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[bookmark: _Toc196827946]Abstract
	
Renewable energy sources have become a very important way of countries being able to generate electricity in a cleaner format. This project is focused on the research into wind turbines and how being incorrectly faced into the wind can cause implications. Research into how wind turbines are able to generate electricity had been investigated with features of power generation around the globe, features of a wind turbine and what yaw misalignment can do to a turbine including reduced power generation and life span of a wind turbine.
The aims and objectives of the project are to design and produce a wind turbine system which can supply voltage and current to a circuit and see what the impact of the wind turbine having incorrectly facing towards the wind can impact the generation of power from the wind turbine.
Some of the methods used to gather this data was to design and build a wind turbine circuit using various hardware components and software written to a microcontroller. The wind turbine would provide data into the microcontroller for it to then calculate the analogue data input into it as an understandable format of values which can be observed in real time to calculate power generation.
Major findings into the direction of where the wind turbine faces into the wind have shown that the orientation of the wind turbine is important for the power generation of electricity and can have a significant impact on what the power generation is at certain wind speeds.
Some conclusions and recommendations from the project include expanding on the small-scale model into a bigger format to see what the impact of incorrect orientation of the yaw of a wind turbine is having when it is relevant to the generation of power from the wind turbine. Some further work could be done on the investigation into suitable motors for moving the nacelle of the wind turbine as well as some programming bugs which occurred.
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[bookmark: _Toc196827947]1. Introduction
There is a growing demand for renewable and sustainable energy sources. Wind energy has been put into the forefront of reducing carbon emissions and helping combat climate change around the world. Wind turbines are an important form of energy production in the renewable energy sector as they allow the conversion of kinetic wind energy into electrical energy for people to use. The efficiency of wind turbines can highly be dependent on the ability for the wind turbine to position itself into the direction of the incoming wind, this is the wind turbine moving or yawing itself to change its position. Poor yaw control can have an impact on the ability for the wind turbine to produce power along with increasing mechanical stress on the turbine which will in turn affect the longevity of the wind turbine and increasing the costs of keeping the wind turbine in operation.
This project will focus on the power generation efficiency between having a correctly yaw aligned wind turbine and a wind turbine which has no or little yaw control, along with the needed power to move a turbine into the wind for the maximum power generation. It will involve recording the voltage and current output of a generator wind turbine at a certain wind speed to calculate power generated and output the information using a programmable integrated circuit (PIC) with an additional motor output under certain conditions. This will be constructed using a breadboard as a basis for making the circuitry.
The information gathered from this project will be applied through physical analysis, and data evaluation to see how an incorrectly aligned wind turbine impacts how power is generated and how much power is needed to move the turbine into a better position for power generation.
[bookmark: _Toc196827948]1.1 Aim
	Design and create a circuit to analyse power generation of a wind turbine and power consumption of a motor to yaw the turbine.


[bookmark: _Toc196827949]1.2 Objectives
· Produce a literature review on wind turbine operation, yaw mechanisms and the impact they have on performance.
· Evaluate hardware and software initial ideas.
· Create a working circuit of the wind turbine power generator and output.
· Test the circuit under certain input conditions, record and analyse the results.
· Discuss improvements which could be done in the future.



















[bookmark: _Toc196827950]2. Literature Review
This literature review contains information on wind turbines, yaw mechanism controls, aerodynamics of wind turbines, energy requirements of yaw control on a turbine and DC motors. 
Wind turbines have been researched into to see how import they are globally to produce electricity in a renewable format, an explanation of how wind turbines work by the means of making electricity was then explained. It has been then followed by the designs of wind turbines and what components they contain.

Information on the aerodynamics of wind turbines was then looked at with a brief explanation how HAWT turbines can move using kinetic energy, a calculation on how much power a turbine is able to produce using wind speed, how much power a turbine can extract from the wind and how important it is for the turbine to face into the wind.
This was then followed by information about the yaw control system in wind turbines and how important it is to have a system like this in place and how it operates, with some additional information on the implications on incorrectly controlling the yaw of a wind turbine.
The energy needed to move the turbine on a yawing motion was then investigated, this involved looking at how much energy is needed to yaw the turbine into the correct direction of the wind for energy extraction. Methods such as a yaw deadband were investigated the help stop excessive movement from the motor yaw system.
The final section contains information on DC motors, how a DC motor works with a brief explanation, different types of DC motor which exist and improvements on DC motors through the use of brushless motors.




[bookmark: _Toc196827951]2.1 Wind energy production and wind turbine systems

There has been a huge global movement into clean, renewable energy sources due to the need to reduce greenhouse gas emissions and help mitigate the harmful effects of climate change. From this, wind energy production has become one of the most important renewable energy technologies worldwide. It can be seen from the World Wind Energy Association (WWEA) that the reported global installed wind capacity has been able to exceed 1047 Giga Watts of power [1], which is around 10% of the world’s total electrical generation of power. This increase in growth has been driven by new technological advancements, the cost of wind power becoming more affordable and reasonable for the power generated from it and the ever-increasing awareness of lowering carbon emissions which are produced from the energy sectors production of electricity. Many countries from around the world have put wind energy into their long-term goals to transition from fossil fuels into renewable energy sources which sets a determined goal for any future wind power generation development.
[image: HAWT vs VAWT]
Figure 1 HAWT and VAWT [2]
Wind turbines can work by capturing kinetic energy from the air moving into the blades of the turbine, this is then converted into mechanical energy and then turned into electrical energy through a generator. The technology available predominantly consists of two types of wind turbines, the first type being Horizontal Axis Wind Turbines (HAWTs) and the second Vertical Axis Wind Turbines (VAWTs) which can be seen in figure 1. HAWTs are the primarily used type of turbine within the global industrial wind industry mostly due to their tested reliability and better efficiency. These turbines have blades which allow them to rotate on a horizonal axis and they are also designed to face into the wind direction to generate the maximum amount of power to turn into electricity. VAWTs on the other hand rotate on a vertical axis, they can move in the wind from any direction. They can however have a disadvantage of having lower aerodynamic performance leading to being less efficient [3] and not being used as much in large scale applications. Even though VAWTs have limitations, they are still gaining attention due to their capability to operate better in urban environments and offshore where the direction the wind is blowing can be variable.
The design and performance of wind turbines can be changed by several key components which make them up. This can include blades, gearboxes, rotors, controllers, generators and yaw systems. Each of these components will have a crucial role into having an optimal way to capture energy and energy conversion. Particularly yaw systems, these are responsible for the turbine having the ability to adjust its orientation so it can align with changing wind directions, it is vital as it ensures that the turbine is able to operate efficiently. The yaw mechanism adjusts the turbine’s position, usually through a motor operated system, this is to maintain the rotor’s most efficient angle facing towards the direction of the wind, which in turn will maximise aerodynamic efficiency. This is important for HAWTs due to any misalignment with the wind direction can lead to noticeable energy losses.[4]
Furthermore, the aerodynamic efficiency of wind turbines is influenced by numerous factors, this can include blade design, rotor speed, and the profile of the wind where the turbine is located. Researchers are constantly investigating into advanced designs and operational strategies to help improve the overall power generation efficiency of wind turbines [5]. By building on these systems with improvements, the wind energy sector can further reduce costs and increase the amount of wind power which is used to generate electricity on a global scale.
[bookmark: _Toc196827952]2.2 Aerodynamics of Wind Turbines
Wind turbines are able to harness energy from the wind by using aerofoil-shaped blades to generate lift. Lift, rather than drag, is an aerodynamic force which is used with modern HAWT turbines to create rotational motion. When the wind moves over a turbine blade, it will create a pressure differential between the upper (lower pressure) and lower (higher pressure) surface of the blade. This pressure difference between the blades will result in an upward force which will be perpendicular to the direction of the wind, this will cause the rotor to spin and allow for kinetic energy to be converted into mechanical energy. [6]
The amount of power which can be gathered from the wind can be calculated using the equation P = 1/2 ρAv^3. P is the power gathered from the wind, ρ is the air density, Ais the swept area of the rotor, and v is the velocity of the wind. This equation shows how wind speed is crucial to where the wind turbine is placed as increases into the wind speed will lead to a much better power generation. [7] 
It isn’t always possible to gather all the kinetic energy which will be present within the wind. The Betz limit which is a theoretical maximum efficiency has a premise that any wind turbine is limited to a maximum efficiency of 59.3%, this means that no turbine is able to convert more than this percentage of the wind’s power into mechanical energy. [8] In realistic conditions, with aerodynamic, electrical, mechanical and control system loses, most wind turbines are only able to achieve around 9% to 53% efficiency rating [9].


The highest energy generation occurs when the rotor is facing directly into the wind, a condition which must be maintained by the turbines yaw system. Yaw misalignment when the rotor is not exactly facing into the incoming wind can cause disrupted airflow over the blades of the turbine, which in turn will reduce lift and increase drag on the blades. This issue can cause a substantial impact on the turbines power output and increase mechanical load, leading to rapid wear and reducing the life span of the system. [10]
Advanced control procedures have been developed to help counteract the impacts of yaw misalignment, including active yaw control mechanisms which dynamically adjust the turbine orientation depending on the real-time wind measurements. Additionally, there has been research which has shown that slight, intentional yaw misalignment through “wake steering” can help optimise energy production in wind farms by redirecting the turbine wakes away from the turbines which are down from the initial turbine.[11]
It can be seen that understanding and effectively applying aerodynamic principles is needed to maximise the longevity, performance and cost effectiveness of modern wind turbine energy production systems.

[bookmark: _Toc196827953]2.3 The Necessity of Yaw Control in Wind turbines
Horizonal axis wind turbines (HAWTs) need the ability to actively or passively align with the direction of the wind, it is a necessary for the turbine to achieve an efficient and reliable operation for generating power. Yaw control systems are responsible for rotating the nacelle and in turn the rotor of the wind turbine around the vertical axis to make sure that the turbine faces directly into the wind. Without a working yaw control system, a wind turbine would quite often operate at non-optimal orientations, which will result in significant losses in power output and an increase in mechanical strain on the system. [12]
Yaw control systems in wind turbines consist of several needed components. Yaw drives, which are usually electric motors and needed to provide the torque to rotate the nacelle. Yaw bearings which support the nacelle as it is moving to rotate the wind turbine in the correct direction to face the wind. Yaw breaks, these will stop the nacelle from moving once the correct orientation has been achieved to prevent any unnecessary movement and finally wind sensing components, this could be devices such as anemometers or weathervanes which are able to provide real time data about the wind direction and speed to the system. [13]
Smaller turbines, usually ones which are used in rural applications, will often use passive yaw systems. These systems rely on aerodynamic designs, such as a tail vane or offset rotors, this is to passively orient the turbine into the wind without the need for an active system of mechanical components to turn it. In large scale environments such as industrial, wind turbines, especially ones where they are located offshore in which wind conditions can be more variable. Active yaw systems are important and quite sophisticated, they use advanced sensors and control algorithms that will continuously monitor wind direction and then make real time adjustments to achieve and maintain optimal alignment.[14]
Effective yaw control not only maximises the energy gathered by the turbine but also plays a needed role in minimizing the asymmetric mechanical loads which can occur when the rotor is not aligned into the wind. Consistent yaw errors can lead to uneven loading on the blades and the drivetrain, causing fatigue to rapidly be applied to the turbine and reducing the rate of which the turbine can be in operation before it needs to be replaced.[15]
	In conclusion of this, yaw control is needed for HAWTs as it directly influences the performance and reliability of the wind turbine whilst it is in operation.

[bookmark: _Toc196827954]2.4 Energy Requirements and efficiency of Yawing a Wind Turbine
Yawing the turbine to maintaining alignment into the direction of the wind is necessary for maximising the power generation of the wind turbine. However, this process consumes a small amount of energy, which is usually dawn from the turbine’s own electrical output. While yaw energy expenditure is needed for efficient operation, it represents only a small faction of the turbine’s total energy production. Yaw system energy consumption usually equates to less than 1% of the total energy made by the turbine over an annual period. This is mostly due to the yaw adjustments being infrequent and the motors only must operate for a short period to align the nacelle in the right direction.
Having a low energy cost, the operational impact of yawing a turbine becomes more significant under any turbulent wind conditions. Frequent yawing due to rapidly shifting wind directions will increase mechanical wear on important components such as yaw drives, yaw brakes and yaw bearings. [13] Having these additional stresses can results in higher maintenance costs which will require more often component replacements and overall reduce the amount of wind turbines available to produce energy, all of this will impact the overall cost of energy from renewable wind sources.
Controlling the yaw will require two strategies, the first being maintaining sufficient alignment with the wind the help ensure that the maximum aerodynamic efficiency is achieved, and the maximum amount of power is able to be captured.
One approach which is widely used to manage this balance is the implementation of a yaw deadband. A yaw deadband is a slight angular tolerance within which the nacelle is allowed to be misaligned without having any yaw correction initialised. Dead bands can vary depending on the size of the turbine, this report from E. Bossanyi [16] shows a tolerance of around 2 degrees and 8 degrees. This will prevent the turbine from constantly turning to align itself with minor wind fluctuations that would convert into little or no power but rapidly increase wear and energy consumption.
More recent developments into predictive control and machine learning have introduced some intelligent yaw strategies, which are able to have wind forecasting and control algorithms to help optimised the yaw movements [17]. By have the ability to anticipate future wind direction changes rather than reacting on measurements within the moment, these systems are there to aim to minimise yaw actions while attempting to maximize energy yield over time.
Overall, it can be seen than the energy cost needed to yaw the turbine is very minimal, it effects it has on wear and turbine lifespan show the importance of having a form of intelligent yaw management. Further developments into yaw control technologies are needed for improving turbine efficiency and reliability especially when wind farms are expanding into harsher environments.
[bookmark: _Toc196827955]2.5 DC Motors 
[image: A close-up of a motor

AI-generated content may be incorrect.]
Figure 2 - DC motor internals [18]
Direct Current (DC) motors are some of the oldest and still mostly widely used types of electric motors, valued for their simplicity, easy speed control and high starting torque. They are able to operate through the input of a DC current in which a magnetic field is made within the stator which attracts and repels magnets on the rotor, this will cause the rotor to start rotating depending on the polarity of the input current. For the rotor to continue rotating there is a commutator within the rotor, as the rotor aligns with the magnetic field it would cause the rotor to stop spinning, this is where the commutator is sued to reverse the current through the stator and in turn reversing the magnetic field allowing the rotor to continue spinning as seen in figure 2. [18]
DC motors can usually be classified into three main types of motor, these are series, shunt and compound motors. Series DC motors are connected in series with the armature, this allows for high starting torque and variable speed, suiting them more towards applications for movement such as electric vehicles and cranes. Shunt DC motors are usually assembled with the field windings are put in parallel with the armature. These excel in applications which might need precise control, which can include lathe machines and conveyor belts. Compound DC motors will have both the shunt and series windings, this allows for a balance between high starting torque and control on the speed of the motor. They can b used in many applications including automotive starters and industrial gear which might be under heavy load. [19]


The biggest advantage of DC motors is the ease of controlling the speed. Being able to adjust the input voltage into the motor allows for precise control over the speed of the motor, which is a necessity in applications such as electric vehicles, machine tools and robotics. Speed control can be achieved with input methods such as pulse-width modulation (PWM).
[image: ]
Figure 3 - Brushed vs Brushless DC Motor [20]
DC motors are quite versatile but DC motors which have brushed internals to operate suffer from some major draw backs which can include wearing on the brushes and higher noise. There is an alternative type of DC motor which is a brushless DC motor as seen in figure 3. Brushless DC motors have been made to electronically communicate via controllers with hall effect sensors instead of mechanical brushes which can provide better efficiency, reduce the maintenance needed to keep the motor functioning and increase the lifespan of the motor. [20] Brushless motors can often be found in industries including automotive, renewable energy and aerospace.
To conclude, DC motors are a needed as a technology in industries. They have good adaptability, to be applied to various industries, consumer applications and designs are being updated consistently. Continuing research into the controls, materials and electronics are able to increase the performance of the motors in various fields.





[bookmark: _Toc196827956]2.6 Literature review conclusion
Concluding the literature review, it can be seen that wind turbines have many systems which need to be considered when converting wind energy, into mechanical energy and then electrical energy. The turbines need to be carefully orientated to produce maximum power and reduce any wear on the system as a whole and increasing itself lifespan. There are various ways to assist in keeping the HAWTs in the correct direction, so they are able to produce power at an efficient rate and reducing fatigue. DC motors can also be seen to come in a few configurations, allowing for different variants to be applied to different applications and how they have been improved to increase output and longevity of the motors.

[bookmark: _Toc196827957]3.  Current wind turbine products available

The website EcoPowerShop.com has a variety of wind turbines for sale. The wind turbines being sold on the website are for slightly larger applications than what a small model would be able to achieve. 
[image: Rutland 504 windcharger]
Figure 4 - Rutland 504 wind turbine [21]
As seen in figure 4, this wind turbine can produce an output wattage of 80W maximum and 29W when the wind is at 11m/s. It can be mounted into a building or used in a marine environment to help charge devices such as batteries. There is the additional option of purchasing a charging regulator to stop the wind turbine from charging a device if the device is full and therefor protecting the device from over charging and giving the ability to monitor the output from the turbine. This wind turbine also moves on its own using the small weathervane on the back to direct itself into the direction of the wind.

[image: air 30 land wind turbine]
Figure 5 - AIR 30 Off Grid Micro Wind Turbine [22]
Figure 5 shows another wind turbine on the ecopowershop website, this turbine can produce a maximum output of 400w which is quite a substantial amount of power. The wind turbine is able to be mounted to the ground, buildings or a vehicle to provide power if there is no electricity from a grid available. There isn’t an option to purchase an additional charging monitoring device so there will need to be pre-existing monitoring to be put in place. It appears it moves itself into the wind by using another passive weathervane system, due to the smaller size. It also contains a brushless permanent magnet AC Alternator which will increase the life span of the alternator substantially.
[image: LE-v150 Storm Vertical Axis Wind Turbine (12/24/48V)]
Figure 6 - Le-v150 Storm Vertical Axis Wind Turbine [23]
As seen above in Figure 6, there is a vertical axis wind turbine which has been found on the leadingedgepower.com website. This type of wind turbine does not rely on a weathervane or motor to move it into the wind as it can accept the wind from any direction due to its unique design. It is able to provide output power of 200W for applications such as charging a battery or even basic internet of things projects. An additional charge controller can be purchased along side this wind turbine but there is not one included so extra equipment will be needed to observe how much voltage, current and power it is able to produce from it.




[bookmark: _Toc196827958]4. System Design Specification

The circuit of the system will incorporate several key components to gather data, process the data and produced a controlled output. The primary input of power into the circuit will be generated by a small-scale model wind turbine, which functions as a DC generator to supply electrical power based on the speed of the wind. The voltage generated from the generator will be input into an Integrated circuit (IC), which serves as the processing unit for the system. The IC will read the input signal and then output another signal if required. Specific voltage thresholds will be put in place to trigger different conditions on the output of the IC. When the incoming voltage has reached a certain amount, the IC will activate additional components within the circuit such as a motor driver or LCD display. This ensure that the system can respond to varying wind conditions by adjusting the orientation of the turbine or any changes to the load.
[bookmark: _Toc196827959]4.1 Requirements of the prototype wind power generation circuit

The wind power generation circuit feature an input from a DC generator, an 8-bit microcontroller from the PIC series of microcontrollers from microchip, a 20 x 4 LCD display to read any outputs from the IC, an 8-bit configuration of Light emitting diodes (LEDs) to show a binary output of the voltage, a motor to turn the wind turbine into the direction of the wind, a button to control the operation of when the IC can process the data for the circuit with outputs and a variable power supply to power the circuit with control on the voltage and current being applied to the power side of the circuit.






[bookmark: _Toc196827960]5 Overall System Design 

[bookmark: _Toc196827961]5.1 Hardware Selection
To create the project certain hardware had to be selected and purchased. This hardware is needed for this project to measure the electrical output from the wind turbine varying under different yaw directions, allowing for the yaw position to be controlled by a motor and to acquire data to be analysed. The selection of the components has been driven by the requirements of being affordable, reliable and compatible with the project to ensure that it works with the overall achievement of acquiring data.
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Figure 7 - Wind turbine generator
The wind turbine generator has been purchased as a small kit. It contains a small DC motor to act as a generator, this DC generator is able to produce between 0v to 24v and 0mA to 400mA. It has a rated speed of between 100 to 6000 RPM and has a rated wind speed of 3 m/s. It was chosen as it can provide output due to not needing much wind power and it is easy to measure voltages using a PIC microcontroller as seen in Figure 7. 






[image: A hand holding a small device with wires

AI-generated content may be incorrect.]
Figure 8 - A simple DC motor
A simple DC motor has been selected to control the Yaw for the motor. The simple DC motors should provide enough torque to rotate the turbine at a slow speed meaning that there should be little chance that it should overshoot, having it connected only through a two-wire set up will allow it to be integrated easily into the circuit of the project. The simple DC motor selected have a voltage rating of between 1.5V and 6V, allowing them to fit into the circuit without needing too much voltage compared to the rest of the components which can be seen in figure 8.
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Figure 9 - ACS712 current measuring sensor
A sensor which has been selected to measure current is the ACS712. This was selected to get real time measurements of current which would be coming from the wind turbine. This is mostly due to the microcontroller not having the ability to register and read current inputs into itself, so this module will also allow the microcontroller to pick up on an analogue signal from it and convert that into a current measurement through an ADC input as seen in Figure 9.
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Figure 10 - PIC18F45K22
	The Pic microcontroller selected is the PIC18F45K22. This microcontroller has been selected due to having a reasonable cost to purchase it, it has 40 pins attached to it allowing for many connections of inputs and outputs to be attached to it. It is also reasonably easy to program it using a compiler and software to write the program onto it. It also had 10-bit ADC functionality, allowing for up to 1023 values on a single reading to be input into it which allows for greater amounts of data to be recorded by the microcontroller. It will also not consume much power whilst in operation and processes the input data in a timely manner to receive the results of the outputs as seen above in figure 10.
A power supply which has been chosen for providing power to the circuit is a 18V 3A variable DC power supply. This power supply will be able to power the circuit with no issue due to having enough of a range of voltage and current to support the needs of the power draw from the circuit. Some of the circuit will need to be protected from the power supply through other means in case there is too much voltage through the power supply which could damage other components such as the microcontroller.
An LCD which has been chosen to display the data from the microcontroller is a 20x4 LCD. This LCD is big enough to display all the data it needs to and will work in real time with the microcontroller to show the data as it is being processed and output by the microcontroller in a readable format. The LCD will require programming from the microcontroller to work as it has no working program contained within it and will need to be supplied power externally from the microcontroller.
The L293D is a motor driver which has been chosen to provide power and control the motor with instructions from the PIC microcontroller. This motor driver is able to power two motors at once if required and can accept voltages between 4.5V to 36V, meaning it will need to be powered separately using the main DC power supply. The motor driver contains a H-Bridge design inside of it allowing it to change the polarity of its input voltage and also didoes on the inside to help protect any devices when the motor is not in use.
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Figure 11 - 7805 5V voltage regulator
To protect certain parts of the circuit from too much voltage, a 7085-voltage regulator has been implemented. This voltage regulator will not allow any voltage output from it to go higher than 5V and 1.5A, this is perfect for protecting the microcontroller from any voltage spikes which may occur as the microcontroller can only accept voltages up to 5.5V. It also features thermal overload shutdown in case it gets too hot during operation and to protect the rest of the circuit which can be seen in figure 11.
[image: A close-up of a black device
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Figure 12 - Air blower
Additional hardware which is not connected to the circuit was also required, the first being an air blower, this was needed due to not constantly having a source of moving air to move the wind turbine blades. It comes with three different speeds for pushing air and will become very useful for testing the wind turbine power generation as shown above in figure 12.
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Figure 13 - Anemometer
Another device needed was an anemometer, this will allow for the speed of the wind or air to be read whilst it is blowing into the wind turbine to gain data of how quick the wind is blowing onto the wind turbine and what power is able to be created by the wind turbine under these conditions as seen in figure 13.
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Figure 14 – multi-meter
The last device which could come in very useful is a multi-meter. The multi-meter will be able to read voltages and currents at different parts of the circuit when the turbine is operating at different wind speeds. This will be able to provide valuable data as a back up to calculate power created by the turbine and also to see how much power is being consumed by the motor to drive the yaw of the turbine shown in figure 14.


[bookmark: _Toc196827962]5.2 Software of the wind turbine circuit

The wind turbine circuit will require some software to gain data from and outputs. Pseudo code of the software will be provided below to show the operation of the software in the C language with the CCS for PIC compiler as it is run by the microcontroller.

Start of main program ()
{
   Turn AN20 into an ADC input 			//Setup AN20 as ADC input
   Turn on the internal clock			//Initialise the internal clock
   A delay of 20 microseconds;					// 20us delay 
   Initialise the LCD display				//Initialise the LCD display
   
   Set up the outputs for the A ports on the PIC;						// Set the outputs for the A ports
   Setup the D ports for input on the PIC;		// Set the inputs for the D ports
   Set the B ports on the PIC for output;							// Set the B ports to output
   Set the C ports on the PIC for output;							// Set the C ports to output
   
   Select the 20th analogue channel for input    //Select channel 20 for analogue input
   A delay of 15 microseconds			// 15us delay
   
   Get ready to store a 10 bit reading 		//This is used to store a 10 bit ADC reading
   Get ready to store the voltage value	//This is to store the value of the converted voltage
   Get ready to store the current value	// This is used to store the value of the current
   
   while(TRUE) 					//Start of the main program loop
   
	If there is an input on PIN D7 		//If there is an input detected on PIN D7 such as a button press
	 
		Set the adc value to 0
		set the current value to 0
	        set the voltage value to 0
	       
	       read the adc input 20 times to get values    //The average 20 readings over the ADC
		  
		     Read the adc value and set it to the adc variable 	// Read the value from the ADC
		     calculate the adc value into a voltage value 	//Calculate the ADC value into voltage
		     
		//ACS712 calculation of 2.5v at 0A using a sensitivity of 185mV/A
		     
		     
			calculate the value of the amperage 		// Calculate the amps
		     
		     delay between the samples of 5 milliseconds	//Delay of 5 ms between samples
		  
	 
	 get the average of the current		//Calculate the average current
	 
	    
	 go to the lcd first line, first column		//LCD first line, first column
	 show the value of the current on the LCD 	//Display the current value on the LCD
	 
	 go to the lcd second line and first column		//LCD second line, first column
	 show the value of the adc input and the voltage	//Display the value of the ADC input from AN20 and the voltage
	    
	 allow the voltage to be displayed in 8 bit on the LEDs // Allow the voltage to be read through 8-bits on LEDs
	 output the 8 bit value on the LEDS of the voltage	//Output the value of the voltage on the LEDs
	    
	    
	 If the voltage is under 2.5V		//If voltage is less than 2.5v
	   
	       output_high(pin_A1); 		//Turn on the motor to spin
	       output_low(pin_A2);					
	   else
	       output_low(pin_A1);		//Turn off the motor
	       output_low(pin_A2);
	 else					//If there is no input on pin D7
	 
	    Turn off the b pins to the LCD display						//Turn off the LCD display
	    Clear the LCD display screen	//Clear the LCD display
	    Turn off the LEDS on the C pins						//Turn off the leds
	    output_low(pin_A1);			//Turn off the motor
	    output_low(pin_A2);				
	 A delay of 250 milliseconds between each cycle to avoid any issue 	// A 250ms delay between each cycle of the while loop






Some of the main program code will be included down below and explained upon. Figure 15 shows the code on the initial set up of the program, getting read to read inputs and provide outputs.

[image: A screenshot of a computer program
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  Figure 15 Set up of the pins and ADC port

	Figure 15 shows the main start of the program being initialised, it provides the initial setups for the ADC port to accept analogue data, the initialisation of the LCD for the microcontroller to call it to provide data to and the set up of the relative input and output ports for the data to go into and out of the microcontroller. It also shows the values being set up so the voltage and amps can be calculated later, and the reading sample of the inputs being read by the microcontroller.






[image: A screenshot of a computer screen
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Figure 16 The output of the PIC

Figure 16 shows the second part of the code, this part of the code will get the average of the amps over 20 samples and store it within the “amps” variable. The program will then start to write to the LCD with the first line containing the value for the current as a live value, it will the be followed on the next line by the 10-bit ADC value and the real time value of the voltage. After this, the “readleds” variable will be called to be written to, this variable will contain an 8-bit value to display on eight LEDs with the voltage being calculated to fit back into an 8-bit format and then the output will be put on the C pins of the microcontroller to display the value on the eight LEDs.
Following the above, the program will the detect if the voltage is below 2.5V, if so, the microcontroller will output a signal to turn the yawing motor on so the wind turbine can move to face the wind. If the voltage is above 2.5V then the motor will turn off through the microcontroller putting the signal pins low. If there is no button being pressed for the microcontroller to receive input into the D7 pin then it will start to turn off the B pins to the LCD, it will clear the LCD display’s information, then the LED pins on the C port will be turned off and following that the yaw motor A pins will be turned off to ensure that the motor does not come on without a button press. 
[bookmark: _Toc196827963]5.3 Block diagram of the circuit operation

[image: A diagram of a power supply system
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Figure 17 Block diagram of circuit operation
Figure 17 above shows a block diagram of how the system will operate. There will be an input needed from the activation button or switch as well as some power generated by the wind turbine. The microcontroller will then take this data and make an output on it activating the motor and showing data on the LCD as well as the 8-bit LED read out.





[bookmark: _Toc196827964]5.4 Proteus simulation design

[image: ]
Figure 18 Proteus simulation design

The circuit above in Figure 18 is the simulated circuit from the proteus electronic design software. U1 is the microcontroller which will be used, it is the PIC18F45K22, it was chosen due to having a 10-bit ADC input and it is able to accept voltages up to 5.5V. The DC generator at V1 has been put in the represent the wind turbine outputting a voltage and current, this has been paired with a Zener clamp to ensure that the voltage does not go over 5.1V as it could be dangerous for the microcontroller to accept voltages which are slightly higher than that. This was then simulated as a variable input through the use of a 10k Ohm potentiometer, the potentiometer will be able to limit the voltage going into the microcontroller to simulate the speed of the wind turbine, this will give some indication into how the microcontroller is able to read an analogue input and calculate it into a voltage output. Towards the bottom right is U2 which is a 7805 voltage regulator, this will be connected to the microcontroller to ensure that the voltage supplied from the main DC power supply will not cause any damage to the microcontroller. Connected to the main power supply just before the 7805 voltage regulator is a small set up of a manual control for a yaw motor, this has been included to show how to provide a manual control of a motor without needing the microcontroller to send out a command to control it. Towards the left of the simulation screenshot is the LCD output, this will be connected to the B pins of the microcontroller to show the readings in real time of the current, analogue value and the voltage. Along with the LCD the LEDs have been included, these will be connected to the C pins of the microcontroller to show an 8-bit value of the voltage which can then be calculated back into the real reading of the voltage. At the top left of the screen capture of the simulation is the L293D labelled as U3, the motor driver will be able to take power from the main power supply and signals from the microcontroller to instruct it on when to turn on the motor and when to turn the motor off depending on the current conditions being input and read by the microcontroller.















[bookmark: _Toc196827965]6. Methodology for testing
	
[bookmark: _Toc196827966]6.1 Overview of the Methodology

The main objective of the methodology was to assess the performance of the wind turbine under varying yaw alignments at different wind speeds and to evaluate the electrical power which has been generated during each position the wind turbine has been in. This involved designing and assembling a circuit to measure voltage and current output to calculate wattage, control the yaw motor and to record the real time data using a microcontroller. This methodology will include information on the testing of the circuit, calibration, how the readings will be taken in a controlled environment and analysis of the data.

[bookmark: _Toc196827967]6.2 Testing of the circuit and calibration

Before the full testing was done, the assembled circuit was briefly tested to measure how accurate it was. Voltage measurement was taken as a calibration from a known voltage source such as the voltage from the main DC power supply, this was used to ensure that the analogue readings from the microcontroller were going to match the actual value being supplied to it with a slight margin of error. The motor driver was tested with some manual control signals to ensure that the motor driver was accepting signals as expected with no errors of output to the motor.



[bookmark: _Toc196827968]6.3 Setup of the testing

The wind turbine and circuit were placed within a controlled environment indoors. An air blower with three different settings was used to help provide consistent wind speeds to achieve constant readings. The turbine was placed on top of a rotating platform which could be adjusted manually by hand or using the motor to yaw it and show different yaw alignments. Some equipment needed includes a breadboard circuit which features the PIC18F45K22 microcontroller, a 7805 voltage regulator for voltage protection on the microcontroller, a L293D motor driver to help power and move the DC motor and an ACS712 current sensor so the microcontroller can read an analogue value and turn it into current. A small DC motor has also been used with a propeller to act as a wind turbine to generate electrical power, an air blower to have consistent air blowing to simulate wind, a multi-meter to gain initial results in case the circuit cannot provide results and a PICkit 3 microcontroller programmer to write the program hex file onto the microcontroller.
[bookmark: _Toc196827969]6.4 Testing conditions

To test the impact of the yaw alignment on the generation of power within the circuit, the following conditions were tested. The wind turbine will be fully aligned into the wind so there should be little to no misalignment allowing the turbine to get the maximum power output. It will then be partially misaligned from the centre point, being around 15 degrees to 30 degrees misaligned, this will put the turbine to be rotated from an inefficient point to show yaw error and will be expected to show some reduction in power output in comparison to it being fully aligned into the wind.






[bookmark: _Toc196827970]6.5 Data collection

The microcontroller has been programmed to sample the voltage output from the turbine and the current output from the turbine, each reading has been recorded at regular but small intervals and the results will be shown on the display of an LCD or the voltage will be displayed in an 8-bit format through eight LEDs connected to the microcontroller which is below in figure 19. At each angle of the yaw the data was collected for around 20 seconds to get an average voltage and current so they could be calculated into power where power is P calculated by multiplying the voltage and the current (P = V*I). The motor was activated for the yaw correction either through a manual input or automatically through the microcontroller followed by the power being used by the motor being recorded.
[image: A close up of a circuit board
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Figure 19 - LED 8-bit voltage output
[bookmark: _Toc196827971]6.6 Data Analysis
After the tests were done, the voltage and current readings were averaged over each of the tests performed of the same type, the power output calculated was compared against the yaw angle to show the efficiency gains or losses depending on the alignment and the cost benefit was analysed to see if was worthwhile to make these yaw corrections to get more power efficiency compared to the power spent.
[bookmark: _Toc196827972]6.7 Limitations of the testing
Some limitations which have arisen within the testing have come to light, there could be a slight inconsistency when moving the wind turbine manually which could slightly put the results off by some margin, there could be a slight variation in the airflow from the air blower which might need to have a slight tolerance and finally the small scale of the testing might not show how a regular wind turbine is able to operate in an aerodynamic manor.
[bookmark: _Toc196827973]6.8 Summery of the methodology

The methodology has given a good approach on how to approach the testing and evaluation of the effect of yaw misalignment on the wind turbines power output. By having both measurements of the wind turbines power generation and the power consumption from the yawing motor, it will show a good comparison between the gains of power compared to the power which has been spent to achieve the gains.




[bookmark: _Toc196827974]7. Testing Results

This section will contain the data which has been collected from testing the wind turbine circuit under different yaw alignments. Voltage and current outputs were measured to calculate power generation. The overarching goal was to see how yaw misalignment is able to have an impact on electrical output from the wind turbine and to see the trade off between any yaw correction energy cost and from that the power output gained from the correction. The results were gathered from the breadboard in Figure 20. 
[image: ]
Figure 20 Breadboard wind turbine circuit

[bookmark: _Toc196827975]7.1 The output power against the yaw angle at different wind speeds

The wind turbine had been tested at two different yaw angles of 0° and 20° relative to the wind blowing onto it with different wind speeds being applied. At each angle, the voltage and current generated were recorded at around 1 second intervals for about 20 seconds. 
To calculate the power generated the following formula was used P = V*I
The overall average power for each of the angles at different wind speeds has been shown below in table 1.







Table 1 - The Average power output at different angles and different wind speeds of the wind turbine
	Angle
	Wind speeds M/S
	Voltage from wind turbine (V) Average
	Current from wind turbine (A) Average
	Power from turbine (W)

	0°
	11.6
	3.2
	0.0179
	0.05728

	0°
	13.5
	3.92
	0.0254
	0.099568

	0°
	15.5
	5.31
	0.0296
	0.157176

	20° Misaligned
	11.6
	2.79
	0.0136
	0.037944

	20° Misaligned
	13.5
	3.01
	0.0208
	0.062608

	20° Misaligned
	15.5
	4.1
	0.024
	0.0984





As seen in table 1, the power output was the highest when the turbine was fully aligned into the wind at 0° and shows reduction of power when the yaw angle had been increased to 20°. These measurements had to be taken with a multi-meter due to the LCD scree not displaying any characters from the microcontroller.


















[bookmark: _Toc196827976]7.2 Graph of the comparison of power generation at different angles

A line graph has been made to show the relationship between yaw angle and the average power which has been output as seen in table 1. This shows that there is a trend with the power generated efficiency when the turbine is aligned and when it is not aligned as shown in figure 21.



Figure 21 - Misalignment effect on power generation graph

This graph shows that having a minor misalignment of around 20 degrees or so can cause a moderate loss in power at varying wind speeds and becomes more evident the higher the wind speed is.

[bookmark: _Toc196827977]7.3 Yaw motor power consumption

Unfortunately, the DC motor which was purchased to act as a Yaw motor could not operate when the wind turbine was mounted on the shaft of the motor. This has lead to results needed to be gathered manually by hand and therefor unable to calculate the power consumption of the motor whilst the wind turbine is mounted on it.



[bookmark: _Toc196827978]7.4 The summery of the findings

From the results gathered from the testing of the wind turbine at different angles, it can be seen that the power output had noticeably decreased when the wind turbine was misaligned from the direction of the wind even by a small amount of 20 degrees.
From this data, it can be suggested that the yaw control if within reasonable power consumption can be beneficial to realign the wind turbine as the cost should be lower than the gains which can be achieved from a better angle of orientation for more efficient power generation.









[bookmark: _Toc196827979]8. Evaluation

This section will observe the results from the testing procedure of the wind turbine’s power generation under varying yaw alignments and wind speeds to see what effect the yaw alignment has on the generation of power through the wind turbine.

[bookmark: _Toc196827980]8.1 Impact of Yaw Misalignment on Power Generation
The data gathered from the testing clearly show that there is a major difference in power generation when the yaw of the wind turbine is misaligned as stated in the literature review. When the wind turbine was aligned at a zero-degree angle into the wind, it was able to produce a maximum power output of about 0.16w. As soon as the yaw angle had been increased to around 20 degrees, the power output from the wind turbine decreased noticeably, with a resultant maximum power generation at 20 degrees of around 0.098w. From this it can be seen that the principle of aerodynamics is true, with the wind turbine being aligned correctly determines how much power is able to be converted into electricity from the kinetic wind energy. Some studies are able to support this finding [10].

[bookmark: _Toc196827981]8.2 Implications of wind turbine design
The results from the testing highlight the importance of an effective yaw control system, even when it is being applied into a small-scale design. Without having yaw correction, there can be prolonged misalignment which will lead to noticeable energy losses and unused power gains from the available wind energy. Along with the decrease in power, there can be other impacts such as increased mechanical stress on the blades of the wind turbine and the drivetrain components mostly due to the uneven wind force being applied to the wind turbine. This will increase costs of maintaining the turbine and reduce itself overall lifespan. [12]


[bookmark: _Toc196827982]8.3 Meeting the objectives of the project

Overall, I believe that most of the objectives set in the introduction were met with the literature review being very investigative on the topics which I have presented and reasonably in depth. The only objective which could have been worked upon was the recording of data from the power usage of the yawing motor, due to this being inadequate for the operation it was picked for some data has been unable to be recorded. This data could have proven valuable to figure out how much energy has been expended compared to how much energy would be gained from that expenditure.


[bookmark: _Toc196827983]8.4 Meeting the aim of the project

The overall aim of the project had been partially met. The circuit had been designed to the specifications which were set initially, and some results were able to be gained from the circuit after it had been created from the design. The only part of the aim which had not been met was the data acquisition of the power spent to get the yaw motor to move, this would have been valuable data to acquire due to the idea of the project and comparing how a small amount of power spent could result in a significant amount of power gained from the turbine.
[bookmark: _Toc196827984]8.5 Answers from the project

The answers which have been gained from the data of this project are as I have expected them to be. The main question has been effectively answered in an expected format and has proven the initial thought on what would occur from the testing of the project. 





[bookmark: _Toc196827985]8.6 What could be done differently?

If this test was to be done again there are a few things which could have been done differently. The initial idea of measuring wind power could also be adopted to measure solar power along side each other, using this type of renewable energy could allow for some decent comparisons to emerge on the data of power generation in each of these forms based upon the weather conditions. I would also probably try to build it on a slightly bigger scale to see what difference it would make having a bigger wind turbine and to observe if the answer from the data would be the same as what has already been tested upon.



















[bookmark: _Toc196827986]9. Conclusions and recommendations

The research into the wind turbine yaw alignment and power generation has concluded with information how many wind turbines are designed to generate power from the wind along with how the wind turbines have been developed to orientate themselves into the wind using yaw control mechanisms and sensors related to the direction of the wind. Some beneficial information from this is the practical use of changing the direction of the wind turbine to face into the wind to gain an increase on the generation of power and to reduce wear on the mechanical components of the turbine.
The research into DC motor did provide some information on which motors should be chosen for certain applications. The simple DC motor was chosen mostly for being quite cost effective and easy to implement into this project but unfortunately did not suit the overall requirements unto why it was chosen.
Some of the wind turbine products which are available on the market showed a decent amount of information of what the power generation of the turbine would be at certain wind speeds, there could have been some more information on the voltage and current they are able to provide at certain wind speeds but that could easily be fixed with an additional purchase of a monitor and sensor for voltage and current. They provided some information which was relevant to how the wind turbines would provide power, but most came with a passive weathervane design which wasn’t applicable to the project.
The code written for the testing of the project was quite concise and perhaps could have been expanded on to include other ways of displaying data from the microcontroller, but mostly did the work it was written for. There were some issues with the code in real life which the proteus simulation seemed to ignore, the biggest being the LCD not displaying any characters from the data it was provided from the microcontroller, I believe this was down to a driver issue from the compiler and will need to be investigated to get the LCD display to work.

The testing of the project could have gone better, some more time to investigate into why the LCD display was not outputting data onto it could have been beneficial. Instead, a substitute was made of using a multi-meter to obtain some data and results from the circuit regarding power generation. On a positive note, there was some output from the circuit in the form of the 8-bit LEDs showing a binary value of the voltage which has been put into the analogue value of the circuit.
	Overall there are some changes to the project which will need to happen if any future work is to be done on it, just to highlight some, the motor choice could be investigated into more and tested before the final testing is ready to be complete and also the real life testing compared to the simulation testing not exactly working as it should, with majority of the components working within the simulation with no errors but having some obvious issues when it comes to the real life implementation and testing.
















[bookmark: _Toc196827987]10. Reflection

The project has been a challenge to implement and get working, I thought it would have been quite straightforward to have it working and obtain some results to analyse and come to a conclusion with and perhaps develop on further and perhaps on a bigger scale where it could be applied in a more useful way.
	There have been a few issues with the loss of time when it comes to what could have been applied to the project, managing other modules on top of the project has been challenging especially when you have a young family to raise which in turn cause unexpected losses of time which can amount to just a few days to weeks. Also having an issue of unfortunately not having a supervisor for a few weeks due to unforeseen issues which had arisen had put me back even more so, with a lack of contact with a supervisor it had an impact on what I was able to produce during the weeks I wasn’t able to speak to someone about my project. Thankfully I managed to speak with my new supervisor who assured me that I would be able to get through the project even with the setbacks which had occurred through other circumstances.
	Looking into the future, the commitment to the project has made me appreciate the amount of time, which is needed to be spent on research, development, implementation, design and gaining results. I believe it has made me realise how my time needs to be spent on a project like this even when I do have set backs and how to claw back the time which I have missed on looking at the project in a critical format and how I can use my time effectively on the project, getting the more important elements of the project complete.
	Some further time developing the project in a tangible format I believe could have gone a long way with the hurdles I had encountered but unfortunately did not have the time to research into and find a solution for.
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[bookmark: _Toc196827989]12. Appendices 
[bookmark: _Toc196827990]12.1 CCS code for programming the PIC18F45K22
[image: A screenshot of a computer
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Figure 22 - CCS for PIC code lines 1 to 47
[image: A white background with text
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Figure 23 - CCS for PIC code lines 47 to 93
A graph to show misalignment imapct on power generation
20° misaligned	11.6	13.5	15.5	3.7943999999999999E-2	6.2607999999999997E-2	9.8399999999999987E-2	0° misaligned	11.6	13.5	15.5	5.7279999999999998E-2	9.956799999999999E-2	0.15717599999999998	Wind speed (M/s)
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19 void main ()
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setup_adc_ports (sAN20, VSS_VDD);
Setup_adc (ADC_CLOCK_INTERNAL | ADC_TAD_MUL_@);
delay_us(20);

led_init();

set_tris_a(@bl1101011);
set_tris_d(0b10000001);
set_tris_b(0x00);
set_tris_c(0x00);

set_ade_channel(20);
delay_us(15);

intl6 adc = 0;
Float voltage = 0.

while(TRUE)
{
if (input(pin_D7))
{
ade = 05
amps = 0;

voltage = 0;

For (int i
{
ade = read_adc();
voltage = (float)adc * 5.0 / 1023;

1< 20; i)

amps = (voltage) / 0.185;

delay_ms(5);

//Setup AN20 as ADC input
//Tnitialise the internal clock
7/ 20us delay

//Tnitialise the LCD display

// Set the outputs for the A ports
// Set the inputs for the D ports
7/ Set the B ports to output
/7 Set the C ports to output

//Select channel 20 for analogue input
/7 15us delay

//This is used to store a 10 bit ADC reading
//This is to store the value of the converted voltr

//Start of the main program Loop

//Tf there is an input detected on PIN D7 such as a button press

//The average 20 readings over the ADC

// Read the value from the ADC
// Calculate the ADC value into voltage

//ACS712 calcualtion of 2.5v at 0A using a sensitivity of 185mV/A

// Calcutate the amps

//Delay of 5 ms between samples
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59 amps = amps / 205 //Calculate the average current

&1
& 1ed_gotoxy(1,1); /1D First Line, first colum

& printf(lcd_pute, A, amps)s /0isplay the current value on the LCD

o

65 1ed_gotoxy(1,2); /160 second Line, First colum

66 printf(lcd_pute, J ade, voltage); /0isplay the value of the ADC input fron AN20 and the voltage
&

68 readleds - (ints) (voltage®(255.0/ 5.0)); J/ Allow the voltage to be read through s-bits on Leds
& output_c(readleds); J/0utput the value of the voltage on the Leds

7

n

2 i (voltage < 2.5) /15 voltage is Less than 2.5v

78 {

7 output_high(pin A1); //Turn on the motor to spin

7 output_lou(pin A2);

7 3

7 else

7B {

7 output_lou(pin AL); J/turn off the motor

s0 output lou(pin A2);

a1 3

a2 3

5 else /15 there is no input on pin 07

L] R

85 output_b(0x00); J/Turn off the LcD display

86 printf{lcd pute, ' +); J/clear the Leo display

&7 output_c(0x00); U/turn off the Leds

88 output_lou(pin AL); U/turn off the motor

8 output lou(pin A2);

% b

a1

2 delay_ms(250); J/ & 250w delay betusen each cycle of the while Loop
) 3

%}

95
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#include <main.h>
#define LCD_ENABLE_PIN PIN B0
#define LCD_RS_PIN PIN B1
#define LCD_RW_PIN PIN B2
#define LCD_DATA4 PIN B3
#define LCD_DATAS PIN B4
#define LCD_DATAS PIN BS
#define LCD_DATA7 PIN BS

16
1
12

13 unsigned int voltage;

13 unsigned int amps;

15 unsigned int ade;

16 unsigned int readleds;

17 unsigned int Leds_off = 0;

EBvovousuwne

#include <lcd.c>

1
19 void main ()

208(

21 setup_adc_ports (sAN20, VSS_VDD); //setup aN20 as ADC input

22 setup_adc (ADC_CLOCK_INTERNAL | ADC_TAD_MUL_@); //Initialise the internal clock

23 delayus(20); 77 20us delay

28 led_init(); //Initialise the LCD display

25

26 set_tris_a(eblllelenn); /7 set the outputs for the A ports

27 set tris_d(ebl0000001); 77 Set the inputs for the D ports

25 set_tris_b(ex00); 77 Set the B ports to output

29 set tris_c(ex00); 77 Set the C ports to output

3

31 set_adc_channel(20); //select channel. 20 for analogue input

32 delay us(15); 77 15us delay

3

3 int1s ade - 0; //This is used to store a 10 bit ADC reading

35 float voltage = 0.0; 7/This is to store the value of the converted voltage
36 float amps - 0.0; 7/ This is used to store the value of the current

37

38 while(TRUE) //start of the main progran Loop

3E {

0 iF (input(pin D7) J/If there is an input detected on PIN D7 such as a button press
ag €

42 adc

43 amps - 0

s Voltage - o;

s

6 for (int i= //The average 20 readings over the ADC

P R
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adc = read_ade();
voltage = (float)ade * 5.0 / 1023;

amps = (voltage) / 0.185;

delay_ms(5);
¥

amps = amps / 205

1ed_gotoxy(1,1);
print(led_pute, “Anps: %1274, amps);
1ed_gotoxy(1,2);

printf(lcd_pute, "A0C:%1u ', ade, voltage);

readleds = (int8)(voltage*(255.0/ 5.0));
output_c(readleds);

if (voltage < 2.5)
{

output_high(pin AL);

output_low(pin_A2);

else
{
output_low(pin AL);
output_low(pin_A2);
¥
1
else
{
output_b(2x20) ;
printf(led_pute, "\
output_c(ex20);
output_low(pin AL);
output_low(pin_A2);

¥

delay_ms(250);

// Read the value from the ADC
// Calculate the ADC value into voltage

//ACS712 calcualtion of 2.5v at 6A using a sensitivity of 185mV/A

// caleulate the amps

//belay of 5 ms betueen samples
//Calculate the average current
//LCD first Line, first column

//bisplay the current value on the LCD

//LCD second Line, first column
//bisplay the value of the ADC input fron AN26 and the voltage

// Allow the voltage to be read through 8-bits on Leds
//0utput the value of the voltage on the Leds
//If voltage is less than 2.5v

//Turn on the motor to spin

//Turn off the motor

//If there is no input on pin 07

//Turn off the LCD display
//Clear the LCD display
//Turn off the Leds
//Turn off the motor

// A 256ms delay between each cycle of the while Loop
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