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[bookmark: _Toc130494474]1.0 Introduction
Industry 4.0 refers to the fourth industrial revolution, using transformative technologies that have changed industry as we know it.
JTEKT Automotive UK have a factory based in Resolven, Wales that produce high volumes of car components for large Japanese automotive manufactures such as Honda, Nissan Toyota and Suzuki. These machining lines are made up of different types of 4 and 5 axis CNC machines from Hurco, Heller and Toyoda.
These machining lines consist of around 40 CNC machines that are connected to a PLC network, but due to age and set-up of the machines, these are connected via ethernet to a main server with dated software. This means that the lines are not currently integrated with any industry 4.0 technologies.
This report aims to dive into a lean manufacturing concern with a current process and explore the industry 4.0 technologies that can be used and implemented to improve the efficiency of the operators working on the line, as well as improve the technological capabilities.

[bookmark: _Toc130494475]1.1 Aims and Objectives

· Identify the current problems present with an existing tool change process for all machining lines.
· Identify a possible solution using industry 4.0 technologies.
· Produce a concept plan on how this technology can be implemented to the line.



[bookmark: _Toc130494476]2.0 Defining the Problem

[bookmark: _Toc130494477]2.1 Current process
· CNC Tool life nears expiration and a tower light system at the end of the line notifies the operator when a tool is almost ready for changing (20 cycles left). Tool expiration is predetermined by the operators installing the tool based on a calculated tool life figure based on the type of tool tip being used.
· Operator walks to the machine to check what tool is nearing expiration.
· Operator returns to tool area to prepare tool for tool change.
· Operator is alerted by a warning light on the machine to signal a tool change is required.
· The operator then returns to the machine and carries out a tool change.
· Machine is then back in operation.
· Operator returns to operator area, or to another machine if required.

[bookmark: _Toc130494478]2.2 Problem Statement
The current tool change procedure is inefficient and leads to wasted time, resulting in increased costs for the company. Operators have little time to prepare tools in between changes, which can be detrimental to the overall production process. There is a need for a more efficient tool change procedure to improve the production process and reduce costs.
[bookmark: _Toc130494479]2.3 Measure
To be able to rectify any problems with the current process, the must first be highlighted to warrant the investment of a solution.
[bookmark: _Toc130494480]2.3.1 Current tool change time 

· Movement 1 - operators area to machine: approx. 2 minutes
· Remove tool: approx. 2 minutes
· Movement 2 - Return to operator area: 2 minutes
· Time taken to locate the correct tool 2 – 10 minutes, depending on if the tool has already been made up.
· Movement 3- from operators area, back to machine: 2 minutes
· Complete tool change: 5 minutes
· Movement 4 – Back to operator area or another machine.
Total tool change time: 15-25 minutes
As seen in the above tool change process, there are 4 movements carried out during this process in which the operator is not of any value. If an operator is wasting 15 minutes per tool change, based on an hourly rate of £14.00 (including shift allowance), that is costing JTEKT £3.50 per tool change. Although this does not seem like much, the cumulative frequency of thousands of tool changes throughout the production year will accumulate to tens if not hundreds of thousands of pounds per year.
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[bookmark: _Toc130494481]3.0 Research
[bookmark: _Toc130494482]3.1 Industry 4.0
In 2011, the German government introduced the term "Industry 4.0" to describe the integration of machines and systems within a factory or organisation. This integration allows machines to function autonomously with minimal human intervention, essentially 'thinking' for themselves and processing data using electronic sensors, gauges, and other components (Schwab, 2016)
Through this technology, factories can communicate with each other on a larger scale, ensuring consistent production volumes. By enabling machines to monitor variables and process data, Industry 4.0 facilitates the optimisation of production processes and ultimately drives productivity gains (Wuest, et al., 2016).

[bookmark: _Toc130494483]3.2 Internet of Things (IoT)

The Internet of Things (IoT) can be defined as "a system of interrelated computing devices, mechanical and digital machines, objects, animals or people that are provided with unique identifiers and the ability to transfer data over a network without requiring human-to-human or human-to-computer interaction" (Atzori, et al., 2010). These can be a network of physical objects or "things" that are embedded with sensors, software, and other technologies to enable them to collect and exchange data with other devices and systems over the internet.
IoT has the potential to revolutionise various industries, such as healthcare, transportation, and agriculture, by enabling real-time data collection, analysis, and decision-making (Gubbi, et al., 2013). 

[bookmark: _Toc130494484]3.3 Cloud Computing
Cloud computing is a key technology in Industry 4.0, enabling companies to connect, analyse, and store vast amounts of data to improve their operations and decision-making processes. Cloud computing provides access to on-demand computing resources, such as storage, servers, and applications, via the internet, allowing companies to leverage the benefits of scale and flexibility without having to invest in costly IT infrastructure (Liao, et al., 2018).
In Industry 4.0, cloud computing is used to enable the collection and analysis of data from various sources, including sensors, machines, and production processes, in real-time. This data is then used to optimise production processes, enhance product quality, and reduce costs (Bansal et al., 2018). Cloud computing also supports the integration of supply chain partners and the coordination of production processes across different locations, enabling companies to respond quickly to changes in demand and supply chain disruptions (Jazdi, 2014).
Overall, cloud computing is a critical technology in Industry 4.0, providing the infrastructure and tools needed to drive the digital transformation of manufacturing and enable companies to compete in an increasingly developing market.
[bookmark: _Toc130494485]3.4 The 8 Wastes of Lean Manufacturing
Waste is defined as any activity that occurs during a manufacturing process that is not covered in the price of the product. 
 This means that these activities are taking place and driving up the costs of production, with the price being paid by the customer remaining the same, eating into profit margins (Voehl, et al., 2014).  
The principle of lean manufacturing was built and developed by Toyota engineer Taiichi Ohno with the ‘Toyota Production System’ (TPS). Ohno, (1988) initially identified seven types of waste that should always be minimized to ensure an efficient manufacturing system, with an 8th being added years later when lean manufacturing had been developed into a worldwide tool within industry.
The 8 Wastes of Lean manufacturing are:
· Transportation
· Inventory
· Motion
· Waiting
· Overprocessing
· Overproduction
· Defects
· Underutilizing staff





[bookmark: _Toc130494486]4.0 Implementing Technology
[bookmark: _Toc130494487]4.1 How can Industry 4.0 technologies be implemented? 
Implementing Industry 4.0 technologies such as IoT sensors, can help the factory increase efficiency, reduce downtime, improve quality, and enhance worker safety. It is important to carefully evaluate the costs and benefits of each solution and to work closely with the operators to ensure that the new technologies are effectively integrated into their workflow.
A cloud network could also be set up by installing cloud-based transmitters onto each CNC that can communicate data to a hub, which can then be presented to the operator via a monitor. These transmitters can be programmed to use the PLC output for the tool change warning as an input to trigger the system to display a tool life notification to the operator. Sensors could also be included within the CNC spindle to help identify potential tool wear and/or breakage by monitoring vibrations.
1. Collect – PLC signal for low tool life is collected. 
2. Communicate – the low tool life data is used to trigger an action in the form of a warning banner to notify the operator that the tool life is approaching expiry or is damaged.
3. Analyse – The operator can read the information displayed on the screen – visualise. This data can also be used in production meetings, analyse if there are any trends with tool breakages.
4. Act – The operator can prepare the required tool and take it to the machine when the tool change is required.
[bookmark: _Toc130494488]4.2 How will this improve the process?
1. With the ability to access tool life information communicated by the CNCs, operators can prepare necessary tools prior to expiry and/or breakages and carry out the tool change in a more efficient manner.
2. This data can also be communicated back to management for them to analyse any tool life and tool breakage data. This data can be plotted to show if tool wear/breakages are following any particular trends that could signify that there is an underlying issue with the CNC machine i.e. spindle life is deteriorating.
3. The tool data can be linked to the logistics and procurement to automatically order tool tips when they are running low, preventing any unnecessary waiting waste from entering the process. For this method to work effectively, it is essential that the workforce keep on top of stock checks in inventory.



[bookmark: _Toc130494489]4.3 Challenges
(NIBusiness, 2022)
[bookmark: _Toc130494490]4.3.1 Culture change 
Employees may feel threatened by the thought of automation as they may feel that jobs are at risk. In order for the technology to succeed, it is important that the change is communicated to the employees in the factory correctly. 
[bookmark: _Toc130494491]4.3.2 Lack of skills to implement the technologies
These new types of technology will require multiple skilled engineers with electrical, mechanical and manufacturing backgrounds and understanding. If the workforce does not consist of employees with these areas of expertise, then installation and setup may prove difficult. The adoption of cloud computing in Industry 4.0 also presents challenges, such as ensuring data security and privacy, and the need to train and re-skill workers to work with cloud-based systems (Bansal et al., 2018).

[bookmark: _Toc130494492]4.3.3 Costs
Starting a new cloud-based system from scratch can be expensive, which is why exploring ways to utilise the existing network may be more beneficial. If the required knowledge is not available internally, hiring external firms/contractors would be necessary, driving up the costs of installation, design, and implementation. Conducting an extensive cost analysis of the present costs and wastes can determine if the implementation of Industry 4.0 technologies is justified. It is important to consider the long-term effects that the addition of these technologies will have on the company's future projects and goals. Once the system is up and running, it can be expanded, giving the company a head start in case other manufacturers start to implement similar technologies.


[bookmark: _Toc130494493]5.0 Conclusion/Recommendation
In order to remain competitive in a market that is rapidly expanding due to Industry 4.0, it is crucial that companies implement these technologies to some extent. While there may be challenges, it is essential to keep up with current technologies to avoid falling behind. The technologies discussed in this report are relevant not only to JTEKT automotive, but to thousands of factories across the world that are innovating at an exponential rate. While fully automated processes may not be feasible for smaller automotive companies like JTEKT, more innovative companies like Amazon are already implementing them. The automotive industry, being older, may be slower to innovate compared to technology and supply chain companies, but it is important to consider the long-term benefits of incorporating Industry 4.0 technologies. Companies like Tesla are already revolutionising the industry by introducing smart cars and factories.
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