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Introduction

Smart textiles are a new field of science and design which only began to develop in the last fifty years. Not many people have known about the possibilities or existence of these textiles until the 1980’s. It is what McQuaid referred to as the “quiet revolution” (McQaid, 2005, p.13). Indeed, it was Nasa’s space program that acted as a catalyst, accelerating the revolution in textiles and materials during the second half of the twentieth century (McQaid, 2005). NASA needed textiles which would not only survive in space but also protect the astronauts and adapt to their environments. They needed expandable and flexible fabrics that were insulating and were durable enough to wear continually for days (Quinn, 2002). Because of this new scientific breakthrough in the field of textiles, scientists then began to develop these for applications on Earth. Smart textiles are now being developed for mainstream clothing.

This relatively new field of research has developed several key terms that need defining to provide a clear understanding when discussing specific case studies. The English Oxford Living Dictionaries (2018) defines ‘smart’ as “…programmed so as to be capable of some independent action…” and ‘textiles’ as “The branch of industry involved in the manufacture of cloth.” The synthesis of these two words suggests that smart textiles is a branch of textiles that can have independent actions.  Another definition of ‘smart’ is a “…material or system that is able to sense its surroundings and respond with an appropriate action” (McQaid, 2005, p.183). This describes smart textiles as being able to adapt to its surroundings and change to improve its properties for the user.

Smart Textiles are also defined as nanotechnology, E-textiles, engineered fibers, integrated textiles and emotive textiles. Nanotechnology is a growing field of smart textiles; which Braddock describes as allowing “…the manipulation of the actual molecular structure of materials.” (Braddock, 1999, p.12). This suggests that scientists can work with the building blocks of materials and re-structure or create new materials with new functions. E textiles have electronic circuits embedded inside them, woven amidst yarns, making up the fabric’s structure, however feel and work like a regular textile (Pailes-Friedman, 2016).

There are three kinds of smart textiles. The first generation do not change their properties according to environmental change. For example, an insulating coat would keep you warm regardless of the external temperatures. Second generations are active smart textiles. These textiles can change their functionality when environmental conditions change. Examples of these include: shape-memory, thermo-regulated and water resistant fabrics. Third generations are very smart textiles. These adapt, sense and react to environmental changes and works just like a human brain (Syduzzaman, 2015). This essay incudes examples of each kind of smart textile. As such, this essay investigates the design developments of Smart Textiles since the 1980’s. During the research of this topic, it became apparent that research and design developments of smart textiles during this, have been mainly funded by military, Aerospace and medical industries. This essay will cover aspects of these fields however the main focus will be on sportswear.

The reason I have chosen this topic of research is because as a textile designer myself, it is very important to understand how new textile designs are being introduced and how they will develop in the future. I have always been interested in science and this topic combines both science and design. A personal fascination of how these fabrics can change their properties according to their surroundings is what has driven me to research further into this field. The focus is on sportswear as this is the biggest area of development for smart textiles after aerospace, military and medical science and is the closest subject area to mainstream clothing.

Chapter 1 investigates how applications of smart textiles for sportswear are used to answer the many needs of athletes. These needs include protection from impact and injuries, also performance enhancing abilities such as reduced drag or tailor-made clothing for a more streamlined fit. The essay will consider the impact on athletes across a range of sports disciplines, including cycling which will discuss specific case studies.

Chapter 2 will consider the issues of sustainability within production methods of smart textiles, specifically how using definitive fibers and materials can impact the environment. Also, determining how the waste management of these fibers, including where they end up once products become disused or unwanted. An aim to gain a clearer understanding of the importance of using traditional crafts skills alongside digital and technological and whether this hybrid relationship is sustainable. Finally, discuss how these performance enhancing ‘smart textile’ garments have been disallowed by governing bodies within competitive sports such as swimming, football and tennis. 



















Chapter 1- Smart Textiles- Designing for enhanced Protection and Performance

	There are many sports that exist, with different needs and requirements from athletes. Many of these needs, including protection aren’t being answered by current sportswear. Protection is vital for athletes but is important that protection does not compromise movement or weight. The fundamental issue with current protection wear such as body pads for ice hockey, is that the mobility of an athlete is limited or that some protective wear does not cover the entire body. This leads to athletes choosing not to wear protective gear, which frequently leads to injury or even death (Pailes-Friedman, 2016, p.66). So, this issue needs to be addressed for athletes.
 
After interviewing professional cyclist Scott Davies, he identified that protection is limiting. He said: 

Lycra generally offers poor protection from abrasions in the event of a crash. Some manufactures utilise purpose made fabrics which are designed to offer extra protection when a rider crashes. These are generally in the form of fabric panels placed on/near parts of the body which are prone to abrasions when the rider falls (mainly hips & rear). This is a relatively new development within cycle clothing. Currently Exteondo are the only manufacturer providing this, via their ‘dynema’ fabric. (Davies, 2018)

Although this “dynema” fabric exists, it still lacks full protective properties needed in sports such as cycling and does not protect the entire body, only the most exposed areas as discussed by Davies. Current protective apparel for sports is therefore not good enough to protect athletes.
[image: ]
Fig. 1: Kevlar’s Structure 



Protection textiles were initially designed for military uniforms. Kevlar® is the main fabric used, created by DuPont in 1966. Kevlar® is an aramid fabric which is used in bulletproof vests and other ballistic protection with cut and flame resistant properties (McQuaid, 2005, p.74). The word aramid is woven from aromatic and polyamide, both synthetic polyamides (Aramid Fiber, 2018). The way the fibers are woven tightly into a high tensile strength (Fig. 1) (Pailes-Friedman, 2016) is suggested in the way the word is constructed. Kevlar® can create a strong, lightweight uniform and these properties allows the wearer to be fully protected, but still has maximum movement, compared to heavy, metal protection. 

This is why Kevlar® is being integrated into clothing and accessories which may be found in conventional clothing (McQuaid, 2005). An example of Kevlar® being used in sportswear in the new Reebok line called “CrossFit® gear” (DuPont, 2018). The material has been integrated into the main abrasion zones in their sportswear and footwear. This means athletes can be confident that their clothing can withstand the toughest workouts as they are very durable. Because of the fabric’s high tensile strength and successful use in current sportswear, there is an opportunity for Kevlar® to be developed further to make whole sports garments for sports like cycling, which could cover the whole body like a second skin protecting from abrasions.

[image: ]Dow Corning have created a smart textile “Deflexion®”, which was designed to protect its wearer (Pailes-Friedman, 2016, p.67). The fabric is soft and flexible like any other, until it’s hit by a high-impact force, where it instantly stiffens to protect from any injuries. The fabric then reverts to its soft and flexible state once the force is retracted. The material is flexible as it is made from silicon. It has been introduced to skiing and sailing (Indian Textile Journal, 2011). The panels look futuristic and follow the shape of a person’s muscles (fig. 2). This design would be another solution for contact sports or where crashing is possible, replacing heavy pads. Silicon makes it lightweight allowing easy movement but also protects larger areas of the body compared to Dyneema currently being used in cycling and can be layered to optimize protection in the most exposed areas of the body. This is therefore another possible solution for protective wear in competitive sports. Smart textiles need to focus more on protection in sportswear in the future to ensure athletes are fully protected but not restricted.


Fig. 2 – Deflexion’s material as a protective vest


Protection in sportswear are developing to be designed with medicinal elements. Smart textiles have been used in medicine, to protect open wounds, internal organs and from bacteria. Science companies such as BioCote (BioCote, 2018) are developing bandages and clothing embedded with antibacterial properties to stop infection, by filtering materials (Nanotechnology in Textile Industry 2018). Textile manufacturer AccuMED create custom products for medical and sports industries (O’Mahony, 2011, p.82). They have created a “SILVERtec” fabric that is breathable and anti-bacterial. This fabric is useful for sportswear as Professor Greg Whyte states: “…arduous exercise…dampens the function of the immune system for about three days afterwards.” (Fry, 2016). Antibacterial particles embedded into sports clothing would mean that bacteria would not survive around the body whilst exercising, reducing the risk of becoming ill during this exposed period, allowing athletes to train consistently. It is important for smart textile designers to consider protection from injuries and sickness, not only crashes.

[image: ]Embedding micro-particles into textiles are just one form of protection. Medical textiles are engineered specifically for protection. Acorn cardiovascular have engineered a knitted bag containing the heart to prevent enlargement, also allowing it to beat normally (fig. 3) (McQuaid, 2005, p.49). A similar concept has been designed for sportswear. Sportswear company Skins have designed BioAcceleration Technology, which is a Lycra and microfiber fabric that forms a gradient compression garment. This selectively applies compression to optimize blood flow and oxygen to muscles, includes climate control and has ultra violet protection (O’Mahony, 2011, p.197). Skins protects athletes from muscle injuries and optimizing performanceFig. 3 – Acorn’s heart sleeve


Engineered smart textiles influenced by medicine have reduced health risks and protecting them from injuries, allowing better performances from athletes.

 Designer Kerri Wallace uses thermochromic inks (changes colour with different temperatures) and technologies to create performance sportswear. She screen prints round disks onto sportswear using thermochromic inks which responds to the wearer’s body temperature.  This allows trainers to see if athletes are overheating or exhausted (Quinn, 2013, p.268). The coloured disks change when exercising, showing body temperature change (fig. 4). This idea combines medicinal and sport functionality as the health of athletes is just as important as their performances. It is not just the functionality of the clothing, as they also have a unique aesthetic quality. The design in fig. 4 is called the “Bird back” (Quinn, 2013, p.271). Three different colours change with different temperatures. This design has a sports-like aesthetic with speed, wind and movement references, which relates to birds flying. Hemmings described smart textiles as “beautiful and engineered accomplishments” (Hemmings, 2012, p.404). The concept of this design is very intelligent. The combination of the bold visual aesthetics recognised within sportswear, with the functional health indicating properties which combines beauty and engineering just as Hemmings suggests. This function reduces health risks of athletes when training to avoid overheating, but still allowing them to look good and feel confident.
[image: ]
Fig. 4 – Wallace’s thermochromic sports apparel




Design for performance is essential for athletes. In all sports it is the ability to be faster and stronger that drives athletes to break records and win trophies. Smart textiles for sportswear need to develop and aid athletes gain advantages. Nike is one of the world’s leading sports manufactures (Quinn, 2002, p.186). In 2008 Nike designed AeroSwift technology for a bodysuit to wear during athletics. The surface of the fabric had indented dimples all over, inspired by golf balls. Golf balls travel further and faster with this surface so, Nike replicated this with textiles to reduce the athlete’s aerodynamic drag (Pailes-Friedman, 2016, p.42). This design shows how research can help gain advantage on performance times alongside smart textile technology. This also shows how important purpose and function is when designing smart textiles for sportswear in order to improve the performance of athletes.
[image: ]
Fig. 5 – Tracking device placed into vest



Athletes now use monitoring devices whilst training and playing to track their performance. These electronical devices can monitor heart rate, pulse, muscle movement and even body temperature (Dervojeda et al, 2017). An example of this device is the “E39” (Pailes-Friedman, 2016, p.9). This is being used regularly in Rugby. Players are wearing devices in the backs of their jerseys between the shoulder blades (Fig. 5), tracking their performance throughout a game. “There is no hiding – these things feedback everything” (England Rugby, 2015). This allows players and trainers to analyze the data to improve for the next games by focusing on their weaknesses. This suggests that the technology allows athletes to improve and push boundaries, improving the overall performances of athletes. Similarly, Nike, Adidas and Under Armour, have products that connect to your smartphone. These can sense movement and show statistics using an app (Garfield, 2016). These devices help track performance, allowing consumers to look at statistics of their workouts. The manufactures have made it accessible for consumers to track their data, making it possible for everyone to use, not just professional athletes. The issue with these devices is that they are bulky and uncomfortable to wear, suggesting that they restrict performance abilities of athletes. 

A company called Sensatex have designed a sports top with an embedded computer motherboard along with woven optical fibers which receive and send electrical impulses (Quinn, 2002, p.191). This is an example of E-textiles. This technology is only at the research stage but is more advanced than the E39 as the electronics are integrated in the fabric rather than inserting a device within a pocket, as seen in Fig. 5. Another company have used this technology to create illuminating textiles (Quinn, 2010, p.15). “Luminex” fabric have fibre optic and LEDs. The fabric broadcasts images or text on its surface. This concept would be useful for athletes training at night, allowing them to be seen. Similar technology could soon be developed to be embedded within sportswear to track performance over current, bulkier devices on the market. An advantage to having the circuits embedded into clothing over using devices is being more lightweight and comfortable for players. Thus, this technology needs to be developed further in the future in order to improve monitoring of athletes’ performances.

Biomimicry is a new way of producing smart textiles and could be introduced into sportswear to improve performance. 

Biomimicry is the practise of emulating nature’s patterns and strategies to direct product design, processes and policies and as such draws its inspiration from the living world (Fletcher, Grose, 2012, p.114). 
This concept allows designers to discover new ways of creating innovative textiles by using inspiration from nature, with adaptations which have been around for millions of years through evolution.

There is new, innovative research taking place to reproduce spider’s silk to form a new textile. Spider’s silk is one of the world’s toughest fibers and has waterproof, lightweight and flexible qualities. Gram for gram, it is five times stronger than steel. It has very high elasticity and can stretch forty percent its length before breaking. The silk is made up of a protein similar to keratin which is found in hair and nails. ADIDAS have successfully designed a sports shoe made from synthetic spider’s silk. The shoe is made from BioSteel by AMSilk (Bain, 2016). The fabric is 15% lighter than other synthetics and ADIDAS have said the fabric has “potential to be the strongest fully natural material available.” This breakthrough in the field of smart textiles and sports has unveiled incalculable possibilities for new garments and sportswear to be manufactured. The release of these shoes will open doors for more apparel to be made from BioSteel. An advantage of this is that the fabric is fully biodegradable, meaning it is sustainable. This lightweight advantage, along with its tremendous strength allows athletes to perform with durable garments, perfect for the high dynamism of sports. This shows how using the practice of biomimicry has the potential to improve current sportswear.

“SPEEDO FASTSKIN” is another example of biomimicry. This is a swimming costume was designed based of the rough V shaped ridges of shark’s skin. (Lupton, 2002, p.185). This replication helps swimmers move through the water with less resistance and drag. Another sports textile called “Freeskin” was also influenced by the ridges in the skin of sharks and dolphins (Quinn, 2010, P.113). Research of these animals have helped to create a textile which helps swimmers gain advantage by moving faster through the water by being more streamline. This research of nature allows designers to create sportswear, aiding athletes to gain any performance advantage available.

All these examples of smart textiles are in the process of changing the future of sportswear. It is clear that these textiles are being designed mostly driven by function to answer the needs of the wearers. These needs are mostly performance based as athletes aspire to gain advantage in any way possible allowing them to train and compete to their best abilities. Protection is another need of athletes, especially in contact or extreme sports. These need to be developed further in the future in order to fully protect athletes whilst still ensuring that athletes’ performances are not affected. 



Chapter 2- A Smart and Sustainable Future


Sustainability is an important issue all over the world, especially in the textile industry. Many developments within the industry are now being driven by concerns from consumers about sustainability and the environment (Quinn, 2013). Unicef defines sustainability as: 

Sustainability or sustainable development is development that meets the needs of the present, without compromising the ability of future generations to meet their own needs (Unicef, 2018).

“Yesterday’s textiles are tomorrow’s toxins” (Quinn, 2002). This quote affirms a harsh reality. Older textiles are mostly known as natural fabrics, which include cotton, silk and wool. Natural fibers are believed to be eco-friendly but isn’t always the case. Harsh chemicals are used to grow them, such as pesticides and fertilizer. These fibers are often bleached or dyed. The result of these processes have a negative impact on the environment and is a major cause of pollution to the Earth. (Braddock, O’Mahony, 1999). Whilst organic natural fibers are available, meaning no harsh chemicals were used to produce them, prices are much higher as companies have to follow strict guidelines (Arden Chong, D. 2017). There needs to be another way of producing clean textiles without having to compromise on cost. In order to move forward sustainability, smart textile designers must consider fibre use very carefully.

Another non-sustainable form of producing sportswear is one-off production. This is more expensive compared to mass production because the materials and components required are ordered in smaller quantities and takes longer to make each item (Production and consumption. 2018). Laura Michaels and Karl Kjelstrup- Johnson created a company called Skin Graph, which is an example of one-off production. This technology scans an individual’s body using motion capture and 3D thermal scanning to create avatars which show all the details and contours of the body (fig. 6). The clothing fits the individual like a second skin (Quinn, 2002). This technology constructs and fits clothing, making them tailored and bespoke. Unsustainability is also an issue, as material and energy waste would be considerable. One-off production has huge advantages to sportswear as garments need to fit like a second skin, being different for every individual athlete. Therefore, there needs to be a solution in order to make this concept more sustainable, still allowing bespoke sportswear to be made, just without the waste and negative environmental impacts.
	
[image: ]	Fig. 6 –  3D Thermal body scanning



	Unmade is a company who believe to have a solution to the unsustainable one-off production method. Customers design their own clothing from the options given on their website, giving them a bespoke garment. Customers pick a design and colourway which is shown on a model, making it clear how the finished product will look. This suggests that the customer is beginning to become the designer, and that designers are beginning to consider consumer’s input. The prices and speed are the same as mass production as they integrate “…individual and short run orders into existing production.” (Unmade. 2018). This will improve sustainability of bespoke garments which will allow more developments in sportswear as custom fitting clothing seems to be the future and is important for the development of athletes’ performances. 

[bookmark: _GoBack]Smart textiles may be a green solution for the fashion industry. Bradley Quinn said: “Future fabrics will make us faster, lighter, brighter, greener and cleaner” (Quinn, 2013, p.6). The description suggests that sustainability will no longer be an issue, with the continued use of these fabrics. These words emphasise the positive impacts smart textiles have, even on the environment. Designers need to consider how new textiles are produced, what chemicals are used and how waste is managed. Extensive waste is generated from the textile industry and most of this cannot be recycled. “All clothing…will be thrown away unless it is recycled into new fibre” (Baugh, 2011, p.19). Smart textiles are usually engineered from synthetic ﬁbres which can be recycled chemically in a process, breaking down the ﬁbre at a molecular level and then re-building the polymer. While chemical recycling uses a lot of energy, the process is eco-friendlier than its composition. The most common recycled synthetic ﬁbre is polyester made from plastic bottles. (Fletcher, 2008, p.35). Recycled textiles like this could become common within smart textiles. Because smart textiles mainly use synthetic fibers, they become sustainable as the fabrics created can be recycled or engineered from recycled plastics.
	
An example of recycled smart textiles in sportswear is Adidas’ new football kits for 2018. Francesca Venturini designed kits for many football teams including Real Madrid, Juventus and Manchester United, which are made up entirely of recycled plastic ocean waste. The kits have "eco-innovation and longevity at its very heart" (BBC 2018). This hints at a genesis of a new textile production method, combining innovation and concerns for the environment. The yarns are made by shredding down used plastic bottles into pellets. These pellets are then melted to produce the yarn. Every jersey is made up from between 12 to 18 recycled plastic bottles (Nike News. 2018). To advertise this new innovation, Nike used Nigeria’s kit for the colour green which could be an underlying message to being green, as in eco-friendly, relating back to the term ‘eco-innovation’. The slogan makes an impact and emphasizes how sustainability issues are improving. The icon with half Earth and half football suggests how football is having a positive impact on the Earth. This design really surprised the world. No one expected to see such a breakthrough being produced for sportswear. Football has a large platform around the world and these popular clubs show people how the most technical textiles can be made from recycling rubbish from oceans which is destroying wildlife. Smart textiles for sportswear are therefore leading the way for sustainability in the textile industry and showing that the future will be “brighter, greener and cleaner” (Quinn, 2013, p.6).  
[image: ]

	 Fig. 7 – Advertisement of Nike’s recycled football kit



Sustainability of traditional crafts is important to preserve during this technological development phase. Traditional textiles were usually produced by weaving or knitting yarns of fibers together. These methods have adapted since the industrial revolution in the 19th century. Because of the growing demand of cloth during this time machines were designed to weave and knit textiles (History, 2018). Knitting and weaving remained a traditional craft but no longer crafted by hand. New textiles manufacturing methods have been made in recent years. There are now non-woven fabrics being produced which are bound together by heat, pressure or chemicals. These fabrics can be made from natural or synthetic fibers and have all the properties of knitted or woven fabrics (INDA, 2018). This could jeopardize traditional methods of producing textiles, meaning the loss of valuable crafts. 
[image: ]	
Fig. 8 – Close up view of Adidas’ 3D printed trainer



Regardless of new textile production methods being produced, old techniques are currently still being used. As discussed on page 3, Acorn Cardiovascular have designed a heart sleeve to help keep the heart beating. This sleeve is knitted with stretch in the vertical direction so that the heart can still beat normally. Another benefit of the knitted structure is that it is easier to handle, reducing surgery time (McQuaid, 2005, p.49). These knitted yarns are a highly innovative material but produced using traditional methods. Another example of technological and traditional production fusion is the latest Adidas shoe. Adidas have created a new 3D printed sports trainer. The process is called “Digital Light Synthesis” where liquids are transformed into solids by using light and oxygen (fig. 9) (ADIDAS, 2018). On the sole, layers from the 3D production are visible (fig. 8) and has a woven illusion. 

Although the sole is 3D printed, the upper part is a knitted fabric called “Primeknit”. The one-piece knit gives it the responsive performance. This shows how traditional production methods have more advantageous properties in sportswear and many other industries, compared to the newer, high-technological production methods, which is why they remain sustainable. The future and sustainability of traditional crafts in sportswear are therefore safe as they carry on to co-exist with technology. Quinn said: “Although contemporary fashion may be married to technology, it has not divorced craft skills completely” (Quinn, 2009, p.11). This quote emphasises the relationship between technological and traditional crafts. It shows that even though we are using technology for the future of textiles, there is no forgetting about traditional crafts in the foreseeable future.
[image: ]
Fig. 9 – The process of Digital Light Synthesis


	As new Smart textile sportswear are introduced into sporting competitions, there are many case studies where they are being banned. Swimming is a sport which have had the most advances in clothing. In the 2000 Olympics in Sydney Speedo had designed a swimming costume called FastSkin. 83% of the medal winners in swimming that year had worn FastSkin suits (O’Mahony, 2012, p.32-34). Again, in 2008 Speedo developed a suit called LZR which uses compression to reduce muscle oscillation and skin vibration. This suit was also banned after 94% of athletes wearing the suit had won Olympic medals in Beijing (Pailes-Friedman, 2016, p.41-42). The advances of this suit being banned is not the only example in sports.

In 2004 Puma had designed a football kit for Cameroon called the UniQT. The all-in-one Lycra garment allowed for better movement and breathability. Because of its innovatory nature the kit was banned from the 2004 African Cup of Nations (Salazar, 2008, p.42). Tennis player Serena Williams wore a black skinsuit to the 2018 French Open tournament. The governing body of the sport thought that this suit strayed from the traditional ideals of what the accepted form of the sport’s attire. This was not just a ‘fashion statement’ but had a functional purpose. The skin suit was designed to prevent blood clots after the athlete had suffered with this whilst giving birth to her daughter (Lovett, 2018).
	
All of these examples raise a question as to why they were banned. One reason is some athletes have an unfair advantage. With the Speedo FastSkin, only athletes sponsored by Speedo could wear these suits meaning other athletes would not have this advantage (O’Mahony, 2012, p.32-34). There are arguments that these suits are too good and is unfair for athletes who cannot wear them. It is referenced as “Technology Doping” (Maldarelli, 2018). This bold statement compares using smart textiles to using drugs to gain an unfair sporting advantage. This shows how much of an impact these new smart textiles have on the performance of an athlete. Quinn said that fabrics in the future will make us faster, cleaner and lighter (Quinn, 2013, p.6). This statement is only half true. Yes, these textiles can make us faster and lighter but if these cannot be worn for competitions then the purpose is lost. Smart textile developments in sportswear are mainly designed to improve the performance of athletes and to break records yet, when this happens, are disallowed. 
	
In order for this issue to be addressed, all sporting brands should work together to produce innovative suits for all athletes, not just ones who can afford it. If every athlete has the same advantage, then the records will come from physical performance and training. Laws from sports’ governing bodies need to be adapted in order for upcoming, new textiles to be allowed to be worn during sporting competitions. If this does not happen then smart textile developments in sportswear could decline as athletes would not be allowed to wear the apparel. 


Conclusion

This research has primarily discussed key issues which include: protection and performance of athletes and how smart textiles impact on this, the sustainability of fibers used in smart textiles, how traditional crafts are sustaining and the banning of certain performance enhancing sports garments. It is clear that smart textiles certainly affecting the sportswear industry within case studies discussed.

Smart textiles are important to sports as athletes need to perform at maximum capacity whilst being protected from the surrounding environments. It is apparent from the case studies discussed that these textiles adapt to anything from moisture, tension and temperature, either by sensing this from the athletes themselves or responding to environmental conditions. They sense changes, responding and reacting to them, allowing athletes to continue training or competing at their best ability. These smart textiles include second generations, such as thermochromic inks, changing colour in response to temperature change as used by Kerri Wallace. Also, third generation smart textiles such as Dyneema, which changes its properties by hardening during impact from a soft, flexible state. As discussed in chapter 1, they are mostly designed with the purpose of protecting the athletes, either from crashes or injuries. The other function is to aid athletes to enhance their performance. The need for these textiles in the future of sports therefore is key for athletes to be able to push boundaries and break records. 

The only restriction for the future development of smart textiles is the banning of some garments like the Speedo LZR suit as mentioned on page 14. Smart textiles are currently too advanced as laws created by governing bodies of various sports are not updated often enough when new smart textile garments are introduced. Advances of smart textiles in sportswear which allow sporting records to be broken, need to be continued to do this in order for progress in the sport and textile industries to thrive. The governing bodies need to design a solution, allowing all athletes to have the same fair conditions whilst still allowing the development of smart textiles to aid the performance of athletes. Updating and evolving their laws annually or half yearly would allow new and innovative sporting garments to be worn during sporting events.

Designers of smart textiles also need to be aware of how the consumer is considered when designing. Recently, consumers are becoming a bigger focus when designing textiles. These textiles are always looking to “…meet, exceed and even anticipate our demands as consumers and users” (Pailes-Freidman, 2016, p.9). The perfect example of this is the company Unmade. They allow the designer to create their own bespoke garments which are produced in a sustainable way, even though the garment is a one-off production. Tailored sports garments, as seen with the company Skin Graph, who also focuses solely on the athlete/consumer, allowing them to be fitted into bespoke garments which should improve their performance as they are more comfortable and streamline. Smart textiles are designed to have multi functions and adapt to answer the needs of the wearer. It is so important that for the future, more focus needs to be directed towards the consumer and specifically athletes when developing new textiles for sportswear. 

Traditional crafts are proven to be sustainable during this recent period of development in textiles. The best example of this is the Adidas 3D printed trainers with the prime knit material. This trainer has successfully combined the traditional and technological to make an innovative sports shoe. “New valuable concepts can be achieved mixing traditional and new in different levels” (Kuusk et al, 2012, p.12). This suggests that there is still a need for traditional crafts, even if these methods are now being powered by technology and machines. The article also emphasizes the importance of learning from these traditional crafts when creating new innovations (Kuusk et al, 2012, p.7). These crafts, including knitting and weaving are still very important to the textile industry, especially for sportswear as discussed, therefore will remain sustainable.

Designers also need to consider “…global social responsibility…” (O’Mahony, 2001, p.26). This means that there needs to be consideration towards the Earth and the people who live in it. O’Mahony considers our global social responsibility to be what designers and scientists need to think about when designing new textiles. There needs to be a consideration of the environmental impact of their designs, how the people making and using these garments are treated and how they will become waste. The development of smart textiles in sportswear cannot only look to the future in terms of performance and protection but also the sustainability of the Earth and the users they are being designed for. Using synthetics such as polyester to develop sportswear should also continue as these fibers can be recycled, making them a sustainable source. It is also vital that more research is carried out in order to find new ways of being innovative and sustainable when developing new sportswear for the future.

How smart textiles are going to change sportswear in the future is still unclear as even though they are developing at a fast pace, using research from nature such as biomimicry and previous designs, governing bodies of sports are still disallowing some of these garments. This means that this pace could slow down if there is no solution soon. O’Mahony states “the only limit to what is possible is the imagination of the textile and chemical engineer, who seem determined to prove that anything is possible” (O’Mahony, 2011, p.13). This confirms that the potential for these textiles are vast and designers and scientists want to push these boundaries. It is possible therefore that there will be further breakthroughs in design and science in smart textiles for sportswear.
 “As long as design itself remains smart, the future will benefit all” (Futurotextiel, 2008, p.55). 
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APPENDIX

DATE: 22/09/18 
TIME: 14:30 
PLACE: Home Address, Carmarthen 
Interview with professional cyclist, Scott Davies:

Smart Textiles in Sportswear- Interview

1. Briefly describe the clothing you currently wear to train/race in (including material information)

The kit is tight fighting and relatively breathable. The majority of the kit is made from synthetic materials, which tend to be stretch fabrics. The weight, texture and type of material will differ depending on which part of the body it’s designed for, in addition to which season its intended for.  Additionally, exterior garments/layers will tend to utilise some form of water resistance coating or membrane in order to protect against the elements. 

Generally speaking, jerseys will tend to be light weight and tight fighting, with the aim of providing an aerodynamic fit and maximising breathability. Our clothing sponsor provide garments intended for winter, summer and intermediate weather conditions. 

2. How does your kit fulfil your needs whilst riding (breathability/movement/lightness/aerodynamics)? If they don’t briefly explain how

BREATHABILITY: 

We are offered a variety of different jerseys/shorts/jackets in order to cater for all weather conditions. Consisting of
· Summer mesh jersey (very hot conditions, offering maximal breathability, compromised protection from the sun due to the nature of the fabric)
· Perforated summer jersey (good breathability, slightly heavier fabric than the summer mesh jersey, increased UV protection)
· Standard jersey (a heavier fabric, lycra)
· Rain jersey (Lycra treated with a water resistant coating, slightly compromised breathability and stretch)

MOVEMENT:

All garments are stretch fabrics providing comfort despite a being tight fitting. This allows for improved aerodynamics without compromising on comfort. Garments are tailored in order to fit optimally whilst in a functional position on the bicycle. 

LIGHTNESS:

The summer range offers the lightest clothing option due to utilising a mesh fabric. This also means that summer jersey & shorts dry out quicker when the rider is sweating heavily, or in the event of a rain shower. The winter range in marginally heavier, however still relatively lightweight. 



AERODYNAMICS:

Riders are provided with a one-piece lycra ‘skinsuit’ for individual time trials. This discipline requires an extremely tight fitting garment in order to decrease wind resistance and aerodynamic drag. Skinsuits are designed to worn for a shorter period of time, prioritising speed over comfort. They also tend to be very uncomfortable in a standing position, as their fit is optimised for a riding position, as excess fabric causes unnecessary drag. 

3. Does your clothing protect you from injuries or when you crash and how? If not, briefly explain why

Lycra generally offers poor protection from abrasions in the event of a crash. Some manufactures utilise purpose made fabrics which are designed to offer extra protection when a rider crashes. These are generally in the form of fabric panels placed on/near parts of the body which are prone to abrasions when the rider falls (mainly hips & rear). This is a relatively new development within cycle clothing. Currently Exteondo are the only manufacturer providing this, via their ‘dynema’ fabric. 

4. How do you think your kit could be improved in terms of meeting your needs and protecting you?

There is certainly room for improvement in terms of the protection offered by cycle clothing. At present, manufacturers are restricted by fabric technology. Generally speaking, protective fabrics can only be utilised at the expense of comfort and/or weight and/or breathability and/or movement. 

5. What do you think holds for the future of cycle-wear?

Breathability and water-resistance/water proofing is being improved on a yearly basis, with manufacturers capitalising in advancements and developments in new synthetic fabrics and coatings/membranes. There is also a trend whereby manufacturers are moving away from the concept of keeping the rider dry via waterproof fabrics such as gore-tex. Current 

Additionally more emphasis is being put on the aerodynamic properties of cycling garments, specifically for events such as the individual time trial, team time trial and indoor cycle races on the velodrome. Advancements in training methods has meant that the physiological differences between athletes is become less & less, causing competitors to search for an extra advantage via clothing. Team Sky’s clothing manufacturer, Castelli, are the current market leaders, providing their riders with a significant aerodynamic advantage over their competitors via textured fabrics on the upper arms of their skinsuits. This drag saving is normally quantified through research in the wind tunnel, measuring the aerodynamic drag of the rider whilst in their racing position.  Nearly every garment worn cyclists are now being researched and developed for aerodynamics, with specific ‘aero’ versions of socks/mitts/overshoes/skinsuits/jerseys. 
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