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	Term
	Definition

	HBS
	Hydraulic Brake System

	CNC
	Computer Numerical Controlled 

	PM
	Preventative Maintenance 

	TPM
	Total Productive Maintenance

	RCM
	Reliability Centred Maintenance

	CMMS
	Computerized Maintenance Management System

	MES
	Manufacturing Execution System

	APM
	Asset Performance Management

	OEE
	Overall Equipment Effectiveness

	CCMS
	Computerized Maintenance Management System

	ROI
	Return On Investment

	KPI
	key Performance Indicators




1. [bookmark: _Toc161327328]Introduction
Continental Teves (ATE) is a multinational automotive manufacturer with is headquarters in Germany. ATE operates in the ‘chassis and safety’ sub-section of the larger Continental AG group and specialise in the production of hydraulic brake systems (HBS) for a diverse range of vehicles. Within the multinational consortium ATE Ebbw Vale’s roll is to produce ‘aftermarket’ brake systems. Where the larger plants around the globe are tailored for the mass production of brake systems for new vehicles, the Ebbw Vale plant is tailored for low-volume batch production which makes it a unique plant within the group. It is typical for the larger plants to produce little variety of brake systems on a large scale, Ebbw vale however produce a considerable variety of brake systems on a low volume scale. The large amount of part numbers paired with the unpredictable nature of customer requirements demand an elevated level of flexibility and adaptability. It is noteworthy that the larger plants may typically produce fewer than twenty variations of brakes, ATE Ebbw Vale manages approximately 3500 active part numbers that customers may request at any given time. This significant difference in the volume and variety of parts highlights the unique challenged faced by ATE Ebbw Vale compared to its counterparts within the consortium.
The asset under scrutiny in this paper is STAMA MC536 CNC milling machine, a comprehensive analysis of the maintenance practices surrounding this asset will be conducted. A critical review of these practices and evaluation of potential improvements aims to improve the efficiency and effectiveness of preventative maintenance. Specifically, harnessing advanced software solutions and best practises in maintenance management aims to equip the organisation with the tools and insights necessary for continuous improvement.

2. [bookmark: _Toc161327329]Critical Review of Current Maintenance Practices
[bookmark: _Toc161327330]2.1 STAMA MC536
This milling machine is a precise piece of equipment that is used in the production of brake systems at Continental Ebbw Vale. This machine preforms milling operations with high precision and efficiency, it has a twin-spindle and multi axis-capabilities. The accuracy and reliability of the STAMA is essential for maintaining the integrity and performance of the brake systems, ensuring they meet strict quality standards and regulatory requirements.

[bookmark: _Toc161327331]2.2 Current Maintenance Practices
[bookmark: _Toc161327332]2.21 Routine Cleaning
Figure 1 demonstrates how routine cleaning of the machine would take place, keeping the machine clean is essential for several reasons including safety and minimising hazards. Item 3.0 references the general cleaning of the machine, cleaning the work area and tool change are tasks highlighted in this section. The method of cleaning is also stated to ensure the task is completed correctly. Item 10 shows the tasks needed to clean the chip conveyor along with the method and Item 11 describes how to clean to coolant tank. The routine cleaning is conducted as a preparation for the preventative maintenance (PM). The cleaning would be conducted by a trained employee, the sheet (Figure 1) would be filled in when the cleaning is complete and handed to a maintenance coordinator. The coordinator will then input this data into an excel spreadsheet, shown in Figure 2.


[bookmark: _Toc162357854]Figure 1 - Routine Cleaning
[bookmark: _Toc161327333]2.22 Preventative Maintenance 
After the cleaning has been completed the PM process, shown in Figures 3 to 8, can be carried out by a skilled maintenance technician. Various visual inspections are carried out, components such as cables, connections and windows are checked for damage. Additionally, visual inspections are used to check for leaks in the coolant or hydraulic systems. The technician will also perform a series of tests on physical and electrical components and will determine if a component needs to be fixed or replaced. Any findings are handwritten on a sheet and given to a maintenance coordinator, the coordinator will then input this data into an excel spreadsheet, shown in Figure 2. All repairs are also recorded using SAP, including PM’s and unexpected breakdowns.


Figure 2 - Maintenance Schedule

[bookmark: _Toc161327334]2.3 Critical Review of Practises
The current maintenance practises have strengths in their approach to routine checks which will help to prevent unexcepted breakdowns. However, there are notable weaknesses in the reliance on manual data entry and tracking, this can lead to inaccuracies and oversight of maintenance needs and inefficient resource allocation.
Due to low production levels, routine maintenance schedules have been adjusted to take place annually. While reducing maintenance frequency is beneficial for cost saving practises and aligning with production demands, it also presents certain risks and considerations that must be evaluated. Following this more reactive approach to maintenance may result in unexpected downtime and production delays, impacting overall operational efficiency.

[bookmark: _Toc161327335]2.31 Advantages
Cost reduction: Less frequent maintenance can lead to a significant reduction is the associated costs. Savings can be made on spare parts and labour (ProTech Property Solutions, 2015), as well as increasing output due to a reduction in machine downtime (Gwilliam, 2022).  
Resource Optimisation: With the machine running on a reduced shift pattern, adjusting the maintenance schedules accordingly can help to optimise resource allocation and minimise disruption to production. Reactive maintenance can direct recourse to the problem at hand, rather than changing equipment prematurely (Comparesoft, 2023).
Streamlined Operations: Simplifying the scheduled maintenance to once a year can streamline coordination and improve operational efficiency.

[bookmark: _Toc161327336]2.32 Challenges
Increased Risk of Failure: Operating this machine for extended periods will increase the risk of unexpected breakdowns and failures, leading to costly downtime and production delays (Laubach, 2020).
Degradation of Machine Performance: Over time, the performance and reliability of the machine will undoubtably be negatively affected, impacting the product quality and consistency.
Indirect costs: If the machine fails during a vital job, it can have a negative impact on the company’s reputation. Customers that receive late deliveries may then bill the company accordingly (Peter, 2019).
Poor Monitoring: Infrequent maintenance intervals may limit opportunities for condition monitoring and early detection of potential issues, reducing the ability to implement preventive measures and optimise machine performance.
Manual Input of Data: The current system relies completely on manual data input, making it prone to human error which can lead to incorrect assessments or improper maintenance actions. This process lacks real-time visibility and can negatively affect data analysis. Additionally, it can be time consuming, diverting time away from more productive activities.
[bookmark: _Toc161327337]2.33 Summary
To summaries this section, the current maintenance practices at Continental Ebbw Vale exhibit strengths when considering the unstable production levels, however there are notable weakness in the current methodology. Particularly, one annual PM is not sufficient to conduct suitable maintenance, leaving the machine susceptible to breakdowns. The data collection and storage also leave the process open to human errors and oversight, excel spreadsheets will not highlight recuring faults or when routine maintenance should take place but relies solely on user to identify trends.

3. [bookmark: _Toc161327338]Improvement Opportunities
Building on section 2, this section proposes improvements to the current practises, such as implementing alternative preventive maintenance strategies, predictive maintenance techniques, and using latest industry software.
[bookmark: _Toc161327339]3.1 Alternative Maintenance Strategies 
[bookmark: _Toc161327340]3.11 Total Productive Maintenance 
TPM is an approach to maintenance that strives to reduce downtime and perfect production by improving overall equipment effectiveness (OEE). Through proactive measures, TPM helps identify potential issues before they escalate into failures, ensuring equipment reliability and uptime (Trout, 2019). This philosophy promotes autonomous maintenance, encouraging everyone to participate in maintenance rather than just the maintenance team. Operators can perform routine tasks, such as applying grease or relacing oil. Upskilling operators to perform these tasks will reduce the dependence on skilled maintenance technicians. 
The STAMA MC530 can benefit from this maintenance approach, the benefits of TPM can directly combat the issues with the current maintenance system raised in section 2.3. Replacing the current ‘firefighting’ approach with a methodical system aimed at minimising machine malfunctions can lower operating costs and reduce unforeseen downtime (Simplilearn, 2021).

[bookmark: _Toc161327341]3.2 Maintenance Management Software
Utilising maintenance software solutions can complement a TPM approach. By facilitating maintenance management, harnessing software can remove Continentals reliance on manual data inputs and need to manually identify trends in that data (Weed, 2019).
[bookmark: _Toc161327342]3.21 Computerised Maintenance Management System 
The purpose of CMMS software is to create a platform for scheduling, tracking, and analysing maintenance activities. It also enables the generation and tracking of work orders, ensuring that maintenance is executed in an organised manor (Goncalves, 2023). CMMS also facilitates asset management by having a centralised database of equipment along with history of maintenance and spare part inventory. Automating preventative maintenance using software can benefit Continental by removing the reliance on the maintenance schedular to manage the data, improving the overall efficiency and reliability. This software will allow the scheduler more time to analyse data rather than focusing on data input and upkeep of spreadsheets.
[bookmark: _Toc161327343]3.22 Condition Monitoring
Condition monitoring software continuously monitors the health and performance of machinery and detects potential issues before they lead to failures. This real-time data is collected using sensors and is analysed by a software, parameters such as temperature, vibration, and energy consumption can used to determine the equipment condition (Asset Infinity, 2022). Continental could apply condition monitoring to the STAMA to detect early fatigue of expensive components such as the spindle motor or axis drives, repairing these components before total failure can reduce cost and improve overall equipment efficient, this approach can also streamline maintenance scheduling process. Additionally, this software allows for remote diagnostics, facilitating speedier response times and enhancing the effectiveness of preventative maintenance. 
[bookmark: _Toc161327344]3.23 Predictive Maintenance
Building on section 3.22, predictive maintenance software harnesses current and historical data and anticipates equipment failures through machine learning algorithms (Mobley, 2002). By continuously monitoring equipment, this software can detect subtle changes or anomalies, which can allow maintenance team to intervene. Predictive alerts could notify a maintenance technician, facilitating a timely response, if Continental utilised this software repair costs, and resource allocation could be optimised.
[bookmark: _Toc161327346]3.24 Asset Performance Management
Continental utilisation of SAP, mentioned in section 2.22, does not fully leverage its capabilities in terms of maintenance planning. While SAP offers robust functions and using the software capabilities is sure to improve the current practices, Continental worldwide are moving away from the software, this may suggest that fully relying on the software may not be the most prudent strategy. Integrating eMaint CMMS with continentals existing SAP infrastructure would provide a complimentary solution which can address the current gaps in the system for the STAMA MC530. Using eMaint for condition monitoring and predictive maintenance alongside SAP for broader resource planning, Continental could achieve a more comprehensive maintenance management approach.

4. [bookmark: _Toc161327347]Consideration of Costs and Resources
Implementing the proposed improvements would involve upfront costs, these would include software licences, investing in hardware, conducting training and disruption to production. The upfront software costs vary depending on the size of the organisation, however, eMaint offer a package for three users for the cost of £59 per month, this package would be suitable for the STAMA MC530 and if the integration is successful the package can be upgraded and rolled out across the factory. The company also offer a self-serve setup option, this would allow continental to utilise its skilled technicians during the installation, reducing costs further. However, the upfront costs can be offset by significant ROI. Case study into Asahi Kasei, an organisation that installed to software to track om-time PM completion report 95% success (eMaint, 2018). Braserv, and oil company, report that full-scale implementation of eMaint through the company took six months, they also repot improved maintenance KPI across all their assets (eMaint, 2018). Carful planning and effective management will allow Continental to successfully implement the system to enhance overall maintenance performance and optimise costs.
 
5. [bookmark: _Toc161327348]Conclusions
In conclusion, the integration of TPM and eMaint CMMS software present a transformative opportunity for enhancing maintenance practises and optimising asset performance management. TPM emphasises proactive maintenance and continuous improvement, which perfectly aligns with the capabilities of CMMS software, these can be harnessed to streamline the current maintenance operations at Continental. Conducting these practises on the STAMA MC530 will allow Continental to assess their effectiveness and the potential benefits, if successful this model can serve for broader implementation across all assets within the organisation. The combination of TPM and CCMS software, if used correctly, can allow Continental to move away from the current reactive approaches to maintenance for more innovative and proactive alternatives, positioning itself for long-term success in a dynamic manufacturing landscape.
[bookmark: _Toc161327349]Bibliography
Asset Infinity. (2022). What Are the Main Advantages of a Condition Monitoring System? [online] Available at: https://www.assetinfinity.com/blog/what-are-the-main-advantages-of-a-condition-monitoring-system.

Chaurey, S., Kalpande, S.D., Gupta, R.C. and Toke, L.K., 2023. A review on the identification of total productive maintenance critical success factors for effective implementation in the manufacturing sector. Journal of quality in maintenance engineering, 29(1), pp.114-135.

Comparesoft. 2023. What Is Reactive Maintenance: The Pros, Cons, and Alternatives. [online] Available at: https://comparesoft.com/cmms-software/reactive-maintenance/.

eMaint. (2018). CMMS Customer Success Case Studies - eMaint CMMS Software. [online] Available at: https://www.emaint.com/resources/cmms-case-studies.

Goncalves, T. (2023). Fiix. 20 benefits of CMMS software. [online] Available at: https://fiixsoftware.com/blog/15-benefits-of-a-cmms/.

Gray, Peter. (2019). Advantages & Disadvantages of Reactive Property Maintenance. [online] Available at: https://www.linkedin.com/pulse/advantages-disadvantages-reactive-property-maintenance-peter-gray 

Gwilliam, A. (2022). What Is Planned Maintenance? MaintainX. Available at: https://www.getmaintainx.com/learning-center/planned-maintenance/#:~:text=contentment%20for%20all.,Disadvantages,a%20more%20urgent%20work%20order.

Huang, J., Chang, Q. and Arinez, J., 2020. Deep reinforcement learning based preventive maintenance policy for serial production lines. Expert Systems with Applications.

Laubach, Sarah (2020). The Top 7 Benefits of Preventive Maintenance. [online] FMX. Available at: https://www.gofmx.com/blog/benefits-of-preventive-maintenance/.

Lee, J., Ni, J., Singh, J., Jiang, B., Azamfar, M. and Feng, J., 2020. Intelligent maintenance systems and predictive manufacturing. Journal of Manufacturing Science and Engineering.

Luo, W., Hu, T., Ye, Y., Zhang, C. and Wei, Y., 2020. A hybrid predictive maintenance approach for CNC machine tool driven by Digital Twin. Robotics and Computer-Integrated Manufacturing.

Mobley, R.K., 2002. An introduction to predictive maintenance. Elsevier.
Mutaqiem, A. and Soediantono, D., 2022. Literature Review of Total Productive Maintenance (TPM) and Recommendations for Application in the Defense Industry. Journal of Industrial Engineering & Management Research.

[bookmark: _Hlk161231139]ProTech Property Solutions. 2015. Advantages and Disadvantages of Preventative Maintenance - ProTech Property Solutions. [online] Available at: https://www.protechpropertysolutions.co.uk/advantages-and-disadvantages-of-preventative-maintenance/.

Simplilearn.com. (2021). What Is Total Productive Maintenance & How Does It Help in Equipment Effectiveness. [online] Available at: https://www.simplilearn.com/total-productive-maintenance-tpm-article.

Trout, J. (2019). Total Productive Maintenance: An Overview | Reliable Plant. [online] Reliableplant.com. Available at: https://www.reliableplant.com/Read/26210/tpm-lean-implement.

Weed, J. (2019). 5 Key Benefits of Maintenance Management Software. [online] Whip Around. Available at: https://whiparound.com/benefits-maintenance-management-software

‌

[bookmark: _Toc161327350]Appendix


Figure 3 - Routine Maintenance Plan (Sheet1)


Figure 4 - Routine Maintenance Plan (Sheet 2)



Figure 5 - Routine Maintenance Plan (Sheet 3)


Figure 6 - Routine Maintenance Plan (Sheet 4)



Figure 7 - Routine Maintenance Plan (Sheet 5)


Figure 8 - Routine Maintenance Plan (Sheet 6)
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CONTINENTAL

PM CHECKS

EBBW VALE ELECTRICAL / MECHANICAL
Date : 8/3/23
Machine Stama MC 536 Nr :8 By :
SAP: 142598
Item Work Description Method OK/NOK Comments

For explanation of method

consult service and maintenance manual

Actions required/ completed

6.0 AUTOMATIC TOOL CHANGE
6.11|Check setting of sonar sensor Measure
(10-15mm from the tool changing point ) (12 Months)
7.0 CONTROL PANEL
7.4|Carry out Data backup - NC & PLC Save (12 Months)
7.5|Renew Buffer Battery Exchange (12 Months) 7A-0022-5625-0-00
6FC5247-0AA18-0AA0
8.0 MACHINE GEOMETERY
8.1|Check support feet secure Test
9.0 SCALE MEASUREMENT
9.10|Inspect sealing rubbers on scale Visual
for condition
10.0 (SCRAPER CHIP CONVEYOR
10.5|Check the chain tension in the chip Test / adjust
conveyor
12.0 (MAHLE AUTOMATIC FILTER
12.3|Inspect fittings and bearings Visual / test
12.4|Clean filter and change the gasket set Clean / renew
13.0 ([HYDRAULICS
13.4|Renew hydraulic oil Arrange with oiler (12 Months)
13.15(Renew hydraulic filter elements Change (12 Months)

MAINT DEPT

PM STAMA 8.xlsx
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CONTINENTAL

PM CHECKS

EBBW VALE ELECTRICAL / MECHANICAL
Date : 8/3/23
Machine Stama MC 536 Nr :8 By :
SAP: 142598
Item Work Description Method OK/NOK Comments
For explanation of method Actions required/ completed
consult service and maintenance manual
2.0 Protective Equipment
2.3|Check condition of polycarbonate Visual / renew
windows
3.0 MACHINE IN GENERAL
3.9|0pen Concertina covers, inspect Visual inspection
ballscrew , clean area if required
3.10|Check drive motor couplings Test
for wear and tear
3.11(Lubricate the grease packages of the Lubricate
guide rails / ball screws
3.12(Inspect cables, trunking and Visual
connections
3.13|Renew spindle cooling coolant Renew (12 Month)
3.14|Check y axis main bearing Test
3.15|Check x and y axis backlash Measure
5.0 MAIN SPINDLE AND SPINDLE HEAD
5.6|Replace HSK collet chuck Renew and set up (12 Month)
5.7|Check concentricity error Test
5.8|Check clamping pressure with kelch Test
5.9|Check leakage monitor Check and clean
5.11|Carry out AE Test on spindles Test
5.12|Check spindle orientation test
6.0 AUTOMATIC TOOL CHANGE
6.5|Renew leg springs Renew (12 Month)

MAINT.DEPT

PM STAMA 8.xlsx
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CONTINENTAL

PM CHECKS

EBBW VALE ELECTRICAL / MECHANICAL
Date : 8/3/23
Machine Stama MC 536 Nr :8 By :
SAP: 142598
Item Work Description Method OK/NOK Comments
For explanation of method Actions required/ completed
consult service and maintenance manual
11.0 |COOLANT TANK
11.5|Check operation of float switch Test
24.0 |SAFETY SWITCH BAR
24.1|Check function Test

MAINT.DEPT

PM STAMA 8.xlsx






image6.emf

CONTINENTAL

PM CHECKS

EBBW VALE ELECTRICAL / MECHANICAL
Date : 8/3/23
Machine Stama MC 536 Nr :8 By :
SAP: 142598
Item Work Description Method OK/NOK Comments
For explanation of method Actions required/ completed
consult service and maintenance manual
2.0 Protective Equipment
2.1|Check all emergency stop buttons Test
2.2|Check protective door interlocks Test
3.0 MACHINE IN GENERAL
3.5|Check the emulsion of the spindle Check for contamination
cooling system (Ensure neat coolant avail before renewal)
3.8|Grease the shoes of the tool change Dismantle door for access to
slide door grease nipples
4.0 COMPRESSED AIR SUPPLY
4.4|Check sealing air of mag motor Test
4.5|Test sealing air of Y axis Test
5.0 MAIN SPINDLE AND SPINDLE HEAD
5.4|Check the function of HSK collet chuck Visual or clean and lubricate Reading :
20Kn min /Kleuber ALTEMPQNS50
5.5|Check the ejection of the HSK drawbar Test
6.0 AUTOMATIC TOOL CHANGE
6.4|Check damping -tool change door Test
6.6[Check tension of mag chain Test
6.7|Check backlash of magazine Test
6.8|Check reference point Test
6.9|Check buffer station Test
6.11|Check tool change point Test

MAINT.DEPT

PM STAMA 8.xlsx
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CONTINENTAL

PM CHECKS

EBBW VALE ELECTRICAL / MECHANICAL
Date : 8/3/23
Machine Stama MC 536 Nr :8 By :
SAP: 142598
Item Work Description Method OK/NOK Comments
For explanation of method Actions required/ completed
consult service and maintenance manual
7.0 CONTROL PANEL
7.1|Clean the metal filter of the cooling Clean
unit
7.2|Check performance of cooling unit Test
7.3|Check cleanliness of the control Visual / clean
cabinet
11.0 |COOLANT TANK
11.3|Clean the line filter Remove and clean
12.0 MAHLE AUTOMATIC FILTER
12.1|Check for leaks and clean the lines Visual / clean
12.2|Check and clean the filter and rinsing Visual / clean
channel
13.0 |HYDRAULICS
13.2|Check hydraulic packs for leaks Visual
13.3|Check machine / fixtures for leaks Visual
13.5|Check accumulator pressure Test
14.0 FIBRO TABLE
14.1|Check oil level Visual
14.2|Check for oil leaks Visual

MAINT.DEPT

2.PM STAMA 8.xIsx
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CONTINENTAL

PM CHECKS

EBBW VALE ELECTRICAL / MECHANICAL
Date : 8/3/23
Machine Stama MC 536 Nr :8 By :
SAP: 142598
Item Work Description Method OK/NOK Comments
For explanation of method Actions required/ completed
consult service and maintenance manual
3.0 MACHINE IN GENERAL
3.1|Clean and check tool changing area Visual / clean
3.3|Traverse x, y, and z axis Cleaning and lubrication
3.4|Clean filter mat Clean
3.6{Check guide covers for damage Visual
3.7|Check condition of scraper strips Visual
on HSP head and tool flap
3.15(Check for coolant leaks Visual
4.0 COMPRESSED AIR SUPPLY
4.1|Air Supply setting Test
4.2|Check air purge and adjust if required Test
4.3|Clean filter bowl Clean
4.15|Check machine for air leaks Inspect
22.1|Sealing air supply - change filter Check / renew
5.0 MAIN SPINDLE AND SPINDLE HEAD
5.1|Clean the spindle cone and tool taper Use felt cone HSK63
5.2|Inspect collect chuck for damage Visual
dirt and sufficient lubrication
Check lip seal in the ejection bolt Visual
5.3|Check the rotary coupling for leaks Remove pipe and check for fluid
6.0 AUTOMATIC TOOL CHANGE
6.1|Inspect magazine elements and Clean, visual
springs
6.2|Check rollers of the mag chain Visual , test by hand
6.3|Inspect Magazine guide Visual

MAINT.DEPT

PM STAMA 8.xlsx
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Date : 8/3/23

Machine Stama MC 536 Nr :8 By :
SAP: 142598
Iltem Work Description Method OK/NOK ‘ Comments
For explanation of method Actions required/ completed
consult service and maintenance manual
3.0 MACHINE IN GENERAL
3.1 Clean work area Broom or wash gun
3.2 Clean the interior of the tool changing Broom or rag
area
and sonar unit Soft cloth
10.0 |SCRAPER CHIP CONVEYOR
10.1|Clean the sieve plate and the clean Clean
area of the chip area
10.3|Clean the suction able screen box Remove and clean
10.4|Clean the chip conveyor, gear motor Clean
and pump motor
11.0 [COOLANT TANK
11.4|Clean the coolant tank Clean
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