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[bookmark: _Toc161478889]Introduction
Within FSG Tool & Die there are a plethora of jobs that pass through the workshop daily, many of these jobs are non-repeat jobs, meaning they will be completed by the company once. However, there are a few reoccurring jobs that come in every few months which massively impacts the income of the company. The reoccurring work allows the company to stay in profit whilst also exploring other potential avenues of revenue. The main piece of work that is reoccurring within FSG Tool & Die is from a company called Xtrutech, and more specifically the liners, which is a key component to their plastic injection moulding and powder coating machines. These Xtrutech components are constantly on the shop floor being manufactured as the company always need a large quantity of liners. Due to the sheer volume of liners that FSG manufacture there is a huge push to ensure the quality and efficiency of each liner created is optimal, since the manufacturing process isn’t optimal there will be an investigation at ways to improve quality and efficiency of the component.
[bookmark: _Toc161478890]Aims 
The aim of this report is to identify issues effecting manufacturing processes within FSG Tool & Die and present ways of minimizing the severity of defects whilst also maximising the efficiency of a process identified. 
[bookmark: _Toc161478891]Objectives 
· Identify a product/process within FSG Tool & Die with a reoccurring problem 
· Gather data using basic quality tools to identify the root cause of the issue  
· Analyse and create an action plan to combat the issue, providing ways to monitor any improvements 


[bookmark: _Toc161478892]
Data Collection 
The data collection part of this investigation is crucial, as this is the area in which all facets of the component are investigated with a fine comb and scrutinized to find any issues that maybe causing the manufacturing process to be hindered. Data collection has shown to be key in ensuring improvement becomes a success. (Curcin, et al., 2014).  

[bookmark: _Toc161478939]Table 1 - Results from data collection
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Description automatically generated]The results from the table above, state that there were 7 components created within a 24-hour period, this only shows that first 2 operations (ops) of manufacturing basically roughing the shape of the component and not finishing any critical dimensions. It is a substantial amount of time to machine only 7 components, when in a batch there could be 20+ components to manufacture, plus the added time of sub-contracting and the time to finish the critical dimensions. From this graph, further questions were asked as to why the machining time took so long, to gain a deeper insight to the potential causes. 







[bookmark: _Toc161478933][bookmark: _Toc161478962]Figure 1 - Fishbone Diagram

As shown above in Figure 1 an Ishikawa diagram (fishbone) was created considering the findings of the inefficient machining times of the component. The Ishikawa diagram is most helpful to really narrow in on the potential causes whilst finding where they originate from, it allows for analysing and finding any possible false positives. This way the more likely causes can be addressed even further. (Six , 2021). There are a few sections of the diagram which immediately ring alarm bells, as the method and machine sections have a lot more potential causes to the issue than the rest, however these two areas are normally the most exceptional side of the manufacturing process. Very rarely, is the method in question due to the immense experience of the programming team, this clearly shows that there are potential issues within the program or programming team which can give knock-on effects to the rest of the manufacturing process.  

[bookmark: _Toc161478940]Table 2 - Results from data collection

From the Ishikawa diagram which stated potential issues to the manufacturing process a pareto chart was created, this pareto chart shows a visual representation of which issues were more frequent during the machining process, which in turn allowed for a better understanding of the potential cause of the inefficiency problem. The pareto chart is exceptional in giving direction to finding which issue to tackle first whilst providing the best potential for improvement to the process. (Public Health Foundation, 2023).  As shown in the above chart, tool breakage and incorrect speeds and feeds were the most common failures to occur whilst machining the component. This information is only covering 1 full morning shift (8 hours) thus suggesting the numbers could be a lot higher if they were over an afternoon shift, prompting the thinking that the tooling, speeds, and feeds had a lot to do with the inefficiency of the component. 

	[bookmark: _Hlk99454996]Tool 
	Number of parts completed before breaking 

	VPX
	1

	32mm AJX 
	1

	20mm Moldino
	3

	10mm Moldino
	2

	16mm Ball nose 
	2


[bookmark: _Toc161478941]Table 3 - Results from data collection
As per the pareto chart, stating the tooling could be a major issue with the inefficacy of the machining process. A further inspection took place which brought to light that the main tooling used to complete the first 2 operations were only lasting for a maximum of 3 parts. The operator had to either change the tips after each part completed or change the head of the tool due to the damage sustained from machining. This alone is adding valuable time to the job, also adding a lot of extra tooling costs onto the job which are unnecessary financial out-goings. If the tooling side of the process can be straightened out then there is a burden taken care of, and other areas can be focused on for improvement. 
	 












[bookmark: _Toc161478893]Data Analysis 
As identified from Table 1, the amount of time to machine the components is horrendous considering it is only completing the first 2 ops of the machining process. It is causing a huge deficit for the company to keep running this process as it currently is, the profits are at a minimum, but the costs seem to be increasing. The investigation is crucial for the company as if done correctly, this process can be streamlined to become a job with very little downsides and a lot to gain from.  

The Ishikawa diagram showed areas of the process where potential issues may lay and what the issues may be. The material and measurement section of the diagram seem to show no apparent problems, as there seem to be no issues with the dimensions of the component, all components manufactured have been within the specificized tolerances. The material is well-known within the company, it is considerably harder than the average piece of stainless steel however with this in mind, there aren’t any defects within the stock material before machining takes place. The manpower section of the diagram stated that employees were fatigued and that they lacked understanding of the job. When data collection took place, it begun early hours in the morning where all employees were tired and were not really concentrating on the job. They saw this job as a “runner” meaning they only load the material into the milling machine, ensure the datum is correct and it runs for hours, without really thinking about the job. The lack of understanding is down to some operators who are still apprentices, they lack experience in all areas, so the understanding of the machine and job is not always great thus leading to more mistakes or mishaps. They may also feel pressure due to the job and the current situation of the process; the lack of experience and pressure can cause them stress and a feeling of being overwhelmed (Enthusiast, 2023). The final 2 sections of the diagram are the machine and method, these sections directly link together, as if the program is wrong or miscalculated then anything the machine does will be from the information provided by the program. It was found that the tools were barely lasting during the machining process, whether that be the tips shattering, the tool heads burning up or even the tools being put under immense pressure due to the toolpath they are put on and eventually crashing. These issues could be down to various reasons, but ineffective tooling will continue to hinder this process and cost large amounts of money over time.  It is apparent that the program for the machining sequences seem to be flawed, which is leading to the errors and issues that present themselves currently. 
The 5-Why technique is a great brainstorming tool to identify the root cause of an issue. It gives a clear structure and if an issue is questioned many times and solutions keep arising, eventually a final solution that can be agreed on will present itself. (Faiq M.S. & Mezher, 2018).  
The first why that was considered, is why the tooling kept breaking at a substantial rate. The program was not calculated correctly for the tools that were used, the speeds and feeds were excessively high especially for the material type that is being machined. 
The second why considered, is why the speeds and feeds were so high. This is down to the programmer not confirming what material was being used. They had not utilised the drawings or information available, thus selecting the wrong speeds and feeds for the tools used. 
The third why that was considered, is why the programmer didn’t confirm or utilise the information given. This is down to the programmer believing that all jobs require the same parameters, they don’t familiarise themselves with the task at hand, even to the point of not getting the work peer assessed. 
The fourth why considered, is why the programmer has this belief. This is due to the programmer being inexperienced in programming. They didn’t know any other techniques or methods to use whilst programming therefore all jobs were handled the exact same. This inexperience and lack of willingness to improve, has caused the process to suffer and allowed the company to spend an immense amount of money on rectifying the all the subsequent issues that followed. 


 


[bookmark: _Toc161478894]Action Plan
An action plan is paramount to the investigation, without a fully thought-out action plan then all the data and analysis would’ve been for nothing, as nothing will be set out to ensure actions are taken to improve and monitor this process. An action plan can set out a priority of actions, it allows for time and resources to be optimized and it ensures efficiency in the long run. (Ratsimandresy, 2022). 
An action plan has been set out to improve and monitor this process, to ensure a more efficient and cost-effective method has been taken. It is not a small task, a lot of people and teams will and have been involved to get this process as close to optimal as possible. First step of the action plan is to talk with tool suppliers that work closely with FSG, such as Mitsubishi. Speaking with tool suppliers will ensure all tools used for this process will be correct and fit for purpose, they can be carefully selected to deal with the stress of the material, the speeds and feeds can be calculated correctly for each tool. This information is vital to ensuring the rest of the action plan is accurate. 
With this new information, the program of the component can be stripped down and re-programmed with an experienced programmer and with the help of the Mitsubishi tool supplier advising on specific tools and the parameters they should be set too. Once fully re-programmed a peer review of the programme will be untaken by a secondary programmer, this is to make sure everything is set how it should be, with no mistakes or faults apparent. Once the program has been peer checked, a dry/trail run of the program must be completed to test out the new program, this is to make sure the program doesn’t do anything out of the ordinary, that all changes benefit the process, before putting it to the actual components. 
A standardisation will take place after some time, this is ensuring all future components will have a specific guide, with parameters to follow to ensure all the components are run smoothly and as optimal as possible. Although before the standardisation can take place, there should be some more investigating into the matter, as there was only a small amount of data collected. If more data can be collected, better and more precise actions can take place to further the efficiency of the process, where this data couldn’t.  

[bookmark: _Toc161478895]Conclusions
In conclusion, this report has taken a dive into the efficiency of a machining process within FSG Tool & Die that was under scrutiny. Collecting valuable data to analyse using various quality tools to really narrow in on the root cause of the problem. There was a small breakthrough, where the tooling and programming of the component was not up to standard. Actions have now been set to rectify any problems, with small guidance on how to ensure the process can continue improving. 
However, the data collected was not in abundance this shows that there much more work to continue with before this process can be fully optimal, plus there are options for further investment into the process with certain tooling having been recommended which will have a positive impact on the process. This has only been a small part in a much larger task.  
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Graph to show time taken to create a batch of Xtruech componets over 24 hours. 

0	1.5	2.5	3.5	4.5	5.5	6.5	7.5	8.5	9.5	10.5	11.5	12.5	13.5	14.5	15.5	16.5	17.5	18.5	19.5	20.5	21.5	22.5	23.5	1	2	3	4	5	6	7	Time Taken (Hrs)


Componets Manufactured  



1

image1.png
Tips Exploding

Incorrect tools for Inefficient programme
‘component

Incorrect work holding device for K rect speeds and f

component Incorrect tooling selected

Manufacturing

time is not
efficient

‘Thickness of component were

phani Employee fatigue

Lack of understanding about
the component





image2.png
Frequency

n

10

Pareto chart to show the frequency of faults
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