U.S. ARMY
SUBMISSION OF PROPOSALS
 
Topics
 
The Army works to maintain its technological edge by partnering with industry and academia.  Agile, free thinking, small, high tech companies often generate the most innovative and significant solutions to meet our soldiers’ needs. The Army seeks to harness these talents for the benefit of our soldiers through the SBIR Program. 
 
The Army participates in one DoD solicitation each year with a two-tiered Phase I and Phase II proposal evaluation and selection process.  Army scientists and technologists have developed 243 technical topics and the Phase III dual-use applications for each which address Army mission requirements.  Only proposals submitted against the specific topics following this introduction will be accepted.
 
The Army is undertaking a transformation to better meet small-scale contingencies without compromising major theater war capability.  This transformation has had a major impact on the entire Army Science and Technology (S&T) enterprise -- to include the SBIR program.    To supply the new weapon systems and supporting technologies needed by the transformed Objective Force (OF), the Army has initiated the Future Combat Systems (FCS) program. The SBIR program has been aligned with FCS and OF technology categories -- this will be an ongoing process as OF/FCS needs change and evolve.  All of the following Army topics reflect OF and FCS technology needs.  Over 70% of the topics also reflect the interests of the Army acquisition (Program Manager/Program Executive Officer) community. 
 
Please Note!
 

       Your entire proposal (consisting of Proposal Cover Sheets, the full Technical Proposal, Cost Proposal, and Company Commercialization Report) must be submitted electronically through the DoD SBIR/STTR Proposal Submission Website. A hardcopy is NOT required. Hand or electronic signature on the proposal is also NOT required. You may visit the Army SBIR Website (address: http://www.aro.army.mil/arowash/rt/ ) to get started.  This page links to the DoD-wide SBIR proposal submission system (available directly at http://www.dodsbir.net/submission), which will lead you through the preparation and submission of your proposal. Refer to section 3.4n at the front of this solicitation for detailed instructions on the Company Commercialization Report. You must include a Company Commercialization Report as part of each proposal you submit to the Army; however, it does not count against the proposal page limit. If you have not updated your commercialization information in the past year, or need to review a copy of your report, visit the DoD SBIR Proposal Submission site. Please note that improper handling of the Commercialization Report may result in the proposal being substantially delayed and that information provided may have a direct impact on the review of the proposal.

 

       Based on past year's experiences with the electronic submission, please submit your proposals as early as possible. 

 

       Be reminded that section 3.4.b of this solicitation states: “If your proposal is selected for award, the >technical abstract and discussion of anticipated benefits will be publicly >released on the Internet on the DoD SBIR/STTR web site (www.acq.osd.mil/sadbu/sbir/)”; therefore, do not include proprietary or >classified information in these documents.  DoD will not accept classified proposals for the SBIR Program. Note also that the DoD web site contains timely information on firm, award, and abstract data for all DoD SBIR Phase I and II awards going back several years.   >> >> >
 
       The Phase II Plus Program objectives are to (1) extend Phase II R&D efforts beyond the current Phase II contract to meet the product, process, or service requirements of a third party investor, preferably an acquisition program, and (2) accelerate the Phase II project into the Phase III commercialization stage.  "Third party investor" means Army (or other DoD) acquisition programs as well as the private sector.  The general concept is to provide qualified Phase II businesses with additional Phase II SBIR funding if they can obtain matching non-SBIR funds from acquisition programs, the private sector, or both.  Under Phase II Plus, additional funds may be provided by modifying the Phase II contract, and where appropriate, use will be made of the flexibility afforded by the SBA 1993 Policy which allows total Phase I + Phase II SBIR funding to exceed $850,000. Additional SBIR matching funds, subject to availability, will be provided on a one-to-one matching basis with third-party funds, but not to exceed $250,000.  The additional SBIR funds must be used for advancing the R&D-related elements of the project; third-party investor funds can be used for R&D or other business-related efforts to accelerate the innovation to commercialization. More information is available on the Army SBIR web site: http://www.aro.army.mil/arowash/rt/.
 
Phase I Proposal Guidelines
 
The Army has enhanced its Phase I-Phase II transition process by implementing the use of a Phase I Option that the Army may exercise to fund interim Phase I - II activities while a Phase II contract is being negotiated.  The maximum dollar amount for a Phase I is $70,000 over a period of up to 6 months.  The Phase I Option, which must be proposed as part of the Phase I proposal if desired, covers activities over a period of up to four months and at a cost not to exceed $50,000.  All proposed Phase I Options must be fully costed and should describe appropriate initial Phase II activities which would lead, in the event of a Phase II award, to the successful demonstration of a product or technology.  The Army will not accept Phase I proposals which exceed $70,000 for the Phase I effort and $50,000 for the Phase I Option effort.  Only Phase I efforts selected for Phase II awards through the Army’s competitive process will be eligible to exercise the Phase I Option.  To maintain the total cost for SBIR Phase I and Phase II activities at a limit of $850,000, the total funding amount available for Phase II activities under a resulting Phase II contract is $730,000, unless Phase II Plus funds are provided.
 
Companies submitting a Phase I proposal under this Solicitation must complete the Cost Proposal within a total cost of up to $70,000 (plus up to $50,000 for the Phase I Option, if desired).  Phase I and Phase I Option costs must be shown separately; however, they may be presented side-by-side on a single Cost Proposal.  The Phase I Option proposal must be included within the 25-page limit for the Phase I proposal.  In addition, all offerors will prepare a Company Commercialization Report, for each proposal submitted.  The Company Commercialization Report does not count toward the 25-page Phase I proposal limitation.  
 
Selection of Phase I proposals will be based upon scientific and technical merit, will be according to the evaluation procedures and criteria discussed in this solicitation, and will be based on priorities established to meet the Army’s mission requirements.  The first Criterion on soundness, technical merit, and incremental progress toward topic or subtopic solution (refer to section 4.2 at the front of this solicitation), is given slightly more weight than the second Criterion, which is given slightly more weight than the third Criterion. When technical evaluations are essentially equal in merit between two proposals, cost to the government may be considered in determining the successful offeror.   Due to limited funding, the Army reserves the right to limit awards under any topic, and only those proposals of superior scientific and technical quality will be funded. 
 
Proposals not conforming to the terms of this solicitation and unsolicited proposals will not be considered.  Awards will be subject to the availability of funding and successful completion of contract negotiations.  The Army typically provides a firm fixed price contract or awards a small purchase agreement as a Phase I award, at the discretion of the Contracting Officer.
 
Phase II Proposal Guidelines
 
Phase II proposals are invited by the Army from Phase I projects that have demonstrated the potential for commercialization of useful products and services.  The invitation will be issued in writing by the Army organization responsible for the Phase I effort.  Invited proposers are required to develop and submit a commercialization plan describing feasible approaches for marketing the developed technology.  Fast Track participants may submit a proposal without being invited, but the application must be received NLT 120 days after the Phase I contract is signed or by the Phase II submission date indicated later, whichever date is earliest. The Fast Track technical proposal is due by the Phase II proposal submission date indicated later.  Cost-sharing arrangements in support of Phase II projects and any future commercialization efforts are strongly encouraged, as are matching funds from independent third-party investors, per the SBIR Fast Track program (see section 4.5 at the front of this solicitation) or the Phase II Plus program.  Commercialization plans, cost-sharing provisions, and matching funds from investors will be considered in the evaluation and selection process, and Fast Track proposals will be evaluated under the Fast Track standard discussed in section 4.3 at the front of this solicitation.  Proposers are required to submit a budget for the entire 24 month Phase II period.  During contract negotiation, the contracting officer may require a cost proposal for a base year and an option year, thus, proposers are advised to be mindful of this possibility.  These costs must be submitted using the Cost Proposal format (accessible electronically on the DoD submission site), and may be presented side-by-side on a single Cost Proposal Sheet.  The total proposed amount should be indicated on the Proposal Cover Sheet, Proposed Cost. At the Contracting Officer’s discretion, Phase II projects may be evaluated after the base year prior to extending funding for the option year.
 
The Army is committed to minimizing the funding gap between Phase I and Phase II activities. All Army Phase II proposals will receive expedited reviews and be eligible for interim funding (refer to top for information on the Phase I Option).  Accordingly, all Army Phase II proposals, including Fast Track submissions, will be evaluated within a single two-tiered evaluation process and schedule.  Phase II proposals will thus typically be submitted within 5 months from the scheduled DoD Phase I award date (the scheduled DoD award date for Phase I, subject to the Congressional Budget process, is 4 months from close of the DoD Solicitation).  The Army typically funds a cost plus fixed fee Phase II award, but may award a firm fixed price contract at the discretion of the Contracting Officer. 
 
Submission of Army SBIR Proposals
 
All proposals written in response to topics in this solicitation must be received by the date and time indicated in Section 6.2 of the introduction to this solicitation.  Submit your proposal(s) well before the deadline.  The Army does not accept late proposals.  
 
All Phase I proposals must be submitted electronically via the DoD SBIR/STTR Proposal Submission Site.  Each proposal must include the Proposal Cover Sheets along with the full Technical Proposal, Cost Proposal and Company Commercialization Report. The Army will NOT accept proposals which are improperly submitted.  A confirmation of receipt will be sent via e-mail shortly after the closing of the solicitation.   Selection and non-selection letters will also be sent electronically via e-mail.
 
Electronic Submission of Proposals Using the DoD SBIR Proposal Submission System
 
Your entire proposal must be submitted using the online submission system. This site allows your company to come in any time (prior to deadline) to upload an updated Technical Proposal or edit your Cover Sheets, Cost Proposal and Company Commercialization Report.  The Army WILL NOT accept any proposals which are not submitted through the on-line submission site (http://www.dodsbir.net/submission).  File uploads may take a great deal of time depending on your internet connection speed and file size.  If you experience problems uploading your proposal, call the help desk (toll free) at 866-724-7457.  You are responsible for performing a virus check on each proposal before uploading electronically.  The detection of a virus on any submission may be cause for the rejection of the proposal.  The Army will not accept e-mail submissions.
 
Reminder!  Based on past year's experiences with the electronic submission, please submit your proposals early. 

 
 Key Dates
 

                                     Phase I                                                                                           Phase II
 
03.2 Solicitation Open         1 July - 14 August 2003               Phase II Invitation                       April 2004+
Phase I Evaluations             August - November 2003            Phase II Proposal Receipt           May 2004+
Phase I Selections                November 2003                             Phase II Evaluations                    June – July 2004
Phase I Awards                    December 2003*                           Phase II Selections                      July 2004
                                                                                                        Phase II Awards                           November 2004*
 

*Subject to the Congressional Budget process.
+ Subject to change; Consult ARO-W web site listed above 

Recommendations for Future Topics
 
Small Businesses are encouraged to suggest ideas that may be included in future Army SBIR solicitations.  These suggestions should be directed to the SBIR points-of-contact at the respective Army research and development organizations (detailed on the following page).
 
A03-066                 TITLE: Airspace Management and Deconfliction of Networked UAV
 
TECHNOLOGY AREAS: Air Platform, Information Systems
 
OBJECTIVE: Develop an airspace management system that operates on a small UAV level that deconflicts multiple small UAV in real time using limited sensors, communications, and processing. The system will be able to monitor networked UAVs, deconcflict their airspace, and when necessary enable redirecting multiple networked UAVs simultaneously in support of UAVs Operations controlled from mounted and dismounted forces. 
 
DESCRIPTION: With the proliferation of UAV in the future battlefield associated with FCS and the objective force, the skies above the future battlefield will be very crowded. Future forces face an increasingly difficult task of managing UAV assets while making sure they don't bump into each other or into manned aircraft or get in the way of direct and indirect fires. Small UAVs especially, pose a significant challenge in that their size and sensor payload restrictions limit their onboard capability, which in turn puts increased importance on external airspace management. 
 
This effort will focus on Decision Aiding to help deconflict and manage level all Small UAVs (OAV and MAV size) under a Ground Commander’s direct control and with all known Air Vehicles (manned or unmanned) and artillery operating in the same airspace. As an example, the system should try to project UAV paths, predict potential collisions, and suggest realistic flight path modifications to avoid the collision. The UAV management system must be network aware and use a combination of push and pull technologies to disseminate the required information while minimizing overall network bandwidth. Both centralized and distributed solutions to the airspace management should be investigated. As a goal, the software should be scalable and portable to permit operation on a variety of platforms. This effort should focus on an area typical of an FCS Combined Arms Battalion’s operations. This system should facilitate coordination over communication and UAV control networks of an overall airspace management strategy among UAV operators, multiple air management systems, and the UAVs themselves.
 
PHASE I: Conduct trade study to identify best methods and technologies for conducting SUAV Airspace management and deconfliction in a FCS Combined Arms Battalion like environment. Develop a proof of concept the some of the key components for the SUAV Airspace Management System identified in the trade study.
 
PHASE II: Develop a prototype demonstration of the technology of interest for SUAV Airspace Management and Deconfliction System in simulation. Demonstrate and evaluate the system in constructive simulation and live simulation.
 
PHASE III COMMERCIAL APPLICATION: This product has a very big potential for application to Operations in FCS and Objective Force. In DoD and commercial world this technology has potential for very broad application in many different venues. This system would be directly applicable to police, border and facility security surveillance, for search and rescue, and homeland security.
 
REFERENCE:
1) Rippy, L; George Dimitrov; "Rotorcraft Pilot's Associate: Technology for the Battlefield of Tomorrow", presented to the American Helicopter Society 55th Annual Forum and Technology Display, Palais des conges de Montreal, Canada, May 25-27, 1999.
2) "Rotorcraft Pilot's Associate (RPA) Program - Final Report," under contract DAAJ02-93-C-008 for the US Army Avaition Applied Technology Directorate, Ft. Eustis, VA.
3) http://www.darpa.mil/fcs
4) http://www.army.mil
5) Aviation Concepts and Structures Briefings, , "https://webportal.saalt.army.mil/ausaavn03/TUES/FERRELL.ppt"
6) FCS Boeing LSI FCS Briefing site, 
"http://www.boeing.com/defense-space/ic/fcs/bia/briefings.html"
7) ANNEX F Unit of Action Vignettes, TADOC PAM 525-3-90 O&O, "http://www-tradoc.army.mil/dcscd/documents/ANNEXF%20UA%20O&O%20VIGNETTES.pdf ", 22 JUL 2002
 
KEYWORDS: airspace, management, deconfliction, decision aiding, UAV, SUAV, MAV, FCS, Battalion, collision
 
 
A03-067                 TITLE: Active Trim Tab Actuator For In-Flight Rotor Blade Tracking
 
TECHNOLOGY AREAS: Air Platform
 
OBJECTIVE:  Helicopter rotor blades must be tracked and balanced to eliminate the 1/rev vibration associated with dissimilar blades.  The objective of this effort is to develop an actuator that can actively deflect a trim tab for in-flight blade tracking.  Active trim tabs may allow for reduced aircraft downtime, lower operating and maintenance costs, and relaxed blade manufacturing tolerances.  Active blade tracking will have potential applications to all manned and unmanned rotorcraft, both military and civilian.
 
DESCRIPTION:  Research has been conducted over the past several years using shape memory alloys (SMAs) in the design of an active trim tab actuator.  The development of the capability of precise positioning of an in-flight active trim actuator should lead to improved component lives, diminished vibrations, reduced maintenance, extended range, and better maneuverability.This effort should focus on developing a practical active trim tab actuator (whether they are SMAs or another smart material).  Among the issues to be investigated are the actuator weight, required actuator power, trim tab control system complexity, and maximum trim tab deflection angle and deflection rate. 
 
PHASE I:  Effort in this phase should consist of the smart material selection and the active trim tab actuator design. "Proof of concept" testing of the actuator should also be conducted with attention focused on static and dynamic loading, torque limitations, locking requirements and mechanisms, and adequate response time, possibly regulated by position control electronics and cooling.
 
PHASE II:  This phase should consist of active trim tab actuator refinement and extensive bench top testing.  Analysis should be focused on predicting the performance levels of various actuator configurations, examining the effect of parameters on fatigue strength, blade weight, and balance.  Actuator designs must be evaluated from the point of view of cost, reliability, and blade repairability. This phase should also contain the initial development of the active trim tab control system.
 
PHASE III:  This phase should complete the trim tab control system development.  Wind tunnel testing of the active trim tab system should be conducted to demonstrate the potential applications of in flight rotor tracking to rotorcraft, both military and commercial.
 
REFERENCES:
1) Liang, C., Schroeder, S., and Davidson, F. M., “Application of Torsion Shape Memory Alloy Actuators for Active Rotor Blade Control:  Opportunities and Limitations”, SPIE’s Smart Structures and Materials Symposium, San Diego, February 1996.
2) Kennedy, D. K., Straub, F. K., Schetky, L. M., Chaudhry, Z. A.,  and Roznoy, R., “Development of an SMA Actuator for In-Flight Rotor Blade Tracking”, SPIE’s Smart Structures and Materials Symposium, Newport Beach, March 2000.
3)  Epps, J. J and Chopra, I., “Methodology of In-Flight Tracking of Helicopter Rotor Blades Using Shape Memory Alloys”, American Helicopter Society 55th Annual Forum, Virginia Beach, May 2000.
4)  Epps, J. J. and Chopra, I., “In-Flight Tracking of Helicopter Rotor Blades Using Shape Memory Alloy Actuators”, Smart Materials and Structures, Vol. 10,  No. 1, February 2001, pp. 104-111.
 
KEYWORDS: helicopter vibration control, smart materials, shape memory alloys (SMAs), rotor blade tracking
 
 
A03-068                 TITLE: Dismounted Small Unmanned Air Vehicle (SUAV) Associate 
 
TECHNOLOGY AREAS: Air Platform, Information Systems
 
OBJECTIVE:  Develop an Associate System to permit the Dismounted Warrior to control an SUAV through a PDA-like device integrated UAV controller so that he can perform his duties in an operational environment with minimal workload dedicated to UAV control.  This associate system will permit the highest level of decision aiding and autonomy augmentation available given processor limitation to maximize hands free control and produce operationally relevant behaviors in an SUAV.
 
DESCRIPTION:  One of the biggest challenges of future systems will be to team the Small UAV (MAV/OAV size) with dismounted forces.  Limited processor and sensor capabilities severely restrict the level of autonomy of SUAVs, making management and utilization of them a challenge, especially for dismounted warfighters.  Associate technology has the potential to provide the situational awareness and UAV management decision aiding to assist dismounted troops in maximizing their benefit.  Since associate system technologies will likely require more processing capability than MAVs will have in the short term, the Dismounted SUAV Associate will have to operate within the Dismounted Warfighter’s organic computing capability, and may have to be limited to execute in the organic, manpackable systems.  The Dismounted SUAV Associate will therefore need to be capable of operating on MAV and OAV class sensor and state information over tactical data-links, and intelligent information flow between the SUAV and Associate must be carefully managed.  In addition, because dismounted warfighter’s computing devices vary, the Dismounted SUAV Associate must be constructed modularly to be capable of operating on a variety of processors, with multiple modalities, like voice recognition, HMDs, gestural controls, etc.  The Dismounted SUAV Associate will bring associate system behaviors to the dismounted warfighter/ SUAV team, providing greater SUAV autonomy and increased human- SUAV collaboration.  As a goal, the system should be able to handle UAVs with various levels of autonomy and degradation of the system, augment the autonomy of the SUAV, and provide a consistent interface and capability across a variety of UAVs.  Operationally, the associate should be centered on the Future Combat Systems (FCS) Concept of Operations (CONOPS) and capabilities focusing on Urban Operations.
 
PHASE I:  Based on future operational concepts such as FCS, conduct research and develop a spec for an Associate System to control an SUAV based on tactical, rugged PDA-like processing and GUI technologies available in 2006, assuming a 30% processor and memory utilization.  Conduct research to determine what functionality is required operationally of the Associate software.  Develop a preliminary design for a full Dismounted Associate based on the specification and functionality determination.  Develop a plan for simulation and demonstration of the Dismounted SUAV Associate.
 
PHASE II:  Develop the Dismounted SUAV Associate, test it in simulation to refine its functionality, and demonstrate the refined Associate using primarily COTS or existing developmental UAVs, controllers, and hardware.   
 
PHASE III COMMERCIAL APPLICATION:  This product has a very big application to dismounted Operations with FCS and Objective Force.  In the DoD and commercial world, this technology has very broad application for many functions in which a human must interact with and control a robotic system in a “hands-free” “eyes-out” workspace.  This system would be directly applicable to police, border and facility security surveillance, for search and rescue, and homeland security.
 
REFERENCES:
1) Rippy, L; George Dimitrov; "Rotorcraft Pilot's Associate: Technology for the Battlefield of Tomorrow", presented to the American Helicopter Society 55th Annual Forum and Technology Display, Palais des conges de Montreal, Canada, May 25-27, 1999.
2) "Rotorcraft Pilot's Associate (RPA) Program - Final Report," under contract DAAJ02-93-C-008 for the US Army Avaition Applied Technology Directorate, Ft. Eustis, VA.
 
KEYWORDS: Associate, decision aiding, UAV, SUAV, FCS, Distributed, robotic, autonomy, human-machine interface
 
 
A03-069                 TITLE: Advanced Technologies for Improved Part Power Performance in Small Turbine Engines
 
TECHNOLOGY AREAS: Air Platform
 
ACQUISITION PROGRAM: PEO Aviation
 
OBJECTIVE:  Develop and validate turbine engine technologies that are innovative, unique and offer significant performance payoff at part power.
 
DESCRIPTION:  Advanced turboshaft engines are expected to be required to support future Army Uninhabited Air Vehicle (UAV)/Objective Force Systems (i.e., A160, UCAR, Future Combat System, Future Utility Rotorcraft).  It is anticipated that this will involve new centerline engines with a 20-35% reduction in specific fuel consumption (SFC), a 50-80% improvement in shaft horsepower to weight, and a 35-50% reduction in production cost.  These turboshaft engine goals are acknowledged to be highly aggressive.  To achieve them will require technology leaps.  Another very important aspect of these systems, particularly the UAV systems, is that excellent part power performance is required where significant time at cruise (part power) conditions is typically required and where time-on-station and range requirements will be stringent.  The objective of this topic is the development and validation of turbine engine technologies that are innovative, unique and offer significant performance payoff at part power.  Such technologies could include advanced flow control concepts, innovative cycle configurations, advanced clearance control concepts, or any other component technology that has potential to significantly improve part power performance aspects such as specific fuel consumption and/or surge margin.  This will result in advanced objective force rotorcraft that can operate in a robust manner over a large power range for both cruise and full power conditions.  
 
PHASE I:  Establish the feasibility of proposed technology to improve part power performance aspects such as specific fuel consumption and/or surge margin of small advanced turboshaft engines.
 
PHASE II:  Further develop and validate the technology through design, fabrication and testing on representative turboshaft engine components.
 
PHASE III:  Focus on the commercialization of the technology through integration into engine manufacturer’s propulsion systems for use in future engine development programs.  
 
DUAL USE APPLICATIONS:  The resulting effort will develop advanced turbine engine technologies for improved performance which will be applicable to both military and commercial gas turbine engine markets.
 
REFERENCES:
1)  Aviation Week & Space Technology, “Hummingbird UAV Begins Flight Test Program,” Robert Wall/Washington, February 4, 2002, http://www.aviationnow.com/content/publication/ awst/20020204/aw37.htm
2)  Jane’s Defense Weekly, “US Army Studies Potential for Unmanned Rotorcraft,” Kim Burger JDW Staff Reporter Washington DC, 10 September 2001, http://www.janes.com/ defence/land_forces/news/jdw/jdw010910_3_n.shtml
3)  Army Aviation, “The Black Hawk and Future Utility Helicopter Engines,” COL William G. Lake, CPT Cliff Calhoun, and Roger Olson, March 31, 2002, pages 23-24.
 
KEYWORDS: Gas Turbine Engine, Turboshaft Engines, Part Power Performance, Uninhabited Air Vehicles, Rotorcraft
 
 
A03-070                 TITLE: Merging Sensor and Stored Terrain Database Data for Rotorcraft Poor Visibility Weather Operations
 
TECHNOLOGY AREAS: Human Systems
 
OBJECTIVE: The objective is to provide the rotorcraft pilot with a display that shows real-time radar, stored terrain database information, and real-time infrared imagery to enable the pilot to fly low level, between terrain features, in poor visibility weather. By definition, this display is an enhanced/synthetic vision display.  The nature of the available data sets prevent use of traditional image fusion algorithms.
 
DESCRIPTION: This effort is primarily a human-engineering display design task and associated human-factors testing of the display.  This topic falls under the key technology area of Human Systems.
 
Different sensors and databases of terrain/obstacles each have advantages and disadvantages.  A single data source is inadequate for all environmental and operational conditions.  The advantages of radar systems are that these systems detect obstacles such as wires, and do not rely on accurate measurement of aircraft state for the rendering of the data.  However, these radar systems tend to have poor resolution, limited range, small field-of-view, and are not covert.  The advantages of stored terrain databases are that the rendering is not limited in range or field-of-view. The disadvantages of the stored terrain databases are that the available databases have poor resolution, do not indicate obstacles, and rely on accurate aircraft state information for rendering. The advantages of an infrared image include a much higher resolution than radar or databases, wide field-of-view, and no reliance on aircraft state information. However, the infrared image is unusable in fog and smoke. Therefore a merging of radar, stored terrain data, and infrared imagery will provide the pilot with complementary information regarding the terrain and obstacles. 
 
Since data sources are so different in resolution, field-of-view and range, traditional image fusion methods will not work. The merging of radar, terrain database data, and infrared imagery requires new, innovative, display design concepts and requires the associated software algorithm development.  The designer must work under the constraints of night vision goggle compatible colors.  To enable covert operations, the display should provide the pilot with sufficient information to avoid ground collision with pilot selectable maximum ranges of radar (selectable power), or without the radar entirely.  To enable poor weather operations, the display should provide the pilot with sufficient information to avoid ground collision when no infrared imagery is available.
 
PHASE I: Based on sound human-engineering principles, develop display concepts for merging or simultaneously showing information from radar, stored terrain database, and infrared imagery.  The difficulty is coming up with a design that is:
     - intuitive (reduce training time, reduce pilot errors)
     - robust (usable when a data source does not work in a particular environment)
     - uncluttered (reduce attention problems)
     - generalized (can be used on panel mounted, head-up, and head mounted displays)
Deliver an animation demonstrating the display concept(s). Use simulations of existing sensors as far as field-of-view and resolution parameters.  Multiple concepts may be animated, for further evaluation in Phase II. Deliver a Phase I report.
 
PHASE II: Design, fabricate, and deliver a simulation system capable of merging or simultaneously displaying simulated radar data, simulated infrared imagery, and an actual stored terrain database.  Overlay a set of primary flight symbology, such as airspeed, altitude, etc.  Using sound human factors principles and statistical methods, prove that the new display enables better pilot performance and terrain awareness than current displays (such as USAF search-and-rescue radar systems).  Simulate obstacles visible only with the simulated radar.  Simulate sharp terrain perturbations not in the terrain database.  For at least a portion of the simulation, simulate poor visibility weather (which degrades the infrared image).  Deliver a phase II report.
 
PHASE III DUAL-USE APPLICATIONS: Civil Emergency Medical Services (EMS) helicopter operators can benefit from the proposed enhanced/synthetic vision system. For EMS helicopter accidents between 1990 and 1999, a substantial 53% of accidents were at night, and 24% of accidents were during IMC conditions [Hart S. 2001]. In addition to EMS operators, forest fire fighter helicopter operators can also benefit from the proposed system since they routinely must cancel intended water drops due to limited visibility from smoke.
 
OPERATING AND SUPPORT COST REDUCTION (OSCR): Reduce helicopter accidents. Increase the visual conditions in which helicopters may operate. 
 
REFERENCES
1) A-6 Pilot's Operator's Manual, USAF.
2) Almsted L., Becker R., Zelenka R., "Affordable MMW Aircraft Collision Avoidance System," Enhanced and Synthetic Vision, SPIE Vol. 3088, 1997.
3) Bailey R., Parrish R, Arthur J., Norman R., "Flight Test Evaluation of Tactical Synthetic Vision Display Concepts in a Terrain-Challenged Operating Environment," Enhanced and Synthetic Vision, SPIE Vol. 4713, 2002.
4) Braithwaite M., Groh, S., Alvarez E., Spatial Disorientation in US Army Helicopter Accidents: An Update of the 1987-1992 Survey to Include 1993-1995, USAARL Report No. 97-13, 1997.
5) Coppenbarger R., "A Sensor-Based Automated Obstacle Avoidance System for Nap-of-the-Earth Rotorcraft Missions," Helmet Mounted Displays, SPIE Vol. 2735, 1996.
6) Craig G., Jennings S., Link N., Kruk R, "Flight Test of a Helmet-Mounted, Enhanced and Sythetic Vision System for Rotorcraft Operations", American Helicopter Society 58th Annual Forum, 2002.
7) Durnford S., Crowley J., Rosado N., Harper J., DeRoche S., Spatial Disorientation: A Survey of U.S. Army Helicopter Accidents 1987 - 1992, USAARL Report 95-25, 1995. 
8) Fontana R., Larrick J., Cade J., Rivers E., "An Ultra Wideband Synthetic Vision Sensor for Airborne Wire Detection," Enhanced and Synthetic Vision, SPIE Vol. 3364, 1998.
9) Hart S. G., “Civil Medevac Accidents,” 11th International Symposium on Aviation Psychology, Columbus OH, 2001.
10) Hellemann K., Zachai R., "Recent progress in mm-wave-sensor system capabilities for Enhanced (Synthetic) Vision," Enhanced and Synthetic Vision, SPIE Vol. 3691, 1999.
11) Holder S. Branigan R., "Development and Flight Testing of an Obstacle Avoidance System for US Army Helicopters," AGARD-CP-563, 1994.
12)Kretmair-Steck W., Haisch S., "All-weather capability for rescue helicopters," Enhanced and Synthetic Vision, SPIE Vol. 4363, 2001.
13) Swenson H., Zelenka R., Dearing M., Hardy G., "Design and flight evaluation of visually-coupled symbology for integrated navigation and near-terrain flight guidance," Helmet- and Head-Mounted Displays and Symbology Design Requirements, SPIE Vol. 2218, 1994.
14) Wiley L., Brown R., "MH-53J PAVE LOW Helmet-Mounted Display Flight Test," Helmet- and Head-Mounted Displays and Symbology Design Requirements, SPIE Vol. 2218, 1994.
15) Zelenka R., Almsted L., "Flight Test of 35 GHz MMW Radar Forward Sensor for Collision Avoidance," First World Aviation Congress, 1996.
 
KEYWORDS: display, enhanced vision, synthetic vision, helicopters, radar, infrared, terrain
 
 
A03-071                 TITLE: Sensors for Detecting and Monitoring Fatigue Cracks
 
TECHNOLOGY AREAS: Materials/Processes
 
ACQUISITION PROGRAM: PEO Aviation
 
OBJECTIVE:  To develop a lightweight miniature sensor with an accompanying data acquisition system that can detect, and monitor fatigue cracks in inaccessible areas of aviation components.  Successful development of this technology will provide for early detection and monitoring of fatigue cracks in inaccessible areas to avoid costly repairs, improve readiness, and ensure airworthiness of the Army’s fleet of aircraft.
 
DESCRIPTION:  Fatigue is a progressively localized structural change that occurs in a material subjected to repeated or fluctuating strains at stresses having a maximum value less than the tensile strength of the material.  This phenomenon can culminate in the initiation of fatigue cracks or fracture after a sufficient number of fluctuations.  Conventional non-destructive inspection techniques for fatigue cracks in inaccessible areas usually require the removal of obstructions or disassembly prior to inspecting the desired component.  The system envisioned for non-destructive inspection of inaccessible areas is a surface mounted sensor that has the ability to detect fatigue cracks and provide inspection results to an accompanying portable data acquisition system.  Complete assessment of fatigue cracking in an aviation component with limited accessibility may require a data acquisition system that can retrieve inspection results from multiple sensors.  Development and implementation of this proposed non-destructive inspection technique should offer the following potential advantages:  1) Lightweight, 2) Compatible with rotary and fixed wing systems, 3) Monitoring of inaccessible areas, 4) Reliable and accurate non-destructive inspection technique, 5) Low cost.
 
PHASE I:  Develop a conceptual lightweight sensor and accompanying portable data acquisition system with multiple inputs.  This phase should include a laboratory demonstration to show the systems capability in detecting small linear flaws in a sample of aviation components.
 
PHASE II:  Construct and evaluate a field portable prototype system.  Demonstrate system by installing on a test aircraft or full scale component, and subsequently monitoring a selection of aviation components with limited accessibility that are prone to fatigue cracking.
 
PHASE III:  Commercialize non-destructive inspection technique that can detect, and monitor for the initiation of fatigue cracks.  Prompt identification and repair of fatigue cracks can prevent costly replacements of parts.  This non-destructive inspection technique will also benefit commercial aerospace, petroleum, chemical and utility industries as an effective tool for detecting and monitoring fatigue cracks in components with limited access.
 
REFERENCES:
1)  Hay, T. R., Rose, J. L., Agarwala, V., Stephenson, J. E., New Technological Challenges for Guided Wave NDE, Tri-Service Corrosion Conference, San Antonio, TX, January 14-18, 2002.
2)  Rose, J. L., Hay, T. R., A Leave In-Place Sensor for Damage Detection in an SH-60 Helicopter Transmission Beam, USAF Structural Integrity Program, Williamsburg, VA, December 11-13, 2001.
3)  Rose, J. L., Hay, T. R., Portable PC Based Ultrasonic Guided Wave Inspection of the H-60 Helicopter, Team Hawk Meeting, USCG Clearwater Airbase, Clearwater, FL, February 22-23, 2001.
4)  Rose, J. L., Soley, L., Ultrasonic Guided Waves for the Detection of Anomalies in Aircraft Components, Materials Evaluation, Volume 50, Number 9, Pages 1080-1086, September 2000.
5)  Quarry, M. J., Rose, J. L., Multi-mode Guided Wave Inspection of Piping Using Comb Transducers, Materials Evaluation, Volume 57, Number 10, Pages 1089-1090, October 1999.
6.  Pollock, A. A., Acoustic Emission Inspection, ASM Handbook, Volume 17, tenth edition, pages 278-292.
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A03-072                 TITLE: Self-Healing Composite Structures
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes
 
ACQUISITION PROGRAM: SARAP
 
OBJECTIVE:  Maintaining the structural integrity of an aircraft is an ongoing necessity for Army Aviation.  In order to reduce or eliminate the cost and time associated with detecting and repairing aircraft structures, a biologically-inspired, self-healing, structural material is desired.  Aircraft made from a self-healing composite material would also theoretically last longer and enhance safety.  The objective of this effort is to develop a self-healing composite material that can be used structurally in Army rotorcraft.  Achieving this objective will enhance Army readiness, increase safety, and reduce maintenance labor, time, and cost.
 
DESCRIPTION:  At present, evaluating the integrity of the aircraft?s structure and repairing damages that may have occurred in flight involves a tedious periodic inspection, high maintenance labor, and significant down-time.  Self-healing airframe structures and skins would virtually eliminate this down time as well as increase the aircraft?s safety and life expectancy.   Self-healing composite materials must be able to repair damage associated with fatigue cracking and ballistics, while maintaining the majority of the structure?s original properties.  In developing the technology, however, care must be taken to ensure that the methodologies are suitable for practical rotorcraft structures, such as stiffened skins and load bearing joints.  The self-healing composite materials must also be able to endure the rigors of the non-pristine military rotorcraft environment such as excessive vibration and temperature extremes. 
 
PHASE I:  Effort in this phase should consist of developing a methodology for a self-healing capability of composite structures.  Shortcomings in existing similar approaches, if any, should be identified and addressed.  Suitable coupon and sub-element test specimens should be designed for proof-of-concept testing.
 
PHASE II:  Effort in this phase should consist primarily of sub-element and component testing.  This testing should validate the methodology, developed in the previous phase.  Component should be a representative of an actual rotorcraft part under realistic loading and environmental conditions.
 
PHASE III:  Effort in this phase should consist of demonstration of the technology on a military aircraft.  Both rotary-wing and fixed-wing aircraft can benefit from this technology.  Furthermore, civilian interests such as the automotive, medical, and aviation industries can benefit from the application of this technology.
 
REFERENCES:
1) Some work that has been done in this area has been internal company research, and thus proprietary, resulting in a lack of published references.
2) Berry, Sharon; ?Prognosis for Self-Healing Materials Is a Longer Life, Less Maintenance?,  SIGNAL.  July 2001. 
3) Logan, K. V.; Alturi, S. N.; Hanagud, S. V.; Ohlinger, W. L.; Villalobos, G. R.; ?Smart Armor Conceptual Design?,  1992; available at DTIC.
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A03-073                 TITLE: Advanced Snubber/Damper for Bearingless Helicopter Main Rotor Blades
 
TECHNOLOGY AREAS: Air Platform
 
RATIONALE: Current bearingless main rotor would be improved with additional damping for inplane (lead/lag) blade motion. Snubber/dampers on bearingless rotors currently under development exhibit large reduction of lag damping as the amplitude of the blade motion increases, leading to excessive size and weight of dampers in order to accommodate all operating conditions. In addition, current snubber/damper designs account for a large fraction of the rotor cost. The greatest amount of lag mode damping at the lowest cost (both initial and maintenance) is desirable.
 
DESCRIPTION: Many new helicopters incorporate bearingless main rotor (BMR) technology for improved performance and lower operation and support costs (Ref. 1). Bearingless rotor blades require a snubber/damper between the flexbeam and pitch case, to provide constraint of the vertical motion of the root of the pitch case (control of flap and pitch motion) and damping of the inplane motion (lag damping). Current designs use elastomeric or fluidlastic dampers. The damping obtained for these systems can be marginal or inadequate for the range of flight conditions and environmental conditions they encounter (Refs. 2 and 3). This can result in high damper/flexbeam motion at the regressing lag mode frequency. Potential impacts to the Army include: difficulty with precision control, air resonance instability (potential loss of aircraft), short damper life, and short flexbeam life.
 
The requirements for an advanced snubber/damper design are as follows, in order of priority:
a) Spring constant of 1000 lb/in and loss factor greater than 1.0 at low amplitude of motion.
b) For large amplitude motion (up to 0.75 in at the 1/rev frequency of 5 Hz, up to 0.75 in at the lag frequency of 3.5Hz; both single frequency and dual frequency), maintain damping at lag frequency at greater than 80% of low amplitude level.
c) Design approach that will produce at least 75% reduction in cost, both purchase and maintenance, compared to fluidlastic damper design.
d) Size less than 6 in.
 
The goal of this SBIR topic is to provide improvements in the snubber/damper of BMR rotors. Current dampers are strictly passive devises. This topic will consider both passive and active mechanisms. The resulting damper could greatly benefit US military helicopters currently under development (RAH-66, AH-1Z, UH-1Y) that utilize bearingless hub designs.
 
PHASE I:  Phase I will demonstrate the feasibility of the advanced design. 
 
PHASE II:  Phase II will complete the development of the design and demonstrate the improved characteristics.
 
PHASE III DUAL USE APPLICAITONS:  A possible Phase III could be development for the RAH-66 Comanche BMR rotor; potential commercial applications include both US and foreign BMR rotor such as the MD Explorer and EC-135.
 
REFERENCES:
1. Ingle, Steven J., Weber, Timothy L., and Miller, David G., "Concurrent Handling Qualities and Aeroservoelastic Specification Compliance for the RAH-66 Comanche," paper presented at the American Helicopter Society Aeromechanics Specialist Conference, San Francisco, California, January 19-21, 1994.
 
2. Major General Joseph Bergantz, "Improving Rotorcraft Acceptance Through Active Controls Technology," AHS International National Specialists' Meeting, Bridgeport, Conn., October 4-5, 2000
 
3. Panda, Brahmananda, Mychalowycz, Evhen, "Aeroelastic Stability Wind Tunnel Testing with Analytical Correlation of the Comanche Bearingless Main Rotor," paper presented at the American Helicopter Society 50th Annual Forum, Washington, DC, May 11-13, 1994.
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A03-074                 TITLE: Health and Usage Monitoring System (HUMS) for Unmanned Aerial Vehicles (UAV)
 
TECHNOLOGY AREAS: Air Platform
 
ACQUISITION PROGRAM: TUAV PMO
 
OBJECTIVE:  Develop an affordable, flight worthy, Health and Usage Monitoring System (HUMS) for unmanned aircraft.  The primary emphasis should be to develop a lightweight system (objective of 3 pounds or less) capable of recording key flight parameters to assess the health of UAV’s.
 
DESCRIPTION:  The role of unmanned aircraft in the U.S. Army is growing and will expand in the future.  In a manned aircraft, there is a pilot to observe/monitor aircraft status and report problems with the aircraft.  However, UAV’s do not have the man in the loop to observe/report problems, such as unusual vibrations or system anomalies in temperature or pressure.  This information is needed to determine if the UAV needs unscheduled maintenance actions prior to the next mission and to ensure that the aircraft will meet mission requirements.  Currently, available HUMS are too heavy and expensive for UAV application.  HUMS for UAV application must be capable of recording aircraft system temperatures, pressures, vibrations, and flight parameters.  Analysis of the data (diagnostics) can be accomplished either on-board the aircraft or via a ground station.  A capability to display and analyze flight data is a system requirement.  The display and analysis of the data can be done on a ground station (laptop) or combination on-board the aircraft and ground station.  The objective weight for the aircraft system is 3 pounds and must be low cost.  To reduce production costs and logistics burden, commercial-off-the-shelf components used in other applications, such as automotive, is encouraged.  The system should have adequate durability to tolerate the expected operational environment (sand, dirt, humidity, dust, and rain).  UAV’s will be deployed with ground forces in forward units in combat situations.  As part of the proposal, the offeror should show a general understanding of the needs of the potential applications.    
 
PHASE I:  Develop and conduct a feasibility demonstration of the proposed HUMS technology.  The demonstration shall be conducted on a laboratory scale and shall validate the critical technical challenges associated with the proposed technology.   
 
PHASE II:  The contractor shall further develop the design, fabricate a prototype unit, and fully demonstrate the capabilities by conducting additional bench or rig testing to fully validate the operating characteristics and durability of the proposed system. 
 
PHASE III:  Focus on the commercialization of the technology through integration into an aircraft manufacturer’s design system for use in current and future development programs.
 
REFERENCES:
1) Hardman, B., Hess, A., and Neubert, C., SH-60 Helicopter Integrated Diagnostic System (HIDS) Program Experience and Results of Seeded Fault Testing.  American Helicopter Society 54th Annual Forum, Washington, DC, May 20-22,1998.
2) Hess, R., Chaffee, M., Page, R., Roseberry, K., “Realizing an Expandable Open HUMS Architecture”, presented at the American Helicopter Society 56th Annual Forum, May 2000.
3) HUMS Open Systems Specification, BFGoodrich Aerospace, E-3424, August 30, 1999.
4) Hess, A., Hardman, J., Neubert, C., “SH-60 Helicopter Integrated Diagnostics System (HIDS) Program Experience and Results of Seeded Fault Testing”, presented at the American Helicopter Society 54th Annual Forum, May 1998.
5) Graham F. Forsyth, DSTO International Conference on Health and Usage Monitoring, Melbourne, February 19-20, 2001.
6) Larder, Brian D., An Analysis of HUMS Vibration Diagnostic Capabilities, Journal of American Helicopter Society, Volume: 45 Number: 1, January, 2000.
7) Augustin, Michael J. and Priest, Thomas B., The Certification Process for Health and Usage Monitoring Systems, AHS 53rd Annual Forum, Volume: 2 Number: 2, April-May, 1997.
8) Weitzman, Cay, Development of Low Cost HUMS, Proceedings of the 55th AHS Annual Forum, May 1999.
9) Augustin, Michael J. and Cronkhite, James D. and Yeary, Robert D., In Search of a Common HUMS - Meeting Military and Commercial Requirements, Proceedings of the 55th AHS Annual Forum, May 1999.
10) Teal, Richard and Healey, Timothy, RITA / NRTC HUMS Interface Standardization, Proceedings of the 55th AHS Annual Forum, May 1999.
11) Haas, David J. and Baker, Treven and Spracklen, David and Schaefer, Carl G., Joint Advanced Health and Usage Monitoring Systems (JAHUMS) Advanced Concept Technology Demonstration (ACTD), Proceedings of the 56th AHS Annual Forum, May 2000.
12) Hess, Robert and Chaffee, Mark and Page, Randal and Roseberry, Keith, Realizing an Expandable Open HUMS Architecture, Proceedings of the 56th AHS Annual Forum, May 2000.
13) Grabill, Paul and Berry, John and Porter, Jesse and Grant, Lem, Automated Helicopter Vibration Diagnostics for the US Army and National Guard, Proceedings of the 57th AHS Annual Forum, May 2001.
14) Brock, Larry D., Role of Open Systems in Implementing Navy HUMS, Proceedings of the 57th AHS Annual Forum, May 2001.
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A03-075                 TITLE: Composite Fastener Development
 
TECHNOLOGY AREAS: Materials/Processes
 
ACQUISITION PROGRAM: PM, Comanche
 
OBJECTIVE:  The connection of composite parts to other structures is an important aspect of fabrication for large structures such as airplanes and helicopters.  The use of traditional metallic fasteners is often not appropriate for use with composite materials.  Most metals are not compatible with advanced composite materials[1].  Excessive corrosion results when the two materials are exposed to a corrosive environment.  Additionally, metallic fasteners compromise the advantages of using composite materials.   Minimal component weight is a primary advantage of using composite materials; this advantage is compromised when the structure is assembled with heavy metallic fasteners.  In addition, during the assembly of composite parts, excessive stresses can be induced into the composite due to the clamping forces required to torque bolts or install rivets.  Even more damaging is the delaminating effects caused when a strong metallic fastener is pressed into a much weaker composite hole.  Achieving a tight press fit between a metallic fastener and a drilled composite hole is a compromise that aerospace designers do not like to make.  Likewise, composite materials are used to reduce radar signature, use of metallic fasteners negates this advantage, compromising the Stealth technology of the aircraft.
 
DESCRIPTION:  Current composite fastener technology employs a variety of methods ranging from specialized coatings for metallic fasteners to complicated adhesive bonding procedures.  Each of these techniques falls short of an optimal fastener for composites.  Advanced composite materials such as metal matrix composites (MMC), reinforced plastics (RP) or reinforced epoxy-based materials should be investigated as candidate fastener materials.  High temperature composite fasteners, made from ceramic matrix composites (CMC), have already been designed and validated [2].  The successful composite fastener should be made from composite materials that are lightweight, compatible, installed without damaging effects, provide tight fits without causing delamination, and complement the Stealth capability of composite aircraft.
 
PHASE I.  Identify materials and develop preliminary concepts.  Develop fastener concepts through design and producability studies. Down select the preliminary concepts by developmental testing and analysis to demonstrate form, fit, and function.    
 
PHASE II.  Building on the success of Phase I, fabricated test articles should be developed and tested to substantiate fastener strength.  These tests should include static strength and fatigue tests.  The test articles should incorporate various composite aerospace grade materials (i.e. carbon, aramid, glass, honeycomb sandwich structures) with joints using multiple fasteners.    Additionally, the durability or multiple use capability of the selected fastener concept should be demonstrated along with evaluating potential environmental effects to fastener strength.  Radar cross-section analyses should be conducted to address the issue of low radar observability.
 
PHASE III:  It is believed that the technology that results from this SBIR effort will have extensive military and civilian application.  Helicopter and fixed wing aircraft will most certainly continue to be developed using composite materials.  The market for lightweight composite fasteners should also include commercial/military satellites, launch vehicles, civil infrastructure such as power generation and water treatment facilities, and the construction and automotive industries.
 
REFERENCES:
1)  The Role of Nonmetalic Fasteners in Aircraft Wings and Other Composite Structures; Berecz, I., Composites in Manufacturing , Case Studies, Society of Manufacturing Engineers in Cooperation with the Composites Manufacturing Association of SME, pp 167-174, 1991.
2)  Design and Validation of High Temperature Composite Fasteners; Miller, R. J., Collection of Technical Papers AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics & Materials Conference, v3, 1998.
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A03-076                 TITLE: Combat Rotorcraft Electromagnetic Interference (EMI) Suppression Technology
 
TECHNOLOGY AREAS: Air Platform
 
ACQUISITION PROGRAM: PEO Aviation
 
OBJECTIVE:  Investigate and validate an electromagnetic interference (EMI) suppression system that can be applied to US Army combat rotorcraft avionics equipment. 
 
DESCRIPTION:  The Army is transforming its aviation assets to recapitalize, modernize, and upgrade the manned helicopter fleet and to develop rotary wing Unmanned Aerial Vehicles (UAVs).  Avionics enhancements to improve combat effectiveness, add functionality, contend with obsolescence, reduce costs, and capitalize on open source standards and commercial-off-the-shelf technologies are essential to the upgrade plans and to fielding low-cost highly capable rotary wing UAVs.  Frequently, program offices cannot make avionics changes because the Electromagnetic Vulnerability (EMV) and EMI testing required when avionics equipment is changed or added to an aircraft make these changes cost prohibitive.  Incorporating new or upgraded avionics in aircraft requires system level EMV and related EMI tests that generally cost program offices approximately $500K each time re-qualification is needed, and these costs are constantly rising.  The Army could avoid significant re-qualification costs and allow easier and quicker avionics changes if a way could be found to eliminate the additional system level test requirements without compromising safety.  Unmanned Aerial Vehicles (UAVs) will face similar challenges with their avionics suites since safety will be just as large a concern as it is for manned aircraft.
 
CREST seeks to develop and test a broadly applicable avionics EMI suppression system comprising technological and/or procedural innovations that eliminate or significantly reduce requirements for conducting electromagnetic/electronic environmental effects (E3) testing of Army combat rotorcraft when changes occur to the mission avionics suites.  Offerors may consider material solutions to include avionics enclosures, coatings, blankets, shielding, wraps (including lossey coverings), derived neutrals or local grounding, or other exotic techniques (e.g., active cancellation) for suppressing EMI emissions.  The solution may be used in combination with modified test or implementation procedures to achieve the goal of reducing the need for E3 re-testing after avionics modifications to an aircraft.  The offeror should optimize the design to mitigate cost of implementation and weight and to be flexible enough for application to a wide range of military rotorcraft.  The system should not impose unnecessary burdens on the Army logistics system or aircraft maintenance personnel or compromise flight line or in-flight safety.  It should also be environmentally inert and airworthy.  Modified procedures may rely on modeling and analytical techniques to reduce E3 test requirements as long as these techniques are vigorous enough to be accepted by flight release authorities in lieu of actual testing.
 
PHASE I:  Design a concept for and determine the technical feasibility of an avionics EMI suppression system.  Compare and contrast it to other candidate solutions.  Define implementation and test processes and address impact to overall EMI suppression, durability, cost, logistical and maintenance systems, weight, and other factors as necessary.
 
PHASE II:  Define associated processes, develop and document the system, and test the prototype system and procedures in a relevant avionics environment.
 
PHASE III DUAL USE APPLICATIONS:  The offeror will research and market potential applications to other DoD aviation weapon systems and to commercial aviation.
 
REFERENCES:
1) MIL-STD-461, Electromagnetic Emissions and Susceptibility, Requirements for the Control of Electromagnetic Interference
2) MIL-STD-464, Electromagnetic Environmental Effects Requirements for Systems
3) DO-160, Environmental Conditions and Test Procedures for Airborne Equipment
4) ADS-37A-PRF, Aeronautical Design Standards for Electromagnetic Environmental Effects
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A03-077                 TITLE: Analysis, Design & Test of Low Reynolds Number Rotors and Propellers
 
TECHNOLOGY AREAS: Air Platform
 
OBJECTIVE:  The range of unmanned air vehicles currently under development includes a number of extremely small vehicles.  The physics of the flow of such vehicles, especially as it relates to the phenomena of flow separation, differs greatly from full-sized vehicles and is not well understood or predicted.  Measurements at these flows are extremely difficult because of the very low forces involved.  Most such measurements today are directed at steady, two-dimensional airfoil behavior.  However, a low-Reynolds number rotor is not two-dimensional and encounters extreme unsteadiness.  Thus there are major analysis and testing difficulties that limit the ability to design optimum low Reynolds number rotors.  The object of this solicitation is to develop the means to design and analyze small rotors, and to test and understand these flows (that is, to achieve a good comparison of analyses and tests and to be able to account for the differences seen). 
 
DESCRIPTION:  This problem requires the development of practical design and analysis methods for the total flow of low-Reynolds number rotors.  The analyses should be physics-based and include all relevant phenomena including flow separation and all significant interactions.  The analysis should be able to treat complex configurations including multiple rotors, ducts, and adjacent surfaces such as wings.  The design capability should permit the selection of an optimum configuration consistent with configurational/operational constraints and with any known (from experimental or analytical sources) physical behaviors.  The limits of this optimal design should be predictable from the analysis.  The capability of these tools should be demonstrated in the fabrication and testing of suitable models.
 
PHASE I:  Devise an analysis method and a related design concept suitable for simple rotors.  Demonstrate the ability to predict flows (and related performance) over a single isolated rotor with a tip Reynolds number varying between 500,000 and 20,000.  Show the variation in airfoil performance from root to tip for this Reynolds number range (including a comparison with 2D airfoil behavior).  Demonstrate that at low Reynolds number the hover figure-of-merit is consistent with the behavior of known small rotors.  Propose small-scale test techniques for the validation of rotor analyses and diagnoses of behavior over a full range of advance ratios. 
 
PHASE II:  Develop a configuration optimization and layout method for the rapid design of small rotor configurations with a full range of practical constraints.  This design tool should be able to incorporate all available test data as possible input.  Complete development of the analysis method shall be demonstrated in Phase I.  This method should include the ability to treat hover and forward flight and to include ducts and adjacent wings.  For configurations of extreme geometric complexity, it would suffice to model distant elements in a practical and physically reasonable manner.  Develop and demonstrate a test and validation method for use with this analysis.  The demonstration shall include a small range of rotors and/or rotor/ducts sufficient to show the effectiveness of the analysis for a range of geometries.
 
PHASE III DUAL USE APPLICATIONS:  It is anticipated that miniature flying rotorcraft will be useful for a wide range of military and non-military applications.  Because such models are fairly cheap and easy to fabricate there will be a major premium on the ability to design and build these rapidly for fast developing applications.  This capability would be provided by the sought-for design, analysis and validation complex. 
 
OPERATING AND SUPPORT COST (OSCR) REDUCTION:  At the size rotor that is envisioned here, cost is anticipated to be relatively small on the condition that the small rotorcraft is available for the specific application.  It is anticipated that this availability will be contingent on the ability to custom design or modify these as required (at least until such time as operational experience identifies the reasonable range of configurations).  Of course, if these mini-rotorcraft are not available then the job will have to be done by more conventional and much more costly means.
 
REFERENCES:
1) "Analysis and Design of Rotors at Ultra-Low Reynolds Numbers," Peter J. Kunz, Roger C. Strawn, AIAA 2002-0099, 40th AIAA Aerospace Sciences Meeting and Exhibit, 14-17 January 2002, Reno, NV.
 
KEYWORDS: rotors, stall, separation, miniature rotors, low Reynolds number, test, aerodynamic analysis, design
 
 
A03-078                 TITLE: High Strength, Affordable Helicopter Gears
 
TECHNOLOGY AREAS: Air Platform
 
ACQUISITION PROGRAM: PM Apache
 
OBJECTIVE:  Affordably improve the contact fatigue and bending fatigue strength of helicopter gears by at least 25%.
 
DESCRIPTION:  There is a need to increase main gearbox power densities with minimal affect towards gearbox interfaces or growth within the Army's rotorcraft Force Modernization Fleet.  Recent advances in gear manufacturing, processing and finishing make it possible to realize dramatic increases in contact fatigue strength and bending fatigue strength for helicopter transmission gears.  It may be feasible to integrate several different processes to maximize potential benefits.  Instead of growing the gearbox to accommodate the higher power density requirement, it may be possible to keep the gearbox fixed in size and weight, by exploiting these manufacturing processes. These processes include, but are not limited to, chemically accelerated isotropic finishing, near net shaped forging, and ausform finishing.   
 
PHASE I:  Demonstrate potential for at least 25% improvement in bending fatigue strength and contact fatigue strength for Pyrowear 53 steel material through material coupon testing.  Testing shall include single tooth bending fatigue and contact fatigue.  The number of test specimens used will be statistically significant, in accordance with industry common practice.  Testing will incorporate a baseline.
 
PHASEII:  Demonstrate process on Pyrowear 53 spur gears representative of a current helicopter aircraft main gearbox.  Goal is to demonstrate strength increase of at least 25% by testing the development  gears in a 200HR endurance gearbox test. The test rig will be capable of confirming 25% fatigue life enhancement. 
 
PHASE III DUAL USE APPLICATIONS:  Demonstrate producibility and the affordability of the high strength gears.  Develop an implementation plan for the manufacturing/post-manufacturing process with a Process Specification.  Implement 200 Hour iron-bird endurance qualification test. Then flight test gearbox.  Potential commercial applications include helicopter gearboxes, tank transmissions, hydraulic pumps, race car transmissions, turboprop engines, earth moving equipment, wind turbine generators, and UAV/SUAV high-performance gearboxes.
 
REFERENCES:
1) Swiglo A. A., 2001, "Enhanced Surface Protection of Precision Gears," INFAC Program, IIT Research Institute. AMCOM Contract  DAAJ09-95-C-5046.
2) Britton R. D., Elcoate C. D., Alanou M. P., Evens H. P., Snidle R. W., Proc. STLE/ASME Tribology Conference; Orlando, FL (1999) "Effect of Surface Finish on Gear Tooth Friction."
 
KEYWORDS: power density, surface finish, superfinish, ausforming, aerospace gears,  transmission, near net forge, fatigue life. 
 
A03-079                 TITLE: Miniature Inertial Reference System
 
TECHNOLOGY AREAS: Sensors
 
ACQUISITION PROGRAM: PEO Aviation (Comanche)
 
OBJECTIVE:  Design and build a very small, lightweight miniature inertial reference system that can be integrated into an aviator's flight helmet to accurately measure the position of the pilot's head and the direction of the pilot's line of sight in real-time.  
 
DESCRIPTION:  Knowledge of the position and the orientation (line of sight) of the pilot's head can increase both the safety and the effectiveness of aviation missions.  This information can be used to improve the stabilization of imagery that is captured by the aircraft's sensors and displayed in the cockpit for better pilot awareness.  These measurements are also essential to head-tracking systems that automatically point sensors or weapons to a target as cued by the pilot's vision.  One of the existing technologies that measures the head position does so by creating and detecting magnetic fields.  Although this technique is useful in many environments, the interaction of the electromagnetic fields and some of the materials in the cockpit can produce erroneous readings.  Some of the existing systems cannot operate in real-time, and many require a complex mapping of the cockpit and/or a time consuming initialization before the system can be used.  Additionally, the slightest change within the cockpit, such as the pilot adjusting his seat or repositioning equipment, will often require a new cockpit mapping or initialization.
 
Novel techniques for accurately determining the position and orientation of the pilot's head are sought to provide three-dimensional inertial location data.  The system design should be integrable into standard Army aviator flight helmets.  Emphasis should be placed on minimizing the weight of the system and insuring the system does not block the pilot's vision or otherwise inhibit his ability to safely perform the mission under all realistic flight conditions.  
 
PHASE I:  Design a system to determine the position and orientation (line of sight) of the pilot's head.  Provide an estimate of the expected accuracy of these measurements.  Develop a plan to integrate the system into the pilot's helmet and to relay the information through existing communication channels into the aircraft computer.
 
PHASE II:  Develop and demonstrate a prototype system.  Conduct testing to verify both the system performance and the ability to interface with the aircraft computer(s).  
 
PHASE III DUAL USE APPLICATIONS:  This system can benefit both the military and the commercial sectors.  Reliable and accurate position and pointing information can be utilized in remote tracking, robotics, entertainment, surgical, and surveillance applications.
 
REFERENCES: 
1) Ferrin, Frank J., "Large Screen Projection, Avionic, and Helmet-Mounted Displays," Proc. SPIE, 1456, 86-94 (1991).
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