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Quality tools and root cause analysis


A business with a problematic production process will always struggle to reach their full potential. It is important to identify the root cause for the problems and devise a plan in order to improve. This report will analyse defect data, to its fullest extent, using visual aids, in order to emphasize problematic areas. It will also look at individual areas for improvement, from the top of the chain, management right down to the start of the process with raw materials.
“A defect is a result, or an effect, usually caused by a simple mistake.” (Shingo, 1986) This business is currently operating at a total defect percentage 18% per week and the inability to understand the need for change regarding Key Performance Targets. This report  will provide a proposed defect flow chart, identify the key changes to be made, and justify the rationale for doing so.  

















Step 1
· What is the problem? 
· 4 W’s
· Who, Where, What, When?  DEFINE
The business’s two operation production line is currently producing 197 defects per week


Step 2
· How big is the problem?
· 197 defects – is that good or bad?
· What are the targets/goals?
· How far away is the business from success?  MEASURE

[image: ]As shown in the table below (Figure 1), the company’s production department is currently producing a quality defect approximately 15% higher than the aspirational target of 3%Figure 1





The Company’s current Key Performance Target is indicated in the table below (Figure 2). It shows that 1000 units is expected to be made, producing a profit of £3000, weekly.
Figure 2



[image: ][image: ]However, the current performance of the business is shown below (Figure 3). The statistics show that although production rate is above target, the percentage of quality defects is detrimental to the profits made.Figure 3








Step 3
· What is causing the problem?
· Defect data, Pareto, Ishikawa, flow charts, histograms, scatter charts  ANALYSE 
Step 4
· How do you know what is causing it?
· Data! Defects! Pareto! Root Cause! – prioritise!  ANALYSE








Figure 4



This graph (Figure 4) shows the most common defect in operation 1 in the morning is surface finish, with a total of 39.
It also shows that the second most common defect in operation 1 in the morning is blow hole with 17.








Figure 5



This graph (Figure 5) shows the most common defect in operation 1 in the afternoon is surface finish, with a total of 35.
It also shows that the second most common defect in operation 1 in the afternoon is blow hole with 17.







Figure 6



This graph (Figure 6) shows that the most common defect of operation 2 in the morning is surface finish, with 27.
It also shows that the second most common defect in operation 2 in the morning is defective finishing with 5.








Figure 7
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Figure 8


This graph (Figure 8) shows that Wednesday morning has the most defects, with a total of 26, whereas, Saturday morning has the least defects, with a total of 10.



Figure 9


This graph (Figure 9) shows that Wednesday afternoon has the most defects, with a total of 28, whereas, Monday afternoon has the least defects, with a total of 12.


Figure 10 1j1010


This graph (Figure 10) shows that Worker B has the most defects, with a total of 73, whereas Worker C has the least defects, with a total of 33.


Figure 11
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 Figure 12


Using the Pareto analysis (Figure 12), the cumulative percentage of defects was calculated, as shown in the graph above. It is clear that surface finish and blow hole account for almost 80% of total defects.










Figure 13



The scatter graph above (Figure 13) demonstrates that there is an overall weak negative correlation between total surface finish defects and the day of the week. This indicates that better quality products are being produced later on in the week.









Figure 14



The scatter graph above (Figure 14) demonstrates that there is a strong negative correlation between total blow hole defects and the days of week. This indicates that better quality products are produced later on in the week. 









Figure 15



The scatter graph above (Figure 15) demonstrates that there is a weak negative correlation between total defects and day of the week, despite a considerable peak in total defects mid-week, on a Wednesday.












Figure 16


The scatter graph above (Figure 16) demonstrates that there is a weak negative correlation between Worker A’s total defects and day of the week.







Figure 17



The scatter graph above (Figure 17) demonstrates that Worker B has a weak negative correlation between total defects and days of the week, however peaking mid-week with a considerably higher defective performance on a Wednesday. 








Figure 18



Despite a considerable increase mid-week on the Wednesday, this scatter graph above (Figure 18) shows that there is no correlation between Worker C’s total defects and the days of the week.






Figure 19



The scatter graph above (Figure 19) shows there is a weak positive correlation between Worker D’s total number of defects and the days of the week.
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Figure 20



The defect process flow chart above (Figure 20) highlights the amount of defects created in each operation and by which member of staff. 


[image: ][image: ]Figure 21
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Figure 22



	With reference to Figure 12, the Pareto analysis, it is evident that the surface finish and blow hole defects are the major contributors to the overall process defects by almost 80%. It is imperative that these two defects be improved, to allow the business to thrive against their competitors.
With reference to Figure 13, the scatter graph for surface finishing defects by days of the week, it shows there is a minimal relationship between the two factors. The total of weekly defects is 124, with 37 being created on a Wednesday, and the lowest amount of defects being created at the start and end of the week. This highlights that the day of the week has no direct impact on the total amount of defects made, therefore need not to be investigated. However, with the considerable amount of surface finish defects being created, the cause for this needs to be investigated thoroughly.
With reference to Figure 14, the scatter graph for blow hole defects by days of the week, it shows there is a strong negative relationship between the two factors. The total of weekly defects is 43, with the majority being created on a Monday, at 20, being reduced to a minor 7 on the Saturday. However, this is a considerable increase from the previous day of just 2. This is a factor that needs to be investigated further.
With reference to Figure 16, the scatter graph for Worker A’s total defects by days of the week, it shows a minimal relationship between the two factors. Total defects are low at the start and end of the week, but peaking mid-week. Worker A’s total defects need not be investigated further.
With reference to Figure 17, the scatter graph for Worker B’s total defects by days of the week, it shows that although the correlation between days of the week and total defects is minimal, the total number of defects being created is at a concerning level. This needs to be investigated thoroughly.
With reference to Figure 18, the scatter graph for Worker C’s total defects by days of the week, it shows almost no correlation between the two factors. However, there is a considerable peak mid-week with a total of 11 as opposed to the rest of the week with an average of 4 per day. Worker C’s total defects need not be investigated further.
With reference to Figure 19, the scatter graph for Worker D’s total defects by days of the week, it shows a strong positive correlation between the two factors. The week starts with just 5 defects, rising to 11 on a Wednesday, and ending considerably high on the Saturday with 8 defects. The cause of this needs to be investigated further.
Although the cause of the total number of defects for Worker A and C  need not be investigated, overall, the high peaks on Wednesday for all Workers needs to be investigated further.
With reference to Figure 20, the defect process flow chart indicates which operation, and individual is creating the current amount of defects. It is evident that Sandcasting (Operation 1) creates the most defects, with a total of 121. 48 of those defects being created by Worker A, and 78 being created by Worker B. Milling machine (Operation 2) shows a total of 76 defects. 33 of those defects being created by Worker C, and 43 being created by Worker D. This highlights that individually, both Worker C and D are creating less defects than Worker A and B. It allows exploration into why Operation 1 is producing so many defects and why 197 defective products are reaching the customer. This needs to be investigated thoroughly.
With reference to Figure 21, the Ishikawa fish bone diagram breaks down causes into sub causes to show exactly what factors are contributing to the problem, 197 defects. One clear contributing factor is time pressures, coming from both management and man power. Linking in to this, is the concern of Key Performance Targets and the bonus scheme. These pressures from management may have an effect on the inconsistent production rate and quantity focused performance. This is something that needs to be investigated further.
 Regarding method, the lack of Standard Operation Procedures may have a link to variable production rate and varied quality productions and also under machinery where it states that variable temperatures and limited product security is a sub cause. This is something that needs to be investigated further.
It also highlights there may be a connection between low cost, low quality materials to overall defective products. This needs to be investigated further.
With reference to Figure 22, the root cause analysis of Worker B’s high defect rate, allows exploration into the actions and reactions of the process. This highlights that the business Key Performance Targets are quantity focused. Worker B has been previously praised for producing more products, helping the business reach their KPT. However, in doing so, quality of products has been disregarded. This, therefore, is crucial to the business as lack of quality = lack of profit. This needs to be investigated thoroughly.


 


Step 5
· Actions/solutions?
· Poka-yoke
· Impact/effect?   IMPROVE
As highlighted in Step 4, there are a few key areas that need to be improved, in order for the business to reach its full potential.
These are as follows
· Surface Finish
· Blow Hole
· Worker B
· Worker D
· KPT change
· Lack of SOP
· Raw Materials
Using Poka-Yoke, (to avoid errors) a recommendation to maximize quality and minimize surface finish defects would be to install a temperature gauge on the mould with a locking system. This would ensure that the mould has reached the correct temperature before enabling the casting process to begin. This would eliminate the surface defects completely.
Blow Hole defects are as a result of the sandcasting process being under extreme time pressures from management. The necessity to produce more products means that the process is often rushed  and the sand is not properly mixed before casting or often the liquid metal is not properly degassed. (Juriani, 2015)
One crucial aspect missing from the production process is quality control. By developing this into the process, it will aid in the minimisation of defects before reaching the customer. Source inspection checks for factors that cause errors, eliminating the likelihood of defects altogether (Shingo, 1986)
Worker B and Worker D can both be linked to the current Key Performance Target set by the business – Quantity over Quality. There needs to be a complete re-evaluation of the businesses goals and what it is they aim to achieve. With a focus on quality over quantity, it encourages staff to work smarter, focus more on their work to achieve better quality products, rather than producing more. Positive reinforcement should be given for start to finish processes with complete customer satisfaction. A bonus scheme could be implemented to reward minimal defective products, as opposed to quantity of products made. 
By creating Standard Operating Procedures, it allows the department to work in one standardised way to maximize potential and therefore maximize results. It reduces the risk of defective products creating more profit.
Real consideration needs to be made regarding raw materials. Once the process has been improved and less defective products are being created, there is an opportunity to change materials. By spending slightly more on raw materials, it will result in again, better quality products, securing regular customers, where the products can be sold for more, while costing the same to produce creating even larger profits, putting the business well above their competitors.

Step 6
· Have I fixed it?
· Standardisation  CONTROL
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Defects by Operation 1 (AM)

Surface Finish	
Operation 1	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	3	8	9	10	6	3	Defective Finishing	
Operation 1	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	0	0	0	0	0	Blow Hole	
Operation 1	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	3	2	5	4	2	1	Improper Shape	
Operation 1	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	2	0	3	2	1	0	Others	
Operation 1	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	0	0	0	0	0	



Defects by Operation 1 (PM)

Surface Finish	
Operation 1	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	5	4	10	4	7	5	Defective Finishing	
Operation 1	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	0	0	0	0	0	Blow Hole	
Operation 1	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	3	4	4	3	0	3	Improper Shape	
Operation 1	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	0	1	2	0	2	Others	
Operation 1	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	0	0	0	0	0	



Defects by Operation 2 (AM)

Surface Finish	
Operation 2	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	4	4	7	4	4	3	Defective Finishing	
Operation 2	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	0	1	0	3	1	Blow Hole	
Operation 2	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	2	0	0	0	0	1	Improper Shape	
Operation 2	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	0	1	1	0	0	Others	
Operation 2	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	0	0	0	1	1	



Defects by Operation 2 (PM)

Surface Finish	
Operation 2	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	2	3	11	3	3	2	Defective Finishing	
Operation 2	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	0	0	1	0	0	Blow Hole	
Operation 2	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	2	0	2	0	0	2	Improper Shape	
Operation 2	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	2	0	1	2	0	Others	
Operation 2	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	0	0	0	1	1	



Defects by Day (AM)

Surface Finish	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	7	13	16	13	10	6	Defective Finishing	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	0	1	0	3	1	Blow Hole	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	5	2	5	4	2	2	Improper Shape	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	2	0	4	3	1	0	Others	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	0	0	0	1	1	



Defects by Day (PM)

Surface Finish	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	7	7	21	7	10	7	Defective Finishing	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	0	0	1	0	0	Blow Hole	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	5	4	6	3	0	5	Improper Shape	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	2	1	3	2	2	Others	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	0	0	0	0	1	1	



Defects by Staff

A	
Surface Finish	Defective Finishing	Blow Hole	Improper Shape	Others	26	0	17	5	0	B	
Surface Finish	Defective Finishing	Blow Hole	Improper Shape	Others	48	0	17	8	0	C	
Surface Finish	Defective Finishing	Blow Hole	Improper Shape	Others	24	2	3	2	2	D	
Surface Finish	Defective Finishing	Blow Hole	Improper Shape	Others	26	4	6	5	2	



Total Number Of Defects

Total	AM	PM	A	B	C	D	Casting	Machining	102	95	48	73	33	43	121	76	


Total Number of Defects

Total	Surface Finish	Blow Hole	Improper Shape	Defective Finishing	Others	124	43	20	6	4	Cumilative %	Surface Finish	Blow Hole	Improper Shape	Defective Finishing	Others	62.944162436548226	84.771573604060919	94.923857868020306	97.969543147208128	100	
number of defects


Cumilative percentage





Surface Finish	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	14	20	37	20	20	13	Mon               Tue                 Wed               Thur               Fri                   Sat


Total Defects



Blow Hole	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	20	6	11	7	2	7	Mon               Tue                 Wed               Thur               Fri                   Sat

Total Defects



Defects by Weekday

Total	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	26	28	54	34	30	25	Mon               Tue                 Wed               Thur               Fri                   Sat

Total Defects




A	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	6	6	14	12	6	4	Mon               Tue                 Wed               Thur               Fri                   Sat

Total Defects



B	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	10	13	18	12	10	10	Mon               Tue                 Wed               Thur               Fri                   Sat

Total Defects



C	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	5	3	11	4	6	4	Mon               Tue                 Wed               Thur               Fri                   Sat

Total Defects



D	
Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	5	6	11	6	8	8	Mon               Tue                 Wed               Thur               Fri                   Sat

Total Defects


image4.PNG
This graph (Figure 7) shows that the most common defect of operation 2 in the aftermoon is
surface finish, with 24.

It also shows that the second most common defe
hole with 6.

operation 2 in the aftemoon is blow




image5.PNG
This graph (Figure 11) shows the total number of defects in the production department
in one working week. It shows that more defects are made during the morning. It also shows
that Worker B creates the most defects, by a considerable amount. Casting (Operation 1) is
‘shown to be the most defective operation.
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The Ishikawa fish bone diagram above (Figure 21) demonstrates the causes and sub
causes which lead to the total 197 defects. (Zuppann, N.D)|
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image10.PNG
By asking the question WHY? using a root cause analysis below (Figure 22) it highlights the
reasons behind an action, in this case why Worker B creates the most defects, and what the
oot cause is, allowing an analysis to be made
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image12.PNG
After implementing the recommendations made from Step 5, this i the proposed defect
process flow chart (Figure 23). It shows that Worker A's total defects have been reduced to
just 5 and Worker B total has been reduced to just 8, making Operation 1s total 13
Worker C's total has been reduced to just 6 and Worker D' total has been reduced to just
11, making Operation 2's total 17. This emphasizes that just 3% of the original defect total
will be reaching the customer. The remaining 3% of the original defects can also be reduced
if the same analysis was to take place.
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Worker

\Weekly Production Target __ Weekly Production Quantity

A 250 1072 17.01
B 250 126 2317
c 250 1008 1310
D 250 104 1654
Total 1000 1005 17.¢
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