


TASK
“You have been brought into a manufacturing company as a consultant Process Improvement Engineer to offer guidance on a problematic production process. The component being manufactured is the base for a free-standing pillar drill. 

The component is initially produced using a sand-casting process (Operation 1) and then the top surface, mounting holes and main tube holes are machined using a vertical milling machine. Two separate foundry workers (A&B), work independently of each other at the foundry to produce the castings. Two separate machinists (C&D) work independently of each other at the machine-shop to finish the component. 

Using the defect data provided along with appropriate quality tools to analyse the problem and to determine a prioritised corrective action plan to improve the process and reduce the risk of continued defects. 

Clearly sate any assumptions which you have made in your introduction. 

(2000 words maximum word count)”





The aim of the investigation is to analyse the given data on process defects created during the production of the base to a free-standing pillar drill, and with technical knowledge, draw conclusions on how to overcome these faults. There are a number of possible reasons for the occurrence of the identified defects as demonstrated throughout this report, as well as numerous remedies to solve them. Critical use of root cause analysis and process improvement tools will assist in finding the optimum solution to overcome the problems. 
It is important that the issues are reduced, and even better improved, for a number of reasons. ‘The Toyota Philosophy is that a defect should be regarded as a challenge, as an opportunity to improve..’ as documented under number 7 of Ohno’s 7 Wastes (Bicheno, 2004, p.18). The main objective is to ensure customer satisfaction, as the customer is the groundwork to business success. Ford (1863-1947) declared the importance of the customer to a business when announcing ‘It is not only the employer who pays the wages. Employers only handle the money. It is the customer who pays the wages’. Pleased customers will stay loyal and attract new customers, translating to increased profits which benefits the company and its employees.  Furthermore, eliminating the problems promotes an effective and efficient workplace; Effective being that the customer is given what they want, and efficient that money is being made at the same time.
Assumptions
· The working week is 6 days; Monday to Saturday.
· 200 components are made each day; split evenly with 100 produced in the morning and 100 in the afternoon.
· The measurement system is reliable and capable of providing accurate data.
· The defected components from operation 1 are not necessarily rejected.
· The company does not have a finance/procurement department.
Data Analysis[image: ]

The process improvement specialist has studied the collected data on process defects and carried out analysis to find trends; looking for patterns with the defects by type, day, time, operation and worker, following a structure similar to that of the Quality Journal (Gillet et al, 1996 p.4-12). 
An essential category considered is the defect by type, to provide the most and least occurring issues, which supports the achievement of the root cause. The data has been re-interpreted into a more usable table with figures; 
[image: ]
From the table, a grand total of 197 components for the week are deemed defective. Using this information with the total number of defects for the week, a PPM defect rating has been calculated to measure the quality performance. Meran, R. et al (2013) states that the calculation for PPM is:
‘PPM = (Number of defective units/Total number of units) * 1,000,000’
Thus, concluding a PPM defect rate of 164,166 for this production, derived from the below equation:
PPM = [197/(200*6)] * 1,000,000 = 164,166.67
Currently, a good supplier of the manufacturing industry would expect to have a defect rate of around 75PPM (Barongo, C. and Gundavajhala, S. Master of Project academy). This confirms that the PPM measurement for the production of this component is very poor as it is far from the desired result, further demonstrated when comparing with Tata Steel’s PT CRP, with a much smaller target PPM, at 30,000. (TSSPUK Arisings Report, SharePoint).
The below graph, created to easily interpret the data, represents the total number of defects by type; clearly displaying that the most common defect is ‘surface finish’, and  the least common is ‘others’. The ‘others’ bar on the chart houses defects such as hot tears, shrinkage, buckle and edge collapse (Wu, H) and (Landage, M.G).   

The 80-20 Pareto rule focuses on the majority of manufacturing issues, with a minor number of defects being the cause to the best part of issues. Using this analysis technique, the process improvement engineer has prioritised the defects to be solved, saving time settling problems that will make little difference to the company.
According to Pareto, poor surface finish and blowholes are major defects, accounting for 85% of the problems, whereas all other identified defects make up a small 15% of manufacturing problems. Solving these ‘vital few’ defects will defeat the majority of issues. 
[image: ]

From this analysis, the irrelevant defects; improper shape, defective finishing and others have been eliminated from the investigation, providing time to focus on the main issues; surface finish and blowholes, which will have the greatest impact, as recommended by Barrie, G. et al (2007) P.355. 

1. Blow Holes
Blow holes, a filling related defect caused during sand casting, is the second most re-occurring defect; concerning 43 out of 197 recorded defects. The most common causes, as explained by Dhanin, D (no date) are there being excessive moisture in the sand, excessive gases dissolved in metal and lack of venting and vent locations.  
Further analysis has been done to look deeper into the occurrence of these blowholes and determine exactly when and where the problem takes place. 
Firstly, looking at the workers on the job, there is a clear difference in the number of defects caused by Workers A and B, compared to those of workers C and D, with workers A and B being equally responsible for 17 defects each. As workers A and B both work for operation 1, it suggests that the defect is occurring due to this operation. 
[image: ]

The previous statement  is re-enforced by the below pie chart, which clearly identifies that more than three quarters of the identified blow holes occur during sand casting.

Another aspect looked at is the occurrence of the blowholes by day and time. The data  shows that the peak is on Wednesday; more specifically in the afternoon, which is responsible for 6 of the identified blowhole defected components in total.  
[image: ]
Knowing that both workers A and B, and therefore the sand casting process is accountable for the high number of blowholes, a comparison of the data by operation and day of the week has found that more specifically, the highest blowhole occurrence is during sand casting on a Wednesday morning, as presented by the highest bar in the graph below. 
[image: ]

Using the pareto analysis, the context of the occurrence of the uttermost blowholes has more specifically been identifed. 80% of the problems are occuring during the following processes, times and days: · Op 1 Wednesday AM
· Op 1 Thursday AM
· Op 1 Wednesday PM
· Op 1 Tuesday PM
· Op 1 Saturday PM
· Op 1 Thursday PM

· Op 1 Monday PM
· Op 1 Monday AM
· Op 2 Saturday PM
· Op 2 Wednesday PM
· Op 2 Monday PM



In conclusion, Pareto proves that the greatest incident is via Operation 1 on Wednesday Morning, accountable for 5 defects. From the 80%, 8 out of 11 are sand casting responsible, and the same fraction are identified for the afternoon, implying that these are the problematic areas. Also, Wednesday and Monday are repeated days, re-occurring 3 times each in the vital few, suggesting a trend during production on these days. 



2. Surface Finish
Surface finish defects such as a rough surface, scratches, burn marks and inaccurate dimensions (CustomerPartNet, 2019) are the biggest problem within the organisation as proven previously, with a total of 124 out of 197 defects; covering more than half. Waypoint and Summit (2018) present that common causes are incorrect choice of sand and ineffective ramming of casting moulds.
Looking deeper into the subject, the defect occurs the most when worker B is labouring. This is a trend displayed throughout all types of defect, with worker B being responsible for double the amount of defects in total than the other workers in some cases. 
i.e. Worker B = 73 total defects and Worker C = 33 defects.

Looking specifically at surface finish defects; the same pattern is continued, as worker B is the cause to 48 surface finish defects in comparison to 24 and 26 in other cases.
[image: ]

Although it is gathered that sand casting is subject to more defects than when milling, unlike with blowholes, there is not a distinct difference between the two processes (as shown by the pie chart), making it unnecessary to look into the operations separately to find the root cause.
[image: ]

Analysing the surface finish defects by time and day, it is clearly verified that, again, there are more defects identified mid-week. The peak time for the occurrence is Wednesday afternoon as presented in the below chart.
[image: ]

Using the pareto analysis to find context behind the surface finish defect existence, the following highlighted areas have been classified as the most dominant: 
 [image: ] 
 
Pareto concludes the greatest defect occurrence is via worker B on Wednesday, with 12 surface finish defects. Of the important 80%, Wednesday re-occurs a maximum of 4 times, suggesting there is a reason behind this pattern. Overall, the greatest occurrence is Wednesday afternoon, when worker B is working at the sand casters.
It was important to find substantial reasons behind the uncommonly high frequency of the blowholes and surface finish issues with these backgrounds in order to solve them. With use of an Ishikawa diagram, potential causes were brainstormed and put in rank order of importance to direct towards the establishment of the root cause. 
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Realistically, a group discussion should take place to rank the cause of the ‘effect’ in order of importance, as stated by Barrie G et al (2007). However, being an individual investigation, after thorough thought and analysis, the top 3 causes for both the occurrence of blowholes and surface finish defects have been determined.
For blowholes, the top most concerning cause is the poor packing of sand around the mould because a firmly packed mould is needed for an efficient process. CustomPartNet (2019) declares that ‘in sand casting the primary piece of material is the mould’. The next cause determined is there being excessive moisture in the sand used for casting, confirmed by Rajesh Rajkolhe, J. G. Khan (2014), who states that if the moisture in the sand is too high then blowholes will form. The third cause to be examined is the temperature of the metal being too cold during the pouring stage; when the molten metal is poured into the cast, as declared by CustomPartNet (2019) to be a likely cause of this filling related defect. 
For surface finish defects, the three most crucial causes to investigate, in descending order,  are working with an unsecured workpiece, the inadequate removal of sand from internal surfaces and the use of sand with an inadequate permeability. ‘If the workpiece is not securely clamped in the fixture, the friction of milling may cause it to shift and alter the desired cuts’ (CustomPartNet 2019). Also, Sandvik Coromant (1942) states that unsatisfactory finish is caused by vibration, which is the result of a weak fixture. Inadequate sand removal suggests that sand particles are left on the workpiece, causing a rough surface, and finally, Gupta, M. (2015) declares that high permeability of molding sand allows the escape of gases and air bubbles that would have been entrapped in the mould.’ 
The 5 why analysis has been executed to drill deeper into these causes, and find the root cause of the problem. The process improvement engineer has also checked that the pattern of ‘Whys’ makes strategic sense using the ‘Therefore’ strategy. 
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The root cause of the problem has been derived with use of the above tool, by ‘peeling away the layers of the symptoms’, stated by iSixSigma-Editorial (no date), which has resulted in the below root causes:
Blowholes:
1. The machinery is too expensive to purchase 
2. The measuring system is very old
3. The furnace operator has not followed the standard operating procedures
Surface finish: 
4. The worker is not adhering to the standard working procedure for the task
5. The shot blasting machinery was too expensive to purchase 
6. Highly permeable sand reduces porosity of the mould in sand casting 
There is repetition of the root causes, as expensive machinery and issues with the standard operating procedures have been identified as the main cause for both blowholes and surface finish. These causes have therefore been prioritised to solve as the play the vital role in the cause of both severe defects. 
Action Plan
By concluding on the root cause of the defects, a prioritised corrective action plan has been determined to improve the process and reduce the risk of continued defects. 
Firstly, regarding employees’ ignorance to standard operating procedures, it is suggested that the importance is promoted via engagement days, the introduction of training manuals with the inclusion of procedures for each task clearly displayed, and promotion during training of new starters. Another method is through advertisement such as printed or electronic posters/emails etc. describing the effects of not following SOPs, which may shock workers into carrying out tasks the correct way. For example, in Tata Steel, red stripes, amber alerts and various other safety information is distributed on a frequent basis to inform staff, but also warn them of the dangers. Employees must understand that not only do the SOP’s benefit the company and its customers to ‘improve the quality and reduce variability in products or services’, but also for staff favour, to ‘allow for a respectful workplace’ and ‘create a safer working environment’ (Betzinger, K. 2014). 
Following the proposed corrective action, the company must ensure that old habits do not slip back into place by using stage 6 of DMAIC; Control. For a sustainable recovery, engagement days should be conducted on a monthly basis, every new starter must read SOPs and be tested on them, and safety posters including stats on injuries due to negligence are to be distributed on a weekly basis. It is also important to promote ‘challenging’; if a worker identifies another worker neglecting standard procedures, they should approach them on it or take matters to superiors. Meran, R et al (2013) p.347, writes that ‘sustainability is not only achieved by the successful implementation of solutions and actions in the process but also by behavioural changes of people involved in the process.’ Therefore, implementing and sustaining these actions will immediately begin to reduce the problem of process defects. 
Looking at the issue regarding expenses, it is obvious that the organisation are in need of implementing a plan to prioritise their spending; Using manual methods during initial company set up is understandable, but the process should have been upgraded as soon as profits were being seen. Hiring finance and procurement specialist/s, to manage costs is essential as reports and other data demonstrating company health can be used to ‘facilitate day-to-day decision making processes, along with budgeting and financial planning’ (Biedron, R. 2018), also, providing time for workers to focus on other factors like running the business. It is suggested that the company begin by hiring a finance expert, and in order to sustain efficient cost management, it is recommended to eventually expand to a team, which consequently, will result in a reduction of process defects like blowholes and surface finish. 
In conclusion, the report identifies the main defects; blowholes and surface finish, provides analysation of their occurrence with use of a number of analysis tools like Pareto, followed by outlining potential causes with Ishikawa and furthermore, root causes via 5 Whys. Finally, the report concludes by suggesting and action plan, and how to implement and sustain it.
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Manufacturing defects identified over 1 week

Blow Hole	Improper Shape	Defective finishing	Others	Surface finish	Blow Hole	Improper Shape	Defective finishing	Others	Surface finish	43	20	6	4	124	Defect Type


Number of defects



Blowhole occurence by worker

TOTAL	A	B	C	D	17	17	3	6	


Total number of components with blowholes by operation

TOTAL	


Operation 1	Operation 2	34	9	

Blowhole occurence by day and time

Blowholes	am	pm	am	pm	am	pm	am	pm	am	pm	am	pm	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	5	5	2	4	5	6	4	3	2	0	2	5	


Blowhole occurence by process and time of day

Operation 1	am	pm	am	pm	am	pm	am	pm	am	pm	am	pm	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	3	3	2	4	5	4	4	3	2	0	1	3	Operation 2	am	pm	am	pm	am	pm	am	pm	am	pm	am	pm	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	2	2	0	0	0	2	0	0	0	0	1	2	



Defects occurring per worker by type

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	C	Surface      Finish	Defective      Finishing	Blow Hole	Improper Shape	Other	TOTAL	24	2	3	2	2	33	D	Surface      Finish	Defective      Finishing	Blow Hole	Improper Shape	Other	TOTAL	26	4	6	5	2	43	Defect Type


Number of defects




Surface finish occurence per worker

TOTAL	A	B	C	D	26	48	24	26	


Total number of components with surface finish defects by process

TOTAL	


Operation 1	Operation 2	74	50	

Surface Finish defects identified over the week 

Surface Finish	am	pm	am	pm	am	pm	am	pm	am	pm	am	pm	Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	7	7	13	7	16	21	13	7	10	10	6	7	
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Defect Number of defectsCumulative FreqCumulative Percentage

Surface finish 124 124 62.94%

Blow Hole 43 167 84.77%

Improper Shape 20 187 94.92%

Defective finishing 6 193 97.97%

Others 4 197 100.00%
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Worker and Day Number of Defects Cumulative Frequency Cumulative Percentage 

B Wednesday 12 12 9.68%

C Wednesday 10 22 17.74%

B Tuesday 9 31 25.00%

B Thursday 8 39 31.45%

D Wednesday 8 47 37.90%

A Wednesday 7 54 43.55%

B Friday 7 61 49.19%

B Saturday 7 68 54.84%

A Friday 6 74 59.68%

A Thursday 5 79 63.71%

B Monday 5 84 67.74%

D Tuesday 5 89 71.77%

A Tuesday 4 93 75.00%

C Friday 4 97 78.23%

D Thursday 4 101 81.45%

A Monday 3 104 83.87%

C Monday 3 107 86.29%

C Thursday 3 110 88.71%

D Monday 3 113 91.13%

D Friday 3 115 92.74%

D Saturday 3 119 95.97%

C Tuesday 2 121 97.58%

C Saturday 2 123 99.19%

A Saturday 1 124 100.00%
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