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[bookmark: _Toc70945292][bookmark: _Toc71459356][bookmark: _Toc71837907]Introduction 
This project was put forward by my team and me. The project was designed to install an Air Curtain system at the rear end of the Solder Bath machine (Fig.1). This machine is electronic department at Renishaw, Miskin. But plans are to also implement this system on other Solder bath machines at our Renishaw’s Woodchester, England Sites.
This Air Curtain project was designed to provide operators with protection when working on the solder bath and increase the productivity of the process. The operators are responsible for the loading and unloading boards onto the machine. These boards then go through three stages: Fluxing, pre-heating, and soldering. The problem was when the boards come off the machine, they were extremely hot in temperature and can gives off large amounts of fumes due to flux reacting to the solder. Both these aspects interfere with the operator’s ability to work effectively and safe while unload the boards. The Operators would wear Kevlar gloves and allow the boards to sit on the exit of the machine rail to cool down before removing, but still boards would be hot with fumes surrounding the operators at work.  
[image: ]To resolve this issue an Air curtain was designed and installed on the machine just above the exit rail that would blow a linear strip of compressed air to cool the boards down on exit and blow away any fumes from reaching the operators.
Fig. 1

The project uses Planning methods such as Gantt charts, Critical path analysis and a logbook to ensure success with meeting milestones and finishing before the deadline. 
A design brief and a Product Design Specification (PDS) have been written up, to help the understanding and to clearly see the aim of the project and the specification the project must achieve to meet satisfaction. The use of three initial ideas is also included and uses Techniques such as Matrix Analyses to focus down on what fits the PDS best. The report will also include the side on designing including manual sketching and CAD drawings that have been drawn on AutoCAD Inventor to a standard. They will include individual assembly parts and then be displayed as a completed assembly drawing. Finally followed up with research and testing before displaying the final conclusion. 

[bookmark: _Toc70945298][bookmark: _Toc71459359][bookmark: _Toc71837908]Planning/Time Management 
[bookmark: _Toc71837909]Gantt chart
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Fig. 2


A Gantt chart (Fig.2) was created at the start of the project and was updated throughout the stages. The reasoning for having one is that it is a crucial planning method used to successfully finish projects on time and predict the speed of the project. If the tool is planned realistically then the project should have no issue following it.  
The start date of the Project is on the 8th of January 2021 and will end on the 14th of May 2021.
The reasoning for using this tool is that is it easily understandable for all team members with titles and dates clearly laid out. Due to not having Microsoft project the Chart had to be made on Excel but brings no disadvantages. 
Pros:
· Better format for activities
· Helps organising the group 
· Improves managing time
· Locate current position easier 
· Improves coordination
Cons:
· Involves a lot of work and attention to maintain and update 
In respect to the Air Curtain project the Gantt chart was very useful, as can see the project was completed 9 days before the deadline, the project did not feel rushed in any way. 
(analysistabs, n.d.)










[bookmark: _Toc71837910]Critical Path Analysis
This is a technique used to enable who ever is planning to track the path of the project. Using CPA allows to see if the schedule will finish on the date set. It determines the quickest time possible to complete the project. For example, it was used in the above Gantt chart when looking at activities that did not chain on or depend on other activities to finish for example ordering parts and having the air curtain manufactured these two activities are able to occur at the same date and time unlike CAD drawing and the PDS, as the PDS must come first as a guidance for the drawings. This was applied to ensure the end deadline was meet. 
Pros:
· Reduce potential risks and cost to a complex project
· Highlight tasks that could take too long. 
· Looks over both decision making and planning. 
Cons: 
· Does not mean a project will succeed if applied.
· Only works off estimations.

[bookmark: _Toc71837911]Logbook
A Logbook was created so everything can be logged and referred to if need be, it also works alongside the Gannt chart and further enhances planning methods. Everything from start till finish will be logged. The log was done on a weekly basis as the project was only done the spare time as production was still priority to the team.  Having a logbook can help high light the pace that the project is also going so that you could speed up or slow down. The logbook is found in the appendices. 










[bookmark: _Toc71837912]Feasibility study
A feasibility study is an analysis method used to ensure any project that is being put forward can be completed and sustainable without spending too much or running out of money. The study will confirm if the idea is worth the investment and if the expectations are realistic. The study also ensures that cost of resources used are not underestimated and there is a potential for a return on investment (ROI). As well as costs, time is an important factor which the feasibility study assesses if it can be complete in the given time. 
Decided to create one to help determine if the chosen idea would be realistic and have the potential to be inputted into production. In the company’s interest it would display the time and money to complete and if there is a potential to achieve a ROI. 
[image: ][image: ]
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Air Curtain Project 
Renishaw Plc 
Miskin, South Wales 

Description of Products and Services
The Air Curtain will provide a linear blade on the exit of the machine. As the board comes off the machine it is instantly cooled, and majority of fumes have been removed for the user’s safety. Installing this system on the machine will not only improve the health and safety aspect, but also increase the productivity time as boards no longer have be let to cool causing congestion. Eliminating the spread-out time, will speed up the process of soldering boards and therefore allow more board to be loaded at once.  The results of having an increase in production process means that it gets out to customer’s faster ensuring customer satisfaction but also giving gives Renishaw PLC a lead over competitors in the market. 
Technology Considerations
To have this product up and running will not require too much technology only that of which is involved in the design stage assembling the circuit (Components). The First technological consideration would be a CAD package to design the air curtain as performance and safety is crucial. Renishaw currently has PCs located around the factory with AutoCAD software available to use no need for additional costing there.  Once the design is done the drawing will have to them be imported into a CNC machine and machined. Renishaw has a Low-volume development group based in New Mills, Gloucestershire UK site that support innovation projects like the air curtain where they help manufacture using wide range of machinery. Regarding the Circuit, it is important that component technology like transformers and solenoids are also to a high level to perform as specified. 
Product/Service Marketplace
The current marketplace for this product is SMT area Renishaw PLC Miskin site. The target market is mainly the operators working on the Wave soldering machine. There are competitors for similar products such as SolvAir. The reason for choosing an in house designed product instead of a competitor in this case is that in house can allow the ability to designed to whatever the operators want and need specifically. For example, one of the specifications is that the air curtain needs to be ESD safe and SolvAir shows no indication that it is ESD Safe. Distribution of this design will also be much easier as there are no complications in the distribution process. Due to the rapid pace in a manufacturing environment, changes are expected and to ensure market satisfaction having complete control over the air curtain and access to design and circuit drawings ensure easier and cheaper processes of improvement to be made. 
Legal and quality requirements 
The legal and quality requirement that will have to be considered is that of safety when working on electrical and compressed air. Experienced and qualified personnel (Works Engineering) must be the only people working on these.  And quality requirements would be ESD Standard for the product to be in the working area. The product must follow UK regulations regarding use of material and ethics surrounding the project. Must ensuring correct safety measures put in place for example all live wiring be away from exposer. 
Schedule	
The Air Curtain should take no longer than four months and by that point it should be on the production line and being used. The planning stages should be done roughly a month in. Following a schedule should provide to help meet these milestones. Everything will be scheduled and kept track using a Gantt chart and logbook. These will ensure meeting and activities are done and met. Refer to either Gantt Chart or logbook for scheduling. 
Financial Projection
The financial goal is to speed up production allowing more products to run on per loading. By doing this the process will become more efficient and energy usage will be minimized saving money in the long run. The graph below (Fig. 3) shows Cost over every board that is ran on the Wave machine. 

[image: ]Fig. 3









Fig. 4
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The graph below (Fig. 4) shows the number of average times the specific board is ran over a month depending on demand. 
By lowering the process time especially on more commonly run boards or boards with the higher valve allows more board to be ran at once and due to the machine uses energy per second not per board the cost would be cheaper per board as the time to run 20 boards can now run 25 or more.
[image: ][image: ]
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[bookmark: _Toc71837913]Lewin’s Force Field Analysis
A Lewin’s analysis was carried out as it’s an analysis for change management (Fig 5). Due to the change being implemented on the production like. Using this tool will help highlight diving forces and resisting forces that might have been missed and gave to group a good change to brainstorm. Each point has been scored on its importance 1 being less 5 being more. Driving forces with a total of 6 points and a score of 26 while resistant forces having 3 point and a source of 12. This shows the driving forces outweighs the resisting forces and there for change should be implemented. 
[image: ]Fig. 5

[bookmark: _Toc71837914]Design Brief 
When designing something new, there are several requirements that the product being deigned must have. The requirements will influence the design brief and the PDS. A Design brief is a document for a design project made either by the designer or the design team. It is there to help deliver the overall brief of the project it will include stuff like names, dates, an outline of the problem and what is expected to be the outcome of the project being done. The information is here will act as a guide to writing a PDS and give an idea and give ideas on the design.





















[bookmark: _Toc71837915]Brief for Air Curtain 
	Project assigned to:
	Aneurin Bamsey

	Area Mentor:
	Gareth Eckley

	Area:
	Electronic Assembly 

	Project Title:
	Air Knife Curtain 

	Introduction to the Area:
	Ensure Aneurin has been given all necessary information and guidance to safely undertake the task that they have been assigned.

	The Problem:
	Due to the fact that when boards are delivered through the Wave Soldering machine, they come off too hot and followed with fumes the production has slowed down to unsure operators are not rushed leading boards burning through the gloves and operators inhaling the fumes from the process. 

	The brief/task and design requirements (Scope):
	Design and construct an Air Curtain and air system to blow onto the boards exiting the machine cooling them down and removing the fumes. 

	Additional information:
	The system should be linked to the Wave-on time and then delayed cooling the boards on exit. Special attention to safety will have to be observed when working on this equipment especially with pressure air.

	What are the learning objectives and intended outcomes of this project?
	To read technical and wiring diagrams, develop communication skills, design/ manufacture of basic tooling, understand how to safely use compressed air, the use of pressured gauges, electronic inputs and outputs and plc programming.

	Date Project assigned:
	08/01/2021

	Target completion date:
	14/05/2021



[bookmark: _Toc71837916]Asked Questions before design:
Listed below are 10 most frequently asked questions regarding the project, these questions were gathered from stakeholders during a meeting. 

1. Will is cover ALL PCB that come through?
Yes, the air curtain will cover the entire length of the machines exit rail.
2. Will there be a switch?
Yes, there will be a safe and easily accessible switch to turn on and off.
3. Do operators Still Need to wear Kevlar gloves and safety glasses?
Yes, as like everything else safety is important and cannot take risks. The boards will also not be 100% cool or flux free.
4. How long should the operator leave the board in to achieve the full effect?
The boards will not have to be left to cool once the air curtain is installed unlike before.
5. What distance should the operator stay back from the air curtain to not breathe any
flux fumes in?
Operators should be about arm reach from the Air curtain when picking up the boards. 
6. What height does the air curtain work best at?
This will be tested and calculated to achieve the best results. 
7. How much pressure (bar) will we need to get the best result?
Predict nothing more than 5bars and nothing less than 2bars of pressure but will carry out testing.
8. How will the Air curtain be fixed to the wave machine steadily?
It will either be held up by brackets which are mounted on the machine or the curtain itself will be fixed to the side surface of the machine.
9. What method will we use to connect and control the supply of compressed air to the
air curtain?
By using an air hose to connect the main air supply to the air curtain and then a regulator to control how much air force can come through.
10. Who will be responsible for maintaining it. 
Everyone will be responsible for looking after it and making sure it is turned off after every use. Cleaning and any faults will fall under maintenance team. 






















[bookmark: _Toc71459361][bookmark: _Toc71837917]PDS
A PDS has been set up for this specific project, the purpose of this document is to list the requirements with regards to performance of the product and to give a guide on the process of designing the product to ensure successful results. Using this PDS will make sure all the factors that need to be accounted for, are.
	1. Performance
	

	
	1.1 Shall Cools the board down 
1.2 Shall Blows the fumes off the board 
1.3 Shall run quietly
1.4 Shall be Energy saving 
1.5 Shall provide a curtain over any size board 
1.6 Shall be able to turn on and off when ever
1.7 Must Perform safely when in operation
1.8 Must be expected to control an air pressure value of 6 PSI

	2. Environmental
	

	
	2.1 Must be ESD registered due to ESD environment
2.2 Shall need to withstand high temperatures 
2.3 Should not be exposed to dirt, dust, corrosive fluids, chemicals, or vibration.

	3. Life Expectancy
	

	
	3.1 Should be expected to live for 10+ years on the assumption maintenance is regularly done.
3.2 Should be expected to be used roughly 5-8 times a day in a space time of 10-20 minutes.

	4.  Maintenance	
	

	
	4.1 Should rarely need maintenance
4.2 Should be easy to assess parts that needs replacing.

	5. Quality
	

	
	5.1 Must provide Safety 
5.2 Shall cool board down effectively 
5.3 Shall remove fumes effectively

	6. Size and weight
	

	
	6.1 Should have a maximum allowable size of the product will be 650 x 150 x 100mm (Length x Height x Width).
6.2 Should range in weight anything up to 5kg, do to it being mounted on the side with no additional supports.

	7. Aesthetics and finish	
	

	
	7.1 Should not require a specific colour 
7.2 Shall need a good surface finish to allow air to flow over arch.

	8. Materials	
	

	
	8.1 Shall use aluminium as it is a lightweight material as is strong enough for the job while being relatively easy and cheap to get hold on and manufacture.
8.2 Shall use Steel due to its high strength and heat resistant

	9. Standard & Spec	
	

	
	9.1 Must follow all standards 
9.2 Shall Follow as many specifications as possible

	10. Ergonomics	
	

	
	10.1 Should be easy to turn on and off without being too difficult for operators
10.2 Shall ensure the air does not make working on the machine hard

	11. Reliability	
	

	
	11.1 Shall provide the ability to be independently reliable

	12. Shelf life	
	

	
	12.1 should not require any additional attention or warming up if it has been sat on the shelf for 12+ Months. 
12.2 Should store System all as one.
12.3 Shall be able to store for years if its kept good condition

	13. Process	
	

	
	13.1 Should be made in house but materials and components will be bought from supplier.

	14. Testing	
	

	
	14.1 Must test that the board comes off not as hot
 14.2 Must test that fumes are being blown away from the exit of the machine

	15. Safety
	

	
	15.1 Must clearly mention safety operation instructions 
15.2 Must Obey/follow any legal obligations regarding air pressure systems

	16. Installation operation	
	

	
	16.1 Shall be done by the Works Engineering maintenance team
16.2 Must obey/follow Regulations






[bookmark: _Toc71837918]Comparing and contrasting PDS against BS7373
The goal of the specification is to highlight the requirements regarding the performance and technical quality of the product. The PDS above does best to follow Standards that aid guidance to the designer. The information in the PDS was extracted from the design brief which is BS7373 approved. The PDS lists requirement qualities along with the limitations of the Air Curtain in short sharp points unlike a detailed description. This makes it easier to read and find key point quickly. This structure format allows anyone to be able to follow Other members of the team and even customers. The PDS written followed the standard of starting each point with either “Should”, “Shall” and “Must” to show the importance of the point, recommended in the BS7373.
 (Fazeli, 2012)
















[bookmark: _Toc71837919]Research of existing products
The purpose of carrying out research of existing products is to get ideas of what should be considered regarding what the customer needs and expectations in the market. Researching is also a way to see if there is a place in the market for the product, if there is a high demand for it or is so many types and companies manufacturing them that there is not a need in the market, making the question is it worth it? Having no existing product is great as there is no competition but having existing products can be both a good thing as can explore their specification and customer feedback for information as a guide. 
[bookmark: _Toc71837920][image: ]AIR KNIFE SILVENT 378

This was the First Air curtain discovered. Made from Stainless Steel is the AIR KNIFE 378 (Fig. 6) which is found in chemical environments and food processing industries. 
Fig. 6 AIR KNIFE 378. Photograph by SolvAir (SolvAir, n.d.)


[bookmark: _Hlk40603543][bookmark: _Toc71837921]ADJUSTABLE TYPHOON BLOWER DRIVEN AIR KNIFEFig. 7 Adjustable typhoon blower driver air knife. Photograph by SolvAir (SolvAir, n.d.)

[image: ]Adjustable typhoon blower driver air knife (fig. 7) is the second existing product found. It is very powerful used for industrial cooling. 

Both these products are a bit too heavy duty for the wave machines as research shows they are designed for more aggressive applications and if restricting the air to meet out application could result in lack of performance as its not designed for PCB’s. 
[bookmark: _Toc71837922]Three Initial Designs 
[bookmark: _Toc71837923]Idea 1 
The First idea was to have a homemade cylindrical metallic tube (Fig 9) that would be 450mm long with diameter of 10mm. The tube would have 9 drilled holes 1mm in diameter that would run along it in a linear line allowing compressed air to blow out evenly covering the exit of the machine. It will be held onto the machine with two brackets on either of the sides. This design would be the easiest and simplest out of the three to make as it would be a 450mm steel or aluminium tube with an internal diameter of 8mm. A pillar drill would be used to drill the holes for the air to escape. Then Mount two basic brackets to hold onto the machine and tube.  Advantages of this would be a cheap initial cost and does not take much time to manufacture. Disadvantages is there is no way on controlling the amount of air flowing evenly over the 9 holes due to it not being machinery to precision and can result in uneven curtain. Consequences of this is peer quality of performance no guarantee of cooling the entire surface or removing all the fumes. 
[image: ] Fig. 8





Fig. 9


[bookmark: _Hlk71577786][image: ]
[image: ][image: ][image: ]This design idea was taken from an air blower of some type already found on the Wave machine it works when the nozzle sprays flux upward the air blower helps direct the flux (Fig. 8)



[bookmark: _Toc71837924]Idea 2
The second idea is like the first but instead of a tube it would be a rectangular block with an internal hole running through the centre this is where the compressed air would enter and comprise and act like a chamber. The Air then would flow through a precise slit opening to exit creating a linear curtain effect. The reason for the rectangular shape tube is so that it allows one corner to be machined, giving a chamfer edge. The air being forced out then hugs onto the chamfer edge and flows in a downwards direction. This is known as the Coander effect, which is also used on wings of aircrafts. Have a precise gap allows to achieve a continuous uniform sheet of pressurised air. The advantages of this are that it’s able to achieve a uniformed sheet of air, it will be made by precision machinery to ensure the most efficient and effective results. A disadvantage would be a higher cost to manufacture it due to its precision.  
“Coanda Effect A moving stream of fluid in contact with a curved surface will tend to follow the curvature of the surface rather than continue traveling in a straight line.” Is stated in (Dictionary, n.d.)
[image: ][image: ][image: ]
[image: ][image: ]This idea design came from combining both the ADJUSTABLE ‘TYPHOON BLOWER DRIVEN AIRKNIFE’ and ‘AIR KNIFE SILVENT 378’ that was found when researching into existing products (Fig. 10)




Fig. 10



[bookmark: _Toc71837925]Idea 3
My third idea was to have some sort of air curtain that would be adjustable for the users. This will benefit boards that do not have an even spread of components and are very populated in areas which hold on to heat for longer. The operator will have control on where the air is then flowing.  The design would include a 450mm tube any shape with an internal chamber where the pressurised air would entre. There would be multiple outlets along the tube’s length with free moving nozzles attached. The advantage of this would be that the nozzles can be adjusted to the operator’s needs. Disadvantage is that it the nozzles are not the most reliable and can snap and cause air to burst out.
Fig. 11

[image: ]Inspiration for this idea has derived from SolvAir. (Fig. 11) Spyder Manifolds. Photograph by SolvAir  (SolvAir, n.d.)






[bookmark: _Toc71837926]
Matrix Analysis Fig. 12

[image: ]
(Score = 1-6)

	Poor (1,2)
	Average (3,4)
	Excellent (5,6)








[bookmark: _Toc71837927]Matrix Conclusion
A matrix analysis (Fig. 12) was used to help with the decision making. All three ideas stated would cover the required application and majority of the points listed in the PDS. By using a matrix, it would help narrow the options from three to one.  It works by looking over several factors in which all ideas share. It then scores each idea from excellent to poor. Once all the scores have been collected it will clearly identify the best idea. As can see from the analysis method the scores were very close but with the total of 39-point idea two has be highlighted as most in favour. Using the traffic light system idea two is a clear winner due to its quality of performance and its user-friendly aspects. As can see there is still places for improvement in material and cost. 
To conclude after going through all the three ideas and the help of the matrix idea two will the chosen ide going forward. Following the matrix researched was carried out supporting more reason not to continue with idea on and three. The issue with idea one is that homemade manual air curtain has been calculated to waste a significant amount of air compared to a precision-made air curtain and there for is ruled out. Regarding idea three the nozzles will have to be made from plastic other wise the cost will be extortionate if made of metal. The issue with plastic is due to the heat of the machine the nozzles might deform over time and become a hazard. 














[bookmark: _Toc71837928]Further research 
Formula and calculations on Both Homemade and precision-made Air Knifes
Homemade Air knife
For a 300mm pipe with 23 holes with a diameter of 4mm. Using the table, it helps to calculate how much air is being blown through each of the holes, which was 3.8 standard cubic feet per minute at a rate of 80 Pounds per square in gauge, giving a total of 87.4 standard cubic feet per minute. (3.8 x 23 = 87.4) The average cost for every 1000 standard cubic feet used is £0.19 (based on £0.06/kWh), it would cost £1.00 to operate this blower for 1 hour. (87.4 SCFM x 60 minutes x £0.19 / 1000)
Precision design air knife 
[bookmark: _Hlk71822147]Now we did the same but with the Air knife instead, same 300mm at 5.5bar. One of the Air knifes 300mm will consume 34.8 standard cubic feet per minute (2.9 standard cubic feet per minute per 25mm). Using the same figure of £0.19 per every 1000 standard cubic feet used. It would cost £0.40/ per hour to operate the air knife. (34.8 standard cubic feet per minute x 60 minutes x £0.19 / 1000) The drilled pipe operating costs: £1.00 Per Hour or £8.00 per shift (8 Hours) Air Knife costs: £0.40 Per Hour or £3.20 per shift (8 Hours)
Total cost saved per shift: (Drilled pipe – Air Knife = £4.80)
Per day (two shifts) = £9.60
Per Week = £48
Per Month = £192
Per Year = £2,304
[image: ]Which would make sense to initially spend more on a precision made one even if its more expensive as the ROI will be made back. 
(Fig. 13) Chart for air consumption. Photographed by exaircorp (exaircorp, 2017)


[bookmark: _Toc71837929]CAD Drawings
The final design was drawn up first in the logbook (Fig. 14) with the sketch being very vague dimensioning and ratio.
[image: ]Fig. 14












The sketch was then extracted from the logbook and created on AutoCAD inventor as an accurate reputation of what the product should be with correct dimensioning. The first design drawn up on CAD was the bracket (Fig. 15) that would hold the air curtain against the side of the machine. 
[image: ]Fig. 15









The next design drawn (Fig. 16) was the head on the air curtain that would sit on the main body leaving a little gap for the air to exit and this will help guide the air in a downward motion and stop the air being shot everywhere. 
[image: ]Fig. 16









The third and final part design (Fig. 17) is of the air curtain body this is where the air will enter and act as a chamber for the air to be controlled as it exits the air curtain. This part is very important as it ensures that the air coming out is consistent along the entire strip.Fig. 17

[image: ]









Show Below is the final assembled of the air curtain in a third dimensional drawing (Fig. 18).

(Fig. 18) 
[image: ]






When it came to these CAD drawings, industry standards were maintained as can see the use of a template boarder was used, with all relevant information. All drawings were done in a third angle projection to maintain consistency as required at Renishaw. All dimensioning is done to the BSI standard with the measurement of mm.



[bookmark: _Toc71837930]Research into the Material
Aluminium was the chosen material to manufacture the air curtain from due to its many beneficial properties for the application:
Lightweight – Aluminium is a very lightweight material and still contains strength and toughness properties.
Durability – Aluminium is as durable as steel meaning its resistance to withstand wear, pressure and damage is impressive.
Ductile – Aluminium can stretch out to thin wire or even foil and not become brittle. 
Corrosion resistance – is oxidised to fight off form rusting. This also links to giving the material a smooth surface which will help.
Thermo resistance – has a maximum service temperature resistance of 120-210 C which is more than enough as the machine sides only go up to a max of 60 C.
(MANUFACTURING, 2020)















[bookmark: _Toc71837931]Order list for system 
Listed below (Fig. 19, 20) are additional parts needed to be ordered for the air curtain system with a total price of £162.35. Other stuff such as hose couplings, wires and a switch box wear already acquired from stores. 
[image: ][image: ]Fig. 20
Fig. 19










[bookmark: _Toc71837932]Reliability
[bookmark: _Toc71837933]Tests
Once the air curtain was manufactured and sent down from the low volume development facility, and all the parts needed to build the system arrived. The testing stage was next. The first test was done on a test board (Fig. 21) where everything was connected as a replicating of how it would be installed on the machine. This would ensure everything was working to working standards and safety standards. Focusing on air leaks to electrical faults.
Fig. 21

[image: ]








As shown in (Fig. 21) the air curtain is attached onto a test board connected to a mains air and power supply. The test turning on and off the curtain was done several times where it would run for 25 minutes which is slightly longer than a usual run. This would simulate what the air curtain would be doing in production. The result was positive with no leaks of air or any manual operational faults.




The next test was to mount the air curtain on the side of the machine where the boards would exit. And check the quality of performance. This will be done in two tests. 
The first test will check if the air curtain blows way any fumes coming out of the machine. This will be demonstrated by using a smoke can which is what is used for fire detectors. This would be fired through the exit imitating the fumes. With the air curtain off the smoke came straight out no issues but with the air curtain on there was no sight of any smoke exiting the machine. This was tested a few times all concluded with the same results. 
[image: ]Fig. 22









[image: ]The second quality of performance test was testing how well the air curtain cooled down the board. Using a thermometer gun (Fig. 23) checks will be done as they exit the machine to check the temperature with and without the air curtain on. 
Fig. 23

[bookmark: _Toc71837934]Results 
	Fig. 26
Fig.25
Fig. 24







Temperature of a board on exit with Air Knife On
Temperature of a board on exit without Air Knife
Temperature of a board before entering Machine





[image: ][image: ][image: ]As can see from (Fig. 24, 25, 26) the comparisons above that Air Curtain cools the board down by 14 degrees Celsius. The operators also stated it makes a big difference and does not feel uncomfortable to hold with Kevlar gloves anymore. This test was done several times and the same figures were found give or take 1-2 Celsius. 










The times were taken down of each of the boards that would run on the wave machine in groups of 20 board without the air curtain on and being spread out. This is shown below (Fig. 27).Fig. 27

[image: ]

Then all the boards once again in groups of 20 with the air curtain on to see if production would speed up and shown below (Fig. 28) are the results when boards are not spread out. Fig. 28

[image: ]


[bookmark: _Toc71837935]Analyse Findings
After running all the tests, the findings that were made were all successful starting with the elimination of the fumes. The air curtain was able to block any fumes attempting to come out the machine from any angle which was a great start. The second test then was to see if the air curtain could cool the boards down on exit before the operator would handle it and to remove operators from purposely leaving board to cool on the rail. This test was also proven positive as temperature did drop 14 degrees and operators said that it was okay to handle while wearing Kevlar gloves. Then the final test was to take down timings of how long it would take the boards to go through the process without the air curtain (being spread out) and with the air curtain. The times that came back wear better than expected. This opens new possibilities in the future like the ability to run more than 20 boards at a time. 
The operators are pleased with the result and it can be said that the production on the machine will no longer need to be spaced out as they will no longer need wait at the end of the line to cool down. Which results in a more efficient state of production. 

[bookmark: _Toc70945301][bookmark: _Toc71459364]


[bookmark: _Toc70945302][bookmark: _Toc71459365][bookmark: _Toc71837936]Conclusion and reflection on project 
To conclude the project was a big success not only did the project finish 9 days before scheduled to, but the results achieve regarding the drop in board temperature and the removal in fumes has been satisfactory. The operators have been over the moon with it and have been using it on every run with no issues. Production is in discussion to increase board number on job sheets and further development for the department will be made. There is still space for improvement, for example, a sensor could be wired up instead of a switch so operators will no longer need to turn it on and off as it will do it automatically or more simply wire up a signal lamp to tell operators if it is on or off, so they will not forget. 
I believe myself and other members of the team have learnt and gained from this project. I have learnt a lot about project management and dealing with things that may not have gone to plan and how to overcome. Other member such as Jon (maintenance engineer) has learned and gained CAD skills. The project has its strengths and weaknesses, I do believe the projects strengths involve the structure/core as without the projects Skellington it could fall apart any minute and during the entirety of the project it did not feel unsteady. The weaknesses would be no real hands on manufacturing the air curtain outside of design due to the shortage of skill, but in the future can be improved on with training course. One aspect that I believe is important that could be used elsewhere is the skill to budget a project and maintain without needing to spend too much or not spend correctly. 
Throughout the project analyses and research were carried out. To help direct the team the right way. For example, CPA to find the fastest route to finishing, feasibility to find out if it were worth doing or not and would we have a ROI, Lewin’s to determine any forces missed if the project were to go forward and finally a matrix analysis to help identify which design idea was best fit for the PDS. Example of research went into gathering information from stakeholder through meeting and question, finding out about markets and competitors looking at exiting air curtains, finding out what material would best preform the job or calculating the cost saving between using a homemade air curtain vs a precision one. 
Communication amount the team was crucial, organising regular meeting ensured that everyone had full awareness of the current tasks and if any questions needed answer the team would help each other out. It was great to see as knowledge and skill was being shared.  Due to the effective communication feedback amongst members, it truly supported the project and make the whole process a lot easier for each as an individual. 
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	Date:
	Comments:

	Week 1
	· I started my Logbook, created a new Gantt chart and organised a meeting with engineers and other team members.
· Started to investigate what is a ‘Feasibility and Reliability Study’ and try and get an idea how they are made.

	Week 2
	· This week I focused on the Gantt chart and filled in all the titles that I think I will need up till the project deadline and predicted when these titles will be achieved.
· Organised meeting discussing Air curtain before going forward

	Week 3
	· Create a feasibility study on the air knife to ensure its possible to make and install.
· Created a Lewin’s force field analysis.

	Week 4
	· Created a design brief to get a better understanding of the Air knife curtain projects and it will act as a guidance when it comes to writing my PDS document.

	Week 5
	· Write up a PDS document so that it was ready for me to make sure I cover all specifications that came from requirement from stakeholder feedback.

	Week 6
	· I felt like my knowledge in the air curtain subject was lacking a lot, so I decided to do a lot of research into air curtain. So, a looked at existing products on the market to see what other people were looking for and to get some inspiration on design.
· I then came up with three type of air curtains ideas, each one having its own specific design and aspect.

	Week 7
	· During this week I created another matrix to determine which of the solutions would be best.
· I gathered and wrote an evaluation on the results.

	Week 8
	· Moving forward with the Air Curtain idea I decided the sketch up what the design I would want to design on AutoCAD Inventor.

	Week 9
	· . Once I had the completed sketch draw up of the design, I decided to draw it up one more time but on AutoCAD so it would have an accurate scale.

	Week 10
	· I then investigated into what materials that could be used to design the air knife out of.

	Week 11
	·  I held a meeting in work with engineers to discuss about CAD drawings further research.

	Week 12
	· Design circuit (Air circuit system)

	Week 13
	· Shopping for materials and components for Air curtain system.
· Sent drawing off to be manufactured at the development facility

	Week 14
	· Nothing much happened during this week just waiting on parts and air curtain to arrive.

	Week 15
	· Once the materials came in, we started setting up the test board. Ran tests on the test board

	Week 16
	· This week I decide to fit the air curtain to the machine along with all the components.
· Before running production boards, the next stage is to run quality of performance tests to make sure that the air curtain does as the PDS requires it to do.

	Week 17
	· I left the Air curtain for a week to be used in action on the production line to see if I can be reliable.

	Week 18
	· Final Assess on air curtains performance. 
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