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1.1 Launch Vehicle Summary 

Eclipse designed a launch vehicle, “The Ballistic Bovine” to carry a payload and recover system 

to a target altitude of 5280-ft. The vehicle design is driven by the payload requirements and 

parameters. The motor was intentionally selected to carry the vehicle to an apogee greater than 

the one-mile high requirement to allow for environmental factors and rocket mass that may 

change throughout the building phase. The following basic dimensions describe the launch 

vehicle: 

 

Table 1: Launch Vehicle Summary.  

Total Length 98.008-in (8.167-ft) 

Diameter (excluding camera fairings) 6.142-in 

Total Dry Mass (without motor) 340-oz (21.25-lb) 

Total Wet Mass (with motor) 470-oz (29.375-lb) 

1.2 Payload Summary 

Eclipse is designing the Target Acquisition, Recognition, and Processing System (TARPS) in 

response to the Target Detection payload requirement. TARPS is an onboard, automa ted, in-

flight image processing system that will be used to acquire and differentiate between three 

differently colored tarps placed within a 600 ft radius from the launch site. This payload provides 

a substantial precursor to future work related to future aerospace and computer engineering 

integration applications. The technology developed for this experiment can further modified to 

detect landing zones and ground obstacles. The payload will fit into a 9-in long, 6- in wide 

cylinder in addition to two externally mounted cameras. 

2. CHANGES MADE SINCE PROPOSAL 

2.1 Changes Made to Vehicle Criteria 

The main changes made to the vehicle design since the proposal concern the motor choice and 

increase in vehicle mass. The new dimensions called for a motor with slightly different 

characteristics, Aerotech L1150. The payload now requires a pair of externally mounted cameras 

inside foam fairings that protrude from the streamlined vehicle shape. Basic calculations and 

simulations verified that this would not have a detrimental effect on vehicle stability or flight 

dynamics. Additionally, the vehicle will carry a GPS tracker in the nose cone, mounted on a sled 

in between two bulkheads. Lastly, the shape of the fins changed slightly to a more swept shape 

(but still trapezoidal). The vehicle analyses and flight simulations now account for these changes.  
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2.2 Changes Made to Payload Criteria 

The primary changes made to the payload design comprise of many more details and trade 

studies performed, such that the preliminary component choices, integration, and verification can 

be made. The target detection payload goal remains the same, where an externally mounted 

housed camera system will commence target detection during ascent. With further research 

performed on both hardware components and software systems, the NVIDIA Jetson TX1, with 

its image processing software package as well as the LI-IMX377-MIPI-M12 Camera, have been 

selected as the preliminary design choices Eclipse will work with.  

2.3 Changes Made to Project Plan 

The primary change made to the project plan is the timeline of the subscale launch. Eclipse plans 

to launch a subscale rocket in early December rather than early January to allow for more time 

for post- launch analysis before the CDR is due. Eclipse is also pursuing a variety of avenues to 

obtain more corporate funding in addition to holding fundraising events on/near UC Davis 

campus. 

3. VEHICLE CRITERIA 

3.1 Mission Statement 

Eclipse Rocketry’s 2017-2018 USLI mission is to successfully launch the “Ballistic Bovine”, a 

high-powered (not ballistic) model rocket carrying a Target Acquisition, Recognition and 

Processing System (TARPS). The vehicle’s single engine solid motor will propel the rocket to an 

apogee of one mile high. Its dual-deployment recovery system will ensure the rocket’s 

reusability upon descent and landing. The integration of TARPS with the overall vehicle 

architecture will guarantee its performance during flight and its repeatability in future launches. 

Throughout the year, Eclipse Rocketry designs, models, tests, and builds a series of rockets that 

are safe, cost efficient, educational, and unique to the designated 2017-2018 competition 

payload.  
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Figure 1: SolidWorks assembly of the ballistic bovine. 

3.2 Mission Success Criteria 

Mission success criteria is split into two categories of requirements, one presented by the USLI 

competition guidelines, and the second derived by Eclipse in order for this year’s mission to be 

successful. Both the main USLI and Eclipse Rocketry requirements are addressed in a later 

section via a requirements verification table.  

3.2.1 USLI Criteria 

The following list provides an overview of the USLI vehicle requirements. A full list of the 

detailed requirements can be found in table -.-. 

● The vehicle will deliver the payload to an apogee altitude of 5,280 feet above ground 

level (AGL), and shall not exceed 5,600-ft. 

● The rocket must carry redundant altimeters, with at least one commercially available 

barometric altimeter for recording the official altitude. 

● Rocket and payload must be recoverable and reusable (relaunched on the same day 

without repairs or modifications).  

● The Launch vehicle will be limited to a single stage.  

● Rocket must have maximum of four independent sections.  

● The launch vehicle shall have a minimum static stability margin of 2.0 at the point of rail 

exit.  

● The launch vehicle shall accelerate to a minimum velocity of 52 ft/s at rail exit.   

 

3.2.2 Team Criteria 

The Vehicle Requirements set forth by Eclipse provide additional direction and co nstraints for 

the vehicle design. They are driven primarily by TARPS payload and vehicle integration 
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necessities, flight dynamics, structural integrity, manufacturability, cost, and efficiency. Each set 

of requirements contains functional requirements, or the criteria that the rocket must meet in 

order to perform successfully, and performance requirements, which quantifies the functional 

requirements in technical design details. The end of this section contains a detailed table with 

team derived requirements and verification methods. 

3.3 Vehicle Architecture & Major Component Mass Breakdown 

 

Rocket Diagram  

 

Figure 2: Vehicle architecture layout. 

 

The vehicle has an outer diameter of 6.15” and an inner diameter of 6.007”. This diame ter was 

chosen to provide optimal space for assembly and payload. It has a total length of 98” (8.167’) 

and a total mass of 470 oz (29.38 lbs) including motor and payload. The vehicle is divided into 

the following sections: Nosecone, Airframe 1, avionic bay coupler, Airframe 2, payload bay 

coupler, and Airframe 3. The payload coupler will be permanently epoxied to Airframe 3, and 

will be connected with airframe 2 using shear pins (for detachment during drogue chute 

deployment). The Avionics Bay inside a coupler tube is epoxied to Airframe 1. The avionics bay 

is secured onto a sled through threaded rods and is accessible through a bulkhead. This sled will 

contain all of the telemetry. The nosecone shall also include an Ardupilot Mega 2.6 for GPS 

tracking. A detailed component budget breakdown of each main section with each sub 

component is shown in a later section.  

 

The center of gravity (CG) is located at 65.381” from the tip of the nosecone, and the center of 

pressure (CP) is located 77.87” from the tip of the nose cone. The static margin of the rocket is 

2.03 calibers at rail exit. 
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Table 2: Component Mass Breakdown. 

Component Mass (oz) 

Nose Assembly (with GPS) 64.22 

Airframe 1 25.51 

Avionics 46.23 

Airframe 2 32.97 

Payload 58.12 

Airframe 3 112.66 

Total Dry Mass 339.71 

Motor 130.09 

Total Wet Mass 470 

 

The masses shown in the table above are taken from the total mass component breakdown in the 

appendix. This is not a complete representation of all the components as some masses are 

unknown. A deficit of approximately 30 oz is prevalent due to this effect.  

3.4 System Trade Studies  

3.4.1 Airframe Material 

G10 Fiberglass Phenolic Laminate Sheet, G10 Fiberglass, and Birch plywood are the main 

structural material components that make up the exterior and bulkhead of Eclipse’s rocket 

vehicle. The main airframe will be made out of G10 Fiberglass Phenolic Laminate Sheet because 

of its high mechanical strength and its lighter weight compared to standard G10 fiberglass. The 

combination of fiberglass and phenolic in the airframe provides the necessary strength and 

reinforcement through the fiberglass, while also decreasing the total weight of the airframe 

through the phenolic. For the airframe, fiberglass is more suitable than other composites like 

carbon fiber because of its high strength. Because fiberglass phenolic is more durable than 

carbon fiber, it will be less likely to shatter during an optimal and sub-optimal landing. 

Considering mass, cost, strength, thermal and moisture resistance, F10 and G10 Fiberglass is a 

better alternative than carbon fiber, wood, or acrylics. Additionally, G10 fiberglass fins are best 

suited to withstand flight loads that may cause fin flutter in other materials. The vehicle will also 

have two protruding fairings made of foam that will house the camera payloads. See the payload 

section for more details. 
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The vehicle’s bulkheads will be constructed using 5-ply 025- in and 9-ply 0.5-in birch plywood. 

G10 fiberglass and carbon fiber were considered, but carbon fiber costs approximately 13 times 

as much as fiberglass (per pound) and it is more dense than birchwood. Materials are fastened 

primarily with West Systems 105 resin/epoxy and West Systems 206 Hardener and minimally 

with steel fasteners. 

 

Based on research from previous years, during parachute deployment, the shear stress applied at 

the shear pins attaching the nose cone with airframe 1 and airframe 2 with airframe 3 will cause 

the pins to shear while the airframe remains intact. Thus, the airframes will have structural 

failure during parachute deployment.  

3.4.2 Nose Cone Shape  

Velocity, drag, and availability/accessibility were taken into consideration when performing 

trade studies to choose a nose cone shape. While most model rocket vehicles have ogive, or 

pointed nose cones, they are not necessary for subsonic flight. Figure _ shows different shaped 

nose cones. A parabolic nose cone produces the least drag while a blunt shape produces the most 

drag. An ogive nose cone is usually used for supersonic flows where flow separation is necessary 

with the “pointed” lead. During subsonic flight, the difference in the performance between 

tangent ogive and parabolic nose cones are negligible/minimal. Thus, the determining factor in 

Eclipse’s decision is the availability of the nose cone shapes. Tangent ogives are more readily 

available than parabolic shapes since they’re easier to manufacture and more popular. Tangent 

ogive cones have been used in the past, and resulted in minimal/negligible effect in the overall 

performance. Therefore, a tangent ogive nose cone will be used.  

 

 
Figure 3: Different shapes of nose cones and drag  

(<https://scisem.wordpress.com/rocket-design/>) 
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3.4.3 Fin Trade Studies 

The shape of the fins largely contributes to the vehicle’s lateral stability and move the center of 

pressure aft of the center of gravity. There are a variety of fin shapes as can be seen in Figure 4. 

The clipped delta and the trapezoidal ones are widely used and produces less drag compared to 

the other shapes. They are mostly similar except trapezoidal has forward swept trailing edge. In 

considering these two shapes, trapezoidal is bit more advantageous because it is less prone to 

bending or breaking upon a rough landing. In considering these factors, trapezoidal is the most 

viable choice for this rocket.  To achieve optimal stability and minimum drag, four fins will be 

used. Increasing the number of fins will lower the position of the CP, thus increasing the stability 

factor to undesirable values. This background knowledge of how fin shape affects vehicle flight 

dynamics was confirmed through trial and error in OpenRocket, where the optimal fin shape was 

tested in flight simulations. 

 

 
Figure 4: Possible designs for fins . 

3.5 Mission Performance/Flight Dynamics  

3.5.1 Fin Design 

Eclipse has verified via OpenRocket that the fins will not fail under flight loads. The team plans 

to perform further analysis using PATRAN/NASTRAN/FlightLoads finite element analysis 

software. Eclipse will take extra precautions to insure, in both analysis and subscale launch, that 

the rocket fins ensure stability even with the protrusions from the camera fairings.  
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3.5.2 Boundary Layer/Camera Fairings Protrusions 

One primary consideration that Eclipse has not encountered in past years is mounting external 

camera fairings to the vehicle. The flight dynamics of an additional protrusion to the vehicle 

body shape must be taken into consideration.  

 

A simple boundary layer calculation was performed to determine whether the protrusion of the 

camera fairings exceeds the thickness of the boundary layer at their attachment point. The flat 

plate body assumption was made to make calculations easier than that of a rocket  body. The 

location on the rocket where the boundary layer was (delta)=2- in was calculated using both the 

turbulent and laminar flow equations. The Reynold’s numbers chosen for these calculations align 

with traditionally taught methods of calculating flow over a flat plate.  

 

Turbulent:     
     

   

 
 

  

Where         and       , solving for                 

 

Where        and        , solving for                   

 

Laminar:    
  

    
  

 

Where         and       , solving for                   

 

From these initial calculations, the last two conclusions show that in both turbulent and laminar 

flow, the boundary layer thickness of a theoretical plate does not reach 2-in until after the actual 

length of the rocket vehicle. While these approximations are rough and oversimplified, they 

indicate that the camera fairings may pose an aerodynamic disturbance to the airflow because 

they extrude over the boundary layer thickness. One way of mitigating this disturbance is 

strategically offsetting the fairings from the fins, as seen in figure _ below.  



 
 

 University of California, Davis  13 

 
Figure 5: Back view of vehicle (fins and camera fairings). 

3.5.3 Motor Selection 

The vehicle motor selection process was carried out using projected apogees obtained from 

OpenRocket flight simulation software. Favorable apogees were those just above the USLI 

required maximum of 5280 feet. Eclipse chose to overshoot this apogee for a couple of reasons. 

The vehicle camera fairings could not be fully represented using OpenRocket and had to be 

modelled as very thick fins, which resulted in a virtual rocket that was slightly more 

aerodynamic than anticipated. Choosing a motor that overshoots the maximum apogee allows for 

some compensation of the extra drag that will be caused by camera fairings on the completed 

rocket. Additionally, extra mass can be added to the rocket to lower apogee as well as increase 

stability. 
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Table 3: Motor Trade Study. 

 CTI L890SS Aerotech L1150 CTI L995-RL 

Manufacturer Cesaroni 

Technology Inc. 

Aerotech Cesaroni Technology 

Inc. 

Name L890SS-P L1150-0 L995-RL-0 

Motor Type Reloadable Reloadable Reloadable 

Optimum Delay (sec) 14.0 14.3 14.1 

Diameter (in.) 2.95 2.95 2.95 

Length (in.) 20.9 20.9 19.1 

Propellant Weight (oz) 93.9 73.3 70.7 

Total Weight (oz) 153 130 127 

Average Thrust (lb) 203.5 258.1 221.9 

Peak Thrust (lb) 259.0 294.5 287.8 

Total Impulse (lb-sec) 830.7 784.4 813.4 

Rail Exit Velocity 

(ft/sec) 

61.1 67.1 67.6 

Maximum Velocity 

(ft/sec) 

698 730 719 

Burn Time (sec) 4.08 3.04 3.66 

Apogee (ft) 5530 5271 5528 
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Figure 6: AeroTech L1150-P thrust curve. 

3.6 Projected Flight Altitude Calculations  

An OpenRocket simulation model of the vehicle was used to determine flight characteristics of 

the rocket including apogee. With a wind speed of 20 mph, the apogee was 5164 ft. Decreasing 

the wind speed to 15 mph increased the apogee of the vehicle to 5220 ft, and decreasing the wind 

speed to 10 mph increased it to a maximum of 5260 ft. This trend continued with the 5 mph 

simulation, where the apogee was reached at 5285 ft. Finally, without wind disturbance, the 

vehicle reached the highest altitude of all 4 simulations with an apogee of 5296 ft. All of the 

simulations were carried out with a completely vertical, 8-ft long launch rod. See the recovery 

section for details regarding maximum kinetic energy at ground-hit. 

 



 
 

 University of California, Davis  16 

 

Figure 7: Altitude, vertical velocity, and lateral distance projections for 0 mph wind speed. 

3.7 Vehicle Requirements Verifications 

Table 4: Vehicle USLI Requirements. 

Requirement Type of Verification Verification Plan 

2.1. The vehicle shall deliver 

the science or engineering 

payload to an apogee altitude of 

5,280 feet 

above ground level (AGL).  

Analysis 

Analysis of the flight through 

Openrocket simulation shall 

conclude that the vehicle will 

carry the payload to an apogee 

altitude of 5,280 ft. 

2.2. The vehicle will carry one 

commercially available, 

barometric altimeter for 

recording the official altitude 

used in determining the altitude 

award winner. Teams will 

receive the maximum number of 

altitude points (5,280) if the 

official scoring altimeter reads a 

value of exactly 5280 feet AGL. 

The team will lose one point for 

every foot above or below the 

required altitude. 

Inspection 

By inspection, the altimeter will 

be fastened to ensure it is inside 

the rocket. 

2.3. Each altimeter will be 

armed by a dedicated arming 
Inspection 

By inspection, the altimeters 

shall be ensured to have an 
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switch that is accessible from the 

exterior of the rocket airframe 

when the rocket is in the launch 

configuration on the launch pad. 

accessible arming switch. 

2.4. Each altimeter will have a 

dedicated power supply.  
Inspection 

Inspection of the rocket will 

ensure each altimeter has a 

viable power supply.  

2.5. Each arming switch will be 

capable of being locked in the 

ON position for launch (i.e. 

cannot be disarmed due to flight 

forces). 

Test 

A test of the arming switch shall 

be done to ensure it is capable of 

being locked in the ON position.  

2.6. 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. 

Test 

Eclipse shall perform a full-scale 

demonstration flight to 

demonstrate the vehicle’s 

reusability.  

2.7. 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. 

Inspection 

Eclipse shall inspect the 

vehicle’s design on Openrocket 

to make sure that there is a 

maximum of four independent 

sections. 

2.8. The launch vehicle shall be 

limited to a single stage. 
Inspection 

Eclipse shall ensure that the 

vehicle only has one launch 

stage. 

2.9. The launch vehicle shall be 

capable of being prepared for 

flight at the launch site within 4 

hours, 

from the time the Federal 

Aviation Administration flight 

waiver opens. 

 

 

Demonstration 

Eclipse will ensure that our 

vehicle will be ready for flight 

on launch day, and can be 

prepared within 4 hours. 



 
 

 University of California, Davis  18 

2.10. The launch vehicle will 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 components.  

Test 

Eclipse shall perform a full-scale 

demonstration flight to ensure 

the vehicle’s ability to remain in 

launch-ready position for a 

minimum of one hour.  

2.11. 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. 

Test 

Eclipse shall perform a full-scale 

demonstration flight to ensure 

the capability of being launched 

by a standard 12-volt direct 

current firing system. 

2.12. The launch vehicle shall 

require no external circuitry or 

special ground support 

equipment to initiate launch 

(other than what is provided by 

Range Services). 

Inspection 

Eclipse will inspect the vehicle’s 

design in OpenRocket to ensure 

that the vehicle requires no 

external circuitry or special 

equipment to initiate launch.  

 

2.13. 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). 

 

Inspection 

Eclipse shall inspect the 

vehicle’s design in OpenRocket 

and ensure that the motor is 

compliant with the USLI 

requirements. 

2.13.1. Final motor choices must 

be made by the Critical Design 

Review (CDR). 

Inspection 

Eclipse shall make the 

concluding motor choices by the 

Critical Design Review. 

2.13.2. Any motor changes after 

CDR must be approved by the 

NASA Range Safety Officer 

Inspection 

Eclipse shall notify the NASA 

Range Safety Officer if there are 

any motor changes that increases 
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(RSO), 

and will only be approved if the 

change is for the sole purpose of 

increasing the safety margin.  

the safety margin.  

2.14. Pressure vessels 

on the vehicle shall be 

approved by the RSO and 

shall meet the following 

criteria: 

Inspection 

Inspections of the criterias of 

the pressure vessels on the 

vehicle. 

2.14.1. 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. 

Analysis 

Analysis through hand 

calculations will determine 

the minimum factor of safety 

to be 4:1, and include relevant 

documentation. 

2.14.2. Each pressure vessel 

shall include a solenoid 

pressure relief valve that sees 

the full pressure of the tank. 

Inspection 

Inspection of the rocket will 

make sure each pressure 

vessel include a solenoid 

pressure relief valve. 

2.14.3. 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. 

Inspection 

Full inspection of the tank 

will be made including the 

application for the tank, the 

history of the tank, and the 

number of pressure cycles put 

on the tank. 

2.15. The total impulse 

provided by a College and/or 

University launch vehicle 

shall not exceed 5,120 

Newton-seconds (L-class). 

Inspection 

Eclipse shall perform 

inspection on the vehicle’s 

design to ensure the motor is 

classified as L-class. 

2.16. The launch vehicle shall Analysis Eclipse shall perform 
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have a minimum static 

stability margin of 2.0 at the 

point of rail exit. 

geometric and simulation 

analysis to ensure that the 

static margin is at least 2 at 

launch. 

2.17. The launch vehicle shall 

accelerate to a minimum 

velocity of 52 fps at rail exit.  

Analysis 

Eclipse shall perform 

simulation analysis to ensure 

the launch rail speed is at 

least 52 fps. 

2.18. All teams shall 

successfully launch and 

recover a subscale model of 

their rocket prior to CDR. 

Test 

Eclipse shall perform a full-

scale demonstration flight to 

ensure a subscale vehicle’s 

flight readiness and 

reusability. 

2.18.1. 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. 

 

Inspection 

Eclipse shall perform a test 

flight with a subscale model 

that resembles the full-scale 

model. 

2.18.2. The subscale model 

shall 

carry an altimeter capable of 

reporting the model’s apogee 

altitude. 

Inspection 

Eclipse shall inspect the 

vehicle to make sure that it is 

carrying an altimeter. 

2.19. 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. 

 

Test 

Eclipse shall perform a full-

scale demonstration flight in 

the vehicle’s final flight 

configuration to ensure the 

vehicle’s stability, structural 

integrity, recovery systems, 

and the ability to launch. 

2.19.1. The vehicle and Test Eclipse shall perform final 
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recovery system shall have 

functioned as designed. 

test launch of full-scale rocket 

at Snow Ranch including all 

final components including 

working recovery systems. 

2.19.2. The payload does not 

have to be flown during the 

full-scale test flight. The 

following requirements still 

apply: 

Inspection 

Eclipse shall ensure that the 

full-scale test flight is 

compliant with all the 

requirements. 

2.19.2.1. If the payload is not 

flown, mass simulators shall 

be used to simulate the 

payload mass. 

Inspection 

Mock payload with similar 

weight distribution 

characteristics shall be used 

during the demonstration. 

2.19.2.1.1. The mass 

simulators shall be located in 

the same approximate 

location on the rocket as the 

missing payload mass. 

Inspection 

Eclipse shall inspect the 

vehicle to ensure the mock 

payload is attached in the 

same location as the final 

payload. 

2.19.3. 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. 

Inspection/Demonstration 

Eclipse shall use the payload 

during flight since it changes 

the mass and structure of the 

rocket, which would affect 

the outcome of the 

demonstration flight. 

2.19.4. 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 

Inspection/Demonstration 

Eclipse shall use the full-scale 

motor during the full-scale 

test flight to test the full flight 

readiness and altitude 

verification. 
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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 launch day flight. 

2.19.5. The vehicle must 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 launch day 

flight. Additional ballast may 

not be added without a re-

flight of the full-scale launch 

vehicle. 

Demonstration 

Eclipse shall inspect the 

vehicle used in the full-scale 

test flight to ensure that it is 

in its fully ballasted 

configuration. 

 

2.19.6. 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). 

Inspection 

Eclipse shall notify the NASA 

Range Safety Officer if any 

modifications need to be 

made after the FRR flight. 

 

. 

2.19.7. Full scale flights must 

be completed by the start of 

FRRs (March 6th, 2018). If 

the Student Launch office 

determines that a re-flight is 

necessary, than an extension 

to March 28, 2018 will be 

granted. This extension is 

only valid for re-flights; not 

Inspection 

Eclipse shall perform a full-

scale demonstration flight 

prior to March 6, 2016. 
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first time flights. 

2.20. Any structural 

protuberance on the rocket 

shall be located aft of the 

burnout center of gravity. 

Analysis 

Analysis of the center of 

gravity of the vehicle at motor 

burnout shall verify that 

structural perturbation is aft 

of the center of gravity. 

2.21. Vehicle Prohibitions Inspection 

Eclipse shall verify that the 

design complies with each of 

the vehicle prohibitions. 

2.21.1. The launch vehicle 

shall not utilize forward 

canards. 

Inspection 

Eclipse shall inspect the 

vehicle’s design in 

OpenRocket to ensure that the 

vehicle will not utilize 

forward canards. 

2.21.2. The launch vehicle 

shall not utilize forward firing 

motors. 

Inspection 

Eclipse shall inspect the 

vehicle’s design in 

OpenRocket to ensure that the 

vehicle shall not utilize 

forward firing motors. 

 

2.21.3. The launch vehicle 

shall not utilize motors that 

expel tita 

nium sponges (Sparky, 

Skidmark, 

MetalStorm, etc.) 

Inspection 

Eclipse shall inspect the 

vehicle’s design in 

OpenRocket to ensure that the 

vehicle shall not utilize 

motors that expel titanium 

sponges (Sparky, Skidmark, 

MetalStorm, etc.) 

 

2.21.4. The launch vehicle 

shall not utilize hybrid 

motors. 

Inspection 

Eclipse shall inspect the 

vehicle’s design in 

OpenRocket to ensure that the 

vehicle shall not utilize hybrid 

motors. 

2.21.5. The launch vehicle 

shall not utilize a cluster of 
Inspection 

Eclipse shall inspect the 

vehicle’s design in 
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motors. OpenRocket to ensure that the 

vehicle shall not utilize a 

cluster of motors. 

2.21.6. The launch vehicle 

shall not utilize friction fitting 

for motors. 

Inspection 

Eclipse shall inspect the 

vehicle’s design in 

OpenRocket to ensure that the 

vehicle shall not utilize 

friction fitting for motors. 

 

2.21.7. The launch vehicle 

shall not exceed Mach 1 at 

any point during flight. 

Analysis 

Eclipse shall inspect the 

vehicle’s design in 

OpenRocket to ensure that the 

vehicle shall not exceed Mach 

1 

2.21.8. Vehicle ballast shall 

not exceed 10% of the total 

weight of the rocket. 

Analysis 

Eclipse shall perform 

OpenRocket Analysis of 

counter weight affecting the 

center of gravity and total 

weight in general for ballast.  

 

Table 5: Vehicle Team Derived Requirements. 

Team Derived 

Requirements: 

Type of 

Verification: 

Verification Plan: Reasoning: 

The vehicle fins 

shall be at least 

0.187” thick. 

Analysis Analysis using CAD 

and Openrocket 

software. 

For structural stability 

against fin flutter and 

failure. 

Vehicle fins shall 

not fail under flutter 

Analysis Analysis using Patran 

software and Flight 

Loads. 

For flight stability, as 

wing flutter could 

result in loss of 

stability. 

During flight, 

Airframe 1 and 

Airframe 2 

(avionics) shall not 

Test If everything stays 

attached during the 

full scale flight  

demonstration then it 

If it falls apart, we 

lose the payload and 

the airframe 3. The 

rocket won’t be 
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separate. Airframe 3, 

Payload, and 

Booster shall not 

separate. 

 

meets the 

requirement. 

 

reusable, and it will 

lose stability. 

 

During flight, the 

nose cone shall 

separate from 

Airframe 1, and 

Airframe 2 shall 

separate from 

Airframe 3. 

 

Test Test if the parts 

properly separate 

during the full scale 

demonstration flight.  

The parts will need to 

separate for the 

payload, drogue 

chute, and parachute 

to properly to 

function. 

The distance 

between the cg and 

cp is at least twice 

the diameter of the 

rocket. 

Analysis  Openrocket 

simulation calculation 

and balance test. 

Flight stability, to 

make sure there’s 

restoring force. 

Protrusions from 

vehicle must be aft 

of motor burnout CG 

and payload camera 

fairings must not 

disturb airflow over 

fins. 

Analysis Analysis using CAD 

and Openrocket 

software. 

For flight stability.  

The vehicle motor 

shall have a total 

impulse of no more 

than 

5120 N-s. 

Inspection  Research on motor 

parameters shall be 

conducted to ensure 

requirement is met. 

To reach the required 

altitude, the motor is 

L class. 

The full-scale 

vehicle budget shall 

not exceed $3,000 

including payload. 

Inspection Cost of all necessary 

components shall be 

obtained. 

 Failure mitigation 

plan for reduction in 

funding from Space 

Grant and ensuring 

lower cost than 

previous design. 
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The vehicle shall be 

manufacturable in 

EFL or Smart Lab 

and shell must be 

manufacturable by 

outside sources. 

Inspection  Inspection of all 

components with 

process plan for 

manufacturing shall 

be cross-referenced 

with available 

resources. 

 Rocket must be 

manufacturable in 

order to be created. 

In-house components 

shall be fabricated in 

EFL or Smart Lab. 

Factor of Safety 

shall be at between 

1.1 and 1.5 for all 

major components. 

Analysis  Structural analysis of 

the main components 

including finite 

elements analysis 

shall determine if 

major components 

shall fail. 

FOS is the ratio of the 

allowable strength 

and the applied stress, 

the allowable strength 

has to be greater than 

the applied stress so it 

doesn’t fail. Vehicle 

must be flyable. 

Vehicle frame shall 

have 0 cracks or 

fractures due to 

black powder 

charges. 

Analysis/Test  Analysis of the 

airframe structure 

from force of black 

powder charges shall 

determine if airframe 

shall fail. Upon test of 

full-scale flight, the 

vehicle frame will be 

inspected for any 

notable  damage. 

 Vehicle must be 

reusable and sustain 

minimal damage due 

to large black powder 

forces.  

Shear pins shall 

release during 

activation of black 

powder charges 

when exposed to 425 

lbf. 

Analysis Analysis of shear pins 

shall determine if 

separation force is 

adequate for airframe 

separation. 

Successful parachute 

deployment, 

successful recovery. 

The vehicle shall 

weigh at most 34 

lbs. 

Analysis Analysis using 

Openrocket 

simulation and CAD.  

Cost effective, and to 

reach the required 

height. 

The vehicle shall 

have an inner 

Inspection Final fully constructed 

vehicle shall be 

Cost effective, easy to 

ship and store, and 
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diameter of at most 

6.007”. 

measured to ensure 

this dimension as well 

as model drawings. 

allows for more room 

for inner components 

including electronics 

and payload. Must 

meet manufacturer 

tolerance. 

The vehicle shall be 

assembled in no 

more than 45 

minutes. 

Demonstration  A timed simulation of 

competition level 

vehicle assembly shall 

be done to ensure that 

this requirement is 

met. 

Efficient to assemble, 

and requirement to 

ensure launch 

readiness in allotted 

competition time. 

 

3.8 Recovery 

3.8.1 Functional Requirements 

● The recovery system shall stage the deployment of its recovery devices, where a drogue 

parachute is deployed at apogee and a main parachute is deployed at a much lower 

altitude. 

● The recovery system’s electrical circuits shall be completely independent of any paylo ad 

electrical circuits. 

● Each arming switch shall be capable of being locked in the ON position for launch.  

● An electronic tracking device shall be installed in the launch vehicle and shall transmit 

the position of the tethered vehicle or any independent section to a ground receiver. 

● Previous recovery system shall be re-utilized where deemed appropriate.  

3.8.2 Performance Requirements 

● At landing, each independent sections of the launch vehicle shall have a maximum 

kinetic energy of 75-ft-lbf. 

● The vehicle's lateral drift shall not surpass 2500-ft. 

3.8.3 Parachute System 

The team plans on using a dual deployment for the recovery system. The dual deployment 

configuration consists of two parachutes to safely land the rocket. The first parachute, the drogue 

chute, exhibits a diameter of 18- inches and deploys at the predicted flight path apogee of 

approximately 5,280-feet. The second parachute, the main chute, exhibits a diameter of 84 inches 
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and will deploy at 800-feet.  Both of the parachutes are to be stored in two separate 

compartments secured with nylon shear pins. The parachutes are manufactured by Fruity Chutes, 

a company that specializes in the distribution of professional aerospace recovery systems.  

 

Table 6: Rocket Flight Characteristics at Different Wind Speeds. 

 0 (mph) 5 (mph) 10 (mph) 15 (mph) 20 (mph) 

Lateral Drift (ft) 163.83 594.72 860.03 1318.9 1748.6 

Vertical Velocity 

(ft/s) 

16.173 16.117 15.199 15.313 15.087 

Altitude (ft) 5295.9 5285.3 5260.1 5219.5 5164.4 

 

As seen in the table above, during the worst wind conditions, the dual deployment system 

minimizes lateral drift to 1748.6-feet at the predicted cross wind of 20-mph. For these 

measurements, it was assumed the rocket is launched completely vertically from a launch rod of 

the length of 8-feet. 

 

In order to ensure the vehicle’s kinetic energy does not surpass 75-ft- lbf, the weight of the 

heaviest section (10.67- lb) was used along with the highest impact vertical velocity (16.173-ft/s). 

Utilizing the following equation,  

 

     
 

 
     

 

the highest expected kinetic energy is 43.39-ft-lbf. This value corresponds to the aft portion of 

the rocket, where it not only is the heaviest section, but also the first to be in contact with the 

ground upon landing. Below are the respective kinetic energies for the main rocket sections with 

no wind speed: 

 

Table 7: Kinetic Energy for Each Section. 

 Mass (lb) KE (ft-lbf) 

Nose Cone 4.01 16.32 

Mid Section  

(Airframe 1 and 2) 

6.54 26.60 

Aft Section 

(Airframe 3) 

10.67 43.39 
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The kinetic energy for the heaviest section of the rocket (aft-section) was also calculated for the 

potential wind speeds. 

 

Table 8: Kinetic Energy for the Aft Section During Variable Wind Speeds. 

Wind Speed (mph) Vertical Velocity (ft/s) KE (ft-lbf) 

0 16.17 43.39 

5 16.00 42.45 

10 15.30 38.82 

15 15.42 39.33 

20 15.35 39.07 

3.8.4 Component Selection 

3.8.4.1 Hardware 

Concerning shock cords, the team considered several different types and vendors for our 

recovery system. Focusing on its size, material, strength, and cost, the Eclipse team selected the 

9/16-inch tubular nylon shock cord sold by REI.  

 

Table 9: Shock Cord Trade Study. 

Vendor Material Type Diameter (inches) Strength Test Cost (per yard) 

Top Flight 

Recovery 

Kevlar 1/2 7200 lbs $2.75 

Rei Tubular Nylon 9/16 2023 lbs $0.30 

Giant Leap 

Rocketry 

Tubular Nylon 1 4000 lbs $1.87 

Fruity Chutes Spectra Microline 3/16 1500 lbs $34 (for 5 yd) 

Fruity Chutes Tubular Nylon 

Webbing 

5/8 1800 lbs $17 (for 5 yd) 

 

As it can be observed in the table above, one of the main advantages of the selected shock cord is 

its price per yard. At $0.30/yard, it is much cheaper than the nearest competitor, whereas the 

vendor Fruity Chutes’ shock cords are completely at a different price range. However, price 
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alone was not the only factor, as safety was also an extremely important aspect for the selection. 

While considering the smallest possible diameter for its corresponding strength, the 9/16- inch 

tubular Nylon shock cord was deemed the perfect candidate for our recovery system. This Nylon 

shock cord  not only is strong enough to safely ensure it withstands the forces present in the 

recovery segment of the launch, it is also the smallest shock cord to do so, saving space as a 

result. The other possible selection (Top Flight Recovery’s ½- inch Kevlar shock cord) is even 

smaller than the selected Nylon shock cord. However, this shock cord’s cost is much greater and, 

due to the team’s preference of Nylon material, this Kevlar shock cord was not selected.  

 

Concerning the dual deployment parachute system, the team opted for a 84- inch main parachute 

and a 18- inch drogue parachute. The main parachute shall be able to slow the rocket enough in 

order to have, upon impact, a kinetic energy of less than 75-ft- lbf. As a result, the Iris Ultra and 

the Classic Elliptical parachutes were selected as the main and drogue parachutes, respectively.  

 

Table 10: Parachute Trade Study. 

Vendor Parachute Type 
Descend Rate at 

Weight (ft/s) 
Cd Cost 

Spherachutes 

Spherachutes (84-inch) 17.85 

1.5 

 

$120.00 

Spherachutes (18-inch) 83.32 $14.00 

Top Flight Recovery TFR Standard (84-inch) 24.86 0.75 $139.95 

Fruity Chutes 

 

Iris Ultra (84-inch) 

(Annular Parachute or Pull 

Down) 

14.74 

 

2.2 

 
$345.00 

Fruity Chutes Classic Elliptical (18-inch) 83.71 1.5 - 1.6 $53.00 

 

From the table above, regarding the Cd of the parachutes in question, the Iris Ultra parachute has 

the highest value by a significant margin (value of 2.2). Additionally, as mentioned by the 

manufacturer, due to its high performance, a 72- inch Iris Ultra parachute performs just as well as 

a CFC-84 elliptical parachute. Similarly, the 84- inch Iris Ultra parachute outperforms parachutes 

of higher diameter. Moreover, the parachute’s lightweight and compactness permits it to be fitted 

into a smaller enclosure in the rocket. The only drawback of this parachute is its cost. The other 

main contender, the Spherachute parachute, is a good option as well. However, comparing its 

performance to the Iris ultra, the Spherachute simply does not performance as well as its 

competitor. Furthermore, its descent rate at the rocket’s weight of 21.22- lbs is higher than the Iris 

Ultra, with value of 17.85- ft/s to the Iris Ultra’s 14.74- ft/s. Other parachute types were also 
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considered for this trade study, such as the Top Flight Recovery’s Crossfire and X-type 

parachutes, but they were dismissed due to the lack of information available.  

 

Regarding the drogue parachute, due to the unavailability of 18- inch sized Iris Ultra parachutes, 

the team considered the other remaining options. With the Cd of 1.5-1.6, and the same excellent 

built quality of the Iris Ultra, the Classic Elliptical parachute was a clear selection. Even though 

its price is quite higher than the spherachutes option, the team decided that the material quality of 

the Fruity Chutes was reason enough to select their parachutes.  

Therefore, considering all the requirements and the performance of each parachutes, the Iris 

Ultra and the classical Elliptical parachutes were selected.  

 

Both of the parachutes selected consist of a nylon shroud. The main chute features a 0.25- inch 

bridle with a 1,000- lb swivel and the drogue chute a 0.5- inch bridle with no swivel. Connections 

between both chutes and the rocket are achieved using 1.0- inch tubular nylon webbing rated for a 

maximum dynamic loading of approximately 4,000- lbs. This harness diameter was selected as it 

exhibits a significant factor of safety and withstands the loads experienced during operation. The 

connections between each harness segment are achieved using 0.25-inch stainless steel quick 

links. The links and nylon weave are joined utilizing a figure eight follow through knot which is 

designed to tighten under deployment shock conditions, thus ensuring a secure connection 

between each recovery subsystem component.  

3.8.4.2 Altimeters 

The recovery subsystem consists of two commercially available altimeters. One will act as the 

main altimeter and the other will act as a backup. Each altimeters will have a dedicated power 

source independent of any other electronic device present in the rocket. To prevent interference 

from other on-board electronic devices, the altimeters will have their own dedicated 

compartment. This compartment will be wrapped in tin foil to further protect the altimeters from 

radio frequency transmitting devices (gps) and magnetic wave producing devices. The Eclipse 

team will be using the StratoLoggerCF which features a sampling rate of 20 Hz. The 

StratoLoggerCF was selected after considering several alternatives.  
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Table 11: Altimeter Trade Study. 

Model Sampling Rate Altitude Limit 

Audibly 

reports peak 

altitude 

GPS 

Tracking 
Weight 

Price per 

Unit 

Strattologger 

CF 
20 samples/second 

100,000 ft 

MSL 
YES NO 0.45 oz $55 

Altus 

Telemetrum 

100 

samples/second 
45,000 ft MSL NO YES 0.71 oz $321 

Entacore Aim 

3 
10 samples/second 38,615 ft MSL YES NO 0.62 oz $115 

 

 

As shown in the table above, the Altus Telemetrum has the highest sampling rate at 100 samples 

per second, while the Entacore Aim 3 has the lowest sampling rate of 10 samples per second. All 

altimeters are capable of reporting altitudes above the projected apogee of 5296 feet. Although 

the Altus Telemetrum has the highest sampling rate, the Stratologger CF and Entacore Aim 3 

audibly report peak altitude and have no GPS tracking, which enables them to function 

uninhibited and meet competition requirements. Compared to the Entacore Aim 3, the 

Stratologger CF is significantly lighter and cheaper, making it the most optimal altimeter. 

 

 
Figure 8: Stratologger CF. 

3.8.4.3 Tracking Device 

The team will use an Ardupilot Mega to transmit the position of the launch vehicle to a ground 

receiver. The Ardupilot uses a 915 MHz radio and a ublox GPS module. It also features a 3-axis 

gyroscope and accelerometer that enables the system to monitor roll, pitch, and yaw motion of 

the vehicle. During flight, all telemetry data will be transmitted to a ground receiver where the 
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data can be monitored and recorded.  

 

 
Figure 9: Ardupilot Mega. 

4. PAYLOAD 

4.1. Mission Objectives 

The Target Acquisition, Recognition, and Processing System (TARPS) is designed to meet the 

Target Detection Payload requirements of the 2017-2018 USLI Competition. These requirements 

include the successful induction of identifying and differentiating three different colored 40-ft x 

40-ft ground tarps. Eclipse also aims to develop and implement its design utilizing a simple and 

cost-effective approach, while still preserving a challenging environment in order to encourage 

student education, teamwork, and innovation regarding astronautical, aeronautical, and 

computer/electrical engineering disciplines.  

4.2. Requirements and Mission Success 

Mission requirements for the payload are determined by our customers, such as USLI, and our  

stakeholders, such as UC Davis and its Mechanical and Aerospace Engineering (MAE) 

Department. Major mission requirements will be identified in this section. Additionally, 

requirements for design and component selection will be made and iterated from the former. The 

following contains a non-exhaustive list of mission requirements as set by the USLI handbook 

and UC Davis’s MAE Department guidelines, as well as some team-derived functional and 

performance objectives. Mission success will be defined by the team’s ability to design a 

payload that can meet all relevant requirements. The requirements will be iterated upon until 

CDR, where the payload design that best satisfies mission requirements, specifications, and 

manufacturing capability will be selected. Fundamentally, mission success can be defined by the 

following criteria: 
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1. TARPS analyzes continuous real time visual data to locate ground targets through preset 

RGB codes. 

 

2. Onboard camera detection software package identifies, reports and records the color of 

each tarp. Collected data is to be extractable after landing.  

 

3. Payload systems functions properly after landing and is reusable.  

4.2.1 USLI Requirements  

All of the USLI requirements are taken straight from the 2017-2018 handbook. Eclipse has 

chosen to highlight these particular requirements due to their significant relevance to the payload 

design. Eclipse has identified these as the main drivers behind the proposed payload design, 

which will be explained in the following concept of operations section.  

 

4.1. Each team will choose one design experiment option from the following list.  

 4.2. Additional experiments (limit of 1) are allowed, and may be flown, but they will not  

               contribute to scoring.  

 4.3. If the team chooses to fly additional experiments, they will provide the appropriate  

               documentation in all design reports, so experiments may be reviewed for flight  

       safety. 

 

4.4.1. Teams will design an onboard camera system capable of identifying and 

          differentiating between 3 randomly placed targets.  

4.4.1.1. Each target will be represented by a different colored ground tarp located  

             on the field.  

4.4.1.2. Target samples and RGB values will be provided to teams upon 

             acceptance and prior to PDR.  

4.4.1.3. All targets will be approximately 40’X40’ in size.  

 4.4.1.4. The three targets will be adjacent to each other, and that group will be  

             within 600 ft. of the launch pads.  

4.4.2. Data from the camera system will be analyzed in real time by a custom 

          designed on-board software package that shall identify, and differentiate  

          between the three targets.  

4.4.3. Teams will not be required to land on any of the targets.  

 

The following table summarizes the above mentioned USLI requirements, along with Eclipse’s 

verification plan to fulfill them. This ensures experiment requirements are met and that mission 

success can be achieved.  
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Table 12: USLI Payload Requirements and Verification Plan Summary Table. 

Requirement Type of Verification Verification Plan 

4.1 Each team shall choose one 
design experiment option from the 

following list. 
Inspection 

Eclipse shall only choose the 
target detection experiment from 

the experiment options list 

4.2 Additional experiments (limit 
of 1) are allowed, and may be 

flown, but they shall not contribute 
to scoring. 

Inspection 
Eclipse shall not perform any 

additional experiments not 
pertaining to selected experiment. 

4.3 If the team chooses to fly 
additional experiments, they shall 

provide the appropriate 
documentation in all design 

reports, so experiments may be 
reviewed for flight safety. 

Inspection 

Eclipse shall not fly any additional 
experiments not pertaining to 

selected experiment.  
 

4.4.1. Teams shall design an 
onboard camera system capable of 

identifying and differentiating 
between 3 randomly placed 

targets. 

Demonstration 

Team shall program and develop a 
camera system capable of 

differentiating between the 
randomly placed targets. 

4.4.1.1. Each target shall be 
represented by a different colored 
ground tarp located on the field. 

Inspection/Demonstration 
Eclipse shall program the camera 
system to read and report RGB 

values for the colored tarps. 

4.4.1.2. Target samples and RGB 
values shall be provided to teams 

upon acceptance and prior to PDR. 
Inspection 

Eclipse shall confirm the receipt 
of the RGB values. 

4.4.1.3. All targets shall be 
approximately 40’X40’ in size. 

Inspection 
Eclipse shall prepare for tarps of 

the relevant size. 

4.4.1.4. The three targets shall be 
adjacent to each other, and that 

group shall be within 600 ft. of the 
launch pads. 

Inspection 
Eclipse shall prepare for tarps in 

this position.  

4.4.2. Data from the camera 
system shall be analyzed in real 
time by a custom designed on-

board software package that shall 
identify, and differentiate between 

the three targets. 

Demonstration 

Eclipse shall demonstrate that data 
from the camera system is 

analyzed in real time by the 
software package. 

4.4.3. Teams shall not be required Inspection Eclipse shall not make an effort to 
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to land on any of the targets. land on any of the targets. 

 

4.2.2 Component Requirements  

A set of functional and performance parameters were defined to evaluate potential component 

and design options. These parameters were determined by taking launch data from Eclipse's 

previous rocket designs and comparing them with this year’s proposal rocket data such that a 

required flight envelope can be defined. This allowed the team to define minimum functional and 

performance capability for system components to facilitate initial component selection.  

 

Microcontrollers and Sensors: 

● Functional Requirements 

○ The controller shall be able to process the input sensor data and detect preset 

targets. 

● Performance Requirements 

○ The controller shall identify, read, and record relevant data values of the ground 

targets. 

 

Camera System: 

● Functional Requirements 

○ The camera shall relay ground information to the microcontroller.  

● Performance Requirements 

○ The camera shall be able to record video with at least 12 fps.  

○ The camera shall be able to record video with at least 640x480 resolution.  

 

Batteries: 

● Functional Requirements 

○ Battery system shall be able to power image processing systems independently.  

● Performance Requirements 

○ The batteries shall allow other systems to function at normal operating conditions 

for at least 1 hour when in launch-ready configuration at the launch pad.  

 

Structural Requirements: 

● Functional Requirements 

○ The structure shall sustain the loads during the ascent and coast stages.  

○ The structure shall sustain loads from parachute deployments.  

○ The structure shall sustain impact due to landing, while ensuring system 

components can function properly post landing.  
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The following table summarizes the above mentioned team-derived component requirements, 

along with the team’s verification plan to fulfill them. This provides a tailored set of goals for the 

payload that caters to both USLI and Eclipse’s requirements, such that overall mission success 

can be more specifically and accurately achieved by the team.  

 

Table 13: Team-Derived Payload Requirements and Verification Plan Summary Table . 

Team Derived 

Requirements 

Type of 

Verification 
Verification Plan Reasoning 

The microcontroller shall 

be able to identify, read, 

and record relevant data 

values of ground targets. 

Analysis 

Eclipse shall analytically 

confirm that the performance 

requirements are met by the 

selected microcontroller. 

It is critical to ensure that the 

specifications of our 

microcontroller are 

sufficient for the task. 

The microcontroller shall 

be able to process the 

input sensor data and 

detect preset targets. 

Test 

Eclipse shall ensure that the 

microcontroller functions to 

process the input sensor data 

and detect targets in an ideal 

setting. 

A functional test to ensure 

that the microcontroller is 

sufficient in practice is 

essential. 

The camera shall 

communicate imaging 

data to the 

microcontroller. 

Test 

Eclipse shall ensure that the 

camera transmits data to the 

microcontroller in a usable 

format. 

Data from the camera must 

reach the microcontroller 

successfully for 

interpretation.  

The camera shall take 

video at a minimum 

frame rate of 12 frames 

per second. 

Analysis 
Eclipse shall select a camera 

that meets these requirements. 

The camera must capture 

ground video during the 

duration of flight without 

missing critical moments. 

The camera shall have a 

minimum resolution of 

640x480 

Analysis 

Eclipse shall select a camera 

system that meets these 

requirements. 

The camera must have 

sufficient resolution to 

differentiate tarps from the 

ground at high altitude. 

The battery system shall 

allow other systems to 

function at normal 

operating systems for at 

least 1 hour. 

Analysis 

Eclipse shall perform 

calculations to ensure the 

battery life is sufficient to allow 

all systems to operate for this 

amount of time. 

All systems must remain 

functional after arming for at 

least an hour. 

Battery system shall be 

able to power image 

processing systems 

Inspection 

Eclipse shall ensure that image 

processing systems can be 

powered by the payload battery 

Image processing systems 

must have their own power 

system to ensure that other 



 
 

 University of California, Davis  38 

independently.  system alone. rocket systems have a 

consistent power source of 

their own. 

The payload structure 

system shall sustain 

loads during the ascent 

and coasting stages. 

Test 

Eclipse shall ensure that the 

structure withstands all loads 

during full-scale test flight.  

The structural stability of the 

payload is critical to avoid 

failure. 

The payload structure 

system shall sustain 

impact due to landing, 

while ensuring system 

components can function 

properly post landing. 

Test 

Eclipse shall ensure that the 

payload structure shall sustain 

landing impacts and that the 

system components continue to 

function after landing.  

Data retrieval post landing 

may be necessary if data 

transmission fails and this is 

a requirement to ensure 

reusability.  

 

4.3 Concept of Operations  

4.3.1 Payload Objective 

The objective of the payload is to develop an onboard camera system capable of meeting all of 

the aforementioned USLI and team-derived requirements. The payload will be inactive prior to 

launch. During flight, it will continuously image the ground and identify three 40-ft x 40-ft 

square tarps. These tarps will be blue, yellow, and pink in color, with precise RGB values 

identified in advance through empirical measurement of samples provided by NASA. The 

payload will, however, be prepared for variance from the computed ideal RGB values by 

incorporating a tolerance limit on the target values. This is done to account for invariances in the 

actual color of the tarps picked up by the camera system due to external lighting or weather 

conditions. Once the system recognizes three regions that match the expected values, it will 

interpret each color relative to each other and store this data. This data will be transmitted to a 

ground-based computer with a receiver such that a live feed of the image processing can be 

monitored in-flight. This data will be interpreted and relayed to the Eclipse team through a 

custom user interface (UI).  

4.3.2 Scientific Value 

The value of further developing automated target detection and machine vision technology is 

significant. Such technology could help automate the interpretation of images taken of the 

surfaces of planetary bodies and identify anomalous features much more easily for more detailed 

analysis by human operators. It could also improve camera tracking on locations of interest on 

stellar bodies, allowing more valuable images to be acquired, especially by narrow-angle 
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cameras or on flybys. Perhaps most critically, automated recognition of surface features of stellar 

objects could allow for much more reliable entry, descent, and landing (EDL), as the relayed 

information can help landers avoid obstacles and recognize landing sites in real-time. This allows 

for hazard avoidance and course correction. Machine vision is a constantly evolving field, and 

Eclipse’s efforts to create a cost-effective, unobtrusive, and reliable system which is robust 

against unforeseeable flight trajectories, weather conditions, and target locations will add new 

insight to this broader endeavor.  

4.3.3 Suitable Level of Challenge 

There are a number of challenges inherent in this target detection problem. Ensur ing that the 

camera’s field of view is unobstructed and captures the tarps is one of the more significant 

hurdles. We intend to mount the rocket externally within a fairing, but because this does not 

allow the camera to move, we must verify that the camera has a sufficient field of view in spite 

of the tilt of the rocket and that the exhaust from the bottom of the motor does not hinder the 

visibility of the ground. To mitigate this risk, we rely on the inherent spin of the rocket to ensure 

that the ground is entirely swept out. Additionally, we have included two cameras on opposite 

sides of the rocket, so that our field of view covers a more significant part of the ground.  

Another challenge is ensuring that the camera can correctly recognize the tarps even in a variety 

of lighting and weather conditions. The apparent RGB values may change if the day is overcast, 

so that the camera may “miss” one of the tarps if the color is sufficiently muted. In order to 

combat this, we will observe the RGB values of the tarp materials under a variety of lighting 

conditions so that we can add an informed tolerance band that should be robust against various 

unexpected conditions on the flight day itself.  

These concerns represent a suitable level of challenge that should be difficult but plausible for 

Eclipse to meet. 

4.3.4 State Payload Success Criteria 

The payload will be considered successful if it can correctly identify and differentiate the 

placement order of the tarps based on their color. There are two potential modes of failure for the 

payload.  

 

The first is failure to receive data at all, which could be based on a view failure, a recognition 

failure, or a communication failure. If there is a view failure, neither camera ever had a clear, 

stable view of all three tarps, such as if the rocket does not spin fast enough or spins so fast that 

the image is not stable. If there is a recognition failure, the cameras “saw” the tarps, but the 

payload software did not interpret them as the targets, which could be caused by overly narrow 

RGB tolerance bands, insufficient program loop speed, or some sort of programming glitch or 

error. If there is a communication failure, the signal did not reach the ground computer despite 
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the payload concluding that it had determined the sequence of the tarps, which could be due to 

signal interference, insufficient signal strength, or a hardware failure.  

The second overall failure mode is that the ground computer receives the wrong sequence for the 

tarps. This would most likely be a result of the payload software misinterpreting the tarps or 

misinterpreting the launch site position. The ground computer could interpret some anomalous 

spot of color as a tarp (i.e. interpreting the sky as the blue tarp), which could be caused by a 

distance recognition failure so that the software fails to filter these based on size and distance 

from the other tarps, or by overly generous RGB tolerance bands. The software could also 

misinterpret the position of the launch site, causing it to potentially switch the order of the tarps. 

If these two broader failure modes are averted, the payload experiment will be successful.  

4.4 Subsystems  

4.4.1. Systems Overview 

Eclipse Rocketry considered several system-level configurations for the payload of the launch 

vehicle. Many of these payload designs hold various levels of benefits and disadvantages that 

were evaluated and compared. Of major difference was the location of the primary imaging 

sensors of the payload. Since cameras offer the most versatility in terms of capturing image s and 

compatibility with microcontrollers, Eclipse initially decided to consider conventional cameras 

often used in conjunction with typical microcontrollers such as ones from the Raspberry Pi or 

Arduino brands. However, after examining the computing requirements of the mission, Eclipse 

has also chosen to consider more powerful imaging sensors and microcontrollers in order to 

achieve greater performance specifications. At this stage, the cameras and microcontrollers 

examined for the following trade studies meet the minimum requirements that have been 

imposed by the team and the competition stakeholders. The following sections outline each 

design alternative. 

 

4.4.1.1 Nose Cone Camera 

One of the designs considered for the payload involves a camera housed in a transparent nose 

cone. This design contains the entire payload internally with no externally mounted hardware or 

protrusions. In this way, additional drag is not introduced to the launch vehicle due to a 

protrusion on the rocket vehicle airframe. Since flow separation is not likely to occur until the 

flow reaches the aft sections of the launch vehicle, efforts must be made to avoid premature 

tripping of the air flow at the front of the rocket. The benefits of this design also include a clear 

view of the ground where the target tarps are expected to be located--assuming that the nose cone 

will be pointed downwards after the main chutes have been deployed. Additionally, no 

mechanically moving parts, such as motors or linkages must be used for this design, red ucing the 

complexity of the payload structure.  



 
 

 University of California, Davis  41 

 

Eclipse found many disadvantages that resulted from a careful examination of this particular 

system as a whole. First, this design would require the certainty that the nosecone is always 

pointing downwards during rocket descent. Eclipse wanted to take into consideration the effects 

of rocking and swaying of the nose cone after deployment of the main parachute. However, the 

possibility of swaying is unknown and unpredictable without any physical tests. This uncertainty 

was taken into consideration when selecting the final payload configuration. Other disadvantages 

of this system include a more nose-heavy rocket as more instruments will be housed in the nose 

cone of the rocket, potentially leading to weight instabilities. Also, the space constraints of the 

nose cone leads to a large limitation in the amount of hardware that can be housed and Eclipse 

would have to consider reducing or eliminating redundancy in order to accommodate the space 

needed for a fully functioning payload. 

4.4.1.2 Transparent Window in Airframe 

Another potential design was a camera system that involved a transparent window in a more aft 

section of the rocket instead of in the nose cone. Similar to being mounted internally in the nose 

cone, this configuration would allow the entire camera system to be housed inside the body of 

launch vehicle. However, incorporating a transparent section in the middle of an airframe may 

compromise the structural integrity of the launch vehicle depending on the material selection of 

the transparent material. For example, acrylic would allow for a view outside of the rocket but its 

strength and stiffness are not on par with that of fiberglass used for the airframe. An extra factor 

includes the limited view angle of the cameras. A set of mirrors must be used to alter the view 

angle. Although possible, this would introduce yet another set of lens or material that light would 

have to travel through or bounce off of before reaching the lens of the camera, reducing the 

quality of the image received.  

 

4.4.1.3 Deployable Camera System 

A deployable payload or camera system was also considered as a design alternative. This 

involves ejection of the payload itself through additional use of pyrotechnic explosives to 

separate the payload coupler. The ejection charges used must be separate to that of the recovery 

avionics and parachutes to avoid coupling of the risk hazards. Once deployed, the camera will 

naturally dangle and orient itself to view the launch site. The system must be tethered to a 

bulkhead to ensure that the camera remains attached to the rocket but a clear view of the ground 

must be attainable and no mounting mechanisms would be required. Still, this alternative 

presents a number of challenges that must be addressed if it is to be selected.  

 

Once deployed, the tethered payload must avoid entanglement with other components of the 

rocket including parachutes, electronics, and internal tubing or threaded rods used for system 

integration. A dangling or deployed system will be located at least a few feet away from the 
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inboard sections of the rocket depending on the length of the tether chosen. The payload 

processing unit and all other electronics must either be deployed with the camera or remain 

attached with cables and wires, further complicating wire management. In addition to this, the 

coupling of the payload with the parachute deployment system of the recovery avionics is not 

within the competition requirements and would introduce increased risks and systems to 

integrate. The recovery avionics and parachutes must be kept independent of other systems to 

ensure safe recovery of the rocket and to avoid injury. Eclipse also recognizes that ejecting the 

payload will introduce greater forces on the payload system meaning that the camera will be 

more susceptible to damage upon deployment.  

 

4.4.1.4 Externally Mounted on Airframe with Streamlined Fairings  

All of the previous design alternatives were either housed internally or deployed from the launch 

vehicle to capture images of the launch site but Eclipse also considered mounting the camera 

system on the outside of the airframe while keeping the processing unit and batteries inside. With 

this option, cameras must be pointed downwards towards the aft section of the rocket to provide 

a clear view of the launch site during ascent and a camera housing must be used to protect the 

camera from external debris and damage upon landing. Numerous advantages and disadvantages 

were explored.   

 

The robustness of this design makes it easy to integrate with the rest of the vehicle as the design 

requires no moving parts and the airframe material can remain unchanged from fiberglass as no 

transparent materials are required for image sensing. Data can be collected during both ascent 

when the vehicle is pointing upwards and during descent after the parachutes have re-aligned the 

rocket in the vertical orientation. This is a major advantage of this design alternative. In the other 

alternatives mentioned before, data collection could only be performed during a single stage of 

the flight path such as only during descent or only during apogee. This design allows for 

protection of the internal payload electronics by the surrounding airframe, leaving only the 

camera exposed to the external environment. To mitigate structural hazards to the cameras and to 

reduce drag, a camera fairing or streamlined housing would be used to protect the camera.  

 

Disadvantages are also associated with this alternative. First, the protrusion of the camera and its 

fairing has the potential to introduce stability issues and must meet the requirements regarding 

stability as stated in the general requirements of the USLI handbook. This requirement is stated 

as follows under section 2.20: “Any structural protuberance on the rocket will be located aft of 

the burnout center of gravity”. Eclipse will make sure that this requirement is followed by 

determining the burnout center of gravity location via models within OpenRocket and by making 

sure that the camera fairings remain aft of this location. To further address stability issues, 

Eclipse will consider a radially symmetric configuration with the option of having redundant 

camera systems or having placeholders to simulate the mass and structure of the cameras. A 
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reliable mounting attachment must also be designed to avoid structural damage or the loss of the 

camera. To aid further in stabilizing the launch vehicle, Eclipse will iterate on the fin size, with 

greater fin span leading to greater stability.  

 

Camera obstruction from the motor exhaust is also a concern. Eclipse must make sure that the 

plumes dispelled from the motor do not obstruct the view of the cameras by positioning them far 

enough from the aft section of the rocket but not too far as to surpass the center of gravity of the 

rocket. To avoid being obstructed by the rocket fins, the cameras will located in such a way that 

the fins are not directly underneath. Despite these disadvantages, this configuration is a strong 

candidate as it offers an interesting challenge that Eclipse would like to solve. This challenge of 

designing a camera fairing that is both structurally sufficient and streamlined combines the 

disciplines of aerospace structures and aerodynamics into a single experiment. Further 

advantages and disadvantages of this design will be considered upon further iteration of the 

selected payload configuration. 

 

The following table summarizes the pros and cons mentioned above for each design alternative 

and the following sections go into further detail of the component considerations for the target 

detection payload. 

 

 

Table 14: System Level Payload Alternatives. 

Configuration Pros Cons 

Nose Cone Camera ● More streamlined/less drag than 
an externally mounted camera 

● Internal mount is robust and self-
contained 

● Better view of ground during 
descent 

● Requires that nose cone points 
down during descent 

● Potential stability issue during 
data collection 

● Long wires, rocket will 
separate, if not all in one 
housing 

● Space constraints in nosecone 
● Large moment arm if weight at 

top of nose cone 

External Mount ● Simple integration method 
● Data collection can occur during 

ascent and descent 
● No moving parts 
● Many examples of this done 

before proven concept 
● Easy to access cameras 

● Less streamlined/more drag 
● Potential stability issues (may 

need 2 cameras, one as backup 
so could work out) 

● Structural integrity 
● Manufacturing of camera 

fairing may be difficult 

Transparent Payload 

Airframe 

● Allows camera system to be 
mounted internally 

● Transparent airframes are not 
highly available 
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● Provides better field of view 
● More streamlined/less drag 
● Simpler manufacturing process 

● May require section of the 
frame to be cut which could 
lead to structural issues 

● Horizontal field of view may 
not be able to view ground 

Mirrors ● Greater camera placement 
flexibility 

● Allows internal mounting while 
still seeing ground 

● No moving parts 
 

● Integration issues 
● Potentially less accurate 

data/analysis 
● Adds another lens the images 

have to go through 
● Vibration of glass material 

Deployable Camera ● Dangling camera allows view of 
ground 

● Greater viewing time of ground, 
especially if parachutes are used 

● Easy to orient 
 

● More systems to integrate 
● Deploying alongside parachutes 

may tangle systems  
● More pyrotechnics 
● CPU will most likely be 

deployed as well   

Alternate Lens 
(Fish lens) 

● Much greater field of view 
● No camera housing needed 
● Not highly dependent on 

orientation of rocket 

● May not have view of ground 
depending on mounting 
location despite greater field of 
vision 

 

4.5 Preliminary Payload Design Selection 

After reviewing all advantages and disadvantages of various payload designs as well as the 

components needed to complete the experiment objectives, Eclipse Rocketry has decided to 

move forward with the externally mounted cameras with streamlined fairings configuration. 

Nicknamed TARPS for Target Acquisition, Recognition, and Processing System, the design is 

shown below and includes internal electronics and externally mounted cameras with fairings.  
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Figure 10: Side view of payload and airframe 3. 

4.5.1 Structural Architecture 

Structural architecture refers primarily to the mounting configuration of the TARPS payload 

system. The following sections briefly mention what Eclipse plans to produce.  

4.5.1.1 Payload Sled 

The payload sled will house all electronics. It will be constructed of 0.25- in thick birch wood due 

to its high availability and comparable strength to weight ratio. Eclipse will use both sides of the 

sled to mount processor boards, sensors, and batteries. The bulkheads can be used as an 

additional mounting surface if more space is required upon the need for extra electronics. Eclipse 

decided to follow a similar approach to how computer motherboards are mounted inside a 

computer case to conserve space. Processor boards will be secured using raised brass screws to 

allow for clearance underneath. This configuration is advantageous because it is simple, 

conserves space, and makes wire management easy. It also helps to prevent damage of any 

electrical pins that are on the underside of the boards. Figures 11-13 show the payload coupler 

while Figure 14 shows the bulkhead used to cap the payload assembly. Electronics will either be 

screwed into the board with brass mounts or secured and tightened with zip ties.  
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Figure 11: Front view of payload sled and bulkheads. 

 

 

 
Figure 12: Back view of payload sled and bulkheads. 
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Figure 13: Isometric view of payload sled. 

 

 

Figure 14: Bulkhead with U-bolt secured with hex nuts. 
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4.5.1.2 Camera Mounting 

Cameras will be located on the sides of the outermost airframe (Airframe 3) through a bracket 

configuration. The bracket will be mounted onto the side of the airframe while the cameras will 

be secured to the brackets. Metal brackets of various shapes are widely available and are 

therefore easy to adapt to the payload’s specific needs. Eclipse plans to screw the brackets into 

the airframe and epoxy the connections to ensure that the screws do not come undone. The 

cameras will be secured either through a latching system or with zip ties similar to how the 

electronics are secured to the payload sleds. Figure 15 shows an example of what the team can 

use to mount the camera. Depending on the final shape and geometry of the cameras chosen, a 

proper fit must be achieved by adjusting the type and size of the brackets.  

 
Figure 15: Mounting bracket of payload camera. 

4.5.1.3 Camera Fairing  

Fairings will protect the camera from the outside environment during launch and landing of the 

rocket. Since the camera fairing is a protrusion from the vehicle airframe, their design is driven 

by the requirement that it must be located aft of the burnout center of gravity. This constrains the 

length of the fairing with respect to the location of the burnout center of gravity. Due to their 

unique shape, it is likely that the fairings will be made using additive manufacturing with ABS 

plastic. Since ABS plastic is a much stiffer alternative to PLA at only a slightly higher cost, ABS 

is preferred. Eclipse will continue to consider other materials that can be used for the camera 

fairing.  
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Figure 16: Camera fairing mounted on airframe 3. 

4.5.2 Hardware Alternatives  

4.5.2.1 Processor Board and Sensor Selection  

A trade study for microcontrollers has been performed in order to identify suitable components 

for the control unit of the various designs mentioned above. Several important factors that were 

considered when deciding on a microcontroller are its clock speed, RAM and 

functionality/integration. These considerations influence the controller's processing speed, data 

acquisition capabilities as well usability and accessibility. An elementary analysis of the dynamic 

properties of the vehicle and differentiating the different RGB values created a foundation for the 

required operating conditions and parameters. Translating this data, a microcontroller that 

performs well in the above mentioned areas is highly preferred for the control unit to recognize 

color and identify targets.  

 

Concerning the processor board, the team considered various types and versions to control all the 

components of the payload. The team focused on cost, power consumption, and CPU 

specifications. Based on these parameters, the NVIDIA Jetson TX1, shown in Figure 17, was 

selected as Eclipse’s preliminary image processing unit. The TX1 triumphs the other competing 

design choices simply based on its processing and computing capabilities. With 4GB of RAM, 

the TX1 can provide a significantly better performance for sensor and image acquisition 

compared to the other competing components. It was deliberated that such performance 

specifications will be needed to achieve more accurate, reliable and robust results that will meet 
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the payload experiment requirements. In addition, the NVIDIA Jetson TX1 includes a Video 

Input block with a dedicated image signal processor that can be programmed specifically for 

RGB detection a feature not available on any other considered processor unit. The TX1’s weight 

of 3.1 oz. was also considered when performing the weight balance analysis, where it has been 

cleared to be utilized. Similarly, the dimensions of the Jetson has also been cleared to fit on the 

payload despite its high cost, the assurance and benefits the TX1 will bring to Eclipse are 

imperative for mission success.  

 

Based on the power consumption needs of the NVIDIA Jetson TX1, the team has currently 

chosen the Floureon 7.4V 5200 mAh High Power 2S 30C Lipo Battery as the current power unit 

for the microcontrollers which will also power the cameras. The battery is commercially 

available and can be upgraded to higher power needs if needed. The battery can be changed 

easily if necessary once power requirements are further defined in later stages of iteration.  

 

The tables shown below outline the various processing units that Eclipse considered for the 

target detection payload.  

 

Table 15: Processor Selection Trade Study. 

 
Raspberry Pi 

3 Model B 

Arduino UNO 

Mega 2560 

BeagleBone 

Black 

Cypress PSoC 

4 

Nvidia Jetson 

TX1 

OS Linux IDS 
Angstrom, 

Ubuntu, and 
Debian 

Micrium 
uC/OS-III and 

FreeRTOS 

Jetpack 
(Proprietary) 

RAM 1 GB 8 KB 512 MB 4 KB 4 GB 

Overall 

Dimension 
5 x 3 x 1.3 in.  

4.3 x 2.2 x 0.8 
in. 

0.3 x 0.3 in.  0.41 x 0.3 in. 3.4 x 2.0 in.  

Weight 2.1 oz. 1.3 oz.  1.4 oz - 3.1 oz 

Cost $35.04 $42.99 $55.00 $39.99 $344.00 
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Figure 17: NVIDIA Jetson TX1. 

4.5.2.2 Camera System  

A trade study for the camera system has been also been performed in order to identify the most 

suitable component that complies with the processor specifications. Additionally, the camera will 

need to satisfy both USLI and self-derived requirements in terms of the system level 

performance. When choosing a camera system, considerations that were taken into account are 

its video resolution, max frame rate, power consumption, pixel count, and weight. These factors 

are crucial in ensuring that the camera used meets our standard of distinguishing color in relation 

to the environment and be able to process pictures without a significant amount of lag. A higher 

resolution also guarantees faster execution in processing pixels into a virtual map for a faster 

response. As before, analysis of the technical properties of the vehicle created the basis of the 

minimum requirements in camera performance. As such, a camera that excels in these areas is 

key to concise and rapid processing of images.  

 

The decision for camera selection became more apparent with the introduction of the Leopard 

Imaging LI-IMX377-MIPI-M12 camera, which is currently Eclipse’s preliminary choice for the 

payload camera system. It provides the highest video resolution and megapixel count amongst 

the other components considered, while still providing a frames per second value (30 fps) that 

satisfies the team’s self-derived component requirements. In addition, the LI-IMX377-MIPI-

M12 was found to be most compatible with the selected processing unit (NVIDIA Jetson TX1), 

which would not only simplify but augment system integration and functionality. The 

compromise with using this system comes in the form of its cost, where the Leopard Imaging 

camera is priced significantly higher than the other considered components. It is also the second 

heaviest unit in the range of camera options weighing at 0.42 oz., which was deliberated to be 

acceptable after performing the weight balance analysis. Nonetheless, the benefit this camera 

will bring to TARPS outweighs its steep price, where its superior performance specification will 

ensure a smoother and more reliable system operation.  

 

The table shown below outlines the various cameras that the team considered for the target 

detection payload.  
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Table 16: Camera Selection Trade Study. 

 Pi Camera V2 Arducam Pixy Cam 
LI-IMX377-MIPI-

M12 Camera 

Video Resolution 
1080p, 720p and 

480p 
1080p 720p 4K 

Frame Rate 
30 fps, 60 fps, 90 

fps 
30 fps 50 fps 30 fps 

Megapixel/Pixel 

count 
8, 3280x2464 5, 2592x1944 N/A,640x400 12, 4024x3036 

Power 

Consumption 
250A - 140mA - 

Overall 

Dimension 

0.98 x 0.9 x 0.35 
in. 

1.4 x 1.4 in.  
 

2.2 x 1.5 x 2.2 in.  1.5 x 1.5 x 1.1 in.  

Lens Dimension 1mm thickness - - 7.81mm 

Cable Length 6 in. 5.9 in.  N/A N/A 

Weight 
0.12 oz. (0.0075 

lbs) 
0.32 oz.(0.02 

lbs.) 
1.6 oz (0.1 lbs.) 0.42 oz. (0.026 lbs.) 

Cost $29.95 $29.99 $69.00 $249.00 

 

Figure 18: LI-IMX377-MIPI-M12 Camera. 
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4.5.3 Camera System and Target Acquisition 

The onboard camera system that will be used is designed to capture a series of images during the 

rocket’s ascent. The camera(s) will attempt to identify the targets -- three colored tarps – by 

sending the image’s data to a central processor and running an identification algorithm that will 

verify successful target acquisition.  

 

For the camera system, Eclipse Rocketry has selected the LI-IMX377-MIPI-M12 camera and the 

Nvidia Jetson TX1 as the primary processing unit due to their superior performance capabilities 

compared to alternatives considered previously. Three possible design concepts for the payload’s 

onboard camera system have been deliberated. The first option involves a single camera, while 

the second and third options use two cameras. All options will have a camera connected to a 

processor board seated within the rocket in the payload bay.  

 

For the single camera setup, the camera must be installed on the exterior wall of the payload bay 

and housed underneath a fairing. It must be placed in a fixed position so that the lens is directed 

toward the aft end of the rocket (i.e., facing towards the ground during ascent). A small hole 

must be drilled adjacent to the camera in order to feed the camera cabling through, and connect it 

to its processor board. If power consumption, payload mass, and/or budget are concerns, then 

this option is advantageous. The tradeoff, however, is that the team would only have one camera 

running during flight, which could potentially be problematic if it stops functioning for any 

reason during data collecting/processing.  

   

As a response to the first design’s tradeoff, an alternative design emphasizing redundancy was 

proposed, in which two cameras could be used instead of one. The setup for having two cameras 

is the same as that for the single camera, except, in this case, there would be two cameras and 

two processor boards. Thus, it would be advantageous to use two cameras running on their own 

boards and processing/analyzing data independent of each other. This would act as a failsafe if 

one of the camera systems loses functionality. However, the downsides of this alternative design 

are the opposite of the first option’s advantages: this system consumes more powe r, contributes 

to greater overall payload mass, and is more costly.  

 

The third option being considered involves two cameras -- operating independently of each other 

-- connected to a single processor board. To improve field of view, the idea would be to mo unt 

the cameras side-by-side. This would allow the system to scan a wider region of ground space, 

and thus, detect the targets more easily. One notable concern is that the data influx to the single 

central processor would essentially be doubled, subsequently reducing the amount of available 

flash memory space by half (per image taken) when compared to the single camera setup. 

Specifying when the cameras begin collecting data becomes an important factor in ensuring that 

the central processor has enough space to hold data for the duration of ascent.  
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4.5.4 Data Processing and Analysis  

The OpenCV library and C++ interface will be used to perform the data processing and analysis 

of the images. Data processing and analysis will occur in real time throughout the d uration of 

rocket flight. A camera will send an image back to the onboard computer, where—through an 

entirely automated process—an identification algorithm will be executed. This algorithm will 

perform a check on a given image sample to scan for our targets, properly identify them, and 

save the data for extraction post- launch. 

 

 

The algorithm will first convert the RGB values extracted from the sample to the hue-saturation-

value (HSV) color space for analysis. This conversion is performed in order to acco unt for 

lighting conditions/variations in shade that could affect tarp color recognition during data 

Figure 19: Identification algorithm for the payload 

experiment. 
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collection. To isolate the targets in the sample image, the algorithm will then binarize it by 

utilizing a technique known as adaptive thresholding, which assigns regions of pixels in an 

image specific threshold values to classify them as either white (the target) or black (the rest of 

the image). Once the analysis is complete, the timestamped results of the target detection 

experiment will be saved on the onboard processor for extraction after the rocket lands.  

 

4.5.5 Software 

Since manual control of the onboard electronics is restricted during flight, software will be 

written to allow the camera system to operate autonomously. An overview of software tasks is 

provided below:  

 

Figure 20: Software schematics. 

The system will be designed to take control as soon as it’s turned on. Powering it on places it in 

the Active state. The Active state powers the camera system on, and data collection occurs 

immediately. Given that there is such a small window of time in which a viable sample space for 

data collection can occur during rocket ascent, there is even less time in that window to account 

for system latency. Thus, the system will start data collection outside of that timeframe (i.e, prior 

to ascent). The Idle (or low-power) state is meant to shut down the cameras and stop data 

collection in order to conserve memory and power after a short amount of time passes -- this is 

mainly to address the scenario in which the rocket’s launch time gets delayed. It can either be 

kept or omitted depending on how much of a factor latency plays in getting the system back to 

Active if it is already in Idle. For instance, if the system consumes too much time getting into 
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Active mode during ascent, the payload experiment could potentially miss its data collection 

window; in this case, Idle mode may not be implemented. Otherwise, if it is determined that 

latency won’t be a factor, the Idle mode may be included in order to save power. The Shutdown 

state will occur after a significant amount of time has passed in the Idle state (all delay times to 

be determined). 

 

In addition to the software for automatic control, a user interface (to be accessed through an on-

ground computer) will be created to facilitate a telemetry feed. The feed will send data collected 

from the payload’s altimeter and gyroscope to the UI in real-time. Such information will be 

useful if one wanted, for instance, details of the rocket’s position or orientation during the data 

collection/analysis process. The UI will be coded using Qt Creator. For image processing, code 

will be written in C++ using OpenCV. 

 

 

 

Figure 21: Electronic schematic. 

4.5.6 Payload Mass Breakdown 

The following table shows a mass breakdown of the preliminary payload configuration. At this 

time, the total weight is expected to not exceed 2 lbs. but may increase in later iterations.  
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Table 17: Payload Mass Breakdown (TARPS Payload). 

Item Quantity 
Weight per Item 

(oz.) 

 

Cumulative Weight 

(oz.) 

LI-IMX377-MIPI-M12 Camera 2 0.12 0.24 

NVIDIA Jetson TX1 1 3.1 3.1 

Floureon 7.4V 5200mAh Lipo Battery 1 3.09 3.09 

Duracell 9V Battery 1 1.41 1.41 

Aluminum Threaded Rod (3/8"-16) 2 6.03 12.06 

Aluminum Tubing (1/2" OD) 2 0.65 1.3 

Sled Plate (Machined, Birch Plywood) 1 2.31 2.31 

Camera Fairing (Thermoplastic)  2 1.1 2.2 

Perfectlite Stratologger 1 0.38 0.38 

Mounting Bracket 2 0.64 1.28 

Hex Nuts 4 0.3 1.2 

Washers 4 0.2 0.8 

U-Bolt 1 0.9 0.9 

Total 24  30.27 (1.89 lbs.) 

4.6 Payload Recovery  

The payload will remain attached to Airframe 3 of the launch vehicle throughout the mission. 

Therefore, the payload will follow the trajectory of the vehicle, and will not require a recovery 

system for the latter portion of the mission. The vehicle’s recovery system will be sufficient for 

recovery of both systems. 

5. SAFETY  

Student Safety Officers  

The UC Davis Eclipse Rocketry Team places high value on safety and keeping anyone involved 

with the competition activities out of harm's way. As stated before in the proposal, the safety 

officers for the 2017-2018 UC Davis Rocket Club are Andy Trang and Sarahi Granados. The 

officers shall be responsible for the team’s safety during design, manufacturing, testing, and 

launch phases of the competition. In order to ensure each member on the team understands and 

operates in a safe and lawful manner, the safety officers require each team member to go through 

rigorous training with the supervision and guidance of the Safety Officers. These plans abide by 

the guidelines set forth by both the National Association of Rocketry and the Federal Aviation 

Administration concerning high powered rocket safety and aerospace regulations, respectively. 
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These plans remain unchanged since the proposal and are therefore not listed again.  

 

Safety Personnel Responsibilities  
For the duration of the competition and during both operational and development phases of the 

program the assigned NAR/TRA personnel and safety officers shall perform duties in 

compliance with the NAR High Power Rocket Safety Code. These persons shall be responsible 

for enforcing and abiding by the following guidelines and requirements as prescribed in the NAR 

High Power Rocket Safety Code included in the previous proposal. Since the High Power Rocket 

Safety Code remains unchanged since the proposal, it is not listed again. The minimum safe 

distance at which is specified for all personnel within the vicinity of the launch site is shown 

below. This includes all spectators, student members, staff belonging to the launch site, and 

members of the media. Table 18 below specifies safe distances corresponding to the equivalent 

high power motor used. It is used as a reference within the NAR High Power Rocket Safety 

Code. 

 
Table 18: Personnel Safety Minimum Distance Table. 

 
 

In addition to upholding the NAR High Power Rocket Safety Code, the safety officers for the 

2017-2018 UC Davis Rocket Club will fulfill the following responsibilities that remain 

unchanged in the proposal submitted previously. These include: abiding by the NAR High Power 

Rocket Safety Code, adhering to minimum safe distance table for personnel, following handling 

and storage plans defined by the safety officer for hazardous materials, abiding by safety 
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guidelines set by campus facilities involved, following rules set forth by local launch sites used 

for test flights, notification and logging of work environment hazards, discerning of use or need 

for personnel protective equipment deemed necessary for safety of members involved, informing 

and awareness of federal, state, and local laws governing the use and function of unmanned 

aerospace vehicle, ensuring team understanding and durational understanding of federal aviation 

regulation codes, educating fellow team members on the federal code for commerce in 

explosives, maintaining the sharing of information of the National Fire Protection Agency 

(NFPA) Code for High Powered Rocketry, and finally ensuring that the Level III NAR Certified 

mentor is the sole individual responsible for all handling of rocket motors and energetic devices. 

These responsibilities were provided in the previously submitted proposal and are therefore not 

listed again in full detail.  

5.1 Project Risks, Delays, and Understanding 

The UC Davis Rocket Team is aware of the impact that risks can have on the project in its 

entirety. Without the analysis of such hazards, project deadlines and safety procedures cannot be 

properly addressed. Consequences of failing to understand project risks and delays can lead to 

personal injury, damage to property, failure to meet deadlines, loss of monetary valuables, or 

unsatisfactory mission objectives.  

5.2 Preliminary Assembly and Checklist  

Preflight and flight checklists were created to properly document launch operations and 

procedures. This shall allow the team to properly monitor safety measures and ensure the team 

follows procedure during preparations and launch activities. The preliminary checklist is as 

follows: 

 

Final Assembly (Pre-Flight Checklist)  

Payload Preparation 

❏ Inspect payload bay and electronics 

❏ Inspect all wires connected to cameras 

❏ Ensure cameras are properly secured 

❏ Ensure camera fairing and mount are securely attached  

❏ Ensure sensors and control boards are placed securely in proper locations 

❏ Activate processor boards, batteries, and cameras 

❏ Check all connections 

 

Structures Preparation 

❏ Inspect nosecone, fuselage, and vehicle fins (main) for damage 

❏ Inspect payload fins for damage  

❏ Ensure payload bay is attached between airframe 2 and airframe 3  
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❏ Insert threaded rod 

❏ Secure all nuts onto threaded rods 

 

Recovery System Preparation 

❏ Inspect drogue and main chutes for damage 

❏ Load and secure the 4 black powder ejection charges 

❏ Load and secure electronic matches 

❏ Fold chutes and cover with fireproof Nomex chute protector 

❏ Attach quick links: 

❏ Main chute 

❏ Drogue chute 

❏ Nosecone bulkhead 

❏ Altimeter bay (2 points of attachment) 

❏ Booster section bulkhead 

❏ Load drogue chute 

❏ Check altimeter bay, test and inspect altimeters 

❏ Attach drogue chute to harness and harness to eye bolt of altimeter bay bulkhead  

❏ Load altimeter bay 

❏ Install shear pins 

❏ Attach main chute to harness and harness to eye bolt of altimeter bay bulkhead  

❏ Attach nosecone 

❏ Install shear pins 

❏ Arm altimeters 

  

Motor System Preparation 

❏ Verify proper motor size 

❏ Ensure motor is properly assembled 

❏ Install motor retention system 

 

Once the pre-flight checklist is complete, the rocket will enter the launch and flight phase. To 

ensure safety during launch, flight, and recovery of the rocket, the following checklist will be 

followed.  

 

Flight Checklist 

Before Launch  

❏ Obtain approval from event range safety officer or administration to set up pad  

❏ Transport rocket to launch pad 

❏ Secure rocket vertically to launch rails 

❏ Arm electronics 

❏ Insert and secure igniter in motor 
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❏ Wrap igniter leads around alligator clips and ensure solid connection 

❏ Clear area 100 feet and move all personnel 300 feet from pad (for L-Class motor) 

❏ Verify weather conditions allow viable flight  

❏ Await clearance for launch 

 

Launch 

❏ Initiate countdown 

❏ Launch 

 

Recovery 

❏ Shut off recovery electronics and ejection charges 

❏ Shut off all electronic systems in payload 

❏ Recover rocket 

 

5.3 Personnel Hazard Analysis  

The UC Davis Rocket Club is focused on developing team understanding of potential hazards to 

personnel, that if left unattended or uncontrolled, may lead to serious injury or illness. It is the 

responsibility of the team’s safety officers to initially inform all team members of potential 

hazards and to act as a continual source of reference to any uncertainty expressed by all student 

members and personnel involved in the construction, testing, and launching procedures of the 

competition.  

 

The team works in the SMART Lab and every member that wants to work in the lab has to go 

through a safety training class so that students know what must be done in an event of an 

emergency. Those who have not completed the training are not allowed to use the SMART lab.  

 
Safety is of high importance to the team. Potential hazards have been assessed and co untered 

with preliminary mitigation plans shown below. In addition to these mitigation procedures, 

proper use of Personal Protective Equipment (PPE) will be used to further mitigate the risks and 

hazards that may be inflicted onto personnel and team members. Material Safety Data Sheets 

(MSDS) will be reviewed prior to use of each material mentioned below. All hazards analyzed 

also include likelihood, severity, cause of hazard, and resulting effect.  

 

Likelihood is defined as follows:  
 

● High - likely to occur immediately  

● Medium - may occur in time 

● Low - unlikely to occur 
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Severity is defined as follows:  
 

● High - Permanent injury or illness to personnel. Death, loss of limbs, or grave damage.  

● Medium - Moderate injury, illness, or damage to personnel.  

● Low - Minor injury, illness, or damage to personnel.  

 

 

Dust masks and respirators serve to protect lungs from irritation or damage. The dust masks will 

be used in situations where we use oil particles, cutting fluids, liquid binding agents, or 

lubricants because they do not always provide sufficient protection. For high-volume cutting, 

dust masks cannot be used, even without oil particles. Instead, a respirator with at least filter 

efficiency of 95% is to be used. These respirators will be used when working with these high-

 volume cutting situations.  

 

Series of respirators:  
 

● N - not resistant to oil 

● R - resistant to oil 

● P - oil proof  

 

Filter Efficiency (where N is the series type): 

 

● N95 - 95%  

● N100 - 99.97%  

 

In the event of a hazard, we search for the cause for the hazard and prevent it from happening in 

the future. The hazard is then talked about with safety officers and is implemented in future 

safety meetings. 

 

Table 19: Personnel Hazards. 

Hazard 
Likeliho

od 
Severity Cause 

Resulting 

Effect 

Preliminary 

Mitigation 

Procedure 

Inhalation of 

epoxy vapor 
Medium High 

Improper 

ventilation. Failure 

to use fume hood. 

Misuse or failure 

to wear respirator. 

Irritation of 

lungs. 

Inflammation of 

respiratory 

tract. Breathing 

difficulties. 

Wear respirator of at 

least P95 rating. Use 

fume hood to 

evacuate all vapors. 

Review MSDS of 

material prior to use. 
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Manufacturing 

machines (mill, 

lathe, drill 

press, etc.) 

Medium High 

Failure to exercise 

safety procedures 

of manufacturing 

tool or laboratory. 

Bruises, cuts, 

tearing, peeling 

of skin. 

Safety training 

required by campus 

laboratories. 

Specific tools 

require special 

training. 

Sharp edges Medium Medium 

Lack of protective 

gloves. Improper 

attire. 

Skin 

lacerations, 

cuts, tearing of 

skin. 

Deburr all sharp 

edges while 

manufacturing. 

Handle all 

workpieces and 

tools with care. Use 

protective gloves. 

Abide by safety 

attire (long pants, 

safety glasses, etc.) 

Dropping heavy 

objects 
Medium Medium 

Improper grip or 

handling. Lack of 

protective gloves. 

High placement of 

heavy object. 

Broken feet or 

toes. 

Wear closed toed 

shoes, steel-toe 

boots highly 

suggested. Wear 

protective gloves 

that allow for better 

grip. Move lighter 

tools to heavy object 

to minimize lifting. 

Place heavy objects 

as close to floor as 

possible. 

Inhalation of 

carbon fiber 

dust 

Medium Medium 

Lack of protective 

respirator. Poor fit 

of respirator. 

Respirator filter in 

need of 

replacement. 

Irritate lungs 

Wear respirator of at 

least P95 rating. Use 

fume hood. 

Minimize use of 

high-speed cutting 

equipment when 

possible. Review 

MSDS of material 

prior to use. 

Inhalation of 

wood particles 

or saw dust 

Medium Low 

Lack of protective 

respirator. Poor fit 

of respiratory. 

Irritate lungs 

Wear dust mask for 

low-volume cutting, 

or respirator of at 
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Respirator filter in 

need of 

replacement. 

least N95 rating for 

high-volume 

cutting. 

Physical contact 

with fine dust 
Medium Low 

Lack of protective 

gloves or 

laboratory safety 

attire. 

Skin 

inflammation, 

irritation. 

Wear thin surgical 

gloves to keep dust 

off skin. Wash skin 

with cold water, not 

warm or hot water 

to avoid opening 

pores and making 

irritation worse. 

Physical contact 

with epoxy 

resin 

Medium Low 

Lack of protective 

gloves or 

laboratory safety 

attire. 

Skin 

inflammation, 

irritation. 

Wear thin surgical 

gloves to keep resin 

off skin. Wash skin 

with cold water, not 

warm or hot water. 

 

To further increase safety of all student members of the team, routine mandatory safety briefings 

are required in addition to enforcing strict safety regulations. An extension to the identification 

and countermeasures listed in the table above is the requirement that all key members attend an 

annual general safety training session provided by the UC Davis College of Engineering as 

necessary for all laboratory work on campus. The training has been completed by all key 

members of the team for the current academic year. This training included the following:  

 
I. Injury and Illness Prevention Plans (IIPP) 

A. General contents of department IIPPs.  

B. The right to ask any question, or report any safety hazards, either directly or 

anonymously without fear of reprisal.  

C. Location of departmental safety bulletins and required safety postings.  

D. Reporting safety concerns. 

E. Accessing the department safety coordinator.  

F. Reporting occupational injuries and illnesses.  

 

II. Hazard Communication Training  

A. Potential occupational hazards in the work area associated with job assignment  

B. Location and availability of Material Safety Data Sheets (MSDS).  

C. Hazards of any chemicals to which the user may be exposed, and the user’s right to the 

information contained on MSDSs for those chemicals.  

 

III. Emergency Action Plan (EAP) 
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A. Emergency escape routes and procedures and Emergency Assembly Area (EAA)  

B. How to report a fire and other emergencies.  

C. Names or regular job titles of persons to be contacted for further information.  

 

IV. Guidelines for Chemical Spill Control and Waste Disposal 

A. Proper response procedures for chemical spills.  

B. Proper approach to chemical waste disposal.  

 

A full list of topics can be found on page 12 of the following document from the Injury and 

Illness Prevention Program: [http://mae.ucdavis.edu/wp-content/uploads/2013/11/MAE-IIPP-

AY1415-FINAL.pdf] 

5.4 Failure Modes and Effects Analysis (FMEA)  

The UC Davis Rocket Team has identified possible risks and situations that may cause deviation 

from mission criteria during the rocket’s flight. Potential failure modes have also been analyzed 

should a risk event occur. The corresponding impact of each hazard has been assessed for the 

proposed design of the rocket, payload, payload integration, launch-support equipment, and 

launch operations. The Preliminary Mitigation Procedures are listed in Table 18.  

 

Likelihood of a risk event to occur is defined as follows:  

 

● High - likely to occur  

● Medium - may occur 

● Low - unlikely to occur 

 

Severity of the risk even is defined as follows: 

 

● High - Permanent damage to rocket/payload 

● Medium - Mission objectives unobtainable 

● Low - Mission objectives still obtainable 
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Table 20: Vehicle Integration and Flight Hazards. 

Hazard 
Likeliho

od 
Severity Cause 

Resulting 

Effect 

Preliminary Mitigation 

Procedure 

Drogue chute 

does not deploy 
Medium High 

Failed ejection 

charges, altimeter 

not working as 

intended, 

entangled cords 

and wires. 

Ballistic 

nature of 

vehicle may 

lead to 

injury, 

property 

damage, 

and/or loss of 

vehicle. 

Fold and pack drogue 

chute carefully into 

drogue bay. Perform 

ejection tests to ensure 

correct deployment of 

chute. Ensure required 

amount of ejection 

charges are correct. 

Entanglement 

of chutes 
Medium High 

Poor wire 

management. 

Improper packing 

procedure. 

Rocket will 

not slow 

down to safe 

speed 

resulting in 

an immense 

impact force. 

Proper procedure for 

folding and packing 

chutes to prevent 

entanglement will be 

developed and exercised 

during vehicle 

integration prior to 

launch 

Altimeter fails 

to arm 
Medium Medium Improper setup. 

Vehicle will 

not be able to 

sense outside 

atmospheric 

pressure and 

recovery 

system will 

not correctly 

deploy. 

Check for proper arming 

and signal transmission 

prior to launch 

Fins break off Low High 

Inadequate testing 

of fin reliability or 

securing. 

Fin descent at 

unsafe 

speeds. 

Property 

damage, 

injury, loss of 

vehicle. 

Attach fins securely to 

withstand calculated 

anticipated stresses 

during launch and flight.  
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Bulkhead 

failure 
Low High 

Bulkhead not 

fitted properly. 

(Probably poor 

adapters) 

Vehicle 

airframe 

loses 

structural 

rigidity 

Use sturdy material 

(closed eye bolts) 

Center of mass 

is off 
Low Medium 

Rocket internal 

components and 

parts are not 

properly 

constrained 

Forces will 

not be 

applied 

properly and 

there will be 

unwanted 

torque and 

angular 

momentum. 

Use software simulations 

during design phase and 

prior to launch to 

accurately place 

coefficient of moment in 

desired position.  

Ejection 

charges fail 
Low High 

Moisture build up 

may have reduced 

potency of black 

powder ejection 

charges. 

Chutes do not 

deploy. 

Injury, 

damage to 

property, loss 

of vehicle. 

Extensive testing of 

black powder charges 

during build phase as 

well as checking 

electrical matches are 

connected properly prior 

to flight.  

Ignition 

charges fail 
Low Low 

Obstructed  

contact between 

ignition charges 

and motor charge. 

Launch clips not 

connected 

properly. 

Rocket will 

not launch or 

might result 

in stall. 

Might 

damage 

rocket 

exhaust. 

Ensure connection to 

electrical matches and 

launch operator is secure 

Rocket 

explodes 

midflight 

Low High 

Motor improperly 

mounted. Static 

build up leading to 

ignited ejection 

charges of black 

powder. 

Loss of 

vehicle, 

damage to 

property, 

injury. 

Ensure use of NAR 

certified motors only. 

Properly handle motor 

and ejection charges. 

Extensive setup, 

integration, and launch 

procedures will be 

developed to minimize 

risk of total loss of 

vehicle. 
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Shear pins 

don’t break off 
Low High 

Shear pins 

installed 

incorrectly. Shear 

pins used were not 

plastic and were 

not able to shear 

properly. 

 

Parachutes 

cannot fully 

deploy 

leading to 

loss of 

vehicle, or 

damage to 

property. 

Testing-during build 

phase to validate proper 

amount of ejection 

charges to successfully 

break pins 

Chute melts Low High 

Vehicle overheats 

and parachute 

material unable to 

withstand heat and 

drag. Chute was 

not inserted into a 

Nomex chute 

protector properly.  

Parachute 

will not open. 

Loss of 

vehicle. 

Difficulties 

in safe 

recovery. 

Include more than 

enough wadding in chute 

bay to isolate from hot 

exhaust of 

charges/motors. Insert 

chute into Nomex 

protector. 

Batteries on 

board do not 

power 

electronics 

Low High 

Failure to fully 

charge batteries 

prior to launch. 

Shortened battery 

life. 

Vehicle no 

longer has 

power 

distribution 

to its 

electronics. 

Payload 

cannot 

operate. 

Testing during build 

phase to ensure 

necessary amount of 

batteries to power all 

electronics. Check 

Electrical wires 

short 
Low High 

Circuit shorted. 

Resistance of 

conductor was not 

high enough. 

Pose risk to 

fire and 

damage to 

vehicle 

Check proper connection 

of all wiring during build 

and again during vehicle 

integration prior to 

launch 

Malfunctioning 

transmitter 
Low High 

Chemical and 

environmental 

incompatibility. 

Electrical 

interference, 

shock and 

vibration. 

Signals and 

electromagne

tic waves will 

not be 

communicate

d back to the 

controller. 

Check for proper signal 

transmission during 

vehicle integration. 

Replacement ready to be 

used if needed. 

Payload bay 

decouples 
Low High 

Nuts or threaded 

rods not secured 

Payload pay 

detaches 

Ensure thread rods are 

aligned correctly with 
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mounted properly. from the 

other 

airframes 

resulting in 

loss of 

vehicle or 

payload. 

Injury or 

property 

damage. 

payload bay and 

airframes. Tighten bolts 

or nuts to correct lb. 

force. Select for reliable 

threaded rods. 

 

5.5 Environmental Concerns and Hazards  

A similar set of risks related to the environment and its correlated impact on the vehicle as well 

as the vehicle’s impact on the environment have been identified.  

 

Table 21: Environmental Concerns and Hazards. 

Hazard 
Likeliho

od 
Severity 

Effect on 

Environment 

Effect on 

Vehicle 

Preliminary 

Mitigation 

Procedure 

Aircraft 

Strike 
Low High 

Destruction or damage 

to aircraft. Startling of 

pilots. 

Destruction 

or damage to 

vehicle. 

Check overhead for 

possible aircraft. 

Wind speed 

in excess of 

20 mph 

Medium High 
Minimal effect on 

direct environment 

Change 

intended 

trajectory of 

vehicle 

Launch to be 

postponed until 

further notice (as per 

NAR Safety code) 

Brush fire Low High 

Destruction of crops, 

homes, personal 

property. Injury to 

nearby public. 

Destruction 

or damage to 

vehicle. Loss 

of vehicle 

components 

due to fire. 

Following proper 

procedures for motor 

handling. Have fire 

protection equipment 

and train personnel on 

sight. 

Bird strike Low Medium Destruction or injury to Change in Check overhead for 
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fowl intended 

trajectory. 

Damage to 

vehicle. 

possible fowl 

Cloud 

cover at 

launch site 

Medium Low 
Minimal effect on 

direct environment.  

Hinders 

process of 

recovery. 

If obscured visibility, 

launch with caution to 

avoid overhead 

aircraft and flying 

fowl 

Rain Low Low 
Minimal effect on 

direct environment.  

Damage to 

non-water 

resistant 

vehicle 

components 

Launch to be 

postponed until 

further notice (as per 

NAR Safety code) 

 

5.6 Associated Project Risks 

Risks associated with the project can have an impact on the safety of the launch vehicle and all 

personnel involved. The UC Davis Rocket Team has identified the major risks that can lead to 

undesired consequences.  

 

Table 22: Associated Project Risks. 

Risk 
Likeliho

od 

Impact Level/ 

Consequences 
Mitigation Procedure 

Resolution/Avo

id 

Budget Medium 

Medium. 

Must compromise 

with the resources, 

materials, and labour 

We can design own rocket 

template and outline, 

simultaneously making our 

rocket more customizable. 

 

Have sponsors 

and choose 

budget smart 

materials 

Time Low 

Medium. 

Might not be able to 

stick to scope 

statement 

Decompose our tasks and 

work on dependencies 

separately 

Start early and 

meet all 

deadlines 

Failed 

Perceptions/Inaccu

rate predictions 

Low 

Medium. 

Vehicle mechanical 

failures. 

Reflect on inadequacies 

and adjust priorities 

Run more trials 

and do not make 

too many 
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changes to the 

criteria during 

tests 

Resources Medium 

Medium. 

Team will not be able 

to secure sufficient 

resources for project. 

Create a single resource 

pool across all projects.  

This will provide better 

visibility and accuracy of 

resource utilization and 

availability.  

 

Prioritize 

resources, get 

more funding 

and have a plan 

B materials list 

Performance 

Problems 
Medium 

Medium. 

 

Unable to achieve 

objective. 

Collaboration increases 

productivity. More team 

members will provide 

feedback and suggestions 

for improvement 

Incorporate 

tracking reports 

and implement 

forecasting 

strategy 

 

6. PROJECT PLAN 

6.1 Timeline 

The following Gantt Chart displays the main milestones and development stages for Eclipse 

Rocketry. Eclipse must take into account finals week during fall and winter quarters (December 

and March, respectively), in addition to winter vacation where team members may be out of 

town. Eclipse is currently planning to launch the full scale rocket in February, allowing the team 

a month for analysis before the FRR. However, if need be, Eclipse will launch the full scale a 

couple days before the FRR is due, yielding more time for construction and less time for 

analysis. The educational engagement events will be added to the calendar once Eclipse receives 

confirmation from the surrounding schools.  

 

In the coming months prior to the CDR deadline, Eclipse plans to build and launch a subscale 

rocket as well as finish creating a comprehensive bill of materials for the full-scale rocket. 

Further finite element analysis will be performed on the fins as well as factor of safety 

calculations and verifications. Eclipse has been in contact with three local elementary, middle, 

and high schools in the Woodland/Sacramento/Davis area. The team plans to organize one 

educational event per quarter (November, January, March).  
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Figure 22: Gantt Chart. 

6.2 Funding 

Similar to previous years, Eclipse plans to use funding from the California Space Grant, which 

provides up to $10,000 for project components, testing, and travel costs. Secondary sources of 

funding may be provided by the Club Finance Council (CFC) at UC Davis. The CFC provides 

grants of up to $2000 per year to help pay for itemized costs of projects or undertakings that 

enrich campus life. Tertiary sources of funding may potentially come from the College of 

Engineering at UC Davis and/or the Mechanical and Aerospace Engineering Department at UC 

Davis. The College of Electrical and Computer Engineering has also expressed their interest to 

sponsor and/or donate electrical components for TARPS. Lastly, Eclipse is currently pursuing 

industry/corporate partners or sponsors and plans to maintain contact with potential partners in 

order to develop a future relationship.  
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APPENDIX 
 

Table 23: Mass-Cost Breakdown of The Ballistic Bovine. 

System: 
System 

Mass (oz) 
Part 

Weight 

(oz) 

Weight 

(lb) 
Quantity 

Weight 

Total (oz) 

Cost 

(USD) 

Total Cost 

(USD) 

Nose 

Assembly: 
64.22        

  Nose Cone 33.70 2.10625 1 33.7 $104.99 $104.99 

  
Aft Bulkhead 

(larger) 
3.77 0.235625 1 3.77 $5.00 $23.09 

  U-bolt  0.68 0.0425 1 0.68 $4.19 $4 

  

Main Parachute - 

Iris Ult ra 84" 

Compact (38lbs) 

13.40 0.8375 1 13.4 $345 $345.00 

  

Forward 

Bulkhead 

(smaller) 

2.49 0.155625 1 2.49 $5 $8.29 

  GPS Sled  7.41 0.463125 1 7.41 $5 $5 

  Rods 0.088 0.0055 2 0.176 $4.28 $8.56 

  
GPS (Ardupilot 

Mega) 
0.99 0.061875 1 0.99 $37 $37.00 

  Duracell 9V 1.6 0.1 2 3.2 $8.99 $17.98 

        $554.10 

Airframe 1 

Assembly 
25.51        

  Airframe 1 23.8 1.4875 1 23.8 $89.70 $90 

  

REI 9/16-inch 

tubular nylon 

shock cord 

0.516 0.03225 2 1.032 $5.00 $10 

  U-bolt  0.68 0.0425 1 0.68  $4.19 

        $103.89 

Avionics 

Bay 

Assembly 

46.23        

  Avionics Bay 18.80 1.175 1 18.8 $16.52 $16.52 

  Bulkhead (top) 3.77 0.235625 1 3.77 $5.00 $5.00 

  Recovery Sled 15.10 0.94375 1 15.1 $5.00 $5.00 

  Duracell 9V 1.60 0.1 2 3.2 $8.99 $17.98 
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  StratologgerCF 0.38 
0.023812

5 
2 0.762 $54.95 $109.90 

  
Bulkhead 

(bottom) 
3.77 0.235625 1 3.77 $5.00 $5.00 

  U-bolt  0.68 0.0425 1 0.68 $4.19 $4.19 

  Avionics Rail 0.08 
0.004687

5 
2 0.15 $4.28 $4.28 

  Ejections Tubes 0.11 
0.007054

8125 
5 0.564385 $12.50 $12.50 

  Black Powder 0.074075 
0.004629

6875 
4 0.2963 $29.99 $29.99 

        $210.36 

Airframe 2 

Assembly 
32.97        

  Airframe 2 27.1 1.69375 1 27.1 $101.25 101.25 

  

REI 9/16-inch 

tubular nylon 

shock cord 

0.40 0.025 2 0.8 $5.00 $10.00 

  

Drogue Chute - 

36" Standard 

(Fru itychutes) 

5.01 0.313125 1 5.01 $89.99 $89.99 

        201.24 

Airframe 3 

Assembly 
112.66        

  Airframe 3 112.66 7.04125 1 112.66 $120.50 $120.50 

  U-bolt  0.68 0.0425 1 0.68 $4.19 $4.19 

  Bulkhead (Front) 3.77 0.235625 1 3.77 $5.00 $5.00 

  Bulkhead (Aft) 3.77 0.235625 1 3.77 $5.00 $5 

  Motor Mount 12.8 0.8 1 12.8 $0.00 $0.00 

  Centering Ring 3.9 0.24375 3 11.7 $5.00 $15.00 

  
Trapezoidal fin 

set 
40 2.5 1 40 $20.19 $80.76 

  Motor Retainer 2.36 0.1475 1 2.36 $47.08 $47.08 

        $157.03 

TARPS 

Payload 
58.12        

  Payload Coupler 9.9 0.61875 1 9.9 $11.41 $11.41 

  LI-IMX377- 0.12 0.0075 2 0.24 $249.00 $498.00 
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MIPI-M12 

Camera 

  
NVIDIA Jetson 

TX1 
3.1 0.19375 1 3.1 $344.00 $344.00 

  

Floureon 2S 7.4V 

1500 mAh 35C 

Lipo Battery  

3.09 0.193125 1 3.09 $12.99 $12.99 

  
Duracell 9V 

Battery 
1.41 0.088125 1 1.41 $8.99 $8.99 

  

Aluminum 

Threaded Rod 

(3/8"-16) 

6.033 
0.377062

5 
2 12.066 $4.28 $8.56 

  
Aluminum 

Tubing (1/2" OD) 
0.65 0.040625 2 1.3 $14.40 $14.40 

  

Sled Plate 

(Machined, Birch 

Plywood) 

2.31 0.144375 1 2.31 $5.00 $5.00 

  
Camera Fairing 

(Foam) 
1.1 0.06875 2 2.2 $15.00 $30.00 

  

Altimeter 

(Perfectflite 

Stratologger) 

0.38 0.02375 1 0.38 $54.95 $54.95 

  
Mounting 

Bracket 
0 0 2 0 $0.32 $0.64 

        $988.94 

Total abs 

Mass 
339.71 

Total Dry Mass 

(oz/lb) 
374.03 

23.37687

2 
   $2,415.55 

 


