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1.0 Introduction 
This report reviews how maintenance is performed on the cast of strap machine used at Enersys in battery production and how the current maintenance practices can be improved. Implications of the suggested improvements are discussed, and a consideration of cost savings will be provided if machine downtime is avoided. Short, medium and long-term recommendations will be provided at the end of the report based on findings covering the best strategy to slowly implement a strong maintenance plan.


2.0 Review of Current Maintenance Practices
2.1 Company Background 
EnerSys is an industrial battery manufacturer, and its products and services are focused on three primary markets (EnerSys, 2023);
Motive Power 
Energy Systems 
Specialty 
For example, batteries are produced for military vehicles such as tanks and fighter jets and reserve power for telecom units (EnerSys, 2023). 
2.2 Equipment 
The piece of equipment in question is a COS machine. Cast On Strap (COS) is a battery manufacturing process where the cells are directly welded to a metal strap or tab rather than connected by a separate wire or connector. The metal strap or tab acts as both the electrical and mechanical connection between the cells, which can improve the overall reliability and performance of the battery (Robert et al., 2009).
In the COS process, the metal strap or tab is typically coated with flux material, which helps to remove any oxide layers or impurities on the surface and improve the welding process. The coated strap or tab is then placed onto the top of the battery cells, and a welding machine is used to melt the metal and create a strong and permanent bond between the cells and the strap (Robert et al., 2009).
In this case, the COS machine lifts a flux bath onto the plate tabs of the battery and is an essential process across all products to ensure a good cast connection is made to the battery plate tabs.

Below is an image of a standard COS machine.
[image: A picture containing indoor, equipment, cluttered, engine

Description automatically generated]
Figure 1 – COS Machine Image (TBS Engineering , 2022)


2.3 Current Maintenance Strategy 
The current maintenance strategy is to perform monthly checks and replace parts every 12 months.
Below is a list of monthly checks performed on the machine. 
[image: ]
Figure 2 - Monthly Maintenance Checks EnerSys (2021)
Below are additional monthly, 4 monthly and annual replacements performed on the machine.
[image: ]
Figure 3 - Monthly and 4 monthly checks and annual replacement schedule EnerSys (2021)


2.3 Current Maintenance Strategy 
Advantages of the monthly checks and annual part replacement 
· Regular inspections can help identify potential issues before they lead to equipment failure and downtime.
· Annual part replacements can help ensure that critical components are replaced before they reach the end of their service life and cause failures.
Disadvantages of this strategy 
· More than monthly checks may be required to catch all issues before they cause equipment failures and downtime.
· Annual part replacements may need to be more frequent to prevent failures caused by wear or other issues that develop over time.
· The strategy is based on a fixed schedule rather than on the actual condition of the equipment, which may lead to unnecessary maintenance or missed issues. Unnecessary maintenance can significantly increase costs as the replaced parts may have lasted much longer without replacement. 
Why the current practice was implemented
· Cost: Monthly checks and annual part replacements may have been deemed the most cost-effective maintenance practice. More frequent maintenance activities, such as daily checks, could have been considered too expensive to implement or unjustified based on the perceived level of risk.
· Availability of resources: EnerSys needs more personnel to conduct routine maintenance activities. Implementing daily checks, for example, would require additional personnel and resources to complete the inspections and address any issues identified.
· Historical practices: The current maintenance practice may have been established based on historical methods and procedures that have been in place for a long time. Changing the maintenance practice may have required a significant organizational culture or mindset shift.
It is essential to periodically review and evaluate the maintenance program to ensure it is still effective and appropriate for the current operating environment and equipment conditions.


3.0 Improvements to the Current Strategy 
The current maintenance strategy may be appropriate for some equipment and systems. Still, evaluating the specific needs of the equipment in question is crucial to determine if this frequency is optimal.
Factors that should be considered when developing a maintenance strategy include the type of equipment, the criticality of the equipment to the operation, the age and condition of the equipment, the environment in which the equipment operates, and the consequences of failure.
Things to consider when reviewing the maintenance strategy:
· Are the monthly checks and annual part replacements sufficient to prevent equipment failures and downtime, or should the frequency of maintenance activities be increased or decreased based on the specific needs of the equipment?
· Are there any specific failure modes or components that require more frequent inspection or replacement than others?
· Is there any data available to support the current maintenance strategy, such as historical maintenance records, equipment performance data, or feedback from equipment operators?
· Are there any new technologies or methods that could be implemented to improve the effectiveness and efficiency of maintenance activities?
The COS on the second production line at EnerSys continues to be the most significant cause of production downtime at over 30% of total downtime. The leading cause of machine failure lately is mould changes/adjustments, which can be combated through daily checks. 


3.0 Improvements to the Current Strategy 
Recommendations to improve the maintenance strategy for the Cast On Strap machine and reduce downtime:
· Implementing a predictive maintenance program that uses condition monitoring data to identify potential issues before they cause failures. This may include vibration analysis, oil analysis, thermography, or other techniques (CMMS Software , 2023).
· Increasing the frequency of maintenance activities for critical components or systems based on their actual condition or operating conditions (Trout, 2007).
· Establishing a system for tracking and analyzing downtime events to identify root causes and areas for improvement (Fogg, 2021).
· Training maintenance personnel on the proper techniques for maintaining the Cast On Strap machine and identifying potential issues.
· Working with equipment manufacturers or vendors to identify opportunities for improving the reliability and maintainability of the Cast On Strap machine, such as upgrading components or implementing design changes (Zesar, 2021).
· Conducting regular reviews of the maintenance strategy to ensure that it remains appropriate and effective for the Cast On Strap machine and its operating conditions.

Daily preventative maintenance walks could also effectively improve the current maintenance strategy for the Cast On Strap machine. Daily preventative maintenance involves regularly inspecting the machine and its components to identify any issues or potential problems before they cause downtime or equipment failure (Xenia, 2023).
Some potential benefits of implementing daily preventative maintenance walks for the Cast On Strap machine:
· Early detection of issues that may have gone unnoticed during monthly checks potentially reduces downtime and repair costs (Burge, 2020).
· Increased reliability and performance of the machine due to more frequent inspections and maintenance activities (Burge, 2020).
· Improved safety by identifying potential hazards or safety issues on a daily basis.
· Better engagement and communication between maintenance personnel and machine operators as they work together to identify and resolve issues.
However, it is essential to ensure that the daily maintenance walks are conducted by qualified personnel with the necessary knowledge and training to identify potential issues and perform maintenance tasks safely and effectively. Additionally, it may be required to establish clear procedures and guidelines for the maintenance walks to ensure that they are conducted consistently and efficiently. Finally, it is essential to track and analyse the results of the maintenance walks to identify trends and areas for improvement in the maintenance program.


4.0 Consideration of Costs and Resources 
When considering the costs and resources required to implement proposed improvements to the maintenance strategy, it is important to evaluate the potential benefits of the changes compared to the investment required.
For example, implementing daily preventative maintenance walks may require additional personnel and resources to conduct the inspections and address any issues identified. However, the potential benefits of this change could include a significant reduction in downtime and equipment failures, which could result in increased production output and revenue.
Similarly, implementing a predictive maintenance program may require an investment in condition-monitoring equipment. Still, the potential benefits could include the ability to detect and address potential issues before they result in downtime or equipment failure, leading to increased reliability and cost savings (Reliable Plant , 2006).
It is also essential to consider the long-term costs and benefits of the proposed changes, as some improvements may require ongoing maintenance or monitoring to maintain their effectiveness.
Training will be a significant factor in the proposed maintenance strategy's effectiveness. Time will need to be taken to ensure that all maintenance engineers have the relevant experience with the machine in question to spot any weaknesses in any components or performance of the machine (Human Factors 101, 2016).
4.1 Downtime Costs
Average downtime costs based on average production output and cost of an SBS190 battery; 
Five hundred batteries are produced on average per shift, equating to approximately 63 batteries an hour. The average price of an sbs190 is £750; each product made is produced to order, meaning that the product has already been purchased. So for an hour of downtime, the approximate cost is 750x63 = £47,250, which is a significant amount; it's important to consider that this is one of EnerSys' more expensive products. A smaller battery type can cost as low as £300 per battery (Tayna Batteries, 2022). 
The hourly wage of the maintenance crew can be calculated as £16 per hour with a crew of 2 minimum working on maintenance. Therefore, an hour of downtime can be calculated as £47,282, and downtime for this machine covers 30% of all downtime affecting EnerSys's second production line. Performing daily maintenance to ensure no machine downtime will lead to significant cost savings. 
For example, assume two maintenance engineers perform daily maintenance before production start up, which will be assumed to take an hour (worst cased) to account for an hourly wage. An hour a day for 365 days (less depending on company shutdowns) for two maintenance engineers costs approximately £11,680 (16x2x365), which is significantly cheaper than an hour of downtime for the COS machine. 


4.2 Change Management Implications 
The proposed changes to the maintenance method for the Cast On Strap machine have significant change management implications. Change management refers to the structured approach used to prepare, support, and help individuals, teams, and organizations move from the current state to a desired future state (Lawton & Pratt, 2022).
Here are some potential change management implications of the proposed maintenance method:
· Communication: Effective communication will be critical to ensure that all stakeholders understand the reasons for the change, the benefits of the proposed improvements, and their roles and responsibilities in implementing the changes (managementstudyguide, 2016).
· Training: Personnel will need to be trained on the new maintenance procedures, including how to conduct the daily checks, how to use any new equipment, and how to respond to any issues identified during inspections.
· Resistance to change: Resistance to change is common when implementing new procedures. It is essential to address any concerns or resistance to the proposed changes and involve personnel to ensure their buy-in and support for the changes (CIPD, 2021).
· Monitoring and evaluation: It will be important to monitor and evaluate the effectiveness of the new maintenance procedures to ensure that they are achieving the desired outcomes and to identify any areas for improvement.
· Continuous improvement: Maintenance practices should be continuously reviewed and evaluated to ensure they remain effective and relevant in changing circumstances.
Overall, effective change management will be critical to the success of the proposed changes to the current maintenance method. A structured approach to change management can help mitigate risks and ensure a smooth transition to the new procedures while ensuring that personnel are engaged and supportive of the changes (Alexi, 2022).


5.0 Conclusions
In conclusion, the current maintenance strategy leads to unnecessary costs and must be more thorough to ensure the COS machine is consistently fully operational. Several changes can be implemented to ensure that the machine does not break down during production, such as implementing daily maintenance checks and performing root cause analysis to single out the most common cause of downtime. See below for a list of recommended short, medium and long-term actions.
6.0 Recommendations
6.1 Short-term recommendations (0-6 months)
As previously mentioned, daily preventative maintenance walks can help identify potential issues early and prevent downtime or equipment failure.
Reviewing the spare parts inventory for the Cast On Strap machine can help ensure critical components are readily available when needed, reducing downtime.
Improving documentation for the Cast On Strap machine, including maintenance procedures, troubleshooting guides, and work instructions, can help to ensure that personnel have the information they need to perform maintenance tasks effectively.
6.2 Medium-term recommendations (6-12 months)
Implementing a predictive maintenance program can help to detect potential issues before they result in downtime or equipment failure, leading to increased reliability and cost savings.
Conducting a root cause analysis on any major downtime events or equipment failures can help identify underlying issues and improve the maintenance program.
Evaluating training needs for personnel involved in maintenance tasks can help ensure they have the skills and knowledge to perform their tasks effectively and safely.
6.3 Long-term recommendations (12+ months)
Implement reliability-centred maintenance (RCM) program: Implementing an RCM program can help to optimize the maintenance program for the Cast On Strap machine by identifying critical components, determining the appropriate maintenance tasks, and optimizing maintenance intervals (Lameirinhas, 2020).
Evaluating the use of new technologies, such as IoT sensors or machine learning algorithms, can help improve the maintenance program's effectiveness and efficiency (Kang, 2022).
Establishing a culture of continuous improvement can help to ensure that the maintenance program for the Cast On Strap machine remains effective and relevant over time and that personnel are continuously seeking ways to optimize the program.
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