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[bookmark: _Toc71909174]Abstract 
The production of abrasive powders at Wall Colmonoy Pontardawe is the most profitable process conducted at this UK site. An induction furnace is used to melt the material before it is poured and blasted with water. The furnaces have to work efficiently to produce the required product. The ambient high of the atomising deck and any debris present in the deionised water flowing throughout the system will cause the variable induction powerpacks (VIPs) to trip out. This leads to downtime and if not resolved fast enough a loss in product and a health and safety risk.
A project was devised to create a system capable of flushing the VIPs of any debris which will cause a build-up of heat. The chosen solution was a trolley mounted pump using a series of motorised valves to fill and drain the powerpack. A manufacturing drawing for the trolley was needed to fabricate it. A parts list was made, suppliers were found and purchased. The pumps documentation was scanned in and uploaded to the maintenance server for safe storage. I was going to be fabricating the trolley using the purchased materials and then fitting the pipework. 
The Covid-19 pandemic placed the project on hold until further notice due to a lack of suppliers for the required parts. I was then placed onto a furlough scheme for four months. Even though I have now returned to work the project is still on hold as I am now working on purely breakdowns due to a lack of staffing in the maintenance department for the foreseeable future. 
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The Project.
I was tasked with manufacturing an automated flushing system that can be used for both the pipework and the variable induction powerpacks that are located on the atomising deck of the Alloy Products department. The system needed to be able to connect to an array of pipework, meaning that multiple fittings are needed to be available to switch between depending on the pipe - e.g., 1” British Standard Pipe (BSP).
[image: ]The system was required to both drain and refill the VIPs with deionised water to reduce the conductivity within the pipework and powerpack. The water needed to be fresh and clear of any contaminates before it entered the system. Any debris in the water would restrict the flow which would cause an increase in heat. The raised temperature within the system combined with the ambient temperature cause the VIPs to trip out. This results in downtime, loss of product and creates a hazard as the furnace can overheat and explode.
The current method carried out to flush the system is to do it manually. The maintenance team is required to use on average upwards of 20x 5L containers of deionised water to fill up and flush the powerpacks. The automated flushing system would improve the reliability of the VIPs and would improve the effectiveness of the maintenance department ability to flush the system thoroughly.
I conceived the idea of a trolley that was able to carry out the task. It consisted of three motorised valves fitted to the upper section of the trolley which would control the direction of flow allowing for the switching between draining and filling. A motorised centrifugal pump would then rest on the lower providing the flow for the system. A lifting point on the front of the trolley would allow for it to be lifted upstairs using a crane present in Alloy products department. These would then all be fitted and connected using 1” stainless steel pipe. This would be more durable than alternative copper or aluminium piping and would also be corrosion resistant. 1” braided hose would be connected to the input and output ends of the pump. [bookmark: _Toc71909790]Figure 1: Variable Induction Powerpack

The power supply present on the atomising deck is 110V which means that a suitably qualified electrical technician would be required to wire up the pump and connect a plug to it. They would also have to wire up the motorised valves to allow for them to be operated.
This project can be considered a critical addition as each time a high temperature trip occurs the furnace drops power. Heat would then be lost which would cause the product to solidify prematurely, ruining the mixture. If the furnace overheated due to the inability to cool, then the product would burn through the lining of causing it to spill out. This could become a serious health and safety risk to anyone in the nearby area. If the molten metal reached nearby water pipes, then this could result in an explosion caused by the superheated steam. 
The melting of product takes 45 minutes to complete, and each melt has a value of upwards of £5,000. It is estimated to take 50 minutes to flush the powerpack completely. Multiple flushes may be needed which would then increase the downtime. Based on this I decided that this project is a crucial need for the department.
[bookmark: _Toc71909177]Quality.
The time taken to flush the system and get it back to working condition was recorded for over the span of five months. This was then to be used to compare the times between manual and automated to see if there was a difference. The hypothesis was that the time will be reduced greatly when using the automated flushing system.
The system would need to be checked regularly to ensure that there are no leaks and that it is running correctly. The seals, hoses, piping, and pump would all need to be checked and if damaged replaced to ensure continued peak efficiency for the system.
[bookmark: _Toc71909178]Economic Factors.
The decided budget for the project was deemed to be £5,000, which would cover the costs of materials and parts. The manufacturing of the trolley and system was to be done during my scheduled work hours and would have been planned in to the schedule. I was given seven months to complete this project, with an additional month to run trials. Only one system would be required to service all of the VIPs located on site. 
The decrease in downtime would allow for a larger yield of product to be manufactured. The repairing of the furnaces could cost £500 to £5,000 depending on the damages.
[bookmark: _Toc71909179][image: ]Environmental Factors. [bookmark: _Toc71909791]Figure 2: LEV Extraction Hood

The flushing system would not produce harmful emissions or any waste products. Deionised water is also not harmful to the environment. The induction furnaces produce harmful fumes when melting which are extracted using a Local Exhaust Ventillation (LEV) system. This extraction system condenses the waste so that it could be disposed of using the correct procedures. 
[bookmark: _Toc71909180]Sustainability.
The time taken to carry out the required work would be lessened which would reduce the downtime of the furnaces. The lifespan of the furnaces and VIPs would be extended also as the risk of damage is reduced. It would also improve the profits gained by the company as it would allow for more product to be made due to less downtime.
[bookmark: _Toc71909181]

Project Plan.
[image: ]
[bookmark: _Toc71909792]Figure 3 : Project Plan
(Jones, 2019)
I created this Gannt chart to plan out the entirety of the project from start to closure. I used Microsoft Project to create this plan for the project. It allowed for me to keep track and meet the deadlines that I set for myself. The software has a variety of features that granted me the ability to set milestones. I was originally going to use Excel to create this be after some research I found this to be a better alternative. I was able to organise my timescale and assign roles to the work required. This is shown above as I allocated a timeframe for the need of an electrical technician to wire up the pump.
My research also led me to alternative methods such as a static progress chart. This is a bar chart that is gradually filled in with a percentage as stages are completed. A line is then placed through them to show the progression of the project. I decided not to use this as it was not able to convey the importance of achieving each stage.  
I used this plan to schedule a meeting with my managers to discuss my strategy on how to carry out this project effectively. The managers agreed with my proposal and the time to carry out the project was then allocated to me that once a week I would be able to work on it.  
I scheduled a month of time for the initiation stage since it mainly consists of paperwork - such as the feasibility study. 
I wanted to give myself a substantial amount of time to carry out the implementation stage of the project. I gave myself 104 days to work on the fabrication of the system and for the lead times of the parts and materials. The large timescale would allow me to carry out my other work such as preventative planned maintenance and breakdowns.
I wanted to further understand the reason as to why the issue occurs. To do this I aided in carrying out a flush of the VIPs to see first-hand what is required to do the job and to see the causes. This gave me good insight into the methods and how laborious the task can be.
The fabrication stage was scheduled to be carried out in 80 days. This seemed like enough time to fabricate the trolley given my abilities. I chose mild steel over stainless for this project mainly due to the face that I have had very little training in Tungsten Inert Gas (TIG) welding, and this cause a complication for the project as I would have had to designate another fitter to carry out the fabrication. I am trained and have had abundant experiences of Metal Inert Gas (MIG) welding mild steel jobs in the past.
[bookmark: _Toc71909182]Project Progression.
I began this project in late 2019 after being tasked with it by my manager. I followed the plan that I had created to the best of my ability ensuring that the milestones were achieved.
I planned a meeting with the head of maintenance, the mechanical manager, and the electrical manager to propose my solution to the given issue. A scheduled slot was booked for the meeting in the conference room.  I drafted a rough plan to show the managers my ideas and how I felt the project should be carried out. The 15th of June was decided as the deadline for the project. The fabrication would need to be carried out by myself and the ordering of materials and components was my responsibility.
The plan for the project as shown previously was created soon after the meeting to give a finalised structure to the project and its requirements. The plan included a timescale for the project and the allocation of myself and an electrical technician. I used this final plan to carry out my project and keep on schedule.
The next stage that I carried out was the creation of the project’s feasibility study. Once finished I handed it to my manager in order to show all the requirements of the project, the factors applied to it, and that it is achievable. I wrote a formal proposal for the project to use as evidence for the purchasing of the materials and components. 
I was able to carry out research before unforeseen circumstances brought me away from the project. Before I was brought away, I was able to observe the process of creating product using the induction furnaces. I spoke with the electrical technicians within the maintenance team to further understand the issues at hand - the main verdict was that debris within the variable induction powerpacks water system was causing the build-up of heat leading to a high temperature trip. After gaining an understanding into how the issue occurs, I decided that the next stage was to assist in carrying out a flush of the system when it next occurred.  
[image: ]Within the VIPs there is a hose connected to a filter which should catch any debris present within the system. However, in the case that the filter is full, debris can get past and into the system. The hose is disconnected first allowing the water to be drained into buckets. The buckets are then swapped when one is full and taken to the nearest drain for emptying. On this occasion the VIP was flushed out with roughly 100L of deionised water before the debris was removed completely and the correct conductivity was reached. It took around 1 hour 50 minutes to complete this flush.Figure 3: Furnace Hoses
[bookmark: _Toc71909793]Figure 4 Furnace Hoses/Leads

Four hoses connect the VIP to the induction furnace. Two of these hoses supply the furnace with cooling water which circles the furnace in a coil. The water then travels through the other two hoses and back into the VIP to be cooled and filtered prior to traveling back through the circuit. There are then four separate hoses that travel from the variable induction powerpack to the furnace. Two of the four hoses send water around a coiled pipe within the furnace in order to cool it. The other two send the water back to the powerpack to be filtered and cooled before then cycling back through the system. Water is used as it can store more heat energy in it than other fluids. 
The VIP is filled back up with water by accessing the tank at the top of it. A ladder is required to reach the tank. Five-litre containers of deionised water are lifted up and poured into the tank. After experiencing the method and process to carrying out the flush I could see that it tedious and inefficient.
The next stage that I carried out was the sourcing of materials and components for the flushing system. I researched many sites to find parts that were not only affordable and within my budget, but also suitable for use in this industry environment
[image: ]I searched through a variety of sites and suppers to find the correct motorised valves that were needed for the project. After reviewing alternative valves, I opted on the Horstmann Zoneplus Motorised Valve. This valve matched all my criteria for the project as it had three ports to allow for an ease of switching between the systems’ drain and fill cycles. Three of these valves were required to carry out the cycles. The total cost of the three was £223.40 leaving me with a budget of £4,776.60. Due to having the lowest price whilst maintaining compliance with the various regulations of my company, I purchased these from plumbareana.co.uk.[bookmark: _Toc71909794]Figure 5 : 3 Port Motorised Valve
(Anon., 2020)

I found the required fittings, pump and hoses in the maintenance storage area meaning that there was no need to purchase more which resulted in no change to this budget. The cost of these fittings, pumps, and hoses are covered in the regular Operational Expenditure of my department.
I purchased one sheet of mild steel, 1000mm x 1000mm x 3mm. I found that the best supplier was metals4u.co.uk as they had next day delivery and a reasonable price, against whilst retaining suitable compliance. The cost of the sheet was £51.10.  I also purchased a length of 25mm x 25mm x 7m mild steel box section for £27.80. This was to create the framework of the trolley. The 1” stainless pipe was also purchased from this site for £71.25. 
[image: ][image: ][bookmark: _Toc71909795]Figure 6 : Pump

[bookmark: _Toc71909796]Figure 7 : Mild Steel(Anon., 2020)

(Anon., 2020)
[image: ]
[bookmark: _Toc71909797]Figure 8 : Box Section
(Anon., 2020)

I purchased the castors from RS Components because we have an account with them, and the wheels would give mobility to the trolley. I required two fixed and two swivelled castors. I purchased two Tente Braked Swivel Castor, 250kg Load Capacity with a 125mm Wheel Diameter at a cost of £33.86. 
[image: ]
[bookmark: _Toc71909798]Figure 9 : Swivel Castor
(Anon., 2020)
The two Tente Fixed Castor Wheels, 250kg Load Capacity with a 125mm Wheel Diameter cost £28.28. Both sets of wheels were purchased from RS Components using the companies account with them. This resulted in a remaining budget of £4,635.36.
[image: ]
[bookmark: _Toc71909799]Figure 10 : Fixed Castor
(Anon., 2020)
These purchases left me with a budget of £4,564.11.
I saved the quotation of each of these purchases to be kept as evidence for the finance department. The “obtain quotation” section of my plan was then completed. I reviewed the quotations and concluded that I was well within the given budget and was on target to completing the project. 
By this point of the project the Covid-19 pandemic came into effect and put the project on hold.
I had planned on creating a 3D model of the trolley using Computer Aided Design (CAD) however I was unable to carry this out as I did not have the software at home and I had been placed on furlough for a portion of the year. CAD software would allow me to design the trolley and make any alterations with ease. I could use the simulations to test the weight that trolley can take to allow for the pump and see the stresses placed upon the structure.
[bookmark: _Toc71909183]

Testing the Automated Flushing System.
The plan for testing the system was to compare results taken from a series of manual flushing and comparing them to the automated system. I was able to collect data on a number of manual flushes before the project was halted. The following table contains the results:
	Manual flushing results

	Ser.
	Time in minutes
	Litres of water

	1
	52
	55

	2
	47
	40

	3
	109
	90

	4
	66
	55

	5
	108
	50

	6
	71
	100

	7
	162
	160

	8
	174
	185

	Total  
	789
	735

	Average & Deviance
	98.6
±39.6
	91.9
±24.4



These times were taken using a stopwatch, timing from the beginning of the flush to the point of completion. The overall number of minutes taken to carry out the eight flushes was 789. This is the equivalent of 17.5 melts which works out as a loss of £87,500 due to downtime. Clearly these results justify the need for the automated flushing system. 
When I am able to fabricate the trolley and carry on with the project, I will be able to gather data on the times taken when using the automated system. These will be compared with the manual results and displayed on the same spreadsheet. This will provide a formal acceptance, and quantifiable evidence of improvement.
[bookmark: _Toc71909184]Current Status.
The current status of the project is that it has been postponed until the current situation of Covid-19 and the lack of staffing has been resolved. I have been working on breakdowns for the last nine months to fill the void created by redundancies which has left me with no time to continue the project. 
I will need to produce a revised plan to account for a new timeframe and deadline once I am tasked with carrying out the project again. 
I was placed onto the furlough scheme on the 1st of May and was off-work for four  months. On my return I was placed purely on breakdowns and Planned and Preventative Maintenance (PPM) taskings. The return to the project is unlikely to occur until circumstances change.


[bookmark: _Toc71909185]The Conclusion and analysis of the Project. 

To start I will first analyse the concept of automated flushing system and its strengths. I believe that the most effective method of carrying out the flushing of the variable induction powerpacks is the use of an automated system. After carrying out the flushes myself I was able to see how inefficient and gruelling the task is. The trolley and system are simplistic and a straightforward idea that overall does not have a large list of requirements. The fabrication is an easy task to conduct as long as enough time is given. The system would greatly reduce the strain and effort of performing a manual flush due to the removing the process of carrying the 20L containers up a ladder and pouring the water into the tank. 
The ability to switch between draining and filling would make the process far easier as the hoses will not need to be swapped around each time. This itself would reduce the time taken to perform the flushing of the powerpack.
The downtime that is created by the manual method is harmful to the companies’ profits. This is shown in the data gathered in the tests I carried out. In the course of eight complete flushes 789 minutes were lost resulting in a profit loss of £87,500. The importance of the project is shown in these results and it shows how every minute saved increases the profit of the company.
Downtime would be reduced as the lifespan of the furnaces will be extended, as the possibility of the furnaces overheating and the lining of becoming damaged is greatly reduced. This would also save money on the costs of repairs and replacement furnaces. The water-cooling system would be running more efficiently due to the clean water which in turn would reduce the number of over-temperature trips that occur thus reducing downtime. This would also release more time to the maintenance department to conduct other tasks. As power would not be lost the heat would be retained in the furnace preventing the solidifying of the mixture. The risk to health and safety would also be reduced as the furnace would not overheat which could lead to a run out of material or an eruption of molten metal. 
One of the weaknesses of the project has been the lack of a final design. Even though I have a mental image and some basic paper-based drafts there is no substantial finalised design. I planned on using CAD to create an engineering drawing for the project showing the layout and placement of the motorised valves, the centrifugal pump, and the pipework. These drawings would allow me to meet the specifications of the fabrication throughout the project. This will be the first stage that I will carry out when the project resumes due to its significance to the progression of the project. 
When it came to the material being used to fabricate the trolley, I decided on mild steel over stainless steel due to my welding ability as I am only trained in MIG welding and have had very little experience with TIG. Ideally the trolley would be made out of stainless due to its corrosion resistance even though it costs more it would be worth as increases the lifespan of the trolley.
In hindsight I can see that the plan could have been created in further depth allowing for additional stages to research alternative solutions and conduct more tests. I should have collected documentation for this project to be used as evidence such as pictures of the process as the maintenance was being carried out - this would have given a greater understanding of the methods used. The tediousness of the process could also be shown in these images such as the poring of the water and the number of containers used. Further information could have been obtained regarding the financial aspect of the atomising process to comprehend the effects of the downtime in a more accurate and detailed setting.
For the meeting, formal minutes should have been taken to show the discussed topics and the decisions that were made along with who was tasked with the actions.
Recent events led to the project being postponed until circumstances change. The staggered times that I was able to work on the project due to working on breakdowns led to only the initiation stage and partial work of the implementation stage being completed.
I feel that the project would have been successful in achieving its end goal if the recent events did not occur. The lack of time being available to work on the project due to breakdowns greatly impacted the progress of the project. This only worsened due to the Covid-19 outbreak as I was not able to enter work to continue the project once the number of breakdowns had reduced.
Finally, when circumstances change and I am able to continue with the project I believe that it will meet its required purpose of reducing the downtime caused by the flushing of the VIPs and furnaces water system. From the tests carried out the importance of this project was shown which will justify the costs of the materials and components. The goal of removing the need to carry the water and manually pouring it would be removed. The current amount of work done on this project is far from what was specified in the initial plan due to changes, not only within the company but also globally.
[bookmark: _Toc71909186]

Appendices
Appendix 1 
[bookmark: _Toc71909187]Project schedule/Plan
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