


1. Introduction
Continental Teves UK Ltd., previously known as Alfred Teves (ATE), is a subsidiary of Continental AG, one of the world’s leading automotive suppliers. Continental Teves works out of the ‘chassis and safety’ division of Continental AG producing a variety of key components for various large automotive manufacturers such as BMW, Audi, Rolls Royce, Maserati, Volkswagen, and many others. The plant located in Ebbw Vale specialises in niche, low-volume ‘original equipment spares’ (OES) and aftermarket production of hydraulic brake calipers and other components for the automotive industry. Unlike high-volume production, which is typically located in plants in Germany or Slovakia, low-volume manufacturing requires a different approach due to its focus on smaller quantities and a much greater diversity of products. 
Producing low-volume OES parts presents unique challenges compared to high-volume production. One major challenge is the need for a highly skilled workforce. With lower quantities of each part being produced, there is much less room for error as there may not be an abundance of material. Additionally, the Ebbw Vale plant must be agile and adaptable to meet the dynamic demands of customers; unlike high-volume production where orders are generally stable and predictable, low-volume production requires exceptional flexibility to handle fluctuating demand and a huge variety of different part numbers. The complexity of managing this range adds another layer to the challenges faced by the plant, with the customer able to request 3000+ different part numbers at any time. 
The unique challenges faced by the plant mean that it is important to ensure proper upkeep of the machinery used to produce these parts. In this report, we will focus on examining the AMS MCH500, a 4-axis CNC Milling Machine, conduct a thorough analysis, and critically review the current maintenance practices associated with this particular piece of equipment. 
Figure 1 - MCH-500 Machine














2.0 Critical Review of Current Maintenance Practices
Any company has the legal obligation to maintain its equipment to a certain standard. The Provision and Use of Work Equipment Regulations (HSE, 1998) require that: 
· All work equipment be maintained in an efficient state, in efficient order and in good repair
· Where any machinery has a maintenance log, the log is kept up to date
· Maintenance operations on work equipment can be carried out safely
2.1 Introduction to the MCH500
The MCH500 is a 4-axis CNC Milling Machine, manufactured by the Indian company AMS (Advanced Machining Solutions). The MCH500 is capable of machining in four axes; X, Y, Z, and a rotary axis B. This allows for the complex machining operations needed to produce the components required at Ebbw Vale. These machines are known for their high precision and accuracy, achieving tight tolerances. 
2.2 Maintenance Practices
2.2.1 Checking of Essential Lubrication Oils
Lubrication oils are essential for ensuring the smooth and efficient operation of the machine’s moving parts, including gears, bearings, and slides. Proper lubrication reduces friction and wear, which can lead to improved performance and longevity of these moving parts. Regular checks and maintenance of lubrication oils also help to maintain optimal machine performance. Currently, the machine operator is to check the oil levels on the machine following an SOP (Standard Operating Procedure), this helps with the early detection of potential maintenance issues; however, the machine operator does not need to fill out any paperwork to say that this has been completed during the shift. 
2.2.2 Cleaning of the Machine
Unclean machines can lead to accidents, if dirt, grease, and other contaminants build up on the moving parts of the machine it can create a more hazardous environment for the machine operator. (Hygiene, 2022) The current process is that the operator is to clean the machine at the end of every shift within an allotted time period, sacrificing production on the machine while this is completed. 
2.2.3 Planned Preventative Maintenance
Currently, the planned maintenance schedule is based on the number of shifts that the machine operates in a week. For example, if the machine runs 5 shifts or less within a week it will only require one PM per year, up to 10 shifts it will get two, and 15+ will be three. The intensity of the machine's operation during each shift, as well as factors such as environmental conditions and the type of production processes involved, may also influence the maintenance schedule. Machines operating under heavier loads or in harsh environments may require more frequent maintenance.
Figure 2- PM Frequency

2.2.4 Positives of Current Maintenance Practices
Basing the number of Planned Preventive Maintenance (PPM) sessions per year on the intensity of work and the number of hours the machine operates offers several benefits. Firstly, by aligning the maintenance schedule with the machine’s usage patterns, the technicians carrying out the inspection can ensure to reduce the amount of downtime on the machine, as ignoring small or relatively minor maintenance tasks on a piece of equipment, will only create larger problems. (Servi-Tek Facility Solutions, 2021)
Secondly, adjusting the frequency of PPM to match the machine's usage can help optimise resource allocation and reduce unnecessary maintenance. This targeted approach ensures that resources are allocated where they are most needed, being cost-efficient while maintaining equipment reliability and performance. 
2.2.5 Negatives of Current Maintenance Practices
While the use of PPM based on the intensity of work and the operating hours offers benefits, there are also potential drawbacks to consider. Firstly, due to the unpredictable nature of the way the business is run, with customers able to request many different parts, which are sometimes only able to be manufactured on one machine, basing maintenance solely on workload intensity and operating hours may result in under or over-maintenance during periods of fluctuating demand, leading to inefficiencies and potential customer backlog.
Secondly, focusing solely on workload may overlook critical components that require more frequent maintenance due to their high susceptibility to wear or failure. Without considering the specific needs of individual components, there is a risk of neglecting essential maintenance tasks, leading to increased downtime and potential safety hazards. This takes time to learn for each individual machine, but as more is learned about which components are faster wearing, it is important to document the information to ensure a suitable PPM checklist for each machine.
2.2.6 Planned Preventative Maintenance Checklist
Figure 3 - MCH500 PPM Checklist




3.0 Improvement Opportunities to Current Maintenance Practices
Improving maintenance practices often involves implementing new strategies and processes that help to improve the overall effectiveness, efficiency, and reliability of maintenance activities. Considering the current process of defining the maintenance schedule is based on workload intensity and operation hours, there are some potential improvement points to consider:
3.1 Condition-Based Maintenance (CBM)
Utilising real-time monitoring technologies such as sensors and predictive analytics to assess and trigger maintenance tasks based on actual equipment conditions rather than predetermined schedules, allowing for more targeted and efficient maintenance activities.
A CBM program's potential for a high ROI may appeal to many organisations due to the fact that it can help them remain competitive and operate as lean as possible. (Trout, n.d.). Although at first, failures may be unpredictable, as patterns and trends begin to form it would become easier to predict failure by monitoring the sensors. 
3.2  Computerised Maintenance Management Systems (CMMS)
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.
Adopting new CMMS features within SAP requires comprehensive training and change management efforts to ensure user adoption and proficiency among maintenance technicians. CMMS data enables maintenance operations to move from a reactive to a proactive approach, enabling the development of an advanced asset maintenance strategy (IBM, n.d.). Resistance to change or lack of buy-in from stakeholders may hinder the successful implementation and utilisation of SAP's CMMS features.  
3.3 Total Productive Maintenance
TPM is a comprehensive maintenance approach that aims to maximise the operational efficiency, effectiveness and reliability of manufacturing equipment. (Singh, 2013). TPM promotes a sense of ownership among equipment operators and maintenance personnel. Operators are involved in the maintenance and care of their equipment, carrying out tasks such as checking and refilling oil during their shifts. This approach maximises equipment uptime, improving the OEE (Overall Equipment Effectiveness), which is often a KPI (Key Performance Indicator) within the manufacturing industry.



4.0 Cost and Resource Considerations
4.1 Change Management
Change management efforts must focus on providing comprehensive training and support to ensure that maintenance personnel are proficient in using a potential CMMS software. A workforce filled with people who feel like they must implement changes or initiatives is a recipe for complacency. One filled with people who want to make change is a formula for action. (Miranda, 2022). Training programs should address not only technical aspects but also how the new system will improve their workflow and support their daily tasks. It is also important that key stakeholders are engaged in the change, which is crucial for successful change implementation. Stakeholders such as managers, IT teams, and supervisors must be involved in the decision-making process and their concerns, feedback, and suggestions should be addressed throughout the implementation process to ensure a smooth transition. 
4.2 Costs and Resources
Implementing a CMMS requires various costs and resources to ensure success, one of the primary costs being the software licensing itself. This cost can vary depending on factors such as the number of users, features, and functionalities. For example, entry-level CMMS software costs £23-£63/user/month, while subscription-based CMMS onboarding spans £475-£2000 in upfront expenses. (Hoffman, 2023)
With something such as RCA, it requires access to relevant data and information related to the problem or failure being investigated. Costs may be associated with data collection efforts, such as conducting interviews, reviewing documentation, or accessing historical records. There may be data analysis tools required which may also incur additional costs.















5.0 Conclusions and Recommendations
5.1 Maintenance Challenges and Complexity
Continental faces significant maintenance challenges due to the diverse nature of its production operations, predominantly focused on low-volume OES. At Ebbw Vale, the plant’s focus on OES requires specialised maintenance skills but also flexibility to address customer demands for a much wider variety of part numbers at short notice; these things increase the difficulty in keeping an efficient maintenance routine. While utilising SAP for various business processes, the plant does not fully leverage the CMMS features that it could, potentially impacting efficiency and effectiveness.
5.2 Recommendations
5.2.1 CMMS Integration
CMMS integration should be fully considered, as this would streamline maintenance processes, enhance data visibility, and improve decision-making by enabling real-time monitoring and analysis of maintenance activities.
5.2.2 Invest in Training and Resources
Continental should invest in training programs and resources to ensure maintenance personnel are proficient in using CMMS tools effectively. This includes providing comprehensive training on software functionalities, maintenance workflows, and data analysis techniques.
5.2.3 TPM
By implementing TPM principles and practices, Continental could achieve significant improvements in equipment reliability, efficiency, and overall business performance. 
5.2.4 Adopt Root Cause Analysis (RCA)
Continental should adopt a structured RCA process to identify and address root causes of recurring maintenance issues. By conducting these systematic investigations, it is then possible to implement the corrective actions necessary. 
5.2.5 Short Term Recommendations
Short term recommendations would be to start to convert all the paper maintenance reports to digital information on a database, this would allow clear visibility of the issues that the machine has.
5.2.6 Long Term Recommendations
Long term recommendations would be to look at the above discussed solutions and also potentially look at upgrading the equipment if the data shows that there is a lot of downtime on this specific machine.
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MCH500 PPM CHECKLIST

Check Lubrication Levels:



         

Inspect all lubrication points on the machine.



         

Ensure adequate levels of lubrication oil in reservoirs.



         

Lubricate moving parts such as gears, bearings, and slides as per the manufacturer's recommendations.

Inspect Coolant System:



         

Check coolant levels and top up if necessary.



         

Inspect coolant lines and fittings for leaks or damage.



         

Verify the proper functioning of coolant pumps and change filters if necessary.

Examine Spindle Performance:



         

Check spindle runout and alignment.



         

Inspect spindle bearings for signs of wear or damage.



         

Verify the proper functioning of the spindle cooling system.

Inspect Tool Change:



         

Check the tool changer arm for smooth operation.



         

Verify the alignment of tool holders in magazine.



         

Ensure proper functioning of tool release and clamping mechanisms.

Check Axis Alignment:



         

Verify the alignment of X, Y, and Z axes.



         

Check the backlash and repeatability of each axis.



         

Adjust if necessary.

Inspect Way Covers and Seals:



         

Inspect way covers for damage or excessive wear.



         

Check seals and wipers for signs of deterioration.



         

Clean and lubricate as needed.

Verify Machine Calibration:



         

Perform calibration checks on machine parameters such as: spindle speed and feed rates.



         

Ensure the accuracy of machine positioning and test stop.

Inspect Electrical Components:



         

Check electrical connections and wiring for signs of wear or damage.



         

Verify proper functioning of emergency stop buttons and safety interlocks.



         

Test machine control systems for responsiveness and accuracy.



         

Check electrical panels using thermal imaging camera.

Check Machine Enclosure and Guards:



         

Inspect machine enclosure for damage or missing panels.



         

Verify proper installation and functionality of safety guards and interlocks.



         

Ensure compliance with safety regulations and standards.

Document Maintenance Activities:



         

Record maintenance tasks performed, including any adjustments or repairs made.



         

Note any abnormalities or issues identified during the inspection.



         

Update maintenance logs and documentation for future reference.
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
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