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[bookmark: _Toc517975510]Executive Summary 

Precious Plastic is a free open source design tool that is focused on bringing people together to use their fundamental ideas and design equipment that can turn waste plastics into precious plastics. 

Carmarthen Council are looking at adapting the Precious Plastic vision and use it to encourage young people to develop their skills and inspire them to expand their ambitions.

This report will consider the compression machine from the existing design from Precious Plastics and redesign the apparatus with the main modification focus being directed towards health and safety, ease of use and assembly.

[bookmark: _GoBack]The report will explore both commercial and industrial applications, and analysis any similarities that may be relevant to the Precious Plastics model.


[bookmark: _Toc517975511]Introduction
Precious Plastic is a leading worldwide online society whose sole goal is to impower the world to re-use plastic waste on domestic scale. They offer free designs for various machines that are normally mostly seen in an industrial setting. As described by preciousplastics.com (2018). 

The machines re-use the plastics to make various items such as iPhone covers, tiles, vase, art, construction materials, and jewellery. As described by preciousplastics.com (2018).

Plastic waste has been comprehensively reported in the news in recent months. Sky.com (2018) have started a new movement aimed at reducing the amount of plastic being dumped in our seas. According to Sky.com (2018) more than eight million tonnes of plastic waste are cast away each year, and that inevitably that waste ends up in our sea each year. The toxins from the plastic waste are causing horrendous damage to sea wild life, and their eco system.

Dave Hakkens started the project in 2013 and has inspired people from around the world to use his free online tools to build a mixture of plastic fabrication machines from scrap materials. His idea can be seen across all the continents. As described by preciousplastics.com (2018). 

Carmarthenshire Council are using the Precious Plastic model to get people in the community involved with the project. The aim is to use the workshop to inspire young members of the community who have become disenfranchised with school and are in real need of direction and encouragement.

According to walesonline.com (2014) the South Wales valley has been decimated after the mines closed leaving disproportionate levels of deprivation. The inequality has seen poor levels of unemployment, and higher than the national average people claiming disability allowance.
This scheme is also aimed at retired professionals such as engineers, and other skilled workers who can use their vast work experience to give the project the guidance and expertise needed to help inspire the community.

Engineering students from University of Wales Trinity Saint David have been tasked with re-designing the machines. Their main objective is to design the equipment in such a way that they meet health and safety standards. This is extremely important as the equipment will be used by school children and other members of the public. The total budget for this project is £16,000. So, it is extremely important to re-use as much materials as possible. 





[bookmark: _Toc517975512]Research
A simple description of the process involved in a compression moulding machine is to heat up a polymer and slowly press the material into the desired mould. The mould is compressed by a hydraulic ram which can deliver the desired force needed to allow the material to fill up the cavity. According to Kalpakjian and Schmid (2014) compression moulding is most commonly used with thermosetting plastics. The original material being in a moderately polymerized condition.
Everyday items such as plugs, wellies, and the remote for your TV are all produced with this technique. As portrayed by appliancedesign.com (2014).
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Above are illustrations of compression moulds before compression and after compression. As described by eFunda.com (2018).

There are advantages and disadvantages to this process, which include:
Advantages
· Tooling is reasonably cheap.
· The final product has reduced flow lines and lowered internal stresses.
· The plastics used resist high temperatures, retain the slightest of creep, and have limited sink marks.
Disadvantages
· Mouldings are intricate shapes.
· High initial outlay.
· The mould must be overfilled to ensure shape is cast correctly. This leaves to waste.
· Slow process time.
As described by Bralla (1999).

The Precious Plastic compression machine is not designed or intended for high volume use. This is because the aim of the project is to inspire the local community and educate people on the sheer amount of plastic being thrown away and sent to land fill. Not produce vast volume of products preciousplastic.com (2018). 
In a high-volume manufacturing environment product quality and quantity are paramount. But because there are little or no variation there is obviously the ability to produce the product at a greater speed. As described by smallbusiness.chron.com (2018).

Owing to this it is difficult to compare the machine designed by Precious Plastics. The process used by the compression machine is modest and does not compare to some of the commercial or industrial processes. Some of the noticeable differences between these applications are as follows.
According to Kalpakjian, Schmid (2014) industrial applications use large sophisticated machines which are controlled by PLCs (programable logic controllers) and monitored via a SCADA (system control and data acquisition) system. The tolerances are tight and are managed by probes and sensors that monitor temperature and pressures, which can both have an impact on the end product. 

According to Kalpakjian, Schmid (2014) mass produced products are also subject to ultrasonic, acoustic, radiography, eddy-current, thermal, and holography inspections. These techniques allow manufactures to test the quality of their product, which will ultimately eliminate defects.

Kalpakjian, Schmid (2014) also explain that Six Sigma techniques are being used by more companies than ever before and has afforded companies to make major improvements to manufacturing process capabilities, that in turn improve product quality. 

The pressure required to mould the material into the desired shape are far greater than that used in the Precious Plastic machine. A typical scissor car jack can lift up around 1.5 ton. As described by Halfords.com (2018). Conversely, commercial applications require pressures of around 138 bar. As displayed at moldedfiberglass.com (2018).

According to Kalpakjian, Schmid (2014) industrial and commercial applications use a greater selection of materials, which are required to possess specific properties in order for them to meet the design specification. Sheet moulding compounds are used for bigger products. Especially where strength is desired. 

Idicomposites.com (2018) discusses the difference between sheet moulding compounds and bulk moulding compounds. SMC is a fibre strengthened thermoset plastic. As with bulk moulding compounds, thermoset sheet moulding compound is a blend of polymer resin, inert fillers, fibre supported, compounds, colourings and stabilizers, release agents, and thickeners and possesses strong dielectric properties.
Whereas bulk moulding compound is a thermoset plastic resin blended of various inert fillers, fibre supported, compounds, stabilizers, and colourings that form a gooey clay like compression moulding compound. Bulk moulding compound is highly packed and strengthened with short fibres.


[bookmark: _Toc517975513]Overview of Compression Machine


The design is heavily reliant on the use of scrap materials, and is something that can be 

constructed with some engineering background. The machine comprises of a re-used or scraped electric kitchen oven which is the principal source of heat to warm up the recycled plastic. This is perfect because it already contains the heating elements and is well insulated. All that is required is for it to be stripped down and modified. Once heated the mould is compressed by using a car jack to apply the pressure. 
[image: ]
Precious Plastic compression machine CAD drawing. PreciousPlastic.com (2018).

Although the process is generally slower than the other machines, it does allow larger objects to be created such as bowls, and vases. Preciousplastics.com (2018).

Once the mould is loaded with the waste plastic, it is then positioned in the middle of the oved. The oven temperature is then set to the required heat. Though depending on the oven used it may take some time to get to the desired temperature and depending on the plastic type between 30-40 minutes before any force can be applied to the car jack. When ready the car jack is turned so that the pressure forces the tray up against the roof of the oven and creates compression on to the mould spreading the plastic evenly in all direction. After a few moments the pressure can then be released from the car jack which will lower the tray down from the ceiling back to its starting position. The mould is now ready to be taken from the oven and cooled in water or naturally by air. The cold mould can now be split to reveal the finished product. Preciousplastics.com (2018).

[image: ]
Car jack raising tray inside compression machine oven. Preciousplastic.com (2018). 

The process is simple to understand and can produce fantastic results if used to its full potential. It has been designed for use by one person. Although a child would need to be supervised and assisted to apply the correct pressure to the car jack to raise the tray. The machine is not too restrictive, which means that creative people can produce complex moulds. Preciousplastics.com (2018).



Room temperature does not affect the process. The temperature can be controlled from the front of the machine. Below is a table of the polymers used during experiments by precious plastics. Preciousplastics.com (2018).

	Material
	Temp 
	Time
	Weight

	PP
	200
	40 min
	425g

	HDPE
	200
	40 min
	425g

	PS
	220
	40 min
	425g
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FMEA is described by Bralla (1999) as a quality analysis tool that is extremely useful in improving product designs and manufacturing processes by excluding any current or likely complications. The methodology highlights problems by studying the significance of the problem, rate of recurrence, and finally the likelihood of it being undiscovered.
Pahl, et al. (2007) describes FMEA form in the following steps. 
1. Risk analysis of each process/component.
· Likely failures.
· Failure effects.
· Failure origins.
· Designed measures to avert failures.
· Planned measures to identify failures.
2. Risk assessment.
· Review of the effects of the failure (a high number reflects the severity of the failure).
· Review of the likelihood of occurrence (a high number reflects the likelihood of the failure occurring).
· Review of the likelihood of the failure being identified (a high likelihood of recognition implies a small risk and thus a small numerical value).
3. Each risk number is then used to calculate the risk priority number known as RPN.



The compression machine consists of five main parts which are as listed below.
1. Oven.
2. Frame work.
3. Press.
4. Jack.
5. Electronics.
6. Thermocouple
Each part can be used in a FMEA form to calculate the RPN. The following table is a FMEA form which includes the process function, potential failure mode, potential failure effects, severity, cause of failure, occurrence, current controls, detection, RPN, and recommended actions.
Appendix one contains the design FMEA that was used to analyse the Precious Plastic compression machine. 

	Process function
	Potential failure mode
	Potential failure effects
	severity
	Potential cause of failure
	occurrence
	Current controls
	Detection 
	RPN
	Recommended action

	Oven
	Heat element failure
	No heat
	10
	Oven is over used/ no history of use.
	5
	None
	10
	500
	Use new oven.

	Framework
	Frame collapsing
	Oven falling
	10
	Poor welding/fabrication
	4
	None
	6
	240
	Alternative design

	Press
	Press becoming jammed.
	Unable to compress moulds.
	5
	Too much force.
	4
	None
	1
	20
	Safe working procedure.

	Jack
	Thread snapping.
	Unable to compress moulds.
	10
	Too much force.
	2
	None
	5
	100
	Look for alternative jack.

	Electronics
	Electrical failure.
	No heat.
	10
	Oven is over used/ no history of use.
	5
	None
	6
	300
	Use new oven.
Look at emergency stop.

	Framework
	Centre frame jack support collapse
	Oven falling
	10
	Too much pressure applied to press from jack.
	3
	None
	6
	180
	Alternative design.

	Thermocouple
	Cannot measure temperature.
	No temperature controls.
	10
	Over use.
	2
	None
	6
	120
	Use new oven that does not need a thermocouple installed.





According to FMEA-FMECA.com (2018) the RPN does not always have any value or implication. High RPN results would suggest that there is a critical failure mode, however if the severity is low around 1 or 2, but the occurrence and detection are high at 10 this would give a high RPN value. But it would not represent a failure. In Appendix one the design FMEA explains the severity of 1 as none, and 2 as very minor. Therefore, the most important aspect is the severity.

The FMEA results for the compression machine suggests many recommendations. The severity is high on all process functions. The oven used is from the scrap yard, and there is no way to confirm its reliability. As a recommendation it would be safer and more reliable to use a brand new oven. This would be more expensive than going to a scrap yard, however the cost is still relatively low. Currys.com (2018) has basic conventional ovens from £99, which would be more than reasonable. This would also eliminate the need to install a thermocouple and control box. The fact the oven is new would permit the use of the ovens built in temperature controls and thermostat. 

The frame work for the compression machine is steel and has been welded together. This has an undesirable production setback because there would need to be welding equipment available, plus somebody who is competent to use them. Furthermore, there is a risk of the oven collapsing if there is either a weakness in one of the welds, or if there is too much pressure applied to the car jack which in turn applies downward force to the stand inevitably collapsing the stand and oven. As a recommendation, it would appear to be safer to either fix a work surface to the container walls with the appropriate support that would take the weight of the oven and the scissor jack. Or possible buy or build an oven housing unit. This would eliminate the requirement for any welding. Additionally, the equipment and skills need are much more assessable and cheaper to operate. 

The press RPN result came in at 20. As a recommendation for this a safe system of work could be developed to ensure users are ready to follow instruction should the press become jammed.


[bookmark: _Toc517975515]Possible Injuries

The NHS.uk (2016) describes a repetitive strain injury as pain felt in muscles, nerves and tendons that can be initiated by repetitive movement or overdoing an activity.
The compression machine from Precious Plastics uses a car scissor jack to apply pressure to the mould. As a result, there is an opportunity for one of the participants developing such an injury. There is also a risk of a participant jamming their hand in the central mechanism of the scissor jack. 
[image: ]
Scissor jack from compression machine Preciuosplastics.com (2018)




To overcome this, a bottle car jack could be used. This would eliminate the repetitive action on the user’s wrist, and also eliminate the participants hands becoming jammed in the central mechanism. 
[image: ]
Bottle jack example from toolstaion.com (2018).
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Pahl, et al. (2007) describes a quality function deployment or QFD as a technique used to safeguard the design features that are specific to the customer and adds reassurance to the designers. The customers’ constraints are met by designing them to the technical requirements. Essentially, satisfying the customers’ desires on to the design to add specific objective relevant to the product. 
For the compression machine there are seven customer requirements listed below.
1. Must be able to melt plastic.
2. Must be easy to operate.
3. Must be safe to use.
4. Must be educational.
5. Must not be limited to a few moulds.
6. Must be suitable for container.
7. Must be low cost.
Additionally, there are five design parameters listed below.
1. Reliability.
2. Simple to construct and manufacture. 
3. Ease of use.
4. Health and safety specifications.
5. Operating temperature.
From the listed criteria a QFD can be generated with each customer requirement scored against design parameters. Each customer requirement has been given an importance score between one to ten (one low importance and ten high importance).
A relationship value of one, three, and nine are applied to each relevant section of both customer requirements, and design parameters. Then the relationship value can be calculated against the customer importance to reveal the technical requirements importance. 
	Design Parameters


	Customer Importance
	Reliability
	Simple to construct and manufacture
	Ease of use
	H&S specification
	Operating temperature
200-220C

	
Customer Requirements

	Must be able to melt plastic
	10
	
	
	
	
	

	
	Must be easy to operate
	7
	
	 
	
	


	

	
	Must be safe to use

	10
	
	
	               


	
	

	
	Must be educational
	6
	


	
	
	
	

	
	Must not be limited to a few moulds
	4
	


	
	
	
	

	
	Must be suitable for container
	5
	


	
	
	
	

	
	Must be low cost

	6
	


	
	
	
	

	Technical Requirements Importance 
	126
	100
	170
	111
	90



	Relationship

= 9
= 3
= 1




The results from the QFD suggest that ease of use is the most critical design parameter, followed by reliability, health and safety specifications, simple to construct, and finally operating temperature. These results will now be applied to the initial design specifications and conveyed onto the design concepts.











[bookmark: _Toc517975517]Design Specification
According to Pahl, et al. (2007) a design specification is a document outlining all the relevant information about the product design. A final design specification would include technical drawings, product dimensions, environmental impacts, ergonomic impacts, aesthetics, and any maintenance regimes. There should also be a step by step guide to how the product must be operated, and any safe working procedures that are relevant. 

[bookmark: _Toc517975518]Oven
For this project a brand-new oven will be included on to the design. This is because of the lack reliability when using a used or scrapped oven. There are also safety implications when using an old oven. Since there will be no way of knowing the wear of a second hand oven there is always the risk of it catching fire or failing in a devastating way. This is especially important because there will be children using the machines for education purposes.   

The oven will have its grill removed and have a steel plate fitted in its place. This is to strengthen the oven to allow for the increased force applied to that area while the mould is being pressed. This is also to ensure the applied force from the jack does don’t damage the oven.

The press tray will be installed at the substructure of the oven. Care and attention must be made when creating the hole for the shaft to go through. This is because of the hidden heating element that will be positioned there. If there is any damage, then it will be disconnected and made redundant. 

For an additional safety measure an emergency stop will installed to the oven. This will break the circuit if there is any emergency.

The oven will also have insulation added to its outer frame. This is to stop any heat escaping, and to also reduce the likely hood of burns if someone were to touch the side of the oven.

[bookmark: _Toc517975519]Pressure Application
As described earlier there is a risk of serious injury if hands or fingers are caught in a scissor jack while it is being used. Additionally, repetitive strain injury is something else that could have an impact on the user. Therefore, a bottle jack or trolley jack would be better suited for this project. 

They are straightforward to operate, and with an extended leaver the amount of force required to press the mould together is reduced, which will make it easier to disperse the melted plastic into the desired shape. If the press tray becomes trapped, then a bottle jack or trolley jack are quick to release the pressure being applied to the compression mould. 

The cost is fairly reasonable, and they can be purchased with ease. The impulse to use a recycled car jack is appealing. However, with the uncertainty of the history of a recycled car jack there may be potential of a salvaged scissor jack breaking and causing injury. 
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To support the oven there are three options to consider. This part of the machine is important because it must be able to withstand the pressure applied from the jack and be sturdy enough not to topple over or collapse after constant use. The three options are as follows.
1. Use a steel frame similar to that used by Precious Plastics. However, as an alternative to welding the steel frame together, bolts will be looked at. 
2. Create a housing for the oven and jack similar in design to a kitchen “tall boy” oven unit. This would be constructed with sawn timber for the frame and plywood for the outer casing. 
3. Install work surfaces inside the container for both the oven and jack. This would have to take into account the other machines being designed and used in this project.

[bookmark: _Toc517975521]Electronics
As an additional safety measure an e-stop will be added on to the existing circuit and installed to the outer casing of the oven. There is no need to install a thermocouple because the existing temperature control would be sufficient enough. Also, any equipment that would need to be removed will be done safely and the controls will not be in operation.

[bookmark: _Toc517975522]Mould Tray
The mould try is a key element to the machine. It is where the final product will be compressed, and final released from the mould. To give users the biggest option of moulds to use the mould tray will be as big as possible to allow a variety of mould designs to use.
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[bookmark: _Toc517975524]Design concept one
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Design concept one uses the fundamental design specification from the Precious Plastics representation, though there are a few additional measures that have either been changed or added. The first noticeable difference is the jack used to apply pressure is now a bottle jack instead of a scissor jack. This was utilised to avoid the risk of catching their hands or fingers in the jack whilst it was being used. 

Other differences include additional support to the frame at the base of the compression machine. This is to add extra strength to the frame if the pressure applied to the jack damaged the support that the jack is fixed to. It could also reduce the risk of the support frame spreading outwards at the base which would cause a major accident. The platform will be bolted together

The oven is new, and has been wrapped in insulation, then cladded with a sheet of steel. The steel will be riveted to angle plates that are located on the corners of the oven. 
There will also be an emergency stop included to the circuit to allow the user the option to operate in an emergency. 

The mould tray will be as big as possible to allow different size moulds to be used. The main support beneath the tray will have a larger diameter than the steel rod used between the jack and the tray. This is to stop the tray dropping too low inside the oven. 

[bookmark: _Toc517975525]Design concept two
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Design concept two is based on a typical kitchen oven housing unit seen in most kitchens. The frame will be constructed form 101.6mm by 101.6mm timber with the outside cladded by plywood. Plywood was chosen over MDF because of its strength and more robust practical uses. As described by the plywood.com (2015).

As with the previous design there will be an emergency stop installed, and the grill will be removed and disconnected. The oven will not be insulated and cladded on this design because of the properties of the plywood. Also, the steel shaft and steel rod used to apply pressure to the moulding tray will be the same as design concept one. 

There will be the same bottle jack used on this design, but there will be an additional safety measure installed. Where the opening is for the jack a Perspex sheet will be installed. This is to allow the users to see the force being applied to the moulding tray, and also stop users touching the steel shaft which may become hot once the pressure is added to the mould. An opening for the handle can be cut out with a router to allow the handle to go up and down dependant on the stage of the compression machines operation.   This will be approximately five millimetres in thickness. The bottle jack will be fixed to the base of the unit to eliminate any movement. 


[bookmark: _Toc517975526]Design concept three




[image: ]


Design concept three is based on a shelving idea. The compression machine is positioned on worktops that are supported in the rear be 101.6mm by 101.6mm timber, and at the front breakfast bar legs are bracing the weight. There are two platforms for this design. One is for the compression machine, and the other is for the bottle jack. Plywood will be bolted to the walls of the container and the timber will be fixed to the plywood. 

There has been an emergency stop fitted for emergency purposes, and the outer casing of the oven has been insulated and covered with steel sheets. The oven will be fixed to the work tops, and the bottle jack will be fixed to the sub work top located beneath the oven. 

There may be an option to add Perspex around the two work top levels as an additional safety measure.






[bookmark: _Toc517975527]Design Concept Appraisal
All three concepts have the same compression machine design but have focused more on adding additional safety features. The first design has focused on the Precious Plastic design and looked at how it could be improved by both safety and how it is fabricated. This design would be assembled by the use of bolts. This removes the need for welding, which may be expensive, and require specialist knowledge. Also, not welding allows the frame to be fabricated outside of a workshop, possibly by one volunteer’s. 

The use of a bottle jack has removed the risk of catching any fingers or hands, and this has been applied to all three design concepts. The jack will be position on the frame and fixed in place. However, there is still the risk of additional pressure causing damage to the frame, so this may be weakness to the first concept. 

Design concept two has focused on observing current kitchen oven housing units. This design would also remove the need to insulate the oven and clad it with steel sheets. This possibly will add value to the design because it has removed then need for additional fabrication in terms of insulating and cladding the external sides of the oven. As with all three design concepts emergency stops have been fitted. 

Another positive for this design is the use of a Perspex sheet that can be used as a safety door, or cover for the bottle jack. This will allow users to watch the jack press the moulding tray, but simultaneously stop prying hands from touching the jack or even the steel shaft that may be extremely hot. 

It will be made from materials that are easily accessible and does not require advanced engineering skills or techniques to construct. The thickness of the internal timber frame is 101.6mm by 101.6mm, which will be cladded by plywood at around 25mm thickness. The plywood will act as insulation for the oven. 

Design concept three has looked at using kitchen work surfaces that will hold the oven and press. These will be fitted to the wall of the container using plywood, then fixing the timer frame to the plywood with breakfast bar legs supporting the front of the surface. The oven would still need insulating, and cladding. Both the oven and jack will be secured to the surface. 

The third design could use the same principles form design two and add a Perspex sheet to the front of the work surface covering the jack and allowing people to see the jack in action while protecting them from possible burns. However, there may be issues installing the plywood, and frame to the container. This could be because of loading or weight restraints that may be applicable to the walls of the container. For these reasons this design will not be considered. 

All designs have looked at different solutions to the one designed by Precious Plastic. The first design has modified the Precious Plastic design but does require some fabrication skills, which may not be readily available without paying for it. Also, there is still a risk of pressure overwhelming the frame and causing an accident. Plus, the steel shaft and jack are open to be touched while the compression machine is in service. Also, more effort is needed to modify the oven for this design compared to the second design. For these reasons this design will not be considered. 

Therefor for this project design concept two will be used for the compression machine. It is a simple, yet effective design that has focused on a kitchen oven housing that will use a Perspex door as additional safety from the jack and shaft and has eliminated the use for cladding and insulation. The materials are easily accessible and can be constructed using principal carpentry equipment.

To convey the educational message of how the compression machine operates, posters and other literature will be available around the container giving step by step instruction on how the machine operates, and what different items can be produced.

[bookmark: _Toc517975528]Final Design Solution
Using SolidWorks, the chosen design concept has been sketched, and using GrabCad.com a copy of an oven computer aided design drawing has been mated to the illustration which is displaying the final design solution.
Each stage of the drawing has been saved to display a detailed guide that can be used to construct the compression machine. 

The main frame will be constructed from timber which is 101.6mm by 101.6mm. There will be four lengths at 600mm, and five lengths at 396.8mm. These pieces will be used to construct the base and oven housing where the 25mm plywood at 600mm by 600mm will be fixed to. The base will have three of the five 396.8mm lengths. One will be located in the centre of the base frame. This will add additional support to the unit and help spread the pressure that will be applied by the bottle jack. Plywood will be used to hold the oven and hold the bottle jack. Where the oven will be located a 36mm hold will be cut through the plywood which will allow the steel shaft to penetrate through the oven and connect to the moulding tray. 

The sides of the frame will be covered with 25mm plywood that will encase the frame and the oven. There will be enough room to insulate to ovens frame with rockwool. The side panels will be 1655mm in height and have a width of 600mm. The rear panel will also be 1655mm in height but have a width of 650mm.

The use of plywood and timber gives the end use flexibility when it comes to installing electrical process for both supply and safety measures such as emergency stops.

To fix the materials together 200mm timber screws are suggested to be used. According to Screwfix.com these are commonly used to construct decking and other large project that require strength and stability.
[image: ]
200mm timber screw available from Screwfix.com

Using four screws which can be fastened to the corner or ends of the frame as illustrated below. 
[image: ]
Frame of compression machine





[image: ]

Constructed compression machine frame with arrows detailing locations of timber fixing points

Additionally, the end panels can also be fastened using the same timber screws. 
[image: ]
Completed compression machine with detailed guide of side and rear panel fixing positions
For additional safety each length of timber and plywood can be treated with fire resistant paint. Rawlinspaints.com offer a fire retardant paint that can be applied to the materials used in this project.

The oven selection for this project is a Samsung NV70K1310BS/EU electric oven that is available at Currys.com. This oven has been selected for its capacity of 70 litres which enables the use of larger moulds. Also, the oven provided with a five-year guarantee which would suggest that it is reliable and should last. 

The grill will be removed and electrically disconnected. When creating the 36mm hole at the base of the oven care must be taken to avoid the lower oven element. If this is damaged whilst modifications are being completed, then this must also be disconnected. Insulation will be wrapped around the oven to help maintain its temperature, and an emergency stop will be installed as an additional safety feature. 
A mild steel plate will be fixed to the top of the oven to add extra strength while the moulding tray is being forced against it.
The oven will be secured to the plywood side panels using timber screws a suitable length (approx. 50mm). 

The mould tray will be made from mild steel and be approximately 380mm by 340mm with a thickness of around 15mm. This will be achieved by fixing three 5mm thick mild steel sheets together.  The moulding try will be connected to a mild steel shaft with a M8 bolt and nut. This will then be connected to the bottle jack with a M8 bolt. 

The bottle jack will sit on the bottom shelf of the compression machine housing unit. A see-through Perspex sheet at 10mm thickness will be installed to allow users to see the jack in operation. An opening will be created on the perspex sheet to allow the bottle jack leaver to be operated. 


[bookmark: _Toc517975529]Operating Principles
The operating principles for the compression machine are simple and straight forward. It has been designed to allow people of all knowledge levels to use with minimal guidance. This is a key factor from the results of the QFD. It also fits in with a customer requirement that was identified in the QFD. The educational aspect of the whole assignment is essential to the project, and the compression machine has been designed to meet the project requirements.

Health and safety has been fundamental in the design of the compression machine. Both the assembly and end use of the compression machine has been considered in terms of health and safety. To reduce the risk of repetitive strain injuries a bottle jack has been sourced. Furthermore, for additional safety a clear perspex sheet has been applied to the design to protect users and also allow operators the opportunity to see the process.
An emergency stop has been added to the control features of the compression machine. This will allow the user the ability to kill the supply in an emergency. 

The size of the compression machine has been designed in a way that it does not take up too much space inside the container, and this will allow fellow designers the opportunity to use the space on the other machines that will be designed for this project. It can be secured to the floor and walls of the container with the appropriate fittings. Though this will be confirmed once the other machines have been compared in terms of the overall size and function. 

The cost of this design is very modest, and a full cost analysis has been carried out. This includes material prices including sources of supply. As the combined budget is fixed to £16,000, it is essential that the capital is equally spread between machines, and if any funds are available they must be used to improve the whole project. 
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The cost analysis of the final design includes material prices and where to purchase. Some of the products such as the oven and bottle jack are subject to personnel preference and can be changed to suit the design.
1. Timber sawn 101.6mm x 101.6mm in lengths of 4.8 meters. Two required at a cost of £65.81. Available at www.fountaintimber.co.uk.
2. Plywood boards 25mm thickness at a length of 2440mm and width of 1220mm. Two sheets at a cost of £84.48. Available at www.builderdepot.co.uk.
3. Samsung NV70K1310BS/EU electric oven at a cost of £339.99. Available at www.currys.co.uk.
4. Hilka bottle jack (2 tonne) at a cost of £9.99 available at www.screwfix.co.uk.
5. Perspex sheet 10mm in thickness at a length of 903.4mm and width of 600mm. Cost of £63.84. Available at www.perspexsheet.uk.
6. Mild steel sheet 500mm by 500mm at 5mm thickness. Cost for four including free cutting service is £100.36. Available at www.themetalstore.co.uk. Note – the required sheet size is 380mm by 340mm for moulding tray. Extra sheet to be cut to suit inside top of oven.
7. Timber fixings at 200mm length. Two pack at a cost of £49.98. Available at www.screwfix.co.uk.
8. Mild steel rod at a length of 2000mm and a diameter of 32mm. Cost is £33.08. Available at www.austenknapman.co.uk.
9. Mild steel tube at a length of 1500mm and a diameter of 42mm. Cost is £12.16. Available at www.austenknapman.co.uk.
10. Thermal insulation roll for outside of oven. Cost at £15.99 for one roll. Available at www.wicks.co.uk.
11. General purpose threaded coach bolts bright zinc-plated m8 x 150mm 50 pack. Cost at £10.49. Available at www.screwfix.com
Total cost for materials = £786.17.
12. 
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The overall aim of this report was to critically analyse the existing open source design by Precious Plastics and using tested design methods redesign the compression machine, with a focus on health and safety, and ease of use. The redesign has covered and included both the FMEA and QFD that were created as part of the report, and the final design has encompassed other recommendations throughout each phase. 

The conclusion that can be drawn from this report is that the success of the design is still unclear. This is because of the absence of time and resources to fully test and try out the final design concept. If there was an opportunity to build the compression machine housing unit then any obstacles faced could have been addressed and redesign to eliminate such problems going forward. This could be suggested for other parts of the design.

Furthermore, because the Precious Plastic version is so focused on using recycled parts to construct the machines the use of the moulds that are available to the compression machine are quite vague. If these moulds were readily available then more focus could be put into designing compression machines with different functions to suit the mould in operation. 

As a mechanical design engineering student SolidWorks is a wonderful tool for engineers to set out their vision and make it a reality. Unfortunately, for this report the lack of SolidWorks experience on my part is something that has could definitely improve the overall design and technical drawing. Additionally, with more SolidWorks experience the design for the press could have been simulated and as a result proven its functionality. 

More information from Carmarthen Council could have improved the design of the compression machine, and subsequent other machines that will be designed and used in the container. To improve the overall design model for Carmarthen Council teams of five should have been brought together each with a specific machine and container to redesign. This would have brought continuity to the whole project and could have improved the design of the compression machine. This would have assisted all the other student to collaborate together and use each person’s design experience and ideas to best develop a system that would improve the Precious Plastic vision that Carmarthen Council are seeking to inspire the local communities in their area. 
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