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1. [bookmark: _Toc517971360]Executive Summary

This report is going to look into improving the design of the shredding machine using the opensource design of Precious Plastics as a starting point. This report will include research into shredding equipment similar to the precious plastic design but will then look at their industrial equivalent, using different engineering techniques such as a product design specification and a QFD three different concept designs will be drawn up all including different takes on how to improve the original design, a Pugh Matrix will then be used to choose which design will be developed and created as a solution for improvement to be used in the Precious Plastic Initiative.
The three designs will all have different characteristics which expand upon the opensource design but each concept will have a slight adaptation.
This report is going to look into the Precious Plastic initiative but also look into other initiatives which are being used globally to try tackle the growing problem of plastic waste, and see how recycling plastic can be easy, fun and educational. It will look at what major global companies due to help their company become more environmentally friendly and to help reduce the resources which are being used.  
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2. [bookmark: _Toc517971361]Introduction

This report is going to take a look into a global community known as Precious Plastics. Precious Plastic is a worldwide community which was created back in 2013 in order to try find a solution for plastic pollution, this community is shared online for free for anyone with an interest to access tools and knowledge from others involved in the movement (Precious Plastic, 2013).
Precious Plastic created open source ideas for plastic to be recycled and reused through different manufacturing methods, Precious Plastic primarily specialise in the use of four different manufacturing processes, these are shredders used to cut plastic objects into “flakes” which can then be used in the three other processes, the other processes are extrusion, injection and compression, all these processes use the flakes which are created by the shredder in order to create the wanted design (Precious Plastic, 2013).  
This report is going to look into a number of separate tasks involving the Precious Plastic ideology, the report will critically appraise the open source designs for the shredder machine, looking at the health and safety implications and how it compares to its industrial counterpart. A detailed design specification will then be created in order to improve the design of the shredder and to improve its production and safety. Once the design specification is in order QFD will be drawn up and from there 3 shredder concepts will be designed to the specification which will outline the improvements and discuss the reasoning behind the changes, as well as a Pugh Matrix to decide upon the best concept design. Once the concept which is going to be developed is chosen a series of alterations and CAD designs will be drawn to show how the product will be manufactured and showing how the improvements have been implemented A critical appraisal of the whole project will then be drawn up and to conclude the findings of the project.
This report will also research plastic recycling as a whole and  look to understand the different technologies which are on offer, as  “Demands within the plastic waste and recycling industry are incredibly varied,” meaning there are many other ways to cut up plastic as oppose to just shredding (UNTHA, 2018)
As well as Precious Plastic there are other initiatives currently trying to counteract global plastic waste, 4Ocean which was founded by two surfers who were devastated by the amount of plastic they found in the ocean, 4Ocean specialise in the removal of plastic and waste from the ocean and create bracelets and sell them online out of the material which has been removed (4Ocean, 2018). 
Another example of a plastic recycling initiative is British Recycled Plastic who specialise in creating garden furniture like benches, tables and boardwalks out of recycled plastic (British Recycled Plastic , 2018).  
As well as these initiative there are also major global brands such as McDonalds and JD Weatherspoon’s which are taking a step to reduce single use plastic by getting rid of plastic straws in their restraunts and pubs as a step towards helping make a difference. JD Weatherspoon’s predict that by removing plastic straws from their restraunts it will prevent “70 million plastic straws entering landfill or making their way into the world’s oceans each year”, using paper straws instead of plastic ones are more environmentally friendly as a plastic straw takes up to 500 years to decompose (Independant , 2018). 

3. [bookmark: _Toc517971362]Findings
3.1 [bookmark: _Toc517971363]Critical Appraisal of Existing Design 

When looking into the original open source design files from Precious Plastics for the shredding machine there is an immediate concern for the safe operating procedures of the machinery, this can be seen by the poor guarding which is provided to keep the operator away from the cutting blades of the shredder, the absence of this guarding can be seen as a potential hazard for entrapment or even dismemberment, “sharp edges can cause cuts and severing injuries, sharp-pointed parts can cause stabbing or puncture the skin (Health and Safety Executive , 2018)”. 
[image: ]When looking at (Figure 1.) it can be seen that the only guarding protecting the operator from the shredding unit is the hopper which ensures that the plastic can only go down into the shredder, it can then be seen that once the shredder has created the plastic flakes there is no way of controlling the direction in which the flakes fall meaning that the floor could become obstructed by waste and according to the (Health and Safety Executive, 2018) people should be able to move around safely without risk of falling due to obstruction.    
The next safety implication which can be seen is that there is moving rotational parts which are left unguarded either side of the of the shredder housing, this is from the drive shaft of the motor all the way through the shredder and out the opposite side, this issue could cause entanglement of the operator or others surrounding the area if they aren’t sure about the operating procedure of the machine, by law in industry the supplier must inform the buyer of the potential risks which can occur from the machinery which they couldn’t guard off due to the design (Health and Safety Executive , 2018). (Figure 1.)

[image: ]Looking at the open source design (Figure 1.) it can be seen that the unit has been built onto a specifically designed framework, this is to ensure the rigidity of the shredder and to help reduce the risk of the unit falling and injuring the user, when looking at industrial applications of shredders it seems to be that the machine is either built off the floor or that the framework supporting the unit is much more significant. The unit is also fitted with a box which is located under the motor and is the electrical control box which houses all the electrical components to reduce the risk of electrocution. When looking at (Figure 2.) which is the design for the electrical component housing, it can be seen that this is just a box, this doesn’t allow for emergency stops or having controls to increase/decrease the speed for the motor, after looking into many forums and blogs it can be seen that there is a need for the rpm of the shredder to be controlable by the operator as for thin plastic very little force is required from the cutting blades to create the flakes but then the motor could need to increase to around 55rpm, in order to shred thicker plastic a variable speed motor would be required. 
(Figure 2.)


When looking at the design as a whole it can be seen that there is no way to view the parts which are in the shredder unless you were to look into the hopper or  under the shredder at the ejection end, this can be majorly unsafe as if anything was to get caught in the blades and the operator was to look in either side of the machine they could become subject to an ejected part, an ejected part could cause injury to the user and there should be a safe system of work in place to reduce this risk, there could also be fail safes in place as if the blades fail to turn the motor will cut power to ensure the part doesn’t eject from the housing (Beckett & Co, 2018).
As a basic design it can be seen that the open source design does fulfil its purpose in what the machinery is designed for and that is shredding plastic, but due to the design and safety concerns there is a wide range of improvements which can be made to make the shredder more efficient, safe and more user friendly. Based on the Precious Plastics idea it can be seen why some of the design is created in such ways due to project being global and how different environments can’t obtain the same components, but using this basic design it can be used more globally.  

[image: Image result for industrial shredder]When looking at (Figure 3.) it can be seen that when a shredder is used in industry there is a wide range of safety features which are present to the operator, these include the guarding which is around the shredder, the emergency stop and operating controls which are accessible, and how there is a collection tray to ensure that all waste is collected to reduce the risk of obstruction, these safety features act as a significant aid to the operator as it ensure that the risks present in our design (entrapment, entanglement, no control and ejection) aren’t applicable in this application.(Figure 3.)


Industrial shredders can come in similar sizes as our design but can also be significantly larger for shredding objects such as cars and large household appliances, the use of a shredder can be used for a wide variety of tasks and can be seen as an ideal way of recycling waste material and can tend to be very cost effective. Many industries use shredders whether that is for classified documentation or to remove vehicles from the road. With larger industrial shredders the shredding is completed at a good distance from where the operator is as there is a conveyor system which is used to transport the objects to the cutting area (Recycling Today, 2001). 
It can be seen that by implementing some of the industrial features into the Precious Plastic design an improvement in health and safety will occur for everyone involved in the process, if some of the features which are used in larger shredders are implemented such as using different cutting blades and larger shredding units an increase in production will arise meaning that there will be more flakes to use in the other manufacturing processes, by adding additional features to the original shredder unit will incur additional costs in the production stage but ensure all UK safety regulations are met and that users will have features which will positively impact the shredders ability.



3.1.1 [bookmark: _Toc517971364]Product Design Specification

Functions:
· The shredder must be able to complete its primary function of shredding plastic. 
· The shredder must be able to direct flakes into a preferred location, to ensure the workspace is kept clear.
· The shredder should be able to shred thermoplastics and duroplastics.
· The shredder should be able to shred 250g of plastic during a single cycle. 

Material:
· The guarding of the machine must be made of a see-through safe, hard plastic (polycarbonate, Perspex).
· The shredder housing should be made of stainless steel, to allow it to be used in a variety of environments. 
· The shredder drive shafts should be made of stainless steel, and be hexagonal, to increase strength and to hold on the cutting blades.
· The shredder cutting blades should be made of 8mm stainless steel so they can cut through the plastic with ease. 
· The shredder spacing blades should be made of 9mm thick stainless steel.

Maintenance requirements:
· The shredder must have easy to source replacement parts. (Bearing, blades, spacers, shafts)
· The shredder must be easy to maintain, meaning that a specialist isn’t required. (Easy to access parts, noncomplicated assembly).
· The shredder must be serviced every 4months, to ensure that there is no wear to any of the components and that the cutting blades remain sharp, to reduce the risk of plastic jamming between the blades. 

Cost:
· The shredder must cost less than £1,000 to manufacture so that it can be purchased in other developing countries. 

Health and Safety:
· The shredder must conform to all BS safety specifications.
· The shredder must have an emergency stop.
· The shredder must have guarding to ensure entrapment can’t occur.
· The shredder must have an electrical control panel to control the speed, on/off and an emergency stop for the motor.

Design:
· The shredder should have at least 3 cutting blades, to optimise its cutting ability (SSI Shredding Systems , 2018).
· The shredding unit must be in a encased housing to cover all moving components.
· The shredding unit mustn’t be larger than 1000mm in height to allow a variety of people to operate the machine. 
· The shredder must have a cutting width of at least 260mm, to allow a wider cutting range so that the blades last longer as wear isn’t magnified in one spot.
· The shredder should have two cutting shafts to optimise its shredding ability and to help grab the plastic.
By implementing many of the aspects mentioned in the PDS it will allow for a safer, more durable and reliable. When looking at the function section it is very similar to the original design in respect of shredding different plastic types, but increasing the amount of plastic able to be shredded in a single cycle will improve the production rate in which the plastic is shredded. 
In the materials section by implementing see-through guarding to the machine it will allow the user to visually inspect the plastic as it is shredded and be able to spot jamming material, the other material choices for the moving components are down to the ease of availability and the durability that these materials will allow for. 
By ensuring that maintenance is easy on this machine will allow for a variety of people to be able to carry it out rather than requiring specialists to complete it. 
The health and safety improvements will ensure that the operator and others surrounding are safe at all times. 
The number of cutting blades in the original design was 2 but according to (SSI Shredding Systems , 2018) when shredding items like plastic having more blades will allow the teeth to grab the material as oppose to allowing it to bounce above the blades, having a slight hook on the blades also helps, by creating the shredder to be less than 1000mm it will ensure a wide variety of people can use it. 











[bookmark: _Toc517971365]3.1.2 	Appraisal of Concept Design Solution

QFD:
[image: ]

A QFD is a also known as a house of quality or “customer-driven engineering” and looks at the wants and musts of a product from a customer’s perspective and looks at addressing these needs quickly, “Many QFD practitioners claim that using QFD has enabled them to reduce their product and service development cycle times by as much as 75 percent” (ASQ, 2018).
Looking at the left-hand side of the QFD it can be seen that the statements going down are what are known as customer demands, and include items in which they want the product to satisfy. The top statements are then functional requirements and how the customer demands will be met. By looking at the key in the top right corner it shows what the symbols mean which are used to show the relationship between what the customer wants and how that will be overcome. The arrows above the functional requirements indicate in which way the change will be made, whether this is to increase the number of guards surrounding the machine to ensure that all UK health and safety regulations are met.  
The top part of the QFD looks at the correlation between the functional requirements and how the statements link, such as fitting guards surrounding the machine has a strong correlation with ensuring the machine is stable, or how making it stable slightly correlates with it being able to be used by anyone. 
The right hand side of the QFD looks at how our product compares with other companies creating a similar product, it can be seen that our product came out looking the a weaker product than our competitor and requires improvements to safety to ensure it meets all UK health and safety laws and legislations, the graph to the side of the figures represents our score against the competitor, we can see that our original product is weak and improvements can be made to make it better, this section isn’t exactly required with this machine as it isn’t exactly for sale in mass production. 
The bottom section of the QFD shows the difficulty to accomplish the functional tasks and how they are weighted of importance to meet. 













From the above product design specification and QFD three initial ideas have been developed, each of these designs will undergo a Pugh Matrix to be able to review which concept design is going to be used to develop into the final design.
Idea 1:
[image: ]Looking at (Figure 4.), it can be seen that there are some of the aspects taken out of the PDS and will allow for an improvement in production of the shredder machine and allow for more plastic to be shredded due to the improved blade size and more teeth in which the blades carry, but the teeth don’t have any hooks and would allow the plastic to bounce meaning it wouldn’t be able to carry out its primary function of shredding as the plastic isn’t getting grabbed into the machine, this design also only includes one shredding shaft so along with the lack of hooks on the teeth, the missing shaft will also reduce its shredding ability. The increased guarding of the machine ensures that the operator is safe but doesn’t allow for viewing of the product once dropped into the hopper, it can also be seen that all rotating parts from the motor, gearbox and shafts are covered to reduce entrapment risks. It can also be seen as adding a shoot for the plastic flakes allowing for the direction to be chosen to target it into a (Figure4.)


storage container to reduce trips and falls. Due to the increased sizing of this machine, although it is within the specified size of 1000mm and over the minimum cutting width of 260mm it would result in an increase in cost due to the amount of material required, and could be over budget for the required task (SSI Shredding Systems , 2018).
It can be seen that with this design an emergency stop hasn’t been implemented, and that feature was a must and would need to be included in the completed design was this design to be the final solution. 
Due to the materials being used in this design, matching up with the materials in the product design specification it ensures that they are readily available. But due to some parts such as guarding, cutting blades and spacers requiring a laser cutter to manufacture them it could prove difficult if the required machinery is unavailable.



[image: ]Idea 2:
[image: ]








(Figure 6.)




(Figure 5.)


Looking at (Figure 5.) it can be seen that this is a completely different design to (Figure 4.) as it uses a cylindrical throat for the plastic to be inserted into as oppose to the box section guarding used for design 1. 
It can be seen that with this design it also only includes one shaft but this shaft is also square as oppose to the circular shaft in which design 1 displays, although there is only one shaft present in this design (Figure 6.) has an improvement to cutting blade design as it has hooks to help grab the plastic and pull it through the teeth of the shredder. It can be seen in design 1 that the actual cutting blade is larger than that of design 2, but design 2 should work better due to the grabbing effecting that the teeth will have. 
Looking at the product design specification it can be seen that the shredding drive shafts are still not the desirable shape of hexagonal and that the guarding could be quite difficult to manufacture out of Perspex or polycarbonate, it can also be seen that in the design section this design only manages to meet 3 out of the 5 aspects. 
Just like design 1, this design also doesn’t include and emergency stop and would be required to meet all UK health and safety laws. If this design was to be implemented into the final solution a control panel would need to be included. 



[image: ]Idea 3:
[image: ]










(Figure 8.)
(Figure 7.)

[image: ]
From looking at design 3, it can be seen that this design includes more aspects out of the product design specification than that of the other 2 designs. By looking at (Figure 7.) it can be seen that all guarding has been used to cover both sides of the shredding unit, and just like the other designs has a shoot for directing the shredded plastic, unlike the other 2 previous designs the hopper in which the plastic is placed into is angled in order to stop hands or other unwanted objects becoming trapped in the blades. (Figure 9.)


(Figure7.) also shows that this design includes 2 shredding shafts which was stated in the PDS, but also the shafts are of desirable shape and length. (Figure 8.) also displays the housing of the shredder being enclosed and that the blade has slight hooks and 3 teeth which is desired. 
When looking at (Figure 9.) it can be seen how the motor and gearbox assembly works and that the gearbox would link directly to the two hexagonal shafts. 
This design just like the other 2 would require an electrical control panel to be fitted to make sure that every point of the product design specification is made.       




Pugh Matrix 
	Criteria
	Original Design
	Idea 1
	Idea 2
	Idea 3 

	Maintainability.
	-1
	0
	0
	1

	Cost.
	1
	-1
	0
	1

	Availability of components. 
	1
	1
	0
	1

	Size.
	1
	1
	0
	1

	Manufacturability. 
	0
	1
	1
	0

	Durability.
	-1
	0
	0
	1

	Aspects of PDS
	0
	0
	0
	1

	Safety
	-1
	0
	0
	1

	Sum of +’s
	3
	3
	1
	7

	Sum of 0‘s
	2
	4
	7
	1

	Sum of –‘s
	2
	1
	0
	0

	Net Score.
	1
	2
	1
	7

	Rank.
	3
	2
	3
	1



As it can be seen in the Pugh Matrix there is a clear need to improve the design of the original shredder as it resulted in a joint lowest score out of the three initial ideas . It can be seen that although idea 3 isn’t the simplest to design due to its complexed geometries and amount of components, it is the highest scoring idea and is the one which will be developed into the final design solution. 
After analysing the design before including it into the Pugh Matrix, there were a variety of aspects which need to be included into the final design to ensure that it hit the desired points specified within the product design specification (PDS). These points are the health and safety aspect which includes having a control panel to operate speeds and on/off for the motor, but initially the health and safety points of idea 3 are a good base mark.
 
[bookmark: _Toc517971366]3.1.3 	Final Design Solution

After carrying out a QFD and finding out that there are a variety of areas in which our product can improve three designs were drawn up which were then compared in a Pugh Matrix to decide upon which product was going to be developed into the final design solution. 
[image: ]Looking at (Figure 10.) it can be seen that this design has been developed from the initial design but follows the same aspect of having three cutting blades in this triangular formation as many successful products use a similar design as the three blades allows the machine to shred easily but also grab the material into the shredder. The hexagonal shaft hole seen in (Figure 10.) is to help offset each cutting blade along the shaft. This cutting blade complies with the requirements set out in the product design specification.
(Figure 10.)


[image: ](Figure 11.) shows the shredding blade shaft which is made of stainless steel with diameters of 10mmx280mm ensuring it is with the product design specification. Within the final design there are two of these shafts to improve performance of the shredder and according to (Wilson, 2009) using two-shaft shredders are ideal for applications which involve shredding plastics. (Figure 11.)


[image: ][image: ]





(Figure 13.)
(Figure 12.)


Looking at (Figure 12.) and (Figure 13.) it can be seen that the two shafts with the cutting blades and spacers are in place but also the motor and gearbox is fitted, it can be seen from the CAD models that all moving components from the gearbox are covered to ensure entanglement cant occur. This components fits within the PDS as the shredding unit is encased, includes two shafts and the cutting blades on each shafts has three cutting blades. These designs show how the components would be assembled, and where the gearbox and motor would be mounted. 
By encasing the blades and shafts also would help increase the score in which this design would achieve within the PDS for UK health and safety legislations, but also improves the score in the ability to shred plastic section as the design has been proven to increase its capability.

[image: ][image: ] (Figure 14.) and (Figure 15.) above allows for the full visual interpretation of how the whole machine would look once assembled, it shows how the angled hopper is in place to help increase the safety of the operator and others surrounding as it ensures that plastic can’t be shot out of the machine but due to the transparent polycarbonate guarding it allows for the blades to be seen to check for damage and jams. 
(Figure 15.)
(Figure 14.)


Due to this design it can be seen that the health and safety aspects have been largely improved although a control panel with electrical components such as a motor speed control and an emergency stop also need to be wired in, the capability of the machine has been increased, the ergonomic design allows for a wide variety of people to be able to use the machine due to it being under 1000mm in height, due to the aspects which have been improved within this design a QFD for this product comparing the scores between this design and the original opensource design can be compared.  
[image: ]
[image: ]




(Figure 16.)
(Figure 17.)


The results from the original QFD (Figure 16.) can be seen that the highest scoring section was for the product being under £1000 to manufacture which was also weighted as the least important aspect whereas the highest weighted sections where safety where it only scored a 2 and its actual ability to shred where it only scored a 3. When comparing this with the improved design the scores in the QFD (Figure 17.) displays how the improvements in the design have allowed for a better product to be manufactured as the highest weighted sections have scored much higher as the safety has been improved and so has the ergonomics and capability of the machine, this can be seen by the higher scores but also in the graph comparing the product with the same competitors.  
In order to improve this product even more an FMEA could have been completed to help reduce the risk of the product potentially failing and to find ways around the potential risk. An FMEA would of allowed for detailed potential failures, the effects of that failure and for controls to be put in places for if they were to happen. A basic example of an FMEA for this product could be:
[image: ]
(ASQ, 2018)


Looking at the basic FMEA table for the process of shredding the plastic it can be seen that there are a variety of effects which can be caused by the plastic failing to shred, it can be seen that the risk priority number for both potential effects are dramatics different, but once the recommended actions are in place the risk is majorly deteriorated, although the risk is still there the severity, occurrence and detectability of the risk has changed. 


























4. [bookmark: _Toc517971367]Conclusion

This report outlines many initiatives currently in place to help reduce the plastic waste that it being found globally, it shows how different companies are putting their personal touch on the problem and creating ideas which they believe can help. 
Precious Plastics which this report pronominally concentrates can be seen to have had a positive impact due to its success and how projects just like this are being used to improve the initiative. 
It can be seen that throughout this project there have been a variety of different decision making techniques and engineering processes which have been in place to come out with the final design solution, it can be seen that the use of a product design specification and QFD before creating the initial concept designs helped as it allowed for the different sections mentioned to be incorporated into the design to try make desired improvements and then using a Pugh Matrix allowed for a rated choice of which design was going to be best to developed for the final design solution. Once creating the final design using a QFD to compare the original opensource design to that design allowed for a comparison of how the new product performs against the old product, and allowing the design changes to viewed as to how they changed the score the product received. 
It can be seen that when designing the initial designs they all included aspects which weren’t in the original design, whether this was the flake directional shoot or the use of an extra shredding shaft, all these alterations have an improved purpose and as the Pugh Matrix shows 2/3 of the designs scored higher than that of the original showing to that the project was necessary to create a better product which can be used in the Precious Plastic initiative but can also be used to show others how the machine works due to the transparent guarding and safe operating procedures in place, allowing for this to become an educational piece of plastic recycling equipment. 


5. [bookmark: _Toc517971368]Recommendations

In order to of improved the design of the product a detailed FMEA could have been used to look at potential failures within the product and looking at ways to control the effect or possibility of this failure occurring, as well as creating an FMEA looking at DFM and DFA which would of looked at simplifying the design for manufacturability and assembly, from aspects such as the way the guarding is built and assembled to the way all the shredding components connect with each other, this is mainly used with mass production and assembly but can be used to find out how critical components can be and if there are easier ways to create the same product. 
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