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[bookmark: _Toc104564415]Introduction
My project idea is to restore/repair or potentially replace/redesign an old electrical control panel. A key part of this project is maintainability, this means how maintainable the finished project will be and how much maintenance and spare components will be required to keep the project functioning as it should. This heavily persuaded my decision on what I chose to do for my project. I decided on a complete redesign and modernising an existing control panel for extraction as the old electrical panel that over the years it has become damaged and difficult to operate. Damage has been caused accidentally by heavy lifting equipment such as forklifts and pump trucks, therefore all the ancillaries for example the lamps and push buttons have been smashed off or rendered useless.
The project ideas will aim to fix the board itself and add some form of preventative from the damaged being caused again which ties in with the main theme of this project; maintainability. Improvements will also be made such as relocation to a less hazardous place, and a twin gang 240v domestic socket mounted to the exterior of the panel. A total of 3 solutions varying in method, end result and work load that should all improve the use and operations of the board, and choose one that will be the best for maintainability and other factors such as cost, work load, and health and safety.
This Project was officially started back in September 2020 and the final deadline set for when the project must be complete is June 2021 which means 10 months in total to design, source material, and create the panel; taking into account all the operations and processes involved including the theory work that comes with it. Unlike other projects, progress on the practical side cannot be undertaken outside of work and therefore must use the time in work when usual daily tasks have been completed to make progress on the project.










[bookmark: _Toc104564416]Goals- What I aim to Achieve 
The main project aim is that is fulfils the product design specification as the points featured in the PDS are statements that project must meet in order to be a success. The specification outlines a set of rules that the finished project must live up to such as Performance, life span, Maintenance and safety.
The desire/target was to end up with a useful and safe operators control panel but also to develop skills and techniques that will be used during normal working practices. As a maintenance engineer it is important to understand how certain procedures should be carried out from designing and manufacturing to testing in regards to a newly implemented system. Techniques in drawing will consist of relating and following drawing standards so that they can be understood by other engineers. Testing will be very relatable when in work as in maintenance fault finding is a huge part of it as the aim is keep the machines running. Whether this is through the use of multimeters or through more mechanical means this should greatly benefit me in the future.The project will be about learning new skills and developing existing ones to see how other projects in engineering companies occur from just an idea to being implemented and manufactured. This will also provide a good amount of experience as in order to complete the project as of which will be fully independently.
The project itself was divided into 5 stages helping with maintaining a flow and logical progression throughout the project. These were:
Overview- the overview outlines all the initial thoughts and ideas of different projects that are in your interests. For there a final project solution must be chosen based on feasibility studies, followed by a design specification that states the criteria that the project must meet in order to be a success.
Research- the research segment includes relevant health and safety standards that will be relevant to the project. Along with research into different components and materials, discussing the pros and cons of each and making direct comparisons between multiple parts for the same purpose such as contactors and relays.
Planning- the planning stage involves the build up to manufacture. This includes timings on various operations or processes that need to happen, a costing database to keep track on how much money will be spent on the project. Finally stating which responsibilities lie with whomever to carry out certain processes that involve the assembly or implementations towards the project.
Implementation- the implantation sector involves the whole assembly part of the project along with outlines the tests that will be carried out including results. Also any problems or faults that may have been encountered throughout the project and what were done to correct these issues.
Evaluation- evaluation includes a self-assessment on how the project has gone as a result and outlining both good points where the project ran smoothly and things that could be different next time. Finally, a presentation that combines both practical and theory work.
[bookmark: _Toc104564417]Time Management
There are multiple methods of maintaining good time keeping while progressing through a project such as this. During this project for example a few were used such as what can be found below:
[bookmark: _Toc104564418]Critical Path Analysis 
[image: ]
Above can be seen a Critical Path Analysis, these can be used as visual method of planning the completion of tasks and finding the most effective order of said tasks. Similarly to a Pert chart this analysis can also be used to interpret the extent of each piece of work & how long they would take, when the optimal time is to start a piece of work, and how many task I need to do by the submission date. These were very useful helping to plan and spread out the work load to prevent being overwhelmed with the amount of work to do
The Critical Path is highlighted in red showing the path that must be followed in order to finish the Overview Section (see page above for brief description), according to the path analysis it should take 17 weeks to complete this section.
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The first Gantt Chart was developed in 1896 by Karol Adamiecki, and is a very useful project management tool, explained by kpvida article from August 25, 2008.
Firstly, the aim of the gantt chart is a spreadsheet that tracks the dates and each piece of theory work during the project. With details such as targets and ‘completed by’ dates also it can track when work started and finished on each document using colours which helps indicate how long the document has taken to make, and due to its colour coordination and layout it makes it very clear to anyone viewing the gantt chart to understand the details present on there. No issues were encountered when following this chart due to its simplicity and readability. Updates were made every time a piece of work was either finished or started therefore could easily see current progress and be able to make own judgement on what should focus the time and resources towards.








[bookmark: _Toc104564420]Reflective Analysis
[bookmark: _Toc104564421]Overview
The first section of the project entailed of firstly a design brief, this outlined what the project is and its constraints, who will be involved/ who will be affected upon completion, and certain design characteristics of the project. This was the first step that was taken to gain a brief but focused idea of what exactly the project will be. The next step was to design 3 solutions to complete the project, and list their characteristics such as maintainability, safety, work load, and cost. (as seen in the mind map below)
[image: ]
This allowed for a detailed document for each solution discussing advantages and disadvantages to be created which helped make a decision on my chosen solution.
[bookmark: _Toc104564422]The 3 Solutions
[bookmark: _GoBack]Solution 1- The first solution for the project was to simply replace all switch gear and ancillaries of the extraction/ conditioning board as the original switch gear was damaged due to forklifts such as the lamps, push buttons and switches. By replacing them, it should make the board far more usable and the new condition may make the forklifts more careful when operating around the board. However, the main theme of this project is maintainability to which this solution lacks, as to just replace components on the exterior of the board doesn’t prevent the same damage from reoccurring. The workload itself is very low as completion may only take less than week after all components have been delivered and if usual work based activities are quiet. The components have a wide range of availability online making them relatively cheap in comparison to other solutions; therefore the cost of materials and components will definitely not exceed even a budget of £200. 
Solution 2- The second solution is to wire up a new distribution board that contains the ancillaries of the old board that in a new location. This location will be close enough to the original to not cause confusion and will prevent further damages thus improving the maintainability over solution 1. The old board itself will still be vulnerable to damage but is a lot stronger than the plastic buttons and lamps therefore taking the weaker components to a safer place should prevent nearly all possible damage to said components. The workload itself is relatively low as completion may only take a few weeks after all components have been delivered and if usual work based activities are quiet eg breakdowns. The components have a wide range of availability online making them fairly cheap similar to solution 1, therefore cost of materials and components should not exceed a budget of £300. 
Solution 3- The third and final solution consisted of disconnecting the old board and wiring in a new one in a new location while retaining all the functionality. This should offer the best maintainability of the 3 as the only parts to be reused are some internals which all function without fault to begin with. It offers complete physical protection from lifting equipment (forklifts etc). The workload is greater which means more down time for the current system, although wiring the panel plus its components can be done prior to installation to reduce downtime. The components will again have a wide range of availability online making them relatively cheap but the cost of all the materials such as the board itself the cost could exceed a budget of £300.
In order to help make a decision on which solution will in total have the greatest benefits towards the company apart from weighing up some of the characteristics above; was to conduct feasibility studies on each solution.
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 (
On the left can be seen a said feasibility study on solution 1. For each solution a feasibility study like this one was performed, this gave the best insight to which solution was worth most the time and investment towards the project. The idea of the study is to rate each solution’s achievability in terms of timings, materials, safety, technicians ability. The percentage is calculated as shown below and the greater this value the more feasible the solution is.
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A feasibility study is essential for project design highlighted by K Bause in the 2014 report Feasibility Studies in the Product Development Process.

[bookmark: _Toc104564424]Chosen Solution
After conducting the feasibility studies and therefore taking into account all factors, specifically safety standards, budgeting, time scales, personal ability/skills, and materials required. The result show that solution 2 is the most feasible with a percentage of 90% compared to solutions 1 and 3 being 82.5% and 78.75% respectively. All three solutions scored highly on the feasibility studies but I feel this is due to the project itself must be a good idea and good use of resources such as time and money.
Solution 2 also contains a lot more work than solution 1 as and thought the amount of work that is involved was insufficient for a project of this level along with other reasons such as sustainability. Simply replacing damaged components only temporally fixes the issue meaning a new system or design is necessary considering time, cost and other resources. The second solution improves greatly in terms of maintainability with the large reduction of risk to components on original board. The general components needed and panel will be more easily available than solution 1 as there are more new components such as lamps and push buttons compared to the old components to be replaced in terms of solution 1. This brings cost and time searching for parts down resulting in more time to spend designing and constructing the new board which will result in a higher quality product.
[bookmark: _Toc104564425]Research & Planning 
Planning a project such as this can be difficult which is why it is useful to gain an understanding on certain techniques that can be used, such as in the 2016 book Evaluation in the Planning Process: The Urban and Regional by N Lichfield, P Kettle, M Whitbread.

[bookmark: _Toc104564426]PDS
Prior to any progress being made towards the design and manufacture of the extraction control panel, a product design specification was needed to focus the solution and provide criteria for it to meet in order for the project to be considered a success. These are most useful to ensure that the customer will be satisfied with your product and that they meet your requirements.
The PDS consisted of targets within the categories:
· Performance
· Product Life Span
· Costings
· Ergonomics
· Aesthetics
· Maintenance
· Standards
For example under performance will be a list of the specific criteria that must be considered throughout the project in terms of design, planning and implementation:
1.1- new panel should operate the same as original.
1.2- Lamps should clearly show what functions are occurring in real time.
1.3- the panel should operate in all factory conditions, through a year this will be from 10-30 degrees.
1.4- The panel will be reliable enough to be used 24/7 without fault.
1.5- The panel itself should be of high enough quality to prevent dust and moisture from getting inside at the electrics.
1.6- Operates should easily be able to interpret what all the switchgear e.g. buttons and key switches do.
[bookmark: _Toc104564427]Components/Materials Research
Researching and having a plan of action will be essential for the project to meet the criteria in the PDS. Multiple components were needed to construct the panel and there are many similar components available, this meant research into these components was necessary to gain an understanding whether they have been designed to a good standard and will meet my criteria for performance, product life span and costing for example. To be sure on the components needed; comparisons were made and advantages and disadvantages will be discussed. A chosen product will then be ordered and explained why this was chosen over similar products. Such as an electrical cabinet was obviously needed to house the components and protect them from accidental damage and to more importantly, protect shocks to passers-by or prevent unauthorised access. A Schneider electrical panel was used as after researching these are of high quality and easy to work with. The size I chosen was 500x500mm as this will provide more than enough space to connect and place the components, it will also allow for additional components to be added at a future date for improvements such as 3 pin sockets mounted on the exterior of the panel. Nearly all components ordered for the project were ordered through RS components.
[image: ]

[bookmark: _Toc104564428]Plan of Action
It was very important to have a plan of action before implementing or even starting the manufacturing stage to ensure the project runs as effectively and efficiently as possible. Creating the plan of action was to make a note of every key stage throughout the project; this includes the theory work, research and manufacturing the panel itself and gives a brief but summative description of what that stage entails.
For example the three stages below describe major pieces of theory work involved with my project. More specifically the solutions and research, and planning:
· Generate ideas and finalise solution- Research at least 3 ideas around the brief and specification and choose a final solution based on feasibility, and whether it can be done by the deadline.
· Research parts/materials/components- find any parts materials and/or components that maybe needed for the project along with any resources I may need and some previous example of similar projects that involve the same or similar processes.
· Planning- plan out activities through a plan of action document. Discuss timings/due dates, the Costings of materials components or resources that will be used and outline components that have been ordered.

Following the plan of action, another document that benefitted with planning the project took inspiration from the PoA. This assisted with time keeping by addressing the dates that were to be believed as the starting and finishing dates of the significant stages of the project will commence/finish or whether they can be planned to start or finish at certain dates.
As you can see below is the same section of the plan but with the added benefit of target dates for commencing the work and when it is planned to be finished by. These dates should correlate with the Gantt chart.
Generate ideas and finalise solution- Research at least 3 ideas around the brief and specification and choose a final solution based on feasibility, and whether it can be done by the deadline.
· This step will begin after ideas have been finalised meaning it’ll begin around the end of November and should be complete by the 5/12/20.
Research parts/materials/components- find any parts materials and/or components that maybe needed for the project along with any resources I may need and some previous example of similar projects that involve the same or similar processes.
· Once my final solution has been chosen researching materials/components should happen soon after, this should start on 10/12/20, and finish around the 20/12/20.
Planning- plan out activities through a plan of action document. Discuss timings/due dates, the Costings of materials components or resources that will be used and outline components that have been ordered.
· The planning stage is the third stage of the project, it will commence on the 15/1/21 and is due on the 11/03/2021.






[bookmark: _Toc104564429]Methods Used
[bookmark: _Toc104564430]Implementation
[image: C:\Users\Morgan Baker\AppData\Local\Microsoft\Windows\INetCache\Content.Word\20210119_112858.jpg]The full assembly took from December 2020 to the final deadlines in March 2021 due the amount of work that went into the project. The implementation started with the gathering of tools and components needed to complete the project, along with ordering the necessary components that we didn’t have in already in stock. With assistance from my manager we were able to create a wiring diagram of what the panel will resemble once wired up. 
[image: 20210120_083320]It will also assist with connecting components correctly to ensure the panel will function correctly. Once the main panel had been delivered; 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. The trunking was laid around the edges of the back wall of the panel with a piece mounted horizontally in the middle. This meant that keeping the cables hidden inside the trunking was much easier and therefore kept the panel less cluttered. A hole saw was used 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 and spaced out to help connect the wires neatly and efficiently. The wiring diagram was used to wire all the components by using single core 1.5mm cable which ran from the lamps/push buttons to connector block to prevent the cables being pulled from their connection when the door is opened/closed, along with correctly terminating the components such as the contactor and relay. Cabled ties on the door were also used to neatly align all the cables and hold them together when the door is opened/closed. Once the wiring had been completed and tested successfully; Cable ID ferrules were attached to each individual cable at both ends which will help any future maintenance during testing as the same number can be found on the drawing meaning cables can be traced more efficiently. The completed panel was then mounted 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 and using a spirit level to check levelness on the panel before tightening the bolts securely. 

[image: 20210421_153159] 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 via a thermal overload which was set at 4amps; this was in accordance to the power of the motor. To run the cable from the motor to the panel a cherry picker was needed, loaded the necessary tools and equipment onto the machine which gave me access to the motors in the roof.





[bookmark: _Toc104564431]Testing
Initial testing was firstly performed into order to test the control side of the panel. This meant testing the 24v operations which consisted of applying 240v to the power supply module. Expected results consisted of when the push buttons were operated; the coloured lamps should light up to indicate the operating status of the panel and thus starting/ stopping the motor from running. An advantage of performing this test prior to installing the board in the desired location was that it was far easier for alterations to be made in the workshop where the panel can be manipulated for better accessibility rather than suspended and fixed on a wall. The results of which can be seen below:
The buttons and lamps relay the correct information that all was functioning as intended with the green lamp indicating that the contactor was in and thus providing the motor with 415v, and the red lamp indicating that the contactor was out, killing the power from the motor
Final testing was performed when the project was completed and involved more practical tests such as does the panel operate the motor as intended when supplied with 415v 3 phase power and whether this operates the extractor fan.


1. Does the panel provide power to the extractor fans?
This test aimed to prove that the panel can function as intended with the extractor fans operating when the green button is pressed and shutting off when the red button is pressed. 
Results: it was clear to see and hear that when the panel was operated the extractor fans would indeed turn on and off in accordance to which button was pressed (green for on and red for stop).
2. Does the isolator kill the power feeding the panel?
This test is simply to see whether the isolator correctly shuts off power being supplied to the panel. It should cut the power for both extractor fans and 24v DC control circuit. This will be evident by the fans slowing to a stop and either lamp switching off.
Results: When the isolator was shut off this did cut all power feeding the interior components and I could see and hear that the extractor fans slowed to a stop, thus telling me that the isolator is functioning correctly.

[bookmark: _Toc104564432]Faults & Problems
Problems can be described as issues caused by bad planning or anything that caused a delay to my planning or deadlines. Such as lack of understanding of components or targets being too optimistic. Whereas faults can be described as issues that are encountered that were sudden and caused a direct impact to my project that were out of my control, this can be for example faulty components.
One problem encountered was despite previously thinking that the chosen position to mount the panel was a good idea as it was near a 415v 3 phase supply from a red industrial plug, this meant it was possible to quickly and effectively connect the panel’s power supply from there rather than run a cable from a distribution board. However, to connect the supply to the panel it needed to be isolated, after checking the 3 nearest distribution boards the breaker supplying the 415v socket could not be found. Eventually the fourth board checked did have the supply for the 415v socket and was finally able to connect the power supply to my board with a shorter piece of armoured cable.
A fault occurred upon initially testing the panel with the 24v supply and the control side of the panel’s functionality. The run button functioned without fault however the stop button when pressed which illuminated the stop lamp but would not switch off the run lamp. In a practical sense this means the motor would stay on and couldn’t be switched off unless isolating the power to the panel. After relating to the wiring diagram and finding no fault with it which suggested that either the wiring diagram was wrong or that a cable was not connected properly, fortunately it was the latter fault; as one of the cables had was pulled out of the buttons when the door was open. The cable was replaced with a longer one which gave itself more slack to be taken up when the panel door is opened.
[bookmark: _Toc104564433]Relevant Areas
The project wouldn’t have run as efficiently if it wasn’t for the effective research and planning that was performed beforehand. This included essential documents such as the aforementioned product design specification or PDS, Failure Mode Affect Analysis or FMEA’s, and Responsibilities Tracker document.

[bookmark: _Toc104564434]FMEA’s
	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 has 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 worng 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




This is the FMEA that was performed during the planning stage of this project. It allowed for clear and concise representation on any factors that could go wrong or cause issues throughout any stage of the project. It presents clearly where you should focus your attention to prevent the ‘potential effect’ highlights where the problem may be caused from or by in ‘potential cause’ and how to best implement a control that hopefully will prevent the issue becoming a reality. It is a very useful tool to use to maximise efficiency and prevent unforeseen costs or missing deadlines. A book written by D. H. Stamatis perfectly explains the conception, use and advantages of this management tool.
Another useful tool is to create a responsibilities tracker which is a great way of visualising what responsibilities you may have and managing other members involved with the project. Below is said tracker and as you can see each major activity throughout the project has someone responsible and an estimated completion date. Two key factors to keep in mind when managing a group project as missing a deadline can causes all following activities to be delayed resulting in further cost both direct and indirect along with loss of time. A missed deadline can also have an impact on motivation towards the project. Effects of externally imposed deadlines on subsequent intrinsic motivation. TM Amabile, W DeJong, MR Lepper - Journal of personality 1976. 

	Activity
	Person Responsible
	Resource
	Person Responsible
	Available 
	Agreed Date
	Start date 
	Estimated Completion date
	Complete?
	Completion Date

	Ordering materials and components
	Myself and manager
	RS components website
	RS components
	Yes
	3/1/21
	3/1/21
	4/1/21
	Yes 
	4/1/21

	Fitting mechanical components into panel eg. trunking
	myself
	Workshop- my own tools and work bench 
	Myself
	Yes 
	6/1/21
	6/1/21
	8/1/21
	yes
	8/1/21

	Wiring electrical components eg. relay
	myself
	Workshop- my own tools and work bench
	Myself
	Yes
	7/1/21
	8/1/21
	9/1/21
	yes
	10/1/21

	Mounting panel and laying trunking.
	myself
	Using my own tools and our workshops power tools such as grinder and drill
	Myself
	Yes 
	25/1/21
	26/1/21
	28/1/21
	yes
	28/1/21

	Isolating power from distribution board.
	Electrical technician and manager
	Electrical diagram of factory and multi-meter
	Manager
	Yes 
	15/2/21
	15/2/21
	15/2/21
	yes
	15/2/21

	Run a cable to extractor fans in ceiling and connect to motor.
	Myself, and electrical technician 
	Cherry picker to access motor plus my own tools.
	Services Department
	Yes
	5/3/21
	8/3/21
	12/3/21
	no
	20/2/21



[bookmark: _Toc104564435]Conclusion & Reflection

Where is the project at now?
As it stands final testing has been completed and the project is up and running. Currently is mounted and connected to both a supply and extractor fans, therefore an operator can activate the panel when needed to produce the required extraction.

Overall conclusion of the project?
The project has overall been a success for several reasons. All personal deadlines have been met, as all work has been produced on time in accordance with the project with very few corrections needed throughout. The project after correcting the few issues encountered; has satisfied all points of my product design specification. For example, it satisfies all points under ergonomics and aesthetics as the panel itself is easily accessible with a height of 5ft, also the buttons are spaced out and clearly show their function. Through minor tests proved that it functioned as intended and improved various functions such as the use of a timer module making allowing the panel to turn itself off in the case of it being left running thus should make it reliable enough to be used 24/7 in all factory conditions.
The only section that cannot yet be fulfil is product life span and maintenance, as they cannot yet be tested. The product life span will depend on the maintenance and the care taken towards itself and the work area around the panel. For example damaged caused using heavy machinery in close proximity to the panel.
The group project goal was to having the practical side finished by the end of June due to the amount of work involved and only being able to make progress while at work, this target was realistic and was confident to be able to finish on time. Now the project was completed a few months early than originally expected, therefore was happy how it turned out. The lack of issue encountered and the few faults that caused any delays towards competing my project was reassuring that deadlines were going to be met and that all faults and problems were tackled and solved with limited time wasted, proving the project was managed well.





Were deadlines/budget kept to?
All theory work as previously mentioned was completed on time and in full and the practical side of the project has also been completed a full month sooner than previously expected, all the deadlines I have been responsible for have been met. However, the only missed deadlines have been contractors that exceeded their expectation dates, for example when told that the frame work to suspended the panel was to be completed by Monday 20th May 2021 but it has been pushed back a day which prevent any work from taking place towards final assembly. Finally, the cost of the whole project has shown the assembly has cost less than the budget stated in my PDS. 

[bookmark: _Toc104564436]Recommendations

Any possible upgrades or improvements?
Although pleased by the result of the project, it is not perfect so there are possible upgrades that can be made to improve. A variable timer that could be set by the operator depending on how long they were planning to use the panel for, this could be a rotary dial on the exterior of the panel along with the other buttons and controls. This improves my project as currently the panel will shut itself off after 3 hours, this can be changed by only by maintenance through using the timer component inside the panel. It also gives the operator more accessibility when using the panel.
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