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Abstract
This project focuses on the design and implementation of an automated manufacturing cell to enhance efficiency and productivity within Continental Teves. Specifically focussing on the automation of a high-volume Volkswagen component that is imperative to maximise production output.
It encompasses various components, including different designs, material selection, and cell layout optimisation. Through analysis and testing, the project aims to develop an integrated system that maximises workflow continuity, minimises downtime, and ensures consistent and reliable production output whilst also benefitting the workforce behind it all.
Key considerations such as material properties, fixture compatibility, and cost-effectiveness are evaluated to achieve optimal performance and viability. The findings and insights obtained from this project hold the potential to significantly advance automation technology at Continental, sparking new possibilities and enhancing operations.
As part of the project, the success of another Continental plant was reviewed to benchmark best practices and gather valuable insights. In addition, a comprehensive review of various automation implementation strategies and extensive literature provided a solid theoretical foundation for the project.
Following the design and testing, the cost was analysed, ensuring the project's feasibility and allowing clear communication between stakeholders.
In conclusion, the project's outcomes demonstrate the potential for significant improvements in Continental’s machining processes through well-designed automation systems. This work highlights the importance of integration and analysis to achieve the best results.
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[bookmark: _Toc161167997][bookmark: _Hlk166919336][bookmark: _Toc167084059]1.0 Dissertation Introduction 
[bookmark: _Toc161167998]
1.1 [bookmark: _Toc167084060]Introduction
In today's ever-evolving industrial landscape, industrial automation is used throughout many different engineering industries. It allows companies to integrate advanced technologies, which have become incredibly important in enhancing manufacturing productivity, efficiency, and competitiveness. 
Industrial automation encompasses diverse applications, covering traditional manufacturing industries such as automotive and electronics into newer industries such as renewable energy. The core principle of industrial automation is limiting the human intervention needed for repetitive and potentially dangerous tasks while maximising output, precision, consistency, and speed.
(Berg, 2021) States that ‘the earliest kinds of automation tools and techniques date as far back in history as 300 BC’, which underlines the deep historical roots of automation, which can be traced back to some of the most ancient civilisations. 
1.2 [bookmark: _Toc161167999][bookmark: _Toc167084061]Purpose of This Paper
This paper aims to provide the reader with comprehensive knowledge about the benefits, challenges, and implementation strategies associated with automating machining processes for brake callipers. It should also address industry needs, specifically the gaps in the current manufacturing processes, and help educate stakeholders, engineers, and decision-makers about the best practices and innovative practices available.
1.3 [bookmark: _Toc167084062]The Company
Continental AG is a well-known automotive component company founded in 1871 in Hanover, Germany. Continental is long established as the leading tyre producer in Germany ​(International Directory of Company Histories Vol. 56., 2004)​. By 1991, Continental was the largest tyre producer in the world, then moving into the competitive market of other auto components such as electronics and hydraulic braking systems. In 1998, Continental acquired ITT Industries ‘brake and chassis business for $1.93 billion, becoming one of Continental's most important units, generating an expected $2.2 billion in sales for the year.  
As a result of this takeover, Continental Teves UK LTD, formerly ITT Automotive, which at the time was the world's largest manufacturer of disk brakes ​(Europolitics, 1998)​ became a part of the Continental Automotive Group as a subsidiary company; now coming up to 25 years old, the company continues to be a top supplier for hydraulic braking systems to high profile customers such as BMW, Mercedes Benz, Rolls-Royce, Maserati, Volkswagen and Ford to name a few.  
1.4 [bookmark: _Toc167084063]The Product
The project's focus will be the VW T5/T6 Brake Calliper Anchor, a crucial part of the braking system in Volkswagen T5 and T6 vehicles. Continental Teves, Ebbw Vale, has manufactured this product since it commenced production.  


[image: ]
[bookmark: _Toc165804581][bookmark: _Toc166244568][bookmark: _Toc166244593][bookmark: _Toc167084137]Figure 1 - Volkswagen T5/T6 Anchor
The product serves as a critical component for the braking system of VW Transporter T5/T6 vans, securing the calliper assembly to the vehicle.
[bookmark: _Toc167084064]1.4.1 Product Value
[image: ]Figure 2 shows that Volkswagen OEM (Original Equipment Manufacturer) Calliper sales in 2023 accounted for £28m of Ebbw Vale's total revenue stream, whereas OES (Original Equipment Spares) Calliper sales only accounted for £9m​.[bookmark: _Toc165804582][bookmark: _Toc166244569][bookmark: _Toc166244594][bookmark: _Toc167084138]Figure 2 – Volkswagen OEM Sales (2023)

 
[image: ][bookmark: _Toc165804583][bookmark: _Toc166244570][bookmark: _Toc166244595][bookmark: _Toc167084139]Figure 3 – OES Sales (2023)
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[bookmark: _Toc165804584][bookmark: _Toc166244571][bookmark: _Toc166244596][bookmark: _Toc167084140]Figure 4 – Current Process Flow
Manufacturing Process The process flow diagram in Figure 4 illustrates the flow of work activities involved in manufacturing the 0286 anchor, from its initial stages in the foundry to the final assembly stage.
The manufacturing process begins in the foundry, where cast iron is melted and poured into moulds to create the basic shape of the product. The foundry process involves melting, casting, and solidifying the metal to form this desired shape, so the component is then subsequently called a ‘casting’. After the parts are cast in the foundry, they undergo machining processes to achieve precise dimensions, surface finishes, and other required features. The machining operations include milling, drilling and thread-tapping processes to shape the parts according to design specifications.
When the first machining operations are completed, the parts are transferred to the next stage of the manufacturing process. This involves moving the parts between different machines across the shop floor for further secondary machining. This can cause issues such as lost material, time delays or damaged goods.  The parts then undergo a galvanising process to apply a protective zinc coating to prevent corrosion and increase durability. Galvanising involves immersing the parts in a zinc bath or applying a zinc-rich coating through electroplating.
The final stage of the manufacturing process involves assembling the components or parts for the finished product. The assembly then joins the finished brake calliper housing and anchor together, installing piston seals, pistons, and brake pads before bolting the two main components together, ready for shipping to the customer.
[image: ]
[bookmark: _Toc164712134][bookmark: _Toc164873473][bookmark: _Toc165804585][bookmark: _Toc166244572][bookmark: _Toc166244597][bookmark: _Toc167084141]Figure 5 - VW T5/T6 2FNR-AL Anchor Manufacturing Process Flow

[bookmark: _Toc167084065]1.4.1 Auerbach Machining
On the ‘travel ticket’ in Figure 5, it shows that Auerbach 2 is responsible for OP10, milling the guide rails on the anchor. This is a milling machine equipped with specialised formed milling cutters to precisely shape the guide rails according to the required specifications. [figure 8&9]. The process involves milling material from the anchor to create the desired shape and dimensions for the guide rails. Importantly, Auerbach 2 is capable of milling two components per cycle.
[bookmark: _Toc167084066]1.4.2 Stama Machining
After the guide rails are milled by Auerbach 2, the anchor moves to Stama 5 for OP20 machining. Stama 5 performs multiple operations on the anchor. The first operation is the milling of the spotfaces. Spotfacing involves creating flat surfaces on a workpiece, usually to ensure proper contact or alignment with mating parts. In this case, it is for the mating faces of the vehicle. Stama 5 uses SK40 tapered tools to machine the spotfaces on the anchor precisely. Then, the fixing holes and bolt holes are drilled on the anchor. These holes are crucial for securely attaching the anchor. Stama 5 then taps the fixing holes and bolt holes after drilling them to ensure they can securely fasten the anchor in place. All these threads and guide rail widths must be inspected to ensure they are correct and not oversize etc.
[bookmark: _Toc167084067]1.4.3 Galvanising
The third process is galvanising, which is a process used to coat steel or iron with a layer of zinc to protect it from corrosion. Having an in-house plating facility at Ebbw Vale eliminates the need to rely on external suppliers for galvanising services. This streamlines the production process, reduces lead times, and increases overall efficiency. 

[bookmark: _Toc167084068][image: ]1.4.4 Time Study[bookmark: _Toc165804586][bookmark: _Toc166244573][bookmark: _Toc166244598][bookmark: _Toc167084142]Figure 6 – Timing Study 0286 Anchor 

The time study in Figure 6 shows the timings for the Auerbach but not for the Stama. The recorded cycle time of 2.9 minutes relates solely to the machining operations conducted on the Auerbach for producing 2 pieces. There is also a load and unload time of 1 minute, bringing the total time for 2 pieces to 3.9 minutes.
The machine's output is determined to operate at 85% efficiency due to a combination of factors affecting its overall productivity. Operators running the machines require breaks for rest, lunch, or toilet use, which is essential for maintaining their well-being and performance. These breaks result in downtime, where the machine remains idle, impacting its overall output. In some circumstances, operators may need to run multiple machines to optimise resource utilisation. However, this concurrent operation may divide operators' attention, potentially reducing the efficiency and productivity of each individual machine. 
An Overall Equipment Effectiveness (OEE) metric is used to quantify the machine's performance accurately. This metric considers downtime, performance efficiency, and quality rate. The 85% efficiency reflects the machine's performance relative to its maximum potential output, considering factors such as operator breaks and concurrent operation of other machines. This assessment allows managers to make informed decisions regarding production planning and performance improvement initiatives to enhance overall efficiency and output.

1.1 [bookmark: _Toc161168000][bookmark: _Toc167084069]Justification 
Implementing industrial automation in companies is rapidly becoming more of a necessity to remain competitive rather than a useful tool for assisting production. The COVID-19 pandemic emphasised the need to keep a full staff of trained and qualified operators, which can be challenging, and automation reduces the reliance on human labour. (Elsner Engineering, 2022). 
Acknowledging the challenges in this transformation is crucial. Foremost among these challenges is the intricacy of integrating automation into an existing manufacturing infrastructure. This entails strict planning, precise coordination, and professional execution to ensure a smooth transition from manual to automated processes.

1.1.1 [bookmark: _Toc167084070]Weekly Requirement
Figure 6 shows the weekly customer demand from VW for 11.8170-0286.1, which is the part number for the VW T5/T6 Anchor, for the first thirteen calendar weeks of 2025. The table shows the requirement to be 40,537 pieces in a 10-week period. By dividing the total number of parts required in this period by the number of weeks in the period, it is possible to see that the average number of pieces required each week is 4053.7, making the total requirement in 50 working weeks 202,685, which falls in line with the predicted increase from the customer.[bookmark: _Toc165804587][bookmark: _Toc166244574][bookmark: _Toc166244599][bookmark: _Toc167084143]Figure 7 – Predicted Weekly Customer Requirement Week 3-12 (2025)

1.1.2 [bookmark: _Toc167084071]Actual Production Values 
Figure 7 shows that the original order for weeks 4-7 was not fulfilled, leaving 914 pieces short, which will go into backlog. The next order for weeks 7-9 must continue regardless, but production capacity is limited due to insufficient operators to run the machines. This results in delays in fulfilling orders, which can lead to dissatisfied customers, missed deadlines, and potential loss of business.[bookmark: _Toc164712131][bookmark: _Toc164873470][bookmark: _Toc165804588][bookmark: _Toc166244575][bookmark: _Toc166244600][bookmark: _Toc167084144]Figure 8 - Production Plan Week 7

Figure 8 shows that the Auerbach's output was below the target by 1444, and similarly, the Stama's target wasn’t met by 1306. With fewer operators available, the machines are not producing parts as efficiently as they should, resulting in a shortfall from the target production volume, there were 4 shifts during week 7 that there was no operator running the machine, resulting in 1,740 lost production minutes.

If the machine were operating at 100% efficiency, which is achievable with the implementation of robotics, it would have the capacity to produce 224 parts during a single shift. 
224 x 3 Shifts = 672 Per Day
672 x 6 Days = 4032 Per Week
Operating at 100% efficiency could potentially reduce the need for overtime, eliminate the necessity for Sunday shifts, or require only one shift on that day.[bookmark: _Toc164712132][bookmark: _Toc164873471][bookmark: _Toc165804589][bookmark: _Toc166244576][bookmark: _Toc166244601][bookmark: _Toc167084145]Figure 9 - Machine Shop Summary Sheet




1.1.3 [bookmark: _Toc167084072]Auerbach Cell Downtime 

[bookmark: _Toc164712133][bookmark: _Toc164873472][bookmark: _Toc165804590][bookmark: _Toc166244577][bookmark: _Toc166244602][bookmark: _Toc167084146]Figure 10 - Downtime Graph (minutes)









Figure 10 illustrates a breakdown of the downtime experienced by the Auerbach cell over the course of a week in 2023, categorising it based on different reasons. Among these reasons, the graph indicates that 1550 minutes of downtime occurred due to the absence of an operator. This category of downtime outweighs the others, suggesting that the lack of an operator significantly contributed to the overall downtime experienced by the Auerbach cell during that period.
By implementing automation in the Auerbach cell, tasks that previously required constant human oversight could be performed by machines, reducing the dependency on human operators and minimising the risk of downtime due to operator absence. Automated systems can operate continuously, perform tasks with precision and consistency, and even anticipate and address issues before they cause downtime.

1.2 [bookmark: _Toc161168001][bookmark: _Toc167084073]Aim
The project aims to transform the current manufacturing process of calliper machining, specifically anchors, through the introduction of automation. This would lead to increased efficiency, improved quality, cost savings, safety improvements, and environmental sustainability by allowing the machines to potentially run 24/7 uninterrupted except for essential maintenance or setting work. 
1.3 [bookmark: _Toc161168002][bookmark: _Toc167084074]Objectives

[bookmark: _Toc161168003][bookmark: _Toc167084075]1.5.1 Objective 1
To demonstrate how bringing in robotics and automation can make the current processes more effective and increase the productivity of the machining area.
[bookmark: _Toc167084076]1.5.2 Objective 2
Develop a mechanical gripper capable of efficiently transferring anchors between machines, as well as loading and unloading them. This gripper must possess the necessary functionality and adaptability to securely grasp and release anchors, ensuring smooth and reliable movement between different machines in manufacturing.
[bookmark: _Toc161168004][bookmark: _Toc167084077]1.5.3 Objective 3
Carry out a case study of an existing product or line and review how the introduction of automation has impacted it, reviewing characteristics such as the OEE (Overall Equipment Effectiveness).
[bookmark: _Toc161168005][bookmark: _Toc167084078]1.5.4 Objective 4
Develop fixtures with ergonomic considerations in mind, essential for the comfort and safety of operators working in the machining area while reducing the complexity of the intervention needed from humans.

1.4 [bookmark: _Toc161168006][bookmark: _Toc167084079]Timing Plan
[image: ]Figure 4 shows the initial Gantt chart for the project, produced to present a visual roadmap to follow throughout the project. This helps to plan out the sequences of tasks and their timing. A Gantt chart is helpful to save manpower i.e. human resource management, it is useful to reduce the cost of product, it is an important tool of material management (saves wastages of material), and it is useful to save the time of manufacturing process and so on. (K K Ramachandran, 2019)[bookmark: _Toc165804591][bookmark: _Toc166244578][bookmark: _Toc166244603][bookmark: _Toc167084147]Figure 11 - Gantt Chart for Project


1.5 [bookmark: _Toc167084080]Dissertation Structure
The dissertation is structured in the following way:
1.5.1 [bookmark: _Toc167084081]Chapter 1 – Dissertation Introduction
This section is an introduction that begins with a brief overview of the topic or problem being addressed in the dissertation. This sets the stage for the reader by providing context and background information.
1.5.2 [bookmark: _Toc167084082]Chapter 2 – Literature Review
The Literature Review involves a comprehensive examination and analysis of existing scholarly literature relevant to the dissertation topic.
1.5.3 [bookmark: _Toc167084083]Chapter 3 – Work Carried Out
This chapter details the methodology and procedures undertaken to investigate the project objectives. This chapter outlines the design, data collection methods, sample selection, and any other relevant aspects of the process.
1.5.4 [bookmark: _Toc167084084]Chapter 4 – Project Analysis
The Results chapter presents the findings of the project. It showcases the data collected, analysed, and interpreted in relation to the research. 
1.5.5 [bookmark: _Toc167084085]Chapter 5 – Conclusions and Recommendations
[bookmark: _Toc161168007]Conclusions and Recommendations sums up the key findings of the study and draw conclusions based on the results. It addresses the project objectives and discusses their implications for future research.
2.0 [bookmark: _Toc167084086]Literature Review
2.1 [bookmark: _Toc167084087]Industrial Automation in Manufacturing
Industrial automation in manufacturing refers to the use of automated systems and technologies to streamline production processes, improve efficiency, and enhance quality in manufacturing operations across various industries. In machining specifically, the use of automation aims to streamline the processes, reduce manual intervention, minimise errors, and optimise production output. 
[bookmark: _Toc167084088]2.1.1 Historical Overview of Industrial Automation
9th Century
Before the Industrial Revolution, manufacturing was predominantly manual labour, relying on skilled craftsmen and artisans to produce goods. (Edukemy, 2024) Early forms of automation were powered by simple mechanical devices like waterwheels and windmills, for various industrial processes such as milling grain and pumping water.
17th to 18th Century
The First Industrial Revolution introduced mechanisation and steam power, transforming manufacturing processes. Inventions such as the spinning jenny, water frame, and steam engine mechanised textile production, leading to the rise of the textile industry. Automation expanded beyond textiles with the development of steam-powered machinery for tasks like mining, transportation, and agriculture. (Bong, 2022)
19th & Early 20th Century
The Second Industrial Revolution was characterised by the proliferation of electricity, steel, and mass production techniques. Electrical power enabled the widespread adoption of electric motors, which replaced steam engines in factories and provided more flexible and efficient means of driving machinery. Assembly line techniques pioneered by Henry Ford in the automotive industry increased productivity and standardised manufacturing processes. (Joel Mokyr, 1998)
Mid-20th Century
The Third Industrial Revolution, also known as the Digital Revolution or the Automation Revolution, saw the integration of computers and electronics into manufacturing processes. Numerical control (NC) machines, developed in the 1950s, used punched tape or analogue signals to automate machining operations, paving the way for Computer Numerical Control (CNC) technology. Also, programmable Logic Controllers (PLCs) emerged in the 1960s, offering flexible and reliable control of industrial machinery through digital programming, mainly ladder logic. (Rifkin, 2013)
Present Day
The Fourth Industrial Revolution, often referred to as Industry 4.0, is characterised by the convergence of digital, physical, and biological technologies. Advanced automation technologies such as robotics, artificial intelligence, the Internet of Things (IoT), and big data analytics are reshaping manufacturing processes. Smart factories equipped with interconnected sensors and cyber-physical systems enable real-time monitoring, predictive maintenance, and adaptive production.
[bookmark: _Toc167084089]2.1.2 Types of Industrial Automation Systems
There are four main types of industrial automation: fixed automation, programmable automation, flexible automation, and integrated automation.
[bookmark: _Toc164712135][bookmark: _Toc164873474][bookmark: _Toc165804592][bookmark: _Toc166244579][bookmark: _Toc166244604][bookmark: _Toc167084148]Figure 12 - Automation Type Table
(ControlFreaks ltd., 2020)













Fixed Automation
Fixed automation, also known as hard automation, is a manufacturing system in which the sequence of processing operations is predetermined, and the equipment is set up to perform a specific task or a limited range of tasks. Unlike flexible automation, which allows for easy adaptation to changes in production requirements, fixed automation is designed to handle high-volume production of a standardised product without significant variation. (Empowered Automation Solutions LLC, 2022) goes on to say that while the upfront investment for stationary automation systems can be considerable, they are ideal for high-volume production environments characterised by minimal product variations over time. Although the initial installation costs of stationary automation may be substantial due to the necessary equipment, they offer significant productivity gains in return.
Fixed automation is commonly used in bottling and packaging industries to produce beverages, food products, and consumer goods. Automated conveyor belts, filling machines, and sealing equipment are examples of fixed automation systems used in these applications, where there is very little variance in the process.
Given the possibility of future product changes, fixed automation may not be the most suitable solution for Ebbw Vale. This is because, as previously mentioned, fixed automation systems are designed for high-volume production of standardised products with minimal variation. If there are future product changes or if the production requirements are likely to change over time, fixed automation may not offer the flexibility needed to adapt to these changes efficiently, leaving the equipment redundant.
This was the case in 2008; during a significant restructuring at Ebbw Vale, the company experienced substantial financial losses. This was primarily attributed to the relocation of the high-volume business, resulting in the displacement of many products. The company had heavily invested in fixed automation systems for these high-volume products, which became redundant following the relocation. As a result, the company incurred significant financial losses due to the sudden shift in production dynamics, which rendered the existing fixed automation infrastructure useless. This scenario highlights the importance of aligning automation strategies with business objectives and anticipating changes in production requirements to avoid costly investments in redundant automation systems.
[image: ]
[bookmark: _Toc167084149]Figure 13 - Cost Per Unit Against Level of Automation Graph
(Wessel, 2012)
Figure 13 illustrates the relationship between the cost per unit and the level of automation. It demonstrates how the cost per unit changes as the level of automation increases or decreases. In general, the graph reveals that there is an optimal level of automation where the total cost is minimised. This optimal point typically falls somewhere in the middle of the automation spectrum. As automation levels increase from low to high, there is usually an initial decrease in the cost per unit due to efficiencies gained from automation. However, beyond a certain point, increasing automation levels may lead to diminishing returns or additional costs associated with complex automation systems. (Wessel, 2012)
Programmable Automation
Programmable automation represents a dynamic approach to automation systems, enabling operations to be governed by specific programs tailored to the task at hand. Unlike traditional assembly lines, programmable automation systems offer remarkable flexibility and adaptability. In contrast to fixed automation systems, which are tailored for the mass production of uniform items, programmable automation systems can be easily reconfigured and reprogrammed to accommodate different products and processes, which could be beneficial for the versatility required in batch production. Programmable automation improves the work environment for employees by not only intellectually engaging them in production (EAM, 2020), reducing the skill level required to change over machines in batch production runs.
CNC (Computer Numerical Control) machines represent a prime example of programmable automation in manufacturing. These machines are equipped with computerised controls that move cutting tools and workpieces according to programmed instructions. Essentially, CNC machines automate machining operations by following a predetermined sequence of commands.
Flexible Automation
Flexible automation extends the capabilities of programmable automation by enabling the production of batches comprising different products. Its seamless transition from one product to another sets it apart, minimising or eliminating downtime during changeovers. By reducing setup times and downtime associated with changeovers, flexible automation systems improve overall equipment effectiveness (OEE) and maximise production throughput (Groover, 2007). In general flexible automation is a nice compromise of both the fixed and programmable automation systems; a medium production rate, product variability, and no time lost between changeovers.  
3D printing or additive manufacturing processes are prime examples of flexible automation, allowing for the production of customised and intricate parts with minimal setup time. Industries such as healthcare, aerospace, and automotive utilise 3D printing for prototyping, tooling, and end-use parts production.
Integrated Automation
Integrated Automation stands as the pinnacle of industrial advancement. Within this intricate system, all machinery is linked with a central hub, allowing the technicians comprehensive oversight of production operations. This sophisticated setup is perfect in industries characterised by small production requirements and the requirement for swift and effortless alterations to the manufacturing line.
The integration of CAD, CAM, computing technology, machinery, operators, robotic systems, and material handling equipment seamlessly harmonises under a unified interface, empowering efficient scheduling and production management within the integrated automation framework.
[bookmark: _Toc167084090]2.1.3 Applications of Industrial Automation in Manufacturing
The manufacturing sector has been leading the charge in adopting automation, with its transformative effects becoming apparent in the concept of "smart factories." The incorporation of automation into manufacturing processes has revolutionised production and supply chain management (Smith, 2020). 
Robotic Assembly Lines
The introduction of automated assembly lines, equipped with robotic arms, has marked a new era of efficiency and precision in manufacturing. These robotic systems can undertake complex tasks that were once arduous or time-consuming for human workers, significantly boosting production speed and output (Dalle Mura, 2019). By automating assembly processes, manufacturers can uphold consistent quality standards and fulfil the escalating demands of consumers. 
Quality Control
 Automation has emerged as a game-changer in quality control for manufacturers. Outfitted with cameras and sensors, automated systems scrutinise products for defects, ensuring that only flawless items reach consumers. This heightened quality control not only diminishes customer complaints and product recalls but also fosters trust and confidence in the brand. (Foster, 2023) goes on to explain that when carried out manually, numerous tasks and processes associated with quality control and assurance involve repetition and are likely to have some human error. Automating these tasks enables manufacturers to reduce the likelihood of errors, hopefully improving the overall quality of the final product.
Supply Chain Management
Automation has revolutionised supply chain management, optimising logistics and reducing lead times. Real-time tracking of materials and products empowers manufacturers to pinpoint potential bottlenecks and make informed decisions for timely delivery. The efficiency gained from streamlined supply chain processes enhances the overall productivity of manufacturing operations. (Hand, 2024) states that digital automation records and updates information automatically, almost in real time. This facilitates access to vital information for relevant stakeholders, enables inventory tracking, and facilitates rapid communication across the supply chain.
Predictive Maintenance
One of the most significant advantages of automation in manufacturing is predictive maintenance. Harnessing sensors and data analytics, machines can forecast when maintenance is required, enabling proactive measures to avert breakdowns and costly reactive repairs. Predictive maintenance minimises downtime and prolongs the lifespan of machinery, resulting in substantial cost savings for manufacturers. Continental Ebbw Vale currently uses SAP (Systems, Applications, and Products) for various business applications and functions but does not utilise the Computerised Maintenance Management System (CMMS) features within SAP. The current process is to record data on an Excel spreadsheet which could be considered outdated and prone to mistakes.  PLCs are equipped with advanced machine learning features, allowing operators to gather valuable, real-time data that can enhance equipment lifespan and product quality. The controllers can alert users to any issues through anomaly detection. With its robust machine-learning capabilities, the controller can easily identify deviations from the standard operation of the machine; a good example of this is ‘Tool Inspect’, a spindle torque monitoring program, commonly found in high-volume CNC machines. It involves the measurement and monitoring of the torque exerted on the spindle during machining operations. As a cutting tool wears down or becomes damaged, it requires more torque to maintain the same cutting performance. An increase in spindle torque beyond a predefined threshold can indicate tool wear or breakage. Early detection of tool wear or breakage allows operators to intervene promptly, reducing the risk of scrapped parts, machine damage, and production downtime.
[bookmark: _Toc167084091]2.1.4 Benefits of Industrial Automation
Enhanced Quality
Industrial process automation is revolutionising the quality of manufactured products. By mitigating the risk of human error—caused by factors like fatigue or distraction—which can pose significant challenges in many manufacturing processes, automation technologies are enhancing customer satisfaction and expediting repetitive tasks more efficiently than human labour ever could. (Powell, et al., 2019) talk about how machine learning algorithms are capable of identifying some quality deviations early on in the process, which can potentially reduce scrap rates and reduce human involvement; there are other quality checks and processes that do require human intervention.
[image: ]
[bookmark: _Toc164712136][bookmark: _Toc164873475][bookmark: _Toc165804593][bookmark: _Toc166244580][bookmark: _Toc166244605][bookmark: _Toc167084150]Figure 14 - Human & Automation Comparison
(Romero, et al., 2019)

By eliminating the necessity for human involvement in the production process, industrial automation enables manufacturing companies to also reduce downtime associated with errors stemming from manual labour. (Lee & Kim, 2019) studied and analysed quality management literature and also five real life cases of predictive quality management utilising modern technology and IOT automation, the study found a variety of practical implications of using similar technology to the systems used for predictive maintenance solutions. 
Upon analysis of the mandatory scrap records within machining at Continental, Ebbw Vale, it became evident that approximately half of all scrapped parts were attributed to operator negligence. This finding highlights the significance of human factors in contributing to scrap generation within the manufacturing process. 
Improved Output and Profitability
Automation technologies are improving product output and subsequently increasing company profitability across all sectors by enabling a 24-hour production schedule uninterrupted by weekends or public holidays. Consequently, companies can prepare for seasonal spikes in demand, enhancing their competitiveness. Simultaneously, automation has lowered labour costs, leading to improved profit margins and customer pricing strategies. Also, automation has contributed to lowering labour costs as tasks traditionally performed by human workers are now automated. This reduction in labour costs translates to improved profit margins for companies. With lower operating expenses, businesses can adjust their pricing strategies to remain competitive in the market while still maintaining healthy profit margins.
Enhanced Workplace Safety
Automation, by eliminating direct human interaction with hazardous equipment and materials, reduces the risk of workplace accidents. Through robotics in manufacturing, business leaders can safeguard their workforce from exposure to hazardous particulates during processes like painting, and many machines are programmed to stop production immediately upon detecting a foreign object, such as a hand, clothing, or long hair on the assembly line. Since their introduction, industrial robots have commonly been used for the more physically demanding tasks that could have negative health impacts on humans. By automating repetitive and strenuous tasks, workers are less exposed to the risk of musculoskeletal disorders (MSDs) such as back pain, repetitive strain injuries (RSIs), and other ergonomic-related issues (Gihleb, et al., 2022). This is due to automated systems being designed with ergonomic considerations in mind, optimising workstation layout, equipment placement, and task design to reduce strain and fatigue on workers. This can help to improve posture, reduce injury rates, and enhance overall comfort and well-being among employees.
Instances of operators suffering from long-term back issues highlight the importance of prioritising health and safety in the workplace. Injuries aren’t only bad for the affected operators but also have adverse implications for the company, particularly in terms of financial liabilities. Under UK law, companies are obligated to provide sick pay to employees who are unable to work due to health-related issues, including back injuries. Therefore, absenteeism resulting from long-term back problems can result in increased costs for the company, including sick pay expenses, decreased productivity, and potential disruptions to production schedules.
In 2023, the occurrence of one operator being on long-term sick leave due to a back injury highlighted the significant financial and operational implications for the company. The extended absence of this operator resulted in a substantial loss of approximately £25,000 in wages. This expense had no benefits for the company, as the operator's absence reduced productivity and disrupted production schedules.
[bookmark: _Toc167084092]2.1.5 Challenges and Barriers to Introducing Industrial Automation
Significant Initial Investment
The primary hurdle associated with work automation in manufacturing is the substantial initial investment required to deploy these technologies. The initial cost of advanced machinery and software can be significant, potentially posing financial obstacles for smaller companies. The high initial investment includes the cost of purchasing the equipment itself, as well as any necessary infrastructure modifications to integrate automation into existing processes. Another significant cost is training employees to operate and maintain the new systems. This training can be costly and may involve hiring specialised personnel with expertise in automation technologies.
Workforce Displacement
The implementation of work automation can result in workforce displacement within the manufacturing industry as machines and software can now complete tasks previously carried out by human workers. This displacement may lead to job losses, posing economic and social challenges for affected workers and their families. Retraining and reskilling initiatives may be used to help the transition of these individuals into new employment opportunities. (Calhoun, 2021) gives a great example: ‘imagine that you automated the assembly of a chair. Before automation, you had someone attaching the legs, a second person attaching the back, a third person attaching the arms, and a fourth person doing quality assurance. After automation, you need one person to do quality assurance and a second to operate the machine. You also need a third person who knows how to fix the more complicated machinery required for automation. That’s a total of three workers instead of the four you had before automation. Maintaining machinery requires more training than assembling the chair did, so you will need to upskill your workers to meet the need.’
In the context of this project, the discussion on workforce displacement due to automation is highly relevant, especially considering the introduction of industrial automation to improve efficiency in the machining area. As machines and software take on tasks previously performed by human workers, there is a potential for job losses within the manufacturing industry, including at Ebbw Vale. This displacement can pose economic and social challenges for affected workers and their families, as highlighted in the example above.
Technical and Maintenance Complexities
The complexity of automated machinery and software can present technical and maintenance challenges for manufacturing firms. These systems often necessitate specialised maintenance personnel with expertise in the specific technologies employed. Furthermore, equipment malfunctions or software glitches can result in production delays, potentially impacting overall productivity and efficiency. (Choudhary, 2022) talks about managing the complexities and how maintaining reliability is important, improving the proactive management of potential system failures. Robust fault detection mechanisms must be in place, alongside the implementation of redundant systems to minimise downtime.
Resistance to Change
The adoption of work automation may encounter resistance from employees who perceive this technology as a threat to their job security. Organisational hurdles may also arise during the implementation of new technology, as companies must adjust their operations and management styles to accommodate automation. Effective communication is essential to inform employees about the reasons behind automation, its benefits, and how it will impact their roles and the organisation as a whole. Transparency helps gain buy-in and reduce resistance to change. (Veenendaal, n.d.)  Implementing automation gradually rather than all at once allows for smoother integration, reduces disruptions to operations, and provides opportunities to address issues as they arise. Piloting automation in smaller-scale projects can help identify challenges and refine processes before full-scale implementation.
[bookmark: _Toc167084093]2.1.6 Case Studies and Success Stories
Continental Automotive - San Luis Potosi
In response to the evolving demands of the automotive manufacturing industry, a sister plant of Ebbw Vale in San Luis Potosi, Mexico, recently embarked on a transformative journey by implementing industrial automation solutions within its production facility. The results are detailed below.
Initial Investment
Continental, San Luis Potosi’s total investment in industrial automation amounted to $10 million USD. This included acquiring automation equipment, installation costs, training expenses, and ongoing maintenance and support. 
Productivity Gains
After implementing the automation systems, Continental experienced a 30% increase in overall productivity. The automation systems operated 24/7, resulting in a significant boost in production output.
Labour Cost Savings
Automation reduced labour costs by 20%, as fewer workers were required to oversee production operations. The reallocation of labour to more value-added tasks further enhanced efficiency and productivity.
Quality Improvements
 Automated quality control systems reduced the defect rate by 15%, resulting in higher-quality products and reduced rework.
Operational Efficiency
 Automation streamlined workflows and minimised downtime, leading to a 25% improvement in equipment utilisation rates (OEE). Automated material handling systems optimised material flow, improving overall operational efficiency.
Return on Investment (ROI)
Continental achieved a return on investment (ROI) of 20% within the first two years of implementing industrial automation. The company projected further ROI growth as automation continued to drive operational excellence and cost savings over time.
[bookmark: _Toc167084094]2.1.7 Social Issues of Automation
Today, numerous employees and leaders perceive automation as a supplementary tool. In a recent survey, over 90% of workers (Salesforce, 2021) stated that automation solutions enhanced their productivity, while 85% noted that these tools promoted collaboration within their teams. Additionally, nearly 90% expressed confidence in automation solutions to enhance efficiency without errors and expedite decision-making processes. Job losses and economic hardship resulting from automation can strain social lives and community stability. Displaced or laid-off workers may experience social isolation, mental health challenges, and loss of social identity tied to their former occupations. Supporting affected communities through economic changes, social safety nets, and development initiatives is crucial for maintaining social normality.
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[bookmark: _Toc164712137][bookmark: _Toc164873476][bookmark: _Toc165804594][bookmark: _Toc166244581][bookmark: _Toc166244606][bookmark: _Toc167084151]Figure 15 - % of Existing Jobs at Potential Risk of Automation
In the 20th century, the use of robots in car manufacturing became increasingly common, initially performing simple tasks but later expanding to more complex procedures. This shift helped increase output, standardise quality, and control costs. Robots were employed for tasks such as welding, spray-painting, and handling heavy items, transforming the automotive industry's production processes. Figure 15 shows the percentage of existing jobs that are potentially at risk of being replaced by automation. This risk arises from the increasing integration of technology and artificial intelligence into various industries, which enables machines to perform tasks traditionally carried out by humans. The data indicates that a significant portion of male-dominated occupations across various industries could potentially be automated; jobs that involve repetitive tasks, predictable workflows, and routine decision-making processes are particularly vulnerable to automation.
[image: ][bookmark: _Toc167084152]Figure 16 - Occupations Most at Risk of Automation













Figure 16 illustrates the jobs most susceptible to industrial automation's impacts. Comprehensive analysis and data evaluation highlights the occupations likely to undergo significant transformations or displacements due to the integration of automation technologies within various industries. The figure also illustrates that lower-skilled jobs are more vulnerable to the impacts of industrial automation, with machine operators likely falling into the same bracket as some of the higher percentage risk jobs.
[image: ]
[bookmark: _Toc167084153]Figure 17 – Robots Installed per 10,000 Employees in Manufacturing
(Koetsier, 2018)


2.1.8 [bookmark: _Toc167084095]Future of Industrial Automation
One significant trend is the increasing integration of Artificial Intelligence (AI) and machine learning algorithms into automation systems. These technologies enable machines to learn from data, adapt to changing conditions, and make autonomous decisions, leading to enhanced efficiency and productivity (Pinto, 2003). Another emerging development, the Internet of Things (IoT) is playing a pivotal role in industrial automation, allowing the interconnection of devices and sensors throughout the production environment. This connectivity enables real-time monitoring, predictive maintenance, and communication between various components of the manufacturing process. c Robotic systems are also evolving rapidly, becoming more agile, versatile, and collaborative. These next-generation robots are designed to work alongside human operators, extending their capabilities and increasing overall productivity. Also, the concept of "lights-out manufacturing" is gaining more attention, where factories operate autonomously without the need for human intervention (Association For Advancing Automation, 2023). This concept relies on advanced automation technologies, such as autonomous vehicles, robotic assembly lines, and intelligent control systems, to run production processes around the clock with minimal human oversight. In terms of challenges, the widespread adoption of industrial automation may lead to concerns about job displacement and the need to upskill the workforce to adapt to the changing nature of work. 
Ensuring the security and integrity of interconnected automation systems will be important to protect against cyber threats and data breaches. Overall, the future of industrial automation in industry is characterised by innovation, efficiency, and transformative technologies that promise to reshape the manufacturing landscape and drive economic growth.
2.2 [bookmark: _Toc167084096]End-Effector Influence in Manufacturing 
End-effectors in manufacturing automation refer to the devices or tools attached to the end of robotic arms or manipulators. These end-effectors serve various functions depending on the specific task or application in the manufacturing process. Their primary purpose is to interact with the workpiece or the environment to perform specific actions such as gripping, moving, assembling, or manipulating objects. Grippers, the most common type, securely hold objects during assembly, packaging, or material handling.
Tool changers facilitate quick tool swaps for machining or assembly tasks without manual intervention. Vacuum cups use suction to hold smooth-surfaced objects during pick-and-place operations. Welding guns and soldering irons are specialised end-effectors for joining metal components and dispensing nozzles that precisely apply adhesives or fluids to workpieces. 
Additionally, some end-effectors incorporate sensors or cameras for feedback on position, orientation, or quality control. These end-effectors play a critical role in automating manufacturing processes, and selecting or designing the appropriate end-effector depends on factors such as task type, workpiece characteristics, and desired automation level. (Goodwin, 2022)
In discussing end-effectors, it's important to note that one of the aims of the project is to design an end-effector. The aim of designing an end-effector as part of the project is to create a customised gripper that meets the requirements and objectives outlined. This involves considerations such as the size and shape of the parts to be manipulated, the desired level of precision, and any specific features or functions required for the task at hand. 
[bookmark: _Toc167084097]2.3 FEA Optimisation
[bookmark: _Toc148287940][bookmark: _Toc167084098]2.3.1 Topology Optimisation
Topology optimisation is a mathematical optimisation method applied during the early stages of design development. Its primary objective is to enhance the efficient distribution of material within the model, considering the constraints, applied loads and space limitations imposed by the designer. (Anon., 2020)
Topology optimisation is applied to pre-existing models, allowing the designer to optimise either the entire component or specific elements of it, referred to as the ‘design space’. The process uses FEA to establish a mesh within the design space, the mesh is then scrutinised for stress and strain distribution, providing the designer an insight into areas bearing the most load. (Velling, 2020)
Some sections of the design space may show optimal material distribution and other areas may not. Inefficient sections with low stresses and strains may be trimmed, gradually removing material from the model. 
Throughout the trimming process, the optimisation software will continually check the overall structural integrity, ensuring that the correct amount of material is removed to keep the model within the design constraints. 
[bookmark: _Toc148287941][bookmark: _Toc167084099]2.3.2 Shape Optimisation
Shape optimisation aims to select the most beneficial and optimal structural geometries that improve mechanical performance while also adhering to the user’s constraints. With the help of automated design tools, engineers can look for creative solutions that may not be obvious to even the most seasoned experts. In fluid dynamics, the interest in shape optimisation has been driven by many real-world problems. For example, within aerodynamics, the reduction of drag and therefore of fuel consumption by trucks and cars, or the reduction of aircraft fuel consumption and running costs. (Jonathan Viquerat, 2021) 
Shape optimisation tools gauge the impacts of simultaneously making adjustments to multiple design parameters, not only dimensional changes but complete changes in shape.
[bookmark: _Toc148287942][bookmark: _Toc167084100]2.3.3 Sizing Optimisation
Sizing optimisation stands as an effective technique in streamlining structural design; it is already widely used across various engineering and manufacturing industries to obtain optimised structural configurations with competitive performance and reduced design lead times.
Similar to shape optimisation, sizing optimisation is used at the end of the design process when the general layout of a component is fixed, and only minor changes are allowed by changing the shell thickness in selected regions. A sizing optimisation starts with a finite element model that needs minor improvement or with the finite element model generated by a topology optimisation.
[bookmark: _Toc167084101]2.3.4 Optimisation of End-Effectors
Finite Element Analysis (FEA) optimisation plays a critical role in the design of end-effectors for manufacturing automation, offering benefits that enhance performance, efficiency, and reliability. In manufacturing automation, where precision, speed, and reliability are important, end-effectors must be designed to withstand operational forces and environmental conditions. FEA allows engineers to simulate these real-world conditions virtually, providing insights into stress distribution, deformation, and other critical factors that influence the end-effector's performance. By analysing these aspects, FEA facilitates the optimisation of the end-effector's design to ensure maximum operational efficiency and durability.
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[bookmark: _Toc166244582][bookmark: _Toc166244607][bookmark: _Toc167084154]Figure 18 - FEA Optimisation
(Cyprien, 2014)
3.0 [bookmark: _Toc161168008][bookmark: _Toc167084102]Work Carried Out
[bookmark: _Toc167084103]3.1 Introduction
In this chapter, the conventional machining operations are discussed and the current situation is explained.
[bookmark: _Toc167084104]3.2 Understanding the Machining 
[bookmark: _Toc167084105]3.2.1 OP10 Machining – Guide Rails
The first machining operation carried out is the broaching of the guide rails on the anchor. As production quantities are low, traditional broaching methods are not cost-effective or practical. Broaching involves the use of large, specialised tools and fixtures designed for high-volume production, making it less suitable for lower-volume manufacturing; if the volumes were that of other facilities in Continental AG, it would be more practical to employ this method. Instead, a special form milling cutter is used to machine the required form. (Figures 44-46)
[bookmark: _Toc167084106]3.2.2 Guide Rail Profile
Understanding the required profile for this operation is important, as this dictates the design of the milling cutter to be used to ensure the specification is met. The broaching profile influences the material removal strategy employed during machining. Different profiles may require varying cutting depths, feed rates, and cutting speeds to achieve optimal results. Understanding the profile enables the engineering department to develop effective material removal strategies that balance cutting efficiency with surface finish and tool life considerations.[bookmark: _Toc164712138][bookmark: _Toc164873478][bookmark: _Toc165804595][bookmark: _Toc166244583][bookmark: _Toc166244608][bookmark: _Toc167084155]Figure 19 - Raw Cast Anchor

The design standard applies to foundation brakes and EPB worldwide. Broaching profiles shall no longer be dimensioned in the drawing of the finished part. On the drawing of the finished part, the size of the broaching profile will be specified with a reference to the ATE standard (Figures 21 & 22).
The present standard defines the dimensions of the bracket broaching profiles. Dimensions deviating from this ATE standard shall be entered in the drawing.
[image: ][image: ]The guide rail profile is essential in the alignment of the brake calliper assembly, especially the brake pads, with respect to the brake disc, ensuring even braking contact across the surface.








[bookmark: _Toc166244585][bookmark: _Toc166244610]Figure 21 - Broaching Spec Tolerances
[bookmark: _Toc166244584][bookmark: _Toc166244609]Figure 20 - Broaching Specification


[bookmark: _Toc167084107]3.2.3 OP20 Machining – Holes & Spotfaces
The larger holes on the anchor’s primary function is to provide attachment points for securing the brake calliper assembly to the vehicle. The mounting holes allow the brake calliper to be securely bolted in place, ensuring proper alignment with the brake disc.  
The smaller holes accommodate slide pins, which allow the housing to move inwards and outwards relative to the brake disc, ensuring the position of the brake pads is correct and in full contact with the brake disc. (Figures 47-52)
[image: ]
[bookmark: _Toc166244586][bookmark: _Toc166244611][bookmark: _Toc167084156]Figure 20 - Complete Machined Anchor


[bookmark: _Toc167084108]3.3 Automation Requirements
Understanding the cell requirements is paramount to selecting a robot for manufacturing automation and ensuring optimal performance, efficiency, and compatibility with the overall automation system. These requirements include various factors that directly influence the selection and configuration of the robot, such as workspace dimensions, payload capacity, cycle time, accuracy, repeatability, safety considerations, and integration with other equipment or processes within the cell.
[bookmark: _Toc167084109]3.3.1 Cell Requirements
To minimise manual labour and physically demanding tasks for operators by automating repetitive or strenuous activities such as material handling, tool changing, and part inspection. Minimising manual labour and reducing physically demanding tasks for operators through automation is a crucial criterion, especially considering the earlier discussion in the report regarding the impact of long-term sick leave. The cell should also be arranged to utilise the floor space as much as possible. Efficient use of floor space is crucial in optimising the workflow, reducing movement waste, and ensuring that all necessary equipment and workstations are easily accessible.
[bookmark: _Toc167084110]3.2 Robot Selection
The FANUC M-710iC45M was selected for its impressive reach and versatility, making it the preferred choice. It has a maximum reach of 2606mm, so offers ample flexibility to navigate the workspace and interact with the fixtures within the cell without encountering any spatial constraints. Its extended reach also enables it to access loading tables located at a distance, ensuring efficient operation of the cell.
[image: ]Also, the FANUC M-710iC45M's reach is complemented by its high payload capacity, further enhancing its suitability for the application. Its ability to handle payloads of up to 45kg kilograms ensures that it can accommodate the end-effector and workpieces of varying sizes and weights, making it a versatile solution for diverse production requirements if required in the future. 











[bookmark: _Toc166244587][bookmark: _Toc166244612][bookmark: _Toc167084157]Figure 21 - Fanuc M-710 Series Specifications


[bookmark: _Toc167084111]3.3.3 Other Robots Considered
While other FANUC robots, such as the M-710iC20L, met the reach specifications required for the project, they fell short in terms of future versatility. Although capable of fulfilling the project's immediate requirements, these robots lack the capacity to accommodate a fully loaded end effector. This limitation would restrict their suitability for the current and potential future product lines. Opting for a more versatile robot, like the M-710iC45M, ensures enhanced adaptability to accommodate potential changes or expansions in manufacturing processes over time. 
[image: ]
[bookmark: _Toc167084158]Figure 22 - Mass of Fully Loaded Arm Assembly
The 0286 casting only weighs 2.79kg (Figure 54), but as shown in Figure 23, the fully loaded gripper arm weighs 27182 grams or 27.182 kilograms. This weight surpasses the M-710iC20L robot's maximum payload capacity, indicating that the robot lacks the capability to efficiently support the fully loaded gripper arm. 
Choosing the M-710iC45M ensures that the robot can accommodate the fully loaded gripper arm without exceeding its operational limits. This decision strikes a balance between meeting the project's requirements and avoiding unnecessary expenditure on a larger robot model with excessive capacity, with the next model up costing approximately £3,000 more.

[bookmark: _Toc167084112]3.3.4 Robot Quotation
The robot quotation from Fanuc, as shown in Figure 23, presents the price of the robots, which is exclusive of installation costs. This means that the quoted price covers the robots' cost but does not include additional expenses associated with their installation, such as setup, calibration, and integration into the existing system.
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[bookmark: _Toc166244588][bookmark: _Toc166244613][bookmark: _Toc167084159]Figure 23 - FANUC Quotation
[bookmark: _Toc167084113]3.3 Cell Layout
[image: ]Achieving the right cell layout was important, especially as the CNC machines involved weren’t able to be relocated. Careful planning was required to effectively position the loading table, conveyor, robot, and set-down tables between the Auerbach and Stama operations. The loading table needed to be within range of the robot but far enough from the designated forklift track to be safe for the operator. Strategic placement of the robot ensured efficient handling of parts and coordination with other equipment. Additionally, the set-down table served as a crucial interface point for transferring machined parts between the two machines.










[bookmark: _Toc166244589][bookmark: _Toc166244614][bookmark: _Toc167084160]Figure 24 - Cell Layout Concept

[bookmark: _Toc167084114]3.3.1 Loading Table
Figure 25 illustrates the operator loading table, a designated area where the operator will manually load parts. The table is designed to accommodate a specific quantity of parts and is designed to allow efficient robot pickup. Once the operator fills the table with parts, the robot can then proceed to pick them up and load them onto the machine for the first machining operation.
[image: ]
[bookmark: _Toc167084161]Figure 25 - Operator Loading Table
[bookmark: _Toc167084115]3.3.2 Set Down Table
The set down table plays a critical role within the cell layout as it allows the transition of the anchor between different stages of the machining process. After completing Operation 10 (OP10), the anchors are set down onto this table. This step allows for the handling of the anchors by another gripping device positioned at a different location on the robot arm. By having the anchors set down at this designated table, they can be efficiently picked up by the gripping device and loaded onto the spotface fixture.
[image: ]
[bookmark: _Toc167084162]Figure 26 - Set Down Table Concept
[bookmark: _Toc167084116]3.3.3 Work Holding Device / End Effector Choice
Schunk Gripper
[image: ]This gripper is used within the project because its opening force of 1280N ensures a stable grip on the workpieces, which is crucial for precision fixture loading. Its recommended workpiece weight of 4.3kg is perfectly fine for the weight of the workpiece, coming in at 2.1kg, ensuring compatibility and effective handling. Also, its fast clamping time of 0.05s optimises cycle times, enhancing productivity during machining operations. (SCHUNK, 2024)[bookmark: _Toc167084163]Figure 27 - SCHUNK Gripper









[bookmark: _Toc164712142][bookmark: _Toc164873482][bookmark: _Toc165804599][bookmark: _Toc166244590][bookmark: _Toc166244615]
[bookmark: _Toc167084164]Figure 28 - Schunk Gripper
The SCHUNK gripper's versatility and compatibility with a wide range of end effector styles make it an excellent option for the project. This adaptability allows different styles of end effectors to be securely bolted to the gripper, enabling it to accommodate diverse workpieces and machining requirements. This may come in useful if the product were to change in the future, allowing another style of end effector to be used with the same SCHUNK gripper.
[bookmark: _Toc167084117]3.3.4 End-Of-Arm Tooling Auerbach Machine
When designing the work-holding device, it is crucial to consider how the gripper will pick up and place the part into the fixture for machining. This step is vital for ensuring the stability and accuracy of machining operations. The gripper holds the workpiece securely during the loading process, positioning it accurately within the fixture to facilitate efficient and precise machining. By carefully planning the interaction between the gripper and the work-holding device, operators can optimise the loading process, minimise the risk of errors or misalignment, and enhance overall machining performance. Therefore, thoughtful consideration of the gripper's handling of the workpiece is essential for achieving quality outcomes and maximising productivity within the manufacturing process.
[image: ][bookmark: _Toc167084165]Figure 29 - Auerbach Gripper Finger

[image: ][bookmark: _Toc167084166]Figure 30 - Part in Gripper

[bookmark: _Toc164712143][bookmark: _Toc164873483][bookmark: _Toc165804600][bookmark: _Toc166244591][bookmark: _Toc166244616]







This work-holding method was selected for several reasons. Firstly, its simplicity ensures that it can be easily implemented and maintained without requiring complex procedures. Additionally, its ease of manufacture means that it can be produced quickly and at a low cost, reducing both the time and expenses associated with production. Also, its lightweight design offers practical benefits, such as ensuring it will be suitable for the payload of the robot. Despite its lightweight construction, this method provides adequate stability and security to hold the workpiece in the required position, ensuring precision and consistency during the loading process. 
WIXROYD Carbide serrated pads will be used on the ends of the EOAT gripper to grip the part securely. This material is chosen because of its exceptional hardness, wear resistance, and ability to maintain a strong grip under high stress and repeated use (WIXROYD, 2024). The serrated design enhances the gripping force by increasing the contact surface area and friction, ensuring that the part remains firmly held during operation. These properties make carbide an ideal choice for applications requiring durable and reliable gripping solutions. (Appendix 3)

[image: ]
[bookmark: _Toc167084167]Figure 31 - Auerbach Loading Method

[bookmark: _Toc167084118]3.3.5 End-Of-Arm Tooling STAMA Machine
Due to distinct fixture designs, the EOAT configured for loading parts onto the Auerbach machine isn't compatible with loading the Stama machine. The Auerbach has a different fixture setup, while the Stama machine optimises its own unique fixture configuration for OP20. Because of these differences, the EOAT's gripping or holding mechanisms intended for the Auerbach machine wouldn't work with the fixturing requirements of the Stama machine. As a result, attempting to use the same EOAT for both machines would not work.


[image: ][bookmark: _Toc167084168]Figure 32- STAMA EOAT









Another EOAT clamping method was developed to retrieve workpieces from the set-down table and effectively transfer them to the Stama machine, specifically for machining OP20. This gripper can then remove the workpieces and load them onto the exit conveyor.
[image: ]
[bookmark: _Toc167084169]Figure 33 – STAMA Loading Method

[bookmark: _Toc167084119]3.3.6 Material Selection for Gripper
Implementing automated material handling equipment such as robotic arms or gantry systems capable of picking up, transporting, and placing brake calliper anchors onto CNC machine worktables is essential. (Daniel Ong U Jing, 2018) talks of leveraging additive manufacturing (AM) technology to fabricate end-of-arm tool (EOAT) parts for robotics applications. 
EOAT parts play a crucial role in robotic systems, facilitating tasks such as transporting, palletising, sorting, machining, and inspecting. Traditionally, metallic EOAT parts have been widely used, but the emergence of additive manufacturing has opened new possibilities for customisation, cost-effectiveness, and rapid prototyping in EOAT design.
Considering the importance of end-of-arm tooling (EOAT) in automated material handling systems, the selection of the appropriate material for fabricating these parts is critical. While additive manufacturing (AM) technology offers promising advantages in terms of customisation, cost-effectiveness, and rapid prototyping for EOAT design, the choice of material must also align with the application's specific requirements.
Plain carbon steel was eventually chosen to fabricate the EOAT parts. This decision was informed by several factors.
Material Properties
Plain carbon steel offers a combination of strength, durability, and rigidity (Ashby, et al., 2007), making it suitable for withstanding the forces and stresses encountered during robotic manipulation and handling tasks. Its mechanical properties ensure the stability and reliability of the EOAT parts in demanding industrial environments.
Manufacturability
Carbon steel can be easily machined, welded, and processed using conventional manufacturing techniques, facilitating the fabrication of complex EOAT designs with precision and efficiency. This manufacturability contributes to the design's cost-effectiveness and simplicity.
Historical Reliability
Metallic EOAT parts, including those made from plain carbon steel, have a long history of successful use in industrial robotics applications. Their proven performance and reliability provide assurance of quality parts.
[bookmark: _Toc167084120]3.4 Machines Used
[bookmark: _Toc167084121]3.4.1 Auerbach FBE 2000 
The Auerbach FBE 2000 is a CNC milling machine manufactured by Auerbach GmbH, a German company specialising in high-precision machining equipment. The FBE 2000 is renowned for its advanced features, robust construction, and versatility, making it suitable for a wide range of machining applications in various industries.
[image: ]
[bookmark: _Toc167084170]Figure 34 - Auerbach FBE 2000
[bookmark: _Toc167084122]3.4.2 Stama MC 530 Twin
[image: ]The STAMA MC 530 Twin is a high-precision CNC machining centre manufactured by STAMA, a German company known for producing innovative and reliable machining solutions. The MC 530 Twin is designed for high-speed, high-accuracy machining of various workpieces. One of the standout features of the STAMA MC 530 Twin is its twin-spindle configuration, which enables simultaneous machining of two workpieces or multiple operations on a single workpiece.Figure 34 - STAMA MC530 Twin
[bookmark: _Toc167084171]Figure 35 - STAMA MC530 Twin










The decision to choose these specific machines was influenced by their existing configuration, which aligns with the project's requirements. These machines were already set up to suit the installation of a robot, making them well-suited for integration without having to be relocated or moved in any way.

[bookmark: _Toc161168010][bookmark: _Toc167084123]4.0 Project Analysis
This section presents a comprehensive analysis of the automated manufacturing cell project, focusing on several critical aspects to ensure optimal design and functionality. The analysis will cover:
Gripper Design and Material Selection
The evaluation will address the design of the end-of-arm tooling (EOAT), with particular attention to the impact of different material choices on performance and reliability. This includes a detailed examination of material properties, such as the displacement observed under operational loads, to ensure the gripper maintains precision and effectiveness.
Cell Layout and Effectiveness
The physical layout of the manufacturing cell will be analysed to assess its efficiency in terms of workflow, space utilisation, and potential bottlenecks. 
Cost Analysis
An in-depth cost analysis will be performed to evaluate the project's financial feasibility. This includes the costs associated with materials, equipment, and labour, as well as a comparison of different design and material options to identify the most cost-effective solutions.
Output Predictions
Finally, the analysis will predict the output of the manufacturing cell, considering the designed throughput and potential variables that could impact production rates. These predictions will help assess the manufacturing process's overall efficiency and scalability.
[bookmark: _Toc167084124]4.1 Simulation & Testing – EOAT Material Selection
[bookmark: _Toc167084125]4.1.1 Plain Carbon Steel
Static Loading
To evaluate the suitability of the gripper's strength and material selection, a comprehensive analysis was conducted using SolidWorks simulation software. This simulation subjected the gripper to the anticipated force exerted by the Schunk gripper, which is 1280N. [image: A close-up of a blue box

Description automatically generated]
[bookmark: _Toc167084172]Figure 36 - Force Exerted
The results of the simulation demonstrated that the displacement of the EOAT was minimal under this force, indicating that the selected material for the study was suitable for the application. This testing process provided assurance that the plain carbon steel possessed the necessary strength and durability to withstand the operational demands placed upon the EOAT during handling tasks. By validating the material selection through simulation, potential risks associated with gripper failure or deformation were effectively mitigated, ensuring the reliability and performance of the EOAT within the automation system. 
Defining the fixed geometries was crucial to the success of the analysis. These fixed geometries were identified as the bolt holes in the EOAT, which provided stable reference points necessary for accurately simulating the structural behaviour under load. By properly constraining these areas, the analysis could effectively predict displacement and stress distribution, ensuring the reliability of the results.
[bookmark: _Toc167084173]Figure 37 - SolidWorks Displacement Plain Carbon Steel



















		
Even at the point of maximum deflection, the simulation revealed that the plain carbon steel’s displacement was only 0.013mm. This minimal deflection demonstrates robustness and structural integrity, even when subjected to the anticipated force of 1280N exerted by the Schunk gripper.
Fatigue Testing
During the fatigue testing of the EOAT on SolidWorks, the plain carbon steel demonstrated exceptional durability, showing no signs of fatigue even after 1,000,000 cycles. This highly positive outcome indicates that the plain carbon steel EOAT can withstand repetitive loading and unloading without experiencing structural degradation or failure.
This ensures consistent performance, reduces the need for frequent maintenance or replacements, and minimises the risk of unexpected downtimes, ultimately leading to greater operational efficiency and cost savings.
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[bookmark: _Toc167084174]Figure 38 - Fatigue Testing Plain Carbon Steel
Figure 37 presents the analysis of the fatigue test, which successfully reached the 1,000,000-cycle mark without any signs of fatigue.
The fatigue testing results provide compelling evidence regarding the durability of the EOAT. If the predicted output of 672 pieces per day is achieved, the EOAT would need to load and unload approximately 1344 times per day. The EOAT demonstrates the ability to handle 1,000,000 cycles easily without signs of fatigue, which indicates that the EOAT could last for over two years and even longer without experiencing structural degradation due to repetitive loading and unloading.
[bookmark: _Toc167084126]4.1.2 ABS 
Static Loading
In this analysis, the same EOAT model was used, but the material was switched to ABS to achieve mechanical properties and performance similar to that of PLA, which is often used for 3D printing. Unfortunately, PLA was not available as a material option in SolidWorks, so ABS was chosen as a substitute due to its comparable characteristics.
The results of the simulation indicate that under a 1280N load applied by the Schunk gripper, the EOAT experienced a displacement of 1.436mm. This displacement is significantly higher compared to the performance of the same EOAT made from Plain Carbon Steel. Such a high level of displacement could lead to uneven gripping of the workpiece, potentially affecting the precision and reliability of the gripping operation. 















Figure 38 illustrates significant displacement at the ends of the EOAT, where the applied force is concentrated, resulting in the greatest amount of deformation.[bookmark: _Toc167084175]Figure 39 - SolidWorks Displacement ABS

Fatigue Testing
The ABS material results were significantly different from those of plain carbon steel. The large displacement experienced by the ABS EOAT under load resulted in a very low fatigue life, with the material managing only 100 cycles or fewer before showing signs of damage. This indicates that ABS is not suitable for applications requiring high durability and repetitive use, as it quickly succumbs to fatigue under operational stresses. Although the cost-effectiveness of being able to 3D print the EOAT from ABS or PLA would be excellent, this option is not viable due to the operational deficiencies observed.
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[bookmark: _Toc167084176]Figure 40 – Fatigue Testing ABS
[bookmark: _Toc167084127]4.1.3 Casting Testing
[image: A computer screen shot of a computer generated object

Description automatically generated]Another critical aspect of the testing was to verify that the casting would not deform under the load of the gripper. The testing results revealed that the maximum deformation observed was 0.135mm (Figure 41), which occurred only on a small section of the casting, which was highlighted in red. This indicates that the casting can withstand the forces exerted by the gripper without experiencing significant deformation, ensuring the structural integrity and reliability of the component during operation.[bookmark: _Toc167084177]Figure 41 - Casting Displacement Testing

Figure 42 illustrates how the loading was applied to the casting to replicate the same position and conditions that the casting will experience during operation. This setup ensures that the testing accurately reflects the real-world stresses and forces the casting will encounter, providing reliable data on its performance and structural integrity under load. The analysis can validate the casting's ability to withstand operational demands without significant deformation or failure by emulating the actual gripper position. Although the displacement was significantly low when tested, it is still important to do the testing to prove that the working conditions are safe for the components.
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[bookmark: _Toc167084128]4.1.4 Topology Optimisation
It was possible to conduct a topology study to minimise the mass of the EOAT. While reducing the mass was not particularly important for the specific product focused on in this project, it is a valuable consideration for future projects. Should the product or operational requirements change, optimising the EOAT's mass could enhance efficiency, reduce material costs, and improve the overall performance of the robotic system. So, conducting a topology study provides useful insights and potential benefits for future design iterations and applications.
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[bookmark: _Toc167084179]Figure 43 - Topology Study

The topology study reduced the EOAT's mass by 167g while ensuring that the same operational requirements were met. This mass reduction signifies the potential to reduce material cost without compromising its functionality or effectiveness in carrying out the required tasks.
[bookmark: _Toc167084129]4.2 Cost Analysis
The cost analysis section of the project provides a detailed examination of the financial aspects associated with implementing and operating the automated manufacturing cell. This analysis is crucial for understanding the project's economic feasibility and viability, as it evaluates the expenses incurred and potential savings or returns generated throughout the project lifecycle.
Cost analysis is important for several reasons. Firstly, it helps stakeholders make informed decisions regarding resource allocation, investment prioritisation, and budget planning. By comprehensively assessing the costs involved, stakeholders can identify areas of potential cost reduction, optimise resource utilisation, and minimise financial risks.

	Qty
	Description
	Supplier
	Cost Each
	Total

	12
	WIXROYD Carbide Gripper Pads
	WIXROYD
	£32.89 + VAT & Shipping
	£489.23

	4
	Auerbach Gripper Finger
	Brother Engineering
	£86.34
	£345.36

	1
	FANUC M-710iC45M Robot
	FANUC
	£33,531.57
	£33,531.57

	2
	STAMA Gripper Top Section
	Brother Engineering
	£112.56
	£225.12

	2
	STAMA Gripper Bottom Section
	Brother Engineering
	£142.67
	£285.34

	4
	SCHUNK Pneumatic Gripper
	SCHUNK
	£1,275.63
	£2,551.26

	TOTAL
	£37,427.88


Table 1 – Cost Analysis
[bookmark: _Toc167084130]4.3 Output Predictions
The case study of the Continental plant in Mexico provides a practical benchmark for our output predictions. At this plant, the integration of an automated manufacturing cell similar to the one designed in this project has led to significant improvements in productivity and efficiency. By analysing the operational data from the Mexican plant, we can infer the potential performance of our automated cell. 
Achieving 100% OEE is the ultimate goal, signifying that the equipment is operating at maximum efficiency, with no downtime, optimal performance, and no defects. While it is an ideal target, it should be noted that 100% OEE may not be achievable; Section 1.1.3 presents the calculations for the required weekly target, assuming the operation runs for 6 days per week instead of 7. This approach allows for an additional day each week to address any issues that may arise, ensuring that the weekly production target can still be met even if unforeseen problems occur during the regular production days. By planning for this extra buffer day, the schedule provides flexibility to maintain consistent output and accommodate maintenance, repairs, or other disruptions without compromising the overall production goals.
With the improvements in equipment utilisation, the cell is projected to achieve an increase of 34 parts per shift, assuming the machine operates at 100% OEE and experiences no downtime for maintenance or setup adjustments. This significant boost in productivity positions the cell to effectively meet the expected rise in demand forecast for 2025. By optimising equipment performance and minimising interruptions, the cell will be better equipped to handle higher production volumes and maintain efficiency, ensuring Continental can fulfil future market needs without compromising on quality or delivery timelines.





[bookmark: _Toc161168011][bookmark: _Toc167084131]5.0 Recommended Future Work
[bookmark: _Toc167084132]5.1 Cell Improvement 1
As the project concludes, several further research and development opportunities have been identified. The recommended future work section aims to outline these potential areas for improvement and innovation.
Reviewing the proposed cell layout is a valuable opportunity for future development. The goal is to enhance efficiency by automating the loading of finished parts directly into the containers. 
Currently, the operator transfers the finished parts from an unloading conveyor to the containers. Integrating this step into the automated cell would reduce manual handling, streamline the workflow, and potentially increase overall productivity. This adjustment could lead to more seamless operations and further optimise the manufacturing process.
[image: ]
[bookmark: _Toc167084180]Figure 44 - Cell Improvement Concept

Implementing this concept enhances the safety of the operator by reducing the need for strenuous movements involved in pushing full containers. Additionally, it keeps the operator at a safer distance from operating forklifts.






[bookmark: _Toc167084133]5.2 Cell Improvement 2
The second improvement concept involves swapping the positions of the loading table and the unload conveyor. This reconfiguration is designed to create a more efficient robot workflow.
[image: A computer screen shot of a blueprint
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[bookmark: _Toc167084181]Figure 45 - Cell Improvement Concept 2
The new configuration allows for a circular pattern of work transfer, enhancing the manufacturing process's efficiency. The workflow becomes more intuitive and streamlined by repositioning the loading table and the unload conveyor. This circular pattern ensures that materials and finished parts move in a continuous loop, eliminating the need for the robot to cross the cell needlessly. Such an arrangement minimises unnecessary movements and reduces the time taken for work transfer, hopefully further increasing the robot's productivity.
[bookmark: _Toc167084134]6.0 Conclusion
This project has explored an automated machining cell's design, implementation, and optimisation to enhance efficiency and productivity. Through comprehensive analysis and testing, several key components were addressed, including end-of-arm tooling and its material selection, optimal cell layout, and cost analysis. The analysis of the successful implementation at another Continental plant and extensive literature review provided a foundation for the project's development.
The findings indicate that the automated cell can achieve significant improvements in production rates, quality control, and operational efficiency. The topology study demonstrated a potential reduction in the EOAT mass without compromising performance, highlighting opportunities for future optimisations and product reviews. Also, the cost analysis confirmed the project's feasibility, ensuring that the investment is justified and sustainable.
Future development opportunities were identified, such as automating the loading of finished parts directly into containers to enhance operator safety and efficiency and reconfiguring the cell layout to enable a circular workflow pattern to streamline operations further, reduce unnecessary movements, and increase productivity.
Overall, this project highlights the importance of continuous innovation and optimisation in manufacturing processes. By employing advanced automation technologies and strategic layout planning, the project paves the way for more efficient, flexible, and competitive industrial operations. The recommendations from this project provide valuable knowledge for future projects, ensuring that automated manufacturing remains at the forefront of Continental's future vision.


[bookmark: _Toc161168012][bookmark: _Toc167084135]Appendices
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[bookmark: _Toc167084182]Figure 46 - 11.8170-0286.1 Machining Drawing
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[bookmark: _Toc167084183]Figure 47 - Auerbach Form Milling Cutter
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[bookmark: _Toc167084185]Figure 49 - STAMA Tooling List
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[bookmark: _Toc167084186]Figure 50 - STAMA M16 Form Drill
[image: A blueprint of a machine
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[bookmark: _Toc167084187]Figure 51 - STAMA Ø50 Shell Face Mill
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[bookmark: _Toc167084188]Figure 52 - STAMA M10 Form Drill
[image: A drawing of a machine

Description automatically generated]
[bookmark: _Toc167084189]Figure 53 - STAMA M16 Tap
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[bookmark: _Toc167084190]Figure 54 - STAMA M10 Tap
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[bookmark: _Toc167084191]Figure 55 - WIXROYD Carbide Gripper Pad
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[bookmark: _Toc167084192]Figure 56 - Master Data Sheet 0286
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1.5 Current Process

1.6 Justification
Implementing industrial automation in companies is rapidly becoming more of a necessity in
order to remain competitive, rather than a useful tool for assisting production. The COVID-19
pandemic emphasised the need to keep a full staff of trained and qualified operators, which
can be challenging, and automation reduces the reliance on human labour. (Elsner
Engineering, 2022)

1.6.1 Weekly Requirement
Figure 1 shows the weekly customer demand from VW for 11.8170-0286.1, which is the part
number for the VW T5/T6 Anchor, for the first thirteen calendar weeks of 2024. The table
shows the requirement to be 24,924 pieces. This figure also includes the backlog from the
previous calendar year.
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1.4 Current Process

Throughout the entire manufacturing process, from receipt of raw material to shipping the final products
to customers, maintaining a focus on safe material handling is essential to uphold quality standards.
The current process uses two operations to machine the housings before they move to the plating plant.
‘The first operation is machines on a 4-axis, twin spindle CNC machine, meaning two parts are machined
simultaneously. The description of this operation can be seen in Figure 4, this is the bulk of the
‘machining process. The housings are then transported to a 5-axis, twin spindle CNC machine that
produces four parts per cycle, a description of the operation can be viewed in Figure 4.

TachTned Part Namber Part Descripton
11-3601-9035-1-00 Red JLR FN+60 Housings. 11:3601:0417:000
achine. Cperation Toulay | TorGy _Sgned Tate
|Gomini Max 3/ Stama 8.y Recesses, Disc: u
Clearance, Bore Detalls, Bush I
Holes.
©
u
[stama 7. Bleed & Connect Ports, M6
Fiing Holes. [
5
u
jcal. Plate Zngyvs
[
5
]
[
5
Assombly
Bnaw T6 ) Code
Plating Data 5 e B Sode

arts must be inspected and de-burred before moving to next operation;

Figure 4 - Jaguar D7a Machining Process

The paint has both an aesthetic and practical roll in the function of the brake aliper, ensuring delicate
‘material handling is essential in the manufacturing process. Many precautions are taken throughout
the manufacturing process to ensure the paint does not get damaged, however, due the nature of
material handling it is common for the paint to get chipped or blemished during manufacturing, these
parts are identified and isolated by an operator after assembly. The calipers are then sent through a
rework coating process on the paint track.

1.5 Aims
The aim of this project is to integrate the production of Jaguar D7a housing with the automated cell,
shown in Figure 5. The shift entails multifaced challenges in CNC programming, robot programming,
fixture design and end-effector design, it promises proportionate rewards in terms of versatility,
{ Focus B - ——4——+ 128%
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