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1. Problem Identification
 	A vice which is cast and machined to drawings is producing defects as all operation will. The six sigma approach on the operations undergone is required to assess and implement new procedures or repairs to reduce or rid the wrongs which are ongoing in the operation. Assumptions which are made is each machining process is the same along with the casting process, employees are trained the same along with only one type of vice being produced. The same machine is used and same tips.

2. [image: ]Data Summary	
 	Beneath is a table displaying all the defects which are occurring during each date, operation and shift. 














 	The key on the bottom shows which type of defect is assigned to which symbol. The symbols are then assigned into this check sheet in accordance to the findings revealed upon inspection. The operations are separated along with the workers with each box representing a day and time during the week shift. Some defects are more common than others with some defects resulting in more damage than others.

 	This data will need to be analysed in order to make an informed decision on which procedures will need to be in place and what the action plan should be compiled of.









3. Analyses
 	Using two different techniques which will be a Poreto analysis and Pie chart. Analysing these will help separate the data into which areas and which problems are effecting this particular operation the most. 

 	The Pareto diagram displays the information into easy to digest bites for people looking to improve a process. “The Pareto chart graphically displays the differences between groups of data, allowing Lean Six Sigma teams to identify the largest issues facing the process.” . This informs that the Poreto analysis is an easy way to display information.
 	
The Pareto diagram has a Pareto principle which is most problems can be split into an 80/20 ratio. This informs of the majority problem area which in this case is the surface defects and blow holes. These two alone take up more than 80 percent of all defects which have been accounted for.  “It uses the Pareto Principle (also known as the 80/20 rule) the idea that by doing 20% of the work you can generate 80% of the benefit of doing the entire job.” . This shows how the Pareto Principle will separate and how to effectively use it in the everyday analysis of operations.
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 	Each of these Pareto analysis’ show the same results of surface finish being the top defect maker along with blow holes as a close second to account for 80 percent in the casting process and 70% in the machining process. 

This suggests the main focus during this investigation will be cutting down the amount of bad surface finishes produced from each operation. To be sure this is the main problem the next analysis tool is the Pie chart which should show bad surface finish and blow hole takes up most of the pie chart.

 	Pie charts are use to show the percentage of anything when a table is used which will organise the information much like the cumulative frequency of the Pareto diagram. This is a simple and easy way of displaying information with easy to read results.




	Defects
	Total Amount

	Surface Finish
	169

	Blow hole
	70

	Improper shape
	36

	Others
	12

	Defective Finish
	11
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 	The pie chart does indeed show the main defects are surface finish and blow holes which mean these will be my focus leading into the next are of this investigation. The pie chart key is displayed on the bottom of the pie chart indicating which colour responds to which section of the pie chart. It displays the total amount of defects across the board. The raw data table which this pie chart was extracted from is shown below.









 	

4. Root Cause Analysis

 	Root cause analysis will allow for the breakdown of what the operations are doing and likely causes which are creating this specific bad surface finish. During this two different six sigma techniques. The techniques are the 5 whys and the Ishikawa or fishbone diagram.

 	The Ishikawa diagram has a problem at the end acting as a source which all the added lines or structures protrude from. These sections are split into all the sections which could be affecting the final product and causing these problems. It is not used as a quick fix but more of a map off the different influences upon a specific operation or outcome. “That way you can solve the problem completely, first time round, rather than just addressing part of it and having the problem run on and on.” (Emerald Works, 2016). This is the six sigma way of thinking which results in solving the problem at a root level instead of a surface level which most companies have been doing for years before six sigma.

 	Each section is dissected as shown on the next page into six different categories. For measure the main thing which spring to mind are equipment markings which would damaged or ruin the finish of a part and incorrect size causing correction cuts which will not give the same finish as the original.

 	For People the main issue could come from inexperience, this would hold back operators obtaining the correct finish as they don’t understand the optimum way to create the finish. This goes hand in hand with the next on the list which is bad communication. This means that employees with good experience are not communicating to the others allowing them to create these bad finishes.

 	Environmental contains everything that is around the operator or factory. One big item which is moisture could cause the components to begin to rust. This would contribute highly to the surface finish becoming bad over time especially if this item is being stock pilled. Unclean work stations will cause excess material and other substances interacting with the component and could damage or corrode the component destroying the finish. 

 	The machines could be taking bigger cuts than expected if there is low maintenance or fresh tips are installed and the machine was not moved to compensate. The machine would give a bad finish more towards a rough finish if this is the case. This leads to the next point of bad tips specifically for machining processes but the same would apply for bad casts. Using these items once damaged or past their life recommendations could cause the resulting component to have a bad finish or even cut or cast in weird ways.





 	Methodology plays a big role in machining and casting. If there is no standardised way/ company policy then all products will be leaving either different or defective. This would cause the surface finish to change and become bad more frequently. Rushing will cause bigger cuts and less regard for a component which will allow operators to pass a surface finish which is bad due to the component or product needing to be out the door at a specified time.

 	Lastly are materials. Materials are very important as bad materials could result in bad interactions with the machines and the tips may not be graded or cut well with a different material. This material should also be standardised to ensure the product will come out with good finishes and the same. If the material is not the required one it may fail at the job or not cut correctly giving a bad finish once complete.

 (
Measurement
People
Environment
Equipment marking
Inexperience
Moisture
Unclean stations
Bad Lighting
Careless
Incorrect size causing more cuts
Bad Communication
)






 (
Bad Surface Finish
)
 (
Bigger cuts than expected
) (
Bad casts
) (
No standard 
)
 (
Incorrect material
) (
Incorrect speeds and feeds
) (
Rushing
)

 (
Machine tips are bad
) (
Bad Material
) (
Untrained
)

 (
Materials
) (
Methods
) (
Machines
)	






 (
Why is the surface finish bad
?
)   The last tool I am using as said earlier is the five why rule. This rule is used much like the Ishikawa diagram. This is because both of these techniques will dig beneath the surface layer and begin to address the roots of the problem instead of simply looking at the surface of the problem. 

                 “The goal of the Five Whys is to help the team see that the consequences of chronic problems within the organization are caused by bad processes, not bad people, and how to solve them.” (Fernandes, 2018). This shows how the five whys technique really does dig to the process level instead of the surface level.




               Tips are defective or component was scratched or the feed rate was too fast.
 (
Why is the feed rate too fast
?
) (
Why is the component scratched?
) (
Why are the tips defective?
) 

 (
Management calculated the times wrong or the operator was not working efficiently.
) (
Wasn’t aware the station needed to be up kept.
) (
The operator didn’t know they needed changing.
) (
Why is the operator rushed?
) (
Why was the surface not clean?
) (
Why they were not changed?
) (
The operator was rushed.
) (
The surface was not clean.
) (
They were not changed. 
)

	



















                    Here it is clear that the operator require more training and the operation requires more standardisation to increase the repeatability of their work. The training will ensure operators are aware and more management should be ensuring employees are informed about what tips and how long they can be used for.


5.  Action Plan
                 The main points which should be noticed are ensuring all employees are up to date with current training requirements. Better managing of time coming from better more realistic time estimates. This will come from doing research on the shop floor and understanding the speed of the work force. 

                  The process itself should be standardised thus limiting the amount of difference between the operations. This will not only reduce the amount of defects but will allow for easier evaluation and problem solving as each operator should be doing the same as the other. Netter communication between operators should be encouraged to allow for the sharing of information and experience throughout the factory.

                   Lastly a check sheet should be created to ensure all operators use the standardised method, all employees are correctly trained and another measure of defects should be conducted. This should show improvement and allow focus to be shifted to the new problem the company will face in the future.
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