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This report will focus on the maintenance and reliability of the Key Assets on the UK Rail network. These assets are the Points/Point Machines. These Points allow Rail Vehicles (Passenger & Freight Trains, and Heavy Plant Vehicles) to transition between adjacent lines smoothly. Points rank as one of the highest priority assets for the company, because when they fail, they can cause the most significant delays for timetabled train movements. Delays caused by Rail Infrastructure failure are billed to the Rail Infrastructure Manager (RIM), and can exceed £1000 per minute, per train. This report will analyse what is possibly wrong with current scheduling, what negative impact this has on the company, and what can be done to improve the current approach to system maintenance.
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Point Machines in Wales consist of three main types, and all share the same common baseplate (slide chair).
High Performance Switch Systems (HPSS) – A modular, powerful system, for utilisation in areas with Highspeed Turnouts (Junctions) and High-Traffic Areas (For reliability) 
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[bookmark: _Toc131364116]Figure 1 HPSS point machine.

Rail Clamp Point Locks (RCPL’s) Electro-Mechanical & Hydraulic System which utilises hydraulic rams (Actuators) to not only drive switch blades across the mouth (toe) of the switch, but also to engage the mechanical lock. Favoured because the point is electrically detected in both the ‘open and ‘closed’ positions. 
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[bookmark: _Toc131364117]Figure 2 RCPL point machine.
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Description automatically generated]HW2000 Point machines – A tried and tested unit which is an improvement of previous 73 & HW1000 machines. A rectangular machine comprising of gears and sliders that are electrically driven but mechanically linked to drive switch blades from one side to the other. Favoured for their simplicity and reliability, however, they do not perform as well as HPSS in high speed & high traffic areas due to their movement requiring convoluted linkages (back drives). 








[bookmark: _Toc131364118]Figure 3 HW2000 point machine.
All Point Switches (the tapered section of rail the moves left and right) slide on a combination of flat Iron/polymer plates (Chairs) and Rollers (Steel Roller Bearings) These are replicated across the network and have little variation worldwide.
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[bookmark: _Toc131364119]Figure 4 Slide chairs and rollers
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At the moment every set of Points are subject to three types of Planned Maintenance (PM) scheduling, Annual Service, Quarterly Service and a Facing Point Lock (FPL) Test. 
· Annual Services (every 365 days) include the following; Cleaning & Lubrication, Visual & Physical Measurements/Inspections, Minor Adjustments (Major adjustment factored as extra time), Electrical Measurement, Testing and Calibration of the system, Mechanical Lock testing (Legal Requirement).

· Quarterly Services (every 90 days) is the same as above, just without Electrical Measurement & Testing. 

· FPL Testing (1x Specific test of the mechanical lock, every 90 days (45 days out of sequence with Quarterly service, Legal Requirement), This service is carried out by the Faulting Teams (24hr cover teams, day or night)
Maintenance carried out by these teams is a type of a De-Centralised Maintenance, since the systems cannot be removed from site, and the asset is part of the UK RIM. However, when new equipment is installed by a 3rd party contractor, it is maintenance/faults are dealt with by said party for 2 years. This could be recognised as a type of Centralised Maintenance.
The Annual and Quarterly services are a thorough inspection and rejuvenation of the asset. The benefits of the Annual includes the electrical measurement of the motor/drive for the system. All readings are recorded, and data checked against maintenance standards (thresholds) any readings found to be outside of these parameters are rectified or escalated appropriately in order to replace worn/defective parts.
These services have been part of the maintenance regime for many years, the timescales were a merger of suggested wear and maintenance standards of previous, legacy equipment and recommendations from Manufactures. However, in the last 2/3 years, failure rates for these assets have increased, leading to more delays than previously experienced. The most common failure modes boil down to the requirement for extra cleaning and lubrication between PM Schedules (detailed below).
The failure modes have been highlighted by the Remote Condition Monitoring Software that is installed on the majority of the assets across the route. The RCM is housed in the Regional Control Centre and is assessed by a dedicated team. Each Point’s motor current is monitored and graphically represented in the RCM Software (See below). The RCM software alerts the team to faults using threshold data. If a motor is not working effectively or over-working, the system will see a rise/drop in current that falls outside of these thresholds and will send an alarm to the RCM Team. The Alarms are scaled using a ‘Traffic Light’ system, Green being OK, Amber being less than adequate, and Red being High Priority – Attend Immediately. The RCM Team then contact the local S&T Faulting Team to attend and rectify the issues.
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[bookmark: _Toc131364120]Figure 5 RCM Graph
(Example of an RCM Graph, the red line shows the rise in current due to increased friction from contamination.)
Installing brand new equipment to replace current assets, which are not outdated would be very expensive, but I believe improvements could be made to the scheduling to increase reliability, reduce down-time, therefore cutting delays and costs.
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Description automatically generated]75% of the faults in the last 12 months has been attributed to Dry/Dirty Slide Chairs. This shows that internally, for all systems, the PM that occurs, helps to deter/prevent any internal motor issues. So, the only factor that seems to be affecting the Points Systems, appears to be the equipment that is subject to the worst of the weather and Dirt/Contamination from Rail Vehicles, the Switch Blade Slide Chairs. The only way to prevent faults such as this/improve performance, would be to increase the number of visits to the site to clean and lubricate the slide chairs, as weather conditions are not the issue, it is the vehicles causing the contamination, a factor that is unavoidable.

[bookmark: _Toc131364121][image: ]Figure 6 Deposited sand from Freight vehicle, causing excess friction.                    

[bookmark: _Toc131364122]Figure 7 Example of a Clean chair underneath the contamination build-up.
[bookmark: _Toc131364105]Rectification and Mitigation could be utilised in two ways.

1. Schedule more PM between Annuals/Quarterlies to specifically clean and lubricate the system. Reports from Fault teams that visit, show that there is build-up of Sand and Grit from Freight Trains, which also use the same points as the Passenger trains. This Sand and Grit, coupled with the Oil and Diesel from the vehicles, creates a thick, sticky paste that decreases performance. 

1. Use the FPL Test Visit that is already pre-scheduled, to perform this cleaning process. It would add hours to the pre-planned work, but it would be less intrusive than planning an entirely new visit between scheduled work. If planned effectively, Fault Teams could capture issues before they arise, meaning that hopefully, common failures would reduce. 
There is also another consideration to be made. Is the lubrication being used, suitable for the environment? The RIM has been using Interflon EP Lubrication for several years. They sell a wide variety of products that are used across the rail network, from Oils and Lubricants to Grease and Degreasers.
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[bookmark: _Toc131364123]Figure 8 Interflon EP Lubrication

It has been claimed that the lubricant can withstand extreme weather conditions and wear, even with a small application, ‘Designed for adverse conditions of extreme loads and high-water wash areas. Allows to safely extend service intervals to reduce costly maintenance, lubricant consumption, and spare part usage’ (Interflon 2023)
 However, it has been noticed recently that the lubricant seems to be less viscous than the batch from 6 months ago. This claim has been escalated to higher management, who have quarantined several bottles of Interflon EP and have sent them back to the supplier for testing. It would be very enlightening to find that some of the issues found recently, could be attributed to the lubrication being incorrect and therefore not able to withstand the extreme weather that we have been experiencing recently in South Wales the last 24 months, this however is a minor issue for now.
Implementing the above changes could be potentially very beneficial to the company, meaning fewer delays, increased equipment longevity and less fines resulting from train delaying faults.
[bookmark: _Toc131364106]A consideration of costs and resources required to implement proposed changes. 
Implementing structured maintenance changes will not come without added costs to the company. However, the initial outlay could be offset quickly, if the changes proved to reduce delays and improve equipment effectiveness. These costs could be monetary, or time based, these will come from several sources; 
· The re-rostering of additional personnel will add some cost. If the company were to choose the option of adding additional maintenance patterns between Planned, Cyclic Maintenance, extra staff will be needed on the day. This would involve overtime, which can vary in cost depending on the personnel hierarchy.
· Time Costs, Planning & Track Time/Quota – Alongside rostering additional Staff, the department would need to find spare slots in the booking schedule in order to get additional time on track. Currently, Rail Signallers are only allowed, by industry law to handle 2x Line Blockages at once, regardless of the length (milage) of the block. This means two things, either that the planning team will not have their planned work accepted, meaning the work will not be completed, or that the team on the day will need to compete with other departments to get on track, this could also run the risk of time constrains leading to the work not being completed. 
· Finally, material costs – more maintenance means more product to be used. Increased scheduled maintenance will mean that more consumables are used, therefore more will need to be ordered. Potentially though, the company may be eligible for bulk-buy discount from the supplier, so some costs could be saved from the total expenditure. 
Below I have tabulated some costs based on current figures, which will help establish the best route for the company to begin its improvement of its current maintenance.
[bookmark: _Toc131364107]Personnel Costs (For Additional Maintenance Schedule)
	    Personnel Grade
	Cost per hour (£)
	cost per shift (9hrs) £
	Shifts Req. for Manit. Plan (annual avg.)
	Total Implementation cost £ (Avg)

	Team Leader
	25.74
	231.66
	72
	16,679.52

	Technician
	20.83
	187.47
	72
	13,497.84

	Operative
	18.35
	165.15
	72
	11,890.80
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	Product
	Cost per unit (£)
	No. units per Point Machine
	Total Cost Per Machine (£)
	Total No. PM Requiring extra Manit.
	Total Cost (Annual Avg. £)

	Interflon EP (Lube)
	68.5
	1
	68.5
	87.00
	5,959.50

	Interflon EM30 (Degreaser)
	16.45
	0.5
	8.22
	87.00
	715.14

	Interflon LS2 (Grease, 5L Drum)
	384.28
	0.025
	9.6
	87.00
	835.20
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	Route
	Incident Date
	Incident Description
	Incident Category Description
	Trains
	Cancellations
	Cancellation Minutes
	Delay Minutes
	PfPI Minutes
	PfPI Costs

	Wales
	16/01/2022
	CDF 9069 PTS
	Points failures
	88
	10
	428
	1125
	1,553
	93,331

	Wales
	08/06/2022
	CDF 9214B PTS
	Points failures
	75
	36
	1053
	592
	1,645
	14,482

	Wales
	16/09/2022
	CJ71 PTS
	Points failures
	29
	2
	77
	279
	356
	12,328

	Wales
	23/02/2022
	LLE 9302 PTS
	Points failures
	5
	0
	0
	65
	65
	9,008

	Wales
	27/03/2022
	CDF 9214B PTS
	Points failures
	47
	5
	175.5
	390
	566
	8,008

	
	
	
	
	
	
	
	2451
	4,185
	137,157

	
	
	
	
	
	
	
	min
	min
	Cost £



The above table is an example of just 5 faults that occurred last year. One of those faults delayed 88 Trains and incurred 1125 delay minutes, which subsequently led to a fine of over £93,000. This is an example of how just one fault can escalate, and costs can spiral. 
When considering the possibility of implementing extra maintenance schedules into the yearly plan, the number of personnel required needs to be considered. There is a minimum requirement for working on track which is 2x members of staff. The team can be made up of any combination of Team Leader, Tech or Operative (as long as all staff are competent), but no guarantee can be made as to who would be available throughout the year. 
 With that in mind we can estimate three cost forecasts based on a best case, worst case and middle average based on Cost Per Shift, they are as follows;

[bookmark: _Toc131364110]Implementation Costs
	 
	Worst Case (2x TL's @ 463.32 P/S)
	Best Case (2x Op's @ 330.30 P/S)
	Average (1x TL,1x Op @ 396.81P/S)

	Total Implementation Cost (£)
	33,359.04
	23,781.60
	28,570.32



Despite these seemingly expensive costs, and the other option the company have regarding expanding of the FLP PM, these Annual costs still outweigh the potential fines that come along with a failure.
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Considering the above data and the costs involved, the company has two main options with regards to Maintenance Scheduling, and a Final, Long-Term option regarding the infrastructure. 
 There is only one unavoidable cost, and that is the consumable maintenance products. It would be in the company’s interest to arrange the best procurement deal with the product supplier, Interflon. 
[bookmark: _Toc131364112]Short term recommendations
Short term – The most cost/time effective Maintenance Schedule available to the company is to expand the scope of the work surrounding the FLP PM. This is the most obvious choice, as there is little to no additional personnel costs, as the FPL PM is already pre-planned and built into the team rosters. Implementing this additional maintenance would add time to the work on the day, but as an initial experiment, a 3 – 6 month review could be put in place to analyse the failure data against previous records to see if there has been an improvement. 
[bookmark: _Toc131364113]Medium Term recommendations
Medium Term – Based on the results of the Short-Term maintenance plan, if more work needs to be done to reduce failures, then it would be advisable to implement extra PM throughout the year. Planners would need to review the Maintenance calendar and consider where slots are available and prioritise the most valuable assets first. This would also be subject to a review, potentially 12 monthly, as it may take some time for the Planning team to schedule slots in the maintenance calendar.
[bookmark: _Toc131364114]Long Term recommendations
Long Term – Finally, this plan would establish the oldest, or most unreliable assets across the route and look to replace them. This is extremely costly, with expense in the millions. However, with the push for public transport to grow over the next 20 years, replacing these assets would not only help in the short term, but further future-proof the network to the potential demand increase.
Overall, I feel that having analysed the cost and failure data, I have been able to suggest some realistic, and achievable Maintenance alterations that could lead to greater reliability for the network, reduce delays for customers (Public or Freight) thus improving the reputation of the network and help to mitigate expensive fines billed to the RIM as a result. There are of course other failure instances unrelated to this maintenance, but I feel this is a good place to start, as it can be implemented immediately. 
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