Training Material
	FMEA Worksheet
	Project:  3 Day RCM Awareness Course
	Compiled By: R M Adam
	Date: 15/09/2020
	[image: ]

	
	System:  Rolling Mill Cooling Water Supply System
	Approved By:
	Sheet       of   8
	

	Function
	Functional Failure
	Failure Mode
	Failure Effect

	1

































1























































2





































3












4









5




6









7













8





9










10














11













12





13









14









15





16







17



















18




 




19









20












21
	To supply at least 80 Iitres / min of cooling water to the rolling plant when required.





















































































To supply at least 80 litres / min of cooling water to the rolling plant in the absence of the duty pump.

































To contain up to 10,000 litres of water at a height of 15 metres










To prevent backflow through pump A when pump B is running







To indicate the coolant flow rate to the Operator.



To alarm if the rate drops below 100 litres / min.








To contain up to 10,000 litres of water returning from the rolling mill.











To enable the operator/maintainer to top-up the sump when required.


To trip the Sump Pump if the sump water level falls below 400 litres.








To automatically start/stop the sump pump remotely from the Control Room











To pump water from the sump to the header tank at > 200 litres/min when required.










To locally display the header tank level.




To sound an alarm in the control room if the header tank level falls below 800 litres.






To sound an alarm in the control room if the header tank level rises above 9,800 litres.






To isolate any pump from the water system when required.



To warn any person in the vicinity of the sump  of  the drowning danger





To enable the maintainer to climb to the header tank and safely inspect the local tank level sight glass.















To display the precautions needed when working at height to any person about to climb the ladder





To operate within the constraints of EU regulation 123.







To display the name of the company to anybody using the road 100m away









To enable local starting/stopping of the Sump Pump in the event of failure of the remote (Control Room) starting/stopping system.
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	Unable to supply cooling water to the rolling plant at all.
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Supplies less than 80 Litres / min to the rolling plant.





Unable to supply at least 80 litres / min of cooling water to the rolling plant in the absence of the duty pump.

































Unable to contain up to 10,000 litres of water at a height of 15 metres 










Does not prevent backflow through pump A when pump B is running







Does not indicate the coolant flow rate to the Operator.


Does not alarm if the rate drops below 100 litres / min.







Unable to contain up to 10,000 litres of water returning from the rolling mill.










Does not allow the operator/maintainer to top-up the sump when required.


Does not trip the sump pump if the sump water level falls below 400 litres.








Unable to automatically start the sump pump remotely if the header tank level falls below 1,000 litres


Unable to stop the sump pump when the tank level reaches 9,500 rising





Unable to pump water from the sump to the raised tank at all.

Pumps water from the sump to the header tank at < 200 litres/min.







Does not locally display the header tank level.




Does not sound an alarm in the control room if the header tank level falls below 800 litres.






Does not sound an alarm in the control room if the header tank level rises above 9,800 litres.






Unable to isolate any pump from the water system when required.



Does not warn any person in the vicinity of the sump of the drowning danger.





Does enable allow the maintainer to climb to the header tank and safely inspect the local tank level sight glass.















Does not display the precautions needed when working at height to any person about to climb the ladder





Unable to operate within the constraints of EU regulation 123.







Does not display the name of the company to anybody using the road 100m away.









Unable to start the Sump Pump in the event of failure of the remote (Control Room) starting system.




Unable to stop the Sump Pump in the event of failure of the remote (Control Room) stopping system.
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	Incoming electrical supply fails for any reason.


Pump A bearing lubrication degrades through normal use.







Pump A motor windings degrade due to age (contaminants, vibration).






Pump A coupling degrades through normal use (wear and tear).








Pump A coupling age degrades.







Pump C bearing lubrication degrades through normal use.







Pump C motor windings degrade due to age (contaminants, vibration).






Pump C coupling degrades through normal use (wear and tear).







Pump C coupling age degrades.








Pump A impellor worn through normal use.






Pump B bearing lubrication degrades.





Pump B motor fails due to moisture ingress.







Pump B assembly seized due to inactivity/stiction.




Pump B coupling age degrades.






Pump B NRV seized closed due to inactivity/stiction.






Water tower support structure corroded.








Water tank corrodes.


Pump A NRV seized open.









Flow rate indicate circuit fails open circuit.



Flow rate alarm circuit fails open circuit.








Sump wall cracked due to deterioration.












Sump tap seized shut due to age / deterioration.




Sump low level trip circuit fails open circuit.









Sump pump start circuit fails.





Sump pump stop circuit fails.






Failure modes analysed previously at Function 1.


Pump C impellor worn through normal use.








Local sight glass dirty through normal use.




Header tank low level alarm circuit fails.








Header tank ultimate high level alarm circuit fails.








Any isolation valve seized open.




Drowning warning sign degraded by UV rays.






Ladder corroded due to paint ageing / deterioration.








Header tank hand rail corroded due to paint ageing / deterioration.







Climbing warning sign degraded by UV rays over time.







Sump tank overfilled due to human error.








Company name sign faded by UV rays.




Company name sign lighting fails.





Local Sump Pump start circuit fails.







Local Sump pump stop circuit fails.

	Analysed separately (Outside the boundaries of this analysis).



Friction increases as the lubrication degrades and wear rates will increase. Eventually the bearing will seize and the motor will trip on overload.  Cooling water supply to the mill will cease.  The Operator will receive a ‘low flow rate’ alarm and immediately switch over to the standby pump and call Maintenance.  Water cooling to the mill will be lost for approximately 3 minutes with resulting minor damage to the rolled steel.
Downtime – 3 mins 
Production loss - £3,000.

The current to the motor increase as the winding degrade. Eventually an earth fault will occur and the motor will trip.  Cooling water supply to the mill will cease.  The Operator will receive a ‘low flow rate’ alarm and immediately switch over to the standby pump and call Maintenance.  Water cooling to the mill will be lost for approximately 3 minutes with resulting damage to the rolled steel.
Downtime – 3 mins 
Production loss - £3,000.

There will be visible signs of degradation on the coupling surfaces. Eventually the coupling will shear.  The motor will continue to rotate but no pumping will take place.  The Operator will receive a ‘low flow rate’ alarm and immediately switch over to the standby pump and call Maintenance.  Water cooling to the mill will be lost for approximately 3 minutes with resulting damage to the rolled steel.
Downtime – 3 mins
Production loss - £3,000.



There will be visible signs of degradation on the coupling surfaces. Eventually the coupling will shear.  The motor will continue to rotate but no pumping will take place.  The Operator will receive a ‘low flow rate’ alarm and immediately switch over to the standby pump and call Maintenance.  Water cooling to the mill will be lost for approximately 3 minutes with resulting damage to the rolled steel.
Downtime – 3 mins 
Production loss - £3,000.

Friction increases as the lubrication degrades and wear rates will increase.  Eventually the bearing will seize and the motor will trip on overload.  The header tank will continue to supply water to the mill until the low level is reached.  The Operator will receive a ‘low tank level’ alarm. He will notify the mill leader to cease rolling whilst an investigation is carried out.  The steel currently being rolled will be scrapped and sent for re-working.
Downtime – 8hrs (replace pump, fill header tank & restart mill). 
Production loss -£480,000.

The current to the motor increases as the windings degrade. Eventually an earth fault will occur and the motor will trip.  The header tank will continue to supply water to the mill until the low level is reached. The operator will receive a ‘low tank level’ alarm.  He will notify the mill leader to cease rolling whilst an investigation is carried out.  The steel currently being rolled will be scrapped and sent for re-working.
Downtime – 8 hrs (replace motor, fill header tank & restart mill).
Production loss - £480.000.

There will be visible signs of degradation on the coupling surfaces. Eventually the coupling will shear.  The motor will continue to rotate but no pumping will take place.  The header tank will continue to supply water to the mill until the low level is reached.  The Operator will receive a ‘low tank level’ alarm.  He will notify the mill leader to cease rolling whilst an investigation is carried out.  The steel currently being rolled will be scrapped and sent for re-working.
Downtime – 8 hrs (replace motor, fill header tank & restart mill).
Production loss - £480,000.

There will be visible signs of degradation on the coupling surfaces. Eventually the coupling will shear.  The motor will continue to rotate but no pumping will take place.  The header tank will continue to supply water to the mill until the low level is reached.  The Operator will receive a ‘low tank level’ alarm.  He will notify the mill leader to cease rolling whilst an investigation is carried out.  The steel currently being rolled will be scrapped and sent for re-working.
Downtime – 8 hrs (replace motor, fill header tank & restart mill).
Production loss - £480,000.

Over a long period of time the impellor will wear.  The flow rate will gradually drop until a ‘low flow rate’ alarm sounds in the control room.  The Operator will immediately switch over to the standby pump.
Water cooling to the mill will be lost for approximately 3 minutes with resulting damage to the rolled steel.
Downtime – 3 mins (clear & restart mill)
Production loss £3,000.

When the pump is required the lubrication may not prevent metal to metal contact eventually.  The bearing will be damaged and the pump may trip on overload.  Water cooling to the mill will be lost for approximately 1 day due to loss of pumping capabilities.
Downtime – 1 day (pump replacement).
Production loss - £1,440,000.

The pumps are exposed to the elements and pump B is normally stationary.  Pump B motor will be more susceptible to moisture ingress.  At some stage the moisture build up will damage the windings and eventually cause an earth fault.  If pump B is required then the system will stand until either of the pumps is repaired/renewed.
Downtime – 1 day (pump replacement).
Production loss - £1,440,000.


The pumps are exposed to the elements and pump B is normally stationary.  The pump will trip on overload.  Water cooling to the mill will be lost for approximately 1 day with resulting damage to the rolled steel.
Downtime – 1 day (pump replacement and secondary damage).
Production loss - £1,440,000.

There will be visible signs of degradation on the coupling surfaces. Eventually the coupling is likely to shear when the standby pump is demanded.  The motor will continue to rotate but no pumping will take place.  Water cooling to the mill will be lost for approximately 1 day with resulting damage to the rolled steel.
Downtime – 1 day (pump replacement and secondary damage).
Production loss - £1,440,000.

The valve is closed during normal operations and therefore susceptible to seizing in the closed position.  There will be no flow of cooling water when the standby pump B is brought into operation.  Water cooling to the mill will be lost for approximately 2 hours whilst the valve is repaired with resulting damage to the rolled steel.
Downtime- 2 hours (unsieze NRV and secondary damage).
Production loss – £120,000.

The paint work will become stained as the structure corrodes.  Eventually the structure will become weakened to the point that it collapses.  There is a possibility that employees in the area could be injured and an environmental breach.  Water cooling to the mill will be lost for approximately 4 weeks with resulting damage to the rolled steel.
Downtime – 4 weeks (fabricate new water tower)
A temporary system may be rigged to store water for the cooling system in order to minimise downtime.
Production loss - £40,320,000 (worst case)

Not considered plausible – stainless steel tank.


The NRV is normally in the open position when the system is running and it could seize open if it is not exercised and lubricated.  If the system had to go over to pump B then water will circulate through Pump A and no / insufficient water will be delivered to the mill.  The Maintainer will fault find and should then close the isolation valves on Pump A and restart the system.  Water cooling to the mill will be lost for approximately 1 hour with resulting damage to the rolled steel.
Downtime – 1 hour (fault find and close isolation valves).
Production loss - £60,000.

The Operator will eventually notice that there is no flow rate displayed but coolant continues to be supplied. No other effect.  He/She would report the fault to Maintenance. 
Downtime – Nil.  Production loss – None.

If the flow rate falls below 100 litres / min then the Operator will not receive a low flow alarm.  The Operator will not have fore-warning and will not change over to Pump B in time. Once the flow rate is insufficient to cool the milled steel then the steel will be damaged and operations will halt production and inform the Operator of the problem.  Water cooling to the mill will be lost for approximately 1 hour with resulting damage to the rolled steel.
Downtime – 1 hour (fault find and repair).
Production loss - £60,000.

Over a long period of time the wall will crack due to earth movement and stress to the walls as the sump is filled & emptied.  Water will seep from the crack and the discolouration should be obvious to personnel in the area.  If this is not attended to then the sump will eventually contain insufficient water and the refilling of the header tank will cycle more frequently and may cause production interruptions at some stage.  This will cause an environmental breach and SHOULD be reported as an incident to the local environmental officer.  The cooling water system will have to be shut down whilst the sump is repaired.
Downtime – 4 weeks (fabricate new sump)
A temporary system may be rigged to store water for the cooling system in order to minimise downtime.
Production loss £40,320,000 (worst case).

The water level requires regular topping-up and the tap should never seize.  If it did seize then the operator/maintainer will run a hose from an alternate supply without interruption to the cooling system.  The water cooling to the mill should not be affected.  Repair can happen during normal running.

If the water level drops below 400 litres then the sump pump will not trip.  The system will continue to run successfully until the header tank requires topping-up, the sump pump doesn’t operate and eventually the low level alarm will annunciate.  At this stage the system will stop functioning and an investigation will take place.  Water cooling to the mill will be lost for approximately 1 hour with resulting damage to the rolled steel.
Downtime – 1 hour (fault find).
Production loss £60,000.
Secondary Damage £5,000 (to repair pump).

If the sump pump failed to start at the appropriate level then eventually a low level alarm will sound.  The Operator will have sufficient time (5 mins) to react and start the pump locally before the tank empties.  The sump pump will continue to be started locally/manually until there is an opportunity to repair the circuit.  The water cooling to the mill should not be affected.

If the sump pump failed to stop at the appropriate level then eventually an ultimate high level alarm will sound.  The Operator will have sufficient time (2 mins) to react and stop the pump locally before the tank overflows investigate before the tank overflows.   The pump will continue be stopped locally/manually until there is an opportunity to repair the circuit.  The water cooling to the mill should not be affected.


Not considered further.



Over a long period of time the impellor will wear.  The flow rate will gradually drop until the Operator notices that pump is cycling more often.  If it is not noticed/corrected then eventually the pump will not be able to deliver water to the header tank in the required time and the off-take from the header tank will exceed the filling rate.
Water cooling to the mill will be lost for approximately 1 day with resulting damage to the rolled steel.
Downtime – 8hrs (replace pump, fill header tank & restart mill)
Production loss - £480,000

The local sight glass is used for fault finding purposes.  The Maintainer is unable to check the level so fault finding will be delayed while the glass is cleaned.  Fault finding / maintenance will be further delayed.
Downtime – None (To clean Sight Glass in Operation).
Production loss - Nil

If the tank falls below 800 litres (in the event of low level switch failure) then no alarm will sound in the control room.  Eventually the Operator will receive a ‘low flow’ alarm when pump A starts to run dry.  The Operator will immediately switch to pump B.  The ‘low flow’ alarm will continue to sound.  He will shut down the system and investigate.
Water cooling to the mill will be lost for approx 1 hour with resulting damage to the rolled steel.
Downtime – 1 hour (fault find).
Production loss - £60,000.

If the tank level exceeds 9,800 litres (in the event of high level pump switch failure) then no alarm will sound in the control room.  If the level continues to rise beyond 10,000 litres then water will eventually over flow into the storm drain in breach of environmental regulations. This will be noticed by personnel in the area and reported to the Operator.  Pump C will be shut down and fault finding conducted.  The water cooling to the mill should not be affected as the level can be managed manually.
Downtime – 30 Mins.
Production loss - Nil.

If maintenance is required to any of the pumps then maintenance will be delayed until the system can be shut down.  If the maintenance cannot be delayed then the system will be shutdown and production will cease.
Downtime – 2 hour (repair/renew valve).
Production loss - £120,000.

Over a very long period of time the warning sign will fade due to UV exposure.  The sump can only be accessed by employees and it is considered that all employees will be aware that the sump is deep and should not be entered. Signs need to be provided to meet H&SaW regulations and would be subjected to local audits by H&S rep.
Downtime – Nil.
Production loss - Nil.

The paint work will become stained as the ladder corrodes.  Eventually the ladder will become weakened to the point that it cannot support a person’s weight.  There is a possibility that personnel climbing the ladder may fall and be injured and possibly die.  It is considered that the ladder would have many visual indications that it is in a weakened state and the maintainers would at some stage refuse to use the ladder and report it for repairs.
Downtime – Nil.
Production loss - Nil.

The paint work will become stained as the hand rail corrodes.  Eventually the hand rail will become weakened to the point that it does not prevent a person from falling.  If a maintainer did fall from the tower he would be seriously injured and possibly die.  It is considered that the hand rail would have many visual indications that it is in a weakened state and the maintainers would at some stage refuse to use the walkway and report it for repairs.
Downtime – Nil.
Production loss - Nil.

Over a long period of time the warning sign will fade due to UV exposure.  The tower can only be accessed by employees and it is considered that all employees should be aware of the dangers and precautionary steps that should be taken whilst climbing.  However, at worst there is an increased probability of death or injury.  Signs need to be provided to meet H&SaW regulations and would be subjected to local audits by H&S rep.
Downtime – Nil.
Production loss - Nil.

If the maintainer opened the sump tap and left it unattended then the sump would eventually overflow and the cooling water would enter the storm water drains.  The storm water drains lead to the local river and this would constitute an environmental breach due to the anti-corrosive additives in the cooling water.
The maintainer will eventually notice that the water is overflowing and SHOULD report the incident to the local environmental officer.  If the company is prosecuted then the costs could be substantial and there will be negative publicity.

Over a very long period of time the company sign will fade due to UV exposure.  The faded sign will not project a positive company image.  At some stage it may be noticed and reported for repairs.
Downtime – Nil.
Production loss - Nil.

If the lighting fails then the company sign will not be displayed at night.  This will result in less public awareness to the persons passing the company at night.  This would be noticed by the company employees over the course of their daily duties and travel to work.
Downtime – Nil.
Production loss - Nil.

In the event of the primary (remote) start circuit failing, the local sump start circuit fails on demand.  This would immediately be noticed by the operator who is trying to start the pump manually.  The cooling water system will have to be shut down whilst the sump starting circuit is repaired.
Downtime – 8hrs (diagnose starting failure, fill header tank & restart mill).
Production loss - £480,000.

In the event of the primary (remote) stop circuit failing, the local sump stop circuit fails on demand.  This would immediately be noticed by the operator who is trying to stop the pump manually.  Pump Power supply would eventually be isolated by operator but only after a potential significant spill of cooling water would enter the storm water drains.  The storm water drains lead to the local river and this would constitute an environmental breach due to the anti-corrosive additives in the cooling water.
The maintainer will eventually notice that the water is overflowing and SHOULD report the incident to the local environmental officer.  If the company is prosecuted then the costs could be substantial and there will be negative publicity.
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