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1 Summary of CDR Report 

1.1 Team Summary 

The team representing Lipscomb University at the NASA SL competition is the Lipscomb Bison 

Ballistics Team or Team BB for short. The mailing address is included on the cover page. 

Important contacts are listed in Table 1, and mentor information is included in Table 2. 

Table 1 – Important contact information 

Title Name Email Phone Number 

Faculty Advisor Dr. Joseph Tipton joseph.tipton@lipscomb.edu 615.966.6230 

Safety Officer Taylor Wright tcwright@mail.lipscomb.edu 615.337.3067 

Team Leader Jericho Locke jwlocke@mail.lipscomb.edu 559.260.1549 

Table 2 – Mentor Information 

Name Brian Godfrey 

Phone Number 951-952-0793 

Email Brian.Godfrey@jacobs.com 

NAR Certification Level 3 |   12881 

TRA Certification Level 2 |  91524 

 

1.2 Launch Vehicle Summary 

 Airframe diameter of 4 in. and a total length of 80.14 in. 

 Predicted weight of 20.17 lb. for full rocket rocket or 15.87 lb. with the motor expended.  

 The motor will be a Cesaroni K660 motor with a 54 mm diameter and 572 mm length. 

 The rocket will use a 1515, 96 in. long launch rail  

 The recovery system is a dual deployment, fully redundant system 
o 78 in. and 18 in. diameter nylon parachutes for the main and drogue parachutes 
o 20 ft. length of Kevlar shock cord 
o A Telemetrum and StratollogerCF altimeter  

1.3 Payload Summary 

 The team’s expiremental payload is image recognition. The goal of the payload is to 

acquire images of ground targets during launch and differentiate between them using image 

processing.  
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2 Changes since PDR 

2.1 Changes made to Vehicle Criteria 

The team has made the following edits to the rocket body:  

 The rocket length changed from 80.12” to 80.41”, which came about through the 

addition of a boat tail causing minor edits to take place on the fin placement.  

 The predicted loaded rocket mass has decreased from 20.4 lb to 20.17 lb, but this will 

most likely be closer to 22 Lbs since there were differences between the subscale 

estimate and true weight after construction.  

 A boat tail has been added to the rocket to decrease the overall drag on the system by 

reducing the back drag and dropping the overall drag coefficient by 3%.  

 A number of components were deemed unnecessary and eliminated from the final 

design due to discoveries made in the subscale construction process.  

 A Cesaroni K660 motor has been selected which is a reloadable 54mm motor that 

produces an average thrust of 660 Newtons and a total impulse of 2437 Ns. 

 The thrust to weight ratio is now 12:1, which far exceeds the 5:1 limit. 

The changes to the recovery system include: 

 Addded two more black powder charges for full recovery system redundancy.  

 Added parachute heavy duty fabric parachute protectors 

 Charge change, schock cord length?? 

2.2 Changes made to Payload Criteria 

 The mounting system has been significantly altered. The internal mounting includes a 
removable bulkhead and a removable sled for easy assembly and access. 

 The externally mount for the camera has been reoriented to reduce the space it takes 
up. The lens and photo cell of the camera was peeled from the PCB module and angled 
90 degrees. A 3D printed bracket was designed to hold the camera lens in the new 
orientation. 

2.3 Changes made to Project Plan 

 The project plan is in many ways the same what was presented with the PDR. While the 

requirements compliance has been adjusted and the testing portions have been added, no 

major diversions have been made. Minor timeline adjustments have been made to the task 

breakdown due to the issues with the subscale launch. 

 The budget has been adjusted to allow for the construction of a second subscale model 

and to fix an oversight on providing for food for the team members during the launch week. In 
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order to compensate for the increased expenditures, the dedicated insurance fund has been 

adjusted for more flexible coverage. In some cases, this includes purchasing extra materials to 

ensure redundancy as well as retaining funds for other critical systems.
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3 Vehicle Criteria 

3.1 Launch Vehicle 

3.1.1 Unique Mission Statement 

 The mission of the Bison Ballistics team and its subsequent flights is to successfully 

build, test, and launch a rocket with multiple subsystems that will perform according to their 

specific tasks. These systems include the launch vehicle, recovery systems, and experimental 

payload. The mission of the launch vehicle is to safely carry the experimental payload to a goal 

altitude of 5,280±100 ft. in a stable, near vertical flight. During this flight the electronic payload 

is tasked with locating and identifying three ground targets. After reaching apogee, the vehicle 

will utilize the recovery system, which will complete its specific mission by to returning the 

vehicle and all subsystems safely to the ground, undamaged and reusable. 

3.1.2 Mission Success Criteria  

For the mission to be a success, it must be conducted in accordance with all of competition 

requirements as listed in the 2018 NASA Student Launch Handbook. Outside of those 

requirements, Bison Ballistics also maintains an internal list of additional requirements and 

success criteria that are briefly described below in Table 3.  

Table 3 – Team Requirements for the Launch Vehicle 

Requirement 

Number 

Description 

2.1 The rocket reaches a height between 5180 and 5380 ft. 

2.2 
The airframe should provide sufficient space for all subsystems 

and components to fit within the rocket. 

2.3 
The launch vehicle should provide an effective and workable 

platform for the payload.  

2.4 
The payload should be easily accessible from the aft section of 

the rocket. 

2.5 
The vehicle will be stable in all stages before, during, and after 

launch. This includes having a stability margin of above 2.5. 

2.6 
The final, assembled vehicle should weight should be within 

90% to 110% of the predicted weight. 
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3.1.3 Final Component Selection 

3.1.3.1 Airframe Material  

 Since the PDR, a reconsideration of certain design choices has been made due to 

discoveries made in the construction process of the BB-1 subscale test. The subscale 

construction and testing process challenged previously held beliefs concerning the blue tube for 

the airframe and the motor selection.   

 The blue tube was discovered to expand and contract violently with temperature 

changes. At room temperature all off the blue tube components fit together with appropriate 

tolerancing. On the selected days for launch though, the outdoor temperatures were in the low 

thirties (31 deg. Fahrenheit). Under these conditions the airframe did not fit together properly 

due to the shrinkage that occurred in some parts of the airframe and not others. This 

inconsistent expanding and contracting led to a lower manufacturability rating and the changes 

to the decision matrix relayed below. 
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Table 4 – Updated Material Selection Matrix for Airframe 

Option 

Material 

C
o

st
 

M
an

u
fa

ct
u

ra
b

ili
ty

  

W
ei

gh
t 

Decision Explanation 

Fiberglass  

(Selected) 
3 3 2 

A fiberglass tube is a reasonably priced option, requires 

prep (manufacture) post purchase and the heaviest of 

the three options with a density of 115 lb./ft^3. It does 

maintain its shape more effectively than blue tube under 

temperature changes though, and due to recent funds 

and the discovery of a new fiberglass tube vendor, the 

cost is no longer as considerable an issue.  

Blue Tube  3 2 3 
The blue tube fin set would be cost effective, the easiest 

to prep/manufacture, and has a density of 81.2 lb./ft^3. 

Carbon Fiber 1 2 2 

Carbon fiber has the best strength to weight ratio with a 

density of 111lb/ft^3. But it is more difficult to prep and 

very expensive. 

 

 With the updated decision matrix, the fiberglass tubing became the team’s new top 

choice for the airframe materials. This was due to reports that it deformed less than blue tube 

under temperature changes, and from it light weight and considerable strength. It is less safe to 

work with though, so new safety precautions will be and have been taken (face masks, added 

procedures, etc.) during the BB-2 Aero subscale testing.  

 Another reason for the material change is the experience with blue tube and fiberglass 

during launch failures. On the two failed launches of the blue-tube rocket the blue-tube 

suffered extreme damage. On the second launch, the motor exploded and shot into the rocket 

body resulting in a shattering of the lower blue tube airframe. While this may be a beyond 

design basis event, it still placed doubts in the strength of the blue tube. Compare this with the 

second, fiberglass, subscale which suffered a shock cord failure at 1,200 ft. but landed with 

minimal damage to the airframe. 
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 Finally, with the increased budget, the team has more room to purchase higher quality 

materials. This allows the team to place more funds towards the purchasing of the more 

expensive fiberglass. 

3.1.3.2. Fin Shape and Material 

 

 

Figure 1 – CAD Representation of the Fin Profile 

 The fins will be a freeform shape due to their excellent stability with respect to 

countering the spin of the vehicle. This minimization of spin allows each portion of the Launch 

Vehicle to preform according to the mission success criteria by creating a stable platform for 

the camera to capture images on the ground. The fins will be epoxied to the MMFT and 

centering rings after they are fitted in slots cut in the fiberglass airframe.  

 There will be four, perpendicular fins on the full-scale Launch Vehicle. These fins will be 

made from 1/8” fiberglass, laser cut to specification, and then the exposed edges will be 

rounded over by sanding to minimize drag. The notch in the base tab is for fitting around a 

centering which will allow for better resistance to lateral motion along the length of the Launch 

Vehicle. CAD models with verification dimensions can be found in Appendix A. 

3.1.3.3. Nosecone Shape and Material 

 The nose cone has a significant impact on the launch vehicle aerodynamics, and thus its 

ability to meet the mission success criteria. Currently, the team does not expect to place any 

components within the nose cone except a possible ballast. Based on previous analysis 

discussed in the PDR, the Haak profile (5.5.1 Von Karmen) reduced drag most effectively to 

achieve the highest altitude. Within the selected Haak profile, the team has selected a 

fiberglass, metal tipped cone sourced from Madcow Rocketry that has a base diameter of 4” 

and a length of 20”.  
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Figure 2 – Displaring the Nose Cone and Dimensional References 

 The nose cone will slide into the Body Tube airframe and be fastened to it using two 10-

24 alloy steel flat head cap screws post assembly.  Epoxy will be used to attach the bulkhead to 

the internal portion of the Body Tube airframe, and while it will be in contact with the 

nosecone, it will not be fastened to it. This method was found to be effective in successful 

subscale testing. An estimated 2 lb. ballast will be necessary to meet our altitude goal of 5280ft. 

For this purpose, a space claim will remain internal the nose cone for holding a ballast.  

3.1.3.4. Bulkhead and centering ring material 

 The purpose of the bulkheads in the body tube will connect the airframe to the 

parachute to the shock cords to the coupler via u-joints and epoxy. It is also meant to protect 

the electronic payload from the ejection charges and possible motor failures. For these reasons 

bulkheads will be made out of 6061-T6 aluminum and be attached using epoxy to prevent 

airframe deformations. However, should the epoxy fail to properly fasten the bulkheads to the 

rocket body, 10-32 alloy steel flat-head cap screws can also be attached. These screws are not 

being added initially because they may increase stress around the fastener’s holes in the 

airframe after repeated use.  

 In order to test the integrity of the bulkhead during parachute deployment, an FEA 

analysis was done on the bulkhead. The force applied to the bulk head was determined by the 

using the total weight of the bottom section of the rocket, 12.5 lb. and the deacceleration 

values found from the subscale tests of 64 𝑓𝑡/𝑠2. From this a force of 799 lb. was calculated. 

The model was constrained in all directions at 3 screw hole points on the side of the bulkhead. 

The force was applied as a rectangle to mimic force that will be impressed on the bulkhead by 

the U-bolt plate. The size of the mesh was set to 0.05 inches and can be seen in Figure 3. The 

simulation gives a maximum stress of 3E4 psi which is below the yield strength of 4E4 psi this 

can be seen in Figure 4. The maximum displacement of 3E-3 inches can be seen in Figure 5. 



16 
 
 

 

Figure 3 – Mesh of Bulkhead FEA 

 

 

Figure 4 – FEA Stress on Bulkhead 
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Figure 5 – FEA Deflection on Bulkhead 

 Should epoxy be sufficient in the team’s full-scale flight tests, as it has been in the 

subscale, the airframe will remain the same. Originally the team was under the impression that 

plywood would suffice as a bulkhead; however, after two failed subscale test launches that 

resulted, the opinion quickly changed. These failures were immediate catastrophic motor 

failures that resulted due to manufacturing errors, i.e. upon ignition the motors immediately 

exploded. The first of these failures sent the rocket motor through a plywood bulkhead. Had 

this been a full-scale test this would have destroyed our electronics bay and destroyed the 

electronic payload. The yield Strength of 6061-T6 aluminum is nearly 40 ksi, and plywood is 

typically around 1.8 ksi. Consequently, the aluminum bulkhead is the leading material choice 

and will be utilized in the full-scale design. 
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Figure 6 – CAD Representation of the Plywood Centering Rings 

 The centering rings will laser cut from ¼” plywood, each with an inner diameter of 2.28” 

so as to secure to the motor mount tube by use of epoxy. There are two different external 

diameters, the larger of the two will be 3.88” in diameter and will secure the motor mount tube 

with the M.M.F.T. and fins. The smaller outer diameter will be 2.88”, and its purpose is to bind 

the motor mount tube to the base of the boat tail. The Raymond B. Jones College of 

Engineering has a wood laser cutter that could quickly (and cost-effectively) cut and prepare 

plywood centering rings.  The plywood centering rings have proven effective in all subscale 

tests. In the failed tests they were among the few components with minor damage and this 

lead the Bison Ballistics team to choose them for their centering rings.  

3.1.3.5. Motor 

 Another major change that occurred since the PDR was the motor selection. After the 

construction of the BB-1 rocket a series of reanalysis was conducted utilizing the adjusted true 

center of gravity and the true weight of the model. This analysis provided dramatically lower 

altitudes for the same motors that could have possibly caused a failed test. This was because 

the purpose of that test was to compare the theoretical and empirical altitudes along with a 

full-scale recovery system. A dramatically lower altitude would prevent the recovery system 

from functioning and would have resulted in a nonrecoverable vehicle and a failed test. 

Considering this experience, it has been deemed necessary to utilize a larger and more 

powerful engine in the launch vehicle’s propulsive system. The motor that has been selected is 

the Cesaroni K660 motor, which has a 54mm diameter and a length of 572mm. The K660 is a 
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reloadable motor that delivers a projected thrust of 660 Newtons and should lift the vehicle (at 

its projected weight) an estimated 6480ft. With the expected weight difference after 

construction though, this value be much closer the goal altitude.   

3.1.3.6 Motor Retention System 

 The motor retention system is a set of aluminum retaining rings. These rings give a 

professional finish to the rocket and hold the rocket in the rocket more securely than using a 

motor hook or simply tape. The retention system adds cost to the rocket, but it is worth it in 

the security that it adds to the motor retention. 

3.1.3.7. Camera Shrouds 

 

 

Figure 7 – A CAD Representation of the Camera Shroud  

 To support payload operation, a camera will be placed on the exterior of the MMFT 

airframe. This structure has been modeled in RockSim and Solidworks and is displayed in Figure 

7. The shroud will have a 5/8” diameter and have a conic nose cone 4.5” in length. Two shrouds 

will be epoxied and fastened onto the airframe between two of the fins and aft of the center of 

gravity using 4-40x1/4" alloy steel flat head cap screws. These shrouds will be symmetric on 

either side of the rocket to prevent a tilt in the flight of the vehicle, which would cause an 

unnecessary loss of altitude and possible turn the camera away from the ground targets. This 

set up is displayed in Figure 8. 
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Figure 8 – A display of the base of the Launch Vehicle with both shrouds displayed in their after assembly 
positions 

3.1.3.8. Boat Tail 

 The boat tail is a recent addition to the Launch Vehicle. It assists in the achievement of 

the mission success criteria by reducing back drag of the system and increasing the overall 

effectiveness of the motor selection. Through careful analysis utilizing RockSim by comparing 

multiple models, it was discovered by utilizing a von Haak series boat tail that the overall drag 

of the system was reduced by 3%.  

 

 

Figure 9 – Von Haak Series Boat Tail 
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 This boat-tail will be manufactured by using a Madcow Rocketry Von Haak Series nose 

cone. This will be the same kind of nose cone that will be implemented on our full-scale Launch 

Vehicle. To make the boat-tail the end of the nose cone will be cut off 8” from the lip of the 

nose cone, or 11.5” from the end of the nose cone shoulder.  

3.1.4 Launch Vehicle Overview 

 The Lipscomb University Bison Ballistics Team will be presenting a full-scale launch 

vehicle that is 80.4” in total length and with an airframe diameter of 4.0”. The weight of the 

vehicle will be approximately 20.17 Lbs with the motor, and the burnout mass being 17.57 Lbs. 

These weights are likely to increase though after assembly between 0.5 Lbs. and 1.5 Lbs. due to 

the typical variances noticed in testing. The full-scale center of gravity is located 48.9” and the 

center of pressure is 58.17” from the nosecone producing a stability margin of 2.32 cal when 

the motor is loaded.  

 

Figure 10 – CAD Representation of the Full-Scale Design 

 The vehicle is designed to be formed together in two major sections which will be 

discussed in detail with their components in section 4.1.4.1. Figure 11 below details these 

portions as the Body Tube and Motor Mount Fin Tube (abbreviated M.M.F.T.). The Body Tube 

of the rocket will house and support the upper portion of the recovery system, the nose cone, 

and the other internal components. The M.M.F.T. contains the aft portions of the recovery 

system, the electronic payload, the motor mounting points, and the fins of the launch vehicle. A 

G12 Fiberglass coupler tube will be utilized to join the tow portions of the Launch Vehicle and 

house the recovery electronics internally along with the competition altimeter.  
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Figure 11 – An Image of the Full-Scakle Design Exploded and Labelled 

3.1.5.  System Breakdown and integrity of the final design 

 The mission of the launch vehicle is to safely carry the experimental payload to a goal 

altitude of 5,280ft±100ft, in a stable, near vertical flight while allowing each subsystem to meet 

their mission success criteria. Each portion of the launch vehicle was designed with this mission 

statement in mind. The nose cone and fins utilize unique, aerodynamic profiles and materials to 

reduce drag and increase stability. The Body Tube of the Launch Vehicle provides structural 

support to the nose cone and a space for the recovery and payload systems. The motor mount 

fin tube (M.M.F.T.) was designed to meet all needs of the experimental payload.  

The following portions of the report will detail the designs of the major subsystems of the 

Launch Vehicle. First it will detail the Body Tube and the major components within it followed 

by the M.M.F.T. and its major components excluding the major portions of the recovery and 

electronic subsystems. 

 

Figure 12 – Solidworks CAD Assembly of the Body tube 

3.1.5.1. Body Tube 

The purpose of the Body Tube is to provide structure, support, and housing for the recovery 

subsystem and aerodynamic features. The upper portion of the recovery system that will be 

housed in the rocket body consists of the competition altimeter, ejection charges, the upper 

half of the recovery controls, and the main parachute. Behind the main parachute a bulkhead 
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and U-bolt will be used to securely connect the parachute to the Body Tube after the 

parachute’s deployment.  

 3.1.5.2 Coupler 

 

Figure 13 – CAD Assembly of the Coupler Tube 

The purpose of the Coupler is to house the recovery systems electronics and provide a 

contact for the recovery system shock cords and provide a key structural mating point for the 

airframes. This assembly will be manufacture out of alloy steel hardware and aluminum 

external parts. Hardware will be tapped to secure the bulkheads to the outer edge of the 

aluminum coupler post assembly, along with airholes so the barometric altimeters can function. 

These electronics also include a battery and ejections charges, all of which are discussed further 

in the recovery criteria portion of this essay.  
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3.1.5.2 M.M.F.T.   

 

Figure 14 – CAD Assembly of M.M.F.T. 

 The purposes of the motor mount fin tube (MMFT) are to provide structure to the 

Launch Vehicle, contain the aft portion of the recovery and payload systems, and the motor 

mounting points 

The portions of the MMFT, labeled 1 in Figure 14 make up the aft portion of the 

recovery systems. This involves an interface with the recovery controls, the drogue chute, and 

bulkheads to anchor the drogue chute to the MMFT. The bulkheads will be attached using the 

methodology described in section 4.1.5.1.1  

3.1.5.2.1. Electronic Payload 

The electronic payload will be mounted in the M.M.F.T. utilizing an approach similar to 

the recovery subsystems. This involves a wooden sled that the electronics and battery are 

mounted to via epoxy. This sled is then mounted to two aluminum rods approx. 5/16” in 

diameter and threaded on each end so that they can be fixed to two aluminum bulkheads via 

wingnuts. An eyebolt is then attached to one of the bulkheads to allow for easy placement and 

removal of the electronic payload. It will be placed 11.5” into the M.M.F.T. between the 

bulkhead and engine block plate. This allows the electronic payload to place its camera shrouds 
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aft of the center of gravity so that the obtrusions in the Launch Vehicle meet the specifications 

of the USLI requirements. 

 

 

Figure 15 – CAD Model of Electronic Payload Section 

3.1.5.2.5 Motor mount tube and Retaining Rings 

 

 

Figure 16 – CAD Model of Motor Mount Tube with Centering Rings 

 The motor mount tube will be a 54mm fiberglass airframe 25” in length, to remain 

consistent with other portions of the MMFT and provide a ridged tube for the motor and 

retaining rings to attach to. The centering rings are in their current locations to provide support 

for both the motor mounting tube and the fins.  

 The retaining ring will be an Aero Pak 54mm-L retaining ring set, which will be attached 

by first threading the end of the motor mount tube and then epoxying and threading the 

retaining ring base. The cap will be screwed on to keep the motor in the rocket. 
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3.2 Subscale Flight Results 

 The successful flight that yielded adequate launch results was completed on 1/6/2018, 

using the second subscale design for the team. This secondary design was adjusted to provide a 

better prediction of the full-scale rocket after two catastrophic failures of the first build. For 

more information on the primary subscale, please refer to 6.1.1.4 Subscale Flight (Recovery). 

 The purpose of this section is to discuss the results from the successful subscale launch, 

to compare them to the predicted flight model, and then to discuss the results impact on the 

full-scale design. For a more in depth qualitative analysis of the testing methodology and flight 

information, please refer to  6.1.1.5 Subscale Flight (Aerodynamics). 

 On the subscale launch day, the team attempted two launches: the first was successful 

launch but the second launch had a failed chute deployment resulting in a failed landing. 

However, even for the failed flight the onboard data gathering device (a Stratologger CF) 

recorded the flight data. Furthermore, The team paced the distance from the rocket landing to 

the launch point to determine drift. A summary of the basic data is shown below in Table 5. 

Table 5 – Summary of Subscale Launch Data  
(Launch 2 Sufferented the failed chute deployment) 

 
Launch 1 Launch 2 

Max. AGL Altitude (ft.) 1,229 1,248 

Max. Ascent Velocity (ft/s) 299 277 

Drift (ft.) 120 NA 

 

3.2.1 Scaling Factors 

 

Figure 17 – Picture of Assembled BB2 Rocket 

Fiberglass 

Nosecone 

Scaled 

Shrouds 

Plywood 

Fins 
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3.2.1.1 Aerodynamic Scaling 

 

Figure 18 – Modelled Subscale Rocket with Overall Length 

 The rocket was designed to be an aerodynamic replica at a 2:1 scale.  The constructed 

and simulated rockets are shown in Figure 17 and Figure 18 respectiveely. This scaling includes 

most of the aerodynamic features, including half-scale models of the aerodynamic shrouds that 

will be used to cover the payload camera on the full-scale rocket. A comparison of the 

aerodynamic features is shown below in Table 6. 

Table 6 – Comparison of Aerodynamic Dimensions between the Subscale and Full-Scale Rockets 

Feature Full-Scale Rocket Subscale Rocket (BB2) 

Body Tube Diameter 4 in. 2.1 in. (Thin Walled) 

Body Tube Length 80.14 in.  46.36  in. 

Nosecone 4 in. 5:5:1 Von Karmen (Metal Tipped) 2.1 in. 5:5:1 Von Karmen 

Fins Freeform “V2” Fins Half Scale Freeform Fins 

Boat Tail Cut 4 in. 5:5:1 Von Karmen Cut 2.1 in 5:5:1 Von Karmen 

 

 All aerodynamic components for the subscale were constructed out of fiberglass, except 

for the fins due to material issues. Furthermore, all components (except for the fins) were 

purchased from the same vendor that the team expects to use for the full-scale rocket. While 

this information does not affect the scaling factor, it was important to the team to use the 

subscale as a test run for the full-scale. 

 It is worth noting that the diameter of the subscale is not exactly half of the full-scale 

rocket. Using a 2 in. diameter was simply not practical due to the commercial 29 mm. (2.1 in. 
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standard). While this slightly changes the scaling factor to 1.9:1 instead of 2:1 for the diameter, 

due to scaling other factors of the design, the team decided to approximate a 2:1 aerodynamic 

scaling factor. 

3.2.1.2 Weight Scaling 

 The weight of the subscale was much smaller than the expected weight of the full-scale 

model. Natuarally, this rocket did not have much of the electronics, heavy bulkheads, or simply 

the same volume as the full-scale rocket. After assembly the rocket weighed 2.76 lbs. The 

predicted weight was 2.65 lbs. as shown in Table 7. These predicted weights were calculated in 

the RockSim, and the full simulation breakdown is included in Appendix D. 

Table 7 – Predicted Weight Breakdown for BB2 

 Component Predicted Weight (lb.) 

Nose Cone 0.928 

Body Tube 0.793 

Centering rings 0.052 

Free Form Fins 0.425 

Shock Cord 0.036 

MMT 0.065 

Parachute 0.065 

Wadding 0.05 

Pods 0.030 

Transition 0.205 
 Sum 2.652 

  

 The predicted weight of the full-scale rocket is 20.17 lb, which is 17.41 lb. greater than 

the actual 2.76 lb. weight of the subscale rocket. However, this does not directly affect the 

aerodynamic features of the rocket. Furthermore, if the team wishes to use the flight data to 

predict the flight of the full-scale rocket it can use the drag coefficient from the flight which can 

be adapted for the full-scale. Finally, safety concerns from the weight derive not simply from 

the weight but also the thrust to weight ratio which is discussed in the next section. 

3.2.1.3 Motor Scaling 

 The motor chosen for the subscale flight was a 29 mm G90T-10. Specifications for the 

motor are included below in Table 8.  
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Table 8 – Specification for G90-10 (From Apogee Rockets) 

Variable  Value 

Max Thrust 108.5 N 

Total Impulse 136.6 N-s 

Burn Time 1.7 s 

 

 Using the motor specification, the maximum thrust to weight ratio was 9.2:1. While this 

is below the best margin of 10:1, it tests the aerodynamics at a lower thrust to weight ratio. 

Comparitively, the full-scale thrust to weight ratio is about 12:1 which is a safer margin. 

3.2.1.4 Stability Margin Scaling 

 The subscale rocket had a simulated stability margin of 3.97 cal. Comparatively, the full-

scale payload has a stability margin of 2.45 cal. That difference of 1.52 cal is not ideal, and is 

most likely due to the lack of the payload E-Bay, as well as the parachute orientation, and 

placement of a payload in the nose-cone. The team originally hoped to the test the factor of 

overstability which we expected in the full-scale model. While the full-scale is no longer so over 

stable, this test showed the potential effects of an over stable rocket. 

3.2.1.5 Recovery System Scaling 

 The BB2 rocket did not use a dual deployment system similar to the full-scale design; 

instead, it used simple engine ejection. This was due to several reasons: first, the 2.1 in. 

diameter was too small for most redundant dual deployment systems, which would increase 

the risk to an unacceptably high level. Second, the first subscale design (BB1) was designed with 

the express purpose of testing the actual recovery system that would be used in the full-scale. 

While this rocket was never tested in flight, it still gave the team sufficient confidence in the 

system to move on to an aerodynamically focused model. Third, the existence or lack thereof of 

a dual deployment system does not affect the aerodynamics of the rocket and thus was 

superfluous to the test’s goal. While it did have a slight impact on the stability margin, it was 

exterior to the test’s goals. 
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3.2.2 Subscale Simulation 

The launch conditions for the BB2 are as follows: 

 26 Degrees Fahrenheit 

 Negligible wind (not measured) 

 Clear conditions 

 These launch conditions were the inputs to the RockSim model along with the 

simulation which is included in Appendix D. For more information on rocket simulations and 

how this team utilizes them, please refer to the introduction of 3.4 Mission Performance 

introduction.  

3.2.3 Flight Analysis 

 The following shows a comparison of the flight data taken from the Subscale BB2 flight 

compared to the simulated flight performance. For each variable under analysis, the meaning 

from the comparison is extended to the predicted full-scale performance.  

 The following two figures, Figure 19 and Figure 20 show the flight data from the first 

and second launches respectively. Note the effect of the failed parachute deployment on the 

descent flight profile of Figure 20 as well as the shortened time of flight.  

 

 

Figure 19 – Flight Data from BB2 Launch 1 
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Figure 20 – Flight Data from BB2 Launch 2 (Failed chute deployment) 

 This flight data was used to determine the maximum altitudes and velocities of the 

subscale flights. Furthermore, using image processing the team has taken the data from the 

first launch to compare it to the simulated data. It is worth noting beforehand that the 

comparison is strictly qualitative, as the data is not directly from the sources but rather adapted 

from the plots.  

3.2.3.1 Flight Profile 

 Figure 21 shows the simulated flight path of the rocket. The maximum predicted 

altitude from this simulation is 1225 ft. 

 

Figure 21 – RockSim Simulation for Subscale BB2 Flight Profile 
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 Figure 22 shows a qualitative comparison of the flight data from the first launch to the  

simulated flight profile. The two flight profiles match very closely up until the parachute 

deployment. The divergence at the parachute deployment is most likely due to a miscalculation 

of the parachute firing. The parachute fired about 500 ft. or 2 sec. later than the simulation 

predicted. This is trivial as the full-scale will not use motor ejection. 

  

 

Figure 22 – Comparison of altitude from subscale flight data to predicted performance 

 Figure 22 shows compares the altitude of the two launches to the simulated altitude. 

The maximum difference in altitude is 23 ft. and the maximum percent difference is only 1.9%. 

The average percent difference between the two launches is 1.1%. This is a very small percent 

difference, but the team still hopes to lower the percent difference for the calculations. For 

reference, a 1.9% difference for 5,260 ft. is nearly 100 ft. 

Table 9 – Comparison of Maximum AGL (Above Ground Level) Altitude t simulated altitude of 1,250 ft. 
 

Max. AGL Altitude 

(ft)  

%Difference 

Launch 1 1229 0.3% 

Launch 2 1248 1.9% 
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 The team is not sure what differed to create the higher altitude on the second launch. 

Nothing about the launch vehicle was changed, but it was possible that the vehicle simply flew 

straighter or the engine had a greater impulse than expected. While these are both within the 

margin of error, the ease of difference shows the importance of meticulous simulations and to 

get as many test flights as possible. 

3.2.3.2 Velocity Profile 

 The velocity profiles for both the first and second launches are included above in Figure 

19 and Figure 20 respectively. The simulated velocity profile is shown below in Figure 23. The 

maximum simulated velocity was 295 ft/s.  

 

Figure 23 – RockSim Simulated Velocity Profile for BB2 

 Figure 23 shows a qualitative comparison of the rocket velocity from the flight data and 

the simulated curve. Both of these curves are very similar although the actual velocity shows a 

slight lag behind the predicted velocity on the ascent. Also, the RockSim calculations do not 

allow for negative velocity, which accounts for the difference in quadrants when the parachute 

deploys. 
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Figure 24 –  Comparison of velocity from subscale flight data to predicted performance  

 The largest difference in maximum velocities was 18 ft/s or 6.1%. While maximum 

velocity is not the a primary concern of the rocket performance, it an indication of the accuracy 

of the model and can also be used as a point of analysis for discrepancies in the altitude. 

Interestingly, this velocity is backwards as compared to the maximum altitude. Launch 2 had a 

higher altitude than simulated but also had a lower velocity. Furthermore, there is not a large 

distinction in the flight profiles. However, the velocity profile for launch two seems to have high 

frequency interference which led to erratic velocity profiles. That could be the cause of the 

lower than expected maximum velocity. 

Table 10 - Comparison of maximum measured velocity and the maximum simulated velocity of 295 ft/s. 
 

Max. Velocity 

(ft/s) 

%Difference 

Launch 1 299 1.4% 

Launch 2 277 6.1% 
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3.2.3.3 Drift 

 The wind was not quantitatively measured on site, but was very low and predicted to be 

1-2 miles per hour. The simulated drift for each of these wind speeds is shown below in Table 

11. The drift is calculated using the estimation of one foot of drift per every ten feet of 

elevation drop times the wind speed; the parachute was deployed at 980 ft.  

Table 11 – Simulated Drift for Estimated Wind Speeds 

Wind Speed (mph.) Predicted Drift (ft.) 

1 98 

2 196 

  

 The paced distance for the rocket landing was 120 ft. This falls right within the range of 

predicted drift between one and two mph. This confirms the ability of the team to accurately 

predict the drift of the rocket.  

3.2.3.4 Drag 

To determine the drag for the subscale rocket the team had originally planned to get the 

height from the subscale launch and manually change the coefficient of drag in the simulation 

to match the subscale test height. However, the rocket simulation matched the actual test data 

so well that the coefficient of drag back calculation was not needed. The coefficient of drag 

value for the simulation is given as 0.678. Since the subscale is an exact aerodynamic 

representation of the full scale rocket, the full scale rocket drag coefficient will be similar to the 

that of the subscale drag coefficient. 

Table 12 – Comparison of Drag Between Subscale Test Flight and Fill-Scale Predicted  
 

Coefficient of Drag () 

Simulated (Full-Scale) 0.595 

Tested (Subscale) 0.678 

% Difference 13.9% 

 

While this testing predicts a full-scale coefficient of drag of 0.678, the current simulated 

drag coefficient for the rocket is 0.595 in the RockSim simulaation. That is a 14% increase from 

the simulated to tested drag. There are a few potential explanations for this difference: one, 

because the fin thickness was still 1/8 in., the same thickness as the full-scale fins. This would 

add the equivalent drag of placing ¼ in. fins on the full-scale rocket. Another possible 
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explanation is skin drag from separation between the nosecone and body tube. Due to the high 

length of the rocket and tight fit of the nose cone the team did not place any shear pins in the 

nose cone. While the nosecone held in place, it is possible that the nosecone separated slightly 

from the body tube creating additional drag.  

While the additional drag could be accounted for, the increased drag is important to 

take into account for the flight predictions. The increased drag could decrease the altitude for 

the rocket so additional altitude must be compensated for. 

3.2.3.5 Predicted Weight 

 This section compares the weight that was predicted by the RockSim simulation to the 

actual measured weight to help predict potential weight gain for the full-scale rocket. Table 13 

shows the difference between the simulated and actual weight of the subscale rocket. 

Table 13 – Comparison of BB2 Simulated to Actual Weight 
 

Weight (lb.) 

Simulated 2.65 

Actual 2.76 

% Difference 4.1% 

  

 The percent difference between the two weights was 4.1%. For reference, for projected 

20.17 lb. weight of the full-scale rocket, a 4.1% increase would be essentially a 1 lb. increase. 

While the weight of the subscale was not accounted as precisely as the full-scale weight, it does 

not include nearly as much weight complexity such as in the recovery or payload bays. At the 

minimum, a 4% increase should be available within the weight distribution to ensure that the 

engine is powerful enough to reach the predicted height. 

 However, the subscale also improved the team’s method of predicting weight by 

allowing the team to monitor the weight of the epoxy added to the rocket as well as new 

additions that need to be made. The more experience in construction the better the team can 

predict additions to the rocket. 



37 
 
 

3.2.3.6 Predicted Center of Gravity 

 

Figure 25 – Simulated Center of Pressure (CP) and Center of Gravity (CG) of Subscale Rocket 

 Figure 25 shows the simulated CG and CP for the subscale rocket from the RockSim 

software. The CP should be identical to the simulated location, and there was no easy way for 

the team to test its location. However, it is important to note how well the team predicted the 

CG to compare the prediction on the full-scale. 

Table 14 – Comparison of BB2 Simulated to Actual Location of CG (From tip of Nosecone) 
 

Distance (in.) 

Simulated 24.85 

Actual 24.89 

% Difference 0.2% 

   

 The actual CG was only 0.04 in. higher in the rocket than the simulated location, which is 

not only a small difference but also means the simulated represents a more conservative 

estimate. This simulation affirms the teams ability to accurately simulate the location of the 

center of gravity and thus the stability margin. However, the full-scale modelling and center 

locations will pose a much more difficult challenge due to the added payload and recovery 

bays. 

3.2.4 Impact on Full-Scale Design 

 Before discussing the impact of the data from the successful launch, it is first worth 

noting the impact of the several failed launches with the first subscale design, BB1, on the final 

design. The largest impact on the design is the material change; while the PDR design utilized 

Blue Tube for most of the airframe, the ease of fracture during the launch failures caused the 

team the rethink this choice. Eventually, the team decided to use fiberglass due to its higher 
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strength to weight ratio and commercial availability. For more information on this decision 

please refer to 3.1.3.1 Airframe Material. 

 Overall, the flight data confirmed the team’s ability to make accurate flight predictions 

within a reasonable margin of error (1.9% on maximum altitude). However, it also showed that 

some aspects of the simulation needed to be improved to ensure that the rocket showed a 

more consistent height. This includes adjusting the aerodynamic properties to ensure that the 

drag is properly accounted for and measuring the rocket to test for the proper weight. 

 The drag was approximated from the subscale flight is 13.9% greater than the simulated 

drag. While this may be due to specific issues in the subscale rocket, it still shows that a large 

margin of altitude must be left for the drag on the rocket to increase beyond the simulated 

amount. 

 Another important takeaway from the subscale process is the importance of leaving 

room for increases in weight during construction. The subscale increased by 4%, which should 

be the minimum for conservative weight estimation when choosing the full-scale payload.  

 Finally, another important note from the payload is the adverse effects of the severely 

overstable rocket. While the wind was very slight on the tests day, the rocker still visibly canted 

into the wind due to the moment caused by the distance between the center of pressure and 

gravity. While this lessens once the motor is expended, it could cause wild flight on a windy day 

and possible failure. It is not recommended that the stability margin remains so high and efforts 

have been made to lower the stability margin. 
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3.3 Recovery Subsystem 

3.3.1 Recovery Mission Statement 

The objective of the recovery system is to ensure the safe descent and landing as well as 

reacquisition of the rocket. 

3.3.2 Recovery Criteria 

The criteria listed in section 3.2 determine the constraints for the recovery subsection design 

and selection of alternate designs. All systems and subsystems must meet the criteria laid out in 

Table 15. 

Table 15 – Recovery Criteria Overivew 

NASA Criteria 

3.1 The launch vehicle shall stage the deployment of its recovery devices in the following 

order: drogue parachute, main parachute. 

3.2 Teams must perform a successful ground ejection test for both the drogue and main 

parachute. 

3.3 At landing, each independent section’s kinetic energy shall not exceed 75ft-lbf. 

3.4 The recovery system shall contain redundant, commercially available altimeters. 

3.5 An arming switch shall arm each altimeter, which is accessible from the exterior of the 

rocket frame 

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

3.7 Removable shear pins shall be used for both the main parachute compartment and the 

drogue parachute compartment. 

3.8 An electronic tracking device shall transmit the position of the rocket. 

Team Criteria 

T3.1 The rocket fires the drogue parachute within 3 seconds of apogee. 

T3.2 The rocket fires the main parachute at 750 ft±100 ft 

T3.3 Both parachutes fully inflate. 

T3.4 The entire rocket lands together within 2500 ft. of the launch site. 

T3.5 The landing does not damage any of the internal components. 

T3.6 The parachute should be repackable and reusable. 

T3.7 
The locator signal transmitted from the rocket is receivable by laptop and easy to 

follow. 
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3.3.3 Recovery Design Overview 

 The descent of the rocket will be slowed using a dual deployment parachute system. An 

8-sided drogue parachute, 18 in. in diameter, will be housed in the aft section of the body tube 

and deployed using one of two black powder ejection charges. The drogue chute should slow 

the rockets descent rate to 85.41 ft/s. The primary black powder ejection charge will be 

triggered at apogee by a dual deployment altimeter and the secondary ejection charge will be 

ignited after a 2 second time delay post reaching apogee. The deployment time delay is 

achieved by programming into the altimeters through use of their data transfer kits. The 12-

sided main parachute, 72 in. in diameter, will be housed within the bow section of the body 

tube. The main parachute is intended to be deployed at a height of 750 ft. above the ground 

and should slow the vehicle descent to a rate of 21.85 ft/s (for a conservatively estimated 28 lb. 

vehicle). 

 The drogue deployment of a Fruity Chutes CFC-18-S parachute will occur at apogee. This 

18” diameter ripstop nylon parachute should keep the terminal descent velocity to 72.52 ft/s 

until the main deployment. The main deployment of a Fruity Chutes IFC-72-S parachute will 

occur at 750’ above ground level. This 72”-diameter ripstop nylon parachute should slow the 

descent velocity to around 15 fps until landing. Two 20’ lengths of 1/2” kevlar will be used as 

shock cords to tether the three independent sections of the rocket body together. To secure 

the harnesses to the rocket, pre-manufactured loops at the ends of the shock cords are looped 

to each U-bolt before fastening the U-bolts to the bulkheads. Additional knots are tied close to 

each of the four U-bolts; these knots serve as an attachment point for each parachute and their 

deployment bags to ensure consistent release of the parachutes. Attachment hardware will 

consist of 5/16” steel U-bolts secured to the bulkheads with lock washers and steel backing 

plates. 

 The recovery events are controlled by one Altus Metrum Telemetrum and one 

PerfectFlite StratoLoggerCF altimeters. These altimeters use pressure transducers to determine 

the altitude of the launch vehicle. The Telemetrum is the primary altimeter and fulfills the roles 

of parachute deployment, rocket location, and data acquisition. It has the ability to fire both 

ejection charge signals at apogee and at a set altitude of 750’. Using a software transfer kit, all 

flight data can be obtained for up to 80 minutes of stored flights. The Telemetrum also has a 

field locator which uses GPS telemetry for locating the rocket upon landing. The Stratologger CF 

will serve as the secondary altimeter and will deploy its larger ejection charges after a time 
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delay from when the main charges would be deployed. Both altimeters also have dedicated 

terminals for connecting a power switch. Using these terminals, a rotary locking switch will be 

connected and used to toggle power to each altimeter. Igniters will be connected to the drogue 

and main output terminals of each altimeter. Redundancy is found within the recovery system 

through use of two different altimeters with identical sets of components and completely 

separate electrical circuits. In this way, if either circuit were to fail, the other circuit would 

remain unaffected. In addition to the redundant circuits, each igniter will be inserted into its 

own separate ejection charge with a larger than calculated amount of black powder for the 

main charge and a charge up to 1.5 times that size for the backup. Using slightly larger than 

calculated amounts of black powder ensures that the rocket will separate upon deployment, 

and if the first charge isn’t enough, then the second charge should be large enough to 

compensate. In order to avoid over-pressurization of the parachute compartments, the ignition 

signals from the backup circuit will be delayed using the altimeter’s built-in software. The first 

signal for the drogue parachute will fire at apogee and the backup signal will be fired 2 seconds 

later. The first signal for the main parachute will fire when the launch vehicle reaches an 

altitude of 750 feet and the backup signal will fire when it reaches 650 feet. In both scenarios, a 

successful ignition at the first signal would result in the bakup charge exploding harmlessly into 

the atmosphere.  

 The Telemetrum will transmit all data and GPS location of the rocket back to the ground 

station. The altimeter uses the 70 cm ham-band transceiver for the telemetry downlink. 

3.3.3.1 Recovery Electronics Bay 

 The recovery system can be broken down into two main parts: the parachutes/shock 

cords and the electronics bay. The parachutes and shock cords part is made up of the 

parachutes, deployment bags, and the shock cords. The shock cords span from the U-bolt on 

the coupling tube to the parachute and then to the U-bolt on either the bow or aft ends of the 

separated rocket body.  

 The electronics bay is made up of the coupling tube, the ejection charges on its outside, 

and the recovery electronics mounted to the wooden sled within the coupling tube. The 

recovery electronics are made up of the Telemetrum and StratologgerCF altimeters will be 

powered independently by separate 9 volt batteries. The arming switches for the altimeters will 

be rotary locking switches that can be accessed via minimally-sized holes in the airframe. This 

access can be seen in Figure 18 below. 
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Figure 18 – Wiring Schematic for Primary Altimeter 

 

Additional ventilation holes will be present in the airframe to increase exposure to the external 

atmosphere through the airframe which will increase the accuracy of the altimeters' readings. 

Figure 19 below shows the Telemetrum and StratologgerCF altimeters that will be used to 

trigger parachute ejection. 

1/8” Airframe and  

E-Bay holes for 

Activation Switch 

Access 
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Figure 19 - TeleMetrum (Left) and StratologgerCF (Right) Altimeters 

 Two altimeters with separate electronic systems are being used to insert redundancy 

into the system. Redundancy is achieved through having both altimeters each with their 

separate batteries and arming switches. The altimeters both connect to their own main and 

ejection charges in the charge wells through individual igniters. The wiring of the two altimeters 

is not connected preventing an electrical error in one to affect the other. Redundancy is also 

prevalent in that there are 4 separate ejection charges, 2 for each deployment. The backup 

ejection charges have been setup to where they are roughly 1.5 times the size of the primary 

charges, this has been done to ensure separation upon failure of the primary charge to deploy 

the chutes. A basic representation of the parallel electronics processes is shown in Figure 20 

below. This process will increase redundancy, ensuring the safety of the launch vehicle as it 

descends and lands. 
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Figure 20 - Illustration of Recovery Electronics Redundancy 

 The altimeters, arming switches, their batteries, and other components will be mounted 

onto a wooden sled contained within the electronics bay. The sled will be fixed onto two 

threaded aluminum rods which will be secured to the inside of the coupling tube, as illustrated 

in Figure 21. The position of the ejection charge wells on the outside of the coupling tube will 

prevent damage to the recovery electronics inside the coupling tube. The igniters for the 

ejection charges will be wired from the altimeters within the electronics bay through ¼” holes 

in the coupling tube bulkheads and then through ¼” holes in the side of the charge wells to get 

to the black powder. The wiring of the igniter and the hole on the exterior of the charge well 

will then be taped down to retain the blackpowder and pressure within the chamber of the 

well. 
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Figure 21 – Exploded CAD Drawing of Coupling Tube Assembly 

 

Figure 22 – CAD Drawing of Coupling Tube Assembly 

3.3.3.2 Parachute Design 

 The parachutes will be housed on opposite sides of the coupling tube. The main chute 

will be located in the bow side body tube and the drogue chute within the aft. The bow body 

tube is connected to the coupling tube by shear pins. The parachutes will be tethered to the 

body tube and coupling tube by shock cord tethers that will be fixed to U-bolts on the coupling 

and body tubes. To protect the parachutes and recovery harness and prevent tangling upon 

deployment, both fire 12x12” protective blankets and 4” deployment bags are being employed. 

These designs can be seen in Figure 22 below. The leading parachute selections are the 18 in. 
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Compact Elliptical Parachute for the drogue parachute and the 72 in. Iris Ultra Compact 

Parachute by Fruity Chutes for the main parachute. 

 

Figure 22 - Exploded View of Recovery System after Deployment 

3.3.3.3 Rocket Location and Recovery 

 The rocket will be located upon landing using GPS telemetry transmitted from the 

Telemetrum dual deployment altimeter. The telemetry transmitter within the altimeter will 

send flight data ten times per second through ascent and one time per second after reaching 

apogee. The dual deployment altimeter also transmits an auditory tone every five seconds to 

be used for tracking purposes on the ground. In addition to GPS and auditory tones, a radio 

signal is transmitted for use of a radio direction finder on the ground.  

 The broadcast frequency of the telemtrum altimeter is 435 MHz. This altimeter has an 

internal GPS which will be used to transmit the rocket location to the ground. 
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3.4 Mission Performance Predictions 

 The following mission performance predictions were found by using OpenRocket and 

RocketSim software. OpenRocket is a free simulator and RocketSim is a software purchased by 

the team for this project. These simulators take a variety of inputs and use dynamics, 

differential equations, thermodynamics, and fluid mechanics to determine output values. 

Figure 26 shows a simplified representation of how these rocket simulators work.  

 

Figure 26 – Illustration of Inputs and Outputs to Black Box of Rocket Simulators 

Each of the inputs to the rocket simulator can be changed for each simulation. For the 

simulations completed in this section of the report the airframe, rocket engine, and manual 

mass inputs are all functions of the leading vehicle design. A detailed review of these inputs is 

included in Appendix B of this report. 

The launch conditions utilized for rocket simulations are based upon what the team 

expects for the launch day in April. The primary launch conditions inputs are included in Table 

16.  
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Table 16 – Launch Conditions (Weather) Inputs to Simulations 

Input Value 

Average Wind Speed 4.47 mph 

Standard Deviation 0.447 mph 

Turbulence Intensity 10 % 

Wind Direction 90 ° 

Temperature 75℉ 

Pressure 2 mbar 

Latitude 34.6 °𝑁 

Longitude 86°𝐸 

Altitude 0 ft. 

Launch Rod Length 96 in 

3.4.1 Flight Profile and Simulated Data 

 The following data was gathered using OpenRocket software, which is a free model 

rocket simulator. These results are describing the launch vehicle utilizing the Cesaroni 

Technology Inc. K660-0 motor. 
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3.4.2 Altitude Predictions 

 

Figure 27 – Flight Profile Simulation (OpenRocket)  

 

Figure 28 – Flight Profile Simulation (RockSim) 
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Figure 27 and Figure 28 display the projected flight profiles of the Launch vehicle as they 

have been simulated in OpenRocket and RockSim respectively. As part of the normal inputs for 

each simulations, data was provided to so that the initial launch conditions would mimic those 

expected on a typical launch day in Huntsville, AL as shown in Table 16. These inputs included 

elevation, longitude, latitude, expected temperature, etc.  

OpenRocket provided an estimated flight maximum altitude of 6496 ft. while RockSim 

provided a maximum altitude of 6127 ft. These differences can be accounted for by recognizing 

that RockSim has the ability to take the camera shroud on the MMFT into account. This adds 

enough drag to the system that it can explain some of the expected differences in the 

maximum altitude predictions. Due to OpenRocket’s inability to generate the camera shroud, 

the drag coefficient from RockSim was taken and manually entered into OpenRocket so that 

both simulations would have the same drag coefficient. The team utilized the the drag 

coefficient from RockSim, 0.595, and overrode the drag coefficient in OpenRocket while leaving 

all other features constant. The new altitude prediction from OpenRocket is 6055ft, the flight 

simulation can be seen in Figure 29. 

 

Figure 29: Flight Profile Simulation with Matched Coeffcient of drag to RockSim (OpenRocket) 
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 The overall % difference, 1.18 %, is calculated using the equations below.  

% 𝑑𝑖𝑓𝑓 =
𝑅𝑜𝑐𝑘𝑆𝑖𝑚𝐴𝑙𝑡𝑖𝑡𝑢𝑑𝑒 − 𝑂𝑝𝑒𝑛𝑅𝑜𝑐𝑘𝑒𝑡𝐴𝑙𝑡𝑖𝑡𝑢𝑑𝑒

𝑅𝑜𝑐𝑘𝑆𝑖𝑚𝐴𝑙𝑡𝑖𝑡𝑢𝑑𝑒
 𝑥 100 

% 𝑑𝑖𝑓𝑓 =
6127 𝑓𝑡 − 6055 𝑓𝑡

6127 𝑓𝑡
 𝑥 100 = 1.18% 

 The team believes that accoutnging for the drag difference accounts for the modelling 

flaws of OpenRocket to get an accurate simulation. Once this is completed, the two results 

match closely with only a 1.18% difference. 

3.4.3 Weight Breakdown 

The component weight breakdown is summarized in Table 17. This weight analysis was 

generated utilizing the OpenRocket rocketry software using internal, OpenRocket weight 

calculations for common vehicle components such as the body tube and engine, along with 

manual weight inputs for specialty parts such as the camera and other payload components. 

SolidWorks was also used to gather weight information for components. 

Table 17 – Component Weight Breakdown for Leading Rocket Design 

Section Item 
Weight per item 

(lb) 
Quantity 

Weight 
(lb) 

Recovery 

Main Parachute 0.5500 1 0.5500 

Drogue Parachute 0.0725 1 0.0725 

Ejection Charges 0.0110 4 0.0440 

Flight Computer Telemetrum 0.0440 1 0.0440 

Flight Computer Stratologger 0.0245 1 0.0245 

Shock Cord 0.8000 1 0.8000 

U-bolt 0.1790 4 0.7160 

Nuts 0.0100 2 0.0200 

Washers 0.0007 2 0.0014 

Batteries 0.0990 2 0.1980 

Locking Mechanisms 0.0044 2 0.0088 

Steel Rods 0.0600 2 0.1200 

Deployment bags 0.2200 2 0.4400 

Parachute Protectors 0.1000 2 0.2000 

Copper Tube for Charges 0.1000 4 0.4000 

Wooden Sled 0.0320 2 0.0640 

Shear Pins 0.0011 2 0.0022 

Bulkheads 0.2875 2 0.5750 

Coupler Tube 0.7600 1 0.7600 

    Recovery Total: 5.0404 
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Rocket 
Body 

Nose Cone 1.78 1 1.78 

MMFT AirFrame 1.969 1 1.969 

Body Tube Airframe 0.745 1 0.745 

MMT 0.231 1 0.231 

Bulkheads 0.2875 2 0.575 

Bottom Centering ring 0.076 1 0.076 

Centering Ring 0.138 2 0.276 

Fins 2.4 1 2.4 

Engine Block 0.28 1 0.28 

Boat Tail 0.075 1 0.075 

Pod 0.02 2 0.04 

Propellant 2.579408 1 2.579408 

Motor (Empty) 1.719606 1 1.719606 

Motor Casing (6G XL) 0.54 1 0.54 

Epoxy 0.25 1 0.25 

Metal Screws 0.25 1 0.25 

    
Rocket Body 

Total: 13.786014 

          

Payload 

Raspberry Pi 0.09 1 0.09 

Battery + Wire 0.276 1 0.276 

Sensor package 0.006 1 0.006 

Camera+Wire+Mount+Screws 0.012 1 0.012 

Camera Shroud + Screws 0.016 2 0.032 

Steel Threaded Rods 0.085 2 0.17 

Plywood 0.032 2 0.064 

Cardboard Sheaths 0.0002 2 0.0004 

Wing Nuts 0.015 2 0.03 

Nuts 0.008 5 0.04 

Washers 0.003 7 0.021 

Bulkheads 0.284 2 0.568 

EyeBolt 0.059 1 0.059 

    Payload Total: 1.3684 

      Total of Rocket: 20.194814 

 

 The total current total predicted weight of the payload is 20.19 lb. For this weight the 

current predicted altitude is 6127 ft. However, the team expects the weight to change and thus 

the maximum altitude to decrease. The effect of incremental added weight is shown below in 

Table 18. 
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Table 18 – Effect of Increased Weight on the Predicted Altitude 

  
No 

Ballast 1 lb. 2 lb. 3 lb. 4 lb.  

Weight 
(lb.) 21.17 22.17 23.17 24.17 25.17 

Altitude 
(ft.) 6128 5848 5570 5302 5039 

  

 Table 18 shows that the perfect added weight is slightly above 3 lb. While this is more 

than the team expects the weight to increase (about 1 lb, or 4% of the rocket), the extra weight 

serves as a conservative buffer as the engine and major design details are not locked in. 

Futhermore, ballast could easily be added to compensate for any additional weight. 

3.4.4 Projected Motor Thrust Curve  

The following motor thrust curve in Figure 30 is for an Cesaroni Technology Inc. K660-0 

and was generated using OpenRocket software. The OpenRocket program uses motor 

information provided by the vendor, Cesaroni Technology Inc. The simulation projects a 

maximum thrust of 1079 N, the average thrust is 681 N, a burn time 3.57 s, and a total impulse 

of 2437 Ns.  

 

 

Figure 30 – Motor Thrust Curve for Cesaroni K660-0 (OpenRocket) 
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3.4.5 Stability Margin, CG, & CP Information: 

 

Figure 31 – Launch Vehicle Design with Labeled CG and CP 

The centers of gravity (CP) and pressure (CP) are displayed above in Figure 31. These 

locations were calculated utilizing Rocksim simulation. The CG is modelled at 48.4 in. aft of tip 

of the nose cone, and the CP was estimated at 58.2 in. aft of the tip of the nose cone. These 

measurements provided a simulated stability of 2.45 cal through OpenRocket and verified 

through RockSim employing the Borrowman method to determine stability. 

3.4.6 Kinetic Energy before Landing 

 Simulations for rocket flight were conducted in OpenRocket. An average wind velocity of 

4.4 mph was used as a default for the simulations based on the average weather conditions of 

Huntsville, Al in April as shown in Table 16. The theoretical descent velocity while the 18 in. 

drogue chute is deployed is roughly 72.52 feet per second, falling within the ideal minimal 

descent range of 50-90 feet per second. The velocity at landing is simulated as 17.98 feet per 

second, which is slow enough to keep each individual component of the rocket below the 

constrained landing kinetic energy of 75ft-lbf. The kinectic energy of the rocket components 

upon impact can be seen in Table 19. 

Table 19 – Kinetic Energy of Rocket Components upon Impact 

Component Mass (lb.) KE (lbf-ft) 

Bow Section of Airframe 3 15.06 

Recovery Electronics Bay/ 

Coupling Tube 
5.02 25.19 

Aft Section of Airframe 12.48 63.09 
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3.4.7 Drift Calculations 

 The theoretical drift was calculated using varying atmospheric conditions for the 

descent of the rocket at wind speeds of 0, 5, 10, 15, and 20 mph. In the scenario where the 

projected drift is beyond the 2500 feet limit, the deployment altitude of the main parachute 

can be reduced efficiently on launch day utilizing the flexible input settings on both the primary 

and secondary altimeters. These adjustments can be made by opening the coupling tube and 

changing the altitude deployment settings on the altimeters. For the results shown in Table 20, 

it is assumed that the rocket is launched straight up (zero-degree launch angle). The 

calculations were done using a general rule of thumb wielded by rocketry experts, which states 

that for an average wind speed of 10 mph the rocket will drift laterally 1 ft. for each ft. it 

descends and this relationship changes directly with the multiplication factor of the windspeed 

[1]. For example, if a main chute is deployed at 1000 ft. and the wind speed is 10 mph, then it 

will drift a lateral distance of 1000 ft. and if the wind speed is 20 mph, then it will drift a lateral 

distance of 2000 ft. 

Table 20 – Projected  Drift for Leading Rocket Design 

Wind Speed (mph) Drift Displacement (ft.) 

0 0 

5 375 

10 750 

15 1125 

20 1500 
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4 Safety 

4.1 Final Assembly and Launch Procedures 

 The following section lists critical hardware and procedures for a safe and successful 
launch. It is imperative that prior to departing for the launch site, all of the hardware is in 
serviceable condition, accounted for, and transported to the site. If any of the listed hardware is 
not present during launch day, this could result in a launch cancellation due to inability to meet 
mission criteria or potential for unsafe launch conditions. There will be a general team toolbox 
that contains general tools for assembly, and each subsection will be responsible for their own 
toolbox containing tools and supplies unique to their system. 
 

4.1.1 Equipment, Tools, and Hardware 

4.1.1.1 Team Toolbox 

 The team toolbox contains general tools and supplies for launch day operations. The day 
before launch, two members of the team will ensure the toolbox contains all of the items listed 
below. 

 Toolkit 
o Screw drivers 

 Philips (S,M,L) 
 Flat (S,M,L) 

o Needle nose pliers 
o Slip joint pliers 
o X-acto knife 
o Box cutter 
o Metal file 
o Shears 
o Multi-tool 
o Wire strippers 
o Wire cutters 
o Calipers 

 Power Drill 

 Power Drill batteries with full charge (x2) 

 Power Drill bits box 

 Dremel  

 Dremel bits box 

 Electronics box 

 Miscellaneous hardware 
o Nuts 
o Bolts 
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o Screws 
o Washers 

 Tape measure 

 Zip ties 
 

4.1.1.2 Operational and General Supplies 

General supplies are those supplies that enable the team to create a space conducive to 
assembling and/or repairing components in the field. 

 Tent 
 Tarps 
 Table 
 Chairs 
 X-frames (x2) 
 Garbage Bags 
 Duct tape 
 Electrical tape 
 Masking Tape 
 Sealant tape 
 Epoxy kit 

 Mixing surface/basin 
 Popsicle sticks for mixing epoxy 
 Syringe (x3) 

4.1.1.3 Safety Supplies 

Safety supplies are crucial in the event of an emergency or safety incident. The team Safety 
Officer will be responsible for ensuring each of these items are present during launch day. 

 Water (2qt per team member) 
 Respirator 
 Eye protection (1 for each team member and 3 extra for observers) 
 Fire retardant gloves for installing motor ignitor 
 Welding jacket/shirt for installing motor ignitor 
 Appropriate seasonal attire (NOTE: Long pants and closed toe shoes will always be 

worn) 
 Cooler full of ice 
 ½ gallon Ziploc bags 
 3+ Cell phones with full charge and service 
 Vehicle charger for cell phone 
 911 Call Card and Emergency Instructions 
 Location of nearest Emergency Room 
 Blanket 
 Fire extinguisher (A,B,C) 
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 First Aid Kit 
 Burn Dressing 
 Burn Cream 
 Pressure Dressing 
 Gauze 
 Tourniquet 
 Band-Aids 

 Safety vehicle staged for emergency event 
 First Aid Kit easily accessible 
 Rear area clear from obstructions 
 At least ½ tank of fuel 
 Ensure power is off while staged so that battery is not drained 

4.1.1.4 Rocket Body and Propulsion Hardware 

Rocket body hardware includes the airframe, nose cone, and tail section of the rocket. As well as 
any tools unique to enabling rocket assembly in the field. 

 Socket head screw (x2) 
 Steel Flat Washer (x2) 
 Wing Nuts (x2) 
 U-Bolt (x4) 
 Body Tube  
 Nose Cone 
 Bulkhead 
 Motor mount fin tube 
 Camera shroud 
 Engine block 
 Motor Tube 
 Center Rings (x2) 
 Fin (x4) 
 Boat Tail 
 Centering ring, reduced 
 Bulkhead with threads 
 Retaining ring set 
 Motor 
 Motor locking ring 
 Motor Ignition system 

 

4.1.1.5 Recovery Hardware 

Recovery hardware includes any item relating to the rocket recovery as well as tools unique to 
its assembly and/or repair. 

 IFC-72-S Main Parachute 
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 CFC-18-S Drogue Parachute 
 Altus Metrum Telemetrum-Main deployment altimeter 
 Altus Metrum Telemetrum data transfer kit 
 PerfectFlite StratologgerCF-Backup deployment altimeter 
 PerfectFlite StratologgerCF-Backup data transfer kit 
 CDB-4-4 inch deployment bags (x2) 
 Nomex blankets (x2) 
 Flame retardant insulation 
 Nylon shock cord 
 9 Volt Batteries (x4) 
 25-lb Shear Pins (x20) 
 Rotary Arming Switches (x2) 
 Black Powder (40 grams minimum) 
 Ejection Charge igniters (20 minimum) 
 9V Battery caps (x4) 

 
 
 

4.1.1.6 Payload Hardware 

Payload hardware includes any components necessary for successful execution of target 
acquisition in order to accomplish the experiment. This section also includes any tools unique to 
payload assembly and/or repair. 

 Rasberry Pi 3, Model B (x1) 
 Zilu Power Pack 4400 mAh (x1) 
 Berry IMU Sensor (x1) 
 Sainsmart 5 MP Camera (x1) 
 CSI Band Connection (x1) 
 USB to Micro-USB Cord (x1) 
 Payload Sled (x1) 
 Payload Shroud (x1) 
 Sainsmart 5 MP Camera mount (x1) 
 Zilu Power Pack mount (x1) 
 “Size” Screws (x16) 

 

4.1.1.7 Launch Pad Hardware 

Launch pad may be provided at some launch sites, and will be provided during NASA USLI 

launch. However, it is advised that a launch pad be brought regardless in the event a provided 

launch pad is damaged. 

 Launch pad frame 
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 Launch pad guide rails 
 Tools 
 Vaseline for lubrication of launch rails 
 Level to check alignment of launch rails 

4.1.2 Staging and Assembly Procedures 

4.1.2.1 Staging Area Setup 

 Locate dry and level area 
 Lay tarp down over flat area 
 Set table up in center of tarp 
 Place second tarp on table 
 Set up X-frames on table 

4.1.2.2 Launch Pad Setup  

 Ensure area is free from overhead obstruction 
 Ensure brush is clear, or too moist to cause an unsafe fire 
 Place launch stand on even ground 

 
The following assembly procedures can be completed in parallel and require not coordination 
between systems. 

4.1.2.3 Payload Assembly 

 Plug in Micro SD card to Raspberry Pi 
 Screw in Raspberry Pi to sled 
 Plug in Berry IMU sensor to Raspberry Pi GPIO pins (Check w/ Jeffrey for exact pins) 
 Place Zilu Battery Pack in Battery Pack mount 
 Screw in Battery Pack Mount 
 Plug in USB to Micro – USB from Battery Pack to Raspberry Pi 
 Plug CSI band into Raspberry Pi CSI band port 
 Run CSI band into CSI band port on Sainsmart 5 MP camera 
 Screw Sainsmart 5 MP camera into camera mount 
 Screw camera mount onto rocket 
 Screw camera shroud onto rocket 
 Turn on Zilu Battery Pack 

4.1.2.4 Recovery Assembly 

 Turn on altimeters 
 Plug altimeter into the battery 
 Wait for altimeters to beep out current setting and battery charge 



61 
 
 

 Insert mounting sled into the coupling tube by sliding it over the threaded aluminum 
rods. 

 The arming switches are turned off until the system is ready for flight 
 Prepare ejection charges by measuring out the black powder 

 Black powder is measured using 2.0g measuring capsules and used to make 4 
charges 

 For the main parachute, 2.0g and 2.5g charges are used 
 The drogue parachute 2.5g 3.0g charges are used 

 Fill ejection charge wells 
 Seal the top of the well with masking tape 
 The flammable end of the igniters are wired into the ejection charge wells and the 

connecting ends are connected to the proper terminals on the altimeters. 
 The coupling tube is then sealed at the ends by plywood bulkheads with a lock washer 

and wing nuts.  
 After the coupling tube is assembled, the pre-packed parachutes are then connected to 

the shock cords as close as possible to the coupling tube bulkheads and the deployment 
bags are connected to the shock cords as close as possible to the bow and aft body 
sections to ensure separation of the bag and chute. 

 The shock cords are tied to each bulkhead and looped into a daisy chain in order to 
conserve space. 

 The parachutes are wrapped in Nomex fireproof blankets and packed into the rocket 
along with the shock cord. 

 While packing the rocket it is important to make sure the ventilation holes in the 
coupling tube are aligned with those in the airframe. 

 Once the rocket is packed 2 shear pins are installed into the airframe 
 The arming switches are now turned on from outside the airframe when the rocket is 

ready for launch. 

The following assembly procedures require coordination among each subsection. 

4.1.2.5 Rocket Body Assembly 

 System inspection 
 Inspect fins for signs of failure, misalignment, or extreme separation from body 
 Inspect MMT for straight alignment and secure epoxy bonds 
 Inspect boat tail for signs of failure, alignment, and secure epoxy bonds 
 Inspect nose cone for signs of failure and alignment issues 
 Inspect launch rail buttons for alignment and secure fit 

 Mount Camera 
 Place camera on camera mount 
 Attach CSI band to camera 
 Screw camera and camera mount onto rocket 
 Insert end of CSI band through the airframe into the payload section (this must 

be done after 1.3.3 but before 1.3.4) 
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 Attach camera shroud over camera mount 
 Screw in camera shroud over mount 
 Screw in camera mount on the opposite side of the rocket 
 Verify the firm mounting of the shrouds 

 Aft section prep work 
 Insert bottom of payload electronic bay 
 Screw in bottom bulkhead 
 Insert active payload sled 
 Connect all wires including csi band and power cord to Pi 
 make sure battery is off 
 Place top bulkhead to electronics bay 
 Screw in top bulkhead to electronics bay 
 Screw in top bulkhead using wing nuts 

 Top section prep work 
 Inspect nose cone coupling tube 
 Insert cone into top body tube section 
 Attach nose cone by securing the two metal screws 

 Recovery Attachment 
 Insert coupling tube into aft section 
 Insert top section of rocket over the coupling tube 
 Align the launch buttons and barometric air holes 
 Attach shear pins to connect aft and coupling tubes 
 Attach shear pins to connect top and coupling tubes 
 Check for secure connection between between the tubes 
 Ensure that altimeters are deactivated 

 Motor Insertion 
 Unscrew motor retaining ring cap 
 Remove motor from motor case 
 Remove motor from packaging 
 Inspect the motor 

 Verify that the motor model is correct 
 Inspect motor for visible signs of damage 
 Insert motor into correctly sized aluminum casing 
 Screw motor into aluminum casing (ensuring threads do not cross) 
 Completely slide casing and motor into MMT until the motor ring is flush 

against the bottom of the MMT 
 Screw motor retaining ring cap over the motor 

 Activate Payload 
 Locate wire hanger device 
 Insert wire into payload section hole 
 Press the on button for the payload battery 
 Take out the replace the wire (???) 
 Check for LED “on” light located on the battery through the hole 
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 Activate Recovery System: 
 Locate arming key 
 Turn both arming switches to the “on” position 
 Check for activation routine from the altimeters 

4.1.3 Launch Procedures 

4.1.3.1 TL and Safety Officer Responsibilities 

 Ensure all core and noncore team members are accounted for 
 Ensure all team members are wearing eye protection 
 Ensure ALL team members are attentive and observing launch 
 Ensure launch site is clear from humans and wildlife 
 Ensure no aircraft or birds are above or approaching launch site 
 Power up ignition system 
 Announce launch preparation 
 Countdown from 5 (“FIVE, FOUR, THREE, TWO, ONE, LAUNCH”) 
 Press launch button on ignition system 
 Wait for event 

4.1.4 Troubleshooting and Emergency Procedures 

4.1.4.1 Motor explodes 

 Wait 5 min for hang fire from any unburnt powder and/or recovery charges 
 Disconnect and power down ignition system 
 Mentor, TL, Propulsion TL, Recovery TL, and SO approach launch pad wearing 

appropriate PPE 
 Disconnect ignition system from engine if still intact 
 Carefully remove engine from engine tube if possible 
 Ensure no one is fore or aft of the rocket in the event recovery charges deploy 

and rocket body sections ballistically separate. 
 Access recovery system by separating rocket body sections (note: this may 

require a knife if the sections have been thrust together) 
 Disconnect ALL batteries from recovery system 
 Cut open charges and pour out powder into container 

4.1.4.2 Recovery charges do not deploy during ground test 

 Ensure launch control system has power 
 Ensure all wire leads have positive contact 
 Disconnect power supply 
 Replace ignitors 
 Re attempt test 
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4.1.4.3 No event after pressing launch button 

 Wait 5 min for hang fire 
 Disconnect and power down ignition system 
 Mentor, TL, Propulsion TL, Recovery TL, and SO approach launch pad wearing 

appropriate PPE 

4.1.5 Recovery Operations 

4.1.5.1 Recovery Equipment 

 Closed toe shoes 
 Pants 
 Eye protection 
 Flame retardant and puncture resistant gloves 
 One camera per recovery group 
 Multi-tool for disarming unexploded recovery charges. 

4.1.5.2 Recovery Procedures 

 No team members will conduct recovery until all sections have landed. 
 During descent, if any portion of the rocket separates from the main body, have a team 

member visually follow it and walk to recovery it after all sections have landed. 
 Upon TL and SO approval, team will walk towards rocket and any separated section 

wearing appropriate PPE. 
 At least two members per recovery group. 
 Be caution of uneven terrain, along with poisonous vegetation and wildlife. 
 Once at the location of the main rocket or separated section, have one member take 

photographs of the individual section prior to collecting. 
 Recovery TL will listen for altimeter and velocity signals. 
 Two team members will pace off the distance from the rocket (or separated section) to 

the location of the launch pad. (NOTE: This may also be accomplished via handheld GPS 
unit.)  

 Team members will begin to carefully collect individual rocket section, being careful not 
to touch hot surfaces or surfaces containing sharp edges, such as broken fiberglass. 

 If any section has landed in power lines, on private property, or in a tree requiring the 
use of a ladder, DO NOT ATTEMPT TO RECOVER WITHOUT APPROVAL FROM RSO! 

 All team members will meet back at staging area after recovery. 
 TL and/or SO will conduct a head count to ensure all members returned to the staging 

area. 
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4.1.6 Post-Flight Operations 

4.1.6.1 Prep for next flight 

 Inspect and reset payload (See 4.1.1 above) 
 Inspect Rocket (See 4.1.2.5) 
 Reload motor (See 4.1.3 and 4.1.5 above) 
 Reload recovery system (See 4.1.2 above) 

4.1.6.2 Prep for departure 

 Collect all tools and hardware and place in appropriate containers 
 Consolidate all rocket sections and store rocket in such a way as to prevent the 

rocket from becoming damaged during transport. 
 Have all members canvas the assembly area and launch site for any tools, 

hardware, or trash left behind. 

4.3 Safety and Environment 

Table 21 represents rubrics by which the team assesses risks to the safety or successful 

completion of the project.  After assessing both the likelihood and consequence of occurrence, 

each risk is given a Risk Grad (RG) that consists of an alphanumerical two-digit symbol. 

Mitigation strategies will then be employed to reduce each activity’s RG to its Post Mitigation 

Risk Grade (PMRG). If a specific activity’s PMRG is not at an acceptable level, then under 

guidance of faculty and team sponsor the team will determine if the benefits associated with 

this activity outweigh the risks. 

Table 21 –Risk Grade Rubric 

1 2 3

Low L1 L2 L3

Moderate M1 M2 M3

High H1 H2 H3

U

Consequence

UNKOWN RISK GRADE: 

Likelihood



66 
 

4.3.1 Personnel Hazard Analysis 

Table 22 identifies risks to personnel associated with build, launch, and test sites.  Sources of risk include chemicals, 

materials, machinery, and human error.  As mentioned previously, the sport of rocketry poses inherent risks and the team will 

continually strive throughout the duration of this project to insure personnel safety is maintained.  Human life is a priority when 

accounting for and mitigating risk. Though confirmed by testing and safety guidelines, human analysis will drive the decision making 

process during any cost/benefit safety analysis. 

Table 22 – Personnel Risk and Mitigation (RG – Risk Grade, PMRG – Post Mitigation Risk Grade) 

Personnel Risk 

Risk Result Source RG Mitigation PMRG 

Slips, Trips, & Falls Impact Injury 
Loose cords, cluttered 

workspace, oil spills, ice. 
H2 

Stow loose cords, keep work areas 
tidy, avoid slick walkways 

L1 

Motor Vehicle 
Accident 

Bodily harm; death 
Unsafe driving; driving while 

fatigued 
H3 

Obey traffic rules, utilize an A-driver, 
don’t drive while tired 

L2 

Hot weather injury 
Dehydration, sun 

burn 
Inadequate hydration, 
excessive sun exposure 

M2 
Water, sports drinks, sun screen, 

appropriate attire 
L1 

Cold weather injury 
Hypothermia, 

frostbite 
Inappropriate seasonal attire, 

frozen surfaces 
M2 Wear appropriate attire, use gloves L1 
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Electrocution/Shock 

Destruction of 
electronics, 

explosion, burns, 
incapacitation, 

death 

Build Up of Static on 
equipment 

L1 
Inspect all wires, cables, and tools 

prior to use. 
L1 

Power tool shortage L3 
Avoid exposing power tool to 
moisture; frayed power cords. 

L2 

Exposed wall/table electrical 
outlet 

L3 
Spilling liquid into outlet; inserting 

unsafe objects into outlet 
L1 

Cuts 

Injury potentially 
requiring first aid 

and medical 
attention 

Improper handling of sharp 
tools 

H3 
Handle blades IAW RBJCE safety 

guidelines 
L2 

Unfinished fiberglass and 
metallic edges 

M2 
Wearing gloves; finishing 

surfaces/edges 
L1 

Shop cutting machines M3 
Wearing gloves; keeping hands clear 

from cutting blades. 
L3 
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Ergonomic risks 

Muscular/Skeletal 
injury 

Improper workstation setup 
and tool usage 

M2 
Proper posture, avoid twisting and 

lifting, excessive leaning; lift with legs 
L2 

Nerve Damage 
Excessive exposure to 
vibrating equipment 

M2 Take breaks to avoid over exposure L1 

High Noises Damage to hearing 

Loud machinery H3 

Wear Ear Protection 

L1 

Explosion H3 M2 

Rocket motor noise M3 L1 

Getting caught in a 
machine 

Strangulation, 
hair/limb removal 

Rotating Equipment H3 
Secure loose clothing/hair, remove 

jewelry/rings 
L3 

Explosions 
Bodily harm, 

hearing loss, death 

Black powder, flammable 
gases, propellants 

H3 
Handle IAW NAR/TR guidelines, 

follow mentor instructions 
L3 

Pressure vessel explosion M3 
Do not overfill pressure vessels; do 

not place near heat source 
L3 
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Negligent discharge of 
recovery charges 

H3 

Wear eye and ear protection; Avoid 
open flames and sparks; Ensure 

power is not connected to altimeter 
when attaching charge leads; Ensure 

launch system is turned off when 
attaching during ground test. 

L3 

Delayed discharge of recovery 
charges during recovery after 

rocket lands 
M3 

Wear ear and eye protection when 
approaching rocket; approach rocket 

from sides 
M2 

Eye injury Vision Impairment 

Airborne chemicals or 
particulates; Unfiltered 

exposure to welding arcs;  
H3 

Wear ballistic eye protection; use 
welding hood 

L2 

Projectile from sharp 
machinery; projectile from 

explosion 
H3 L2 
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Fire 
Skin injury, vision 

loss, smoke 
inhalation 

Flammable materials in shop M3 
Avoid open flames and sparks near 

flammable materials/ chemicals 
L2 

Brush burn due to engine 
exhaust or recovery charge 

explosion 
M3 

Ensure launch pad area is clear from 
dry brush and have fire extinguisher 
on hand during launch or accessible 

in shop 

L2 

Negligent motor ignition 
during ignitor insertion 

H3 

Ensure power is turned off and 
launch control leads do not spark 

when touched; wear eyepro, earpro, 
and flame retardant gloves and long 

sleeves. 

L2 
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Inhaling harmful 
contaminants 

Respiratory injury, 
asphyxiation 

Inhalation of chemical fumes 
or airborne particulates 

M3 
Wear appropriate PPE, avoid using 

volatile chemicals in poorly 
ventilated spaces 

L2 

Falling 
debris/objects 

Concussion, impact 
injury 

Rocket Section falling towards 
people 

M3 
Ensure everyone present watches 

rocket from ignition to landing; avoid 
launch during high wind conditions 

L2 

Improper storage/tethering M2 
Anchor shelves if needed, avoid 

placing objects on ledge 
L1 

 

4.3.2 Failure Modes and Effects Analysis (FMEA) 

Table 23 indicates risks which threaten the successful performance of the launch vehicle system. Sources of risk include 

factory defects, negligent storage/handling, weather conditions, and poor system design. 
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Table 23 – Propulsion Failure Modes and Risk Analysis  
(RG – Risk Grade, PMRG – Post Mitigation Risk Grade) 

Propulsion Failure Modes and Risk Analysis 

Risk Result Source RG Mitigation PMRG 

Propellant does not 
ignite 

Rocket fails to 
launch; engine 

must be replaced. 

Factory defect; damage 
during transport/handling 

L3 
Replace damaged components to 

protocol 
L3 

Motor ignitor fails 
to ignite propellant 

Rocket fails to 
launch; must be 

replaced 

Factory defect; damage 
during transport/handling 

M3 Replace damaged components to 
protocol 

L3 

Damaged ignitor M3 L3 

Premature burnout 

Failure to reach 
predicted apogee; 

recovery chute may 
not deploy 

Factory defect; damage 
during transport/handling; 
Improper motor packing; 

Moisture present in motor. 

M3 
Care during handling/transportation; 

store in dry environment 
M3 

Improper motor 
assembly 

Motor fails; 
unstable flight; 

target altitude not 
achieved; damage 
to/loss of rocket 

Factory defect; damage 
during transportation and/or 

handling 
M3 

Extensive care taken in assembly and 
design process 

M3 
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Motor mount 
failure 

Motor penetrates 
mount and flies 
through rocket; 

damage to/loss of 
rocket and/or 

payload 

Poor design/analysis; damage 
from previous flight 

M3 
Testing followed by appropriate 

design changes; pre and post flight 
inspections 

L3 

Damage during 
handling/transport 

Unusable/unsafe 
motor; safety risk 
to personnel and 

hardware 

Improper packaging during 
transportation; lack of care 

during handling 
L3 

Training on proper handling of 
propulsive systems 

L3 

Centering ring 
misalignment 

Thrust vector not 
aligned with vehicle 
axis; damage to or 

loss of vehicle 

Motor dislodges center ring; 
inadequate seal to body and 

motor tube 
L2 

Testing followed by appropriate 
design changes 

L1 

Propellant explodes 

Destruction of 
multiple systems; 

threat to personnel 
safety 

Factory defect; damage 
during transport/handling; 

L3 N/A L3 

Propellant burns 
through motor 

casing 

Loss of thrust and 
stability; 

catastrophic rocket 
failure; explosion 

Factory defect; damage 
during transport/handling 

L3 N/A L3 

Motor tube 
becomes dislodged 

from rocket 

Catastrophic 
failure; threat to 
personnel safety 

Improper design/fit; damage 
on previous launch or during 

transportation 
H3 

Testing, research, and detailed 
design followed by application of 

necessary design changes 
L3 
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Misaligned motor 
Unpredictable 

and/or unstable 
flight path. 

Misaligned center rings. H3 
Testing followed by application of 
necessary design changes; Pre and 

post flight inspections 
L3 

 
Table 24 specifies risks to the rocket’s recovery system.  A failed recovery system carries the potential to result in a complete 

loss of the rocket as well as any on board data collected during flight. Some sources of failure include: human error, factory defective 
deployment charges, inclement weather conditions, and failure of other systems leading to a subsequent failure of the recovery 
system.  

Table 24 – Recovery System Failure Modes and Risk Analysis  
(RG – Risk Grade, PMRG – Post Mitigation Risk Grade) 

Recovery System Failure Modes and Risk Analysis 

Risk Result Source RG Mitigation PMRG 

Chute deployment 
failure 

Rocket crashes; 
threat to personnel 

safety; Damaged 
equipment; 

Lack of ejection charge 
strength to defeat shearing 

pins and/or friction between 
sections; faulty electrical 

connection or programming 

M3 
Ground test; Care when measuring 

appropriate black powder. 
L3 

Bulkheads cannot 
sustain force of 

chute deployment; 
chute line zippers 

along body 

Rocket crashes; 
threat to personnel 

safety; Damaged 
equipment; 

Incorrect FEA and/or testing L3 Testing and resulting design changes L3 
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Battery/Circuitry 
failure 

Rocket crashes; 
threat to personnel 

safety 

Factory defect; poor electrical 
design 

H3 
Testing and resulting design changes; 

buy new batteries 
L3 

Parachute 
section/lines come 

apart 

Rocket crashes; 
threat to personnel 

safety; Damaged 
equipment; 

Factory defect; poor 
design/testing. 

L3 Testing and resulting design changes L3 

Shroud lines 
become detached 

Rocket crashes; 
threat to personnel 

safety 

Factory defect; missed during 
inspection 

L3 
Testing and resulting design changes; 

pre and post flight inspection 
L3 

Parachute 
breakaway 

Rocket crashes; 
threat to personnel 

safety 
Factory defect L3 Testing and resulting design changes L3 
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Drogue chute 
deployment failure 

Main chute still 
deploys; potential 
for main chute to 

fail; rocket crashes; 
threat to personnel 

safety 

Lack of ejection charge 
strength; faulty electrical 

connection or programming 
M3 Testing and resulting design changes L3 

Main chute 
deployment failure 

Rocket crashes; 
threat to personnel 

safety 

Lack of ejection charge 
strength; faulty electrical 

connection or programming 
M3 Testing and resulting design changes L3 

Separation failure 
Rocket crashes; 

threat to personnel 
safety 

Lack of ejection charge 
strength; faulty electrical 

connection or programming 
M3 Testing and resulting design changes L3 

Altimeter failure 

Backup altimeter 
deploys chute; if 

both altimeters fail, 
rocket crashes; 

threat to personnel 
safety 

Factory defect; poor electrical 
design 

L3 Testing and resulting design changes L3 
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Arming switch 
failure 

Backup altimeter 
deploys chute; if 

both arming 
switches fail, rocket 
crashes; threat to 
personnel safety 

Factory defect; poor electrical 
design 

L3 Testing and resulting design changes L3 

Shock cord failure 
Rocket crashes; 

threat to personnel 
safety 

Factory defect L3 Testing and resulting design changes L3 

Lines become 
entangled 

Potential parachute 
failure; descent still 

slowed 
Packing error M2 Testing and resulting design changes L2 

Parachute melts or 
catches fire 

Potential parachute 
failure; descent still 

slowed 

Lack of flame retardant 
materials 

H3 
Use of flame retardant materials; 

testing and resulting design changes 
L3 

Poorly sealed 
electronics bay 

Potential electronic 
damage; potential 
parachute and/or 
transmitter failure 

Poor design and 
implementation 

M2 Testing and resulting design changes L2 

Descent rate 
surpasses 

predictions 

Higher KE on 
landing   

Damage to chutes; poor 
design and analysis 

M2 Testing and resulting design changes L2 

Descent rate below 
predictions 

Increased drift, 
lands safely 

Greater updraft of wind M1 
The rocket will still land safely and 

the main chute is deployed low 
enough to prevent severe drift 

L1 

 



78 
 
 

4.3.3 Environmental Concerns 

Table 25 and Table 26 list impacts the rocket and environment pose on one another.  While the team understands that 

burning solid rocket fuel emits combustion products, the limited quantity of launches and implementation of other environmental 

mitigations as listed in the table will incur a minimal impact on the environment.  Furthermore, the environment’s impact on the 

rocket due to inclement weather substantially effects the flight path and recover predictions.  Prior to and during test launches, the 

team will observe the Aviation Weather Center (AWC) forecasts.  

Table 25 – Environmental Impact on Mission (RG – Risk Grade, PMRG – Post Mitigation Risk Grade) 

Environmental Impact on Mission 

Risk Result Source RG Mitigation PMRG 

Electronics 
overheating 

Payload/Recovery 
malfunction 

Excess heat from  M3 Thermal insulation;  L2 

Excessive weather 
cocking 

Unplanned flight 
path; failed 

recovery 

Excess wind; transient wind 
conditions 

M2 
 Observe weather forecasts; only 

launch at low wind speeds; Minimize 
overstabalizing rocket 

L2 

Bird Strike 

Structural damage; 
destroyed rocket; 
failure to achieve 
planned apogee 

Birds L2 Ensure airspace is clear upon launch L1 



79 
 
 

Wildlife 
interference 

Delayed launch; 
possible damage to 

rocket and/or 
launch pad 

Wildlife entering launch area M2 
Visually ensure area is clear of 

wildlife  
L1 

Uneven Launchpad   Uneven terrain M1 Ensure terrain is level  L1 

Snug/Loose fitting 
components not 
fitting properly 

Sections may not 
separate properly 

High/Low temperatures 
and/or humidity 

M3 
Talcum powder; thermal strain 

analysis; shear pins 
L2 

Ice buildup on 
vehicle body; 

sealing vent holes 

Altimeters may not 
function properly 

Freezing temperatures and 
precipitation 

M3  Observe AWC weather forecasts L2 

Electronics short 
circuiting 

Altimeters and 
payload may not 
function properly 

Excess moisture, dust, dirt, 
etc. 

M3 
Weather proofing; avoid landing in 
water; cleaning components after 

recovery  
L2 

Recovery location 
far from calculated 

results 

Vehicle caught in 
tree or lands in 

water 
Excess wind M2  Observe AWC weather forecasts L2 

Excess rail friction 

Failure to reach 
desired apogee; 

failure to achieve 
stability before 

exiting rails 

High/Low temperatures; 
moisture; dust 

M2 
Clean launch rails and guide pins; 

lubricate rails  
L1 
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Limited visibility for 
cameras 

Failure to positively 
ID terrestrial 

targets 

Heavy Stratocumulus cloud 
coverage on launch/test days 

M3 Check FAA weather forecasts  L2 

 

Table 26 – Mission Impact on Environment (RG – Risk Grade, PMRG – Post Mitigation Risk Grade) 

Mission Impact on Environment 

Risk Result Source RG Mitigation PMRG 

Launch pad fire 
Destruction of 

land/crops 
Dry grass igniting during 

motor burn 
M3 Fire extinguisher; avoid dry brush  L2 

Rocket explosion 
on launch pad or 

during launch 

Debris and fire 
hazard 

Design flaw; manufacturer 
defect 

L2 
 Visual inspection for defects; 

handling with care 
L1 

Vehicle strikes 
people, wildlife, or 

structures 

Property damage, 
injury, and/or 

death 

Design flaw; manufacturer 
defect; environment impact 

on rocket 
M3 

 PPE; simulations; ensure everyone 
observes flight 

L2 

Contaminating of 
natural water 

resources 

Damage to 
environment 

Rocket lands in body of water L1 Observe AWC wind conditions;   L1 
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4.3.4 Project Risks and Mitigation 

 Inherent to any large project such as the USLI rocket competition, are project risks that could severely affect the quality and 

even completion of the project. A proper understanding of these risks is vital to ensuring that the rocket is completed on time, on 

budget, and in a safe manner. 

Table 27 – Project Management Risk and Mitigation  
(RG – Risk Grade, PMRG – Post Mitigation Risk Grade) 

Project Management Risk and Mitigation 

Risk Result Source RG Mitigation PMRG 

 Damaged rocket or 
test equipment 

Rocket components 
destroyed during 

ground/flight 
testing; could result 

in failure to meet 
deadlines. 

 Human error due  to poor 
analysis/design,  poor test 

conditions, and/or poor 
component quality 

H2 
Keep backups of at risk components; 

budget for failure. 
H1 

 Weather launch 
delays 

Project schedule 
delayed and 

potential effect on 
NASA reports. 

Adverse weather M3 
 Check weather ahead of test flights; 

Plan for multiple launch days. 
L1 

 Communication 
failure among team 

members 

 Lack of project 
efficacy; different 

parallel parts of the 
project are not 

compatible 

 Busy schedules, lack of clear 
communication avenues, 

team hostility. 
M3 

Weekly core team meetings; define 
communication methods. 

L3 

Vendor delays 
Delay of project 
schedule; could 

Vendor internal issues and 
delays. 

M2 
Order components with enough lead 

time to compensate for errors. 
L2 
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affect assembly and 
testing 

Vendor product 
discontinuation 

Lack of rocket 
components; could 
potentially affect 

entire design 

Vender lack of supply or 
demand 

L3 
Order components from vendors 

with good reputations for reliability. 
L3 

Failure to acquire 
necessary funding 

Aspect of the 
budget must be 
downgraded or 

scrapped, or team 
must stop project 

Lack of fundraising effort, or 
unexpected fundraising 

issues. 
M3 

Create a strong fundraising plan and 
pursue fundraising early in project. 

L3 

Misplaced/Lost 
component 

Could result in 
failure to meet 

testing or project 
deadline  

Lack of organization and 
tracking of stored 

components. 
H2 

Store items in a central location, and 
order extras of smaller, inexpensive 

components. 
M1 

Machinery 
breakdown 

Failure to reach 
manufacturing or 

assembly deadlines 

Improper care of machinery; 
old machinery. 

L2 
Add project time for setbacks during 

assembly and manufacturing. 
L1 

Team member 
leaves team 

Valuable and 
knowledgeable part 

of the project is 
lost.  

Unexpected life changes, or 
team conflict. 

L3 
Emphasize documenting and sharing 

work in a central location for 
turnover. 

L2 
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5 Payload Criteria 

5.1 Payload Mission Statement 

The payload must observe targets on the ground and differentiate between them. This requires 

a camera to take images, a computer for image processing, a power system to power it mid-

flight, and a mounting system that holds the payload in place during launch. 

5.2 Selected Payload Criteria 

Table 28 – Critical Payload CDR Criteria 

Team Req. 

Number 
Requirement Overview 

4.26 

All internal components of the payload must fit within the 4 inch diameter body 

tube of the rocket and stay secure during launch. Selected components must fit 

in some orientation that allows containment in the tube. 

4.21 The camera clearly views all three targets. 

4.22 The on-board computer locates and processes the three tarps internally. 

USLI 2.10 

The power system must power the computer for up to an hour before launch 

(NASA requirement 2.10) and for the full duration of the launch. We will verify 

that the selected battery is sufficiently powered through a series of duration 

tests. 

4.27 The payload can be turned on and off from outside of the assembled rocket.  

 

 The listed criteria above are critical to this design portion of the CDR. Each must be 

completed effectively to ensure the proper function of the subsection. 

 For requirement 4.26 on the vehicle fitting in the body tube, the selected components 

must fit in some orientation that allows containment in the tube. This requirement will be 

fulfilled by checking physical dimensions and planning component orientation by CAD 

modeling. A successful payload will fit in the simulation and be mounted successfully within the 

payload using hardware that the team has selected. After recovering a successfully launched 

rocket, the payload must have remained in the orientation it was packed. 
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 For requirement 4.21, the payload camera must capture footage of the ground in flight. 

This requires that the camera point downwards. This requirement will be fulfilled by selecting a 

camera small enough to mount on the rocket exterior and can interface with the Raspberry Pi. 

A camera selection will be verified by using it for test footage in development, some stress 

testing such as heat and vibration tests, and demonstrating it on launches.  

 For requirement 4.22, the payload must successfully process images taken during mid-

flight and edit them into an output that verifies the differentiation between targets. Verification 

of this software will be performed in the lab and during a full scale test launch. Successful 

software will take input test images and produce the desired output as well as produce 

successful output using images from a test launch. The software must run on startup in 

“headless mode” or without a monitor. Ideally, a sensor package will be included to cue the 

start of the image capture. 

 For USLI requirement 2.10, the power system must power the computer for up to an 

hour before launch (NASA requirement 2.10) and for the full duration of the launch. We will 

verify that the selected battery is sufficiently powered through a series of duration tests. 

 Finally, for requirement 4.27, the payload can be turned on and off from outside of the 

assembled rocket. The power source can be toggled on and off using a push switch, and the 

Raspberry Pi can run Python scripts on startup. This switch will be accessible from the outside 

of the rocket through a hole drilled in the side. 

5.3 Payload Overall Design 

5.3.1 Part Selection and Reasoning 

 The experimental payload will have a Raspberry Pi computer, a Sainsmart 5MP camera, 

a Zilu Battery Pack as a power supply, and a Berry IMU sensor package. The overall layout will 

look like this in Figure 32. 
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Figure 32 – Basic Schematic of Payload Eletrical Layout 

5.3.1.1 Payload Computer 

The Raspberry Pi is an acceptable size, has modest power consumption, and has an excellent 

amount of processing power. The images will be taken as stills and will be processed using 

software analysis within converted MATLAB libraries in Python. 

5.3.1.2 PayloadCamera 

The Sainsmart 5MP camera is compatible with the Raspberry Pi and has an acceptable 

resolution for an acceptable price. The camera itself can be detached from its circuit board,  

allowing for space efficient mounting. If a change is absolutely necessary, another module with 

a CSI band will easily replace this camera. 

5.3.1.3 Sensor Package 

 The Berry IMU is an acceptable sensor package for its role as a launch indicator. The 

plan to activate this on startup to sense takeoff means that the sensors don’t have to be 
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extremely precise but just enough to sense the G-force of takeoff. Since the requirements for 

precision and accuracy are not stringent for this altimeter and accelerometer, this choice 

provided good ease of use. The package is mounted on the GPIO pins with minimal soldering. 

Power Source 

 This battery source provides enough current for the Raspberry Pi and its peripherals in 

this configuration. The battery, according to preliminary tests, can last for far longer than the 

required two hours after a full charge. The battery pack is small enough to fit conveniently in 

the mounting design, and the USB connections are sufficient to connect it to the Pi in the 

payload bay. 

5.3.2 System Level Design 

5.3.2.1 Computer - Raspberry Pi 3.0 

The Raspberry Pi acts as the computer of the payload and will perform the image processing.  

 

Figure 33 – Picture of Rasberry Pi 3.0  [2] 

It was a high priority to have the computer be small enough fit in the rocket and have 

processing power to perform the image processing. The processing power of 1.2 GHz is enough 

to perform the image processing, and the physical dimensions of 3.37 in × 2.22 in × 0.67 in 

allow it to fit within the 4 in. rocket body. It also has the hardware to interface with the camera, 

battery and sensor package. 
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5.3.2.2 Camera - SainSmart 5MP Camera Module for Raspberry Pi 

 

Figure 34 – 5 Megapixel Camera Module for Raspberry Pi [3] 

 The Sainsmart 5 Camera module has a CSI interface, allowing for use with the selected 

Raspberry Pi 3 Model B. The camera has a field of view of 73 degrees, fully covering the 

necessary field of view for capturing images in flight. Finally, the camera module dimensions 

are 0.945 inches by 0.984 inches, fitting within the allotted space for the payload on the rocket.  

5.3.2.3 - Visibility and Motion Blur 

 The camera fits many criteria for use on the rocket, including size and compatibility with 

the Pi. However, the camera will have visibility issues including: 

 Obstructed field of view by rocket body and fins 

 Lighting overexposure and underexposure 

 Motion blur 

 The body obstruction is minimized by adjustment of the mounting location. The camera 
will be above the fins and angled slightly away from the rocket. Motion blur is also a 
consideration in the current software design. Figure 35  was a comparison of an un-blurred 
image along with a blurred image taken with the payload camera. 
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Figure 35 – Example of Motion Blur with the payload camera 

Changing the exposure time can help reduce blur, but can introduce trouble with 

obtaining enough light. To mitigate the negative motion blur and unpredictable lighting 

exposure, the camera settings will be manually controlled. It is likely that blurry pictures are 

impossible to avoid entirely, in which case a system will be implemented to determine the 

usefulness of an image before performing image processing. 

5.3.2.4 Power Source - Zilu Power Pack 

 

Figure 36 – ZILU Smart Power Basic 4400mAh Portable Charger [4] 

 The ZILU power pack has a capacity of 4400 mAh while producing an output of 5 V and 2 

A. This means that if the device was operating at its maximum output amperage of 2 A, then 

the battery pack would last approximately 2.2 hours. The specifications for the competition 

state that the electrical components must be able to stay powered up for at least one hour 
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before the launch itself, and so this battery pack covers the necessary amount of time. For 

information of the completed battery test please refer to Section {Battery testing}. 

 The battery also has no safety issues having a ‘UL 1624’ certification, the most rigorous 

safety test in the portable battery industry.  

 The power pack is also small in size with dimensions of 3.7 x 1.8 x 0.8 inches and only 

weighs four ounces. This allows the battery pack to fit well within the diameter of the body of 

the rocket and not add excessive additional weight. 

5.3.2.5 Sensor Package - Berry IMU  

The Berry IMU is a sensor package that includes an accelerometer, gyroscope, and a 

magnetometer. The primary purpose of the package is to sense the G-force of takeoff and 

initialize the image processing routine. This means that the accelerometer is the sensor of 

interest. 

 

Figure 37 – Berry IMU Sensor Package [5] 

 Since the rocket may have to wait for up to an hour in launch ready configuration, 

waiting until takeoff to begin the image capture and processing conserves data storage and 

battery power. The thresholds for the accelerometer can be set to ±2g / ±4g / ±6g / ±8g / ±16g, 

meaning that with full scale testing an appropriate threshold can be set. 

5.3.2.6 Payload Interactions with other Payload Parts 

 The payload parts are all centrally connected to the main component, the Raspberry Pi 

3. The Raspberry Pi is powered by the Zilu Power pack through a USB cable connected to a USB 

port on the power pack and a micro-USB port on the Zilu power pack. The Raspberry Pi then 

powers the Sainsmart 5 MP camera module through a 15 pin ribbon cable Camera Serial 

Interface (CSI) connection. The CSI connection allows for the camera to connect to the main 

processor on the Raspberry Pi. The Raspberry Pi also powers the Berry IMU sensor, connected 

through the Raspberry Pi’s General Purpose Input and Output (GPIO) pins. 
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5.3.2.7 Payload Interaction with Rocket (Internal) 

The mounting will be both interior and exterior. On the interior, the Raspberry Pi and the 

battery pack will be mounted to the pictured sled fitting in the payload section of the rocket. 

The sled is shown in Figure 38. 

 

Figure 38 – Raspberry Pi side of the inner sled 

 

Figure 39 – Battery Pack Side of the Interior Sled 

 The payload bay will be nine inches long and fit inside the four inch diameter of the 

rocket,  allocating for the Raspberry Pi to be screwed into the sled and for the battery pack to 

be plugged in and power the Pi. A mount for the battery pack was 3D printed that could be 

screwed into the sled as well with the battery pack placed securely in the mount. The Berry IMU 

sensor remained plugged into the Pi while still fitting inside the diameter of the rocket. The 
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rocket also will have holes drilled into the side of the payload Bay Area so that the Berry IMU 

sensor would be able to detect takeoff from the difference in air pressure.  

5.3.2.8 Payload Interaction with Rocket (Internal) 

 Finally, the CSI band connecting the Raspberry Pi to the Sainsmart camera will be on the 

inside of the rocket, plugging into the Raspberry Pi, and on the exterior of the rocket, 

connecting to the camera. The CSI band will travel through a small hole in the body of the 

rocket that will be 2.1” wide having a height of 0.7”. The exterior portion of the payload will 

consist of the CSI band coming through the hole that will be plugged into the Sainsmart camera 

module.  

 The camera itself was initially glued onto the module and connected by a separate 

ribbon connection from the CSI band. The camera was removed from the module, so that it 

could be made perpendicular to the module itself. The Sainsmart camera is attached to the 

rocket using a 3D bracket. The 3D printed bracket props the camera lens up off of the PCB 

(printed circuit board) to create a smaller footprint on the outside of the rocket. This smaller 

footprint helps to reduce the drag that is produced by the aerodynamic shrouds that cover the 

camera assembly. The bracket and camera can be seen in Figure 40. 

 

Figure 40 – Camera Mount for the Module 

 The bracket is attached to the outer surface of the rocket by four 2.5M screws which 

will be screwed into the airframe. The camera and mount assembly is covered by an 

aerodynamic shroud that attaches over the camera mount. The aerodynamic stroud can be 

seen in Figure 41. 
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Figure 41 – Aerodynamic shroud covering camera mount 

 Figure 42 shows the shroud and camera mount attached to the rocket in the position 

where it will lie for taking pictures. 

 

Figure 42 – Camera mounting system in proper place on the rocket 

 The stroud attaches to the rocket using four #4 screws. The camera mounted on the 

rocket with the protective shroud attached can be seen in Figure 43. 
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Figure 43 – Shroud Covery Camera Module Mount 

The CSI band will be threaded to the camera outside as shown by the white line in Figure 44. 

 

Figure 44 – Path of CSI band from the inside to the outside of the rocket body. 

5.4 Demonstrate that design is complete 

 In order for the design to be complete, the payload must satisfy five critical criteria set 

out at the start of this section. These criteria and their verification is shown in Table 29. 
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Table 29 – Design Considerations and Completion 

Team Req. 

Number 
Requirement Overview Measures Taken 

 

4.26 

All internal components of the payload 

must fit within the 4 inch diameter body 

tube of the rocket and stay secure 

during launch. Selected components 

must fit in some orientation that allows 

containment in the tube. 

The sled mounting design will allow 

for the payload to be secured while 

allowing it to be accessed after 

unscrewing a few wingnuts. The sled 

can slide out of the airframe, allowing 

easy access for adjustments. 

 

4.21 
The camera clearly views all three 

targets. 

The camera mount will allow the 

camera to be angled downward while 

minimizing its horizontal projection 

from the body. This will allow the 

camera to have a sufficient field of 

view to capture all three targets. 

 

4.22 
The on-board computer locates and 

processes the three tarps internally. 

The software will be used to locate the 

three targets from images taken and 

will be used to minimize the blurring 

effect that the rocket motion will 

have. The software will then identify 

the targets by hue. 

 

USLI 2.10 

The power system must power the 

computer for up to an hour before 

launch (NASA requirement 2.10) and for 

the full duration of the launch. We will 

verify that the selected battery is 

sufficiently powered through a series of 

duration tests. 

The payload has enough electrical 

energy and data storage for the 

purposes of the launch. Battery tests 

show that the battery can supply 

power for a duration over 6 hours 

while the Pi is performing operations. 

 

4.27 
The payload can be turned on and off 

from outside of the assembled rocket.  

The Zilu battery power pack has a 

power button that can be pressed to 

 



95 
 
 

turn it off and on. There will be a small 

slot on the rocket body that will allow 

the battery pack to be powered on 

and off from the outside of the rocket.  

 

  

5.5 Electrical Design 

 The electrical design of the payload can be divided into the power supply and the 

information transfer. The power supply is the portable battery pack, and the information 

transfer is handled centrally at the Raspberry Pi through the GPIO pins and the CSI band. 

5.5.1 Power Supply 

 The Zilu battery pack is a 4400 mAh battery that can supply up to 2.1 A of current. The 

battery will be attached to the Pi using a USB to micro-USB cord. Roughly, the Raspberry Pi 3 

needs 1.33 A to operate, the Sainsmart 5MP camera module needs 0.2 A, and the Berry IMU 

needs 0.01 A to operate for a total of about 1.55 A, leaving a gap of 0.45 A for any extra power 

draw that may occur. Testing shows that under the desired usage, the battery will last longer 

than 6 hours. If the battery is fully charged and is activated right before launch, the battery will 

have sufficient power even after waiting an hour on the launch pad.  

 

 

Figure 45 –  Ilustration of Power Switch and Charge Indicators for Zilu Power Pack [4] 
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 The power button can be pressed through a hole in the side of the rocket to be turned 

on as shown in Figure 45. The four LED indicators underneath give an estimate of the battery 

life left in 25% increments. 

5.5.2 Data transfer 

 The Raspberry Pi will be connected to the data gathering components as in Figure 46 

below with the sensor package mounted on the Raspberry Pi GPIO pins. The camera will be 

connected using an 18 inch CSI band, allowing the camera to communicate with the Pi. A 

lengthened CSI band will be used to allow some leeway to plug the band in during installation 

and before inserting the payload into the rocket body. 

 

Figure 46 – Illustration of Data Connections Within the Payload 

 The Raspberry Pi communicates to the sensor package through the GPIO pins on the Pi 

as shown in Figure 47. 

 

Figure 47 – Rasberry Pi 3.0 [5] 

 Figure 48 shows the pin wiring diagram of Raspberry Pi connecting to the sensor 

package by the GPIO pins. 
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Figure 48 – Rasberry Pi to Berry IMU connection points 

After the sensor package is connected, existing libraries will be used to obtain sensor readings. 

5.6 Unique Choices Justified 

 The main unique choice made was to remove the camera from the module itself. This 

choice allowed the camera to be able to point directly towards the ground with the smallest 

possible effect on the aerodynamics of the rocket. The shroud had a much smaller cross-

sectional area and thus drag than it would have had the entire width of the module had to be 

extended from the rocket rather than just the small camera.  

 Using a Raspberry Pi rather than a typical Arduino microcontroller allows the payload to 

take and process pictures at a much higher rate than would have otherwise been achievable 

due to the almost ten times increase in processing power of the Raspberry Pi. Finally, using a 

camera that connects to the Raspberry Pi through a CSI band rather than a USB allows for a 

smaller footprint on the aerodynamics of the rocket since the hole needed to allow the CSI 

band to connect to the module is thinner than that of a USB.  
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6 Project Plan 

6.1 Testing 

 Testing is vital to prove the integrity of the rocket designs. This testing is to be 

completed on all aspects of the rocket, from the airframe, to the recovery system, to the 

payload. The testing needed by the team ranges from basic proof of concept testing to final 

verification checks. 

 The required tests for the team are primarily derived from the USLI and team 

requirements. These tests are defined in order to verify a certain standard for the rocket and 

carried out with a precise methodology to ensure the standard is met. The most important 

outcome of a test is its impact, or lack of impact, on the final design of the rocket.  

 Table 30 below outlines the tests that Team BB will complete by the end of the project, 

as well as a short status update. The remainder of the Testing section explores the 

methodology of each of these tests in depth. 

Table 30 – Testing to be completed 

Test Status Page Number 

Launch Vehicle 

Altimeter Arming Switches Incomplete 100 

Recovery Battery Testing Incomplete 102 

Subscale Ejection Test Complete 103 

Subscale Flight (BB1) Complete 107 

Subscale Flight (BB2) In Progress 112 

Full-Scale Ejection Testing Incomplete 117 

Full-scale Flight Incomplete 119 

Payload 

Battery Testing In Progress 121 
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Software Testing (POC) Incomplete 123 

Sensor Activation Test Incomplete 125 

Image Processing (POC) Incomplete 127 

 

 The following section details each of the planned and completed tests. Several terms are 

repeated and defined below: 

 Test Objective - Essential breakdown of the core mission of the test. What are the 
crucial tenets of the test? 

 Test Justification - An explanation of why the the test is necessary to validate the design 
of the launch vehicle and payload. 

 Success Criteria - A list of criteria or objectives that the success of the test is dependent 
upon. Each of the criteria is relatively independent, and the total success of the test 
objective depends on the sum of the success of each of these criteria. 

 Test Variables - The variables being examined during the test. Theoretically, these 
should be specific measurable variables that tie back to the success criteria. 

 Testing Methodology - The basic layout or format of the test. This section should be 
sufficiently detailed to direct a full test.  

  

 Each planned or completed test is presented in detail in the following sections. The 

order of the test is organized by the section of the launch vehicle or payload being tested and is 

specifically presented in Table 30. If the test has been completed, the test outline section 

includes a brief discussion of the results of the test and any pertinent conclusions. 
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6.1.1 Launch Vehicle Testing 

6.1.1.1 Altimeter Arming Switches 

Test Description 

Test Name: Arming Switch Lock Testing 
Subsystem: Recovery 
Person Responsible: Jericho Locke 
 

Test Objective:  

To ensure that each locking switch used in the recovery bay will remain in ON position for the 

duration of launch, meaning that the switch will remain locked in the position throughout the 

entire launch and all the forces that occur. 

 

Test Justification:  

To ensure that the switches due to move to the OFF position and thus the ejection charges 

would not deploy, resulting in a catastrophic failure. Even if only one switch moved to the off 

position, it would take away all recovery system redundancy, raising the risk to an unacceptable 

level. This also verifies USLI requirement 2.5.  

 

Success Criteria 

 The switch remains in the locked position during all simulated flight forces 
 

Test Variables 

 Arming switch status. 
 

Methodology 

Part One: Locomotion 

The test will take place on the assembled recovery section of the full-scale vehicle. This 

coupling tube serves as the recovery bay which includes all recovery electronics, ejection 

charges, and the two rotary locking systems. The altimeters will be activated by the rotary 

locking mechanisms but not connected to any ejection charges. Launch forces will be simulated 

by rudimentary human locomotion including: 

 Initial launch acceleration 

 Vibration and jostling due to wind 

 Turning at apogee 



101 
 
 

 

Part Two: Ground Based Recovery Test 

 The resilience of the locking mechanisms during ejection will be tested during the full-

scale ground recovery test. While the altimeters will not activate the charges during this test, 

they will be turned on and checked after the ejection to ensure that they are still in the locked 

position. This aspect of the test will be coordinated as a test variable for the full-scale ground 

recovery test. 

 

Materials:  

 Part One 
Assembled recovery bay 
Locking mechanism in circuit 
Launch altimeters 

 Part Two 
See ground based recovery test document 

 

Safety Concerns: 

Ensure that no ejection charges are attached during part one testing 

 

Location:  

Part One - McFarland Lab 

Part Two - Launch Field 

 

Date of Test: 1/22/2018 (Planned) 
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6.1.1.2 Recovery Battery Testing 

Test Description  

Test Name: Recovery Battery Testing 

Subsystem: Recovery - Electronics 

Person Responsible: Caleb Stubbs 

 

Test Objective:  

Verify that the 9V batteries powering the recovery subsection are capable of remaining in 

launch ready configuration for a minimum of 90 minutes. 

 

Test Justification:  

At launch days, particularly the USLI competition, the configured vehicle may need to remain in 

launch ready configuration for a minimum of one hour while waiting for the chance to launch. 

This test ensures that the recovery section will not lose functionality during that wait time and 

help to verify USLI requirement 2.10. 

 

Success Criteria 

 At least 90 minutes of continuous operation 
 

Test Variables 

 Battery life length 
 

Methodology 

The recovery bay will be assembled in launch configuration except for any ejection charges. 

New, unused batteries will be placed in the recovery circuit, and then the recovery system will 

be activated. The power of the system will be monitored in two ways: 

 Audible confirmation of the activated altimeters. The altimeters beep while powered 
and in launch ready configuration. 

 A multi-meter will be used to measure the current draw from the battery. This will 
determine how or if the power supply from the battery changes over the waiting period. 

Each of these measurements will be taken every fifteen minutes until the battery no longer 

provides adequate charge, indicated by the loss of altimeter activation. 

 

Materials:  

 Assembled recovery subsection (except for ejection charges) 
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 Multimeter 

 Two new 9V batteries. Must be the same batteries that will be used for launches. 
 

Safety Concerns: NA 

 

Location: McFarland Lab 

 

Date of Test: 1/19/2018 (Planned)  
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6.1.1.3 Subscale Ejection Testing 

Test Description 

Test Name: Ground Ejection Test (Subscale BB1) 

Subsystem: Recovery 

Person Responsible: Caleb Stubbs 

 

Test Objective:  

Test the ability of the recovery system to fully separate the vehicle sections. 

 

Success Criteria 

 Individual sections separate on the associated charge 

 Full extension of the shock cord 
 

Test Variables 

 Section separation 

 Shock cord extension 
 

Methodology: 

This test is essentially broken into two separate tests: one for the drogue parachute charge and 

another for the main parachute charge. Each of these tests were completed separately on the 

ground; however, each followed the same methodology. 

 Assemble the rocket. In this case, no components need to be altered or entered; 
however, sensitive electronics were kept out of the recovery electronics bay for damage 
protection. 

 Prepare black powder charges. These charges consist of black powder surrounding an 
electronic match. The amount of black powder must be calculated prior to launch based 
on the size of the rocket and number of shear pins. 

 Insert black powder charge in the appropriate side of the vehicle based on which 
parachute deployment is being tested. Only one black powder charge is used for each 
test. 

 Place the assembled vehicle on a block or angled platform to allow the specific section 
to cleanly fire from the vehicle. 

 Connect the e-match to a launch controller capable of sending a current to activate the 
match. 

 After moving the team a safe distance away, activate the controller and thus the charge. 

 Examine the separate section to determine the level of seperation. 
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Materials:  

 Subscale rocket airframe 

 Coupler tube 

 Black powder 

 Black powder pouches 
 

Safety Concerns: 

 Black powder explosions 

 Flying parts 
 

Location:  

Adam Neal’s father’s farm 

1000 Murphy Lane 

Lebanon, TN 37090 

 

Date of Test: Sunday, 12/10/2017, starting at 10 a.m. 

Test Report 

Test Date: Sun - 12/10/2017 
Test Leader: Jericho Locke 
Other Personnel Present:  

 Brian Godfrey (Team Mentor) 
 Taylor Wright (Safety Officer) 
 Caleb Stubbs 
 Jeffrey Gage 
 Ryan Seal 

 

Test Conditions: 

No quantitative data available. About 40 degree fahrenheit, medium wind speed.   

 

Test Description: 

 Both the drogue and main parachute ejections were completed in sequence as would be 

seen in the air in an actual launch. 

 The drogue parachute was completed first. The drogue parachute was located in the aft 

section of the rocket as compared to the central coupling tube, and thus a single ejection 

charge  in the aft of the recovery section was used. The back of the airframe was weighed 

down, and the vehicle fully separated. The two sections fully separated, almost to the full 
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extend of the shock cord. There was a small amount of length still left in the shock cord, 

indicating that the charge could have been a little larger. The shear pins attaching the coupling 

tube to the front of the rocket stayed intact as designed, indicating that the force was not too 

large to separate both sections of the rocket (again this is intended). 

 The main parachute ejection test was completed next. The single ejection charge fully 

separated the coupling tube from the nose section of the rocket and used the full extent of the 

shock cord.  

 To see the videos of both of the flights, refer to the pictures folder under the subscale 

launch day for BB1. 

 

Test Conclusion 

Results:  

Both the drogue and main parachute charges fully separated the intended portions of the 

rocket effectively and to most of the length of the shock cord.  

 

Success Criteria Conclusion: 

 Separation - Yes 

 Shock Cord - Yes 
 

Test Impact on Design:  

 The test revealed that slightly more powder could be used on the drogue parachute 
portion of the rocket, or the shock cord length is too long. 

 The test revealed that more thought should be given in the system design to how to 
complete this particular test. For the ground based test the e-matches must be wired 
outside of the rocket to the launch controller, which the subscale design had to prior 
capability to do. This system could easily be accomplished by a well-placed hole that 
would double as a hole allowing for barometric altitude sensing during flight. 

 

Test Improvements: 

The final shock cord extension could be measured and compared with the length to determine 

the percentage of separation. 

 

Further Notes: 

NA 
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6.1.1.4 Subscale Flight (Recovery) 

Test Description 

Test Name: BB1 SubScale Launch 

Subsystem: Vehicle and Recovery system 

Person Responsible: Taylor Wright, Jericho Locke 

 

Test Objective:  

Test the crude validity of the basic rocket design including its ability to maintain stable flight, 

the adequacy of our recovery system, and our ability to predict the height of the rocket. This 

subscale rocket is aimed at determining the validity of the recovery system, and, therefore, 

design and test emphasis is placed on this subsystem. 

 

Success Criteria 

 Flight off launch rail 

 Relatively stable flight in the vertical direction  

 Successful deployment of both drogue and main parachutes 

 Safe landing of each vehicle component 

 Acquisition and recovery of the rocket after landing 

 Accurate prediction of final altitude ±100 ft 
 

Test Variables 

 Altitude 

 Binary: 

 Propulsion ignition 

 Parachute deployment 

 Rocket recovery 
 

Methodology 

The subscale launch will follow the team’s launch procedures as outlined in the separate 

document of the same name. Overall, the test will follow this general layout. 

 Rocket assembly 

 Launch setup (rocket placed on rail) 

 Launch 

 Rocket recovery 

 Determine whether flight needs to be repeated 
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Materials:  

 Subscale rocket airframe 

 Recovery system (coupling tube, parachutes, altimeters) 

 2-3 engines (G sized) 

 Black powder 

 Launch rail (1010) 

 Ignition system 
 

Safety Concerns: 

 Working with explosives (engines and black powder) 

 Falling material or subsections from the rocket 

 Unstable flight 

 Lack of parachute deployment 
 

Location:  

Adam Neal’s father’s farm 

1000 Murphy Lane 

Lebanon, TN 37090 

 

 

Figure 49 – Edited Satellite Image Showing Launch Site 

Date of Test: Sunday, 12/10/2017, starting at 10 a.m. 
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Test Report - Test 1 

Test Date: Sun - 12/10/2017 

Test Leader: Jericho Locke 

Other Personnel Present:  

 Brian Godfrey (Team Mentor) 

 Taylor Wright (Safety Officer) 

 Caleb Stubbs 

 Jeffrey Gage 

 Ryan Seal 
 

Test Conditions: 

No quantitative data available. About 40 degree fahrenheit, medium wind speed. 

 

Test Description: 

 The launch suffered a catastrophy at take off (CATO). Upon engine ignition, the vehicle 

jumped about two feet off the launch pad, but it was clear that the engine propellant never 

ignited. Following safety protocol, essential personnel carefully approached the rocket and 

disarmed the recovery system and the ejection charges.  

 Upon further inspection of the rocket, the fuel grain remained intact, unignited. The 

grain was found lying several feet away from the launch pad, as if launched from the bottom of 

the vehicle. The aluminum retaining ring epoxied to the bottom of the MMT was nowhere in 

the vicinity of the vehicle, and the bottom of the MMT was sheared off. The retaining ring was 

later found about 40 yards from the launch pad. The top of the motor had been compressed 

into the top of the motor casing along with the motor spaced. The bulkhead at the top of the 

MMT was fractured. The launch pad itself suffered a large amount of force, warping the launch 

pad and fracturing one of its legs. 

 Other than the sheared MMT and bulkhead, the rocket was in pre-launch condition. The 

team and team mentor suspects that this was a motor error, and we have not been able to 

determine an assembly or configuration error. 

 

Test Report - Test 2 

Test Date: Sun - 12/17/2017 

Test Leader: Taylor Wright 

Other Personnel Present:  

 Brian Godfrey (Team Mentor) 
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 Caleb Stubbs 

 Jeffrey Gage 

 Ryan Seal 

 Caleb Davenport 
 

Test Conditions: 

No quantitative data available. About 40 degree fahrenheit, medium wind speed. 

 

Test Description: 

 After the failure during the first test flight, the rocket was rebuilt and then prepared for 

a second subscale test flight. The team originally ordered two of the same G motor, so the same 

launch configuration was used. 

 This launch suffered another CATO. The vehicle did not appear to move as much as the 

last test, and instead it appears that most of the force went into the vehicle. Similar to the last 

test, the essential personnel carefully approached the rocket and disarmed the recovery system 

and the ejection charges.  

 Upon further inspection of the rocket, the fuel grain once again remained intact, 

unignited. Instead of sending components out the aft of the rocket, much of the force was 

directed upwards into the rocket. This force resulted in a complete fracture of the same 

bulkhead and most of the aft portion of the body tube.  

 Luckily, no recovery electronics or parachute were damaged, but the rocket was 

damaged beyond salvaging. 

 

Figure 50 – Image of BB1 Following the CATO 
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Test Conclusion 

Results:  

Both tests were catastrophic failures at launch. The failure is expected to be due to 

manufacturer error on the motor. 

 

Success Criteria Conclusion: 

No. No test variables were evaluated to the failure at takeoff. 

 

Test Impact on Design:  

 Upon failure, the team is considering how to mitigate this accident in the future. While 

we believe this to be a very uncommon accident, it does place doubt on the safety of CTI 

motors.  Furthermore, the team would like to complete ground based motor tests; however, 

we suspect that this would be ineffective if each motor has the same probability of failure. If 

this type of failure is such a purported rare occurrence, the probability of having two 

sequentially is incredibly low. If the team did not have an error in motor preparation, then it 

casts doubt on the effectiveness of the CTI motor. The team plans to use an Aerotech motor for 

the next subscale flight.  

 The main impact of the test is a careful consideration of procedure in mounting and 

igniting the motor. Conversation with the team’s level three mentor indicated that the 

procedure was appropriate, and research is underway in what can be improved. 

 The second test launch indicated the blue-tube may not be the best choice of airframe 

material due to the complete fracture of the aft body tube. This poor performance has 

influenced the team to use fiberglass for the next subscale rocket and most likely for the final 

full-scale design. 

 

Test Improvements: 

 Carefully examine motor preparation procedures to ensure that we do not have human 

error. 

 

Further Notes: 

The motor was a CTI P38-1G BLUE STREAK (G78). The team has contacted CTI with no response 

to date. 
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6.1.1.5 Subscale Flight (Aerodynamics) 

Test Description 

Test Name: BB2 SubScale Launch 

Subsystem: Vehicle and Recovery system 

Person Responsible: Taylor Wright 

 

Test Objective:  

Test the crude validity of the basic rocket design including the scaled aerodynamic structure 

and the ability to accurately predict rocket altitude. 

Test Justification:  

Due to failures at launch with the first subscale rocket launches, the team must construct and 

test a new rocket. The team has decided to change the focus of this subscale rocket from a 

primary verification of the recovery subsystem to a proof of concept on the rocket design. As 

such, the team focused on getting a close to exact scale of the full-scale model while sacrificing 

using the design recovery system for a engine deployment system. 

Success Criteria 

 Flight off launch rail 

 Relatively stable flight in the vertical direction  

 Successful deployment single parachute 

 Safe landing of each vehicle component 

 Acquisition and recovery of the rocket after landing 

 Accurate prediction of final altitude ±100 ft 
Test Variables 

 Altitude 

 Binary: 

 Propulsion ignition 

 Parachute deployment 

 Rocket recovery 
 

Methodology 

The subscale launch will follow the team’s launch procedures as outlined in the separate 
document of the same name. Overall, the test will follow this general layout: 

 Rocket assembly 

 Launch setup (rocket placed on rail) 

 Launch 

 Rocket recovery 

 Determine whether flight needs to be repeated 
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Materials:  

 Subscale rocket airframe 

 Recovery system (coupling tube, parachutes, altimeters) 

 2 engines (G sized) 

 Launch rail (1010) 

 Launch system 
Safety Concerns: 

 Working with explosives (engines and black powder) 

 Falling material or subsections from the rocket 

 Unstable flight 

 Lack of parachute deployment 
Location:  

Adam Neal’s father’s farm 

1000 Murphy Lane 

Lebanon, TN 37090 

 

 

Figure 51 – Edited Satellite Image Showing Launch Site 

 

Date of Test: Sunday, 12/10/2017, starting at 10 a.m. 
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Test Report 

Test Date: 1/6/2018 

Test Leader: Jericho Locke 

Other Personnel Present:  

 Brian Godfrey (Team Mentor) 

 Taylor Wright (Safety Officer) 

 Austin Brown 

 Caleb Davenport 

 Caleb Stubbs 

 Jeffrey Gage 

 Ryan Seal 

 Billy Ivy 
 

Test Conditions: 

26 Degrees Fahrenheit. Sunny. Negligible wind speed. 

Vanderbilt University was utilizing the same launch site as us. We used their launch system, an 

exact replica of the NAR system that will be used at the competition launch. This system had a 

1818, 12 ft. launch rod. The rocket did not slide very smoothly on the rail, and we expect that 

some energy was lost due to friction on the rail.  

Launch 1 

Test Description: 

 The launch was successful. The rocket canted slightly on ascent, approximately 80 yards 

to the left of the team’s viewing position. Separation and chute deployment occured within 

several seconds of apogee. The chute fully deployed, and both sections of the rocket landed 

lightly and were easily recovered. The rocket suffered no visual damage. 

Preliminary data from the altimeter, pacing, and timing from the launch shows the following 

data: 

 Max Altitude: 1,229 ft. 

 Max Velocity: 299 ft./sec. 

 Recovery Distance from Launch: 120 ft. 

 Time to Apogee: 7.8 seconds 

Launch 2 

Test Description: 

 The flight was partially successful. The rocket launched successfully. Again, the rocket 

canted slightly on ascent, approximately 100 yards to the left of the team’s viewing position 
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(this is the same direction as launch 1). The rocket successfully separated after apogee, but the 

parachute did not deploy. The nose cone section of the airframe separated upon descent, and 

the two sections landed separately. 

 Upon closer inspection, the team found that the shock cord got tangled in the parachute 

upon deployment, and the elastic cord snapped. The tangled chute lines meant that the 

parachute did not inflate, and the shock cord snapped that connected the main body to the 

nose cone. In terms of damage, the tip of the nose cone deformed slightly and that fins 

separated from the body but did not break (the epoxy did not hold). While we would not fly this 

rocket again without modifications, all electronic equipment was salvageable. 

Basic data from the flight includes: 

 Max. Altitude: 1,248 ft. 

 Max. Velocity: 277 ft./sec. 

 Recovery Distance from Launch: 195 ft. (Not good data due to no parachute 
deployment) 

 

Test Conclusion 

Results:  

Refer to 3.2 Subscale Flight Results for an in depth analysis of the quantitative reports. 

 

Success Criteria Conclusion: 

 Altitude: Success, success 

 Binary:  

 Propulsion ignition: Success, Success 

 Parachute deployment: Success, Failure 

 Rocket recovery: Success, Failure 
 

Test Impact on Design:  

 Ensure that the launch buttons are aligned precisely to minimize any energy loss on the 
launch rail. 

 Check fin alignment. The rocket spun very quickly during ascent. We hypothesize that 
this rotation was due to issues in fin alignment that caused torque on the body causing 
the high rotational velocity. The rocket needs to be relatively stable in order to 
accomplish the payload objective, thus ensuring proper fin alignment is critical for 
constructing the full scale rocket. 

 Issues with overstability. The rocket canted the same direction on both launches, which 
was into the wind. Our rocket is currently overstable, meaning that the moment from 
the wind on the center of pressure causes a very high force. This can cause the rocket to 
cant into the wind depending on how fast it is blowing, as was seen in the launch. While 
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the full scale design is currently overstable, steps may need to be taken to reduce the 
stability margin in order to lessen the effect of the wind.  

 Use kevlar for the shock cord. While elastic allows for more stretch and is less 
expensive, kevlar will make a cord snap less likely. 

 Use a deployment bag for the parachute. While we typically use a deployment bag, the 
parachute in this rocket was oversized and the deployment bag would not fit in the 
body tube. The deployment bag will help ensure that the chute lines do not get tangled. 

 

Test Improvements: 

The Vanderbilt launch rail was very professional and useful. It would be beneficial for the team 

to construct one to have for future years. The Vanderbilt mentor indicated that he would be 

happy to send the schematics. 
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6.1.1.6 Full-Scale Ejection Testing 

Test Description 

Test Name: Ground Ejection Test (Full-Scale) 

Subsystem: Recovery 

Person Responsible: Caleb Stubbs 

 

Test Objective:  

Test the ability of the recovery system to fully separate the vehicle sections. 

 

Test Justification:  

The recovery system must be tested on the ground before it can be flown according to USLI 

requirement 3.2. 

 

Success Criteria 

 Individual sections separate on the associated charge 

 Full extension of the shock cord. 
Test Variables 

 Section separation 

 Shock cord extension 

 Rotary switch locking 
 

Methodology 

This test is essentially broken into two separate tests: one for the drogue parachute charge and 

another for the main parachute charge. Each of these tests were completed separately on the 

ground; however, each followed the same methodology. 

 Assemble the rocket. In this case, no components need to be altered or entered; 
however, sensitive electronics were kept out of the recovery electronics bay for damage 
protection. 

 Prepare black powder charges. These charges consist of black powder surrounding an 
electronic match. The amount of black powder must be calculated prior to launch based 
on the size of the rocket and number of shear pins. 

 Insert black powder charge in the appropriate side of the vehicle based on which 
parachute deployment is being tested. Only one black powder charge is used for each 
test. 

 Place the assembled vehicle on a block or angled platform to allow the specific section 
to cleanly fire from the vehicle. 
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 Connect the e-match to a launch controller capable of sending a current to activate the 
match. 

 After moving the team a safe distance away, activate the controller and thus the charge. 

 Examine the separate section to determine the level of separation. 
 

Materials:  

 Subscale rocket airframe 

 Coupler tube 

 Black powder 

 Black powder pouches 
 

Safety Concerns: 

 Black powder explosions 

 Flying parts 
 

Location:  

Pheonix Missile Works Launch 

Tuscaloosa, AL 

Date of Test:  

2/17/18 (Planned) 
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6.1.1.7 Full-Scale Flight 

Test Description 

Test Name: Full-Scale Launch 

Subsystem: All Subsystems 

Person Responsible: Taylor Wright 

 

Test Objective:  

Verify all flight systems during a full test flight. 

 

Test Justification:  

Test and demonstrate all flight systems of the final, full-scale rocket to demonstrate viability 

going into the competition flight. Furthermore, this test completes USLI requirement 2.19. 

 

Success Criteria 

 Flight off launch rail 

 Relatively stable flight in the vertical direction  

 Successful deployment drogue and main parachutes 

 Safe landing of each vehicle component 

 Successful image acquisition during flight 

 Acquisition and recovery of the rocket after landing 

 Accurate prediction of final altitude ±100 ft 
 

Test Variables 

 Altitude 

 Binary: 
o Propulsion ignition 
o Parachute deployment 
o Rocket recovery 
o Image recognition 

 

Methodology 

The subscale launch will follow the team’s launch procedures as outlined in the separate 

document of the same name. Overall, the test will follow this general layout. 

 Rocket assembly 

 Launch setup (rocket placed on rail) 

 Launch 
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 Rocket recovery 

 Determine whether flight needs to be repeated 
The payload system will be tested using the tarp samples sent by NASA. While they are much 

smaller than the full-scale, they provide a stringent test for the payload system and must be 

placed close to launch pad so they can be seen at a lower altitude scaled to the maximum 

placement of the tarps at competition. 

 

Materials:  

 Full-Scale rocket airframe 

 Recovery system (coupling tube, parachutes, altimeters) 

 Black powder 

 Full payload 

 1 engine 

 Launch rail (1515) 

 Launch system 
 

Safety Concerns: 

 Working with explosives (engines and black powder) 

 Falling material or subsections from the rocket 

 Unstable flight 

 Lack of parachute deployment 
 

Location:  

Pheonix Missile Works Club Launch 

Tuscaloosa, AL 

 

Date of Test: 2/17/2018 (Planned) 
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6.1.2 Payload Testing 

6.1.2.1 Battery Testing 

Test Description 

Test Name: Battery Charge Duration test for Zilu Power Pack (while payload is in use) 

Subsystem: Payload Battery 

Person Responsible: Jeffrey Gage 

 

Test Objective: 

Make sure the payload power system lasts for at least 6 hours while looping commands that 

use the payload peripherals, such as taking photos, recording sensor readings, and writing files 

 

Success Criteria: 

 The fully charged Zilu battery pack powers the Pi for over 6 hours while it runs a loop of 
tasks. 

 

Test Variables 

 Power supply duration 
 

Methodology 

 The battery pack is charged to full. It is then plugged to the Pi with its operational 
peripherals, which should then be on as indicated by the red power light.  

 The Pi will be performing looping tasks in the following order: 

 Take photo 

 Take accelerometer reading 

 Save the photo, overwriting the previous photo 

 The four blue power indicator LEDs on the battery pack will be observed once per hour. 
If after 6 hours the red power light on the Pi and one or more blue power indicators on 
the battery are on, (indicating above 25% charge) then the battery passes the idle test.  

 

Materials 

 Pi with peripherals (Sainsmart camera, Berry IMU sensor package) 

 Zilu battery Pack with USB to microUSB cord 
 

Safety Concerns 

None 
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Test Report 

Test Date: Wed - 1/10/2018 
Test Leader: Jeffrey Gage 
 

Test Description: 
After 6 hours, 3 of the 4 blue LEDs were lit. This means that there was at least 50% power left 
after 6 hours. The payload passed this duration test. After this test, the final battery test will 
test duration while running the final program. 

 

Test Conclusion 

Results:  
The battery had sufficient power to run its peripherals continuiously for six hours. Furthermore, 
the battery still had charge left over, further solidifying the results. 
 

Success Criteria Conclusion: 
 Six hour power supply duration – Yes  

 
Test Impact on Design:  

The test revealed that the selected battery and associated system is sufficient to provide 
provide continuos power far beyond the typical demands of this project. 
 

Test Improvements: 
NA 

Further Notes: 
NA 
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6.1.2.2 Software Testing 

Test Description 

Test Name: Software Testing 

Subsystem: Payload 

Person Responsible: Jeffrey Gage 

 

Test Objective:  

Take a image of the tarp samples and analyze it with the payload to software to test the 

effectiveness of the software. 

 

Test Justification:  

This test ensures that the software works to analyze images similar to what it will see during 

test performance.  

 

Success Criteria 

 Identification of each tarp 

 Successful naming of each tarp 

 Short processing time 

 Successful identification of at least three separate images 
 

Test Variables 

 Identification of tarp 

 Processing time 

 Tarp placement and orientation 
 

Methodology 

 The picture will come from the camera to be used on the payload and will be taken from 

a height as to scale the size of the tarp samples to what we expect the camera to see at the 

target altitude. That picture will be taken separately and then saved for later analysis. 

The picture will be loaded directly into the code for this software test. The code will then run an 

iteration in exactly the same way as if this was a live image being uploaded from the camera in 

flight. The camera will process this image, and then store the processed image. Inspection of 

this processed image will determine the success of the test. 

 

Materials:  
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 Three tarp samples 

 Most of the payload: camera, Raspberry Pi, and battery 

 Mouse, keyboard, and monitor 
 

Safety Concerns: 

None 

 

Location: McFarland Lab 

Date of Test: 1/25/2018 (Planned)  

  



125 
 
 

6.1.2.3 Sensor Activation Test 

Test Description  

Test Name: Sensor Activation Test 

Subsystem: Payload 

Person Responsible: Jeffrey Gage 

 

Test Objective:  

To test that the sensors attached to the Pi can accurately detect the takeoff of the rocket and 

initialize the payload operations. 

 

Test Justification:  

The sensor alignment with the computer ensures that the payload is active during the flight. 

This test is crucial to ensure that the sensors can reliably activate the payload upon takeoff. 

 

Success Criteria 

 Activated payload on simulated takeoff 

 5 sequential payload activations 
 

Test Variables 

 Payload activation (binary) 

 Strength of force applied 
 

Methodology 

 The test will be completed on the assembled payload sled. The Raspberry Pi will be 

attached to the sensors and programmed with the same sensor initialization process that will 

be used for the full payload. Furthermore, the test the code will end once the pi and camera are 

initialized, signalled by an audible tone emitted from the Pi. The audible tone will serve as 

evidence that the payload has activated. 

 The launch forces will be simulated by simply human locomotion jerking the sled 

upwards as if it is taking off. While this will most likely be less force than imparted by the actual 

launch, it will therefore be conservative and thus sufficient. This force should activate the 

payload. For the test to be successful and the activation system deemed reliable, at least five 

activations most happen in a row.  
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Materials:  

 Assembled payload sled: Pi, sensors, and battery 
 

Safety Concerns: 

 Throwing the payload during activation. 
 

Location: McFarland Lab 

Date of Test: 1/25/2018 (Planned) 
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6.1.2.4 Image Processing (POC) 

Test Description  

Test Name: Image Processing Proof of Concept (POC) 

Subsystem: Payload 

Person Responsible: Jeffrey 

 

Test Objective:  

Prove the validity of the full payload system. This extends testing to sensor activation, 

computer control of the camera, and on-board processing. 

 

Test Justification:  

Actual test flights are expensive and difficult to plan for. Instead of running multiple launches to 

test the payload, the team can do much of the testing on the ground to ensure that the 

subsystems work properly. 

 

Success Criteria 

 Payload activation 

 4 pictures are taken per second 

 The computer successfully analyzes 1/10 of the pictures 

 Computer stores at least 4 processed images 

 A successfully processed image must obtain the following criteria 

 Identification of all three tarps (box) 

 Correct identification of each tarp color (caption) 
 

Test Variables 

 Payload activation (binary) 

 Image processing rate 

 Image processing success frequency 

 Rocket movement and angle 

 Tarp placement and orientation 
 

Methodology 

 The test will utilize a simulated aft section of the rocket including the tail section, fins, 

and a partial body tube. The payload sled will be fully assembled inside of this rocket section 

including the camera mounted to the exterior of the airframe. 
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 The test will take place in a location were the rocket can be extended at a height above 

the ground to scale the targets to what we expect the sizes to be during the flight. This will 

most likely be the same location in which the pictures were taken for the software POC testing. 

The rocket will be extended above the ground where the tarps are oriented. Then the rocket 

will be jerked upwards to simulate launch (thus activating the payload). The rocket section will 

be held over the ground for 10 seconds to allow the payload to take and process approximately 

40 images. Inspection of success will come from analyzing the stored images on the Pi. 

 The test will be repeated multiple times and changed for rocket orientation and 

movement such as constant or changing rotation. Furthermore, the tarp location will be 

changed within the camera field of view and their orientation relative to one another will be 

changed. These variables ensure that the payload will operate successfully under a variety of 

conditions. 

 

Materials:  

 Aft section of BB1 

 Payload sled 

 Payload components: camera, battery, Pi, and sensors 

 Camera mounting 

 Monitor, mouse, and keyboard 
 

Safety Concerns: 

Risk of dropping the payload section 

 

Location: Lipscomb Campus 

Date of Test: 2/8/2018 (Planned) 
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6.2 Requirements Compliance 

 This project plan will comply with NASA’s safety and design requirements. The main 

project requirements come from NASA requirements in the USLI Handbook, supplemented with 

a set of internal requirements designed to safely push the team to success.  The team must 

create a plan to verify each of these requirements and thus verify project success. 

 The verification plans in this document are designed for completion by the team’s 

leadership. While the NASA project team requires verification of their USLI requirements, once 

accomplished by the team, the completion of requirements can be communicated in reports, 

presentations, and the final rocket team.  

 Four primary verification methods are used in this plan: testing, analysis, demonstration, 

and inspection. Each of these are defined uniquely including a specific internal outcome as 

follows: 

 Inspection (Insp.): Inspection is the examination of a component, system, or deliverable 
with the physical senses. Only physical observation is required, not extensive analysis or 
testing. The outcome of inspection is a short document detailing the inspection, its 
outcome, and proof if necessary. 

 Analysis (Anlys.): Analysis is the verification of a component or system some form of 
technical analysis such as models, calculations, or simulations. Analysis is typically 
predictive of how the final system is expected to perform. Typical analysis methods 
include rocket simulation software, CFD, and basic mathematical calculations. The 
outcome of analysis is a memo outlining the analysis completed and the conclusions 
drawn. The team member should back their conclusions with data from the analysis.  

 Demonstration (Dem.): Demonstration is the verification of a system through its 
intended use. Demonstration typically involves tests such as the full-scale or subscale 
test flights.  

 Testing (Test.): Testing is the verification of a component or system using controlled 
testing variables and methodology. Testing involves a quantifiable outcome and 
typically technical measurement. The outcome of testing is a test report written by the 
core member in charge of the testing including a description of the test and its goals, 
the test data and any relevant data, and an analysis of the data including whether the 
test was successful. 

While the majority of these reports will never be reported externally, they ensure due process 

and documentation both for the professional proceedings of the team as well as providing for 

future Lipscomb rocket teams.  

 Each requirement is needed to be verified at different times in the project. The 

verification deadlines listed in Table 31 and Table 32 show the last date the requirement must 

verified by. Requirements requiring verification by project conclusion (concl.) typically must be 
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verified throughout the project and thus are not finally verified until the end of the project in 

April. Finally, as some requirements require multiple verification methods, each of those 

methods may work on separate deadlines to ensure proof of concept.
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6.1.1 NASA Requirements Verification 

Table 31 – NASA Requirements Verification (LD – Launch Day) 

USLI # Requirement Summary Verification Method Status Reference 

Project Requirements 

1.1 

Students on the team will do 

100% of the work (with the 

exception of assembling motors 

and handling black powder). 

Inspection 

The team leader will inspect work, both through the 

documentation and supervising other work, in order to 

ensure that all work is being completed by students on 

the team. All students on the team have been 

identified and documented to ensure that all work is 

checked against the students on the team. 

In Progress NA  

1.2 
The team will prove and 

maintain a project plan. 

Inspection 

The team will continuously inspect the project plan to 

ensure that it is maintained and updated to reflect the 

project progress. Specifically, the project plan is 

reviewed at each weekly meeting, compared against 

with regular PIGs (Progress, Issues, and Goals) memos, 

and then updated as needed. The up to date project 

plan is included with each NASA design report. 

In Progress 
CDR 

Appendix F 

1.3 

Foreign National team 

members must be identified by 

the PDR. 

Inspection 

The team leader will inspect the team roster to identify 

any foreign nationals and will then report any and all 

foreign national team members to the USLI project 

management team before the PDR. 

Complete 
Email_Koch

_11/1/2017 
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USLI # Requirement Summary Verification Method Status Reference 

1.4 

The team must identify all team 

members attending launch 

week by the CDR. 

Inspection 

The team leadership will inspect the team makeup and 

then select team members that will attend launch 

week. This list will then be sent to the USLI project 

management team. 

In Progress 

Email_Conn

elly_ 

1/11/18 

1.5 

The team will engage at least 

200 participants in educational 

engagement, STEM, activities. 

Inspection 

The internal and NASA reports of the educational 

engagement activities will be inspected to ensure that 

at least 200 participants were involved in our activities.  

In Progress - 

1.6 

The team will develop and host 

a Web site for project 

documentation. 

Inspection 

A basic inspection of the team website verifies that it is 

operational and hosts project documentation. 

Complete 

www.bison

ballistics.co

m 

1.7 

Teams will post, and make 

available for download, the 

required deliverables to the 

team Web site by the specified 

due dates. 

Inspection 

The team leader and communications director will 

periodically inspect and test the website to ensure that 

it is operational. The website will be inspected on the 

due date to ensure that each required deliverable is 

available for download. 

In Progress 

www.bison

ballistics.co

m 

1.8 
All deliverables must be in PDF 

format. 

Inspection 

The team leader and technical writer will inspect 

documents before posting to ensure that they are in 

pdf format. 

In Progress NA 

1.9 
In each report, teams will 

provide a table of contents. 

Inspection 

The team leader and technical writer will inspect each 

report to ensure that it contains a table of contents. 

In Progress 
See Table of 

Contents 
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USLI # Requirement Summary Verification Method Status Reference 

1.10 

In every report, the team will 

include the page number at the 

bottom of the page. 

Inspection 

The team leader and technical writer will inspect each 

report to ensure that it contains appropriate page 

numbers throughout the report. 

In Progress NA 

1.11 

The team will provide any 

necessary computer equipment 

to perform a video 

teleconference with the review 

panel. 

Demonstration 

The team will set-up the conference room prior to any 

reviews and demonstrate that the system is 

operational. This demonstration will consist of using 

the laptop webcam and calling a team member from 

the conference room phone. This demonstration will 

extend into the review itself. 

In Progress NA 

1.12 

All teams will be required to 

use launch pads provided by 

SL’s launch service provider. 

Demonstration 

The rocket is designed to be usable with the specific 

launch pads and rails that will be available at the USLI 

launch. This capability will be demonstrated during the 

full-scale test launch by utilizing either a 1515 launch 

rail. 

Incomplete - 

Planned for Full-

Scale Launch 

- 

1.13 

Teams must implement the 

Architectural and 

Transportation Barriers 

Compliance Board EIT 

Accessibility Standards 

Inspection 

The team leader and payload subsection lead will 

inspect all software and interfaces to ensure they abide 

by EIT accessibility standards. 

In Progress NA 
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USLI # Requirement Summary Verification Method Status Reference 

1.14 
Each team must identify a 

“mentor.” 

Demonstration 

The team has demonstrated their relationship with the 

team mentor, Brian Godfrey, and identified him in the 

team’s documentation. 

Complete 
Team 

Summary 

Launch Vehicle Requirements 

2.1 

The vehicle will deliver the 

payload to an apogee altitude 

of 5,280 feet above ground 

level (AGL). 

Analysis 

The vehicle is designed to carry the rocket to 5,280 ft. 

AGL. This altitude outcome will be analyzed through 

flight modeling software such as OpenRocket and 

RocketSim. These calculations can then be crudely 

verified using hand calculations and drag coefficients 

drawn from SOLIDWORKS CFD. Both of these analysis 

methods should confirm an apogee altitude of 5,280 ft. 

AGL. 

Demonstration 

The subscale test flight will demonstrate the scaled 

altitude of the rocket which can be used to predict the 

full-scale altitude. The full-scale flight will demonstrate 

the altitude of the rocket in final flight configuration.  

Anlys. 

Complete 

 

Dem. 

In Progress 

Anlys. 

CDR 3.1.4 

 

Dem. 

CDR 4.2 

2.2 

The vehicle will carry one 

commercially available, 

barometric altimeter for 

recording the official altitude 

used in determining the 

altitude award winner. 

Inspection 

The payload subsection lead will ensure that the 

competition altimeter is present in the launch vehicle. 

The competition altimeter will be a StratollogerSF 

which will beep out the apogee altitude. 

In Progress – 

Inspection will 

occur 

immediately 

before USLI 

launch 

- 
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USLI # Requirement Summary Verification Method Status Reference 

2.3 

Each altimeter will be armed by 

a dedicated arming switch that 

is accessible from the exterior 

of the rocket airframe when 

the rocket is in the launch 

configuration on the launch 

pad. 

Inspection 

The rocket designs, model, and eventual construction 

will be inspected by the team leader and recovery 

subsection lead to verify that functional arming 

switches control the altimeter functions. The final 

inspection will occur during the final full-scale assembly 

to ensure that the arming switches are installed and 

functional. 

In Progress - 

2.4 
Each altimeter will have a 

dedicated power supply. 

Inspection 

The rocket designs and eventual construction will be 

inspected for the use of independent, dedicated power 

supplies for each altimeter in the recovery subsystem. 

The final inspection will occur at the final assembly to 

ensure independent power supplies. 

In Progress – 

Final check will 

occur during the 

final assembly. 

 

2.5 

Each arming switch will be 

capable of being locked in the 

ON position for launch (i.e. 

cannot be disarmed due to 

flight forces). 

Testing 

The rocket will be tested with likely kinematic and 

kinetic disturbances for the viability of the arming 

switch’s locking mechanism. Reference Section 9.1.1.3 

for a description of the test. 

Incomplete – 

Scheduled for 

1/25/2018 

CDR 9.1.1.3 
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USLI # Requirement Summary Verification Method Status Reference 

2.6 

The launch vehicle will be 

designed to be recoverable and 

reusable. 

Demonstration 

The subscale and full-scale tests flight will demonstrate 

that after the flight all components and systems are still 

usable in proceeding flights. The components will be 

inspected after the flight to demonstrate usability. 

Usable components will not necessarily be in the exact 

same condition as before launch, but will be minimally 

damaged so that they can be used again without any 

significant increase in risk. 

In Progress - 

2.7 

The launch vehicle will have a 

maximum of four (4) 

independent sections. 

Inspection 

The full-scale design has been inspected to ensure that 

no more than four sections exist. 

Complete CDR 3.1.4 

2.8 
The launch vehicle will be 

limited to a single stage. 

Inspection 

The rocket design has been inspected to ensure that it 

utilizes a single stage propulsion system. 

Complete CDR 3.1.5.2 

2.9 

The launch vehicle will be 

capable of being prepared for 

flight at the launch site within 3 

hours of the time the Federal 

Aviation Administration flight 

waiver opens. 

Demonstration 

The rocket team will demonstrate that the launch 

vehicle can be prepared within 3 hours during the full-

scale test and competition flights. To ensure that time 

is allotted for un-foreseen circumstances, the test flight 

demonstration must be under 2 hours to maintain a 

one-hour flex-time. Preparation includes any work 

completed at the launch site to get the rocket ready for 

launch.  

Incomplete – 

Scheduled for 

FSTF 

 



137 
 
 

USLI # Requirement Summary Verification Method Status Reference 

2.10 

The launch vehicle will be 

capable of remaining in launch-

ready configuration at the pad 

for a minimum of 1 hour 

without losing the functionality 

of any critical on-board 

components. 

Analysis 

The team will analyze the electrical components in both 

the recovery and payload section to ensure that they 

can maintain the power draw for at least one hour in 

launch ready position. 

Testing 

The battery life of both the recovery and payload 

subsystems will be tested to ensure that both 

subsystems can remain in launch ready configuration 

for at least one hour. For more information on the 

recovery and payload battery testing refer to 6.1.1.2 

and 6.1.2.1 respectively. 

Anlys. 

Complete 

 

Test. 

In-Progress 

Anlys. 

Rec. – CDR 

3.3.3.1 

Pay. – CDR 

5.5.2.1 

 

Test. 

CDR 9.1.2.2 

2.11 

The launch vehicle will be 

capable of being launched by a 

standard 12-volt direct current 

firing system. 

Demonstration 

The subscale and full-scale launches will demonstrate 

the ability of using a standard 12-volt direct current 

firing system. 

In-Progress -  

Subscale 

Complete 

CDR 3.2 

2.12 

The launch vehicle will require 

no external circuitry or special 

ground support equipment to 

initiate launch (other than what 

is provided by Range Services). 

Inspection 

The rocket designs and test flights will be inspected to 

ensure that no external circuitry or special ground 

support equipment are needed to launch the rocket. 

Demonstration 

The subscale and full-scale test flights will simply use a 

launch rail and ignition cord inserted at the base of the 

rocket to initiate launch, thus verifying the 

requirement. 

In-Progress – 

Subscale dem. is 

complete 

- 
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USLI # Requirement Summary Verification Method Status Reference 

2.13 

The launch vehicle will use a 

commercially available solid 

motor propulsion system using 

ammonium perchlorate 

composite propellant (APCP) 

which is approved and certified 

by the National Association of 

Rocketry (NAR), or Tripoli 

Rocketry Association (TRA). 

Inspection 

An inspection of the selected motor verifies that it is 

approved and certified by both NAR and TRA. 

Complete CDR 4.1.5.1 

2.14 
Pressure vessels on the vehicle 

will be approved by the RSO. 

Inspection 

The design has been inspected to show that no 

pressure vessels will be included in the vehicle. 

Complete CDR 3.1.4 

2.15 

The total impulse provided by a 

College and/or University 

launch vehicle will not exceed 

5,120 Newton-seconds (L-

class). 

Inspection 

The selected engine, a CTI K660, has a an impulse of 

1078.9 Newton-seconds which is less than the 5,120 N-

s maximum and thus completes the requirement. 

Complete CDR 3.1.3.5 
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USLI # Requirement Summary Verification Method Status Reference 

2.16 

The launch vehicle will have a 

minimum static stability margin 

of 2.0 at the point of rail exit. 

Rail exit is defined at the point 

where the forward rail button 

loses contact with the rail. 

Analysis  

The rocket has been modelled and analyzed in both 

OpenRocket and RockSim to model the static stability 

margin. These software programs approximate the 

center of pressure and gravity of the rocket model and 

then use those two values to calculate the static 

stability margin. Currently, the static stability margin is 

2.39. 

Inspection 

The geometry and weight distribution of the final 

assembly will be inspection to approximate the static 

stability margin of the actual rocket. For this inspection, 

the center of pressure will be taken from modelling 

analysis while the center of gravity will be determined 

by balancing the rocket. This inspection should confirm 

the static stability margin within a margin of ±0.1. 

Anlys. 

Complete 

 

Insp. 

Incomplete 

Anlys. 

CDR 6.4.6.5 

2.17 

The launch vehicle will 

accelerate to a minimum 

velocity of 52 ft/s at rail exit. 

Analysis 

The rocket has been modelled and analyzed in both 

OpenRocket and RockSim to predict the rail exit 

velocity. The current predicted rail exit velocity is 73.3 

ft/s. 

Complete CDR 3.4.1 

2.18 

All teams will successfully 

launch and recover a subscale 

model of their rocket prior to 

CDR. 

Demonstration 

The team will document and demonstrate the 

successful subscale launch by comparing the launch to 

the launch requirements listed here. 

Complete CDR 3.2 
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USLI # Requirement Summary Verification Method Status Reference 

2.19 

All teams will successfully 

launch and recover their full-

scale rocket prior to FRR in its 

final flight configuration. 

Demonstration 

 The team will document and demonstrate the 

successful full-scale launch by comparing the launch to 

the launch requirements listed in in this section. 

Incomplete 

Planned for 

2/17/18 

- 

2.20 

Any structural protuberance on 

the rocket will be located aft of 

the burnout center of gravity. 

Analysis 

Any potential protuberance will be compared with the 

calculated center of gravity. The two protuberances on 

the rocket – the two camera shrouds – are currently 

located about 1.5” aft of the calculated center of 

gravity. After burnout, the center of gravity will move 

closer towards the nosecone, making this our most 

conservative estimate. 

Complete 
CDR 

3.1.5.2.1 

2.21 Vehicle Prohibitions 

Inspection 

The final design will be compared against the list of 

prohibitions to ensure compliance. 

Complete CDR 4.1.4 

Recovery Requirements 

3.1 

The drogue parachute will be 

deployed at apogee and main 

parachute deployed at a lower 

altitude. 

Inspection 

The parachute control system, focusing on the dual 

deployment altimeters, have been designed to deploy 

the parachutes at these points. The specification for 

this system have been inspected to ensure that the 

parachutes will deploy at appropriate altitudes. 

Demonstration 

The timing of the parachute deployment will be 

demonstrated in the full-scale test flight. 

Insp. 

Complete 

 

Dem. 

Incomplete 

Insp. 

CDR 3.3.4 
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USLI # Requirement Summary Verification Method Status Reference 

3.2 

All teams must perform 

successful ground ejection tests 

before subscale and full-scale 

launches. 

Testing 

Both the subscale and full-scale vehicles will include 

ground ejection tests before launch. However, the 

second subscale rocket did not include a ground 

ejection test as it utilized a simple motor driven 

ejection system. For more information on the ground 

ejection tests, please refer to 6.1.1.6 and 6.1.1.8. 

In-Progress 

Subscale ground 

test has been 

completed 

CDR 6.1.1.6 

CDR 6.1.1.8 

3.3 

At landing, each section will 

have a maximum kinetic energy 

of 75 𝑓𝑡 − 𝑙𝑏𝑓 

Analysis 

The rocket and recovery system will be modeled using 

software such as OpenRocket and RockSim to predict 

the kinetic energy of each section upon landing. The 

maximum kinetic energy for the rocket is 63.09 ft-lb 

which is less than the 75 𝑓𝑡 − 𝑙𝑏 limit. 

Demonstration 

The kinetic energy at landing will be approximated and 

thus demonstrated through the full-scale test flight. 

Anlys. 

Complete 

 

Dem. 

Incomplete 

CDR 3.4.6 

3.4 

The recovery and payload 

electrical circuits will be 

completely independent. 

Inspection 

The designs will be inspected to ensure that the 

payload and recovery circuits are completely 

independent. In fact, the two subsystems of the rocket 

are housed in completely different airframe sections. 

Complete CDR 3.3.3.1 

3.5 

All recovery electronics will be 

powered with commercially 

available batteries. 

Inspection 

The recovery power sources will be inspected to ensure 

that they are utilizing commercial batteries. The design 

utilizes commercial 9V batteries. 

Complete CDR 3.3.3.1 
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USLI # Requirement Summary Verification Method Status Reference 

3.6 

The recovery system will 

contain redundant, 

commercially available 

altimeters. 

Inspection 

The recovery design will be inspected to ensure that 

two, independent altimeters are used. Redundancy, in 

this case, is defined as two completely independent 

systems. 

Complete CDR 3.3.3.1 

3.7 

Motor ejection is not a 

permissible form of primary or 

secondary deployment. 

Inspection 

The rocket designs have been inspected to ensure that 

only black powder ejection charges, not motor ejection 

will be used. 

Complete CDR 3.3.3 

3.8 

Removable shear pins will be 

used for both the main 

parachute compartment and 

the drogue parachute 

compartment. 

Inspection 

The main and drogue parachute compartments will be 

inspected to ensure that removable shear pins were 

used. 

In-Complete CDR 3.3.3 
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USLI # Requirement Summary Verification Method Status Reference 

3.9 

Recovery area will be limited to 

a 2500 ft. radius from the 

launch pads. 

Analysis 

The vehicle and recovery systems have been modelled 

in OpenRocket and RockSim to predict the recovery 

distance from the launch point, and therefore to ensure 

that it is within 2500 ft. These calculations are done at 

varying windspeeds including 15 mph which is the 

maximum wind speed that is allowed for launch. At 15 

mph the drift of the rocket is predicted to be 2000 ft. 

Demonstration 

This recovery radius within 2500 ft. will be 

demonstrated at the subscale and full-scale test 

launches. The maximum subscale recovery radius will 

be scaled based on the vehicle and recovery systems. 

Anlys. 

Complete 

 

Dem. 

In Progress –  

Subscale has 

been completed 

CDR 3.4.7 

3.10 

An electronic tracking device 

will be installed in the launch 

vehicle and will transmit the 

position of the tethered vehicle 

or any independent section to a 

ground receiver. 

Inspection 

The rocket design and final assembly will be inspected 

to ensure that a tracking device is included in the 

rocket.  

Testing 

The GPS device will be tested on campus to ensure that 

it works. For this test, the GPS beacon will be placed at 

a randomly chosen spot on Lipscomb’s campus. The 

recovery officer will then be tasked with using the GPS 

signal to find the GPS beacon (signifying the Rocket). 

Two consecutive, successful recoveries will sufficiently 

verify the requirement. 

Insp. 

Complete 

 

Test. 

Incomplete 

Insp. 

3.3.3.3 
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USLI # Requirement Summary Verification Method Status Reference 

3.11 

The recovery system 

electronics will not be 

adversely affected by any other 

on-board electronic devices 

during flight (from launch until 

landing). 

Inspection 

The design will be inspected to ensure that the payload 

and recovery electronic systems are located a distance 

away from each other to prevent any interference. 

Dem. 

Both the recovery and payload systems will be 

operational during the full-scale test flight, which will 

demonstrate the lack of interference between the two 

systems simply through their operation.  

Insp. 

Complete 

 

Test. 

Incomplete 

Insp. 

CDR 3.3.3.1 

Payload Requirements 

4.4.1 

Teams will design an onboard 

camera system capable of 

identifying and differentiating 

between 3 randomly placed 

targets. 

Analysis 

The capabilities of the selected camera and predicted 

altitude will be analyzed to ensure that the camera has 

a line of sight to ground targets and appropriate 

resolution to identify the separate targets. 

Testing 

The capabilities of the system will be tested using the 

tarp samples sent by NASA. Verification of these 

requirements will involve several tests including 

compatibility testing and camera resolution testing. For 

more information on these two tests, please refer to 

sections 6.1.2.1 and 6.1.2.5.   

Anlys. 

Complete 

 

Test. 

In Progress 

Anlys. 

CDR 5.4 

 

Test. 

CDR 6.1.2.1 

&  

CDR 6.1.2.5 
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USLI # Requirement Summary Verification Method Status Reference 

4.4.2 

Data from the camera system 

will be analyzed in real time by 

a custom designed on-board 

software package that shall 

identify, and differentiate 

between the three targets. 

Inspection 

The onboard computer will be designed and analyzed 

to do all computations independently and in real time. 

The conceptual and design work will be inspected to 

ensure that the software meets all requirements. 

Testing 

The data analysis capabilities of the hardware and 

software will be tested to ensure that it can complete 

real time data analysis. These tests include software 

testing and image processing (POC), and more 

information can be found on them in sections 6.1.2.3 

and 6.1.2.4 respectively. 

Anlys. 

Complete 

 

Test. 

In Progress 

Anlys. 

CDR 8.4 

 

Testing 

CDR 6.1.2.3 

& 

CDR 6.1.2.4 

4.4.3 
Teams will not be required to 

land on any of the targets. 

Demonstration 

The rocket will include no systems to land the rocket in 

the identified zone. 

Complete CDR 5.4 

Payload Requirements 

5.1 

Each team will use a launch and 

safety checklist included in the 

FRR. 

Inspection 

The launch operations will be inspected to ensure that 

they are coinciding with the launch and safety checklist. 

In Progress CDR 4 

5.2 
Each team must identify a 

student safety officer. 

Demonstration 

The safety officer has been identified as Taylor Wright. 
Complete CDR 2.1 

5.3.1 

The safety officer will monitor 

team activities with an 

emphasis on safety. 

Inspection 

The team leader will verify that the safety officer is 

completing his responsibilities. 

In Progress NA 
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USLI # Requirement Summary Verification Method Status Reference 

5.3.2 

Implement procedures 

developed by the team for 

construction, assembly, launch, 

and recovery activities. 

Demonstration 

The safety officer will write, publish, and post safety 

standards for all team members to read and follow. 

Inspection 

The team will continuously inspect team activities 

including construction, assembly, launch, and recovery 

activities to ensure that the procedures are being 

implemented sufficiently. 

In Progress CDR 4.2 

5.3.3 
Manage and maintain revisions 

of the team’s hazard analyses. 

Inspection 

The hazard analysis will be periodically inspected to 

ensure that it is up to date with the current status of 

the project. 

In Progress CDR 4.3 

5.3.4 

Assist in the writing and 

development of the team’s 

hazard analyses, failure modes 

analyses, and procedures. 

Demonstration 

The safety officer is primarily responsible for delivering 

this report and will liaison with the team as needed. 

The section itself will be the demonstration. 

In Progress CDR 4.3 

5.4 
Teams will abide by the rules 

and guidance of the local RSO. 

Inspection 

The team leader and safety officer will inspect the team 

and ensure compliance with the local rules and 

guidance. 

In Progress NA 

5.5 
Teams will abide by all rules set 

forth by the FAA. 

Inspection 

The team leader and safety officer will inspect the team 

and ensure compliance with FAA rules. 

In Progress NA 
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6.1.2 Team Requirements and Verification 

Table 32 – Team Requirements and Verification (LD – Launch Day) 

Req. # Requirement Summary Verification Method Status Reference 

Project Plan 

1.1 

At least one successful launch 

following all USLI and team 

requirements should be completed 

before competition day. 

Inspection 

Full-scale test launch(es) will be compared 

against all relevant requirements to ensure that 

all requirements have been verified. 

Incomplete - 

1.2 

NASA deliverables will be completed 

at least two days before submission 

deadline. 

Inspection 

The completion date of the deliverables will be 

compared with the due date to ensure early 

submission. 

In Progress - 

1.3 

Virtually all design decisions, project 

choices, and research should be 

documented publicly. 

Inspection 

Team members will regularly inspect team filing 

systems, primarily Google Drive, to ensure that 

all work is being adequately documented. 

In Progress  
Team Google 

Drive 

1.4 
Any software use must document 

inputs and outputs. 

Inspection 

The sub-section and team leaders will inspect 

documentation containing software analysis for 

adequate documentation of boundary 

conditions. 

In Progress CDR 4.4.5 
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Req. # Requirement Summary Verification Method Status Reference 

1.5 

The team leader, safety officer, and 

sub-section leaders are to give 

feedback surveys once a month. 

Inspection  

The team leader will inspect the results of the 

surveys to ensure proper team function along 

with requirement fulfillment. 

Incomplete - 

1.6 

The team website should be 

marketable and presentable to the 

general public. 

Demonstration 

The team website will be publicized by the team 

and used as a funnel for public interaction. 

Complete  See website 

1.7 

Each core member is responsible for 

any and all work his direct reports 

complete. 

Inspection 

The team leader will inspect the quality and 

content of any work submitted and ultimately 

hold them responsible.  

In Progress NA 

1.8 

Submitted design reports should 

have, on average, less than one 

grammatical or formatting error per 

page. 

Inspection 

The team leader and technical writer will inspect 

all deliverables at a sufficient length of time 

before submission. 

In Progress NA 

Launch Vehicle 
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Req. # Requirement Summary Verification Method Status Reference 

2.1 
The rocket reaches a height between 

5180 and 5380 ft. 

Analysis 

Rocket modelling software such as OpenRocket 

and RockSim will be used to predict the apogee 

of the team’s specific rocket.  

Demonstration 

The altitude range of the rocket will be 

demonstrated in the full-scale test flight. One 

successful launch between the range will be 

considered sufficient to demonstrate 

verification.   

Anlys. 

Complete 

 

Dem. 

Incomplete 

CDR 4.4.6.2 

2.2 

The airframe should provide sufficient 

space for all subsystems and 

components to fit within the rocket. 

Analysis 

The OpenRocket Model and CAD modelling 

verifies that each subsystem as enough available 

space. 

Inspection 

The final assembly will be inspected to ensure 

that each component and subsystem has 

adequate space within the airframe. 

Anlys. 

Complete 

 

Insp. 

Incomplete 

CDR 3.1 
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Req. # Requirement Summary Verification Method Status Reference 

2.3 

The launch vehicle should provide an 

effective and workable platform for 

the payload.  

Inspection 

The rocket designs will be inspected to ensure 

that the airframe provides adequate space for 

the payload and provides secure mounting for 

the camera. Furthermore, the design should 

allow for sufficient line of sigh from the camera. 

This design inspection will be verified by an 

inspection of the camera view through the final, 

assembled payload.  

In Progress –  

Design 

inspection is 

completed 

CDR 5.4 

2.4 

The payload should be easily 

accessible from the aft section of the 

rocket. 

Inspection 

The designs will be inspected to ensure that the 

payload can be easily and quickly accessed after 

landing and even during assembly. The ease of 

access will be finally verified by inspected the 

final rocket. 

In Progress – 

Design 

inspection is 

competed 

CDR 5.4 

2.5 

The vehicle will be stable in all stages 

before, during, and after launch. This 

includes having a stability margin of 

above 2.5. 

Analysis 

The rocket will be designed to exceed a stability 

margin of 2.5 and analyzed in rocket software 

such as OpenRocket and RockSim. 

Complete CDR 4.4.6.4 
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Req. # Requirement Summary Verification Method Status Reference 

2.6 

The final, assembled vehicle should 

weight should be within 90% to 110% 

of the predicted weight. 

Inspection 

The assembled vehicle will be weighed to ensure 

that it matches the predicted weight, varying no 

more than 10%. This will be accomplished by 

precise weight accounting throughout the design 

and thus weight prediction process. 

Incomplete - 

Recovery 

3.1 
The rocket fires the drogue parachute 

within 3 seconds of apogee. 

Demonstration 

The timing of the drogue parachute deployment 

will be demonstrated during the full-scale test 

launch. The timing of the drogue parachute 

activation will be completed using a stopwatch 

marking the time at both apogee and chute 

deployment.  A single demonstration will be 

sufficient verification. 

Incomplete - 

3.2 
The rocket fires the main parachute at 

750 𝑓𝑡 ± 100 𝑓𝑡 

Demonstration 

The time of main parachute deployment will be 

logged and compared with the flight altimeter 

during the full-scale test flight. One successful 

demonstration is deemed adequate verification. 

Incomplete - 
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Req. # Requirement Summary Verification Method Status Reference 

3.3 Both parachutes fully inflate. 

Demonstration 

The inflation of the parachutes will be 

determined from team observation during test 

flights. 

Incomplete - 

3.4 
The landing does not damage any of 

the internal components. 

Analysis 

The rocket must be designed with a landing 

impact less than the maximum survivable impact 

of the components. The kinetic energy of each 

component will be contrasted with fracture 

damage of delicate instrumentation. 

Demonstration 

The survivability and damage upon landing will 

be illustrated by demonstration during the full-

scale test flight. 

Anlys. 

Complete 

 

Dem. 

Incomplete – 

Planned for FSTF 

CDR 4.6 

Payload 

4.1 
The test altimeter must be able to 

record altitudes up to 6000 feet. 

Inspection 

The altimeters slated for purchase will be 

inspected to ensure that their specifications 

allow operation of at least 6000 ft. 

Complete CDR 3.3 

4.2 
The altimeter will have the capability 

to be activated wirelessly. 

Inspection 

The altimeters slated for purchase will be 

inspected for wireless activation capabilities. 

Complete CDR 3.3 
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Req. # Requirement Summary Verification Method Status Reference 

4.3 

The flight data is recorded in full and 

can be downloaded from the 

altimeter post-flight. It must be able 

to store multiple flights. 

Inspection 

The altimeters slated for purchase will be 

analyzed for the capability to record full flights 

and store multiple flights. 

Complete CDR 3.3 

4.4 

The altimeter must come with a 

dedicated, rechargeable power 

supply. 

Inspection 

The altimeters slated for purchase will be 

inspected for a dedicated, rechargeable power 

supply. 

Complete CDR 3.3 

4.5 

The computer must fit in the rocket 

space claim while attached to all 

components for the payload. 

Analysis 

The space claim for the payload can be 

compared to the designed space in the rocket 

using basic geometry, OpenRocket software, and 

CAD analysis in SOLIDOWRKS. 

Complete CDR 4.1.4 

4.6 
The computer must interface with the 

camera and sensors. 

Inspection 

The computer connected to the camera will be 

inspected to ensure that the connection systems 

can interface properly.  

Complete CDR 5.4 

4.7 
The computer must be 

programmable. 

Inspection 

The potential computer choices will be inspected 

for programmability by the payload design team. 

Complete CDR 5.3 
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Req. # Requirement Summary Verification Method Status Reference 

4.8 

The computer must have sufficient 

processing power to process mid-

flight images. 

Analysis 

The computing power of potential computers 

will be compared with the estimated capability 

needed to process images.  

Testing 

This capability will later be tested as a part of the 

software and image process POC testing. For 

more information, refer to the testing section 

9.1. 

Anlys. 

Complete 

 

Test. 

In Progress 

Anlys. 

CDR 5.3 

 

Test. 

CDR 6.1.2.3 

& 

CDR 6.1.2.4 

4.9 The computer must store data. 

Inspection 

The payload team will inspect the computer to 

ensure that it has storage capabilities sufficient 

for the processed images. 

Complete CDR 5.3 

4.10 

The computer must be able to 

portably powered and not overheat 

during operation. 

Demonstration 

The payload subsection lead will demonstrate 

the computer in flight configuration to ensure 

that the system works adequately. 

In Progress - 

4.11 
The software will be compatible with 

all other payload components. 

Inspection 

The software package and peripherals chosen 

will be examined to ensure that each are 

compatible and can be used in conjunction. 

Complete CDR 5.3 
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Req. # Requirement Summary Verification Method Status Reference 

4.12 
The software can perform image 

processing. 

Testing 

The payload subsection lead will complete basic 

image processing on the software early in the 

design process. For more information, refer to 

the testing section: 9.3. 

In Progress CDR 6.3.2.3 

4.13 

The software algorithms must 

perform image processes at a rate of 

at least 4 images per second. 

Testing 

The payload proof of concept testing will help to 

test the rate of image processing by the onboard 

computer. For more information, refer to the 

testing section: 9.3. 

In Progress CDR 6.3.2.4 

4.14 The camera can take still pictures. 

Inspection 

The projected camera specifications will be 

inspected for the capability to take pictures. 

Complete CDR 5.3 

4.15 

The camera can be mounted on the 

rocket without severely hindering 

aerodynamics. 

Analysis 

The protrusion will be analyzed in modelling 

software to ensure that it has limited effects on 

aerodynamics. This analysis was completed in 

SOLIDWORKS CFD to calculate the drag on the 

camera shrouds. 

Complete CDR 5.3.2.7 

4.16 
The camera must physically interface 

with the computer. 

Demonstration 

The camera and the computer were connected 

to verify the visual images between the two 

systems. 

Complete CDR 5.2 
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Req. # Requirement Summary Verification Method Status Reference 

4.17 

The camera must have adequate 

resolution to distinguish the edges of 

the target images. 

Analysis 

The camera resolution will be compared against 

the expected resolution of the tarp in mid-flight. 

Testing 

The resolution will be tested in a scaled 

experiment with the tarp samples. For more 

information, refer to the testing section: 9.3. 

Anlys. 

Complete 

 

Test. 

In Progress 

Anlys. 

CDR 5.4 

 

Test. 

6.1.2.5 

4.18 

The camera must have supported 

software and drivers to provide image 

data to the computer. 

Inspection 

The camera options will be examined to ensure 

that they contain adequate drivers to facilitate 

the transfer of photos. 

Complete CDR 5.3 

4.19 
The camera must be controlled by the 

computer. 

Demonstration 

Basic demonstration of playing video feed from 

the camera to a computer and then relayed to a 

monitor confirm that the camera can be 

controlled by the computer. 

Complete CDR 5.4 

4.20 
The sensors must have software or 

driver support. 

Inspection 

Before purchase, the payload team will verify 

that the sensors are compatible with adequate 

software or drivers. 

Complete CDR 5.3 

4.21 
The camera clearly views all three 

targets. 

Inspection 

Inspection of the flight video should show the 

three field targets. 

Incomplete - 
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Req. # Requirement Summary Verification Method Status Reference 

4.22 
The on-board computer locates and 

processes the three tarps internally. 

Demonstration 

The microcomputer must show that it identified 

the tarps. This demonstration will come from the 

video footage on the full-scale test flight. 

Testing 

The ability to locate and process the three tarps 

will be tested in the image process (POC) test. 

For more information, refer to the testing 

section: 6.3. 

Incomplete 
Testing 

6.3.1.4 

4.23 

The processor stores the outline 

and/or location of the targets an 

easily recognizable manner. 

Demonstration 

After flight, the microcomputer should be able to 

output data that clearly identifies all three of the 

targets. 

Incomplete - 

4.24 

Payload success should be 

determinable within 30 minutes of 

rocket recovery. 

Demonstration 

Within 15 minutes after landing, the ground 

team should be able to clearly determine the 

success of the payload. 

Incomplete - 

4.25 
The payload should be reusable for 

any following flights. 

Demonstration 

After any test or competition flights the entire 

payload system should be flyable with little to no 

work. 

Incomplete - 
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Req. # Requirement Summary Verification Method Status Reference 

4.26 

All components of the payload must 

fit within the 4 inch diameter body 

tube of the rocket and stay secure 

during launch. 

Analysis 

Using models of the rocket and payload section, 

the space provided the payload will be examined 

to ensure that all components can fit properly. 

This includes enough space to attach the CSI 

band. 

Inspection 

Inspect the assembled vehicle with the payload 

inside the ensure that the payload can fit within 

the body tube. 

Anlys. 

Complete 

 

Insp. 

InComplete 

Anlys. 

CDR 2.1 

4.27 
The payload can be turned on and off 

from outside of the assembled rocket. 

Demosntration 

The assembled payload will be turned off and on 

from outside the assembled rocket. Three 

repeated successful attempts will be sufficient to 

demonstrate the verification of this requirement. 

Incomplete - 

Safety 

5.1 

All team members that participate in 

assembly, testing, or launch activities 

must first take the Raymond B Jones 

College of Engineering Safety Quiz. 

Inspection 

The team leader and safety officer will inspect 

the safety quiz results before a team member is 

allowed to participate in the listed activities. 

In Progress - 
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5.2 
All team members must attend 

periodic required safety briefings. 

Inspection 

The attendance at all safety briefings will be 

checked. Those not in attendance will not be 

allowed to participate in team activites until they 

make up the safety briefing. 

In Progress - 
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6.3 Budgeting and Timeline 

6.3.1 Budget 

Most of the budget is fully defined and created at a high degree of certainty. The overall budget 

is shown below in Table 33. 

Table 33 – Current Budget Overview 

 

  

 This budget has increased by over $1,000 as compared to the budget presented in the 

PDR. As discussed in the PDR, the team received an influx of funding right before the PDR 

deadline, which eventually resulted in the team being able to budget for higher quality 

materials and components. The budget increase is a result of this increase, discoveries with 

regards to unknown needs, and the addition of a per diem stipend to help with food costs 

during the USLI launch week. The PDR and CDR budgets are compared below in Table 34. 

Table 34 – Comparison of PDR and CDR Budget 

 

 

 It is worth noting here the rationale for the decrease in the “Insurance” or emergency 

fund budget. The original purpose of this budget item was to provide a sum of money which 

could completely replace the rocket. While this is a good budget conservation, it is not the most 

efficient in terms of the project due to the time it would take to completely replace a rocket. 
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Furthermore, in the best case these funds would never be applied towards the project. Instead, 

the team identified high risk areas to purchase additional components as a safety precaution. 

This method allows for the components to be held on hand, as well as negates budgeting for 

components that are not likely to break. A basic list of these at risk components and the 

corresponding action is shown below in Table 35. 

 

Table 35 – Insurance Overview for Rocket 

Component Mitigation 

Nosecone Order extra nosecone 

Airframe Double the length of airframe purchased 

Bulkheads Manufacture two additional aluminum and four plywood bulkheads 

Retaining Ring Nothing. Can be worked around. 

Electronic Bays Purchase extra hardware 

Altimeters Have two backup StrattologgerCF’s 

Shock Cord Purchase enough length for a backup cord 

Camera Shrouds Print at least one extra 

Recovery Circuit Purchase a full backup set 

Payload Camera Have extra on hand 

Battery Purchase backup 

 

 Each of these measures is included in the line item budget within each item. 

Furthermore, a $500 emergency fund is retained for unexpected accidents or equipment errors. 

The extra materials do not negate any problems or allow for a complete rebuild, they just allow 

the team to quickly replace the more at-risk components. 
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 For a more detailed budget, please refer to Appendix E which details the line item 

budget and cost for the project. While many of the components have not been purchased to 

date, in most cases the budget has been crafted with a specific component and price in mind. 

6.3.2 Fundraising 

 The team has currently raised a majority of funds for the project. The current funding 

amounts and sources are shown in Table 36. 

Table 36 – Overview of Completed Funding 

 

         The team still has several pending fundraising requests. The team previously expected 

fundraising from Dynamic Structures & Materials but due to length of time without contact or 

funding, they have been moved back to the pending requests list. The pending requests along 

with their associated probability are shown in Table 37. 

Table 37 – Overview Completed Fundraising 

 

 Taking the composite of the current funding and adjusted amount, the team 

theoretically expected a total funding amount of over $8,300. While this extra funding would be 

appreciated, the team is already fully funded now. Funding levels are compared the percent of 

the budget below in Table 38. 

Table 38 – Comparison of Funding Levels to the Budget. 
The percentages are percent of the budget raised 

 



163 
 
 

 

The ultimate fundraising goal is still $8,500. However, the current funding amount exceeds the 

current budget by $233.00. Remember, that budget also includes a $500 emergency fund. Any 

additional funding or surplus beyond the budget will be retained in the emergency account or 

invested in projects to build the program for years to come such as constructing a permanent 

launch pad or investing in lab hardware. 

6.3.3 Allocation of Funds 

Utilizing the estimated updated budget and project fundraising levels, the funds will be 

allocated as follows: 

Table 52. Plan for Allocation of Funds 

 

6.3.4 Material Acquisition Plan 

The acquisition of components will be split into two primary phases: Phase 1 in early November 

to support proof of concept testing. Phase 2 in January to order the remainder of necessary 

components for full-scale construction and testing. 

 Phase 1 will include all subscale components and materials such as the subscale engine, 
airframe, and recovery system, and the entire experimental payload other than 
mounting equipment. 

 Phase 2 will include all other components.  
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6.3.5 Project Timeline 

The project plan and timeline have changed minimally from the plan presented in the 

proposal. The team is currently on track for the project plan. Figure 52 shows the breakdown of 

tasks surrounding the submittal of the PDR. A full task breakdown is included in Appendix F.  
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Figure 52 – Current Segment of Task break
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Appendix A – Full-Scale Solidworks Drawings 
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Appendix B – RockSim Full-Scale Simulation 

Rocket - Simulation results 

Engine selection 

[K660-None] 

Simulation control parameters 

 Flight resolution: 800.000000 samples/second 

 Descent resolution: 1.000000 samples/second 

 Method: Explicit Euler 

 End the simulation when the rocket reaches the ground. 

Launch conditions 

 Altitude: 0.00000 Ft. 

 Relative humidity: 50.000 % 

 Temperature: 59.000 Deg. F 

 Pressure: 29.9213 In. 

Wind speed model: Calm (0-2 MPH) 

o Low wind speed: 0.0000 MPH 

o High wind speed: 2.0000 MPH 

Wind turbulence: Fairly constant speed (0.01) 

o Frequency: 0.010000 rad/second 
 Wind starts at altitude: 0.00000 Ft. 

 Launch guide angle: 0.000 Deg. 

 Latitude: 0.000 Degrees 

Launch guide data: 

 Launch guide length: 36.0000 In. 

 Velocity at launch guide departure: 45.1758 ft/s 

 The launch guide was cleared at : 0.166 Seconds 

 User specified minimum velocity for stable flight: 43.9993 ft/s 

 Minimum velocity for stable flight reached at: 34.9371 In. 

Max data values: 

 Maximum acceleration:Vertical (y): 355.533 Ft./s/sHorizontal (x): 1.164 Ft./s/sMagnitude: 

355.533 Ft./s/s 

 Maximum velocity:Vertical (y): 727.6714 ft/s, Horizontal (x): 0.0000 ft/s, Magnitude: 727.8329 

ft/s 
 Maximum range from launch site: 348.09995 Ft. 
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 Maximum altitude: 6406.63661 Ft. 

Recovery system data 

Time data 

 Time to burnout: 3.690 Sec. 

 Time to apogee: 19.489 Sec. 

 Optimal ejection delay: 15.799 Sec. 

Landing data 

 Crash landing! 

 Time to impact: 42.026 Sec. 

 Range at impact: -348.09995 

 Velocity at impact: Vertical: -470.6280 ft/s , Horizontal: -4.4693 ft/s , Magnitude: 470.6492 ft/s 

Competition settings 

Competition conditions are not in use for this simulation. 

Sustainer parts 

Nose cone - Custom, Material: Fiberglass 

 Nose shape: Hollow Sears-Haack series (L-V), Len: 20.0000 In., Dia: 4.0000 In. Wall thickness: 0.1250 In. Body insert: OD: 
3.8750 In., Len: 6.0000 In. 

 CG: 0.0000 In. , Mass: 1.375001 Lb. Radius of gyration: 0.151048 (m) , 15.1048 (cm) Moment of inertia: 0.0142299 (kgm^2) , 
142299 (gcm^2) , RockSim XN: 9.9800 In. , CNa: 2 

 

Body tube - Custom, Material: G10 fiberglass 

 OD: 4.0000 In. , ID: 3.8750 In. , Len: 14.0000 In. 

 CG: 7.0000 In. , Mass: 0.745013 Lb. Radius of gyration: 0.108696 (m) , 10.8696 (cm) Moment of inertia: 0.0039926 (kgm^2) , 
39926 (gcm^2) , RockSim XN: 0.0000 In. , CNa: 0 

 

Tube coupler - Custom, Material: Aluminum 

 Tube couplerOD: 3.8750 In., ID: 3.6250 In., Len: 6.0000 In. Location: -3.0000 In. From the base of Body tube 

 CG: 3.0000 In. , Mass: 0.861870 Lb. Radius of gyration: 0.0554773 (m) , 5.54773 (cm) Moment of inertia: 0.0012032 (kgm^2) , 
12032 (gcm^2) 

 

Flight Computer - Custom, Material: 
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 CG: 0.0000 In. , Mass: 2.000001 Lb. Radius of gyration: 0 (m) , 0 (cm) Moment of inertia: 0 (kgm^2) , 0 (gcm^2) 

 

Bulkhead - Custom, Material: Aluminum 

 BulkheadOD: 3.8750 In., Len: 0.2500 In. Location: 7.5000 In. From the base of Body tube 

 CG: 0.1250 In. , Mass: 0.287589 Lb. Radius of gyration: 0.0247022 (m) , 2.47022 (cm) Moment of inertia: 7.95994e-05 (kgm^2) 
, 795.994 (gcm^2) 

 

Parachute - Custom, Material: Ripstop nylon 

 1 parachute, Shape: 6 sided Dia: 18.0000 In., Spill hole: 0.0000 In. 

 CG: 0.0000 In. , Mass: 0.624999 Lb. Radius of gyration: 0.0295522 (m) , 2.95522 (cm) Moment of inertia: 0.000247585 (kgm^2) 
, 2475.85 (gcm^2) 

 

Ejection Charge - Custom, Material: 

 CG: 0.0000 In. , Mass: 0.125000 Lb. Radius of gyration: 0 (m) , 0 (cm) Moment of inertia: 0 (kgm^2) , 0 (gcm^2) 

 

Ejection Charge - Custom, Material: 

 CG: 0.0000 In. , Mass: 0.125000 Lb. Radius of gyration: 0 (m) , 0 (cm) Moment of inertia: 0 (kgm^2) , 0 (gcm^2) 

 

Computer housing - Custom, Material: 

 CG: 0.0000 In. , Mass: 0.250000 Lb. Radius of gyration: 0 (m) , 0 (cm) Moment of inertia: 0 (kgm^2) , 0 (gcm^2) 

 

balast - Custom, Material: 

 CG: 0.0000 In. , Mass: 0.999999 Lb. Radius of gyration: 0 (m) , 0 (cm) Moment of inertia: 0 (kgm^2) , 0 (gcm^2) 

 

Body tube - Custom, Material: G10 fiberglass 

 OD: 4.0000 In. , ID: 3.8750 In. , Len: 37.0000 In. 

 CG: 18.5000 In. , Mass: 1.968962 Lb. Radius of gyration: 0.2739 (m) , 27.39 (cm) Moment of inertia: 0.0670019 (kgm^2) , 
670019 (gcm^2) , RockSim XN: 0.0000 In. , CNa: 0 

 

Centering ring - Custom, Material: Blue tube 
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 Centering ringOD: 3.8750 In., ID: 2.2800 In., Len: 0.2500 In. Location: 5.0000 In. From the base of Body tube 

 CG: 0.1250 In. , Mass: 0.138469 Lb. Radius of gyration: 0.0286406 (m) , 2.86406 (cm) Moment of inertia: 5.15207e-05 (kgm^2) 
, 515.207 (gcm^2) 

 

Centering ring - Custom, Material: Plywood (birch) 

 Centering ringOD: 3.8750 In., Len: 0.3750 In. Location: 11.0000 In. From the base of Body tube 

 CG: 0.1875 In. , Mass: 0.100656 Lb. Radius of gyration: 0.0247873 (m) , 2.47873 (cm) Moment of inertia: 2.8052e-05 (kgm^2) , 
280.52 (gcm^2) 

 

Parachute - Custom, Material: Ripstop nylon 

 1 parachute, Shape: 6 sided Dia: 72.0000 In., Spill hole: 0.0000 In. 

 CG: 0.0000 In. , Mass: 0.624999 Lb. Radius of gyration: 0.0902648 (m) , 9.02648 (cm) Moment of inertia: 0.00230984 (kgm^2) , 
23098.4 (gcm^2) 

 

Freeform fin set - Custom, Material: Fiberglass 

 CG: 11.8029 In. , Mass: 2.428143 Lb. Radius of gyration: 0.132839 (m) , 13.2839 (cm) Moment of inertia: 0.0194353 (kgm^2) , 
194353 (gcm^2) , RockSim XN: 68.2980 In. , CNa: 21.7972 

 

Engine block - Custom, Material: Aluminum 

 Engine blockOD: 3.8750 In., Len: 0.2500 In. Location: 20.5000 In. From the front of Body tube 

 CG: 0.1250 In. , Mass: 0.287589 Lb. Radius of gyration: 0.0247022 (m) , 2.47022 (cm) Moment of inertia: 7.95994e-05 (kgm^2) 
, 795.994 (gcm^2) 

 

Centering ring - Custom, Material: Aluminum 

 Centering ringOD: 3.8750 In., Len: 0.3750 In. Location: 0.0000 In. From the base of Body tube 

 CG: 0.1875 In. , Mass: 0.431384 Lb. Radius of gyration: 0.0247873 (m) , 2.47873 (cm) Moment of inertia: 0.000120223 (kgm^2) 
, 1202.23 (gcm^2) 

 

Shock cord - Custom, Material: 

 CG: 0.0000 In. , Mass: 0.001588 Lb. Radius of gyration: 0 (m) , 0 (cm) Moment of inertia: 0 (kgm^2) , 0 (gcm^2) 

 

Electronic Payload - Custom, Material: 

 CG: 0.0000 In. , Mass: 0.999999 Lb. Radius of gyration: 0 (m) , 0 (cm) Moment of inertia: 0 (kgm^2) , 0 (gcm^2) 
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Bulkhead - Custom, Material: Aluminum 

 BulkheadOD: 3.8750 In., Len: 0.2500 In. Location: 9.0000 In. From the front of Body tube 

 CG: 0.1250 In. , Mass: 0.287589 Lb. Radius of gyration: 0.0247022 (m) , 2.47022 (cm) Moment of inertia: 7.95994e-05 (kgm^2) 
, 795.994 (gcm^2) 

 

Pod - Custom, Material: 

 CG: 0.0000 In. , Mass: 0.000000 Lb. Radius of gyration: 6.54767e-252 (m) , 6.54767e-250 (cm) Moment of inertia: 0 (kgm^2) , 0 
(gcm^2) , RockSim XN: 0.0000 In. , CNa: 0 

 NOTE: This part's mass is zero. Possible missing specs. 

 

Nose cone - Custom, Material: Basswood 

 Nose shape: Solid Ogive, Len: 10.0000 In., Dia: 1.0000 In. Body insert: OD: 0.8750 In., Len: 0.5000 In. 

 CG: 7.1280 In. , Mass: 0.069497 Lb. Radius of gyration: 0.109817 (m) , 10.9817 (cm) Moment of inertia: 0.000380159 (kgm^2) , 
3801.59 (gcm^2) , RockSim XN: 56.9879 In. , CNa: 2 

 

Body tube Apogee - 10099 - 24 mm, Material: PVC 

 OD: 1.0000 In. , ID: 0.9000 In. , Len: 2.0000 In. 

 CG: 1.0000 In. , Mass: 0.014024 Lb. Radius of gyration: 0.0169908 (m) , 1.69908 (cm) Moment of inertia: 1.83644e-06 (kgm^2) 
, 18.3644 (gcm^2) , RockSim XN: 0.0000 In. , CNa: 0 

 

MMT Apogee - 9601 - 6 mm, Material: G10 
fiberglass 

 OD: 2.2835 In. , ID: 2.2441 In. , Len: 25.0000 In. Location: 21.0000 In. From the front of Body tube 

 CG: 12.5000 In. , Mass: 0.241100 Lb. Radius of gyration: 0.18464 (m) , 18.464 (cm) Moment of inertia: 0.00372833 (kgm^2) , 
37283.3 (gcm^2) 

 

Pod - Custom, Material: 

 CG: 0.0000 In. , Mass: 0.000000 Lb. Radius of gyration: 6.54767e-252 (m) , 6.54767e-250 (cm) Moment of inertia: 0 (kgm^2) , 0 
(gcm^2) , RockSim XN: 0.0000 In. , CNa: 0 

 NOTE: This part's mass is zero. Possible missing specs. 

 

Nose cone - Custom, Material: Basswood 
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 Nose shape: Solid Ogive, Len: 10.0000 In., Dia: 1.0000 In. Body insert: OD: 0.8750 In., Len: 0.5000 In. 

 CG: 7.1280 In. , Mass: 0.069497 Lb. Radius of gyration: 0.109817 (m) , 10.9817 (cm) Moment of inertia: 0.000380159 (kgm^2) , 
3801.59 (gcm^2) , RockSim XN: 56.9879 In. , CNa: 2 

 

Body tube Apogee - 10099 - 24 mm, Material: PVC 

 OD: 1.0000 In. , ID: 0.9000 In. , Len: 2.0000 In. 

 CG: 1.0000 In. , Mass: 0.014024 Lb. Radius of gyration: 0.0169908 (m) , 1.69908 (cm) Moment of inertia: 1.83644e-06 (kgm^2) 
, 18.3644 (gcm^2) , RockSim XN: 0.0000 In. , CNa: 0 

 

Transition - Custom, Material: Fiberglass 

 Solid transition: Fwd. Dia: 4.0000 In., Len: 8.0000 In., Rear Dia: 2.5000 In. Font body insert: Len: 3.0000 In., OD: 3.8750 In., 
Rear body insert: Len: 0.0000 In., OD: 0.0000 In., 

 CG: 4.6830 In. , Mass: 0.075234 Lb. Radius of gyration: 0.0867682 (m) , 8.67682 (cm) Moment of inertia: 0.000256923 (kgm^2) 
, 2569.23 (gcm^2) , RockSim XN: 75.5518 In. , CNa: -1.2187 
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Appendix C – OpenRocket Full-Scale Simulation 
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Appendix D – Subscale RockSim Simulation 

Rocket - Simulation results 

Engine selection 

[G80T-10]  

Simulation control parameters 

 Flight resolution: 800.000000 samples/second 

 Descent resolution: 1.000000 samples/second 

 Method: Explicit Euler 

 End the simulation when the rocket reaches the ground. 

Launch conditions 

 Altitude: 0.00000 Ft. 

 Relative humidity: 50.000 % 

 Temperature: 25.000 Deg. F 

 Pressure: 29.9139 In. 

Wind speed model: Calm (0-2 MPH) 

o Low wind speed: 0.0000 MPH 

o High wind speed: 2.9000 MPH 

Wind turbulence: Fairly constant speed (0.01) 

o Frequency: 0.010000 rad/second 

 Wind starts at altitude: 0.00000 Ft. 

 Launch guide angle: 0.000 Deg. 

 Latitude: 34.000 Degrees 

Launch guide data: 

 Launch guide length: 96.0000 In. 

 Velocity at launch guide departure: 59.5843 ft/s 

 The launch guide was cleared at : 0.281 Seconds 

 User specified minimum velocity for stable flight: 43.9993 ft/s 

 Minimum velocity for stable flight reached at: 53.4551 In. 

Max data values: 

 Maximum acceleration:Vertical (y): 313.482 Ft./s/sHorizontal (x): 0.004 Ft./s/sMagnitude: 

313.482 Ft./s/s 

 Maximum velocity:Vertical (y): 284.2769 ft/s, Horizontal (x): 0.4794 ft/s, Magnitude: 284.2769 

ft/s 

 Maximum range from launch site: 10.12808 Ft. 
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 Maximum altitude: 1242.57874 Ft. 

Engine ejection charge data: 

 Using a delay time of : 10.000 Seconds 

 Velocity: 83.3852 ft/s 

 Altitude: 1124.63583 Ft. 

Recovery system data 

 P: Parachute Deployed at : 11.809 Seconds 

 Velocity at deployment: 83.3852 ft/s 

 Altitude at deployment: 1124.63583 Ft. 

 Range at deployment: -0.47176 Ft. 

Time data 

 Time to burnout: 1.809 Sec. 

 Time to apogee: 9.059 Sec. 

 Optimal ejection delay: 7.250 Sec. 

Landing data 

 Successful landing 

 Time to landing: 55.825 Sec. 

 Range at landing: 10.12808 

 Velocity at landing: Vertical: -24.9880 ft/s , Horizontal: 0.4794 ft/s , Magnitude: 24.9926 ft/s 

Competition settings 

Competition conditions are not in use for this simulation. 
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Appendix E – Line Item Budget 

 

Section Part Description Manufacturer Part #
Unit Per 

Quantity
Quantity Price Projected Price Actual

Nose Cone Color Fiberglass 4" Filament Wound Metal Tip. 5:5:1 Von Karmen Madcow Rocketry FWNC40MC 1 3 $70.00 $210.00 Not Ordered

Main Airframe 4" G12 Airframe. 60" Natural Madcow Rocketry FT40-600-FLY 1 2 $125.00 $250.00 Not Ordered

Motor Mount Tube 2.2" / 54mm G12 Airframe. Half Length (30") Madcow Rocketry FT22-STD-600-FLY 1 1 $40.00 $40.00 Not Ordered

Fiberglass Sheet 1/8 G10/FR4 Fiberglass plate for the fins, bulkheads, and centering rings. Madcow Rocketry FG-PL-125-VS 1 4 $42.50 $170.00 Not Ordered

Fiberglass Test Sheet 1/8 G10/FR4 Fiberglass plate Madcow Rocketry FG-PL-125-VS 1 1 $30.00 $30 Not Ordered

Secondary Fin Material Sheet of material for backup fins 1 1 $50.00 $50 Not Ordered

Aluminum Plate for Bulkheads Sheet to cut bulkheads 1 1 $80.00 $80 Not Ordered

Retaining Ring AERO PACK 54MM RETAINER - P Apogee Rockets 24067 1 1 $40.00 $40 Not Ordered

Motor CESARONI - P54-6G CLASSIC (K660) Apogee Rockets 1 $173.00 $750 Not Ordered

Motor Casing CESARONI 54MM 6-GRAIN CASE Apogee Rockets 71036 1 1 $114.00 $100 Not Ordered

RocketSim Software Computer software program for designing and analyzing rockets Apogee Rockets 1 1 $20.00 $20 Not Ordered

Rail Buttons 1515 Airfoiled Launch Buttons Apogee Rokets 13069 2 1 $10.00 $10 $20

Threaded Rods 1/4-20 8'' threaded rod McMaster 91565A567 10 1 $8.00 $8 Not Ordered

Steel Eyebolt with Shoulder 1/4"-20 Thread Size, 1" Thread Length McMaster 3014T45 1 5 $3.20 $16 Not Ordered

Washer 316 Stainless Steel Washer for 1/4" Screw Size, 0.281" ID, 0.625" OD McMaster 90107A029 100 1 $8.00 $8 Not Ordered

Wing Nut Zinc-Plated Steel Wing Nut. 1/4"-20 Thread Size, 31/64" Base Diameter McMaster 90866A029 100 1 $11.00 $11 Not Ordered

Hex Nut Low-Strength Steel Hex Nut. Grade 2, Zinc-Plated, 1/4"-20 Thread Size McMaster 90473A029 100 1 $3.00 $3 Not Ordered

Blue Tube Covering BT-2+ 8" body tube McMaster SEM-BT-2+8 1 6 $2.50 $15 Not Ordered

Hardware Metal screws, etc. Unknown Unknown Unknown Unknown $15 $15 Not Ordered

Paint Purple and gold paint Unknown Unknown Unknown Unknown $50 $50 Not Ordered

$1,876.00 $20.00 

Main Chute 72" Rip-Stop Nylon Parachute Fruity Chutes IFC-72-S 1 1 275.00$   $275.00 $265

Drogue Chute 18" Rip-Stop Nylon Parachute Fruity Chutes CFC-18-S 1 1 100.00$   $100.00 $60

Ejection Charges Reimburse Brian Godfrey for his black powder and igniters 1 1 50.00$     $50.00 Not Ordered

Primary Altimeter and GPS Unit Altus Metrum Telemetrum Apogee Rockets 9131 1 1 325.00$   $325.00 Not Ordered

Telemetrum Starter Pack Altus Metrum Starter Pack with Teledongle Apogee Rockets 9203 1 1 110.00$   $110.00 Not Ordered

Secondary Altimeter StratollogerCF Altimeter. With audioconnector PerfectFlite Direct SLCF. 1 2 60.00$     $120.00 $111

Backup Altimeter StratollogerCF Altimeter. With audioconnector PerfectFlite Direct SLCF. 1 1 60.00$     $60.00 Not Ordered

Altimeter Cable DT4U USB Data Transfer Kit. Connect the Stratollogers to a computer PerfectFlite Direct 1 1 30.00$     $30.00 $27

Antena Reciever for radio/GPS signal Unknown Unknown 1 1 25.00$     $25.00 Not Ordered

Deployment bag 4" Deployment bag for parachute housing FruityChutes CDB-4 1 2 30.00$     $60.00 $78

Shear Pins Nylon Shear Pins Apogee Components 29615 5 20 3.00$       $15.00 $18

Coupling Tube 12" G12 Coupler. Should have enough length for backup Madcow Rocketry FC40 1 2 25.00$     $50.00 Not Ordered

Igniters Igniters. WM02-EJECTION LIGHTER Wildman Rocketry NA 3 10 7.50$       $75 $85

Rotary Locking Switches Dual altimeter wiring kit with 2 switches. Pre-Wired Binder Design NA 1 1 50.00$     $50.00 $40

Parachute Protectors 12" Chute Blast Protector, Orange Madcow Rocketry P-3503 1 2 10.00$     $20 $16

Shock Cord Kevlar shock cord Unknown Unknown 2 20.00$     $40 Not Ordered

$1,405.00 $700.00 

Controller Raspberry Pi 3 CanaKit Package Amazon NA 1 1 66.00$     $70 $66

SD card 32 Gb Micro SD Amazon NA 1 1 30.00$     $30 Not Ordered

Wiring Extra Length CSI Bands, USB Plug Amazon NA 1 1 20.00$     $20.00 Not Ordered

Camera SainSmart Camera Module Amazon NA 1 2 30.00$     $60.00 $31

Key Fob Camera Spy Camera Amazon NA 1 1 15.00$     $20.00 $15

Rechargeable Battery ZILU Portable Battery Pack Amazon NA 1 2 16.00$     $80.00 $16

Sensor Package Berry IMU. Altimeter and accelerometer package Amazon NA 1 1 31.00$     $40.00 $31

$320.00 $159.00 
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Motor - 2G Subscale Motor - Cesaroni - P38-2G VMAX (H400)  Model Number: 71328 Apogee Rockets 71328 1 1 $33 $50.00 $33

Motor - G CESARONI - P38-1G BLUE STREAK (G78) Apogee Rocketry 71313 1 2 $25 $50 $50

Motor Casing Subscale Motor Casing  38 mm 2-grain case  71021 Apogee Rockets 71021 1 1 $34 $50 $34

Airframe Kit V2 Rocket Kit: LOC 4" Diameter V2 Apogee Rockets 7652 1 1 $115 $115 $115

Coupling Tube 98mm blue tube coupling tube Apogee Rockets 13105 1 1 $11 $15 $11

Airframe Extension BlueTube 4" Airframe AlwaysReady Rocketry BT20-9848 1 1 $52 $50 $52

$650.00 $454.00 

Airframe 2.2" Fiberglass Airframe, Natural, 60", Thin Wall, No Cuts Madcow Rocketry FT22-THIN-300-FLY 1 1 $72.00 $75 $72.00

Nose Cone Fiberglass 2.2" (54mm) Filament Wound Thin-Wall . 5:1 Von Karmen Madcow Rocketry 1 2 $29.00 $75 $58

Fin Sheets Fiberglass Sheet ACP Composites 1 1 $43.00 $50 $43

Motor EST G80-10T Hudson Classic Hobbies 1 2 $31.50 $75 $63

Retaining Ring AERO PACK 29MM RETAINER - L2 Apogee Rocketry 24064 1 1 $25.00 $20 $25

Motor Mount Tube 1.1" Airframe, Natural, 30", No Cuts Madcow Rocketry FT11 1 1 $27.00 $30 $27

Rail Buttons 1010, 2 pack Madcow Rocketry RB-PACK-1010 2 1 $7.00 $10 $7

Centering Rings Fiberglass. 2.2" to 39 mm Madcow Rocketry CR2229A 1 1 $14.00 $15 $14

$350.00 $309.00 

Domain Name Purchase a domain at LUbisonballistics.info NA NA 1 1 $25.00 $20

Launch Pad Potentially build a launch pad Unknown Unknown 1 1 $75.00 Not Ordered

Recovery Wadding Bark wadding Lowes NA 1 1 $20.00 $7

PLA Filament Filament for the 3D Printer. Black Amazon NA 1 1 $30.00 $14

Epoxy G5000 Epoxy, 8 oz Apogee Rockets 30513 1 1 $20.00 $12

Replace Brian's Retaining Ring 34mm Retaining Ring Apogee Rockets 24063 1 1 $30.00 $27

Tarp Unknown Unknown Unknown 1 1 $20.00 Not Ordered

Carrying, Hardware Case Unknown Unknown Unknown 1 1 $50.00 Not Ordered

SuperGlue Unknown Unknown Unknown 1 1 $10.00 Not Ordered

Baby Powder Unknown Unknown Unknown 1 1 $10.00 Not Ordered

Vasolene Unknown Unknown Unknown 1 1 $10.00 Not Ordered

Launch Binder Unknown Unknown Unknown 1 1 $25.00 Not Ordered

Tools Unknown Unknown Unknown 1 1 $100.00 Not Ordered

Shipping Costs This is the shipping for large orders over multiple components NA NA 1 1 $200.00 $94

Educational Engagement Unknown NA NA 1 1 $200.00 Not Ordered

Travel Gas and mileage reimbursement (3 cars) NA NA 1 1 $150.00 Not Ordered

Faculty Hotel Room 4 Nights NA NA 1 1 $250.00 Not Ordered

Student Lodging Either Brown's house or Hilton employee discount NA NA 1 1 $500.00 Not Ordered

Per Diem Stipend Stipend for the food of team members attending launch NA NA 1 1 $750.00 Not Ordered

Food Purchases Food purchases to bring to the launch including breakfast, water, and snack items.NA NA 1 1 $100.00 Not Ordered

$2,250.00 $94.00 

Insurance Replacement Funds Emergency funds allocated in case of accident or unexpected event NA NA $500.00

Sum $7,351.00 $1,736.00
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Appendix F – Detailed Project Breakdown 

See following pages 










