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Introduction
This report examinates a maintenance plan which has been in the current CCMS at Vale’ Europe Ltd. since at least 2014 and has not been review recently. The need for a Risk Control systems which implements a regime where an inspection is continuously audited and reviewed is highlighted and, the level of detail to facilitate this system is identified. It shall be shown that an investment in good maintenance planning  allows for accurate recording of plant history, helping to create Key Performance Indicators that provide accurate information to the maintenance team, to avoid the catastrophic failure of aging plant.
Critical Review
A Motor Generator (MG) Set is energized with a 3.3KV Alternative Current (AC) Voltage which, alternates at a frequency of 50Hz, to produce a Direct Current (DC) Voltage which, supplies electrical energy to a DC motor. The motor continually rotates a vessel which is 35m long and has a diameter of 8m which Nickel ore. An AC induction motor is provided with an AC voltage which rotates a drive shaft coupled to a generator that produces a DC Voltage. The components of a motor of this type can be simplified into eight parts (Figure 1), the working principle of the motor shall be explained by considering the Stator and Rotor. 
The Stator is embedded within the Motor Frame, it contains coils that are made from Copper, called Windings. When an AC Voltage is applied to the Windings, an electrical current flows through the Copper  creating a magnetic field. The polarity of the magnetic field is determined by the magnitude and direction of the AC Voltage, when in the positive domain the field shall have a South magnetic pole, when in the negative domain, it shall have a North magnetic pole.  The frequency rating of an AC Voltage specifies how many times the direction of the voltage changes between the positive and negative domain every second. In this case, the supply voltage for the AC motor changes polarity 50 times a second .  
The Rotor, another component, is the rotating part of the motor which also has Windings that produce magnetic fields. It is positioned inside the stator and held in place with bearings which are pressed into either side of the Motor Frame, a gap between the Stator allows the Rotor to spin freely. The provision of an AC Voltage to the Rotor Windings during rotation requires Carbon Brushes and Commutator assembly.

Figure 1, Components of an AC induction Motor 
The Commutator is a Copper plate which is segmented, allowing a path for electrical current to flow to each of the Rotor windings. Carbon brushes are positions so that they are held against the surface of the commutator (Figure 2), creating a low resistance connection enabling the continuous supply of electricity to the Rotor Windings when the Rotor spins. As the Rotor spins, the divided Commutator plate acts as a switch when the Brush passes over its surface, this is an important function of the Brush and Commutator assembly because it provides a means for continually revering the polarity of the magnetic field ensuring that as a magnetic field associated with the Rotor enters the vicinity of a magnetic field associated with the Stator they are always at magnetic polar opposites, repelling each other to provide the rotational motion required for a motor .    

Figure 2, An AC motor's Brush and commutator assembly 
Resistance is present between the contact surface of the Brush and Commutator which creates friction during operation, resulting in erosion of Carbon from the Brush. If Carbon is eroded to the point where an electrical resistance limits the amount of voltage available to the Rotor Windings, an increased amount of electrical Current will be drawn which, could have the potential to electrically overload the design capability of the system. When a system is overloaded in this manner, heat is generated causing damage to components and, to the integrity of the cable infrastructure ensuing a catastrophic failure . A failure of this magnitude, will initiate a process shutdown for the replacement of the MG set which will take 48 hours and will incur a production loss of $2,000,000 CAD, .
There is a systematic maintenance plan that is performed each week by an Electrical Technician (Figure 5), which will instruct a technician to stop and electrically isolate the MG set before measuring the Carbon that remains on each Brush, if no remedial work is required downtime will approximately be 1 hour. When the Carbon on the Brush is low, the technician is to replace the Brush before returning to service incurring additional downtime. This approach is intended to, enhance safety, increase reliability and, increase the equipment’s life span however, to complete, the equipment will need to be isolated for an hour, doing this contradicts the intention of a good maintenance plan by increasing downtime but, also introduces a quality defect to the product the equipment is being used to manufacture. The current strategy seems to be a combination of two of the three main types of maintenance strategies, Preventive and Reactive but, we believe that an opportunity to reduce cost of maintenance with a reduction to production losses can be made if a Predictive strategy type is also incorporated . Predictive maintenance can use data which has been collected from conditional based monitoring instruments which, is analysed to predict an opportune time to intervene and perform preventative maintenance . We believe that this strategy has not been considered previously because the current maintenance regime predates the 4th industrial revolution which brought with it the tools and the knowledge necessary to facilitate such a regime .
Evaluation
The current maintenance regime can be considered to be an inspection whereby the expectation is that a Brush is determined to be either functional or, that it has failed. When a failure has been detected it is replaced immediately, at this time the inspection becomes a breakdown, incurring additional downtime to resource replacement components and, to effect the repair. Figure 3 shows a Pareto Chart of the; number of breakdown maintenance work orders that have been created in the CCMS since 2014, it can be seen that the primary failure mode for the MG set is the necessary replacement of Carbon brushes that have become worn beyond their use - a caveat to this that all repairs might not have been created in the CCMS. The data shall be used to suggest improvements to the existing maintenance regime by exploring new technology and, using current tools available to the Electrical Technician. 

Figure 3, Pareto of MG Set Failures
It is not economical to routinely shutdown business critical equipment to perform inspections therefore, we must try and forecast when failures may occur and in doing so only intervene for a maintenance shutdown just before the predicted time of failure. An approximate prediction of a failure can be made with a calculation of the Mean Time Between Failures (Equation 1), by using the data taken from the CCMS and, by making the following assumptions. 
The MG set was continuously operational for the duration of the dataset (85,032 hours).
The Material for each Carbon Brush had consistent properties.
All failures were recorded in the CMMS (27 instances).
The MG set requires a set of 36 Brushes to function 
All Brushes are changed during the execution of each breakdown work order. 
Equation 1, MTBF for MG Set Carbon Brushes




 





We find that we can approximate the MTBF to be 71.54 days, from this we could adjust the frequency of the maintenance plan to a conservative 56 days, mitigating the need to complete a 7 day maintenance inspection. However, we have relied heavily on assumptions to arrive at this conclusion, one of which; is the believe that the MG Set receives a maximised repair, this is not true because the Commutator and Brush Holders remain  as original components; another being that the suddenness of the failure is gradual. The afore mentioned strategy does not consider the need of the equipment therefore, a certain amount of ambiguity will remain when defining the scope of maintenance for an intervention. Determining a maintenance scope helps to ensure that the equipment receives the maintenance it needs, to do so; a condition based monitoring regime could be used to replace or, to supplement the existing maintenance regime. So that it is adequate to replace the existing maintenance regime, a capital investment would afford the installation of an online continuous monitoring system (Appendix A), which would offer an instant update on the conditional status of each Brush and, log data at per-determined frequencies enabling a precise trend of wear rates. The system, also could provide an autonomous alarm which could signal to an operator that; a maintenance  intervention is required earlier than expected. To supplement the existing maintenance regime, an improvement to the existing maintenance instruction could be made by requesting the electrical technician who completes the inspection to; collect and log measurements of the material left on each Brush in an Excel Workbook. The data would then provide a trend (Figure 4), for each Brush as the material wears towards the minimum allowable measurement (25mm), of Carbon giving a good approximation of when an intervention should take place. The example shown in Figure 4 provides a reliable date for intervention after six weeks of data logging hence, it can be argued that recording data for four weeks from 10 is wasted time.

Figure 4, a line graph depicting length of carbon that remains on each brush
Cost Appraisal
Implementation of an online continuous monitoring system will cost approximately £10,000 , and, will provide both direct and indirect cost benefits. Maintenance activities will be reduced significantly and, at a cost of £90 per hour , for an electrical technician, accumulating to a saving of £4680 per year however, because this system will monitor critical equipment, it will need to have its own maintenance regime for the system to be calibration against a reference standard which will confirm repeatability, this would be a non-intrusive task and, could be performed by a Process Operator therefore, less costly. The indirect cost savings are made by maximising equipment availability and, guaranteeing the quality of the product has not been compromised. Both direct and indirect costs could be realised through the intervention method but this would not be to the extent of the online method as downtime would still be necessary to take measurements.
Conclusion
The investment in technology which provides continuous conditional monitoring of critical equipment is a necessity for any business to ensure it remains operational. However, as we have suggested condition based monitoring could be implemented without capital investment by instructing (Figure 6), an Electrical Technician to record measurements taken during each intervention and, over time, the dataset shall be able to predict an approximate failure date. As confidence increases, as the dataset grows, the frequency of interventions maybe extended but, this method will not be as accurate as the online system. It has been seen that the initial capital investment to install an online monitoring system shall have a repay period of 26 months. 
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Appendix B


Figure 5, Curent Maintenance Instruction
 

Appendix C

Figure 6, Proposed Maintenance Instruction
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