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[bookmark: _Toc227525245]Introduction
In heavy industrial manufacturing, maintenance strategy has a direct influence on asset reliability, operating cost, safety and process stability. At Tata Steel UK (TSUK) Port Talbot, the pickle line hydraulic system within the Cold Rolled Products area performs a critical operational role by supplying the controlled hydraulic power required for actuator movement, strip handling and associated process functions. The effectiveness of its maintenance regime is therefore an important factor in both engineering performance and operational efficiency.
Hydraulic oil loss provides a practical and measurable indicator of maintenance effectiveness within this system. Oil loss commonly arises from seal wear, pipework fatigue, joint failure and component deterioration, making it a useful indicator of both condition and maintenance performance (Mobley, 2002). Unlike downtime alone, oil loss captures degradation while the asset remains in operation and therefore offers a more sensitive measure of how effectively developing faults are being identified and controlled. It also has direct implications for cost, housekeeping, safety, environmental risk and long-term equipment reliability (Swanson, 2001).
This report evaluates the effectiveness of the current maintenance strategy applied to the pickle line hydraulic system using hydraulic oil loss as the principal performance indicator. The analysis draws on plant inspection routes, SAP notifications, recorded leak events and oil-loss data to assess how far the current approach is preventive in structure but reactive in execution. It then evaluates how predictive maintenance, reliability-centred maintenance and improved maintenance planning could reduce oil loss, strengthen intervention timing and improve overall asset reliability.






[bookmark: _Toc227525246]System Overview and Operational Context
Tata Steel UK, Port Talbot, operates large-scale steel processing assets in which hydraulic power is essential for controlled movement, positioning and actuation (Tata Steel UK, 2025a; Tata Steel UK, 2025b). Within this environment, the pickle line hydraulic system supports a range of production and auxiliary functions, including actuator movement, cylinder operation, strip handling and AGC-related hydraulic control. Its operational importance is therefore not limited to fluid power alone; it directly influences process stability, equipment reliability, maintenance demand and safe plant operation.
The system operates under continuous production conditions and is exposed to high pressure, fluctuating thermal loads, vibration and contamination risk. These operating conditions make deterioration unavoidable over time and create several recurring failure mechanisms, particularly seal wear, pipework fatigue, joint looseness and hydraulic component wear (Mobley, 2002). 
Plant inspection activity demonstrates that the hydraulic system is already subject to structured monitoring. The hydraulic inspection route includes checks on pressure, pump temperature, case drain temperature, filter condition, reservoir oil level, cooler temperatures and signs of leakage at manifolds and plant equipment. This indicates that the current maintenance strategy is preventive in structure and that the organisation already recognises the key condition indicators associated with hydraulic deterioration. However, the continued presence of leak notifications and measurable oil-loss events suggests that the availability of condition information does not always result in intervention at the earliest practical stage.








[bookmark: _Toc227525247]Maintenance Effectiveness – Reduction in Oil Loss 
Hydraulic oil loss provides a direct and measurable indicator of maintenance effectiveness within the pickle line hydraulic system. Unlike downtime alone, oil loss reflects both progressive deterioration and visible failure, making it a useful measure of how effectively developing defects are identified and rectified before they become severe (Swanson, 2001).
Annual oil-loss data shows that losses remained high between 2022/2023 and 2024/2025 before falling significantly in 2025/2026, as shown in Table 1.
Table 1: Annual hydraulic oil loss performance
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The table shows that oil loss increased from 347,251 litres in 2022/2023 to 381,694 litres in 2023/2024, before remaining at a similarly high level of 379,967 litres in 2024/2025. In contrast, oil loss fell to 170,738 litres in 2025/2026, representing a reduction of 209,229 litres compared with the previous year. Over the same period, annual cost reduced by £350,573.60, from £608,559.00 to £257,985.40.
By comparison, the lower total recorded in 2025/2026 indicates that maintenance intervention was more effective in limiting the severity and duration of leak events.
Weekly loss records reinforce this conclusion, with losses of more than 1,600 litres and 2,600 litres in individual reporting periods. Events of this scale suggest that some faults had progressed well beyond the earliest stages of degradation before being rectified. The substantial reduction achieved in 2025/2026 supports the view that earlier identification and rectification of faults can significantly reduce both failure severity and operating cost within the pickle line hydraulic system.


[bookmark: _Toc227525248]Critical Review of Current Maintenance Practices
The current maintenance strategy applied to the pickle line hydraulic system is best described as preventive in structure but reactive in outcome. Inspection routes are in place, key hydraulic parameters are monitored, and SAP-based workflows provide a formal process for recording and planning corrective work. However, the available evidence indicates that maintenance intervention has historically occurred only after leakage becomes visible or oil loss becomes significant, rather than at the earliest practical stage of degradation.
Inspection routines include checks on leakage, temperature, pipework condition, filters and oil level, which should support early fault identification. In practice, however, significant oil-loss events still occurred, suggesting that these indicators were not consistently used to trigger intervention. This pattern is likely influenced by production constraints, manual inspection, and a tendency to prioritise visible defects over earlier signs of deterioration.
The SAP notification evidence reinforces this conclusion. Defects such as multiple manifold leaks, pipework connection leaks and larger oil-loss events were identified through the reporting system, but repairs were at times deferred until the “next suitable outage”. This allowed progressive failure mechanisms to continue developing after detection.
This approach is inefficient in both engineering and operational terms. When intervention is delayed, oil loss increases, repair scope often expands, and the wider consequences of leakage become more severe. These consequences include increased housekeeping burden, higher material cost, avoidable maintenance labour, contamination risk and greater exposure to slip and fire hazards (HSE, 2014).
From a maintenance theory perspective, this approach is limited. Modern maintenance practice places greater emphasis on condition-based monitoring, early intervention and the management of failure development before functional consequences become severe (Jardine, Lin and Banjevic, 2006). It also seeks to optimise the balance between reliability, cost and risk rather than relying on corrective response after degradation becomes obvious (De Jonge and Scarf, 2020). The current approach is therefore only partially effective: the inspection framework exists, but its output has not always been translated into timely and economically optimal action.
However, the reduced oil-loss performance recorded in 2025/2026 indicates that the current framework has the potential to perform more effectively when inspection focus, defect prioritisation and repair timing improve. This suggests that the principal weakness is not the absence of a maintenance system, but the way in which existing information is interpreted, prioritised and acted upon. The critical issue, therefore, is not whether the organisation inspects the hydraulic system, but whether it intervenes early enough to prevent deterioration from progressing into costly and operationally significant leakage.






















[bookmark: _Toc227525249]Maintenance Execution Process
Maintenance of the pickle line hydraulic system is managed through a structured SAP workflow linking planned inspection activity to corrective maintenance action. Figures 1 and 2 show that preventive maintenance routes are formally scheduled across the hydraulic system, including checks on entry hydraulics, manifolds, AGC systems and related subsystems. The effectiveness of such a framework, however, depends on how well inspection findings are translated into action (Carnero, 2006).
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[bookmark: _Toc227525266]Figure 1: SAP Preventive Maintenance Inspection – Pickle Line Hydraulics 

[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc227525267]Figure 2: SAP Preventive Maintenance Inspection – Mill Hydraulics
Following inspection, defects are recorded through SAP notifications and translated into maintenance work. Figures 3 to 5 show examples of this process in practice, including multiple leaks on AGC manifolds, a pipework connection leak to an accumulator, and a belt wrapper leak associated with an oil-loss event of 1,600 litres. 
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[bookmark: _Toc227525268]Figure 3: SAP Notification – Multiple Leaks on AGC Manifolds
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[bookmark: _Toc227525269]Figure 4: SAP Notification – Pipework Connection Leak
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[bookmark: _Toc227525270]Figure 5: SAP Notification – Belt Wrapper Leak and Oil Loss Event

Notifications frequently relate to established leakage rather than early-stage deterioration, and in some cases, repairs are deferred until the “next suitable outage”. This indicates that, although the inspection and reporting framework is in place, the link between defect identification and timely intervention is not always effective.
The SAP workflow provides a sound foundation, but its value has been reduced by delayed intervention and faults being addressed only after leakage becomes visible.



















[bookmark: _Toc227525250]Failure Mode and Root Cause Analysis 
Analysis of oil-loss data and maintenance records indicates that the main causes of hydraulic leakage are progressive rather than sudden. The most common failure modes are seal degradation, pipework and connection failures, and general component wear. These mechanisms are consistent with the operating conditions of the pickle line hydraulic system, where high pressure, vibration, thermal fluctuation and continuous use place components under sustained stress.
Seal degradation typically begins as minor leakage. Pipework and connection failures are often associated with vibration, fatigue, inadequate support or fitting deterioration. The recurrence of these defects suggests that failures are not being eliminated at source but are often corrected only after leakage has become visible or operationally significant (Zio and Compare, 2013).
This indicates that the underlying problem is not simply component failure, but the way maintenance action is triggered and prioritised. Current practice appears to focus more on symptom correction than root cause removal, allowing recurring defects to reappear in similar locations. 












[bookmark: _Toc227525251]Application of the P-F Curve to Hydraulic Oil Loss
As shown in Figure 6, the P–F curve provides a useful framework for understanding how hydraulic defects develop over time and how maintenance timing affects failure severity (Jardine, Lin and Banjevic, 2006).
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[bookmark: _Toc227525271]Figure 6: P–F Curve illustrating failure progression and maintenance intervention points (adapted from Jardine, Lin and Banjevic, 2006)
Within the pickle line hydraulic system, the P point may include early indicators such as minor leakage, rising temperature, vibration, or seal deterioration. The plant data indicates that, during 2023/2024 and 2024/2025, annual oil losses remained high at 381,694 litres and 379,967 litres respectively, with individual reporting periods showing losses of 1,645 litres and 2,630 litres. This suggests that some defects were allowed to progress well through the P–F interval before effective intervention took place.
In some cases, repairs were deferred until the “next suitable outage”, allowing deterioration to continue after detection. This reflects a maintenance approach in which intervention often occurred closer to F than P, increasing both oil-loss severity and repair cost.
By contrast, the reduction in total oil loss to 170,738 litres in 2025/2026 suggests that intervention became more effective and was taking place earlier in the failure process. Although leakage was not eliminated, the lower annual loss indicates that defects were either being detected sooner or prevented from developing into the same scale of failure seen previously.
Overall, application of the P–F curve shows that hydraulic oil loss is closely linked to intervention timing. The evidence suggests that when developing defects are addressed earlier in the P–F interval, failure severity, oil loss and associated cost are reduced. This supports the need for condition-based techniques that identify deterioration early enough to prioritise intervention before severe functional consequences occur (Ochella, Shafiee and Sansom, 2021).



















[bookmark: _Toc227525252]Evaluation of Improved Maintenance Strategies
[bookmark: _Toc227525253]Predictive Maintenance
Predictive maintenance offers the most direct response to the main weakness identified in the current strategy, by using condition monitoring to detect deterioration before functional failure occurs (Mobley, 2002; Molęda et al., 2023). The most relevant techniques would include oil condition monitoring, thermal checks, vibration monitoring and targeted leak detection on recurrent problem areas. This reflects the wider movement in maintenance practice towards more data-driven and predictive approaches to asset management (Murtaza et al., 2024).
[bookmark: _Toc227525254]Reliability-Centred Maintenance (RCM)
RCM would strengthen maintenance planning by ensuring that effort is directed towards the most critical failure modes and components (Moubray, 1997). This means prioritising areas where leakage has the greatest impact on cost, reliability and safety, such as AGC manifolds, accumulator pipework, seals and other recurrent leak points. RCM helps differentiate between routine defects and high-consequence failure risks, allowing maintenance resources to be allocated more effectively. This would improve the balance between reliability, cost and intervention effort (Zio and Compare, 2013).
[bookmark: _Toc227525255]Digital Integration
Digital integration would improve the effectiveness of the existing SAP-based maintenance workflow by linking inspection findings, defect history and condition data more directly to maintenance decision-making (Lee, Bagheri and Kao, 2015). The use of connected data in this way is consistent with wider developments in predictive manufacturing systems and industrial digitalisation (Lee et al., 2014). Integrating condition trends, repeat defect history and leak severity into work notifications would improve defect prioritisation and reduce delays between detection and repair. This would support a more proactive maintenance approach and help sustain the reduction in oil loss already achieved.
Overall, predictive maintenance would provide the earliest warning of developing defects, RCM would improve prioritisation of maintenance effort, and digital integration would strengthen the speed and quality of maintenance decision-making. 



[bookmark: _Toc227525256]Cost and Resource Implications
The reduction in oil loss achieved in 2025/2026 demonstrates that maintenance effectiveness has a direct financial impact. Using the annual plant data, oil loss reduced to 170,738 litres in 2025/2026, with a corresponding annual cost of £257,985.40, compared with 379,967 litres and £608,559.00 in 2024/2025. This represents a year-on-year cost reduction of £350,573.60. However, the cost of oil loss extends beyond oil purchase alone and includes clean-up effort, maintenance labour, increased component wear, housekeeping burden and wider operational inefficiency.
Larger leak events increase the volume of oil lost, expand repair scope and create additional secondary costs through contamination, safety exposure and repeated maintenance activity. In this sense, reactive maintenance is not only less reliable but also more expensive over the asset life cycle (De Jonge and Scarf, 2020).
Improving the current strategy would, however, require additional resources. Introducing a more proactive maintenance approach would involve engineering time to review recurrent failure points, technician time to carry out more targeted inspections, and planner input to improve defect prioritisation within SAP. If predictive techniques such as oil analysis, thermal monitoring or targeted leak detection are adopted, these would introduce modest additional cost for equipment, analysis or contracted support.
There would also be implementation and change-management implications. Earlier intervention often depends on securing short maintenance windows before a defect becomes critical, which may require closer coordination between maintenance and production teams. Moving from a reactive culture, where leaks are addressed once visible, to a proactive one, where intervention is based on condition and risk, also requires management support and clearer prioritisation rules. Improving the strategy would also require planning, scheduling and resource coordination to ensure that earlier intervention can be achieved without excessive disruption to production (Geurtsen et al., 2023).
The scale of annual oil-loss reduction already demonstrated suggests that even relatively modest improvements in monitoring, prioritisation and repair timing can deliver substantial economic benefit. For this reason, the resource cost of moving towards predictive maintenance, RCM and stronger SAP integration is justified on cost, safety, reliability and long-term asset performance grounds.

[bookmark: _Toc227525257]Conclusion 
This report has demonstrated that hydraulic oil loss is a reliable and measurable indicator of maintenance effectiveness within the pickle line hydraulic system at Tata Steel UK, Port Talbot. The analysis shows that historical maintenance performance was limited by delayed intervention, reactive execution and incomplete use of available condition information, allowing progressive defects such as seal degradation, pipework leakage and component wear to develop into significant oil-loss events.
The annual oil-loss data shows a clear relationship between intervention timing and maintenance performance. High losses recorded in 2023/2024 and 2024/2025 indicate that defects were often being addressed only after leakage had become established. In contrast, the reduction recorded in 2025/2026 demonstrates that improved inspection focus, earlier intervention and more effective use of the SAP-based workflow can reduce both the severity and cost of hydraulic failure.
Inspection routes, notifications and planned work orders provide a formal maintenance structure, yet the full benefit of this framework depends on how quickly condition information is translated into action.
Overall, the findings support a continued shift towards more proactive maintenance of the pickle line hydraulic system. Predictive maintenance would improve early fault detection, RCM would improve prioritisation of critical failure modes, and stronger digital integration within SAP would support faster and more informed decision-making.









[bookmark: _Toc227525258]Recommendations 
Short Term:
· Use hydraulic oil loss as a formal maintenance KPI for the pickle line hydraulic system. 
· Prioritise known repeat leak locations, particularly manifolds, pipework connections and other recurrent hydraulic defects. 
· Strengthen SAP defect prioritisation so that visible leakage and repeat faults are not deferred without clear justification.
Medium Term:
· Introduce more targeted condition monitoring, including oil analysis, thermal checks and focused leak detection on high-loss areas. 
· Review existing inspection routes so that abnormal findings trigger clearer escalation and intervention rules. 
· Apply structured root cause analysis to repeated hydraulic leak locations rather than relying on repeated symptom correction.
Long Term:
· Apply reliability-centred maintenance to the most critical hydraulic functions and failure modes. 
· Improve SAP integration so that condition trends, repeat defect history and leak severity are used more effectively in planning decisions. 
· Justify targeted investment in monitoring and system improvement where recurring oil loss continues to create significant cost and reliability impact.
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[bookmark: _Toc227525261]Oil Loss Form – example
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[bookmark: _Toc227525262]Weekly Oil Loss Report - Example
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[bookmark: _Toc227525263]Oil Report Graphs – FY 2023/24
[image: A graph on a white background

AI-generated content may be incorrect.]
[bookmark: _Toc227525264]Oil Report Graph – FY 2024/25
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[bookmark: _Toc227525265]Oil Report Graph – FY 2025/26
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‘Link and Finishing. 540
Systems 50| 140 o
Steps taken to rectify
*  Leak rectification week 16/17 Pickle line
*  Leak rectification week 16/17 Mill
«  EWB Cylinder will be planned in for stop in Week 172
« Dy is being added to Mill Exit system 6.3.26 and work to fix two big pipework

leaks was carried out week 11 also found weigher cylinder leak 30.3.26
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Location
AGC

1. leak from stand 1 capsule ops side — first thought to be the location of leak until oil
loss had jumped from 50L a day to over 400L

Leak history by week

System Total
System Asset Mo | rue | We | thu | Fri Litre | Tofa
n d I
Owner s
A C Hydraulic System 890 | 410] 300| 210] 300 | 2200
System Total
System wk 45 Asset Mo | tue | We | mhu | Fr Litre | To!
Owner s
712
A C Hydraulic System 210] 90| 70| oo 110| | 570
System Total
System wk 44 Asset Mo | 7o | We | my | Fri Litre | Tota
n d I
Owner s
A C Hydraulic System 210] 50| so| 50 360

Steps taken to rectify

* GLO LEAK added to the main AGC tank multiple leaks found mainly stand 1
capsule ops side top seal — to replace seal in situ

« Stand 2 drive side capsule bottom seals — change cylinder on PM week 49.

« Multiple leaks on stands 1,2,5 servo — inlet — back up cylinders which we will
put a scope of work and SAP Notifications for the pm to reseal in week 49
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Top 10 Systems — Current Week
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