
University Of Wales Trinity Saint Davids
School of Engineering






Development and application of manufacturing automation
Control and Automation ACMA 5001








Student Name – Joshua Todd
Student Number – 2005986
April 2023


Contents
1	Introduction	1
1.1	Aims	1
1.2	Objectives	1
2	Background	2
2.1	Fixed Automation	2
2.2	Programable Automation	2
2.3	Flexible Automation	3
3	Examples in Industry	5
4	Application in flat-packed furniture	7
4.1	Fixed Automation	7
4.2	Programmed Automation	7
4.3	Flexible automation	7
5	Conclusion	8
6	References	9


2

[bookmark: _Toc131841024]Introduction
[bookmark: _Toc131841025]Aims
Automation has seen significant growth over the last several decades.  This report aims to show an understanding of the three typically recognised areas.  These areas are fixed, programable and flexible automation.  The perceived advantages and disadvantages are explained along with examples of where each type of automation emerged.  

[bookmark: _Toc131841026]Objectives 
Using the information provided in the first part of the report a comprehensive approach is used to then decide on the most applicable automation system to be implemented in a company that produces flat-packed furniture.  The assumptions that were made are that the company is of a large capacity for individual units.  It would also need to change production lines to accommodate the altering trends of the industry, with minimal downtime.  The company also wishes to reduce human input to a minimal, thus packaging would also be included in the automation process.  


[bookmark: _Toc131841027]Background 
[bookmark: _Toc131841028]Fixed Automation
The most basic form of automation is fixed automation.  Fixed automation uses minimal monitoring in the control system, this makes the system very fast and reliable.  This sort of system is useful for multiple repetitive actions with little need for extra control.  An automatic hydraulic press punching moulds in sheet metal is an example of a fixed system.  The system knows how much pressure is needed to bend the sheet metal, once the command is entered then the press will go to the set pressure.  Once completed the system will return to its rest position, following the fixed commands that the control system has given it, hence the adoption of the term fixed automation.  This system would typically use a selection of relays to achieve the desired result.  

The benefit of this control system is that it is easy to program and use.  When the desired action is needed then the process will happen almost instantly from time the command is inputted.  Along with the lack of a monitoring device to intercept the input and output signals to make alterations, this makes the system extremely fast.  With the relatively cheap cost these systems have paved the way for many successful companies.  Being able to do repetitive actions at a cheap cost and with minimal fatigue makes this a staple of low cost and high volume business.  

The main drawbacks for the fixed system are in fact nearly the same as its benefits.  Without the monitoring device inserted into the control loop means that when change is needed to be applied to the system this process becomes near imposable.  Any changes made to the system normally requires a full rebuild of the system, some of the main hardware can be kept but the control system itself needs to be replaced.  If the hydraulic press from earlier was to be refitted with a different mould, requiring different pressure, then that would require a new control system installed.  This makes fixed automation very cumbersome in a fast-changing industry.  Having to create and install a new control system every time a new unit comes out is disastrous in an industry where trends may change month to month or even quarterly, depending on the unit in question.  

[bookmark: _Toc131841029]Programable Automation
Programable automation is the evolution of fixed automation.  Incorporating the ability to have several fixed systems installed in a control system with parameter conditions for each.  The control system would have several different programs installed to it and it can then be altered to run witch one is most suitable.  Due to this the system requires a control module inside the command system, this will be separate from the feedback loop and will make alterations to the process to ensure that the correct output is achieved.  Using a robotic unloading arm, this could be used with boxed units and a mechanical tooling to grab them. With programmed automation the control system could, with the assistance of a sensor, load boxed units onto the correct pallets with the use of a barcode.  This could mean that a production line can be producing multiple different units and have them sorted onto the correct pallets at the loading station.  

The main benefit of programmed automation is the ability to have multiple different scenarios come from a single input and have different output results.  For instance box ‘A’ needs to be put onto pallet ‘A1’ while box ‘B’ needs to be loaded onto pallet ‘B2’.  There can be a near unlimited number of programs that can be installed into the control system.  This can increase productivity in a production line massively by being able to have multiple different units produced and going to the same sorting line.  

The disadvantages of the programmed automation system is that due to the installation of a control module into the control circuit there is a slight delay in action, as there needs to response from the control unit to ensure that the correct output is achieved.  Besides slowing down the processing speed the programmed system still has the same limitations of the fixed automation system, in that if a scenario happens that is outside of its programmed inputs and processes.  Then the system cannot accommodate the alteration.  When there are alterations there is still downtime in that the control system needs to have a new program installed to accommodate the alteration.  

[bookmark: _Toc131841030]Flexible Automation 
Flexible automation is the latest development in automation.  With developments in other area, such as proccing power, speed and machine learning. This has meant that it is now possible to develop control systems that can self-govern.  Altering the process in the most efficient manner to gain the desired output.  These systems are more complicated in that they have the same monitoring systems as a programmed system along with the added computing power to make decisions based on previous experience or installed knowledge.  The way that this would work with the robotic arm is that it could be able to acknowledge different units going off dimensions such as: weight, mass, size, or even radio waves and electromagnetic waves.  Using this data, the control system could then understand what item was being delivered to its station and potentially what condition it is in.  Following this the system could then decide as to what would be the proper course of action.  Palletising the units accordingly in separate pallets or maybe in mixed pallets to accommodate customers orders.   Three units of unit ‘A’, 2 units of unit ‘B’ and 4 units of unit ‘C’ as a single order and to be packed onto a pallet.  The flexible automation system would be able to run self-sufficiently fulfilling these packing orders with minimal human interference.  

The main benefit to the flexible automation system is the ability to accommodate new processes quickly while still maintaining the ability to revert back to the other process instantaneously.  A new process can be designed and developed remotely, also it can be remotely installed to the control program when a new process is requited.  This removes the need for any down time and the need for costly engineers to be employed on a permanent basis.  Engineers will still be required but can be employed on a contracted basis, only required to be on call and not on-site during operations (UKEssays, 2018).  

The largest downside to the flexible automation system is the extreme start up costs associated with the system.  Not only is the installation cost very large, the maintenance and skills levels required to operate and maintain such a system are much higher than any of the other systems.  These factors are a large consideration when looking at installing a flexible automation system, as it would not be applicable to all circumstances.  A company making disk brakes and only disk brakes possibly would not see an advantage to the flexible system, as a programmed system would be capable to deliver their needs.  While a company that follows trends and produces lots of different products in a short time span would see the benefits of a flexible system very quickly. 



[bookmark: _Toc131841031]Examples in Industry 

Fixed automation has its routes in what would be noted as ancient history, with the use of water and shadow clock’s as far back as 1500 BC.   The first uses of automation that the modern person would recognise would be with Henry Ford’s development of the first moving assembly line in 1913.  This revolutionised the car industry nearly over night, becoming a dominate car manufacture for many years after.  After 2 world wars and rapid development in fixed automation required for the war effort, many other car manufactures became on par with the production capabilities of Ford’s early success.  Fixed automation was also adopted early on with Bell telephone company to make automated switch boards, reducing the need for switchboard operators (Kaufman, 2020).

With the end of the second world war, sore the development of the first electronic computer named ‘Colossus’ used by the British to break encrypted code from German forces.  This started a period of fast development for many industries, any of which used automation at its core processes to stay competitive (Kaufman, 2020).  With these developments it also meant that relay banks could be replaced with Programable Logic controllers (PLC’s).  PLC’s started off being large, the size of a suitcase, but were able to perform the tasks of a large relay bank.  The controllers were also able to give error codes if there was a problem greatly reducing the troubleshooting time of fixing a relay bank wired in series (Process Solutions, Inc., 2020).  This once again greatly increased manufacturing in the car industry.  These controllers then went through developments reducing their size and increasing capacities, all from the mid-1960s till the late 1990s.  

Development of flexible automation systems started in the 50s in the aerospace sector.  With the race to get jets to supersonic speeds it required higher abilities from the pilots, veering on the edge of human capabilities, due to the shear speed at with events happen.  Even minute alterations at the speeds that were desirable could end up with catastrophic consequences.  This required the development of stability into control systems.  To understand this fully the case of single wing aircraft would be most prevalent.  As early as 1941 a development idea for a bomber aircraft developed by Jack Northrop to use a single wing as a flight platform was having heavy investment.  The program continued till the early 50s when it was deemed to expensive and too unstable to be viable, coupled with some fatal accidents.  Through the 60s and 70s developments had been made by NASA and the Air Force Flights Dynamics Laboratory into fly-by-wire systems, taking human input signals and altering them using computer control systems to remove any instabilities that would be caused by external causes (Correll, 2016).  The first single wing aircraft finished all safety test and entered operations on July 17, 1989 (Torres, 2019).  Fly-by-wire technology is now a wide staple in most automotive sectors.  




[bookmark: _Toc131841032]Application in flat-packed furniture  

In a flat-packed furniture company there are many areas that will be controlled by automation, this would be attributed to the need to produce lots of units in a quick time frame with all units meeting a strict standard.  The same results are possible with human operators although this would be costly and time intensive.  
[bookmark: _Toc131841033]Fixed Automation
Fixed automation in the flat-packed industry is a now an ageing practice, this is factored to the limitations to change.  Large volumes of components for the flat-packed furniture can be produced quickly with low cost using this method.  Quality can be severely lacking using this system though as there are no measures from the system to ensure quality and must still be checked by a person at each step.

[bookmark: _Toc131841034]Programmed Automation
Programmed automation is still used in the industry this is because of its wide adoption and understanding.  These systems are now cheaper to install and maintain, with lots of support networks of skilled operators in the workspace.  Programmed automation has certain capabilities when it comes to quality what makes it the preferred system over fixed systems.  Although these systems are widely used they still suffer from the fast pace of trends, requiring multiple production lines to ensure that production can keep up with fashion trends with minimal down time.

[bookmark: _Toc131841035]Flexible automation
Being the latest in automation technology flexible automation is now quickly becoming the standard of automation systems to be employed in most industries.  This is mainly in large to the rapid redeployment of a control system along with superior quality control.  These systems can even reject items from production if they are unsatisfactory, while learning why.  This also means that in a production line a new unit can be installed while the old unit is still in production and once the right number of units have been produced, the line can swap directly top the new unit.  Possibly even before the old unit has been cleared through the production line, in theory removing all downtime altogether.  


[bookmark: _Toc131841036]Conclusion
In understanding all the automation systems that are available it is clear to see that the flexible automation system would be the most beneficial to install in a flat-packed furniture company.  Not only can it accomplish all the tasks on the production line and packing, it can also match the fast pace of changing trends with little to no impact to production rates.  This would assist in reducing a production lines physical presence, being able to be installed and operated in a smaller premisses than a traditional production line.  With growing pressure on companies to be more aware of their footprint, physically and environmentally.  Having fewer machines operating more efficiently with minimal wate is just another argument for flexible automation.

Installation of anything but a flexible automation system in this global climate of constant change, would need serious consideration as to why it would be installed instead of a flexible system.  With new developments in computing power and artificial intelligence to assist with flexible automation, have made strides to make this technology accessible to all industries regardless of scale.  
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