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Executive Summary
This report found that milestones in technological advancements and the customer demand for a product provided the foundation for  the development of fixed, programmable and flexible automation.
The appropriate form of automation used to manufacture a product was relevant to the needs of the customer. Commons needs of the customer include affordability and individuality, to fulfil both, it was found that the appropriate form of manufacturing was flexible automation.
The ‘Internet of things’ provides a framework for flexible automation to evolve, with increase device connectivity and intelligence which could autonomously provide the customer with bespoke products with minimal lead times. 
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Introduction  
Manufacturing automation is the self-governance of machines to produce a product without the need for human intervention . Automated systems can be divided into three categories; fixed automation; programmable automation; flexible automation.
This report will analyse the three types of automation used in manufacturing, paying particular attention to their applications and characteristics which make them suitable to meet various  manufacturing needs. 
An historical review of Automation will provide evidence of the close relationship which exists between automation and each industrial revolution.  
An insightful appreciation of the initial investment required for the build versus production yield for automated systems shall be found.
Main Findings
Mechanisation is the process of using mechanical devices which generate power which replaces manual interaction from a human or animal to produce a desired function. Machines have been built throughout the history of humanity, from the wheel; lever; pulley; all have been necessary to develop mechanisation.
Early examples of  mechanisation were built by Roman and Chinese engineers who harnessed the power of the wind and water to produce flour , however the development of a steam engine by Thomas Newcomen in 1712  , would negate the need for certain geological location or weather conditions to produce power to operate a mechanical device used for mechanisation. Although performing a function and meeting the needs of the mining industry the Newcomen Steam Engine was large and inefficient . 
In 1765 James Watt started to improve the design of the steam engine, the improvements included a separate condenser which made the engine more efficient hence smaller. Watt and his partner, Matthew Boulton, began to design; manufacture; install steam engines in 1773 for industries such as agriculture; weaving; pottery.
Adding to his improvements of the Newcomen steam engine, Watt invented and then incorporated a mechanical device into his design of the steam engine, which automatically maintained the required amount of steam needed to drive the load of the engine . The device was known as “The Watt Flyball governor”, it was a form of mechanical automation which helped the steam engine to play a leading role in the first ‘Industrial Revolution’ .
Watt’s flyball governor was introduced in 1788 , however mechanical automation was a concept that was not new. In the 12th and 13th century an academic named Al-Jazari invented automatic soap and towel dispensers  however, Watt’s flyball governor would show that human intervention could be negated in the mechanisation of a manufacturing process.  
The second industrial revolution (1870-1914) was initiated by the rapid development of electricity; chemicals; materials. New technologies such as Nicola Tesla’s polyphase electric motor were used in production systems to enable ‘mass production’ . 
Electricity utility companies, post 1905, had built adequate infrastructure to supply demand for industries who were quickly changing from steam generated mechanisation to electrification. The justification for the change was economical, technical advances associated with electrification meant production costs could be saved on labour, capital, and raw materials. .
Many organisations capitalised by designing efficient electrified production systems, one of which, was that of Henry Ford. In 1913 the Ford Motor company created the first automobile assembly line where workers would remain stationary while the car would move to various points on the line for assembly. Ford’s assemble line would reduce the build time for a model T from 13.5 hours to 1.5 .
Manufacturing techniques used by ford increased production while lowering costs, his competitors recognised this, and adopted the same techniques, they subsequently invested in research that would find modern technologies that could increase productivity .
As the era progressed, the electromagnetic relay, invented in 1827 by Joseph Henry , was used in a ‘two step mode’ control strategy which provided electricity to equipment via simple position detector devices . Equipment and detecting devices such as these include motors and limit switches which, were used to build transfer and mechanised assembly lines that date back to 1924 and considered to be a form of “fixed automation” . 
A manufacturing system that incorporates “fixed automation” is typical of a product which requires simple manufacturing; an assembly process that does not vary. A large initial investment provides bespoke equipment; sensors able to detect position and speed; software programming; which ensure a sequence of simplistic tasks that can form a complex manufacturing process . The efficiency of the rigid system reduces cost through mass production but, if a change to the process or product is required a prohibitive cost is incurred . Figure 3 shows that the variety of products produced is the lowest of the three types of automation low however, the quantity of products produced is highest.
Human intervention - not necessarily a skilled trade - was required to monitor the fixed automation process because the control strategy would be typically be that of an ‘open-loop control system’. A control strategy of this kind does not include a feedback loop from the equipment that requires controlling therefore, cannot monitor for error’s and adjust accordingly, monitoring quality, decision making and adjustments are the role of the ‘process operator’. An example of this strategy within fixed automation could be that of a steel press production line; steel is manually loaded and automatically pressed through a punch and die, if a defect were to occur, limiting waste by stopping production would rely on the ‘process operator’ monitoring for defects. A block diagram shown in Figure 1 can be used to further explain by considering the; ‘reference  input’ as the process operator switching on the press production line; the ‘controller’ as an electrical timer which controls the indexing of the punch; the ‘actuating input’ as electrical current; the ‘plant/process’ as the punch; the ‘controlled output’ as the process operator monitoring quality.

Figure 1 A block diagram of a 'open loop' control strategy 
The profound advancement of manufacturing automation was led by Japan in the 1930’s with their research paving the way for the design of the first; micro-switch; protective relay; electric timers; solid state proximity switch. During the second world war, “fixed automation” technology was further advanced by ‘Closed – loop control systems’ which had been used in the design of military control systems for fighter planes, landing crafts, warships and tanks .
Closed- loop control strategies provided feedback from the process ensuring that any adjustment made to the equipment, had been affective. If an adjustment had become detrimental to the quality of the product being produced, the feedback loop would produce an error, and the control strategy would automatically correct itself. Referring to the previous analogy of the steel press production line; if steel with a higher density were to be pressed without an adjustment to the required ‘applied force’ of the punch, products would become defective; a closed loop control strategy would monitor the force applied to the die feeding back the error and adjusting the hydraulic pressure of the press.  A block Diagram in Figure 2 can be used to further explain by considering the; ‘Input’ as the required force needed to be applied to the die; ‘Actuator or correction element’ as the hydraulic pump; ‘process or plant’ as the load cell (used to measure applied force); ‘measuring system’ ensures the signal from the load cell can be translated as an error signal.

Figure 2 A block Diagram of a Closed-Loop control strategy 
Post second world war the electronic computer revolution began initiated from the work of Presper Eckert; John Mauchly; John Von Neumann; Arthur Burks; Herman Goldstine. All were instrumental for the design and build of the ENIAC, EDVAC and IAC, these were three of the first programmable digital electronic computers , which undoubtedly influence the next generation of manufacturing automation.
The third industrial revolution, saw the introduction of “programable automation”, which was achieved by computers . Like the second industrial revolution, the third, also started in the automotive industry when Ricard E Morley, in 1968 , led a team at General Motors to build the first ‘Programmable Logic Control’ (PLC). This period is the beginning of the ‘digital era’ attributed to the development, and use of computers within industry . 
The first PLC – MODICON- was initially designed to replace the electromagnet relay with solid state relays’, the logic of which, could be easily changed without the extensive re-wiring of its predecessor. The logic of the programme stored in the PLC’s memory was design to be easily interpreted by an electrician, in fact, the logic was represented by the familiar format of an electrical schematic called ‘ladder logic’ (Figure 4) which also illustrated the necessary discreate on-off signals (inputs and outputs), of the system. The software could be modified and commissioned “offline”, then uploaded to the PLC with minimal downtime .
Programmable Automation was possible with the technological advancement of PLC’s, it provided flexibility by an alteration made to the control strategy of pre-installed simple generic linear equipment by simply modifying its programme. Flexibility would mean that the manufacturer could reliably batch produce various types of products while using the same machine, negating the need for additional capital investment however, significant downtime might be incurred because of the need to physical adjust equipment i.e. proximity switches. Initial investment to build such a system would be high, and as Figure 3 shows, product quantity would be low .
The progress of PLC’s, brought to the foreground the inadequacy of the equipment receiving their commands, and a result of competitive pressures in global manufacturing markets in the 1980‘s, companies started to heavily invest in flexible automation. The concept of flexible automation was to; provide the customer with a product that fulfilled their required needs and desired and remaining affordable . According to Weck, et al., (1991), Flexible manufacturing should be considered as a “living system”, this is true, as the decision making capability of this system needs to be sophisticated so that multiple production variables can be processed.
The design of a manufacturing system that achieves the goals of flexible automations was challenging,  and would require equipment to be dynamic hence, the integration of robots which provided a “human like” two-linked arms that had a wide range of movement. Victor Scheinman developed such a robot in the 1970’s, his PUMA robot was used in assembly processes  throughout the 1980’s . Figure 3 shows that flexible automation can be used to produce various specification of products at a medium production yield – bridging the gap between fixed and programable automation. 
If we considered the analogy of the steel press production line; flexible automation would be achieved if a robotic arm was present and able to automatically change both the punch tool and the die tool, minimising downtime, and utilising the machine to produce a different product batch.
In 1989, Tim Berners-Lee and his team, developed the World Wide Web , by utilising the internet platform. During the 1990’s, the Web provided an instant service which set forth a change in the way society communicated, and shared information.
In 1999, Kevin Ashton, a technologist introduces the framework known as the “Internet of things (IoT)”. The frame work introduced the concept that physical objects could be connected to the internet, enabling the product to become intelligent. In 2008, the number of devices such as; smart phones; smart refrigerators; that were  connected to the internet exceeded the population of people on the planet. 
The IoT was the foundation of the forth industrial revolution (industry 4.0), which harnesses the power of digitization to access large amounts of up-to-date data, allowing manufacturers to make relevant decisions that streamlines their processes.
Conclusion 
An organisation that invests in automation will benefit, an automated system will consistently us a standard method to perform an operation efficiently, ensuring the; risk of producing defective items is mitigated; productivity is increases; unit cost of production is reduced  .
Evidence suggests that manufacturing automation evolved to satisfy the needs of the consumer, and relied on new technologies of the era. Technologies of which, were at the forefront of each industrial revolution; Watts Flyball Governor; Electricity; Programmable Logic Controller; The Internet of Things.
Each of the three manufacturing automation systems have their own attributes which, can increase the efficiency of completing an operation; standardising the method of completing an operation; reduce risk of harm associated with hazards of an operation required to produce a product .
It is the opinion of the author that a manufacturing companies that supply products that depend on fashion trends should invest in ‘flexible automation’. An example of such sectors that relies on fashion trends is that of the flat-pack furniture industry. Flat-pack furniture are notoriously economical therefore, can be expendable especially during a shift in the trend of fashion. The combination of both of these factors are likely to increase demand of a product that appeals to various fashion’s, for instance, a particular style of kitchen cabinet door might have demand to be produced in three different colours. The batch production system of flexible automation would be able to accommodate this demand and yet still make the product affordable.  
As Industry 4.0 evolves, flexible manufacturing automation will develop into a streamline autonomous system which is likely to receive an order from a customer, perhaps without their knowledge i.e. an autonomous car recognising the failure of a component; ordering said component; the component being manufactured at a local facility that has the ability to manufacture a multitude of components; the autonomous car taking itself for repair. 






Appendix A


Figure 3 Product Variety V's Product Volume Graph 



Figure 4 An example of a basic 'ladder logic' diagram .
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