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[bookmark: _Toc194851372]1. Introduction 
Swansea University, through its Faculty of Engineering and Science, plays a crucial role in advancing engineering knowledge and innovation, particularly within its mechanical engineering workshop. This report focuses on the mechanical engineering workshop within the Faculty of Engineering and Science. The workshop serves as a hub for both student learning and research projects. The mechanical workshop houses a diverse array of machinery, including milling machines, which are used to manufacture testing samples and rigs for research and teaching practicals, and components designed by engineering students for their projects. Effective management of coolant systems is essential to the performance and longevity of these machines, and this report will review current practices and suggest improvements. This report will focus specifically on the maintenance of coolant systems for milling machines, recognising its critical function in heat dissipation, chip removal, and lubrication, which are critical to manufacturing precision components and extending consumable life. 
This report examines the existing coolant maintenance protocols within Swansea University’s engineering workshop and identifies areas requiring improvement. It aims to explain the reasoning behind the existing maintenance approach and the factors contributing to its absence. The report will evaluate and propose a new maintenance schedule for the milling machines’ coolant systems to ensure optimal performance. Finally, this report will consider the financial and resource implications of implementing the proposed improvements, offering a realistic assessment of the necessary costs and resources to optimise coolant management. 







[bookmark: _Toc194851373]2. Current Maintenance Practices: A Critical Review 
[bookmark: _Toc194851374]2.1 Role of Milling Machines and Coolant 
Biesse (2023) states that milling is a process in which a rotating cutting tool shapes a workpiece, enabling the creation of intricate precision components. Central to the effective operation of these machines is the coolant system. Deshpande, Y.V. et al (2024) discuss that the application of coolant serves to lower cutting temperatures, which is crucial in preventing tool wear and maintaining dimensional precision and surface quality of the machined parts. In addition to this, Kennametal (2025) states that it provides lubrication, minimising friction, and wear. Furthermore, coolant effectively flushes away chips and debris, maintaining a clean cutting zone and preventing obstructions, as stated by EpicTool (2024). 
Willdowdale (1995) discusses in an article that monitoring coolant is essential for several reasons related to its performance and overall efficiency of machinery. One significant aspect is the prevention of microbial growth. Urdanoff, H. (2003) states that excessive growth of bacteria, yeasts, or fungi can lead to various manufacturing issues, including darkening of the fluid, reductions in pH, and foul odors. These symptoms indicate potential problems such as short tool life, poor surface finish, rusting, and clogging of the lines, which can severely impact manufacturing processes. Fredrick, J. & Kuenzi, P. (2020) write that micro-organisms can enter coolant systems in a variety of ways including through tramp oil, the water used to mix emulsions and metal swarf. 
[bookmark: _Toc194851375]2.3 Maintenance Schedules 
Maintenace scheduling is planned work that includes the who, what, when and where of tasks, it’s a process that helps to identify and solve potential problems before they arise, as stated by Eptura (2024). Figure 2-1 shows the maintenance approaches which can be taken.
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Figure 2-1.
[bookmark: _Toc194851376]2.4 Current approach to Maintenace 
Currently, the coolant management practices for the milling machines at Swansea University are characterised by a corrective, rather than preventive, approach. There is no established or recorded active maintenance schedule for the coolant system. The only consistent maintenance schedule performed is a complete coolant change every 12 months around the end of year shut-down period. An impromptu response is triggered when the coolant exhibits an unpleasant odour or becomes darker than usual, prompting an unscheduled change. This approach is fundamentally flawed, as it relies on visible indicators of degradation, which often occur after significant damage has already occurred. 
Currently, no formal logbook or maintenance records are maintained for the coolant systems of the milling machines at Swansea University. Based on observations, it can be estimated that over the past two years, each machine has required a complete coolant change and a thorough cleaning of the coolant sump approximately every four months. This process can cause up to three hours downtime per instance. 
A third-party organisation was hired four years ago to evaluate coolant pH levels monthly. This practise was beneficial as it provided a quantifiable measure of coolant quality and helped prevent premature degradation and they would advise the workshop technical manager which machines needed their coolant changed. But financial restrictions caused this preventive maintenance to be discontinued. It is now limited to verifying the pH of any new coolant added to top up the machines using a refractometer. While this ensures the initial quality of the added coolant, it does not address the ongoing degradation of the existing coolant within the system.
The current maintenance strategy shows several major flaws. The reliance on odour as an indicator for coolant change is inadequate, as it signals advanced bacterial growth and coolant breakdown which may have already caused harm to the machine and cutting tools, as stated by Ashburn (2021). The lack of regular pH monitoring, beyond the initial check, means that imbalance in the coolant chemical composition may go undetected. Carbide Processors Inc (2025) writes that contaminated coolant can cause a loss of as much as 10% of the machines value each year due to internal corrosion. The current reactive approach by Swansea University stems from cost cutting restraints and a lack of awareness regarding the long-term implications of inadequate coolant management. 


[bookmark: _Toc194851377]3. Proposed Improvements to Coolant Management 
The current reactive maintenance approach for the milling machine coolant systems at Swansea University presents significant opportunities for improvement. Currently, the strategy represents a false economy, where short-term savings outweigh the long-term expenses and operational inefficiencies. 
[bookmark: _Hlk194045391][bookmark: _Toc194851378]3.1 Coolant Management Techniques
Effective coolant management relies on techniques to maintain optimal machining conditions. Fuchs (2025) writes that small coolant systems can be me monitored using tools such as refractometers, pH sticks, and coolant management charts. Zdilla (2020) states that pH testing is typically performed using handheld pH meters or test strips. Coolant suppliers identify a pH where it is at its optimum, which is typically between 7.2-8.5 and 8.7-9.5. Swansea University use a metalworking fluid called ‘Millersol TS’, its pH at 5% in distilled water is 9.1 (see appendix for data sheet). These instruments provide rapid and accurate measurements of the coolants acidity or alkalinity. Regularly using these methods allows for adjustments to maintain the pH within the recommended range.
Various methods are used to ensure pH stability. MP Systems (2025) discusses that effective filtration systems play a crucial role in removing any contaminants that can destabilise pH. Bag filters and magnetic separators can capture ferrous particles before they reach the coolant sump; additionally, tramp oil skimmers remove unwanted slideway oil from the surface of the coolant, as stated by Eclipse Magnetics (2023) and Oil Skimmers (2025).
Bacterial growth and fungal contamination can be monitored using dip slides. HSE (2025) writes that these slides are submerged in the coolant, incubated, and then compared to a chart to determine the level of microbial growth. Regular testing allows for early detection of bacterial growth. 
[bookmark: _Toc194851379]3.2 Implementation of a Structured Maintenance Schedule 
A preventive structured maintenance schedule should be established at Swansea University, considering the workshop yearly budget, for the coolant system of milling machines to ensure optimal performance and safety whilst reducing the downtime caused by coolant degradation.
[bookmark: _Toc194851380]3.2.1 Health and Safety Considerations
The university’s health and safety protocols should be followed while carrying out any maintenance tasks. Personal protective equipment (PPE) must always be worn, including nitrile gloves, safety glasses, and protective overalls to prevent chemical exposure. Selmach (2020) explains that coolant fluids can cause irritations and bacterial infections, such as dermatitis. Applying a protective barrier cream to exposed skin can minimise the risk of infection. Considerations also need to be taken on ventilation, Selmach (2020) goes on to state that breathing in vapours and mists can increase the risk of bronchitis and asthma. When working on the sump of the machine, personnel should use a portable extractor fan housed within the mechanical workshop. Furthermore, used coolant and contaminated materials must be disposed of following the university’s waste management policies to ensure compliance with sustainability standards (refer to appendix)
[bookmark: _Toc194851381]3.2.2 Training Requirements 
Following on from the health and safety considerations, the personnel involved in coolant maintenance will be technicians within the mechanical workshop. All technicians must undergo adequate training to ensure safe and effective handling of coolant and any equipment used in the maintenance of coolant systems. This training should cover an understanding of coolant composition and the correct use of testing equipment, including refractometers, dip slides, and pH test strips. Additionally, there must be an ability to recognise early signs of coolant degradation and contamination to undertake corrective action. This comprehensive training ensures that technicians can maintain coolant systems safely and efficiently, minimising risks and enhancing system longevity. 
[bookmark: _Toc194851382]3.2.3 Maintenance Tasks 
Figure 3-1, 3-2, 3-3, 3-4 shows a proposed maintenance schedule to be implemented within the mechanical workshop at Swansea University, covering tasks to be completed, estimated time taken (time shown is for one machine), equipment needed, and personnel. The weekly, monthly and annual checks should be recorded in a logbook, the International Compliance Association (2022) suggests keeping records of maintenance is vital for predicting and preventing breakdowns and ensuring safety. 
Daily Tasks 
	[bookmark: _Hlk194053770][bookmark: _Hlk194053789]Tasks
	Time (Minutes)
	Equipment, Consumables
	Personnel 

	Visual inspection 
	< 1
	N/A
	One person

	Check coolant level 
	5
	Refractometer, water, bucket, Millersol TS
	One person 


Figure 3-1 
Weekly Tasks 
	[bookmark: _Hlk194059638]Tasks
	Time (Minutes)
	Equipment, Consumables
	Personnel 

	pH testing 
	5
	pH test strips, beaker, reference colour chart 
	One person

	Concentration check
	5
	Refractometer, coolant mixing chart, distilled water
	One person

	Filtration inspection 
	2
	Bag filters, brush, rags. 
	One Person


Figure 3-2
Monthly Tasks
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	Time (Minutes)
	Equipment, Consumables
	Personnel 

	Bacterial growth testing 
	10 (hands on time)
48 hours (Results)
	Dip slides, sterile sample containers, incubator, disinfectant.
	One person

	Sump Cleaning 
	30
	Coolant vacuum, waste barrel, disposable rags
	One person

	Inspection of coolant lines and nozzles 
	15
	Disposable rags, flat head screwdriver, waste barrel. 
	One Person


Figure 3-3
Annual Tasks
	Tasks
	Time (Minutes)
	Equipment, Consumables
	Personnel 

	Full coolant replacement  
	3 hours 
	Coolant vacuum, waste barrel, refractometer, water, Millersol TS, bucket, disposal rags, disinfectant.
	Two persons

	System audit 
	1 hour
	Logbook 
	One person


Figure 3-4
Implementing this schedule will ensure the consistent quality of the coolant systems, leading to improved machine performance and a safer working environment.
[bookmark: _Toc194851383]3.3 Condition Monitoring 
Vanraj et al. (2016) states that condition monitoring in maintenance refers to the systematic approach of assessing the operational state of equipment to predict and prevent failures. This technique enhances reliability and can reduce downtime through timely maintenance actions. In the context of the proposed maintenance schedule, condition monitoring enables technicians to take timely corrective actions before problems escalate. By integrating this approach Swansea University can ensure a more data-driven approach to coolant management in comparison to current reactive method. For example, a weekly record of pH and concentration data can highlight gradual chemical imbalances. Regular analysis of the data collected not only prevents costly unplanned downtime but also contributes to optimised coolant use, improved machining results, and longer tool life, as stated by Rebecca (2025). In addition, Motion (2024) proclaims incorporating condition monitoring supports predictive maintenance and aligns with modern industry standards for sustainability and help drive business success in a competitive landscape. 



















[bookmark: _Toc194851384]4. Cost, Resource and Change Management Considerations
The implementation of the proposed coolant maintenance schedule, seen in 3.2.3, at Swansea University requires assessment of costs, resources, and change management implications. The introduction of a reactive maintenance tasks will incur initial expenses, but the long-term cost, reduced downtime and improved machine performance would justify the investment. 
[bookmark: _Toc194851385]4.1 Equipment and Consumable Costs 
Reviewing the proposed maintenance tasks, several consumables would need to be purchased such as dip slides, pH test strips, and bag filters. The Mechanical workshop already has some of the items included in the maintenance plan, such as a coolant vacuum, waste barrels, and a refractometer as these were used in the reactive maintenance approach. The cost of the items needed for maintenance can be estimated based on supplier quotes from companies frequently bought from at Swansea University, the cost estimated will be based on quantities needed for one machine over the period of a year. 
	Item
	Cost (£)
	Quantity
	Source

	pH test strips 
	7.33 
	50
	RS Components (2025)

	Bag filters 
	49.74
	12
	Cromwell Tools (2025)

	Dip slides
	88.44
	20
	Cutwel (2025)

	Incubator
	250.03
	1
	Dip-Slides (2025)

	Disinfectant
	94.60
	5 Litres 
	Fisher Scientific (2025)


Figure 4-1
Reviewing figure 4-1 it can be estimated the cost of consumables to maintain a coolant system for 12 months on the five milling machines is £1072.18. The incubator would be a one-time purchase but must be properly maintained to ensure accuracy. Whilst these costs may seem substantial initially, they must be weighed against the financial and health risk associated with poor coolant management. 
[bookmark: _Toc194851386]4.2 Impact on Workshop Operations 
Having a structured maintenance schedule will require dedicated time from workshop technicians. Based on the estimated time taken for each task in chapter 3.2.3 an approximation can be made for the annual downtime per machine. 
Weekly 

Monthly

Annual Machine Downtime 



Whilst this time represents lost production time, proactive coolant management will help prevent the significant unscheduled downtime seen at Swansea University in the past two years. Upkeep (2025) writes advantages of planned maintenance include, reduced maintenance costs, increased workplace safety, and improved workplace culture as it also reduces employee downtime. Planning out preventive maintenance tasks and relieving the stress of unexpected equipment failures will keep employees active, collaborating and overall happier. 
A challenge that could arise with implementing a new maintenance schedule is integrating it into an existing workflow without causing excessive disruption. Hupje, E. (2023) discuses that tasks should be strategically scheduled to minimise their impact, such as conducting tasks at the start or end of shift when the machine is not running, it should also have a dedicated day of the week in which it needs to be completed. Additionally, Fatima, R. (2024) writes that keeping a log of maintenance activities will ensure that tasks are completed consistently and help predict when corrective actions are needed. 
[bookmark: _Toc194851387]4.3 Change Management Techniques 
Successfully implementing a new schedule requires participation from workshop technicians and management. Prosci (2021) writes that a problem that can arise is resistance to change in working habits, particularly when introducing additional responsibilities. There can also be a fear of the unknown, disruption of habits, and lack of trust or understanding in the topic. In the training phase of this maintenance schedule, it is important to provide clear communication of the long-term benefits of completing maintenance tasks. Additionally, keeping a logbook of maintenance records will allow for continuous improvement. Incorporating reviews of the maintenance effectiveness can help refine the schedule overtime, ensuring it remains efficient and aligned to operational needs. 



[bookmark: _Toc194851388]5. Conclusion 
The current maintenance practice for the coolant systems of milling machines at Swansea University is a reactive approach, which is found to lead to unnecessary downtime, increased operational costs, and a potential health and safety risk. This approach was taken due to financial constraints imposed four years ago. By implementing a structured preventive maintenance schedule, the workshop can improve the longevity and efficiency of its milling machines, decreasing the probability of breakdowns and unplanned machine downtime. The proposed schedule introduces daily, weekly, monthly, and annual checks to monitor coolant quality. The coolant can be monitored through testing pH, bacterial growth, and filtration inspection. This proactive approach can minimise coolant degradation, prevent bacterial contamination and reduce long-term maintenance costs. Additionally, implementing condition monitoring techniques by keeping a log of the maintenance completed and regular analysis of the data will be provided a more data-driven strategy to coolant management.
Reviewing chapter 4.1 it is estimated that implementing a new schedule can cost up to £1072, but these expenses are justified by the long-term financial and operational benefits. Effective change management strategies, including training and transparent dialogue on the benefits and health and safety improvements will guarantee effective implementation. In summary, by adopting the proposed preventive maintenance strategy, Swansea University can enhance machine reliability, improve workshop productivity, and harvest a safer, more sustainable working environment. 
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Technical Data Sheet for Millersol TS
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TECHNICAL DATA SHEET WILLERS OIS

Product code: 8093 Sector:Industrial  Issue No:3  Issue Date: 07/02/23

MILLERSOL TS

Millersol TS is a traditional saluble metalwarking fluid with high o content for enhanced lubricity
and corrosion protection during the machining of both ferrous ard non-ferrous metals. Milersol-
TS s free from formaldehyde-release biocides.

Application
Millersol TS is recommended for use on ferraus alloys, aluminium alloys and yellow metals.
Machine operations Recommended dilutions.
Turning, milling and drilling 5-8%

Tapping and threading 6-10%

Features & Benefits

« High level of ol and lubricity additives ensures excellent cutting performance and surface
finish,

« Tight emulsion resuts in stable formulation for extended sump lfe, resulting in both
economical fluid consumption and reduced down-time.

« Formaldehyde-free, for minimised hazard labelling for operator safety and audit
compliance

« Free from chlorine, zinc and heavy metals.

Typical Characteristics

Emulsion appearance Mill
pH @ 5% in distlled ater 9.1
Corrosion break point, IP 287.% 45
Refractometer correction factor 1.0

Technical & Health and Safety
T: 01484 475060

E:technicallBmi
For H&S info or SDS, please visit our website ww.millersoils.co.uk

MADE IN BRITAIN 3
Millers Oils Ltd

kshire HO:
Tel: +44(0] 1484 713201
‘wuw.milersoits.co.uk
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WMGN32
Waste Management Guidance Note WMGN32
Waste Oil (all liquid oils except edible oil)
Location Generated ‘Any Laboratory / Workshop
EWC 13 (Entire Chapter) and speciic sub-chapters
Type Absolute Hazardous
Disposal Method Seareqated for incineration / disposal
Bin/ Bag Type Metal fireproof container

Duty of Care Requirements

Under Technical Guidance WM3', there a variety of EWC codes associated with waste oil
(primarily non-edible or biodiesel oils). The Sustainability team will provide coding advice to
ensure that the waste oil is correctly classified with an accurate EWC. Waste oils that will
fall under Chapter 13 EWC codes include;

1301: Waste hydraulic oils
1302: Waste engine, gear and lubricating oils

13 03: Waste insulating and heat transmission oils
13 04: Bilge oils

13 05: Oil/water separator contents

13 07: Wastes of liquid fuels
13 08: Oil wastes not otherwise specified

This guidance note also relates to the liquid oils reference in other chapters;

1201: Wastes from shaping and physical and mechanical surface treatment of metals and
plastics

0803 19*: Disperse oil

19 02 07*: Ol and concentrates from separation

1908 10*: Grease and oil mixture from oil/water separation other than those mentioned in
190909

20 01 26*: Oil and fat other than those mentioned in 20 01 25

Note: See WMGN31 for solid or oil-contaminated wastes

Itis a legal requirement under the Hazardous Waste Regulations to segregate hazardous
wastes from non-hazardous wastes and to ensure that all wastes are correctly classified.
Al wastes oils outlined above will be classified as hazardous waste regardiess of no
hazardous properties being present. Incorrectly disposing of hazardous waste via a non-
hazardous waste stream can lead to legal and financial penalties dependent upon the
severity of the noncompliance.

Waste oils are highly flammable and may have a number of other hazardous properties
therefore must be dealt with diligently.

1 Waste Classification: Guidance on the classification and assessment of waste (1%
edition 2015)
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Waste oils should be contained in unique, separated and adequately labelled storage
containers. For ols with unknown composition and/or contamination, detailed analysis may
be required to ensure effective classification is undertaken. Contact the Sustainability team

(estates-waste@swansea.ac.uk) for guidance and further details.

For any oil-contaminated waste materials, please see associated WMGN31 Oil
Contaminated Solids.

Under no circumstances should any waste oils be mixed or disposed via the drains or to
open water bodies.

posal Instructions

Internal Storage

Metal fire-proof sealable drums must be used for waste oils. All drums should be labelled
and adequately bunded (at least 110% of full capacity) to ensure any leaks are contained
and easily remedied.

Full drums of waste oil must not accumulate therefore please seek advice from
Sustainability on disposal mechanisms promptly

External Storage

Singleton Campus

Please email estates-waste@swansea.ac.uk to coordinate the disposal of waste oil
Bay Campus

Bay Campus

There is a dedicated, bunded oil store located in the Engineering service yard. For

disposal, please email estates-waste @swanse.ac.uk

ALL waste oil  coolant / lubricant waste containers MUST have a disposal label. The ol
waste disposal label s available below.

posal Cost

Disposal cost wil vary depending on the type(s) and quantity of the waste il that requires
disposal. The Sustainability team will provide a quote for disposal via the applicable waste
management contractor. Only quotes received from approved contractors will be valid

Labelling
See template: Hazardous properties and EWC to be updated for each drum

For further guidance contact estates-waste@swansea.ac.uk
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Preventive Maintenance

Includes regular and time-based schedules

Corrective Maintenance

Occurs when an issue is noticed

Condition-Based

Occurs when a situation or
condition indicates maintenance
is needed

Predetermined
Follows a factory schedule

Predictive
Data-driven approach impacted
by present parameters

Reactive
Occurs when a total breakdown
or failure occurs





