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I) Summary of PLAR  
This document provides our final findings from the NASA SL competition, and what the Tarleton 

Aeronautical Team has gotten out of participation in this year’s competition. 

II) Team Summary 
Tarleton Aeronautical Team 

Tarleton State University 

Box T-0470 

Stephenville, Texas 76402 

 

Advisors 

Mr. Steve Merwin, Team Advisor 

Tarleton State University 

Mathematics Department 

Phone: (817) 757-9034 

Email: merwin@tarleton.edu 

 

Dr. Cynthia McPherson, Assistant Professor 

Tarleton State University 

English and Languages Department 

Phone: (254) 968-0615 

Email: mcpherson@tarleton.edu 

 

Mentor 

Grant Gregory 

7235 FM 2071 

Gainesville, TX 76240 

TRA 15463 Level 2 

 

Team Lead 

Jordan Doornek, Junior Student 

Email: jordan.doornek@go.tarleton.edu  

 

Safety Officer 

Grayson Gregory, Graduate Student 

Email: grayson.gregory@go.tarleton.edu 
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III) Motor Used 
The motor selected for the launch vehicle is a Cesaroni L2375-WT, this motor has a total impulse 

of 4864 Ns, a maximum thrust of 2798 N, and a total burn time of 1.9 sec. This motor was chosen 

because it put the launch vehicle at the ideal apogee. The figure below (Figure 1) is a thrust curve 

of the motor used. 

 
Figure 1: Motor Thrust Curve 

IV) Payload Description 
The rudders are made from 0.0625-inch stainless steel plate and a 0.25-inch diameter stainless 

steel D-shaft. The D-shaft mounts directly to the shaft coupler, which mounts directly to the HS-

5087 MH servo. In order to access the electronics that move and power the rudders, the last six 

inches of the booster section are split into 3D printed semi-circular quarter sections. Between 

each quarter section exists one fin with a rudder and a servo motor that drives the rudder. The 

controller is housed in one quarter section with two 9-volt batteries. Each rudder is able to 

manipulate how the air flows at the back of the rocket which causes the rocket to rotate. 

The electronic hardware design is based on the Arduino Mega 2560 Pro Mini. A shield is 

mounted on top of the microcontroller to provide a circuit for the BMP 180, two EEPROMs, and 

the MPU 6500 gyroscope. The electronic hardware is mounted to a G-10 fiberglass plate to 

prevent flexing under the g-force induced by the launch conditions that would cause solder 

joints to break. Because the microcontroller can experience a brownout during high amperage 

draw (causing sensor data and logic decision problems); the microcontroller, sensors, and 

EEPROMs are on a separate 9-volt power supply from the four servos. 
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V) Vehicle Dimensions 
Table 1, provided below, shows the length and material of each external airframe piece. The 

diameter of each component is 6 inches. The total length of the launch vehicle, mentioned in 

Table 2, is 120 inches, or 10 ft.  

Table 1: Vehicle Dimensions 

Component Dimensions (length in inches) Material 

Nose Cone Section 34  G-12 Fiberglass with aluminum tip 

Middle Section 36  G-12 Fiberglass 

Avionics Switch Band 2  G-12 Fiberglass 

Booster Section 48  G-12 Fiberglass 

 

VI) Altitude Reached 
The launch vehicle reached 5,095 ft. during launch. While the weather conditions on launch day 

were favorable; consisting of clear skies, low wind speeds (2 mph), and good air temperature. 

Figure 2 shows the data collected from the altimeter during launch. 
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Figure 2: Competition Launch Altimeter Data 

VII) Vehicle Summary 
Table 2 provides a brief summary of the proposed launch vehicle.  

Table 2: Vehicle Summary 

Vehicle Summary 

Size 120 inches in length, approximately 6 inches in diameter 

Mass 785.064 oz (with motor) 

Motor Selection Cesaroni L2375-WT 

Recovery System Main: SkyAngle CERT-3 XXLarge 

Drogue: SkyAngle Cert-3 Drogue 

PerfectFlite StratoLoggerCF Altimeters 

Rail Size 1515 Aluminum Railing-120” Length 
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VIII) Data Analysis of Vehicle 
The launch vehicle weighed about 50 pounds, the same weight as the previous test flights. The 

vehicle was launched at an angle of 5 degrees off from vertical, and followed the trajectory 

expected from a low wind launch. With a stability ratio of 2.23 caliber, the vehicle smoothly 

ascended. However, a variance in pressure inside the avionics bay, caused by the roll of the 

launch vehicle, mimicked the necessary conditions as if the vehicle had reached apogee. This 

caused a premature drogue parachute ejection. The premature ejection did not allow the vehicle 

to arc over, and forced an early descent. The vehicle reached an altitude of 5,095 ft AGL, before 

descending under a fully developed drogue parachute. At 750 ft AGL, the main parachute was 

ejected, which quickly opened, safely delivering the vehicle to the ground with no damages 

sustained. 

IX) Payload Summary 
The payload attempted the task of Option 2 (req 3.3): Roll Induction and Counter Roll. An 

Arduino 2560 Mega Pro Mini will collect barometric pressure, gyroscope, and accelerometer data 

from sensors. This data will be stored on two EEPROMS for retrieval after recovery. A program will 

make decisions based on this data to control four servomotors directly from the Mega Pro Mini. 

Each of the four servomotors drive a stainless-steel rudder that is mounted at the end of each fin. 

The booster section of the launch vehicle has been designed using 3D-printed PLA plastic to 

accommodate these unique requirements. 

X) Data Analysis of Payload 
Shortly before the launch of the rocket, the power screws were applied to the hardware to turn 

on the Arduino and fin servos. Afterwards, the setup function successfully communicated with 

and setup the required data essential to monitor the rocket launch. Then, the servos were 

centered to keep the fins in line with the rockets aerodynamics until they were needed to roll the 

rocket. After launch of the rocket, the flight path suggested these fins successfully maintained the 

proper position, and the program controlling the rocket fins was successfully placed on standby 

until motor burnout was detected, and the program switched functions to achieve the roll. The 

motor burnout occurred at around 2,000 ft according to the program, and the fins kicked out in a 

counter-clockwise direction to off-set the natural counter-clockwise roll. The rocket began a fixed 

roll. The onboard recording data kept track of the roll by making recorded measurements at fixed 

intervals to ensure the most accurate data possible. The data marked exactly 1 and one-half rolls 

before the accelerometer data flattened out suggesting the rocket had stabilized. It maintained 

this position until near apogee according to the data recorded by the Arduino. The rocket fins 

were recovered in an active position suggesting that the program was successfully attempting to 

keep the rocket stabilized after it had achieved its primary goal. The payload was recovered intact 

with no evidence to suggest a malfunction. After the data was recovered it was interpreted byte 

by byte into an easily readable format and gave output of both sequential readings and roll 

positional data. The payload performed as well as could be expected. 
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XI) Scientific Value 
The scientific value of the rocket design centers on the mathematical analysis of the rocket flight 

and changes in the atmospheric variables involved. A statistical analysis across a large number of 

simulations provides a thorough prediction model of the rocket flight under very specific 

conditions. In addition, research into a nonlinear model representative of atmospheric 

correlations holds tremendous potential in the realm of rocketry and aerodynamics. Adding a 

payload that rolls and stabilizes a high-powered rocket opens a new realm of possibilities for the 

use of high powered rockets in data collection. 

XII) Visual Data Observed 
Upon ignition of the rocket, the charge appeared to ignite the fuel and set the rocket off almost 

immediately. The rocket took an entirely stable flight path and followed a straight path trajectory 

as it approached apogee. Prior to apogee, we briefly lost visual of the rocket until the drogue 

chute deployed during the first event, upon which, we were able to tell where the rocket was 

during its decent. The drogue had a clean deployment and successfully slowed the rocket before 

the deployment of the main parachute.  The main parachute deployed at approximately 750 ft 

with no observable issues upon deployment. The return to ground had a slow decent and landed 

no more than about 200 ft from the launch site. Upon Recovery, no apparent damage to the 

body was observed; the fins held firm in a position that indicated the roll procedure worked as 

expected through decent and upon recovery. 

XIII) Lessons Learned 
The NASA Student Launch 2017 competition was interesting and insightful. Here at Tarleton, we 

learned how important it is to work as a team in achieving the common goal of successfully 

constructing and launching a launch vehicle. If we did not work together tensions usually rose 

and we were at each other’s throats, but if we worked together things went smoothly more often 

than not. We also learned that, when launching with a roll control payload, that it is difficult to 

determine how far you need to angle your rudders and when you should shift them back to 

stabilize the vehicle. If the rudders stay angled out for too long trying to complete the spin of the 

vehicle, it creates too much drag, and the vehicle will not get to the altitude that you had 

anticipated. 

XIV) Summary of Overall Experience 
The team felt very good about the competition results and what they accomplished over the 

whole eight-month project. The altitude achieved at competition was less than 5% off the one-

mile mark, which the team was very pleased with. The team chose the roll induction payload, and 

felt they had a unique and full proof design since rudders are used in aircrafts. Every active 

payload test flight the team conducted was successful in getting the launch vehicle to roll, and 

the team is very happy about that. The launch vehicle rolled like expected at competition, which 

the team was also very pleased about. Every team member felt the overall experience was very 

valuable, and everyone highly enjoyed participating in a NASA competition. Members have 

expressed that working with a team on an eight-month long design project gave them very good 
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insight on what to expect when they start their careers. A few members have already expressed 

interest in doing this project again next year.  

XV) Educational Engagement Summary 
Educational outreach targets students, teachers, and the community through a variety of events. 

On March 3, 2017, members of the Tarleton Aeronautical Team traveled to Crowley, Texas to 

outreach to students at the Bill R. Johnson Career & Technology Education Center. The team 

presented various rockets, including the subscale and last year’s full scale rockets, in an 

auditorium setting. Areas of learning include force concepts, propulsion, rocket construction, 

rocket design, launch procedures, safety, careers, and information about NASA. An evaluation of 

the educational engagement proved that the outreach was highly valuable and influential. 

Students gave positive feedback about the event. The team presents an interdisciplinary lesson 

about rocketry with an emphasis on math and science. The goal of these lessons is to 

demonstrate to students the importance of the STEM subjects and their role in a variety of topics 

such as engineering and rocketry.  

XVI) Budget Summary 
All costs are carefully documented and maintained so that the team can monitor budget 

standings throughout the course of the project. Table 3 shows the team’s concise budget. The 

combined total expenses for the duration of this eight-month project was $21,843.97. 

 
Table 3: Concise Budget 

Budget 

Miscellaneous  $2,868.27 

Launch Vehicle $6,304.00 

Travel $12,671.70 

Total $21,843.97 

 


