welding and inspection using the then new technology of machine vision. This new technology harnessed the power of cameras and computers to allow the robot to make decisions based on data, making this a one of the very first flexible automation processes. .
Another early example of flexible automation came from the Sunstrand Corporation in 1965 where they created a manufacturing process that used eight NC machines surrounding an automated conveyor that was controlled by a computer . The control systems would be the punch cards on the NCs and the computer on the conveyor, and the process variables would be the parts that are produced from the system. 

A more recent form of flexible automation comes in the form of collaborative robotics or cobots, where a person and a machine work side-by-side in order to achieve a common goal. The aim of a cobot is to take on would be deemed as a monotonous role or process, to free up the time of a human to carry out more technical tasks. These cobots were first developed in 1996 by J. Edward Colgate, but the more modern cobots have become an excellent example of flexible automation due to the simplicity of changing which commands are carried out, whereby you use the computer control system to add or edit commands. Modern day cobots are clever enough to be able to react to changing scenarios even without being reprogrammed, due to the advancement of force-feedback sensors . Below in Figure 4 is an example of a cobot working alongside a human to achieve a common goal:








Figure 4, Collaborative Robotics 

Similar to its programmable counterpart, flexible automation has a high start-up cost and would require a large cash injection before eventually making the money back further on down the line. Even though flexible automation is relatively easier to reprogram than programmable alternatives , one must still have the knowledge and experience to do so, by either retraining current staff or hiring from an external company, which adds even more cost.
The main advantage to flexible automation is its flexibility; where one can manufacture different parts one after the other, not needing to even produce different batches. The changeover of equipment can be done a lot quicker and sometimes even automatically by using the right programming. Another advantage of this type of manufacturing automation is the ability to reprogram the system or machinery remotely, without the need of changing anything mechanically or electrically .

2.0.4 Flexible Automation in the Flat-Packed Furniture Industry

The invention of flat packed furniture came about in 1952 when Gillis Lundgren, of IKEA, had the idea to take apart a table in order to fit it in the back of a car . Since then, flat packed furniture is sold globally in multiple shapes and sizes with new designs and ideas constantly coming from fresh fashion trends. This means that flat packed furniture industry comes with the difficult issue of manufacturing multiple different sizes and shapes of furniture, that could change in an instant. 
For the reason discussed above, this industry lends itself to an automated manufacturing process that can produce different, complex designs without spending a large amount of time changing over equipment and tooling. Fixed automation requires considerable time to change tooling and equipment, which means that it is not suitable for the flat packed furniture industry as the designs and shapes change often with latest fashion trends and novelties. Similarly with programmable automation, it would take too long to change PLC programs and embedded software commands. It would also come at an expense to hire an external expert to reprogram the equipment. 
This industry is best suited to flexible automation, calling upon the versatility and flexibility of the technology applied to be able to cope with the supply and demand of the ever changing industry. The main benefit of using flexible automation would be the ability to change the design or assembly script of the manufacturing process remotely, meaning production would not have to come to a stop . A simple graph shown below in Figure 5 depicts the different types of automation types and their productivity compared to their versatility: 







Figure 5, Productivity vs Versatility Graph 

From the graph, one can see that flexible automation sits in the middle of variety and volume meaning it is the middle ground between versatility and efficiency. Using a table as an example, the versatility comes in the form of being able to produce a table top, leg and braces on the same production line one after the other. This benefit is offset by the product volume as shown in the graph, fixed automation produces more units per annum meaning a higher cost per part.
This type of automated manufacturing would take the form of a fully automated production line, which would start at the parts picking stage using pick and place technology to retrieve the correct parts at the start of the process . These would then be fed down an automated roller system where it would be cut, drilled and finished using complex machinery that is driven by a computer program that can be altered to suit the furniture design. This complex machinery comes in the form of autonomous cutting and drilling equipment which is run using bespoke scripts written in computer code. The system would also use specialised rollers to rotate and turn parts so that they are the correct orientation, as can be seen in Figure 6 below:






Figure 6, Specialised Turning Roller 

Pick and place technology would then be used to package the finished product and then an automated labelling machine would make the assembly recognisable and traceable. Flexible automation does not stop at the end of the production line as the finished parts would then be picked up and transported around the factory using a self-driven vehicle that uses cameras, sensors and mapping technologies to move product. From start to finish this is run using a computer program inputted into the production processes computer, which can hold multiple programs at one time and can be changed and edited remotely without delay.


3.0 Conclusion

To conclude, there are three main types of manufacturing automation; fixed, programmable and flexible, each with their own benefits and complications. Fixed automation is a branch of technology that lends itself to manufacturing one product for a prolonged period of time, due to its rigid design it does not allow for multiple different products to be produced. The benefits of this automation is the upfront cost is lower, the efficiency and production rate is the highest of the three .
Programmable automation processes allow for change, but one must reprogram embedded software and change suitable hardware in order for this change to happen. This leads to downtime in the production process and excessive costs to change over the manufacturing process, and it has a lower production rate compared to fixed automation. 
Flexible automation allows for much faster changeovers, in most cases this can be reprogrammed remotely via computer programming and coding. Changeovers can occur without stopping production at all, using complicated sensors and pick and place technologies. The downside to this technology is relatively lower efficiency and a much larger upfront cost . This style of automation best suits the flat packed furniture industry as the shapes and designs of furniture change frequently. Flexible automation caters to these sudden changes with its versatile capabilities and hi-tech manufacturing solutions. 
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