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[bookmark: _Toc131169041]Introduction

[bookmark: _Toc131169042]Company
Bisley are well known for their quality designs and products in office storage equipment eg. Lockers and filling cabinets and have been doing it successfully for the last 80 years. From their office storage equipment and have now developed a new form of product that incorporates wood and fits a more modern office style. Around 50 designs from office products or industrial toolboxes to personal storage systems including the award-winning class multi draw cabinet which has been around since 1958.
[bookmark: _Toc131169043]Project Idea
My project idea is to improve the working practice of a welding extraction bay for a process used to manufacture the cabinet doors/tops. I aim to do this by restoring an electrical panel and the relocation of the controls for extraction. Damage has been caused accidentally by heavy lifting equipment such as forklifts and pump trucks, therefore most ancillaries for example the lamps and push buttons have been damaged or rendered useless. Also, the cabinet itself is not in a desirable place compare with the welding bay causing the operator to have to waste time walking to and from the control panel before and after welding/grinding activities.
So, I believe there is room for an investment to be made within this process improvement and have been given the opportunity to research, plan and implement a solution to improve reduce the time/ money wasted during current operational procedure. The new process itself should take into account certain factors such as set up cost, workload/downtime maintainability and should follow health and safety legislation. Throughout this project I will be using tools and techniques to help define, measure and analyse aspects that should improve the outcome of my project and will allow me to understand the gains/benefits of the implementation made towards improving this process. The tools and techniques I will be using for example include Gantt charts, graphs, diagrams, chatters, and FMEA’s. 
[bookmark: _Toc131169044]Why this project?
As stated above the control of the extraction is not located within the welding bay and the controls themselves such as the lamps to indicate operating status have been damaged, therefore the extraction motor is often left running while the bay is not in use; during break times for example. This is just needlessly wasted power and continuingly adding to the electricity bill each year. My project is to eliminate this and save the company finances which can be used elsewhere for improvements and develops in the future.
[bookmark: _Toc131169045]Benefits
The main benefit of this project will be financial as briefly mentioned above. I will be using measuring equipment to calculate how much wasted energy is being used in the current process throughout a normal working week and then using graphical illustrations to show a visual representation which will clearly show how much waste this process is currently creating. This will be sufficient evidence to help highlight the cost benefits that will be shown weekly and annually to show the potential for investing in my project. Other more general benefits include noise, environmental and critically reducing the risk of leaving machinery operating while left unattended.

















[bookmark: _Toc131169046]Define
[bookmark: _Toc131169047]Problem Statement
We are currently experiencing issues within the production department whereby a welding bay is being used and the extractor fan is being left on unattended. An investigation is needed to find out why this is happening, what current working practises are in place, what effects it is having for the business in terms of costs, efficiency, downtime etc. whether certain improvements can be made to the working practices, or what can be implemented to prevent this issue from reoccurring.
Firstly, we know the working practice should be that the extractor should be switched off when not in use; however, it appears that potentially this is not always the case as it is left operating unattended on multiple occasions throughout the day.
Secondly, we need to know when exactly the extractor is being left running without an operator present and why this is the case. Whether it is negligence on the operator's behalf or the controls for the extraction are compromised.
Thirdly what benefits can we gain in terms of ROI (return of investment) such as reducing electricity costs or reducing operating hours of the machinery we can expect to see as an outcome after implementing an improvement to the process already in place.
Lastly, I intend to incorporate Lean principles in order to identify, locate and improve a process whereby non valve adding activities are found and eliminate them. To achieve this, I will take the current normal working operation procedure and identify areas for improvement, propose a solution and carry it out, in order to improve the efficiency of the manufacturing process involved in the welding bay and reduce the wasted electricity from leaving the extraction motor running unattended.
[bookmark: _Toc131169048]Current Operation Procedure
The current operation procedure involves the operator to spend on average 90 seconds to activate the extraction motor before beginning his working practises. This takes into account the time walking to and from the control panel and possible delays which include waiting for forklifts to pass and/or other heavy lifting equipment such as gantry cranes and pallet trucks. The operator should then begin welding the corners of the cabinet doors and tops either using a spot welder or handheld MIG welder. If they notice any defects in the cabinet component, then a pneumatic grinder is used to flatten the panel before painting. This process will be carried out for the entirety of the operators shift (6am-2.30pm) and only ceases for 15mins for breakfast and 30mins for dinner. Both of which the extraction should be switched off while unattended. If this procedure is carried out correctly then there leaves on average more than 5 minutes every day where that motor is left running and the operator wasting time to leave his workstation to use the control panel. 
[bookmark: _Toc131169049]Critical to Quality
The critical elements I will be focusing on improving are varied from wasted time, wasted electricity costs, and potentially reducing the life span of equipment, a description of each can be seen below:
[bookmark: _Toc131169050]Wasted Time
It is important to calculate how much time is being wasted to operate the control panel for the extraction for a number of reasons. Firstly, to be used to calculate how much money is being used to keep the extraction running while unattended to gain an understanding of the potential ROI after changes are made to the process. Secondly to show why this time is being wasted making it easier to implement a solution to stop the extraction from being left running. Finally, whether this wasted time can be implemented/changed to be spent manufacturing product, in essence taking the wasted time and allowing it to be used to boost the efficiency and productivity of the manufacturing process.
[bookmark: _Toc131169051]Wasted Costs
It will be critical to work out the total costs of running the extraction and calculating the percentage of waste used to keep the fan running when working practices are not taking place. For example, if left running for just an hour a day that could easily account for thousands being spent to keep the equipment running over a year. In order to calculate the exact amounts involved I will need to know exactly how long the equipment is left operating unattended and the size of the motor in question; in essence the amount of power the motor consumes to run at the operational speed. Also, the current price of electricity that we at Bisley Office Equipment are subjected to from the council.
[bookmark: _Toc131169052]Lifespan of equipment 
It will be important to also consider that the extra time the equipment is spent operating will be needly strain on the component involved such as the motor itself, bearing on the fan, seals within the ducting and the blades of the fan will become less effective over time due to a build-up of dust and debris. This will result in more costs needed to be spent to maintain the equipment which has further implications from downtime necessary to repair the components upon failure. Potentially causing the manufacturing process to cease while maintenance takes place, which will ultimately lead to delays in products being produced and dissatisfied customs and therefore loss to our reputation.

[bookmark: _Toc131169053]Project Scope & Gantt Chart
The scope of the project can be categorised by each of the following stages you will find in this project report, I have also created a Gantt Chart to assist with time keeping throughout the project to assure that I make the deadlines on these categories.
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[bookmark: _Toc131169054]Project Charter

	Problem Statement and area of Opportunity

	Welding bay extraction fan operating while manufacturing process is not in use and left unattended throughout the normal working day.
 Identify problems regarding current working practice- time wasted for operator to operate control panel/electricity being used to keep motor running.
 Implement a new working practice that prevents wasted time and money, also to be able to see evidence of ROI (return of investment) after improvement have been made to the manufacturing process.

	

	

	Business Need and Justification

	On average the operator over 5 minutes of his normal working shift walking to and from the control panel to operate the extraction. This time could be redirected towards manufacturing components and prevents the equipment from being left running unattended. This will grant the business certain benefits such as increasing the output of components manufactured and boost the efficiency of the process, reducing the amount of indirect costs for the business in terms of electricity, and potentially reducing the life span of equipment resulting in less long term down time for maintenance to take place.

	

	Risks and Issues
	Assumptions and Dependencies

	
	
	
	
	
	
	
	

	Possible risks include creating downtime to implement changes to the process taking longer than expected due to both ability of maintenance staff or, issues with the supply of components necessary to make the improvements such as the new control panel within the welding bay or the retrieving the contactors/relays required for the specification of the panel.
	The first assumption is that the operator is leaving the equipment running to due to the lack of indication caused by the damage on control panel itself. Of which lamps that indicate operating status of the panel are not working therefore he is unaware if the equipment requires to be switched off. Or secondly and more likely the operator is saving time not walking to and from the control panel when going for breaks in order to complete working activities. Depending on these assumptions we could a gain in productivity or a reduction in costs being spent on keeping the equipment running.
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Internal Project Team

	Name
	
	Role

	Morgan Baker
	Champion

	Steffan Richard
	Manager

	Carl Tucker
	Part/Supplier

	Dai Davies
	Operator

	Tudor Jones
	Quality





	Time/productivity Benefits Calculator

	
	Days
	Weeks
	
	Months
	
	Years

	Operator Shift (Hours)
	8.00
	40.00
	
	160.00
	1920.00

	Average time wasted for operator (Seconds)
	315.00
	1575.00
	
	6300.00
	75600.00

	Average time wasted for operator (Hours)
	0.09
	0.44
	
	1.75
	21.00

	Percentage of shift wasted
	1.09%
	1.09%
	
	1.09%
	1.09%

	Number of components gained
	1.91
	9.55
	
	38.18
	
	458.18

	Manufacturing time for component (seconds)
	165.00
	825.00
	
	3300.00
	
	39600.00



	Financial Benefits Calculator

	
	Hourly
	Days
	
	Weeks
	
	Months
	Years

	Total Running time of equipment
	
	8.00
	
	40.00
	160.00
	1920.00

	Wasted running time of equipment
	
	0.09
	
	0.44
	
	1.75
	21.00

	Electricity cost as of Jan 2023
	0.36
	
	
	
	
	
	

	Electricity cost as of May 2023
	0.49
	
	
	
	

	Running cost of 10KW motor
	4.9
	
	
	
	

	Wasted running cost
	
	£0.43 
	
	 £2.14 
	
	 £8.58 
	 £102.90 

	Operator Wage
	£12.50 
	 £100.00 
	
	 £500.00 
	
	 £2,000.00 
	 £24,000.00 

	Wasted operator time Paid
	
	£1.09 
	
	 £5.47 
	
	 £21.88 
	 £262.50 

	
	
	
	
	
	

	Total Costs Wasted
	
	£1.52 
	
	 £7.61 
	
	 £30.45 
	 £365.40




[bookmark: _Toc131169055]Measure
[bookmark: _Toc131169056]Identify measure variations
In this section I will highlight the potential variation I may find in my measurements. In the section ‘data collection’ you can see that that I am planning on recording the results for electricity consumption, time taken to produce one component, and time spent operating control panel. Below can be seen a description for each set of data whereby some variation might occur, and how I plan to reduce the amount of variation to nullify anomalies or incorrect data. 
It is important to gain an accurate understanding of how these anomalies can occur as the business is relying on myself and other members within this project to invest in improving the efficiency of this process. Therefore, I will need to demonstrate that the results recorded will be accurate to the current manufacturing process and thus show off the potential direct/indirect costs that can be saved via an implementation to the process, and whether there are any other benefits that can be gained from the improvements.
[bookmark: _Toc131169057]Electricity costs
Variations in the electricity costs can occur when measuring the consumption of the motor due to that the motor takes time from when started to reaching is operational running speed. This will consume a larger amount of energy than the motor consumes at its rated RPM within the same amount of time. However, this additional energy usage has not been accounted for as the startup time is very brief due to small amount of inertia required for the motor to reach its operational speed with the weight of the fan mounted to the motor.
[bookmark: _Toc131169058]Production time of Component
A very noticeable difference can be seen in the amount of time it takes to produce one component. This is due to the process of welding resulting in minor differences in quality. Also, the operator should be inspecting the component before and after welding looking for defects or damage to the panel. If he observes any defects/damage, then he is required to use a pneumatic grinder to remove said defects or scrap the panel if the component is beyond repair. This can result in significant changes to the amount of time taken to produce one panel, therefore it will be important to obtain a large selection of data to be used to generate an average. This will reduce the impact of the large range of data and any anomalies recorded in my results.
[bookmark: _Toc131169059]Time taken to operate Control Panel
Similarly, to the aforementioned production time of one component; the amount of time spent operating the control can vary with each use. This is because of its position to the welding bay where the extraction is required, the operator has to walk away from the bay to switch the extraction on and off resulting in time taken for non-value adding activities. This can often be disrupted by forklifts passing through or other heavy lifting equipment such as cranes. Therefore, a total amount of time spent operating the control panel for each shift during a normal working week will be measured in order for me to obtain a total time and an average time lost in terms of efficiency. This will help highlight an area of opportunity to improve the process to reduce indirect costs and non-value adding activities.

[bookmark: _Toc131169060]Determine data Types
The data I will be recording is the amount of time used up for non-profiteering activities eg walking to operate the control panel. I will be calculating how much time is used on average per shift and using this to show how much time this correlate to over a week, month, and year.
Likewise, I will be recording how the business spends on electricity and therefore what exactly is spent during the time to operate the panel. This data will also be represented as weekly, monthly, and yearly sums and will help identify and highlight the potential benefits from an improvement to the process.
Both these data types can be classified as quantitative rather than qualitative as they represent a numerical value with measured units instead of a pass/fail value. Furthermore, the recorded values for my project can be categorised as continuous data as they can be measured on a continuum basis such as the time spent during a day that is currently being wasted and could be used to manufacture components.



[bookmark: _Toc131169061]Data Collection Plan
	Measure
	Measure Type
	Data Type
	Time Scale
	Frequency
	Display
	Notes

	Electricity consumption
	Variable
	Continuous
	1 week
	Daily
	Colum/bar Graph
	Measure the electricity consumed by the motor

	Component manufacturing time
	Attribute
	Discrete
	1 Hour
	Once per component manufactured
	Scatter
	Find the average time taken to manufacture 1 component and check quality.

	Time used to operate panel
	Variable
	Continuous
	Daily
	Hourly
	Pie Chart
	The total amount of time spent during the day whereby the operator is travelling to and from the control panel.



[bookmark: _Toc131169062]Data Collection
One of the first pieces of data I gathered was the electricity consumption of the extractor fan motor. The motor in question is a 3 phase 415v ac which is rated at 10KW which means in order for it to operate it needs an alternating current with around 415v and consumes in the process 10KW of electricity to run at max rpm. Knowing this I needed to calculate how much it costs to run this throughout the operators shift and during normal working activity practices. With the current prices of electricity being £0.36KWh and from May 2023 £0.49; below you can a table using the average time the motor is left running throughout a week.
	Price of Electricity per hour
	 
	Price to run 10KW motor
	Cost to keep motor running when panel is operated (Daily)

	Current
	£0.36
	£3.60
	£0.34

	After May 2023
	£0.49
	£4.90
	£0.46



[image: ]

The above graph is a breakdown of the indirect costs spent each day throughout a normal working week whereby the motor is left running unattended. Including a comparison between the current electricity price per KWh and the price after May 2023.
Below can be seen a scatter graph depicting the range of results recorded for the operator to produce one component using the welding bay in question. This will ultimately be used to determine whether the time used to operate the control panel can be used to produce more components, in essence improving the efficiency of the process.
[image: ]
Below you can see a pie chart which depicts the non-value-added time throughout the normal working shift. As you can see there is a small yet significant portion that shows the time taken through the day whereby the operator must use to operate the panel, and a table with the exact figures involved.
[image: ]

	
	Operating hours
	Hours taken to operate panel

	Monday
	7.9
	0.1

	Tuesday
	7.92
	0.08

	Wednesday
	7.95
	0.05

	Thursday
	7.96
	0.04

	Friday
	7.8
	0.2

	total hours
	39.53
	0.47

	Average
	7.906
	0.094













[bookmark: _Toc131169063]Analyse
[bookmark: _Toc131169064]Process analysis
In order to understand the inefficiencies throughout the operators manufacturing process it is important to know exactly what the process involves therefore I have drawn a simple yet effective process map which can be seen below.
[image: Graphical user interface, diagram, application
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[bookmark: _Toc131169065]Review Analysis
This section should highlight the inefficiencies within the current working practises based on the data collection as seen above. Using the graphical analytical tools, it is clear to see the inefficiencies which are further explained below:
[bookmark: _Toc131169066]Electricity Consumption
The main contributor to the inefficiencies here lies with the wasted consumption to keep the extraction running when the manufacturing process has stopped such as when the operator is on break. The current working practice means the operator should be turning the extraction off before going for break, however this isn’t the case as it is being left running while unattended. The data I have collected shows that £1.70 is being used every week which in itself doesn’t seem a lot of over a year this equates as previously mentioned £81.
[bookmark: _Toc131169067]Manufacturing time for component
To further understand the process of manufacturing the components I decided to develop a Ishiawa Diagram otherwise known as a fishbone diagram. This helps me illustrate the complexities involved and therefore able to more accurately deduce and interpret where possible improvements lie. For example, to reduce the time it takes to produce one component we could provide the operator with more welding training or purchase better quality tools/raw materials. All of which are possible investments that could achieve an improvement in efficiency.
[image: ]



[bookmark: _Toc131169068]Time spent operating control panel
To analyse the amount of time spent that the operator uses to operate the control panel for the extraction required for the manufacturing process, I have decided to perform a 5 whys demonstration.
Problem Identified- too much time being used for non-profiteering activities.
1. Why? Operator requires extraction for his working practices such as welding and grinding for safety and environmental legislation. He also is required to switch off the motor when going for break using a control panel.
2. Why? Operator has to leave his workstation to operate the extraction fan using time throughout his shift.
3. Why? Location of control panel is more than 10m meters away which on average uses over 5 minutes per shift for the manufacturing process to take place.
4. Why? Old control panel predates welding bay and cannot be moved.
5. Why? The old control panel has multiple other functions such as extractor for building and fire extinguishing capabilities.
Possible solution? New control panel is a location where it can be operated without the need for the operator to leave his workstation eg. The welding bay.
[bookmark: _Toc131169069]Graphical analysis
In order to prove this project will be worth investing in it is important to analyse every aspect, this includes evaluating and analysing the graphical illustrations that show these inefficiencies through the data collected.
The main benefit of using graphical illustration is to improve the viewers perspective and perception of the values recorded during the data collection of a process. They can provide clarity and credibility by reinforcing the conveyed information.
Firstly, the bar chart used to depict the electricity consumption allows the viewer to make a comparison between the current price of electricity and the price after May 2023 caused by inflation. As you can see the average price is £0.34 a day from the table above which does not sound like much but equates to £81 a year currently and £120 after the rise in price in May of this year. This indirect cost can be used to help benefit in other areas such as marketing or design both of which could boost the potential in business sales for example. Also, you can clearly see that the amount of time wasted to operate the control panel steadily reduces as the week progresses this could be due to the operator steadily becoming more efficient at his routine. In other words, after a weekend it takes time for the operator to settle back into his working practices. Furthermore, on Friday you can see that the operator spends significantly more time operating the control panel. This much like every other process around the factory could be due to operator looking forward to the weekend, which is a characteristic evident in all working environments. In this case it is more than likely he spends more time to chat to other operators on the way to and from the control panel.
Secondly the scatter graph takes a sample size of the time it takes to manufacture components within 1 normal working hour. From this we are able to deduce that 24 components were manufactured meaning that the average time of 2 minutes 30 seconds to produce one component.
Lastly, the pie chart clearly shows a comparison between the amount of time the operator spends in one shift manufacturing components and the amount of time he spends operating the control panel for extraction. This visualises highlights the potential time that can be gained via an improvement to the process.
[bookmark: _Toc131169070]Improve

[bookmark: _Toc131169071]Generate Improvement
The improvement I propose is to design, engineer and construct a separate control panel that specifically operates the extraction mounted within the welding bay to prevent the operator spending his time walking to and from the current control panel.
This will allow the operate to immediately start and stop the extractor motor preventing the wasted time it takes to operate the current panel saving the business the indirect costs of £81 and £120 from May 2023 each year. Providing of course the panel is used. This solution also removes the average of +5 minutes every shift spent going to and from the current panel which allows the operator more time throughout the shift for value adding activities such as manufacturing more product and therefore boosting the efficiency of the process. If on average the operator takes 2 and a half minutes to manufacture a single component, then potentially that equals to more than 2 components a day which can be seen in the table below.
	
	Operating hours
	hours taken to operate panel
	Products gained daily
	weekly
	Monthly
	yearly

	Monday
	7.9
	0.1
	2.38
	11.91
	47.65
	571.81

	Tuesday
	7.92
	0.08
	1.91
	9.53
	38.12
	457.45

	Wednesday
	7.95
	0.05
	1.19
	5.96
	23.83
	285.90

	Thursday
	7.96
	0.04
	0.95
	4.77
	19.06
	228.72

	Friday
	7.8
	0.2
	4.77
	23.83
	95.30
	1143.61

	Average
	7.906
	0.094
	2.24
	11.20
	44.79
	537.50



[bookmark: _Toc131169072]FMEA
	Process Step
	Potential Failure
	Potential effects
	Severity 
	Potential cause
	Likelihood
	Controls
	Detection
	RPN

	Ordering components and materials
	Ordering the incorrect components or sized materials
	More money and time have to be spent placing another order for correct components
	4
	Lack of research or poor knowledge of the components
	3
	Research components and check specifications relevant to project design and function
	3
	36

	Collecting components and materials
	Incorrect components delivered
	Time will be wasted on spending component back and having them re send correct components
	5
	Supplier making a mistake
	1
	Research delivery company and check timings of delivery
	2
	10

	Drawing Wiring Diagram
	Mistake made on drawing
	A mistake here would cause the wiring of the panel which would be a major setback
	6
	My own knowledge of the subject or poor communication prior to drawing
	2
	Check with electrical staff in work to make sure diagram is correct.
	1
	12

	Wiring components
	Wrong components wired together
	Wiring incorrectly could potentially damage components and will result in time and money being spent on reordering new components.
	7
	Accidental mistake or misreading the diagram
	3
	Check wiring with diagram before testing and have a senior staff member have a look to double check.
	5
	105

	Mounting Board
	Board mounted in incorrect place.
	Mounting the board in the wrong place means it could become an obstruction to shop floor workers carrying out daily task and cause delays or possibly render some tasks unavailable
	10
	Bad planning skills or lack of communication with shop floor staff/ managers
	2
	Mention where you think is a good place to mount the panel with immediate staff on shop floor, once they’re happy then check with the manager of the area to make sure he’s happy also.
	6
	120


In order to reinforce that the above solution will be a success in improving the efficiency of the process I have conducted a Failure Mode Effect Analysis (FMEA). This tool depicts the severity and likelihood of process stages encountering a problem, some of which are listed below.

The Above RPN (risk priority number) indicates the potential risk that the process step entails. In essence I need to ensure that more care and time is spent managing the step which has the highest priority number for example.



[bookmark: _Toc131169073]Costings
In order to an idea of the setup costs involved in implementing the purposed improvement I need to create a list of the costs for components that I need. This will then be used to calculate a return cost investment which shows how long before we start to see a return in money saved from developing this improved process.
	Part/Component/Work
	Quantity
	 Price per Item 
	 Cost 
	 Cumulative Costs 

	Schneider 500x500 panel
	1
	£                   114.00
	£     114.00
	£                          114.00

	Finder relay
	1
	£                     17.96
	£        17.96
	£                          131.96

	Schneider 2A MCB
	1
	£                     22.83
	£        22.83
	£                          154.79

	Power Supply
	1
	£                     41.33
	£        41.33
	£                          196.12

	Isolator
	1
	£                     18.69
	£        18.69
	£                          214.81

	timer
	1
	£                     24.42
	£        24.42
	£                          239.23

	terminal screwdriver
	2
	£                       3.45
	£          6.90
	£                          246.13

	2 gang plug sockets
	1
	£                     18.95
	£        18.95
	£                          265.08

	Schneider 16A MCB
	1
	£                     17.02
	£        17.02
	£                          282.10

	Connector Blocks
	8
	£                       0.58
	£          4.64
	£                          286.74

	2 inch cable tray (3m lengths)
	4
	£                       8.46
	£        33.84
	£                          320.58



The total cost to setup my improvement idea as you can see above is £320.58 meaning if £81 is used every year on keeping the extraction running while unattended then it will take 3.5 years to see a return at the current electricity price. After May 2023 the costs increase to £120 meaning it will take 2.5 years before we start to see a return.





[bookmark: _Toc131169074]Process map
To allow me to complete the improvements to the process as efficiently as possible I will need to have a plan to complete the implementations required to generate my proposed solution. The procedure of which can be seen in the process map below that outlines briefly what I will need to complete in order to isolate the old panel and converting the control to the new panel.

[image: Diagram

Description automatically generated]

[bookmark: _Toc131169075]Pilot Proposal
The implementation of my proposed solution started with the gathering of tools and components needed to complete my project, along with ordering the necessary components for the new control panel. With assistance from my manager, we were able to create a wiring diagram of what the panel will resemble once wired up. 
[image: 20210421_153153][image: 20210120_083320][image: C:\Users\Morgan Baker\AppData\Local\Microsoft\Windows\INetCache\Content.Word\20210119_112858.jpg]It will also help me connect components correctly to ensure the panel will function correctly. Once the main panel had been delivered, I immediately began to mount the structural parts such as the trunking and din rail inside the panel. Both of which had been measured and cut to size, the burrs from cutting the pieces were removed using a file to ensure the sharp edges will not chafe the cables and cause a short. I then used a hole saw to drill 20mm holes in the front door of the panel to fit the push buttons and lamps and the components were mounted to the rails spaced and spaced out to help connect the wires neatly and efficiently. Using the wiring diagram, I was able to wire all the components by using single core 1.5mm cable. I ran the cables from the lamps/push buttons to connector block to prevent the cables being pulled from their connection when the door is opened/closed. Once the wiring had been complete and tested successfully, I mounted the panel to the wall of the bay in the preferred location for the operator to use after relaying this location with the supervisor and checking he was happy with it. A 5 core 2.5mm armoured cable was run between the distribution board and my panel. The 3-phase supply was connected to the isolator, from there through to the contactor and run to the extractor fans up in the roof of the factory. To do this I used a cherry picker and loaded the necessary tools and equipment onto the machine, which gave me access to the motors in the roof.



[bookmark: _Toc131169076]Validate Improvements
In order to validify my improvements I will need to show that the implementation have been a worthwhile investment. I briefly mentioned in my costing section that it would take 3.5 &2.5 years before the project has paid for itself and we as a business start to see a return from the investment.
3.5 & 2.5 years seem high, but this will decrease further when you take into consideration the cost to pay the operator his working wage during the time, he spends to operate the panel. Below you can see exactly how much is spent towards non-productive activities in terms of the operator wages during a normal working week.
	Operator’s pay
	£12.5

	hours wasted for one week
	0.47

	pay wasted on non-productive activities
	£5.88



Throughout the year this will equate to £282 in addition to the current £81 spent on electricity. Therefore, we will start to see an overall return on the investments put in place before 1 year has passed. Of which equals £43. As seen in the tables below.
	 
	Daily 
	Weekly 
	Monthly 
	Yearly

	Electric usage
	 £       0.34 
	 £       1.70 
	 £       6.80 
	 £    81.60 

	Wages
	 £       1.18 
	 £       5.88 
	 £    23.52 
	 £ 282.24 

	Totals
	 £       1.52 
	 £       7.58 
	 £    30.32 
	 £ 363.84 

	
	
	
	
	

	Setup Costs
	 £ 320.58 
	
	
	

	Total Return
	 £ 363.84 
	
	
	

	Yearly gain
	 £    43.26 
	
	
	









[bookmark: _Toc131169077]Control
To ensure that the implementations to the new process are kept to and in order to maintain the benefits it provides certain systems are put in place.
For example, the operator who is responsible for the use of the welding bay and extractor must remember to switch off the equipment before leaving his workstation. To ensure he remembers he has been trained in the new process and shown the exact procedure of what needs to be done. Also, a printout has been applied to the workstation with a list of the procedure in the event of a someone else using the workstation such as during another shift or weekend work when the normal operator is not present.
However, this I feel is not enough to reliably control whether the extraction is turned off when being left unattended. So, to reinforce the new procedure being followed I have incorporated a timer module within the new control panel. This has been set to switch off the extraction in the event of it being left on for any lengths of time. Specifically, is has been set to turn off the motor after 1 hour of no activity.
Both these control measures should reliably negate the indirect costs for the electricity used when the bay is left unattended.
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