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[bookmark: _Toc381798760]1. Introduction

[bookmark: _Toc381798761]1.1 Statement of Purpose

According to the Solar Electric Power Association (SEPA), the loss of solar power due to the accumulation of dirt, bird excrements, leaves, snow etc. can reach up to between 15-20% [1]. Solar panel owners, both commercial and residential, often tend to overlook this aspect of solar panel maintenance. This project was chosen to design a cleaning system that would tackle this problem, along with being efficient, cheap, and easy to use.

[bookmark: _Toc381798762]1.2 Objectives

[bookmark: _Toc381798763]1.2.1 Project Goals:
· Design a mechanism to detect obstructions on solar panels causing significant loss of power
· Design a cleaning mechanism that runs across the length of the panels
· Program the system so that it also cleans on a scheduled basis 
· Improve overall solar panel efficiency

[bookmark: _Toc381798764]1.2.2 Functions:
· Enable the cleaning mechanism once an obstruction has been detected
· Be able to distinguish between whether the obstruction is physically present on panel or not (e.g. cloud shading)
· An  indication whether the soap/water tanks need refilling

[bookmark: _Toc381798765]1.2.3 Benefits:
· Reduction in cleaning costs
· Easy installation
· No soap or water residue left over
· Cleaning done even in absence of owner

[bookmark: _Toc381798766]1.2.4 Features:
· One-time installation
· Effective wiping system with efficiently paced motion
· Easily replaceable wipers


[bookmark: _Toc381798767]2. Design

[bookmark: _Toc381798768]2.1 Block Diagrams

Table1.  Block Diagram Legend
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Figure 1.  Top Level System Diagram
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Figure 2. Power Supply
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Figure 3.  Photovoltaic Panel
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Figure 4. Motor and Spray Valve Control
[bookmark: _Toc381798769]2.2 Block Diagram Descriptions

[bookmark: _Toc381798770]2.2.1 Microcontroller
The microcontroller unit will consist of a MSP430-G2553 chip. It will have two main functions implemented. The first will be to implement proportional control on the converter. It will output duty ratio ranges from 0.49 to 0.98. It will also read the output voltage of 14.7V±2% and compare it to the reference voltage of 14.7V. Then it will increase the duty ratio when the output voltage is lower than the reference voltage and decrease the duty ratio when the output voltage is higher than the reference voltage. Figure 5 demonstrate the logic specifically tailored to this proportional control.
The second function of the microcontroller is to interpret the incoming signals from the 6 panels and the encoder. Based on the incoming signals, it is to make decisions for the valve, the gate driver, and the H-bridge. 

[image: ]
Figure 5.  Proportional Control Flow Chart for Charger


[bookmark: _Toc381798771]2.2.2 Photovoltaic (PV) Panel

	Six solar cells will be connected in series to provide a nominal 36V open circuit and 0.5A short circuit to the Battery Charger.  The solar cells in the panel will protected by a glass cover to prevent damage due to the water from the sprayer and scratching from the wiper.  The glass and metal frame for the solar panel will be manufactured by ECE Machine Shop and be attached to the Wiper and Spray Mechanisms.
[bookmark: _Toc381798772]2.2.3 Power Supply

· Battery Charger
The converter will take the output of the solar panels as the input voltage and buck down the voltage for the battery. The input of the converter ranges from 30V to 15V. The output of the converter needs to be 14.7V±2%.
· Switch
The switch that will be implemented is the 30N06 MOSFET. It will conduct when the duty cycle signal is high and switch off when the duty signal is low. The MOSFET is driven by a gate driver.
· Gate Driver
The gate driver that will be used is the MIC4420CT and IR2111. Together they form both a high side and a low side gate driver. It is chosen for the flexibility to improve to a synchronous converter in the future. The gate driver takes the PWM signal from the microcontroller and outputs PWM signal that drives the MOSFET. 
· Diode
A Schottky diode is used to route the direction of the current in the circuit. It blocks the current when the FET is on and conducts when the FET is off. The 3A, 30V Schottky diode 1N5821 is chosen for the specifications. The Schottky diode has a forward voltage drop of 900mV only. 
· Input & Output Capacitors
The input capacitor is used to protect the solar panel from harm. The AC component from the panel that do not go into MOSFET is sent to ground through the input capacitor. The size of the input capacitor is chosen to be 10.2uF to protect the solar panel. 
The output capacitor is used to decrease the voltage ripple size of the output voltage. The output capacitor is calculated to be at least 5.1uF. Metal-film capacitors are chosen because of their high current rating and low loss characteristic. 
· Inductor
The inductor can be modeled as a current source to the output load. To avoid operation in DCM, the inductor size is chosen to be at least 294uH. 
[image: ]
Figure 6. Buck Converter Schematic for Battery Charger
[image: ]
Figure 7.  Proportional Control Flow Chart for Charger


· Battery
	The lead acid battery connected to the output of the converter is to be charged with output of 14.7V±2% from the converter. When the battery is not being charged, it is to output 12.38V±7%. It will have a diode letting the current in from the converter but prohibits backward current flow.
	

· Motor Power Supply

The Motor Power Supply is a switched mode DC/DC buck converter that steps a nominal 12VDC down from the Battery to the nominal 7.2VDC motor voltage.  On average the motor can supply 1.5A load.  The Motor Power Supply self-regulates the output voltage to the motor.  Therefore, the Motor Power Supply needs no external control, such as the microcontroller.  It is possible to change the output voltage changing the resistive voltage divider on the controller IC for the DC/DC converter.  See Figure 8 for the circuit level schematic.
		[image: ]
Figure 8.  Motor Power Supply Schematic

· Logic Power Supply

The Logic Power Supply uses two linear regulator IC’s to step a nominal 12VDC down from the Battery to the two logic level voltages (3.3VDC and 5VDC nominal) needed by the various other IC’s in the system.  Each linear regulator can handle up to 100mA of load current.  The expected load current is less than 50mA for each linear regulator.  Like the Motor Power Supply, the Logic Power Supply is self-regulating and requires no external control.  See Figure 9 for the circuit level schematic.
[image: ]
Figure 9.  Logic Power Supply Schematic

[bookmark: _Toc381798773]2.2.4 Motor Control
	The DC motor will have its own separate control circuit. The main components of the control circuit are a L298N Dual Full-Bridge Driver, and an EN16-H Rotary Encoder. These components will also be getting signals from the microcontroller.

[image: ]                                 [image: ]
	Figure 10. L298N	[6]					Figure 11. SN16-H	[7]

	
The L298N is a high-voltage, high current dual full-bridge driver. Since the design only includes one motor, only one full-bridge is needed from the chip. The full-bridge will be required to switch the direction of the motor rotation once the wiper reaches one end of the solar panel. Fly-back diodes (1N4001) are added across the motor to prevent a strong electrical pulse from being sent through the circuit. [8] 
 

An enable digital input turns the motor ON and OFF. Two digital inputs are fed into the L298N from the microcontroller. Table 2 shows the combinations of these inputs that determine which way the motor turns.
Table 2. Combinations of inputs for motor control [6]
	Inputs
	
	Function

	Ven = H
	IN1 = H, IN2 = L
	Forward

	
	IN1 = L, IN2 = H
	Reverse

	
	IN1 = IN2
	Fast Motor Stop

	Ven = L
	IN1 = X ; IN2 = X
	Free Running Motor Stop




The EN16-H rotary encoder will serve the purpose of signaling to the microcontroller as to when the direction of the motion needs to be changed. It takes in a 5VDC supply voltage. The encoder has 3 pins: A, B, and C. Pin C is connected to the ground while pins A and B generate pulses which determine which way the encoder is being rotated. Figure 12 shows a diagram of one of these pulses.
A
B

	Figure 12. One pulse of the Encoder       [7]
	
Pulse B is exactly 90 degrees out of phase with Pulse A [10]. The two pulses make transitions at different times and it is through these transitions that the encoder signals which way it is being rotated. The encoder has 24 pulses/revolution and each pulse has 4 transitions. So in 1 revolution we will have:
			
			
			

The pins A and B will be connected to a microcontroller and each time the microcontroller hits a transition it will increment count. It will keep incrementing count until it hits the nth transition at the end of the solar panel. At that moment, the microcontroller will send a signal to the L298N IC to switch the direction of the motor. Table 3 shows the different transitions of the pulses A and B.

Table 3. Different transitions during one pulse of the Encoder
	Clockwise
	Counter-Clockwise

	A ↑ , B = 0V
	B ↑ , A = 0V

	B ↑ , A = 5V
	A ↑ , B = 5V

	A ↓, B = 5V
	B ↓, A = 5V

	B ↓, A = 0V
	A ↓, B = 0V



	Once the motor comes back to its starting position by the same number of counts, the microcontroller will signal the L298N to stop the motor.

[image: ]
Figure 13. Flow Chart for Motor Control

[image: ]
Figure 14. Flow Chart for Position Control Using The Encoder

[image: ]
Figure 15.  Motor Control Schematic (based off schematic from [8] & [11]).


[bookmark: _Toc381798774]2.2.5 Solenoid Valve Control

A solenoid valve is used to control when water is sprayed onto the panel. It is actuated at 12VDC, but according to the distributor, can also work down till 6VDC too [9].
Figure 15 shows how the valve will be connected into the circuit. It will be supplied with a voltage of 12VDC ± 10%. The N-channel MOSFET is connected between the valve and the ground and will work as a control to open and close the valve. Whenever the N-Channel MOSFET gets a high input from the microcontroller, greater than 3VDC, it will cause the valve to open. The valve will only be opened for about 2-3 seconds before being closed again. This timing of the duration will be done through the microcontroller.

The fly-back diode in Figure 16 is used to prevent a strong electrical pulse being sent through the circuit [9].
[image: ]
Figure 16. Solenoid Valve Flow Chart
[image: ]
Figure 17. Solenoid Valve Schematic (based off schematic from [12])

[bookmark: _Toc381798775]2.2.6 PV Panel Wiper Mechanism
	The wiper mechanism, which wipes the PV Panel in the linear motion, will be fabricated by the ECE Machine Shop.  The wiper mechanism consists of a linear actuator, along the center of the panel frame, driven by a DC motor. One wiper bar is connected at the actuator and stretches on both sides of the PV Panel. It is driven by the screws’ rotation.
[bookmark: _Toc381798776]2.2.7 PV Panel Spray Mechanism
	The spray mechanism will consist of pipes stretched along both sides of the panel. A sprayer nozzle for each solar cell will be present on the pipe. This nozzle will have an optimal spray angle. The solenoid valve will control the flow of water through the pipes. The source of water will be a pressurized public water supply connected with a hose. This will also be fabricated by ECE Machine Shop. 
[bookmark: _Toc381798777]2.2.8 Differential Measurement Unit

	The Differential Measurement Unit uses 6 operational amplifiers connected in a difference amplifier configuration [3].  Each difference amplifier translates the differential voltage of the one of the series connected PV cells such that all the PV cell voltages are at the same reference as the entire system.  The gain of the amplifiers are adjusted to scale the PV cell voltages to keep them in the 0V to 3.3V range of the Microcontroller ADC inputs.  Once at the ADC of the Microcontroller, the PV cell voltages are used to determine whether or not a cell has been shaded.  See Figure 18 for the circuit level schematic.  A more specific description of the algorithm to determine cell shading is shown in Figure 19.
[image: ]
Figure 18.  Differential Cell Measurement Schematic

[image: ]
Figure 19.  Differential Measurement Unit Flow Chart

[bookmark: _Toc381798778]2.3 Calculations and Simulations


[bookmark: _Toc381798779]2.3.1 PV Panel

One PV cell was directly up to a spot light.  Short-circuit and open-circuit tests were performed on the single cell.




The data from the single PV cell was used to emulate six cells connected in series by replacing the photo current source in the PV cell model with a lab DC current source in its place [4].  It was set to for a constant current for the measured single cell short circuit current. This emulates the characteristics of a solar panel without requiring an ideal light source.  The resistance across them was varied using an electronic resistance and Table 4 was obtained to plot the Solar Panel I-V characteristics in Figure 20, Power vs Voltage in Figure 21, and Power vs Current Figure 22.

Table 4. Output Power of Solar Panel with Variable Loads 
	RLOAD
	VLOAD
	ILOAD
	PLOAD

	1
	0.92
	0.9
	0.828

	10
	9.02
	0.9
	8.118

	20
	17.82
	0.9
	16.038

	30
	26.2
	0.9
	23.58

	35
	29.55
	0.87
	25.7085

	36
	30.13
	0.87
	26.2131

	37
	30.7
	0.85
	26.095

	38
	31.24
	0.85
	26.554

	39
	31.59
	0.83
	26.2197

	40
	31.99
	0.82
	26.2318

	50
	34.26
	0.72
	24.6672

	60
	35.46
	0.63
	22.3398

	70
	36.17
	0.55
	19.8935

	80
	36.7
	0.5
	18.35

	90
	37.12
	0.45
	16.704

	100
	37.45
	0.42
	15.729

	200
	38.63
	0.23
	8.8849

	300
	38.88
	0.16
	6.2208






Figure 20. I-V Characteristic of Load


Figure 21. Power vs Voltage


Figure 22. Power vs Current plot for Load
  
[bookmark: _Toc381798780]2.3.2 Battery Charger
The battery charger is essentially a buck converter. The specifications are listed below. Batteries are to be charged at 14.7V. The circuit is to be designed at continuous current mode because there is no need to vary the current fast. Figure 23 shows the output voltage of the buck converter to be within specifications.













At CCM/DCM,    
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Figure 23.  Battery Charger Steady State Output Voltage

[bookmark: _Toc381798781]2.3.3 Motor Power Supply

	The Motor Power Supply component values were calculated using stitched-mode power supply analysis methods for a buck converter [5].  The inductor current waveform was chosen to be on the verge of Discontinuous Mode to reduce its size with an average load current of 1.5A. Input voltage ripple was chosen to be less than 0.2V.  Output voltage was chosen to be less than 0.02V.  All calculations assume the time constant of L and C components is long compared to the switching period.  Actual parts used in the circuit may have higher component values due to cost and ratings.  Figure 24 shows a simulated output voltage.
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Figure 24.  Motor Power Supply Steady State Output Voltage

[bookmark: _Toc381798782]2.3.4 Differential Measurement Unit

Equations and circuit diagram for calculating component values for the difference amplifiers in Figure 25 came from Microelectronic Circuits by Sedra and Smith [3].  The difference amplifiers with component values shown in Figure 17 were simulated for a DC sweep of the differential input from 0V to 6V.  The simulation plot in Figure 26 indicates that the output linearly scales the differential input by half and translates the differential input to the ground reference.
[image: ]
Figure 25.  Difference Amplifier
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Figure 26.  Simulation of one Difference Amplifier with DC sweep 0V to 6V
[bookmark: _Toc381798783]3. Requirements and Verification
[bookmark: _Toc381798784]3.1 Testing Procedures
[bookmark: _Toc381798785]3.1.1 Motor Control
	L298 H-Bridge IC Requirements
	Verification

	1) The logic blocks are receiving a supply voltage of 5VDC ± 5%
	Use a voltmeter to check the voltage at the logical supply pin on the L298N IC and display output on an oscilloscope.

	2) The supply voltage that will be fed to motor is 7.2VDC ± 0.1%.
	Use a voltmeter to check the voltage at the Vs pin on the L298N IC and display output on an oscilloscope.

	3) The motor enable pin is receiving a DC voltage ≥ 3V±5% to enable the H-bridge for motor 
	Use a voltmeter to check the voltage at the enable pin for Bridge A on the L298N IC and display output on an oscilloscope.

	4) The TTL compatible inputs of Bridge A switch the motor direction depending on their combination:
· IN1:IN2 = 1:0 – Forward
· IN1:IN2 = 0:1 – Reverse
· IN1:IN2 = 0:0 or 1:1 – Stop
     
	Connect a motor to the IC and verify the direction of motion for different combinations of the input pins.



	Rotary Encoder Requirements
	Verification

	1) The Pins A and B are receiving a supply voltage of 5VDC ±5%
	Use a voltmeter to check the voltage at the pins on the encoder and display output on an oscilloscope.

	2) Pins A and B make transitions from low to high, or vice versa, in the correct order depending on direction of rotation of the encoder:
A ↑ , B = 0V (cw),     B ↑ , A = 0V (ccw)
B ↑ , A = 5V (cw),     A ↑ , B = 5V (ccw)
A ↓, B = 5V (cw),      B ↓, A = 5V (ccw)
B ↓, A = 0V (cw),      A ↓, B = 0V (ccw)
	Connect an LED to each of Pin A and Pin B and rotate the encoder in both directions and verify that the order the LEDs turn on and off in is as per transitions of the encoder.

	3) The encoder has 24 pulses per revolution 
	Using the same LEDs, ensure that any one of them turns on and off 24 times in a 360° rotation of the encoder knob. (This will be programmed later so that the counts are incremented on a microcontroller).


[bookmark: _Toc381798786]3.2.2 Cleaning Mechanism
	Solenoid Valve Requirements
	Verification

	1) The valve is receiving a supply voltage of 12VDC ±10%
	Use a voltmeter to check the voltage and display output on an oscilloscope.

	2) The N-Channel MOSFET  is receiving a Gate voltage of  ≥ 3VDC ±3%
	Use a voltmeter to check the voltage and display output on an oscilloscope. 

	3) The response time of the solenoid valve should be ≤ 1s
	Have an LED connected to the circuit to detect when the solenoid gets an electrical signal. Start a stopwatch and as soon as the solenoid opens stop the stop-watch. Since it’ll be a really quick process repeat the procedure several time and take an average.



[bookmark: _Toc381798787]3.2.3 PV Panel
	Requirements
	Verification

	1. The PV Panel must supply sufficient open circuit DC voltage to the Battery Charger:
a. VPANEL ≥ 15V when panel is provided with a light source to generate a short circuit current between 0.8A and 0.9A.
	1. Supply solar test bed with bench DC supply.
2. Adjust the DC supply to achieve PV Panel short circuit current between 0.8A and 0.9.
3. Use a digital multimeter to measure the PV panel open circuit voltage.
4. The PV panel open circuit voltage must be greater than or equal to 15V.



[bookmark: _Toc381798788]3.2.4 Differential Measurement Unit

	Requirements
	Verification

	1. Each translated differential voltage must be no greater than 3.3VDC at the output of each of the six difference amplifiers for a differential input voltage of no more than ±0.1VDC.
	1. Connect a bench top DC power supply to the differential inputs of any one of the difference amplifiers.  The polarity of the connections between the power supply and the amplifier should match the polarity shown in Figure 17. 
2. Set the voltage of the bench top DC power supply between 5.9V and 6.0V.  
3. Measure the chosen difference amplifier output voltage.
4. Repeat steps 1 through 3 for all six difference amplifiers.
5. Each amplifier output should be less than 3.3VDC.

	2. The output of the difference amplifiers must scale down by half of the differential input within ± 1%.  In other words, for each amplifier, the ratio of the amplifier output voltage to the input voltage must be 0.495 to 0.505.  The requirement must hold for differential input voltages between 1.0±0.1V and 6.0±0.1V.
	1. Connect a bench top DC power supply to the differential inputs of any one of the difference amplifiers.  The polarity of the connections between the power supply and the amplifier should match the polarity shown in Figure 17. 
2. Set the voltage of the bench top DC power supply to 1.0 ±0.1V
3. Note the voltage as read on the bench top DC power supply.
4. Measure the chosen difference amplifier output voltage.
5. Repeat steps 2 through 4 for bench top voltages 1.5±0.1V, 2.0±0.1V… 6.0±0.1V.
6. Repeat steps 2 through 5 for all six amplifiers.
7. For each amplifier, the ratio of the amplifier output voltage to the input voltage must be 0.495 to 0.505.



[bookmark: _Toc381798789]3.2.5 Motor Power Supply
	Requirements
	Verification

	1. Provides 7.2±0.1VDC at the output for a 4.8Ω load.  The range of input voltages are allowed to be between 11.5VDC and 13.25VDC.
	1. Connect a bench top DC power supply to the input of the Motor Power Supply.
2. Connect an electronic load to the output of the Motor Power Supply.
3. Set the electronic load to act as a 4.8Ω load.
4. Set the voltage of the bench top DC power supply to 11.0 ±0.1V
5. Measure the Motor Power Supply output voltage.
6. Repeat steps 2 through 4 for bench top voltages 11.5±0.1V, 11.75±0.1V… 13.25.0±0.1V.
7. The Motor Power Supply output voltage must be 7.2±0.1VDC for all input values tested.



[bookmark: _Toc381798790]3.2.6 Logic Power Supply
	Requirements
	Verification

	1. Provides 5 VDC ±5% at the output for a 100Ω load.  The range of input voltages are allowed to be between 11.5VDC and 13.25VDC.
	1. Connect a bench top DC power supply to the input of the Logic Power Supply.
2. Connect an electronic load to the output at the +5V Logic Supply.
3. Set the electronic load to act as a 100Ω load.
4. Set the voltage of the bench top DC power supply to 11.0 ±0.1V
5. Measure the Logic Power Supply output voltage.
6. Repeat steps 2 through 4 for bench top voltages 11.5±0.1V, 11.75±0.1V… 13.25.0±0.1V.
7. The Logic Power Supply output voltage at the +5V Logic Supply terminal must be 5 VDC ±5% for all input values tested.

	2. Provides 3.3 VDC ±1% at the output for a 100Ω load.  The range of input voltages are allowed to be between 11.5VDC and 13.25VDC.
	1. Connect a bench top DC power supply to the input of the Logic Power Supply.
2. Connect an electronic load to the output at the +3.3V Logic Supply.
3. Set the electronic load to act as a 100Ω load.
4. Set the voltage of the bench top DC power supply to 11.0 ±0.1V
5. Measure the Logic Power Supply output voltage.
6. Repeat steps 2 through 4 for bench top voltages 11.5±0.1V, 11.75±0.1V… 13.25.0±0.1V.
7. The Logic Power Supply output voltage at the +5V Logic Supply terminal must be 5 VDC ±5% for all input values tested.



[bookmark: _Toc381798791]3.2.7 Battery Charger
	Requirement
	Verification

	Battery must be charged between 14.4V -15.0V
1. Power supply is used for the input voltage and current, and it must provide between 30V-15V, 0.5A. 



2. MOSFET driven by the gate driver and a waveform generator is producing the correct duty ratio.






3. Inductor must operate at Continuous Conduction Mode. (CCM)

4. Closed loop design must replace MSP430 as the duty ratio generator.




5.  The MSP430 PWM responds to the change in output voltage.











	Use an oscilloscope and a voltmeter to monitor the output capacitor voltage and make sure the peak-to peak voltage is within 14.4V to 15.0V.
1. Use a voltmeter, a current meter, and an oscilloscope to verify the input voltage and current are between 30V-15V and 0.5A. 
2. Make sure the duty ratio of the waveform generator is set to square wave with the correct duty ratio of D= Vout/Vin. Measure the output waveform of the MOSFET with an oscilloscope to see if the correct duty ratio is displayed. The correct duty ratio is defined to range from 0.49 to 0.98. 
3. Use a current probe and make sure current across the inductor does not go below 0A.
4. Before hooking the microcontroller up with the whole converter, probe the waveform out of the PWM terminal (P2.5) of the microcontroller with an oscilloscope and make sure the duty ratio is correct. 
5. Connect the ADC terminal (P1.6) of the MSP430 to the output node of the converter with the lab waveform generator. Use an oscilloscope to probe the PWM terminal (P2.5) and make sure the duty cycle increases as the output voltage is less than Vref-min = 14.4V and the duty cycle decreases as the output voltage is greater than Vref-max = 15.0V. Probe the output terminal voltage, and make sure the duty ratio on the oscilloscope reaches stability if the output voltage is probed between 14.4V and 15.0V. 



[bookmark: _Toc381798792]3.2.8 Microcontroller
	Requirement
	Verification

	Microcontroller must be able to interpret the signals from the six differential probes and the two encoder ports, then command the action of the motor, the converter, and the solenoid valve.



1. The solenoid valve enable pin and the H-bridge enable pin from the microcontroller must output a 3.0V signal if any of the 6 differential probes sense less than 90% of the averaged voltage in 1 minute. The pins must output 0.3V when all the differential probes sense higher than 90% of the averaged voltage in 1 minute. The gate driver PWM will output 0.3V when the other two enable pins are 3.0V and output 3.0V when the other two enable pins are 0.3V. 
2. The microcontroller must register 1 count when either of the encoder pins signals change values from 3.0V to 0V or vice versa. 

3. At count 3072, the microcontroller must output the signal to reverse the H-bridge direction and reset the count.  

	Place a voltmeter each at the terminal of the valve, the gate driver, two terminals at the encoder, 6 terminals at the differential probes, and three terminals at the H-bridge to see the voltage values. Check to see if the voltage values match the logic below. 

1. With illumination over all six panels, cover half of one panel up for 1 minute and place a voltmeter on the solenoid valve enable pin and the H-bridge enable pin. Check to see if the meters read 3.0V. Conversely, leave all panels unblocked for 1 minute and make sure the voltmeters are reading 0.3V at the solenoid valve enable pin and the H-bridge enable pin. Check the gate driver pin to see if the signal is having the opposite action. 


2. Create a watch expression on the count based on the change of any encoder bits. Verify on the computer screen that the count increments.

3. As the computer shows 3072, measure the 2 output pins to the H-bridge with a voltmeter. Make sure the pin signals switch from 0V to 3.0V and 3.0V to 0V. 



[bookmark: _Toc381798793]3.2 Tolerance Analysis

The most critical function of the Automated Self-Cleaning Solar Panel is the detection and correction of a single shaded cell.  For this reason, the tolerance of the cutoff of voltage drop from cell shading was chosen for a detailed tolerance analysis.  
For individual obstructions, the system must initiate cleaning when there is at least a 10% drop in voltage over one minute on one cell only when compared to the other solar cells.  Having one cell voltage stay at more than 10% below the other cells indicates a significant localized shading.  Also, by averaging the voltage measurements over an entire minute, intermittent shading effects can be minimized. 
The tolerance of the 10% or greater cell voltage drop will be tested by a solar test bed.  The test bed will be supplied by a lab DC power supply adjusted so that the output of the solar test bed will be maximum above 40W.  Then, a completely opaque material measured to cover at least a 10% area of one PV cell will cover that cell for one minute.  This should initiate a cleaning cycle for all cells tested.


[bookmark: _Toc381798794]4. Cost and Schedule
[bookmark: _Toc381798795]4.1 Cost Analysis

Table 5.  Total Parts Cost
	Circuit
	Item
	Part Number
	Quantity
	Cost/unit ($)
	Cost ($)
	Status

	Solar Panel
	5V Solar Cell
	N/A (Amazon)
	6
	8.00
	48.00
	On Hand

	Logic Power Supply
	+5V Reg. IC
	LM78L05
	1
	0.44
	0.44
	Not Ordered

	Logic Power Supply
	+3.3V Reg. IC
	LP2951ACN-3.3
	1
	0.36
	0.36
	Not Ordered

	Logic Power Supply
	0.33µF Capacitor
	UVR1HR33MDD1TD
	1
	0.14
	0.14
	Not Ordered

	Logic Power Supply
	0.1µF Capacitor
	UVR2A0R1MDD1TD
	1
	0.14
	0.14
	Not Ordered

	Logic Power Supply
	2.2µF Capacitor
	UVK1H2R2MDD1TD
	1
	0.14
	0.14
	Not Ordered

	Motor Power Supply
	PWM Reg. IC
	NCP1579
	1
	0.68
	0.68
	Not Ordered

	Motor Power Supply
	MOSFET N-CH
	FDC6401N
	2
	0.51
	1.02
	Not Ordered

	Motor Power Supply
	4.5µH Inductor
	NR6045T4R5M
	1
	0.40
	0.40
	Not Ordered

	Motor Power Supply
	1000µF Cap.
	EEU-FR1V102B
	1
	1.32
	1.32
	Not Ordered

	Motor Power Supply
	470µF Cap.
	16ZLH470MEFC
	1
	0.40
	0.40
	Not Ordered

	Motor Power Supply
	3kΩ Resistor
	RNMF14FTC24K0
	1
	0.10
	0.10
	Not Ordered

	Motor Power Supply
	24kΩ Resistor
	MFR-25FBF52-3K01
	1
	0.14
	0.14
	Not Ordered

	Diff. Meas. Unit
	Opamp IC
	MC34072PGOS-ND
	6
	1.05
	6.30
	Not Ordered

	Diff. Meas. Unit
	1.5MΩ Resistor
	1-1614959-1
	12
	0.65
	7.80
	Not Ordered

	Diff. Meas. Unit
	750kΩ Resistor
	ERA-3AEB751V
	12
	0.43
	5.16
	Not Ordered

	Motor Control Unit
	Dual Full-Bridge
	L298N
	1
	2.95
	2.95
	Ordered

	Sprayer Unit
	Plastic Water Solenoid Valve
	N/A (Adafruit)
	1
	6.95
	6.95
	Ordered

	Sprayer Unit
	N Channel MOSFET
	TO220
	1
	1.25
	1.25
	Not Ordered

	Motor Control, Sprayer
	Diode Rectifiers
	1N4001
	15
	0.15
	2.25
	Not Ordered

	Motor Control, Sprayer
	Resistors (500Ω, 10kΩ)
	N/A
	20
	0.10
	2.00
	Not Ordered

	Motor Control
	100nF
	N/A
	5

	0.26

	1.3

	Not Ordered

	Motor Control
	0.1mF
	N/A
	2
	4.95
	9.9
	Not Ordered

	Battery Charger
	Inductor
	MCAPB109020067A-301MU
	1
	0.67
	0.67
	On hand

	Battery Charger
	Metal-Film Capacitor
	27L570
	2
	7.67
	15.34
	On hand

	Battery Charger
	MOSFET
	30N06
	1
	1.16
	1.16
	On hand

	Battery Charger
	Low Side Gate Driver
	MIC4420CT
	1
	6.50
	6.50
	On hand

	Battery Charger 
	High Side Gate Driver
	IR2111
	1
	2.00
	2.00
	On hand

	Battery Charger
	Diode
	1N5820
	1
	0.49
	0.49
	On hand

	Battery 
	Battery
	UB1270
	1
	11.90
	11.90
	On hand

	Microcontroller
	Microcontroller
	MSP430G2553
	1
	13.00
	13.00
	On hand

	
	Total
	60.96
	




Table 6.  Total Labor Cost
	Name
	Hourly Rate ($/hr)
	Total Hours Invested (hr)
	Total ($) = Hourly Rate x 2.5
x Total Hours Invested

	Yann-Tyng Lin
	50.00
	150
	18750.00

	Yousaf Abdul Salam
	35.00
	150
	13125.00

	Terry Green
	35.00
	150
	13125.00

	Total
	120.00
	450
	45000.00



[bookmark: _Toc381798796]4.2 Schedule
Table 7.  Schedule
	Week
	Terry
	Yann-Tyng
	Yousaf

	2/10
	Finalize and hand in proposal 
	Research power supply, battery charger parts
	Research solar panel specifications needed for motors

	2/17
	Order solar panel cells, battery,
Design DC/DC converter
	Learn to program TI Launchpad (MSP 430)
	Prepare cleaning mechanism specs for machine shop and order

	2/24
	Design Individual Cell Power Measurement Circuit, Motor Power, and Logic Power
	Design Review, Design Battery Charger and Microcontroller Circuit

	Design Motor and Sprayer Control

	3/3
	Differential Measurement, Motor Power, Logic Power Schematics, Parts Selection
	Microcontroller and Battery Charger:  Schematics and Parts Selection
	Motor and Sprayer Control: Schematics and Parts Selection;  Design Review Editor

	3/10
	Order Parts for All Modules
	Battery Charger Testing with Battery (breadboard)
	Motor Control Testing (breadboard)

	3/17
	Differential Measurement  Testing with DC Power Supply (breadboard)
	PCB Design/Order
	Solenoid Valve Control Testing (breadboard)

	3/24
	Spring Break/Sleep
	Visit Chicago/Job Interviews
	Play Video Games

	3/31
	Tolerance Analysis
	Program Microcontroller
	Mock-up Demo 

	4/7
	Mock Up Presentation
	Verification of Specs
		Solder PCB

	4/14
	Debugging
	Finalize Any Last Minute Changes
	Check if PCB needs Revision

	4/21
	Prepare Demo
	Prepare Presentation
	Prepare Final Paper

	4/28
	Demo
	Presentation
	Revise Final Paper

	5/5
	Hand In Final Paper
	Ensure Notebooks Complete and Collect
	Return Lab Kit and Other Course Materials



[bookmark: _Toc381798797]5. Safety Statement

This project is a wonderful contribution in ensuring that the implementation of solar power is effective, efficient, and cheap. However, like all devices involving the use of electrical and mechanical parts, there are some safety precautions that need to be taken into consideration while testing and utilizing them.


Some safety precautions that we identified are:
Cover any exposed electrical parts (e.g. motors, circuitry, etc.) to prevent water from shorting them out.
Don’t set anything on the solar panel as it is made up of glass and can break.
Don’t touch motors, or any other moving parts, while they are running since they could cause injury.
Ensure that the solar panels are out of the reach of children who may find the automatic cleaning mechanism fascinating.
Disconnect the batteries prior to servicing the solar panel or refilling the washing liquid. 

[bookmark: _Toc381798798]6. IEEE Code of Ethics

	We found that in our project we closely followed items 3, 6, 10 of the IEEE Code of Ethics.
Item 3.  to be honest and realistic in stating claims or estimates based on available data;  
	Item 3 of the Code comes into the real data that we collect to verify that our project meets the realistic specifications we set.
Item 6.  to maintain and improve our technical competence and to undertake technological tasks for others only if qualified by training or experience, or after full disclosure of pertinent limitations;
	The courses that all the group members took fully prepared them to competently design the circuits for our project. Furthermore, the safety training certificates required to work in both the senior design lab, and the power lab, trained us to put safety first in whatever we did.
Item 10.  to assist colleagues and co-workers in their professional development and to support them in following this code of ethics.
	Each member of our team has their own unique strengths and weakness.  We follow Item 10 by encouraging each other to improve on their weaknesses by working with other members that excel in areas they do not.
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