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1. [bookmark: _Toc517899773]Introduction
Plastics are one of the most used materials in the world and in the space of a couple of decades, it has become integrated in every aspect of modern life (Andrady, 2003). An example of this is the increase of plastic bottle waste from 12 billion bottles in 2000 to 36 billion bottles in 2006 in the space of six years (Lewis & Tietenberg, 2016). Of course, plastic is produced using fossil fuels and is very hard to dispose of naturally. According to Leblanc (2018), a plastic container or bottle takes up to 400 years to decompose whereas a plastic bag can take over 1000 year, therefore recycling or using products from different materials must be the soloution. In the ocean particularly, there has been a significant rise in plastic debri and this is beginning to have a devastating affect on ecosystems (Karl, 2014).
The recycling of plastic material has increased significantly and in 2002 the European Union recycled over 38% of its plastic material which was either converted to different energy sources of reused as the same products (Marshall, 2003). Precious Plastics is a global project aimed at recycling plastic through sustainable methods to end the problem of plastic waste (Hakkens, 2013).  The project involves using polymer processing machines that can be used by the public in small groups to recycle old products into new, reusable items. The machines include a Shredder machine, Extrusion machine, Injection machine and Compression machine which are used to create new products. The machines must be designed to fit within a container measuring (40ft x 8ft x 8.5ft) and be run using sustainable methods. 
The report examines the current projects design of the Shredding machine and looks at improvements in Energy usage, Reliability, Safety and Social engagement. Its design involves using sustainable features that aims to lower energy costs for the project as well as encouraging people of all ages to explore the use of the shredder. Its features improving engagement as well as creating an environment of learning about the impacts of the overuse of plastic. Its important that health and safety is improved in all aspects of the machine due to the proximity with the public and ideas to improve safety are illustrated clearly. The report uses CAD and technical drawings to highlight all aspects of the new design as well as many different design solutions that have been considered. 
The report focuses on the customers’ needs and this is highlighted in the examination of health and safety aspects using an FMEA. This tool helps create the analysis of the final design which looks at all features of the finished machine and explains how the part is going to be used. The design specification looks at what is required in the overall design with special attention paid to the size of the container, the projects needs and the financial budget. This aspect of the report is important in tailoring the design to the projects aspirations. 













2. [bookmark: _Toc517899774]Research and Critically appraisal of current design
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                    Figure 1 Current design
As observed by El-Hagger & El-Hagger (2015), the process of shredding plastic through a shredder involves placing the plastic material onto the cutting blades through a hopper. The plastic is cut between a moving and stationary surface which incinerates the plastic into small granules. The size of the distance between each blade and the stationary surface dictates the size of the plastic granules (La Mantia, 2002). The hopper has three purposes which allow the safe operation of a shredder. The first is to act as a guard to protect the operater from injury whilst the second is to allow to safe transition of plastic from the hands to the shredding blades. This stops any human contact with the rotation of the blades. The hopper also serves as a noise reduction tool to reduce noise pollution to the environment (Hughes & Ferrett, 2013).
To allow rotation of the shredder, the electrical motor converts electrical energy into rotational energy.  According to Hughes A. (2013), an electric motor takes advantage of a current carrying conductor placed in an electric field. This produces a force that causes a rotation with the required torque. One of the disadvantages of using a motor is their annual running costs. Mahlia & Yanti (2010), suggest that more that 45% of the industrial sectors, energy consumption cost is attributed to electrical motors therefore it can be expensive to continually use a motor within a buisness. Even though they may be expensive to run, electrical motors are extremely reliable and require no fuel or maintenance to operate.
 Between the motor and the shredder there is a connecting shaft that is made up of bearings and a coupling. The function of this shaft is to transfer rotational energy from the motor into the shredder (Piotrowski, 2006). The bearins allow a smooth and central rotation of the shaft whilst reducing friction and energy loss. This is important as it allows a high proportion of the rotational energy created by the motor, to be used in rotating the shredder, instead of being lost as heat or noise energy. In Harnoys (2002) view, one of the highest priorities of a bearing on a shaft within the manufacturing industry is to reduce wear and extend the life of a machine. Once the plastic has been shredded, the granules are collected in a collection container which separates from the entire machine. The container needs to be large enough to collect all of the plastic material yet be able to be transported easily to be used in another appliance.


[image: Plastic Waste Shredder for Warehouse]Comparing Industrial Shredder to Precious Plastic
[image: Image result for plastic shredder industrial]
   Figure 2 One shredder cutter
                                                                                                                    

	                                                                                                                                                  Figure 3 Industrial Machine

After examining the existing design, it is clear that there are a number of considerations that need to be analysed before it is allowed to be used by the public. If you compare their design to the industrial Plastic shredder, you can see that there are a variety of differences that improve factors such as Health and Safety, ease of maintenance and practicality.
According to An introduction to Automotive Composites (2002),  the arranging and sorting of plastic waste is one of the most important recycling methods in the world and the procedure starts with placing plastic into an industrial shredding machine. An introduction to Automotive Composites (2002), goes further and explains that industrial shredding of plastic is increasing as landfills begin to become exhausted. In the year 2014, over 15 % of the plastic in America was reused for electricity purposes using industrial shredders (Cho, 2012). With regards to a single industrial, plastic shredder, the average cost of incerating plastic can vary between 25 Euros/ton for course shredding, all the way up to 50 Euros/ton for fine shredding (Templeman, Shercliff, & Ninaber Van Eyban, 2014). This method of recycling plastic is preferred to comubstions methods due to the observation that it is more effective and financially viable. Paolo La Mantia, (1997) observes that the shredding process increases savings by as much as 28% and this is in terms recycling and lifetime usage. 
For a machine to be considered safe, it must follow all current regulations and have a fully completed risk assessment to reduce hazards. Holt & Allen (2015) states ‘Hazard means the inherent property or ability of something to cause harm’, therefore it is important that all aspects of a machine are inspected to reduce the likelihood of an accident occuring. Bahr (2015) suggests that all machinery should be risk assessed to not only highlight all the hazards associated with the machine but to also signify who may be at risk.  The Management of Health and Safety at Work Regulations 1999, highlights the significance of a thorough risk assessment and imposes a duty on a company to reduce all the potential hazards on a machine (Pardey, 2013).
The use of machine guards is mandatory within the uk and their purose is to protect personel from the moving parts of machines (Washington Patent No. US7585138B2, 2006). With regards to the current design, its clear that they have incoperated a guard around the shredder however, it is still possible to place hands into the machines cutting chamber. The industrial design clearly has solid guards fixed in place whereby the shredder cannot be seen and have a reduced noise pollution. The Use of Work Equipment Regulations (1998) states that machines must have measures in place to prevent access to any rotating machinery and a system that immediately stops the machine if access is required (Davies, 2011). The design does have fixed guards on all four sides of the shredder however, the top is exposed. It is required to have an interlock guard placed on top of the hopper so that the cutting element of the shredder does not rotate once the guard is opened. The industrial design has a guard fixed directly above the shredder which removes the possiblity of hands becoming entrapped in the shredder. This will not only stop a persons hands from entering into the cutting space but also reduce any small, cut pieces of the plastic from ejecting out of the  cutter.
 The motor and gearbox of the design are exposed to the public creating a  rotation and high temperature hazard. Due to the heat of the motor when operational, the risk of a fire is high. In Boards (1994) view, many fires are created by overheating motors setting fire to the motors insulations. Many other fires caused by motors include the overheating of bearings and short circuiting of the motor windings. The industrial process as shown in Figure B, sees the motor placed behind guards at the rear of the machine. If you compare this to the precious plastics design, its is clear that the motor is in the vicinty of the general public and close to the mechanical action of the shredder. Extruding from the motor in the precious plastics design is the rotating shaft which is unguarded. The industrial machines shaft connecting the motor to the shredder is entirely protected by fixed guards. It’s a concern for precious plastics that the public are exposed to this hazard without any protection. 
From an ergonomics point of view, the industrial shredder is far too big for the precious plastic container and might possible need a ladder to transfer the material into its hooper. The machine could be to complicated for the general public to operate and as a result, it may require a full time assistant to help with the control panel. With regards to the daily maintenance of the machine,  this could be an issue for a small scale project as it could require specilised tools or people with the right skills. 
The industrial machine shown uses one cutting blade instead of two. In Wilson (2009) view, the use of two cutting blades is normally used in heavy applications such as the shredding of tyres or metal however when particle control is require, then a single cutting blade is prefered. Wilson (2009), goes on to state that a single cutting blade has better size particle control and operates at just over 80rpm. It is able to achieve a constant size of particles which is an advantage when recycling plastics. 


3. [bookmark: _Toc517899775]Design specification development
Here is a list of specifications that the new design must adhere too in order meet the required purpose and carry out its function safely:
Cost
. Due to Precious Plastics financial limitations, the design must cost as little as possible to make and assemble.
. The success of the idea comes down partly to running energy costs therefore the design would have to be efficient and eco-friendly with low cycle costs.
Size
. The shipping container has dimensions of 40ft x 8ft x 8.5ft therefore the machine cannot be taller than 8.5ft. There will be numerous machines and there must be allowed space for the audience to move freely.
Weight 
. It must be light enough to be transported around the container if a modification of machines locations need to be made.
. The machine must not be too light to fall over when it operation. 
Safety
. With the potential of thousands of people visiting the site from all ages, the machine needs to be risk assessed with all potential hazards highlighted and modified.
. All machines need to be made with fixed guards allowing no access to the inside of the machine. 


Material 
. Materials used must have good impact resistant properties and can withstand all forces that they will be subjected too.
. All machines must that are used must not be harmful to the environment and must have an element of recyclability.

	Proposed Project: Precious Plastic                                                Design Engineer: Nathan Doyle
Date: 15/06/18

	PERFORMANCE REQUIREMENT
	DESIGN REQUIREMENT
	DESIGN SPECIFICATION 

	The design has to be financially viable to run all year long
	Must have low running and energy cost
	£0 energy cost to run

	It must be able to be lifted in and around the container 
	Must be light weight yet heavy enough to be stable.
	Weigh less than 40kg

	The design needs to have all fixed guards surrounding machines
	Must be safe to use and observe
	No access to inside of machine with modified guards

	Must be large enough to see but small enough to understand the mechanics of the machine
	Must fit inside container comfortably
	Must be no bigger than 5ft x 5ft x 7ft

	Must be made from a suitable material
	The material must be able to withstand significant external forces
	Made from Aluminium, Steel and PVC

	High performance does not reduce safety within and around the machine
	It must meet all HSE regulations when operating
	Adhere to all safety regulations




QFD
[image: ]
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This is a quality function deployment which listens to the ‘voice of the customer’ by examining what the customer would want in a shredder and how the designer could achieve it. 

4. [bookmark: _Toc517899776]Appraisal of Design Solutions

There are a number of different design features that can be used on the final design and here are a few ideas with regards to health and safety, ergonomics, reliability, energy usage and social engagement.
Guard doors 

[image: Image result for plastic shredder machine guard] For the product to be near many different age groups as observers, it has to be made safe to reduce the risk of an injury. It must try and reduce all possible hazards by introducing fixed guards around the machine in its entirety.
[image: Image result for plastic shredder guards]






Figure 4 Hopper guard, (2015) http://www.wasteplasticrecyclingline.com Accessed 25/06/18 
[image: Image result for dog poo bin hinge guard]

                                                                                                                                                	       Figure 5 Interlock guard, (2017), https://evac.com, Accessed 22/06/18
                                                             

	



Figure 6 Unique dog bin guard, (2018) https://www.furnitubes.com, Accessed 25/06/18

Here are a variety of examples of different fixed and top guards that are applicable for the shredding machine. The Hopper guard is very large which can allow bigger plastic materials to be shredded however, the guard is very high and from an ergonomics point of view it could be very difficult to get to. The guard also lacks any feature that stops somebody from falling into the machine.  A positive is the complete obstruction from any moving parts towards the lower end of the machine and it even includes a maintenance entrance. For such a large machine. It requires energy to work and may be too heavy and large to move about the precious plastics container.  
In Figure 5, from a safety point of view, it covers all points and presents very few hazards. The entrance for the plastic to be shredded has an interlock guard fitted that works off electricity. The doors are positioned perfectly for easy access however the machine does seem heavy and big for the container. The other designs work off electricity to operate some of their guards however figure 6 top guard idea is only operated manually. Not only does this produce no cost to an organisation but the guard is rigid and cannot fail. The guard design would be easier to produce and lighter to move around the container. 
Social Engagement 
[image: Image result for mechanical shredder window]








                      Figure 7, Machine window, (2018) https://www.officeworks.com.au/, Accessed 25/06/18

[image: Image result for plastic shredder transparent guard]


Figure 8, Transparent Guard, (2017) https://bfme.in, Accessed 20/06/18




[image: Image result for plastic shredder control panel]


Figure 9 Shredder control pane (1999), https://www.alibaba.com, Accessed 24/06/18






For precious plastic, one of the preliminary ideas for the project was the use of machines to promote thinking, engagement and discussion. It is important for the group of all ages to be enthralled with the machine and excited about its operation. Figure 7 and Figure 8 have a slightly different version of transparent guards and this will allow the group to see the internal mechanics when the machine is being operated. These types of guards allow interaction but must still not compromise safety and the machines stability and strength. All transparent guards as shown in figure 8 may decrease the overall strength of the machine whereas figure 7 allows a small window but with the overall structure still in the guard material. 
The operations controls in figure 9 permit another level of engagement with the group being able to control the machine and shredder however, these controls may need an instructor to advise people on how to work the machine. If controls are used in the final design, then they may need to be simple or have an easy to read manual to read from.
Rotating the shredder
[image: Image result for bike plastic shredder]







Figure 10 Bike Controlling shredder, http://everydaynature.naturaldesign.world, Accessed 26/06/18

[image: Image result for plastic shredder turn wheel][image: Image result for a drill shredder]









Figure 11 Drill shredder (2011,	
https://homebrewacademy.com, 	
Accessed 26/06/18	                                                     Figure 12 Hand wheel, (2011), http://www.weiku.com, accessed 26/06/18      

There are a number of unique designs that can be used to turn the shredder cutter however many do not comply with health and safety regulations. Figure 11 uses a handheld drill to power the cutter however this will not only require a large number of drills but also may need a trained technician to use with the group. The financial implications of using and charging many drill may be too much for the project. The other two designs do not involve external energy to run and will satisfy the need for social engagement and interaction. The bike chain is a prime example of good engagement however the chain could be very difficult to guard and may require constant lubrication and replacing. Chains do have a tendency to come off their sprockets and may snap. The hand turned device seen in figure 12 is completely self-contained and self-explanatory. There is not much that can go wrong and allows the customer to turn and use as much effort as they want. It does not contradict any safety regulations and the handle requires very little maintenance to operate. This design will not be a detriment to the company’s finances as it will not need any electricity to run. 


















5. [bookmark: _Toc517899777]FMEA

Within an organisation the management of risk is a daily routing and a key part of maintaining an advantage over competitors (Ebrahimipour, Rezaie, & Shokravi, 2010). It looks at all the factors that could lead to positive or negative outcomes within the business and attempts to manage these factors effectively. Ebrahimipour, Rezaie, & Shokravi (2010), suggests that Failure Mode and Effect Analysis is an effective tool used by reliability and safety engineers to identify potential failures in components, features and parts. Any problems associated with these key parts of the machine may lead to a servere accident or production loss. A machines failure mode can be put into three categories which include Safety, Minor and Major. A major can be seen as an incident that has resulted in servere downtime and a minor is something that has occurred which was not the machines intention, however downtime was kept to a minimum. If an incident occurs that reduce its ability to meet safety regulations then it goes down as a safety failure mode (Balakrishnan, 2015).
For an effective FMEA to be achieve for Precious Plastics, all the focus must be put on defining who the customers are and what functions does each feature perform.  After an FMEA is made it is never really completed and is added to throughout the machines history. From concept design, through development and other process, the FMEA will be used throughout (Stamatis, 2003). If a failure mode is detected, it is rated on its severity, occurrence and detection. A number is given to each factor and an RPN number is made which explains for each failure mode, the outcome is multiplied by how likely it may occur. This is then multiplied by what is in place today to prevent it from happening.  Here is an FMEA form on the shredder machine that is redesigned for improvement. 


	Process Step
	Input
	Potential Failure Mode 
	Potential Failure Effects
	Severity
	Potential Causes
	Occurrence 
	Current controls
	Detection
	RPN number
	Actions Recommended
	Actions Taken

	Placing plastic in shredder
	Plastic Material 
	Material too big and jams the lid open
	Plastic not reaching shredder disk
	5
	No check made prior to placing plastic
	3
	None
	8
	120
	Use Go/no go gauge to check that material is right size
	Material checked before hand

	
	
	
	Shredder disk exposed to people
	10
	No check made prior to placing plastic
	4
	None
	6
	240
	Shredder cutter not turned until lid is closed 
	Lid redesigned 

	Removing plastic flakes from machine
	Container 
	Plastic getting stuck near exit
	Customer placing hands near shredder
	10
	No guard on exit point
	3
	None
	8
	210
	Make ejection point smaller than hand
	Place guard on ejection point

	Removing flake size filter tray from machine
	Filter tray
	Tray make contain sharp plastic
	Customer cutting hand on tray or plastic
	7
	Gloves to available to wear
	5
	None
	7
	245
	Warning sign near tray removal point
	Customer must wear gloves

	Turning shredder 
	Customer turning
	Shredder becomes stuck 
	Customer pushes harder and injury occurs
	3
	Plastic to big, or wrong material
	2
	Only use plastic
	8
	48
	Only plastic material in container
	Ask and check

	
	
	
	
	
	
	
	
	
	
	
	




For an FMEA to be effective it must be continually used throughout the machines lifespan and all information should be documented by the relevant engineer.

6. [bookmark: _Toc517899778]Analysis of Final Design 
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This is the design that has been produced using a CAD software known as Solid works. The design meets most of the criteria explained in the specification and optimizes factors such as Health and safety, Social engagement, Reliability, Energy usage and Process capabilities. 

Health and Safety
On a machine that involves crushing or high speed and is particularly going to be operated and be in the close vicinity of the general public, then fixed, solid guards need to be installed. According to Mewes, Mewes, & Herbst (2015), the purpose of guards is to protect people from injuries caused by parts discharged at high speed from the appliances working zone. Miller (1989), supports this by commenting that the first step in machine safety is to establish where it is most likely to cause injury. It has been noted that in just one country over 150 accidents have occurred from parts being ejected at the operated causing a notable injury (Mewes, Mewes, & Herbst, 2015). These have been caused by the inproper fitting of fixed guards that would have prevented the injury.
 If you compare the two designs, it is evident that there is a considerable improvement in safety with all mechanical components being isolated and totally confined within the machine. The most notable improvement is access to the hopper at the very top of the machine. The old design did not include a guard at the top of the hopper which could allow direct access to the shredder itself. Mcdonald (2004) calls this a mechanical hazard and he highlights that this hazard involves rotary movement whereby there is high kinetic energy which could cause a body part to be torn off. To combat this flaw in the machine, the new design has a lid that does not allow any body part from being able to access the machines cutting zone. 
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The Lid guard operates by swivelling 90 degrees on a shaft and allows a person to place a plastic object on the inside plate of the guard. Once placed, the Lid can be shut and the object falls towards the shredder. Not only does this design not require an electric interlock to work but it is also very easy, simple and safe to use. The guard requires no maintenance through its operation but its design allows for it to be effortlessly taken apart to grant access to the cutting chamber if required. The shaft which allows its rotation can be removed. 
The current design features an exit point to collect the plastic residue and this is collect in a large bin. The safety concern is the ease of access to the underside of the machine where the mechanical hazard of the shredder is present. This could not only be a concern when placing hands to remove the bin but it could also be an extensive problem especially around children whereby their hands could easy get placed inside the machine. Liller (2006), argues that more should be done to prevent injuries involving children. She explains that 20 children each day are injured which does equate to one in every four. These figures note the inexperience of children and therefore the machines need to be fully guarded to protect them against the hazards. The new design includes a fixed guard that prevents any hand from becoming situated inside the cutting zone. 
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Its observed that exit point for the plastic material is protected by fixed guards to reduce the risk of any entry by a person’s hand. 
The shaft that is connecting the shredding blades to the wheel can be revolving at a high RPM depending on the force applied to the wheel and can cause a serious injury if touched. King & Magid (2013), note that a turning shaft can appear very smooth to the eye but this can be very deceptive. A shaft can catch hold of any loose clothing or hair as well as creating an air current that could force in any loose material. FCS Fitting and Turning L3 (2009), agrees that all rotating shafts and keys should always have guards to protect employees and visitors.
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Both ends of the shaft are covered with fixed guards to reduce the risk of injury. 
One of the most common types of injuries within the manufacturing industry are lacerations and cuts. These are most commonly caused by sharp corners and poorly maintained guard edges (Mead, 2017). As a result, the design has edges that have been rounded to reduce the likelihood of injury. Due to the many observations that will take place of the cutting action, many hands will be place on the machine by adults and many children therefore the risk is reduced.

Social Engagement 
According to Porges (2003), a good social engagment allows interaction and learning between a brand and its customers. It can be used as a good marketing tool to influence peoples thinking about a product. In Precious Plastics point of view, a good interaction and cooperation between the general public and its machines will hopefully make the project a success. To manage a good understanding of the shredders mechanical operation it has incorperated in its design a series of reinforced windows. This allows a learning experience for kids who will be able to see the cutting process in action. This not only encourages people to continue using the machines but also inspires people to learn about the affects of the overuse of plastic in the environment. 
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The two windows shown are made from reinforced PVC and allow customers to not only see the plastic entering the hopper but see the cutting chamber in full. Its design reduces the need for the public to open any guards to see the cutting process which improves safety by reducing the risk.
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The precious plastic design incorporates an electric motor to drive the shaft and rotating shredder. This motor not only removes any participation from the audience but it also poses a health and safety issue. To engage the customers a turning wheel has been added so that they can physically break the plastic up using their own strength. They can then take appreciation in their own efforts in helping to protect the enironment and hopefully explain to friends about the procedure via social media. Cakim (2009), suggests that ‘word of mouth’ is an extremely effective technique in development and marketing your product. If somebody mentions your idea in a positive aspect on social media then it leaves a good impressions on all who read it. 

Energy Usage 
The process of converting waste plastic to reusable items can be a costly process and running a shredder machine, an extrusion machine, an injection machine and a compression machine at the same time can increase energy costs. As a result, Precious Plastics are trying use cost effective innovative ideas to reduce running costs to not only be sustainable, but to also help with finances to run the venture. The new design does not require any electricity or other forms of energy to run. In the old design, there is a three phase motor which is used to turn the shredder. According to Adkins (2018), based on a 50 amp three phase motor and it running for 8 hours a day, a motor will consume on average 3700Kw of electricity per month. This will equate to just over £400 per month for the motor. With the new design requiring no electricity to run, it alleviates this problem. Another source of energy is the electric operated interlock guard. This again is not required with the unique design of the lid which stops any chance of hands becoming trapped in the shredder. 


Reliability

For a high level of reliability within a machine, there needs to be a number of factors in place. These include good installation, a preventative maintenance programme and a good design. An organisation needs to have a good knowledge of all aspects of the machine including a maintenance guide book highlighting all daily, monthly and yearly maintenance tasks. This has been proven to increase machine output, reduce unexpected downtime and cost (Bloch, 1998).
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Its design increases reliability by having fewer components making maintenance simpler and more effective. Alam & Lailesh (2016), comment that aluminium has excellent corrosive properties, good strength and good impact resistance. Due to its good strength, it is ideal for a shredder as it increases its safety by absorbing any impact if a malfunction of the shredder occurs. Aluminium will therefore increase the relibility of the machine by increasing its life expectancy. The FMEA should be examined every day to look for ways to improve safety and reliability.




Ergonomics
From an interaction point of view, the machine needs to have features that have human contact in mind. On the top of the lid, there is a small handle that can be used to open and closed. There is
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Also an area to the side of the machine that allows the placement of the tray that will determine the size of the plastic flakes. Dul & Weerdmeester (2008), views ergonomics as a way of designing a product to improve human interaction, safety and comfort. Salvendy (2012), agrees by argueing that ergonomics aims to make humans the centre of work systems. From the diagram, its clear that the lid is design to open easly with a large, smooth handle. The side of the cutting chamber is an easy to put out sorting sieve that’s job is to determine the size of the plastic flakes. If larger flakes are needed then it can be changed effortlessly.  The height is also controlled to allow people of many different sizes to reach the lid and open 










7. [bookmark: _Toc517899779]Conclusion

The overuse and lack of recycling projects of plastic material around world is a growing problem that is beginning to have terrible impacts on our environment. Precious plastics are an organisation that aims to reduce plastic waste in the world whilst informing and educating the public about the processes of reusing them. It’s clear from the report that Precious Plastics can use sustainable methods with a redesign of all machines and this can lead to hopefully more recycling centres that can reduce plastic waste.
With regards to machines being around inexperienced groups of people then health and safety has to be the most important issue to consider when redesigning a shredding machine. An example shown in the report is the introduction of fixed guards that cannot be bypassed covering the entire cutting chamber. The unique guard placed on top restricts access to the machine yet allows even children to place plastic material safely onto the shredder cutter. All mechanical components of the machine have been hidden using fixed guard yet this has not reduced the level of engagement that the machine will bring. This is created by the installation of windows that allow the group to see the cutting process up close. The shredder can even be turned manually using a large wheel which increases social interaction and engagement in the machine whilst maintaining simplicity of operating the machine. 
For it to be a success, it would need to be sustainable and not be a burden the project. To hit this objective, the report illustrates the use of no electricity or external power supply to the machine. As a result, the machine has no running costs and this will be a benefit to the company financially with a reduced end of year operating costs. With constant use by the general public, it would require ergonomics that would not hinder the operation of the machine. From the report you can see that round handles are fitted in all necessary locations and the height of the top lid can be reached comfortably by all adults. 
The CAD software allowed the designer to manipulate all aspects of the design and all modifications have been shown in technical drawings. The use of A3 paper instead of A4 does increase the cost slightly however it makes the display easier to read for the designer and organisation. The use of CAD to show the designs permits the designer to see changes in 3D as well as looking at internal features. The software even allows the designer to operate the machine manually to see if the changes works and to see if any potential hazards have been missed. 
Recommendations
The design has incorporated many features that have improved the safety, engagement and practicality of the machine, however there could still be further adjustments. One of the these include the incorporation of a ladder or steps that could help children or small adults reaching the lid. This could avoid the use of external stairs and save further space. The use of aluminium is justified by the properties it possesses. These include being lightweight, cheap and relatively strong. To improve its stability, steel could be used on many of the fixed guards to improve safety and strength. Due to the nature of the shredder, the plastic may need a higher strength to break the material apart. As a result, the wheel or handle may need to be larger and this could help with younger children who decided to use the machine. 
Overall the new design has increased many of the briefs objectives and its made the original machine more educational and fun to use. It is completely sustainable with the machine using no outside external energy and this creates no financial burden on the organisation. The design allows the public to use a shredder, see the mechanical working in the internal cutting chamber and then collect the plastic flakes at the end. It achieves these objectives with a vast improvement on health and safety. 
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