


Abstract
The objective of this report is to carry out a Failure mode effects analysis (FMEA) on a ship anchor chain which failed while the ship was moored, causing over £350,000.
The FMEA concluded that the two greatest causes for a potential failure were low operating temperatures and poor-quality steel based on their RPN values.
This was mainly down to the low chance of detecting one of these failures from occurring as a result of having no current controls to manage said failures.
As a result, it was recommended that the introduction of non-destructive testing and temperature monitoring systems would greatly reduce the risk involved with each failure.
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[bookmark: _Toc26639212]Introduction
A ships anchor has recently failed in which one of the chain links have broken causing the vessel to leave its moorings and cause £350,000 worth of damage to itself and another ship moored nearby. This report contains a failure mode effects analysis (FMEA) on the ships anchor and the procedure for lowering and raising the anchor as well as a corrective action plan to prevent a similar failure from occurring again.
An FMEA will address all the possible reason that the chain may have failed and what may have caused the failures. It will take all the possible failures and determine the urgency in which these potential failures should be addressed due to the RPN value. This value considers the severity, occurrence and detectability of each potential cause and multiplies them together to calculate a value between 1 and 1000. The greater the value the more urgent it is that the potential cause of failure is addressed. If one of the potential failures has a high RPN value, it is recommended that it should be addressed even if it was not what caused the initial failure in order to avoid the same failure from occurring due to a different cause.
It is assumed that the anchor chain is made from Grade 40 – High test carbon steel, which as stated by (Anchoring.com, 2018) is the standard chain used by most windlasses, and therefore the most appropriate material to assume the chain is made from.
It is also assumed that the chain is provided by a third-party supplier and that the products received by the supplier may have manufacturing defects which will be addressed within the FMEA.


It is also assumed that the chain is electrically welded during its manufacturing as (Laclede Chain, 2016) does in the production of their chains.
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[bookmark: _Toc26639213]FMEA
(Figure 1: FMEA)

	Item:
	 Anchor Chain link
	
	FMEA Date (Orig):
	01/12/2019
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 FMEA Number: 
	1 
	 
	 
	 
	 

	 Function description
	 Failure Mode
	 Effect(s) of Failure
	Sev
	Class
	Potential Cause(s)/ Mechanism(s) of Failure
	Occur
	Current 
Process 
Controls
	Detec
	RPN
	Recommended Action(s)
	Responsibility and Target Completion Date
	Action Results

	
	
	
	
	
	
	
	
	
	
	
	
	Actions Taken
	Sev
	Occ
	Det
	RPN

	Anchor chain link. Designed to be put in series to secure an anchor to a ship. 
	Structural integrity of the chain link is compromised.
	May cause the chain link to break under normal loads.
	8
	 4
	Excessive wear on chain-link due to the chain link being dragged across surfaces.
	4
	Visual checks are being done by the crew members.
	3
	96
	Regularly do non-destructive testing such as ultrasound to check the condition of the chain links.
	Responsibility: Ship engineers     Target date:01/02/2020
	non-destructive testing has commenced 
	8
	2
	1
	16

	
	
	
	8
	 3
	Improper casting may have caused casting porosity. 
	2
	No current controls
	7
	112
	regularly do non-destructive testing such as ultrasound to check the condition of the chain links. Also, regular checks with supplier to ensure that they are keeping up to the standards required.
	Responsibility: Ship engineers and quality control team    target date: 07/12/2019
	Communications with suppliers improved, non-destructive testing on chain has commenced
	8
	1
	1
	8

	
	
	
	8
	 5
	Corrosion may have broken down one of the links.
	4
	Visual checks are being done by the crew members. As well as the chain links being galvanised and painted in a thick layer of paint.
	2
	64
	[bookmark: _GoBack]After every journey wash off the salt from the chain. Also regularly do non-destructive testing such as ultrasound to check the condition of the chain links.
	Responsibility: ship crew and engineer’s        target date: 07/12/2019
	Crew now wash off salt from chain after each mooring, non-destructive testing has commenced.
	8
	1
	1
	8

	
	Material of the chain link may be weakened 
	May cause the chain link to break under normal loads.
	8
	 2
	The chain may have been operating at a lower temperature than it was designed to cause the material to become brittle and eventually break
	2
	The routes in which the ship is planned to take shouldn’t exceed any environmental conditions.
	9
	144
	Insert a temperature gauge where the chains are stored as well as taking regular measurements of the outside temperatures and water temperatures.
	Responsibility: Ship engineers and crew        Target date:10/12/2019
	Temperature gages have been fitted and regular measurements are taking place as well being recorded
	8
	1
	2
	16

	
	
	
	8
	 4
	The chain may have exceeded its recommended operating age.
	3
	No current controls
	4
	96
	Keep a log of all ship components with manufacturing dates. As well as a spreadsheet with all the dates that each component should be replaced by.
	Responsibility: Ship engineers Target Date: 05/12/2019
	A log of all ship components is now kept.
	8
	1
	1
	8

	
	
	
	8
	 1
	Chain may have been made from a lower quality steel than expected
	3
	No current controls
	8
	192
	Regularly visit supplier and test the grade of steel ourselves to ensure it is up to the standard expected.
	Responsibility: Quality control team Target date: 10/12/2019
	Communications with suppliers have improved
	8
	2
	2
	32

	
	Chain link may have exceeded its operating conditions.
	May cause the chain link to break.
	8
	 5
	Ship may have exceeded its total operating mass.
	4
	Captain checks loading details to ensure the ship is not overloaded
	2
	64
	Ensure everything that is loaded onto the ship has its mass accounted for. Also log all masses into a computer to calculate whether you’ve exceeded your loading capacity.  Install a torque sensor to the anchor chain real to alert when the chain is under excessive loads.
	Responsibility: ship captain and engineers          Target date: 03/12/2019- 01/02/2020
	Torque sensor has been applied and a log is now kept
	8
	2
	1
	16

	
	
	
	8
	 5
	extreme weather may have caused extra strain on the chain while the ship was moored due to currents, waves and wind.
	4
	No current controls
	2
	64
	Whether forecasts to be checked regularly. Install a torque sensor to the anchor chain real to alert when the chain is under excessive loads.
	Responsibility: ship captain and engineers          Target date: 03/12/2019- 01/02/2020
	weather forecasts are checked regularly, and a torque sensor has been applied
	8
	2
	1
	16

	
	Welds may have failed on the chain link. 
	will cause chain link to break
	8
	 4
	Human error may have caused a weld not to have been finished properly
	3
	visual checks done by trained professionals
	4
	96
	Ensure that staff training is up to date. Begin to stress and strain test chains before they are installed to the ship.
	Responsibility: Chain supplier    Target date: 20/12/2019
	Chains are being stress tested and all staff have had their training updated
	8
	2
	2
	32

	
	
	
	8
	 6
	Both sides of the weld may not have been heated properly during the welding stage. (Polymersolutions.com, 2015)
	3
	No current controls
	2
	48
	Regular checks with supplier to ensure that their welding process is up to standards
	Responsibility: Chain supplier and quality control team Target date: 05/12/2019
	communications with supplier have improved
	8
	2
	2
	32

	
	
	
	8
	 4
	Rapid changes in temperature may cause the welds to crack and weaken (Polymersolutions.com, 2015)
	3
	No current controls
	4
	96
	insert a temperature gauge where the chains are stored 
	Responsibility: ship engineers    Target date: 07/12/2019
	Temperature gages have been fitted and monitored
	8
	2
	1
	16

	
	
	
	8
	 6
	oxidation within the welds (Polymersolutions.com, 2015)
	2
	Using shield gases during the welding process
	3
	48
	Regular checks with supplier to ensure that their welding process is up to standards
	Responsibility: Chain supplier and quality control team    Target date: 20/12/2019
	communications with supplier have improved
	8
	2
	2
	32

	
	
	
	8
	 5
	slag within the welds (Polymersolutions.com, 2015)
	2
	No current controls
	3
	48
	Regular checks with supplier to ensure that their welding process is up to standards
	Responsibility: Chain supplier and quality control team Target date: 20/12/2019
	communications with supplier have improved
	8
	2
	2
	32

	
	
	
	8
	 7
	Porosity forming during the welding process (Polymersolutions.com, 2015)
	2
	No current controls
	2
	32
	Non- destructive testing such as ultrasound
	Responsibility: ship engineers Target date: 07/12/2019
	regular non-destructive testing has begun on the chain
	8
	2
	1
	16
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[bookmark: _Toc26639214]Corrective action plan
The first thing that should be taken into consideration is the application of non-destructive test or NDT. Ultrasonic testing can be used to test for structural integrity of the chain as well as the porosity within the chain and its welds (Nelligan, 2008).  This should take around 10 days to be implemented considering training and delivery of equipment. 
The next thing that should be considered is the installation of thermometers where the ship anchor chain is stored as well as some exterior ones. By regularly monitoring the temperatures it will be easier to detect when the chain is likely to be weaker due to large temperature changes or brittle due to low temperatures. This should take around 10 days to be implemented considering training and delivery of equipment.
Thirdly there should be regular inspection and quality checks with all components coming from suppliers. Such as the grade of steel, the quality of the casting and the standard of welds that are applied to each chain link. By adding an extra level of inspection, the likelihood of having a faulty component is reduced. This should take between 5-20 days to be implemented to give the quality control team enough time to organise themselves with the suppliers.
A torque sensor should be applied to the winching mechanism. This will provide data to show when too much force is being applied to the chain. It will also alert the ship as to when too much force is applied so that the ship can act accordingly to avoid a failure. This should take between 1-2 months to be implemented as it may be a part that needs to be specially engineered for the ship.
A ship log containing the total mass of the cargo should be kept so that the ship is not overloaded. In doing so the possibility of the chain breaking due to an overloaded ship is reduced. This should be implemented within 5 days as it is a simple thing to introduce that will add an extra level of safety.
Ensure all staff are properly trained for their roles including health and safety training. Keep a log of all employee training and dates that they were trained at so that if need be refresher courses can be implemented to ensure all staff training is up to date. This should be implemented within 20 days to give the managers enough time to gather all the information regarding every one’s training.
Check the weather forecasts while the ship is moored so that appropriate measures may be taken when needed. This should be implemented within 3 days as it’s a simple procedure to add to the ship’s procedures.
A ship log containing all component dates of manufacture and use by dates should be kept. This will ensure that all equipment is up to date and not weakened due to age. This should be implemented within 5 days.
Have the ship crew wash off the anchor chains after each use. This will remove the salt from the chains and should reduce the likelihood of corrosion occurring. This should be implemented within 7 days as it’s a simple procedure that can be easily added to the current procedure.
Within the FMEA each potential cause of a failure has been weighted based on their RPN value. The RPN value essentially determines which potential failures are of greater importance and therefore should be addressed first.
The cause of a failure that has the largest RPN value is where the steel grade is not the correct one and therefore causing the material to be weaker than expected. The main reason the RPN value flags up so high is that since there are no current controls there is no way of detecting a lower grade of steel being used. In order resolve this it is recommended that the use of XRF alloy grade identification is used as stated above. In doing so the RPN value decreases from 192 to 32 which is an 83% decrease. 
The next potential cause of failure that should be addressed is where the chain may have been operating at significantly low temperatures causing the steel to become brittle and therefore more susceptible to breaking. By simply recording the temperatures the chain is stored and operates at it is possible to significantly lower the RPN value. This is because you are increasing the detectability and lowering the occurrence since the crew will be able to act accordingly if they detect that the chain is being operated at temperatures below what the chain should operate at. In doing so the RPN value will decrease from 144 to 16 which is an 88% decrease in RPN. 
[bookmark: _Toc26639215]Suggestions for tools to aid further investigations
It is recommended that further analysis of the broken chain link should be done. A visual inspection should provide enough information to know whether the failure was within the welds of the chain or another location. By using ultrasonic NDT, you should be able to detect if there is any porosity within the failed chain link which could suggest a possible reason for the failure.
 Another form of NDT is XRF alloy grade identification. This can be used to identify the grade and composition of the steel with the chain links (Verichek Technical Services, 2017). It is recommended that an investment is made towards this kind of tooling. This will allow for a more accurate conclusion as to why the failure occurred and therefore increasing the likelihood of preventing such failures from occurring. 
It is also recommended that a further investigation takes place for the failure that occurred. For example, by looking at possible CCTV footage or even the weather forecasts for the day of the event. This information would allow for the failure to be narrowed down to less causes allowing for the action plan to be more effective
[bookmark: _Toc26639216]Recommendations
Short term recommendations are that ship logs containing information about the dates that the components were manufactured as well as the weight of the cargo are kept. Also, that all training is kept up to date and staff Is retrained where necessary. It is also recommended that weather forecasts are checked while the ship is docked.
Medium term recommendations are that NDT is applied the ship chain on a regular basis to detect any form of weakness within the chain. It is also recommended that thermometers are installed within and around the ship to monitor temperatures. There should be regular checks with the suppliers to ensure they are operating to the correct standard. Finally, there should be a procedure in place in which the ship crew wash off the salt from the anchor chain.
Long term recommendations are that a torque sensor is installed within the winch to detect when excess force is being applied to the chain.
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