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1 SUMMARY OF FRR REPORT 

1.1 TEAM SUMMARY 

Reusable Rocket Vehicle Proposed 

Eclipse II - “Bessie” 

Name of School  Mailing Address 

University of 
California, Davis 

Attn: Nesrin Sarigul-Klijn Professor and Director of SpaceED Mechanical 
and Aerospace Engineering Department 2132 Bainer Drive Davis, CA 
95616-5294 

Title Name  Contact Information 

Professor and 
Director 

Dr. Nesrin Sarigul-
Klijn 

Email: nsarigulklijn@ucdavis.edu Phone: 1-530-752-
0682 

Level III Certified 
Mentor (NAR 
Section #534) 

Cliff Sojourner Phone: 408-234-9281 

Student Safety 
Officers 

Sahir Alokozai  Email: salokozai@ucdavis.edu 

Chris Chighizola Email: crchighizola@ucdavis.edu 

Student Leaders  
Andrew Chuen  Email: amchuen@ucdavis.edu 

Daniel 
Torrecampo  

Email:dtorrecampo@ucdavis.edu 

Sections Members 

Payload Keyur Makwana, Daniel Torrecampo, Andy Trang, Max Malakoff,  Daniel 
Kotlyar, Jimmy Tran 

Avionics and 
Recovery 

Chris Chighizola, Eric Po 

Structures  Roberto Alvarez, Matt Huang, Matt Bauer, Deming Sun, Patrick Amidjojo 

Trajectory  Janine Moses, Duarte Lucas 

Launch Ops and 
Testing  

Sahir Alokozai, Andrew Chuen 
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Foreign 
Nationals 

Keyur Makwana, Deming Sun, Patrick Amidjojo 

1.2 LAUNCH VEHICLE SUMMARY 

The launch vehicle is designed to carry a payload and a recovery system to a target altitude of 
5280 ft. As a result, its dimensions directly reflect the size requirements dictated by its payload. 
Accordingly, the choice was made to use the L1520T motor from Aerotech, which is capable of 
nearing the desired altitude of 1 mile and can be adjusted with ballast. The launch vehicle 
summary is as follows:  
 

Table 1 Launch vehicle summary 

Component Final Selection 

Total Length 109-in 

Diameter 6.15-in 

Fin Span 6.5-in 

Total Mass 35.36-lb 

Motor Choice Aerotech L1520T 

Recovery System Main: Iris Ultra 84-in Compact made by Fruity Chutes 
Drogue: Classic Elliptical 18-in Standard made by Fruity Chutes 
Main Altimeter: Perfectflite Stratologger CF 
Backup Altimeter: Perfectflite Stratologger CF 

Rail Size Standard 1-in rail, but can be modified to fit large launch rod. 

1.3 PAYLOAD SUMMARY 

Eclipse is performing two experiments that are included in the rocket’s payload: propulsion 
analysis and liquid slosh in microgravity. Propulsion analysis consists of an array of strain gages 
and flex sensors attached throughout the rocket that measure stress, strain, and vibrations of 
the rocket. For the second experiment, Eclipse will observe the behavior of liquid slosh in 
microgravity during flight. A slosh tank is placed in the rocket and the fluid movement during 
microgravity is recorded with cameras. Eclipse expects these experiments to be beneficial to 
future rocket launches in terms of measuring stresses and loads as well as furthering the study 
of fluid behavior. 
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2 CHANGES MADE SINCE CDR 

2.1 CHANGES MADE TO VEHICLE CRITERIA 

The following contains a list of changes made to the vehicle to allow further conformance to 
vehicle and safety criteria: 

 Drogue parachute diameter has now been reduced from 36-in to 18-in. 

2.2  CHANGES MADE TO PAYLOAD CRITERIA 

The following contains a list of changes made to the payload: 
 Slosh payload assembly reduced from two separate assemblies to one.  

2.3 CHANGES MADE TO PROJECT PLAN 

The following contains a list of changes made to the project plan: 
 Full scale test launch has been moved back to April due to rainy weather in the 

beginning of March 
  

3 VEHICLE CRITERIA 

3.1 DESIGN AND CONSTRUCTION OF LAUNCH VEHICLE 

 Mission Statement 

The Eclipse Rocketry Team aims to design and build a rocket to meet the requirements of the 
2016 USLI Competition. These requirements preclude the successful transport of two scientific 
or engineering payloads to one mile above ground level (AGL). The team 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 astro and aeronautical engineering disciplines.  
 
The Eclipse Rocketry Team focuses on developing a platform with which to observe the 
dynamic effects of liquid sloshing and how dynamic shifts in motion affects the vehicle structure. 
The result of the experimental payload design is to develop a model for slosh analysis in flight 
during microgravity environments. Additionally, the platform will serve to develop a pool of 
experienced members within the team to allow for future achievement of the prescribed aims. 

 Major Milestone Schedule 

The following is a summary of the milestone schedule as it applies to the vehicle. The full 
milestone schedule can be found in the Project Plan in section 5.3. 
 

Table 2 Eclipse timeline for USLI project duration 
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Month Date Task 

September 11 Proposal materials due 

October 23 Web Presence Established 

November 6 PDR materials due 

December 20 Altimeter testing 

January 2 Scaled test launch 

4 Return from winter break 

15 CDR materials due 

18-31 Conduct crush and bending tests of body tube 

21 Conduct fin bending test 

29 Educational Engagement with local schools 

February 1-30 Initiate construction of vehicle 

March 5 Full-scale test launch (scrubbed) 

12 Backup scale test launch (scrubbed) 

14 FRR materials Due 

April 2 Full-scale test launch 

16 Competition Launch 

 Vehicle Architecture 

To achieve mission success, the vehicle design was split into a set of structural systems that 
target each of USLI’s vehicle requirements and maintain logical coherence in design and 
manufacturing. Particular requirements of interest include altitude and reusability criteria. The 
overall vehicle design is also driven by payload accommodation, given that mission success is 
defined by experiment success. Furthermore, Eclipse attempted to maintain ease of 
manufacturing throughout the overall design 
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To successfully carry the payload to 5280-ft AGL and return to the ground in a re-useable state, 
the entire architecture design must sustain the necessary loads expected during all stages of 
flight. This includes loading produced by the propulsion and payload systems, and loading 
induced from landing. As such, material selection and weight minimization are of highest priority 
due to limitations in variety of vehicle and structural support geometry.  
 
Eclipse has selected the vehicle airframe and external structures from Public Missiles Ltd. 
(PML). PML rockets are ideal for the strength and weight of the available material options, and 
for their forgiving nature for new users with respect to handling and assembly. Additionally, PML 
rocket airframes were chosen for their lower cost compared to other available manufacturers, 
and for consistency in manufacturing and fit. A few specific components come from ProLine 
Composites. 

3.1.3.1 Vehicle Fuselage 

The vehicle fuselage is divided up into three main sub-assemblies: the nosecone bay, the 
payload and avionics bay, and the propulsion bay. Each sub-assembly and the various auxiliary 
structures are discussed in detail below in the following sections. The vehicle is 109-in in length, 
and has an inner diameter of 6.15-in. The large diameter was selected to provide optimal space 
for the payload experiments. The structure of the vehicle is summarized in the following table.  

Table 3 Fuselage Dimensions 

Length 109-in 

Outer Diameter 6.15-in 

Inner Diameter 6.007-in 

Fin Count 4 

Independent Sections 3 

 

3.1.3.1.1 Nosecone Bay 

Eclipse has selected the FNC-6.0 
fiberglass nose cone as manufactured 
by PML, as this is PML’s only 
manufactured nose cone that matches 
their 6-in airframes. It has a tangent 
ogive shape with an exposed length of 
23-in, and an additional shoulder 
length of 5.5-in. 
 
This nose cone typically comes 
standard with a 0.5-in thick birch 
plywood bulk-plate and 2-in wide U-
bolt. However, to accomplish mission 
success requirements, these provided 
components will be modified to mount the 

Figure 1 CAD Model of Nosecone and Payload 



 
 University of California, Davis USLI 2015-16 11 
  

   

forward structural analysis payload. Eclipse plans to add an additional, smaller bulkhead into the 
nosecone assembly, which will be placed more forward. The larger bulkhead will be placed 
closer to the aft of the nose cone. The forward bulkhead is laser-cut from a sheet of plywood or 
bigger bulk plate, and both bulkheads have additional holes to accommodate mounting 
hardware. The rear bulkhead is turned down from its original diameter so that it can be placed 
further forward in the nosecone to provide more space for recovery hardware.  
 
Two 0.25-in aluminum threaded rods run along the space between the two bulkheads, and are 
placed 2.5-in apart center-to-center. This allows a “floating” plate to be mounted on the rods, 
and mitigate loads exerted onto the attached payload. An Ardupilot, which acts as the vehicle’s 
GPS tracker, is mounted in the nose cone on the back side of the floating plate. 
 

3.1.3.1.2 Payload and Avionics Bay 

The payload and avionics bay is a single integrated airframe unit consisting of a 37-in long 
fiberglass airframe from PML that is epoxied to a 6-in diameter by 12-in long G12 coupler from 
ProLine Composites. Three 0.5-in thick 6-in diameter birch-plywood bulkheads from PML 
separates the integrated airframe unit into three compartments, where the smaller closed 
compartment in coupler is the avionics bay, and the larger closed compartment in the regular 
airframe is the payload bay. The only “open” compartment provides storage of recovery 
hardware, and the separation point for main parachute deployment. Below the recovery 
compartment is the interfacing for drogue hardware and deployment. Pressure-relief holes are 
drilled into the frame where the avionics bay is located. 
 

 
Figure 2 CAD Model of Payload/Avionics Bay 

Two ⅜” -16 threaded aluminum rods, permanently mounted with epoxy to the center bulkhead, 
run parallel to the center axis along the front plane to provide another “floating” mounting 
system for the payload and recovery electronics. The outer bulkheads are removable by 
unscrewing flanged hex nuts that fasten the plates to the threaded rod, while the center 
bulkhead is permanently epoxied into its position. An additional hole in each bulkhead allows for 
wired connections of the recovery electronics to the black powder deployment charges.  
 
A sled constructed of 0.25-in thick birch-plywood epoxied to 0.5-in wide aluminum tubing 
provides a mounting platform from which the recovery electronics and boards can be mounted. 



 
 University of California, Davis USLI 2015-16 12 
  

   

The board and tubing interface is reinforced with laid-up fiberglass tabs, and held in place by 
hex nuts. 

3.1.3.1.3 Propulsion Bay 

 
Figure 3 CAD Model of Propulsion Bay 

The propulsion bay consists of the remaining 48-in long airframe in the aft end of the rocket that 
interfaces with the motor and the fin set. A 
3-in diameter, 20-in long fiberglass motor 
mount is fixed flush to the aft edge of the 
airframe by three 0.5-in thick birch 
centering rings. An additional “floating” 
mount system is fixed to the top centering 
ring to allow for the attachment of 
structural analysis electronics. A similar 
removable bulkhead is utilized to interface 
the whole airframe and bay with drogue 
deployment and parachuted-descent. 
Furthermore, the airframe is slotted to 
ease the insertion of the propulsion bay 
substructures and fin set system during 
manufacturing, and to allow for through-
the-wall mounting of the fins for extra 
structural rigidity at the joints.  
 

3.1.3.1.3.1 Fin Set  

The fin set on the rocket consists of four 
G-10 fiberglass fins with the same profile 
as PML’s D-09 fins. The fins serve the 
purpose of maintaining flight stability and 
resistance to rotation during flight from 
wind gusts. They will be mounted 90 
degrees from each other, and be attached to the rest of the rocket body with through-the-wall 

Figure 4 Fin D-09 from PML 
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mounting. The fin joints is also reinforced with fillets created from epoxy putty, and with regular 
epoxy to the motor mount via the inserted tabs.  
 
The FIN-D-09 has a root length of 13.5-in, a span of 6.5-in, sweep of 9.625-in, and a tip chord of 
2.625-in. To prevent issues with fin flutter, the thickness of the fin is 0.187-in. Analysis of the fin 
flutter can be found in section 3.1.8.1.1. The dimensions of the fin are summarized in the 
following table: 

Table 4 Fin Properties 

Root Length 13.5-in 

Span 6.5-in 

Sweep 9.625-in 

Tip Chord 2.625-in 

Fin Thickness 0.187-in 

 

3.1.3.2 Rail Mounting System 

As described in the previous section, a rail mounting system are placed throughout the airframe. 
The rail mounting system consists of two threaded rods that are held fixed to a bulkhead or 
centering ring through epoxy. The threaded rods are made of 6061 aluminum, and have ⅜”-16 
threads. A pair of hex nuts are fixed onto the rods with epoxy and are spaced a small amount of 
distance (usually ~0.25in) away from the bulkhead that fix the rods in place. This system draws 
its inspiration from avionics bays typically found in traditional high-power rockets. 
 
This purpose of this system is to facilitate the integration of the payload and recovery system 
with the rocket. The various payloads and recovery systems can be placed into their respective 
locations through sliding the components along the rails. The bulkheads are also be mounted 
onto the threaded rods through fasteners and coupler mounts, allowing access into the various 
payload bays and providing the structural strength that typical avionics bay assemblies provide. 
The complexity and difficulty with placing whole structures with the same diameter as the 
vehicle is reduced, as the payload no longer needs to match the inner diameter to ensure that it 
is fixed in position. Hex nuts fix the payload and avionics systems into place by exerting contact 
force on the tubing of each items’ assemblies. The fixed pair of hex nuts prevent contact of the 
payloads with any structural components experiencing loads in the direction of the threaded 
rods, thereby mitigating possible loads the payload may experience during flight. More 
information about the rail mounting system can be found in the Payload Integration Plan in 
section 3.5. 
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3.1.3.3 Avionics and Recovery System 

To ensure the recoverability as per 
the mission requirements, the 
vehicle employs a recovery system. 
The recovery system consists of 
avionics and the hardware and 
parachuting that allow for the 
controlled descent of the vehicle 
once apogee is reached. During 
descent, the vehicle utilizes the dual 
deployment method with a drogue 
chute deploy from the middle of the 
vehicle body and a main parachute 
deploying behind the nose cone. 
Two PerfectFlite StratologgerCF 
altimeters, powered each by their 
own Duracell 9V batteries, make up 
the avionics system, and can detect 
altitude amongst other metrics which 
can be accessed post-flight. The 
altimeters are held fixed to the 
avionics sled by brass screws and inserts, while the batteries are attached with zip-ties. The 
drogue parachute is an 18-in parachute and the main parachute is an 84-in parachute, both of 
which are from Fruity Chutes. The kevlar harnesses connecting the parachutes to the rocket are 
30-ft long 1-in thick tubular kevlar. Additional information about the avionics and recovery 
system can be found in the dedicated subsection under section 3.3.  
 

Table 5 Recovery System Specifications 

Altimeter PerfectFlite Stratologger CF 

Drogue Fruity Chute 18-in Standard 

Main Fruity Chute Iris Ultra 84-in Compact 

Shock Cord 30-ft long 1-in Tubular Kevlar (Drogue and Main) 

 

3.1.3.3.1 Parachute Deployment 

In a dual deployment system, the drogue parachute normally deploys right at apogee to initially 
reduce the descent speed. Once 800-ft is reached, the main parachute deploys and reduces the 
vehicle speed to its predicted descent speed before landing. The separation points occur at the 
connection between the nosecone and payload bay airframe, and between the avionics bay and 
the propulsion bay. Two altimeters are used for redundancy and to ensure the whole system 
works. 

Figure 5: Recovery Sled 
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3.1.3.4 Motor Retainment System and Final Motor Selection 

Eclipse has selected the Aerotech L1520 reloadable motor to propel the vehicle. It provides the 
proper flight profile to fulfill mission success requirements, and meets the safety and vehicle 
requirements regarding the total impulse. More information regarding flight predictions and 
motor characteristics can be found in Section 3.4. 
 
At the end of the payload bay sits the motor retention system, which consists of a motor casing 
and a threaded locking device. The motor casing provides proper interfacing between the actual 
motor (the propellent) to the rest of the rocket. The locking device secures the motor to the 
rocket through all stages of flight. This system ensures successful ascent to the predicted 
apogee and reusability of of all non-consumed items of the rocket, as well as reducing any 
possible risk to nearby people or objects.  
 
The vehicle utilizes an Aeropack 75-mm flange retainer, which is easily mounted on the aft 
centering ring with a set of hex screws and further reinforced with epoxy on the coincident 
faces. A threaded cap allows for easy removal and mounting of the motor, and provides 
retention during flight. The material composition of the retainer is 6061-T6 Aluminum, which is a 
sufficiently strong material for this purpose. 
 
The motor casing is entirely dependent on the final motor choice. Because the final motor is the 
L1520 from Aerotech, an analogous motor casing manufactured by Aerotech is utilized.  

 Flight Reliability Confidence 

Eclipse’s confidence in the vehicle’s flight reliability stems from the integrity of its design and the 
analysis performed on critical components. Design integrity was maintained throughout the 
vehicle’s life cycle by ensuring that the USLI requirements were met. Eclipse also focused on 
proper material usage and ease of manufacturability and assembly to supplement the vehicle’s 
reliability. The analysis was conducted to ensure that components can survive nominally in their 
operational environments. Due to the recent weather patterns in early March, Eclipse was 
unable to fully determine the vehicle’s flight reliability in its operational environment. 
Nevertheless, the analysis conducted thus far suggests that the vehicle can perform nominally. 

3.1.4.1 Integrity of Design 

3.1.4.1.1 Fin Shape and Style 

The fin shape and style is crucial for a rocket’s flight stability. In order for a rocket to be stable in 
flight, its center of pressure (cp) needs to be aft of the center of gravity (cg). Since the cg is fixed 
by the weight of the rocket, the addition of fins will allow it to achieve flight stability during flight. 
PML’s D-09 fiberglass trapezoidal fins (greater sweep at leading edge) were chosen for this 
reason. Its trailing edge is swept away from the end of the rocket, a structural advantage of a 
trapezoidal fin is that it is protected from impact damage when it lands. As a result, fractures in 
both the rocket and fins may be reduced. Furthermore, the fins are made out of 0.187-in G-10 
fiberglass, which is fairly thick and stiff for a rocket fin. This thickness is advantageous in 
resistance to flutter during flight and material failure upon landing.  
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3.1.4.1.2 Proper Material Usage 

Fiberglass, fiberglass-phenolic composite, and birch are the primary structural materials used in 
Eclipse’s launch vehicle. These materials are standard materials used in model rocketry and are 
known for performing their objectives successfully. Aluminum, a commonly used material in 
many aerospace applications, is also utilized for payload integration. Materials are fastened 
primarily with epoxy and minimally with steel fasteners.  
 
The nose cone and the fins are made out of G-10 Fiberglass, while airframe is made of a 
fiberglass-phenolic composite,. Fiberglass is ideal for Eclipse’s current application due to its 
combined qualities of being comparatively light, strong enough to tolerate the loads during the 
flight, and cost-effective as well as being widely available. 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.  
 
Baltic birch plywood is used for bulkheads, centering rings, and payload frames. This particular 
Baltic birch plywood, which is of the 9-ply 0.5-in thick variety, was chosen due to its common 
usage in model rocketry. Because of the many plies that make up the material, it is particularly 
stronger than regular plywoods found in common hardware stores as well as more stable and 
resistant to warping, which is ideal for both flight-descent conditions and pre-flight assembly.  

3.1.4.1.3 Proper Assembly Process 

Assembly of the rocket occurs in an outward radial process--internal structures are assembled 
together first before they are mated together with the airframe. This allows for the proper 
epoxying of components together, and allows for inspection of the quality of the epoxying and 
sub-assembly before continuing in further assembly of the vehicle. Further details of the proper 
assembly process can be found in Section 3.1.7. 

3.1.4.1.4 Sufficient Motor Mounting and Retention 

The motor is currently retained with a 75-mm flanged Aeropack retainer, which is made out of 
6061-T6 aluminum. The flanged-end of the retainer are mounted onto the aft centering ring with 
hex screws, and be epoxied onto the outer surface. The retainer cap and the flanged-ends are 
connected via threads, and provide sufficient motor retainment as the motor casing does not 
exert any thrust during descent when retainment is necessary.  

3.1.4.2 Analysis 

3.1.4.2.1 Analytical Analysis 

Analytical analysis was performed on individual components with high severity to mission 
success (should failure occur) to confirm that its probability of failure was properly mitigated by 
design. Eclipse determined that the threaded rod and fins were individual components that will 
adversely affect the results of the mission should failure occur. As such, the components were 
analyzed for failure regimes and margin for failure. 

3.1.4.2.1.1 Fin Flutter 

To mitigate fin flutter during ascent, Eclipse designed the fin with the proper dimensions such 
that the max speeds during ascent do not exceed the fins’ flutter velocity. Utilizing the fin-flutter 
equation, 
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𝑡

𝑐
)

3

 

 
 
it was discovered the max ascent velocity (692-ft/s) exceeded the flutter velocity of the standard 
D-09 fins by PML. After iteratively manipulating the thickness and trajectory changes, a 
thickness of 0.187-in provided an optimal flutter velocity with nearly 30% velocity margin for the 
aggregate mass added to the rocket. The following contains a table of the calculated flutter 
velocities for various examined thicknesses:  

 
Table 6 Fin Flutter Analysis Calculations 

Thicknesses (in) Flutter Velocities (ft/s) Margin 

0.093 364.68 - 

0.125 568.2 - 

0.187 1039.7 30% 

 

3.1.4.2.1.2 Threaded Rod  

During parachute deployment, the vehicle can experience high G-loads most of which is likely to 
be exerted on the threaded rods and bulkheads in the payload/avionics bay and propulsion bay. 
Because certain parameters of deployment are unknown or too complex to determine 
analytically, the team based the design on worst-case scenarios. Parachute deployment time is 
assumed to be 0.1-s with an uncertainty factor of 2. Utilizing data from the trajectory simulations 
(section 3.4),  the predicted loading is 6-Gs while the calculated loading is 10-Gs. An additional 
safety margin of 1.5 brings the potential G-loading to nearly that 15-Gs. Loading from 
deployment can also be assumed to be tensile. The resulting loading is shown in the following 
table. 

Table 7 Loading and Analysis for Threaded Rod 

V initial (ft/s) 49 

V final (ft/s) 16 

dT (sec) 0.1 

G-load (OpenRocket) 6 

G-Load (Calculated) 10.3 

Mass Under Main (lbm) 14.8 

Force (lbf) 151.9 

Uncertainty 2 
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Safety Margin 1.5 

Worst-case Force (lbf) 453 

 

To ensure mission success and provide for redundancy, analysis was performed on a single rod 
to determine if mission success can still be achieved should the other rod happen to become 
defunct. The following table shows the axial deflection calculations. The rod ensures a safety 
factor of 1.95 against the worst-case force.  

 
Table 8 Safety Factor of Single Threaded Rod 

Yield Strength (psi) 8000 

Area (in^2) 0.110 

Safety Factor 1.95 

 

3.1.4.2.2 Finite Element Analysis 

Finite element analysis was also performed on components and subassemblies. Components 
were selected on the basis of either having high loads placed upon them or assigned a medium-
likelihood for failure. FEA was also used to verify the strength of structures typically used in 
model rocketry. 
 
Analysis was performed by determining the boundary conditions of the component ( fixed or 
free), and applying loads that would be experienced by the structures, such as detonations of 
the black powder charges and thrust of the motor. With those two items determined the next 
step was creating the mesh in the appropriate FEA software and performing the analysis. For 
some components hand calculations were also done to ensure that the FEA software was 
providing reasonable results. The following table displays the expected and applied loads and 
whether or not the component/subassembly can safely take the loading. An additional safety 
factor margin was applied based on the likelihood of failure to ensure the robustness of the 
vehicle design. 
 

Table 9 Components Analysis with FEA 

Component  Load Type Load value  Result 

Airframe Aerodynamic Bending 9.5-lbf Nominal 

Airframe Peak Thrust  Axial 382.2-lbf Nominal 

Bulkhead Black powder discharge  Pressure 5.6-psi  Nominal 

Bulkhead Parachute Deployment Out-of-plane Force 435-lbf (15 g-load) Nominal 

Propulsion Peak thrust  Axial 382.2-lbf Nominal 
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Fin Aerodynamic  Bending -22.5 lbf Nominal 

Rod  Parachute deployment  Axial 435-lbf (15 g- load) Nominal 

 
  
 

 
Figure 6: Bending of the airframe due to aerodynamic loading 

 
Figure 7 Stress of the airframe due to the aerodynamic loads 
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Figure 8 Axial displacement due to peak thrust 

 
Figure 9 Axial stress due to peak thrust 
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Figure 10 Bulkhead displacement due to black powder charges 

 
Figure 11 Bulkhead stress due to black powder charges 
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Figure 12 Bulkhead stress due to parachute deployment 

 
Figure 13 Bulkhead displacement due to parachute deployment 
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Figure 14 Displacement of propulsion components due to peak thrust 

 
Figure 15 Stress on propulsion components due to peak thrust 
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Figure 16 Displacement of fin due to aerodynamic loads. 

 
Figure 17 Thread rod experiencing load from main parachute deployment (stress) 
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Figure 18 Displacement of threaded due to deployment of main parachute 

 
Based on the results of the above computations, Eclipse is confident that the components will 
survive all stages of flight with a reasonable margin of safety provided that manufacturing and 
preparation procedures of the vehicle are followed properly. 

 Approach to Workmanship 

Meeting mission criteria and safety requirements ultimately define the necessary approach to 
workmanship. Eclipse is dedicated to maintaining a high quality of workmanship, and 
understands that workmanship quality is a direct reflection of the entire mission’s success. With 
this in mind, Eclipse maintains workmanship quality as a team philosophy that must be carried 
throughout all stages of the design lifecycle from ideation to delivery of final product.  
 
In design, Eclipse strives for simplicity, robustness, and ease in manufacturability. This helps 
mitigate potential workmanship deviations in affecting the performance of the final product. In 
manufacturing, good practice from fabrication techniques and experience assist in maintaining 
quality of workmanship in completion of the product. Members are taught general fabrication 
techniques before working on the rocket. Manufactured components are also inspected before 
integration with the rest of the rocket. Eclipse also developed procedures to prevent unexpected 
failure and ensure systems operate as expected. In the launch stages of the mission, 
procedures are essential in maintaining workmanship quality. Procedures reduce mistakes, and 
streamline the preparation and launch process. 

3.1.5.1 Structural Manufacturing and Assembly 

Care was taken to ensure no foreign contaminants such as oils or residues come into contact 
with any structural components, especially fiberglass as it could result in modification of material 
properties and lead to material failure. All surfaces to be epoxied were adequately prepared in 
accordance with manufacturer's’ instructions including but not limited to: 
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 Cleaning and drying of the surface 
 Roughing or scoring of the surface to promote adhesion 

 
Care was taken to ensure that no sharp or foreign objects scratch, score, or otherwise modify 
any component of the structure during assembly or storage as this could create a fracture point 
leading to material failure. Use of all epoxies will be in accordance with manufacturer's 
specification regarding ambient temperature, and humidity. Care was taken to ensure no 
epoxied components are disturbed until after the specified cure time. 
 
Finally, care was taken to ensure that the most precise and stable methods available were 
utilized to assemble the various sections of the vehicle. This involved developing process plans 
as well as the proper jigging of various structures to ensure components were assembled into 
their correct positions. Components that needed to be manufactured, such as bulkheads, and 
additional jigging were made with a laser cutter, optimizing lead times and part accuracy. Such 
care was made to minimize as much variability in performance as possible in the final product. 

3.1.5.1.1 Nosecone Manufacturing 

To ensure optimal performance of payload integration in the nose cone, the team had an 
objective to create extremely precise and strong bulkheads. A laser cutter was utilized to ensure 
that the final part was as precise and accurate to the desired dimensions as possible.  
 
To fully assemble the nosecone, the team created a jig which secured the forward most 
bulkhead in the nose cone. The jig was also laser cut to ensure it was completely level and in 
accordance to the desired location of the bulkhead in the nose cone. Furthermore, the jig also 
allowed the weight of the nosecone to balance itself out to allow proper seating of the forward 
bulkhead.  After this initial application of epoxy to the bulkhead had completely cured, the nose 
cone was removed from the jig. Additional epoxy was added to the edge between the bulkhead 
and the interior of the nose cone in order to ensure the bulkhead was firmly attached to the nose 
cone. 

3.1.5.1.2 Propulsion Airframe Manufacturing 

Manufacturing of the propulsion bay was done in radial outward with three distinct phases:  (1) 
creation of the motor retention system, (2) joining of the components to the rocket body, and (3) 
creation of the fin fillets. 

3.1.5.1.3 Creation of the Propulsion System 

The first step in the creation of the propulsion system was to laser cut three centering rings. The 
forward centering ring had two additional holes cut out to allow for threaded rods to be inserted 
for payload integration. The aft centering ring had twelve holes cut out to allow for the motor 
retainer screws to be inserted. The motor retainer is then screwed onto the aft centering ring. 
Next the threaded rods are epoxied onto the forward centering ring and the aft centering ring is 
epoxied to the motor tube. Both are left to dry over the span of one day. On the next day, the 
forward and middle centering ring are epoxied to the motor mount and allowed to dry for an 
additional day. 

3.1.5.1.4 Joining the Components to the Rocket Body 

With the propulsion system manufactured, the edges of the centering rings are coated with 
epoxy and slid into the rocket body. The fiberglass fins are scored to allow epoxy to penetrate it 
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and form a stronger bond.  Once scored the fins are coated with epoxy and placed in the rocket 
body. A jig is then used to line up the fins to ensure that each fin is 90 degrees apart. Once all of 
the components are clamped down the rocket is set aside to dry. 

3.1.5.1.4.1 Creation of the Fin Fillets 

Creation of the fin fillets was done over the span of several days. The aft end of the rocket is 
laid horizontally on a table. Areas are masked in order to ensure that no epoxy tarnishes the 
masked areas. The epoxy is then poured on the rocket and fins. The epoxy is then allowed to 
take the form desired and allowed to dry. Only two fillets can be done at a time, requiring this 
process to span several days.  
 

3.1.5.1.5 Payload/Recovery Airframe Manufacturing 

Care for accuracy and ease of manufacturing was taken into account for the process of 
assembling the payload and recovery airframe. First, the payload and avionics integration 
system was assembled, which involves fastening aluminum rods to the center bulkhead 
separating the payload and avionics bay. Afterwards, a jig was built to hold the airframe vertical 
so as to allow for the components to fixture itself through its own weight. The coupler tube was 
then placed inside the jig, and the center bulkhead epoxied to the coupler tube. Once the epoxy 
was set, the main airframe was then slid onto the avionics bay with more epoxy applied to the 
contacting surfaces. The interfacing tube for the removable bulkheads was also placed inside to 
allow for both components to become fastened at the same time as the epoxy cured and set. 
The interfacing tube was held inside with an additional jig that came in through the opposite end 
of the payload airframe. The final step involved reinforcing critical joints with epoxy.  

3.1.5.2 Propulsion Assembly 

Care will be taken when assembling the motor and any other propulsive components to ensure 
conformance with all manufacturer instructions. Particular attention will be paid to the use of all 
O-rings and seals to ensure they are properly greased in accordance with specification. Care 
will be taken to ensure the ignition charge is correctly placed within the motor when installed on 
the launch stand. The ignition charge wires will be carefully connected to the launch system to 
ensure reliable electrical connection and prevent misfires or improper ignition. 

3.1.5.3 Recovery System Assembly 

Care is to be taken during the folding and insertion of the parachutes into the body tube to 
ensure reliable deployment. Specific parachute folding instructions will be included within the 
FRR and all recovery system operations should be performed under the supervision of the 
team’s NAR level three certified mentor.  
 
Care is to be taken during the assembly of black powder ejection charges to ensure the correct 
quantity of black powder is included and minimize the chances of charges opening or falling 
apart due to vibrational or accelerative forces during launch. All ejection charge assembly 
should be performed under the supervision of the team’s NAR level three certified mentor. 
 
Care will be taken in the assembly of all recovery system electronics to mitigate the risk of 
failure due to vibrational of accelerative forces encountered during launch. Furthermore, all 
static ports will be checked for correct sizing and adequate flow (no clogged ports) to ensure 
pressure based altitude measurements are performed correctly. 
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Care will be taken to ensure all functional components of the payload system are properly 
secured and assembled to prevent failure due to vibrational, accelerative, or impact forces 
encountered the vehicle's flight. 
 
Care will be taken in all electronics assembly to ensure proper wire connection and soldering 
procedures to reduce risk of failure due to corrosion, vibration, or thermal cycling. 

3.1.5.4 Safety and Failure Analysis 

A full overview of the potential risks, hazards, and mitigation procedures can be found in Section 
3.5 of this report. 

 Full-Scale Launch Test Results 

Unfortunately, Eclipse was unable to complete a full scale launch by the submission of the Flight 
Readiness Review. Due to the rainy weather in the first two weeks of March in Northern 
California, the original and backup launch dates with the Livermore Unit NAR (LUNAR) were 
cancelled. The only alternative, if the FRR launch requirement was to be met, was to travel 400 
miles to Southern California and launch the weekend before the week of final examinations. 
Eclipse, instead, has opted to wait for LUNAR’s April launch dates in order to complete a test 
launch requirement by the competition week. 

 Mass Statement 

The following contains the breakdown of the various rocket component weights, and how the 
weight is distributed through the vehicle and payload. Eclipse believes that the following masses 
of each system or component is justified and as accurate as possible. These reported masses 
include the components as well as any subsystem or sub-structures that may be housed within 
the listed system or component. Furthermore, weight calculations were completed using weights 
given by suppliers and standard material properties. A more detailed breakdown of the mass 
can be found in Appendix B. 

Table 10 Mass Statement of the Full Scale Vehicle 

Mass Statement 

System Weight (lbm) 

Figure 19 CAD Model of Final Rocket 
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Nose Cone Assembly 2.04 

Payload/Avionics Bay Assembly 7.75 

Propulsion Bay Assembly 9.96 

Slosh Payload 2.61 

Structural Analysis Payload - Nosecone 0.63 

Structural Analysis Payload - Payload Bay 0.71 

Structural Analysis Payload - Propulsion 0.79 

Recovery Hardware 2.90 

Motor + Casing 8.00 

Total Dry Mass 27.36 

Total on Launch Pad 35.36 

 

3.2 RECOVERY SUBSYSTEM 

The vehicle utilizes a dual deployment system for the recovery process, which minimizes the 
lateral drift to 2915-ft for a predicted cross wind of 20-mph. This configuration ensures that the 
vehicle lands with a kinetic energy of less than the 75 ft-lbf impact requirement as prescribed in 
section 2.3 of the NASA USLI 2016 handbook. Supporting data is exhibited in section 3.3  that 
follows. The recovery subsystem consists of three modules: (1) the avionics bay, (2) the main 
parachute bay, and (3) the drogue parachute bay. The avionics bay is located at the lower 
portion of the upper airframe, and directly below is the drogue parachute bay as well as the 
separation point between the upper and lower airframes. The main parachute bay is seated 
between the nose cone and the upper airframe.  
 
The dual deployment system will deploy as follows: 

1. Drogue will deploy at apogee (5280-ft). 
2. Main will deploy at 800-ft AGL. 

 

 Hardware 

The recovery subsystem hardware are the mechanical and structural elements that allow for the 
system to carry out its purpose as well as fulfill the mission requirements of a fully recoverable 
vehicle. For Eclipse II, the main hardware components consists of the drogue and main 
parachutes, bulkheads, and attachment hardware. 

3.2.1.1 Parachutes 

The first parachute, the drogue chute, exhibits a diameter of 18-in and deploys at the predicted 
flight path apogee of approximately 5,280-ft. The second parachute, the main chute, exhibits a 
diameter of 84-in and will deploy at 800-ft. Both chutes are from Fruity Chutes, a company that 
specializes in the distribution of profession aerospace recovery systems. The following table 
summarizes the specifications of the parachutes. More information regarding the performance 
the parachutes with respect to the whole system can be found in section 3.3 Mission 
Performance Predictions. 
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Table 11 Parachute Specs 

 Drogue Chute Main Parachute 

Product Name Classic Elliptical Parachute Iris Ultra Compact 

Diameter 18-in 84-in 

Descent Rate 1.2-lbs at 20-ft/s 39-lbs at 20-ft/s 

Cd 1.5 2.2 

 

3.2.1.2 Bulkheads 

To interface the recovery subsystem to the 
rest of the vehicle, the recovery system 
features removable bulkheads. Two 
bulkheads enclose each parachute bay, as 
well as connect the parachutes to the rest 
of the vehicle through the rail mounting 
system. The bulkheads also shield other 
sensitive components attached to the 
rocket during parachute deployment. Each 
bulkhead is made of 0.5-in thick 9-ply baltic 
birch for additional resistance to the shock 
loading.  
 
To ensure that each bulkhead remains 
seated in their proper position, the 
bulkheads are either fastened against 
sections of coupler tube or, in the case of 

the fore-most bulkhead, the smaller forward diameter of the nose cone. This allows the 
bulkheads to not only remain seated in place but also effectively transfer shock loading from 
parachute deployment to the airframe. When the parachute deploys, the loading will transfer to 
the bulkheads, which, because they are connected to the rail mounting system and the rail 
mounting system is connected to various parts of the airframes in each section, will then 
distribute the load to the whole section of the airframe. 

3.2.1.3 Attachment Schemes and Hardware 

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-in stainless steel quick links.  
 
Connection of the quick links to the bulkheads, however, is accomplished through U-bolts. U-
bolts provide better reliability and load distribution, which is essential for the removable 

Figure 20 Removable Bulkhead 
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bulkhead design. The vehicle utilizes U-bolts made of galvanized steel, which are attached 
galvanized fasteners and are epoxied for additional strength. 
 
The links and nylon weave are joined utilizing a figure eight follow through knot which is 
designed to tighten under deployment shock conditions. This ensures a secure connection 
between each recovery subsystem component. The attachment hardware between the rocket 
and the chute configuration is robust enough to withstand the expected loads during operation 
as supported by section 3.3.5. 
 
Four 4-40 shear pins (two for each separation point/parachute bay) keep the vehicle together 
until the descent phase begins and the parachutes undergo deployment. During deployment, 
the black powder charges will ignite and the shear pins will fail as intended for descent. 
 
Attachment of the electrical components onto the vehicle are done through sleds via the rail 
mounting system. The sleds, made of 0.5-in 9-ply birch plywood and aluminum tubing, is both 
lightweight and relatively robust from plenty of epoxying.  

 Electrical Components 

The electrical components consists of the equipment that control the recovery subsystem as 
well as measure and record data about the vehicle throughout the duration of the flight. For 
Eclipse II, the recovery system electrical components consist mainly of a pair of altimeters and a 
GPS tracker. 

3.2.2.1 Altimeters 

The recovery subsystem electric components consist of an altimeter and nose cone deployment 
charges working in unison. The altimeter is a StratoLogger CF which features a sampling rate of 
20 Hz. The StratoLogger CF is used because it is capable of deploying the drogue and main 
parachutes at predetermined altitudes and can audibly report the rocket’s peak altitude as 
required for the competition. Additionally, the StratoLogger CF collects flight data and has many 
other auxiliary functions such as a telemetry port for streaming real time flight data.   

3.2.2.2 GPS Tracker 

The launch vehicle’s location and auxiliary flight data will be monitored with an Ardupilot APM 
board and uBlox GPS extension. The hardware is located in the propulsion bay along with the 
propulsion analysis payload. The Ardupilot APM system will record and provide real time 
telemetry of the vehicle’s, altitude, location, heading, and orientation in space. The GPS unit 
operates on a 915-Mhz bandwidth and can reach a distance in excess of one mile. The linearly 
polarized antennas draws at most 100-mW. 

3.2.2.3 Sensitivity to Other Devices Generating EM Fields 

Like any radio receiving system, the Ardupilot is susceptible to electromagnetic fields (EM) as 
well. Current from the propulsion payload power source will generate EM fields that could 
potentially interfere with the GPS telemetry of the launch vehicle. However, because the 
propulsion analysis payload will only draw at most 0.4mA, the team is confident that EM fields 
will not pose an issue with radio transmissions. Furthermore the GPS system will be located in 
propulsion bay of the vehicle and well away from the other radio transmitting systems.  
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The other devices that can generate potentially disrupting EM fields are the radio controlled 
switch and the altimeters. The radio control switch operates on the 2.4-Ghz band and should not 
interfere with the 915-Mhz signal that the gps antenna uses. Additionally, the Stratologger 
altimeters operate as an isolated system meaning no signals enter or leave the altimeter bay 
and potentially interfere with the GPS tracking unit. 

 Redundancy Features 

While most structural and mechanical 
elements can be easily modified to 
reduce the possibility of a failure mode 
occurring, complex electrical 
components are not as flexible. As 
such, the avionics bay will hold an 
additional redundant Stratologger 
altimeter should either one fail during 
the ascent phase. Both altimeters will 
be programmed to fire together as 
separate systems to decrease the 
probability that no altimeter is igniting 
the black powder charges at each 
deployment event. 

 Drawings and Schematics 

The following schematic shows how the 
StratologgerCF is wired in the avionics 
bay. The external switch will activate 
the altimeter before launch. At apogee, the green wires will activate the drogue, and the red 
wires will activate the main once 800-ft altitude is reached during descent.  
 

 Test Results 

Only two tests have been performed thus 
far to verify that the recovery subsystem 
works. The first test verified that the 
electronics and the altimeter board work 
as intended, which was completed by 
placing the board in a pressure gradient 
environment. The second test, which was 
the scaled flight test, confirmed that the 
packaging of the whole system works and 
that the parachutes can deploy. The 
subsystem performed nominally during 
the flight test. Eclipse was unable to test 

the full scale version of the system due to weather patterns as mentioned in section 3.1.8. 

Figure 22 Vacuum Test of Altimeters 

Figure 21 Circuit Diagram for a Single Altimeter 
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3.2.5.1 Pressure Test Results 

In the first test, the altimeters were placed in a chamber from which a pressure gradient was 
created by using a normal household vacuum. Because the altimeter measures apogee using 
barometric measurements and making backward time-step calculations, a vacuum can be used 
to simulate the pressure change experienced when the altimeter is at apogee. LED lights were 
connected to the altimeter to verify that the ejection charges were delivered. The tests results 
showed that the altimeter operate nominally. 

 Safety and Failure Analysis 

A full overview of the potential risks, hazards, and mitigation procedures can be found in Section 
3.7.1 of this report. 

3.3 MISSION PERFORMANCE PREDICTIONS 

Eclipse aims to achieve the following objectives in order for our mission to be successful: 

1. One mile AGL altitude. 
2. Deploy drogue chute 5 seconds after apogee. 
3. Deploy main parachute at 800-ft AGL during descent. 
4. Land safely (no damage that leads to critical failures). 
5. Impact energy must not exceed 75-lbf-ft. 
6. Stability margin (with and without motor) above 2 calibers. 

The mission performance and predictions of the rocket were simulated using OpenRocket v15.03. 
The design parameters, including weight, geometry, and systems integration were determined by 
the aforementioned criteria. Additionally, Eclipse’s decision-making takes into account 
atmospheric conditions in Huntsville, AL (elevation 600-ft), the location of the competition. 

 Flight Simulations, Stability Margin CP and CG 

The following shows a detailed vehicle model used in the OpenRocket simulations: 

 

Figure 23 OpenRocket Model 
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In the figure above, the center of gravity is indicated by the blue and white dot just aft of the 
casing, and the center of pressure is indicated by the red dot. The center of gravity is 70.262 
inches aft of the front end, and the center of pressure is 85.362 inches aft of the front end, creating 
a creating a stability margin of 2.45 caliber, which has been deemed stable for flight.  

Eclipse opted with the Aerotech, Inc. L1520T motor, with the thrust curve shown below: 

 

The calculated average thrust of the Aerotech L1520T motor is 1568-N, peak thrust is 1765-N, 
the total impulse is and the expected burn time is 2.4 seconds. 

 

Figure 24 Aerotech L1520T Thrust Curve 
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The following figure shows the flight profile of the OpenRocket simulation with the rocket’s altitude, 
vertical velocity, and vertical acceleration during an ideal zero-wind scenario.  

According to the simulation, the maximum altitude reached is 5,363-ft AGL. This altitude is within 
the +/- 400-ft threshold, and Eclipse suspects the altitude reached during competition to be closer 
to one mile, 5,280-ft, due to atmospheric conditions, small wind gusts, etc. With an 8-ft tall, 1in 
wide launch rod, the velocity off the launch rod is 69.3-ft/s, and the maximum speed occurs at 
motor burnout and is 692-ft/s, equivalent to Mach 0.62. Both the off-launch rod speed and 
maximum speed are safe and appropriate speeds. 

 Validity of Analysis, Drag, and Scale Model Results 

Maximum acceleration occurs during the motor burn, but the acceleration at the times of drogue 
chute and main parachute deployments (approximately 25-s and 130-s, respectively) are of higher 
interest, as this sudden increase in acceleration and drag adds stress to the shock cords. At main 
parachute deployment, maximum acceleration is 324-ft/s2 (10 G). Based on scale model tests and 
simulations, Eclipse is confident that the structural integrity of the rocket, as well as the 
effectiveness of the shock cords, will be maintained during parachute deployment. 

OpenRocket accounts for drag based on the material used to paint the outside of the rocket. Using 
pre-provided drag models for smooth paint that match the scale model paint, Eclipse obtained a 
more accurate coefficient of drag (CD) that can be applied to the full-scale rocket. 

3.3.2.1 Wind Drift 

The greater the wind, the more the rocket will drift, especially once the parachutes are deployed. 
Eclipse must keep this in mind; during the scale test launch, team members had to walk 
approximately half a mile to search for the rocket. 

The following table shows the wind drift calculated for various possible wind speeds: 

 

Figure 25 Flight Simulation Profile 
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Table 12 Wind Drift Calculations 

Wind Drift (mph) 0 5 10 15 20 

Drift Distance (ft) 98 500 562.37 875.52 1222.5 

 

3.3.2.2 Kinetic Energy at Various Phases of Mission 

In accordance with NASA USLI, the Kinetic Energy will not exceed 75-lb-ft for any of the rocket 
components upon landing. The heaviest portion of the rocket, the payload bay (12.7-lb), has a 
kinetic energy of 59.7-lb-ft, well within the mission criteria limit. 

 
Table 13 Table of Vehicle Kinetic Energies 

Mission Phase Velocity 
(ft/s)                     

Rocket Section Kinetic Energy 
(lbf-ft) 

Leaves launch rod 69.3 Payload Frame 
(main,12.7-lb) 

948 

Motor Frame (drogue, 
11.7-lb) 

873 

Maximum Velocity 692 Payload Frame (main) 8,778 

Motor Frame (drogue) 8,087 

Drogue Chute deployment 113 Payload Frame (main) 2,520 

Motor Frame (drogue) 2,321 

Main 
Parachute  deployment 

41.9 Payload Frame (main) 346 

Motor Frame (drogue) 320 

Landing 16.3 Payload Frame (main) 52.4 

Motor Frame (drogue) 48.3 
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3.4 VEHICLE VERIFICATION 

The rocket design will be verified with the criteria set by USLI and by the team. The criteria are 
detailed in the following table. 

Table 14 Vehicle Verification Plan 

Requirement Design Feature that 
Meets Requirement 

Method of Verification Verification 

Rocket must reach 
apogee of 5280-ft AGL, 
and cannot exceed 
5600-ft AGL. 

The rocket motor will be 
sized to reach this 
altitude.  

This will be verified by 
inspection of telemetry 
post-flight. 

In progress 

Rocket must be 
recoverable and 
reusable. 

Recovery system will 
allow rocket to be 
recoverable. Payload and 
subsystems will be 
designed to sustain 
expected in-flight loads. 

This will be verified post-
flight. 

In progress 

Rocket can only use 
commercial, NAR/TRA 
certified solid motor 
propulsion system. 

The rocket motor will be 
selected to meet this 
requirement. 

This will be verified 
during the pre-flight 
stage during flight 
testing. 

In progress 

Rocket motor cannot 
exceed total impulse of 
5120-Ns. 

The rocket motor 
selection motivation 
currently reflects this 
requirement. 

This will be verified by 
inspection post-flight. 

In progress 

Deployment of recovery 
devices must be 
staged. Dual 
deployment must be 
used. 

The recovery system will 
deploy the drogue chute 
first, then the main 
parachute. 

This will be verified by 
inspection post-flight. 

In progress 

Each independent 
section must land with 
a maximum Kinetic 
Energy of 75-ft.*lbf. 

The current velocity 
profile of the rocket 
configuration provides a 
prediction of landing 
energy. 

This will be verified by 
inspection of telemetry 
post-flight. 

In progress 

Only electronic 
recovery deployment 
systems can be used. 

The design of the rocket 
currently reflects this 
requirement. 

This will be verified by 
inspection before testing 
and before flight. 

In progress 

Electronics for recovery 
system must be 

The design of the 
recovery system is 

This will be verified 
through recovery system 

In progress 
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completely independent 
of payload circuits. 

located in a separated 
section near the fore-end 
of the rocket. Shielding 
material will also be used 
to filter outside noise. 

testing, and through 
flight tests. 

The recovery system 
must have redundant 
commercial altimeters, 
with external dedicated 
arming switches, and 
dedicated power 
supply. 

The recovery system 
design currently consists 
of four different 
commercially available 
altimeters. 

This will be verified 
during recovery system 
testing, and during pre-
flight operations. 

In progress 

Every independent 
section must have fully 
functional electronic 
tracking devices. 

The design of the rocket 
will reflect this 
requirement. 

This will be verified 
during the end of the 
manufacturing stage as 
well as during pre-flight 
operations through 
inspection. 

In progress 

Drogue and main 
parachutes must be 
deployed with 
removable shear pins. 

Shear pins have been 
incorporated into the 
airframe design. 

This will be verified 
during the 
manufacturing phase 
through testing, and by 
inspection during pre-
flight operations. 

In progress 

Rocket and payload 
can only cost a 
maximum of $7500 as 
it sits on launch pad. 

The design of the rocket 
will reflect this 
requirement. 

This will be verified 
through inspection 
during the design and 
manufacturing process. 

In progress 

Payload must be 
scientific and have 
scientific value. 

The payload follows the 
scientific method, and 
investigates topics 
pertinent to scientific 
understanding of fluids 
and solid mechanics. 

This will be verified 
through payload design 
and manufacturing by 
inspection and analysis, 
and through post-flight 
inspection and data 
analysis. 

In progress 

A team must 
successfully launch and 
recover subscale model 
prior to CDR, and a full-
scale model prior to 
FRR. 

Plans to implement a 
subscale and full-scale 
launch will be finalized 
shortly after the PDR and 
CDR submissions, 
respectively. 

This will be verified post-
flight. 

In progress 
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3.5 SAFETY AND ENVIRONMENT (VEHICLE AND PAYLOAD) 

Safety of all members is of utmost importance to Eclipse. Potential hazards to personnel during 
construction have been assessed and countered with a mitigation plan. To further increase safety 
of all members Eclipse will require routine mandatory safety briefings in addition to enforcing strict 
safety regulations. 

 Failure Modes 

 
Table 15 Potential Vehicle Integration and Flight Failure Modes 

Risk Likelihood Severity Mitigation Procedure Verification 

Motor mount failure 
and motor detaches 
from vehicle 

Low High Ensure proper securement of 
motor mount to fiberglass 
body during construction. 

In 
construction 
phase 

Slosh tank cracks 
and leaks 

Low High Use a watertight tank made 
of crack-resistant material 
and secure properly in 
payload bay. Plug any holes 
for electrical wiring with 
mounting putty.  

In testing 
phase 

Fins break off mid-
flight 

Low High Attach fins securely to 
withstand calculated 
anticipated stresses during 
launch and flight. Fillet the 
fins to the airframe. 

Test Launch 

Bulkhead failure Low High Use sturdy material (U-bolts). In analysis 
phase 

Drogue chute does 
not deploy 

Medium High Fold and pack drogue chute 
carefully into drogue bay. 

In testing 
phase 

Center of mass is off Low Medium Use software simulations 
during design phase and prior 
to launch to accurately place 
CoM in desired position. 

In analysis 
phase 

Ejection charges fail Low High Extensive testing of black 
powder charges during build 
phase as well as checking 
electrical matches are 
connected properly prior to 
flight. Shield wires with 
aluminum foil. 

In testing 
phase 
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Ignition charges fails 
 

Low Low Ensure connection to 
electrical matches and launch 
operator is secure. 

In testing 
phase 

Cameras do not 
record 

Low Medium Check for working operation 
of payload cameras prior to 
launch. 

In design 
phase 

Strain gauges rip 
loose during flight 

Low Medium Check to ensure secure 
attachment points at exterior 
and interior of rocket prior to 
launch. 

In analysis 
phase 

Rocket explodes 
midflight 

Low High Properly handle motor and 
ejection charges. Extensive 
setup, integration, and launch 
procedures will be developed 
to minimize risk of total loss 
of vehicle. 

In analysis 
phase 

Altimeter doesn’t arm Medium Medium Check for proper arming and 
signal transmission prior to 
launch. 

In design 
phase 

Shear pins don’t 
break off 

Low High Testing during build phase to 
validate proper amount of 
ejection charges to 
successfully break pins 

In analysis 
phase 

Chute melts Low High Include more than enough 
wadding in chute bay to 
isolate from hot exhaust from 
charges/motor. 

In testing 
phase 

Entanglement of 
chutes  

Medium High Proper procedure for folding 
and packing chutes to 
prevent entanglement will be 
developed and exercised 
during vehicle integration 
prior to launch. 

In testing 
phase 

Batteries on board do 
not power electronics 

Low High Testing during build phase to 
ensure necessary amount of 
batteries to power all 
electronics. Check for dead 
batteries in need of 
replacement during vehicle 
integration prior to launch. 

In analysis 
phase 
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Failure of recovery 
system attachment 
points 

Medium High Inspect and test quick links 
and u-bolts under load to 
ensure they are strong 
enough and not 
compromised. 

In analysis 
phase 

Electrical wires short Low High Check proper connection of 
all wiring during build and 
again during vehicle 
integration prior to launch. 

In testing 
phase 

Malfunctioning 
transmitter 

Low Medium Check for proper signal 
transmission during vehicle 
integration. Replacement 
ready to be used if needed. 

In testing 
phase 

Ejection charge 
gasses damage 
recovery system 

Medium Medium Follow pre-launch checklist to 
ensure proper assembly of 
recovery system to prevent 
damage. 

In testing 
phase 

Power supply 
detaches  

Low High Follow pre-launch checklist to 
ensure a tight connection of 
power supply and electronics. 

In design 
phase 

Vehicle disintegrates 
mid-flight due to 
excessive forces 

Low High Design, construct, and test a 
vehicle with sufficient 
structural strength to 
withstand expected loads. 

In analysis 
phase 

Vehicle instability 
leaving rails 

Medium Medium Verify stability margin as 
rocket leaves launch rails 
using simulations and visual 
inspection prior to launch. 

In analysis 
phase 

Vehicle fails to reach 
desired altitude of 
5280-ft AGL or 
exceeds maximum 
altitude of 5600-ft 
AGL 

High Medium Verify vehicle design using 
simulations and adhere to 
strict construction practices to 
ensure a structurally-sound 
vehicle with an ideal flight 
altitude of 5280-ft. 

In analysis 
phase 

3.5.1.1 Potential Consequences of Failure Modes 

The high-severity potential failures of the vehicle include: motor mount failure, slosh tank cracks, 
bulkhead failure, failure of parachute deployment, failure of ejection charges, failure of shear pins, 
chute melting, and chute entanglement. The likelihood of any of these failure modes occurring is 
low as long as proper manufacturing, assembly, and launch procedures have been followed. 
Nevertheless, the severity of any of these events occurring is high, as it may ultimately result in 
complete failure of the vehicle system and inability to successfully recover the vehicle.  
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The failure mode with the highest likelihood is failure to reach the altitude requirements. This is to 
be expected as changes in weather and flight conditions can result in significant deviations in 
flight dynamics. The worst consequence that may occur from this failure mode is failure to reach 
the 5280-ft requirement due to possible weight concerns. Eclipse does not expect the vehicle to 
be capable of exceeding the 5600-ft altitude. 

 Personnel Hazards and Mitigation Plan 

Safety of all members is of utmost importance to Eclipse. Potential hazards to personnel during 
construction have been assessed and countered with a mitigation plan. To further increase safety 
of all members Eclipse will require routine mandatory safety briefings in addition to enforcing strict 
safety regulations. 
 

Table 16 Potential Hazards and Mitigation Plan 

Risk Likelihood Severity Mitigation Procedure Verification 

Epoxy vapors 
inhalation 

Medium Medium Proper PPE such as masks 
and gloves to be worn at all 
times during build. MSDS of all 
material will be reviewed prior 
to use. Additionally, fume hood 
in shop will be used to 
evacuate all vapors. 

In progress 

Fiberglass layup Medium Medium Proper PPE such as masks 
and gloves to be worn at all 
times during build. MSDS of all 
material will be reviewed prior 
to use. Additionally, fume hood 
in shop will be used to 
evacuate all vapors. 

In progress 

Carbon-fiber layup Medium Medium Proper PPE such as masks 
and gloves to be worn at all 
times during build. MSDS of all 
material will be reviewed prior 
to use. Additionally, fume hood 
in shop will be used to 
evacuate all vapors. 

In progress 

Mill Medium High EFL’s safety procedures to be 
reviewed and exercised by all 
using the machines. 

In progress 
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Drill press Medium High EFL’s safety procedures to be 
reviewed and exercised by all 
using the machines. 

In progress 

Soldering Iron Medium Medium EFL’s safety procedures to be 
reviewed and exercised by all 
using the machines. 

In progress 

Band saw Medium High EFL’s safety procedures to be 
reviewed and exercised by all 
using the machines. 

In progress 

Belt sander Medium Medium EFL’s safety procedures to be 
reviewed and exercised by all 
using the machines. 

In progress 

Skin Abrasions Low Low Sand down all rough and 
sharp surfaces. Painted 
surfaces will also reduce a 
large majority of any potential 
skin abrasions or punctures. 
Proper usage of tools will also 
be exercised at all times. 

In progress 

Electrocution/Electric 
Shock 

Low High Switches will ensure that the 
circuits will remain open when 
handling in the rocket. Proper 
handling procedures for 
batteries will also be used. 

In progress 

Fire Low High Components will short if there 
is too much current in the 
circuit. Voltage regulators will 
assist in voltage and power 
delivery management.  

In progress 

 

 Environmental Concerns 

Eclipse also identified a similar set of risks related to the environment near launch sites. 
 

Table 17 Environmental Concerns 

Risk Likelihood Severity Mitigation Procedure Verification 

Wind 
speeds in 
excess of 
20-mph  

Medium High Launch to be postponed until further 
notice (as per NAR Safety Code). 

In progress 
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Cloud 
cover at 
launch site 

Medium Low If obscured visibility, launch with caution 
to avoid overhead aircraft and flying fowl. 

In progress 

Bird strike Low Medium Check overhead for possible fowl. In progress 

Brush fire Low High Follow proper procedures for motor 
handling, integration, and ignition. 
Ensure that batteries are properly 
secured onto payload shelves. Minimize 
direct loading onto batteries to prevent 
puncture. 

In progress 

Cow Strike Low High Ensure that the launch radius is clear of 
both humans and bovine. 

In progress 

3.6 PAYLOAD INTEGRATION 

 Integration Plan 

 
The following steps detail the procedure for integrating the payloads: 
 

 Load slosh payload onto central payload bay rails.  
 Have strain gauges pre-installed onto fins, fin joints, separation points, and nose cone.  
 Have strain gauge wires run along inner diameter of rocket tubing. 
 Pre-drill holes into bulkheads at the motor section, central bay section, and nose cone 

section. 
 Run strain gauge wires through bulkhead holes and seal with plumber’s putty. 
 Insert slosh payloads and propulsion analysis payloads on rail system in their 

predetermined locations. 
 Secure payloads in rails with hex nuts.  
 Close payload bays by securing the bulkhead onto the rails. 

 Compatibility of Elements 

Eclipse’s launch vehicle uses three payload compartments to house its scientific experiments. 
Each compartment utilizes a rail mounting system that is specific to each payload. The 
dimensions for the payload sleds for each compartment is listed below: 
 

Table 18 Payload sled dimensions 

 Length Width 
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Nose cone sled  5.00” 2.50” 

Avionics sled 4.40” 3.57” 

Propulsion bay sled 6.00” 4.50” 

 

 Payload-Housing Integrity 

 
The payload housing consists of birch plywood fastened to aluminum tubing. The two 
components are bonded together with West System 105 Epoxy. The payloads will be fastened 
into their respective bays with aluminum hex nuts. As a precautionary measure, the hex nuts will 
be secured with Loctite. 

4 PAYLOAD CRITERIA 

4.1 EXPERIMENT CONCEPT 

 Creativity and Originality 

Rosettes, strain gauges, and accelerometers are placed throughout the entire launch vehicle. 
Eclipse has deliberately placed these sensors near regions of interest, including the nose cone 
of the launch vehicle, fin and fin joints, separation points, centering ring, and slosh tank 
bulkhead. By placing sensors near these areas, Eclipse can verify data retrieved from finite 
element analysis and determine the existing forces developed within the launch vehicle to some 
certainty. With the information gathered from the stress/strain experiment, the Eclipse team can 
study any dynamic instabilities that may arise during rocket flight, such as fin flutter or 
oscillations due to aerodynamic forces. 
 
The slosh tank payload involves producing in-flight studies of the behaviors of liquid water in 
microgravity environments, where ground level intuition of fluids do not apply. Two cameras will 
be used, one for each tank. The cameras will be fixed at a height that results in the water 
surface being at the center of the frame. Both tanks will have water that has been dyed inside 
them to more easily view the liquid’s movement. Direct observation of the water’s tendency to 
slosh can be examined under large accelerations during rocket ascent and under potential 
microgravity forces upon reaching apogee. In addition, the team aims to investigate the effects 
of stress and strain under high forces of acceleration across various points of the slosh 
payload.   

 Uniqueness and Significance 

In the event that system failures arise, the stress/strain payload then becomes pivotal in 
diagnosing issues in the launch vehicle. Having sensors placed around the inner and outer 
surfaces of the launch vehicle will provide information regarding the severity of the aerodynamic 
forces the vehicle experiences. The stress/strain payload allows the Eclipse team to analyze 
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issues that may be encountered, as well as verify the FEA testing that was conducted on 
SolidWorks. 
 
Slosh investigations are crucial in order to ensure continuous supply of fuel in liquid engines. 
There is high variability in the way liquid fuels deplete within a fuel tank. These difficulties can 
often lead to oscillations in the rocket, ultimately affecting its designed trajectory.  In order to 
lower the risk and effects of microgravity slosh in future launches, a better understanding of how 
fluids behave during flight is necessary. RGB images captured by the video cameras are 
converted into binary images; by using binary images, more accurate data of maximum height 
reached by the fluid is obtained, with a lower potential for error compared to viewing and 
analyzing long durations of video footage. This conversion will be done within the MATLAB 
program.   

4.2 SCIENCE VALUE 

 Payload Objectives 

Eclipse plans to analyze the data collected by two payload experiments. First are strain rosettes 
and flex sensors embedded within the rocket body, and the second is the slosh tank assembly 
filled with liquid water.  An analysis of the slosh behavior of the enclosed liquid will be used to 
determine trends in liquid displacement created by high instances of acceleration and forces 
experienced upon rocket ascent and descent (i.e. gravity and air resistance.)  This information is 
used to predict how liquids may behave within fuel tanks, potentially revealing unpredictable 
patterns in liquid movement, such as differing intensities and total forces on the liquid fuel 
tanks.  Information about changes in the center of mass of the rocket may also be obtained from 
the slosh experiment through documenting the accumulation of liquid bodies at multiple spots 
within the slosh tank.  Information about the natural frequency of the liquid can also be obtained, 
which can provide further insight to building a more robust and reliable fuel tank. Rosettes and 
flex sensors are being used to measure stress and strain on the fuselage of the rocket’s body. 
These gauges will be placed on points through and on the circumference of the rocket to 
understand aerodynamic forces experienced by the rocket’s body as well as internal stress and 
strains that may be produced. With these payloads, Eclipse will conduct an analysis of micro-G 
slosh behavior, as well as an overall structural analysis during propulsion, chute deployment, 
separation, and descent in order to verify finite element analysis performed in software such as 
SolidWorks.     

 Payload Success Criteria 

In regards to the stress/strain payload, being able to retrieve significant data from the sensors 
will demonstrate successful implementation. By viewing voltage readings, both the rosettes and 
strain gauges can be used to collect data on loadings experienced at certain points of the 
launch vehicle. Upon vehicle recovery, if sensor readings indicate expected values from prior 
testing, the criteria of successful data collection will have been met. 
 
For the slosh tank element of the payload, the completion of two essential components will be 
necessary. Its first component involves capturing sufficient video quality that the team can use 
to effectively detect changes in the height of the liquid. This suggests that a clear view of the 
liquid is substantial enough to measure and determine the distance of drift that will aid velocity 
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computation. Ample lighting and correct camera positioning is considered to ensure that 
adequate video quality has been registered. 
 
The second component involves achieving a working model of the video footage recorded 
during flight. This includes successfully transferring any red-green-blue images recorded by the 
camera into binary images that will be used to determine the movement of the surface of the 
liquid payload. The purpose of this is to translate digital footage of moving particles into a 
collective medium for computer aided analysis. A successful image transfer conclusively verifies 
the objectives of this payload. 

 Experimental Logic, Approach, and Method of Investigation 

The sensors that Eclipse has selected for the the propulsion stress and strain analysis payload 
will gather data in terms of strain. The strain data gathered from the rosette strain gauges can 
then be converted to the principal stresses at those locations. 
 

 
 
For micro-G environment duration, frames from video footage will be inputted into MATLAB. 
Frames are then converted to binary images to obtain amplitude frequency of waves. Video 
obtained from flight will also be used to observe surface movement and verify the presence of 
the cavitation. The team is also interested in observing the effects of slosh on the body of the 
tank therefore strain gauges are placed on the slosh tanks along its radial and axial directions. 

 Test and Measurement, Variables, and Controls 

 
For the slosh experiment, there are certain measurements, variables, and controls to take into 
consideration. Modal analysis and the natural resonance frequency of the slosh tank on the 
shaker will be obtained as well as video from the camera of the fluid motion. The shaker’s 
frequency can be easily controlled thus allowing for vibration failure testing for the slosh within 
the tank and the fixture of the payload in general. The video data transferred from the YI Action 
Camera will be converted to meaningful results and measurements such as fluid height against 
time using MATLAB. Combining the video data and provided frequency conditions, an accurate 
simulation of slosh tank rocket flight can be created if the experimental data matches 
fundamental analysis. 

 Relevance of Expected Data and Accuracy/Error Analysis 

Both payloads are intended to acquire meaningful data. The data gathered from the propulsion 
analysis payload will provide stress and strain across critical points across the launch vehicle. 
Stresses along the separation points, nose cone, fins, and joints can illustrate the intensity of 
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forces applied across the rocket. These forces can provide more insight to where the rocket 
motor distributes its load across the airframe of the vehicle. 
 
The slosh tank payload will gather video recordings of slosh during rocket flight and 
microgravity. Although the microgravity timeframe will be short, the team will gather sufficient 
data by capturing video frames at the rate of 240 frames/second,  and analyzing them as binary 
images. Gathering slosh data from a microgravity environment will provide vertical velocities of 
the sloshing motion and the oscillation frequency of the system. Potential sources of error 
include poor fixturing of the video equipment with the slosh payload resulting in poor video 
capture. 

 Experiment Process Procedures 

The propulsion analysis payload will need to undergo testing and calibration before flight testing. 
After one set of rosette strain gauges and flex sensors have been properly configured, they will 
be tested for accuracy. The flex sensor values will be verified by deflecting the sensor to a 
known distance and comparing the strain values from the arduino board to the values calculated 
by hand. 
 
After the slosh tanks have been acquired, the team will conduct ground testing and perform 
video analysis of the tests. This will be done by fixating the slosh tank onto a shaker and 
configuring video cameras along the setup. The shaker can be commanded to impulse or 
oscillate set frequencies. After Eclipse has gathered the video test data, the team can analyze 
the data through MATLAB and acquire the surface velocity and frequency of the slosh. 
 
Due to difficulties with obtaining assembly parts before the scheduled test launch, Eclipse was 
unable to complete a full testing procedure of the payload analysis payload.  Simulations by 
hand were still conducted to test the flex sensors and strain rosettes’ ability to gauge strain 
applied by resistive touch as well as their sensitivity to stresses.  Additionally, Eclipse was 
unable to conduct a full analysis of the slosh tank using a shaker configuration.  Instead, the 
team took observations of sloshing by recording oscillations produced by hand.  This served to 
test the practicality of the video cameras and the suitability of recording fluids under a moving 
assembly. 

4.3 TESTING AND DESIGN OF PAYLOAD EQUIPMENT 

 System Level Design 

 
To achieve mission success with the payload, the requirements are described as follows: 
 

 Determine the loading on the launch vehicle induced by solid rocket motor during flight. 
 Determine the effects of slosh in microgravity environments. 

 
Eclipse’s rocket houses two payloads - a propulsion analysis payload and a liquid slosh in 
Micro-G payload. The propulsion analysis payload utilizes various strain gauges and 
accelerometers to measure structural vibration and stress and strain at various points of the 
rocket. These points include the rocket’s fins, joints, separation points, slosh tanks, and the 
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nose cone. The liquid slosh payload is designed to record slosh during the entire rocket flight, 
especially when the launch vehicle momentarily experiences microgravity during apogee. This 
payload contains two slosh tanks with different configurations. Both slosh tanks will be filled with 
liquid water. 
 

 Demonstrate that the Design Meets All System-Level Functional 

Requirements 

 
Figure 26 SGD-1/120-RYT21 Omega Strain Rosette 

Eclipse’s propulsion system analysis payload utilizes various sensors to achieve its functional 
requirements. Stress and strain are measured with the SGD-1/120-RYT21 Omega Strain 
Rosettes. The strain rosettes are durable and quite suitable for dynamic measurement as well 
as designed to measure mechanical properties at points along the launch vehicle. They are to 
be connected in a Wheatstone bridge and the resultant voltage is connected to an operational 
amplifier so that the voltage signal will be readable. The RYT21 model was selected over other 
strain gauges because of its size and cost. At 9.3 mm in length and width, the RYT21 was the 
smallest rosette strain gauge offered by Omega at a competitive price. 
 

 
Figure 27 Sparkfun Flex Sensors 

To measure the strain along the circumference of the rocket body, Eclipse is using Sparkfun 
Flex Sensors. These sensors are capable recording strain along a strip of area along the rocket 
fuselage and are placed radially along the interior of the rocket. The flex sensors measure the 
electrical resistance change as the sensor flexes. The circumferential forces experienced by the 
launch vehicle are measured by this sensor. The flex sensors are located at the listed sections 
of the rocket and are wired to a breadboard and Arduino Mega board located at the payload 
bay. The arduino board will record the output voltage. This voltage will then be converted to 
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strain values. To measure vibrations, Eclipse is employing triple axis accelerometers. These 
sensors are placed at locations defined above. 
 

 
Figure 28 Accelerometer 

The strain values obtained from the Omega Strain Rosettes will be used to calculate the 
principal stresses. Alternatively, the Sparkfun Flex Sensors will only be utilized for obtaining 
strain values. 

 
Figure 29 : Sparkfun HX711 Load Cell Amplifier 

An amplifier is required to gather measureable data from the strain gauges. Eclipse is using 
Sparkfun’s HX711 Load Cell amplifier to accurately gather data from the strain gauges. The 
HX711 amplifier ensures the voltage differences produced by the strain gauges is magnified 
enough to allow the data to be easily interpreted for the arduino boards. These components are 
selected for their cost-competitiveness, as well as their ease in usability and the potential 
reductions in space consumption within the rocket. 

 

 
Figure 30 Arduino Mega 
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All stress and strain data is collected by the Arduino boards and is stored onto an SD card for 
post analysis. Eclipse selected the Arduino boards as the primary mode of data acquisition for 
various reasons. Arduino boards are light, relatively inexpensive, and simple to program. The 
team considered LaunchPad boards however it lacks in RAM in comparison to Arduino. In terms 
of programming, the team needed to add SD card memory storage functionality to save the 
strain data onto the board. Eclipse has already determined the code to store the information and 
is ready to implement the design for testing. 
 

  
       (a)       (b) 

Figure 31 Slosh Tank w/ Camera Isometric (a) and Side (b) Views 

 
To capture liquid sloshing during microgravity, the slosh tank payload is utilizing three 
components: the slosh tank, video equipment, and fixturing. Eclipse selected a slosh tank with 
spherical heads to simulate a typical situation where slosh occurs. The tanks are 2” in inner 
diameter,  6.12” in length, and 0.125” in thickness. The dimensions of the tank provide sufficient 
room for the video equipment. 

 
Figure 32 YI Action Camera Side and Front 

Two YI Action Cameras, one for each tank, will be used to view the sloshing motion. The 
cameras use a 16MP Sony image sensor that can record 240 frames per second at 480P 
resolution and can record continuously for 90 minutes on a single charge. Because flight 
duration is expected to be short, the team prioritized frame rate over a higher recording 
resolution. The video cameras are placed one inch away from the tank to ensure proper field of 
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view and focal distance. The cameras require lighting for good video quality, therefore, LEDs 
are aligned along the payload fixturing to illuminate the internal payload housing and slosh 
tanks. 

 Approach to Workmanship 

 
The Eclipse team recognizes the importance of workmanship for the development of the project. 
To facilitate the process for payload manufacturing and testing, the team has scheduled build 
meetings to train members in the necessary skill sets to construct and test the payload at the 
team’s dedicated workspace. Members are taught the basic skills for programming with Arduino 
and how to operate the machinery in the team’s workshop. All members are monitored by more 
qualified members to ensure operations continue as expected. 

 Planned Testing 

Various testing of the electrical and structural components of the payload are scheduled as 
follows: 
 
Propulsion Analysis Payload Testing 

 Test circuits and strain gauges output a measurable voltage difference 
 Balance the wheatstone bridges to calibrate strain gauge readings using known weights 

and cantilever setup. 
 Conduct strain gauge tests in conjunction with ejection tests 

 
Slosh Payload Testing 

 Test rigidity of the camera fixturing to the slosh tank setup through vibration testing to 
simulate the conditions of flight. 

 Configure proper LED lighting conditions for slosh tank to avoid glare and ensure optimal 
clarity of liquid movement in tank. 

 Inspect for resonance of liquid in slosh tank using electronic shaker.  
 Inspect wave height and analyze frequency using camera and electronic shaker 

 Status and Plans of Remaining Manufacturing and Assembly 

The team currently holds the necessary materials to fabricate scaled payloads. The slosh 
assembly has been completed however the propulsions analysis assemblies have been 
delayed.  Due to budget constraints, the slosh tank will consist of flat end caps instead of 3-D 
printed, spherically shaped end caps. Furthermore, the slosh experiments have been simplified 
from two to one assembly. Until the financial conditions improve, the team will invest in the 3D 
printed caps. The manufacturing phase for the payloads are expected to end late March or early 
April.  

 Integration Plan 

To achieve mission requirements in regards to the payload, the experiments and all associated 
equipment must be able to survive all the various stages of rocket flight. As a result, Eclipse 
focused on mitigating the effects of load paths while still maintaining ease of access and 
simplicity in design. Drawing inspiration from designs of typical avionics bays consisting of sleds 
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“floating” on threaded rods, Eclipse has developed a threaded-rod rail system from which 
various payload experiments can be mounted into the rocket in an effective manner. Each 
payload experiment has tubing to allow the experiments to be slid into place, and hex nuts to 
secure the individual payloads. 
 

 
Figure 33 Slosh Integration 

 
Figure 34 Propulsion Analysis Payload Sections (Left to Right): Nose, Central, Base 

The micro-gravity slosh experiment is mounted on rails in the central payload bay to allow ease 
of integration. The rails are held by the altimeter bay as shown in the figure below. The slosh 
tanks are spaced approximately 1-in above the altimeter bay to mitigate the transfer of loads 
expected from the load paths during various stages of flight.  
 
The propulsion analysis payload required additional measures for proper integration into the 
launch vehicle. In order to conduct analysis on all critical structures of the rocket, the propulsion 
analysis payload was modularized to three separate compartments. These compartments are 
placed above the motor mount, in the central payload bay, and in the nose cone. They are 
mounted on rails in a similar manner to the slosh payload. 
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Figure 35 Propulsion Analysis Payload Integration: Central Bay (Left), Nose Cone (Right), & Motor Section (Bottom) 

 Precision of Instrumentation and Repeatability of Measurement 

Each payload is comprised of reputable components and is configured for ease of 
experimentation repeatability. For the slosh payload, the YI Action Camera will be firmly 
fastened to the wooden circular disk and placed tangent to the face of the slosh tanks for 
maximum coverage of the fluid motion. The choice of frame rate over video quality will improve 
data quality due to the fluid’s intense movement and potential vibration of the vehicle. Since the 
flight characteristics of the slosh tanks will be modeled by a vibrating surface and the cameras 
will also be set in a similar fashion to their implementation in the vehicle, the experiment can be 
repeated multiple times with precision. As for the strain gauges, the electronics testing can be 
easily repeated since the power consumption would be quite low and would not wear down the 
devices significantly. The cantilever test on the flex sensors will be conducted with secure 
fastening to a surface and defined load with the weight of an object being applied to balance the 
wheatstone bridges and calibrate the strain gauge measurements. Since the sensor will 
undergo only slight amounts of fatigue and the number of tests will not exceed the sensor’s life, 
the experiment is also repeatable, simple, and accurate.  

 Electronics 

4.3.8.1 Drawings and schematics  

 
Figure 36 Rocket w/ Strain Gage, Accelerometer, and Rosette Locations 
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Figure 37 Block Diagram of the top electrical compartment, detailing the inputs and output of signals from each 

circuit. 

 
Figure 38 Block Diagram of the central electrical compartment, detailing the inputs and output of signals from each 

circuit. 
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Figure 39 Block Diagram of the lower electrical compartment, detailing the inputs and output of signals from each 

circuit. 

 
Figure 40 Electrical Schematic connected a given strain rosette, amplifier and Arduino Mega. 
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Figure 41 Electrical Schematic for the SD Card adapter and the accelerometer breakout board. 

 
Figure 42 Wiring Schematic for the Strain Gauge (FlexSensor) 
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The above electrical system diagrams detail how each specific component (the Arduino Mega, 
battery, strain rosette, strain gauge and accelerometer) is connected to the rest of the system. 
There are three independent compartments: top, central and lower. The arrows indicate the flow 
of signals (or current) between each device. Below the system diagrams is a wiring schematic 
connecting a strain rosette, a signal amplifier and the Arduino Board, and a second wiring 
schematic connecting the SD card adapter, the Arduino Board and an ADXL335 accelerometer 
breakout board. The last circuit diagram details how the FlexSensor will be connected in the 
Wheatstone bridge-amplifier configuration.  

4.3.8.2 Batteries and Power 

 
The launch vehicle consists of three payload compartments. Each compartment is powered by 
11.1V 1,000mA lithium polymer battery that will provide continuous power to their respective 
sections. Power was calculated with experimental results and the following equation: 
 

P = Current * Voltage 
 

Table 19 Power Consumption For Each Payload Compartment 

 Nose 
compartment 

Central 
Compartment 

Base 
Compartment 

Total 
 

Strain Gage Rosette 
Wheatstone Bridges  

2.4 W 1.2 W  2.4 W 6 W 

Flex Sensors 0 0.0011 W 0.0022 W 0.0033 
W 

Arduino Mega  0.7 W 0.7 W 1.4 W 2.8 W 

Op Amps  0.135 W 0.0225 W 0.135 W  0.2925 
W 

Accelerometers  0.01 W 0.01 W  0.01 W 0.03 W 

LED 0 0.30 W 0 0.30 W 

Total     9.42 W 

 

4.3.8.3 Switch and Indicator Wattage and Location 

Because the payload is located on various sections of the vehicle, different payload 
compartments utilize different switches. The payload located in the nose cone uses a radio 
controlled relay switch to ensure no external surfaces protrude from the nose. The payload 
located at the motor section and the central compartment bay use key switches to activate the 
payload electronics. Key switches were selected because they provide a secure method to arm 
the payload and their respective locations are lower and thus easier to access. The following 
image outlines the location of each switch.  
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Figure 43 Rocket w/ Key Switch and Radio Controlled Switch Locations 

The launch vehicle utilizes a PicoSwitch controlled relay to remotely arm the payload located in 
the nose cone. The PicoSwitch is connected to a Orangerx 3 channel 2.4GHz receiver that will 
provide sufficient range and reliability for remote switching.  
 

 
Figure 44 PicoSwitch Radio Controlled Relay and Orangerx 3 Channel 2.4ghz receiver 

 Verification 

Table 20 Payload Verification Table 

Slosh Payload  

Payload Requirement Status Method 

Cameras capture slosh in low light conditions Fulfilled Installed LEDs and 
performed tests 

Payload meets correct dimensions Fulfilled Inspection 

Code calculates slosh height change with time Fulfilled Analysis  

Code finds natural frequency of wave height with 
time 

Pending Analysis 



 
 University of California, Davis USLI 2015-16 60 
  

   

Propulsion Analysis Payload  

Measure vibrations across specified sections in 
launch vehicle 

Fulfilled Test, Design 

Measure strain across specified sections  Pending  Tests in progress 

Measure principle stress across specified sections Pending  Tests in progress 

4.3.10. Safety Failure and Analysis 
Table 21 Payload Failure Modes Analysis 

Failure Modes Cause Effect Mitigation/controls 

Slosh tank 
ruptures 

Forces due 
to flight 

Liquid in slosh tank 
spills into payload bay 
and leaks into altimeter 
bay. 

Isolate payload bay from all 
other compartments with water 
tight seal. 

Arduino 
connections to 
sensors becomes 
loose  

Forces from 
flight 

Data collection for 
propulsion analysis 
payload is interrupted 
or lost 

Fasten wire leads onto surfaces 
with adhesive. 

Electrical fire Excessive 
current draw 

All payload and 
potential the launch 
vehicle is lost 

By design, the arduino board 
circuitry will burn out and 
prevent additional current flow  

Bolt fasteners 
shear 

Forces from 
flight  

Payload will experience 
damage during 
parachute deployments 

Payloads will be secured under 
compression of the bulkheads. 

Cameras become 
loose during flight  

Forces due 
to flight  

Loss of slosh payload 
data 

Secure cameras with redundant 
mounts. 

 

5 LAUNCH OPERATIONS PROCEDURES 

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: 
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5.1 RECOVERY PREPARATION 

 Drogue Parachute 

 Check shock cords for cuts, burns, and tangles. 
 Check all shroud lines -- no tangles. 
 Check drogue parachute for tears and burns. 
 Check deployment bag for tears. 

- Check all connections. Ensure all devices are in good condition and properly secured: 
 Coupler shock cord to parachute 
 Aft assembly shock cord to parachute  

- Pack drogue parachute in deployment bag, keep lines even and straight. 
 Fold drogue parachute per manufacturer's instructions. 
 Ensure shroud lines are free from tangles. 
 Ensure all quick links are secure. 
 Insert ejection charge protection. 
 Insert drogue bag/chute into forward recovery compartment  
 Slide Nomex chute protector and strap protector onto drogue tubular nylon strap. 

 

 Main Parachute 

 Check shock cords for cuts, burns, and tangles. 
 Check all shroud lines -- no tangles. 
 Check main parachute for tears and burns. 
 Check deployment bag for tears. 

- Check all connections. Ensure all devices are in good condition and properly secured: 
 Nose Cone shock cord to main parachute 
 Avionics bay shock cord to main parachute  

- Pack main parachute in deployment bag, keep lines even and straight. 
 Fold main parachute per manufacturer's instructions. 
 Ensure shroud lines are free from tangles. 
 Ensure all quick links are secure. 
 Insert ejection charge protection. 
 Insert main bag/chute into forward recovery compartment  
 Slide Nomex chute protector and strap protector onto drogue tubular nylon strap. 

 

 Main Recovery Preparation 

 Attach buckles to drogue tubular nylon strap. 
 Attach threaded quick-links to forward and middle loops in tubular nylon strap. 
 Attach threaded quick-links to loops in drogue “seat belt” strap. 
 Connect forward end of “seat belt” strap to aft end of tubular nylon strap. 
 Connect parachute to quick-link in loop of tubular nylon strap. 
 “Z” fold and lightly secure tubular nylon strap allowing for tube length. 
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 “Z” fold and lightly secure “seat belt” strap. 
 Fold and pack drogue chute and wrap in nomex chute protector. 
 Thread recovery harness through drogue tube, “seat belt” strap toward aft end. 
 Connect threaded quick-links attached to “seat belt” strap to U-bolts of booster 

section. 
 Pack straps and parachute into drogue tube so that nomex surfaces take brunt of 

the ejection charge and allowing for needed travel through tube. Make sure 
forward end of tubular nylon strap is accessible for connection to altimeter bay U-
bolt. 

 Slide nose cone into front of main tube and align marks. 
 Install shear pins in holes and secure. 

5.2 MOTOR PREPARATION 

 Motor Preparation 

 Prepare motor per packaged instructions for launch. 
 Verify that ejection charge was installed in the motor. If motor is already secured, 

take it out and visually verify. 
 Select correct size igniter for engine. Inspect for continuity, resistance, and check 

pyrogen for cracks or flaws. 
 Secure motor and igniter for later installation into rocket. 
 DO NOT install igniter until rocket is secure on the pad. 

5.3 SETUP ON LAUNCHER 

 Launch Pad Preparations 

 Prepare launch pad. 
 Load rocket on launch rod. 

 Final Launch Sequence 

 Arm all devices for launch. 
 Apogee 1. 
 Apogee 2. 
 Main 1. 
 Main 2. 
 Power. 

 Ensure Flight Witnesses are in place and ready for launch. 
 Signal LCO & RSO that rocket is ready for launch. 
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5.4 IGNITER INSTALLATION 

 Igniter Preparation 

 Insert igniter. Be sure it is completely forward and touching fuel grain. 
 Secure igniter in position. 
 Assure that launcher is not hot. Disconnect battery from relay box. Assure that 

key IS NOT in remote control device and that arming switch is off. 
 Attach leads to ignition device. 
 Be sure all connectors are clean. 
 Be sure they don't touch each other or that circuit is not grounded by contact with 

metal parts. 
 Check tower's position and be sure it is locked into place and ready for launch. 
 Assure that key IS NOT remote device and that arming switch is off. 
 Connect battery to relay box. 

5.5 TROUBLESHOOTING 

 Troubleshooting 

 Safe all pyrotechnic to pre-launch mode. 
 Turn off Altimeter power. Power MUST REMAIN off for at least 1 MINUTE before 

turning on again. 
 Remove failed igniters. 
 Resume checklist at "Final Launch Preparations/Prepare Igniters." 

5.6 POST-FLIGHT INSPECTION 

 Post-Flight Inspection 

 Safe ejection circuits without cutting power to altimeters.  
 Check for non-discharged pyrotechnics. 
 Safe all ejection circuits. 
 Remove any non-discharged pyrotechnics. 
 Record RDAS 1 data. 
 Record RDAS 2 data. 
 Turn off power to altimeters. 
 Fold and repack recovery components and re-assemble rocket for return to 

launch area. 
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6 PROJECT PLAN 

6.1 BUDGET PLAN 

The following lays out Eclipse’s projected budget for the USLI project life-cycle. The vehicle and 
payload budget were determined from itemized costs of the components that make up the 
current rocket design. Other costs, including travel, outreach, and testing, are based off of 
Eclipse’s previous participation in USLI. 

Table 5.1 

Budget Plan 

Item System Cost 

Rocket Nosecone $104.99 

 
Payload/Avionics Bay $494.32 

 
Propulsion Bay $556.78 

 
Recovery Hardware $518.60 

 
Motor $189.50 

 
Motor Casing $315.00 

Subtotal $2,179.20 

Payload Slosh Payload $896.12 

 
Structural Analysis Payload - Nosecone $106.52 

 
Structural Analysis Payload - Payload Bay $321.79 

 
Structural Analysis Payload - Propulsion $204.63 

Subtotal $1,529.06 

Team Logistics Delivery/Tax $257.08 

 
Launch Week $6,900.00 

 
Educational Outreach $56.25 

Subtotal $7,213.33 

GRAND TOTAL $10,921.59 

6.2 FUNDING PLAN 

Eclipse has sought out several potential sources of funding for our project. Our main source of 
funding comes from the California Space Grant, which can provide up to $10,000 for project 



 
 University of California, Davis USLI 2015-16 65 
  

   

components as well as travel and testing. Secondary sources of funding will come from 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 will potentially come from the College of Engineering at UC Davis and/or the Mechanical 
and Aerospace Engineering Department at UC Davis. 

6.3 TIMELINE 

Eclipse’s project timeline will closely follow that of the USLI competition timeline to allow for 
prompt completion of tasks. Other dates are also included to display events critical for mission 
success, as well as various task-related milestones as determined by the project’s critical path. 
The project timeline is show below. 

  
Table 22 Project Timeline 

Month Date Task 

September 11 Proposal materials due 

October 23 Web presence Established 

November 6 PDR materials due 

December 20 Altimeter testing 

January 2 Scaled test launch 

4 Return from winter break 

15 CDR materials due 

18 Begin construction of slosh payload 

18 Begin construction of structural analysis payload 

18 Conduct crush tests of body tube 

21 Initiate slosh payload tests 

21 Initiate structural analysis payload tests 

21 Conduct fin bending test 



 
 University of California, Davis USLI 2015-16 66 
  

   

29 Educational Engagement with local schools 

February 1 Initiate construction of body tubes and tail section 

1 Initiate construction of avionics bay 

1 Initiate construction of payload bays 

March 2 Full Scale Test Launch (scrubbed) 

12 Backup Launch Date (scrubbed) 

14 FRR materials Due 

April 2 Full Scale Test Launch 

16 Competition Launch 

 

The above critical dates and milestones, as well as their associated tasks, have been compiled 
into a Gantt chart as shown below. On the left contains the list of milestones and necessary 
tasks, while on the right depicts the relevant dates. The bars, which represents tasks, span the 
start and end date of each task. The rhombi represent the specific dates of the project’s 
milestones. Extra time was allotted for time-consuming tasks and for potential delays in delivery 



 
 University of California, Davis USLI 2015-16 67 
  

   

and manufacturing. 

 
Figure 45 Gantt Chart of project timeline. 

6.4 EDUCATIONAL ENGAGEMENT PLAN      

Engaging students at their schools is an effective way to make the young engineers excited 
about the world of rocketry and aerospace. We hope to foster the love for science at a young 
age by demonstrating various elements of rocketry in fun and exciting ways. Our team planned 
to educate the young students by giving them hands on assignments and activities to complete. 
We believe that engineers learn the most efficiently by actively working to solve a problem or 
complete a task. As such, the outreach events will focus primarily on educational activities 
rather than straight lecture, for instance.  
 
As per the requirements, Eclipse has completed their education engagement requirements for 
this year’s competition. Eclipse engaged with over 200 students at Robla Elementary School in 
the Sacramento area. During these visits, the team demonstrated the various designs of 
previous rockets, led rocket construction projects using ordinary household supplies, and 
discussed the history and mechanics of rocketry. 
 

7 CONCLUSION 

7.1 STRUCTURES 

The airframe and internal structures provide the necessary strength to absorb loads from 
landing impacts. Since fiberglass has a high impact, flexural and tensile strength, it was ideal for 
core structural components including the airframe, centering rings, and fins. Analysis of the 
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components revealed that the structures are sufficient for the expected loading during flight. The 
current structural design as been proven very effective and design changes are not anticipated 
to be necessary for the final launch vehicle and mission requirements. 

7.2 PROPULSION 

The sub-scale launch confirmed that a motor with higher impulse and thrust is required for a 
larger rocket, and OpenRocket confirmed that Aerotech L1520T is suitable for the design and 
meets all mission and launch vehicle requirements. 

7.3 PAYLOAD 

Both payloads were designed for ease of use and integration as well data collection efficiency 
with low power consumption. The experimental data provided by these payloads is deemed 
preferable towards in-flight data and coincide with analytical measurements.  

7.4 EDUCATIONAL ENGAGEMENT 

Eclipse has completed its educational engagement requirements through various events at 
Robla Elementary School. The team has reached over 200 elementary school students ranging 
from the 4th to 6th grade by teaching the basics of rocket stability and having them participate in 
the paper rocket construction activity.  Although not required by the USLI competition the team 
hopes to develop plans for continued educational engagement and interaction with the local 
community. 

7.5 PROJECT PLAN 

Although weather has delayed the viability of a launch before the FRR materials were due, 
Eclipse is confident that the vehicle will be successful in its launch. Eclipse will move forward to 
meet remaining milestones, budget requirements, and competition requirements as best as it 
can upon approval of the FRR. 
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8 MECHANICAL DRAWINGS 

8.1 VEHICLE 

 Propulsion Bay 
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 Payload and Avionics Bay 
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 Nose Cone 
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 Fin Dimensions 
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 Avionics Sled 
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8.2 PAYLOADS 

 Slosh Payload 
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 Structural Analysis - Nosecone 
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 Structural Analysis - Propulsion 
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 Structural Analysis – Propulsion Bay 
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9 APPENDIX 

9.1 DETAILED MASS BREAKDOWN 

 Propulsion Bay 

Component Quantity Weight (oz) 

FGPT-6.0 Airframe (slotted) 1 52 

75mm Retainer Cap 1 1.19376 

75mm Retainer Flange 1 1.12176 

CR-6.0-3.0 Centering Ring 2 8.224 

FGPT-3.0 Motor Mount 1 12.78 

FIN-D-09 4 59.5 

CR-6.0-3.0 Payload Mount 1 4.112 

BP-3.0-G10-0.062 Motor Mount Cap 1 0.464 

BP-6.0x0.5 Rocket Bottom 1 5.584 

U-Bolt (1" ID, 3/8"-16) 1 2.58944 

Mounting Plate 1 1.15376 

Grade 8 Steel Hex Nut (3/8"-16) 2 0.06928 

Aluminum Threaded Rod 15inx3/8"-16 2 5.1712 

Bulkhead Mount (6inx12in G12 Coupler -Slice) 1 4.128 

Steel Flange Nut (3/8"-16) 2 0.1056 

Grade 8 Steel Hex Nut (3/8"-16) 4 1.08672 

Total 26 159.30 

 Payload/Avionics Bay 

Component Quantity Weight (oz) 

Grade 8 Hex Nut (3/8"-16) 12 3.26016 

Steel Flange Nuts (3/8"-16) 4 1.2544 

E-Bay Frame (G12 6.0"Dx12"L Coupler) 1 18.72 

Aluminum Threaded Rod (3/8"-16) 2 12.06624 

Bulkplate, Middle (6.0"x0.5")  1 5.584 

Upper Bulkhead Mount (6.0"Dx2.0"L G12 Coupler - Slice) 1 4.128 
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Payload Bay Airframe 1 40.08333333 

Aluminum Tubing (1/2" OD) 2 1.5168 

Sled Plate (Machined, Birch Plywood) 1 2.31088 

Perfectlite Stratologger 2 0.76 

Duracell 9V 2 3.2 

Ejection Tubes 4 11 

Black Powder 1 0.2963012804 

Shear Pins 1  

Bulkplate, Outer (6.0" x 0.5") 2 11.168 

U-Bolt (1" ID, 3/8"-16 Threads) 2 5.17888 

U-Bolt Mounting Plate 2 2.30752 

Grade 8 Hex Nut (3/8"-16) 4 1.08672 

TOTALS 45 123.9212346 

 

 Nosecone Assembly 

Component Quantity Weight (oz) 

FNC-6.0 1 26.88 

Galvanized Steel U-Bolt (1/4"-20, 2" ID) 1 1.64832 

Grade 8 Steel Hex Nut (1/4"-20) 2 0.25056 

Bulkhead 1 3.7856 

Total 5 32.56448 

 

 Recovery Hardware 

Component Quantity Weight (oz) 

Main Parachute - Iris Ultra 84" Compact (38lbs) 1 13.44 

Drogue Chute - 36" Standard (Fruitychutes) 1 5.00 

Drogue Harness (1" Tubular Nylon) 1 7.008 

Main Harness (1" Tubular Nylon) 1 9.36 

1/4" Stainless Steel Quick Link (1500lb) 6 11.52 

Total 10 46.33 
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 Slosh Payload 

Component Quantity Weight (oz) 

Aluminum Tubing (1/2" OD) 2 1.5168 

Plate 2 3.3536 

Slosh Tube 1 1.77056 

Slosh End-caps 2 0.72064 

Water  2.6 

Camera 4 10.88 

Total 11 20.8416 

 

 Structural Analysis – Nosecone 

Component Quantity Weight (oz) 

Arduino Mega 1 2.4 

Strain Gauge Rosette 1 - 

Amplifier 4 0.5 

Accelerometer 1 0.5 

Radio Receiver 1 0.3 

Relay Switch 1 0.3 

Sled Plate 1 1.085 

Aluminum Tubing (0.5" ID) 2 0.975 

Floureon 3S 11.1V 1000mAh 20C Lipo Battery 2 5.56 

Total 14 11.62 

 

 Structural Analysis – Payload/Avionics Bay 

Component Quantity Weight (oz) 

Arduino Mega 2560 1 1.305 

Strain Gauge Rosette (x5) 2 - 

Flex Sensor 1 - 

Accelerometer 1 0.5 

Amplifier 4 0.5 

Sled Plate 1 2.170 
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Aluminum Tubing (0.5" ID) 2 1.300 

Floureon 3S 11.1V 1000mAh 20C Lipo Battery 2 5.560 

Total 14 11.336 

 Structural Analysis – Propulsion Assembly 

Component Quantity Weight (oz) 

Arduino Mega 2560 2 2.610 

Strain Gauge Rosette 4  

Flex Sensor 1  

Accelerometer 1 0.5 

Amplifier 13 0.5 

Sled Plate 1 2.170 

Aluminum Tubing (0.5" ID) 2 1.300 

Floureon 3S 11.1V 1000mAh 20C Lipo Battery 2 5.560 

Total 26 12.641 

9.2 DETAILED ROCKET COST BREAKDOWN 

 Propulsion Bay 

Component Quantity Cost 

FGPT-6.0 Airframe (slotted) 1 $184.99 

75mm Retainer Cap 1 $50.00 

75mm Retainer Flange 1 - 

CR-6.0-3.0 Centering Ring 2 $14.58 

FGPT-3.0 Motor Mount 1 $94.99 

FIN-D-09 4 $148.68 

CR-6.0-3.0 Payload Mount 1 $7.29 

BP-3.0-G10-0.062 Motor Mount Cap 1 $3.50 

BP-6.0x0.5 Rocket Bottom 1 $6.89 

U-Bolt (1" ID, 3/8"-16) 1 $1.95 

Mounting Plate 1 - 

Grade 8 Steel Hex Nut (3/8"-16) 2 - 
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Aluminum Threaded Rod 15inx3/8"-16 2 $10.72 

Bulkhead Mount (6inx12in G12 Coupler -Slice) 1 $32.92 

Steel Flange Nut (3/8"-16) 2 $0.15 

Grade 8 Steel Hex Nut (3/8"-16) 4 $0.13 

Total 26 $556.78 

 

 Payload/Avionics Bay 

Component Quantity Cost 

Grade 8 Hex Nut (3/8"-16) 12 $0.38 

Steel Flange Nuts (3/8"-16) 4 $0.30 

E-Bay Frame (G12 6.0"Dx12"L Coupler) 1 65.84 

Aluminum Threaded Rod (3/8"-16) 2 $10.72 

Bulkplate, Middle (6.0"x0.5")  1 $6.89 

Upper Bulkhead Mount (6.0"Dx2.0"L G12 Coupler - Slice) 1 $32.92 

Payload Bay Airframe 1 $184.99 

Aluminum Tubing (1/2" OD) 2 $7.57 

Sled Plate (Machined, Birch Plywood) 1 $10.35 

Perfectlite Stratologger 2 $109.90 

Duracell 9V 2 $2.30 

Ejection Tubes 4 $12.50 

Black Powder 1 $28.99 

Shear Pins 1 $3.00 

Bulkplate, Outer (6.0" x 0.5") 2 $13.78 

U-Bolt (1" ID, 3/8"-16 Threads) 2 $3.90 

U-Bolt Mounting Plate 2 - 

Grade 8 Hex Nut (3/8"-16) 4 - 

TOTALS 45 $494.32 

 

 Nosecone Assembly 

Component Quantity Cost 

FNC-6.0 1 $104.99 
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Galvanized Steel U-Bolt (1/4"-20, 2" ID) 1 - 

Grade 8 Steel Hex Nut (1/4"-20) 2 - 

Bulkhead 1 - 

Total 5 $104.99 

 

 Recovery Hardware 

Component Quantity Cost 

Main Parachute - Iris Ultra 84" Compact (38lbs) 1 $342.00 

Drogue Chute - 36" Standard (Fruitychutes) 1 $125.00 

Drogue Harness (1" Tubular Nylon) 1 $10.80 

Main Harness (1" Tubular Nylon) 1 $10.80 

1/4" Stainless Steel Quick Link (1500lb) 6 $30.00 

Total 10 $518.60 

 

 Slosh Payload 

Component Quantity Cost 

Aluminum Tubing (1/2" OD) 2 $7.57 

Plate 2 $6.99 

Slosh Tube 1 $27.50 

Slosh End-caps 2 $10 

Water  $0 

Camera 4 396 

Total 11 $448.06 

 

 Structural Analysis – Nosecone 

Component Quantity Cost 

Arduino Mega 1 $13.29 

Strain Gauge Rosette 1 $22.0 

Amplifier 4 $39.8 

Accelerometer 1 $17.95 
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Radio Receiver 1 $15.49 

Relay Switch 1 $19.99 

Sled Plate 1 $1.50 

Aluminum Tubing (0.5" ID) 2 $0.50 

Floureon 3S 11.1V 1000mAh 20C Lipo Battery 2 $8.90 

Total 14 $117.42 

 

 Structural Analysis – Payload/Avionics Bay 

Component Quantity Cost 

Arduino Mega 2560 1 $13.29 

Strain Gauge Rosette (x5) 2 $220.00 

Flex Sensor 1 $12.95 

Accelerometer 1 $17.95 

Amplifier 4 $39.80 

Sled Plate 1 $1.50 

Aluminum Tubing (0.5" ID) 2 $3.33 

Floureon 3S 11.1V 1000mAh 20C Lipo Battery 2 $17.80 

Total 14 $326.62 

 

 Structural Analysis – Propulsion Assembly 

Component Quantity Cost 

Arduino Mega 2560 2 $26.58 

Strain Gauge Rosette 4 $22.0 

Flex Sensor 1 $12.95 

Accelerometer 1 $17.95 

Amplifier 13 $129.35 

Sled Plate 1 $2.00 

Aluminum Tubing (0.5" ID) 2 $3.33 

Floureon 3S 11.1V 1000mAh 20C Lipo Battery 2 $17.80 

Total 26 $209.96 
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9.3 MATERIAL SAFETY DATA SHEETS 

Material safety data sheets are included in the following pages. These pertain to the possible 

hazardous materials that team members in Eclipse may come across during the manufacturing 

phase. 
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