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PROJECT DESCRIPTION

Raytheon Electronic Systems of Tucson, Arizona, a government defense contractor and commercial electronics producer has requested a preliminary design and proof-of-principal prototype for an optical window positioning system to be used in a tank-launched projectile.  The window is needed to perform Non-Uniformity Compensation (NUC) on an infrared sensor located within the projectile.  This is achieved by inserting the optical window into the optical path of the sensor, temporarily blurring the scene and allowing for gain compensation to be performed on individual pixels of the infrared sensor.  In doing this, the infrared sensor is calibrated such that a uniform image results from a uniform scene, with no over- or under-sensitive pixels.

PROJECT PROPOSAL


The Raytheon Seekers Team of Northern Arizona University (Aaron Scrignar, Eric Draves, LaTanya Williams, Stacy Snyder, and Trevor Moody) proposes to design and fabricate a prototype of an optical window positioning system in accordance with the project requirements listed in Appendix One. The analysis of the prototype is limited to a static stress analysis and finite-element modeling of the design. The Raytheon Seekers Team is not required to test the design under any dynamic loading, but Raytheon has provided the opportunity for further testing in the future. 

The proposal of this project is limited to what is stated in this proposal. Changes to this proposal must be approved in writing in advance by both the Raytheon Seekers Team of NAU and Brian Scott of Raytheon Electronic Systems.
PROPOSED SCHEDULE

Proposal Acceptance Letter Return

December 6, 2003

Final Design Selection



January 15, 2003

Design Analysis




January 16, 2003

Start Fabrication of Prototype


February 1, 2003

Finish Prototype Fabrication


April 10, 2003

Rail Gun Test by Raytheon



April 15,2003

Capstone Conference



April 25, 2003

Finalize Final Report




May 5, 2003

Finalize Website




May 5, 2003

PROJECT FUNDING

Raytheon has allocated $3,000 for the design and fabrication of the positioning mechanism by the Infrared Seekers’. This money will be used throughout the course of the project to cover costs incurred through prototyping, travel, and presentation expenses. Approximately $2,400 of the funds will be used in the design, fabrication, and testing of the prototype. The majority of the expenses will be incurred during this stage due to the expensive nature of the material and high cost of production to meet the necessary specifications and tolerances. $100 will be used for travel expenses such as gas and lodging for a proposed team trip to the Raytheon facility in Tucson, AZ during the spring semester. $500 will be set aside for the presentation of the project, which includes the final documentation supplies and presentation visual aids.

Allocated Funds






$ 3,000.00

Travel Expenses






$    100.00


Prototyping







$ 2,400.00


(Materials, Fabrication, Testing)


Presentation Expenses 





$    500.00

(reports & documentation)

Total Funds Allocated
$  3,000.00

Total Funds Used

($3,000.00)

PROJECTED UNUSED FUNDS

$        0.00

STATE-OF-THE-ART RESEARCH

Due to the original nature of the design problem, and lack of any former devices that performed the same action in such a confined space, our research has focused on potential mechanisms and actuators that could be used for such a design.  Please refer to Appendix Two.

PRELIMINARY DESIGN CONCEPTS


The team has arrived at three design concepts to further analyze in order to determine the final prototype design. The first concept is the space crank mechanism. Second is the Worm-Gear Mechanism, and the final design concept is the Solenoid Rack and Pinion Mechanism. Sketches of the design concept are shown in Appendix Three.


The Space Crank is a design that has been used previously in binoculars to flick a doubling lens in and out of a focal plane very rapidly. A variation of this design may be used in our device.


The Worm-Gear Mechanism uses a motor to rotate a worm gear that drives a spur gear attached to the lens-mounting device, causing a rotational movement of the lens in front of the infrared sensor. 

The Solenoid Rack and Pinion mechanism is similar to the worm-gear mechanism, however the worm gear is replaced with a solenoid driven rack slider.

Modeling 

In order to have a successful design, our team firmly believes in utilizing a variety of modeling methods.  We plan on first performing descriptive modeling to communicate our basic individual ideas to the rest of the team.  Once we have selected a design, we will carry out static analysis and modeling by hand calculations.  Other methods of analysis and modeling will be accomplished via use of computer programs.  We will use a CAD package such as Mechanical Desktop or Pro-e to draft our design and help specify tolerances.  We plan on using Finite Element Analysis programs to model the stresses occurring in our design when it is under various loads.  We’d like to incorporate ADAM’s software in our dynamic testing to show the deflection of certain elements in our design.   
APPENDIX ONE
PROJECT REQUIREMENTS

The device must:

· Survive 10.0-kG launch acceleration acting normal to the window face. It must withstand 0-3Gs laterally while in flight and while device is moving the lens. It must withstand 5Gs RMS laterally.

· Be packaged in a 0.2” tall by 2.9” diameter cylinder, excluding electronics that can be located remotely. Dimensional tolerances must be within one-ten-thousandths of an inch.

· Move a Single Crystal Germanium lens (0.040” thick by 0.6” minimum diameter, 0.352lbm, Modulus of Elasticity =18.7x106 psi, Poisson's ratio =0.372, density =0.192 lbm/in3) into, or out of, position in less than 1 second. The window must remain in position for 1 second and cover the specified photocell array. “In Position” means the window is covering a photocell array located at the centerline of the cylindrical volume for the assembly. “Out of position” means that it is clear of the center 0.6” diameter but still within the allocated volume.

· Require less than 24 Watts at a maximum of 24Vdc for less than 1 second, and less than 5-Watts continuous if needed.

· Have low mass.

· Have the capability of repeated actuation for the purposes of multiple checkout runs for the system. The final actuation can be a one-shot mechanism, but for lab use multiple resets is needed.

· Withstand -320 to 190C operating conditions, and -460 to 630C storage conditions.

· Have a 10-15 year storage life.

No testing of the device by the Raytheon Seekers Team has been required by Brian Scott or Raytheon, but possible testing for the final design has been offered by Brian Scott outside the project guidelines.

APPENDIX TWO

State-of-the-Art Research

Geometric design of linkages;  J. Michael McCarthy. New York.  Springer, 2000.

A gemometric investigation of reach;  James Urey Korein.  Cambridge, Mass.  

MIT Press 1985.

Simple machines made simple;  Ralph E. St. Andre.  Englewood, Colo.  Teacher Ideas Press, 1993.

Ingenious mechanisms for designers and inventors;  1st Ed.  Edited by:  Jones, Franklin  New York,  Industrial Press 1967.

Kinematic analysis and synthesis of mechanisms;  Mallik, Ghosh, Dittrich.  Boca Raton.  CRC Press,  1994.

Engineering Case Library;  File ECL 103;  Space Crank Application, Prepared by:  Baumgarten, Aaron.  Leland Stanford Junior University,  1968.

Proceedings of SPIE - The International Society for Optical Engineering Jul 24-26 1991; 

Actuators: Design fundamentals, key performance specifications, and parametric trades, Ealey, Mark A.;  p 346-362; v 1543; 1992.

Japanese Journal of Applied Physics, Part 1: Regular Papers & Short Notes; Development of actuators for small-size magneto-optical disk drives, Ichihara, Junichi;  p 519-523; v 31; Feb. 1992.

http://www.brockeng.com/mechanism/index.htm;  Nov. 12, 2002.

Index and animations of selected mechanisms.  Types range from straight-line generators to rotary-linear motion converters.

www.motion-control-buyers-guide.com/mcbg.html;   Oct. 3, 2002.

Index of motion control manufacturers sub-organized into actuator types, i.e. linear, rotary, micro.  Provides contact info as well as website links for manufacturers.

www.ei.org/ev2/home;  Oct. 1, 2002.

Searches Compendex database for engineering and science related abstracts.  Allows for external database referencing to U.S. Patent Office and other databases.

www.festo-usa.com/products/index.html;  Oct. 5, 2002.

Pneumatic actuator manufacturer product index.  Various actuator styles are available, including micro-rectangular pistons, fluidic pneumatic muscles, and control sensors.

http://www.toyfoundry.com/products/index.html;  Sept.  21, 2002.

Product info web page for NanoMuscle Actuator with datasheet and specifications.  NanoMuscle is a micro-electromechanical linear actuator.
APPENDIX THREE
Preliminary Design Concept Sketches

Figure A3.1 – Space Crank Mechanism



Figure A3.2 – Worm Gear Mechanism
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Figure A3.3 – Solenoid Rack and Pinion
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