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Brief
You are to analyse a given component in regard to its materials and manufacturing specification, identifying the design features that have necessitated the choice of production and recommend new alternative solutions. This data will be presented in an illustrated report evidencing your research outcomes and conclusions

Materials
Heat resistant plastics, such as low density polyethylene (LDPE), 
polypropylene (PP), 
or polystyrene (PS)

Flaws to using plastic in home appliances 
BPA
BPA can leak out of plastic materials because of the boiling water and steam from kettles or stoves.Assignment 2

BPA can be found in poly-carbonates, and in some resins.
 Too much exposure to BPA can cause infertility, learning disabilities, impaired brain development in children, breast cancer, diabetes, prostate cancer, asthma, cardiovascular diseases, and many other assorted health problems. These are examples from significant exposures.
Manufacturing process 
Injection moulding 
Snap-fit joints 

Process of Injection Moulding 
In injection moulding the polypropylene plastic pellets are poured through a hopper into an injection-moulding machine the pellets are heated until the plastic is liquid/ molten state. Under high pressure, the liquid plastic is forced into a mould, it is typically made from steel and in two halves. When the injected plastic has filled every tiny nook in the mould, the mould is opened and the plastic is ejected. The parts are allowed to cool until assemblers can handle them safely.
Alternative manufacturing processes:· Compression Moulding
· Injection Stretch Blow Moulding 
· Extrusion Blow Moulding 
· Extrusion 

Silicone Moulding 
Rapid Prototyping 
Vacuum Forming
Blow moulding
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Report
Polymer kettle handle.
Materials
After research into materials typically used for plastic components on electrical kettles I found the three most common polymers used to be, heat resistant plastics, such as low density polyethylene (LDPE), polystyrene (PS), and polypropylene (PP). Other properties of heat resistant plastics include:
	Heat Resistant Polymers
	Properties 

	LDPE
	Flexibility and ductile, chemical resistance, suitable for food, moisture and impact resistant.

	PS
	Low elongation at break or/and heat resistance, high electrical insulating properties. 

	PP
	Low density, high stiffness, heat resistance, food protection (acts as a steam barrier), good on impacts, and rigid. 




After conducting further research into LDPE, I found that low density polyethylene has the advantages of being low in cost; however, the material is known to crack under stress and has poor temperature capability. Despite its poor properties, each other the named polymers are used in the process of injection moulding. Polymer injection moulding is most commonly used for its high production out-put abilities, while being cost effective on materials, labour and one of the faster manufacturing processes. Injection mouldings offers design flexibility and the ability to include inserts. 
I found that home appliances and utensils made with polymers had a risk of exposing users to BPA (bisphenol-A), this is a chemical that is used to make epoxy resins and is mixed with different compounds to create other polymers. BPA is toxic to consume and leaks from polymers that are exposed to steam and heat, such as kettles and stoves. I questioned wether polymer kettle handles were appropriate; however, the BPA article from healthline.com, informs that manufacturers have moved to using alternative chemicals that are BPA to prevent intoxication. Despite this, the chemical may still be found in food containers and baby bottles.
Before looking into alternative methods of manufacturing, I examined similar components to assess how the product is assembled. The kettle handle can be made in two segments, (the top of the handle where the palm rests, and the bottom of the handle where the fingers grip.) I looked at wether it was plausible to use snap-fit joints, a plastic welding method or plastic welding to fix two segments together; However, there are may different ways to design and fit a handle to another component. Some kettle handles are designed to also have the kettle lid as the top end of the handle, this is mostly found in polymer electric kettles and other designs are injection moulded in two segments and fixed together. Other methods to fixing a polymer handle to the main body of the kettle is to simply use screws.
Ergonomics 
In the process of choosing a new material along with a manufacturing process, it is also important to consider the ergonomics of the product. As this is a handle from a home electrical appliance, the ergonomics are very important for comfort and the safety of the user when utilising the product. It is not only important to consider the hands and the placement of the finger but it is essential to look at the effect the weight and size of the product would have on the wrist as it is also not a very strong area of the body. Plastics such as Polymorph are effective when customising a products ergonomics. Once Polymorph is added to hot water it becomes soft and malleable, then ductile and strong when the material has cooled. In the time of this material being warm it is possible to mould it to what ever shape if required. I feel that any plastic material would be suitable for the kettle handle as it is easy to accommodate ergonomic factors in a product.

Manufacturing Methods 
The process of polymer welding offers strength and drastic reductions to cycle times, the process creates a molecular bond between the two parts of plastic material. There are three key elements to welding , which include applying pressure to the material, heat and allowing the two components to cool after being combined with heat.
I also wanted to touch upon chemical bonding (the use of adhesives), this method would allow room for complex design as adhesives are more commonly use to combine materials such as polymers, metals, ceramics and glass with different geometrics and sizes. The use of adhesives do not damage the material or cause corrosion.
Once I had knowledge of the manufacturing process and the properties of the common polymers, I went on to find alternative manufacturing process, what materials would be used and if those materials were suitable for purpose. I initially looked into silicone moulding because the material would be beneficial to the user, offering comfort to touch and protection against heat during use of the kettle. I found that silicon moulding is only an alternative material as it is also injection moulded: therefore I went on to look at extrusion. The extrusion process is very similar to injection moulding, which is why I felt this process would be a suitable alternative. When looking at the outputs of extrusion, I realised that this would not be effective because of the design restraints, as the extrusion process is primarily used in the manufacturing of uPVC window frames, drain pipes, plastic rulers, guttering and hosepipes. This indicated to me that the extrusion process would not be able to manufacture a polymer handle, therefore, I compared this process to extrusion blow moulding.
Despite being used for the manufacturing of plastic bottles, I had the idea of making a mould in the shape or design of the handle. The materials I looked at early on in my research such as PP are also consistent with the process, therefore, the material would be placed in the mould and then blown up with air before being cooled with water and ejected from the mould. Extrusion blow moulding (EBM), is cost effective in machinery and labour, another advantage of this plastic process is that there will be minimal waste material and versatile with design. However; before concluding my research I wanted to compare blow moulding to compression moulding and injection stretch blow moulding (ISBM).
ISBM is similar to EBM; However, the process in which the material expands in the mould is different. With ISBM  the material is positioned ready the moulding, the top of the material is placed in-thread with the mould, this is called a parison. A parison is made in the process of injection moulding, whereas in terms of EBM, the material is trapped in tube form, this is placed inside the mould before the blow moulding process takes place. Purely on the basis of how the materials are held in the mould, ISBM would not be suitable to produce a polymer kettle handle; However, as I stated earlier in the report, I feel that there would be a method to producing the kettle parts in the process of extrusion blow moulding.
After having ruled out the possibility of using injection stretch blow moulding, I decided to touch upon compression moulding. Despite typical outputs being electrical plugs, sockets and light switches, I felt obligated to look into the flexibility of what can be processed by compression moulding as it has the ability to commonly produce children’s tableware. My earlier concept of producing a a mould for the kettle handle still stands as it could be implemented in the manufacturing process as appose to the standard mould for compression moulding. Compression Moulding uses a moulding powder, which is most often a thermosetting plastic; because of its inability to be reheated and reshaped, I felt that thermoset plastics would be effective. 
The final process I looked into was structural polyurethane (PU) foam moulding, products typically produced by this method include, computer housing, casings and cabinets, furniture shells and tool handles. The process begins with two part PU pre-mix foam, poured into a mould. The mould is a split cavity mould. A chemical reaction takes part in the mould causing the foam to expand, this will then set in minutes. 
I went on to look into the properties of PU, to assess if the material would be suitable for the product.
	Material 
	Properties 

	Polyurethane (PU)
	A range of different hardness classification.

	
	Tear, impact and abrasion resistance 

	
	Water, oil and grease resistance 

	
	Electrical properties 


Once I had come to the conclusion that the properties of PU would be suitable for the function of a kettle handle, I went on to produce a sketch of the mould, that could be used for a kettle handle in structural PU[image: ] foam moulding. I did this in order to clearly express the concept of having the polymer handle manufactured in alternative methods to injection moulding.
During the process of manufacturing a kettle, one of the key components is to have a kettle housing, and after reading The Essential Plastics Industry, (The Essential Plastics Industry, Chemical Industry ,Education Centre, University of York) I found that a common output of structural PU foam moulding is computer housings; therefore I made an educated assumption that it would be possible to also manufacture kettle housing in this way, and to use the method of manufacturing housing parts to create the kettle handle.
Further research into structural foam moulding suggested that the process was highly cost-effective, similar to injection moulding.  I also found that foam moulding has extreme design flexibility with a high strength-to-weight ratio.
Another solution to manufacturing a polymer kettle handle would be to vacuum form around a mould, the mould can be made from foam, medium density fibreboard (MDF) and various metals. This form of manufacturing has high speed production and has very flexible in terms of design and tooling design, which also offers competitive advantages for the manufacturers. Typical products made from the process of vacuum forming include, food trays, food casings, sledge boards and children’s toys.

Conclusion
In conclusion, I would suggest using structural PU foam moulding as an alternative method of manufacturing a polymer kettle handle as appose to injection moulding. My reasons behind doing so include the ductile material used during the process, polyurethane has many positive properties which fit the needs for the function of a kettle handle. Due to the cost-effectiveness of tooling and running the process of foam moulding, the process was suitable for manufacturing of the kettle handle. In terms of fixings, I would suggest the use of chemical bonding or plastic welding as it will result in the reduction of product weight, this is important as a hand held product would put straight on the wrist, therefore is necessary to be as light as possible.[image: ]
Life cycle of Polyurethane 
This material has a long life cycle as it is commonly used in household products which need to last.  The cost of coating and its life cycle of polyurethane is and estimated 18 years.
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Table 2
Life Cycle Costs: Alkyd, Polyurethane, and Fluorourethane

Coating Systems
Total Repainting 69.48 85.65 93.87
Cost, S/m’
7 18 30 60
Total Applied 9.93 476 313 156

Coating System
Cost, $/m”/Year
Cost Index 100 48 32 16
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