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The report is a critical review of current maintenance practices of work roll grinding machines in The Port Talbot Hot Mill. A full evaluation was discussed on how to optimize the maintenance of such assets and develop the current approaches, with a consideration to cost involved to implement the changes. Port Talbot Hot Mill is supported by a combination of three roll shops, which ensure the quality and production of clean ground roll assemblies for Hot Mill operation. The Light Roll Shop (LRS) is situated adjacent to the mill, and this roll shop provides approximately 200-300 finishing roll assemblies per week (400-600 rolls). Rolls are ground to remove mill induced damage during the rolling process such as; mill wear, fire cracks, bruising and pinch cracks. The grinding process must achieve the required shape and profile of the roll, within intricate tolerances for mill campaign, for desired surface finish and dimensional accuracy is crucial in the process for the rolling operation. There are currently 5 roll grinding machines in the Light Roll Shop that support this processing of rolls to supply the Hot Mill. These critical assets are both manually, and semi-CNC grinding machines operated machines that rely on mechanical, electrical and numerical systems to accurately grind work rolls. Many of the assets were manufactured and installed during the 1960’s App.no1 and have been subject to significant deterioration over time, with limited maintenance history data and information before the most recent upgrades Table.1. This shows the benefits of maintenance can prolong the life of an asset to deliver the performance expected. 

[bookmark: _Toc131328767]Table 1: Latest machine upgrades
	Current Status

	Machine Name
	Latest Upgrade
	Age
	Average Age

	Churchill 1
	1987
	36
	31 years

	Churchill 4
	1993
	30
	

	Churchill 3
	1998
	25
	

	Cincinnati
	1991
	32
	

	Farrel 2
	1989
	34
	




Assets such as these are commonly subject to complex degradation processes through extensive usage and exposure to environmental conditions. This degradation, if not maintained will ultimately lead to asset failure. These unexpected failures may result in severe consequences, including massive production losses, high corrective replacement costs and safety hazards to environment and personnel [1]. Damaged equipment and failing parts can result in poor quality of the work roll surface where it may not attain the correct shape and profile to tolerances required. Depending on mill demand, unexpected machine unavailability can cause further delays in the process and unplanned mill downtime if rolls are not delivered. Maintenance is considered to be an essential organization function and a critical element of asset management. Organization’s increasingly realize that they can improve their efficiency and reliability by planning maintenance interventions more effectively [2]. 
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Preventative Maintenance (PM) is known as a proactive approach. This maintenance approach ensures assets are in good working condition to deliver the results required, and also reduces the unplanned downtime and major repairs of assets. This includes the performance of inspections and services which are pre planned into work schedules to maintain the functional capabilities of the operating equipment and systems [3]. This is the chosen maintenance approach currently implemented in the roll shops for each grinding machine. Mechanical and electrical PM’s of the griding machines are scheduled around Mill major stops and single furnace operation, where there is less requirement of ground rolls to ensure production continues. This allows us to strategically plan maintenance without effecting production and incurring any losses with regards to cost. 
Effective maintenance planning is encouraged by a demanding production processes and an increasingly competitive marketplace. As a result of the demand on production, a substantial part of the total costs of industrial assets is commonly related to maintenance [4]. 

Historically, the asset PM’s in App No.2 were conducted externally by Churchill Machine Tool LTD, who are specialists in the field of grinding machines. Outsourcing the maintenance of the assets meant better qualified technical staff conducted the maintenance, allowing for internal staff to focus on other areas with the limited down time periods [5]. However, outsourcing the maintenance became a reliability issues in itself, with limited availability to carry out the maintenance inspections and the cost of outsourcing maintenance was not considered cost effective, when competent qualified staff can carry out the maintenance in house. This was noticed more so when the organizations were experiencing financial constraints and orders were only raised when required, and 12 month contracts were terminated. 

The benefits of preventative maintenance deviates form reactive or breakdown maintenance, which results in machine issues are only repaired after it has failed or the failing part is detrimental to quality of production and roll output. Quality loss, where work rolls which do not meet the tolerances with a standard grind will require rework, adding time to the process. If the machine is not capable of meeting the tolerances, shape and profile will result in downstream customer rejects. If planned maintenance is neglected the grinding machine will be out of production for a lengthy period of time which can be costly for the organisation, not only in terms of lost production, but the cost of replacement and critical spare items. 
Following the departure of outsourced maintenance, much of the required scope is now complete with competent internal staff. This includes general machine maintenance carried out by operators and engineering maintenance staff who conduct the mechanical PM’s periodically around mill outages. Predominantly cleaning and lubrication of machines Is carried out by machine operators. Additional labour (lubrication engineer) is supplied through contracting companies to complete greasing, oil and filter changes on weekly basis. 

Planned maintenance orders are generated in SAP App No.3 and are statutory and mandatory actions that must be completed. These checks must be fed back with in an appropriate time frame and individually confirmed before each order can be technically complete which ensure the safety standards and quality expectations are met. An example of this would be an emergency stop check, guard inspections and  SARCLAD (eddy current)  check, which is an online crack and bruise detection system used on work rolls. Failure of such systems can be detrimental to quality and safety. Abiding by the Provision and use of work equipment regulations 1998 (PUWER), which states “To ensure the equipment is safe for use, maintained in a safe condition and inspected to ensure it is correctly installed and does not subsequently deteriorate” [6].

Where production is paramount, mechanical PM’s must take place during periods of less demand on production due to machine availability issues caused. As a consequence of this, often they are not complete when originally planned due to ever changing targets. This can be a misconception to preventative maintenance as further wear and damage which can sometimes lead to unplanned downtime in the event of failure and hindered delivery of quality rolls. The delay of service inspections can make difficult to pre determine expected failure of components. Following a maintenance schedule can become demanding on resources (overtime, spares) and often lead to increased costs to fully implement and effective plan. The effects of poorly planned preventative maintenance, where machine availability is measured against roll output using key performance indicators highlighting breakdown or planned maintenance and the availability of ground clean rolls seen in App No.4. Additionally, historical SAP data that recognises M2 notifications where mechanical failure has affected the operation App. No.5. With the current absence of quantitative results, coupled with lack of accurate historical failure rate data, promotes the path towards condition-based maintenance from schedule preventive maintenance. These changes are best reflected in the RCM philosophy to predict when failure will occur [7].

[bookmark: _Toc131427230]2. A full evaluation of how the current approaches to maintenance could be improved

Preventive maintenance surrounds actions performed to maintain an item for its specified working conditions through strategic inspection, detection and prevention of failures. In the absence of strict PM plans this is difficult to achieve. Reliability centered maintenance (RCM) was initially developed for use in aviation industry and has shown to deliver great results. Encouraging effectiveness of this maintenance approach can be utilized within the organization to improve current maintenance practices [8]. Reliability centered maintenance is designed with the following four features in mind; preserve functions, identify failure modes that can defeat the functions, prioritise function need, select only applicable and effective tasks [9]. Focusing on maintenance needs and resources specific to the tasks that promote system reliability, safety and quality is achieved through RCM. 

Implementing RCM with the ability to pre determine the possible failure modes and the root cause of failure, also whether they can be detected can prolong the life of the machine and ensure reliability. Firstly, identifying components of the system that will compromise safety or have significant influence of increased cost due to loss of production or quality. For each significant failure mode, the selection of the maintenance task most appropriate for reducing its likelihood of occurrence or mitigating its consequences must be considered. The formation of the task list into an achievable plant schedule must be planned, and effective implementation of the schedule and sustained feedback of service data for periodic review and update carried out [10]. The optimization methods should be introduced with the aim of reducing failures, for safety reasons, and unplanned downtime, for economic reasons.

The availability of on-line monitoring technology has led to a growing interest in new maintenance techniques such as the condition based monitoring (CBM). With the capability of monitoring the system to obtain information on its condition, which can then be used to identify problems at an early stage and predict their deterioration in the future. Based on these results, a decision is taken on the next maintenance plan. This allows a dynamic approach to maintenance based on the prediction of failure to critical items, with the aim to optimise equipment life and use [11].

When considering the operation of grinding machinery, many of the components and moving parts vibrate at a variety of different frequencies, here is where dynamic monitoring of rotating parts can be implemented in the form of vibration analysis. Vibration analysis techniques allow for each critical part to be observed, where there is a change in frequency to normal operation [12]. Vibration analysis data gathered from predictive testing and inspection tasks of critical components should be used to identify the condition of components when plotted against time will yield the potential failure or P-F curve Fig.1. The curve indicates the point at which component being monitored becomes detectable. This point is indicated as the potential failure point [13]. 

[image: ]
[bookmark: _Toc131328166]Figure 1: P-F Curve [14]



[bookmark: _Toc131427231]3. A consideration of costs and resources required to implement proposed changes

Planned inspection and maintenance regimes will not benefit all components and asset life, as many parts, if failed will not have safety and economic consequences, so their failures can be disregarded. Recognizing the most critical components for asset maintenance, if carried out effectively, will help to ensure safe and cost-effective operations [13]. It is vital that any RCM procedure used should clearly define the critical components that if failed, will be critical to machine availability and quality. If the number of defined critical items are too large, there can be countless failure modes, that will become unmanageable and have significant cost implications [10]. Therefore, selection of such components critical to quality must be analyzed before implementation of such techniques following basic structure of RCM fig.2. 
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[bookmark: _Toc131328167]Figure 2: RCM structure [15]

Consequence analysis, should be conducted based on whether it is technically feasible and worth doing. A proactive task is worth doing if it reduces the consequences of the associated failure mode to an extent that justifies the direct and indirect cost of doing the task. Significant failure modes are categorized according to their consequences, which, as regards their processing in the subsequent task analysis prioritized as follows [12]; 

· Hidden functions, where there is an increase risk from other failures that applies mostly to non-fail-safe protective equipment which failure will not become evident to the operator. 
· Evident functions, where failures occur that directly affect quality and operational functions resulting in an increased use of energy, accompanied by physical effects such as noise and vibration.  
· Safety-related or environmental, a failure mode with threat to life or can seriously injure someone or a breach of environment regulations caused by the loss of function. 
· Operational: where failure can affect total output, product quality and increased operating costs in relation to the direct costs of repair 
· Non-operational: Incur only direct cost of repair which considers economical cost associated with the failure. 



[bookmark: _Toc131427232]4. Conclusions

Following the critical review of current maintenance practices, this would lead to the conclusion that current PM regimes are not stringent and do not fully ensure the reliability of operation. This was identified using the KPI machine availability and M2 notifications  clearly showing that breakdown maintenance still occurs. This may also suggest, even though statutory and mandatory inspection created through planned work orders are being complete, the safety and quality of operations may also be jeopardized through such failures. Implementing RCM with the ability to pre determine the possible failure modes and the root cause of failure through condition based monitoring could be cost effective. However, analysis of critical components should be considered as they play key role in supporting maintenance decision and the task of identifying the best maintenance policy for the specific component. 

[bookmark: _Toc131427233]5. Recommendations

Maintenance must also consider the life cycle of the parts that are used within the system. Evolution in electronic technology of grinding machine drives can leave production in a vulnerable position. New advances in technology have improved performance and obsolescence of such parts is caused when a part (material or technology) that is needed to manufacture or support a product or system is not available from existing stock or the original manufacturer for the part. Obsolescence management should be carried out, and strategies developed to the prediction, mitigation and management of obsolescence parts [16].  Management of obsolescence can be carried out with and obsolescence risk analysis. Inspecting components for potential obsolescence using resources like end-of-the-line plans from suppliers, maintenance logs, and internal systems. Recording such risks and analysing data should be considered when planning for failure and preventing downtime [17]. Upgrades and  replacement of obsolete drives should be considered to prevent loss of production when breakdown maintenance occurs and items can’t be sourced. 
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unable to grind rolls

3) WHAT IS THE CAUSE OF THE FAILURE OF THE PART? :
o

Reference object

Functional loc. 3001-320-4520-002. | EZ| PANELS AND CONTROL &
Equipment =
Assembly i
Responsibilities

Planner group 687 /3001 HOT STRIP MILL

Main WorkCtr GRS-4-E / 3001 HRP ROLL SHOP INSPECTOR ELECTRICAL
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