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[bookmark: _Toc131164677][bookmark: _Toc131407761]Introduction
The critical review evaluates the current maintenance practises for Aquatronic In-Process Wash Systems at the Zimmer Biomet UK Bridgend manufacturing facility. Five years ago, the wash systems were introduced to provide in-process washes for surface preparation operations. The review looks at existing maintenance procedures, such as weekly and quarterly preventative maintenance schedules, as well as reactive or unplanned maintenance procedures. The current approach's strengths and weaknesses were assessed using data to identify the major issues. Furthermore, investigation of alternative approaches for future implementation to improve the equipment's safety, performance, and reliability.


[bookmark: _Toc131164678][bookmark: _Toc131407762]Critical Review of Current Maintenance Practices for The Aquatronic In-Process Wash Systems
[bookmark: _Toc131164679][bookmark: _Toc131407763]Aquatronic In-Process Wash System
[image: ]At the ZB UK Bridgend manufacturing facility, Aquatronic Low Line Ultrasonic Washes (IPC’s) (Figure 1) serve as in-process washes for surface preparation operations. The washes reduce processing surface contaminants, as well as residual ferrous material left over from the manufacturing process to reduce contamination for subsequent operations. The machines were introduced 5 years ago and a total of six washes are available on-site.[bookmark: _Toc131406590]Figure 1 - Aquatronic Low Line Ultrasonic Wash (IPC)

The IPC is comprised of two wash tanks that operate a single cleaning program. After loading parts onto a wash fixture and basket, a motorized arm places the basket into Tank 1, which contains CIP100 detergent and purified water, and subjects them to ultrasonic agitation. The basket is then moved to Tank 2, filled with purified water for further ultrasonic cleaning, followed by drying with air knives. The system's main components include a pump, heaters, ultrasonics, pneumatic cylinders, motor, sensors, and utilities such as electric, water and compressed air.
[bookmark: _Toc131164680][bookmark: _Toc131407764]Maintenance Procedure
Maintenance Procedure UKP030 (Biomet, 2021), outlines the maintenance requirements, responsibilities, and authority for ZB Bridgend's manufacturing equipment. The procedure emphasizes risk-based preventive maintenance of plant equipment to prevent production downtime and ensure product quality. The SAP Planned Maintenance system is used to manage and maintain records of the Plant Preventive Maintenance System (PPMS). Each equipment is assigned a unique plant/asset number, relevant machine literature and manuals are kept in the appropriate location. When a new piece of equipment is installed the Maintenance Planning engineer and Process Engineer determines the intervals for planned or preventative maintenance, creates a record in the SAP system, and attaches a maintenance task list to the work orders. The system provides specific information for each machine to be serviced and is available to the maintenance technician on a weekly basis.
[bookmark: _Toc131164681][bookmark: _Toc131407765]In-Process Wash Preventative Maintenance Schedule
The Aquatronic in-process wash machines has two levels of preventative maintenance (Table 1). On a weekly basis, operators are required to drain each tank, complete cleaning, and change two filters, which is recorded on form (Zimmer Biomet, 2021) and takes the operator 1 hour. Every three months, a preventative maintenance check is performed by a maintenance contractor, which consists of a list of checks and inspections and takes an average of 4.5 hours (Zimmer Biomet, 2020).
[bookmark: _Toc131406738]Table 1 - IPC Maintenance Frequency
	Frequency
	Maintenance Activity
	Completed by
	Duration

	Weekly
	Draining, Cleaning and Filter Change
	Operator
	1 hour

	3 Monthly
	Preventative Maintenance
	Maintenance Contractor
	4.5 hours



The implementation of the weekly maintenance schedule reduces the likelihood of equipment failure as the activities ensure the cleanliness of water, reduces debris, dirt build up on runner for arm. However, the activity is completed by an operator with less maintenance experience posing potential risks such as increased downtime due incorrect actions.
Quarterly preventative maintenance is employed to extend the lifespan of the equipment and allows for consistent optimal performance by inspecting the key functions of the machine to ensure there are no faults or nearing faults. However, currently these checks do not prevent a substantial proportion of faults that occur. Furthermore, the tasks are completed by a contractor at excessive cost. 
The two-level approach enhances the safety of the equipment but overall does not appear sufficient in completely preventing equipment failures, potentially resulting in defective products that need to be scrapped or reworked.
[bookmark: _Toc131164682][bookmark: _Toc131407766]Reactive / Unplanned Maintenance 
Reactive or unplanned maintenance occurs due to equipment failure, breakdowns, accidents, or other unforeseen circumstances. According to (Palmer, 2005), unplanned maintenance is defined as "work that must be done immediately to keep the equipment running and prevent damage or safety hazards". At ZB, when a piece of equipment breaks down, a notification is generated in the SAP system and sent to the maintenance department for immediate action. The department then addresses the issue and closes the notification once the malfunction is resolved. 
Balancing reactive and preventative maintenance is crucial for achieving optimal equipment performance and reliability. Nevertheless, the approach may lead to increased downtime, lost productivity, and higher repair costs in the long term.
[bookmark: _Toc131164683][bookmark: _Toc131407767]A Full Evaluation of How the Current Approaches to Maintenance Could Be Improved
[bookmark: _Toc131164684][bookmark: _Toc131407768]Breakdown Data
A comprehensive review of the data pertaining to the IPCs was conducted to identify the primary issues raised and determine the time required for resolution. The review covered all notifications raised for all six washes over a 12-month period in 2022. During that time, a total of 190 notifications were raised, causing an overall equipment downtime of 144 days, which includes the time between notification creation and closure. Additionally, the system required 30 days of maintenance technician's time. The graph below (Graph 1) shows the number of unplanned maintenance notifications raised per machine.
[bookmark: _Toc131406656]Graph 1 - Number of Unplanned Maintenance Notifications Raised per Machine

[bookmark: _Toc131164685][bookmark: _Toc131407769]Machine Availability Vs Actual Availability
Equipment availability in manufacturing refers to the percentage of time that equipment is available for use in the manufacturing process during a specific period. Availability is calculated by dividing the total amount of time the equipment is available by the total amount of time the equipment is required, after all scheduled and unscheduled down-time (Muther, 1961).
The availability status of IPC Wash 1 is currently reported as follows: 
· Total Time required 7,920 hours in a 12-month period with 24/7 shift pattern operation, excluding breaks and holidays. 
· Downtime was 70 hours, which includes weekly and quarterly maintenance. 
· The resulting availability for IPC Wash 1 is 99.1%. 
· However, during the same 12-month period, 45 notifications were raised, resulting in a total downtime of 700 hours.
· As a result, the actual availability of IPC Wash 1 was calculated as 90.3%.

[bookmark: _Toc131164686][bookmark: _Toc131407770]Mean Time to Failure
Mean time to failure (MTTF) is a statistical measure used to estimate system and equipment reliability. MTTF takes the average time between when a system is put into service and when it fails (Wheeler, 2000) and is calculated by taking the total operating time and dividing by the number of failures that occurred during that time.
To understand the reliability of IPC wash 1 and improve performance, (Figure 2) displays the quarterly planned maintenance and notifications raised during the 12-month period. By analysing the data, an estimate for the expected time before IPC wash 1 experiences a failure can be obtained.
The MTTF status of IPC Wash 1 is currently reported as follows: 
Total Time = 7.920 hours
Downtime = 770 Hours
Number of Breakdowns = 45
MTTF = 159 Hours

[image: ]
[bookmark: _Toc131406591]                              Figure 2 - MTTF for IPC Wash 1

[bookmark: _Toc131164687][bookmark: _Toc131407771]Cost
Upon the evaluation of breakdown and maintenance costs the downtime of each IPC inhibits production by a value of £75 an hour, the total breakdown time for the year results in a £260K loss of production. The current maintenance schedule utilises a contractor for the quarterly maintenance at a cost of £4,086 per year for all IPC’s, and the unplanned maintenance cost of labour is £18K per year.


[bookmark: _Toc131164688][bookmark: _Toc131407772]Faults Highlighted
The notifications were categorised into subgroups based on the type of fault. Among the various fault types, the top five issues that were raised are as follows:
· Door Fault
· Pump Fault
· Conductivity Fault
· Heater Fault
· Motorised Arm Fault
The graph (Graph 2) below illustrates the number of notifications raised for each type of fault.
[bookmark: _Toc131406657]Graph 2 - Number of Unplanned Maintenance Notifications Per Fault



[bookmark: _Toc131164689][bookmark: _Toc131407773]Proposed Improvements
After conducting a thorough analysis of the current maintenance practises and machine reliability, the analysis shows that the current two-level maintenance approach does not appear sufficient in preventing equipment failures. Therefore, several areas of improvement have been identified. 
[bookmark: _Toc131164690][bookmark: _Toc131407774]Weekly Maintenance
To enhance the machine's availability and minimise downtime, conducting a comprehensive assessment of the activity will help identify any gaps or areas where additional housekeeping and checks could be included. Furthermore, some of the quarterly inspections currently conducted by a maintenance contractor could be integrated into the weekly task list, such as inspecting the door hinges, motorised arm, sensors, and leaks. This approach would not only improve the effectiveness of weekly maintenance but also reduce the maintenance contractors time and hence cost.
[bookmark: _Toc131164691][bookmark: _Toc131407775] Preventative Maintenance Frequency
In order to improve MTTF increasing the frequency of maintenance activities ensures the machines condition can be monitored more closely and potential issues can be detected and addressed before they become critical. The MTTF being 159 hours, implies that the equipment is predicted to fail every 7 days. Enhancing the weekly maintenance and moving from quarterly to monthly preventative maintenance means that inspections and checks will be performed more frequently. Overall, the new approach will help to prevent unscheduled downtime and extend the equipment's lifespan. 
[bookmark: _Toc131164692][bookmark: _Toc131407776]Condition and Reliability Based Maintenance
Condition-based maintenance (CBM) is a proactive maintenance strategy that involves monitoring equipment parameters to determine the condition of equipment and predict when maintenance is needed to prevent equipment failure (Higgins & Mobley, 2001). By adding CBM to the maintenance schedule, potential problems can be identified before leading to equipment failure. For instance, including monitoring of the IPC’s heaters and pumps can detect potential problems before they lead to equipment failure. Research by (Parida, et al., 2011) found that implementing CBM can lead to up to a 20% reduction in maintenance costs and up to a 35% reduction in downtime when compared to traditional time-based maintenance. 
Reliability-centred maintenance (RCM) focuses on analysing equipment functions and potential failure modes to determine the most effective maintenance tasks, which aims to ensure that maintenance efforts are focused on the parts of the machine that fail most (Moubray, 1997). For example, door faults are highlighted to be the biggest fault, adding checks to the door alignment, checking cylinders, and using the data determine when the hinges should be replaced would reduce the likelihood of failure and increase the equipment’s availability and reduce the downtime cost.

[bookmark: _Toc131164693][bookmark: _Toc131407777]A Consideration of Costs and Resources Required to Implement Proposed Changes 
Implementing the proposed changes will require careful consideration of the costs and resources required. The adjusted task list, increased frequency of maintenance tasks, and the implementation of CBM and RCM will necessitate the addition of additional resources. Including personnel, time, and equipment. To ensure that the changes are implemented effectively, resources must be factored into the maintenance budget, ensuring that sufficient funds and availability of monitoring equipment, sensors, and replacement parts.
Furthermore, the proposed changes will require significant change management efforts to ensure that the changes are effectively communicated to all stakeholders, and the necessary training and support are provided to enable successful implementation, which will include training for maintenance on the new CBM and RCM techniques, as well as for operators on the updated weekly maintenance procedures.
Another important consideration is the potential impact of the proposed changes on production schedules and the overall operational efficiency of the plant. While the aim is to reduce unscheduled downtime, the increased frequency of maintenance tasks could impact production schedules, and additional resource will be needed to accommodate the additional maintenance activities.
The initial cost to implement the proposed changes considering training, increased time of the maintenance contractor, risk assessments, updates of safe working procedures, as well as the CBM and RCM equipment is estimated at 40K and to continue the proposed schedule would cost 27K per year. To payback the initial investment an increase of 1.1% in availability is required across all machines. With reference to (Parida, et al., 2011) CBM is capable of reducing downtime by 35%, which could return an average of 95% availability resulting in a cost saving of £169K across all IPC’s. As the potential returns are proportionally greater than the initial and running cost of the new maintenance schedule the feasibility of implementation is highly likely but dependant on effective change management. 


[bookmark: _Toc131164694][bookmark: _Toc131407778]Conclusions & Recommendations
The Aquatronic In-Process Wash Systems at ZB UK Bridgend manufacturing facility plays a key role in the production process and require regular maintenance to operate efficiently. The critical review found that the current maintenance approach is primarily risk-based, with a weekly and quarterly maintenance schedule, as well as reactive or unplanned maintenance procedures.
The weekly maintenance schedule is important for the overall cleanliness and performance of the system, but it was found that the quarterly maintenance checks are not comprehensive enough to prevent faults. 
An initiative-taking strategy that integrates CBM and RCM into an adjusted weekly and monthly maintenance schedule is recommended to improve the maintenance approach of the Aquatronic In-Process Wash Systems, allowing for the early detection of potential issues before they become critical. A comprehensive approach to maintenance allows the critical components of the system to be identified and maintenance strategies developed based on their importance.
Implementing the new maintenance strategy will necessitate additional resources, costs, and change management. As a result, every aspect of the implementation process must be carefully considered. However, the analysis above of the innovative approach will result in more efficient operation of the IPC’s through increased availability and reliability.
[bookmark: _Toc131164695][bookmark: _Toc131407779]Recommendations
To improve the maintenance approach for the Aquatronic In-Process Wash Systems, the following recommendations are suggested:
[bookmark: _Toc131164696][bookmark: _Toc131407780]Short-Term Recommendations
· Introduce regular training for operators to ensure they have the necessary maintenance skills and knowledge to perform weekly maintenance tasks correctly.
· Introduce a more comprehensive quarterly maintenance checklist that address key areas of concern and potential faults.
· Increase the frequency of quarterly maintenance checks to bi-monthly or monthly.
[bookmark: _Toc131164697][bookmark: _Toc131407781]Medium-Term Recommendations
· Implement a predictive maintenance programme that uses sensors and data analytics to detect potential faults before they occur. The strategy will allow the maintenance team to perform maintenance activities proactively, reducing downtime and repair costs.
· Evaluate the maintenance process to identify potential areas for improvement, such as streamlining the workflow, outsourcing maintenance tasks, or assigning the monthly responsibilities to the internal maintenance team.
[bookmark: _Toc131164698][bookmark: _Toc131407782]Long-Term Recommendations
· Liaising with the manufacturer, consider replacing the IPC’s with more advanced equipment that incorporates improved technology and is more reliable.
· Implement a Total Productive Maintenance (TPM) strategy that focuses on improving equipment performance, reliability, and availability by involving all stakeholders, including operators, maintenance personnel, and management.
In summary, implementing these recommendations will improve the reliability, safety, and optimal performance of the Aquatronic In-Process Wash Systems at the ZB UK Bridgend manufacturing facility.
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Number of Unplanned Maintenance Notifications Raised per Machine 

Count of Fault 	Wash 1	Wash 2	Wash 3	Wash 4	Wash 5	Wash 6	45	34	44	25	2	40	


Number of Unplanned Maintenance Notifications Per Fault

Motorised Arm Fault	Heater Fault	Conductivity Fault	Pump Fault	Door Fault	14	20	26	27	47	
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