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Need: Radio controlled and small autonomous aircraft can be turned into an aerial equivalent of an improvised explosive device, or spy on sensitive areas when equipped with a camera.  Future threats to military and civil facilities and equipment will benefit from a cost-effective weapon system to counter these UAVs.  At present there is no efficient protection against them.
Objective: This project involves total system design of a low-cost, portable, counter-UAV missile system as the subject of this year’s AIAA Missile Systems Technical Committee (MSTC) Design Competition.    This effort encompasses engineering analysis and design associated with a missile system capable of storage for up to 20 years without maintenance, and engages hostile UAVs to protect a 1 kilometer radius area.  The teams shall determine a single, recommended missile system concept that best satisfies mission requirements and goals. The teams shall describe their design process, the physical and performance characteristics of the final missile system design and its components, an operational concept, cost estimate, development plan, and necessary support equipment and other resources necessary to comply with the Technical Requirements.
Technical Requirements:  The overall requirement of this Design Competition is to develop a cost-effective, portable, counter-UAV missile system to project a 1 km radius area.  Considerable flexibility is allowed for system concepts.  For example, the missile could be ground-launched from the center of the protected area, it could consist of multiple launchers in the vicinity, or it could be air-launched.  The total cost of the complete system should be included, including means of detecting and discriminating the threat, guiding the missile, the cost of the missiles themselves (including tooling, materials, labor, overhead, and reasonable profit), support equipment, and supplies to maintain the system.  Emphasis should be on an effective, minimum-cost system.  Time to target is not a stated requirement as long as the specified area is protected.
Where not specified, requirements shall be derived by the project team based on reasonable assumptions that are justifiable.  The AIAA committee focal point may be contacted with urgent, unresolvable questions, or they may be brought up at one of the design reviews described in the “Meetings and Reviews” paragraph (below).

A non-maneuvering target is the basic requirement, but the effect of target maneuvers on system effectiveness shall be evaluated.  Threat UAVs may range from micro-UAVs (< 20 lbs), up to a “Group 2” or “Medium” size class with nominal operating altitudes of 3,500 ft. and <250 kts airspeed.  The system shall be capable of defending against “waves” of UAV pairs approaching the protected area simultaneously from opposite directions, with additional pairs approaching at 15 second intervals for a total of at least six pairs (twelve total UAVs in the “wave”).  Protection shall be provided against additional waves at one-hour intervals, with optional off-site resupply by truck permitted no sooner than 30-minutes after a “wave” of UAVs is countered (to simulate time of loading and transport from a remote storage site).
A missile-like system is required.  An anti-aircraft gun or laser are not permitted solutions for example, but a gun-launched guided projectile would be if it is the most cost-effective system; any suitable missile propulsion system may be used.
The system or each system element must be transportable by one or more heavy duty pickup truck class vehicles (such as the Ram 2500, Silverado 2500, Sierra 2500, and F-250 or equivalent).  A towed trailer is permitted and there is no limit to the number of trucks or trailers (but no more than one trailer per truck).  Dedicated transportation equipment must be included in the system cost, but the truck or trailer cost does not need to be included if it can leave the area after the system is set-up, and they can be used for other purposes.  Cost of support equipment that remains to service the protected area must be included.  Unique equipment that cannot readily be used for other purposes must be included in the system cost whether it can leave the area or not, but the cost of equipment that is commonly used for other purposes and typically leaves the area after the system is set-up does not need to be included.  Cost of aircraft (and pilot) or other equipment used while the system is operational needs to be included.  Assume that no facilities or resources will be provided.  A generator for electric power would need to be part of the system, if required.  The cost of fuel, communication equipment, water, and food for on-duty personnel needs to be borne by the system.  The cost of shelter required to service the system (such as to protect on-duty personnel or equipment from weather) shall be included in the estimate.  The transportation cost of supplies to the site and refuse from the site does not need to be included.
For the purpose of this study, the average cost of personnel to set-up and operate the system shall be included at an average rate of $60,000 per person, per year, working 8 hours per day, 5 days per week (this amount includes costs of off-site housing, clothing, off-duty food, and personal supplies).  Cost estimates shall include and separately identify acquisition cost of the system, the cost to set-up, and the monthly expense of operating it.  For estimating purposes, assume that only one system is developed, and that a total of 200 UAVs are countered by the system during its lifetime (this may require more than 200 missiles due to malfunction or misses) at an average rate of two UAVs per month.  The system’s lifetime shall be at least 20 years with alternating periods of storage and deployment (total of 100 months deployed and 140 months in storage).  Development costs should not be included.
The system must be capable of being set-up from the transported state, with the truck(s) starting at the center of the protected area, to an operational system in less than 90 minutes.  The system and operational concept shall be capable of distinguishing between non-threating flying objects (including birds) and hostile UAVs.

The system shall be capable of continuously defending the protected area in any weather and temperature condition a threat UAV would be capable of effectively operating in.  It shall be able to function in any terrain capable that heavy duty pickup trucks can normally access.  Particular attention should be given to system operation and function in an urban environment, including line-of-sight blockage by buildings and the potential hazards of debris and missiles that hit or miss the target.

Teams are encouraged to describe design alternatives and cost sensitivities for enhanced capability beyond the minimum requirements, and suitability for the system to be adapted to other applications such as protection of commercial, ocean-going ships.

For the purpose of determining technology availability and program planning, Design and Development starts October 2018, and the system initial operational capability (IOC) shall occur no later than December 2023.

Data Requirements:

The team shall provide a concept of operation, description of the preferred system concept, detailed missile design, analysis methods, how capabilities compare to the requirements, and a development plan.

Concept of Operation

The team shall formulate and describe a complete concept of operation, including a notional timeline (think about human-in-the-loop versus use of automation).  It shall include description of how off-board sensors, communication, and other assets (if any) are used.  The concept for all support equipment required for transportation, integration, checkout, and operation of the missile system, and the number and function of personnel to set-up and operate the system shall be described.
Performance Assessments

Description of the design’s capability for the performance requirements shall be provided.  Data products shall include:

· Range capability against maneuvering or non-maneuvering targets.
· A time history of the design mission trajectory (flight performance parameters), including as a minimum, altitude, range, fuel/propellant flow rate, weight, net thrust, lift, drag, velocity, angle of attack and Mach number.
· A timeline indicating how and when the threat UAVs are detected, decision processes, missile(s) assigned and targeted, and targets engaged.
Systems Analysis

The teams shall describe design and analysis techniques, design process, data sources (references), assumptions, and derived requirements.  A missile inboard profile drawing, aerodynamic characteristics, propulsion characteristics, and weight statement of the recommended missile design shall be provided.  Analysis results shall be presented to show that the recommended design has sufficient aerodynamic stability and is controllable.  The physical and performance characteristics of the preferred weapon system concept shall be compared to all requirements.  Acquisition, set-up, and operating cost (per month) shall be estimated and documented.  A sequenced development plan shall be described to highlight activities (such as design, test and evaluation) needed to be ready to produce the new components needed for the system.
Project Schedule 

A top-level schedule of the team’s study, showing design reviews and significant milestones shall be presented at AIAA MSTC design reviews and included in the final report.

Deliverables
A written report in Microsoft Word or .pdf format is due May 16, 2016 for judging.  PowerPoint summary presentations will be accepted but are not required.  The U. S. customary system of units shall be used in documentation (feet, lbs., etc.).  Metric units with equivalent U. S. customary unit values (with either value alongside in parenthesis) are acceptable.  The exception is that reference to the 1 km radius protected area does not need to be translated to other units.
Meetings and Reviews:

Participating teams have different academic year schedule requirements, so the following optional reviews are available on dates requested each team that are mutually acceptable to the AIAA MSTC.  A Kickoff meeting is required to validate understanding of requirements.  A mid-term System Design Review is recommended, but not required, to validate the viability of a preliminary missile system design.  A conference call phone number and arrangements for a WebEx meeting will be provided by the AIAA MSTC point of contact.

· Kickoff (Required) - Conference call (optional WebEx) between individual teams and representatives from the AIAA MSTC.

· System Design Review (optional) – Mid-term conference call (optional WebEx) between individual teams and the AIAA MSTC to ensure acceptable interpretation of requirements and the planned remaining effort.  The “mid-term” aspect may be early, mid, or late in the project as best suits the progress and schedule of the team.

· Final Oral Review (required) - Conference call (optional WebEx) between individual teams and the AIAA MSTC.  No later than April 30, 2016.

Scoring:

The final report will be scored by MSTC members according to this point system:

1. Technical Content (20 points)

This addresses the correctness of theory, fidelity and thoroughness of analysis, validity of reasoning used, apparent understanding and grasp of the subject, etc.  Are all the major issues considered and a reasonably accurate evaluation of these issues presented? 

2. Mission Capability (30 points)

This addresses the integration of all subsystems into a concept capable of fulfilling the design and performance requirements.

3.   Organization and Presentation (15 points)

The description of the design as an instrument of communication is a strong factor.  Organization of the report, clarity, and inclusion of pertinent information are major factors.

4.  Originality (15 points)

The design concept and analysis techniques should show independent thinking or a fresh approach to the system design. Does the system design concept show creativity or innovation? Does the analysis or design approach show an adaptation or creation of new design or analysis tools?

5. Practical Application and Feasibility (20 points)
The report should present conclusions and recommendations that are feasible and practical and not merely lead the evaluators into further difficult or insolvable problems. Is the project realistic from the standpoints of cost, hazardous materials, development schedule risk, and technology available in the specified timeframe?

Award:

No award other than recognition by AIAA certificates is committed.  Winners will be notified by May 31, 2016.  The winning team’s accomplishment will be publicized in AIAA publications.
Please note that while the competition is planned for graduate students, undergraduates or mixture of graduate and undergraduate students on teams are welcome to participate.

The point of contact for the competition is:

Mr. Lawrence (Larry) Fink

The Boeing Company

P. O. Box 3707, MC 42-51

Seattle, WA  98124-2207

Email: lawrence.e.fink@boeing.com
Telephone: 206-544-5097

Conclusion:  Besides producing a useful report about a potential solution to meet a real, near-term need, this project is intended to give the teams experience with missile design and system design issues by working together to develop a near-optimum total system concept in the environment of a simulated procurement activity.  It is our hope that this design project will motivate students to improve research and development skills that they will need on the job no matter what engineering avocation they choose.  The project is intended to apply principles the students have already learned in class, provide motivation for additional learning, plus add to their experience of contributing as a team to solve problems.  It is hoped that class credit for completing the design project will be available to provide additional motivation.
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