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1. Vehicle Overview 

1.1. Vehicle Summary 

 

Institution Name 

University of California, Davis 

 

Vehicle Properties   Stability Analysis 

Total Length (in) 109  Center of Pressure (in from 
nose) 

85.362 

Diameter (in) 6  Center of Gravity (in from nose) 70.504 

Gross Lift Off Weight 
(lb) 

35.4  Static Stability Margin 2.41 

Airframe Material Fiberglass/phenolic  Static Stability Margin (off launch 
rail) 

2.41 

Fin Material G-10 Fiberglass  Thrust-to-Weight Ratio 11.95 

   Rail Size and Length (in) 1.5, 96 

 

Motor Properties  Ascent Analysis 

Motor Manufacturer Cesaroni  Maximum Velocity (ft/s) 663 

Motor Designation L1720-WT  Maximum Mach Number 0.60 

Max/Average Thrust (lb) 396.7/352.5  Maximum Acceleration (ft/s^2) 356 

Total Impulse (lbf-s) 835.39  Apogee (From Altimeters) 4989 

Mass Before/After Burn 8/4lb  Stable Velocity (ft/s) 700 

Liftoff Thrust (lb) 1468  Distance to Stable Velocity (ft) 1000 

 

Recovery Electronics  Ascent Analysis 

Altimeter(s)/Timer(s) 
(Make/Model) 

StratologgerCF  Maximum Velocity (ft/s) 663 



Redundancy Plan EasyMini  Maximum Mach Number 0.60 

Transmitting Freq. 900mHz  Maximum Acceleration (ft/s^2) 356 

Black Powder Mass 
Drogue Chute (grams) 

3.5  Apogee (From Altimeters) 4755 

Black Powder Mass  
Main Chute (grams) 

3.5  Stable Velocity (ft/s) 700 

   Distance to Stable Velocity (ft) 1000 

 
The final launch vehicle exhibits a length of 109-in and a diameter of 6.15-in. The final wet 
weight of the rocket prior to lift off was 35.7Lbs, and the total motor weight was 3.87 Lbs. There 
were no changes made to the dimensions of the rocket between the FFR and the launch in 
Huntsville. 

 
The vehicle landed initially with no damage due to flight to the airframe. However, upon landing, 
the wind induced lift on the main parachute, resulting in the vehicle being dragged 
approximately 1 mile from its initial landing site. The vehicle’s external and internal components 
experienced some minor superficial damage and severe coating from the dirt that entered the 
opened portions of the airframe. Overall the vehicle still appears operational, although it may 
require some reinforcement in certain sections. 

1.1.1. Motor Choice 

The original design called for a motor selection of the Aerotech L1520. However, the motor was 
not available upon arrival in Alabama. Instead, Eclipse was given the green-light to utilize the 
CTI L1720 instead as its competition motor. The CTI motor provides overall less total impulse 
and has a shorter thrust duration, but has higher average and peak thrust. It provides nearly 
similar, albeit slightly lower, performance than the Aerotech L1520. 

1.2. Data Analysis of Mission Results 
The rocket reached an apogee altitude of 4755-ft AGL, which did not meet the competition  
threshold of 5280 +/- 400-ft. The main parachute was deployed at the expected altitude of 800-ft 
AGL, and the rocket drifted approximately 2500-ft. 

 
Figure 1 Altimeter Profile as Recorded by the StratologgerCF 



 
Figure 2 Velocity Profile as Recorded by Stratologger CF 

The first two figures below depict altitude and velocity flight data obtained from the PerfectFlite 
StratologgerCF. The second set of figures depict the altitude and velocity flight data obtained 
from the Altus Metrum backup altimeter.  Both altimeters collected the similar data, as seen by 
the nearly identical plots.   
 

 
Figure 3 Altitude Profile as Recorded by the EasyMini

 

Figure 4 Velocity Profile as Recorded by EasyMini 



2. Payload Overview        

  

Eclipse’s payload consisted of a liquid slosh analysis and structural analysis of the vehicle under 
propulsion. The structural analysis consisted of strain gauges, accelerometers, and strain 
rosettes to measure stress, strain, and vibration across various sections of the launch vehicle. 
The team had programed Arduino mega boards to collect all the sensor data. For the second 
experiment, the team observed the effects of slosh in microgravity during flight. The slosh 
payload consisted of two slosh tanks with two accompanying cameras.  
 
In the weeks prior to launch, the team encountered issues with mounting the strain gauges onto 
the vehicle. Consequently, Eclipse’s structural analysis payload remained inactive during flight.  
           

2.2. Payload Summary 

There were four main capabilities of the slosh payload that were confirmed through physical 
testing and inspection by the Eclipse team. The first capability was to ensure that the camera 
could be subjected to various forms of shaking and vibration to simulate conditions of flight 
without losing its rigidity in its fixturing or placement. This was performed to the best ability of 
the Eclipse team with the testing equipment that the team had available. Various shaking 
velocities and patterns were tested through the use of an electronic shaker and manual rocking 
of the payload bay. Due to the inability of the electronic shaker to simulate vertical vibrations, 
Eclipse decided to additionally perform manual rocking of the payload bay. Both shaking 
methods were performed carefully to reveal any loosening of the camera fixturing. No signs 
were found that indicated an unfastening of the camera upon the various vertical and horizontal 
vibrations. 
 
The second capability that Eclipse wanted to confirm was proper visual of the liquid movement 
in the tank especially in the video footage that is to be recorded using the camera. With LED 
lights fixated near the bottom sides of the slosh tanks out direct view of the camera, it was 
imperative for the payload to be able to record footage without glare from the LEDs. To test this, 
Eclipse placed the slosh payload into a foam-padded cardboard box and closed it to ensure that 
only the light source from the LED would appear on the live camera feed. The cardboard box 
was only used for testing and was not intended to be a part of the actual payload in any form. 
Through multiple recordings and visual inspection of live feed from the wifi enabled cameras, 
Eclipse was able to confirm proper visual of liquid movement as intended of the payload. 
 
Testing of the third criteria included a repeated combination of the first and second tests of the 
payload however, inspection of wave height and frequency were to be analyzed. The team 
performed this repeated test by placing the foam-padded cardboard box with the payload inside 
onto the electronic shaker to simulate both the visual and vibrational conditions that would be 
experienced by the payload during flight. With the box sealed from any outside sources of 
lighting, various vibrational frequencies were tested with the electronic shaker. Eclipse was able 
to verify proper camera visual and camera fixturing without any adverse effects of glare or signs 
of camera detachment from the payload assembly. Video footage was then recorded, saved, 
and imported into Matlab for analysis.  

2.3. Data Analysis & Results of Payload 



 
Following the official competition in Huntsville, the team was able to finally put the intended 
goals of the payload to the test. The fourth and most important capability of the slosh tank 
payload to be executed was its ability to successfully extract values of pixel height as a function 
of time with the utilization of MATLAB. This was completed by evaluating video footage aimed at 
the surface level of the slosh tank assembly, as individual frames were extracted. These images 
in full color were then separated and converted to black and white images. By isolating the 
background of the slosh tank from the surface level of the water, the the analysis of the two 
entities were kept significantly simpler. In addition to incorporating this into the team’s code, the 
team also made efforts in eliminating any water droplets that became separated from the body 
of water to ensure smoother data extraction. With further lines of code, pixel height was 
determined for each frame and was plotted as a function of time. These plots were graphed 
within MATLAB’s plot function. Eclipse had previous hopes of extrapolating significant 
information beyond the water height data but was only able to partially complete the rest of the 
intended tasks of the payload due to encountered difficulties in extracting evidence of 
resonance experienced in the slosh tanks.  

 

 
Figure 5 View of Slosh Assembly inside the vehicle. 

There were additional difficulties in normalizing the sinusoidal wave frequencies extracted from 
change in pixel height. This ultimately concluded any further investigations of microgravity slosh 
behavior due to the inability of the team to successfully analyze the frequency domain obtained 
from plots of pixel height. Despite verified extraction of surface level changes, meaningful data 
past this was not collected by the team’s slosh tank payload. Conclusively, the team collected 
video footage of rocket ascent and apogee and entered this video footage into MATLAB in 
which plots were graphed depicting the changes in surface level height. In the future, the team 
is prepared to look further into video analysis of sloshing behavior of liquids in microgravity. 

 
           



2.4. Visual data observed  

 
Figure 6 Amplitude of free surface wave during flight. 

The above figure displays the transition in slosh behavior in the tank over a 5 second interval 
when the rocket was on the pad and lift off. This transition takes place at approximately frame 
175 where a sudden decline in amplitude of the slosh is shown. This is due to the abrupt 
acceleration of the rocket, forcing the water downward where the amplitude is below the 
previous steady state amplitude. Enhanced vibration of the fluid is quite evident as well shown 
by the rapid changes in amplitude displayed. Since the rocket experiences a maximum 
acceleration between 180 and 250 frames, the amplitude or wave height of the slosh begins to 
increase slightly until microgravity occurs before apogee shown in Figure 6. 



 
Figure 7 Slosh amplitude in micro-g. 

Figure 7 shows the slosh behavior during microgravity during flight. Because the shifts in 
amplitude are spread more evenly by frame, the slosh dynamics in the tank were less erratic in 
nature.  This is because the rocket during this frame interval was decelerating and sustaining 
less g-loading and consequently less vibrations. Thus the true slosh dynamics in microgravity 
are indicated by this plot as the water remained at the surface of the container shown by the 
amplitude range above that in Figure 6 between 470 and 520 pixels compared to 250 and 320 
pixels.  

3. Educational Engagement Summary     
Eclipse has completed its educational engagement requirements through various events at 
Robla Elementary School. The team has reached over 200 elementary school students ranging 
from the 4th to 6th grade by teaching the basics of rocket stability and having them participate in 
the paper rocket construction activity.  

4. Lessons Learned 
Designing the rocket for manufacturability and efficiency of assembly was not a simple task. 
Cost was also a major factor in ensuring all payloads and structures could be fabricated 
properly. Also, the size of the rocket made it difficult for transportability to and from competition 
as well as created added weight. As for efficiency of assembly, the rocket’s dual rod system 
effectively transmitted the loading away from the payloads and prevented buckling during chute 



deployment. However, because of manufacturing issues, efficiency of assembly and preparation 
of the rocket was difficult at times. Furthermore, various parameters, such as battery life of the 
camera, had not been identified early enough in the design process, resulting in limitations in 
the effectiveness of the carried out experiments. If a slosh-payload experiment was to be 
conducted once again, a countermeasure to this recurring issue will be provided as this 
constrained the rocket assembly time and increase the chance of overlooking a major 
component of the vehicle safety launch procedure. Full-scale launches were essential in 
understanding the full-capability of the rocket as well as ensuring that all safety and launch 
procedures had been met; more than one scale launch would have been useful yet the cost of 
buying another motor was not accounted for in the team’s budget. The valuable and 
constructive criticism and tips obtained during the Launch Readiness Review identified two main 
issues with the final recovery system design of the rocket: The Nylon cords needed further 
protection from the black powder charges and complicated wiring must be condensed in order 
to minimize risk during chute deployment. Last minute changes to reduce the effects of these 
issues lead to a successful check, launch, and recovery of both the rocket frame and payloads. 

5. Summary of Overall Experience    

 
Our team gained valuable experience from this competition. Through the design review process, 
members learned how to develop efficient and practical designs for the launch vehicle and 
payload. The entire experience pushed the team to become more adept with CAD modeling and 
developing practical designs. As a result, they also gained hands on experience by fabricating 
their designs and developing simple and time-effective solutions in order to assemble the fully 
completed rocket. Members showed prowess in learning complex manufacturing techniques 
and in safely working in a chemically hazardous environment with epoxy/resins and fiberglass 
dust. Team members also had decent exposure to the engineering design life cycle from 
drafting the technical reports and delivering presentations. Several objectives had not been met, 
such as the G-brake design and structural analysis payload. However, the team plans on 
identifying and analyzing its mistakes and will develop strategies to reduce or minimize mistakes 
or reductions in performance. 

6. Budget Summary  
As stated in the requirements, the final rocket had to meet the budget limit of a maximum of 
$7500. Eclipse was able to meet that requirement with this year’s rocket at a total cost of 
$3,323.57, with the actual amount spent at $2545.43 (some components were already 
available). An overview of the vehicle cost is given in the following table. 
 

Item System Cost 

Rocket Nosecone $104.99 

 Payload/Avionics Bay $463.30 

 Propulsion Bay $524.52 

 Recovery Hardware $518.60 

 Motor (x2) $370.00 



 Motor Casing $315.00 

Subtotal $2,296.42 

Payload Slosh Payload $486.14 

 Structural Analysis Payload - Nosecone $137.92 

 Structural Analysis Payload - Payload Bay $149.12 

 Structural Analysis Payload - Propulsion $253.96 

Subtotal $1,027.15 

GRAND TOTAL $3,323.57 

 

7. Conclusion 
 
NASA’s University Student Launch Initiative was a great experience for Eclipse’s team 
members. It provided much opportunity in all facets of engineering, including system design, 
project management, and practical problem solving. Although the launch vehicle did not quite 
meet the altitude requirements, Eclipse is still glad to have successfully made it to the 
competition. Our team greatly enjoyed overcoming the challenges that faced us as a team 
consisting mostly of first years, and looks forward to the new challenges that will come in the 
team’s future participation in USLI. 
 


