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Introduction
In the world of plant asset engineering, where machinery and equipment drive industrial processes, the significance of maintenance cannot be overstated. Effective maintenance practices are the foundation of ensuring the reliability and optimal performance of critical assets within industrial plants. 
Goals of plant asset engineering are to maximize asset availability, minimise downtime and optimize operational efficiency. Achieving these objectives requires an enthusiasm for maintenance which will utilise preventive, predictive, and/or proactive strategies. Effective maintenance not only ensures the smooth functioning of equipment but also contributes to workplace safety, regulatory compliance, and overall profitability. 
This report will investigate how a current method of maintenance could be improved at Vale, in this case, the maintenance regime which is currently in place for the forced draught(FD) fans that are essential pieces of equipment located at the Process Gas Plant(PGP).




Current Regime
Located at the PGP, the FD fans play a critical role in the process by supplying the reformer burners with air which is then mixed with a natural gas supply to provide combustion to heat the furnace to the required temperature(860°C). The FD fans are powered by 11kw motors which are then connected to fans via a driveshaft and 2 pillow block bearings. These fans run continuous to supply air to the reformer until the PGP is shut down for its annual maintenance, one fan is sufficient to run the PGP to around 75% of its output capacity with both fans being required to reach 100% output.
Recently, the FD fans have had two bearing failures, the first leading to a plant trip, due to insufficient burner air being detected, which halted production for approximately five hours and came at a great financial cost. The second failure was spotted early enough to bring the fan offline in a controlled manner, however still effecting production rates as the PGP could now only output at 75%.
The existing maintenance regime for the FD fans entails a monthly routine check, primarily comprising visual inspections and bearing temperature readings conducted using a thermal imaging gun. However, this approach is basic in nature and has several limitations as currently the regime fails to offer an accurate assessment of the bearings and shafts' conditions, and with bearings having the highest probability of failure, with only 10% reaching the end of their lifespan (Soto-Ocampo, Mera, Cano-Moreno, & Garcia-Bernardo, 2020) this is not ideal. Whilst visual inspections can identify obvious damage or signs of wear, they may not reveal underlying issues such as bearing degradation or fan misalignment which is supported by (Yarnold & Dubbs, 2015) who state that visual inspections are the most common method to asses bearings and equipment but these fall short in terms of their success, this approach relies on detecting visible damage and overlooks the potential internal mechanical problems. Bearing temperature checks are useful and offer an insight into bearing condition, however their effectiveness may be limited by several factors. Temperature readings obtained with a thermal gun may vary depending on factors like sensor placement, operator technique, and environmental conditions.
It is clear that the current maintenance regime for the FD fans at the PGP is predominantly reactive in nature. Reactive maintenance, which refers to a maintenance strategy where equipment is only repaired or maintained after it has failed, can lead to costly downtime, production losses, and safety risks and as (Girdhar & Scheffer, 2004) state, the maintenance department operate in a ‘crisis management’ mode. Reactive maintenance can also lead to higher maintenance costs as emergency repairs and replacement parts are typically more expensive than planned maintenance. 
This simplistic maintenance approach for the fans is likely a result of their usually reliable nature, with the two recent failures being rare, but also their longstanding presence alongside the reformer design, which has been established for several decades. During this time, more advanced maintenance methods or tools may not have been readily available, and consequently, the maintenance regime has not been revisited to be improved alongside technology and equipment now available.


Improved Strategy
To improve on the current maintenance regime for the FD fans it would be highly beneficial to introduce condition monitoring techniques which will continuously monitor the condition of the equipment and can be utilised to provide warning when issues start to arise, techniques such as vibration analysis and continuous thermography readings could be utilised to become a predictive maintenance regime. “Predictive maintenance is basically a condition driven preventative maintenance” (Girdhar & Scheffer, 2004) and aims to approximate the time equipment will fail by monitoring mechanical condition and equipment efficiency. The predictive maintenance approach  aims to reduce maintenance costs and enhance equipment reliability.
Vibration , which is deemed one of the most effective ways to detect mechanical defects (Girdhar & Scheffer, 2004), could be used to detect early signs of bearing wear, misalignment, or unbalance, providing proactive insights into equipment condition. Thermal measurements can detect abnormal temperature patterns on the equipment, which would highlight attention to bearing faults or mechanical abnormalities.
Vibration analysis on equipment has been in use for quite some time for early fault detection, however, the systems available were rudimentary, required specially trained personnel to collect and interpret the collected data, and the equipment required was costly. Since then, vibration analysis can be found across a broad range of industries due to the competitive cost of the sensors and equipment needed, and in more recent years with the inception of artificial intelligence (AI) it will undoubtedly become even more increasingly popular. 
Vibration analysis works by measuring vibrations and noise of machinery and equipment to determine their operating conditions (Carlos, Correa, & Guzman, 2020), continuous conditional monitoring is then also in place to determine if the noise and/or vibrations increase. Data collection could be completed with the use of accelerometers, a type of transducer, which are placed at specific points of equipment to detect and measure vibrations. The signals that these sensors detect would be processed, often amplified, and converted to analogue or digital signals so they can be analysed. A reference point, or baseline, for the equipment is then be achieved to determine how much vibration and noise is detected whilst the machinery is operating well (Smith, 1989), whilst continuously monitoring the system live data will be analysed to identify any differences in vibrations detected, any abnormalities would be indicative of potential faults or degradation in the machinery, see figure 1 for a basic flow diagram of how vibration analysis would be completed.
These vibration analysis results could be fed back into the current IA system which is used to control the PGP. Early fault detection alarms could be introduced to the system so that when the vibration analysis levels hit certain points, alarms could be triggered to inform the operator that a potential issue is arising, the maintenance department could then be informed to plan an investigation to determine if the equipment is starting to fail.
Another method of maintenance which would help move toward a predictive approach would be to monitor the bearing temperature continuously rather than at specific time periods as currently implemented. This could be achieved by introducing temperature sensors at the bearing housings which would measure the bearing temperatures, these could then be fed back into the PGP IA system and displayed on the reformer control screens so operators can see the temperatures and view their trends to monitor if the temperature has been changing. Alarms could also be configured for these temperatures to highlight raising temperatures being detected which would provide early warning to operators and maintenance that an issue could be developing with the fans.
A trial was completed by (Nembharda, Sinhaa, Pinkertonb, & Elbhbaha, 2013) to develop a simplified fault diagnosis for rotating equipment, within this they highlight that "Trials show that supplementing vibration data with temperature measurements gives better separation of healthy and faulty data, allowing clearer diagnosis of faults when compared with vibration data alone.”. This supports the theory that the PGP would benefit from using both vibration data and thermal measurements to improve their current system.
Introducing vibration analysis and thermal monitoring of bearings as part of a predictive maintenance strategy would lead to a reduction of manpower required for the previous routine checks. Unlike the original approach that relies on periodic visual inspections and manual temperature readings, the new system would provide conditional monitoring, which would result in real-time detection of potential issues. By automating these monitoring processes, maintenance personnel can be utilised more efficiently, focusing on other vital maintenance tasks across the site. This shift from reactive to predictive maintenance would enhance asset reliability but also boost overall efficiency and productivity of not only the PGP but elsewhere across the site as more maintenance tasks can be completed.
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Figure 1 – Vibration Analysis Flow Chart, Rahiman, W, viewed 01/04/2024, https://www.hindawi.com/journals/sv/2021/9469318/

Implementing vibration analysis and temperature monitoring for the FD fans would undoubtedly incur costs, which can vary based on factors such as the type of equipment chosen and the desired level of accuracy. Three main types of sensors or transducers commonly used for this purpose are accelerometers, velocity sensors, and displacement sensors, which depending on selection can range from hundreds to thousands of pounds. This is also the same for the signal processing stage, the three methods to choose from, being time domain, frequency domain and time-frequency domain, which each have their advantages will incur different levels of cost, and the most sufficient for an affordable cost must be chosen.
Additionally, improvements to the system would need to be upgraded either during the annual shutdown, or the PGP has two reformers with only ever one running at one time, the offline reformer could be upgraded, with the second reformer being upgraded next time it is brought offline. These upgrades would require labour resources for installation and integration into existing systems. Furthermore, there would be additional costs associated with training staff on how to effectively operate and interpret data from the new equipment, ensuring its optimal use and maximising the benefits of predictive maintenance strategies.

Conclusion
To conclude, the current maintenance regime for the forced draft (FD) fans at the PGP, relying primarily on periodic visual inspections and manual bearing temperature checks, is essentially reactive in nature and presents several limitations. Reactive maintenance, while common in many industries, are prone to issues such as unexpected downtime, production losses, and increased maintenance costs. The recent occurrences of bearing failures resulting in plant trips highlight the need for a shift towards a predictive maintenance approach.
Moving towards a predictive maintenance strategy, utilising techniques such as vibration analysis and continuous temperature monitoring, holds great potential for mitigating the risks associated with reactive maintenance. By using the power of data analytics and condition monitoring technologies, early signs of failures could be detected, allowing for timely interventions and planned maintenance activities. This proactive approach not only minimises unplanned downtime and production interruptions but also optimises equipment reliability and potentially extends equipment lifespan.
While the transition to a predictive maintenance strategy may involve initial investments in equipment upgrades, installation, and training, the long-term benefits far outweigh the costs. By adopting predictive maintenance practices, the PGP can significantly reduce the likelihood of costly plant trips and associated production losses, thereby enhancing operational efficiency. 
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