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1. [bookmark: _Toc2052045113]Introduction:
[bookmark: _Toc2104202155]1.1 The Project
The aim of the project is to create a fully wireless charger for use in the gaming industry and modify an existing controller to be compatible with wireless charging. The chosen method of wireless charging is electromagnetic induction. This will eliminate the need for physical connections similar to existing wireless charging methods used by brands such as PowerA, Venom, and Razer. The wireless charging compatibility will mean that the controller will be compatible with any wireless charger, although the charging stand will also be made to ensure an optimal connection.
The controller will still have a backup method of charging with a micro-USB port for wired connectivity, which can be easily swapped for a USB-C in the future if needed.
[bookmark: _Toc726730283]1.2 Problem Statement
The gaming industry is currently still reliant on traditional charging solutions such as batteries or wired connections. The supposedly wireless solutions sold now are still reliant on physical connectors such as metal pins. With the wide variety of chargers specific to each brand of controller, there is a lot of clutter due to incompatibility. For example, Xbox controllers have removable battery packs which fit into the battery space of the controller. They are still removable and interchangeable. PlayStation controllers have a similar method. As the PlayStation controllers have internal batteries, there is no space for a rechargeable battery pack. This is why the PlayStation controllers have a removable charger clipped to the top of the controller. Both these methods require accurate alignment of the pins on the metal plates in the charging stands making the charging process a bit of a hassle, and as the removable packs are shaped different to each other, there is no universal charging stand for these controllers. 
2. [bookmark: _Toc1269653434]Project Research:
[bookmark: _Toc77450085]2.1 Circuit Analysis
This circuit is a basic switched-mode power supply (SMPS) designed to convert an AC input into a regulated DC output. It offers electrical isolation and voltage conversion using a transformer which is in place of the copper coils that will be used. 
The AC input, provided by V1, is first rectified using a bridge rectifier composed of diodes D1 to D4. This converts the AC into pulsating DC, which is then smoothed by capacitor C1. The resulting DC voltage is supplied to the primary winding of the transformer (TR1), where switching is controlled by transistor Q1. 
Q1 operates as a high-speed switch, driven by a timing circuit made up of RV1 (variable resistor), R1, and C2. This circuit determines the switching frequency, causing the transistor to rapidly turn on and off. These rapid switching actions induce a voltage in the secondary winding of the transformer through electromagnetic induction. 
On the secondary side, diode D5 rectifies the induced AC voltage, while D6, a Zener diode, serves as a voltage regulator, clamping the output to a specified level. Capacitors C3 and C4 act as filters, reducing output ripple and stabilising the DC voltage. The final output voltage is measured at the voltmeter which is in place of the battery. 
In summary, this circuit provides DC power with regulation and isolation, making it ideal for powering low-voltage electronic circuits from an AC source. This type of power supply is efficient and compact, commonly used in various consumer and industrial applications. 
[image: ]

[bookmark: _Toc116500403]2.2 Component Selection
From the above circuit design, the selected components are essential for enabling efficient power transfer and voltage regulation. The design includes a 10K Ohm potentiometer (RV1), which allows manual adjustment of resistance to control signal levels within the circuit. Alongside it is a 470 Ohm resistor (R1), which serves to limit current and protect the transistor from excessive current flow.  
Four 4.7nF capacitors (C1, C2, C3, and C4) are used throughout the circuit. These capacitors function primarily to filter and stabilise voltage, smoothing out any fluctuations and contributing to consistent circuit behaviour. The NPN transistor (Q1, type 2N3050) operates as a switch, controlling the current passing through the primary winding of the transformer.  
A full-wave bridge rectifier is formed using four general-purpose diodes (D1, D2, D3, and D4), which convert the AC input signal from the sine wave source (V1) into a pulsating DC output. The transformer (TR1) plays a central role in transferring power inductively via its primary and secondary coils, which represent a pair of copper coils for wireless power transfer. 
On the output side, diode D5 ensures unidirectional current flow, while D6—a Zener diode—regulates voltage by clamping it to a safe level, protecting the load from over-voltage. Capacitors on this side also aid in voltage smoothing, and a voltmeter is used to monitor output. The entire circuit is enclosed in 3D printed housings for both the controller and charging stand.
3. [bookmark: _Toc431846816]Project Scope:
[bookmark: _Toc718010124]3.1 Aims and Objectives
Develop a Wireless Charging Solution for Gaming Controllers
 The goal is to design an advanced wireless charging system using inductor coil technology, enabling a smooth and efficient power transfer to gaming controllers. This solution eliminates the need for physical connectors, offering a more convenient and reliable way to keep devices charged. By integrating this technology, users can enjoy a hassle-free experience that supports continuous use and minimizes wear on hardware components.
Enhance User Experience
The primary objective is to significantly improve the overall gaming experience by providing a seamless, efficient, and reliable charging solution that operates without causing distractions or interruptions. This innovative approach eliminates the hassle of tangled cables and reduces downtime due to low battery. With fast, wireless, and secure charging, users benefit from greater convenience, improved performance, and a smoother, more enjoyable experience from start to finish.
Promote Durability and Longevity of Controllers
 By removing the need for connector pins and contact plates, the wireless charging solution minimizes physical wear on components. This reduces the likelihood of damage over time and supports a longer lifespan for devices. With fewer mechanical connections involved, the system offers a more durable, low-maintenance approach designed for consistent, long-term use.
The main objective of this project is to develop a wireless charging stand that utilises inductor coils in both the stand and the controller. This solution will enhance the user experience by offering the convenience of wireless charging while reducing wear and tear on controller charging ports.
An additional objective is to ensure fast and efficient charging, as well as to guarantee compatibility with existing gaming controllers. This will provide a seamless, reliable charging experience for users while maintaining the functionality of their devices.
[bookmark: _Toc767979171]3.2 Project Deliverables
As part of the project, a working prototype will be developed alongside a digital prototype to visually represent and simulate the functionality of the charging system. The digital prototype will serve as a crucial tool for initial design validation, allowing for adjustments before moving to the physical prototype stage. Once the design is finalised, the working prototype will be created to demonstrate the real-world application of the wireless charging stand and its compatibility with gaming controllers.
The final product will incorporate all design improvements and optimisations discovered during the prototyping phase. It will undergo extensive testing to ensure that it meets the required standards of performance, safety, and usability.
Several detailed reports will be produced as part of the project documentation, covering the following areas:
1. Functional Testing: This will evaluate the functionality of both the digital and physical prototypes, ensuring that all components work as intended. Testing will focus on the wireless charging process, compatibility with different gaming controllers, and overall ease of use.
2. Safety and Compliance Testing: Ensuring that the charging system meets safety standards is crucial. This testing will verify that the product complies with electrical safety regulations and industry standards, reducing risks such as overheating, short circuits, and electrical hazards.
3. Performance Testing: This will assess the efficiency of the wireless charging system, ensuring it charges controllers quickly and effectively. Performance testing will also include the durability of the charging stand, ensuring it operates efficiently over extended use without degradation in performance.
Together, these reports will ensure that the product is safe, effective, and ready for market.
4. [bookmark: _Toc672691302]Budget:
[bookmark: _Toc1705334037]4.1 Resources
The project will require several key components to create the wireless charging system. These include a 10K potentiometer, which will allow for the adjustment of resistance in the circuit, and four 4.7nF capacitors to help stabilise the voltage and reduce noise. The system will also include four diodes for controlling the direction of current flow and a transistor for amplifying the signal. A 470 Ohm resistor will be used to limit the current, while a Zener diode will protect the circuit from voltage spikes. The rechargeable power source in the controller will be a 3.7V battery, and two coils for wireless charging. Finally, controller housing and charging stand housing will hold the components, providing structure and protection.
These components are all relatively inexpensive and easy to obtain.
5. [bookmark: _Toc2079690793]Timeline:
[bookmark: _Toc1180788266]5.1 Tasks
The tasks involved in the project are outlined in the Gantt chart in the following section. These tasks are structured to provide a clear and logical progression throughout the development process. The initial phase focuses on researching the circuit and components. This involves investigating different circuit designs and evaluating the suitability of various electronic components based on their specifications, performance, and compatibility with the intended application. 
Once sufficient research has been carried out, the next step is designing the circuit. This includes creating detailed circuit diagrams, simulating the design using appropriate software tools, and refining it to ensure efficiency, safety, and reliability. After the design is finalised, the necessary components and materials are sourced and ordered. Careful planning is required during this phase to ensure quality, cost-effectiveness, and timely delivery from trusted suppliers. 
Upon receipt of all materials, the building of the prototype begins. This involves assembling components, soldering connections, and physically constructing the circuit according to the design specifications. Following construction, the prototype undergoes initial testing to confirm that the charger circuit functions correctly and safely. 
Once basic functionality has been verified, a final prototype is developed with a focus on practicality and user experience. This version is tested further for ease of use, reliability, and comfort. Feedback is then gathered from users to assess how the design performs in real-world conditions. Based on this feedback, final adjustments are made to optimise the product. The entire development process is thoroughly documented to support future reference and reporting. 
[bookmark: _Toc755672403]5.2 Gantt Chart
Shown below is a Gantt chart illustrating the expected timeline for the project. The initial research stage will begin on 28/01/2025 and last for a week, followed by two weeks of circuit design and digital prototyping. Also starting on 04/02/2025 alongside the circuit design is component and material orders to prepare for the physical prototypes. This process has been allocated five weeks to ensure all parts arrive on time. The allocated time for prototypes to be built is from 11/02/2025 and will last for three weeks, though it can be extended by a week if needed. Commencing on 25/02/2025 is the charger testing phase which will involve testing the charger and controller compatibility and functionality. This phase will last three weeks. The last two weeks of this phase will overlap with user testing to ensure the controller functions as it should and is comfortable to use. The week commencing 11/03/2025 will be the time allocated to gathering feedback from the user testing. This is necessary to commence the final adjustments phase which will start on 18/03/2025 and will last the final two weeks of the allocated time for the project. The final task on the Gantt chart is the documentation of the project which will last the whole duration of the project.
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6. [bookmark: _Toc2033829955]Risk Assessment:
With induction charging, there is a risk of overheating, particularly if the system is not properly designed or monitored during use. Excessive heat can damage sensitive electronic components, leading to malfunctions or permanent damage. Therefore, it is essential to integrate temperature control mechanisms, such as heat sinks or thermal sensors, to prevent overheating and ensure that the system operates within safe temperature ranges. This will not only protect the hardware but also guarantee the reliability and longevity of the product over time.
Another challenge with wireless charging is low efficiency, which can result in longer charging times and increased energy consumption. This inefficiency can cause unnecessary delays for users and contribute to higher electricity usage, leading to a negative environmental impact. It is crucial to optimise the design of the system to improve energy efficiency, reducing both charging times and power consumption. By minimising energy wastage, the project will be more eco-friendly, supporting sustainability goals and reducing the carbon footprint associated with its use.
Induction chargers must also adhere to strict safety standards and regulations to ensure they pose no risk to users. This includes preventing electrical hazards such as short circuits, overheating, and the potential for fire. Comprehensive safety testing and compliance with relevant electrical safety certifications are vital to mitigate these risks and provide a safe, reliable charging solution.
7. [bookmark: _Toc740956100]Environmental and Ethical Considerations:
As stated in the Risk Assessment section above, the primary environmental concern associated with this project is the increased energy usage resulting from the relatively low efficiency of wireless charging systems. Inductive charging typically experiences greater energy loss compared to traditional wired methods, with a significant portion of the input power lost during transmission. This inefficiency translates into higher electricity consumption, which, when multiplied across widespread use, can contribute to a larger carbon footprint, especially if the energy is sourced from non-renewable power grids. Therefore, the most effective way to mitigate the environmental impact is to optimize the efficiency of the wireless charging circuit. Enhancing the power transfer process to minimize energy losses will directly reduce overall consumption and improve sustainability.
In addition to energy loss through transmission, another concern is the waste of energy in the form of heat. Inductive charging often generates more heat than wired alternatives, particularly when devices are overcharged or left on the pad after reaching full battery. This excess heat not only wastes energy but also contributes to thermal stress, which can degrade the battery's lifespan over time. A shorter battery life leads to more frequent replacements, increasing electronic waste and the environmental burden associated with manufacturing and disposing of lithium-ion batteries.
[bookmark: _Toc893741447]Appendices:
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