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Introduction
At first glance looking through the current process operation a major floor in the manufacture of these pillar drill bases is that all employees work independently from each other.  This to me is key problem within the business because the lack of communication means that common problems that the operators face are not resolved between each other. An example of this would be just by pooling all the data together in a spreadsheet we can see that on Machine 1 operator A has 55.32% less defects when compared to Operator B’s defects. This may likely be because operator A has found a more efficient way to complete the task and hasn’t been able to pass that information on to operator B due to them working independently from each other.
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 Again looking at the data it is clear to see that the most common defect for the company is surface finish I assume this to be due to the form of casting they use as sand casting often flags up issues such as surface defects, shrinkage ETC. I will go into more depth on this in the main body of the assignment. 

Main Body 
When looking at casting although for both operators it is clear surface finish is the biggest issue for operator B there appears to be nearly twice as much surface finish defects when compared to operator A. This would suggest to me that this would be due to lack of training or due to the equipment not being suitable for use. In addition after some research into sand casting it’s clear that surface finish is a big problem with sand casting. As seen on – Engineering PRODUCT design on December 02, 2017 - https://engineeringproductdesign.com - ‘Poor surface finish – Due to internal sand mould wall surface texture.’
The first thing I will do for both operations is complete a Pareto Chart for Casting and Milling so we can clear see out main defect culprits.





Paretos Theory states that 80% of the results come from 20% of the causes. When we look at both of my charts it is clear to see that for both operations the main cause of defects is surface finish. Both of these defects work out at around 80% of total defects. Therefore by improving surface finish in both Casting and Milling we can remove around 80% of total defects. The reason as for why these are such big issues are yet to be analysed. However with the casting process one operator has considerably more surface defects which is a big driver as to why surface finish is such a big issue in the casting process.

I will know use a cause and effect diagrams to try and breakdown causes of surface finish issues in both operations.
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I have now completed a fishbone diagram for both operations on surface finish this is because on both operations surface finish is flagging up the most issues. When we look at Casting a big issue may be the type of sand used. If for example they are using Green-Sand Cores they may be having surface issues due to them not being very strong making long or narrow features hard to cast. As seen on – ChinaSavy - https://www.chinasavvy.com  - ‘The main disadvantage of green-sand cores is that they are not very strong. Which makes the casting of narrow and long features extremely difficult, if not impossible.’       
However if they were to switch to a dry sand mould although it would slow production it would increase dimensional accuracy due to mould being baked in an oven. As seen on CustomPart.Net - https://www.custompartnet.com – ‘Dry sand mold - In a dry sand mold, sometimes called a cold box mold, the sand is mixed only with an organic binder. The mold is strengthened by baking it in an oven. The resulting mold has high dimensional accuracy, but is expensive and results in a lower production rate.’

Potentially another issue causing these issues could be the quality of the patterns being used. This is the tool used to form the mould cavity which can then have molten metal poured into it. For example if the pattern doesn’t take into account the draft when the pattern is removed it can snag the inside of the wall cause the mold to tear and rip. As see in - Patternmaking ‘Tricks’ for Better Castings – Written by Ian M. Kay in the Winter 2002 - https://www.bentonfoundry.com - ‘Draft angles are used in most processes in which a pattern is withdrawn from the mold prior to pouring, such as green sand, nobake, plaster and shell moulding. Draft is necessary with these processes to provide a clearance between the pattern and the mould during pattern extraction. Without sufficient draft, the vertical walls of the pattern would rub against the mould during pattern withdrawal, causing the mould to tear or rip. If the foundry poured molten metal into such a mould, defects, such as sand inclusions, would result on the cast part.’
Reasons like this are why having the correct pattern is vital; however this does also tie into training of the operators. This being because if they are not aware of manufacturer draft specifications it may potentially be a leading cause for the defects we see in the product. Another potential issue is lack of worker motivation, both workers being independent from each other will likely cause motivational issues which would likely show up in sloppiness of output. Having both operators working together may improve quality of output. Finally they could potentially change their casting method to that of shell moulding however this would likely increase cost and although it may increase production and lower defects the vertical milling process may not keep up. 

When looking at vertical milling we again see that surface finish is the leading defect in the process. We can firstly link this back to what I previously said about work place motivation both operators are working independently may potentially cause a lack of motivation or due to lack of monitoring they may be eyeballing some of the milling which can cause defects. Other issues concern equipment being used such as the cutter being dull which can cause cuts to be less precise and cause surface defects. Secondly if the workpiece isn’t secured correctly it can cause the workpiece to move changing the cuts. As seen on CustomPart.Net - https://www.custompartnet.com - Unsecured workpiece – ‘If the workpiece is not securely clamped in the fixture, the friction of milling may cause it to shift and alter the desired cuts.’
Therefore it would be important to ensuring clamping and cutting devices are regularly checked. It Is also important to ensure quality of milling heads used are of a high standard to ensure they don’t quickly wear away and go dull. This in turn should ensure less product defects. Another issue could be linked back to incorrect cutting parameters due to a lack of operator training. For example if parameters are not set correctly it can cause surface roughness and scratches. As seen on –CustomPart.Net - https://www.custompartnet.com   – 
‘Incorrect cutting parameters - If the cutting parameters such as the feed rate, spindle speed, or axial depth of cut are too high, the surface of the workpiece will be rougher than desired and may contain scratch marks or even burn marks. Also, a large depth of cut may result in vibration of the cutter and cause inaccuracies in the cut.’ 
For this reason it is vital to ensure all operators are trained to understand the correct parameters when using VMC.
Another option would be to look at Horizontal milling which will likely provide a much better surface finish as seen on – Swanton Welding Company Inc. – Posted by Ken Brakefield - https://blog.swantonweld.com - ‘Chip Evacuation: Because of the setup of horizontal mills, gravity aids the process of pulling the chips out during the cutting process. This means that the end products typically have cleaner surface finishes and require less production or fabrication later on throughout the process.’
This suggests that switching to a horizontal milling process could help eradicate their surface finish issues.


Finally I have created an FMEA table for both processes on surface finish to help focus the main causes.
	Failure Mode - Surface Finish casting

	Possible Effect
	Root Causes
	Severity
	Occurrence
	Detectability
	RPN.
	Crit.

	Customer won’t buy product
	Low cost sand
	8
	6
	5
	240
	48

	 
	Pattern Quality
	9
	2
	9
	162
	18

	 
	Employee Training
	8
	6
	8
	384
	48

	 

	Type of Casting
	6
	4
	5
	120
	24


 
	Failure Mode - Surface Finish Milling

	Possible Effect
	Root Causes
	Severity
	Occurrence
	Detectability
	RPN.
	Crit.

	Customer won’t buy product
	Poor quality cutter
	6
	8
	8
	384
	48

	 
	Workpiece secure
	5
	5
	6
	150
	25

	 
	Incorrect Cutting Parameters
	8
	7
	7
	392
	56

	 
	Human Error
	5
	6
	5
	150
	30



Above you can see two FMEA tables I have created. When looking at sandcasting we can see the two main causes I have selected are Sand Quality and Employee Training. As previously stated we know there is a link between the quality of sand used and the surface finish on the created product. Therefor if they were to change the quality of sand used they may be able to reduce the amount of surface finish issues. Secondly I highlighted the second issue as Training. There are many steps to be carried out during the sand casting process and if not carried out correctly you can see numerous amounts of issues in the product. Just by looking at the table I created in my introduction it is clear that worker B is making far more surface defect issues which may be down to improper ramming of the sand or another issue while casting. For this reason I believe further training would be key in reducing sandcasting defects. 
Looking at my FMEA table for the milling process, it is highlighted that incorrect cutting parameters and dull cutters can cause majority of surface finish defect issues. This being because if the parameters are set incorrectly it can cause in accuracy in the milling process leaving marks scratches and chips in the surface. When it comes to dull cutters if the cutter is dull it will cause the cut to be a lot less clean and precise which would again show up in the surface finish of the product. This being why I believe these two areas should be investigated first. 
Now that I have narrowed down what I believe to be the main causes of the present issues I have created an action plan below to begin to implement the needed business changes

	Action Steps
	Responsibilities
	Time line
	Resources
	Potential Barriers
	Communication plan

	Record and test a comparison between higher grade sand and current sand
- Sand Casting
	Operators will be responsible for carrying out test. However it is vital line managers oversee and analyse data
	16/04/19 to
16/05/19
	There will need to be some investment needed to purchase new sand as well as time resource spent on analysis and cost benefit
	New sand may react differently or may require different process steps that the operator would first need to be made aware of 
	Line manager, operator and myself will carry out a fortnightly meeting to discuss progress and potential issues

	Further training of employee
-Sand Casting
	Operators will be required to attend courses that have been set in place for them
	16/04/19 to 
16/06/19
	Funding will be needed in order to und courses that have be designed specifically for the process in hand
	Courses may interfere with operator working hours/booked holidays. For this reason I have allowed slightly longer for the training to be carried out
	Operators will need to sign a time sheet and pass practical tests  that will be overseen by their line manager to ensure they have attended the course and retained knowledge

	Cutting parameters
-Milling 
	Operators will require further training on parameters. Technicians will need to be involved to restrict perimeters from being increased over a certain percentage
	16/04/19 to 
16/06/19
	Some money will need to be invested into training courses to show operators why parameters are vital. Technicians will also need to be hired to fix parameters so they can’t exceed a certain speed per product type 
	Courses may interfere with operator working hours/booked holidays. For this reason I have allowed slightly longer for the training to be carried out – Technicians should be called in ASAP
	Operators will need to sign a time sheet and pass practical tests  that will be overseen by their line manager to ensure they have attended the course and retained knowledge – line manager will need to check that parameters have been correctly set by technicians

	Cutter Quality
· Milling
	Operators will be required to carry out tests and report findings to line manager
	16/04/19
To 
16/05/19
	Several new cutters will need to be purchased and tested over a period then compared to decide which is best for the task at hand
	Changing off cutters may slow down production or if not suitable may ruin a product rendering it scrap. However the long term savings of rework would justify still carrying out this process.
	Operators will be given a sheet for each cutter that will have to show when it was used and how it preformed. This sheet will then be given to the line manager at the end of each shift to ensure tests are being carried out.
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Casting
No. Occurences	Surafce finish	Blow Hole	Improper Shape	Defective Finish	other	74	33	13	0	0	Percentage	Surafce finish	Blow Hole	Improper Shape	Defective Finish	other	0.6166666666666667	0.89166666666666672	1	1	1	Milling
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