ECE 480/491 Project Summaries, Fall 2002

A. Servo Motor Digital Controller Software

The JSF GSCU project requires development of a high current, three phase, 270VDC, permanent magnet servo motor controller.  A Smiths-funded motor drive development program completed the hardware part of the project, which uses an IGBT module to drive the motor, and an International Rectifier IGBT gate drive integrated circuit (IC) to control the IGBT module. The inputs to the gate drive IC are logic level signals intended to be supplied by a digital controller. A Motorola Digital Signal Processor (DSP) demonstration board will be used for controller development. The DSP will close the servo motor control loop using current, position, and velocity feedback. A phase vector approach is being considered. The DSP develop work will require implementing the Motorola supplied software on a PC and using this software to generate the control loop code for the DSP.

Contact:

Mike Feldmann, Smiths Aerospace, (616)241- 8847

Facilitator:  Grotjohn

B. The Wireless Dog Fence

A common way people keep their dog in their yard is to put in an invisible dog fence that consists of a wire buried underground along the perimeter of the property. The dog gets a mild shock

from its sensing collar when it goes near the wire. The wireless dog fence when do away with the buried underground wire and instead determine the dog's position via a wireless method (rf triangulation, GPS, or ultrasound triangulation). The dog owner could define the dog's roam

area without buring a wire. The project would be to design such a wireless dog fence system.

Facilitator:  Grotjohn

Inverter Design for Fuel Cell to Power Your Home -- Delphi

Energy processing to support the use of solid-oxide fuel cells to provide non-utility and ultra-clean residential electricity.  A 5 kW cost-effective inverter interface system  will be computer-simulated and designed.  The hardware prototype will be tested in a fuel cell system.  It involves: computer simulation, DSP control board design and programming, inverter design, and prototyping.  May get some assistance from Delphi.

Facilitator:  Peng

D. End-to-End Compressed Visual Communications System

Under this project, a team of senior-level students will work together to develop a system that transmits images and video signals over a computer network such as the Internet. The team will divide the work among its individual members emulating a real professional and industrial experience. The system consists of many sub-systems and components. Each team member will be responsible for investigating and providing a solution for a particular component of the overall end-to-end system. The “solutions” of particular components can be either off-the-shelf (with some possible modifications and integration work) or designed and developed to support the functions that are needed.
Facilitator:  Radha

E. Reliable, Low-Cost Automotive Power Switching -- Visteon

Visteon is working to reduce the number of relays required in a car to switch high-current circuits (drive-by-wire, for example, power brakes, power steering, etc.).  One method commonly used is to use two parallel MOSFET devices, allowing them to share current.  However, if they are not matched carefully, the load may not be evenly divided, and even if matched initially, etching, over time, may cause one to begin to carry more of the load, resulting in premature failure.  Visteon is seeking a method to assist them in making the cost/reliability tradeoffs between multiple, inexpensive devices and a monolithic, but more expensive, device, in terms of cost and reliability (i.e., life cycle cost).

Facilitator:  Ren
F. Hexapod Robot Designed by M.E. Students

Recently, a team of MSU M.E. students worked with a team of E.E. students at the ITESM (Monterrey Tech) in Toluca, Mexico, to design a walking hexapod robot.  The M.E. students built the robot body, with 12 motors and a sensor mount, and the E.E. students designed the controller/sensor apparatus.  The final robot was not assembled because it got stuck in customs.  The team should complete the design of the robot, using the original body with any desired modifications.  The robot should walk in an enclosed, level area to an IR emitter target, walking around any obstacles taller than ½", and walking OVER any obstacles of ½" or shorter (thin books will be the obstacles).  

Facilitator: Ayres

G. and H. Running in the Halls – Autonomous Modified RC Cars

Each team will be supplied with a 1/10 scale RC (remote-controlled) race car chassis, an electric motor, battery pack, and steering servo.  The team must build an autonomous racer that can complete a course in the least amount of time.  The racer must have all intelligence onboard in the form of a PIC16F87x microcontroller--no outside control of any kind is allowed.

Facilitators: Grover and Pierre

I. and J. Mini-Hexapod Robot

The group must design and build the controller for a hexapod (six-legged) robot.  The robot must navigate from the start position to an infrared beacon, crossing or going around blocks of various heights (at least some blocks must be crossed).  A simple hexapod consisting of 6 legs, each independently controlled for back and forth sweep as well as up and down motion, will be provided.  All joints will consist of RC (radio-controlled) type servos, and there will be a total of 12 servos (two per leg).  Each team will have 3 tries, each up to 3 minutes long, to complete the journey as quickly as possible.

Facilitators:  Grover and Pierre

K. and L. Autonomous Firefighter

The group must design and build the controller for a small robot to detect and extinguish a birthday candle located somewhere on a 4' x 4' playfield.  The candle will be located inside a cylinder with 1/4 of the circumference cut away (i.e., the candle will not necessarily be visible unless the robot moves around the playfield).  To extinguish the candle, the robot must lower a 2" diameter cone over the candle to snuff it out.  A small robot chassis based on modified radio-controlled (RC) servos will be supplied, and the robot will run off a standard 7.2V RC nicad battery pack.  Each team will have 3 tries, up to 3 minutes each, to locate and extinguish the candle as quickly as possible.

Facilitators: Ayres and Ren

M. and N. Autonomous Simple Maze Runner

The group must design and build the controller for a small robot to navigate a simple maze on a 4' x 4' playfield.  Walls will be indicated by black plastic tape on a white background.  Tape will only be at 12" intervals (i.e., all passages will be at least 12" wide), and the maze will have no dead ends.  The layout of the maze will not be disclosed prior to the run.  A simple chassis, wheels, and two 12V unipolar stepper motors will be provided.  The robot can have sensors up to 1" beyond the body of the robot, and be up to 8" high.  Each team will have 3 tries, up to 3 minutes long each, to complete the maze as quickly as possible.

Facilitators: Pierre and Ren

O. Robot Minesweeper

The group must design and build the controller for a small robot to accomplish a mine sweeping task.  A simple aluminum body, two 5V bipolar stepper motors, and two wheels will be provided.  Mines will be represented by small magnets on a 4' x 4' playfield, white with black tape marking the boundary.  The robot must detect the mines without running over them.  Each team will have 3 runs, up to 3 minutes each, to locate all the mines as quickly as possible.

Facilitator: Pierre

P. Inspection of Composite Materials

Composite materials are finding increasing application in the construction of aircraft and other structures. A crucial problem that industry faces today is the problem of inspecting and evaluating the structural integrity of composite materials. The objective of this project is to evaluate an inspection system that uses ultrasonic techniques for assessing the condition of composite samples. The sample is first energized by launching an ultrasonic wave into the sample. The reflected echoes are received and analyzed for presence of manufacturing flaws in the sample.

Facilitator:  L. Udpa

