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1. Summary of PDR 
 

1.1. Team Summary 
 

1.1.1. Name and Mailing Address 
Tacho Lycos 
911 Oval Drive 
Raleigh, NC 27695 

 

1.1.2. Mentors 
  Alan Whitmore                                                           James Livingston  

           acwhit@nc.rr.com                                                      livingston@ec.rr.com   
             TRA Certification: 05945                                           TRA Certification: 02204 

     Certification level: 3                                                   Certification level: 3  
 

1.2. Launch Vehicle Summary  
1.2.1. Size and Mass 

PDR 

Length 78 inches 

Diameter 5.5 inches 

Loaded Weight 15.25 lbs 

Center of Pressure 57.9" from nose 

Center of Gravity 47.4" from nose 

Stability 1.9 cal 

Apogee 3240 feet 

Max Velocity 547 ft/s 

Max Acceleration 266 ft/s2 

Recovery 1 Drogue/2 Main 
Parachutes 

Motor K535RR 

 

1.2.2. Motor Choice  
The club has selected the Animal Motor Works (Cesaroni) K535RR for the full scale 
motor. This motor provides a specific impulse of 324 lbf-s with a burn time of 2.7 
seconds. This motor has an overall length of 15.9 inches and a diameter of 2.13 inches.  

1.2.3. Recovery System 
The vehicle will ultimately come down in two independent sections. At apogee, a 1.5 foot 

drogue parachute will deploy. This will separate the middle airframe and fin section from 

the upper airframe and nosecone. The drogue will be attached to an Advanced Retention 

Release Device (ARRD) in the upper airframe and to a bulkhead in the middle airframe. 

At 1100 feet, the ARRD will separate the nose cone and upper airframe from the middle 

airframe and fin section. Shortly after, at 1000 feet, the sample section and nose cone will 

separate releasing a 2.75 foot main parachute. In order to decrease the drift range, a 3.75 

foot main parachute will deploy at 700 feet between the middle airframe and fin section. 

mailto:acwhit@nc.rr.com
mailto:livingston@ec.rr.com
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1.2.4. Milestone Review Flysheet  
 

The Milestone Review Flysheet can be found in the Appendix 1 of this document. It can 
also be obtained from the Tacho Lycos website at www.ncsurocketry.com. 

1.3. AGSE Summary 
1.3.1. AGSE/Payload Title  

ATLAS - Autonomous Terrestrial Launch Ascension System 

1.3.2. Method for Autonomous Procedures  

A BeagleBone Black (see Figure 1) on the AGSE will control all autonomous procedures 
of the rocket and AGSE system. The BeagleBone will be connected to a system of 
sensors to track the progress of the AGSE and rocket through the various mission 
requirements. Between task completion signals, the BeagleBone will control a camera, 
robotic arm, stepper motor, and various servos to accomplish mission requirements.  

 
Figure 1 BeagleBone Black 

Basic task sequencing will begin with the image processing system locating the sample.  
The imaging system and robotic arm will work together to retrieve the sample.  After 
confirmation of sample retrieval is relayed to the BeagleBone, the arm will move the 
sample to the clamp on the rocket door.  Inserting the sample into the clamp will 
compress a switch signaling the gripper to release the sample. The BeagleBone will then 
control the arm through closing the door. A switch on the door will tell the arm to move 
to a preset location away from the rocket.  The BeagleBone will then power on and 
operate the stepper motor to raise the rocket to the desired launch position. At 5o from 
vertical, a switch will allow the system to power on the stepper motor needed to insert 
ǘƘŜ ƛƎƴƛǘŜǊΦ  ¢ƘŜ ƛƎƴƛǘŜǊ ǎǘŜǇǇŜǊ ƳƻǘƻǊ ǿƛƭƭ ƻǇŜǊŀǘŜ ǳƴǘƛƭ ŀ ǎǿƛǘŎƘ ǾŜǊƛŦƛŜǎ ƛǘΩǎ ƛƴ ǇƻǎƛǘƛƻƴΦ 
With the igniter inserted, the rocket can be verified for flight readiness by an official.                                                             
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2. Changes Made Since Proposal 
2.1. Vehicle Criteria  

The nosecone will remain a blunt elliptical shape but have an overall length of 14 inches. This is 
a 4 inch reduction from the initially proposed length. Commercially bought elliptical nosecones 
are shorter than expected.  

The fin geometry has been changed to improve the static margin based on a CG shift due to 
motor weight. The root chord has changed from 12 inches to 10 inches and the tip chord has 
changed from 5 inches to 4 inches. 

The payload sample compartment design has been changed to a hinged door with a latching 
system instead of the sliding door. The kick panel clamps responsible for holding the payload will 
now be placed directly to the door. After the robotic arm has retrieved the sample, it will place 
the sample into the clamps and then perform a sweep maneuver to shut the door prior to 
vehicle erection. Two spring-loaded sliding locks will be mounted to the inside of the body tube. 
These will catch and lock two brackets that are mounted to the door when it falls shut. A foam 
mold in the shape of the sample will be placed where the clamps were previously located to 
help secure the sample during vehicle operation. Having a hinged door allows for a simple 
method to have the door be flush with the body tube once it is shut. This orientation would be 
difficult to achieve with a sliding door. Furthermore, it would be difficult to ensure that the 
sliding door would close under its own power. Having the arm close the door prevents the 
chance of the door not closing. The mold was added to ensure that the sample does not fall out 
of the clamps during flight. 

  

2.2. AGSE/Payload Criteria  

For time and complexity issues, the team has decided to purchase a robotic arm rather than 
construct one. The arm is an M100Rak V2 Modular Robotic Arm by RobotShop. It is a 4 degree 
of freedom modular robotic arm with a 500 gram lifting capacity at a full reach of 24 inches. The 
gearing is all metal with a 90 degree metal mount at the wrist for the gripper. The gripper 
(which adds an additional two degrees of freedom), servo controller, and power supply are all 
sold separately. 

The igniter will now be inserted using a linear actuator system rather than the rollers discussed 
in the proposal. A threaded rod will spin via a stepper motor, pushing up a nut and thus the 
igniter attached to a wood dowel on top of the nut. Once the nut reaches the blast plate, the 
igniter will be fully inserted into the motor. This design prevents the change that the igniter will 
slip on the rollers and not be inserted. The linear actuator model also prevents the igniter from 
moving back down, eliminating the need for a cap and securing the igniter inside the motor. 

 

2.3. Project Plan  

The budget has been slightly adjusted from the proposal. For example, portions have been 
added to reflect items that have already been purchased (such as the robotic arm and servo 
controller). Because the arm came with the servos required to control it, the servos that were 



 

 

11 | P a g e 

 

required to build an arm were removed. The budget also now reflects the parachutes being 
purchased, rather than being fabricated by the team. Despite these changes, however, the total 
budget accounted for thus far did not change by much ($10,005 from the proposal to $9,585). 
After the proposal was submitted, the Student Government Association agreed to fund the 
team with $1,000 for the spring semester of next year, and the full $7,000 was awarded from 
the NC Space Grant. The timeline has been updated to reflect the specifics on when the rocket 
and AGSE will be manufactured as well as the tentative dates for experimental verifications. 

 

3. Vehicle Criteria  
3.1. Selection, Design, and Verification of Vehicle  

3.1.1. Mission Statement  

The Tacho Lycos will design a launch vehicle to deliver a Mars soil sample to a 3000 foot 
AGL apogee and jettison the sample compartment at 1000 feet AGL on the decent to 
land safely back on the ground. 

 
3.1.2. System Level Requirements  

The following material was gathered from the NASA SL 2015 Handbook because of the 
comprehensive and complete description of requirements:  

1.1. The vehicle shall deliver the payload to, but not exceeding, an apogee altitude of 
3,000 feet above ground level (AGL). 

1.2. The vehicle shall carry one commercially available, barometric altimeter for 
recording the official altitude used in the competition scoring. The altitude score will 
ŀŎŎƻǳƴǘ ŦƻǊ мл҈ ƻŦ ǘƘŜ ǘŜŀƳΩǎ ƻǾŜǊŀƭƭ ŎƻƳǇŜǘƛǘƛƻn score. Teams will receive the 
maximum number of altitude points (3,000) by fully reaching the 3,000 feet AGL mark. 
For every foot of deviation above or below the target altitude, the team will lose 1 
ŀƭǘƛǘǳŘŜ ǇƻƛƴǘΦ ¢ƘŜ ǘŜŀƳΩǎ ŀƭǘƛǘǳŘŜ Ǉƻƛƴǘǎ ǿƛƭƭ ōŜ ŘƛǾided by 3,000 to determine the 
altitude score for the competition. 

1.2.1. The official scoring altimeter shall report the official competition altitude via a 
series of beeps to be checked after the competition flight. 

1.2.2. Teams may have additional altimeters to control vehicle electronics and payload 
experiment(s). 

1.2.2.1. At the Launch Readiness Review, a NASA official will mark the altimeter that will 
be used for the official scoring. 

1.2.2.2. At the launch field, a NASA official will obtain the altitude by listening to the 
audible beeps reported by the official competition, marked altimeter. 

мΦнΦнΦоΦ !ǘ ǘƘŜ ƭŀǳƴŎƘ ŦƛŜƭŘΣ ǘƻ ŀƛŘ ƛƴ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ŀǇƻƎŜŜΣ ŀƭƭ ŀǳŘƛōƭŜ 
electronics, except for the official altitude-determining altimeter shall be capable of 
being turned off. 
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1.2.3. The following circumstances will warrant a score of zero for the altitude portion of 
the competition: 

1.2.3.1. The official, marked altimeter is damaged and/or does not report an altitude via 
a series of beeps ŀŦǘŜǊ ǘƘŜ ǘŜŀƳΩǎ ŎƻƳǇŜǘƛǘƛƻƴ ŦƭƛƎƘǘΦ 

1.2.3.2. The team does not report to the NASA official designated to record the altitude 
with their official, marked altimeter on the day of the launch. 

1.2.3.3. The altimeter reports an apogee altitude over 5,000 feet AGL. 

1.2.3.4. The rocket is not flown at the competition launch site. 

1.3. The launch vehicle shall be designed to be recoverable and reusable. Reusable is 
defined as being able to launch again on the same day without repairs or modifications. 

1.4. The launch vehicle shall have a maximum of four (4) independent sections. An 
independent section is defined as a section that is either tethered to the main vehicle or 
is recovered separately from the main vehicle using its own parachute. 

1.5. The launch vehicle shall be limited to a single stage. 

1.6. The launch vehicle shall be capable of being prepared for flight at the launch site 
within 2 hours, from the time the Federal Aviation Administration flight waiver opens. 

1.7. The launch vehicle shall be capable of remaining in launch-ready configuration at 
the pad for a minimum of 1 hour without losing the functionality of any critical on-board 
component. 

1.8. The launch vehicle shall be capable of being launched by a standard 12 volt direct 
current firing system. The firing system will be provided by the NASA-designated Range 
Services Provider. 

1.9. The launch vehicle shall use a commercially available solid motor propulsion system 
using ammonium perchlorate composite propellant (APCP) which is approved and 
certified by the National Association of Rocketry (NAR), Tripoli Rocketry Association 
(TRA), and/or the Canadian Association of Rocketry (CAR). 

1.9.1. Final motor choices must be made by the Critical Design Review (CDR). 

51.9.2. Any motor changes after CDR must be approved by the NASA Range Safety 
Officer (RSO), and will only be approved if the change is for the sole purpose of 
increasing the safety margin. 

1.10. The total impulse provided by a launch vehicle shall not exceed 5,120 Newton-
seconds (L-class). 

1.11. Any team participating in Maxi-MAV will be required to provide an inert or 
replicated version of their motor matching in both size and weight to their launch day 
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motor. This motor will be used during the LRR to ensure the igniter installer will work 
with the competition motor on launch day. 

1.12. Pressure vessels on the vehicle shall be approved by the RSO and shall meet the 
following criteria: 

1.12.1. The minimum factor of safety (Burst or Ultimate pressure versus Max Expected 
Operating Pressure) shall be 4:1 with supporting design documentation included in all 
milestone reviews. 

1.12.2. The low-cycle fatigue life shall be a minimum of 4:1. 

1.12.3. Each pressure vessel shall include a solenoid pressure relief valve that sees the 
full pressure of the tank. 

1.12.4. Full pedigree of the tank shall be described, including the application for which 
the tank was designed, and the history of the tank, including the number of pressure 
cycles put on the tank, by whom, and when. 

1.13. All teams shall successfully launch and recover a subscale model of their full-scale 
rocket prior to CDR. The subscale model should resemble and perform as similarly as 
possible to the full-scale model, however, the full-scale shall not be used as the subscale 
model. 

1.14. All teams shall successfully launch and recover their full-scale rocket prior to FRR in 
its final flight configuration. The rocket flown at FRR must be the same rocket to be 
flown on launch day. The purpose of the full-scale demonstration flight is to 
demonstrate the launŎƘ ǾŜƘƛŎƭŜΩǎ ǎǘŀōƛƭƛǘȅΣ ǎǘǊǳŎǘǳǊŀƭ ƛƴǘŜƎǊƛǘȅΣ ǊŜŎƻǾŜǊȅ ǎȅǎǘŜƳǎΣ ŀƴŘ 
ǘƘŜ ǘŜŀƳΩǎ ŀōƛƭƛǘȅ ǘƻ ǇǊŜǇŀǊŜ ǘƘŜ ƭŀǳƴŎƘ ǾŜƘƛŎƭŜ ŦƻǊ ŦƭƛƎƘǘΦ ! ǎǳŎŎŜǎǎŦǳƭ ŦƭƛƎƘǘ ƛǎ ŘŜŦƛƴŜŘ ŀǎ 
a launch in which all hardware is functioning properly (i.e. drogue chute at apogee, main 
chute at a lower altitude, functioning tracking devices, etc.). The following criteria must 
be met during the full scale demonstration flight: 

1.14.1. The vehicle and recovery system shall have functioned as designed. 

1.14.2. The payload does not have to be flown during the full-scale test flight. The 
following requirements still apply: 

1.14.2.1. If the payload is not flown, mass simulators shall be used to simulate the 
payload mass. 

1.14.2.2. The mass simulators shall be located in the same approximate location on the 
rocket as the missing payload mass. 

1.14.2.3. If the payload changes the external surfaces of the rocket (such as with camera 
housings or external probes) or manages the total energy of the vehicle, those systems 
shall be active during the full-scale demonstration flight. 
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1.14.3. The full-scale motor does not have to be flown during the full-scale test flight. 
However, it is recommended that the full-scale motor be used to demonstrate full flight 
readiness and altitude verification. If the full-scale motor is not flown during the full-
scale flight, it is desired that the motor simulate, as closely as possible, the predicted 
maximum velocity and maximum acceleration of the competition flight. 

1.14.4. The vehicle shall be flown in its fully ballasted configuration during the full-scale 
test flight. Fully ballasted refers to the same amount of ballast that will be flown during 
the competition flight. 

1.14.5. After successfully completing the full-scale demonstration flight, the launch 
vehicle or any of its components shall not be modified without the concurrence of the 
NASA Range Safety Officer (RSO). 

1.15. Each team will have a maximum budget they may spend on the rocket and the 
Autonomous Ground Support Equipment (AGSE). Teams who are participating in the 
Maxi-MAV competition are limited to a $10,000 budget while teams participating in 
Mini-MAV are limited to $5,000. The cost is for the competition rocket and AGSE as it 
sits on the pad, including all purchased components. The fair market value of all 
donated items or materials shall be included in the cost analysis. The following items 
may be omitted from the total cost of the vehicle: 

ω {ƘƛǇǇƛƴƎ Ŏƻǎǘǎ 

ω ¢ŜŀƳ ƭŀōƻǊ Ŏƻǎǘǎ 

1.16. Vehicle Prohibitions 

1.16.1. The launch vehicle shall not utilize forward canards. 

1.16.2. The launch vehicle shall not utilize forward firing motors. 

1.16.3. The launch vehicle shall not utilize motors that expel titanium sponges (Sparky, 
Skidmark, MetalStorm, etc.).  

1.16.4. The launch vehicle shall not utilize hybrid motors. 

1.16.5. The launch vehicle shall not utilize a cluster of motors. 

 
3.1.3. Subsystem Level Review 

3.1.3.1. Nosecone 

Model rocketry nosecones can be chosen for a wide range of flight conditions 
depending on speed and the mission. From preliminary design simulations, it was 
determined the rocket would operate well below supersonic and even transonic speeds 
with design specifications limiting the apogee to 3000' AGL. From this, it was 
determined this performance criteria would not require high aerodynamic efficiency. 
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An elliptical fiberglass nosecone was therefore chosen for use. The nosecone will be 
purchased from Rocketry Warehouse rather than manufacturing our own to save time 
and money. This nosecone has a 5.5" maximum diameter at the base with an exposed 
length of 8.5 inches and a shoulder length of 5.5 inches. The proposed design can be 
seen in Figure 2. 

 
Figure 2 Nosecone Selection and Assembly 

 
3.1.3.2. Airframe  

The flight vehicle body tube will be constructed of 5.5 inch diameter Blue Tube 2.0. Blue 
Tube 2.0 offers greater strength than regular phenolic tubes while weighing less than 
fiberglass tubing. Designed for artillery illumination rounds, this material is highly 
resistant to abrasion and cracking making it unnecessary to add additional airframe 
reinforcements. 

Internally, the body tube will be separated into four separate compartments with each 
section sealed by a bulkhead(s) constructed of 0.375 inch birch aircraft grade plywood. 
The fin section will contain a carbon fiber reinforced bulkhead for motor attachment 
and shock cord connection. This section will be secured to the middle airframe by 
inserting four nylon shear pins. This allows for the rocket to stay connected during pre-
launch handling and still separate from a black powder charge at altitude. Internal to the 
fin section, two centering rings constructed of 0.375 inch birch aircraft plywood will be 
epoxied to ensure the motor is most nearly perfectly centered.  

 
3.1.3.3. Avionics  

Avionics will be implemented into both the upper and middle airframe. Each avionics 
compartment will include a set of primary and redundant Stratologger SL100 altimeters, 
two 9 V batteries, and a fiberglass sled to secure the components. The two independent 
sections will also contain GPS units for tracking purposes. The upper airframe avionics 
bay will be responsible for the drogue charge to deploy at the 3000 foot apogee, the 
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ARRD at 1100 feet, and the charge to separate the nosecone from the upper airframe at 
1000 feet.  This sled will also hold the payload mold to help secure the sample on the 
opposite side. The sled in the middle airframe will be responsible for the separation of 
the middle airframe and the fin section at 700 feet. Each altimeter will be wired to 
switches. This eliminates any unnecessary battery usage in the time of when the vehicle 
is not in launch configuration.   

 
3.1.3.4. Stability  

For the purposes of stability analysis, the datum reference point was established as the 
tip of the nosecone. From preliminary calculations in OpenRocket, the center of gravity 
was located 47.4 inches aft of datum and the center of pressure located 57.9 inches aft 
of datum. This makes for a static margin of 1.91 caliber as illustrated in Figure 3. 

                                          
Figure 3 Stability Visualization 

One crucial stability based parameter is the vehicle's launch rail exit velocity. For 
sufficient stability off of the rail, Jim Livingston suggested a minimum velocity of 44 ft/s 
as the uppermost rail button leaves the launch rail. For the K535RR motor and a 66 inch 
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launch rail, it was found that the vehicle's top rail button would leave the rail at 46 ft/s. 
The equation used to calculate this velocity is shown below. This equation is derived 

using the assumption that the forces acting on the vehicle as well as its mass are constant 

over the short time on the rail. In addition, rail friction was neglected as well as drag due 

to the low velocities being considered.  

 ὠ   

L is the distance the top rail button travels before it leaves the rail. This distance is 
related to the rail length by adding the distance between the top rail button and the 
ōŀǎŜ ƻŦ ǘƘŜ ǾŜƘƛŎƭŜΩǎ Ŧƛƴ ǎŜŎǘƛƻƴΦ ¢ ƛǎ ǘƘŜ Yрорww ƳƻǘƻǊΩǎ ŀǾŜǊŀƎŜ ǘƘǊǳǎǘ ƻǾŜǊ ǘƘŜ ŦƛǊǎǘ 
лΦнр ǎ ƻŦ ŦƭƛƎƘǘΣ ² ŀƴŘ Ƴ ŀǊŜ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ǿŜƛƎƘǘ ŀƴŘ Ƴŀǎǎ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ŀƴŘ — is the 
ƭŀǳƴŎƘ ǊŀƛƭΩǎ ŀƴƎƭŜ ŦǊƻƳ ƘƻǊƛȊƻƴǘŀl (specified from the launch requirements to be 85°). 
While this rail exit velocity is above the minimum value, drag, rail friction, non-constant 
thrust, and propellant burn-ƻŦŦ ǿŜǊŜ ƴƻǘ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘΦ !ƭǎƻΣ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ǿŜƛƎƘǘ ƛǎ 
likely to increase between the preliminary design and final construction. This rail exit 
ǾŜƭƻŎƛǘȅ ǿƛƭƭ ōŜ ǾŜǊƛŦƛŜŘ ǳǎƛƴƎ ŘǊŀƎ ŜǎǘƛƳŀǘŜǎ ŦǊƻƳ !b{¸{Ωǎ CƭǳŜƴǘ /C5 ǇǊƻƎǊŀƳΣ 
propellant burn-off estimates, a final vehicle weight, and varying thrust values. The 
launch rail length will be adjusted if this more accurate rail exit velocity estimate does 
not meet the minimum value.  

 
3.1.3.5. Fin Section 

The fin section airframe will be a 22.5 inch section of 5.5" outer diameter Blue Tube. 
Four slots will be cut at 90 degree intervals that are 0.25" wide and 7" tall located 1.5" 
from the bottom surface of the airframe. A 5.34" diameter bulkhead will be epoxied 4" 
from the upper surface of the airframe. This bulkhead will secure a U-bolt responsible 
for connections between the fin section and middle airframe at main event separation. 
On the opposite side, a fiberglass tube 18" tall with a 2.13" diameter will be epoxied to 
act as the motor housing. Two centering rings constructed from birch aircraft plywood 
will be epoxied to the inner surface of the airframe to align the motor in the most axial 
direction possible. These centering rings will sit flush against the tabs extending from 
each of four fins to provide a more secure attachment of the fins and can be seen in 
Figure XX. Each fin will be constructed from birch aircraft grade plywood with a 0.25" 
thickness. Fin dimensions can be seen in Figure 5. 
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Figure 4 Fin Section Exploded View 
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Figure 5 Fin Geometric Dimensions (inches) 

 
3.1.3.6. Motor  

The Animal Motor Works K535RR motor was chosen in order to give the launch vehicle 
the ability to reach the target altitude, while giving a stable rail exit velocity, and fitting 
within the motor requirements. The motor has an overall length of 15.9 inches, and a 
diameter of 2.13 inches. The total impulse is given as 324 lbf-s. The propellant weight 
that will be burned off in the first 2.7 seconds of the launch will be 1.68 lbs. When the 
motor has combusted the stability margin will increase to 3.1 calibers. Using Open 
Rocket simulations, this motor shows an apogee of 3,270 feet. While this is over the 
requirement of 3,000 feet, the team believes there will be added weight during the 
build process that is not yet accounted for in the initial calculations. Excess resin, extra 
sensors, and increases in parachute sizing could cause the weight could fluctuate from 
the current predictions by a small amount. If the weight does not fluctuate as expected, 
small pieces of mass can be added to the nose of the rocket to bring the apogee closer 
to the required 3,000 feet.  

 
3.1.3.7. Payload Compartment  

The payload compartment door will be hinged to the body tube such that the door 
rotates about the axial direction of the rocket. Each hinge will be attached to the flat, 
bottom section of a mount with a top that is contoured to the 5.34" inner diameter 
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body tube. Prior to autonomous activation, the door will be placed in an open 
orientation. The inside of the compartment door will have a Quik Klip 420 Series 0.75" 
diameter mount from BRIM Electronics, Inc. mounted to it for payload sample 
containment as illustrated in Figure 6. 

 
Figure 6 Quik Klip Payload Retention Device 

  

The autonomous procedure will have the arm grapple the sample and place it into the 
Quik Klip as shown in Figure 7. 

 
Figure 7 Secured Payload Orientation 

The arm will then perform a sweep maneuver to flip the door to the closed position. A 
McMaster-Carr spring-loaded sliding lock will be mounted to the inside of the body tube 
that will act as the locking mechanism of the door.  At the center of the door, the square 
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bracket will be mounted. When the door falls shut, the bracket will compress the spring 
lock until they are able to extend and lock into the bracket's center. When the section is 
disassembled, the knob pull will be accessible from inside the compartment allowing the 
lock to release and the door to open. A mold with a cutout in the shape of the payload 
sample will be placed inside the payload compartment. The mold will made from foam 
and act as a saddle for the sample to rest in when the door is in the closed position. This 
will ensure that the sample stays in its designated position even if the grip from the Quik 
Kip fails. This mold will be mounted to the avionics sled on the side opposite of the 
altimeters and batteries. This configuration is illustrated in Figure 8and Figure 9. 

 
Figure 8 Door Latch System Visualization 
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Figure 9 Sample Mold Visualization 

 
3.1.4. Performance Characteristics for System and Subsystem  

The systems and subsystems will be deemed successful if they carry out their respective 
tasks. Ideally, the tasks will only take one attempt to accomplish. The system will still be 
successful though if it can fully convey its potential, even if it takes more than one 
attempt. The level of accuracy will be measured by how close the systems come to the 
expected results, such as when the parachutes deploy to release the sample section. 
Many of the tasks are crucial to the success of the entire mission, just as picking up the 
sample and retaining it within the rocket. Systems such as these will be evaluated on a 
pass/fail basis. 

 
3.1.5. Verification Plan  

At this time, the major vehicle requirements, their corresponding design features, and 
methods for requirement verification have been determined. The verification criteria for 
implicit and team dictated requirements is still being developed. A summary of the 
major vehicle requirements and their verification methods are shown in Table 1. In 
addition, this section includes detailed information about planned ARRD and altimeter 
testing.  

Table 1 Summary of Vehicle Verification Plan 

Requirement Satisfying Design Feature (s) Verification 

3,000 ft Apogee Airframe Dimensions, Mass, Motor OpenRocket Analysis 
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1,000 ft Payload Separation ARRD, Altimeters Experimental Ejection Testing 

Vehicle Recovery/Reusability Altimeters, Parachutes, Shock Cord Ejection Testing, Inspection 

Successful 

Payload Retention 

Compartment Door, 

Quik-Klamps, Sample Mold 

Experimental/Simulated 
Functional Analysis 

Vehicle Stability Weight Distribution, Fin Geometry, 

Launch Rail Exit Velocity 

OpenRocket, Barrowman Method, 
and Fluid Simulation Analyses 

Electronic Section Tracking GPS Modules, Radio Transmitter Testing, Inspection 

ARRD Testing: 

The ARRD (shown below in Figure 10) is a crucial aspect of the recovery system. To 
ensure a separation of the middle and upper airframes by the ARRD charge, multiple 
tests will be conducted to measure the necessary amount of black powder for 
separation. Tests will be performed by mounting the device in a secure and static 
position with a weight that is attached and suspended from the ARRD's eye bolt with a 
specified amount of black powder inserted to the explosive cavity. The weight will be 
equivalent to the expected forces encountered at parachute deployment. Charge sizes 
will start at 0.1 g black powder and increased in step sizes of 0.1 g for subsequent tests. 
The success criteria will be determined by the minimal amount of black powder 
necessary to cause separation of the eye-bolt from the ARRD. 

 
Figure 10 Advanced Retention Release Device 
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Altimeter Testing: 

The purpose of this experiment is to verify that both the StratoLogger SL100 altimeters 
will function properly. The altimeters must be able to fire the drogue and main black 
powder charges as well as record pressure data to function properly. A 5 gallon bucket 
will be fashioned into a vacuum chamber that will be used to test the altimeters at 
different pressures. A hole will be cut into the lid where tubing will be inserted and 
sealed with a rubber cap. This tubing will be connected to a compressed air vacuum 
attachment illustrated in Figure 11. An additional cutout will be made to the bucket's lid 
and covered with a piece of Plexiglas that is sealed by plumbers putty. This will allow for 
visual confirmation of LEDs that will be attached to the altimeter and emit light when 
the simulated drogue and main pressure altitudes are encountered. This setup is 
illustrated in Figure 12. A vacuum pressure of 4 inHg will slowly be applied with the 
assumption of roughly 1000' per 1 inHg. A laptop will then be connected to each 
altimeter to collect and interpret data which will verify the altimeters performance. 

 
Figure 11 Altimeter Test Vacuum Attachment 
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Figure 12 Altimeter Test Vacuum Compartment 

 
3.1.6. Project Risks  

 

Risk Likelihood Impact Mitigation Mitigation Cost 

Overspending Low Medium Proper Budgeting May have to pull 
money from other 

systems 

Delays Medium High Proper Planning 
and Diligence 

May have to 
sacrifice time from 

other areas, 
causing delays 

Lack of Resources Low High Thorough Bill of 
Materials 

Sacrificing items 
from other areas 
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Improper Design Medium High Proper Analysis of 
Each Subsystem 

May Attempt to 
Spend Too Much 
Time on a Single 

System 

Rocket Motor 
Failure 

Low High Use Well-
Established Motor 

May Need to 
Purchase a More 
Expensive Rocket 

Can't Identify 
Sample 

High High Fully Test the 
Imaging System or 
Purchase Better 

Camera 

Different Camera 
May Increase the 
Cost of the AGSE 

Sample Falls out of 
Retainer 

Medium Low Increase Retainers 
in Rocket 

Increase in Weight 
of Rocket 

Motors Fail Medium High Use Larger Motors Increase in Weight 
and Price 

Insufficient Power 
Supply 

Medium High Use Larger Power 
Supply 

Increase in Weight 
and Price 

 
3.1.7. Understanding of Project Components  

All of the risks defined in the Appendix 2(the FMECA diagrams) must be taken into account when 
designing the vehicle and AGSE. Accounting for these risks will ensure the safety of the team. Any 
of the safety risks coming to fruition would severely impact progress on the design, or halt the 
work completely. As with any project, there is also the risk of going over budget. This risk should 
be avoided, and can be if proper care is taken to keep up with team's capital. If the team goes over 
budget, then at the very least points will be lost or the team may be disqualified overall. Lastly, 
ample time must be allotted to each section of the design, documentation included. Any delays 
would quickly compound and push back progress on other aspects of the design, potentially 
preventing the project to be finished. Therefore, it is imperative that the team remain on schedule 
whenever possible. 

 
3.1.8. Planning of Manufacturing, Verification,  Integration, and Operations  

The NCSU High Power Rocketry Club is located in the MAE Student Fabrication Lab, Room 2003, 
Engineering Building III. The club members also have access to the Space and Aircraft Senior Design 
Labs in Rooms 1224 and 1225.  

In addition to the design labs, the club will have access to two machine shops on the first floor of 
Engineering Building 3. Gary Lofton is the supervisor for the machine shop located in Room 1205 
and gladly helps with design and parts requests. The MAE department machine shop is in Room 
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1228 and is controlled by Steve Cameron. The structures lab in Room 2208 will provide additional 
resources including the Instron tensile and compression loading machine for materials testing.  

Available equipment in room 2003 consists of the following:  

¶ Craftsman 1.6 inch Variable Speed Scroll Saw  

¶ Craftsman 12 inch Bench Drill Press (Figure 13)     

¶ ¢ŀǎƪ CƻǊŎŜ пέ .Ŝƭǘ ϧ сέ 5ƛǎŎ {ŀƴŘŜǊ  όFigure 14) 

¶ 120 Volt 60 Hz Band Saw (Figure 15) 

¶ 16 Gallon 6.5 HP Shop Vac  

¶ Dremel 400 XPR Rotary Tools  

¶ Ryobi HG600 Heat Gun  

¶ 5Ǌƛƭƭ .ƛǘ /ŀǎŜ ŦǊƻƳ оκспέ ς ѹέ ƛƴŎƘ  

¶ Task Force Ratchet/Socket Kit  

¶ Digital Micrometer   

¶ SoftWorks 5lb Food Scale  

¶ AWS 1 kg Digital Scale  

¶ Wilton Bench Vice  

¶ Vacuum hoses for wet layups 

 
Figure 13 Drill Press 
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Figure 14 Task Force Belt and Disc Sander 

 
Figure 15 Band Saw 

Bulkheads will be constructed using epoxy and a vacuum seal. A large, clean surface that is free 
of any debris will be covered with a plastic lining that is sized to accommodate the amount of 
bulkheads needed. The size of the lining will be such that the desired amount of bulkheads take 
up half of the sheets size. This is so the lining can be folded in half over itself. Prior to placing the 
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lining, thin strips of plumbers putty will be placed along the entire outer perimeter of the lining. 
The bulkheads will then have the epoxy applied and the carbon fiber reinforcements positioned. 
The bulkheads will be carefully placed on the lining and sheets of peel ply will be cut to cover 
each bulkhead with approximately two inches of overhang along the entire edge. Breather will 
then be cut to the same size as the peel ply and placed directly over the peel ply. Strips of 
breather will be bridged from bulkhead to bulkhead 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. Plumbers putty will then be placed adjacent to and along the entire previous putty lining 
on the inside edge, except for a one inch gap at the open end of the plastic lining fold. The 
vacuum tubing will then be inserted in this location and additional putty will be applied around 
the tubing to keep an airtight seal. The vacuum will then be applied to a pressure of -20 inHg for 
8-12 hours minimum. 

The fins will also be constructed from a combination of birch aircraft plywood and carbon fiber 
in an effort to keep weight low. We chose carbon fiber over a fiberglass laminate to increase 
strength and decrease weight. The fins will be created in the exact same process as the 
bulkheads using the combination of West Systems epoxy and vacuum application. If the 
combined production amount of bulkheads and fins can be accommodated into one layup, both 
will be created at the same time. The fins will pass through the outer body tube and will be 
attached to the motor mount inner tube with epoxy. On the outside of the vehicle body the fins 
will have a tip to tip layer of carbon fiber or fiberglass to reduce any warping of the fins which 
could cause a constant roll during flight. Due to shape complexity of the fin section, the layup 
will mainly air dry with partial heat gun application if needed. 

 
3.1.9. Confidence and Maturity of Design  

The team is confident that the vehicle design will work, given previous experience with rocket 
design and construction. Although the image processing subsystem is a bold task, the team 
believes that it can get the process to work and successfully identify and retrieve the sample. 
The team also believes that the overall launch system is driven by completely feasible design 
features.   
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3.1.10. Assembly Drawing  

 
Figure 16 Full Scale Flight Configuration 

 

 

 

 

 

 
Figure 17 Full Scale Subsystems Visualization 
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3.1.11. Recovery System Electrical Schematics 

 
Figure 18 Fin Section Recovery Schematic 

Figure 18 above shows the electrical schematic for the fin section of the vehicle. The 
avionics in this section will consist of two altimeters, one as the primary and the other 
for redundancy. Each altimeter is hooked up to a 9V power supply and two black 
powder charges. The first black powder charge, set to deploy the drogue parachute, is 
hooked up to the drogue port on the altimeter. The second charge is set to go off at 700 
feet to deploy the main parachute for this section and is hooked up to the main 
parachute port on the altimeter. As shown the diagram, the redundant altimeter has the 
same setup, but slightly larger black powder charges. 
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Figure 19 Nosecone Recovery Schematic 

As shown in Figure 19, the nosecone section has a similar setup to the fin section. Two 
altimeters are used, with one being used for redundancy, and are both hooked up to 9V 
power supplies. The main altimeter has its main parachute port hooked up to a black 
powder charge, set to go off at 1000 feet. The backup altimeter has the same setup, but 
with a slightly larger black powder charge set to go off at 900 feet. Furthermore, each 
altimeter has its drogue port hooked up to the ARRD, which is set to go off at 1100 feet. 

 
3.1.12.  Mass Statement  

The rocket is currently estimated to weigh 15.25 pounds. The weight of the rocket is 
based on the weights OpenRocket from Solidworks. Therefore, the weights obtained are 
quite accurate. Part of this weight includes the weight of the motor (3.43 lb) and the 
weight of the parachutes and harnesses (2 lb). Because this weight does not include the 
additional epoxy and paint that will be needed to build the rocket, the team is expecting 
a weight increase of about 15% of the total weight. This weight should not interfere 
with the rocket, although the rocket currently comes off of the launch rail very close to 
the minimum velocity required for stability. This small margin can be counteracted, 
however, by increasing the length of the launch rail. 

 
3.2. Recovery Subsystem 

The recovery system utilizes three parachutes, four altimeters, black powder charges, and an 
Advanced Retention Release Device (AARD). At apogee, a 1.5 foot drogue parachute will deploy. 
This will separate the middle airframe and fin section from the upper airframe and nosecone. 
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The drogue will be attached to the ARRD in the upper airframe and to a bulkhead in the middle 
airframe. This event is illustrated in Figure 20. 

 
Figure 20 Drogue Parachute Deployment (Apogee) 

At 1100 feet, the ARRD will separate the nose cone and upper airframe from the middle 
airframe and fin section. Shortly after, at 1000 feet, the sample section and nose cone will 
separate, releasing a 2.75 foot main parachute. This is event is illustrated in Figure 21. 

 
Figure 21 Sample Compartment Separation/Parachute Deployment (1100/1000 ft) 

In order to decrease the drift range, a 3.75 foot main parachute will deploy at 700 feet between 
the middle airframe and fin section. This event is illustrated in Figure 22. 
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Figure 22 Fin Section Main Parachute Deployment (700 ft) 

3.3. Mission Performance Predictions  
3.3.1. Mission Performance Criteria  

As stated in the Request for Proposal, the vehicle needs to reach as close to the 3000 
foot mark as a possible. Therefore, this is the first criterion that the vehicle must reach. 
At apogee, a drogue parachute will deploy, followed by the separation of this drogue at 
1100 feet and the release of a main parachute attached to the sample container and 
nosecone. Another main parachute will then deploy at 700 feet, as described in detail 
above. Each section of the rocket must also come down with a maximum kinetic energy 
of 75 ft-lb. In order for the vehicle to perform correctly and as planned, all of the criteria 
above must be met. Achieving these criteria will result in a successful performance of 
the vehicle. 

 
3.3.2. Flight Profile Simulations  

Figure 23 below shows a flight profile simulation from OpenRocket using the Animal 
Motor Works K535RR motor with the drogue parachute deploying at apogee plus 1 
second, the nosecone main parachute deploying at 1000 feet, and the fin section main 
parachute deploying at 700 feet. 
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Figure 23 OpenRocket Flight Profile 

The thrust curve in pound force for the Cesaroni K535RR can be seen in Figure 24 below.  

 
Figure 24 Thrust Curve for Cesaroni K535RR Motor 










































































































































