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1
INTRODUCTION

In the age of wireless communication and portable music players the demand for powering those devices wirelessly is ever prevalent. The advantages of portability and wireless communication are greatly hindered by the fact that the devices themselves must be plugged into the walls to charge. The next generation in portable devices is a device that receives power wirelessly. The first step in wireless power is providing power to a computer charging pad wirelessly. 
1.1 
Objectives 

The overall goal of this project is to design and successfully implement a wireless power transmission system to be used in a conference room.  The system will work by using resonant coils to transmit power from an AC line in the ceiling to a pad on the table.  The pad will output DC voltages in order to charge computers and cell phones. There are several benefits for the use of such a system:
· Elimination of cords on the ground that make tripping hazards.
· Allows no wire installation and mobility on table.
· A necessary step towards consumer wireless power.
The entire interface has the following features:

· Feedback control for driving frequency to maximize efficiency.
· DC power output for computers and cell phone charging that allows for elimination of large power bricks.
· Slight mobility offered for different table heights and positions.
2
DESIGN

2.1
Block Diagram

The block diagram for the transmission setup is shown in Figure1.
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Figure 1: Block Diagram

2.2
Block Descriptions
DC Source: The DC source comprises of a rectifier circuit using FR304-T diodes and a PI filter. 
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Figure 2: DC Source Circuit Diagram
The FR304-T diodes were chosen because they can carry more than 1A and can block up to 400 VDC.  The Capacitor values picked such they are large enough to provide good voltage holding, and so the capacitance values actually exist. The inductor was chosen at a standard part value and verified in PSPICE that it can regulate the current properly. We did a PSPICE simulation with Dbreak diodes in place of the FR304-T, because there is no PSPICE model available for the FR304-T. The diodes should not noticeably affect the output voltage. The output signal is connected by switches operating at the speed that the full-bridge inverter is expected to operate at. The purpose of the switches is not to test the full-bridge inverter circuit, but make sure that the output voltage is properly regulated. This circuit diagram is what was used to simulate. 
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Figure 3: Test Circuit in PSPICE for DC source

The output voltage plotted as follows:
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Figure 4: Wall to DC Voltage Output

After about 40ms the voltage is very steady. It has a ripple of less than 1 V. 
Full-Bridge Inverter/Gate Drivers: This inverter takes in the voltage from the DC source and using the PIC and gate drivers, outputs signal in the form of a square wave with a frequency that is controlled by the PIC and is adjusted based on induced current in the coil. The gate drivers are drivers that take in the signal from the PIC and put out the right amount of power/voltage to turn on and off the power MOSFETs in the full-bridge inverter. The power MOSFET’s are IRF640’s. They were chosen because they had the correct current and voltage ratings. The drivers were selected based on the compatibility of the MOSFETS.
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Figure 5: Gate Driver Circuit and Full-Bridge Inverter
To simulate the circuit the Drivers were replaced with voltages pulses with rise and fall times of corresponding to the drivers. This was done because the no PSPICE models were available for the drivers, and the main concern with drivers is that they can operate fast enough.
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Figure 6: Full-bridge Inverter PSPICE Test Circuit

The output from the full bridge inverter is as expected and is a square wave that oscilates from +150 to -150 at the specified frequency.
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Figure 7: Output from Full-Bridge Inverter
PIC Microcontroller: The PIC will control the frequency of the signal that is driving the coil.  It will also adjust the frequency based on the current that is sensed through the top coil to get the most power transmitted through the coils.
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Figure 8: PIC Pin-out Diagram

Current Sensor: A very low resistance resistor will be put in series with the coil and the voltage measured across it to sense the current through the coil based on the voltage drop and resistance.  The extra parts in this circuit are to protect the op-amp.  The op-amp was not rated for 150V common mode voltage, but it was found on the website that a circuit like this one would work.
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Figure 9: Current Sensing Circuit
Coils: An inductor that we make with about 100 turns and a diameter of around 1m.  It will also have a current limiting resistor in series to make sure nothing burns up. An inductor like the top coil that will receive the electromagnetic waves transmitted by the top coil and have a current and voltage induced to power the devices. 
Full Wave Rectifier: A combination of four diodes that will take the signal induced and make it positive the whole time, creating a DC signal.

Filter: A series inductor and a capacitor that will filter the signal output by the rectifier making it a smoother signal.
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Figure 10: Circuit Diagram for Transformer, Rectifier, and Filter

DC/DC Buck Converters: A Buck-Converter will step the 20 V for the laptops down to 5V for a phone.
2.3 Performance Requirements

The performance requirements we are putting on our circuit will be relatively achievable.  The efficiency of power transmission between the two coils will be greater than 30% and the overall efficiency of the system should be greater than 25%.  The output from the pad receiver should be 20V ± 1.5V.  We expect the frequency that the driving circuit outputs to be within 10kHz of the optimal frequency.  The setup should be able to power at least one laptop and at least one cell phone at a distance of about 2m.  Table 1 below summarizes the performance requirements.
Table 1: Performance Specifications
	Transmission Efficiency
	>30%

	Overall Efficiency
	>25%

	Output Voltage
	18VDC ± 1.8V
5VDC ± .5V

	Frequency
	Within 10kHz of optimal

	Power Abilities
	Laptop and cell phone


3
VERIFICATION
3.1 Testing Procedures
DC Source:  The source will need to output a reasonable dc signal.  An easy way to test this would be to hook it up to an oscilloscope and make sure that the signal is reasonable for a DC power supply.  The voltage should be regulated to 150VDC ± 1%.
Full-Bridge Inverter:   The full bridge inverter will be tested by connecting it to an oscilloscope and using a function generator at 1MHz to run the power MOSFETs via the gate drivers and making sure we get a square wave at 1MHz.
PIC Control:  The PIC will be tested by comparing the frequency it is outputting to an experimentally determined optimal frequency with the same loads and distance.  The experimental frequency will be determined by use of a function generator and measuring the current induced in the bottom coil.  We want the frequency output from the PIC to be within 10kHz of the optimal frequency.
Full Wave Rectifier:  We will test the rectifier by hooking up a 25V AC signal and adding a significant amount of noise by modulating with a low amplitude high frequency signal from a frequency generator.  The output from the rectifier will be monitored on an oscilloscope to make sure we get a full wave rectified signal on the output.
Filter:  We will put the output from the rectifier through the filter and test to make sure that the peak to peak ripple after the filter is less than 4V through the use of an oscilloscope.
DC/DC Buck Converters and Final Filters:  A DC voltage of around 20V will come out of the filter. The output of the final filter to the laptop will need to be around 20V with no more than 1.5V ripple.  The output from the buck converter and final filter to the cell phone will need to be around 5V with a .5V ripple maximum in either direction.
3.2 Tolerance Analysis

The most important criterion will be making sure that the coils are driven at resonant frequency. If they are not driven close enough to the resonant frequency then the output efficiency will fall drastically and the system will not be viable. Our initial estimates of the resonant frequency are around 1MHz. Our precision measurement requires the PIC output frequency to be ±10kHz or ±1% of our estimated resonant frequency.  

4
COST AND SCHEDULE
4.1
Cost Analysis

Tables 2 and 3, below, summarize the estimated cost of the necessary components and labor, respectively.

Table 2: Estimated Component Cost

	Part
	Manufacturer Number
	Block
	Cost
	Quantity
	Status
	Cost

	Current Sensing Resistor
	60SHR010E
	Current Sensor
	$4.03
	1
	Ordered
	$4.03

	Zener Diode
	CMZ59448
	Current Sensor
	$4.00
	1
	Not Yet Ordered
	$4.00

	Operational Amplifier
	LTC6101
	Current Sensor
	$.48
	1
	Ordered
	$.48

	40PIN PIC
	PIC16F877A
	PIC
	$3.98
	1
	Ordered
	$3.98

	Gate Driver
	IR2110
	Gate drivers
	$1.75
	2
	Ordered
	$3.50

	Full-Bridge Inverter FETs
	IRF640
	Full-Bridge Inverter 
	$1.50
	4
	Ordered
	$6.00

	Current Senor MOSFETS
	IRF9640
	Current Sensor
	$2.28
	2
	Ordered
	$4.56

	Power Diodes
	FR304-T
	Full-Bridge Inverter
	$0.47
	8
	Ordered
	$3.76

	1mH Inductor
	
	
	$3.00
	2
	Ordered
	$3.00

	Capacitor 470uF
	
	DC supply
	$0.10
	4
	Ordered
	$0.40

	700m Magnet Wire (20AWG)
	
	Top and bottom coils
	~$50.00
	1
	Submitted to Parts Shop
	$50.00

	Scaffolding Wood
	
	Top and bottom coils
	$15.00
	
	Picking Up this Weekend
	$15.00

	Magnetic Shielding
	
	Top and bottom coils
	$55.00
	
	Not Yet Ordered
	$55.00

	24kΩ and 100Ω Resistors

1/4W
	
	Current Sensor
	$0.15
	2
	Ordered
	$0.30

	Transformer 
	VPS20-4000


	Transformer
	$21.32
	1
	Not Yet Ordered
	$21.32

	120Vac => 5VDC
	SD23x/SD30x


	
	$5.25
	1
	Ordered
	$5.25

	Buck Converter
	LT1076


	Buck Converter
	$5.00
	1
	Not Yet Ordered
	$5.00

	Misc. Resistors, Capacitors, diodes, and Inductors 
	
	-
	~$10.00
	
	Cushion Order When needed
	$10.00

	Parts Subtotal
	
	-
	-
	-
	
	$195.58


Table 3: Estimated Labor Cost

	Man-Hours/Week/Partner
	Weeks
	Engineering Salary
	Number of Partners
	Multiplying Factor
	Total Labor Cost

	10
	12
	$40/hr
	2
	2.5
	$24,000


The total cost for the project should be around $24,191.58 including labor costs.
4.2 Schedule

Table 4 shows the semester schedule for each group member.

Table 4: Project Schedule
	Date:
	Carl Westerby
	Derek Runge

	9-14
	Project Proposal/Order Parts(Complete)

	9-21
	Design Review Write-Up/Resonant Frequency Testing 

	
	-Designing Full-Bridge Inverter(Complete)
-Design Power Supply(Complete)
-Build Coils/Build Test Scaffolding with
with magnetic shielding
	
-Begin learning PIC Programming(Complete)

-Design Current sensing circuit/Drivers(Complete)

-Design Rectifiers and Filter Circuits(Complete)


	9-28
	-Build Full-Bridge Inverter
	
-Begin PIC programming

	10-5
	-Finish/Test Full-bridge Inverter

-Build and Test Power Supply
	
-Finish PIC programming

-Begin testing PIC

	10-12
	Integrate/Test Circuit through the bottom coil output

	10-19
	Submit PCB Design for circuit controlling top coil and Order

	
	-Build and Test DC/DC converter or transformer
	
-Build and Test rectifier circuit and filter

	10-26
	Integrate and test the bottom portion of the circuit

	11-2
	Submit PCB Design for circuit controlling bottom coil and Order

	11-9
	Complete Assembly/Begin Testing of PCB Modules

	11-16
	Catch up week.

	11-23
	Thanks giving/Final Paper

	11-30
	Demo/Presentation/Finish Final Paper
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