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Introduction :
[bookmark: _Hlk6792962]This paper presents an analytical investigation of the design and manufacture of the subjected component, which is a base for a free- standing pillar drill. The problematic production processes are causing rejects and defects that do not have any Root causes. This paper would offer guidance in form of a corrective action plan that the company can utilises, then implement the counter measures to rectify the defects in the products and processes. This investigation will be conducted by the consultant process Improvement engineer. 
The component is manufactured by a sand casting process and then machined by a milling machine. The background of the components defects has been assessed and monitored as: Surface Finish, Defective finishing, Blow holes, Improper shape and Others . These defects have occurred in the machining / casting processes and on alternating shift patterns . Defects can occur in a number of ways which will affect the products performance and value The consultant has concurred the data and has made a safe assumption that the defects are more pronounce in the sand casting process which can be explained by having defaulted tooling or lack of trained members of staff this will be investigated further. 
With the analytical investigation of the products manufactured there will be a clear outcome of the areas which will need improvement and investment which the consultant will state. Once these measures are put in place the company should find an drop in the number of defected parts. As a result the company will find a better quality of products sold to the customers, the speed of work will be improved,  the time spend on reworks will decrease and the money wasted on scrap parts will be decreased also. Using the data given this paper would explore a number technics to get down to the root causes and any other underlying issues. 
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Data:
 To start this investigation the data had to be broken down into section of operations and processing so that a better conclusion can come from analysing the data. For a general gathering of information the consultant has decided to get a more detailed look at the total defects, in percentages and work from there. From the table below the defects are listed in descending order, percentages are given to indicate the severity of them.  The table is an overview on the Data given, the consultant displayed this information in such a way so it can be viewed in a better format. Surface finishing is a major defect that stands out from the Pie chart which continues, The Pie chart has a clear indication where the first places to delve into with this investigation. 

	O = Surface Finish.
	X = Blow Hole.
	● = Improper shape. 
	♦ = Defective Finishing.
	□ = Others. 

	124
	43
	20
	6
	4

	63%
	22%
	10%
	3%
	2%






Pareto Chart : 
	Defects in Products 
	Occurrence 
	cumulative No  
	Cumulative Percentage 

	Surface finish 
	124
	124
	63%

	Blow hole 
	43
	167
	85%

	Improper shape 
	20
	187
	95%

	Defective finishing 
	6
	193
	98%

	Others 
	4
	197
	100%

	Total 
	197
	 
	 





The Analytical tool above is a Pareto Chart which is a mirrored histogram of  the Pie Chart, This chart also clearly shows where the most defects are occurring. The Pareto diagram feature out the 20% 80% principle where in the first quarter the defects with the most frequency appear, then follow the trend and descend. The Pareto chart highlights at 80% the cumulative which correlates to the first two defects found with most frequency, From this tool it allows us to see the subject that are best to focus on, which are the 63% of surface finishes and 22% of blow hole defects . this would relate to the 20% of all defects that have occurred. In this analysis if the company was to focus on the 20% suggested it would result in having an 80% recovery of defective parts. It would be in the company’s best interest to invest in the improvements of the two defects highlighted. It is clear to the reader that the defects are appearing in the suggested areas, but which might help this investigation is finding out which employee are having an Impact to these results. Below is further Tools that will help narrow down a conclusion to finding a result of a root cause. 
	Staff 
	O = Surface Finish.
	X = Blow Hole.
	● = Improper shape. 
	♦ = Defective Finishing.
	□ = Others. 
	Total:
	 Percentages. 

	A
	26
	17
	5
	0
	0
	48
	24.40%

	B
	48
	17
	8
	0
	0
	73
	37.10%

	C
	24
	3
	2
	2
	2
	33
	16.80%

	D
	26
	6
	5
	4
	2
	43
	21.80%





The reasoning behind investigating Employee defect data , is to find a result as to where the operators are going wrong and where the company can look to correcting these mistakes. In some cases the answer is clear in the data, for example the high point employee B has triggered in surface finish. This has stood out for the author and is an area the company needs to investigate further to get the best results. 

	Employee B 
	Occurrence 
	cumulative No  
	Cumulative Percentage 

	Surface finish 
	48
	48
	66%

	Blow hole 
	17
	65
	89%

	Improper shape 
	8
	73
	100%

	Defective finishing 
	0
	73
	100%

	Others 
	0
	73
	100%

	Total 
	73
	 
	 




It was a clear indicator that all avenues have to be adventured, It is important to note that the operators input is not the root cause of these defects and it is safe to say that there should be a standard in place for all operators to follow. It is a matter of management to set the standards of operation with the help from the knowledge of the employees. Employee B has been selected due to high volumes of defects in the group of surface finishing, there is more underlining issues that can be the result of these and it is important to note that this is not a measurement of operators knowledge but an insight of what problems has occurred in this particle shift. J. B. ReVelle (2012) states; “the training of all staff, especially staff with key responsibilities, is vital when introducing new processes, systems, or management techniques into the workplace.” Once again the data can be broken down further so it is important to know which machines process can be studied
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Scatter diagram:
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Once Again the Data has been depicted in another matter of subject, with this scatter diagram looking at machine performance. The break down of these operations is to get a specific outcome of improvement for each process, these highlighted factors will be subjected to further Investigated. From the above Scatter diagram Sandcasting has a higher percentage, for these reasons the consultant would continue the analysis on this operation.

Failure mode and effects analysis:
From the above Scatter Diagram it was clear that the Sand Casting operation is in need for Improvement, by Creating a Failure mode and effect analysis the operation would be broken down in to potential causes for the company to get a better understanding where this component is failing. 




[image: ]
The failure mode and effect analysis has generated an number of potential effects to the component which can cause the subjected defects. J. B. ReVelle (2002) States; “one can reduce defects by adding subsequent inspections, each of which should detect roughly 85 to 90% of the remaining defects….when we compare escaping defects with customer complaint data, we begin to understand how quality may be affecting more than just profits.” Linking this quote with the FMEA can help the procedure of manufacturing this component. The results of further action will be concluded at the end of this paper. 

Analysis
Let’s look at some Root cause analysis tools to conclude our findings on Employee B’s results above. A questionnaire was given to Employee B and management staff so that the author could get down to the root cause of a high spark of defects on the operators shifts. The results are below:
	5 whys 
	Why 
	Answer 

	Why #1
	Why has Employee B had most number of defects 
	Employee B was not aware of the standard procedures 

	Why #2
	Why wasn't Employee B aware of the standard procedures  
	Employee B hasn’t had full training   

	Why #3
	Why hasn't Employee B had full training 
	There isn't a registered matrix and it was overseen

	Why #4
	Why isn't there a registered matrix
	[bookmark: _Hlk6792018]The competency accessors haven't included one in induction training

	Why #5
	Why hasn't a matrix been included 
	The management Team overseen this procedure





From interrogation using the “5 Why” method the author has come to an underlying issue that if treated can revolve a lot of problems for the company. We can see from the Staff answers that the correct operations are taken place but there isn’t a fundamental register of competency. The Author would continue to solve this issue which will be stated in the action plan 
Ishikawa Diagram:
Finally from our data research and Graphic measuring tools the data from the total defects can be narrowed down to finding its root causes. From the scatter diagram also the pie charts that look at the total number of defects, further that being as a overall or specifically machinery, they have both concluded that Surface finish and Blow holes were the 20% of all defects that are causing 80% of all rejected parts. The consultant delved into further reasoning behind this defects by using a Ishikawa diagram which relates directly to the manufacturing operations.
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The above Ishikawa Diagrams analysis the highest number of defects found in the component; Blow holes has depicted that there is “Inadequate core venting” the remedy to fixing this particular issues. Asst Professor R. Rajkolhe and J. G. Khan (2014) states; “Improve core venting, provide venting channels, ensure core prints are free of dressing”.  This can be one area where the investments can be made to rectify the components defects. 
[bookmark: _Hlk6790311]In the analysis tool above the surface finish has also been investigated an conclusion of poor quality of material has been spotted in this tool which can have a big role to play when it comes to the machining operations J.Bralla (1998) States; “materials of good machinability, perhaps with fine grain structures and reasonable hardness, machine more precisely than very hard or very soft large- grained materials”.  Putting all this information into context, an action plan has been created to help diminish these potential defects.
Acton Plan
The Consultant main areas of concern was the high number of defected parts that were produced in the Sand casting process. The next step for the company to take would be to manipulate the working standard procedures for the process and also the training scheme that is in place. The suggestions for this modification would to be for purchasing to order better quality Grade of Steel, this would firstly better both processes of operations by the steel having better surface finish when machined. This information was found in the surface finishing Ishikawa diagram.
Following this investment, the best route of improvement would be to go back to the design and development on the component. The Standard operations have overseen the importance of an inspection operation within the manufacture of this product, as stated in text. The best outcome of the components future would to inspect “first off” at the start of both operation, this will give the operator the chance to see the quality of the machines set up. Also, to inspect the component has it moves from each stage of operation this was confirmed with the poor rating the current operations are following from the Failure mode effect analysis tool shown. In terms of the 
As we are working on the development of procedures it was clear from the analysis tool “5 whys” that the standard operations need to be looked at. Operators are getting low levels of performance due to not having a standard operating procedures in place, in terms of improving the process below this action plan is a flow chart that the company can follow in order to manufacture safety with less defects. Another outcome from the “5 why” tool is to have a Training matrix so that development of employee can be tracked and completed making the operators more confident in the procedure , this also can be found at the bottom of this conclusion and should be utilised by the competency accessors when training new staff.
To conclude the combine improvements and investments will aim to reduce the defects found in the Base of the  free-standing pillar drill, the operations needed more fine tuning to satisfy the requirements of the product which using these methods has help highlight them and this paper can be used as a reference in improving manufacturing procedures in the companies future. 
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Staff defaults 

A	
O = Surface Finish.	X = Blow Hole.	● = Improper shape. 	♦ = Defective Finishing.	□ = Others. 	26	17	5	0	0	B	
O = Surface Finish.	X = Blow Hole.	● = Improper shape. 	♦ = Defective Finishing.	□ = Others. 	48	17	8	0	0	C	
O = Surface Finish.	X = Blow Hole.	● = Improper shape. 	♦ = Defective Finishing.	□ = Others. 	24	3	2	2	2	D	
O = Surface Finish.	X = Blow Hole.	● = Improper shape. 	♦ = Defective Finishing.	□ = Others. 	26	6	5	4	2	



Machine Data.

Sand caster  	O = Surface Finish	X = Blow Hole.	● = Improper shape.	♦ = Defective Finishing.	□ = Others. 	74	34	13	0	0	Milling Machine 	O = Surface Finish	X = Blow Hole.	● = Improper shape.	♦ = Defective Finishing.	□ = Others. 	50	9	7	6	4	Defects titles 


Number of defects 




Defect Total :

Total :	
O = Surface Finish.	X = Blow Hole.	● = Improper shape. 	♦ = Defective Finishing.	□ = Others. 	124	43	20	6	4	
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  FAILURE MODE AND EFFECTS ANALYSIS  

 

Item:  Base of  Pillar   drill   Responsibility:  Process  Improvement  Engineer   FMEA number:  1  

Model:  #24169   Prepared by:  Richard Leadbeater   Page :  1  

Core  Team:  Sand Casting Management Team    FMEA Date  (Orig):  15/04/2019  Rev:  1  

                                                   

Process  Function  Potential  Failure  Mode  Potential  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  

Products  pattern   moulded   in sand  jig.    Sand  sticking to  products  pattern .  Defective  surfaces.   8     Ineffective  coal dust  spreade d   on  pattern .   7  None.   8  448  To invest in  effective coal  dust.   Purchasing  team.  Yes.  8  1  1  8  

Pouring.   Trapped  gas inside  the  casting.  Blow  holes.  6     Sand too we t.  6  None.   5  180  Inspect "First  off"  mould .   Quality   Department.   Yes.   6  1  3  18  

   Insufficient  quantity of  liquid  metal in  ladle.  Incomplete  casting.   9     Workmen  error.   6  None.   6  324  To inspect the  weight   of ladle  before pouring,  has to meet   new standard  procedures.   Machine  Operator.   Yes.   9  2  2  36  

Cooling.  The  cooling  time not   elapsed.  Body  Cracks.   10     Rough  handling   in  cool down  time.   7  None.   5  350  Follow Process  Control for  temp era t u re   cooling times.   Machine  Operator.   Yes.  10  3  2  60  
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Ishikawa (Fishbone ) Diagram 

Manpower Meathod

Machines

Inadequate core venting Shifts   No Operation standards 

Excessive release of gas from core Training    Ineffective quality Management  

Jig not set correctly  Commuications  Lack of Planning 

Sand casting temputers  Operator experience  Tool Maintance 

Alignment  Manual error 

moisture absorption by the cores Employee fatigue  Poor Engineering Drawings 

Oxide films  Wrong Production procesdures 

   Employee not following precedures  

Blow hole 

Defects 

Low mold Temperatures 

  Records up to date?  Humidity 

New Material supplier  Blueprint mistake Temperature

High pouring Temperatures  Lack of reporting  Poor lighting 

Tooling Maintance  Faulity testing equipment  Dusty

Poor storage conditions  Inspection process?  Nosey

Specification of Steel  Calibration? Rushed 

Material

 

Measures  Environment 


image7.emf
Ishikawa (Fishbone ) Diagram 
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