
 

1 | P a g e 

 

 

 

Tacho Lycos 
2016 NASA Student Launch 

MAV FRR 

 

 

 

 

 

High-Powered Rocketry Team 

911 Oval Drive 

Raleigh NC, 27695 

March 14, 2016  



 

 

 

2 | P a g e 

Table of Contents  

1. Summary of Flight Readiness Review ............................................................................................... 9 

1.1. Team Summary ........................................................................................................................ 9 

1.1.1. Team Name and Mailing Address ..................................................................................... 9 

1.1.2. Name of Mentor, TRA Number, and Certification Level ..................................................... 9 

1.2. Launch Vehicle Summary ......................................................................................................... 9 

1.2.1. Size and Mass ................................................................................................................... 9 

1.2.2. Motor Choice ................................................................................................................. 10 

1.2.3. Recovery System ............................................................................................................ 10 

1.2.4. Rail Size .......................................................................................................................... 10 

1.2.5. Milestone Review Flysheet ............................................................................................. 10 

1.3. AGSE Summary ...................................................................................................................... 10 

1.3.1. AGSE Title ....................................................................................................................... 10 

1.3.2. Size and Mass ................................................................................................................. 10 

1.3.3. Summarize Autonomous Procedure for AGSE ................................................................. 11 

2. Changes Made Since CDR ............................................................................................................... 12 

2.1. Changes made to Vehicle Criteria ........................................................................................... 12 

2.2. Changes Made to AGSE Criteria .............................................................................................. 12 

2.3. Changes Made to Project Plan ................................................................................................ 13 

3. Vehicle Criteria .............................................................................................................................. 14 

3.1. Design and Verification of Launch Vehicle .............................................................................. 14 

3.1.1. Design and Construction of Launch Vehicle .................................................................... 14 

3.1.2. Flight Reliability Confidence............................................................................................ 21 

3.1.3. Test Data and Analysis .................................................................................................... 21 

3.1.4. Approach to Workmanship ............................................................................................. 25 

3.1.5. Safety and Failure Analysis ............................................................................................. 25 

3.1.6. Full-Scale Launch Test Results ......................................................................................... 25 



 

 

 

3 | P a g e 

3.1.7. Mass Report ................................................................................................................... 31 

3.2. Recovery Subsystem .............................................................................................................. 32 

3.2.1. Robustness of Recovery System ...................................................................................... 32 

3.2.2. Suitable Parachute Size for Mass, Attachment Scheme, Deployment Process, Test results 
with Ejection Charge and Electronics ............................................................................................. 39 

3.2.3. Safety and Failure Analysis ............................................................................................. 41 

3.3. Mission Performance Predictions ........................................................................................... 41 

3.3.1. Mission Performance Criteria ......................................................................................... 41 

3.3.2. Flight Profile Simulations ................................................................................................ 43 

3.3.3. Thoroughness and Validity of Analysis ............................................................................ 44 

3.3.4. Stability Margin .............................................................................................................. 53 

3.3.5. Management of Kinetic Energy ....................................................................................... 53 

3.3.6. Altitude of Launch Vehicle and Drift ............................................................................... 54 

3.4. Verification ............................................................................................................................ 55 

3.5. Safety and Environment ......................................................................................................... 55 

3.5.1. Safety and Mission Assurance Analysis ........................................................................... 55 

3.5.2. Personnel Hazards .......................................................................................................... 56 

3.5.3. Environmental Concerns ................................................................................................. 60 

3.6. AGSE/Payload Integration ...................................................................................................... 60 

3.6.1. Integration of AGSE/Payload into Launch Vehicle ........................................................... 60 

3.6.2. Compatibility of Elements ............................................................................................... 62 

3.6.3. Payload Housing Integrity ............................................................................................... 63 

4. AGSE Criteria ................................................................................................................................. 63 

4.1. Experiment Concept ............................................................................................................... 63 

4.1.1. Creativity and Originality ................................................................................................ 63 

4.1.2. Uniqueness or Significance ............................................................................................. 63 

4.2. Science Value ......................................................................................................................... 63 

4.2.1. AGSE Objectives ............................................................................................................. 63 



 

 

 

4 | P a g e 

4.2.2. Mission Success Criteria.................................................................................................. 64 

4.2.3. Experimental Logic ......................................................................................................... 64 

4.2.4. Explain Meaningfulness .................................................................................................. 64 

4.2.5. Relevance of Expected Data............................................................................................ 64 

4.2.6. Detailed Experiment Process Procedures ........................................................................ 64 

4.3. AGSE Design ........................................................................................................................... 73 

4.3.1. Design and Construction of AGSE.................................................................................... 73 

4.3.2. Computer and Electronics............................................................................................... 73 

4.3.3. Precision of Instrumentation .......................................................................................... 75 

4.3.4. Approach to Workmanship ............................................................................................. 75 

4.3.5. Test and verification plan ............................................................................................... 75 

4.4. Verification ............................................................................................................................ 75 

4.5. Safety and Environment ......................................................................................................... 75 

4.5.1. Safety and Mission Assurance Analysis ........................................................................... 75 

4.5.2. Personnel Hazards .......................................................................................................... 76 

4.5.3. Environmental Concerns ................................................................................................. 76 

5. Launch Operations Procedures ...................................................................................................... 76 

5.1. Checklist ................................................................................................................................ 76 

5.1.1. Recovery Preparation ..................................................................................................... 76 

5.1.2. Motor Preparation ......................................................................................................... 79 

5.1.3. Setup on Launcher .......................................................................................................... 79 

5.1.4. Igniter Installation .......................................................................................................... 80 

5.1.5. Launch Procedure ........................................................................................................... 80 

5.1.6. Troubleshooting ............................................................................................................. 80 

5.1.7. Post-Flight Inspection ..................................................................................................... 80 

5.1.8. AGSE .............................................................................................................................. 80 

5.2. Safety and Quality Assurance ................................................................................................. 81 



 

 

 

5 | P a g e 

5.2.1. Demonstrate Risks at Acceptable Levels ......................................................................... 81 

5.2.2. Risk Assessment for Launch Operations .......................................................................... 81 

5.2.3. Environmental Concerns ................................................................................................. 81 

5.2.4. Identify Individual Responsible for Maintaining Safety, Quality, and Procedures Checklists
 82 

6. Project Plan ................................................................................................................................... 82 

6.2. Budget Plan ............................................................................................................................ 82 

6.3. Funding Plan .......................................................................................................................... 84 

6.4. Timeline ................................................................................................................................. 85 

6.5. Educational Engagement Plan and Status ............................................................................... 85 

7. Conclusion ..................................................................................................................................... 87 

 

 
  



 

 

 

6 | P a g e 

List of Figures 

Figure 1 Servo Mounted into Servo Mount ............................................................................................ 13 

Figure 2 SolidWorks Rendering of Igniter Insertion Interference and Resolution .................................... 13 

Figure 3 Photo of Constructed Fin Section ............................................................................................. 15 

Figure 4 Nosecone Section Drawing and 3D Model ................................................................................ 17 

Figure 5 Forward Airframe Section Drawing and 3D Model .................................................................... 18 

Figure 6 Aft Airframe Section Drawing and 3D Mode ............................................................................. 19 

Figure 7 Fin Section Drawing and 3D Model ........................................................................................... 20 

Figure 8 Ejection Charge Test................................................................................................................. 21 

Figure 9 Vacuum Chamber Test ............................................................................................................. 22 

Figure 10 BigRedBee 900 MHz Test ........................................................................................................ 23 

Figure 11 Conversion of Image across Radio Transmission ..................................................................... 24 

Figure 12 Final OpenRocket Model of the Launch Vehicle ...................................................................... 25 

Figure 13 Graph of the Full Scale OpenRocket Simulation ...................................................................... 26 

Figure 14 Close Up Photo of Launch....................................................................................................... 27 

Figure 15 Photo of the Aft Airframe and Fin Section after a Successful Recovery ................................... 28 

Figure 16 Full Scale Launch Altitude and Velocity Curves Collected by the StratoLogger CF Altimeter .... 29 

Figure 17 Full Scale launch Altitude and Velocity Curves Collected by Entacore AIM 3.0 Altimeter ......... 30 

Figure 18 StratoLogger CF Ascent Data .................................................................................................. 32 

Figure 19 Airbrake Code Flow Chart ....................................................................................................... 35 

Figure 20 Schematic of Airbrake System ................................................................................................ 36 

Figure 21 Schematic of Forward Avionics Electronics ............................................................................. 37 

Figure 22 Schematic of Aft Avionics Electronics ..................................................................................... 37 

Figure 23 BigRedBee 900 MHz GPS Units and Receiver .......................................................................... 38 

Figure 24 Velocity Under Drogue Parachute .......................................................................................... 39 

Figure 25 Kinetic Energy of Forward Section Under Main Parachute ...................................................... 40 

Figure 26 Kinetic Energy of Aft Section Under Main Parachute .............................................................. 41 



 

 

 

7 | P a g e 

Figure 27 OpenRocket Simulation of the Full Scale Launch in Huntsville, AL ........................................... 43 

Figure 28 Thrust Curve for the AeroTech L1150R ................................................................................... 44 

Figure 29 Comparative Cross Sectional View of the Launch Vehicle without the Airbrakes Engaged and 
then with the Airbrakes Engaged ........................................................................................................... 45 

Figure 30 Inner and Outer Domain Model in ANSYS ............................................................................... 45 

Figure 31 Tetrahedral Element Mesh for Simulations............................................................................. 46 

Figure 32 Airbrakes Undeployed Model of the Pressure Contour at 700 Feet per Second ...................... 47 

Figure 33 Airbrakes Undeployed Post-Processing Model of the Pressure Contour at 700 Feet per Second
.............................................................................................................................................................. 48 

Figure 34 Airbrakes Undeployed Post-Processing Model of the Velocity Streamlines at 700 Feet per 
Second .................................................................................................................................................. 49 

Figure 35 Airbrakes Deployed Model of the Pressure Contour at 700 Feet per Second .......................... 50 

Figure 36 Airbrakes Deployed Post-Processing Model of the Pressure Contour at 700 Feet per Second . 51 

Figure 37 Airbrakes Deployed Post-Processing Model of the Velocity Streamlines at 700 Feet per Second
.............................................................................................................................................................. 52 

Figure 38 OpenRocket Model with CG and CP Marked ........................................................................... 53 

Figure 39 AGSE Task Progression ........................................................................................................... 61 

Figure 40 Picture of Robot Arm Placing Sample in Payload Bay .............................................................. 62 

Figure 41 Photo of Robotic Arm Grappling Sample at Programmed Location ......................................... 66 

Figure 42 Launch Rail Stepper Motor and Pulley Apparatus ................................................................... 67 

Figure 43 Tektronix Function Generator and Oscilloscope ..................................................................... 68 

Figure 44 Igniter Insertion Stepper Motor Experiment Setup ................................................................. 70 

Figure 45 Sheared Vise Following Ratchet Test ...................................................................................... 72 

Figure 46 AGSE Electrial Schematic ........................................................................................................ 74 

 

  



 

 

 

8 | P a g e 

List of Tables 

Table 1 Size and Mass Properties ............................................................................................................. 9 

Table 2 AGSE Size .................................................................................................................................. 10 

Table 3 AGSE Mass Statement ............................................................................................................... 11 

Table 4 Flight Characteristics from Full Scale OpenRocket Simulation .................................................... 25 

Table 5 Launch Vehicle Mass Properties ................................................................................................ 31 

Table 6 Parachute Sizes, Descent Rates, and Kinetic Energies ................................................................ 33 

Table 7 Comparison of Aerodynamic Coefficients Before and After Airbrakes Engage ............................ 52 

Table 8 Kinetic Energy and Descent Rates for Parachutes ...................................................................... 53 

Table 9 Zero Degree Launch Angle Wind Drift Distances ........................................................................ 54 

Table 10 Five Degree Launch Angle Wind Drift Distances ....................................................................... 55 

Table 11 Comparison of Wind Speeds at Launch and Subsequent Apogees ............................................ 55 

Table 12 Construction Personnel Hazards .............................................................................................. 57 

Table 13 Launch Site Personnel Hazards ................................................................................................ 59 

Table 14 Servo and Servo Controller Test Results................................................................................... 65 

Table 15 Number of Servos vs. Required Voltage ................................................................................... 65 

Table 16 Square Wave Frequencies and Resulting Launch Rail Rise Times .............................................. 69 

Table 17 12V Test of Igniter Insertion Stepper Motor ............................................................................ 70 

Table 18 15V Test of Igniter Insertion Stepper Motor ............................................................................ 71 

Table 19 18V Test of Igniter Insertion Stepper Motor ............................................................................ 71 

Table 20 21V Test of Igniter Insertion Stepper Motor ............................................................................ 72 

Table 21 Budget Plan ............................................................................................................................. 82 

Table 22 Timeline .................................................................................................................................. 85 

 

List of Equations 

Equation 1 ............................................................................................................................................. 21 

Equation 2 ............................................................................................................................................. 54 



 

 

 

9 | P a g e 

1. Summary of Flight Readiness Review 

1.1. Team Summary 

1.1.1. Team Name and Mailing Address  

Tacho Lycos 
Engineering Building III 
911 Oval Drive 
Raleigh, NC 27606 

1.1.2. Name of Mentor, TRA Number, and Certific ation Level  

Alan Whitmore James Livingston Dr. Charles Hall 

acwhit@nc.rr.com livingston@ec.rr.com chall@ncsu.edu 

TRA Certification: 05945 TRA Certification: 02204 TRA Certification: 14134 

Certification Level: 3 Certification Level: 3 Certification Level: 3 

1.2. Launch Vehicle Summary  

1.2.1. Size and Mass 
Table 1 Size and Mass Properties 

FRR 

Length 102 in 

Diameter 5.5 in 

Loaded Weight 33.7 lbs 

Center of Pressure 76.3 in 

Center of Gravity 64.5 in 

Stability 2.15 Caliber 

Apogee 5344-5349 ft 

Max Velocity 661-689 ft/s  

Max Acceleration 297 ft/s2 

Recovery System 1 Drogue/2 Main 
Parachutes 

Motor L1150R 

mailto:acwhit@nc.rr.com
mailto:livingston@ec.rr.com
mailto:chall@ncsu.edu
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1.2.2. Motor Choice  

The team has selected the AeroTech L1150R motor for the full-scale rocket. It has a specific 
impulse of 790.6 seconds and a burn time of 3.1 seconds. It is 20.87 inches long and has a 
diameter of 2.95 inches. 

1.2.3. Recovery System 

The vehicle will come down in two separate sections. A 1.5 foot drogue parachute will deploy at 
apogee, controlled by the aft avionics bay StratoLogger altimeters. This will separate the 
nosecone and forward airframe from the fin section and aft airframe. The drogue will be attached 
to an Advanced Retention Release Device (ARRD) in the forward airframe and to a bulkhead in the 
aft airframe. At 1,100 feet AGL, the Entacore altimeters in the forward avionics bay will trigger the 
ARRD to separate the nosecone and forward airframe from the aft airframe and fin section. 
Shortly after, at 1,000 feet AGL, the Entacore altimeters will trigger the sample section and 
nosecone to separate, releasing a 4 foot main parachute. A 7 foot main parachute will deploy at 
700 feet between the aft airframe and fin section. This event will be controlled by the 
StratoLogger altimeters. 

1.2.4. Rail Size 

The launch rail will have a 1.5 square inch cross section and a length of 120 inches, which allows 
the vehicle enough distance to obtain a velocity of 63 feet per second as it leaves the launch rail. 

1.2.5. Milestone Review Flysheet  

The Milestone Review Flysheet can be found in Appendix A Milestone Review Flysheetof this 
document. It can also be obtained from the Tacho Lycos website at www.ncsurocketry.com. 

1.3. AGSE Summary 

1.3.1. AGSE Title 

The Autonomous Ground Support Equipment (AGSE) will be referred to as System To Orient 
Rocket on Mars (STORM). 

1.3.2. Size and Mass 
Table 2 AGSE Size 

AGSE Size  Horizontal (inches) Vertical (inches) 

Length 132 73.5 

Width 31.5 31.5 

Height 31 133 

Total Volume 128,898 in3 (74.59 ft3) 307,928 in3 (178.2 ft3) 



 

 

 

11 | P a g e 

Table 3 AGSE Mass Statement 

Weight (pounds) 

Robotic Arm Subassembly 4.2 

Igniter Insertion Subassembly 5.9 

Rocket Erection Subassembly 13.0 

Launch Rail 8.8 

Supporting Frame and Electronics Box 49.7 

Blast Plate 3.9 

  

Total Weight 85.5 

 

1.3.3. Summarize Autonomous Procedure for AGSE 

The system begins with the robotic arm. The sample will be placed in a predetermined position away 
from the AGSE. The robotic arm will move to the sample and grasp it with the gripper. After procuring 
the sample, the robotic arm will move it to the payload section where it will be securely enclosed by 
polyurethane foam. The robotic arm will then close the door and move a safe distance away from the 
rest of the system. The launch rail will then erect to 85 degrees from the horizontal. Once the launch 
angle is achieved, the igniter insertion system stepper motor will begin the procedure of raising the 
igniter into the ǾŜƘƛŎƭŜΩǎ motor.  
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2. Changes Made Since CDR 

2.1. Changes made to Vehicle Criteria  

After the full-scale test flight, altimeter data revealed that the aft half of the launch vehicle had 
descended much more rapidly than predicted based on advertised values. The kinetic energy for that 
section was found to be an unsafe 111 foot-pounds. In order to correct this so that the kinetic energy 
would be restricted to the required maximum of 75 foot-pounds, the 5 foot diameter aft parachute is 
being exchanged for a 7 foot diameter parachute. 

The sample bay was originally to be located in the forward airframe. It has been moved to the aft 
airframe so that the robotic arm can more easily place the sample in the compartment. 

Changes to the Arduino code that actuates and retracts the airbrakes have been implemented after the 
first test launch to include additional measures ensuring safe and proper operation of the system as well 
as to simplify the process of acquiring flight data post-launch. The changes made include; a failsafe 
system to guarantee that the deployment of the airbrakes is between 1700 and 2800 feet AGL to ensure 
that the airbrakes cannot actuate before motor burnout and to ensure that they actuate at the 
maximum possible effective altitude if there is an error in the program, a time-based condition that will 
ensure that the airbrakes retract prior to the landing of the fin section (acting in concordance with an 
altitude-based condition that retracts the airbrakes at 1100 feet AGL), and a system that will record the 
altitude at which the airbrakes deploy and retract to simplify the post-flight data analysis. 

The only change in the airbrake hardware is the addition of 2 3-D mounting points that will bolster the 
mounting of the 8mm linear bearing guide shafts to ensure that the guide rails cannot move in their 
mounting flanges. These mounting points will be epoxied directly to the fiberglass motor tube. 

In order to reduce the potential for electromagnetic interference in the altimeters that could be caused 
by the BigRedBee GPS unit, a small sheet of aluminum foil will be placed between the GPS and the 
altimeters. This should deflect any stray electromagnetic waves away from the altimeters. 

2.2. Changes Made to AGSE Criteria  

Since the completion of the CDR the robot arm was rigorously tested to find the combination of servo 
controller, servos, and gearing that would work best for inserting the sample into the payload bay. A full 
procedure of the experiment can be found in Section 4.6.2. The combination that was found to work 
best is by using the three stock servos that came with the arm and to have them controlled by the new 
servo controller.  
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Figure 1 Servo Mounted into Servo Mount 

After further analysis of the kinematics of the launch rail erection and igniter insertion systems it was 
determined that a non-load bearing section of STORM had to be removed to accommodate the full 
rotation of the launch rail with the igniter insertion system in place. 

 
Figure 2 SolidWorks Rendering of Igniter Insertion Interference and Resolution 

  

2.3. Changes Made to Project Plan  

Several changes have been made to the project plan since the CDR, although the majority of the plan 
has remained a constant. Another ejection charge test has been scheduled to test the new, 7ft 
parachute that is replacing the 5ft parachute. The pre-launch checklist was altered after full scale launch 
to correct procedural discrepancies and improve clarity of the steps. The verification section of the 
FMECAs was rewritten to provide actionable steps and experiments that were done prior to launch. The 
budget has changed very little, as the materials needed to construct the rocket and AGSE have been 
purchased and funding received from our student organizations and other sources, the numbers in the 
budget have been finalized. 
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3. Vehicle Criteri a 

3.1. Design and Verification of Launch Vehicle  

3.1.1. Design and Construction of Launch Vehicle  

3.1.1.1. Structural Elements  

The vehicle is constructed from 5.5 inch fiberglass tubing. Fiberglass was chosen due to its greater 
strength compared to phenolic tubing or Blue Tube 2.0. Additionally fiberglass tubing is highly resistant 
to abrasion and cracking, which makes it unnecessary to add additional airframe reinforcements and will 
allow the vehicle to be launched and recovered safely. 

The vehicle is split into four sections, the Nosecone section, Forward Airframe, Aft Airframe and Fin 
section. Sections of fiberglass coupler provide structure at the joints and shear pins are used to secure 
the sections during launch. Each section of the airframe is bookended with a ¾ inch bulkhead made 
from three pieces of ¼ inch birch aircraft grade plywood. The bulkheads are secured into the body tube 
with four screws. Hatches are used to access the avionics and electronics in the Forward and Aft 
Airframe sections and are attached to the body tube with four screws that fit into holes in the 
bulkheads, two on the forward bulkhead of the section and two in the aft bulkhead. The bulkhead for 
the nose cone section is epoxied in to eliminate the drag that screws would create extruding from the 
sides of the nose cone. Each bulkhead has a stainless steel U-bolt screwed into it that provides a hard 
point for attaching parachutes and shock cords. 

The fins are ¼ inch thick and are constructed from two pieces of 1/8th inch birch aircraft grade plywood 
epoxied together. There are four fins and the fins are epoxied into the rocket both at the base of the fin 
tab, where the tab touches the motor tube, and where the fins meet the outside of the rocket. In both 
places the epoxy has been thickened with glass microspheres so that the epoxy does not drip and so 
that the epoxy on the outside of the rocket can be filleted. 
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Figure 3 Photo of Constructed Fin Section 

The fins and bulkheads are laser cut and epoxied together using a wet layup. A large, clean surface that 
is free of any debris will be covered with a plastic lining that is sized to accommodate the number of 
bulkheads needed. The size of the lining is such that the desired quantity of bulkheads and fins take up 
ƘŀƭŦ ƻŦ ǘƘŜ ǎƘŜŜǘΩǎ size. This is so the lining can be folded in half over itself. Prior to placing the lining, 
ǘƘƛƴ ǎǘǊƛǇǎ ƻŦ ǇƭǳƳōŜǊΩǎ Ǉǳǘǘȅ ŀǊŜ ǇƭŀŎŜŘ ŀƭƻƴƎ ǘƘŜ ŜƴǘƛǊŜ ƻǳǘŜǊ ǇŜǊƛƳŜǘŜǊ ƻŦ ǘƘŜ ƭƛƴƛƴƎΦ ¢ƘŜ ōǳƭƪƘŜŀŘǎ 
and fins then have the epoxy applied using a sponge to evenly spread over the bulkhead surface. 

Once the bulkheads, fins, and centering rings have been cut out and have had epoxy applied between 
each layer, each component is carefully placed on the lining. Sheets of peel ply are cut to cover the 
items with approximately 2 inches of overhang along the entire edge. Breather is then be cut to the 
same size as the peel ply and placed directly over the peel ply. Strips of breather are then bridged from 
between each component all the way to the location of the vacuum tubing. This will ensure no air 
pockets remain trapped and an even pressure is applied at all points. 

tƭǳƳōŜǊΩǎ Ǉǳǘǘȅ ƛǎ ǘƘŜƴ ōŜ ǇƭŀŎŜŘ ŀŘƧŀŎŜƴǘ ǘƻ ŀƴŘ ŀƭƻƴƎ ǘƘŜ ŜƴǘƛǊŜ ǇǊŜǾƛƻǳǎ Ǉǳǘǘȅ ƭƛƴƛƴƎ ƻƴ ǘƘŜ ƛƴǎƛŘŜ 
edge, except for a one inch gap at the open end of the plastic lining fold. The vacuum tubing is then 
inserted in this location and additional putty is applied around the tubing to keep an airtight seal. The 
vacuum will be applied to a pressure of -20 inches of mercury for 8-12 hours minimum to allow the 
epoxy to cure. 
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3.1.1.2. Electrical Elements  

Each avionics compartment contains one primary and one redundant altimeter. The upper avionics 
compartment contains two Entacore AIM 3.0 altimeters. Each altimeter is wired such that the main 
charge port is connected to the terminal blocks on the forward bulkhead. These terminals are then 
connected to the black powder charges and are responsible for the 48 inch parachute event at 1,000 
feet. The secondary charge ports are wired to the terminal blocks on the aft bulkhead of the avionics 
bay. From these terminals, e-matches connect to the ARRD and are programmed to detonate at 1,100 
feet.  
 
The aft avionics compartment houses one Stratologger SL100 and one Stratologger CF. Each is wired 
such that the main charge port is wired to the terminal blocks on the top bulkhead. These terminals are 
then connected to the black powder charges and are responsible for the 1.5 foot drogue parachute 
event at apogee. The drogue charge ports are wired to pass through the bottom bulkhead of the lower 
avionics bay and connect to the terminal blocks on the bulkhead and the aft section of the middle 
airframe. These terminals are then connected to the black powder charges responsible for the 48 inch 
main parachute event at 700 feet. 
 

Each altimeter is secured with machine screws to its respective avionics sled. Each is powered 
independently by a 9 volt battery with the batteries also secured to the avionics sleds with retaining 
clips. Toggle switches mounted to the body of the rocket will be responsible for the powering on and off 
of each switch. The altimeters will be connected to the switches and the terminal blocks on the 
bulkheads with 20 gauge wire. 

The fin section houses the airbrake system which utilizes an Arduino Mega that sends a PMW signal to a 
Firgelli Linear Actuator Control (LAC) board. This board then sends a signal that drives the Firgelli P16-
50-22-12-P linear actuator. The Arduino determines when to extend the airbrakes by measuring the 
launch vehicles vertical velocity at 1500 feet AGL (well above the altitude of motor burnout), and 
comparing it to values in a pre-existing table. From this table the Arduino receives an altitude at which 
to deploy the airbrakes to attain an apogee of 5280 feet AGL. The Arduino receives altitude and velocity 
data from a BMP180 Barometric Pressure/Temperature/Altitude Sensor. Once the rocket has reached 
apogee, the Arduino is programmed to retract the airbrakes at 1100 feet AGL. If for some reason the 
pressure sensor malfunctions after apogee, the Arduino is programmed to retract the airbrakes 70 
seconds after apogee. This will retract the airbrakes at an altitude of about 350 feet AGL while the tail 
section is descending under the 7 foot main parachute. The Arduino code is located in Appendix G 
Arduino Code Referenced by MATLAB. The entirety of the airbrake system is powered by a 3 cell 11.1 
volt RHINO 1050 LiPo battery. 

 The table that the Arduino references is generated using a purpose built MATLAB program that 
iteratively determines the apogee of the launch vehicle with various deployment angles of the airbrake 
flaps and various motor burnout velocities and altitudes. The table compares the launch vehicles 
velocity at 1500 feet AGL to the appropriate altitude at which the airbrakes should be deployed to attain 
a 5280 feet AGL apogee.  This MATLAB program is located in Appendix F MATLAB Code for Airbrakes. 
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3.1.1.3. Drawings and Schematics  

Nosecone Section 

 
Figure 4 Nosecone Section Drawing and 3D Model 
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Forward Airframe Section 

  

 

Figure 5 Forward Airframe Section Drawing and 3D Model 
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Aft Airframe Section 

 

 

Figure 6 Aft Airframe Section Drawing and 3D Mode 
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Fin Section 

 
Figure 7 Fin Section Drawing and 3D Model 
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3.1.2. Flight Reliability Confidence  

Testing was done on the altimeters, black powder charges, and airbrakes prior to the launch of the full 
scale vehicle. 

The team is confident that the full scale launch vehicle will meet the mission success criteria because the 
vehicle has already launched to the target altitude and had a successful recovery. Full information about 
the launch of the full scale vehicle can be found in Section 3.1.6. 

3.1.3. Test Data and Analysis  

In order to simulate a flight to test the altimeters, a vessel was hooked up to a vacuum tube in order to 
depressurize the container. The drop in pressure simulated the change in altitude. A pressure gauge 
linked to the vacuum system allowed the team to control the pressure altitude that the altimeters 
experienced. LEDs were attached to the altimeters in place of e-matches so that the team could verify 
that the recovery events would be activated at the correct altitudes. This test, coupled with the results 
ŦǊƻƳ ǘƘŜ ǎǳōǎŎŀƭŜ ŦƭƛƎƘǘΣ ǾŜǊƛŦƛŜŘ ǘƘŜ ǘŜŀƳΩǎ ŎƻƴŦƛŘŜƴŎŜ ǘƘŀǘ ǘƘŜ ŀƭǘƛƳŜǘŜǊǎ ǿƻǳƭŘ ǇŜǊŦƻǊƳ ŀǎ ƴŜŜŘŜŘΦ 

 

Two days prior to launch, the black powder charge sizes were tested. A switch was used to remotely 
activate the charges from a safe distance. All parachute compartments successfully separated with the 
calculated charge sizes of 3.3 grams, 2.1 grams, and 2.2 grams for the forward, drogue, and aft 
parachutes, respectively. An example of the successful test can be seen in Figure 8. The charge sizes 
were calculated using the following formula: 

ὧὬὥὶὫὩ ίὭᾀὩ Ὥὲ ὫὶὥάίὰzὨ Ȣzππχ 
Equation 1 

Where l is the length of the compartment and d is the diameter. All measurements are in inches. 

 
Figure 8 Ejection Charge Test 
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The Airbrake system was tested to ensure that the Arduino code would reference the inputted 
velocity/extension altitude table. This was done using a vacuum chamber and by decreasing the internal 
pressure in the chamber rapidly. The Arduino would constantly read the pressure and when it reached a 
level equivalent to that of 1500 feet AGL, the system would determine the rate of increasing perceived 
altitude and compare it with values in the inputted table. The system was deemed functioning when it 
extended the actuator during depressurization and retracted it during repressurization (symbolizing 
descent of the rocket under canopy). The test setup, within the vacuum chamber, is shown below in 
Figure 9. This test, when paired with the data received from the Arduino altitude data obtained from the 
sub-scale launch, ǾŜǊƛŦƛŜŘ ǘƘŜ ǘŜŀƳΩǎ ŎƻƴŦƛŘŜƴŎŜ ǘƘŀǘ ǘƘŜ ǎȅǎǘŜƳ ǿƻǳƭŘ ŀŎǘ ŀǎ ŘŜǎƛƎƴŜŘΦ  

 
Figure 9 Vacuum Chamber Test 
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GPS Experiment 

We are using two BigRedBee 900 MHz GPS units to track both pieces of the launch vehicle. In order to 

test the transmission of data from both units simultaneously, we sent two team members to run around 

campus (at least travel .5 km away) so that we could test the GPS tracking on both units. Figure 10 

shows the paths traveled. This data was collected live and plotted on Google Earth to show what places 

on campus were traveled to. Each color represents the different paths traveled by the two team 

members. 

 

 

Figure 10 BigRedBee 900 MHz Test 
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Serial Radio Experiment 

The goal of this experiment is to test how well serial data can be transmitted to the ground station. We 
will be using several protocols to identify what type of data each data packet contains. The radios were 
able to communicate simple text data, however we wanted to see if it was possible to send images from 
the camera to the ground station. In order to do this, the Beagle Bone Black must convert the image into 
a text file. That text file must then be streamed through the radio byte by byte. The text will then be 
rebuilt back into the image. Figure 11 is the result of converting the image to text, sending the text 
across serial radio, and then rebuilding the image on the ground station. 

 
Figure 11 Conversion of Image across Radio Transmission 
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3.1.4. Approach to Workmanship  

Improper construction of the vehicle may lead to failure of the mission or loss of the vehicle entirely. 
Therefore, it is imperative that care is taken to uphold quality workmanship when the vehicle is being 
manufactured. The team believes that the quality of the workmanship is the foundation for success of 
the mission. To accomplish this mission, all senior members with experience in construction and design 
are the primary contributors to manufacturing with guidance given to younger members whenever 
possible. 

3.1.5. Safety and Failure Analysis  

A complete list of FMECAs can be found in Appendix C Failure Mode Effects and Criticality Analysis. 

3.1.6. Full -Scale Launch Test Results 

The launch vehicle was modeled in OpenRocket, shown in Figure 12, to match the CAD model from 
SolidWorks ǇǊƛƻǊ ǘƻ ƭŀǳƴŎƘΦ CǊƻƳ ǘƘƛǎ ƳƻŘŜƭΣ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ǎƛƳǳƭŀǘŜŘ Ƴŀǎǎ ǿŀǎ нфΦр ǇƻǳƴŘǎ ǿƛǘƘ ŀ 
length of 102 inches and a diameter of 5.5 inches. The CG was located at 64.8 inches aft of datum and 
the CP was located 76.3 inches aft of datum. This provided a static margin of 2.1 caliber. 

 
Figure 12 Final OpenRocket Model of the Launch Vehicle 

Flight conditions were modeled based on predicted weather for launch day. The pressure was set to 
29.9 inHg, temperature set as 52o Fahrenheit, and winds set to 10 miles per hour. From these 
parameters, the following flight characteristics are presented in Table 4 with the flight profile plotted in 
Figure 13. 

Table 4 Flight Characteristics from Full Scale OpenRocket Simulation 

Exit Rail Velocity (ft/s) 69.4 

Apogee (ft) 5415 

Max Velocity (ft/s) 736 

Max Acceleration (ft/s2) 297 

Time to Apogee (s) 17.8 

Flight Time (s) 120 
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Figure 13 Graph of the Full Scale OpenRocket Simulation 

 

The full-scale test launch occurred in Bayboro, NC on Saturday, February 27 at approximately 1:30 pm 
local time. Temperatures were between 50o and 55o Fahrenheit with winds gusting to 10 miles per hour. 
Visual observation showed a perfect launch and sequence of recovery events.  

The vehicle had a straight flight up until airbrake deployment, at which point slight damped oscillations 
were observed which did not significantly affect the flight path. At apogee, tƘŜ ǾŜƘƛŎƭŜΩǎ ŘǊƻƎǳŜ 
parachute was deployed and the vehicle was observed on its descent to 1,100 feet. At this point, the 
ARRD activated and released the aft airframe and fin section from the forward airframe and nosecone. 
Moments after, the 48 inch main parachute for the upper airframe and nosecone was deployed at its 
target altitude of 1,000 feet and the 84 inch main parachute for the fin section and middle airframe was 
deployed at its target altitude of 700 feet. Once the range was cleared, the vehicle was retrieved and 
post-launch checklists were initiated. Images from this flight as shown in Figure 14 and Figure 15. 

 






































































































































































































