

Introduction
In this assignment, the author will be providing guidance on the processes that are being used to produce a free-standing pillar drill. Using defect data that they are provided with, they will use tools to my knowledge to create a corrective action plan on what Is thought to be done to prevent the number of defects occurring. Throughout the work one assumption being made is that the workers work 6-6 in the morning, and that there is no night shift pattern that is worked. The assumption is also being made that each worker in the same area have the same amount of work load to be done. Also, there is also the assumption that the workers all work the same hours. Another assumption being made is that each worker has the same amount of experience in this same and both have had all of their products recorded in the table above.

	[bookmark: _Hlk5957559]Problems caused by Sandcasting

	
	Surface finish
	Defective finishing
	Blow hole
	Improper shape
	Other
	Total

	A
	26
	0
	17
	5
	0
	48

	B
	48
	0
	17
	8
	0
	73

	Total
	74
	0
	34
	13
	0
	121



	

From the table and the bar chart above, we can see that surface finish is the biggest problem for both worker A and worker B. We can then also see that neither of the workers are producing defects in the areas of defective finishing, or other possible reasons. Out of both of the workers, worker B is producing the most defects in their work with 73 defects, which is higher than worker A who has just 48 defects.





	[bookmark: _Hlk5957541]Problems caused by machining

	
	Surface finish
	Defective finishing
	Blowhole
	Improper shape
	Other
	Total

	C
	24
	2
	3
	2
	2
	33

	D
	26
	4
	6
	5
	2
	43

	Total
	50
	6
	9
	7
	4
	76




Similarly, to the previous data graph, we can see that surface area is again, the main area that is causing imperfections to the product. Unlike the previous results, in machining, defective finishing and other reasons are also contributing to defects. This table and graph is also providing us with the information that worker D is more the reason for flaws in the process, with results of 43 defects, compared to worker C who has just 33.

By comparing both sets of results, we are able to see that the main area that is at fault for causing defects in their work, is the sandcasting area. The sandcasting area has a total number of 121 defects, which is a lot higher than the machining area which has just 76 defects.

Although Blowholes are an issue in sandcasting, some can only be detected in the milling process. This is because there are 2 types of Blowholes. One being Pinhole and the other being subsurface. Subsurface Blowholes can only be detected after milling as they are embedded within the material.

	Defects in sandcasting at different times of day

	
	Surface finish
	   Defective      finishing
	Blowhole
	  Improper      shape
	    Other
	Total defects

	
	AM
	PM
	  AM
	  PM
	  AM
	PM
	AM
	 PM
	AM
	 PM
	Total AM
	Total PM

	 A
	  17
	   9
	  0
	  0
	  7
	 10
	  4
	  1
	  0
	  0
	  28
	  20

	 B 
	  22
	  26
	  0
	  0
	  10
	  7
	  4
	  4
	  0
	  0
	  36
	  37

	 C
	  13
	  11
	  2
	  0
	  1
	  2
	  0
	  2
	  0
	  2
	  16
	  17

	 D
	  13
	  13
	  3
	  1
	  2
	  4
	  2
	  3
	  2
	  0
	  22
	  21

	                                                          Totals
	  102
	  95



From the table above, it can be seen that most of the defects caused in work, are caused in the morning rather than the afternoon. 102 of the defects are caused in the AM, with 95 of defects occurring in the PM. Although there are more in the morning than there are in the afternoon, the figures are very close.

 
To aid this issue one method that could be used is starting later in the day, or letting the workers finish earlier the night before. 
“Though often overlooked, sleep is a critical component of producing good work. Errors and ineffectiveness can occur when team members are running on empty”
By doing this it could boost the work ethic and eagerness of each of the workers. This would also lead to more efficient production in the sandcasting and Machining areas. 

	
Above is a pareto diagram that represents the data of defects which are occurring in both Sandcasting and Milling. With the assistance of the pareto line, we can see that if we eliminate the surface finishing and blowhole issues, then we would be resolving 80% of the problems leading to defects of the product. Of both surface finishing, and blowholes, we can see that the surface finish is primarily the main issue. 
In Vertical milling, One Issue of surface finishing is that there is vibration in the material in which you are cutting. This leads to very noticeable defects on the quality of the cutting finish. As a recommendation, a solution to this could be ensuring that the work holding is tight to the material. This lowers the chances of vibration occurring, increasing the quality of the production. 
[bookmark: _Hlk6398769]“Make sure your workpiece is supported and clamped over as much area as possible surrounding the cut while still leaving room for the cutter to get in there and do its job” (Warfield, No Date)
This tells us that when clamping, we should clamp as much of the material as we can just ensuring to leave space for the cut to be made. Another reason for defects for surface finishing in milling is chips of steel that have been cut can cause friction and scratch the surface of the material you are cutting. A suggestion to prevent this issue is to use air to blow the leftover chips away before cutting. 
[bookmark: _Hlk6408883]“Hurco calls this out as one of the first and most important things to attend to in order to improve your surface finish” (Warfield, No Date)
This expresses how important this is to achieve less defects of surface finish in machining.
Surface Finish is also a big issue in the process of sandcasting. This could be caused using the wrong type of sand. The use of poor-quality sand leads to possible breakdowns within the mold, which can then result in rough finish of the surface. As a possible way to prevent this issue, Silica Sand which is of good quality can be used. This is backed up on Hawthorn website below as it states:
[bookmark: _Hlk6473941]“the size and the shape of the sand particles influence the surface finish. Finer particles achieve a better surface finish” (Casting, 2018)
[image: shrinkage cavity]This information tells us that the way in which the sand particles are formed allow for a more efficient surface finish. Shrinkage is another Surface finishing defect caused in Sand-casting. This is when a Shrinkage cavity occurs on the surface of the metal. This is usually caused by the molten metal solidifying unevenly. This can be eliminated by providing Directional Solidification into the design of the mold. This is done by controlling the feed of the molten metal into the mold which is temperature controlled.

This is an image of what a shrinkage cavity on the surface looks like. (Mishra, 2017)
The Sand-casting process also suffers from defects that are called Blowholes. Blowholes are caused when gasses get embedded in the metal as it solidifies and causes an oval shaped cavity. There are many different causes of Blowholes such as the sand temperature is too warm. A possible way to solve this would be to add a sand cooler if needed or to increase the amount of sand being used. Another factor is that the amount of Bentonite is too high, and montmorillonite is too low. These materials make the clay mold so if the measurements of the substances are wrong, it means that the clay is not of good standard. To solve this you should increase the amount of Montmorillonite and decrease the amount of Bentonite, giving the mold a better binding component.







	
[image: ]
Above is an ishikawa diagram that is aimed to understand why most of the defects are being caused in the morning rather than the night.

	Milling machine producing defects in the morning as is turned off all night

	Why’s
	Why
	Answer

	 Why no.1
	Why is the milling machining producing more defects in the AM
	As it has to warm up as it has been turned off
 all night.

	 Why no.2
	Why has the milling machine been turned off all night?
	The place of operation only has day shift 
working in operation.

	 Why no.3
	Why does the place of work only have day shifts in place?
	Lack of employees

	 Why no.4
	Why is there a lack of workers?
	Poor recruitment

	 Why no.5
	Why is there poor recruitment?
	Low wages



As you can see above, milling machine defects such as a rougher occur. This could be as because I am making the assumption that only day shifts are in operation; the machine will be off overnight. This means that it will still be warming up for a few of the products being made. One suggestion to solve this problem could be that this could be solved by making the wages of workers higher. This would lead to attracting more possible workers which could then allow you to operate over night as well as in the day time. This could not only solve the machining problem, but if you are open 24/7, you are producing more for customers which means more money.
	Poor surface finish

	Why’s
	Why
	Answer

	 Why no.1
	Why is the surface finish not precise?
	Excess material from the day before

	 Why no.2
	Why is there excess material?
	The Morning checks have not been done

	 Why no.3
	Why have morning checks not been done?
	There is no standardise checking process in                                   place

	 Why no.4
	Why is there no process for checks in place?
	Poor planning

	 Why no.5
	Why is there poor planning?
	Nobody tasked with the job



When surface finishing occurs with the machining process, often it is human error that is at fault and not just the equipment being used.  One human error that is known is that the teeth that is cutting the metal sometimes cannot spin properly as it often has leftover material on it from the day before, creating inefficiency’s in the production. One proposal which could be put in place to prevent this issue would be to task somebody with the job of making plans for all processes in the workplace. With plans being available, everybody has a written piece of work that tells them what they must do as part of their job e.g. Checking machinery in the morning before starting.
	Inclusions occurring

	Why’s
	Why
	Answer

	Why no.1
	Why are inclusions occurring?
	Fault in pouring technique

	Why no.2
	Why is there a fault in the pouring technique?
	There is no specific method for the task

	Why no.3
	Why is there no specific method for the task?
	Improper training technique

	Why no.4
	Why is there an improper technique for training?
	Lack of capital investment

	Why no.5
	Why is there lack of overall Capital?
	Lack of accurate production



When inclusions occur in the Sand-Casting Process, the technique used when pouring the metal into the mould is often a primary cause for this issue to occur. A technique that can be used so that this can be solved is by providing more accurate production in the sand-casting process. Even if you are producing less than usual, by doing this, more of the products made are able to be sold. The money from customers can then be spent on more essential training to continuously progress and then start to increase amount of productivity. With Inclusions due to pouring being the issue, a suggestion of how to solve this is to avoid pouring at high rates and shorten the pouring time. This is because too much pouring causes erosion against the wall of the mould.

Above, Ishikawa and the 5 Why’s technique have been used:
[bookmark: _Hlk5885764]“When looking to solve a problem, it helps to begin at the end result, reflect on what caused that, and question the answer five times”
These techniques are seen as the most effective tools to use to get to the root of an issue. They are very useful for getting to the key point and for cutting an issue out in future before it even occurs again.



[bookmark: _Hlk6392792]
	
	Defects in sandcasting  

	Possible effect
	Potential causes
	Severity
	Occurrence
	Detectability
	Recommended actions
	RPN
	Crit

	Defects in the final product so unable to sell it
	Moisture in the sand
	7
	7
	6
	Moisture testing of each mould used
	294
	49

	
	Morning checks not done on equipment
	9
	6


	8
	Assign someone the job to produce a standardised 
morning check plan for the start of each shift
	432
	54

	
	Lack of 
workers
	6
	7
	4
	Increase wages and improve
 the recruitment system
	168
	 42

	
	Insufficient pouring
	7
	        7
	          5
	Invest in more training for employees
	 245
	49

	
	Poor quality
 of sand being used in moulding 
	
      8
	  
        6
	
       4
	Do trials with other Sands to see which has the best moulding capabilities.
	
192
	
 48



From the FMEA table above we are able to see that the potential cause that is deemed as the most potentially inadequate is the checks in the morning not being done. By checks not being done it put people at risk of not just loss of quality production but can also lead to a hazard for the people involved in the process. By assigning someone the job to create a morning check list, it would increase efficiency whilst also reduced possibilities of danger. If multiples of accidents then occur in the business, it will stop people from wanting to work for the company, thus losing money. It does not only save money through quality of work being better, but also reduces risk of having to replace the equipment if it breaks.
“All work equipment has the potential to cause problems in the workplace, so you need to ensure that it remains safe to use and that you’re not putting employees at risk” (team, 2015)
As it states above, if something is working incorrectly, then all machinery has potential to cause harm to others around it.


	Defects in Machining  

	Possible effect
	Potential causes
	Severity
	Occurrence
	Detectability
	Recommended actions
	RPN
	Crit

	Defects in the final product so unable to sell it
	Excess material
 on machine from previous task affecting surface finish
	

    7
	

       6
	

     6
	By providing workers with an 
air
blower which is used to
 clear 
the working station of metal shavings from previous work
	

 252
	

42

	
	Products out of 
spec due to machine
 not being
 calibrated
	

   8
	

    3
	

     5    
	 Make sure the machine
 has been calibrated once 
started up and before you start to work
	

 120
	

 24

	
	Machine on 
start up after being turned off all night
	
   8
	
      8
	
      5
	Employ more workers to be able to have a night shift as well 
as a day shift
	
 320
	
 64

	
	Careless attitude
	    5
	      8
	       4
	Start the shifts later in the morning and finish earlier at night 
	 160
	40


From the table above, it is clear to see that the potential cause of defects in milling that could cause the most impactable issues is the machine having to be turned off overnight. If a machine is off overnight then when turned back on, it will need a while to warm up to be able to work at its bets. To solve this, you should employ more workers to be able to keep the machinery on, but to also produce more product and increase income.


	Recommendations for the Sandcasting process

	       Category
	                                               Recommendation
	                        Who should enforce the action 

	        Employee based
	To increase wages of employees to attract other workers 
	Business owner

	
	To decrease shift hours in which the employees are working
	Business owner

	
	To Take on more workers to be able to run night shifts for more production
	Recruitment team

	
	To allow workers to start later and finish early to raise moral
	Business owner

	
	To provide more appropriate and thorough training to employees
	Business Owner / Recruitment team

	  Method/Equipment
	To announce a certain method for all tasks done so everybody does the same things e.g. Pouring technique
	                       Business owner/Process specialists

	        
	There must be regular checklists of what each worker should investigate before working
	                      Business owner/Process specialists

	
	Use high quality sand e.g. Silicon sand
	                         Employees/process specialists

	
	Use different casting methods such as V-Casting which produces a more precise measurement
	Employees/process specialists

	
	Get a more efficient mold by testing the moisture 
	Employees/Process specialists

	
	Use Directional Solidification
	Employees/process specialists

	
	Use Sand coolers to keep the sand at the correct temperature
	Employees/process specialists

	
	Use additives to improve the mold e.g. fuel oil, iron oxide
	Employees/ process specialists

	
	Filter spare sand that has been used to eb apply to recycle and use it 
again
	Employees/ process specialists

	
	Keep sand out of cold air to prevent condensation in the mornings which leads to moisture
	Employees

	
	Replace equipment e.g. mold clamping pins before they are so used that they become non-functionable and cause issues like shift.
	Employees

	
	Use cold setting processes so you have more accurate dimensions.
	Employees/ process specialists

	
	Improve the ramming process by testing the hardness of the mold using a pressure gauge
	Employees/ process specialists



Recommendations



	Recommendations for the Machining process

	       Category
	                                               Recommendation
	           Who should enforce the action 

	Employee based
	To increase wages of employees to attract other workers
	Business owner

	
	To decrease shift hours in which the employees are working
	Business owner

	
	To Take on more workers to be able to run night shifts for more production
	Business owner

	
	To start later and finish early to raise moral
	Business owner

	
	To provide more appropriate training to employees
	Business owner/ Recruitment team

	
	     Employ more workers so that night shifts are available, which avoids having to keep machines off overnight, which leads to defects on startup
	Recruitment team/ Business owner

	Method/ Equipment
	Announce certain methods on exactly how to do things so all workers are doing the same
	Employee

	
	Checklists of what needs to be looked at before starting work
	Employee

	
	Refill Oil levels etc. before they run low enough to cause issues like overheating and 
vibration causing surface defects
	Employee

	
	Install an air blower on the cutting machine to blow any leftover debris off the work station
 and avoid scratches etc.
	Employee

	
	Install a lubricator on the machine to prevent overheating due to frcition of the blade and 
the metal.
	Employee

	
	Ensure you calibrate the machine before cutting so that all dimensions and measurements are met correctly
	Employee

	
	Ensure the material is tightly clamped, covering as much of the metal as you can, to 
prevent vibration whilst cutting the product
	Employee

	
	Make sure the teeth of the blade are regularly changed so that the cut it always clean and precise.
	Employee

	
	Daily maintenance checks on the milling machine
	Employee

	
	Use a different machine such as a Lathe machine which can cut more diverse shapes 
with better performance and efficiency.
	Employee/process specialist
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problems in sandcasting

A	Surface finish	Defective finishing	Blow hole	Improper shape	Other	Total	26	0	17	5	0	48	B	Surface finish	Defective finishing	Blow hole	Improper shape	Other	Total	48	0	17	8	0	73	Total	Surface finish	Defective finishing	Blow hole	Improper shape	Other	Total	74	0	34	13	0	121	



problems in machining

A	Surface finish	Defective finishing	Blow hole	Improper shape	Other	Total	26	0	17	5	0	48	B	Surface finish	Defective finishing	Blow hole	Improper shape	Other	Total	48	0	17	8	0	73	Total	Surface finish	Defective finishing	Blow hole	Improper shape	Other	Total	74	0	34	13	0	121	



Defects in the AM and PM

 A	AM	PM	  AM	  PM	  AM	PM	AM	 PM	AM	 PM	Total AM	Total PM	Surface finish	   Defective      finishing	Blowhole	  Improper      shape	    Other	Total defects	17	9	0	0	7	10	4	1	0	0	28	20	 B 	AM	PM	  AM	  PM	  AM	PM	AM	 PM	AM	 PM	Total AM	Total PM	Surface finish	   Defective      finishing	Blowhole	  Improper      shape	    Other	Total defects	22	26	0	0	10	7	4	4	0	0	36	37	 C	AM	PM	  AM	  PM	  AM	PM	AM	 PM	AM	 PM	Total AM	Total PM	Surface finish	   Defective      finishing	Blowhole	  Improper      shape	    Other	Total defects	13	11	2	0	1	2	0	2	0	2	16	17	 D	AM	PM	  AM	  PM	  AM	PM	AM	 PM	AM	 PM	Total AM	Total PM	Surface finish	   Defective      finishing	Blowhole	  Improper      shape	    Other	Total defects	13	13	3	1	2	4	2	3	2	0	22	21	                                                          Totals	AM	PM	  AM	  PM	  AM	PM	AM	 PM	AM	 PM	Total AM	Total PM	Surface finish	   Defective      finishing	Blowhole	  Improper      shape	    Other	Total defects	102	95	
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