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[bookmark: _Toc1159777908]Introduction
This report will evaluate a piece of equipment within the manufacturing process of steel office storage equipment. Through an analysis of the current maintenance processes including why the current approach is being performed along with the benefits and the drawbacks. What possible methods can be put in place to improve the current maintenance practices, how can preventative maintenance be more beneficial, and what costs/resources will be required to implement these improvements.
[bookmark: _Toc1475593301]Company
Bisley are well known for their quality designs and products in office storage equipment eg. Lockers and filling cabinets and have been doing it successfully for the last 80 years. From their office storage equipment and have now developed a new form of product that incorporates wood and fits a more modern office style. Around 50 designs from office products or industrial toolboxes to personal storage systems including the award-winning class multi draw cabinet which has been around since 1958.



[bookmark: _Toc1945814398]Review of current Maintenance Practices
[bookmark: _Toc724952974]Equipment- How is works and Operates
The selected piece of equipment is an overhead conveyor line manufactured by Amber Industries. The process that these conveyor lines perform is moving products through a prewash station, dry off oven, powder plant and curing oven. This is the process all of Bisley’s products go through in order to be painted before final assembly and packing, including cabinet bodies, doors, and shelves, plus all other components required to be painted. The finished painted components are then transported on the same conveyor line to the final assembly department where the cabinets and components are assembled prior to packing.
The components of which are hung off in house designed hangers which are used when required by an operator. These hold the cabinets and other components onto the line and transport them above ground through the various stages of their manufacturing processes, as mentioned above. This conveyor is a loop and due to its inherited importance and number of processes that rely on this conveyor such as the powder coating and final assembly, it is required to continuously & faultlessly operate throughout the working day.
[bookmark: _Toc955205857]Current Maintenance
The current maintenance schemes in place are both reactive and preventative. This means that the technicians employed by the business and work on site need to fix and repair the equipment in the event of a breakdown and perform preventative maintenance on a 6 monthly basis. The importance of preventative maintenance is reinforced in the 2002 article Developments in Aquaculture and Fisheries Science, ‘equipment failures that cannot be quickly compensated for can lead to unacceptable consequences. Equipment that is not properly maintained will sooner or later fail.’
The Preventative maintenance requires a list of checks to be performed every 6 months and include the following:
1. Check the operation of the lubricator
2. Check the oil level of the lubricator
3. Check the condition of the main drive unit (motor and gearbox)
4. Check for damage or wear on the drive teeth mechanism
5. Check condition of guide bearings and replace if damaged or broken 
6. Check for damaged chain links and replace if required
It is important to understand why all these factors need to be monitored and maintained. The environment the conveyor must run through is constantly changing in terms of temperature and moisture. This creates very harsh conditions for the material and construction of the conveyor line to withstand and operate through every day. 
Firstly, the lubricator slowly applies a viscous and thick oil to the chain links, this should increase the lifespan of the bearing and reduce wear on the guides. Therefore, it must be checked for operation and topped up if needed. Secondly, checks for wear and fatigue to the drive unit include inspecting the motor/ gear box for general working condition and operation, also the interlocking drive teeth that mesh with the chain links for wear and damage. Thirdly the guide bearings can fail and cause increased resistance and wear to the links and guides within the conveyor system. These all need to be checked and replaced if broken, the process of which will take the most amount of time as a technician will need to activate the line and observe each bearing on the line as it performs a full lap. Finally, while a technician is observing the bearings, they will also be observing the condition of the chain links to see whether any are damaged or bent thus causing increased resistance and potentially causing a jam or the motor to trip.
[bookmark: _Toc691684450]Breakdowns
Also, the nature of the process problems can occur from a jam caused by a cabinet falling or by getting caught on material that shouldn’t be present. This will lead to the drive motor tripping out caused by a safety device designed into the conveyor system, and most likely damage a chain link. This damage will cause problems when reaching the drive unit or jam within the guides when the line changes direction. If this occurs, then the link will need to be replaced.
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Figure 1- Amber industries conveyor chain links/bearings
A cabinet falling or getting caught cannot be predicted or often seen if occurring inside one of the washing stations or ovens as these are not accessible when operational. If a jam can’t be overcome or cleared by reversing the line, then you must wait until the ovens have cooled down to safe working conditions before members of the maintenance department can enter the equipment.
[bookmark: _Toc1725512216]Rate of Failure
Before finding a solution, it is important know the severity and impact of a breakdown then you know how critical a piece of equipment is to budget an improvement. It is also wise to consider how often a breakdown occurs, this can be done using a failure rate graph. This can be explained in Gerhard Greeff 2004 book Practical E-Manufacturing and Supply Chain Management. ‘Failure rate can be defined as the anticipated number of times that an item fails in a specified period of time. It is a calculated value that provides a measure of reliability for a product’. A rate of failure graph typically looks like this below, as equipment tends to experience a higher rate of failure upon installation as it ‘beds in’ then experiences a normal rate of failure, until the equipment ages and wears out then experiences a higher rate of failure again.
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Figure 2- Bathtub diagram to show the rate of failure of a machine or equipment
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Figure 3- Equation to calculate mean time between failures
The above equations can be a useful tool for help identify the reliability for a piece of equipment and the average time between failures. Both the results can provide insight to better predict when equipment is likely to fail, but also compare and analyse the reliability to form an appropriate response and solution to further improve the equipment’s reliability.
[bookmark: _Toc728433300]Advantages
The advantages for the current method of maintenance provide a sufficient level of working efficiency and allows the maintenance technicians to perform the preventative maintenance given the circumstances of the equipment running throughout the shift with sufficient downtime allowed for the technicians to carry out the checks. By completing the preventative maintenance grants enhanced safety, increased reliability, and a longer lifespan. It also reduces the chance of failure outside of normal operating time, therefore saving the business time and resources for production purposes.
[bookmark: _Toc436471955]Disadvantages
The main disadvantage is that reactive maintenance is still common with bearings and links required to be changed due to a breakdown every 2 months, often with multiple defects found throughout the equipment. Therefore, it seems that the current preventative measures are not enough to prevent breakdowns or problems with the equipment, this will inflict further problems within the business due to the reliance on the constant operation of the conveyor line. Factors such as costs, resources and potential delays on shipping the product subsequently impact customers' relationship with the business and reputational damage to the company.
[bookmark: _Toc142355350]Why has this approach to maintenance been chosen?
The current practices with maintaining this piece of equipment were sufficient at the time of installation in 2012 when failures leading to breakdowns were uncommon. As the equipment is now 12 years old, this means the majority of the components such as the guides and main structure of the conveyor line is still all original and as a result has worn or been damaged overtime affecting the efficiency of the system and other components like the bearing and chain links throughout.
Creating a preventative maintenance checklist on a new piece of equipment doesn’t have the relevance to maintaining equipment that is 12-year-old. Components or specific parts will wear or be damaged that wouldn’t have been planned for when the equipment is new. Therefore, it would be largely beneficial to update the PM checklist to account for other factors that have come with age.
[bookmark: _Toc1405400728]How could the current Maintenance Practices be Improved?
There are multiple factors to consider when improving working practices, this includes adopting a new system of work or method of carrying out the required work. Increasing the frequency of preventative maintenance. Or finally allowing the technicians to have more to perform routine or planned maintenance, all with the goals of improving safety, prolonging the lifespan of the equipment and reducing breakdown/reactive maintenance.
[bookmark: _Toc1682235191]Condition Monitoring
To help minimise breakdowns and stoppages to production it could be wise to set up condition monitoring techniques. These could help predict when a breakdown is more likely to occur through utilising vibration measuring equipment. This will monitor vibrations when the conveyor is operating and theoretically as wear and damage occur or worsen, it will be measured and recorded in data collected by the measuring equipment. Giving the maintenance department some idea of the severity of the wear and when best to work on the equipment.
Furthermore, safety systems could be put in place for example if the vibrations measured to high then this will cause the equipment to stop, and operators or maintenance would be made aware through an illuminated light or digital interface. Also, thresholds could be set to improve the technician's ability to plan ahead to maintain the equipment and cause as little delays in production as possible. In other words, by Everett Jesse on Matrix Vibration, ‘These monitoring systems are often equipped with alarm and shutdown capabilities to help prevent machine failures. This type of monitoring uses transmitters that provide a 4 to 20 milliamp (mA) signal connected directly to the control system to monitor the vibration data.’
[bookmark: _Toc976672288]Increasing preventative maintenance
By increasing the frequency of preventative maintenance should theoretically reduce the amount of breakdown maintenance that occurs with the equipment. There will be less time where the equipment is operating with damaged links and broken bearings and thus operates efficiently.
The drawback to implementing this solution is providing the maintenance department with an increased workload through more preventative maintenance scheduled. This can potentially lead to technicians becoming overloaded with work to conduct through a normal working day. For example, other planned work or project work may have to be put on hold so that maintenance can be performed on the conveyor system.
Also, the tasks to complete the preventative maintenance need to be performed when production is not running, therefore on weekends or afternoon shift. This causes problems as employees don't want to work weekends or afternoons resulting in them possibly becoming demotivated while having to perform a routine task more frequently.
[bookmark: _Toc1884290998]More time to repair and maintain equipment
The current practice of when a breakdown occurs the bearings or damaged link is replaced. However, utilising the time and other employees could be used to conduct the checks seen on the PM or replace other damaged components. Furthermore, having more time to maintain the conveyor would also provide a reduction in the breakdowns that occur to the line. The idea for allowing the maintenance department to work on the line is up to production who will not want their line to be put on stop for work to be carried out, therefore a form of rota will be required or the line to be given to maintenance on a day where production is less busy around the time of inspection.
[bookmark: _Toc1945156168]Cost and Resources to implement Improvements
To implement the changes discussed above will require resources and both direct and indirect costs in the forms of condition monitoring equipment and relevant components. In addition, indirect costs such as reduced production and employee’s use of time that could be utilised elsewhere. A summation of which is as follows. 
[bookmark: _Toc1148071480]Condition monitoring equipment and setup
There are a variety of devices to measure vibration including seismic, audible and rotational devices which all can be used for specific equipment setups. However, in terms of measuring the vibration on the overhead convryor system it would be best to utilise the audible or seismic. A combination would provide the most accurate readings and more assumptions could be drawn to best estimate when a breakdown is likely. For example, using the audible measuring devices can identify damaged or worn bearings within the conveyor and seismic measuring can identify jams, collisions, and damaged chain links causing the conveyor system to bounce or points of higher resistance.
As seen on RS Components the prices of this equipment can range from around £600-12000. It is important to consider their application before purchasing the correct or most suitable equipment for the job at hand.
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Figure 4- Screenshot from RS components showing vibration test equipment
It is also important to consider how a technician will use the equipment, whether it will be a portable handheld device or a permanently fixed to the conveyor system. This has its advantages as it can be better integrated in the system to allow for features such as automatic warnings or stops when recording get too high. On the contrary, a handheld device can be used to take scheduled basis and used for other practices around the factory and on other equipment.
[bookmark: _Toc1999714705]Direct & Indirect Costs
Direct costs including the condition monitoring device as stated above and the price to replace the components such are links and bearings which is inexpensive. In addition, other ancillaries and hardware that may be required to install a fixed vibration monitoring device such as cables, connectors, MCBs, cable trays and crimps. All of which are also inexpensive items and required in low quantities.
The indirect costs as defined in the article ‘Direct Costs and Indirect Costs in Construction Claims’ written by Pragmatic Project Consilium- Indirect costs, also known as overhead costs, are expenses that cannot be traced directly to a specific project or cost centre but are necessary to support overall business operations.
These indirect costs will need to be considered more than direct as it is a far more complex answer. In direct costs will include the following:
· Charging the equipment (handheld)
· Down time to implement improvements (Fixed measuring devices)
· Power needed to run measuring devices
· Loss of production
[bookmark: _Toc1486914935]Resources
The resourced required to set up these improvements will consist of time, tools and staff. All technicians are trained and fully qualified to implement these forms of improvements, being installing permanent measuring equipment and accompanying equipment, increases to preventative maintenance and performing the work required to replace defective bearings and chain links. 
In terms of time, to replace a damaged link or bearings typically takes an experienced technician 2 hours, the PM can take 2-3 hours. Therefore, annually you can see that the downtime on the line has doubled.
	
	Hours for PM
	Hours to replace components
	PM frequency per Annum
	Annual time spent conducting work on line

	Before Change
	3
	2
	2
	10

	After Change
	3
	2
	4
	20


 Figure 5- Difference in the amount of time spent conducting preventative maintenance on conveyor line

Other resources include training the maintenance department in the use of the handheld measuring equipment or interpreting the data, this could also be considered as an indirect cost to the improvements. Also, the time for the technicians to record and collect the data for the vibrations on the line. This will not affect production as the line will need to be running to conducts the test but require the time for the technician which could be used in other means around the business such as project work or other breakdown maintenance, priorities will need to be set.
[bookmark: _Toc1854242830]Possible changes and implications for management
The impact of changing a standard routine in an engineering is often met with some animosity leaving some members of staff annoyed or demotivated. This will be a problem for management having to encourage their staff to uphold the working ethic and working relationships in order to keep their staff motivated. This will ensure that the work carried out is accurate and reliable to keep the equipment operating efficiently and effectively.

[bookmark: _Toc250560646]Conclusions and Recommendations
To conclude this report into improving a piece of working equipment from a maintenance point of view and discussing different maintenance strategies. It is always in a business's best interest to avoid breakdown maintenance which is why preventative maintenance is critical to keep aging equipment running. However, it is important that the preventive maintenance stays relevant as the equipment gets older as problems can arise that were overlooked when it was installed. This can and should be done by implementing new strategies and methods of working, such as discussed with condition monitor equipment, while considering the associated direct and indirect costs involved with utilising the new equipment and/or increasing the PM frequency. Also, while keeping the staff motivated and minimising delays and stoppages to production.
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