Post Launch Assessment Review

Team Summary

· Team Name: MTSU Raider Rocket Team

· School Name: Middle Tennessee State University

· Location: Murfreesboro, TN 37132

· Team Members:

Project Manager:  Joseph Prince

Deputy Project Manager:  Michael Urich
Safety Officer:  Kevin Bonds

Advisor:  Dr. Ahad Nasab

· Mentors: 

Rodney McMillan (Hot Rod Rocketry)

Carey Huff (Huff Performance)

Launch Vehicle Description

· Size:

Length: 98.00 in.

Diameter: 6.16 in.

Span Diameter: 15.76 in.

Mass: 247.97 oz.

· Motor Choice: Animal Motor Works K800BB

· Recovery System:

Main: Sky Angle CERT-3 Large

Surface Area: 57 ft2

Drag Coefficient: 1.26

Mass: 34 oz.

Descent Rate: 16.91 ft/sec

Drogue: Sky Angle CERT-3 Drogue

Surface Area: 6.3 ft2

Drag Coefficient: 1.16

Mass: 6.0 oz.

Descent Rate: 66.92 ft/sec

Rail Size: 10 ft.

Rail Exit Velocity: 87.35 ft/sec

Payload Description
In the event an area were to become contaminated by radioactive material as in a nuclear transport accident or so called “dirty bomb” the need to quickly predict fallout damage due to windborne contaminants to surrounding areas will be of immense importance to evacuation efforts. We intend to demonstrate the effectiveness of using rockets for measuring radiation at altitude. Using low cost rockets for taking these measurements would have some distinct advantages over the use of balloons or aircraft. Rockets can be fired at trajectories allowing for a safe distance of the launch site from danger zone, the rocket can quickly obtain the desired altitude for taking measurements and the range can be estimated and controlled allowing for ease of recovery.  The team will design and build a rocket, fitted with a GCK-01A Geiger Counter and two Perfect Flight MAWD altimeters, to demonstrate the effectiveness of such an approach. 

Competition Results
· Launch Vehicle Summary 

Altitude:  4071 ft

Max. Velocity:  540 ft/s

Max. Acceleration:  448 ft/s2
Burn Time:  2.3 s

Time to Apogee:  16.8 s

Drogue Descent Rate:  62 ft/s
Main Descent Rate:  19 ft/s
· Launch Vehicle Data Analysis 
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· Payload Data Analysis
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· Scientific Value
We successfully demonstrated the effectiveness of using rockets for measuring radiation.  If the need to quickly predict fall out damage due to windborne contaminates arose, this would be a safe and cost effective way to do so.  In our experiment we observed the background radiation decreasing with altitude and increasing the closer it was to the ground.  In the event of nuclear transport accident or so called “dirty bomb”, the Count Rate of interest could easily be distinguished from this background radiation.

· Visual Data Observed

The rocket was very stable and flew with a good straight boost.  The drogue parachute deployed at apogee.  The ejection charge to deploy the main separated the nose cone from the forward airframe at approximately 900 ft but the main did not eject.  A redundant charge fired at 700 ft helping the main chute deploy.  The main was slow to open and appeared to be fully deployed at approximately 200ft.  The Descent Altitude vs Time graph for dual deployment shows the main fully deployed at 153 ft.

· Lessons Learned

The most important thing is meeting milestones.  To do this effectively the proposed budget needs to be readily available.  To ensure greater success in the future of this team, these milestones should be moved up to an even earlier date allowing for a couple test launches before the CDR.  This will give us plenty of time to adjust the drag coefficient in RockSim and create a more accurate and predictable model.  

Though phenolic airframe is very cost effective, half the weight of fiber glass, and  eight times the compressive strength of cardboard it still poses a structural risk and probably isn’t worth the weight and financial savings for this application.  The first test launch used 3 g of black powder to separate the forward airframe and this worked great.  The exact same amount was used during the second test launch and it cracked the airframe.  Changing from a multi directional to a single directional charge (card board tube to hot water pvc) reduced the risk of damage to the walls, and was much more efficient requiring only a fraction of the previous charge.  Ground testing showed that 1 g would separate the forward airframe 15ft fully deploying the main.  We decided to step it up to 1.25 g believing that this would ensure a reliable separation and still greatly reduced the risk of repeating the disaster from the second test launch.  Despite the results from the ground test, the separation of the main was not nominal, as it was slow to deploy.  In the future we will reduce the risk and select a stronger airframe that isn’t as sensitive to the strength of the charge.   

· Summary of Overall Experience

We had a successful launch and were able to gather the desired scientific data, but did not reach our target altitude.  Our first test launch resulted in an altitude of ~4,000 ft, but we attributed much of this to poor weather (~300 ft according to RockSim), unfilled grooves in the phenolic, and excessive friction on the rail from the large linear lugs.  We filled the grooves on the airframe and replaced the lugs with buttons.  We expected that making these changes and launching during better weather would make up much of the difference in altitude.  We were not able to conduct a second test launch until after the Flight Readiness Review.  In its second test launch, despite making the suggested changes and ideal weather, the unpainted rocket achieved an altitude of 4,186 ft.  After these results we knew the difference in altitude must be due to the drag coefficient for our model in RockSim.  After editing the drag coefficient in RockSim from .3 to .45, simulation predicts an altitude of 4,150 ft.  With this new model, switching from our AMW K800-BB to an AMW L1100-SM will deliver the rocket and payload to an altitude of 5,367 ft.  If we had the time and money to purchase this motor and the appropriate casing before the competition, a small amount of weight could have been added to the rocket to get it even closer to the target altitude.  (Refer to Lessons Learned)
· Outreach Summary

For our first outreach activity we held two rocket sessions at the Expanding Your

Horizons (EYH) Workshop, a science, math and technology enrichment activity

for 5th thru 8th grade girls at MTSU Saturday, October 25th. Our second outreach

activity was at the Young Eagles first flight and EAA Scout Aviation Merit Badge

program at the Smyrna Airport on November 22nd which included a presentation on the fundamentals of aerodynamics, aircraft performance and propulsions. The

scouts also learned to use navigation charts, conducted pre-flight checks and took their first flight.  Between these two events we had the opportunity to work with 90 kids.  Another EAA Young Eagles event was scheduled at John C. Tune Airport in Nashville on April 11th, but was cancelled due to the April 10th tornadoes that devastated Murfreesboro.  We are in the process rescheduling the EAA event and planning a couple summer camp outreach activities as well. 

