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[bookmark: _Toc131429874]Introduction
This project is being conducted within a UK armament facility. The business provides a full range of munitions predominantly to the UK MOD as part of the Next Generation Munitions Solution (NGMS). This document discusses an evaluation of the current maintenance strategy of the propellant tying machines.
There are four tying machines, used separately and simultaneously to meet production demands. The machines are as pictured in Figure 1 and are originally for use in the food industry for tying meat, but they have been repurposed for this activity.
The maintenance strategy for these machines is now due for review.
[bookmark: _Toc131429875]Aims
· Review current maintenance strategy.
· Complete a reliability centred maintenance (RCM) activity along with table.
· Suggest updated maintenance strategy.
· Review cost implications of new strategy implementation.
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[bookmark: _Toc131421374]	Figure 1) Tying Machine
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[bookmark: _Toc131429876]Critical Review of Current Maintenance Practices
[bookmark: _Toc131429877]What does the equipment do and how does it work?
As mentioned in Section 1, the tying machines are used to tie together bundles of propellant. This is to allow the bundles to be easily packaged and placed into relevant bags.
The machine works by placing a bundle of a known weight in the centre of the machine and pressing a foot pedal to activate the mechanism.
There is then a motor and gearbox connected to a drive belt and rotates the ‘winding mechanism’, made up of rollers, pivot points and two tensioners. This rotates a reel of string around the bundle through a small slot that allows the string to complete a full 360-degree rotation (shown in Figure 2).
The winding mechanism completes two full circles around the bundle before the knotting mechanism, figure 3, ties the string into a knot and cuts off the excess.
The knotting mechanism is a standalone unit inside the machine with its own motor, gearbox, and drive belt. The system works using cams, gears and bearings to provide consistent timings.
This process is completed in different positions between 3 and 12 times per bundle depending on the size and propellant type.
There are also safety interlock sensors to stop the machine from being run whilst it is open, along with an emergency stop.
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[bookmark: _Toc131421375]	Figure 2) Slot for String on Tying Machine
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[bookmark: _Toc131421376]Figure 3) Knotting Unit

[bookmark: _Toc131429878]Current Maintenance Practices
Currently, the maintenance strategy consists of a short planned maintenance schedule which is then accompanied by a focus on corrective and reactive maintenance in the case of any breakdowns or issues with the equipment.
The site uses decentralised maintenance teams. This means that there are multiple teams, and each are ‘assigned to departments or buildings within a facility and are independently responsible for their own services’ (Maintenx, 2018). The mechanical maintenance team local to this building are responsible for the maintenance of the tying machines.
The planned maintenance schedule has been adopted from the manufacturer’s instruction manual. However, there have also been notable cases of downtime with the machines in recent months which suggest that the current maintenance strategy may not be suitable.









The current maintenance plan is as follows (Tye-O-Matic):
	Component
	Interval
	Action

	Knotting unit
	After every cleaning
	Oil sliding surfaces and moving parts on the knotting unit with food-compatible lubricating oil

	Knotting unit
	Weekly when cleaning with a high-pressure cleaner, after every cleaning
	Grease lubricating points with food-compatible grease.

	Blade of knotting unit cutter
	Weekly
	Inspect cutting quality, turn blade or replace where necessary


[bookmark: _Toc131421371][bookmark: _Toc441658403]Table 1) Current Maintenance Plan
This maintenance schedule is very frequent; however, it only focusses on lubricating the knotting unit and does not include any maintenance on the winding mechanism or the safety systems.
The routine cleaning operations are completed by production and have been deemed out of scope. For reference, the cleans are completed once at the end of a production day and include a very brief wipe down of the machine after use.
The main positive from the current maintenance plan is that the knotting unit should always be well greased, and the blade is regularly checked for a good cutting surface. This should reduce wear in the knotting unit and help to identify cutting issues before they affect production.
The main issues with this maintenance plan are that there are large gaps where things have not been taken into consideration. Due to this, most of the components on the machine would currently run to failure with little to no warning and have a shorter life span than if they were properly maintained.
It should also be investigated to see what other greases would be compatible as there is no requirement for them to be food-compatible for this application. It is possible that a longer lasting, more effective grease could be used.
It is worth noting that the tying machines were rushed into production use due to their requirement. For this reason, the maintenance strategy has not been reviewed until now, hence why it appears to be insufficient.



[bookmark: _Toc131429879]How Can the Maintenance Strategy be Improved?
[bookmark: _Toc131429880]Improving the Planned Maintenance Schedule
Due to the incomprehensive planned maintenance (PM) schedule currently in place, there is a need for a significant amount of reactive maintenance. In order to improve the maintenance strategy, the PM schedule needs to encompass far more of the components on the machine so that it is less likely that something breaks unexpectedly causing a long breakdown or an injury to an operator.
To properly review the maintenance tasks that should be undertaken on the tying machines, a short RCM activity was undertaken. 
‘Reliability centered maintenance (RCM) is a process used to determine activities to be taken to ensure an asset continues to perform asset's function in asset's present operating context by identifying asset's function, failure modes that could preclude performing asset's intended function, prioritizing failure modes and determining effective preventative maintenance tasks that can be cost effectively and efficiently implemented to reduce the likelihood of a failure.’ (Geisbush & Ariaratnam, 2022)
From this definition, the tying machine was assessed and each part that could have a detrimental effect on the machine’s function was scrutinised to determine the potential failure modes, how often the failures were likely to occur and what preventative actions could be taken to minimise the risk of failure in a cost-effective way.
An estimated mean time to failure has been used for each failure mode. Meant time to failure (MTTF), safety (SHE) and operational scores show the respective severity of a failure. These scores range between 1 to 5 with 1 being very minor (or a long MTTF) and 5 being multiple casualties for safety and a large number of down days for operational (or a very short MTTF).
The results of this are shown in Table 2.
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	Failure Mode and Supporting Info
	Probable MTTF
	SHE
	Operational
	Failure Management Action
(FMA)
	Work Group
	PM Task Frequency
	Probable MTTF (After FMA)
	SHE (After FMA)
	Ops (After FMA)

	Failure of winding mechanism motor / gearbox unit.
	2
	1
	3
	Check winding mechanism gearbox for leaks.
	Mech Maint
	12 Monthly
	2
	1
	1

	Failure of winding mechanism drive belt.
	3
	1
	2
	Check condition and tension of winding mechanism drive belts.
	Mech Maint
	1 Monthly
	3
	1
	1

	Failure of winding mechanism due to bearing failure in pivots / rollers.
	3
	1
	2
	Check winding mechanism rollers, spools and pivot points for wear / seizure / security of fasteners.
	Mech Maint
	1 Monthly
	3
	1
	1

	Failure of knotter motor / gearbox unit.
	2
	1
	3
	Check knotting mechanism gearbox for oil leaks.
	Mech Maint
	12 Monthly
	2
	1
	1

	Failure of knotter drive belt
	3
	1
	2
	Check condition and tension of knotting mechanism drive belts.
	
	1 Monthly
	3
	1
	1

	Failure of knotting mechanism due to wear of cams / gears / bearings.
~ Wear will be accelerated due to accumulation of debris from cutting operation.
~ Spare unit held which can be rebuilt offline in event of failure.
	3
	1
	3
	Check for evidence of excessive wear in knotting unit internal components. Clean as required. Apply grease to surfaces and all grease points. Check timing.
Clean debris from vicinity of knotting unit. (1W)
	Mech Maint
	1 Monthly
	3
	1
	1

	Wear or damage to tooling / blade

	4
	1
	3
	Check for damage / wear of blade. Turn blade or replace as necessary.
	Mech Maint
	1 Weekly
	4
	1
	1

	Failure of guard support struts due to gas leak.
~ Could result in injury if guards fall.
	2
	3
	2
	Check condition and function of gas struts supporting guard.
	Mech Maint
	1 Monthly
	2
	1
	1

	Failure of guards due to loose fasteners / panel damage.
~ Could compromise protection of operator from moving machinery.
~ Layer of protection against ignition consequences due to potential for propellant crushing by moving machinery (extremely unlikely event)
	2
	4
	2
	Check condition and function of guarding panels / fasteners.
	Mech Maint
	1 Monthly
	2
	1
	1

	Failure of guard switch.
~ Unrevealed failure extremely unlikely due to safety circuit design.
~ Layer of protection against ignition consequences.
	1
	4
	2
	Function test guard switches (x2)
	Mech Maint
	6 Monthly
	1
	1
	2

	Failure of emergency stop.
~ Assume worst case consequences if used to stop machine to prevent harm / ignition.
~ Unrevealed failure extremely unlikely due to safety circuit design.
	1
	4
	2
	Function test emergency stop
	Mech Maint
	1 Monthly
	1
	1
	2


[bookmark: _Toc131421372]Table 2) RCM Findings
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[bookmark: _Toc131429881]Reliability Centred Maintenance Review
As expected, the RCM highlighted far more failure modes than were managed in the operating manual’s maintenance plan. 
The new PM schedule would be made up of the failure mode actions from Table 2 with their associated PM task frequencies. These are determined using the scores given for MTTF, SHE, and Ops. It would also include the maintenance tasks included in the operating manual.
This would help move to a more proactive condition monitoring strategy that can be completed outside of operational hours, rather than the current plan which often calls for maintenance resources at peak times.
This maintenance strategy also revolves around lots of small and quick checks that should not take a long time to complete but will allow for corrective work to take place prior to the failure.
There is, however, a cost associated with implementing this new maintenance strategy.



[bookmark: _Toc131429882]What is the Cost of Implementing the Proposed Changes?
Firstly, there was an initial cost of completing the reliability centred maintenance activity. This took around 4 hours for 3 people. Assuming each person involved was on a wage of £15/h, this equates to £180 just for the initial activity. If this were to be done on larger equipment in the future, this activity could take weeks and this cost would then increase exponentially.
There is then a need for the new maintenance strategy to be approved through the ‘control of change’ system. This is ‘to ensure that all changes are reviewed by all relevant stakeholders before they are put into practice to prevent the implementation of incorrect or unsuitable updates to processes and/or documents’ (UK Armament Company, 2021).
This is quite an extensive process that requires a substantial number of resources to ensure that all relevant personnel have reviewed the proposed changes and are happy that they will not have a detrimental effect on the business.
First, a report to justify the changes will be produced by the proposer. The supporting documentation will then need to be completed and uploaded together into the change system. From that point, the relevant stakeholders are selected and informed.
Each stakeholder then must review all documents relevant to them and approve or deny the change. If something is overlooked and the change is denied, the process must be restarted from the beginning. This is at a large cost to the company but is in place to ensure no poor changes are implemented.
It is difficult to estimate the cost of change but to do so you should consider:
· Human resource cost
· Training cost
· Communications cost
· Travel cost (where necessary)
· Time
· Technology adoption cost (server rental, network costs etc.)
(Abbas, 2022)
Once change approval is obtained, the new maintenance schedule must be added to the SAP system. This is a relatively short task but is performed by a super user whose time is valuable to the company in other areas. It is therefore necessary to ensure that everything is correct before submission so that this does not need to be repeated.
There is then also a need for training the maintenance personnel to make sure they are all completing the new maintenance tasks in the same way for a consistent maintenance strategy. 
Materials and spares must also be considered to ensure that they are in stock, or obtainable in a reasonable time, in case they need to be replaced. For example, drive belts and blades for the tying machines.
There should however also be some cost benefits. The first of these is that there should be fewer breakdowns and less downtime during normal production hours as the issues should be identified before they fail in most cases.
As maintenance work longer hours than production, the tying machines will not need to be taken out of service for the planned maintenance to be completed. This means there is no loss of sales or production worker idle time for the preventative maintenance.


[bookmark: _Toc131429883]Conclusion
It is clear that the new maintenance plan is more comprehensive and thorough than the previous strategy. It should also lead to more uptime and better production efficiency.
For this reason, it should be beneficial to proceed with the control of change documentation and introduce the new schedule for use by the mechanical maintenance team.
It would be unrealistic to suggest that this will eliminate the breakdowns but many of the issues concerning cams, gears, bearings and rollers should be highlighted and rectified before they become an issue for production.
Another suggestion would be to monitor the new mean time between failures and mean time to failure for specific parts with respect to the values before the changes were put into place. This could be used to highlight any more long term changes that could be made to further reduce downtime.
For example, if the gearboxes are having issues more than once a year, the PM task frequency could be reduced to 6 months to try to capture these failures before they have an effect on the user.
Another thing to monitor could be to measure the mean time to repair and utilisation of the decentralised maintenance units. The change to a centralised maintenance department has been previously discussed as it would allow for better control and response times as all maintenance personnel would be capable of fixing the same machinery. This would however have an associated training cost and would therefore need to be investigated in more detail.
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