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[bookmark: _Toc161604948]Introduction
Whilst researching the company FSG Tool & Die LTD for improvement opportunities within manufacturing specifications, such as machine time and the minimization of defective components. A product was found which has a series of defects throughout manufacturing. This product is the Hoebiger Roll which is used as a cold and hot rolling mo. This product is manufactured in batches from 50 to 150, the defects that mainly occur whilst manufacturing seem to be whilst cylindrically grinding the form on the outer diameter of the components, these defects range from cracking inside the form, burn marks along the inside of the forms edge, incorrect surface finish, incorrect radius sizes within the form and incorrect angles on this inside walls of the form. 
[bookmark: _Toc161604949]Aims
The aim of this prioritized improvement plan is to identify the issues effecting the efficiency and productivity of manufacturing in FSG Tool & Die LTD and minimize the occurrence and severity of defects within manufacturing processes.
[bookmark: _Toc161604950]Objectives
The objectives met to have complete this improvement plan where to:
· Find a product in FSG Tool & Die LTD that is commonly defective.
· Identify the manufacturing operation that has the highest occurrence or severity of defects.
· Use basic quality tools such as the Ishikawa diagram, pareto chart and 5 whys technique. 
· Use information shown from quality tools to identify the most impactful defects.
· Recommend countermeasures and amendments to mitigate defects in manufacturing operations.
[bookmark: _Toc161604951]
Data Gathering 
Whilst gathering data on the Hoebiger rolls form grinding operation, it is apparent there is a loss of efficiency, as it takes one hour and ten minutes to complete one form, with the frequency of defects the grinding time on one roll can reach up to one-hour forty minutes. This is a huge loss when manufacturing a large batch of components. To identify the causes of the defects this improvement plan will use the Ishikawa diagram and pareto chart to prioritize the causes, to be able to give FSG Tool & Die the most effective actions to mitigate defects.

fFish Bone (Ishikawa) Diagram
Ishikawa diagram - Wikipedia by Unknown Author is licensed under CC BY-SA


Hardening caused severe warping.
Incorrect dress program used.
Not Calibrated correctly.[image: ]


Inaccurate clocking of roll.
Hardness specification to high/low.
Incorrect program on CMM Machine.

Defect

Insufficient lighting.
Unsuitable level of grit wheel.
Unsuitable speeds and feeds.

Incorrect depth of cut.

Temperature to hot/cold.
Incorrect coolant concentration levels.





[bookmark: _Toc157621008]2-1 Fish Bone (Ishikawa) Diagram on the defects of grinding a form.
The reasoning behind the use of an Ishikawa diagram is its suitability to this task, which is  used to identify the causes of defects within a proses (Botezatu, et al., 2019) states that the use of use of this diagram was able to identify the variables effecting the reliability of their equipment. This statement supports the opinion of this improvement plan by agreeing with the fact that the Ishikawa diagram is a vital tool to identify causes. The benefits of this type of diagram are it is a highly visual quality tool therefore giving it the ability to be easily understandable. 










2-2 Pareto chart showing the number of defects in a batch of 50.
The reasoning behind the use of the pareto chart in this improvement plan is to identify the most common defects and use this information to suggest amendments to mitigate the occurrence of the most frequent defects whilst manufacturing. In my opinion the pareto chart is one of the most effective quality tools to use for identifying the frequency and occurrence of defects within a manufacturing setting, this is because of the highly visual aspects of the quality tool, it also gives the ability to focus on the most frequent defects to be able to have the most improvement results possible from nullifying the top occurring defects instead of tackling all defects when it is unneeded. My reasoning for believing that the Pareto chart is a highly effective quality is that it is a vasty supported opinion, to give evidence of this (asq, 2024) states that the pareto chart can give the ability to visually identify the most frequent defects or from the least. The pareto chart also identifies the eighty twenty rule, which states that twenty percent of the type of defects cause eighty percent of the number of defective components in a batch. This is supported by (Hasan, et al., 2017) who also state that Pareto charts were made for their report and the eighty twenty rule was used with this to identify their sustainability indications. 
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2-3 Picture showing the form dressed into a grinding wheel. 


[bookmark: _Toc161604952]Data Analysis 
[bookmark: _Toc161604953] Analysis of Ishikawa Diagram
This Ishikawa diagram shows the causes of which a defect could occur whilst cylindrically grinding the form on a Hoebiger roll. Some causes are more severe than others but the most critical three are, under the category measurements, the incorrect program on CMM machine would be extremely inaccurate since the CMM machine would not correctly measure the specific features need such as the forms, internal bore, and thickness. This would be achieved if an operator did not calibrate the CMM machine prior to inspection or by using an outdated program. 

In the section materials on the Ishikawa diagram the hardening causing severe warping is the most severe, since this will cause the component not to clean up correctly whilst manufacturing, meaning the surface finish of the component will be under specification. This would be achieved if previous operations for example turning did not leave the intended amount of material on the roll, therefore the component would be taken under specification, decreasing the dimensional accuracy of the product. Warping whilst hardening could also be the fault of external operations, or in this case the hardening process, if the component was not correctly hardened it would cause this issue. 

The next critical cause of a defect chosen from this Ishikawa diagram is under the category personnel, which is the incorrect dress program used, this is a crucial step in the manufacturing proses since the tolerancing on the form angles are half of a degree and the tolerancing on the radii are one micron, this suggests that the dress cycle must be perfect before each grinding operation. If the dress program used was to be an outdated issue or an incorrectly tolerance one the component would instantly be deemed as scrap.

[bookmark: _Toc161604954]Analysis of Pareto Chart
The pareto chart states that burning, glazing, and cracking are the three most frequent defects in the form grinding process. Although this chart shows that the top two defects are the most frequent, they are by far not the most severe defects since both most frequent defects can easily be reworked simply by polishing the affected areas. But since they will still need to be reworked this increases the time of manufacturing on each defective product.
Cracking which is shown as the third most frequent defect in this chart, is one of the more damaging defects on the chart since cannot be easily reworked, to correct a cracked component the component would have to be welded and re ground to ensure a dimensionally accurate form and all surface finish specifications have been met. Although the cracking would be easier to defect with the crack detection paste as seen in “2-3 Picture showing the form complete and crack testing paste along the form”.

[bookmark: _Toc161604955]Pareto Rule (80/20)
As spoken about in the data gathering section it is apparent by looking at the pareto chart that the eighty twenty rule also applies in this case. In this situation it would be the most efficient to identify the top twenty percent of the defect types and find a solution to mitigate the defects. This would greatly decrease the manufacturing time by eliminating roughly eighty percent of the defects and minimising the time spent on reworking components.

[bookmark: _Toc161604956]The five whys technique
The five whys technique is a valuable, simple, and effective quality tool to use in the manufacturing industry. This is due to its ability to identify the root cause of problems or defects simply by asking “why did this happen”. It is also a common misconception that this technique requires all five steps to be complete, this is not the case, whilst using this technique the user should ask why until a root cause is found. In my opinion the five whys technique is one of the most effective quality tools to identify a root cause of a singular issue, this opinion is supported by (Projasek, 2000) who states that the fives whys technique can be referred to as a short cut for identify the root cause of a problem, he also states the technique is simple due to the use of the question “why” in day to day life. Although the downside to the five whys technique is that to correctly identify a root cause the person would need a good understanding of the proses and component under question.

The implementation of the five whys technique in this improvement plan will be focusing on the burning defect found in the pareto chart to identify the root cause of this issue and give the ability to advise a countermeasure.
(1st Why) Why is the form burning? – The form is burning during manufacturing because of the high levels of friction and heat being transmitted into the component.
(2nd Why) Why is the component getting hot? – The component may be getting hot due to the lack of coolant being sprayed between the wheel and the component. If there is sufficient coolant it could be the concentration of coolant being nonoptimal.
(3rd Why) Why is the coolant concentration nonoptimal – This would be down to the operator not testing the coolant concentration regularly.
(4th Why) Why is the operator not testing the coolant regularly – This would be due to a lack of training on maintaining the operator was assigned or a lack of procedure in the working environment.


[bookmark: _Toc161604957]Improvement plan
This improvement plan will focus on the most frequent defects found whilst investigating the improvement of the Hoebiger roll product in FSG Tool & Die LTD. This plan will include the recommendations of actions to counter act defects and the prioritisation of actions in relation to time to complete, and costs. Whilst conducting research within the company there was no information kept on the defects of the product in question, this made it difficult to advise in depth countermeasures. This plan would advise FSG Tool & Die LTD to record all defects found whilst manufacturing this product, this will give any future quality improvement projects the sufficient information required to complete a in depth review.
[bookmark: _Toc161604958]Burning
The burning issue was recorded as the most occurring defect whilst grinding the form of the product, in my opinion this defect would be the most sensible and efficient to counter act first due to the amount of time needed for reworking. To counter act this issue it is suggested to inspect the coolant usage on the cylindrical grinder in question, this would include the concentration and PH levels of the coolant, the pressure of which the coolant exits the coolant pipes as well as the area of contact of the coolant.
It would be recommended that the concentration and PH levels be optimal for the material and the type of coolant being used. The pressure of the coolant must be high enough to remove any swarf from the grinding wheel as this will lower the risk of the wheel clogging as well as lower the levels of rubbing between the grinding wheel and the component. The area of coolant contact should have multiple contact points from different pipes, there should be a pipe pointed at the grinding wheel just above the contact point of the wheel and the component, this will allow coolant to clear the wheel. There should also be a coolant pipe above the component ensuring coolant is able to access the area under strain, this will allow the component to cool more effectively.
This issue was prioritized as the first to counteract due to the simple fact of, this will take a small amount of time, and will have a no cost to low cost.

[bookmark: _Toc161604959]Glazing
This issue was recorded as the second most frequent defect to occur whilst producing the Hoebiger rolls.
In my opinion the counter active measure for this defect would be to simply add another wheel dressing cycle into the program, this will increase the surface finish throughout the operation whilst reducing stress on the wheel and component. The prioritisation of this counteractive measure is not as high as other defects due to its simplicity. This counter measure will take very little time and will cost nothing to the company.

[bookmark: _Toc161604960]Cracking
This issue was ranked as the third most frequent defect whilst manufacturing the Hoebiger rolls, although this issue does not occur as frequently as others it is the most severe out of the top three. This is due to the amount of work required to amend this defect. This defect would stem from the hardening operation which is completed externally. To nullify this defect, it is suggested that the hardening stage of manufacturing is placed under inspection to ensure the procedure of the hardening process is followed correctly. In my opinion the priority of this defect would be placed in second place due to its low frequency and high severity rates it isn’t suitable for highest or lowest priority. This countermeasure would take from two to four weeks to complete due to the batch size variance and the time taken to heat treat all products, but on the other hand would categorise into no cost to low cost.
[bookmark: _Toc161604961]Monitoring the Progress of the Improvement Plan
To monitor the progress of the new implementations it would be beneficial to have an employee who specialises in continuous improvement check on the implementations regularly. For the cracking countermeasures it would be beneficial to have an employee check on the external company as a representative to the company. The burning defect would be well monitored with a coolant monitoring system that will check the coolants concentration and PH levels every day to ensure consistent product results, this could deviate from a computerised system that sits in the coolant tank to a coolant chart placed on the machine. To monitor the glazing defects amendments, it would be advantageous to utilise the quality assurance department to ensure a clean and standardized surface finish that meets specification and to ensure no glazed finish along the components forms. To identify a successful improvement after the implementation of these countermeasures would be the frequency of the defects in question reducing significantly.

[bookmark: _Toc161604962]Possible Obstacles
The possible obstacles that could occur whilst implementing this improvement plan in this instance is, the older employees employed in FSG Tool & Die LTD seem to have the collective mind set of “we have always done it this way”, this could occur whilst trying to implement the countermeasures of the burning and glazing defects since this changes the operations and responsibilities of the operators. This mindset is restricting the company from advancement and is holding back the financial and technical growth of the company. To attempt to mitigate this it is recommended that suitable management positions and operators be informed of the changes being made and the reasoning behind the changes and then to organise maintenance training courses and any additional courses that would be suitable for the new implementations.


[bookmark: _Toc161604963]Conclusions
This improvement plan concludes the root causes identified for the defects of the Hoebiger products can be implemented with little time and cost, although issue may arise whilst trying to execute the implementations due to employee ignorance. This improvement plan was restricted whilst conducting this task due to the lack of defect recording in FSG Tool and Die LTD as spoke about in the improvement plan section. In my opinion FSG Tool and Die LTD needs further inspection in the manufacturing processes of this product, to improve the efficiency of the products in question.
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