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1. [bookmark: _Toc202878201]Introduction 
The task given to the student was to produce a project proposal document for an electronic device which includes the design and build stages of the electronic device. Following this information the student then chose what electronic device he would design, the device the student has chosen to design is due to the students own personal experience and a device he himself would have liked to have used whilst recovering from a surgery. 
The student has chosen to design a leg heat pack which will adapt to an increase or decrease of body temperature by using sensors. This will be very helpful for medical use as an area which has been broken or damaged and has been operated on fluctuates as it heals and requires heat to dissipate some of the pain and regain feeling within an affected area which will be very helpful and effective with hospital patients, people within rehabilitation and people who use heat as an effective recovery method for muscles and joints. My project will be called “Interactive heat relief”.


















2. [bookmark: _Toc202878202]Aim and Objectives
The student has decided that the aims and objectives of their project will be to research and design a heat pack which will be able to be used on different parts of the body such as on the upper and lower arms and the upper and lower legs including the knees as these are obtained through different sports these are some of the most common places in which an injury would occur as according to [1] PME the most common types of injuries are sprains, strains and fractures. This is why the student would like for the heat pack to be able to be used on as many places as possible as it can help a wide range of different injuries.
Another objective that the student has is for the heat pack to be able to generate its own heat through the use of electrical heating elements, this is due to the fact that it will allow the heat pack to be operational whenever the user needs to use it and won’t run out of heat whilst in use like microwaveable fillings as they will eventually lose all of the heat that it retained from the microwave. 
Another objective is to use sensors that will be able to detect when the applied area has been heated to a certain temperature and for a certain period of time such as 15 minutes and then the sensors will send a communication to turn the power of the heat pack off as this will decrease the risk of burning significantly and enable easier use of the device and will stop the risk of a fire from it being left on by accident. This would enable it to be used for a range of different things.
Another objective is to enable the user to be able to adjust the temperature at which the heat pack is so that it will enable it to be used for a range of different issues, and anyone will be able to use it at a comfortable temperature for their body.
The last objective for the student is for the heat pack to have a comfortable material covering the components and that attaches around the area being heated up so that it enables the heat pack to be easily worn without needing to hold it on as it makes it convenient and enables the user to have hands free for other tasks.





3. [bookmark: _Toc202878203]Background Research
3.1 [bookmark: _Toc202878204]Electrical Heating Elements- Resistance Heating
An Electrical heating element according to [2] is a device that can convert electrical energy into heat with the process of “Joule heating”. This is when an electric current passes through a resistance which then leads to heat being produced. Both the performance and the time of how long the heat lasts for is due to the properties of the material that is used for the heating element.
According to [2] the material used within a heating element must have these different variables:
· High melting point
· High resistivity
· Low-temperature coefficient of resistance
· High tensile strength
· Sufficient ductility to form wires
· High resistance to oxidation in open atmosphere
There are different types of electrical heating elements, one of these which is common for rechargeable or plug-in heat packs is called resistive wire. Resistive wire is used for direct resistance heating and indirect resistance heating. According to [3] direct resistance heating involves the material or charge to be heated is being used as resistance and current is then passed through it. The material that is needed to be used as a resistance can either be in the form of a powder, solid or a liquid. 
This involves two electrodes being immersed in the charge and connected to the DC/AC power supply and the current then flows through the charge/ material and the heat is produced. This type of resistance heating method is very efficient because the heat itself is produced from the charge/ material. The current can’t be variable in this method which restricts the ability of it being used within a system that requires automatic temperature control as it is only able to have a uniform and high temperature. 
Another type of heating is indirect resistance heating, according to [3] when using this resistance heating method, the current is passed through a wire or a high resistance material which forms a heating element. The heat which is proportional to the loss produced within the heating element would be delivered to the charge by conduction, the resistor will need to be in contact with the charge. This method provides a uniform temperature which can enable automatic temperature control.

3.2 [bookmark: _Toc202878205]Resistance Heating Element Materials
The student found multiple different materials that could be used within an electrical heating element for resistance heating, when researching this according to [4] nickel-chromium (NiCr) alloys are one of the best suited and ideal materials for use in making heating elements. Nickel-chromium has a high resistance which makes it ideal to convert electrical energy into heat. When the heating element is first used and heated the chromium in the nickel-chromium alloy reacts with the oxygen in the air and forms a layer of chromium oxide on the outer surface of the heating element. This layer then acts as a protective layer for the heating element and protects the material that is underneath the layer against oxidation which in turn contributes towards protecting the heating element wire from breaking or burning out. It can be used for continuous operation up to 1200ºC.
This is also similar to another alloy which is Iron-chrome-aluminium (FeCrAl) which according to [4] as the aluminium within the alloy reacts to the oxygen in the atmosphere it creates a layer of aluminium oxide that protects the outer surface of the heating element. The layer of aluminium oxide has a very good thermal conductivity and makes the heating element shock proof. It can be used in continuous operation at 1400ºC.
3.3 [bookmark: _Toc202878206]Electrical Heating Elements- Carbon Fiber 
When researching the different types of heating elements, the student found a heating element which uses carbon fiber. Carbon fiber is made of carbon atoms and produced from organic fibers like polyacrylonitrile. 
Carbon fiber is nearly 2 times lighter than aluminium and is even 5 times lighter than steel, this makes it able to be used in far more applications due to the lower weight. Carbon fiber also according to [5]  has a great thermal conductivity and efficiency for being a non-metallic material as it can produce heat efficiently. 
It also has good tensile strength as the shape of the carbon fiber doesn’t deteriorate or cause it to lose its shape even if a consistent or constant force is applied to it for a period of time and enables the product to be washed without falling apart in the process. 
Lastly carbon fiber has a negative coefficient of thermal expansion, this means that it won’t easily expand or the size decrease as the temperature changes which is desirable in heating elements due to being able to maintain heat in different temperatures.


4. [bookmark: _Toc202878207]Project Design 
After conducting research, the student has decided to use these different components which would work best within their project:
[bookmark: _Toc202878208]4.1 Electrical Heating Element
For the Electrical heating element, the student has chosen to use indirect resistance heating, this is due to the simplistic design that can be created using wires which will be able to easily run along the length of the heating pack and have a stable connection to power whilst allowing it to have a uniform temperature and enable to heat pack to have automatic temperature control. 
The material being used for the electrical heating element will be nickel-chromium (NiCr) as it has a high resistance which enables it to convert current into heat effectively and provides a protective layer from oxidation to enable the product to have a longer lifespan and prevent it from breaking or burning out while being able to maintain a constant temperature.
[bookmark: _Toc202878209]4.2 Material of the Heat Pack
The student has decided that for the inner layer of material for the heat pack the material will be silicone rubber which is a common material used for different devices that contain electricity and heat. According to [6] silicone rubber is a great electrical insulator and it can withstand high temperatures whilst retaining its shape, durability and flexibility at high or low temperatures making it the ideal material to be used for the heat pack as it can also be moulded into any shape desirable.
The outer material of the heat pack will be a flannel fabric this is because according to [7] it retains heat well and is a good insulator which is ideal for a heat pack and also ensures that the user is comfortable when using the heat pack due to the softness of the material and isn’t harsh on the skin.
[bookmark: _Toc202878210]4.3 How the Heat Pack will attach
The heat pack will be able to attach to which ever part of the body it is being used on by Velcro straps that will be attached into the flannel and will have multiple distances at which it can attach via placement of different Velcro patches to enable use by anyone, anywhere.
[bookmark: _Toc202878211]4.4 Sensors
The heat pack will use a thermistor as it’s temperature sensor, this is because they have precise control in narrow ranges of temperatures according to [8] they are also sensitive temperature sensors which will give a more accurate reading, they are also low cost and cheap to replace whilst being easy to use and small in size.
The heat pack will also have a (Rea-Time Clock) RTC sensor which is useful for keeping an accurate time and being good at data logging and scheduling whilst not needing much power.

























5. [bookmark: _Toc202878212]Resources
The student has decided that these are the resources that will be needed within this project:
· An Arduino Uno for use with the thermistor and RTC.
· A thermistor to track and detect the temperature.
· A real time clock to track the time that has passed.
· A mosfet to turn off the power source after the allotted time.
· The Arduino Uno will be used to set the temperature of the heat pack at a certain temperature of around 40ºC-45ºC.
· The microcontroller (Arduino Uno) will be programmed and used to switch off the power once the heat has been at a certain temperature for an allotted amount of time.
· The heat will be generated using Nickel-chromium wires that will run along the length of the heat pack.
· The nickel-chromium wires require a DC power supply to enable the current to flow and generate heat through resistance.
· A silicone rubber interior material to protect the components and the person using it.
· A flannel fabric will be used for the exterior material for the customer’s comfort.
· A Velcro pad will be used at different distances allowing the heat pack to be used in different places.
5.1 [bookmark: _Toc202878213]Costs
Arduino Uno- £17
Software for Arduino Uno- Free
Thermistor sensor module- £3
Real time Clock- £5
Mosfet for switching power- £5
Nickel-chromium wires- 10m (0.05mmm-0.1mm) = £10
DC Power Supply- £20
Silicone rubber- £20
Flannel- £10 per metre
Velcro Pads- £5
Overall cost = £95
6. [bookmark: _Toc202878214][image: A graph with blue squares

AI-generated content may be incorrect.]Planning 
Shown above is the plan that would be taken throughout the development and manufacture and release of the heat pack and the continued sustaining after the release of the heat pack.


























7. [bookmark: _Toc202878215]Expected Outcome / Deliverables
The student has decided that the deliverables for this project are, when looking back at the aims and objectives when the project first started, are as follows.
The first objective was for the heat pack to be able to be used on multiple parts of the body such as arms and legs and be able to be changed dependent on where the customer is using it. This objective will be achieved and be able to be delivered to the customer with different spaced Velcro pads which will be attached to the soft flannel covering to enable easy use for anyone and are cheap to use which is more effective than other alternatives for attaching the heat pack to the area intended for use.
The second objective was for the heat pack to be able to generate heat using heating elements. This objective will be met as the student decided to use nickel-chromium wires within the heat pack which generate heat through a current being passed through a resistance which nickel-chromium is excellent at doing. Using a DC power supply to connect to the heating element of nickel-chromium wires the product can generate a constant temperature output and maintain it for a long period of time.
The third objective was to use sensors which can detect the temperature around the area the heat pack is applied to and the time it has been applied for at that temperature. This objective will also be met using an Arduino uno which is able to be programmed and receive information back using a thermistor and a real time clock and then being able to shut off power using a mosfet exactly as planned.
The fourth objective was to be able to adjust the temperature of the heat pack for customer use. This objective won’t be met due to the additional time and extra layer of programming it would take to enable the shut off to work effectively and extra components it would require. 
The last objective is for the material that would be in contact with the skin would be comfortable for use and is able to attach around the area being heated. This objective has been obtained by the use of two different material layers one which protects the components and the user from the heat exerted by the components and another layer which is purely for the comfort of the user.






8. [bookmark: _Toc202878216]Risks
8.1 [bookmark: _Toc202878217]Environmental and Societal impact
The environmental and societal impacts that may occur from this project are, that electric heat packs require electronic components such as the ones I’m using like the thermistor and the real time clock and the Arduino Uno which have a high carbon footprint due to manufacturing and mining.
When disposing of the electric heat pack after it has reached its lifespan it would need to be recycled properly to avoid harm to the environment. 
The societal impact would be that it provides pain relief and muscle relaxation with warm which will help improve quality of life and it would be widely available and affordable for what the product itself is. It can also be used for medical use which would have a positive societal impact.
The only risk that would be associated is any malfunction with the sensors and components within which is a risk with any electronic product and could lead to a risk of burning if the person wasn’t paying attention.
8.2 [bookmark: _Toc202878218]Equality, Diversity and Inclusion
The student has considered equality, diversity and inclusion whilst designing this project due to the fact that the design incorporates the ability to change where the heat pack is used and how tight or lose the person may want the heat pack as well as the student has thought about people above and below the average size as the Velcro’s pads can be used to tighten or loosen according to the size of the person as well.
8.3 [bookmark: _Toc202878219]Quality Management and Continuous Improvement
The student has considered quality management and continuous improvement when designing the project, the student has chosen to use the higher quality of certain components such as the thermistor and the nickel-chromium wires as these will allow the components to be used for longer and won’t break as easily and are designed to work efficiently within the product environment.
The use of an Arduino Uno also enables continuous improvement within the system as the Arduino can be continuously improved using a programming application and would enable additions into the system to improve the product further such as being able to set the heat pack at the exact temperature the user would want as an example.



9. [bookmark: _Toc202878220]Conclusion
To conclude the student has been able to research based upon objectives and used that research to build a project around and be able to structure with reasoning a project which is efficient and cover the chosen issue whilst also considering the environmental and societal impacts whilst also ensuring that quality management has been considered for the project and how it could be changed and improved using the Arduino uno and also how the components used within could affect the environment whilst also needing to have components which would last a long period of time and use for the product to be effective. The student has also considered equality, diversity and inclusion when designing the project making the product to be able to be used by anyone no matter the size or shape of the person.
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