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“Skulltec” is a next-generation Rugby headguard, designed with integrated impact sensors. Purposed for elite level of Rugby, this headguard improves the accuracy of a ‘head injury assessment’ and helps determine whether a player is suffering from concussion and is safe to return to the field of play.
This headguard boasts unique features to compare with existing products on the market, such as durable rubber straps, which are easily accessible and have been designed to last, and a self-tightening strip at the rear of the headguard, which allows the user to get the perfect fit.
This minimal, rectangular design is purposefully unobtrusive to entice the less enthusiastic player to wear one, whereas options for colours and customization are available for the ‘flashier’ and more eager player.
The top section of the headguard has been specifically designed to maximize ventilation, while the heavily padded side section is lined with the impact sensing technology.
The headguard wirelessly transmits the impact data through FM to a portable device such as laptop or tablet, allowing medical staff determine whether the player needs medical attention. The battery is compact and fits within the headguard, this is wirelessly rechargeable, with battery life lasting 4 hours.


[bookmark: _Toc8639251]Critical Evaluation
[bookmark: _Toc8639252]Fitness for Purpose
For its purpose, my design has been effectively designed and well thought through. The scenario of a rugby match includes possibly wet, muddy surface and rough, high impact collisions. To endure such probabilities, all the electronics are lined with waterproof plastic film, embedded underneath the protective padding. To ensure the players are at minimum risk of injury through these electronics, I have opted for flex PCB’s (which are small and thin electronic circuits) and a flex rechargeable battery. Using these components allow me to avoid a bulky plastic electronic casing and opt for a more compact solution.
Ergonomics was a big factor to consider while designing this headguard. I initially chose to redesign a few aspects of the product to improve the quality of comfort and security of head-guards in general, I had to test the features I was including to ensure I was effectively designing these aspects correctly. One feature I have introduced to this product is the self-tightening strip at the rear of the headguard, which is an adaption of the manual tightening lace located on current products on the market. Below is the redesign I have created, which is the elastic strap.
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(Figure 1 – personal render of design solution for self-tightening elastic)
I have managed to conduct tests of the elasticated back, being worn by a number of people to clarify whether the feature is effective and applicable for this design. As seen in my development pack, I had tested a few iterations of the feature and concluded on one final size which was almost universally applicable for all sized head-guards. As my final design has been designed and modified around a large sized template, I prioritized the elastic’s size for the large headguard. And I have scaled the design to be available in x-small, small, medium, large and x-large in order to maximize comfort and security of the headguard for different people. 
Another feature in which ergonomics was a factor in, was the chin strap adaption. Where previous products all used Velcro straps to buckle-up, I had come to the conclusion that this method wasn’t sustainable as it would wear out considerably faster than the remainder of the headguard. I had also confirmed this through professional insight – from WRU coach Darren Carew, who works at coaching tag rugby, who told me that Velcro tends to wear out quickly and he would have to constantly replace his tags due to this flaw. I chose to tackle this problem, and I re-designed the component by splitting it into two mating straps out of flexible natural rubber. I had tested numerous iterations of this strap in order to conclude of the best solution (See development pack for all strap testing)
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(Figure 2 – one example of successfully tested strap)
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(Figure 3 – one example of failed tested strap)
However, one feature of this component I could have focused on further would be the method of attaching the strap to the headguard. Currently I have stated the straps would be sewn onto the headguard, even though that is an effective method of attaching, it also has a potential to be less of a problem in relation to manual labour. If I could have designed this component to be integrated with the headguard mid-manufacture, there would be a possibility of quicker turn-around with regards to the amount of head-guards can be produced at a time.
I have simulated the design under many virtual tests, such as draft and undercut analysis, flow analysis, and stress testing. I have managed to modify my design to be both manufacture-able and withstand the impacts and strains of rugby, while also complying with IRU regulations on player safety and dress-code.
As stated in my PDS and on IRU regulations, the straps must withstand 7kg of strain, but when introduced to an additional 10kg of strain, the straps must break. This is one of many simulations I have conducted in order to design successfully for manufacture.
(See Design for Manufacture Pack) 
With regards to fitness for purpose, I strongly believe that I have successfully designed a product which will potentially be introduced as the future of rugby, as the demand for such product is high due to frequently occurring injuries in the sport. 
[bookmark: _Toc8639253]Market Awareness
This product is appropriate for both its intended audience and environment. I have taken into consideration while designing this product, the values of rugby and the image professional players hold which inspire and influence the younger generation. I have tried to capture the image of which my client holds, and fuse it with my design. I have designed a product which has simplistic but bold, primary shaped padding circulating the whole headguard, with simplistic colour options for the styling. I have gone for two-tone coloured head-guards in which the players can choose themselves, but also I have included the option of customizing the colours and patterns on the head-guards in order for eager players to feel more comfortable wearing one. I believe this was an effective move, as not everybody holds the values I believe in, like simplicity – using primary colours brings alive the product, whereas the option for customization is bold, yet allows players to create their own image and identity through wearing these head-guards.
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(Figure 4 – Personal keyshot render, showcasing different colour options)
I have also considered the brutal reality of rugby while designing this product which was compulsory. The environment in where this product would be used could be wet and high impact situations. 
As I have previously stated, the product had been virtually tested with regards to stress testing and the manufacturability of it, this shows I have thought of means to create a durable product. However, I have also taken into consideration the way people would interact with this product. As there is a technological adaption in this product to compare with existing products on the market, I have had to think about how the user would interact with the product, not only when a player is wearing one on the field, but also how medical staff and other members concerned would use it. Where the battery and flex PCB is located, I have intentionally designed a longer, obtrusive pad around it, so that the user can easily understand which side the technology is located in order to recharge the wireless battery.
[image: C:\Users\1651558\AppData\Local\Microsoft\Windows\INetCache\Content.Word\20.jpg]
(Figure 5 – Personal keyshot render, showing the padding strip surrounding the technology)
With user in mind, I had stated in my PDS that I had to design the headguard by prioritising the ventilation and protection over the technology. Therefore, through many different iterations of the design, I have ensured the top section of the headguard is heavily ventilated by introducing extra ventilation holes in the design to compare with other products on the market, whereas on the side padding, I have maintained with the theme of strong thick padding to ensure maximum protection while wearing one.
[image: ]

(Figure 6 – Illustration of final design, displaying ventilation holes on top section)



[image: Image result for rugby headguards]
(Figure 7 – Image of current product on market)
Above is an example of a current product which is on the market. Through analysing this design, it is clear that ventilation has not been considered as much as protection and style. It is clear there is only narrow slits on the top corners of the design, whereas my design has ensured maximum ventilation on the top section with minimal ventilation on the side padding section, where the protection is much higher due to density of the padding pattern.
I have also considered cost, material and manufacturing while designing this product. I have calculated that per unit, it would cost £5.35 for all the materials, and £12 each to be manufactured. The sensors cost £3.97 per unit, and Battery and flex PCB costs £5.50 per unit when bulk bought. This is a result of an order of at least 10,000 in a batch, which would significantly bring the cost down per item. Overall, it would mean the cost per batch production of 10,000 would cost £268,200. As the client stated to me that they would like a batch production of no more than 10,000 that is the number I have estimated for the cost. Per unit the cost would be approximately £26.82.
The main padding will be manufactured using reaction injection moulding, whereas the rubber straps will be made using compression moulding. All the deciding factors in manufacturing and majority of materials chosen, were chosen by using CES Edupack.
I have also taken into consideration while designing this product, the way the product is put together. As it is a requirement set by IRU and as noted in my PDS, the layers must be of sandwich replication. In my case, the top lycra layer is also on the bottom, with the foam padding following, then the FSR and then once again the bottom layer of lycra. The same material has to face the opponent as the player who is wearing it. 
[image: ]
(Figure 8 – image of exploded view explaining how the layers are laid out)
[bookmark: _Toc8639254]Sustainability
This design hasn’t addressed sustainability as much as it was possible. As the priority of my design was to please the client in using premium materials and technological components, I have not been able to maintain to sustainable thinking, through designing. However, I have addressed sustainability in manufacturing the product. For example, I have chosen to mould the padding by using Reaction Injection Moulding. I have chosen this method because of its low energy consumption – “less than 50% of the energy required for other thermoplastic processes (e.g. conventional IM).” (CES Edupack)
I have chosen this method of manufacture due to its current applications, one of which is polyurethane structural foam, a similar foam to my specified padding material ‘PE’.
I have however considered Polyethylene due to its current application as head-guards padding, and because it is still used to combust for energy recovery. (CES Edupack)
[bookmark: _Toc8639255]Personal Design Manifesto
The design outcome does reflect some of my original thinking. Taking into consideration the requirements set by my client, I have managed to inflict my design thinking to majority of my product.
“I strongly believe that frustration fuels my design, and in order to continually improve a product’s design, an error or flaw must be located within a current product or object. This evokes frustration and allows designers to think younger, to question with an open mind, ‘How can this be improved?’ This makes realizing a design possibility and distinguishing it from a ‘design problem' a lot easier, thus resulting in a design solution.
I believe habituation plays a big part in fuelling frustration, and through excluding habituation from design, it makes it easier to improve and design successful products.” – (Personal Design Manifesto)
In this case, I have managed to redesign a rugby headguard. Which has been continually redesigned over the years with no major advancement in the design. However, my frustration is the reoccuring injuries happening in rugby, which could be prevented and analyzed. I had though younger and questioned where could the design be improved, and the answer was including technology to such a simplistic design. The design solution in this case is the finished product.
I believe I have managed to reflect my original manifesto thinking onto my outcome, not only by this but also by obiding by some of my beliefs, such as minimalism and unobtrusive design. It is hard to believe that my design is minimalistic and unobtrusive, however I have considered these while designing different aspects of the product – such as the aesthetics. I chose to stay minimal while considering the aesthetic, especially with the padding shape being rectangular and consistent all around the headguard. I have also considered minimalism and unobtrusive design while applying colour to my design, for example, my two tone colour scheme uses primary basic colours, which doesn’t give an obtrusive effect to the headguard, although there can be bespoke customization to the patterns and graphics of the outer lycra / spandex to the specific client’s discretion.
I believe I have also stuck to one of my manifesto beliefs, which was Dieter Rams’s “Good design should be honest.” Personal Manifesto. I believe this because I have designed my product as an informative piece of protective equipment, and have not branded it as anything else. I believe my product delivers on what it offers.
Below is the final PDS table, stating whether I have followed through what I initially stated or if the project has taken a different route from what I initially chose.
	Design Parameter:
	Description:

	Target Customer
	Main Product targeted towards Semi-Pro to Professional Rugby teams. 

	Aesthetics
	Correspond with the style and aesthetics of Rugby Warfare’s image. I have considered modern techniques and appearance but without contrasting with the brand’s identity.

	Ergonomics
	I have looked at how the user interacts with the chin strap, the self-tightening strap at the rear of the headguard, and also how the users interact while trying to recharge or read the technology output.


	Vision
	I have not considered this as my product is unobtrusive and doesn’t impair the user’s vision.

	Size
	Fits all sizes, x-small, small, medium, large and x-large sizes on offer.


	Performance
	The headguard is breathable, with maximum ventilation on the top section.
When tested, the strap stays intact and closed when loaded with a 7 kg mass but fails when strained dynamically by an additional mass of 10 kg.

	Environment
	I have used materials and structures that are weather resistant and durable.


	Quantity
	Have increased the quantity due to the client’s demand. A batch of 10,000 is needed.


	Manufacturing
Properties
	Batch Production 10,000. I have used cheaper and environmentally friendlier options to manufacture the product.

	Materials Properties
	All materials in the design are friendly to human skin, and is not heavy for the player’s comfort and security. I have designed the product to comply with IRU regulations which state that sandwich construction must be used.


	Target Product Cost
	Manufacturing 10,000
Manufacture costs is now £12 per unit
Manufacturing costs are now £120,000 for the 10,000 batch
Material costs is £14.82 per unit
Material costs are now £148,200 for the 10,000 batch
All in, per unit costs - £26.82
All in, 10,000 batch will cost £268,200

	Launch Date
	Whereas original date was Summer 2019 – The client has not specified his new desired release date.


	Standards
	The product is of high standard and is able to complete World Rugby’s product testing from Schedule 2, REGULATION 12.




To conclude, I must refer back to my opening presentation for this project, where I stated what I wanted to learn and take from this project. I stated that I was going to design a revolutionary product which is in its own way futuristic, but practical at the same time. I believe I have managed to Stick with my original thinking, and through perseverence and hard work, I have managed to design a product of high quality for a client who would like to introduce this product to the rugby warfare family.
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