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[bookmark: _Toc194851008]1. Introduction
This report evaluates the effectiveness of chosen maintenance strategies for dedicated equipment within Renishaw, a global engineering technology group renowned for its high-precision technology in metrology and healthcare. Renishaw's innovative solutions, including their leadership in additive manufacturing, significantly enhance product performance across various sectors such as transport, agriculture, electronics, and healthcare. With a substantial global presence, Renishaw employs over 5,000 people worldwide, with a significant portion of research, development, and manufacturing occurring in the UK.
The focus of this report is on the RenAM 500Q, a high-productivity laser powder bed fusion (LPBF) additive manufacturing system. This machine, integral to Renishaw's operations, features advanced capabilities such as four high-power lasers, a digital control system, and automated powder handling, making it a critical asset in the company's production processes. The RenAM 500Q operates under a preventative maintenance schedule, with six-month and twelve-month service intervals designed to ensure optimal performance and reliability.
The report critically reviews the current maintenance practices, highlighting their strengths and weaknesses, and evaluates potential improvements through condition monitoring and the integration of Enterprise Resource Planning (ERP) systems. By examining the costs and resources associated with these maintenance strategies, the report aims to provide comprehensive recommendations for enhancing the efficiency and effectiveness of maintenance practices for the RenAM 500Q, ultimately contributing to the overall productivity and reliability of Renishaw's manufacturing operations.






[bookmark: _Toc194851009]2. Background to the Business and Equipment
[bookmark: _Toc194851010]2.1 Business Background
Renishaw is a global engineering technology group that creates high precision technology for metrology and healthcare. Renishaw designs and develops systems and solutions for complete precision, control, and reliability.
Renishaw is also a world leader in additive manufacturing, also known as metal 3D printing. They design and produce compact machines that print parts from metal powder. Their breakthrough technology transforms product performance across various sectors, including transport, agriculture, electronics, and healthcare.
With 67 key locations in 36 countries and over 5,000 employees worldwide, more than 3,000 people work for Renishaw in the UK, where much of their research, development, and manufacturing takes place (Renishaw plc, 2020).
[bookmark: _Toc194851011]2.2 Chosen Equipment and Role in the Company
[bookmark: _Toc194851012]2.2.1 Description of Equipment
The equipment that has been chosen to review the maintenance schedule is an ‘AM500Q’ – Machine Number 55. 
The RenAM 500Q is part of Renishaw's high-productivity laser powder bed fusion (LPBF) additive manufacturing systems. It features four high-power 500 W lasers, each capable of accessing the entire powder bed surface, ensuring efficient and precise production.
[image: A large grey and black machine

AI-generated content may be incorrect.]Like all versions of the RenAM 500 series, the RenAM 500Q includes a digital control system and a vacuum chamber for quickly preparing low oxygen build atmospheres. This machine is designed to enhance productivity and reliability in additive manufacturing, making it suitable for various sectors, including transport, agriculture, electronics, and healthcare. [bookmark: _Toc194850906]Figure 1: RenAM 500Q

Additionally, the RenAM 500Q benefits from automated powder and waste handling systems that automatically sieve and cycle powder back into the machine without user intervention, streamlining the manufacturing process and reducing downtime (Renishaw, 2024).
[bookmark: _Toc194851013]2.2.2 Role of Equipment within Renishaw
The AM 500Q is a production machine used by the Low Volume Department. This machine is used to print Metal 3D parts which is used across the business. This machine is running 5 days a week for 8 hours per day. This machine can also be used for This piece of equipment requires a six monthly and 12 monthly schedules. 
[bookmark: _Toc194851014]3. Critical Review of Current Maintenance Practices
3.1 [bookmark: _Toc194851015]Overview of Current Maintenance Practices
The AM 500Q machine is on a 6 month and 12-month maintenance schedule. The schedules are both preventative maintenances. Preventative maintenance is described as, “planned maintenance is to plan the maintenance of machinery, equipment, buildings and plants in advance of their wearing or unplanned stoppage and to prevent them to face breakdown.” (Erbiyik, 2022). 
3.1.1      Maintenance Schedule Process Flow:
The following process flow shown below, this shows the procedure start to finish in an overview state:
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[bookmark: _Toc194850907]Figure 2: Process Flow of Maintenance Schedule

3.1.2 Current Maintenance Practices
The six-month service schedule for additive manufacturing equipment includes comprehensive checks and maintenance tasks. The maintenance strategy used is a preventative maintenance.  
 It involves inspecting and cleaning various components such as the chiller, elevator, recoater, glovebox door seals, build chamber lights, system fans, and flow sensors. Key tasks include replacing filters, seals, and lights, performing atmosphere testing, and ensuring the machine has the latest software updates. Safety checks, including verifying interlocks and providing customer training, are also emphasized
The schedule ensures thorough maintenance to maintain equipment performance and safety, with detailed documentation of all activities. The six-month and twelve-month service schedule can be found in the appendix. 
The systems used to control the scheduling of maintenance programs is very basic. The machine displays a ‘pop up message’ showing “6 month/12-month service is required, please contact AM support”. This means that the customer is required to get into contact with the service team for the service to take place.    
[bookmark: _Toc194851016]3.2       Strengths of Current Maintenance Practices
Preventative maintenance offers several significant advantages for organisations and equipment operators. Firstly, it increases the lifespan of equipment by keeping it in optimal condition, thereby reducing wear and tear (LAUBACH, 2020).
This proactive approach also minimises unexpected breakdowns and associated downtime, ensuring smoother operations. Although there is an upfront cost for regular maintenance, it is generally much lower than the cost of emergency repairs or replacements, leading to substantial cost savings (Paredes, 2024). 
Additionally, regular inspections and maintenance enhance safety by ensuring equipment operates correctly, reducing the risk of accidents and injuries. Well-maintained equipment runs more efficiently, resulting in energy savings and improved productivity (LAUBACH, 2020).
 Furthermore, preventative maintenance helps organisations comply with industry regulations that require regular equipment maintenance. It also allows for better planning and scheduling of maintenance activities, which can be conducted during non-peak hours to minimise disruption (White, 2024).
 Overall, these strengths make the preventative maintenance a valuable strategy for maintaining additive manufacturing machines used in a production facility.

[bookmark: _Toc194851017]3.3        Weaknesses of Current Maintenance Practices
Despite its many advantages, preventative maintenance has some significant drawbacks. The initial costs of putting in place a preventative maintenance program can be high and include expenses for new software, equipment, and training. Operational costs may go up because routine maintenance and inspections take more work than reactive maintenance (HPD Construction, 2023). 
In relation to the AM500Q machine there are a lot of parts which gets changed during the maintenance schedule and in preparation to undergo this task it requires significant training. This means that there are a select few employees within the business that can undertake the task. If service engineers are busy at customer sites or on annual leave this could cause in down time. 
Furthermore, there is a chance that over maintenance may be carried out, wasting money and increasing equipment wear. Many organisations discover that the long-term advantages—like decreased downtime and longer equipment lifespan—outweigh these early difficulties despite these disadvantages (Noria Corporation, 2025). The number of components that are replaced during six-month and twelve-month service are extensive, this results in components which are perfectly fine being replaced and binned; this results in extra cost to the business. 
Finally, the system used to notify the business a service is required is outdated. This system has several limitations as it could result in missed maintenance, increased admin burden on service team and inefficient communication delays. 
[bookmark: _Toc194851018]3.4        Reasons for the Chosen Maintenance Approach
Additive manufacturing (AM) equipment uses a six-month/12-month service plan for preventative maintenance to reduce unplanned faults, which can cause costly downtime and disrupt manufacturing schedules. Preventative maintenance addresses wear and tear before significant failures occur, extending the lifespan of vital components and ensuring equipment operates more reliably. 
This approach also avoids expensive emergency repairs, making it more economical than reactive maintenance, which can involve costly repairs or replacements due to unforeseen breakdowns. Scheduled maintenance, such as six-month and twelve-month services, ensures consistent and timely upkeep, simplifying planning for both service staff and clients.



[bookmark: _Toc194851019]3.5        SWOT Analysis of Current Maintenance Practice 
A SWOT analysis was used to evaluate the current preventative maintenance practices for additive manufacturing (AM) equipment by identifying its Strengths, Weaknesses, Opportunities, and Threats. The SWOT Analysis can highlight the main points and present them in a simple way that everyone will understand (Status Net, 2019). 
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[bookmark: _Toc194850908]Figure 3: SWOT Analysis of Maintenance Schedule






[bookmark: _Toc194851020]4. Evaluation of Improvements to Maintenance Practices
From the SWOT analysis it is evident that improvements can be made to the current maintenance schedule. The improvements would benefit the maintenance schedule in a cost effective and administrative manner. 
[bookmark: _Toc194851021]4.1 Condition Monitoring
As part of a maintenance strategy, condition monitoring uses a variety of sensors and data collection methods to continuously track the health of equipment. This method makes it possible to monitor variables like temperature, vibration levels, and oil quality in real time to identify any irregularities or possible issues early on.
The main advantages of condition monitoring are that maintenance personnel can minimise downtime from unplanned shutdowns and lessen the impact on production by scheduling maintenance activities at the most opportune time by spotting possible issues before they lead to equipment failure. 
On the RenAM500Q some key features to monitor could be powder flow rate, change in oxygen levels during build, gas recirculation flow rate, powder pump speed (Hz). These are key features to the machine which affect how efficient the machine is running during the metal additive process. 
An advancement that has been increasing used in in condition-based monitoring is the use of ‘Digital Twins’. A Digital Twin is a virtual model of a physical object, process, or system that updates in real-time to reflect its real-world counterpart. This allows for predicting issues, running simulations, and making informed decisions. In smart manufacturing, Digital Twins help monitor equipment and processes online, enabling proactive management to improve efficiency (Sudha, 2024).
An example of ‘Digital Twins’ of where this is being used currently within the manufacturing is General Electric (GE) employs digital twins to oversee and enhance the performance of its jet engines. By developing virtual replicas of each engine, GE can monitor data like temperature, pressure, and vibrations to forecast maintenance needs, thereby boosting reliability and cutting operational expenses (Tuhin, 2025).
[bookmark: _Toc194851022]4.2 ERP Systems
Due to the use of Additive Manufacturing being a new manufacturing technique for Renishaw the incorporation of the maintenance schedules into the ERP systems is yet to be done. 
Enterprise Resource Planning (ERP) systems are comprehensive software solutions that integrate and manage different business operations, such as finance, human resources, supply chain, and maintenance, all within a single platform (EOXS, 2025).
Renishaw uses ‘Syteline’ as their current ERP system. The maintenance schedules have already been implemented across several divisions proving its benefits. Introducing this system to the additive manufacturing division will automate the scheduling of maintenance tasks, ensuring that work orders and reminders are generated consistently and on time; this will prevent manual errors (Schwarz, 2024). 
[bookmark: _Toc194851023]5. Consideration of Costs and Resources
The current service kit consists of the following components, these components are changed as part of every six-month service even if there are no wear, damage or machine performance issues. Each part number in Table X is part of the kit which involves seals, screws, adhesive and other tooling/equipment to complete the job
	Item Number 
	Part Number
	Description
	CurrQty
	UOM
	Cost

	10
	A-6521-0625-02
	SIEVE MESH FRAME KIT - 63um
	1
	each
	 £136.27

	20
	A-6521-4550-01
	Flow Sensor
	1
	each
	 £114.20

	40
	A-6521-0009-01
	5L Jerrican Fluorinated/Conventional
	6
	each
	 £214.00

	50
	P-FI01-0038
	Particle Filter Element
	1
	each
	 £27.35

	60
	A-5778-1370-01
	POWDER FILTER
	1
	each
	 £15.02

	70
	A-WM03-0046
	BOTTOM DOOR SEAL
	1
	each
	 £8.30

	80
	A-5778-1375-01
	OVERSIZE POWDER FILTER
	1
	each
	 £15.02

	90
	A-RS01-0211
	TOP DOOR SEAL
	1
	each
	 £12.02

	TOTAL COST
	£542.18.


[bookmark: _Toc194851024]5.1 Cost Calculation
Labour Cost:
· Labour Cost: £2000
· Number of Services: 2
Total labour cost: £2000 x 2 = £4000
Labour Cost:
· Service Kit: £542.18
· Number of Services: 2
Total labour cost: £542.18 x 2 = £1084.36
Total Cost = Total cost per year: £4000 (labour) + £1084.36 (service kit) = £5084.36
Based on the lifecycle of the parts most customers would only need a service once a year meaning a saving of £ £2542.1
























[bookmark: _Toc194851025]6. Conclusion
This report has thoroughly evaluated the effectiveness of the current maintenance strategies for the RenAM 500Q additive manufacturing system at Renishaw. The analysis highlighted the strengths of the existing preventative maintenance approach, including increased equipment lifespan, reduced unexpected breakdowns, and enhanced safety and productivity. However, it also identified significant weaknesses, such as high initial costs, potential over-maintenance, and outdated notification systems.
To address these issues, the report proposed several improvements. Implementing condition monitoring can provide real-time data on equipment health, allowing for timely interventions and minimising unplanned downtime. The use of Digital Twins can further enhance predictive maintenance capabilities, enabling more informed decision-making and efficient management of maintenance activities. Additionally, integrating maintenance schedules into the existing ERP system, Syteline, can automate scheduling, reduce manual errors, and improve overall efficiency.
The cost analysis demonstrated that while the initial investment in these improvements may take some operational efforts, the long-term benefits, including cost savings from reduced downtime and extended equipment lifespan, justify the expenditure. By adopting these advanced maintenance strategies, Renishaw can ensure the RenAM 500Q operates at peak performance, supporting the company's commitment to precision, reliability, and innovation.
In conclusion, transitioning to a more sophisticated maintenance approach will not only enhance the operational efficiency of the RenAM 500Q but also contribute to Renishaw's overall productivity and competitiveness in the global market. The recommendations provided in this report offer a clear pathway for achieving these improvements, ensuring that Renishaw continues to lead in the field of additive manufacturing.
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