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The Academy’s Space Systems Research Center initiated the FalconLAUNCH sounding rocket program in Academic Year (AY) 2002-03.  This two-semester capstone design course in the Astro Department provides a realistic design experience for senior cadets majoring in Astronautical Engineering, Systems Engineering and Systems Engineering Management.  The program focuses on “learning space by doing space.”  Each year, cadets apply systems engineering processes to design, build, test, and fly a solid-propellant sounding rocket.  The goals for the program are to provide a “hands-on” educational experience for cadets, while applying a high level of practical engineering to solve real-world problems.  Currently, the program emphasizes developing a basic capability to fly small Air Force and DoD scientific and engineering payloads on a yearly basis.  Technical goals are to a design reproducible system capable of flying a 5 lb payload to over 330,000 ft (100 km)—suborbital flights to the edge of space.

FalconLAUNCH benefits from a close association with the Air Force developmental engineering community.  Technical mentorship and financial support are provided by the Air Force Research Laboratory’s Propulsion Directorate as well as the Air Force Office of Scientific Research.  Air Force Academy cadets are given unique opportunities to conduct research and work directly with Air Force and industry engineers.  This close teamwork helps the Academy and the Department of Astronautics achieve its ultimate goal of producing the finest future Air Force leaders of character who understand space.  

In AY 2002-03, the first team comprised of 14 cadets developed FalconLAUNCH I—a fully cadet designed, built, and tested single-stage, solid-propellant sounding rocket.  Launched on the Army range at Fort Carson, Colorado, the 90 lb rocket was aerodynamically stabilized and reached an altitude of 30,000 ft.  On descent, an airbag-actuated parachute deployed at 2000 ft and the rocket was successfully recovered.  This first subsonic rocket proved the technical feasibility of the program and paved the way for future classes to build a more powerful rocket design.

In 2003-2004, the 18-cadet team designed FalconLAUNCH II.  This new design incorporated many new features necessary for attaining the programs ultimate altitude and payload goals, including a graphite composite case to reduce structural weight, a silica-phenolic nozzle liner, new avionics hardware and software, and a new recovery system.  The team static fired the rocket motor in April 2004 and flight tested a supersonic, reduced-performance version at Fort Carson’s Pinion Canyon Maneuver Area range in southern Colorado. The static firing was successful except for a nozzle failure attributed to manufacturing problems which were subsequently resolved.  The flight test achieved supersonic flight, but soon after achieving Mach 1, at approximately 17,000 ft, the rocket experienced a problem and ultimately tumbled.  Almost all technical goals were achieved, but the flight dynamics anomaly created new opportunities for the next class.  

In program’s third year, FalconLAUNCH III focused the 21-cadet team on analysis of the previous year’s anomalous flight.  Their goal was to redesign and successfully fly supersonically at the Pinion Canyon Range.  The cadet-led research and analysis uncovered two contributing factors to the flight stability problem.  First, they discovered uneven erosion of the silica-phenolic nozzle liner at the nozzle throat, leading to slight thrust misalignment.  Cadets used sophisticated 6-degree-of-freedom flight simulation software developed by the Sandia National Laboratory to show that even small thrust misalignment could significantly destabilize the rocket in flight.  This problem was ultimately solved with a new, more robust, carbon-phenolic nozzle material.  Through several tests, this new material proved much more capable of withstanding the high temperatures and has proven very successful during all subsequent static and flight tests.  
Next, they discovered the likely onset of fin-flutter as the rocket became supersonic.  With the help of engineers at the Air Force Research Laboratories Propulsion Directorate, cadets researched and applied methods to predict fin flutter and design fins much more resistant to the effect.  The resulting design was static fired in January 2005 and produced over 3000 lbs of thrust.  A full-size rocket was built and launched in April 2005 on the Pinion Canyon Range.  FalconLAUNCH III successfully flew to over 18,000 ft and achieved the program’s first stable supersonic flight--over Mach 1.4.  Only 30% of the rocket’s propellant capability was used to ensure the flight would remain within the range’s boundaries.  The system transmitted position, velocity, and combustion chamber pressure data via the on-board telemetry and GPS systems to cadet ground stations.  With almost all technical goals achieved, the program was ready to take the next step and attempt a full-power supersonic flight.
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Figure 1:  FalconLAUNCH IV cadet team at San Nicholas Island
FalconLAUNCH IV built on the success of the previous three years and pushed the design goals higher and faster than ever.  The 17-cadet team addressed design challenges to almost every major subsystem in an attempt to improve performance and add new capabilities.  The propulsion team developed and tested a new symmetric propellant grain design.  They static fired the motor on February 14, 2006 at Jack’s Valley on the Air Force Academy and produced over 4000 lbs of thrust.  Cadet designed and built structures included the aluminum and carbon-phenolic nozzle, composite nosecone, and carbon composite fins.  The avionics section contained a telemetry system which recorded and transmitted on-board accelerations, motor chamber pressure, position, and velocity via the on-board accelerometers and GPS.  Two redundant ground stations were designed to receive and store the data.  A new real-time video camera payload was developed and integrated to transmit video from the rocket to a separate ground station.  The cadet-designed composite motor case was built by ATK Corporation of Brigham City, Utah, while the rocket motor was cast and cured by Vulcan Systems of Penrose, Colorado.  
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Figure 2:  FalconLAUNCH Test Director, Cadet First Class Cynthia Nogueras, gives the mission brief to the USAFA launch team and Navy test range personnel
The fully-loaded solid propellant rocket was capable of much greater range than was available in Colorado, so the launch was planned for the Navy’s Pointt Mugu Missile Range near San Nicholas Island, California.  Computer simulations of the flight predicted a range of over 25 miles and a max altitude of 134,000 ft.  Cadets began test planning with the US Navy’s range personnel many months before the operation.  The cadet operations team worked diligently to obtain approval of all their procedures, planned frequencies, and test plans using the same processes as other DoD test programs.  The range safety approval required detailed modeling and simulation of the rocket aerodynamic properties and flight dynamics to predict the flight hazard pattern.  

All the planning turned to action as the team deployed to San Nicholas Island on April 3, 2006 for system checkouts, dress rehearsals, and launch of FalconLAUNCH IV.  After some wet weather and range use issues, the team received the green light to proceed with the countdown on Thursday afternoon, April 6.  Cadets directed all rocket and ground station procedures and at 1640 PDT the test director pushed the button and launched the rocket.  The rocket lifted off smoothly and quickly accelerated, but after approximately three seconds an apparent structural failure caused the rocket to deviate from its course and quickly tumble.  
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Figure 3:  Cadets First Class Nate Collins and Jen Neville install the pressure transducer on the launch pad
Much of the rocket was recovered including the motor case, one attached fin, nozzle, and the avionics section.  The nosecone, payload section, and other three fins were not recovered.  The ground stations received data indicating the rocket reached an altitude of approximately 3500 feet and experienced maximum accelerations of nearly 38 g’s!  This data matches well with  simulations which predicted a speed of nearly Mach 2 (over 2000 ft/sec) at the time of the anomaly.  Preliminary analysis of the data, video, and recovered hardware suggest some type of structural failure possibly near the nosecone or payload section, but considerable additional inquiry into the anomaly is required.  The cadet team will conduct an investigation and present their results and recommendations in the end-of-semester final brief and report.  Pending the results of the post-flight analysis, FalconLAUNCH V will likely continue efforts to identify and understand the anomaly, redesign as necessary, and attempt another launch from San Nicholas Island in Spring 2007.  
Despite the flight problem, the program met all its educational goals and almost all technical goals.  Cadets learned tremendous lessons in systems engineering, program management, modeling & simulation, manufacturing, test, launch operations, and will undoubtedly learn even more from the anomaly investigation.  Perhaps more important, these future leaders learned much more about development of complex systems than any textbook could possibly communicate.  Although disappointed, the cadets will likely benefit more from this experience than if the rocket flew precisely as predicted.  As seen recently in industry, the initial development of a new rocket is filled with uncertainty and problems are common—this is not a simple or easy task.  But the lessons of this program--the technical rigor, discipline, professionalism, and attention to detail--have an irreplaceable impact on these future officers as they begin their Air Force careers.
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Figure 4:  Cadet First Class Grant Philipson and faculty position the motor on the rail
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Figure 5:  Cadets First Class Trip Johnson and Rebecca Unruh prepare to track the rocket from the telemetry ground station
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Figure 6:  FalconLAUNCH team raises the launch rail
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Figure 7:  FalconLAUNCH IV ready for launch
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Figure 8:  FalconLAUNCH IV leaves the pad






