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1. Introduction
1.1 Project Purpose

This senior design project involves using solar power as an energy source for an educational display that can be used to demonstrate power electronics and renewable energy concepts.  This will be used to introduce these concepts through the use of an Android app that will wirelessly connect to the microcontroller via Bluetooth.  The mobile application will provide a platform for the user to view real time power, voltage, current, efficiency, duty cycle, and frequency.   
1.2 Group Objectives

The goal with this project is to charge a battery using a solar panel which will power all components in the education display and demonstrate the charging process with a charging circuit.  A dimmer lamp will be used to change the intensity on the solar panel to replicate the affects of changing sunlight.  Users will be able to turn a hand crank to compete against the solar panel in powering a light bulb and see the differences between the two.  An inverter circuit will be used to generate a 120VAC load station, which will also facilitate demonstrating the process.
All the above components will be controlled through a PIC18LF2610, which will provide PWM signals to both the charging an inverter circuits, monitors and maintains the optimal voltage at the charging circuit, and measures current and voltage values from specific probe points.  The collected data will be used to calculate power, voltage, current, duty cycle, and frequency measurements that will be displayed on the app.  The Android application will allow the user to see an overview of the entire process from the solar panel to the 120VAC load station, and view real-time measurements as well as a brief explanation of the process that is currently being monitored.  Users will be able to download the app onto an Android phone, connect wirelessly to the microcontroller via Bluetooth and explore the renewable energy and power electronic topics.
1.3 System Overview

As seen below in  REF _Ref322374938 \h  \* MERGEFORMAT 
Figure 1, the whole project can be broken down into three smaller functions namely Interface/Control, External Stations, and Power Conversion.  The color code corresponds to the different functions and the group member assigned to it.

Figure 1: Project Block Diagram

2 Design 
2.1 Component Descriptions
2.1.1 Variable Light Source


The Variable Light Source is used to simulate different levels of solar radiation. It will be a small desk lamp, about two feet high with an adjustable neck and a 40 W soft white light bulb. This lamp will be attached to a dimmer that will slide to allow various amount of light output. Users of the circuit will be able to change the amount of light the panel receives and therefore see what effects that has on solar panel voltage and efficiency.  

2.1.2 Solar Panel


The Solar Panel is the backbone for the power system and therefore was mandatory to size first. Originally a Universal Power Group (18V, .56A 10W) solar panel was going to be used however, a six cell white Sun Power promotional panel was available on loan from the Power Group and was selected for this reason. Since the panel was promotional it was necessary to map out its IV-characteristics. The technique used to do this is outlined in section 3.2.1. The results were an open circuit voltage around 4V and a short circuit current around 4A with a maximum power achieved of 9.68W. This fits our requirements of the panel being able to provide 8W which is described in section 2.2.1.    

2.1.3 Charging Circuit

The charging circuit is used to provide a constant float voltage to the Lead-Acid Battery. It will take the solar panels 3-6V as input and boost it to 13.7V +/- 0.1V in order to match the batteries charging requirements. The converter will be built with discrete parts and the schematic is given in Figure 2 below. A MTP50N06 MOSFET (50V/60A) was used since its voltage and current ratings are well above the required 11V/5A limit. A 1N5822 Schottky Rectifier was selected due to its low 0.525V on-state voltage drop. To drive the MOSFET an IR2112 low-side gate driver will be used. The output capacitors are two 100µF electrolytic capacitors. The choice for two capacitors rather than one comes from a desire to reduce the overall effective series resistance (ESR). By placing two similar capacitors in parallel the ESR will drop to half its original value simply based on basic resistor physics. The input inductor is a 325µH inductor sized in order to reduce the current ripple of the circuit. It was wound using a powdered iron core of material type #26 and 28 gauge wire. The circuit will utilize the microcontroller as a feedback loop to insure it meets the batteries charging specifications.
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Figure 2: Charging Circuit Design
2.1.4 Battery

The battery was selected to handle a load up to 100W for at least a 50 minute class period. The Universal Power Group 12V 7Ah battery was borrowed from the Power Lab.  It will take a charge input from the charging circuit and output power to the inverter. The voltage of the battery will be monitored by the PIC through a simple resistor divider network. Current will also be monitored by the PIC through a 5V 5A Current Sensor. This information will then be displayed to the user.
2.1.5 Inverter Circuit

The inverter is the final stage in the conversion process. It will take the output from the battery and convert it to 120VAC to drive the variable load station. Originally the goal was to have 60Hz sine wave at the output but due to the unavailability of a 100W transformer it was decided to keep the 100 kHz switching and provide a 100 kHz square wave at the output. It will be built discretely and the schematic is given in Figure 3 below. The MOSFETs used will be MTP50N06 (50V/60A) which was selected because they had suitable voltage and current ratings. Two IRS2003 Dual High/Low side gate drivers will be used to drive the FETs. These drivers were selected due to the fact that they came with a built in dead time between high and low driving. This dead time is necessary to prevent creating a short across the battery terminals which is known as “shoot-through current”. The circuit will take a PWM signal generated from the PIC. A transformer will be the final stage in the conversion and is used to boost the inverters output from the 12V to 120V value needed for 120Vrms.  The inverter should be able to handle 100W at the output in order to drive the entire range of the Variable Load Station. Finally, it will be monitored by the microcontroller to provide information on the power delivered to the load.
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Figure 3: Inverter Circuit Design
2.1.6 Variable Load Station

The Variable Load Station provides the educator the ability to demonstrate the effect of different loading conditions on the overall efficiency and operation of the power circuitry. To mimic real world applications a load that varies from 0 – 100W was desired. This is handled by implementing the circuitry depicted in figure 4 below.  Each resistor is a PF1260 High Power Silicon Resistor (20W, 1kΩ). Each resistor being 1kΩ means that each one will consume 14.4W when switched into the circuit. The switches are Single Pull Double Throw (SPDT) Switches that were provided by the parts shop. The station has its own printed circuit board (PCB) in order to allow the switches to be mounted to the external of the display case. 
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Figure 4: Variable Load Station Schematic
2.1.7 Microcontroller

As seen below in Figure 5, the microcontroller circuit consists of a PIC18LF2610, 12V to 5V voltage regulator IC, a 0.1µF capacitor connected at VDD in order to clean up the power signal, and both VSS connected to ground.  The PIC has a TX and RX outputs and inputs that will be used to connect to the Sparkfun BlueSMiRF Bluetooth module RX and TX pins respectively, which will facilitate the Bluetooth connection between the PIC and the Android phone.  The PIC’s output pins 24 and 13 are CCP2 and CCP1 respectively and are the PWM outputs that are connected to the charging circuit and the inverter circuit.  Pins 2-5, 7, and 21 are configured as inputs with an analog to digital converter.  These inputs will be used to measure in voltage and current at the specific probe points in order to calculate power, and to monitor and maintain the optimal charging circuit voltage.
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Figure 5: Microcontroller Schematic
2.1.8 User Interface Application

The user interface block will be design using Eclipse IDE, Java Development Tool, and XML based layout files.  The end product will be an Android app that the user can download to their Android phone and follow the different components of the project on their own while learning about the process and looking at real time data values such as power, voltage, current, duty cycle, and frequency.  The app will look similar to the layouts shown in Figures 6.
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Figure 6: Android App Home Screen
2.1.9 Hand Crank Station

The Hand Crank Station is meant as a fun way for the user to compare the power produced by the solar panel to that produced by a more conventional mechanical method. The station consists of a 12V DC motor connected to an 8.5cm shaft through a gearbox. The gearbox was necessary based on our testing which showed a human can spin the shaft at a slower 40-60RPM than is need for the 1800RPM motor. The 65.5:1 gear ratio was selected due to availability in the machine shop and worked well.  
2.2 Design Calculations
2.2.1 Solar Panel


The panel should be able to charge the 80Wh battery 10% in a one hour class period. This means that the panel should be able to provide 8W at any given time. This is given by equation 1 below. 
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The 10W promotional panel obtained from the power lab will provide enough power. 

2.2.2 Charging Circuit
Input: 3-6Vdc from Solar Panel


Output: 13.7V +/- 0.1Vdc to the Battery


PIC to deliver Switching Signal


The characteristic equation for a Boost topology converter is given in equation 2 below. This assumes ideal parts (i.e. no voltage drop across the diode) and was used when making the design calculation.
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As a quick check to see whether one or two boosts would be needed the Duty values were calculated in the extreme cases. These values should be between 10-90% and as can be seen below they came out within this range. 
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One issue is how close the duty cycle gets to 90% even when using a simplified model. This implies a need to check a more realistic model by including a voltage drop across the diode of 0.5V (the value for the 1N5822). The new equation for duty cycle is worked out below. 
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	(5)


Solving for D yields:
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D = 77%

This is still below the 90% mark so the design can be continued. 

With the duty signal verified the parts now need to be selected. First is the capacitor sizing which determines the ripple on the output of the converter. This is done by using the characteristic equation for a capacitor given below. 
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For a Boost converter the current is simply the output current when the MOSFET is on. The current relationship is simply the inverse of the voltage relationship. Therefore, for our circuit, the output current will be either 1.45A or 2.2A in the worst case scenario when the solar panel is supplying its full 5A. Using the values above the Capacitance should be 66µF. The selection of two 100µF came from a desire to reduce ESR.  


Now the diode and MOSFET must be sized for voltage and current ratings. Both the diode and MOSFET must be able to block:
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Therefore, in worst case when the input is 3V they must be able to block 10.7V. The current they can carry must be Iin which in the worst case is 5A. 


Finally, the inductor value must be large enough such that the converter remains in continuous mode. To find the inductor value the characteristic equation of an inductor was used. 
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Using this equation when the MOSFET is on yields an inductance value greater than 3µH. The oversizing of the inductor to 300 µH was selected due to the ease of design when physically winding the inductor. 

2.2.3 Battery 

Ideally the battery could power a 100W load for a 50 minute class period.
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 = 80 Wh
	(12)


This implies that the 12V, 7Ah (84Wh) battery just meets this requirement. This is acceptable since in reality the load will not be continuously connected and will be varied from 0-100W throughout the class period.
2.2.4 Inverter Circuit

Input: 11-13Vdc from the battery

Output: 120Vac, 60Hz, sine wave to variable load

Take a PWM signal from the MCU

A Full-Bridge or H-Bridge inverter will be used in our design with PWM switching signal. In this set-up the MOSFETs must be able to block the peak voltage and carry the highest peak output current. For our design the current peak will be 8.33A and the peak voltage will be the 12Vnom from the battery. The output from the inverter will be sent to a step-up transformer. This transformer will have to take the 10V peak from the inverter and boost it up to 170V peak. This means a 1:17 winding will be used. The transformer should be able to handle 100W on either side which means 0.833A on the secondary (high-side) and 14.17A on the primary (low-side).


Another issue in the inverter circuit is the selection of proper bootstrapping capacitors. The purpose of the bootstrap capacitor is to insure that a high enough voltage is kept between the gate and source in order to properly turn the high side gate on or off. This voltage for our circuit was 10-12V. To maintain this level a 56µF tantalum capacitor was used. This was obtained from the equation below where the information on the right hand side was obtained from the IRS2003 datasheet. 
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2.2.5 Inductor Design

Because inductors are such specialty items it was necessary to wind our own inductors. A powdered iron core was selected to act as the magnetic medium due to the wide range of core types and their availability in the parts shop. The characteristic equation for these inductors is given below where N is the number of windings and AL is given in  [image: image23.png]Turns?
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Since the required inductance value was calculated above in the charging circuit section it is desired to find a material with an AL value that will give a reasonable amount of number of turns. Solving for AL in the equation above and taking N to be 100 yields:
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The material T-80-26 was found in the parts shop with an AL value of 450. Using this material with 80 turns would yield a value of 288µH according to the inductance equation above. This is what was selected and after winding was measured using the LRC Bridge 2400 to be 325µH. This discrepancy is acceptable and most likely occurred due to incorrect counting when winding the inductor.
2.2.6 Variable Load Station


The load station has to be able to handle a maximum of 100W and be incremental in nature. Ideally each resistor will consume 10W which leads to a total of 10 incremental steps that can be demonstrated. To find the resistance needed for each step the equation below can be solved using V as 120VAC. 
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This yields R = 1.44 kΩ. 1kΩ resistors were selected due to availability which led to 14.4W dissipated in each resistor. This meant a total of 7 resistors are needed to reach the 100W maximum. 
2.2.7 Microcontroller 

Equation 19 below will be used to initialize the charging circuits PWM signal duty cycle, where Vin is the monitored voltage, Vout is to be maintained at 13.7V, and D is the duty cycle of the PWM signal.
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When using the calculation above the duty cycle should stay between 10%-90% range so as to not damage the circuit.  After initializing the duty cycle value for the PWM signal the charging circuit voltage is monitored in order to change the D to maintain a 13.7V at Vout.

The voltage and current values measured at the probe points will be used to measure the power at specific points in the process through the use of equation 20.
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3. Design Requirements and Verification
3.1 Requirements

	Status


	Performance Requirement 
	Testing and Verification Procedure

	Complete
	1) The solar panel will provide 8 W

a) The open circuit voltage will be approximately 4 V outside on a day when the sun is unobstructed for at least 70% of the time

b) The short circuit current of the solar panel will be 5-6 A outside on a day when the sun is unobstructed for at least 70% of the time

c) Plot of the solar panel’s I-V curve will be fitted to the curve of Figure 1 within 10%
	1) Measure the output power when the lamp is on at full power and is shone directly onto the solar panel

a) Obtain the open circuit voltage with the solar panel outside at noon on a day with >70% sun by measuring voltage with a known resistance

b) Obtain short circuit current of the solar panel by dividing the obtained voltage by the known resistance

c) Once the current and resistances are known, the results will be plotted on a graph and the output will be analyzed and included in documentation

	Complete
	2) The charging circuit will provide 13.7V +/- 0.1V for charging of the battery over entire solar panel range.

a) Can handle the 2-5V input variation with external Switching Signal.

b) Gate of the MOSFET is receiving a 100kHz Switching signal. 
	2) Monitor the converter recording Pin ,Pout, Vout, Vin to see proper operation and record efficiency. 

a) Connect input to variable power supply. Measure output voltage on oscilloscope to verify proper 13.7 +/- 0.1V output. Ensure duty cycle is within 10-90%.  

b) Check to see a 0-5V square wave at Pin 24 of the PIC. Check to see a 0-12V square wave at Pin 7 of the Gate Driver. Both signals should be 100 kHz.  

	Transformer Needed
	3) The inverter should convert the output from the battery into 120VAC to either of the loads

c) Can handle 12Vdc to 120Vac conversion over entire output range with 100 kHz switching signal. 

d) Can accept PWM signal from PIC
	3) Test the converter over the entire load range. Record efficiency data as well as display output waveform on oscilloscope. 

a) Vary load over 0-100W range. View the output voltage waveform and compare to a 120V square wave. Its frequency should be 100 kHz.

b) Using the oscilloscope, view the PIC PWM signal from Pin 13. It should be a 0-5V square wave with a duty cycle of 50%. With the oscilloscope view both the outputs of the gate driver. They should be 0-12V square waves. One will be inverted while the other is not.  

	Complete
	4) The microcontroller will make accurate measurements of the inputs including the power measurements from the solar panel and hand crank, the charging of the batter, and the efficiency of the circuitry to within 5% of the actually value 

A. Charging Circuit PWM Output will be 100KHz with feedback controlled duty cycle value 

B. Inverter Circuit PWM Output will be 100KHz with a 50% duty cycle 

C. Analog to Digital Converter will measure accurate voltage and current measurements 

D. PIC will send and receive data via Bluetooth accurately 

a) 5V voltage regulation at VDD on the PIC
	4) Because the output of the solar panel and the hand crank can be found from aforementioned processes, lab equipment will be used to test values from the microcontroller and a chart will be created to ensure functionality within 5% of the actual value.

a) View oscilloscope to ensure the microcontroller is producing accurate values.

b) The Bluetooth connectivity will be tested by using test text to check connectivity.

c) An oscilloscope will be used to compare the actual duty cycle.

d) Use a multimeter to ensure the LM7805 IC is regulating voltage properly from 12V.

	Complete
	5) Hand Crank Station should output 12V+/-2V

a) The hand crank startup torque should be no greater than 6.87 Nm


	5) Hook output to voltmeter and verify 12V +/-1V at the output under moderate human strain 

a) Measure torque by finding the product of the length of the arm, the magnitude of the force and the sine of the angle between the force vector and arm vector

	Complete
	6) The Android App will present the project data point values, update its values real-time via Bluetooth, and provide summary information on the different processes in the project.

A. Bluetooth connectivity through the app

B. Provide voltage, current, power, and duty cycle, values

C. Provide summary information on the Charging Circuit, Inverter Circuit, 120VAC Variable Load Station, Hand Crank Station, and Battery.
	6) The Android App functionality can be observed by running the app on an Android phone.

A. Confirm pairing and connection between the PIC and app through real-time updates of the data points.




Figure 7: Verification Table
3.2 Verification Testing

3.2.1 Solar Panel


The solar panel was tested outside on three separate occasions. Since the panel was a promotional item no datasheet exists for the unit. Because of this the data was compared to a typical IV- Curve of a solar panel given in figure 8 below. 
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Figure 8: Typical IV-Curve of Solar Panel


To get different points on the panels IV-Curve a system of parallel resistors like that of figure 9 was used. As more resistors are switched in the overall resistance is decreased and the curve is traced from the open circuit voltage (Voc) towards the short circuit current (Isc). Data for our three tests are given below in figure 10, 11, and 12. Figure 13 is a graph of test 3 which yielded the best results. Test 3 yielded the best results because the values of the resistors (10Ω) were low enough to begin the change from the constant voltage region near the open circuit voltage to the constant current region. The other tests used resistors that were too large (3kΩ, 39Ω) and therefore the data obtained only covered a small portion of the graph close to Voc. Figure 13 shows that the panel fits a typical curve although the slope from Voc to the knee of the curve is much flatter. Also, still more resistors would have been needed in order to trace the curve even closer to the sort circuit current. 
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Figure 9: Schematic for Solar Panel Testing
	Test 1 on February 22nd 

	Ohms
	Open Circuit
	3000
	2000
	1000
	666.67
	560
	280
	186
	112

	Voltage
	3.33
	3.24
	3.3
	3.26
	3.26
	3.19
	3.19
	3.18
	2.96

	Current 
	0
	0.00108
	0.00165
	0.00326
	0.00489
	0.005696
	0.011393
	0.017097
	0.026429

	Power
	0
	0.003499
	0.005445
	0.010628
	0.015941
	0.018172
	0.036343
	0.054368
	0.078229


Figure 10: Test 1 Data
	Test 2 on February 29th

	Ohms
	Open Circuit
	39
	19.5
	13
	9.75
	7.8
	6.5

	Voltage
	3.88
	3.76
	3.75
	3.6
	3.6
	3.7
	3.66

	Current
	0
	0.09641
	0.192308
	0.276923
	0.369231
	0.474359
	0.563077

	Power
	0
	0.362503
	0.721154
	0.996923
	1.329231
	1.755128
	2.060862


Figure 11: Test 2 Data
	Test 3 on March 9th

	Ohms
	Open Circuit
	10
	5
	3.33
	1.666667
	1.111111
	0.833333
	0.714286

	Voltage
	3.81
	3.7
	3.62
	3.5
	3.28
	3.04
	2.85
	2.63

	Current
	0
	0.37
	0.724
	1.051051
	1.968
	2.736
	3.42
	3.682

	Power
	0
	1.369
	2.62088
	3.678679
	6.45504
	8.31744
	9.747
	9.68366


Figure 12: Test 3 Data
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Figure 13: IV-Curve for Test 3

3.2.2 Charging Circuit

The charging circuit has been tested using an external switching signal and Power Supplies. The 12V and 5V logic level supplies were provided by the HP E3631A Triple Outlet Power Supply. The solar panel input voltage was provided by the Kenwood Variable DC Supply and was varied over the entire 3-6V range. Finally, the switching signal was provided by the 8011A Pulse Generator which allowed for control over the switching frequency and pulse width. The frequency was set to 100kHz in order to test the circuit as designed. 

It was desirable to see the efficiency of the converter over the range of desired inputs as well as over a range of Load levels. Two separate tests were performed.

 First, the Load was set at a constant 1.25 W by putting a 150 Ω load across the output. The voltage was then varied from 3V to 6V in increments of 1V to see the effects of varying solar panel input voltage on converter efficiency. Data was also collected using the Oscilloscope to see the ripple on the output voltage. The results are given in Figure 14 and Figure 15 below: 

	Vin
	Vout
	Delta V
	Efficiency

	2.94
	13.71
	0.1
	0.71

	3.95
	13.68
	0.15
	0.8

	4.98
	13.76
	0.14
	0.85

	5.97
	13.72
	0.11
	0.87

	
	
	
	


Figure 14: Data for Constant Power Varying Input Voltage
[image: image38.png]0.5

Efficiency VS. Input Voltage





Figure 15: Graph of Efficiency vs. Input Voltage
Next, the input voltage was held at 5V and the input power was varied from 1W to 5W. This is a good estimate of what we believe our panel will be able to provide and was made based on the solar testing that Sierra did. Again data was collected in order to obtain efficiency of the converter. The results are given in Figure 16 and Figure 17 below:
	Vin
	Vout
	Pin
	Pout
	Efficiency

	4.98
	13.71
	0.87
	0.74
	0.85

	4.98
	13.76
	1.48
	1.26
	0.85

	4.95
	13.72
	2.32
	1.91
	0.82

	4.89
	13.73
	5.2
	3.9
	0.75


Figure 16: Data for Constant Voltage Varying Power
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Figure 17: Efficiency vs. Input Power

These tests verify that the converter can function over the expected input voltage range and provide adequate output voltage. The ripple on the output is slightly higher than desired however this shouldn’t cause any problems with the functioning of the overall circuit. If it becomes an issue more capacitance can be used on the output or a smaller switching frequency can be used for the switching signal both of which should reduce voltage ripple.
3.2.3 Inverter Circuit

To test the functioning of the inverter circuit a simple constant load was attached to the output of the converter. Data was then recorded through the oscilloscope to demonstrate the delay time between the high and low gate drivers which are demonstrated in Figure 18. 
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Figure 18: Gate Delay for the IRS2003
Data was also taken to see the output voltage and frequency. This data is shown in Figure 19 with CH1= Reference Signal from PIC, CH2 = High Side Gate Drive Signal, CH3= Low Side Gate Drive Signal, and CH4 being the Output Voltage of the inverter. It is significant to notice that the output signal is a 100 kHz square wave due to the inability to find a suitable 100 W 60 Hz transformer. Also, it is significant to notice 12 VAC rather than the 120 VAC desired. This was due to a failure in the design of the transformer which we believe to be inadequate to handle the 100 kHz signal. A new magnetic core would need to be selected to avoid transformer saturation.   
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Figure 19: Testing and Verification of Inverter Circuit

3.2.4 Microcontroller

As seen in Figure 20, the 12V to 5V regulator is working as it should maintain a 5V supply to the PIC.  In Figure 21, it can be seen that the output of the PIC charging circuit PWM produces the desired 100 kHz signal with a feedback controlled variable duty cycle that changes per the monitoring code to keep the charging circuit Vout at 13.7V.  Figure 22 shows that the inverter circuit PWM is at 100kHz and a constant 50% duty cycle.  As seen in Figure 23, the Analog to Digital converter works as expected.
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Figure 20: 12V to 5V Voltage Regulator
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Figure 21: PIC Charging Circuit PWM Output
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Figure 22: PIC Inverter Circuit PWM Output

	Actual Voltage
	ADC Voltage
	Percent Error

	1
	1
	0.00%

	2
	2
	0.00%

	3
	3
	0.00%

	4
	4
	0.00%

	5
	5
	0.00%

	6
	6
	0.00%

	7
	8
	14.29%

	8
	9
	12.50%

	10
	11
	10.00%

	14
	16
	14.29%


Figure 23: Analog to Digital Converter Testing Results
3.2.5 Current Sensors


To measure current and report it to the PIC 5V 5A Hall Effect current sensors were used. According to the manufacturers datasheet the relationship between input current to the output voltage is given by the equation below. 
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	(23)


To verify this relationship a simple test circuit was hooked up following the schematic given on the datasheet in Figure 24. 
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Figure 24: Current Sensor Testing Setup
The pins 1 and 2 were connected to a constant DC voltage source provided by the Kenwood Supply in the Power Lab. Pins 3 and 4 went out to the load while Pin 7 was monitored by the bench multimeter. We then swept the input voltage over a range while keeping the output load constant. We measured the current through Pins 1 and 3 and the voltage out at Pin 7. This allowed for the creation of a V vs. I graph that is given in Figure 25. The data for our tests is given in Figure 26. 
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Figure 25: V vs. I Curve Generated For Current Sensors
As can be seen the measured values yielded a relationship given by the equation below. 
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	(24)


This is slightly different than the value given on the manufacturers datasheet and was used when programming the PIC. 

	Current sensor testing March 29

	Voltage
	Resistance
	Measured Current
	Vout Expected
	Vout
	% Error

	2.26
	1.13
	1.84
	2.868
	2.83
	1.32%

	1.7
	1.13
	1.375
	2.775
	2.74
	1.26%

	1.13
	1.13
	0.912
	2.6824
	2.66
	0.84%

	0.56
	1.13
	0.46
	2.592
	2.58
	0.46%

	0
	1.13
	0
	2.5
	2.5
	0.00%


Figure 26: Data For Current Sensor Testing
4. Cost

4.1 Parts

	Module
	Part 
	Cost
	Quantity
	Total 

	Charging Circuit
	 
	 
	 
	 

	 
	IR2112 HI/LO Gate Driver
	3.66
	1
	3.66

	 
	Assorted Resistors
	0.05
	3
	0.15

	 
	Ceramic Capacitor
	0.05
	2
	0.10

	 
	1N5822 Shottky Diode
	0.50
	1
	0.50

	 
	MTP50N06 NFET
	0.20
	1
	0.20

	 
	LM7805 Voltage Regulator
	0.69
	1
	0.69

	 
	100 uF Electrolytic Capacitor
	0.05
	2
	0.10

	 
	300 uH Inductor
	0.06
	1
	0.06

	 
	UPG 12V 7Ah Battery
	13.4
	1
	13.40

	 
	 
	 
	SUB TOTAL
	18.86

	Inverter Circuit
	 
	 
	 
	 

	 
	IRS2003 Half Bridge Gate Driver
	2.50
	2
	5.00

	 
	Ceramic Capacitor
	0.05
	4
	0.20

	 
	1N4001 Diode
	0.04
	2
	0.08

	 
	Assorted Resistors
	0.05
	4
	0.20

	 
	3mH Inductor
	0.10
	1
	0.10

	 
	MTP50N06 NFET
	0.20
	4
	0.80

	 
	5V 5A Current Sensor
	4.52
	1
	4.52

	 
	Transformer 5:115V 100W
	30.00
	1
	30.00

	 
	 
	 
	SUB TOTAL
	40.90

	Hand Crank
	 
	 
	 
	 

	 
	1.8W Light Bulbs
	1.50
	3
	4.50

	 
	12V DC Motor 
	20.00
	1
	20.00

	 
	Assorted Resistors
	0.05
	2
	0.10

	 
	 
	 
	SUB TOTAL
	24.60

	Solar Panel
	 
	 
	 
	 

	 
	Sun Power 6 Cell Promotional
	40.00
	1
	40.00

	 
	1.8W Light Bulbs
	1.50
	3
	4.50

	 
	Assorted Resistors
	0.05
	2
	0.10

	 
	5V 5A Current Sensor
	4.52
	1
	4.52

	 
	 
	 
	SUB TOTAL
	49.12

	Microcontroller
	 
	 
	 
	 

	 
	PIC18LF2610
	6.02
	1
	6.02

	 
	BlueSmirf Gold Bluetooth Chip
	64.95
	1
	64.95

	 
	Ceramic Capacitor
	0.05
	4
	0.20

	 
	Assorted Resistors
	0.05
	1
	0.05

	 
	LM7805 Voltage Regulator
	0.69
	1
	0.69

	 
	 
	 
	SUB TOTAL
	71.91

	Variable Load Station
	 
	 
	 
	 

	 
	High Power Silicon Resistor
	2.40
	7
	16.80

	 
	SPDT Switch
	1.00
	7
	7.00

	 
	5V 5A Current Sensor
	4.52
	1
	4.52

	 
	 
	 
	SUB TOTAL
	28.32

	
	
	
	TOTAL 
	233.71


Figure 27: Parts List
4.2 Labor
	Philip
	$30/hour
	2.5
	13.5 weeks
	12 hours/week
	$12,150

	Sierra
	$30/hour
	2.5
	13.5 weeks
	12 hours/week
	$12,150

	Luis
	$30/hour
	2.5
	13.5 weeks
	12 hours/week
	$12,150

	 
	 
	 
	 
	Total
	$36,450


Figure 28: Labor Costs
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Therefore, the total cost of our circuit was $36,683.71. 

5. Conclusion
5.1 Accomplishments

We were able to get the individual components of the project functioning. The mobile Application was able to communicate via Bluetooth to the PIC and update voltage readings in real time. The PIC was successful in controlling the charging circuit over a range of input voltages. The inverter circuit could provide a 12 VAC square wave output. Finally, a sleek box was created to effectively package the device. 

5.2 Uncertainties

First and foremost was the inability to create a working PCB. The file that was generated had a mislabeled part that caused a short on the board. When the switch was flipped to provide power the circuit blew and damaged multiple IC’s on the board. Another less catastrophic failure was our inability to make a functioning 100 kHz transformer. This limits the usefulness of the Variable Load Station as it was designed to receive a 120 VAC signal rather than the 12 VAC signal we were able to produce. Finally, the light bulbs that were to be driven by the solar panel were improperly sized and as such were not lighting up when connected to the panel. 

5.3 Ethical Considerations

When designing this product there has been special attention taken to meet the IEEE Code of Ethics standards.  Due to the nature of the product the biggest ethical consideration is to create a product that is accurate in its educational content and safe for children and adults to use.  These are met by ensuring that all values that are reported on the app are accurate as well as the information displayed on each portion.  The second point will be met by limiting voltages and packaging the product such that no circuit components are exposed to the end user.
5.4 Future Work


Below are listed improvements that would make the educational display more informative. 
1. Variable light source that mimics a typical solar radiation pattern within a class period.

2. Maximum Power Point Tracking for the solar panel. 

3. Purchasing a transformer (60Hz, 1:10, 100W) to allow a more realistic 60Hz sine wave at the output.

4. Code in the Android App that allows user to see real-time pricing of electricity to see how much money the panel is generating.   
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