Jessica Williams- Quality and Business Improvement- Assignment 2 

Introduction 
This assignment is an improvement plan for a manufacturing process that makes a “sliding jaw” from a machine vice assembly. The report below contains data analysis which consists of pareto analysis and scatter diagrams looking at the 20% which are the “vital” defects and the difference in defect numbers from worker to worker. The root cause analysis develops a 5 why diagram on why most defects occur mid-week, also a fish bone diagram which demonstrates some of the causes of the defects.  There is also an action plan of what can be implemented/ improved to try and decrease the number of defects. 
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Summarising data is important to identify what looks normal and what looks unusual. As a starting point you need to be able to get the relevant and useful information together without losing any other features that may be important (UCL, 2020). However, in this assignment the data that is being looked at is all defect data, meaning we want to find a way to decrease the amount of defects by finding what is causing the defects in the first place. 
	The data shown in the defect table has been put into a basic bar chart to show the total amount of defects that occurred for the week, the different defects type and the difference between the two operations. (Sand Casting and Machining, Milling/ Drilling). As the chart shows. 

	
	Surface Finish 
	Defective Finishing
	Blow Hole
	Improper Shape
	Others
	Total Number of Defects

	Operation 1 
	97
	0
	53
	23
	1
	174

	Operation 2
	73
	11
	17
	13
	11
	125



The total number of defects that occurred over the week was higher for operation 1 than operation 2, this is an observation without taking into account other factors which will be highlighted in the data analysis and root cause analysis, which will go into more detail over the potential causes. The defects with the highest percentage in both operations is the surface finish, in operation 1 it is 55.75% and in operation 2 it is 58.40%. The defect with the lowest percentage is defect finishing in operation 1 at 0% and in operation 2 it is defect finishing and ‘other’ at 8.80%. This is a data summary showing the most frequent defects over the week, giving an overview of what is occurring most. The action plan on how to decrease these defects will be discussed after looking through as many possible causes. The next section will look at data analysis in more detail.

Data Analysis  
Data analysis applies statistical techniques to illustrate and evaluate data. As Shamoo and Resnik (2003) state, logical techniques can provide a way of portraying implications from data and classify the problem from the details in the data. However, there are some issues will data analysis, some examples of these are: 
· Researcher must be skilled enough to analyse data.
· Must be unbiased.
· Reliability and validity.
· Issues with a lack of plainly defined and impartial measurements
Pareto Analysis: 
[image: ]Pareto Analysis for Operation1 

Pareto Analysis for Operation 2
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Pareto Analysis for both operations
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A pareto chart is useful to use when looking at the frequency of problems or the causes in a process, if there are many defects ( in this case there are 5 at least), if you want to communicate the data with others. 
To carry out the Pareto Analysis the defects are identified and the data set was ranked from high to low as show in the charts. The bars in the chart show the total number of defects for workers A,B,C and D. The percentage totals were calculated for each chart and this is known as the ‘Pareto Line’. The theory is that 80% of problems in businesses are created by 20% of the connected causes. Once the chart is completed you are then able to work out the faults that are left of the 80% point, these are as follows:
If 20% are the vital defects to focus on then for Operation 1 are surface finish and blow hole defects, for operation 2, the vital defects are surface finish, blow hole and improper shape. After looking at the chart that combines both, it seems the 20% is surface finish and blow hole defects, so any of the defects right of the 20% remain insignificant. 

Scatter Graphs:
Scatter graphs are useful when you have paired data, for example we have two operations in the set of data. It can be used to present data and when trying to find the root cause, e.g. if something has a positive correlation with something else. You can use it after determining cause and effects and then seeing if different causes are related, this will be looked at below (American Society for Quality, 2020). 
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After looking at the data from the sand casting workers (A and B) as part of the process improvement, it can be seen that there is no correlation between the number of defects spanning across the 6 day working week. However when looking at the comparison of the two worker together, between days 2 and 4 it can be seen that there is a dramatic rise in the amount of defects on the sliding jaw process. As the causes of this cannot be seen from the graph further investigation into why there is a rise in defects mid-week will be looked at in root cause analysis. 






[image: ]
As shown above in the scatter graphs, there is a peak in the number of defects on day 3 (Wednesday) of the productions process. This cannot be explained from the graph itself as to why there is an increase in the number of defects, however root cause analysis would be able to investigate any outside factors that may effect this, e.g. busiest production day, delivery day, break downs in equipment. Also, the graph for worker D has a line of best fit showing because the data shows that the number of defects has a positive correlation with the day of the week. This could be just by chance that the number of defects increase with worker D as is gets to the end of the week (except for Wednesday where there is an unusual spike in defects for all workers). 

Root Cause Analysis
Root cause analysis can help you quickly identify the source of problem. As ACT (2018) suggests, you use this tool by writing down the problem that you want to focus on and then brainstorm as to why the problem occurs. This section of the improvement plan will look at % whys to consider the possible sources of the problem and a cause and effect (fishbone) diagram looking in to the defects in the two different processes. Once the root cause analysis is completed, you would need to communicate the finding so that others understand the root cause and that the focus is on trying to correct the cause and not treat the symptoms. 





5 Whys
[image: ]Defining the problem: The highest number of defects to the sliding jaw occur mid-week (5 Why analysis to figure out why this is the case) Sand Casting. 
Why?- Mid-week is when the cooling part of sand casting takes place. 
All of the other relevant steps must be taken before the cooling occurs, e.g mould making, clamping and pouring. 
Most defects will occur as part of this solidification process. 
If some the molten metal cools too quickly, the part may show shrinkage, cracks or incomplete sections. 
Counter Measure- Try out starting the process on alternate days.
Counter Measure- Have a look at redesigning the mould to try and prevent theses defects.  
Counter Measure- Make sure that the molten metal does not cool too quickly. 
Counter Measure- Have the moulds made ready from the supplier.












(Weiss, 2018, chpt 5)

The diagram above shows a 5 why diagram that was constructed to try and find the root cause of why the majority of the defects are occurring mid-week in sand casting (as the scatter graph demonstrates). The cooling step of sand casting would take place around the half way mark of the sand casting process which is mid-week. This part of the process is when there could be a rise in the number of defects due to the solidification process.  This is when parts of the sliding jaw may crack, shrink or be incomplete. This therefore resulting in surface finish defects which are of a high volume, improper shape, defective finishing ( due to cracking) and the blow hole could be affected if the sections are incomplete. 
	The counter measure that could be put in place to see if there are any reductions in the amount of defects are:
· Try and map the process to improve flow, but starting the process when there is customer demand so that the defects will not always be mid-week.
· The supplier could supply the moulds ready so that part of the process is complete before production. 
· Find a measure that can be put in place so that the molten metal does not cool too quickly. 
· Try and test redesigning the moulds to prevent regular defects occurring. 



Cause and Effect Analysis ( Fishbone)
[image: ]This next section will look at the defects though a cause and effect diagram. The diagram below will try to demonstrate why the defects are occurring by putting potential causes into smaller categories. It can also show the affiliation between certain influences causing the defects. 

Surface Finish: When the sand is compressed into the moulds it is carried out physically by the foundry workers (A and B). The moulds must be packed correctly to guarantee all openings are filled so the sand does not break away. The quality of the mould pattern is also significant, if you have a quality pattern you are more likely to have a quality cast. Also, the choice of sand should be contemplated because it could instigate roughness on the casting. 
Defective Finishing: The foundry team (C and D) would carry out the finishing with the machining to grind the surface and shot blast after the heat treatment as this also would improve surface finish. Shrinking cavity defect can be caused if the flow speed of the metal is unusually high, this should regularly checked by the foundry workers. 
Blow Hole: The blow holes are usually formed by smoke or steam from the sand getting trapped in the melt. This defect can be minimalised by preparing the melt suitably and having a valuable mould design. 
Improper Shape: Swelling defects may occur due to insufficient ramming of the sand or pouring the molten iron too quick into the mould. Whereas, dropping occurs when the sand mould cracks and sand cascades into the molten metal, but this can be reduced if high strength sand is used with suitable ramming practices implemented. 




Corrective action plan
After looking at the data collection and root cause analysis there are a few actions, checks and constant monitoring that can be tested to see if there is a decrease in the amount of defects coming from the sliding jaw production process. 
	The sand must be packed into the moulds correctly otherwise it can lead to bad quality surface finish. One of the things that the manufacturing company can look into is how the mould pattern is constructed and whether it would be easier to get it made outside of the company. However, it would cost more, but the value a good quality mould would bring to the process would make up the money lost by having less defects at different parts in the process. Additionally, looking into the sand quality would also be an option for minimising the number of defects as having sand that is high strength, it will be more resistant to high temperatures, would not react chemically or release gases which as states previously was causing blow holes to be formed and from the pareto graph was one of the defects in the 20% to focus on. Finally, some checks that should be monitored in the process as it contributes to a number of defects as discussed above is the flow speed of metal and a measure needs to be put in place to stop the metal from cooling too quickly. If these actions are put into place, from the data and root cause analysis completed, there should be a drop in the number of defects. 
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6.4.3 Sand casting

Sand casting involves the pouring of molten metal into a cavity-
shaped sand mould where it solidifies (Fig. 6.8). The mould is made
of sand particles held together with an inorganic binding agent. After
the metal has cooled to room temperature, the sand mould is broken
open to remove the casting. The main advantage of sand casting is
the low cost of the mould, which is a large expense with permanent
mould casting methods. The process is suitable for low-volume
production of castings with intricate shapes, although it does not
permit close tolerances and the mechanical properties of the casting
are relatively low owing to the coarse grain structure as a result of

slow cooling rate.
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The Cosworth process® is a low-pressure sand casting process used
to obtain sound castings. An electro-magnetic pump fills molten
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blocks have been produced using this method. Core package
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