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I. Introduction

Our group will design and build a Miniature Faucet-driven Hydroelectric Generator. Designed to use water from a faucet for emergency power in blackout situations, the device will be as compact and user-friendly as possible. It will consist of a small 12V DC motor used as a generator, driven by a turbine connected to the faucet, and converted to 120VAC 60Hz power via a DC/AC power inversion circuit and transformer. We will also power (from the generator itself) a small flow sensor and LED output display showing the faucet's flow, necessitating more power conversion to 5V. Our goal is to get 50W of usable power, not counting the additional load of the sensor and display. This is a real-life application of power principles and a challenge on many levels: design, construction, and utilization towards a fully functioning device. 
Objectives:
The main goal of this project is to generate 120V at 60Hz, up to 50W of power for household use. We are converting and harnessing (water) energy to provide a viable source of domestic power. This product is intended to function during emergencies, as a backup power supply for crucial household devices. 

Benefits of the Miniature Faucet-driven Hydroelectric Generator to the end consumer:

· Household emergency backup power supply.

· Non-polluting power generation. 

· Water provides inexpensive and readily available ‘fuel’ source. 

· Easy alternative to gasoline-powered generators.

· Safe (non flammable) components.
Product Features of the Miniature Faucet-driven Hydroelectric Generator:

· Easy installation of device to water faucet. 

· Water drainage is built into device. 

· Self-contained compartment minimizes water spray, spillage. 

· 120VAC at 60Hz output.
· 50W maximum load.
II. Design

Block Diagram:
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Block Descriptions:

Water:  Water flow from a standard household faucet, directed through a hose, serves as the driving force for the turbine. The kinetic and potential energy from the water is transformed to rotational energy by the wheel and turbine. 
Sensor: A sensor embedded in a pipe will monitor steady flow rate. This output will be fed to the PIC chip, for further analysis. The sensor is a 12V paddle wheel sensor with analog voltage output representative of gallons-per-minute (GPM). 

PIC: The PIC chip takes sensor voltage input and computes the relative power associated (from calculations programmed into the chip). This value will be passed to the display.
Display: The display takes as input the value from the PIC chip and displays it in an easy to read format. 

Turbine:  The turbine will be a resin wheel with fins (Pelton wheel).  Enclosed in a box, it is attached to the motor shaft to drive the generator. A nozzle directed water spray will be aimed to drive the turbine and consequently, the motor. 
Motor/Generator:  The motor is a pre-built 12V permanent magnet DC motor, 1750 rpm, used as a generator. The turbine turns the shaft of the motor, with motor leads connected to the DC/DC converter. 
DC/DC Converter: The input of the DC/DC converter comes from the leads of the motor. Motor output voltage varies with motor speed and water pressure. The voltage is boosted from the 12V DC generator input to 170V at the output of the DC/DC converter. A feedback and control will be used to regulate the voltage at a steady 170V.  
DC/AC Inverter:  The DC/AC inverter takes 170VDC as input from the DC/DC converter and generates 120VAC at 60Hz for the output. This is consistent with standard electrical device needs for this market. 
Electrical Outlet:  A standard electrical outlet will be attached for easy power supply to household devices.

Performance Requirements:  120VAC ±5% output at 60Hz, 50W desired power output

III. Verification

Testing Procedures:
Testing will be done modularly. Each block will be tested individually before integration into the entire system, and again after integration. 
Specifically: Components of the turbine: wheel and nozzles will be tested for optimal placement and usage for better rpm. The motor will be tested using a 2 motor coupled system to simulate water flow and estimate power loss from mechanical inefficiency. With this simulation, we will be able to check the motor/generator against varying speeds (water pressures) to determine optimum speed (rpm). The PIC chip and display will be tested by comparing the observed display with the flow display inherent to the sensor using formula calculations.  Testing the DC/DC converter will involve checking the voltage and current at various points.  The input and output power will also be observed to measure efficiency.  The signals at the output of the DC/AC inverter will be observed on the oscilloscope to make sure proper voltage and current outputs are attained.  

Fluid flow formulas will be used to project possible flow and project power. This will be contrasted against actual flow and power generated to determine efficiency of our system. From these, we will be able to tweak the setup to increase efficiency, to inherent limitations and load loss. 

Tolerance Analysis 
Both the wheel/turbine and DC/DC Converter are significant aspects of the design. Due to limitations with the wheel turbine, we will evaluate more tolerances on the Converter. 

A good feedback control system will be implemented to regulate inconsistencies in the motor, and still give a steady 170VDC (tolerance of ±5% ripple) output. This ensures a better quality 120VAC signal. To test this we will input a variety of voltage values into the circuit. This can be compared against the output voltages and plotted to find the corresponding efficiency values. We expect to be able to achieve 80% conversion efficiency. 
IV. Cost and Schedule

Cost Analysis:
COST:

(LABOR) 

 $25/hr x 2.5 x 20 hrs/week x 8 weeks = $10,000 
 With 3 team members (project components as defined below) working similarly:

· Turbine and Motor Design/Implementation – Eric Muller

· Sensor, PIC chip, Display – Jiaxiao Zhang

· DC/DC Conversion (with feedback), DC/AC Inversion – Dan Nowak
Total LABOR cost = $30,000
​(PARTS)
	Part
	Qty
	Cost

	Pelton Wheel
	1
	$100

	Motor
	1
	$300

	Sensor
	1
	$150

	Misc. Mechanical
	
	$100

	PIC chip
	1
	$150

	Display
	1
	$  60

	DC/DC Conversion Circuit  Components
	
	$  15

	DC/AC Inversion Circuit  Components
	
	$  15

	Misc. Electrical
	
	$  30

	Total PARTS Cost
	
	$920


COST GRAND Total (PARTS + LABOR) = $30,920
Schedule:
(Unless noted, tasks are for all group members). Consultation with TA/Professors bi-weekly and as needed. 
Week One (June 14th)

· General discussion of project and preparation of project proposal.
· Research on the individual modules: Turbine and Motor Design/Implementation (Eric Muller); Sensor, PIC chip, Display (Jiaxiao Zhang); DC/DC Conversion Circuit and feedback), DC/AC Inversion Circuit (Dan Nowak)

Week Two (June 21st)

· Design of individual modules: Mechanical turbine/motor interaction, tubing, nozzle configuration (Eric); PIC chip selection, sensor-PIC interaction, highest-level PIC code, tube placement (Jiaxiao); DC/DC, DC/AC circuits, feedback control, transformer design (Dan).
· Acquisition of parts: wheel, tubing, nozzle, motor, box supplies (Eric); PIC chip, sensor, pipe (Jiaxiao); DC/DC, DC/AC resistors, transistors, transformers, capacitors, etc. (Dan). 
Week Three (June 28th)

· Further research, design, and testing on individual modules (see above).
· Final research and preparation for design review.

· Group meeting to familiarize each other with research, design and status. Preparation for the design review.

· July 1st - Design review.

Week Four (July 5th)

· Begin construction, implementation and testing of the individual modules: Turbine, motor/generator (Eric); Sensor-PIC chip, Display (Jiaxiao); DC/DC, DC/AC, Outlet (Dan). 

· Preliminary preparations for the mock-up demos.

Week Five (July 12th)

· Conduct mock-up demos.

Week Six (July 19th)
· Put modules together for system testing and analysis. 

· Troubleshooting. 
Week Seven (July 26th)

· Final troubleshooting.

· July 29th – Final demo.

· Begin preparations for formal presentation.

· July 30th - Give presentation.

· Start preparing final report.

Week Eight (August 2nd)

· Finalize final report.

· August 2nd - Submit final report
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	Final demonstration,  present project 
	
	
	
	
	
	
	
	

	Final report
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