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1 Summary  

1.1 Team Summary  

Charger Rocket Works  Propulsion Research Center, 

     301 Sparkman Dr. NW, Huntsville, AL 35899 

 

Jason Winningham   NAR Mentor 

     Level 3 NAR: 89526 / TRA: 13669 

     Jason.Winningham@uah.edu  

     256.824.6132 

1.2 Launch Vehicle Summary  

The launch vehicle is a 6 inches diameter measuring 9 feet 11 inches. The payload will be 

integrated into the upper airframe above the main vehicle recovery section. The total mass at liftoff 

will be 39 pounds 10 ounces. The propulsion will be provided by an Aerotech L1520L motor that 

will heft the vehicle to a targeted altitude of 4800 feet. The system will use dual-deploy recovery, 

with a drogue deploying at apogee and a main deploying at 600 feet. This recovery will be 

controlled by a fully redundant, COTS avionics hardware.  

1.3 Payload Summary  

The team has elected to design and build the deployable unmanned aerial vehicle (UAV) 

as the scientific payload for the NASA USLI competition. The team has designed the UAV in such 

a way that it will use on-board accelerometer data as well as GPS measurements to gather flight 

characteristics for the UAV and to locate its position during flight. It will also be equipped with a 

stationary high definition first person view camera that will allow real time video imaging of the 

forward flight path. This data, as well as the flight data and UAV coordinates from the 

accelerometer and GPS respectively, will be stored on an on-board flight computer and transmitted 

to a local ground station via radio. The arms of the UAV will be spring loaded and will 

mechanically unfold upon unpacking of the self-orienting protective sheath at UAV deployment. 

The protective sheath will serve as the main component of the UAV deployment system. It will 

act as an encasement for the UAV within the body tube of the rocket. Upon deployment, the sheath 

will be ejected from the internal body of the rocket and unfold in a self-orienting procedure. Once 

unfolded, the arms of the UAV will be capable of shifting to their flight orientation. The simulated 

navigational beacon will be retained and released from the UAV by the use of a solenoid, which 

will also communicate with the ground station via radio.  

mailto:Jason.Winningham@uah.edu
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2 Changes since Proposal 

In any project life cycle, the design will be modified based on analysis and testing. This 

analysis and testing sometimes produces evidence that assumptions made early in the design 

process do not hold and thus base elements of the design will change. In this section, changes that 

have been made to the base design since the proposal are discussed.  

2.1 Changes made to Vehicle Criteria 

Since the proposal the overall vehicle length has grown from 95 inches to 119 inches to 

accommodate the updated recovery packing size. The mass has grown from 35.7 pounds to 39.6 

pounds on the pad. Additionally, the target altitude has descended from 5400 feet to 4800 feet.  

2.2 Changes made to Payload Criteria 

The main changes to the payload have been to the payload deployment and orientation 

systems. The payload will be wrapped in a semi-rigid sheath that will reorient the UAV to upright 

upon ejection from the rocket. Ejection of the payload with a black powder charge has been 

selected as the deployment method, and the payload orientation and deployment system has been 

designed to also act as the nosecone retention system. 

2.3 Changes made to Project Plan 

Changes to the timeline have been made to accommodate UAH scheduling events such as 

academic breaks, finals, and internal deadlines. Additionally, the subscale vehicle has decreased 

from $750 to $640. The full scale vehicle fabrication materials and tools have been accurately 

calculated for two full scale rockets. This reduced the budget for the full-scale vehicle 

approximately by 50 percent.  

3 Launch Vehicle (LV) 

At its core, a rocket is a vehicle that carries its payload to a destination. Payloads vary 

widely in shape, size, purpose, and design ranging from instrumentation for high altitude 

measurements to people travelling across the solar system and more. All of the systems of the 

launch vehicle must be engineered to safely, effectively, and efficiently perform its mission. These 

are the governing rules that guide the rocket designed by the University of Alabama in Huntsville’s 

(UAH) CRW team.  

In the following subsections, the launch vehicle is discussed. Its subsections and 

subsystems are evaluated. The competition requirements are outlined along with the solutions 

developed by the CRW to meet these requirements. A discussion of the design alternatives for 

each subsystem is presented, followed by the team’s decision, and a plan for moving forward in 

the vehicle design. At the current point in the vehicle design’s maturity, several elements require 
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a more thorough analysis before a final decision can be made. These elements are discussed in 

same fashion, along with their path forwards through testing and research.  

3.1 Mission Statement and Success Criteria 

The 2018-2019 UAH CRW team has selected the deployable UAV/Beacon Delivery option 

from this year’s competition options. The vehicle will deliver the payload to 4800 feet and back 

down to Earth while in an intact and reusable state. The payload will then deploy, fly to the Future 

Excursion Area, and drop off the beacon. Safety is the utmost concern for the CRW team and this 

is reflected in the design of the vehicle.  

The success of the vehicle will be measured by the design’s ability to complete 

requirements set out my USLI and CRW in a safe manner. The ability of the launch vehicle to 

meet these requirements will be predicted by simulations, stress analysis, component testing, and 

subscale rocket launches.  

3.2 Vehicle Requirements 

If all of the USLI and CRW requirements are achieved, the vehicle will meet the 

competition’s success criteria. The launch vehicle is being engineered to meet or exceed these 

requirements. How the requirements are met is addressed throughout this section. They are also 

summarized in Appendix F.  

3.3 Vehicle Design 

Trade studies have been conducted on different defining characteristics of the launch 

vehicle. Each trade study helps to provide legitimate reasoning and consideration for alternatives 

for each selection. For each trade study there are several driving factors that influence the design 

choice. These design factors are assigned different weightings depending on how important that 

design factor is. A satisfaction value is assigned based on how effectively a given selection meets 

the design factor. Both weightings and satisfaction values are assigned on a scale from one to five, 

where five is the most desirable value. Each criterion will have a score associated which is the 

product of the weighting and satisfaction value. The final selection is made based on the item with 

the highest average score. An overall view of the vehicle may be seen in Figure 1. 

 

Figure 1: Current Vehicle Model 
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3.3.1 Body Tube Diameter 

Shown in Table 1 is the trade study conducted for the body tube diameter. Although the 

body tubes are planned to be fabricated at UAH, the selection was limited to commercially 

available tube sizes for redundancy. Five driving factors were considered for the trade with the 

factors being weight, cost, availability, manufacturability, and volume per linear inch. Availability 

is the ability to purchase the diameter COTS. Volume per linear inch is the volume obtained for 

components, such as the payload, per linear inch of tube.  

Volume per linear inch is weighted at five with the highest importance of the driving 

factors. The ability of the payload to perform its mission is critical success of the mission as a 

whole. The more volume the payload may utilize, the less likely the payload will encounter an 

issue with its space allocation. Cost and availability are weighted the same at four. The cost of the 

tubes strongly impacts the budget of the project, and it is possible that several more than one 

rocket’s worth of body tubes will be required throughout the duration of the project. While the 

team intends to manufacture their own body tube, a commercial alternative must be identified and 

be available to procure in the event the team fails to successfully make their own tube. Failure to 

do so would result in failing the mission. The manufacturability is given a weight of three and 

reflects the ability of the team to produce a body tube of a given diameter. Body tube weight is 

also given a study weight of three and reflects the relative mass per length of body tube. It is 

important to keep mass down on a rocket, but not the most important category in this trade. The 

success of the payload is the highest priority.   

Table 1: Body Tube Diameter Selection  

 

The 6-inch tube was found to the best option. The 8-inch body tube scored poorly in every 

category except volume per linear inch which it scored exceptionally. It was the heaviest, most 

expensive, hardest to find in stock, and hardest to make of the choices however which led to is 

rejection. The four inch and 6-inch tubes scored very similarly except in volume per linear inch in 

which the four inch body tube was not found to be enough for the payload. This led to it receiving 

a poor score and ultimately its rejection.   

3.3.2 Body Tube Material 

The body tubes of the rocket must be strong enough to endure the forces experienced during 

flight while being as light as possible. They must also be durable enough to be able to be flown 

multiple times on the same day without needing repair or modification to satisfy the requirements 

set forth by the competition rules. For this reason, a material with a high strength to weight ratio 

is crucial and of the highest priority in the selection process. Therefore, this criterion was given a 

weighting of five out of five in the trade study. However, selecting a material based solely on its 

Criteria Weight Data Satisfaction Score Data Satisfaction Score Data Satisfaction Score

Weight 3 Lightest 5 15 Medium 4 12 Heaviest 2 6

Cost 4 $108.33 5 20 $217.14 5 20 $312.49 2 8

Availability 4 Common 5 20 Common 5 20 1 of 4 1 4

Manufacturable 3 Yes 5 15 Yes 5 15 No 1 3

Volume/Inch 

(in^3/in) 5 12.57 1 5 28.27 4 20 50.27 5 25

75 87 46

Driving Factors 4" 6"

Sum Selection

8"
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strength to weight ratio may not result in the best choice. Some materials cost so much that they 

would result in a significant reduction in funds that could be allotted for other components of the 

vehicle or payload. Therefore, the cost of the material needs to be considered in the selection 

process and given a weighting of four out of five. Due to the demanding schedule of the USLI 

competition, materials must be quickly and easily obtained either through in-house fabrication or 

through a vendor. In-house fabrication is desired but is deemed to be non-critical. Therefore, 

manufacturability was given a weighting of three out of five. In the event the body tubes cannot 

be fabricated in-house, body tubes must be bought through a commercial vendor. Availability of 

the materials must be taken into consideration and was given a five out of five weighting in the 

trade study. 

Table 2: Body Tube Material Selection 

 

CRW chose to evaluate three common types of body tube materials; carbon fiber, phenolic 

tubing, and fiberglass. Carbon fiber has the highest strength to weight ratio but is the most 

expensive. Due to greater difficulty and cost in the fabrication process, there are fewer carbon fiber 

body tubes available from commercial suppliers. Woven carbon fiber sheets could be purchased 

and used to fabricate body tubes in house. However, these fabrics are more expensive than 

fiberglass. Phenolic tubing is the cheapest material evaluated but has a significantly lower strength 

to weight ratio and would potentially require additional strengthening. The only availability option 

for this material is through commercial vendors. This could result in availability problems such as 

shipping time or backordered parts. Fiberglass has a good strength to weight ratio and, while not 

as cheap as phenolic tubing, is more cost effective than carbon fiber. There are many commercial 

vendors that can supply premanufactured fiberglass body tubes thus reducing the risk of non-

availability. Woven fiberglass fabrics can also be used to make body tubes in house and are 

common and easily obtained. CRW also has access to an X-Winder filament winding machine that 

can be used to fabricate fiberglass body tubes in-house. Creating body tubes of nonstandard 

diameters, lengths, and thicknesses as well as tight control of epoxy to filament ratios are just some 

of the potential advantages in using the X-Winder to make fiberglass body tubes. After careful 

consideration of the selection criteria, fiberglass was chosen as the body tube material. 

3.3.3 Nose Cone Geometry 

Due to the complex geometry of nose cones in general, and therefore the difficulty in 

manufacturing them, the team will be procuring a commercially available nose cone from 

MadCow Rocketry. There are a variety of profiles available for the rocket’s body tube diameter of 

six inch. The different profiles each come with their own weights, lengths, and drag coefficients, 

and selecting the correct one is important to the rocket’s performance. The nose cone comprises a 

large portion of the overall airframe, and changes in weight can have large effects on the rocket’s 

Criteria Weighting Data Satisfaction Score Data Satisfaction Score Data Satisfaction Score

Strength/Weight 5 Good 4 20 Best 5 25 Poor 1 5

Cost 4 $217.14 3 12 $439.95 2 8 $71.64 5 20

Availability 5 Common 4 20 Rare 2 10 Most Common 4 20

Manufacturable 3 Yes 5 15 Yes 5 15 No 0 0

67 58 45

Driving Factors G12 Fiberglass Carbon Fiber Phenolic

Sum Selection
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trajectory. Since the rocket flies in a relatively low-drag Mach regime, the drag characteristics of 

the nose cone profiles are secondary to their weights. The length of the nose cone will affect the 

length of the nose cone’s threaded rod, which in turn affects weight, so it must be considered as 

well. In order of priority, the important characteristics of the nose cone profiles are thus weight, 

drag, and then length. These characteristics are considered for each of the available nose cone 

profiles by the team in Table 3. 

Table 3: Nosecone Geometry Selection  

 

The von Karman and conical profiles have similar lengths and weights and are each worse than 

the ogive profile in those categories. The von Karman profile has the best drag characteristics, 

while the conical profile has the worst. The ogive profile lies in the middle of those two. By 

assigning the profiles a satisfaction score in the three considered categories, multiplying these 

scores by the category’s weight, and then summing, the total scores were obtained. The ogive 

profile was found to be the best choice for our rocket. 

3.3.4 Bulkhead Material 

The bulkheads are responsible for providing a strong connection between the recovery 

shock chords and protecting important equipment from black powder damage. Additionally, the 

bulkheads will be required to provide a tight seal inside the body of the rocket and be able to 

withstand high amounts of force without failure. For this reason, the bulkheads will need to be 

constructed from a high strength material. The driving factors for the material selection include 

density, cost, yield stress, and machining difficulty. The strength of the material selection is the 

most heavily weighted criterion due to the requirement to withstand high amounts of force. Density 

is a driving factor to reduce the total amount of weight. Because the bulkheads must produce a 

tight seal to the body tube and to reduce possible errors in fabrication, machining difficulty is a 

heavily weighted criterion within the trade. While important from a budgetary standpoint, cost is 

the least heavily weighted criterion because performance is a higher priority. 

Table 4: Bulkhead Material Selection  

 

Previous USLI teams have used aluminum for its high strength to weight ratio and easy 

machinability. Polycarbonate was considered for its low density and easy machinability, but it was 

found that the low yield stress of the material would require a larger bulkhead, negating the benefit 

of low density. Steel was also considered for its high yield stress and low cost but had a much 

higher density than the other options. Additionally, it was determined that the use of steel would 

Criteria Weight Data Satisfaction Score Data Satisfaction Score Data Satisfaction Score

Density (lb/in^3) 4 0.0975 4 16 0.06 5 20 0.291 1 4

Cost/in^2 2 $0.52 4 8 $0.53 4 8 $0.29 5 20

Yield Stress (psi) 5 35,000 4 20 10,100 1 5 58,000 5 20

Machining Difficulty 4 Easy 4 16 Easiest 5 20 Hardest 2 8

60 53 52

Driving Factors

Sum

Aluminum Polycarbonate

Selection

Steel
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violate NASA requirement 2.24.10 which states that no dense metals may be used in construction. 

From the study, it was decided that aluminum was the optimal choice for bulkhead material. While 

steel has a higher strength and polycarbonate has a lower density, the combination of attributes 

made aluminum the most attractive option. 

3.3.5 Fin Mount Method 

The fins are the most likely parts to be damaged upon landing due to their protrusion from 

the body. In the event a fin is damaged, the team will need to easily remove the fin and replace it 

with a new one. This served as a mandatory requirement when choosing a mounting method for 

the fins. This removes the common method of mounting the fins with epoxy directly to the body 

tube.  

  

 

Figure 2: Fin Mounting Methods 

 

Brackets have traditionally used by CRW teams as a fin mounting method with a high rate 

of success. In the past, these brackets have been made from a rigid metal such as aluminum for 

rigidity, but this method adds weight. The brackets have also been made from a 3D printed material 

such as ABS plastic, but this material change does not provide as much structure for the wings. 

Additionally, this method does not serve a dual purpose as both a fin mount and a motor centering 

system as the other two options do. 

The centering ring mount design uses slots and grooves made within the centering rings to 

hold the fins in place. This method is enticing as it would allow for a lightweight system since 

there would be no need for extra support material. However, the fins would require complex cuts 

to be made to have the fins properly fit inside the centering ring grooves for each individual fin. 

This would be serviceable given the tools available to the team but adds to machining time. 

The fin can design, similar to the centering ring mount, would serve as both a fin mount 

and motor centering system and can be manufactured from lightweight materials such as ABS 

plastic. In contrast to the centering ring mount design, no complex cuts would need to be made to 

the fins. The ease of assembly for this method would arguably be the easiest since the fin can could 

be assembled prior to launch and easily inserted into the vehicle on the launch site whereas the 

other two methods may require additional assembly on launch day. Table 5 shows a study 

involving different mounting methods. 
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Table 5: Fin Mounting Method Selection  

 

From this study, the ease of assembly and replaceability of the systems were given the 

highest amount of weight in driving the decision. Through the study, it was decided that the fin 

can method would be the best alternative for fin mounting for its ease in assembly, duality as a 

centering system, and its low machining difficulty. 

3.3.6 Fin Material 

Given that the fins are the largest protrusion of the rocket, the fins will need to be made of 

a material sturdy enough to withstand impact without deforming or fracturing. The trade was 

driven primarily by the structural strength of the given material, the material density, and cost. 

Table 6 showcases different materials selected for the fins. 

Previous USLI teams have opted to use G10 fiberglass for its high strength to weight ratio 

and relatively low costs. G10 fiberglass can be easily purchased in specified thicknesses from 

multiple vendors in contrast to other considered materials. Carbon fiber was considered for its high 

strength to weight ratio, which exceeds G10 fiberglass. The drawback of carbon fiber is its high 

costs and limited availability from vendors. Polycarbonate had a similar strength to weight ratio to 

carbon fiber and was the least dense material between the three. However, polycarbonate is also 

higher in cost than G10 fiberglass and has a lower availability from vendors, similar to carbon 

fiber. 

Table 6: Fin Material Selection 

 

 From the study, it was decided that G10 fiberglass was the optimal choice for fin material. 

Despite having a lower strength to weight ratio than polycarbonate and carbon fiber, the ensured 

availability and low costs made this selection more attractive than the other two considered. 

3.3.7 Fin Can Material 

Since the fin can would be replacing an external mounting system and multiple centering 

rings, the material would need to be lightweight enough to decrease weight in comparison to this 

method yet structural enough to resist any forces placed upon it. Ease of manufacturing was also 

highly considered. Table 7 details studies done for fin can material. 

Criteria Weight Data Satisfaction Score Data Satisfaction Score Data Satisfaction Score

Cost 1 Inexpensive 4 4 Moderate 3 3 Moderate 3 3

Assembly Ease 4 Moderate 3 12 Highly Easy 5 20 Moderate 3 12

Rigidity 3 Moderate 4 12 High Rigidity 4 12 High Rigidity 4 12

Machining Difficulty 4 Low Difficulty 4 16 Low Difficulty 4 16 Moderate Difficulty 3 12

Weight 2 Moderate 3 6 Lightweight 4 8 Lightweight 4 8

Centering System Duality 3 Not Applicable 1 3 Applicable 5 15 Applicable 5 15

78 99 82

Driving Factors

Sum

Fin Brackets Fin Can Centering Ring Mount

Selection

Criteria Weight Data Satisfaction Score Data Satisfaction Score Data Satisfaction Score

Strength (ksi) 5 30 4 20 300 5 25 10.1 4 20

Cost 4 Very Inexpensive 5 20 Expensive 2 8 Moderate 3 12

Density (lbm/in^3) 3 0.0608 3 9 0.0567 5 15 0.0434 5 15

Availability 5 Highly Available 5 25 Low Availability 2 10 Moderate 3 15

74 58 62

Driving Factors Polycarbonate

SelectionSum

Fiberglass Carbon Fiber
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The CRW team has access to multiple 3D printers which could be used to manufacture a 

design from a printable plastic material such as ABS plastic. ABS plastic has a low density and 

can be printed with a nonsolid infill to further reduce mass. However, this method would become 

difficult to print with complex and overhanging geometries which would require support material 

to print without failure. This would require careful design prior to manufacturing. 

Polycarbonate was considered for its light weight and high strength. Polycarbonate can 

also be used in 3D printing and will result in a strong structure with very low weight; however, the 

price for a case of polycarbonate filament is twice the cost of ABS plastic. Furthermore, while 

CRW has a large supply of ABS plastic, a case of polycarbonate filament would have to be ordered 

prior to manufacturing. 

Engineered wood was considered for its low density and relatively moderate strength. 

However, manufacturing with this selection proved to be the most difficult since the CRW did not 

have direct access to woodworking machinery. UAH has a woodworking facility on campus, but 

CRW members do not have access to use it. Furthermore, no member of the team has extensive 

experience in woodworking. 

Table 7: Fin Can Material Selection  

 

 From the study it was decided that 3D printing the fin can from ABS plastic was the best 

design choice forward. The lightweight structure of ABS paired with the readily available supply 

of filament already available to the CRW team makes this selection more attractive than 

polycarbonate; engineered wood would prove too difficult to manufacture and is also not readily 

available to the team to immediately manufacture. 

3.4 Current Design 

At this stage, the team has settled on a high-level design for most aspects of the rocket. 

Detailed design is underway as can be seen by Figure 3. Changes are still being made, but for the 

most part they are minor tweaks that do not greatly affect important parameters such as the overall 

length (119 inches), the mass (634 ounces), the stability (2.23 calibers), or the predicted altitude 

(4800 feet). 

Criteria Weight Data Satisfaction Score Data Satisfaction Score Data Satisfaction Score

Density (lbm/in^3) 4 0.0386 4 16 0.0434 4 16 0.023 5 20

Strength (ksi) 3 7 4 15 10.1 5 15 1.25 1 3

Machining Difficulty 4 Low Difficulty 4 16 Low Difficulty 4 16 Very Difficult 1 4

Cost 4 Low 4 16 Moderate 3 12 High 2 8

63 59 35

Driving Factors

Sum

ABS Plastic Polycarbonate Engineered Wood

Selection
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Figure 3: OpenRocket Model of Fullscale Rocket  

 

Partially to satisfy NASA requirement 2.8 and mostly for practical reasons, the rocket is 

composed of three main sections: the upper airframe, the coupler, and the lower airframe. Figure 

3 illustrates the rocket’s overall structure. The Center of Gravity, CG, is illustrated as the blue 

point, while the Center of Pressure, CP, is illustrated as the red point. The upper airframe contains 

the nose cone, the tracker, the payload bay, the payload deployment mechanism, and the main 

parachute. The rocket’s coupler holds the upper and lower airframes together. It contains most of 

the avionics as well as the parachute deployment charges. The rocket’s lower airframe contains 

the motor, fin assembly, and the drogue chute. 

3.4.1 Upper Airframe 

The full-scale upper airframe, seen in Figure 4, is composed of a 6 in. x 52 in. fiberglass 

body tube. The source of this body tube is still an open trade. CRW currently possesses a four-axis 

filament winder. Calibration and use procedures are still under development, but if it can be made 

fully operational within the next month, then the team will manufacture the body tubes in-house. 

Otherwise, the team will procure either a woven fiberglass sheet and perform a layup on a 6-inch 

mandrel, or we will procure a premanufactured body tube from a source such as MadCow 

Rocketry. The forwardmost section of the upper airframe is the nose cone. 

 

Figure 4: Upper Airframe Assembly 

 

The rocket’s selected nose cone is a 6-inch 4:1 ogive fiberglass nose cone with a metal tip 

from MadCow Rocketry. From shoulder-to-tip, the nose cone is 26 inches long. The shoulder itself 

is 6 inches, or 1 caliber, satisfying NASA requirement 2.8.2. The nose cone is mounted to the 

upper body tube with a series of shear pins, which will break off in the payload deployment 

process. A ¼”-20 stainless steel threaded rod screws into a blind hole in the metal tip and is used 

to secure the nose cone bulkhead to the outer edge of the nose cone’s shoulder. The nose cone 

assembly can be seen in Figure 5. 
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Figure 5: Nose Cone Assembly 

 

The nose cone bulkhead is an important structural piece, used to mount components inside 

the nose cone. Currently, the only mounted component is the tracker. The nose cone bulkhead, 

seen in Figure 6, is similar in design to other bulkheads on the rocket. It will be machined from a 

¼ inch thick plate of 6061 aluminum and has an outside diameter of 5.995 inches to allow it to sit 

snugly against the bottom of the nose cone’s shoulder. The nose cone bulkhead itself will have a 

shoulder, allowing it to fit partially inside the nose cone. The bulkhead will have multiple grooves 

cut into its face, giving it a low total mass of 8.96 ounces. Similar mass-saving measures can be 

found across the rocket design, which will help the team reach its target altitude of 4800 feet, per 

UAH-V-01. 

 

Figure 6: Nose Cone Bulkhead 

 

Secured to the nose cone bulkhead is the tracker. Previous Charger Rocket Works teams 

have developed and refined a custom tracking device that uses an XBee Pro RF Module and an 
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Antenova GPS chip. It communicates over radio with the rocket’s ground station and has been 

flight-proven on multiple launches. During flight, the rocket will remain in one tethered piece, so 

only one tracker is necessary. After the rocket has landed, the nose cone does separate, but is not 

expected to travel very far. The tracker will be mounted to the nose cone bulkhead through some 

machined holes with a mounting device that is currently under development. Below the tracker, 

and below the nose cone bulkhead, is the payload bay. 

 
Figure 7: Upper Airframe Bulkhead Assembly  

 

The payload bay is a twenty-four in. long space within the upper body tube, and contains 

the payload’s deployment mechanism, which is still under development. The payload bay is 

separated from the parachute bay by a 6061 aluminum bulkhead. Similarly, to the nose cone 

bulkhead, it has deep grooves cut into its face to reduce mass. It is conservatively designed to 

withstand a loading of 500 lbf. It will be mounted to the upper body tube by six evenly-spaced #4-

40 screws. As illustrated in Figure 7, a ¼”-20 eyebolt with a ¾” ring mounts through the center of 

the bulkhead. It is used to attach the main parachute’s shock cord. Not currently modeled, the 

payload’s deployment mechanism will also mount to the reverse face of the bulkhead. Below the 

bulkhead, aft of the parachute bay, the upper body tube mounts to the coupler. 

3.4.2 Coupler 

The rocket’s coupler is centrally located in the airframe. It holds the upper and lower body 

tubes together via shear pins. This is preferable to friction fitting, which poses the risk of in-flight 

separation. It is composed of fiberglass composite. The coupler contains the rocket’s two 

StratoLoggers, as well as electronics for activating the parachute ejection charges. The ejection 

charge terminals are on the coupler’s upper and lower bulkheads. To satisfy NASA requirement 

2.8.1, the length of the coupler interfacing with each body tube is 6 inches. Parachute shock cords 

attach to the eye bolts on the upper and lower bulkheads, seen in Figure 8. The key switches will 

be used to safe the rocket before the flight, and will not be activated until the rocket is ready to fly. 

The pressure equalization hole seen in Figure 8 is to ensure that the coupler does not create a sealed 

environment for the StratoLoggers, ensuring more accurate readings. The coupler interfaces 

directly with the lower airframe. 
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Figure 8: The Rocket’s Full-Scale Coupler 

 

3.4.3 Lower Airframe 

The lower airframe includes the removable fin can, aft bulkhead, drogue recovery 

components, motor case, and the solid propellant rocket motor. The fin can acts as a centering ring, 

and is the method by which the fins are attached to the rocket. The fin can itself is mounted to the 

aft body tube via eight #4-40 bolts. The aft bulkhead contains an all thread secured into the aft 

enclosure of the motor case and is topped with an eye bolt to secure the drogue. Figure 9 shows a 

rendering of the lower airframe. 
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Figure 9: CAD Model of the Rocket’s Lower Airframe 

 

Like the upper airframe, the aft airframe is 6 inches in diameter and is made of fiberglass 

composite. It is shorter than the upper body tube at 40 inches. In order to properly mount the fin 

can, seen in Figure 10, eight mounting holes will be drilled through the lower body tube. 

Additionally, four 12 inch long slots will be cut in the tube so that the fins can be mounted to the 

fin can. 
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Figure 10: Fin Can Design 

 

The fin can design is divided into four individual components: upper centering ring, lower 

centering ring, fin spars and thrust plate. The division of the design into these unique parts allows 

for ease of manufacturing and allows for faster replacement should the assembly experience a 

failure. The fin can will be constructed from machined ABS and secures the fins to the rocket 

assembly. 

The thrust plate is constructed from 6061 aluminum for its high strength and will be 

attached to the fin can via four #4-40 bolts. The thrust plate will absorb the force exerted by the 

motor and evenly transfer the load to the body tube. A boat-tail, constructed from ABS plastic, 

will be attached to the aft end of the rocket via two ¼-inch bolts and will be used for motor retention 

and will also provide increased aerodynamic efficiency. 

The fins will be cut in-house from a sheet of commercial 1/8-inch G10 fiberglass into the 

profile seen in Figure 11. Their trapezoidal shape reduces induced drag, and the small area reduces 

profile drag. Flight tests will confirm that fin flutter and drag will not impede the performance or 

stability of the rocket. 
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Figure 11: Fin Profile 

 

The aft bulk head is attached to the aft airframe in a way similar to the fin can by #4-40 

bolts. The bulkhead is machined from 6061 Aluminum similar to the coupler bulkheads for its 

high strength when subjected to large jerk forces. On the top side of the bulkhead, one steel eyebolt 

is attached via an aluminum coupling nut; this is the location where the drogue retention system 

connects to the aft airframe. 

3.4.4 The Load Path 

When determining the load path there are various configuration that must be considered. 

The load path will change while under thrust and decent. There are four separate configurations 

for the load path that must be considered, two during ascent and two during decent, and each will 

be evaluated in greater detail at a later date to determine individual loads on the various 

components. During the ascent phase of flight, there is a configuration where the components are 

under thrust which will cause all the components that transfer load to be in compression. During 

the thrust phase the loading from the rocket’s motor is transferred into the thrust plate in the lower 

airframe. From there, the load is passed through the rocket’s lower body tube. The stress from the 

load exists, for the most part, in the walls of the fiberglass body tubes. The load is then passed 

through the coupler, to the upper body tube, and finally to the nosecone. The other configuration 

for ascent is in the coast phase of ascent, where the motor has burned out, but the rocket is still at 

high velocity. In this phase of flight, the upper and lower airframe will try to separate due to the 

lower airframe having greater drag than the upper. During this phase, all the components will shift 

to a tensile load rather than a compressive load. The load path for the two ascent phases of flight 

can be seen in Figure 12. 
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Figure 12: Ascent Loads 

 

The two decent phases of flight will contain two configurations seen in Figure 13. The first 

configuration will be while descending under drogue. In this phase of flight, the lower airframe 

will be separated from the upper airframe at the bottom side of the coupler. The load when the 

drogue opens will be distributed through each end of the shock cord to the attachment points at the 

coupler. The load when the drogue opens will be distributed through each end of the shock cord 

to the attachment points at the coupler and the eyebolt connected to the aft airframe bulkhead. 

When analyzing the two sections in this configuration, it can be determined that the entire upper 

airframe under drogue will be in tension due to the weight being in the opposite direction of the 

drag. The lower airframe section under drogue will have the load transfer from the bulkhead, to 

the body tube, to the boat-tail, which supports the weight of the motor casing. The fin can, and the 

fins by extension, will be supported by the body tube. The second configuration in the descent 

phase is when the main parachute has been deployed. The main is deployed at the separation point 

between the coupler and the upper airframe. Once the main is fully opened and the drag is acting 

upward, the upper airframe will be under tension, as will the coupler. The lower airframe will be 
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hanging below the coupler in this configuration and the load will follow the same path as it did 

under drogue, only with higher loads due to greater drag from the main parachute. 

 

Figure 13: Descent Loads 

 

3.5 Subscale Design 

The design and goal of the subscale rocket will familiarize team members with general 

fabrication methods before construction of full-scale components and to validate the accuracy of 

models used to predict flight performance. The design of the subscale rocket will closely match 

selected characteristics of the full-scale rocket on a 2:1 scale.  

The center of pressure and center of gravity of the subscale model are located 

approximately at the same location along the rocket as the full-scale. The velocity profile has been 

designed to closely match the full-scale model to analyze the accuracy of methods used to estimate 

the rocket body’s coefficient of drag. 

The subscale rocket will not contain a UAV as a payload but will instead contain a 

FeatherWeight Raven3 altimeter to provide high fidelity data such as acceleration, barometric data, 

temperature, and altitude for analysis of the flight. This data will aid in calculating the rocket’s 

drag coefficient value as well as vital recovery data.  

3.5.1 Nosecone 

The nosecone selected for the subscale will be a 4:1 ogive fiberglass nose cone similar to 

the full-scale design. From shoulder-to-tip, the nose cone will be thirteen- and one-half inches long 

and the shoulder length will be three inches. The bulkhead affixed to the nosecone will be made 
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of one-fourth inch thick 6061 aluminum; the GPS tracking device will be attached to the bulkhead 

as shown in Figure 14. The tracker will be the same XBee Pro module used in the full-scale rocket; 

this will help the team get accustomed to the software and ensure that the device works properly. 

 

Figure 14: Subscale Nose Cone 

 

3.5.2 Upper Airframe 

The subscale upper airframe will be a three-inch diameter fiberglass body tube and will 

extend twenty-four inches. The body tubes will be commercially purchased since there is not 

enough time to properly manufacture a body tube in-house using the X-Winder. The upper 

airframe will house a section where the payload would be on the full-scale; since no payload is 

being flown on this rocket, this space will be used to house the Raven3 altimeter to record flight 

data. Additionally, the payload bay will contain any needed ballast required to simulate the payload 

mass or provide stability to the rocket. The payload bay is separated from the main parachute bay 

by an aluminum bulkhead similar to the full-scale design. It will be mounted to the upper airframe 
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by four #4-40. A ¼-20 eyebolt with a ¾ inch ring mounts through the center of the bulkhead to 

secure the main parachute’s shock cord. 

3.5.3 Coupler 

The subscale coupler will hold the upper airframe and the aft airframe together during flight 

and contains the rocket’s avionics similar to the full-scale design. Externally, it is symmetric and 

sits flush inside the upper and lower body tubes with G10 fiberglass bulkheads on either end. It is 

sized so that it meets the minimum coupler shoulder length of 3 inches on either side with a portion 

for a switch band. The coupler will also house two redundant key switches, two Stratologger CF 

models, and independent 9V lithium ion batteries. Similar to full-scale, the black powder charges 

will increase in mass for the redundant charges in accordance with CRW requirements. 

 

Figure 15: Subscale Coupler 

 

3.5.4 Aft Airframe 

Similar to the upper airframe, the subscale aft airframe will be a three-inch diameter 

fiberglass body tube which extends twenty inches in length. The subscale aft airframe will include 

the removable fin can, aft bulkhead, drogue recovery components, motor case, and the solid 
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propellant rocket motor. The aft bulkhead is identical to the bulkhead located in the upper airframe 

and will be used to secure the drogue parachute’s shock cord.  

 

Figure 16: Subscale Lower Airframe  

 

The fin can design will be similar to the full-scale design in order to test machining viability 

and performance during flight. The fins themselves will be made of commercially produced 1/8-

inch-thick G10 fiberglass cut to make trapezoidal configurations with rounded leading edges; all 

fins are manufactured in-house. Each fin will have a root chord of 6 inches, a tip chord of 2 inches, 

and a semi span of 2.5 inches. The fin can will be mounted to the aft body tube via eight #4-40 

bolts, four on each end. The thrust plate for the subscale rocket will be machined from aluminum 

and secured to the bottom of the fin can using four #4-40 bolts. The outer lip of the thrust plate 

will be large enough to catch the bottom edge of the aft airframe and transfer the thrust of the 

rocket upwards. 
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3.6 Motor Selection 

Open Rocket was used for motor selection to ensure the altitude, stability, total impulse, 

and rail-exit velocity requirements were satisfied. The weather data from the past ten years was 

used to generate an average wind speed of 5.6 mph with a deviation of 1.776. This wind speed 

data was added as an input to the simulations. Table 8 displays the previous year weather 

conditions.  

Table 8: Weather Conditions from Previous Years  

Year 
Avg. Wind Speed 

(mph) 

Max Wind Speed 

(mph) 

Temp  

(F) 

2018 5 13 43 

2017 6 12 62 

2016 8 20 57 

2015 3 12 72 

2014 6 15 55 

2013 7 16 70 

2012 3 15 64 

2011 5 14 74 

2010 8 18 60 

2009 5 22 52 

Average 5.6 15.7 60.9 

Deviation 1.776 3.368 9.655 

 

 The location of the forward rail button, 𝐿𝑓𝑏, has not been finalized yet, so a conservative 

location of 40.5 inches from the aft end of the rocket. This location shrinks the effective length of 

the 1515 launch rail, 𝐿𝑒𝑓𝑓, from 144 inches to 103.5 inches. Equation (1) shows how the effective 

length of the launch rail is calculated from the location of the forward rail button and the length of 

the launch rail, 𝐿𝑟𝑎𝑖𝑙. 

 𝐿𝑒𝑓𝑓 = 𝐿𝑟𝑎𝑖𝑙 − 𝐿𝑓𝑏 (1) 

The average altitude of the Huntsville, AL area is 600 feet above sea level. This value was 

input as the starting altitude to provide more accurate air density values during the flight 

simulations. High powered rockets are typically launched at an angle away from spectators. 

Therefore, a launch angle of 5 degrees was added in the simulations. Using these inputs, 23 

different motor configurations were considered in detail. Each motor uses either a 3 grain or 4 

grain 78-millimeter case. Table 9 displays the results from the simulations. 
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Table 9: Motor Selection Simulation Results  

Motor Manufacturer 
# of 

Grains 

Velocity off 

the rail 

(ft/s) 

Apogee 

(ft) 

Max 

Velocity 

(ft/s) 

Max 

Acceleration 

(g's) 

Stability 

off the Rail 

(cal) 

L820-SK CTI 3 44.1 3311 473 5.1 1.80 

L645-GR-P CTI 3 41.9 4001 492 3.7 1.46 

L3200 Vmax CTI 3 103 4335 643 22.8 2.45 

L1150-P Aerotech 3 68.6 4408 584 7.1 1.99 

L851-WH CTI 3 48.4 4566 569 5.1 1.56 

L900DM Aerotech 4 49.5 4640 572 5.2 1.42 

L995-RL CTI 3 61.8 4659 582 7.0 1.87 

L800 CTI 3 54.4 4748 561 5.3 1.86 

L850W Aerotech 3 56.7 4755 569 6.3 1.82 

L1040DM-P Aerotech 4 52.5 4771 594 6.5 1.58 

L1050-BS-P CTI 3 57.9 4846 610 6.6 2.05 

L1720-WT-P CTI 3 74.5 4919 671 11.2 2.28 

L1520T-P Aerotech 3 70.9 4951 654 9.5 2.23 

L1355-SS CTI 4 65.9 5109 645 9.4 1.65 

L1390G-P Aerotech 3 66.2 5178 662 9.1 1.95 

L1170FJ-P Aerotech 4 61.2 5343 656 7.4 1.65 

L1350-CS CTI 3 67.4 5817 722 8.6 1.93 

L1420R-P Aerotech 4 66.5 6114 750 8.8 1.62 

L1365M-P Aerotech 4 65.6 6316 749 8.2 1.53 

L1395-BS CTI 4 68.9 6637 794 9.4 1.90 

L2375-WT CTI 4 86 6751 867 14.8 2.06 

L1115 CTI 4 61 6834 747 8.9 1.86 

L2200G-18 Aerotech 4 89 6918 853 17.3 1.89 

 

From the results the motor selection simulation data, the AeroTech L1520T is the 

tentatively selected vehicle motor. The exceedance of the target altitude gives the most leeway for 

vehicle mass growth and refinement in the trajectory models. The rail exit velocity with this motor 

is well above the minimum required value of 52 feet per second.  
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Table 10: Selected Motor Properties  

Aerotech L1520T 

Hardware RMS-75/3840 

Single-Use/Reload/Hybrid Reloadable 

Total Impulse (lbf-s) 835.37 

Propellant Weight (lbm) 4.09 

Loaded Weight (lbm) 8.05 

Weight After Burnout (lbm) 3.96 

Maximum Thrust (lbf) 396.9 

Average Thrust (lbf) 352.5 

Burn Time (s) 2.4 

 

The subscale motor selection process was similar to the full-scale vehicle selection process. 

However, only 4 motors were considered for the subscale rocket. A launch rail length of 96 inches 

was assumed. This resulted in an effective launch rail length of 72 inches given a rail button length 

of 24 inches. This was calculated using Equation (1). Table 11 shows the simulation results for the 

subscale motors considered. 

Table 11: Subscale Motor Selection Simulation Results  

Motor Manufacturer 

Velocity off 

the rail 

(ft/s) 

Apogee 

(ft) 

Max 

Velocity 

(ft/s) 

Max 

Acceleration 

(g's) 

Time to 

Apogee 

(s) 

I285R Aerotech 71.3 2578 474 13.7 12.3 

I284W Aerotech 82.3 3969 639 16.6 14.6 

J340M Aerotech 84.6 4321 708 21.4 15 

 

One of the goals for the subscale flights is to estimate the drag coefficient. To do this, it 

was desired for the subscale rocket to fly at similar velocities to the full-scale flight. Based on the 

simulation results and the goal of the subscale flights, the AeroTech I284W was selected to be the 

motor for the subscale flights. 

3.7 Recovery 

The recovery system will serve to slow and orient the vehicle as it descends. The structural 

integrity, assured deployment, and proper design of the entire Descent Control System (DCS) is 

extremely important. Failure of this subsystem means not only failing to meet several NASA 

requirements, but also results in an unsafe situation that could lead to serious injury. The team has 

performed calculations, considered numerous options and done trade studies, and examined 

previous CRW teams to make their decisions.  
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3.7.1 System Level Trades 

Trade studies have been performed on various key elements that compose the DCS for the 

launch vehicle. These trade studies help to provide legitimate reasoning and consideration for 

alternatives for each selection. For each trade study there are several driving factors that influence 

the design choice. To these design factors are assigned different weightings, depending on how 

important that criterion is to the specific trade study or subsystem.  

A note must be made on the reported drag coefficient values for many commercially 

available rocketry parachutes. These values which sometimes exceed 2.0 are inconsistent with 

other published literature. According to the Parachute Recovery Systems Design Manual by Theo 

Knacke and 1978 Recovery Systems Design Guide, values above 1.0 are rarely possible for 

parachutes of these types. For the following analyses and design criteria the manufacturer specified 

values will be used, but subscale and full-scale testing will assess the accuracy of these discrepantly 

high drag coefficients. 

According to A General Theory of Parachute Opening, the author states that during descent 

that the drag coefficient will vary linearly from approximately 0.75 to 1.5. However, given the 

sizes of parachutes that are required for the applications herein it is assumed that at line stretch 

filling time and full canopy deployment is instantaneous. The parachute for the full-scale rocket is 

much larger and it is unknown how filling and opening theory will affect it and the instantaneous 

filling assumption is not extended to this parachute. The team is considering flight testing the full 

size main parachute to better approximate a steady state drag coefficient.  

3.7.1.1 Main Parachute Geometry and Sizing 

Although limited commercial parachute geometries are available, the canopy geometry has 

a significant impact on the performance of the parachute. The three choices considered were 

hemispherical, cruciform, and conical geometries. 

Table 12: Main Parachute Geometry Selection 

 
 

Three driving factors were considered for this selection; the most important factor was the 

drag coefficient. The ranges for CD listed in Table 5-1 from Parachute Recovery Systems Design 

Manual were used as a reference in determining which geometry had higher value of drag. The 

manufacturer specified values of CD will be larger than the values specified. This table has been 

included in Appendix A for easy reference. Optimally, the shape with the highest value of drag 

coefficient would suit the rocket better in slowing the descent speed for a given surface area. 

Infinite mass opening force coefficient, Cx was also considered and given high importance. 

This coefficient is an indicator of how intense the shock force and opening force will be for a given 

Criteria Weight Data Satisfaction Score Data Satisfaction Score Data Satisfaction Score

CD 5 0.62 - 0.77 4 20 0.6 - 0.85 3 15 0.75 - 0.90 5 25

Cx 4 1.6 4 16 1.2 5 20 1.8 2 8

Availabilty 4 Yes 4 16 MilSurp 2 8 MilSurp 1 4

52 53 37

Driving Factors Hemispherical/Elliptical  Cruciform Conical

Sum Selection
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parachute canopy geometry. Certain configurations have a lower value than others, but the values 

tend to range from 1.2 to 1.8. Opening force coefficient is directly proportional to opening force 

and opening shock and thus the higher values for Cx are undesirable. Opening force and opening 

shock are important considerations for such a large launch vehicle. High opening shock can cause 

separation of DCS anchor points from the launch vehicle, failure of the shock cord, or even failure 

of the parachute canopy in certain cases. This coefficient is derived based on the infinite mass 

opening theory and the values were obtained from the same table mentioned above. 

Many companies construct and sell either elliptical or hemispherical canopies for rocketry. 

Conversely, cruciform and conical canopies are not as common in rocketry although these 

geometries could still be obtained from military surplus vendors. This is less than ideal considering 

that a used military surplus parachute will have its suspension lines removed per federal law and 

could be damaged or otherwise unfit for flight of any kind. Having to reattach the suspension lines 

and not knowing the integrity of the parachute negate the advantages offered by the cruciform and 

conical in terms of opening force coefficient and drag coefficient, respectively. 

 

Figure 17: FruityChutes IFC-120 Iris Ultra 

 

The selection for canopy geometry will most likely be elliptical. Despite the lower average 

drag coefficient, the availability of this geometry is one of the key driving factors in its selection. 

The main parachute design parameters were decided on from experience in prior high-power 

rocketry as well as with calculations. A safe descent velocity was estimated to be about 15 feet per 

second. FruityChutes, a commonly used parachute vendor, lists parachute design parameters on 

their website and have a descent calculator which uses empirical data to estimate the descent rate 

of a given mass. Given the required descent rate for the main parachute, it was found that the IFC-

120 Iris Ultra parachute would be the optimal choice for selection. The parachute has a diameter 



 
35 Charger Rocket Works | 2019 NASA USLI | Preliminary Design Review 

of 10 feet and an estimated drag coefficient of 2.2. The specifications for the current full-scale and 

subscale main parachute design values are shown in Table 13. 

Table 13: Main Parachute Specifications  

 Full-Scale Subscale 

Rocket Mass (lbm) 33.25 5.58 

Parachute Diameter (ft)  10 3 

Projected Surface Area (ft 2) 114.54 7.07 

CD 2.2 1.5 

Terminal Velocity (ft/s)  12.89 17.67 

 

3.7.1.2 Drogue Parachute Geometry and Sizing 

For reasons similar to those required for the main parachute, the drogue parachute is also 

important for a successful, safe, and effective vehicle recovery. The drogue parachute serves to 

slow the vehicle immediately after separation at apogee and although distinct from a pilot 

parachute it can be used to serve in similar roles. This slowing is essential for safe main parachute 

deployment as it reduces the forces on the main parachute canopy. It also helps to alter the pressure 

field around the vehicle and keep the vehicle in a predictable and stable orientation. This ensures 

a better chance of successful main parachute deployment without unexpected issues like tangled 

lines, interference with the vehicle body, or parachute opening failure. In addition to these benefits, 

inclusion of a drogue is a NASA requirement.  

Table 14: Drogue Parachute Geometry Selection  

 

Unlike the main parachute, five different canopy geometries were considered for the 

drogue, as seen in Table 14. The two new configurations are annular and flat solid circular, or 

parasheet. The immense size of the main parachute makes manufacturing a flat solid circular type 

infeasible. It would be very difficult to cut the canopy from a single piece of fabric that large, 

assuming such a large piece of contiguous fabric could be found or produced at all. This is not as 

much of an issue for a drogue parachute which rarely exceed 30 inches in diameter. Thus, it is 

possible to manufacture one as a flat solid circular, annular, or cruciform. However, current design 

uses commercially available parachutes for the time being. Should a flat solid circular parachute 

be located, it will be taken up for consideration. 

Criteria Weight Data Satisfaction Score Data Satisfaction Score Data Satisfaction Score

CD 5 0.62 - 0.77 3 15 0.6 - 0.85 1 5 0.85 - 0.95 4 20

Cx 4 1.6 3 12 1.2 5 20 1.4 4 16

Availability 3 Yes 4 12 MilSurp 2 6 Conversion 4 12

39 31 48

Criteria Weight Data Satisfaction Score Data Satisfaction Score

CD 5 0.75 - 0.8 5 25 0.75 - 0.95 2 10

Cx 4 1.7 2 8 1.8 1 4

Availability 3 Yes 5 15 MilSurp 2 6

48 20

Driving Factors Flat Solid Circular Conical

Sum Selection

Sum

AnnularDriving Factors Hemispherical/Elliptical  Cruciform
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Figure 18: FruityChutes CFC-18 Classic Elliptical 

 

The calculations indicate that for full-scale drogue parachute with a descent rate of 

approximately 104 feet per second and deployment at apogee, nominal diameter is about 1.5 feet 

or 18 inches. This also seems reasonable as previous Charger Rocket Works teams have used these 

size parachutes for drogue in previous years. Using the empirical data listed on the FruityChutes 

website, the CFC-18 elliptical parachute will descend the rocket at the required terminal velocity 

needed to meet USLI requirements. The parachute diameter is 18 inches and has a specified drag 

coefficient of 1.5. Table 15 lists the specifications of the drogue parachutes for both full-scale and 

subscale. 

Table 15: Drogue Parachute Specifications 

 Full-Scale Subscale 

Rocket Mass (lbm) 33.25 5.58 

Parachute Diameter (ft)  1.5 1.0 

Projected Surface Area (ft 2) 1.767 0.785 

CD 1.5 1.5 

Terminal Velocity (ft/s)  104 64.5 

 

3.7.1.3 Full-Scale Shock Cord Selection 

Charger Rocket Works has an abundant supply of 300 lbf Kevlar shock cord from previous 

years of USLI involvement. There may not be enough for the full-scale rocket shock cord length, 

but it should suffice for the subscale rocket. For this reason, no trade study was performed for the 
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subscale shock cord and what follows is the trade study and selection of the shock cord for the 

full-scale rocket. 

Table 16: Full-Scale Rocket Shock Cord Selection 

 
 

Table 16 is the trade study for the full-scale rocket shock cord. The criteria considered 

include R14, cost, average linear mass, maximum load, and elongation under load. Note that R14 

is an internal derived requirement for recovery. Requirement R14 requires that all shock cord be 

protected thermally from the hot gasses of black powder charges and other high temperatures.  

   
Figure 19: Comparison of #300 and #1500 Kevlar Shock Cords  

   

Figure 19 is a comparison of the 300 lbf and 500 lbf Kevlar shock cords. The cord on the 

left is the 300 lbf Kevlar (labeled “30362”) and the other is the 1,500 lbf Kevlar shock cord. As 

can be seen, these cords are too narrow to enable loops to be sewn. 

Requirement R14 was evaluated based on the temperature at which degradation begins. 

Kevlar will begin to lose structural integrity at around 850°F while Nylon will begin to lose 

integrity at around 490°F. Nylon will likely survive a single encounter with gasses around 450-

490°F but most experienced rocket builders recommend protecting nylon shock cord with duct 

tape or a Nomex sleeve. The price difference however is what makes tubular nylon attractive. 

While it is cheaper, it is also heavier and occupies more volume inside the rocket body. Tubular 

nylon was the only item considered of the three that had enough width to permit the sewing of 

loops into it. It also had the highest elongation at max load, around 20% compared to the 4% of 

Criteria Weigh Data Satisfaction Score Data Satisfaction Score Data Satisfaction Score

R14 (°F) 5 850 5 25 850 5 25 490 3 15

Cost / Foot ($) 3 1.01 2 6 0.53 3 9 0.37 5 15

Linear Mass 

(lbm/ft)
4 4.38E-03 3 12 6.25E-04 5 20 2.08E-02 2 8

Max. Load (lbf) 4 1500 4 16 300 1 4 1000 4 16

Elongation 3 3.60% 3 9 3.60% 3 9 18.30% 5 15

68 67 69

Driving Factors Kevlar #1500 Kevlar #300 Tubular Nylon 1/2"

Sum Selection
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Kevlar. Elongation under load is an important consideration for shock cord. The ability to stretch 

during the opening process of the parachute helps reduce the shock load on the rocket and 

parachute. Nylon has long been known to stretch more than other materials with similar strength 

properties and therefore it is often used for suspension lines on personal parachutes.  

The selection for full-scale rocket shock cord is ½-inch tubular nylon webbing. The low 

cost and high elongation along with a good maximum load value make this a cost-effective option. 

The thermal concerns for nylon have been considered and are the subject of another trade study. 

The team plans to further evaluate the maximum expected opening force and opening shock loads 

on the full-scale rocket. A better determination of these expected loads will enable the team to 

affirm or deny that the above selection is suitable for the mission at hand and with a reasonable 

factor of safety.   

3.7.1.4 Shock Cord Loop Consideration 

The shock cord for both subscale and full-scale rockets must have loops to facilitate 

attachment of the shock cord to the rocket body, parachutes, or nose cone. As mentioned 

previously, the subscale rocket will be using the smaller 300 lbf Kevlar shock cord which is unable 

to have sewn loops. The selection for this trade study is to use sewn loops due to their higher 

theoretical strength retention.  

Table 17: Shock Cord Loop Selection 

 

Shown in Table 17 is the trade study for sewn loops versus tied loops in the full-scale 

rocket shock cord. Shown in Figure 20 is the box stitch configuration. The box stitch allows the 

distribution of stresses and shear loads to the thread at different orientations over a larger effective 

area of the strap. 

Criteria Weight Data Satisfaction Score Data Satisfaction Score

Strength Reduction 4 See Eq. 5 4 16 15% 3 12

Volume 3 Slim 4 12 Bulky 3 9

Manufacture Time 

(min/loop)
3 20 3 9 0.5 5 15

37 36

Driving Factors Sewn Loops Tied Loops

Sum Selection
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Figure 20: The Box Stitch 

 

The benefits of using sewn loops as opposed to tied knots in the shock cord include a more 

streamlined and low-profile loop, which saves space inside the rocket. It also retains more strength 

in the strap than a knot. When a knot is tired in a strap or cord, the knot will reduce the strength of 

the trap or cord to a certain extent. This means that if that strap were to fail it would more than 

likely fail at the knot. The double figure-8 knot is one of the strongest knots and has one of the 

highest strength retentions of any knot. The strength retention of the sewn loop is different 

however. It seems that the strength of a stitched loop is directly proportional to the number of 

stitches and the strength of the thread used; furthermore, the relationship is linear. The relationship 

between stitch strength, the number of stitches, and the thread strength can be given as shown in 

Equation (2): 

 

 𝜎𝑠𝑡𝑖𝑡𝑐ℎ = 1.5 ∗ 𝑛𝑠 ∗ 𝜎𝑇 (2) 

 

Where σstitch represents the strength of the stitch, ns is the number of stitches, and σT is the 

failure strength of the thread used. Thus, the strength loss of the sewn strap can be represented as: 

 

 
𝜎𝑙𝑜𝑠𝑡 = (

𝜎𝑠𝑡𝑟𝑎𝑝,𝑚𝑎𝑥 − 𝜎𝑠𝑡𝑖𝑡𝑐ℎ

𝜎𝑠𝑡𝑟𝑎𝑝,𝑚𝑎𝑥
) ∗ 100 

(3) 

Where σloss is the percentage of lost strength of the sewn strap, σstrap,max is the maximum 

strength of the strap, and σstitch is the strength of the stitch. The maximum strength of a sewn strap 

is thus limited to the failure point of the stitch so long as σstitch ≤ σstrap,max. Thus, the maximum 

strength of a sewn strap can be found when Equation 3 is set equal to zero and solved for ns, as 

shown in Equation (4). 
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𝜎𝑙𝑜𝑠𝑡 = (

𝜎𝑠𝑡𝑟𝑎𝑝,𝑚𝑎𝑥 − (1.5 ∗ 𝑛𝑠 ∗ 𝜎𝑇)

𝜎𝑠𝑡𝑟𝑎𝑝,𝑚𝑎𝑥
) ∗ 100 

(4) 

 

Equation (4), a known σT and σstrap,max will result in a linear equation. For this analysis, σT 

was assumed to be 11 lbf for thread selection of No. 69 Bonded Nylon and σstrap,max is assumed to 

be the maximum strength of the shock cord selected for the full-scale rocket which is 1,000 lbf. 

Thus, simplification of Equation (4) yields: 

 

 𝜎𝑙𝑜𝑠𝑡 = 100 − 1.65 ∗ 𝑛𝑠 (5) 

Therefore, the strength of a sewn strap (and subsequently the strength lost) can be estimated 

linearly. The team hopes to verify these estimations later with load testing on a tensile test machine 

or with dead weights.  

After the strength of the loop, another consideration was the volume that each option would 

consume inside the rocket. With ½” tubular nylon shock cord, the double figure-8 knots will almost 

double the effective width of the tubular nylon and results in a bulky mass. Exacerbating this is 

the possibility of heat stress, which could cause high-stress areas of the knot to fail. Using sewn 

loops will only double the strap thickness, resulting in a much neater and more low-profile 

solution. Because tubular nylon is not inherently thermally resistant and will require thermal 

protection anyways, heat stress on the stitches was not a concern or consideration in this trade 

study.  

The optimal selection from this trade study is sewn loops. This option will theoretically 

permit a much stronger strap connection to the rocket and parachutes while also saving space inside 

the body tubes and having an overall nicer and more aesthetic appearance. This selection, however, 

is dependent on testing to verify the estimations shown previously. Such testing does not need to 

be complex or even extensive, but rather it must simply verify that for a loop of n stitches, the 

failure point occurs at load L. Furthermore, should the stitching fail, a new stitch would have to be 

made on the launch site. This may prove to be time intensive and may ultimately drive the decision 

to use figure-8 knots instead. For this reason, it is safe to assume this trade is still under 

consideration. 

3.7.1.5 Thermal Protection 

As mentioned previously, the selected parachutes shock cords are not inherently protected 

or resistant to the thermal stresses which will likely be encountered during the vehicle operation. 

For this reason, supplementary protection must be used to ensure a safe and successful recovery 

of the flight vehicle. The selection from this trade study is to use a Nomex blanket for the 

parachutes and a Nomex sleeve for the shock cords.  
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Table 18: Thermal Protection of the Shock Cord Selection  

 

The two options considered for thermally isolating the shock cord are wrapping the shock 

cord with Gorilla tape or the use of a Nomex sleeve. Both solutions have been successfully used 

by previous Charger Rocket Works teams. The benefit of the tape method is low cost and 

simplicity; the adhesive on the tape prevents the tape from moving during flight or handling 

whereas the movement of the protection system is a drawback of the Nomex sleeve. The drawbacks 

of the tape method are lower serviceability and a lower aesthetic appeal. The Nomex sleeve is over 

twice the cost of a roll of tape. Also considered was any added structural strength, although this is 

admittedly a low contribution to the overall consideration and applies mainly to the ability of the 

protection system to move around during operation and/or handling.   

Despite the higher cost of the Nomex sleeve, it is the best option because of the 

serviceability consideration. To prevent the movement of the sleeve, it can be tacked down with 

light stitching along the length of the shock cord. The exposed portion of the shock cord that is 

wrapped around the quick links can also be protected from hot gases with a small piece of duct 

tape or with a small flap of Nomex sewn onto the sleeve. A Nomex blanket will serve to protect 

the parachute from thermal stresses since no alternative could be devised; furthermore, a Nomex 

blanket has been used on several CRW projects in the past and has proven to be highly successful. 

3.7.2 Subscale Rocket 

The difference between the full-scale and subscale rockets is a scaling down of the full-

scale results in the subscale rocket. However, parachutes and fins do not scale and thus must be 

recalculated and redesigned. The calculated data is shown in Table 13 and Table 15 just as it was 

with full-scale. The subscale rocket is going to an apogee of approximately 3,900 feet AGL with 

drogue deployment at apogee and main deployment at 600 feet AGL. 

The parachute sizes of the subscale will ensure that the rocket is recovered safely and will 

be used to assess the accuracy of the manufacturer specified values of coefficient of drag. Drift 

and kinetic energy will be important to monitor but will be less of a concern since the rocket has a 

lower apogee and a lighter mass. The main parachute will be the CFC-36 elliptical parachute from 

FruityChutes, which is three feet in diameter and has a drag coefficient of 1.5. The drogue will be 

the CFC-12 from FruityChutes which has a one-foot diameter and a drag coefficient of 1.5. The 

one-foot diameter drogue parachute is the smallest commercially available size sold by 

FruityChutes. 

Criteria Weight Data Satisfaction Score Data Satisfaction Score

R14 5 Compliant 3 15 Compliant 4 20

Cost ($) 3 8.47 5 15 15.99 3 9

Added Strength 2 Adhesive 2 4 None 1 2

Serviceability 4 Low 3 12 High 4 16

46 47

Driving Factors Tape Nomex Sleeve

Sum Selection
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3.7.3 Avionics 

For altimeters, the team decided that cost would be the driving factor for selection since all 

brands considered held similar characteristics and capabilities. In the past, CRW teams have opted 

to use PerfectFlite brand altimeters, namely the Stratologger CF. Table 19 shows that this brand 

was the selection made for final design. Also considered were the Stratologger SL 100 and the 

Featherweight Raven3. While the Stratologger SL100 has additional capabilities such as an 

additional second of brownout protection, protection against false triggering from exposure to 

sunlight, and the abilities to output 10 amps as opposed to 5, these additional capabilities were not 

considered enough to outweigh the increase in cost per unit. Both Stratologgers are capable of 

about storing about 280 minutes of flight data. The Raven3 housed the most capabilities among 

the three and had software that was easier to utilize but came at much higher costs than the others; 

however, a Raven3 used from a previous year will be used on the subscale and full-scale flight 

tests to gather important flight data that the Stratologgers are incapable of obtaining. Additionally, 

a Raven3 altimeter is only capable of storing a total of 53 minutes of flight data. 

Table 19: Altimeter Selection 

 

The full-scale avionics will be housed inside the coupler away from any interference 

producing devices such as the GPS tracker and will include two PerfectFlite Stratologger CF 

altimeters. The Stratologgers will be mounted using aluminum #4-40 standoffs that are epoxied 

into the green bulkhead. The Stratologgers will be mounted to the standoffs using nylon #4-40 

screws. Since the screws will not be in shear and considering the low mass of the Stratologgers 

there is no structural concern about using nylon fasteners.  

The sub scale rocket will also house its avionics in the coupler. Due to the smaller size of 

the subscale coupler, a layout similar to that shown in Figure 22 is not feasible. The design shown 

in Figure 21 was developed for sub scale flight. The mounting option is compatible with both the 

battery holders and the Stratologger CF altimeters.  

Criteria Weight Data Satisfaction Score Data Satisfaction Score Data Satisfaction Score

Cost ($) 5 54.95 5 25 not for sale 1 5 not for sale 2 10

Software Ease of Use 2 Average 3 6 Average 3 6 Easy 5 10

Capabilites 3 Decent 3 9 Above Average 4 12 Best 5 10

Storage (minutes) 3 288 4 12 279 4 12 53 2 8

52 35 38Sum

Driving Factors Stratologger CF Stratologger SL100 Raven3

Selection
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Figure 21: Battery and Altimeter Mounting in Sub Scale  

 

 
Figure 22: Full-Scale Coupler Avionics with Wiring  
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Figure 23: PerfectFlite Stratologger CF 

 

3.7.4 Redundancy 

The full scale and subscale rocket will both include dual redundant avionics systems. This 

is composed of two separate altimeters wired to separate power supplies and controlled by separate 

key-switches. Shown in Figure 24 is a block diagram of the wiring for full scale and subscale 

avionics. Redundancy is also shown in Figure 21 for the subscale rocket, which uses the same 

wiring, altimeters, batteries, and turn-key switches as the full-scale. Each Stratologger CF is 

powered by a separate battery to comply with NASA Requirements 2.5 and 3.5. The power source 

will be two lithium 9-volt batteries secured to battery holders and mounted horizontally on a flat 

plate inside the full-scale coupler.  
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Figure 24: Full Scale and Subscale Avionics Block Diagram 

 

It is important that all electronics present on the rocket be powered off during assembly 

and preparation to mitigate the risk of setting off ballistics prematurely. For this very reason, a 

method by which the devices can be easily armed or disarmed is critical to the avionics design. 

The arming mechanism would serve as a switch between the power source and the altimeters that 

can be manually closed when the rocket is ready for launch. Table 20 showcases possible designs 

that were considered. From the study, it was decided that key switches were the best means by 

which to arm and disarm the electronics for its easy interface. 

Table 20: Altimeter Arming Method 

 

Pull pins have been traditionally used by previous CRW teams to great success. However, 

difficulty has often arisen when trying to align the pull pin holes with the switch located inside the 

coupler. The cost of such method is relatively low since it would only require a trigger switch 

mounted to the coupler in such a way that the pull pin grabs it easily. 

Critria Weight Data Satisfaction Score Data Satisfaction Score Data Satisfaction Score

Cost ($) 1 <0.10 5 5 3.10 4 4 5.53 3 3

Interface Difficulty 5 Most Difficult 1 5 Average 4 20 Easiest 5 25

Machining Diffuculty 3 Easy 4 12 More Difficult 3 9 Easy 4 12

22 33 40Sum

Driving Factors

Selection

Key SwitchesPull PinsWire Clips
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Figure 25: Pull Pin 

 

While wire clips would be a very lightweight option to consider, it would not be easy to 

get to once the rocket is assembled. This method would require the least amount of wire space 

since a direct connection can be made from the altimeters to the black powder charges. However, 

this method also exposes the user more openly to the black powder charges during the arming 

phase. For this reason alone, this method should be ruled out entirely. 

 

Figure 26: Male to Female Wire Connectors  

 

The key switches are expensive and take up a lot of space in the coupler; however, the 

switch method is the best way of ensuring that flight forces do not impede the power of the avionics 

during flight. This is also a requirement set by NASA for competition.  
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Figure 27: Key Switch 

 

3.7.5 Tracking 

The team has chosen a tracker previously used by other CRW teams shown in Figure 28. 

It has been developed and perfected over the last four years and uses an open source tracking and 

communication system. The radio is an XBee-Pro S3B radio transmitting on the 902 MHz to 928 

MHz range. Previous teams have found that it can transmit up to 6 miles away. The GPS is 

Antenova module. The entire system is operated on a single CR123 3-Volt lithium ion battery. 

Both the XBee and GPS module transmit telemetry to the ground station using a free program 

called X-CTU. 

 

Figure 28: CRW Prototype GPS Tracker 

 

3.8 Mission Performance Prediction 

To ensure that all competition requirements are met, CRW has conducted thorough analysis 

on the baseline design to ensure success during flight. Using OpenRocket, an open source rocket 
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model simulation software, as a primary means of calculation, the team was able to decide on a 

motor which would deliver the rocket to its designed altitude while maintaining the required rail-

exit velocity, stability margin, and thrust to weight ratio. From the OpenRocket models, it was 

determined that the Aerotech L1520T motor was the optimal choice for motor selection. Once the 

design became finalized, secondary analysis was conducted to ensure the results obtained from 

OpenRocket were correct and that the rocket would perform as designed on launch day. 

3.8.1 Launch Day Target Altitude 

This year’s USLI competition is unique compared to previous years since teams are 

required to specify their own altitudes rather than designing to a predetermined altitude. CRW has 

decided that this year’s official launch day altitude will be 4800 feet above ground level. To obtain 

this altitude, the proper motor and hardware needed to be selected based on initial mass estimates. 

The specifications for all Aerotech motors are provided through the company’s website; 

Table 21 shows these specifications for the L1520T motor. The motor has an average thrust of 

352.5 pound force for 2.4 seconds which will give the vehicle a burnout velocity of 654 feet per 

second. The total impulse curve for this rocket is provided in Figure 29; this value of total impulse 

falls within the specifications for an L-class motor and is suitable for the USLI competition. 

Table 21:Full Scale Motor Specifications  

Aerotech L1520T 

Hardware RMS-75/3840 

Single-Use/Reload/Hybrid Reloadable 

Total Impulse (lbf-s) 835.37 

Propellant Weight (lbm) 4.09 

Loaded Weight (lbm) 8.05 

Weight After Burnout (lbm) 3.96 

Maximum Thrust (lbf) 396.9 

Average Thrust (lbf) 352.5 

Burn Time (s) 2.4 
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Figure 29: Thrust Curve for Aerotech L1520T 
 

3.8.2 Flight Profile 

The OpenRocket model provides well-calculated estimates of launch predictions given an 

array of inputs. The model becomes more accurate in tandem with the accuracy of vehicle mass 

estimates; this occurs as the overall design progresses and materials are selected. OpenRocket can 

also incorporate weather data into the performance of the launch. Using launch day weather data 

from previous years, the average and maximum values for conditions like air temperature and wind 

speed can be incorporated into the design to get an accurate approximation. Table 22 lists such 

variables from the previous ten years. 
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Table 22: Weather Conditions from Previous Year  

Year Avg. Wind 

Speed (MPH) 

Max Wind 

Speed 

(MPH) 

Temp (F) 

2018 5 13 43 

2017 6 12 62 

2016 8 20 57 

2015 3 12 72 

2014 6 15 55 

2013 7 16 70 

2012 3 15 64 

2011 5 14 74 

2010 8 18 60 

2009 5 22 52 

Average 5.6 15.7 60.9 

Deviation 1.776 3.368 9.655 

 

With the proper inputs and assumptions, the OpenRocket software can calculate the 

approximate flight profile for the rocket design on launch day. OpenRocket uses six degrees of 

freedom to solve for a multitude of flight parameters using iterative numerical methods. Figure 30 

depicts the projected performance of the rocket model’s altitude, velocity, and acceleration as 

functions of time. The profiles consider three unique phenomena during flight: motor burnout at 

2.64 seconds, deployment of the drogue parachute at apogee, and deployment of the main 

parachute at 600 feet. 



 
51 Charger Rocket Works | 2019 NASA USLI | Preliminary Design Review 

 

Figure 30: OpenRocket Trajectory Model  

 

Using the current mass estimates for the full-scale design, the flight results were observed 

in OpenRocket and are displayed in Table 23. From the results, the apogee obtained by the rocket 

is 4973 feet, nearly 170 feet over the projected target. This apogee is expected to decrease as mass 

is added to the rocket; as previously stated, the payload is currently modeled as heavier than 

projected, but items such as avionics, bolts, and other mass components are not properly accounted 

for and will add mass to the rocket. If the apogee remains higher than projected once this mass is 

accounted for, ballast will have to be utilized to reach the altitude goal. Nonetheless, the remainder 

of the trajectory summation shows that the current design is within USLI requirements and 

standards. 
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Table 23: Full Scale Flight Simulation Results  

Event Value Units 

Launch Rail Exit Speed 82 ft/s 

Maximum Speed 654 ft/s 

Maximum Acceleration 292 ft/𝑠2 

Time to Apogee 17.8 s 

Apogee 4972 ft 

Main Chute Deploy Altitude 600 ft 

Thrust off Rail 356 lbf 

Thrust to Weight Ratio 9.74 - 

 

3.8.3 Stability 

Vehicle stability is required for a successful flight and is one of the several requirements 

for the USLI competition. The stability margin, measured in calibers, is defined as the distance 

between the center of gravity (CG) and the center of pressure (CP) of the vehicle divided by the 

vehicle’s diameter. NASA USLI requirements state that the vehicle shall have a static margin of 

2.0 or greater by the time the rocket leaves the launch rail and throughout flight. The following 

equations can be used to solve for the center of gravity and the center of pressure. 

 CG = 
∑ 𝑑𝑖𝑤𝑖

𝑛
𝑖=1

𝑊
  (6) 

 CP = 
∑ 𝑑𝑖𝐴𝑖

𝑛
𝑖=1

𝐴
  (7) 

Figure 31 shows the position of CP and CG about the rocket at the moment that the vehicle 

leaves the launch rail. These calculations were done in OpenRocket. The CG at this point will be 

69.5 inches from the nose cone while the CP will be 82.9 inches. Given that the vehicle’s diameter 

is 6 inches, the static margin at rail exit will be 2.23 which is adequate for USLI standards. 

 

Figure 31: OpenRocket Model with CG and CP at Mach 0.3 

 

The static margin is altered as time progresses and the rocket’s dynamics change. As the 

motor propellant is burned, the center of gravity moves forward up the body of the rocket due to 

mass loss. Similarly, the center of pressure of the rocket moves aft along the body as the vehicle’s 

velocity increases. Figure 32 depicts the changes in CP, CG and the static margin up until apogee 

82.9 in. 

69.5 in. 
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as calculated in OpenRocket. It will be important to monitor the projected margin stability as the 

vehicle design matures and changes. Should the static margin decrease too significantly with mass 

addition, a new motor may need to be considered to ensure a safe flight. 

 

Figure 32: Rocket Stability vs. Time 

 

3.8.4 Kinetic Energy Estimates 

NASA USLI requires that the vehicle will land with a vertical kinetic energy no greater 

than 75 ft-lbf. The equation for kinetic energy is stated in Equation (8); the value of kinetic energy 

is dependent on mass and the vertical descent velocity of the vehicle, the latter of which is 

determined by the recovery system. The mass is dependent on each individual section’s burnout 

mass; therefore, given that the rocket will have three independent parts at touchdown, there will 

be three different values of kinetic energy. The heaviest of these components will be the forward 

airframe which will comprise approximately 60% of the vehicle’s mass at burnout. If this 

component has a vertical velocity low enough to meet the kinetic energy requirement, then it can 

be assumed that the other lighter components will as well. Using this maximum allowable value 

for velocity, it can be determined whether the descent velocity of the main parachute for the entire 

vehicle is large enough to meet this energy requirement. Equations (9) through (11) assess this 

requirement using values given by FruityChutes. 

 KE = 
1

2
m𝑣2 (8) 

 

v = √
2(75 𝑓𝑡−𝑙𝑏𝑓)[32.2 

𝑙𝑏𝑚−𝑓𝑡

𝑙𝑏𝑓−𝑠2 ]

21.14 𝑙𝑏𝑚
 = 15.12 

𝑓𝑡

𝑠
 

(9) 
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v = √

8𝑚𝑔

𝜋𝜌𝐶𝐷𝐷2 
(10) 

 

 

v = √
8(33.09 𝑙𝑏𝑚)(32.2

𝑓𝑡

𝑠2)

𝜋(0.0746 
𝑙𝑏𝑚

𝑓𝑡3 )(2.2)(10𝑓𝑡)2
 = 12.86 

𝑓𝑡

𝑠
 

(11) 

As shown in Equation (9), the maximum allowable descent velocity is 15.12 feet per 

second given the mass of the heaviest component. Given the parameters of the main parachute, the 

touchdown velocity of the entire vehicle will be 12.86 feet per second which is less than the 

maximum allowable velocity required to meet the kinetic energy requirement. This value is also 

close to the value that both OpenRocket and descent calculators provided by FruityChutes list at 

vehicle touchdown. This calculation assumes that the drag forces of drogue parachute are 

negligible once the main parachute is fully deployed and that all independent parts descend at the 

same vertical velocity; while this assumption gives a feasible first-order estimate, further 

modifications will need to be made to these calculations to get an accurate value of kinetic energy 

for each independent part of the rocket. OpenRocket does not account for drag forces caused by 

the section bodies during descent; incorporating these values would decrease the total descent 

velocity as well. Further modifications to self-derived simulators will need to incorporate these 

effects to get accurate values. A better understanding of this will be obtained after subscale flights. 

Table 24 gives the values of kinetic energy for each independent part using the given assumptions. 

Table 24: Kinetic Energy Predictions for each Rocket Section  

Rocket Section Mass 

(lbm) 

Kinetic Energy 

(lbf-ft) 

Upper Airframe 21.14 54.29 

Coupler 2.3 5.91 

Lower Airframe 10.22 26.25 

3.8.5 Drift 

Upon launch, wind shears will cause the rocket to drift a certain distance from the launch 

pad; such calculations are important for launch safety as winds can potentially cause a rocket to 

drift into a crowd or into an area where proper recovery will not be possible. NASA USLI requires 

teams to calculate rocket drift for wind speeds between 0 and 20 miles per hour in five miles per 

hour increments. The calculations are made assuming that the crosswinds are constant, uni-

directional flows which begin immediately at rocket apogee. Furthermore, the calculations assume 

apogee occurs directly over the launch pad. In reality, the launch pad will most likely be angled in 

such a way that the rocket points away from any crowd, the rocket will fly into the wind during 

ascent, and the wind shear will not be constant nor uni-directional; however, the assumptions made 

will cause the rocket to drift further and serves as a worst-case-scenario. Since OpenRocket does 

not allow for these assumptions to be computed, hand calculations were used to determine the total 

drift distance. 
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The rocket will drift different distances for each recovery system since descent time will 

be different due to parachute surface area and deployment time. Given that the main parachute will 

have a descent velocity of 12.89 feet per second and is deployed at 600 feet, the descent time under 

the main parachute will be 46.55 seconds. NASA USLI requires that the descent of the vehicle be 

no longer than 90 seconds post-apogee. Thus, the maximum allowable descent time for the drogue 

parachute will be 43.45 seconds. Given the parameters of the drogue parachute using values stated 

from the FruityChutes website, the descent time from apogee to main deployment will be: 

 

v = √
8(33.09 𝑙𝑏𝑚)(32.2 

𝑓𝑡

𝑠2)

𝜋(0.0746 
𝑙𝑏𝑚

𝑓𝑡3 )(1.5)(1.5 𝑓𝑡)2
 = 103.8 

𝑓𝑡

𝑠
 

(12) 

 

 t = 
4800 𝑓𝑡−600 𝑓𝑡

103.8 
𝑓𝑡

𝑠

 = 40.46 s (13) 

 

As seen in Equation (13), the descent time of the drogue parachute is within the maximum 

allowable time frame to meet the required descent time. Assuming the wind shear is constant and 

uni-directional, the horizontal distance traveled from the launch pad is calculated using the 

following equation: 

 𝑥𝑑𝑟𝑖𝑓𝑡 = 𝑣𝑥t (14) 

Since the total descent time is 87.12 seconds, the drift distance can be determined using different 

wind velocities. Figure 33 shows the drift distances for each wind speed specified above. From the 

calculations, under 20 mph wind shears the rocket will drift 2556 feet from the launch pad which 

is not within the 2500 limit required by NASA. 

This method of calculation assumes instantaneous parachute openings; in reality, the 

parachute would gradually open over time once deployed and would not be travelling at its 

calculated descent velocity at that given time. Further modifications will need to be made into 

calculations to account for this opening delay. Furthermore, the assumption that the body 

immediately begins to travel at a given horizontal velocity fails to incorporate the necessary 

acceleration to obtain that speed. This would slightly reduce the total drift distance using the 

assumptions given and will most likely also be incorporated into calculations in the future. 
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Figure 33: Drift Calculations for Various Wind Speeds  

 

Figure 33 shows was plotted using a method of calculation which accounts for changing 

atmospheric air density with changing altitude. This method provides better drift results which 

show the vehicle only drifting 2493 feet which shows improvement. OpenRocket accounts for drift 

into the wind during the rocket’s ascent; Figure 34 shows the difference in drift distance for all 

four wind speed scenarios using this assumption. From these results, the rocket will drift a 

maximum distance of 825 feet under five miles per hour wind speeds. Data acquired from flight 

tests will give the team a better understanding of drift and how to properly account for it during 

flight. 
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Figure 34: OpenRocket Drift Results  

 

3.8.6 Comparison to Other Simulations 

To confirm the trajectory results in OpenRocket, an independently made trajectory 

simulation code was developed by members of the CRW teams using Microsoft Excel, MATLAB, 

and Simulink. The software considers the same input parameters as OpenRocket and utilizes 

Newtonian mechanics, the Aerotech motor data, and drag force calculations to determine the 

vehicle’s altitude, velocity, and acceleration. The simulation code is also able to incorporate 

multiple simulations to produce Monte Carlo analysis for different parameters. The code also 

calculates the kinetic energy of the entire vehicle and first order drift calculations similar to those 

calculated above. Further modifications will need to be made to the code to obtain kinetic energy 

values for independent sections and to calculate stronger drift calculations. 

Using this method, the vehicle’s calculated apogee was found to be 5070 feet at 17.55 

seconds into flight, which is within 1.9 % of the projected apogee claimed by OpenRocket. Figure 

35 compares the two altitude profiles for both methods. It is assumed that OpenRocket considers 

the time delay of parachute openings while the custom software assumes immediate drag profile 

change; this will most likely be updated in the near future to get more accurate results. 

Furthermore, the custom-made simulation does not have accurate drag estimates for the rocket 

body during ascension and only incorporates the linear degrees of motion and not rotational. These 

parameters will be updated and incorporated into the simulation eventually. 
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Figure 35: Comparison of OpenRocket to In-house Trajectory Code 

 

3.8.7 Subscale Performance Predictions and Goals 

USLI teams are required to perform flight tests on scaled models of their rockets to analyze 

the mission performance on a scale level prior to full scale testing. Teams self-define their own 

goals for their subscale flights and use the data to assess the accuracy of their prediction methods 

and recognize any area of failure or necessary change needed for full scale. CRW has decided to 

design and test a 2:1 scale model of the full-scale rocket with similar materials. 

The largest area of uncertainty for this year’s design falls upon drag forces and obtaining 

field data for drag forces will aid the team in assessing calculation accuracy for both ascension and 

decent. To obtain accurate ascension forces, a velocity profile similar to that of full-scale is desired 

for the vehicle. According to Aerotech’s website, the Aerotech I284W-14A motor will produce a 

similar velocity profile while only providing a portion of total thrust for the vehicle. The motor 

specifications are listed in Table 25. 
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Table 25: Subscale Motor Specifications  

Aerotech I284W-14A 

Hardware RMS-38/600 

Single-Use/Reload/Hybrid Reloadable 

Total Impulse (lbf-s) 136.5 

Propellant Weight (lbm) 0.69 

Loaded Weight (lbm) 1.23 

Weight After Burnout (lbm) 0.53 

Maximum Thrust (lbf) 128.3 

Average Thrust (lbf) 63.4 

Burn Time (s) 1.9 

 

A subscale model was created in OpenRocket and flown under similar conditions to the full-

scale model. From the data, the drag forces do not directly scale, thus it is not safe to assume that 

for a 2:1 rocket the drag forces will be half as much; however, given the data, the calculation 

methods can be assessed for their accuracy and the full-scale vehicle modified appropriately. The 

flight results for the subscale vehicle are listed in Table 26. The subscale model is projected to fly 

on November 10 from Paint Rock, Alabama. A Raven3 altimeter will be placed inside of the rocket 

as well to get more accurate readings of trajectory data than the Stratologger CF provides. 

Table 26: Subscale Flight Simulation Results  

Event Value Units 

Launch Rail Exit Speed 90 ft/s 

Maximum Speed 632 ft/s 

Maximum Acceleration 531 ft/𝑠2 

Time to Apogee 14.6 s 

Apogee 3892 ft 

Main Chute Deploy Altitude 600 ft 

Thrust off Rail 103.1 lbf 

Thrust to Weight Ratio 17.5 - 
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4 Safety 

The CRW team is dedicated to making safety the highest priority in every part of this year’s 

project. Through the implementation of safety briefings, procedures, hazard mitigations, and full 

team cooperation, the CRW safety plan will ensure that team personnel, equipment and facilities, 

and the environment are safe during construction, testing, and launches. The Safety Officer and 

other members of the Safety Committee take direct responsibility for the implementation of all 

safety procedures; however, all CRW team members understand the severity and necessity of 

remaining alert and abiding by all safety measures. CRW agrees with and will adhere to all safety 

regulations and requirements set forth by NASA. The team will respect any decision made by the 

Range Safety Officer at any launch field and will abide by all state, federal, and local laws and 

regulations governing high-powered rocketry and unmanned aerial vehicles.  

4.1 Safety Officer and Safety Committee 

The 2018 – 2019 CRW Safety Officer is Hope Cash. Hope will work with the Program 

Manager, the Payload, Vehicle, and Technical Leads, the Team Mentor, Faculty Advisor, and any 

other necessary UAH or PRC personnel in implementing thorough safety measures as part of the 

Safety Plan. The Safety Officer is ultimately responsible for meeting all requirements under 

NASA-5.3 as well as the additional safety requirements derived by the team. It will fall to the 

Safety Officer to ensure that all Hazard, Risk and Failure Mode Analyses are thorough and all 

mitigations are implemented properly. This includes the use of approved Standard Operating 

Procedures (SOP), Personal Protective Equipment (PPE), maintained Material Safety Data Sheets 

(MSDS), and any other designed safety measures. The Safety Officer will be actively supported 

by CRW Team Leadership as well as the other members of the Safety Committee. CRW has named 

three additional members to safety roles: Deputy Safety Officer and sub-team safety leads for both 

Payload and Vehicle. The Deputy Safety Officer will work closely with the Safety Officer in 

assisting with the hazard analyses, implementation of the mitigations, and gathering and 

maintaining MSDS. The Deputy Safety Officer will also assume the Safety Officer responsibility 

for sign-offs during events such as launches or tests if the Safety Officer is unable to be present. 

The sub-team safety leads are primarily charged with performing preliminary risk, hazard, and 

failure mode analyses for their respective sub-teams and working with their sub-teams in drafting 

the SOPs or checklists for large scale events. As the Safety Officer, Hope assumes the following 

responsibilities: 

1. Ensure that the CRW team has received proper training through outside resources or 

through safety briefings conducted by the Safety Officer or Deputy Safety Officer. 

2. Manage Standard Operating Procedures and ensure Material Safety Data Sheets are 

included with the SOPs and available to all team members. 

3. Ensure all mitigations are implemented for construction, testing, and launches.  

4. Work with the CRW Safety Committee, and have final approval of, in performing risk, 

hazard, and failure mode analyses. 

5. Ensure proper Personal Protective Equipment is available and properly worn for all 

necessary operations. 
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6. Work with CRW Team Leadership, UAH, and PRC faculty in analyzing mishaps 

should they occur during construction, testing, or launching of the CRW project. 

7. Work with the Public Relations Lead in ensuring the safety of CRW team members as 

well as participants in outreach activities.  

8. Be aware of potential environmental hazards and perform risk and hazard assessments 

pertaining to such. 

9. Sign-off on major events as part of the launch procedure and checklist. 

4.2 Training 

Hazard mitigations cannot be fully implemented unless the CRW team has proper training 

on understanding safe workplace practices, emergency procedures, and testing and launch 

procedures. The Safety Officer or Deputy Safety Officer will conduct safety briefings to the team 

to guarantee that all members are aware of proper procedures. All briefing material is available to 

the team for future reference. Briefings cover basic procedures, proper testing procedures, mishap 

recording, and various other important safety information. Additionally, if a mishap occurs, a 

safety briefing reviewing the incident as well as revised mitigation procedures will be conducted. 

It is PRC policy that only team members listed on the SOP as members of the Red Team are 

allowed to be a part of the testing procedures. Red Team members must be CPR/AED certified. 

To maximize the number of CRW Team Members eligible for participating in testing at the PRC, 

seventeen out of the twenty CRW team members have been CPR/AED/First Aid Certified through 

the American Red Cross. The team’s Mentor, Faculty Advisor, and graduate student mentor are 

also certified. Table 27 shows a brief description of the team’s current training. All members of 

CRW are required to review the latest Safety Manual and sign and return the Charger Rocket 

Works Safety Pledge to the Safety Officer. In doing so, the team member agrees to follow the 

safety measures designed by team leadership and the safety committee as well as all state, federal, 

and local regulations and the Range Safety Officer.  

Table 27: Training Events and Dates  

Training Topic Date 

CPR/AED/First Aid 10/4/18 – 10/19/18 

Basic Emergency Procedures 10/18/18 

Black Powder Testing and Motor Safety 10/30/18 

Outreach Safety 11/1/18 

 

4.3 NASA Safety Requirements  

The NASA USLI Handbook Section 5 outlines specific requirements pertaining to the 

overall safety of the project. The Safety Officer is responsible for ensuring that all competition 

safety requirements have been verified or have a plan for verification. The verifications of these 

requirements are found in Appendix F.  
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4.4 NAR Compliance 

CRW agrees with the NAR High Power Rocket Safety Code and understands the severity 

of failing to abide by the regulations set forth. To satisfy NASA-5.4 (following the rules of the 

local rocketry club), Table 28 shows the team’s understanding and plan to follow the NAR High 

Power Rocket Safety Code. 

Table 28: NAR Safety Code and CRW Plan 

 NAR Safety Code Statement CRW Plan 

1.  Certification. I will only fly high power rockets or possess high power 

rocket motors that are within the scope of my user certification and 

required licensing. 

Only the CRW Team Mentor, Jason, will 

handle the motor as he is Level 3 

certified with NAR.  

2.  Materials. I will use only lightweight materials such as paper, wood, 

rubber, plastic, fiberglass, or when necessary ductile metal, for the 

construction of my rocket. 

All parts for the subscale or full-scale 

rocket will be composed of materials 

listed in the NAR code.  

3.  Motors. I will use only certified, commercially made rocket motors, 

and will not tamper with these motors or use them for any purposes 

except those recommended by the manufacturer. I will not allow 

smoking, open flames, nor heat sources within 25 feet of these motors. 

Motors will only be purchased from 

licensed vendors.  

Motors will be stored in the locked 

protective bunker within the PRC.  

When taken to launch fields, motors will 

be transported and stored in an approved 

day box. 

4.  Ignition System. I will launch my rockets with an electrical launch 

system, and with electrical motor igniters that are installed in the motor 

only after my rocket is at the launch pad or in a designated prepping 

area. My launch system will have a safety interlock that is in series 

with the launch switch that is not installed until my rocket is ready for 

launch, and will use a launch switch that returns to the “off” position 

when released. The function of onboard energetics and firing circuits 

will be inhibited except when my rocket is in the launching position. 

All launches will follow FAA, state, and 

federal regulations as well as abide by 

the Range Safety Officer present at the 

launch. 

Remove Before Flight Pins will be in 

place on the rocket until the rocket is 

prepared for launch. 

5.  Misfires. If my rocket does not launch when I press the button of my 

electrical launch system, I will remove the launcher’s safety interlock 

or disconnect its battery, and will wait 60 seconds after the last launch 

attempt before allowing anyone to approach the rocket. 

All launches will follow FAA, state, and 

federal regulations as well as abide by 

the Range Safety Officer present at the 

launch. 

6.  Launch Safety. I will use a 5-second countdown before launch. I will 

ensure that a means is available to warn participants and spectators in 

the event of a problem. I will ensure that no person is closer to the 

launch pad than allowed by the accompanying Minimum Distance 

Table. When arming onboard energetics and firing circuits I will 

ensure that no person is at the pad except safety personnel and those 

required for arming and disarming operations. I will check the stability 

of my rocket before flight and will not fly it if it cannot be determined 

to be stable. When conducting a simultaneous launch of more than one 

high power rocket I will observe the additional requirements of NFPA 

1127. 

All launches will follow FAA, state, and 

federal regulations as well as abide by 

the Range Safety Officer present at the 

launch. 

Only necessary CRW team members 

will be present at the pad when arming 

the energetics.  

Simulations and calculations of the 

stability margin will be performed prior 

to launch. 
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7.  Launcher. I will launch my rocket from a stable device that provides 

rigid guidance until the rocket has attained a speed that ensures a stable 

flight, and that is pointed to within 20 degrees of vertical. If the wind 

speed exceeds 5 miles per hour I will use a launcher length that permits 

the rocket to attain a safe velocity before separation from the launcher. 

I will use a blast deflector to prevent the motor’s exhaust from hitting 

the ground. I will ensure that dry grass is cleared around each launch 

pad in accordance with the accompanying Minimum Distance table, 

and will increase this distance by a factor of 1.5 and clear that area of 

all combustible material if the rocket motor being launched uses 

titanium sponge in the propellant. 

CRW will use launch equipment 

provided by the launch field. All launch 

equipment will meet the Range Safety 

Officer’s requirements and launch site 

requirements. 

CRW will not use a motor containing 

titanium sponge in the propellant.  

CRW will be attentive to launch site 

environment.   

8.  Size. My rocket will not contain any combination of motors that total 

more than 40,960 N-sec (9208 pound-seconds) of total impulse. My 

rocket will not weigh more at liftoff than one-third of the certified 

average thrust of the high power rocket motor(s) intended to be ignited 

at launch. 

All motors in storage thus far meet this 

requirement. All future motors will be 

purchased by the Team Mentor, Jason. 

Rocket design will be constrained to not 

exceed weight and size limits.  

9.  Flight Safety. I will not launch my rocket at targets, into clouds, near 

airplanes, nor on trajectories that take it directly over the heads of 

spectators or beyond the boundaries of the launch site, and will not put 

any flammable or explosive payload in my rocket. I will not launch my 

rockets if wind speeds exceed 20 miles per hour. I will comply with 

Federal Aviation Administration airspace regulations when flying, and 

will ensure that my rocket will not exceed any applicable altitude limit 

in effect at that launch site. 

All launches will follow FAA, state, and 

federal regulations as well as abide by 

the Range Safety Officer present at the 

launch. 

CRW will be aware of weather 

conditions and spectator locations.  

10.  Launch Site. I will launch my rocket outdoors, in an open area where 

trees, power lines, occupied buildings, and persons not involved in the 

launch do not present a hazard, and that is at least as large on its 

smallest dimension as one-half of the maximum altitude to which 

rockets are allowed to be flown at that site or 1500 feet, whichever is 

greater, or 1000 feet for rockets with a combined total impulse of less 

than 160 N-sec, a total liftoff weight of less than 1500 grams, and a 

maximum expected altitude of less than 610 meters (2000 feet). 

All launches will follow FAA, state, and 

federal regulations as well as abide by 

the Range Safety Officer present at the 

launch. 

Launches will only occur at designated 

local rocketry fields.  

11.  Launcher Location. My launcher will be 1500 feet from any 

occupied building or from any public highway on which traffic flow 

exceeds 10 vehicles per hour, not including traffic flow related to the 

launch. It will also be no closer than the appropriate Minimum 

Personnel Distance from the accompanying table from any 

boundary of the launch site. 

The CRW team will observe the launch 

site and ensure that launches will occur a 

safe distance from buildings, traffic, 

trees, or water.  

12.  Recovery System. I will use a recovery system such as a parachute in 

my rocket so that all parts of my rocket return safely and undamaged 

and can be flown again, and I will use only flame-resistant or fireproof 

recovery system wadding in my rocket. 

The CRW team is preparing a safe 

recovery system. Consistent installation 

into the rocket will be done using a 

checklist and approval of the Safety 

Officer. 

13.  Recovery Safety. I will not attempt to recover my rocket from power 

lines, tall trees, or other dangerous places, fly it under conditions where 

it is likely to recover in spectator areas or outside the launch site, nor 

attempt to catch it as it approaches the ground. 

All launches will follow FAA, state, and 

federal regulations as well as abide by 

the Range Safety Officer present at the 

launch. 

 

4.5 Hazard and Risk Assessment 

Proactive measures are a priority to the CRW team with the intention of minimizing 

potential danger and reducing the need for reactive measures. Hazard and risk assessments are 

important, established tools in designing a large-scale project and will be applied by the CRW 

team. Hazard assessments are not taken lightly as determining the potential roots of danger is the 

best way to avoid personal injury, equipment loss, or environmental harm. Initial hazard and risk 
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analyses have been performed but will be continually updated throughout the duration of the 

project.  

The risk assessment criteria matrix (RAC) and the preliminary hazard and risk assessments 

can be found in Appendix E. Along with the RAC is a description of the probability and severity 

values given to each hazard to determine its overall risk level. Assessment is made at the sub-team 

level initially by the sub-team safety lead along with the sub-team. The Safety Officer reviews and 

revises the assessments and works with the sub-team safety lead to ensure the assessment is 

comprehensive. Hazards, their causes, and their effects are considered when applying the RAC 

initially. Mitigations are then considered and listed along with the methods of verification. 

Importantly, a second evaluation of the hazard is done with the consideration of the mitigations. 

The overall risk level (high, medium, low, or marginal) is indicated by the color of the 

corresponding severity and probability level in the matrix. CRW has determined that high risk 

hazards are to be deemed unacceptable and must be mitigated further. While medium risk is not 

ideal, it is understood that not all risk can be mitigated given the nature of high powered rocketry. 

Medium and low risk require the approval signatures of various members of Team Leadership (see 

Appendix E). This agrees the signees to their responsibilities for the accepted risk and serves as a 

reminder of the minimized, yet present, remaining risk to the team as a whole. The tables included 

in Appendix E are a preliminary assessment; a full review will occur with team member and mentor 

participation to ensure a thorough investigation into the potential hazards, their effects, and the 

optimal mitigations. After a full review, Team Leadership will sign, recognizing any outstanding 

risk.  

4.6 Failure Modes and Effects Analysis 

CRW is committed to instating proactive measures to ensure the safety and success of their 

team members and hardware. The Failure Modes and Effects Analysis is intended to predict where 

failures may occur within the hardware of the vehicle and payload. Appendix B contains the 

preliminary FMEA for the current design. Figure 36 shows the FMEA criteria which is similar to 

the RAC. Mitigations are proposed for each of the potential failure modes. The FMEA and the 

Hazard and Risk Assessment are available to the team at all times.  
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Figure 36: FMEA Criteria 

 

4.7 Environmental Concerns 

The environmental concerns for this project include issues that will impose on the rocket 

and UAV payload, as well as any issues the rocket and UAV impose on the testing and launch 

environment. With these in mind, the impacts identified currently include: proper disposal and 

handling of hazardous materials, exhaust gas emissions, impact on local ecology and wildlife at 

launch sites, localized noise pollution, rain, high winds, and surrounding geography of launch sites. 

All concerns were analyzed and subjected to the risk assessment protocols to find suitable means 

to mitigate the impact of each if the concern was not deemed negligible. The impacts of the rocket 

and UAV are easier to mitigate due to the team’s ability to control the factors of concern, whereas 

weather and geography concerns would preferably be avoided due to the inability to control nature.  

4.7.1 Hazardous Materials 

The disposal of hazardous chemicals will be governed by the MSDS and coordinated with 

UAH Office of Health and Environmental Services (OEHS). All team members will be briefed by 

the Safety Officer on proper handling and disposal procedures before the use of the chemicals is 

allowed.  

4.7.2 Exhaust Gas Emissions 

Exhaust gas emissions in high-powered rocketry are considered localized and negligible. 

However, the smallest possible rocket to safely and successfully fulfill all requirements will be 

selected in order to limit any impact, regardless of how negligible.  
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4.7.3 Local Ecology and Wildlife 

Impacts to local ecology and wildlife should also be negligible due to remote site locations 

for launches. Fire is always a concern so proper safeguards such as fire extinguishers and personnel 

trained in their use should be in place during any testing or flights. All members of the launch team 

will have received at least a minimum form of training in the use of fire extinguishers from the 

Safety Officer prior to any launches. During the recovery phase of the rocket, special care will be 

taken to not disturb the local wildlife.  

4.7.4 Noise Pollution 

Noise levels of the rocket chosen by the CRW team will be kept to a minimum, going for 

the smallest motor to safely and successfully fulfill the requirements. The produced noise levels 

should be less than 120 decibels with an exposure time of less than one minute. Due to the short-

term nature and relatively low noise intensity, any noise pollution concerns have been deemed 

negligible at the current time. The UAV noise levels will be minimal and thus negligible as well. 

4.7.5 Rain 

The occurrence of rain could jeopardize a launch of the sub-scale and full-scale rockets. 

Due to the possibility of electronic malfunction caused by rain, the team will monitor weather 

leading up to any launch opportunities. In the event of unexpected precipitation, the team will be 

prepared to move the rocket to a safe location to prevent any damages.  

4.7.6 High Winds 

The team will monitor weather and always consider wind speeds for any potential launch 

opportunities. Winds will heavily affect the ability for the UAV payload to launch and fly to any 

designated locations during testing. In the event the Safety Officer, Team Mentor, or the Range 

Safety Officer deems the wind speeds to be unacceptably high, the CRW team will abort the launch 

and make new plans accordingly.  

4.7.7 Surrounding Geography 

Considerations will be made regarding the surrounding geography at any launch site. The 

CRW team will not launch if ponds, trees, or other objects are within estimated drift distance that 

will prevent proper rocket retrieval. All launch sites will be evaluated by the Safety Officer and 

Program Manager before use. 

4.8 Workplace Inspection and Testing Operations 

The Safety Officer, with the assistance of the Safety Committee, ensures that all workplace 

environments are deemed safe and that any necessary protective equipment is available and 

accessible to team members. In order to do this, an initial site inspection will be conducted before 

use of a worksite, including any launch sites. Checklists shall be compiled before any and all 
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testing and proper safety procedures will be followed by all CRW team members. Any local 

governing documents, such as the UAH Propulsion Center Facility Usage Policy, will be reviewed 

by the Safety Officer and distributed to pertinent team members before use of the applicable 

worksite.  

4.9 Final Assembly and Launch Procedures 

The Safety Officer will work in accordance with the appointed Range Safety Officers to 

coordinate safe launch operations. She will develop the launch and final assembly checklists and 

procedures with the assistance of the Safety Committee, and will be responsible for any and all 

updates to the procedures as requirements change throughout the timeline of the project. 

Mandatory meetings with the Team Leadership will be conducted at least one week before any 

launch to verify that all launch and assembly procedures are up to date and ready for 

implementation. Any launch and assembly procedures developed currently can be found in 

Appendix G or accessed through the Charger Rocket Works website. The black powder testing 

standard operating procedure can be found at this link. 

5 Payload Criteria 

In the following subsections, the payload is discussed, and its subsections and subsystems 

are evaluated. Here, the payload consists of the UAV as well as the deployment system. The 

competition requirements are outlined along with the solutions developed by the CRW to meet 

these requirements. A discussion of the design alternatives for each subsystem is presented, 

followed by the team’s decision, and a plan for moving forward in the payload design. At the 

current point in the payload design’s maturity, several elements require a more thorough analysis 

before a final decision can be made. These elements are discussed in same fashion, along with 

their path forwards through testing and research.  

5.1 Selection, Design and Rationale 

The selection process between the two payloads missions presented in the 2018-2019 

Student Launch Handbook occurred over the first three weeks of the project life cycle. Preliminary 

concepts were developed for both rover and UAV missions. The previous CRW and 

extracurricular projects dealing with rocket deployed rovers led the team to decide that a UAV 

design was more feasible than a rover design.  

5.2 Mission Plan and Success Criteria 

The mission plan for the UAV payload consists of meeting the UAV payload requirements 

as given by NASA’s 2018-19 Student Launch Handbook. The success criteria necessary to 

guarantee the UAV’s fulfillment of these requirements have been detailed in Section 5.2.3. These 

verify and validate that the UAV design decisions appropriately meet the requirements. The team 

https://chargerrocketworks.files.wordpress.com/2018/11/prc-sop-usli-black-powder-testing_2018.pdf
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has also added its own self-imposed requirements for the UAV payload in order to better drive the 

design and ensure a greater chance of success. 

5.2.1 Mission Requirements 

The deployable UAV/beacon delivery requirements as given by NASA are located in 

Appendix F. These will remain the main design parameters for the UAV. The derived requirements 

ensuring the NASA and FAA requirements are met are also located in Appendix F.  

5.3 System and Subsystem Trade Studies 

The requirements imposed by NASA as well as the self-imposed requirements for the 

successful completion of the mission are used to determine necessary system and subsystem level 

components. All viable options for each of these components are qualitatively and quantitatively 

explored. A weighted trade study is conducted as applicable to select a specific component. The 

component selected from the trade study will be most conducive to fulfill the success criterion. 

Apart from component specific factors, the major design drivers for the selections include heritage 

and ease of integration. The design ideas for the UAV range from traditional to new concepts. As 

outlined in Table 29, the three main design concepts are compared in a trade study. As can be seen 

from the trade study, heritage played a major role in the design selection. Information and data 

about the three selections are readily available, which can lead to a more successful design. 

Integration with the vehicle also occupies a lead role in the selection process. The top two design 

options call for the same deployment method, which is ultimately the best option for integration. 

The sheath deployment option will allow for an easy payload to vehicle integration due to the 

simple design of the UAV and deployment shell. 

5.3.1 Overall Design 

The decision making process for the main design of the UAV and what deployment method 

would be used required a significant amount of forward thinking. Another significant design 

parameter was self-orienting techniques for both the UAV and its deployment mechanism. Many 

different ideas were proposed and considered but the top design ideas were considered in a simple 

trade analysis. Among these considered, the three most promising designs were selected for further 

analysis, which can be found in Table 29. These UAV and deployment methods are detailed below.  

5.3.1.1 UAV and Deployment Method Trade Study 

The design ideas were weighed based on a simple scale of five, with 1 being poor and 5 

being excellent. Table 29 represents a condensed version of the trade study carried out for the 

design. The table has the top three designs, with the most relevant criteria. The criteria can be 

compiled into sections based on relevance. The flight capabilities, electronics, and conventionality 

describe the ease of use and flight based on the electronics aspect. Weight, manufacturing, 

structural rigidity, and area for electronics can be categorized as the mechanics of the UAV. 

Deployment, orientation, and vehicle integration is based on the ease of deployment of the UAV. 

The price criterion is based on what the projected price of the overall payload will cost. Each 

criterion is equally weighted based on the idea that each concept is equally important. As can be 

seen, the sheath deployment with a scissor quadcopter had the highest average score. This trade 
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study led to the decision to design the UAV as a quadcopter and use an unfolding tubular sheath 

design as a protective, self-orienting case for the UAV upon deployment.  

Table 29: Design Trade Study 

Driving Factors 
Inverted Umbrella 
4 Rotor Cylinder 

Sheath Deployment 
with Co-axial 

Sheath Deployment 
with Scissor-Quad 

Criteria # Weighting Satisfaction Score Satisfaction Score Satisfaction Score 

Flight Capabilities 5 3 15 4 20 5 25 

Electronics 5 3 15 3 15 3 15 

Weight 5 2 10 4 20 4 20 

Reliability 5 5 25 4 20 4 20 

Manufacturing 5 3 15 5 25 4 20 

Area for 
Electronics 

5 3 15 3 15 3 15 

Deployment  5 3 15 3 15 3 15 

Orientation 5 4 20 4 20 4 20 

Vehicle Integration 5 3 15 3 15 3 15 

Structural Rigidity 5 5 25 5 25 5 25 

Conventionality 5 5 25 4 20 5 25 

Price 5 3 15 4 20 4 20 

Total   210   230 Selection 235 

 

5.3.1.2 Deployment Trade Study  

Obtaining the proper orientation of the UAV after ejection is a difficult task to accomplish. 

While the payload could simply be ejected out of the body tube of the rocket, this does not 

guarantee the payload will land correctly and be unharmed by potential debris or obstacles. The 

proper orientation of the payload after ejection is vital to the success of the mission. 

The complexity of the orientation system is important to take into consideration. If the 

design is too complex cost becomes an issue and have more opportunities to fail, but if it is too 

simple, the design may not reliably produce the desired results. Four concepts were formalized for 

the orientation system. The Self-Orienting Ejecting Platform concept was a platform the UAV 

would be attached to inside the body tube. The platform would orientate itself using measurements 

from an onboard inertial mass unit and a motor to turn it. The system would be comprised of 

bearings that would allow for rotation within the body tube. The platform would then be pushed 

out of the vehicle using a push screw.  

The caged globe was light weight cage and would be placed around a smaller UAV design. 

With a center of mass located below the mid-point of the globe cage it would orientate itself after 

ejection. The open cylinder would be two plates with a non-concentric bar connecting them. The 

connecting bar would be far enough off center so that the center of gravity of the assembly would 

cause the cylinder to orientate itself with the UAV ready to take off.  
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Finally, the sheath deployment concept was similar to the open cylinder. However, instead 

of open, the cylinder has a thin sheet made of an elastic material wrapped around it. This thin sheet 

would then attach to the cross-bar. Upon landing, the sheath would unwrap with enough force to 

orientate the UAV, even on rough terrain. This would create an ideal environment for the UAV to 

ascend. 

Together the payload team put together a trade study to determine which design would 

result in the highest success rate. Criteria such as complexity, price, weight, and likelihood of 

proper orientation given different terrain were used. Each category was ranked between one and 

five, with one being the least favorable and 5 being most favorable. The final scores shown are an 

average of each category’s score. Based on this study, and the design options for the UAV, the 

concept of a sheathed deployment was chosen as the orientation method. 

5.3.2 UAV Electrical Components Trade Studies 

All the electrical components necessary for the UAV systems are identified as shown using 

the requirements from Appendix F. A weighted trade study is conducted to further select the exact 

component. These trade studies were conducted simultaneously as most selections are 

interdependent with other selections. They compare quantitative properties of potential flight 

hardware and qualitatively determine the importance of these properties to the overall selection. 

The optimum design that provides maximum power, efficiency, range with the minimum possible 

mass, cost and volume is the desired objective. 

5.3.2.1 Camera 

The team has opted for a semi-autonomous flight with an option to switch to piloting. The 

option to manually control the UAV allows for the ability to easily deal with unforeseen 

circumstances during flight, and also ensures deployment of the beacon on the FEA. The camera, 

when paired with a video transmitter, provides a live video feed to the pilot that is essential to 

effective manual control. In addition to this the video saved on board from the camera will be 

useful for post flight analysis, particularly in the event of a failure or communications loss.  

The following Commercial Off-The Shelf (COTS) options were explored and evaluated 

using a weighted trade study. Mass, mounting style, resolution, Field of View (FOV), video 

system, compatibility with the video transmitter (VTX), and on board storage ability were assessed 

for each option.  

Table 30:Camera trade Study 

Driving Factors Foxeer Predator MicroV3 

1000TVL 1.8mm FPV Camera 

Caddx Turtle V2 1080p 60fps Mini 

HD FPV Camera w/ DVR - Black 

Criteria # Weighting Data Satisfaction Score Data Satisfaction Score 

Mass (g) 2 5.7 4 8 12 3 6 

Mounting 

4 

COTS case 
4 16 

Screw 

holes 
4 16 

SD card 

Present 4 

No 
0 0 

Yes 
5 20 

Video 

system 4 

PAL/NTSC 
5 20 

PAL/NTSC 
5 20 
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FOV 2 150 4 8 170 5 10 
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Figure 37:Foxeer Predator MicroV3 1000TVL 1.8mm FPV Camera  

 

 
Figure 38: Caddx Turtle V2 1080p 60fps Mini HD FPV Camera w/ DVR - Black 

 

While one option is markedly heavier than the other, the difference is insignificant relative 

to the total UAV mass. The Caddx Turtle V2 includes a SD card and has a higher field of view 

which makes it a desirable camera for our purpose. Therefore, the Caddx Turtle V2 was selected 

as the flight camera. 

5.3.2.2 Flight Computer 

A flight computer capable of taking sensor measurements, processing commands and 

actuating the propulsion system is necessary for proper maneuver of the UAV. The team elected 

to select a COTS flight computer instead of designing their own circuit board in order to minimize 

the risk of delay due to the long and iterative nature of designing, assembling and testing of PCBs.  

Among the COTS options considered, mass was used to narrow the choices down to a few 

light-weight choices. The two most promising options were the mRo Pixracer R15 and the 

Pixhawk Mindracer, shown in Figure 39 and Figure 40, respectively. Weight, cost, included 

sensors, are other factors used to select the preferred flight computer. 
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Table 31: Flight Computer Trade Study 

Driving Factors 
mRo Pixracer R15  Pixhawk Mindracer 

Criteria # Weighting Data Satisfaction Score Data Satisfaction Score 

Mass (g) 2 10.54 3 6 6 3 6 

Dimensions 4 36mm × 36mm 3 12 35mm × 35 mm 3 12 

SD card present 4 Yes 5 20 Yes 5 20 

IMU (Inertial 
Measurement Unit) 

3 
Present 

5 15 
Not present but 
can be added 

3 9 

Barometer 3 Yes 5 15 Yes 5 15 

Processor 4 32-bit 5 20 32-bit 5 20 

Connector Layout 4 
All 4 directions 

4 16 
Concentrated in 
a single 
direction 

2 8 

 SELECTED 104  90 

 

 
Figure 39: mRo Pixracer R15 

 

 
Figure 40: Pixhawk Mindracer 

 

Both the flight computers operate at the same processor speed. A 32-bit architecture is 

standard for this application. The mass difference between the two options is not excessive; both 

options are an acceptable weight. However, the mRo PixRacer has an integrated IMU unit, while 

an additional component would need to be purchased to provide the same functionality with the  

PixHawk Mindracer. The mRo Pixracer was also preferred because of its comparative ease of 

integration; with all connectors oriented sideways, this flight computer will require less vertical 

space, and was therefore selected. 
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5.3.2.3 Electronic Speed Controllers (ESC) 

Electronic Speed Controllers (ESCs) are an essential component of a multirotor UAV. An 

ESC controls the 3-phase motor inputs based on the commanded throttle level. The primary factor 

influencing ESC selection is the ability to handle the power necessary for the motor to reach the 

desired thrust level for the mission. The estimated thrust necessary for level flight is 4.6 N; an 

additional 50% is added to this nominal value to allow for higher power draw during acceleration 

and deceleration, bringing the maximum expected thrust to 6.9N. This requires an average power 

of 220W per motor. Therefore, the range of current expected to be handled by the ESC would be 

20 to 25 A, depending on the voltage of the battery used.              

Table 32: ESC Trade Study 

Driving Factors Airbot Wraith32 V2 

BLHeli3235A ESC 
Lumenier 30A BLHeli ESC 5v/1A BEC 

(2-4s) 

Criteria # Weighting Data Satisfaction Score Data Satisfaction Score 

Mass (g) 2 5.6 4 8 6 4 8 

Dimensions (mm) 4 30 × 15 3 12 27 × 14.5 4 16 

Max Current Load (A) 3 35 4 12 30 4 12 

Max number of LiPo cells 4 4 - 6 5 20 2 - 4 5 20 

Heritage/Feedback from 
community 

4 No 2 8 Yes 4 16 
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Both the Airbot Wraith32 and Lumenier 30A have very similar specifications that fit the 

requirements. They have similar mass and dimension. Both are able to support the desired number 

of batteries (3S) and can handle the expected current draw. 

 
Figure 41: Airbot Wraith32 V2 BLHeli3235A ESC 

 

Airbot Wraith32 V2 can handle a higher current load of up to 35A. However, this is well 

above the range necessary. The team was not able to find any reputable feedback from the 

community or flight heritage for this product. 
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Figure 42: Lumenier 30A BLHeli ESC 5v/1A BEC (2-4s) 

 

The Lumenier ESC satisfies the power draw requirement and does not weigh significantly 

more than the Airbot ESC. More importantly, it has good feedback from the UAV community, 

making the team more confident in this selection. 

5.3.2.4 Batteries 

Lithium Polymer (LiPo) batteries are commonly used to power radio-controlled aircraft 

because of their high specific energy. The payload team has decided to use this battery chemistry. 

Another less common battery option that was considered but discarded due to weight issues was a 

large number of CR-123 cells.  

The most relevant characteristics for UAV battery selection are their mass, volume, total 

capacity, and nominal voltage. Two batteries with different specifications are compared in the 

trade study presented in Table 33. 

Table 33: Battery Trade Study 

Driving Factors ZOP Power 11.1V 4000mah 30C 

3S Lipo Battery 
ZOP Power 14.8V 5000mah 

50C 4S LiPo Battery 

Criteria # Weighting Data 
Satisfacti

on 
Score Data Satisfaction Score 

Mass (g) 5 304 4 20 504 3 15 

Dimensions (mm) 5 25 × 43 × 135 4 20 34×48×155 3 15 

Battery Capacity (mAh) 4 4000 3 12 5000 4 16 

Nominal voltage (V) 4 11.1 4 16 14.8 4 16 

 SELECTED 68  62 

 

 
Figure 43: ZOP Power 11.1V 4000mah 30C 3S Lipo Battery  

 

The specific energy of the ZOP Power 11.1 is 25% higher than the specific energy of the 

ZOP Power 14.8. This option is also 200 grams lighter, which would decrease the total mass by 

400 grams. Additionally, the volume occupied by ZOP Power 11.1 is significantly less. (8.85 in3 

vs 15.4 in3). 
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Figure 44: ZOP Power 14.8V 5000mah 50C 4S Lipo Battery  

 

ZOP Power 14.8 has a 20% higher battery capacity than the ZOP Power 11.1. It also has a 

higher nominal voltage.  

Although larger battery capacity is desirable, the lighter weight and smaller volume is a 

necessity due to the UAH-P-05 requirement. Two of the 14.8V batteries would require 2.7 inches 

of vertical space, as compared to 2 in for the 11.1V batteries. Therefore, the 11.1V batteries would 

increase free vertical space in the body tube for other components of the UAV. While the total 

stored energy is lower, the reduced weight of the 11.1V batteries partially alleviates this 

disadvantage. 

In order to mitigate the hazards associated with LiPo batteries, precautions will be taken 

while charging, before using them to test, and before flight. A balanced charger with parallel 

charging board will be purchased to ensure safe charging. Procedural controls will be implemented 

to ensure that the batteries are always charged and discharged in paired sets, and a digital voltmeter 

will be used to check the charge level of batteries before every use. 

 
Figure 45:Balanced LiPo charger 

 

 
Figure 46:Parallel charging board 
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Figure 47:Voltage Checker 

 

5.3.2.5 Power Module 

The flight computer and the GPS are rated for a maximum voltage of 6V and therefore 

require a separate power module. This is because they are not rated for the voltage from the battery. 

The power modules recommended for the flight computer are considered and a simple trade is 

conducted between them.   

Table 34: Power Module trade study 

Driving Factors AUAV Power module (ACSP5) 

10S-LIPO 
AUAV Power Module (ACSP4) 

10S-LIPO 

Criteria # Weighting Data 
Satisfacti

on 
Score Data Satisfaction Score 

Mass (g) 5 304 4 20 504 3 15 

Dimension (mm) 5 25×43×135 4 20 34×48×155 3 15 

Battery capacity (mAh) 4 4000 3 12 5000 4 16 

Maximum voltage (V) 4 11.1 4 16 14.8 4 16 

 Selection 68  62 

 

 
Figure 48:AUAV Power Module (ACSP5) 10S-LIPO 
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Figure 49: AUAV Power Module (ACSP4) 10S-LIPO 

 

The two power modules have very similar voltage and current ratings. They were both 

acceptable. The ACSP5 was selected because its dimensions are much more compatible with the 

restricted space inside the body tube. 

5.3.3 UAV Mechanical Design Trades 

The few mechanical processes on the UAV were considered strongly, especially in light of 

the different deployment methods. The beacon release mechanism remained for the most part 

unchanged since its original design. The mechanism for deployment of the arms for the quadcopter 

UAV, however, went through a few alterations before a design was selected. 

5.3.3.1 UAV Arms Trade Study  

The arms needed to be wider than the motor’s mounting points in order to allow full 

securement of the motors. To determine the thickness needed, Patran software was used. The 

options considered were aluminum U-channel arms or flat carbon fiber arms. Flat carbon fiber 

arms were chosen for the arm material since they were more easily produced in-house. Also, the 

price of ordering carbon fiber, if necessary, was not unreasonable. The flat shape of the arms also 

provided easier motor mounting techniques and allowed for more vertical space in the closed 

deployment sheath. A model of half of an arm with internal loads and max thrust from one motor 

was used, and 3 standard increments were tested. These were an eighth, quarter, and three eighth 

inch thicknesses, shown in Figure 50, Figure 51, and Figure 52 respectively showing deflection in 

meters. The UAV arm materials were chosen with weight and flexure in mind.  
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Figure 50: 1/8 in. Thick 

 

 
Figure 51: 1/4 in. Thick 

 

 
Figure 52: 3/8 in. Thick 

 

The carbon fiber arm with an eighth inch thickness produced a deflection at the tip of less 

than an eighth of an inch. A deflection of less than an eighth of an inch was seen as tolerable and 

chosen for the thickness to be used on the UAV. The others had smaller deflections by factors of 

ten, but had two to three times the weight of the eighth inch thick arm, and minimizing weight as 

much as possible can improve flight time. 

5.3.3.2 UAV Arms Trade Study 

Two design options for the orientation of the arms were also considered. These options 

consisted of an “X” pattern and a “plus” pattern relative to the front of the UAV. After 

consideration of the derived requirement of the UAV fitting into a six inch body tube, an “X” 

design was implemented. Table 35 represents the trade study of the design of the arms when 

mounted on the UAV. The decision was based on the amount of angle the arms would have to 

rotate in order to be in flight position and the already existing software. The “plus” arm pattern 
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would allow for less available space for the GPS other electronics on the top plate, which would 

contradict the design that is needed for this project.   

Table 35: Arm Design Trade Study 

Driving Factors “X” Design “+” Design 

Criteria # Weighting Satisfaction Score Satisfaction Score 

Compatibility 

of Software 

5 2 10 1 5 

Arm 

movement 

complexity 

5 2 10 1 5 

Number of 

moving 

components 

Arm 

5 1 5 2 10 

Total Selection 25  20 

 

5.3.3.3 Motor Trade Analysis  

For battery powered rotorcraft, thrust to weight and fuel efficiency are very important. For 

a UAV high thrust per weight is needed, along with high thrust per time vs energy consumed, but 

neither are of value if overall thrust is too low to meet overall performance. Of the many 

commercially viable motors we narrowed the selection down to three options being a Quanum, a 

Turnigy, and an Emax Figure 53, Figure 54, and Figure 55, respectively.  

 

 
Figure 53: Quanum BE1806-2700KV 
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Figure 54: Turnigy 36-2350KV 

 

 
Figure 55: Emax RS2306-2400KV 

 

Table 36: Performance Metrics of Selected Motors  

Driving Factors Quanum Turnigy Emax 

Criteria # Weighting Data Satisfactio

n 

Score Data Satisfactio

n 

Score Data Satisfactio

n 

Score 

Kv 1 2700 1 1 2350 3 3 2400 2 2 

Thrust (g) 5 672 1 5 800 2 10 850 3 15 

Mass (g) 5 21 3 15 79 1 5 33.8

4 

2 10 

Max 

Current (A) 

4 18.2 1 4 40 3 12 26.4 2 8 

Max Volts 

(V) 

2 16.8 1 2 12 2 4 11.1 3 6 

Power (W) 5 305.

8 

2 10 480 1 5 293 3 15 

Total  37  39 Selection 56 
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As can be seen in Table 36, the Emax produces the greatest thrust, least power consumed, 

lowest voltage, and being rather light. The Turnigy has quite high thrust, uses the most power, is 

very heavy, and requires the heaviest wiring harness. The Quanum while lowest thrust has a 

higher thrust to weight ration than the Turnigy, uses quite low power, is the lightest, and uses the 

lightest wiring harness. From this the motor for prototyping has been decided to be the Emax 

option. 

5.3.4 Radio Frequency Analysis  

The cumulative power emitted by all the communication devices on board at any time is to 

be less than 250 milliwatts. Since the UAV will only be capable of turning on after deployment, 

the RF devices on board the UAV can have a total of 250 milliwatts separately from RF devices 

used on the vehicle. Two communications channels are required for UAV operation: the telemetry 

downlink and the camera downlink. Power has been allocated to each device as shown in Table 

37. Note that power allocations are not necessarily optimal, since the COTS RF devices only 

support discrete power intervals.  

Table 37: Power allocation 

RF device on board Power (mW) 

Telemetry/Controller transmitter 100 

Video transmitter  100 

 

5.3.4.1 UAV Controller  

To execute the piloted part of the mission and drop the beacon once the UAV is over the 

FEA, a controller at the ground control station will be used. There are two options that were 

considered to communicate with the UAV system. The payload team could use a RC transmitter 

on ground and a matching radio on the UAV or use a video game controller connected to the 

ground control station computer. The weighted trade between these two methods is shown in 

Table 38. 

Table 38: UAV Controller Trade 

Driving Factors Joystick RC Transmitter 

Criteria # Weighting Data 
Satisfacti

on 
Score Data Satisfaction Score 

Need additional 
transmit power 

5 
Yes 

4 20 
No 

3 15 

Requires a pairing 
receiver 

5 
Yes 

5 25 
No 

0 0 

Risk of Interference 4 Yes 4 16 No 3 12 

Risk of Lag 4 No 3 12 Yes 4 16 

 Selection 73  43 
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Figure 56: Video Game Controller  

 

The main differences between using the RC transmitter and the video game controller 

would be the need for additional transmitter power and an additional component on the UAV. The 

use of the video game controller would allow the same radio used to transfer telemetry to the 

ground and configure the UAV from the ground could be used to send flight maneuver commands 

to the UAV. This would not require any additional transmit power or components on the UAV. 

Minimizing the number of radios in a certain band would also decrease the risk of interference 

with other teams, which could potentially be an issue if too many RC transmitters were used in the 

same frequency band. 

 
Figure 57: RC Transmitter 

 

The only risk with a video game controller relays its commands through the ground station 

computer would be additional controller lag. However, the proscribed mission does not require 

particularly quick response times, so the team expects this to be an acceptable sacrifice. 

5.3.4.2 Telemetry/Command Antenna and Deployment Antenna  

The payload team has decided to use the same type of antenna for both telemetry/command 

as well as deployment system on the ground. The reliability/ range necessary for these two 

purposes are similar. A dipole antenna and a Yagi antenna are considered for this purpose. Table 
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39 shows the trade study conducted between them. Antenna gain and gain pattern are the two most 

important criteria in this decision. 

Table 39: Telemetry/Command and Deployment Antenna Trade  

Driving Factors Taoglas 915 MHz Dipole Antenna Yagi Antenna 

Criteria # Weighting Data Satisfaction Score Data Satisfaction Score 

Antenna Gain (dBi) 3 2.5 3 9 10.8 4 12 

Polarization 3 Linear 5 15 Linear 3 9 

Type 3 Dipole 0 0 Yagi 0 0 

Radiation pattern 5 Isotropic 5 25 Non-isotropic 3 15 

Pointing 4 
Not Required 5 20 Required 

3 12 

Range (km) 5 48 5 25 107 5 25 

 Selection 94  73 

 

 
Figure 58: Yagi Antenna  
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Figure 59: Yagi Gain Pattern 

The gain pattern for a Yagi antenna when pointed horizontally is maximum at the direction 

being pointed and decreases to 0 at a 75° off of nadir in the horizontal plane. This will require 

pointing. 

 
Figure 60: Taoglas 915 MHz Dipole Antenna 
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Figure 61: Radiation Pattern for a Dipole Antenna  

 

The radiation pattern in a dipole antenna is omnidirectional in the direction perpendicular 

to the antenna and zero on the direction pointed by the antenna. Therefore, if it is mounted so the 

end points straight up, the gain is isotropic. 

The range provided by either of these antennae is well above the required range of 0.8 km. 

With isotropic gain pattern, there will be no need for pointing. This is much more convenient on 

flight day for the payload team. Therefore, the dipole antenna was selected.  

5.3.4.3 Video Receiver 

A video receiver is necessary to view video on the ground station. The video receiver must 

operate on the same frequency band as the video transmitter. Unlike the components on board the 

UAV, mass is a non-issue for components on the ground. A trade study was conducted between a 

2-antenna diversity receiver and a single-antenna receiver, as shown in Table 40. 
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Table 40: Video Reciever Trade Study 

Driving Factors Lumenier RX5GDR V2 48CH 

5.8G AV Diversity Receiver with 

Raceband 

5.8G 32CH FPV Wireless Av 

Receiver 

Criteria # Weighting Data Satisfaction Score Data Satisfaction Score 

Cost 3 $39.99  3 9 $21.99 3 9 

Risk of 
communication loss 

5  Less 5 25 High 3 15 

Ease of integration 3 
 Needs a 

video 
converter 

3 9 
Needs a video 

converter 
3 9 

Receiver Sensitivity 
(dB) 

4  -92 4 16  -91 4 16  

 SELECTED 59  49 

 

 
Figure 62: Lumenier RX5GDR V2 48CH 5.8G AV  

 

The first option is a diversity receiver. A diversity receiver is one that utilizes two separate 

antenna system. This will allow for a mix of antennas to be used. For example, a long range, high 

gain antenna paired with a short range 360-degree omni-directional antenna would give us bets of 

both worlds or two high gain directional antennas pointed 45° for twice the coverage angle. 
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Figure 63: 5.8GHz 32CH FPV Wireless Av Receiver  

 

The second receiver is a standard video receiver that receives at 5.8GHz. This receiver is 

compatible with the selected transmitter and potential antennas. Both the receivers cost the same 

and require a video encoder to integrate with the ground station. However, the diversity receiver 

can be used with multiple antennas to lower the risk of communication loss, as reflected in the 

weighted trade study. The current range for this communication link is 1.4 km. The minimum 

necessary range is 0.8 km. With this small of a margin, the additional insurance provided by the 

diversity receiver is considered desirable. Therefore, the diversity receiver is selected.  

A video encoder converts the composite video stream from the receiver to IP (Internet 

Protocol). This allows the video to be streamed to the QGroundControl application on the ground 

control station computer over RTSP (Real-Time Streaming Protocol). Figure 64 shows the video 

encoder selected by the payload team. 
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Figure 64: Video Encoder/Decoder 

 

5.3.4.4 Video Antennas 

With restrictions on transmitter power, the contribution of antenna gain to the 

communication range is quite significant. The two-common type of antenna are considered for this 

purpose, linear and circular antennas. Since the antenna used in the video transmitter is of linear 

type (dipole), it is reasonable for the antenna on receiving end to also be of linear type. This is to 

avoid the ~3 dB loss due to polarization mismatch. The two linear antennas considered for video 

receiving are listed in Table 41. 

Table 41: Video Antenna Trade Study 

Driving Factors True RC Biquad 5 VAS HD Linear Transmitter 

Antenna (Pair) 

Criteria # Weighting Data Satisfaction Score Data Satisfaction Score 

Antenna Gain (dBi) 5 9.5 5 25 2.15 3 15 

Polarization 4 Linear 3 12 Linear 3 12 

Type   Biquad     Dipole     

Radiation pattern 5 

Decrease to 
zero at a 75° 

difference 
when pointed 

vertically 3 15 

Isentropic 
when pointed 

vertically 5 25 

Pointing  5 Required 4 20 Not required 5 25 

 Selection 72  77 
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Figure 65: Biquad Antenna 

 

 
Figure 66: Biquad Gain Pattern 

 

The gain pattern in a biquad antenna in the horizontal plane is maximized in the direction 

pointed and decreases to 0 dB at a 45° off of nadir. In the vertical plane, the maximum gain is on 

the axis 90° from the direction pointed and decreases to 0 dB at a 75° difference from the direction 

pointed.  
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Figure 67: Dipole Antenna 

 

The gain pattern for the dipole antenna is isotropic but the maximum gain possible in any 

direction is 2 dB as opposed 9.5 dB for the biquad antenna. However, the gain pattern for the 

biquad requires pointing at the UAV system. A combination of these two antennas in a diversity 

receiver would provide the best of both worlds; therefore both of these antennas are selected.   

5.3.4.5 UAV Video Transmitter Trade  

UAV video transmitter is used to transmit real-time video to the ground station. The device 

was chosen based on the frequency range, channels, and power options. Common transmission 

frequencies considered include 0.915 GHz, 1.3 GHz, 2.4 GHz, and 5.8 GHz. The power allocated 

to this communication line is 100mW. This narrowed the available frequency to 2.4 GHz and 5.8 

GHz as it is uncommon to have power options as low as 100mW at the other frequency range. 

Finally, 5.8 GHz was determined as the most suitable frequency at the selected power all due to 

ubiquity and popularity. 

The device selection was conducted in terms of weight, cost, power output capability, 

number of frequencies, and power consumption. Table 42 indicates the comparison between Airy 

Mini 5848 and HGLRC GTX585. Each color code indicates the level of preference.  

 

Table 42: Video Transmitter Trade Study 
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Figure 68: Airy Mini 5848 

 

Airy Mini is a very light weight video transmitter in 5.8GHz range. It has 48 channels for 

communication. It is relatively cheap. 

 
Figure 69: HGLRC GTX585 

 

Based on the video transmitter trade study in Table 42, Airy Mini 5848 was selected. Airy 

Mini 5848 is lighter with more channels. This will fulfill the objective of an optimum design 

5.3.4.6 Telemetry/Command Receiver 

The payload team has decided to use a transceiver both on board the UAV system and on 

the ground to collect data on the flight condition of the UAV and to pilot the UAV from ground. 

A transceiver is most appropriate as the radio on board and on the ground will have to serve as a 

transmitter and a receiver at different time instances.  

QGroundControl, the selected ground station software, recommends certain radio models 

to minimize configuration issues. It was decided to limit the scope of this trade to those radios. 

The use of XBee radios was also considered as an alternative but was ultimately discarded because 

it offered no significant advantages over the recommended radios.  

The recommended radios included both the HKPilot Telemetry Radio and the Holybro 

telemetry radio, which offer identical performance characteristics and interfaces. The Holybro 

radio has been excluded from the trade below because it was priced slightly higher and did not 

contrast with the HKPilot radio in any way. The two remaining options considered were the 

jDrones jD-RF900Plus and the HKPilot telemetry radio. 
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Radio range calculations were based off of half-wave dipole antennas (2.15 dBi) on the 

receiver and transmitter and 100 milliwatts transmit power. This antenna configuration is non-

directional, allowing the team to use a ground station antenna in a fixed position and orientation, 

rather than pointing an antenna to follow the UAV. The range calculation also included 2 dBi 

receiver and transmitter losses and an 8 dBi link margin. 

The jD-RF900 radio has a line-of-sight range of 120 km in the selected configuration, a 

mass of 14.5 g, and occupies 21.9 cm3 of space on the payload. It also supports using either one or 

two antennas, potentially allowing for additional antenna configuration options, and costs 260 

dollars for a pair of antennas and radios. 

The HKPilot telemetry radio is significantly more economical, at $36 for a similar set of 

hardware. Transmit power is limited to 100 milliwatts, and only one antenna can be connected. 

Receiver sensitivity is somewhat lower than the RF900 radio, bringing the theoretical line-of-sight 

range down to 76 km. Mass is slightly lower, at 11.5 g, and the radio is smaller, requiring only 

14.9 cm3 of space on the UAV. 

Table 43: UAV Telemetry Transceiver Trade Study 

Driving Factors jD-RF900 HKPilot Transceiver 

Telemetry Radio 

Criteria # Weighting Satisfaction Score Satisfaction Score 

Meets range 

requirement 

- Yes Yes 

Cost 5 3 15 3 15 

Mass 3 1 3 3 9 

Volume 

Occupied 
2 1 2 2 4 

Sum  20 Selection 28 

5.3.5 Beacon Release Trade 

For beacon release mechanism, there were four main concerns: cost, mass, time of 

manufacture, and durability. Their order of importance being mass, cost, time, and then durability. 

For the beacon the engagement with the UAV is through a cross pin from a solenoid thus the 

beacon could not be of a skeletal ultra-light weight design but also meant that it would need some 

structural strength as it will need to be semi self-supporting. As can be deduced in Table 44 the 

only two categories Printed plastic is not superior is durability and time to replace. As the beacon 

will not be having to deal with much stress and time to produce isn’t unreasonably high, 3D printed 

plastic was chosen for the beacon material. 
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Table 44: Beacon Release Mechanism Study 

Driving Factors Machine Aluminum 3D Printed Off Shelf Solid Plastic  

Criteria 

# 

Weightin

g 

Data Satisfactio

n 

Score Data Satisfactio

n 

Score Data Satisfactio

n 

Score 

Mass 4 High 1 4 Low 3 12 Med

ium 

2 8 

Cost 3 High 1 3 Low 3 9 Low 3 9 

Durabilit

y 

1 High 3 3 Low 1 1 Med

ium 

2 2 

Time of 

Manufact

ure 

2 high 1 2 Med

ium 

2 4 Low 3 6 

Sum  12 Selection 26  25 

5.4 Design 

The design section of this report provides a detailed look at the UAV and deployment 

system design. These design decisions draw from the results of the numerous design trade studies 

seen earlier.  

5.4.1 Selected Design Overview  

The selected UAV design consists of a custom made quadcopter that has arms capable of 

opening and closing, similar to scissors. The arms will be closed while the UAV is contained 

within the sheath deployment casing and will open upon the unfolding of said sheath after ejection 

from the internal body of the rocket. The electrical components selected from the trade studies 

discussed earlier are appropriately distributed on the UAV according to their size and purpose. The 

UAV’s beacon delivery system will be placed on the rear underside of the UAV and will be capable 

of releasing the beacon via a solenoid. The UAV will have a camera capable of sending live feed 

video back to the UAV pilot at the ground station. The deployment procedure selected from earlier 

discussed trade studies will consist of the UAV being encased in a folded around tube with end-

caps on either side. This sheath will be actively retained within the rocket body tube until ejected 

by black powder charges that push a piston forward and thus push the sheath along with the nose 

cone out of the rocket.  

5.4.2 Selected UAV Design  

Performance is measured in flight distance under the duress of headwinds while 

successfully carrying and deploying a beacon. The mechanics of the UAV are designed for the 

sole purpose of delivering the beacon to the designated area. Figure 70 displays the current design 

of the UAV. The design of the UAV was based on the concept of a quadcopter. 

The UAV is designed to be as light as possible in order to maximize flight time and 

traveling distance. This is achieved by using the least amount and lightest material that is suitable 

for the UAV, but still meets the requirements of the project. Most of the structural components of 

the UAV will be made out of aluminum or carbon fiber. The current design has an open body 
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concept that encases the electrical components and release system for the beacon. The design has 

brackets that act as the outer walls of the UAV. These brackets house the batteries that power the 

quadcopter. The GPS and transceiver antenna are placed on the top of the UAV in order to 

eliminate as much interference as possible. The back of the UAV can be seen in Figure 70, which 

is the location that was for the beacon to be held. This decision was made for clearance and to 

offset the weight of the camera located on the front of the UAV. 

 

 

Figure 70: CAD Model of UAV 

 

The UAV is dimensioned to fit precisely within the body tube of the vehicle, see Figure 

70, Figure 71, and Figure 72. The decision processes for these dimensions are discussed later in 

the section. The dimensions of the plate are largely based on the batteries. The plate has to equal 

the length of the batteries in order to support the forces that will be applied during flight. The 

electronics sled, the plate that the electronic hardware attaches, acts as the fuselage. These 

dimensions are precise for the amount of electronic hardware needed for flight. The height of the 

UAV is mainly due to the size and configuration of the batteries. Since the material layer of the 

deployment sheath takes up space, this requirement reduced the diameter that the UAV would need 

to fit in. This is to guarantee plenty of space for the deployment housing and mechanisms. Figure 

71 displays the UAV within the body tube and deployment system. The outer circle represents the 

body tube, while the inner circle represents the deployment housing. Looking at Figure 71, the 

back of the UAV, the batteries can be seen encased in brackets that are angled towards the center. 

This concept was derived from the need to create more vertical space for the UAV. The original 
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design called for battery brackets normal to the upper surface plate, causing an interference of the 

UAV with the inner circle seen in Figure 71. By angling the battery brackets, this issue along with 

electronic hardware placement issues were resolved.  

 
Figure 71: UAV within Deployment and Body Tube 

 

A major derived requirement for the integration between the payload and vehicle teams 

was the size of the payload and deployment system. The teams decided to allow for a total distance 

of twenty-four inches for the payload and deployment system. Specific details can be found in the 

vehicle-payload integration section. The ejection of the deployment housing involves using black 

powder charges to drive a piston, connected to the deployment housing, out of the body tube. The 

piston, by default, must be at least six inches in length. Specific details about the deployment 

system can be found in the deployment section.  

The overall length of the UAV is eighteen inches, taking into account the length of the 

arms. This length was derived from blade clearance from the UAV body and the requirement that 

the overall length of the payload and deployment system is twenty-four inches. Taking into account 

the length of the piston, only eighteen inches of space remains. This length works well with the 
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current design. The original design called for an arm length of sixteen inches. This design was 

quickly modified in order to clear the propellers of the UAV housing. By extending each arm to 

eighteen inches, dead thrust, thrust that would be applied over the UAV body, was eliminated. As 

can be seen in Figure 80, the motor hubs are recessed from the end of the arm. This design was 

implemented to create a buffer space for the propellers. The buffer, a distance of three fourths of 

an inch from the end of the propeller to the end of the arm, will allow for the UAV to contact 

surfaces without damaging the propellers. The design is a safety precaution in the instance that 

there is an issue with the deployment phase causing the arms to contact a surface or deploy the 

UAV off center axis. The buffers will allow for two arms to be in contact with the ground, yet still 

ascend. 

The release system for the beacon is designed to be simple. Figure 72 displays the under 

carriage of the UAV, where the release system is contained.  
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Figure 72: UAV Under-carriage 

 

The release mechanism can be seen in the top right quadrant of the UAV body. The system 

is designed for a one movement release, occurring when the solenoid fires and the throw is 

activated. The beacon is housed in a three pronged claw that restricts movement in the “X” and 

“Z” directions during flight. By designing a beacon with a center hole through the entire body, the 

solenoid arm can insert into the beacon and restrict movement in the “Y” direction during flight. 

This design also generates a simple release by the solenoid withdrawing the arm from the center 

of the beacon, allowing the beacon to descend vertically.  

Figure 72 represents a bottom view of the UAV. Holes on either side between the arms can 

be seen. These holes are the peg holes that will hold the UAV to the deployment system during 

flight. The holes are placed near the ends on the center axis to prevent lateral movement. This 

design will prevent the UAV from sliding within the deployment system while the overall height 
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will prevent it from moving vertically. The peg holes are designed for the UAV to ascend vertically 

without restriction after deployment. The details about the deployment system can be found in the 

deployment section. 

5.4.2.1 Mass Budget  

The total mass of the UAV as well as the deployment system has been estimated based on 

the sum of all the UAV material and electrical component masses and the total mass of the 

deployment sheath. The material component masses were calculated within SolidEdge by 

assigning the appropriate material to the part, which yields a density. The electrical component 

masses were given by their manufacturer specifications. 

Table 45: UAV/Deployment System Masses  

UAV and Deployment Components Mass (g) 

Electrical components  671.34 

Motors  159.6 

UAV Frame 636 

Deployment Sheath  1400  

Beacon 25 

10% Margin  265.6 

Total 3140.17 (6.92 lbs) 

 

 As seen in Table 45, the estimated total weight, even with an added ten percent margin, 

does not exceed the payload team’s design requirement (UAH-P-06) of ten pounds. As more of 

the components are acquired and assembled for the UAV and deployment sheath, the exact weight 

will be more accurately know, and the ten percent margin will steadily decrease to zero.  

5.4.2.2 Deployment Method  

The deployment of the UAV will be a naturally self-righting protective sheath that is 

ejected out of the rocket using black powder charges. The UAV will be retained to the sheath with 

vertical restraint pins extruding from the base of the sheath. These will run through the UAV and 

secure it within the sheath. Upon ejection from the body tube, the deployment sheath will unfold 

and reveal the UAV. 

After system designs were conceptualized, using SolidEdge, two models were created to 

represent simplified possible configurations. The first uses a single aluminum U-channel, offset 

from concentric, to connect the two ends made of ABS plastic shown in Figure 73. The second 

uses three flat aluminum bars with one offset from concentric like the U-channel, but also has two 

additional flat bars to each side turned at forty-five degree angles as shown in Figure 74. 
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Figure 73: U-Channel Model 

 

 
Figure 74: Flat Bars Model 

 

To see the viability of these designs, a finite element analysis was run on the two models 

as well as two sheath designs, one a hollow cylinder, and the other a rolled-up sheet. Considering 

the results of the analysis, the design was slightly changed, and given more detail. One end was 

replaced with a rough model of an aluminum bulkhead, and the other with the beginning of the 

nose cone. The flexible sheath was also modeled added to the assembly. It is held on to the middle 

beam using two bolts. These bolts will be extended to reach up to the UAV to provide stability 

while inside while the rocket is in flight, and after deployment will not stop the UAV from vertical 

takeoff. The crossbeam-end attachments were specified to also be done using bolts. In the model 

in Figure 75 the sheath was made to be clear like glass to see inside, though in application color 

and transparency is unimportant. 
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Figure 75: Patran Sheath Model 

 

 To aid in the decision-making process, finite element analysis was done on the 

simplified models to provide an understanding of how they may hold up against certain loads. The 

load tested in Patran and Nastran was the black powder ejection pressure, set to one atmosphere, 

with the end fixed in all six degrees from freedom. The crossbeams were given the standard 

modulus of elasticity of aluminum, and the ends were ABS plastic with a modulus of elasticity on 

the lower end of a range of its values. The end with the applied load experience little deformation 

while the bars experience the most. The U-channel model is seen to experience a little less than 

double the deflection of the three-bar model. The displacement results are shown in Figure 76 and 

Figure 77, respectively. The Patran displays for the bars are slightly exaggerated to better show 

deflections since they are often not large enough to be easily visualized. 
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Figure 76: U-Channel Deflection 

 

 
Figure 77: Flat Bar Deflection 

 

The goal of the finite element analysis was to see how much deflection, in inches, the frame 

would experience without the sheath. With it on, part of the load would be transmitted to the sheath, 

and the range of deflection should be limited. The sheath of the orientation system was also 

modeled to see how it might behave. Under the same load two versions were tested. The first, in 

Figure 78 was just a cylinder made up of the material of choice, polycarbonate. The second was a 

more realistic version which was a rolled-up sheet with a slight overlap, made also of 

polycarbonate, shown in Figure 79. 
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Figure 78: Full Wraped Sheath  

 

 
Figure 79: Overlapped Sheath 

 

With deflections in the hundredths of inches for both versions of the sheath, polycarbonate 

is the current material, but optimization is still in progress. The next goal is to determine this 

deflection of the frame and sheath combined. The importance is if there is too much deflection 

during ejection it could jam inside the rocket body, which could cause a number of other problems 

and safety concerns since the pressure may build with a lodged bulkhead. 
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5.4.2.3 Arm Design  

Initially the UAV arms were designed to be sixteen inches from one end to another, 

however when the body of the UAV was added, it was larger than anticipated. Because of this, the 

blades were barely over the body of the UAV, meaning the blade would not produce as much thrust 

since it would aerodynamically obstructed. The arms were extended by an inch on each side, and 

the motors were thus extended out to fix the problem. 

The arms are compressed together in order to account for the reduced area. Based on the 

interior diameter of the sheath, the maximum angle between the enclosed arms is eight degrees, 

with each arm being four degrees off center. In the case of this model, the centerline runs through 

the three white holes in Figure 80 with the front of the UAV facing to the right and enclosed by 

the sheath as it would be within the body tube. 

 
Figure 80: UAV Model Enclosed within Body Tube 

 

When ejected from the body tube during the deployment stage, the angle between the arms 

will expand to eighty-two degrees. The angle between arms would preferably be ninety degrees, 

but due to electronics and lack of space on the top surface plate, eighty-two is the maximum. The 

loss of eight degrees between the arms has been considered and ruled not an issue for fight control 

and stability. The separation mechanism of the arms is a fully mechanical separation. A torsion 

spring will connect the front arms, and in the case of deployment, extend the arms to the maximum 

angle. Pins will be precisely placed in the top plate to guarantee the desired angle is achieved. An 

electrical mechanism was considered but ruled out due to the size and power requirements.  

5.4.2.4 Beacon Retention and Release 

The simulated navigational beacon will be retention on-board and released from the UAV 

by a solenoid that remotely communicates via radio waves with the UAV at the ground station. 

The beacon will be retained on three sides by bracing arms and will have a small hole bored into 

its center where the solenoid arm will hold the beacon in place. Here, it will be notionally fixed in 
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all axial directions. Upon command of the UAV pilot, the beacon will be released by the negative 

linear throw of the solenoid arm.  

5.4.2.5 Mounting of Electrical Components  

The positioning of electrical components throughout the UAV is based on the available 

space for mounting as a function of each component’s two-dimensional footprint. Almost all of 

the electrical components were placed in the under-carriage of the UAV; however, certain 

components were placed on top of the main frame. The GPS is on top due to its need to have a 

wide-open overhead surface area to receive optimal signal. The antenna that transmits and receives 

most of the signals to and from the ground station sticks vertically through the main frame in order 

to receive the best signal. This antenna was placed in such a way that it would not hinder the 

opening and closing of the UAV arms. 

5.4.3 UAV Electrical Design  

All power comes from a pair of 3S lithium-polymer batteries configured in parallel, with a 

5V regulated power supply for the flight computer, transceiver, and several other components. The 

basic outline of communication between the UAV and ground station is also depicted. Commands 

to the UAV and UAV telemetry are sent and received by the UAV transceiver; UAV video is 

transmitted to the ground station over a one-way radio link.  

 
Figure 81: UAV System Block Diagram 

 

The selected UAV components are summarized in Table 46, and discussed in detail in their 

respective trade studies. Further details on the power consumption and radio range are provided in 

sections 5.4.3.1 and 5.4.3.2, respectively.  
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Table 46: UAV Component List 

Description Quantity Model/Specification 

Flight computer 1 mRo PixRacer R15 32 bit flight computer 

FPV camera 1 Caddx Turtle 1080p 60fps Mini HD FPV Camera w/ 

DVR 

GPS 1 mRo GPS u-Blox Neo-M8N 

Power module 1 AUAV Power Module (ACSP5) 10S-LIPO 

Electronic Speed Controller 4 Airbot Wraith32 V2 BLHeli32 35A ESC 

Motor 4 EMAX RS2306 2400KV Brushless Motor 4 Pieces 

Battery 2 ZOP Power 11.1V 4000MAH 3S 30C Lipo Battery 

XT60 Plug 

Video antenna 1 True RC Biquad 5 

Video transmitter 1 Airy Mini 5848 5.8Ghz VTX 

Control/telemetry transceiver 1 HKPilot Transceiver Telemetry Radio Set V2 

 

5.4.3.1 Power Budget 

In this section, a quantitative analysis on the amount of power required to complete the 

mission will is conducted. This will allow the determination of the total flight time available to 

complete the mission. 

All the power consuming components of the UAV are identified. The voltage and current 

consumption of these components are noted. The duty-cycle, efficiency of each of these 

component is accounted for in the calculation of actual power required to operate.  

The power used by each component is the product of its supply voltage and current draw. 

Equation (15) is used to determine power draw of a component. 

 𝑃 = 𝑉𝐼 (15) 

And then the actual time-averaged power draw from the battery due to that component is 

calculated as the component power usage divided by its supply conversion efficiency, multiplied 

by the duty cycle.  

 
𝑃𝑑𝑟𝑎𝑤𝑛 =

𝑃𝑐

𝜂𝑠𝑢𝑝𝑝𝑙𝑦
𝐷 

(16) 

 

Where 𝜂𝑠𝑢𝑝𝑝𝑙𝑦the supply efficiency and D is the percentage of the total time the component 

is powered on. The sum of all power draws gives the average power draw from the batteries, and 

battery life is then found by dividing total battery capacity by average power draw. 
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Table 47: Power Budget 

Component Voltage 

(V) 

Current 

(A) 

Power 

(W) 

Duty 

Cycle 

Supply 

Efficiency 

Power 

Draw (W) 

Flight computer 5.0 0.045 0.23 100% 90% 0.25 

Camera 7.0 0.38 2.66 100% 90% 2.96 

GPS 5.0 0.033 0.17 100% 90% 0.18 

Transceiver 5.0 0.1 0.50 100% 90% 0.56 

Video transmitter 7.0 0.56 3.94 100% 90% 4.37 

Solenoid 11.1 0.25 2.78 1% 100% 0.03 

Motors 11.1 50.9 564.99 100% 100% 564.99 

Total weighted power draw (W) 573.34 

Total battery capacity (WHr) 88.8 

Run time (min) 9.29 

 

The motor power draw used optimizes flight distance; flight time increases at lower throttle 

points. Because 98.5% of the vehicle power draw comes from the motors, time spent sitting idle 

on the ground has an insignificant effect on flight time and range. 

5.4.3.2 Link Budget 

Vehicle operation requires two RF links between the UAV and the ground control station. 

These include continuous video transmission from the UAV to the ground, telemetry from the 

UAV to the ground, and commands from the ground control station to the UAV. These links will 

be established using two pairs of radios. The first pair will be a one-way radio for video 

transmission, while the second pair will be two-way radios that transmit telemetry to the ground 

station and commands back to the UAV. 

 To ensure adequate connection quality throughout the flight, link budgets were conducted 

for the video transmitter and UAV transceiver. Link margins were calculated using the following 

equation: 

 𝑃𝑅𝑋 = 𝑃𝑇𝑋 + 𝐺𝑇𝑋 − 𝐿𝐹𝑆 − 𝐿𝑀 + 𝐺𝑅𝑋 − 𝐿𝑅𝑋 (17) 

Variables are defined and quantified in Table 48. The range calculated corresponds to the 

greatest free space loss possible without dropping below the rated receiver sensitivity.  
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Table 48: Link Budget 

Variable Variable Description Video Link Telemetry/Command Link 

𝑃𝑅𝑋 RX sensitivity (dB) -95 -117 

𝑃𝑇𝑋 Transmit power (dBm) 20 20 

𝐺𝑅𝑋 Rx Antenna Gain (dB) 9.5 2.15 

𝐺𝑅𝑋 TX Antenna Gain (dB) 2.15 2.15 

𝐿𝑀 Link Margin (dB) 12 12 

𝐿𝑅𝑋 Rx Antenna Loss (dB) 2 2 

𝐿𝑇𝑋 Tx Antenna Loss (dB) 2 2 

𝐿𝐹𝑆 Maximum free space loss (dB) 108.5 125.3 

Frequency (GHz) 5.8 0.915 

Range (km) 1.4 48 

  

The properties for receiver and antennas selected after the trade were used along with the 

transmit power allocated to each link in Equation (17). The resulting range of communication for 

video link is 1.4 km and for command/telemetry link is 48 km. The UAH-P-04 requirement sets a 

minimum communication range of 0.8 km (0.5 miles), which these selections meet with significant 

margin.  

5.4.4 Deployment Design  

Deployment of the UAV from the vehicle is an essential prerequisite to successful 

completion of the UAV’s assigned mission. The deployment system also serves to retain the UAV 

within the vehicle until deployment is commanded, fulfilling requirement NASA 4.4.3. Because 

the UAV is not powered on until after deployment, an independent electrical system is also 

required to receive the deployment command and control deployment. 

The deployment system is depicted in Figure 82. Upon the receipt of the payload 

deployment command, the deployment controller energizes a solenoid to disengage the retention 

latch, and then ignites a black powder deployment charge using one of two E-matches. Ignition of 

the deployment charge pressurizes the area behind the deployment piston, pushing the UAV and 

nose cone out of the payload section. The interface with the vehicle is described in more detail in 

section 5.4.5. 
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Figure 82: Payload Deployment System 

 

A significant concern is inadvertent activation of the E-match circuits prior to the 

commanded deployment. Activation during flight could disrupt and potentially destroy the vehicle 

and payload, and unintentional activation on the ground could pose a risk to personnel. Mitigation 

of this risk is built into the design and the team’s procedures. These will minimize the time during 

which the system is armed, prevent activation in the event of power loss or damage to the circuit, 

and minimize the odds of interpreting random serial noise as the activation command. 

5.4.4.1 Electrical System 

The electrical deployment system consists of a microcontroller with a radio for 

communication with the ground station, a servo motor for unlatching the payload section, and dual 

E-matches for initiating deployment. This is shown in Figure 83.  
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Figure 83: Deployment System Electrical Block Diagram 

 

The microcontroller receives power from the 3.3V supply, receives data from the XBee 

radio, and can activate the servo motor and individual E-matches to trigger deployment. 

Redundant, individually-controlled E-matches are available to reduce the risk of deployment 

failure.  

A full list of major components is shown in Table 49, along with the primary supplier. In 

past years, the team has encountered problems and delays related to purchasing from specific 

suppliers. To mitigate the potential scheduling consequences if this occurs, alternative suppliers 

have been identified for every component. Note that many minor components (capacitors, 

resistors, MOSFETs) have not been identified in this table; all of these components are widely 

available and have little impact on the selection of any other components. 

 



 
110 Charger Rocket Works | 2019 NASA USLI | Preliminary Design Review 

Table 49: Deployment System Electrical Components  

Component Name Purpose Supplier 

ATXMega A4U-AU Microcontroller for receiving radio data and 

controlling servo and E-matches 

Digikey 

XBee Pro 900 MHz Sending deployment signal to 

microcontroller 

Digikey 

Firewire Electric 

Match 

Ignition of black powder charges for payload 

deployment 

Chris’ Rocket Supplies 

12 VDC Solenoid Unlatching of payload retention system Digikey 

SureFire Lithium 

123A Batteries 

Providing power for the servo motor, E-

matches, and the 3.3V regulator  

Lowes 

3.3V buck regulator Provides regulated 3.3V power for the 

microcontroller and radio 

Digikey 

12V boost regulator Provides 12V for solenoid actuation Digikey 

Printed circuit 

boards 

Mounting for batteries, radio, 

microcontroller, and connectors for the servo 

motor and E-matches 

Oshpark 

 

An individual E-match firing circuit is shown in Figure 84. Two copies of this circuit will 

be included, each individually controlled by the microcontroller. 

 

Figure 84: Deployment System E-match Firing Circuit  

 

The circuit uses an N-channel MOSFET as a switch controlling flow through the E-match, 

which will be connected to the screw terminals. A pull-down resistor is located on the board 

directly adjacent to the MOSFET. This keeps the MOSFET gate pin at the same voltage as the 

MOSFET source pin, preventing power flow through the E-match even if the microcontroller 

connected to the gate pin is unpowered or damaged. 

5.4.4.2 Embedded Software 

The microcontroller software is responsible for receiving data from the ground station via 

the radio, releasing the piston latch, and firing the black powder charge to deploy the piston. A 

https://www.digikey.com/product-detail/en/microchip-technology/ATXMEGA16A4U-AUR/ATXMEGA16A4U-AURCT-ND/3441031
https://www.digikey.com/products/en?mpart=XBP9B-DPST-011&v=602
https://www.csrocketry.com/recovery-supplies/ejection-supplies/firewire-electric-match.html
https://www.digikey.com/products/en?mpart=412&v=1528
https://www.lowes.com/pd/SureFire-Lithium-123A-Batteries-2-Pack/1054377
https://www.digikey.com/product-detail/en/diodes-incorporated/AP1509-33SG-13/AP1509-33SGDICT-ND/1301652
https://www.digikey.com/product-detail/en/microchip-technology/MIC2288YD5-TR/576-1729-1-ND/1799425
https://www.oshpark.com/
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flowchart showing basic software functionality is shown in Figure 85. Software will be developed 

using the Atmel Studio integrated development environment for AVR microcontrollers. 

 

Figure 85: Deployment Controller Flowchart  

 

Upon startup, the microcontroller immediately activates a buzzer and LEDs to provide a 

clear indication that it is on and armed. It then configures an interrupt service routine that will add 

any data received over the radio to a circular buffer of the last 512 characters received. The main 

program loop, depicted in Figure 85, periodically scans this control loop for the command strings 

described in Table 50. 

Fire and disarm commands are represented using the ASCII strings shown in Table 50. 

Additionally, to simplify parsing and further reduce the odds of a false positive, commands are 

immediately preceded by an ASCII escape character (0x1B) and terminated by a newline character 

(0x0A). 

Table 50: Payload Deployment System Commands  

Command String 

Deploy payload UAH_CRW_deploy_payload 

Disarm deployment controller UAH_CRW_disarm_payload_deployment 

 

Note that the XBee radios used for communication will be set to 9600 baud, limiting the 

maximum data transfer rate to 1200 bytes/s. Over the course of a 3-hour period spent on the pad, 

in flight, and prior to deployment after the flight, the maximum amount of data that could be 

received by the deployment controller is: 
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𝑁𝑏𝑦𝑡𝑒𝑠 = (1200

𝑏𝑦𝑡𝑒𝑠

𝑠
) (3600

𝑠

ℎ𝑟
) (3 ℎ𝑟) = 12960000 𝑏𝑦𝑡𝑒𝑠 ≈ 12 𝑀𝐵 

(18) 

 

The shortest valid command is 24 characters long (22 character string, 1 escape character, 

and 1 newline character). The odds of this showing up in a random sequence of 8-bit bytes are 

calculated in Equation (19): 

 𝑃𝑜𝑠𝑠𝑖𝑏𝑙𝑒 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝑐𝑜𝑚𝑚𝑎𝑛𝑑

𝑂𝑑𝑑𝑠 𝑜𝑓 𝑐𝑜𝑚𝑚𝑎𝑛𝑑 𝑟𝑎𝑛𝑑𝑜𝑚𝑙𝑦 𝑜𝑐𝑐𝑢𝑟𝑟𝑖𝑛𝑔
=

12960000 − 24

824
=

1.3 × 107

9.11 × 1033
≈ 7 × 10−26 

(19) 

 

5.4.4.3 Ground Station 

Payload deployment will be remotely commanded from a laptop computer connected to an 

XBee radio. The ground station software will be a simple program that interfaces with the radio 

over a serial port (COM port); alternatively, the deployment system can be manually commanded 

using a terminal program such as RealTerm or TeraTerm.  

Figure 86 depicts the deployment ground station setup. A laptop computer running the 

deployment system user interface is connected to an XBee radio with a Yagi antenna.  
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Figure 86: Deployment Ground Station Setup 

 

To simplify operation, a simple deployment user interface will be developed in MATLAB. 

A mock-up of this interface is shown in Figure 87. Important elements include the ability to 

command payload deployment, disarm the deployment system, and an indicator showing how 

many deployment commands have been sent from the software. The latter feature is important 

because it allows the operator to see that the command has been sent by the software and avoid 

accidentally sending the command twice. Additionally, the software will present a confirmation 

dialog before sending the deployment command, preventing a single inadvertent click from 

triggering payload deployment. 

Deployment control 

application 

XBee radio 

Yagi antenna 
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Figure 87: Ground Station User Interface  

 

5.4.5 Interface with Vehicle 

The payload system interfaces with the vehicle at two major points. The lower end of the 

payload system attaches to the deployment piston, which then latches onto the upper airframe 

bulkhead. The upper end of the payload is connected to the nosecone. The payload orientation 

sheath surrounding the payload is the primary load path for the nose cone during payload ejection 

and is also the primary means of nose cone retention during flight. An overview of the interfaces 

is shown in Figure 88. 

 

Figure 88: Payload Within Upper Airframe 

 

5.4.5.1 Fail-Safe Retention 

The lower end of the payload interfaces with the vehicle through the payload retention 

latch, shown in Figure 89. When the solenoid is de-energized, the latch keeps the payload section 

from moving upwards in the payload tube. Immediately before payload ejection, the solenoid will 

be energized, rotating the latch backwards about its pivot point and allowing the payload to slide 

upwards in the body tube. 

Also note that the payload cannot move downwards because it is secured to the nose cone, 

it cannot move sideways or rotate about the lateral axes because it is constrained by the body tube, 

and it cannot rotate because the nose cone is shear-pinned into a specific orientation. It is therefore 

fully constrained until the deployment system energizes the release latch solenoid. 
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Figure 89: Payload-Vehicle Interface 

 

Details of the vehicle-side of the retention system are shown in Figure 90. The electronics 

and latch mechanism are affixed to the upper airframe bulkhead using 4-40 machine screws. The 

gap between the two mounting posts allows space for a bolt to secure the recovery system to the 

upper airframe. 
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Figure 90: Retention and Deployment System 

 

The deployment system will be powered on and off using a power switch located on the 

outside of the vehicle. This will allow the team to leave the system powered off, and therefore 

disarmed, until it is vertical and on the pad.  

5.4.5.2 Nose Cone and Orientation Sheath Interaction 

The upper end of the payload orientation system is affixed to the vehicle’s nose cone, 

retaining the nose cone during flight. Upon ejection and payload deployment, the nose cone is 

pushed out of the body tube by the payload orientation sheath. The connection between the nose 

cone and payload orientation system is detailed in Figure 91. 

 

Figure 91: Nosecone and Payload Interface 
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A simple analysis of the loads the sheath will be subjected to is shown below. Note that the 

system is more complex than this hand calculation reflects. In particular, the sheath may be 

susceptible to buckling during deployment. However, this does not necessarily prevent proper 

operation, since the payload and body tube will prevent excessive deformation while buckling. 

The performance of this system will be further assessed prior to CDR, using either more advanced 

analysis or tests on a system mock-up. 

The payload ejection force is determined by assuming a 1 atm ejection pressure differential. 

In a 6 inch diameter rocket, this yields: 

 
𝐹 = (14.7

𝑙𝑏𝑓

𝑖𝑛2
) (

𝜋

4
(6 𝑖𝑛)2) ≈ 420 𝑙𝑏𝑓 

(20) 

The payload orientation sheath is constructed of a 1/32 inch thick polycarbonate sheet, 

which for this analysis is assumed to be rolled into a perfect cylinder with an outer diameter of 6 

inches. 

 
𝜎 =

𝐹

𝐴
=

420 𝑙𝑏𝑓
𝜋
4

[(6 𝑖𝑛)2 − (5.9375 𝑖𝑛)2]
≈ 720 𝑝𝑠𝑖 

(21) 

Polycarbonate has a yield strength of 8500 psi, resulting in a FoS of 11.8. This is high 

enough that the design is deemed reasonable at a glance; due to the potential complications of 

buckling, the design will not be considered final until after testing a representative setup.     

5.4.6 Payload Ground Station Control 

The UAV shall be controlled from the Range Deployment Area (RDA) area using the UAV 

Ground Control Station (GCS). The GCS shall integrate a remote control, laptop computer 

displaying UAV location and other telemetry, and the FPV video feed from the UAV.  

The CRW team is continuing to assess potential flight procedures for the payload. The 

selected configuration supports autonomous flight between specified GPS waypoints as well as 

manually flying the UAV with a remote control. The team currently plans to use a hybrid approach, 

depicted in Figure 92, which will use manual control for the more precise portions of the flight, 

such as takeoff and beacon deployment, but will use the UAV’s autopilot to maintain a consistent 

heading and speed during the flight from the landing site to the FEA.  
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Figure 92: UAV Flight Operations Flowchart  

 

The UAV shall be configured and flown through QGroundControl, a freely-available, 

open-source application for UAV flight planning and execution. QGroundControl includes native 

support for interfacing with the PX4 software running on the UAV flight computer. The ground 

control station shall connect to the UAV over the UAV telemetry link, using the radio pair 

described in Section 5.3.4.2. The radio used interfaces with QGroundControl over a serial port. 

Additionally, a COTS video game controller shall be connected to the ground station computer, as 

discussed in Section 5.3.4.1, which will then relay commands to the flight computer through the 

telemetry link. 

6 Project Plan 

The Charger Rocket Works (CRW) team has developed a derived requirements list, 

preliminary budget, and project timeline for this year’s USLI competition. The derived 

requirements and verification plan of all requirements are displayed in the following section. The 

preliminary budget includes all parts ordered for the sub-scale rocket and estimated costs for both 

the full-scale rocket and UAV payload. The project timeline encompasses NASA’s major 

milestones, CRW deadlines, fabrication/assembly, and test launches of the entire project. In order 

to successfully manage a large scale project the team must satisfy all requirements, maintain a 

detailed budget, and create a comprehensive timeline. The requirements, financial overview, 

project timeline, and STEM outreach efforts are discussed in detail as follows.  

6.1 Requirements 

CRW has taken careful consideration and thorough discussion into the NASA stated 

requirements, found in the NASA 2019 ULSI Handbook, which must be met for mission success 

and continued participation in competition. Sub-teams have used the NASA requirements as the 

base for designs and from these have derived requirements that are specific to the team’s design. 

All requirements must be met for mission success.  
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6.1.1 Derived Requirements 

Appendix F contains the list of requirements derived by the team to ensure the NASA and 

FAA requirements are met and to optimize the overall UAV performance. Requirements are 

uniquely named with three identifiers (e.g. UAH-X-YY). Each requirement is first categorized 

under UAH, representing a derived requirement. The second and third identifiers stand for which 

sub-section the requirement belongs to and the requirement’s number respectively. Two tables are 

included in Appendix F. The first contains a description of the derived requirement with an 

accompanying justification for the need for the requirement. Justifications are traced to NASA 

requirements, safety requirements, or applicable local, state, or federal laws and regulations.  

6.1.2 Verification Plan  

CRW’s Requirement Verification Plan is found in Appendix F. Verifications are listed 

under the corresponding requirements and describe the team’s plan for ensuring all NASA and 

derived requirements will be met. Various methods for verification will be employed such as 

ground testing, sub-scale launches, and standard operating procedures. Two tables are included 

pertaining to verifications, showing distinction between the derived and NASA requirements.   

6.2 Financial Overview 

The CRW team’s financial overview is described in the sections proceeding. The overall 

budget and cost analysis anticipate the teams spending over the course of the project lifecycle. The 

team’s current funding and future funding options are also presented.  

6.2.1 Overall Project Budget 

The project budget is summarized in Table 51 and Figure 93. The budget has been divided 

into four main sections including the, sub-scale rocket, full-scale rocket, UAV payload, and STEM 

outreach. A 15 percent margin was used for unaccounted costs within the project budget. This 

creates a buffer for possible system failures and expedited shipping. The sub-scale rocket, UAV 

payload, and full-scale rocket costs incorporate two fully functional vehicles for each system. The 

full-scale rocket cost provided was estimated from previous CRW USLI teams. The payload cost 

displayed has been estimated from previous UAV designs. These respective sections are described 

in further detail as follows.  

Table 51: Project Budget Summary 

Budget Summary Totals 

Sub-Scale Rocket $667.92 

Full-Scale Rocket $2,574.45 

UAV Payload $1,328.88 

STEM Outreach $400.00 

15% Margin $745.69 

Grand Total $5,716.93 
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Figure 93: Project Budget Summary 

 

6.2.1.1 Sub-Scale Rocket Cost Analysis 

Table 52 displays the cost analysis for two sub-scale rockets. All components for the sub-

scale rocket have been processed, the team is currently waiting for the part orders to arrive before 

the fabrication process is initiated. The team also purchased tooling to aid in the fabrication of both 

the sub-scale rockets. The use of the X-Winder filament for manufacturing the body tube sections 

develops a variability in the type of filament selected, as well as the required volume and 

accompanying epoxy. Some shipping and handling costs have been estimated by using a 10 percent 

of the total cost from each vendor. The shipping and handling costs will be updated once all 

invoices are in the team’s possession. 
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Table 52: Sub-Scale Rocket Cost Analysis  

Parts/Tools/Material etc. Vendor Quantity Unit Cost 

Shipping 

& 

Handling 

Total 

Cost 

Sub-Scale Rocket (Two) $667.92 

Aerotech I284W-14A White Lightning Rocket 

Motor 
CS Rocketry 2 $55.99 $0.00 $111.98 

Eye Bolt, Steel, Inch, 1/4"-20 Thread Size  Grainger 8 $4.80 $3.84 $42.24 

60" G12 Body Tube Standard Thickness in black Madcow 2 $100.00 $3.02 $203.02 

Motor Retainer 38mm Madcow 2 $10.95 $3.02 $24.92 

Garolite sheet (12" x 12"x 1/8") for fins  McMaster 1 $19.36 $1.23 $20.59 

Brass Heat-Set Insert for Plastic 50 pack  McMaster 1 $9.13 $1.23 $10.36 

High-Strength Steel Threaded Rod1/4"-20 Thread 

Size, 3 Feet Long  
McMaster 2 $8.72 $1.23 $18.67 

Battery Alkaline 9V DigiKey 8 $1.88 $4.50 $19.54 

Switch Keylock 2POS SPST 1A 125V DigiKey 4 $5.53 $4.50 $26.62 

General purpose tap, through-hole, 1/4-20 thread 

size  
McMaster 1 $5.61 $1.23 $6.84 

#32 drill bit, 118 degree  McMaster 2 $2.50 $1.23 $6.23 

#43 drill bit, 118 degree  McMaster 2 $2.50 $1.23 $6.23 

Narrow Fillister Head Phillips Screws 

High-Profile, 4-40 Thread, 3/4" Long 
McMaster 1 $7.90 $1.23 $9.13 

Male-Female Threaded Hex StandoffAluminum, 

3/16" Hex Size, 3/16" Long, 4-40 Thread Size  
McMaster 30 $0.80 $1.23 $25.23 

General purpose tap, closed-end threading, 4-40 

thread size  
McMaster 2 $12.86 $1.23 $26.95 

3" / 75 mm Black G10 Airframe Bulkplate 2.998" Madcow 4 $5.00 $3.02 $23.02 

3" / 75 mm Black G10 Coupler Bulkplate 2.875"  Madcow 2 $5.00 $3.02 $13.02 

3" G12 Coupler at 9" black  Madcow 2 $22.00 $3.02 $47.02 

Phillips Rounded Head Screws for Sheet Metal 

18-8 Stainless Steel, Number 2 Size, 5/16"  
McMaster 1 $3.76 $1.23 $4.99 

Heat Set Insert Tips for Hakko SparkFun 1 $14.95 $6.37 $21.32 

 

6.2.1.2 Full-Scale Rocket Cost Analysis  

Table 53 displays a preliminary cost analysis for the full-scale rocket. These costs have 

been estimated from previous CRW teams. The major change from past years is the change from 

purchasing body tubes to manufacturing body tubes using the PRC X-Winder. This change 

significantly reduces costs for the full-scale rocket due to the price differential of raw materials to 

procured body tubes. The costs of the full-scale rocket represents two fully functional rockets. All 

shipping and handling costs have been estimated by using a 10 percent of the total cost from each 

vendor. The shipping and handling costs will be updated once all invoices are in the team’s 

possession. 
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Table 53: Full-Scale Rocket Cost Analysis  

Parts/Tools/Material etc. Vendor Quantity 
Unit 

Cost 

Shipping & 

Handling 

Total 

Cost 

Full-Scale Rocket $2,574.45 

SPOOL - 40 LBS FIBERGLASS ROVING 

Rocket 

West 

Composites 

1 $128.00 $12.80 $140.80 

105-C WS Epoxy Resin (4.35 gal) 
West 

Systems 
1 $356.33 $30.55 $386.88 

209-SC WS Extra Slow Hardener (1.5 gal) 
West 

Systems 
1 $254.64 $30.55 $285.19 

Aerotech 75mm Motor Hardware 

Chris's 

Rocket 

Supplies 

1 $450.00 $32.50 $482.50 

Aerotech 75-2560 L1390 Reloads 

Chris's 

Rocket 

Supplies 

3 $200.00 $32.50 $632.50 

Deployment TBD N/A $359.82 N/A $359.82 

Machining Stock TBD N/A $286.76 N/A $286.76 

 

6.2.1.3 UAV Payload Cost Analysis 

Table 54 displays a preliminary cost analysis for the UAV payload. The payload cost 

analysis has the components for two fully functioning UAVs. All shipping and handling costs have 

been estimated by using a 10 percent of the total cost from each vendor. The shipping and handling 

costs will be updated once all invoices are in the team’s possession. 

Table 54: UAV Payload Cost Analysis  

Parts/Tools/Material etc. Vendor Quantity 
Unit 

Cost 

Shipping 

& 

Handling 

Total 

Cost 

UAV Payload $1,328.88 

PixRacer R15 flight computer with 32-bit 

STM32F427 Cortex M4 
mRobotics.io 2 $99.00 $12.26 $210.26 

Caddx Turtle 1080p 60fps Mini HD FPV Camera getfpv 2 $64.90 $6.92 $136.72 

mRo GPS u-Blox Neo-M8N mRobotics.io 2 $49.90 $12.26 $112.06 

AUAV Power Module (ACSP5) 10S-LIPO mRobotics.io 2 $34.90 $12.26 $82.06 

Airbot Wraith32 V2 BLHeli32 35A ESC getfpv 8 $16.99 $6.92 $142.84 

ZOP Power 11.1V 4000MAH 3S 30C Lipo 

Battery XT60 Plug 
BangGood 4 $30.64 $6.56 $129.12 

Airy Mini 5848 5.8Ghz VTX HELIPAL 2 $19.90 $3.98 $43.78 

2 Pairs DALPROP 5045 Bullnose PC Propeller 

For QAV250 ZMR250 Racer 250 Falcon 250 280 

RC Drone FPV Racing - Red  

BangGood 4 $2.13 $6.56 $15.08 

Solenoid Open Frame (Pull) Type 0.217" 

(5.50mm) Stroke 12VDC Chassis Mount 
DigiKey 2 $7.50 $1.50 $16.50 

Video receiver antenna getfpv 1 $24.99 $6.92 $31.91 

3S DC Li-Po Balancing Charger, 3.5A horizonhobby 1 $31.49 $2.29 $33.78 

XT60 Parallel Balance Charging Board getfpv 1 $14.99 $6.92 $21.91 

Li-Po Cell Voltage Checker horizonhobby 1 $14.24 $2.29 $16.53 
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Lumenier RX5GDR V2 48CH 5.8G AV Diversity 

Receiver with Raceband 
getfpv 1 $39.99 $6.92 $46.91 

Fasteners TBD 1 $15.00 N/A $15.00 

Clear Polycarbonate Sheet, 24" x 24" x 1/16" McMaster 1 $13.93 $1.16 $15.09 

Bracket stock 6061 Aluminum Sheet 0.063" Thick, 

2" x 24" 
McMaster 1 $5.94 $1.16 $7.10 

HKPilot Transceiver Telemetry Radio Set V2 hobbyking 2 $34.66 $11.47 $80.79 

EMAX RS2306 2400KV Brushless Motor 4 

Pieces 
hobbywing 2 $79.99 $11.46 $171.44 

 

6.2.1.4 STEM Outreach Cost Analysis 

Table 55 displays a cost analysis of the STEM outreach efforts. The total funding is 

estimated at 400 dollars. This is divided into two categories the NASA student launch rocket fair 

and the various STEM outreach events. This will provide funding for all events throughout the 

competition timeline.   

Table 55: STEM Outreach Cost Analysis 

Parts/Tools/Material etc. Vendor Quantity 
Unit 

Cost 

Shipping & 

Handling 

Total 

Cost 

STEM Outreach $400.00 

STEM Outreach Event Supplies TBD 1 $200.00 N/A $200.00 

NASA's Student Launch Rocket Fair TBD 1 $200.00 N/A $200.00 

 

6.2.2 Funding  

Charger Rocket Works (CRW) will receive funding for the program from various sources. 

Historically, The Alabama Space Grant Consortium (ASGC), has supported the project with 5,000 

dollars outreach grants. Additional funding has been provided previously from the UAH Vice 

President Research (VPR) office, the Mechanical and Aerospace Engineering Department, and 

from the Propulsion Research Center. The team will reach out to previous sponsors for funding or 

in-kind project support. In addition, the PRC will cost match with ASGC. UAH will also provide 

cost share support with facilities access and supervision in the PRC laboratory space.  

The CRW team from the 2017-2018 USLI competition had a surplus of funding amounting 

to 4,335.80 dollars. These funds are being used currently to cover the sub-scale rocket part orders 

and the payload parts. The CRW team this year is preparing a proposal to the ASGC to receive 

5,000.00 dollars to cover all full-scale rocket fabrication. Figure 94 displays the surplus funding 

($4,335.80) and the ASGC funding (5,000.00). The total funding for the CRW team will be 

9,335.80 dollars. 
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Figure 94: Project Funding 

 

6.3 Project Timeline 

The project timeline (Figure 95) displays the project’s critical path for the entire 

competition. The timeline consists of three main phases the: Fall 2018 semester, Winter Break, 

and Spring 2019 semester. The tasks have been assigned a specific color that correlates the team 

responsible for the task. Table 56 provides the team designation to their respective color. The 

project timeline also incorporates a completion percentage section that displays the level of 

completion for each task. The completed tasks are shaded grey. The uncompleted tasks remain 

blue. A buffer for documentation deliverables was incorporated into the project timeline. Internal 

deadlines are enforced for draft submissions that are due a week before the NASA deadline. Full-

scale and sub-scale flight tests have been scheduled using the available rocket launch fields. 

Multiple re-flight tests have been scheduled due to the possibility of both inclement weather and 

system failures.  
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Figure 95: Project Timeline (Entire)  

 

Table 56: Timeline Legend 

Team Display Color 

NASA Black 

Charger Rocket 

Works (CRW) 
Red 

Vehicle  Green 

Payload Orange  

UAH Blue 

Safety  Marron 

Public Relations 

(PR) 
Purple 

 

The first nine weeks of the timeline is displayed in Figure 96. All the tasks from week one 

to week nine are shaded grey, as all tasks are completed. The major milestones throughout this 

period are the proposal submission, full-scale (FF) and sub-scale (SS) CAD demonstrations, and 

ordering all SS parts. The team implemented a design freeze for the PDR, which will end once the 

PDR submission is completed.  
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Figure 96: Project Timeline (Weeks 1-9) 

 

The next nine weeks of the timeline are displayed in Figure 97. The red double line 

indicates the current day. The major milestones for these nine weeks are the SS flight launch, PDR 

submission, PDR presentation, and four STEM engagement events. The team implemented a CDR 

design freeze through UAH’s Winter Break.  

 
Figure 97: Project Timeline (Weeks 10-18) 

 

The next nine weeks of the timeline are displayed in Figure 98. Week 19 is the start of 

UAH’s Winter Break. The team members will be reaching out to their respective high schools to 

give a presentation on high power rocketry. The major milestones in this section is comprised of 

the CDR submission, CDR presentation, and the first FF flight launch. This launch date will 

include the UAV payload.   
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Figure 98: Project Timeline (Weeks 19-27) 

 

The final nine weeks of the project timeline is displayed in Figure 99. The major milestones 

for these nine weeks are the FRR submission, FRR presentation, competition launch day, and the 

PLAR submission.  

 
Figure 99: Project Timeline (Weeks 28-36) 

 

6.4 STEM Outreach 

The 2018-2019 CRW team aims to engage and educate the local community as well as 

communities throughout the nation. The CRW team has already engaged 37 students in outreach 

at St. Francis Borgia Regional High School – 27 of the students participated in a hands-on activity 

and the other 14 were given a presentation regarding rocketry basics. The hands-on activity was 

students building and launching Estes rockets in a field near the school. A survey sent to the 

participants yielded that students rated the presentation as 4.54 out of 5 for informative material 

and the presentation was rated 4.69 out of 5 for fun. The outreach event conducted at St. Francis 

Borgia Regional High School was one of many outreach events being conducted at the high 

schools of CRW team members the team members presenting at their respective high schools will 

give a rocketry presentation discussing the basics of high powered rocketry as well as some basic 

information about the past and current Charger Rocket Work teams and their respective projects. 

The CRW team has several upcoming outreach events. The first event is the 2018 Girl’s 

Science and Engineering Day (GSED) – the team is partnering with the Propulsion Research 

Center Student Association (PRCSA) and the UAH Society of Women Engineers (UAH SWE) to 

conduct two different outreach events. The outreach event that the PRCSA will be directing is the 

launching of stomp rockets and creating mini hovercraft vehicles using a CD disk, balloon, and 

flip top bottle cap. The team will reach approximately 200 students at GSED. The other upcoming 

event is the Society of Women Engineers (SWE) First Lego League (FLL) qualifier. The CRW 
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team will present on rocketry basics to the competition participants and assist in the competition 

process the team will engage approximately 100 students. In Table 57 the CRW planned events 

have been displayed with the number of anticipated participants.  

Table 57: STEM Outreach Events 

Event Date Purpose 

Anticipate 

Number of 

Individuals 

Girl’s Science & Engineering Day Nov-3 Present rocketry basics 400 

Society of Women Engineers: First 

Lego League Qualifier 
Nov-10 

To assist UAH SWE in robotics 

event, while presenting rocketry 

seminar to attendees 

200 

Science Olympiad TBA Present rocketry basics 50 

Davis Hill Elementary Varies 
Propulsion and Vehicle Design 

activities 
100 

Challenger Middle School Varies 

Projectile motion, Forces’ effect 

on motion & precision and 

accuracy 

100 

Jemison High School Varies 
Heat Shields & Payload 

Protection Design 
100 

Additional High School Outreach Varies Present rocketry basics 660 

  Total Impacted 1,610 

7 Conclusion  

The preliminary design phase of the CRW 2018-2019 project life cycle has demonstrated 

that the team is making great bounds in meeting or exceeding project requirements and success 

criteria. The maturity of the vehicle and payload design reflects the effort and toil exerted by the 

engineering design teams. In the immediate future, fabrication of the subscale rocket and the 

preliminary prototyping of the payload will commence. Additionally, the team is preparing for a 

full schedule of outreach events to close out the calendar year. There are no major scheduling 

concerns at the time of submission and the financial health of the project is strong. CRW is on 

track to successfully design, fabricate and fly a vehicle and payload at competition.  
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8 Appendix A: Canopy Characteristics 
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9 Appendix B: Failure Mode & Effects Analysis  & 

Component Description Sheet 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Likelihood Matrix Value Description 

1 Remote 

2 Unlikely 

3 Possible 

4 Likely 

5 Highly Likely 

Severity Matrix Value Description 

1 Negligible 

2 Limited 

3 Marginal 

4 Critical 

5 Catastrophic 

 

  

Failure Modes Analysis Matrix 

 
Severity 

L
ik

el
ih

o
o

d
 

 1 2 3 4 5 

5      

4      

3      

2      

1      

Criticality 

Low 

Medium 

High 
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Failure Modes and Effects Analysis 

Payload 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

The payload 

retention fails in 

flight. 

1 4 Low Payload is not properly 

ejected, or is ejected mid-

flight, subsequent failure of 

mission. 

Proper design of 

failsafe retention 

system. 

The payload and 

burrito fail to 

deploy from the 

rocket. 

3 4 Medium Payload cannot get out of 

its container and as such 

cannot complete the 

mission. 

Proper design of 

the burrito system 

to ensure the 

system can always 

deploy. 

The UAV fails to 

take off due to a 

variety of reasons. 

3 4 Medium The UAV cannot complete 

its mission, thereby failing 

the mission. 

Proper testing of 

the system and 

preparation on the 

day of launch. 

The ematch in the 

deployment 

system is 

improperly 

wired/fails. 

2 5 High The deployment system 

fails, potential for bodily 

injury during launch 

preparations. 

Properly written 

launch checklists, 

full scale 

deployment 

testing, charge 

testing before 

launches, all 

handling of 

energetics done 

by the team 

mentor. 

The solenoid 

mechanism fails 

to release the 

payload system 

from the rocket. 

2 4 Medium The payload system fails to 

separate from the rocket, 

thereby rendering it unable 

to complete its mission. 

Early and 

repeated testing of 

the payload 

deployment 

system before, 

during, and after 

integration with 

the rocket. 

The solenoid on 

the UAV fails to 

retain the beacon. 

2 3 Medium The payload will fail to 

deliver the beacon to the 

site, thereby failing the 

mission. 

Early and 

repeated testing of 

the system before, 

during and after 

system 

integration. 

The propellers of 

the UAV deform 

or break during 

rocket flight or 

deployment. 

2 4 Medium The UAV will be unable to 

fly safely, thereby failing 

to complete the mission. 

Early and 

repeated testing of 

UAV before 

during and after 

system 

integration. 

Proper selection 

of propeller 

material. 
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Failure Modes and Effects Analysis 

Payload 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

The electrical 

systems 

controlling the 

motor speed and 

UAV attitude fail 

during rocket 

flight. 

2 4 Medium The UAV will be 

uncontrollable/unstable, 

thereby failing to complete 

the mission. 

Early and 

repeated testing of 

the components 

and full system of 

the UAV to 

withstand the 

hostile 

environment of a 

rocket launch. 

The lithium 

polymer batteries 

are damaged in 

flight. 

2 5 Medium The UAV will be unable to 

fly, batteries could 

potentially puff and short 

circuit or worse catch fire, 

thereby failing the mission 

and potentially causing 

bodily harm. 

Proper shielding 

and protection of 

the batteries 

during the entire 

operation of the 

rocket and UAV. 

Any portion of the 

FPV system fails. 

2 3 Medium The UAV Pilot will be 

unable to effectively pilot 

the UAV, potentially 

preventing the UAV from 

completing the mission. 

Early and 

repeated testing of 

the UAV before 

during and after 

integration into 

the rocket. 

Training of the 

pilot to fly using 

Line of sight 

alone. 
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Lower Body Tube 

 

Sub-Group:   

Lower Airframe 

Mechanical Designer: 

William Hankins  

Material: 

G12 Fiberglass 

General Dimensions: 

6” ID, 40” length, .085” thick 

Weight: 

4.16 lbm 

Manufacturing Process: 

Filament spun in house 

Component Description: 

The lower body tube is located aft of the coupler and will extend to the thrust plate. This section will house the bottom half of the coupler, drogue 

parachute recovery system, engine, and fin can assembly. Fiberglass is sufficiently strong, readily available, and cheaper than the alternate option 

of carbon fiber. The body tube will be spun in house. If problems occur during spinning or subscale tests, a fiberglass body tube will be purchased 

from Madcow. 

Anticipated Vendor: 

Madcow 

Anticipated Cost: 

$228 / 60” Tube 

$128 / 40lbs fiberglass 

$50 / gallon epoxy 

 

 

Failure Modes and Effects Analysis 

Body Tube (Lower) 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Material 

Buckling 

1 4 Low Loss of payload 

and vehicle 

Testing, FEA 

Bolt/rail button 

shear 

2 4 Medium Loss of payload 

and vehicle 

Proper 

installation and 

testing 

Unzipping 3 4 Medium Body tube not 

reusable. damage 

to interior 

components 

Testing and 

proper fin 

installation 

Pressure Fracture 2 3 Medium Vehicle failure, 

loss of vehicle 

Testing 

Pinching 1 4 Medium Body tube goes 

into coupler. 

failure of coupler 

and avionics 

Testing and 

proper 

manufacturing 
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Upper Body Tube 

 

Sub-Group:   

Upper Airframe 

Mechanical Designer: 

Erik Korzon 

Material: 

G12 Fiberglass 

General Dimensions: 

6” ID, 48” length, .085” thick 

Weight: 

5.07 lbm 

Manufacturing Process: 

Filament spun in house 

Component Description: 

The upper body tube is located just below the nose cone and extends to the coupler. It will be longer than the lower body tube due to it being the 

housing for the payload, main parachute recovery system, and upper half of the coupler. Fiberglass is sufficiently strong, readily available, and 

cheaper than the alternate option of carbon fiber. The body tube will be spun in house. If problems occur during spinning or subscale tests, a 

fiberglass body tube will be purchased from Madcow. 

Anticipated Vendor: 

Madcow 

West Systems 

Rocket West Components 

Anticipated Cost: 

$228 / 60” Tube 

$128 / 40lbs fiberglass 

$50 / gallon epoxy 

 

Failure Modes and Effects Analysis 

Body Tube (Upper) 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Material Buckling 1 4 Low Loss of payload and 

vehicle 

Testing, FEA 

Bolt shear 2 4 Medium Loss of payload and 

vehicle 

Proper 

installation and 

testing 

Pressure Fracture 2 3 Medium Vehicle failure, loss 

of vehicle 

Testing and 

proper 

manufacturing 
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Coupler Floating Bulkhead 

 

Sub-Group:   

Coupler 

Mechanical Designer: 

Andrew Smelser  

Material: 

G12 Fiberglass 

General Dimensions: 

5.995” OD, 0.10 thick 

Weight: 

0.209 lbm 

Manufacturing Process: 

Commercially Produced 

Component Description: 

Located in the center of the coupler and serves as a mounting surface for most of the vehicle’s avionics. It is secured on the outer edges by epoxy 

to the inside of the coupler tube. Serves as a mounting surface for both battery holders and altimeters. Material is fiberglass because it is sufficiently 

strong, readily available, and cheaper than the alternate option of carbon fiber or aluminum. 

Anticipated Vendor: 

Madcow 

Anticipated Cost: 

$9.00 each 

 

  

Failure Modes and Effects Analysis 

Coupler Floating Bulkhead 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Material Failure 1 4 Low Damage to 

altimeters 

Testing 

Dislocation from 

Coupler 

1 4 Low Damage to 

altimeters 

Testing 
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Coupler Tube 

 

Sub-Group:   

Coupler 

Mechanical Designer: 

Andrew Smelser 

Material: 

G12 Fiberglass 

General Dimensions: 

5.773” OD, 12” length .125” thick 

Weight: 

1.60 lbm 

Manufacturing Process: 

Filament Spun 

Component Description: 

The coupler tube is located near the center of the rocket and separates the upper and lower airframes. It is connected to the upper and lower body 

tubes via shear pins. It also serves as the house for most of the vehicle’s avionics.  Fiberglass is sufficiently strong and cheaper than the alternate 

option of carbon fiber. Also, fiber glass will not attenuate radio transmission, a quality that could interfere with GPS reception. Although the body 

tubes will be made in house, the coupler tube will be purchased from Madcow for the purpose of having a smooth surface finish against the body 

tube. 

Anticipated Vendor: 

Madcow 

Anticipated Cost: 

$60.00 / 12” 

 

  
Failure Modes and Effects Analysis 

Coupler Tube 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Material Failure 1 4 Low Damage to 

altimeters 

Testing 

Bolt Shear 2 4 Medium Separation of 

vehicle during 

flight 

Testing 
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Eye Bolts 

 

Sub-Group:   

Upper Airframe / Lower Airframe / Coupler 

Mechanical Designer: 

Andrew Smelser  

Material: 

Stainless Steel, 304 

General Dimensions: 

2.375” length, 0.25” diameter  

Weight: 

0.064 lbm 

Manufacturing Process: 

Forged 

Component Description: 

The eyebolts are used in four places, one on the forward bulkhead, one on the aft bulkhead, and one on both sides of the coupler. These serve as 

the anchor points for the parachute shock cords. The bolt has non-continuous rings such that warping is minimized. The bolts will be purchased 

from Grainger.  

Anticipated Vendor: 

Grainger 

Anticipated Cost: 

$4.80 each 

 

  

Failure Modes and Effects Analysis 

Eye Bolt 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Material Failure 1 4 Low Flight failure, loss 

of payload and 

vehicle 

Testing 

Ripped from 

Bulkhead Surface 

1 4 Low Flight failure, loss 

of parachutes, 

payload, and 

vehicle 

Testing and 

proper 

assembly 
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FWD Bulkhead 

 

Sub-Group:   

Upper Airframe 

Mechanical Designer: 

Erik Korzon 

Material: 

Aluminum 6061-T6 

General Dimensions: 

5.995” OD, 0.25” thick 

Weight: 

0.339 lbm 

Manufacturing Process: 

Machined in house 

Component Description: 

The forward bulkhead is located just between the main parachute and payload section of the vehicle. This bracket is mounted to the body tube using 

four bolts. It serves as the surface that takes the load from the main parachute via eye bolt. Quarter inch aluminum will be used due to the high 

loads at this location. The part will be machined in house from aluminum plate because it is readily available and cost effective. 

Anticipated Vendor: 

McMaster 

Anticipated Cost: 

$32.23 / 3’x6”x1/4” Plate

Failure Modes and Effects Analysis 

FWD Bulkhead 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Material Failure 1 3 Low Separation from 

body, loss of 

tracker, loss of 

payload 

Testing and 

stress analysis 

Bolt Failure 1 3 Low Separation from 

body, loss of 

payload, parachute 

failure to deploy 

Testing and 

stress analysis 
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Coupler Bulkheads 

 

Sub-Group:   

Coupler 

Mechanical Designer: 

Andrew Smelser 

Material: 

G12 Fiberglass 

General Dimensions: 

5.998” OD, 0.25” thick 

Weight: 

0.437 lbm 

Manufacturing Process: 

Commercially Produced 

Component Description: 

The coupler bulkhead is located at both the aft and forward end of the coupler. This piece is a combination of two bulkheads of different diameter 

epoxied together. These protect the avionics from black powder charge forces. Fiberglass is sufficiently strong and cheaper than the alternate option 

of carbon fiber. Also, fiber glass will not attenuate radio transmission, a quality that could interfere with GPS reception. They are also easily 

removable for quick access to the avionics unlike the other aluminum bulkheads. 

Anticipated Vendor: 

Madcow 

Anticipated Cost: 

$9.00 each 

 

 

Failure Modes and Effects Analysis 

Coupler Bulkhead 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Material Failure 2 3 Medium Unpredictable 

separation in flight 

Testing 

Bolt Shear 3 4 Medium Unpredictable 

separation in flight 

Testing and 

proper 

assembly 

 

  

 



 
140 Charger Rocket Works | 2019 NASA USLI | Preliminary Design Review 

AFT Bulkhead 

 

Sub-Group:   

Lower Airframe 

Mechanical Designer: 

Matthew Jones 

Material: 

Aluminum 6061-T6 

General Dimensions: 

5.995” OD, 0.25” thick 

Weight: 

0.34 lbm 

Manufacturing Process: 

Machined In House 

Component Description: 

The aft bulkhead is located just between the drogue parachute and engine section of the vehicle. This bracket is mounted to the body tube using 

four bolts. It serves as the surface that takes the load from the drogue parachute via eye bolt. Quarter inch aluminum will be used due to the high 

loads at this location. The part will be machined in house from aluminum plate because it is readily available and cost effective.  

Anticipated Vendor: 

McMaster 

Anticipated Cost: 

$32.23 / 3’x6”x1/4” Plate 

 

 

Failure Modes and Effects Analysis 

AFT Bulkhead 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Material Failure 2 4 Medium Vehicle failure, 

loss of vehicle 

Testing 

Bolt shear 2 3 Low Vehicle failure, 

loss of vehicle 

Testing, proper 

assembly 

Pressure Fracture 1 3 Medium Vehicle failure, 

loss of vehicle 

Testing 
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Tracker 

 

Sub-Group:   

Upper Airframe 

Mechanical Designer: 

Brooklyn Kirkwood 

Material: 

Plastic, Trace Metal, Electronics Board 

General Dimensions: 

3.00” length, 0.75” width 

Weight: 

0.150 lbm 

Manufacturing Process: 

Mass Produced 

Component Description: 

The tracker is located in the nosecone of the rocket and mounted on the nosecone bulkhead and nosecone threaded rod. The tracker transmits GPS 

coordinates via X Bee radio to a ground station laptop. This part was selected because it is already available and has been proven successful on 

previous flights. It is powered by a CR123 battery. 

Anticipated Vendor: 

-- 

Anticipated Cost: 

$210 each 

 

  

Failure Modes and Effects Analysis 

Tracker 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Previous Damage 3 3 Medium Tracker not 

working properly 

Testing, proper 

storage 

Becomes 

Detached 

2 3 Medium Damage to tracker, 

no data recorded 

Testing and 

proper 

assembly 

Unsecured 

Battery 

2 2 Low GPS loses power, 

no data recorded 

Testing and 

proper 

assembly 
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Tracker Bracket 

 

Sub-Group:   

Upper Airframe 

Mechanical Designer: 

Brooklyn Kirkwood 

Material: 

ABS Plastic 

General Dimensions: 

1” width, 2” height 

Weight: 

0.10 lbm 

Manufacturing Process: 

3D printed in house 

Component Description: 

The bracket is located in the nosecone. It will securely mount the GPS tracker to a piece of all thread running through the center of the vehicles 

nose cone.  It will be made in-house of ABS plastic that will be left over from subscale parts and various avionics parts that will also be 3D printed. 

Anticipated Vendor: 

Amazon 

Anticipated Cost: 

$20 / 1kg Filament 

 

  

Failure Modes and Effects Analysis 

Tracker Bracket 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Becomes 

Detached 

2 3 Medium Tracker damage, 

no connection 

Testing 
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Nose Cone 

 

Sub-Group:   

Upper Airframe 

Mechanical Designer: 

Erik Zorzon 

Material: 

G12 Fiberglass 

General Dimensions: 

6.00” OD, Ogive 3:1 

Weight: 

4.19 lbm 

Manufacturing Process: 

Filament Wound, Commercially Produced 

Component Description: 

The nosecone is metal tipped, and Ogive shaped. The nose cone will provide an aerodynamic foil that creates a pressure front at the nose of the 

vehicle. This will move air aside, away from the rocket body reducing drag and vortex flow along the skin. The metal tip adds survivability during 

impact and serves as the threaded rod mounting surface. It also serves as the GPS tracker housing. 

Anticipated Vendor: 

Madcow 

Anticipated Cost: 

$150 each 

 

  

Failure Modes and Effects Analysis 

Nose Cone 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Material Failure 3 4 Medium Damage, prevent 

repeated use 

Testing 

Loose Fit 2 4 medium Unplanned 

disconnect during 

flight, loss of 

payload 

Testing, proper 

assembly of 

shear pins 
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Stratologger 

 

Sub-Group:   

Coupler 

Mechanical Designer: 

Andrew Smelser  

Material: 

Circuit Board 

General Dimensions: 

0.9” Width, 2.75” Length 

Weight: 

0.030 lbm 

Manufacturing Process: 

Mass Produced 

Component Description: 

The stratologgers are both located in the coupler near the center of the rocket. The two will be independently powered for redundancy. The SL 100 

model was selected because it is already available and has been proven successful on previous flights. The device requires pressure reading ports 

thus, numerous holes will be drilled in the coupler.  

Anticipated Vendor: 

-- 

Anticipated Cost: 

$54 each 

 

  

Failure Modes and Effects Analysis 

Stratologger 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Failure 1 4 Low Loss of payload 

and vehicle. 

parachutes fail to 

deploy 

Testing 

Becomes loose 

from mounting 

surface 

1 4 Low Loss of payload 

and vehicle. 

parachutes fail to 

deploy 

Testing and 

careful 

assembly 
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Nosecone Threaded Rod 

 

Sub-Group:   

Upper Airframe 

Mechanical Designer: 

Erik Zorzon  

Material: 

Stainless Steel, 304 

General Dimensions: 

3.00” length, 0.112” Diameter 

Weight: 

0.089 lbm 

Manufacturing Process: 

Mass Produced 

Component Description: 

The rod is stainless steel and located in the nosecone. The threaded rod will serve as the anchoring point for the GPS tracker and nosecone bulkhead. 

Its tensile strength provides more than enough strength to hold the bulkhead in place and take any impact that may occur during black powder 

ejection. 

Anticipated Vendor: 

McMaster 

Anticipated Cost: 

$8.72 / 3’ 

 

  

Failure Modes and Effects Analysis 

Nosecone Threaded Rod 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Tensile Failure 1 4 Low Loss of payload 

and vehicle 

Testing 
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Fin 

 

Sub-Group:   

Lower Airframe 

Mechanical Designer: 

Kyle DeGreen 

Material: 

G10 Garolite 

General Dimensions: 

12” Tall, 6” Wide, 0.125” Thick 

Weight: 

0.300 lbm 

Manufacturing Process: 

Machined In House 

Component Description: 

There are four total fins located at the aft end of the vehicle attached to the fin can. The fins will provide the rocket with greater stability during 

flight, helping maintain a stable trajectory and regulating spin. The fins will be cut and rounded in house from Garolite sheet. Trapezoidal fin shape 

allows for a more aft center of gravity and lessens the possibility of breakage upon impact. 

Anticipated Vendor: 

McMaster 

Anticipated Cost: 

$85.42 / 24”x36”x1/8” Sheet 

 

  

Failure Modes and Effects Analysis 

Fin 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Bolt Shear 2 3 Medium Damage to Fin 

Can and body tube 

Proper 

installation and 

testing 

Flutter 3 2 Low Higher possibility 

of vehicle and fin 

failure, lower 

stability 

Testing and 

proper 

manufacturing 

Poor 

Manufacturing 

3 2 Low Larger drag and 

potential rotation 

in vehicle 

Testing and 

careful 

manufacturing 
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Fin Spar 

Sub-Group:   

Lower Airframe 

Mechanical Designer: 

Kyle DeGreen 

Material: 

ABS Plastic 

General Dimensions: 

14” Long, 1” Wide 

Weight: 

0.690 lbm 

Manufacturing Process: 

3D Printed In House 

Component Description: 

The fin spar is part of the fin can and is located on the aft end of the vehicle surrounding the motor. There are a total of four on the vehicle and they 

serve as mounting surfaces for the fins as well as stabilizers for the motor. They mount to the centering rings and make an easy removal for the fins 

incase of fin breakage. Four holes are located along the spar for this fin mounting method. The fin spars will be 3D printed from plastic because 

the material is readily available, and no large forces are expected to occur on the fin can.  

Anticipated Vendor: 

Amazon 

Anticipated Cost: 

$20 / 1kg Filament 

 

  

Failure Modes and Effects Analysis 

Fin Spar 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Fin Detachment 2 4 Medium  Loss of fins Testing and 

proper assembly 

Poor 

Manufacturing 

3 2 Low Will not fit inside 

body tube, damage 

to fins and body 

tube 

Testing and 

careful 

manufacturing 

Becomes 

Dislodged from 

Centering Ring 

1 4 Low Shaking, damage 

to fins or centering 

ring 

Testing and 

checking 

interfacing 

surfaces 
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Centering Rings 

 

Sub-Group:   

Lower Airframe 

Mechanical Designer: 

Kyle DeGreen 

Material: 

ABS Plastic 

General Dimensions: 

5.995” OD, 1.50” Thick 

Weight: 

1.00 lbm 

Manufacturing Process: 

3D Printed In House 

Component Description: 

There are two centering rings located at each end of the motor. These serve as mounting points for the fin spars and fins. The centering ring will 

give the motor tube stability and hold it into place to prevent any undesired movement. It will be 3D printed from plastic because the material is 

readily available, lightweight, and no large forces are expected to occur here. 

Anticipated Vendor: 

Amazon 

Anticipated Cost: 

$20 / 1kg Filament 

 

  

Failure Modes and Effects Analysis 

Centering Ring 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Buckling 2 5 Medium Loss of motor 

alignment and 

stability 

Testing and 

analysis 

Loose Fit 1 2 Low Motor shaking, 

unpredictable 

trajectory 

Ensure tight fit 

during 

assembly 
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Drogue Parachute 

 

Sub-Group:   

Lower Airframe 

Mechanical Designer: 

Andrew Smelser 

Material: 

Balloon Cloth 

General Dimensions: 

1.5’ Diameter 

Weight: 

0.250 lbm 

Manufacturing Process: 

Stitched Fabric 

Component Description: 

The drogue parachute is located between the engine and coupler. The drogue parachute is deployed at apogee and is utilized to stabilize the descent 

of the rocket, so the components do not tumble. It also serves to slow the vehicle to a point where the main parachute will not have drastically high 

loads when deployed. 

Anticipated Vendor: 

Fruity Chutes 

Anticipated Cost: 

$64.00 each 

 

  

Failure Modes and Effects Analysis 

Drogue Parachute 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Suspension 

Failure 

1 4 Low High ascending 

velocity 

Ground testing 

Burn from 

Ejection 

3 3 Medium High descending 

velocity 

Ground testing 

Entanglement 3 3 Medium Recovery doesn’t 

deploy, high 

velocity landing 

Ground testing 

Seam Ripping 1 4 Medium High descent 

velocity 

Ground 

testing, pre-

check for 

rips/holes 
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Main Parachute 

 

Sub-Group:   

Upper Airframe 

Mechanical Designer: 

Andrew Smelser   

Material: 

Balloon Cloth 

General Dimensions: 

10.65’Diameter 80” Suspension 

Weight: 

2.0 lbm 

Manufacturing Process: 

Stitched Fabric 

Component Description: 

The main parachute is located between the payload and the coupler. The main parachute, a CERT-3 Large, will be deployed after the drogue and 

will be utilized to slow the descent velocity down to a point where the rocket body impacts the ground within the allotted Kinetic Energy 

requirements. The coefficient of drag given by the manufacturer is 1.26.  

Anticipated Vendor: 

Chris’s Rocket Supplies 

Anticipated Cost: 

$140 each 

 

  

Failure Modes and Effects Analysis 

Main Parachute 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Suspension 

Failure 

1 4 Low High ascending 

velocity 

Ground testing 

Burn from 

Ejection 

3 3 Medium High descending 

velocity 

Ground testing 

Entanglement 3 3 Medium Recovery doesn’t 

deploy, high 

velocity landing 

Ground testing 

Seam Ripping 1 4 Medium High descent 

velocity 

Ground 

testing, pre-

check for 

rips/holes 
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Shock Chord 

 

Sub-Group:   

Upper and Lower Airframes 

Mechanical Designer: 

Andrew Smelser  

Material: 

Tubular Nylon 

General Dimensions: 

50’ Length 

Weight: 

0.10 lbm 

Manufacturing Process: 

Weaving Fibers 

Component Description: 

The shock chord lies between the parachute chords and the bulkhead mounting surfaces. It allows for the load to be decreased due to the added 

ductility of the cord. 50 ft will be enough for both main and drogue parachutes. 

Anticipated Vendor: 

Fruity Chute 

Anticipated Cost: 

$50 / 50’ 

 

  

Failure Modes and Effects Analysis 

Shock Chord 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Chord Breaking 2 5 Low High ascending 

velocity 

Ground testing 

Burn from 

Ejection 

3 3 Medium High descending 

velocity 

Ground testing 
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Thrust Plate 

 

Sub-Group:   

Lower Airframe 

Mechanical Designer: 

Kyle DeGreen  

Material: 

Aluminum 1060 

General Dimensions: 

6.17” OD, 0.125” Thick 

Weight: 

0.268 lbm 

Manufacturing Process: 

Machined, In House 

Component Description: 

The thrust plate is located just aft of the lower centering ring. This part is used for extra motor protection since the rocket will be high powered and 

the thrust could split a centering ring. The thrust plate also eliminates shear loads on the centering ring and the glue that holds them in the rocket 

by transferring loads directly to the body tube. It is made for easy removal if damage occurs. The part is made of Aluminum because of the strength 

qualities and the material was already in stock. 

Anticipated Vendor: 

-- 

Anticipated Cost: 

$65 each  

 

  

Failure Modes and Effects Analysis 

Thrust Plate 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Buckling 2 5 Medium Loss of motor 

alignment and 

stability 

Testing and 

analysis 

Loose Fit 1 2 Low Motor shaking and 

fin shaking 

Ensure tight fit 
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Terminal Blocks 

 

Sub-Group:   

Coupler 

Mechanical Designer: 

Andrew Smelser  

Material: 

Plastic, Metal 

General Dimensions: 

¾” Width, ¾” Length 

Weight: 

0.020 lbm 

Manufacturing Process: 

Mass Produced 

Component Description: 

These terminals are located in the coupler near the center of the vehicle. These terminals accept the altimeter signal wire, through the bulkhead, 

and into the black powder igniters. Using these safe touch terminals makes broken wires more easily repairable. The part brand was chosen because 

some were already in stock and used successfully in past launches.  

Anticipated Vendor: 

-- 

Anticipated Cost: 

$1 each 

 

  

Failure Modes and Effects Analysis 

Terminal Blocks 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Loose Signal 

Wires 

2 4 Medium Wire loses 

connection with 

charges 

Ground testing 

and checking 

of wire 

connections 

Terminal not 

secure to 

Bulkhead 

1 4 Low Signal loss Ground testing 

and checking 

of block 

mounting 

method 
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Switch Lock 

 

Sub-Group:   

Coupler 

Mechanical Designer: 

Andrew Smelser  

Material: 

Copper, Silver, Zinc 

General Dimensions: 

1.135” Depth, 0.760” Diameter 

Weight: 

0.150 lbm 

Manufacturing Process: 

Mass Produced 

Component Description: 

The switch lock is mounted to the switch ring on the coupler. There will be two switches, one for each altimeter separately. avionics activation is 

activated by the turn of a key. This design prevents the handling of the avionics bay and accidental activation of altimeters or black powder charges.  

Anticipated Vendor: 

Digikey 

Anticipated Cost: 

$12.44 each 

 

  

Failure Modes and Effects Analysis 

Switch Lock 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Switches do not 

activate after key 

turn 

1 4 Low Stratologger does 

not power on. No 

resulting flight 

data. Parachutes 

don’t deploy 

Ground 

Testing 

Loose fit from 

Body Tube 

1 4 Low Stratologger not 

properly powered 

on or off 

Ground 

Testing 
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Switch Band 

 

Sub-Group:   

Coupler 

Mechanical Designer: 

Andrew Smelser  

Material: 

G12 Fiberglass 

General Dimensions: 

6.17” OD, 1.00” length .086” thick 

Weight: 

0.10 lbm 

Manufacturing Process: 

Filament Spun In House 

Component Description: 

The switch band is located in the center of the coupler tube and extends from the coupler tube to the outer surface of the vehicle. It serves as the 

housing for the key switch that activates the altimeters. Material is fiberglass because it is sufficiently strong, readily available, and cheaper than 

the alternate option of carbon fiber. This will be spun in house from the extra body tube material. 

Anticipated Vendor: 

West Systems 

Rocket West Components 

Anticipated Cost: 

$128 / 40lbs fiberglass 

$50 / gallon epoxy 

 

  

Failure Modes and Effects Analysis 

Switch Band 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Material Failure 1 4 Low Damage to 

Altimeters 

Testing 

Loose Fit 2 4 Medium Switch lock 

failure, possible 

failure to start 

avionics 

Testing, 

Careful 

Assembly 
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Nosecone Bulkhead 

 

Sub-Group:   

Upper Airframe 

Mechanical Designer: 

Brooklyn Kirkwood 

Material: 

Aluminum 6061-T6 

General Dimensions: 

5.995” OD, 0.25” thick 

Weight: 

0.568 lbm 

Manufacturing Process: 

Machined In House 

Component Description: 

The nosecone bulkhead is located at the base of the nosecone. It connects to the nosecone via a threaded rod. This part serves as the mounting 

surface and sealed area for the tracker. It prevents any debris from hitting the tracker as well as any component of the payload as it ejects from the 

top of the rocket. Overall it prevents the tracker from breaking or losing connection. Quarter inch aluminum is used for this part and will be 

machined in house from aluminum plate.  

Anticipated Vendor: 

McMaster 

Anticipated Cost: 

$32.23 / 3’x6”x1/4” Plate 

 

  

Failure Modes and Effects Analysis 

Nosecone Bulkhead 

Failure Mode Likelihood Severity Criticality Potential Effect Mitigation 

Material Failure 1 3 Low Separation from 

body, loss of 

tracker, loss of 

payload 

Testing and 

stress analysis 
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10 Appendix C: Applicable Laws and Regulations 

 

FAA Regulations, CFR, Title 14, Part 101, Subpart C, Amateur Rockets 

 

101.21 Applicability. 

(a) This subpart applies to operating unmanned rockets. However, a person operating an 

unmanned rocket within a restricted area must comply with §101.25(b) (7) (ii) and with any 

additional limitations imposed by the using or controlling agency. 

(b) A person operating an unmanned rocket other than an amateur rocket as defined in §1.1 

of this chapter must comply with 14 CFR Chapter III. 

101.22 Definitions 

The following definitions apply to this subpart: 

(a) Class 1—Model Rocket means an amateur rocket that: 

(1) Uses no more than 125 grams (4.4 ounces) of propellant; 

(2) Uses a slow-burning propellant; 

(3) Is made of paper, wood, or breakable plastic; 

(4) Contains no substantial metal parts; and 

(5) Weighs no more than 1,500 grams (53 ounces), including the propellant. 

(b) Class 2—High-Power Rocket means an amateur rocket other than a model rocket that 

is propelled by a motor or motors having a combined total impulse of 40,960 Newton-seconds 

(9,208 pound-seconds) or less. 

(c) Class 3—Advanced High-Power Rocket means an amateur rocket other than a model 

rocket or high-power rocket. 

101.23   General operating limitations. 

(a) You must operate an amateur rocket in such a manner that it: 

(1) Is launched on a suborbital trajectory; 

(2) When launched, must not cross into the territory of a foreign country unless an agreement 

is in place between the United States and the country of concern; 

(3) Is unmanned; and 

(4) Does not create a hazard to persons, property, or other aircraft. 
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(b) The FAA may specify additional operating limitations necessary to ensure that air traffic is not 

adversely affected, and public safety is not jeopardized. 

101.25   Operating limitations for Class 2-High Power Rockets and Class 3-Advanced 

High-Power Rockets. 

When operating Class 2-High Power Rockets or Class 3-Advanced High-Power Rockets, you 

must comply with the General Operating Limitations of §101.23. In addition, you must not 

operate Class 2 or Class 3 Rockets— 

(a) At any altitude where clouds or obscuring phenomena of more than five-tenths coverage 

prevails; 

(b) At any altitude where the horizontal visibility is less than five miles; 

(c) Into any cloud; 

(d) Between sunset and sunrise without prior authorization from the FAA; 

(e) Within 9.26 kilometers (5 nautical miles) of any airport boundary without prior authorization 

from the FAA; 

(f) In controlled airspace without prior authorization from the FAA; 

(g) Unless you observe the greater of the following separation distances from any person or 

property that is not associated with the operations: 

(1) Not less than one-quarter the maximum expected altitude; 

(2) 457 meters (1,500 ft.); 

(h) Unless a person at least eighteen years old is present, is charged with ensuring the safety of the 

operation, and has final approval authority for initiating high-power rocket flight; and 

(i) Unless reasonable precautions are provided to report and control a fire caused by rocket 

activities. 

101.27   ATC notification for all launches. 

No person may operate an unmanned rocket other than a Class 1—Model Rocket unless that person 

gives the following information to the FAA ATC facility nearest to the place of intended operation 

no less than 24 hours before and no more than three days before beginning the operation: 

(a) The name and address of the operator; except when there are multiple participants at a single 

event, the name and address of the person so designated as the event launch coordinator, whose 
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duties include coordination of the required launch data estimates and coordinating the launch 

event; 

(b) Date and time the activity will begin; 

(c) Radius of the affected area on the ground in nautical miles; 

(d) Location of the center of the affected area in latitude and longitude coordinates; 

(e) Highest affected altitude; 

(f) Duration of the activity; 

(g) Any other pertinent information requested by the ATC facility. 

 

FAA – Small Unmanned Aircraft Regulations (Part 107) 

107.1 Applicability 

(a) Except as provided in paragraph (b) of this section, this part applies to the registration, airman 

certification, and operation of civil small unmanned aircraft systems within the United States 

(b) This part does not apply to the following: 

 (1) Air carrier operations 

 (2) Any aircraft subject to the provisions of part 101 of this chapter; or 

(3) Any operation that a remote pilot in command elects to conduct pursuant to an 

exemption issued under section 333 of Public Law 112-95, unless otherwise specified in 

the exemption. 

107.3 Definitions 

The following definitions apply to this part. If there is a conflict between the definitions of this 

part and definitions specified in §1.1 of this chapter, the definitions in this part control for purposes 

of this part: 

(a) Control Station means an interface used by the remote pilot to control the flight path of the 

small unmanned aircraft. 

(b) Corrective Lenses means spectacles or contact lenses. 
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(c) Small Unmanned Aircraft means an unmanned aircraft weighing less than 55 pounds on 

takeoff, including everything that is on board or otherwise attached to the aircraft. 

(d) Small Unmanned Aircraft System (small UAS) means a small unmanned aircraft and its 

associated elements (including communication links and the components that control the small 

unmanned aircraft) that are required for the safe and the efficient operation of the small unmanned 

aircraft in the national airspace system.  

(e) Unmanned Aircraft means an aircraft operated without the possibility of direct human 

intervention from within or on the aircraft. 

(f) Visual Observer means a person who is designated by the remote pilot in command to assist 

the remote pilot in command and the person manipulating the flight controls of the small UAS to 

see and avoid other air traffic or objects aloft or on the ground.  

107.13 Registration 

A person operating a civil small unmanned aircraft system for the purposes of flight must comply 

with the provisions of §91.203(a)(2) of this chapter. 

107.15   Condition for safe operation. 

(a) No person may operate a civil small unmanned aircraft system unless it is in a condition for 

safe operation. Prior to each flight, the remote pilot in command must check the small unmanned 

aircraft system to determine whether it is in a condition for safe operation. 

(b) No person may continue flight of the small unmanned aircraft when he or she knows or has 

reason to know that the small unmanned aircraft system is no longer in a condition for safe 

operation. 

107.19   Remote pilot in command. 

(a) A remote pilot in command must be designated before or during the flight of the small 

unmanned aircraft. 

(b) The remote pilot in command is directly responsible for and is the final authority as to the 

operation of the small unmanned aircraft system. 

(c) The remote pilot in command must ensure that the small unmanned aircraft will pose no undue 

hazard to other people, other aircraft, or other property in the event of a loss of control of the 

aircraft for any reason. 

(d) The remote pilot in command must ensure that the small UAS operation complies with all 

applicable regulations of this chapter. 
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(e) The remote pilot in command must have the ability to direct the small unmanned aircraft to 

ensure compliance with the applicable provisions of this chapter. 

107.51   Operating limitations for small unmanned aircraft. 

A remote pilot in command and the person manipulating the flight controls of the small unmanned 

aircraft system must comply with all of the following operating limitations when operating a small 

unmanned aircraft system: 

(a) The groundspeed of the small unmanned aircraft may not exceed 87 knots (100 miles per hour). 

(b) The altitude of the small unmanned aircraft cannot be higher than 400 feet above ground level, 

unless the small unmanned aircraft: 

(1) Is flown within a 400-foot radius of a structure; and 

(2) Does not fly higher than 400 feet above the structure's immediate uppermost limit. 

(c) The minimum flight visibility, as observed from the location of the control station must be no 

less than 3 statute miles. For purposes of this section, flight visibility means the average slant 

distance from the control station at which prominent unlighted objects may be seen and identified 

by day and prominent lighted objects may be seen and identified by night. 

(d) The minimum distance of the small unmanned aircraft from clouds must be no less than: 

(1) 500 feet below the cloud; and 

(2) 2,000 feet horizontally from the cloud. 

 

NAR High Power Rocket Safety Code 

 

1. Certification. I will only fly high power rockets or possess high power rocket motors that are 

within the scope of my user certification and required licensing. 

 

2. Materials. I will use only lightweight materials such as paper, wood, rubber, plastic, 

fiberglass, or when necessary ductile metal, for the construction of my rocket. 

 

3. Motors. I will use only certified, commercially made rocket motors, and will not tamper 

with these motors or use them for any purposes except those recommended by the 

manufacturer. I will not allow smoking, open flames, nor heat sources within 25 feet of 

these motors. 
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4. Ignition System. I will launch my rockets with an electrical launch system, and with 

electrical motor igniters that are installed in the motor only after my rocket is at the launch 

pad or in a designated prepping area. My launch system will have a safety interlock that is in 

series with the launch switch that is not installed until my rocket is ready for launch, and 

will use a launch switch that returns to the “off” position when released. The function of 

onboard energetics and firing circuits will be inhibited except when my rocket is in the 

launching position. 

 

5. Misfires. If my rocket does not launch when I press the button of my electrical launch 

system, I will remove the launcher’s safety interlock or disconnect its battery, and will wait 

60 seconds after the last launch attempt before allowing anyone to approach the rocket. 

 

6. Launch Safety. I will use a 5-second countdown before launch. I will ensure that a means is 

available to warn participants and spectators in the event of a problem. I will ensure that no 

person is closer to the launch pad than allowed by the accompanying Minimum Distance 

Table. When arming onboard energetics and firing circuits I will ensure that no person is at 

the pad except safety personnel and those required for arming and disarming operations. I 

will check the stability of my rocket before flight and will not fly it if it cannot be 

determined to be stable. When conducting a simultaneous launch of more than one high 

power rocket I will observe the additional requirements of NFPA 1127. 

 

7. Launcher. I will launch my rocket from a stable device that provides rigid guidance until the 

rocket has attained a speed that ensures a stable flight, and that is pointed to within 20 

degrees of vertical. If the wind speed exceeds 5 miles per hour I will use a launcher length 

that permits the rocket to attain a safe velocity before separation from the launcher. I will 

use a blast deflector to prevent the motor’s exhaust from hitting the ground. I will ensure 

that dry grass is cleared around each launch pad in accordance with the accompanying 

Minimum Distance table, and will increase this distance by a factor of 1.5 and clear that area 

of all combustible material if the rocket motor being launched uses titanium sponge in the 

propellant. 

 

8. Size. My rocket will not contain any combination of motors that total more than 40,960 N-

sec (9208 pound-seconds) of total impulse. My rocket will not weigh more at liftoff than 

one-third of the certified average thrust of the high-power rocket motor(s) intended to be 

ignited at launch. 

 

9. Flight Safety. I will not launch my rocket at targets, into clouds, near airplanes, nor on 

trajectories that take it directly over the heads of spectators or beyond the boundaries of the 

launch site, and will not put any flammable or explosive payload in my rocket. I will not 

launch my rockets if wind speeds exceed 20 miles per hour. I will comply with Federal 

Aviation Administration airspace regulations when flying, and will ensure that my rocket 

will not exceed any applicable altitude limit in effect at that launch site. 

 

10. Launch Site. I will launch my rocket outdoors, in an open area where trees, power lines, 

occupied buildings, and persons not involved in the launch do not present a hazard, and that 

is at least as large on its smallest dimension as one-half of the maximum altitude to which 
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rockets are allowed to be flown at that site or 1500 feet, whichever is greater, or 1000 feet 

for rockets with a combined total impulse of less than 160 N-sec, a total liftoff weight of 

less than 1500 grams, and a maximum expected altitude of less than 610 meters (2000 feet). 

 

11. Launcher Location. My launcher will be 1500 feet from any occupied building or from any 

public highway on which traffic flow exceeds 10 vehicles per hour, not including traffic 

flow related to the launch. It will also be no closer than the appropriate Minimum Personnel 

Distance from the accompanying table from any boundary of the launch site. 

 

12. Recovery System. I will use a recovery system such as a parachute in my rocket so that all 

parts of my rocket return safely and undamaged and can be flown again, and I will use only 

flame-resistant or fireproof recovery system wadding in my rocket. 

 

13. Recovery Safety. I will not attempt to recover my rocket from power lines, tall trees, or 

other dangerous places, fly it under conditions where it is likely to recover in spectator areas 

or outside the launch site, nor attempt to catch it as it approaches the ground. 

 

 

National Fire Protection Association Regulations 

 

NFPA 1122: Code for Model Rocketry 

 

'Model rockets' are rockets that conform to the guidelines and restrictions defined in the NFPA 

1122 document. These rockets weigh less than 1500 grams, contain less than 125 grams of total 

fuel, have no motor with more than 62.5 grams of fuel or more than 160 NS of total impulse, use 

only pre‐ manufactured, solid propellant motors, and do not use metal body tubes, nose cones or 

fins. One inconsistency with this is the CPSC definition of a model rocket motor, which by their 

definition must contain no more than 80NS total impulse. NFPA 1122 contains the most complete 

definition of a model rocket and the model rocket safety code. This is the same safety code as 

adopted by NAR. 'Large Model Rockets' is a term used in the FAA FAR 101 regulations. It refers 

to NAR/NFPA model rockets that are between 454 and 1500 grams (1 to 3.3 pounds) total liftoff 

weight and contain more than 113 grams but less than 125 grams of total fuel. 

 

NFPA 1127: Code for High Powered Rocketry 

'High power rockets' are rockets that exceed the total weight, total propellant or single motor total 

impulse restrictions of model rockets, but otherwise conform to the same guidelines for 

construction materials and pre‐manufactured, commercially made rocket motors. High power 

rockets also allow the use of metal structural components where such a material is necessary to 

insure structural integrity of the rocket. High power rockets have no total weight limits, but do 

have a single motor limit of no more than O power (40,960NS maximum total impulse) and have 

a total power limitation of 81,920NS total impulse. NFPA document 1127‐1985 contains the most 

complete definition of a high-power rocket and also the high-power rocketry safety code. This 

safety code has been adopted by both the NAR and TRA. Metal bodied rockets are allowed by 

NFPA 1127 where metal is required to insure structural integrity of the rocket over all of its 

anticipated flight. 
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State of Alabama Regulations 

 

13A-11-224. Keeping black powder or explosives in city or town 

 

Any person who keeps on hand, at any one time, within the limits of any incorporated city or town, 

for sale or for use, more than 50 pounds of gunpowder or other explosives shall, on conviction, be 

fined not less than $100.00. The explosive material on such terms as the corporate authorities may 

prescribe 

 

 

Tripoli Rocketry Association Requirements for High Powered Rocket Operation 

 

1. Operating Clearances. A person shall fly a high-power rocket only in compliance with: 

 This code and NFPA 1127; 

 Federal Aviation Administration Regulations, Part 101 (Section 307,72 Statute 

749, Title 49 United States Code, Section 1348, “Airspace Control and Facilities,” 

Federal Aviation Act of 1958); 

 Other applicable federal, state, and local laws, rules, regulations, statutes, and 

ordinances. 

 Landowner permission. 

 

2. Participation, Participation and Access at Tripoli Launches shall be limited to the 

following: 

 

2-1 HPR Fliers may access and conduct flights from the High-Power Launch Area and/or 

Model Rocket Launch Area 

 

2-2 Non-Tripoli Members age 18 and over that are students of an accredited educational 

institution may participate in join projects with Tripoli members. These individuals are 

allowed in the High-Power Launch Area and/or Model Rocket Launch Area if escorted by 

a Tripoli member. The maximum number of non-member participants shall not exceed five 

(5) per Tripoli Member.  

 

2-3 Non-Tripoli Members that are members of a Named Insured Group may participate in 

join projects with Tripoli Members. These individuals are allowed in the High-Power 

Launch Area and/or Model Rocket Launch Area if escorted by a Tripoli member. The 

maximum number of non-member participants shall not exceed five (5) per Tripoli 

Member. 

 

2-4 Tripoli Junior Members that have successfully completed the Tripoli Mentoring 

Program Training may access and conduct flights from the High-Power Launch Area while 

under the direct supervision of a Tripoli Senior member in accordance with the rules of the 

Tripoli Mentored Flying program. The Tripoli Senior member may provide supervision for 

up to five (5) individuals that have successfully completed the Tripoli Mentoring Program 

Training at a time in the High-Power Launch Area.  
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2-5 An invited guest may be permitted in the Model Rocket Launch Area and preparation 

areas upon approval of the RSO. 

 

2‐6 An Invited Guest may be allowed in the High-Power Launch Area if escorted by an 

HPR Flier. An HPR Flier may escort and be accompanied by not more than five (5) non‐

HPR fliers in the High-Power Launch Area. The HPR flier escort is required to monitor 

the actions of the escorted non‐HPR fliers, and the escort is fully responsible for those 

actions and for the safety of those escorted.  

 

2‐7 Spectators, who are not invited guests, shall confine themselves to the spectator areas 

as designated by the RSO and shall not be present in the High-Power Launch Area or Model 

Rocket Launch Area. 

 

3. Referenced Publications 

 

The following documents, or portions thereof, are referenced within this code. The edition 

indicated for each reference is the current edition as of the date of the NFPA issuance of this 

document. 

 

3-1 NFPA Publications. National Fire Protection Association, I Batterymarch Park, P.O. Box 

9101, Quincy, MA 02269-9101 

 

 NFPA 1122, Code for Model Rocketry 

 NFPA 1125, Code for Manufacture of Model Rocket Motors 

 NFPA 1127, Code for High Powered Rocketry 

 

3-2 Government Publications. Superintendent of Documents, U.S. Government Printing 

Office, Washington DC 20402.  

 

 Federal Aviation Administration Regulations, from the Code of Federal Regulations. 

Federal 7/31/2012 

 Hazardous Substances Act, from the United States Code (re. Airspace Control) 

 

3-3 TRA Publications. Tripoli Rocketry Association, Inc., P.O. Box 87, Bellavue NE 68005. 

 

 Articles of Incorporation and Bylaws 

 High Powered Rocketry Safety Code 

 Tripoli Motor Testing Committee (TMT), Testing Policies 

 

4. Additional Tripoli Rulings 

 

A-1 NFPA 1127 was adopted by the Tripoli Board of Directors as the Tripoli Safety Code. 

(Tripoli Report, April 1994, Tripoli Board Minutes, New Orleans, 21, January 1994, Motion 

13.)  
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A-2 All Tripoli members who participate in Association activities shall follow the Tripoli 

Certification Standards. 

 

A-3 Any Board action(s), with regard to safety, made previous to or after publication of this 

document shall be a part of the Tripoli Safety Code. 

 

A-4 A rocket motor shall not be ignited using: 

 

a. A switch that uses mercury 

 

b. “Pressure roller” switches 

 

 

The University of Alabama in Huntsville Unmanned Aerial Systems Flight Operations Policy 

 

1. All operation and use of UAS on or above University property must comply with all FAA 

regulations, and local, state and federal laws regarding use of UAS. Any operation or use 

of UAS that violates such regulations or laws is prohibited. It is the responsibility of the 

operator of the UAS to ensure that all relevant UAH policies, laws, and regulations are 

adhered to during the operation of the UAS. 

 

2. The operation of all personally owned or student-organization-owned UAS on campus 

requires review and approval by the Office of the Vice President for Research and 

Economic Development (OVPRED). Outdoor operation of private or commercial UAS 

on campus is prohibited without the express written approval of the OVPRED. 

 

3. Insurance requirements for UAS operations will be determined with the approval of the 

UAH Risk Manager in coordination with the University of Alabama Systems Risk 

Manager. A legal review will determine appropriate levels of insurance coverage needed 

on a case-by-case basis.  

 

4. Student violators of the UAS policy will be subject to discipline in accordance with the 

UAH Code of Student Conduct. UAH employees who violate the UAS policy will be 

subject to employee discipline in accordance with employee policies, up to and including 

termination. Users unaffiliated with UAH will be subject to trespass and other criminal 

prosecution for violations of this policy.  
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11 Appendix D: Material Data Safety Sheets  
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12 Appendix E: Risk and Hazard Assessment  

Appendix E is an initial and preliminary examination of risks and hazards that may occur 

throughout the duration of this project. The first table shows the Risk Assessment Criteria (RAC) 

matrix. The accompanying tables define each parameter of the matrix. The initial risk and hazards 

assessments include the RAC value prior to mitigation assessment (Pre-RAC) as well as the RAC 

value following the mitigation assessment (Post-RAC).  

 

 

 

Severity Level 

Description Criteria 

1 – Catastrophic  Loss of life or permanent injury, irreparable major damage to facilities or 

hardware, complete project failure. 

2 – Critical  Severe personal injury, significant damage to hardware or facilities, significant 

impact on overall schedule. 

3 – Marginal  Minor personal injury, reparable damage to facilities or hardware, significant 

impact on immediate schedule. 

4 – Negligible  Minor personal injury, little to no damage to hardware, little impact on 

immediate schedule. 

 

 

 

 

 

  

RAC 

Probability 

Level 

Severity Level 

1  

Catastrophic 

2 

Critical 

3 

Marginal 

4 

Negligible 

A – Highly Probable 1A 2A 3A 4A 

B – Likely  1B 2B 3B 4B 

C – Moderate  1C 2C 3C 4C 

D – Unlikely  1D 2D 3D 4D 

E – Improbable  1E 2E 3E 4E 
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Risk Level and Approval Chart 

Risk Level Criteria 

High Risk Unacceptable, must be mitigated. Risk level too extreme for 

operation. 

Moderate Risk Undesirable; requires signature of Team Leadership, Team 

Mentor, Faculty Advisor, and Safety Committee for approval. 

Low Risk Acceptable; requires signature of Team Leadership and Safety 

Committee for approval. 

Minimal Risk Acceptable; does not require signature for approval. 

 

 

 

 

 

Probability Level 

Description Criteria 

Qualitative Quantitative 

A – Highly Probable Highly expected to occur or to 

occur frequently during project 

duration.  

85% < Probability 

B – Likely Expected to occur or to occur 

several times during project 

duration. 

50% < Probability < 85% 

C – Moderate Potential to occur multiple times 

during project duration. 

25% < Probability < 50% 

D – Unlikely  Remote potential to occur with 

exception of rare occasion during 

project duration. 

1% < Probability < 25% 

E – Improbable  Highly unexpected to occur 

during project duration. 

Probability < 1% 
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Low Risk Approval Signatures for CRW Risk and Hazard Assessment 

While the hazard, after mitigation, has been deemed acceptable, the signatures of Team 

Leadership represent the awareness and understanding of the outstanding risk. 

 

 

Payload Safety Lead 

 

 

Vehicle Safety Lead 

 

 

Payload Lead 

 

 

Vehicle Lead 

 

 

Chief Engineer 

 

 

Deputy Safety Officer 

 

 

Safety Officer 

 

 

Program Manager 
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Moderate Risk Approval Signatures for CRW Risk and Hazard Assessment 

While the hazard, after mitigation, has been deemed undesirable, the signatures of Team 

Leadership represent the awareness and understanding of the outstanding risk. 

 

 

Payload Safety Lead     Team Mentor 

 

 

Vehicle Safety Lead     Faculty Advisor 

 

 

Payload Lead 

 

 

Vehicle Lead 

 

 

Chief Engineer 

 

 

Deputy Safety Officer 

 

 

Safety Officer 

 

 

Program Manager 
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Risk Assessment and Mitigation 

Topic: Overall Project 

Risk Cause Effect Pre-

RAC 

Mitigation Verification Post-

RAC 

Insufficient 

Funds 

Funds were not 

properly 

obtained from 

academic and 

outside sources. 

Materials were 

purchased 

unnecessarily.  

Necessary 

parts may 

have to be 

selected by 

cheapest 

value alone. 

There may be 

no remaining 

funds for 

replacement 

parts. 

2C A detailed list 

including fund 

sourcing will be 

written. Funds will 

be obtained prior to 

part ordering. An 

initial inventory 

will be taken of 

preexisting 

supplies. 

Project 

Manager will 

ensure all 

funds are 

accounted for 

and will order 

parts as 

necessary.  

2E 

Disagreement 

Between Team 

Members 

Communication 

failures and 

unreceptive to 

ideas. 

Tensions lead 

to project 

failure due to 

lack of 

teamwork. 

3C Concerns within 

sub-teams will be 

brought to sub-team 

leads who will 

diffuse situations or 

escalate issues as 

necessary. 

Periodic 

Leadership 

meetings will 

discuss any 

issues resolved 

or otherwise 

within sub-

teams.   

3D 

Schedule 

Setbacks 

Missed 

deadlines. 

Delayed 

fabrication or 

testing may 

result in 

missed flight 

opportunities 

or NASA 

deadlines. 

2B Gnatt charts will be 

made and 

reminders will be 

sent out prior to 

deadlines. 

Schedule 

check-ins will 

occur during 

every team 

meeting. 

2D 

Unavailable 

Parts 

Back orders, 

vendors going 

under, out of 

stock parts. 

Construction 

is delayed. 

3C Parts will be 

ordered with 

sufficient time to 

obtain alternate 

parts before 

integration. 

Additionally, parts 

will be sourced 

from various 

vendors. 

Sub-team leads 

and the 

Technical Lead 

will make sure 

parts are 

ordered in time 

and are 

available from 

multiple 

vendors. 

3E 

Custom-built 

UAV more 

challenging 

than 

anticipated. 

Scope of 

electronic and 

mechanical 

UAV systems 

beyond current 

understanding 

and capabilities. 

Delays to 

payload 

schedule. 

Missing full-

scale launch 

opportunity 

with payload.  

2C Payload design and 

construction will 

begin immediately. 

Research and 

design plans will be 

presented to Team 

Leadership and 

professional 

advisors for 

assistance and 

discussion for 

design/construction. 

Weekly status 

updates to 

discuss 

payload design 

and progress 

will occur.  

2D 
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Risk Assessment and Mitigation 

Topic: Overall Project 

Risk Cause Effect Pre-

RAC 

Mitigation Verification Post-

RAC 

Manufacturing 

Equipment 

Unavailable 

Designs cannot 

be fabricated in 

house. 

Heavy rework 

or large 

amounts of 

money paid 

for equipment 

use. 

3C Team will plan 

ahead of time and 

design parts 

efficiently.  

Team leads 

will double 

check designs, 

take inventory, 

and make note 

of the 

equipment 

available 

before 

manufacturing 

parts. 

3E 

Unavailable 

Team 

Members 

Insufficient time 

management, 

overscheduling 

Necessary 

parts or 

information 

obtained by 

that team 

member 

could be 

withheld. 

3C Team members will 

be contacted of 

meeting times and 

schedule frequently 

so individual 

members can plan 

ahead of time. 

Sub-team leads 

will make sure 

schedules are 

enforced. 

3E 
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Risk Assessment and Mitigation 

Topic: Vehicle 

Risk Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Recovery 

Failure 

 

Recovery 

system is 

packed poorly 

and remains in 

rocket.  

Rocket descent 

is uncontrolled 

and dangerous. 

2B Successfully 

test recovery 

system before 

first launch. 

The recovery 

system will be 

packed 

carefully into 

rocket. 

Ground and 

flight tests. 

2E 

Structural 

Failure 

Insufficient or 

damaged 

airframe 

structure. 

Rocket body 

collapse 

resulting in 

uncontrolled or 

unstable flight. 

1D Carefully 

calculate stress 

on the body 

and points of 

integration. 

Perform 

successful 

structural tests. 

Ground and 

sub-scale flight 

tests. 

1E 

Failure to 

Launch 

Various 

potential 

causes related 

to motor and 

ignition 

methods 

Uncertainty in 

vehicle 

condition. 

Possible danger 

in recovering 

vehicle. 

2C Successfully 

analyze 

components in 

contact with 

motor and 

handle them 

carefully 

before and 

after launch. 

Subscale flight 

tests. 

2E 

Recovery 

Premature 

Ejection 

Altimeter 

malfunction or 

ejection 

charge 

malfunction 

rocket descent 

is uncontrolled 

and dangerous 

2D Successfully 

test recovery 

system and 

altimeter 

before first 

launch. 

Ground and 

flight tests. 

2E 

Vehicle 

sections fail 

to separate 

Ejection 

method not 

strong enough 

to break shear 

pins 

High pressure 

inside the 

vehicle body. 

Structure 

failure and 

unpredictable 

flight 

2D Successfully 

test recovery 

system and 

double check 

method for 

recovery 

ejection 

Ground and 

flight tests. 

2E 
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Risk Assessment and Mitigation 

Topic: Payload 

Risk Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Power Loss to 

one or more 

systems 

Battery Failure Loss of data, 

failure of 

mission 

2D Design robust 

battery 

retention, 

ensure batteries 

are fully 

charged. 

Flight testing, 

installation of 

new batteries 

before every 

launch. 

2E 

Data 

collection 

failure 

Software or 

hardware 

failure due to 

flight loads 

Loss of data 2C Successfully 

test payload 

prior to launch. 

Ground and 

flight testing. 

2E 

Payload fails 

to deploy 

Deployment 

system failure 

due to flight 

loads 

Payload 

cannot 

complete 

mission 

2C Successfully 

test 

deployment 

system prior to 

launch. 

Ground and 

flight testing. 

2E 

Payload fails 

to fly 

Propulsion or 

electrical 

system failure 

due to flight 

loads 

Payload 

cannot 

complete 

mission 

2D Successfully 

test payload 

flight prior to 

launch. 

Ground and 

flight testing. 

2E 

Payload drops 

beacon 

outside of 

designated 

zone 

Beacon 

retention 

system fails 

due to flight 

loads 

Payload fails 

to complete 

mission 

3C Successfully 

test system 

prior to launch. 

Ground and 

flight testing. 

3E 

 

Risk Assessment and Mitigation 

Topic: Propulsion 

Risk Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Unloaded 

Motor Fire 

Electrostatic 

discharge, 

interference 

from other 

vehicles, heat 

sources. 

Fire or 

explosion. 

1D Motors will be 

handled 

exclusively by 

the Team 

Motor. Motors 

will be stored in 

locked a 

protective 

bunker. 

Leadership will 

plan who will 

transport and 

handle motors. 

Faculty 

Advisor has 

access to 

locked 

protective case. 

1E 

Motor 

Dislodges 

from Proper 

Position 

Structural 

Failure. 

Motor may 

eject from the 

rocket body. 

2C Proper motor 

retention and 

compression 

testing. 

Flight testing 

and inspection 

of motor tube 

following test. 

2E 

Moisture 

Content in 

Motor 

Improper 

handling of 

motor. 

Insufficient 

weather 

conditions. 

Motor 

corrosion and 

failure to 

ignite. 

2C Proper 

handling, 

storage, and 

protection of 

motor from 

moist 

environments. 

Leadership will 

plan who will 

transport and 

handle motors. 

Faculty 

Advisor has 

access to 

locked 

protective case. 

2E 
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Risk Assessment and Mitigation 

Topic: Flight 

Risk Cause Effect Pre-RAC Mitigation Verification Post-

RAC 

Weather 

Cocking 

Incorrect exit 

velocity or 

static margin. 

Rocket flies off 

track, beyond 

launch field 

perimeter. 

Forces on the 

rocket may 

result in 

insufficient 

altitude. 

1C Simulate flight 

with flight 

software, 

design rocket 

to have 

CG/CP in 

stable 

locations and 

proper exit 

velocity. 

Measure the 

stability margin 

and calculate 

the thrust to 

weight ratio 

based on 

measured 

weight of the 

rocket and 

accepted thrust 

data of motor. 

1E 

Unstable 

Flight 

Weather 

cocking, 

excessive fin 

flutter, or 

structural 

failure. 

Unpredictable 

flight path or 

landing area. 

Potential to 

destruct the 

rocket. 

1C Simulate flight 

with flight 

software, test 

rocket design 

with subscale 

flight. 

Analyze 

simulation 

results, analyze 

sub-scale test 

results; alter the 

flight 

characteristics 

to ensure safe 

flight. 

1E 

Insufficient 

Altitude 

Insufficient 

thrust to 

weight ratio. 

Rocket does not 

meet minimum 

altitude 

requirement. 

3C Simulate flight 

with flight 

software use 

sub-scale and 

full-scale 

flight tests to 

ensure use of 

proper motor. 

Maintain 

rocket in 

proper weight 

margin.  

Analyze 

software results 

and altimeter 

data from test 

flights. 

3E 

Excessive 

Altitude  

Excessive 

thrust to 

weight ratio. 

Rocket exceeds 

maximum 

altitude 

requirement. 

3C Simulate flight 

with flight 

software use 

sub-scale and 

full-scale 

flight tests to 

ensure use of 

proper motor. 

Maintain 

rocket in 

proper weight 

margin. 

Analyze 

software results 

and altimeter 

data from test 

flights. 

3E  
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Low Exit 

Velocity 

High friction 

coefficient 

between rail 

and rain 

buttons, motor 

impulse not 

high enough 

for vehicle. 

Apogee 

decreases, and 

flight becomes 

unstable and 

unpredictable  

2D Members will 

properly select 

motor and 

inspect vehicle 

components in 

contact with 

rail. 

Simulations 

programs used 

to properly 

predict motor 

results based 

off vehicle 

weight. 

2E 

High Descent 

Velocity 

Improper 

design or 

packing of 

recovery 

system. 

Dangerous 

flight 

conditions. 

Possibility of 

Destruction 

upon landing. 

2C Recovery 

system will be 

packed 

carefully, and 

calculations 

double 

checked. 

Subscale flight 

tests and 

ground tests. 

2E 

Low descent 

Velocity 

Improper 

design or 

packing of 

recovery 

system. 

Vehicle flies 

outside of the 

required 

boundary, 

vehicle not 

recoverable. 

disqualified 

from 

competition 

3C Recovery 

system will be 

packed 

carefully, and 

calculations 

double 

checked. 

Subscale flight 

tests and 

ground tests. 

3E 

Inaccurate 

Calculation or 

Simulation 

Incorrect mass 

of components 

or motor 

thrust 

resulting in 

wrong 

simulation in 

Openrocket. 

Results are not 

what was 

expected. 

Unpredictable 

flight. 

2C Calculations 

will be done 

carefully. 

Individual 

members will 

assign 

materials to 

their 

respective 

parts. 

Leads will be in 

charge of 

ensuring weight 

and thrust 

calculations to 

ensure 

predictable 

flight. 

2E 

Avionics 

failure 

Improper 

charging of 

batteries. 

Sensors and 

other 

components in 

avionics bay 

will cease to 

work. Flight 

unmanageable 

and not 

recordable. 

3C Batteries will 

be properly 

charged before 

flight and 

extras will be 

carried. 

Leads will 

double check 

that the 

batteries have 

been charged 

before each 

flight and test. 

3E 

High internal 

Pressure 

Improper 

design for 

ejection 

methods and 

firing of 

motor. 

High vacuum 

will cause the 

rocket body to 

collapse 

resulting in 

uncontrolled or 

unstable flight. 

2B Designs will 

be double 

checked and 

simulations 

will be made 

on all firing 

systems. 

Ground and 

subscale flight 

tests. 

2E 

 



 
194 Charger Rocket Works | 2019 NASA USLI | Preliminary Design Review 

Hazard Assessment and Mitigation 

Chemical Handling: Black Powder, Loose 

Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Unintentional 

Detonation 

Unintentional 

compression, 

friction, heat, 

outside sources 

of energy, 

improperly 

handled. 

Fire or 

explosion. 

Immediate 

physical 

danger 

potentially 

resulting in 

severe injury 

or death. 

Minor 

damage to 

facilities. 

1B Energetics 

will be 

handled 

exclusively by 

the Team 

Mentor. 

Correct PPE 

including 

impervious 

rubber gloves 

and non-static 

producing 

clothing. 

SOP and 

MSDS 

1D 

Inhalation Chronic 

exposure 

without PPE 

and/or 

insufficient 

ventilation. 

Severe 

irritation, 

choking, 

permanent 

respiratory 

damage. 

2C Use in well 

ventilated 

areas. 

SOP and 

MSDS 

2E 

Skin Exposure Chronic 

exposure 

without PPE. 

Inhalation or 

Skin Contact 

with Powder 

Severe 

irritation. 

2C Ensure safe 

work 

practices. 

Wear 

protective 

clothing. 

SOP and 

MSDS 

2E 
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Hazard Assessment and Mitigation 

Chemical Handling: Alcohol, Isopropyl 

Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Contact with 

Eyes 

Improper 

handling. 

Mild 

irritation. 

3D Proper PPE 

including 

safety glasses. 

Chemical 

must be used 

in close 

proximity to 

an eyewash 

station. 

SOP and 

MSDS 

3E 

Skin Exposure Improper 

handling and/or 

lack of proper 

PPE. 

Mild 

irritation. 

3C Proper PPE 

including 

gloves and 

protective 

clothing. 

SOP and 

MSDS 

3E 

Inhalation Chronic 

exposure 

without PPE 

and/or 

insufficient 

ventilation. 

Irritation. 3C Use in well 

ventilated 

area. 

SOP and 

MSDS 

3E 

Unintentional 

Combustion 

Presence of 

open flames, 

sparks, heat, or 

oxidizing 

materials. 

Fire, damage 

to personnel, 

hardware, and 

facilities. 

1B Safe 

workplace 

practices and 

avoiding 

flame.  

SOP and 

MSDS 

1E 
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Hazard Assessment and Mitigation 

Chemical Handling: West System Epoxy 

Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Contact with 

Eyes. 

Lack of proper 

PPE. 

Mild 

irritation. 

3D Proper PPE 

including 

safety glasses. 

Chemical 

must be used 

in close 

proximity to 

an eyewash 

station. 

MSDS 3E 

Skin Exposure Improper 

handling and/or 

lack of proper 

PPE. 

Mild 

irritation. 

3C Proper PPE 

including 

gloves and 

protective 

clothing. 

MSDS 3E 

Inhalation Lack of proper 

PPE. 

Choking or 

respiratory 

irritation. 

3C Use in well 

ventilated 

area. Take 

breaks outside 

the room of 

use when used 

for long 

periods of 

time. 

SOP and 

MSDS 

3E 

 

Hazard Assessment and Mitigation 

Material Handling: Fiberglass 

Hazard Cause Effect Pre-

RAC 

Mitigation Verification Post-

RAC 

Skin Exposure Excessive 

contact with 

dust. 

Allergic 

reactions. 

3C Equipped 

with gloves 

and protective 

clothing 

Assembly 

Procedures 

and MSDS 

3E 

Contact with 

Eyes 

Lack of 

proper PPE. 

Irritation 2C Safety glasses 

or goggles. 

Assembly 

Procedures 

and MSDS 

2E 

Inhalation Lack of 

proper PPE. 

Choking or 

respiratory 

irritation. 

2D Respiratory 

protection 

such as ear 

loop masks. 

Assembly 

Procedures 

and MSDS 

2E 

Environmental 

Damage 

Improper 

disposal of 

material. 

Contamination of 

environment and 

long-lasting 

effects on local 

wildlife. 

2D Will not allow 

dust or scrap 

material to 

enter ground-

water, or 

drains. 

Assembly 

Procedures 

and MSDS 

2E 
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Hazard Assessment and Mitigation 

Material Handling: Carbon Fiber 

Hazard Cause Effect Pre-

RAC 

Mitigation Verification Post-

RAC 

Skin Exposure Excessive 

contact with 

dust. 

Allergic 

reactions. 

3C Equipped 

with gloves 

and protective 

clothing. 

Assembly 

Procedures 

and MSDS 

3E 

Contact with 

Eyes 

Lack of 

proper PPE. 

Irritation. 2C Safety glasses 

or goggles. 

Assembly 

Procedures 

and MSDS 

2E 

Inhalation Lack of 

proper PPE. 

Choking or 

respiratory 

irritation. 

2D Respiratory 

protection 

such as ear 

loop masks. 

Assembly 

Procedures 

and MSDS 

2E 

Environmental 

Damage 

Improper 

disposal of 

material. 

Contamination of 

environment and 

long-lasting 

effects on local 

wildlife.  

2D Will not allow 

dust or scrap 

material to 

enter ground-

water, or 

drains. 

Assembly 

Procedures 

and MSDS 

2E 

 

Hazard Assessment and Mitigation 

Machine/Tool Use 

Hazard Cause Effect Pre-

RAC 

Mitigation Verification Post-

RAC 

Bodily Harm Improper 

machine use. 

Severe physical 

injury. 

2C Ensure safe 

work 

practices and 

handle 

equipment 

carefully. 

Safety sub-

leads will be 

on site to 

enforce safety 

practices. 

2E 

Eye Injury Improper 

PPE and 

machine use. 

Severe injury, 

potential loss of 

sight. 

2C Ensure safe 

work 

practices and 

safety goggles 

will be worn 

at all times. 

Safety sub-

leads will be 

on site to 

enforce safety 

practices. 

2E 

Skin Abrasion Improper use 

of sanding 

equipment.  

Skin irritation 

and potential 

physical injury. 

3C Ensure safe 

work 

practices. 

Where 

protective 

clothing. 

Safety sub-

leads will be 

on site to 

enforce safety 

practices. 

3E 

Burns Electrical 

assembly 

equipment 

misuse.  

Severe skin 

injury, fire. 

4B Ensure safe 

work 

practices and 

remain in 

assigned 

soldering 

station. 

Safety sub-

leads will be 

on site to 

enforce safety 

practices. 

4E 
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Hazard Assessment and Mitigation 

Environmental Hazards on System 

Hazard Cause Effect Pre-

RAC 

Mitigation Verification Post-

RAC 

Damage to 

Systems 

Precipitation Moderate to 

severe damage to 

electrical, 

mechanical, and 

propulsive 

systems. 

2C Proper 

storage. 

Remaining 

aware of 

weather 

conditions. 

Do not launch 

in 

unfavorable 

conditions.  

SOP  2E 

Moisture in 

Motor 

High 

humidity 

Motor corrosion 

and failure to 

ignite. 

2D Proper 

handling, 

storage, and 

protection of 

motor from 

moist 

environments. 

Team Mentor 

will handle 

motors 

exclusively. 

Faculty 

Advisor has 

access to 

locked 

protective 

case. 

2E 

Excessive Drift High winds Unpredicted 

flight, causing 

rocket to fly 

beyond bounds 

or near 

spectators.  

2D Rockets will 

not be 

launched in 

winds over 20 

mph. Follow 

the Range 

Safety 

Officer’s 

guidelines. 

Requirements, 

SOP, CRW 

Safety Pledge 

2E 

Unstable Flight  High winds UAV becomes 

uncontrollable, 

potential damage 

to UAV motor 

and parts.  

2D Rockets will 

not be 

launched in 

winds over 20 

mph. Follow 

the Range 

Safety 

Officer’s 

guidelines. 

Requirements, 

SOP, CRW 

Safety Pledge 

2E 
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Hazard Assessment and Mitigation 

System Hazards on Environment 

Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Igniting 

Grass 

Excessively 

dry 

conditions, 

motor sparks, 

improper 

launch 

procedure. 

Damage to 

launch field, 

potential harm 

to spectators 

and team 

members.  

3C Do not use 

motors that 

produce 

particulate 

matter, 

follow Range 

Safety 

Officer’s 

guidelines, 

do not launch 

in 

unfavorable 

conditions.  

SOP 3E 

Damage to 

Local 

Ecology 

Rocket lands 

in trees, 

motor 

exhaust 

pollutes air.  

Potential 

irreparable 

damage to life. 

3C Follow 

Range Safety 

Officer’s 

guidelines. 

Recovery 

system use to 

slow rocket 

descent. 

Simulation of 

trajectory. 

SOP, 

simulations 

3E 

Damage to 

Local 

Infrastructure 

Rocket lands 

on 

powerlines, 

roads, cars, 

or buildings.  

Repair costs, 

loss of rocket, 

personnel 

endangerment.  

3C Follow 

Range Safety 

Officer’s 

guidelines. 

Recovery 

system use to 

slow rocket 

descent. 

Simulation of 

trajectory. 

SOP, 

simulations 

3E 
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13 Appendix F: Requirements & Verification Plan 

UAH Derived Requirements 

Requirement 

Number 
Description Justification 

UAH-V-01 The vehicle shall reach an apogee of 4800 feet 

within ± 250 feet  

The team is required to identify their target 

altitude by PDR. The team has identified their 

target altitude as shown and tolerance in reaching 

it.  

UAH-V-02 There shall be redundant, increasing black powder 

charges in the event of initial recovery system 

deployment failure. 

To meet NASA requirement 2.7 in the event of 

deployment failure, increasingly powerful charges 

will be ignited to force deployment.  

UAH-V-03 The team shall purchase all motors from the same 

manufacturer to ensure similar thrust curves. 

To keep performance, consistent over different 

flights, motors sourced from the same 

manufacturer need to be used. 

UAH-V-04 Safety Factor for fin flutter shall be a minimum of 

1.50 to prevent excess vibrations or potential 

instability for the fins. 

To guarantee consistent and safe flight, the 

vehicle’s fins need to be stable. A factor of safety 

adds to confidence that this is achieved.  

UAH-V-05 GPS Tracker signal will not impose a charge on 

the e-matches or interfere with avionics. 

In order to maintain safe conditions with the 

igniter installed on the vehicle, onboard 

electronics such as the radio emitting GPS should 

not interfere with the ignition system or cause an 

early ignition.  

UAH-R-01 All metal hardware used for recovery equipment 

must be non-ductile metal 

To ensure the safety and reusability of recovery 

system, strong metals such as forged steel need to 

be used.  

UAH-R-02 All non-metal recovery equipment must be 

protected from hot gasses and/or open flame 

To ensure NASA requirement 2.7 is met, the non-

metal recovery components must be protected 

from flame or else risk being damaged and not 

reusable.  

UAH-R-03 Shock cord must be of sufficient length to permit 

the full ejection of the parachute(s) from the body 

tube(s) 

To ensure NASA requirement 2.7 is met, the 

parachute must clearly eject from the tubes to 

allow for the recovery of the vehicle.  

UAH-P-01 The UAV shall be capable of executing the 

following flight pattern in a 20 mph headwind: 

100 feet vertical ascent, 1 mile lateral movement, 

100 feet vertical descent, 30 second hover and/or 

low-speed flight. 

This flight pattern will ensure the UAV operates 

optimally and maintains functionality in worst 

case scenario flight conditions. 

UAH-P-02 The UAV shall incorporate a 25% power usage 

margin. 

This will be to ensure the availability of power 

throughout the flight. 

UAH-P-03 The UAV shall be capable of transmitting in-flight 

pictures to the operator. 

FPV images will allow for faster UAV response to 

obstructions and flight errors.  

UAH-P-04 UAV control and image transmission range shall 

be at least 0.5 miles. 

This is to account for a worst-case scenario 

vehicle landing at long distances away from FEA 

zones, where the UAV will need to operate at long 

distances from the ground station. 

UAH-P-05 The payload must fit within a six inch diameter. This is derived from the rocket body tube 

diameter of six inches.  

UAH-P-06 The payload shall weigh no more than 10 lbs. This is a requirement specified by the rocket team 

to ensure vehicle flight parameters are met are a 

chosen motor.  
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UAH-P-07 The electronics of the UAV shall be remotely 

activated by a mechanical switch upon the release 

of the deployment system. 

This is derived from NASA Requirement 4.4.2.  

UAH-P-08 The UAV will be capable of flying a minimum 

distance of 0.5 miles. 

This is to account for a worst-case scenario 

vehicle landing at long distances away from FEA 

zones, where the UAV will need to operate at long 

distances from the ground station. 

UAH-P-09 In the event of communication loss, the UAV 

shall maintain hover at a specified altitude. 

This is to ensure the UAV will remain nearby, 

intact, and safe while the communication issue is 

resolved.   

UAH-P-10 The UAV shall transmit telemetry on flight 

condition to ground station. 

This is to calculate distance from ground station to 

UAV in order to keep the UAV within 

communication range of the ground station. 

UAH-P-11 The UAV shall store flight data on board.  This is to study and understand the flight 

conditions experienced by the UAV in order to 

optimally edit the system. 

UAH-P-12 The UAV shall be constructed from a material 

that does not sacrifice structural rigidity for 

decreased weight. The UAV shall also be 

assembled in manner that is capable of 

withstanding significant ground impact. 

The UAV material needs to survive forces from 

vehicle ground impact. 

UAH-P-13 The UAV shall be limited to 24 inch in length due 

to rocket spacing constraints. 

This is a requirement specified by the rocket team 

to ensure sufficient space for vehicle recovery 

systems.  

UAH-P-14 If multiple batteries are used, identical ones will 

be used and a balance charger will be used to 

charge them. 

This is to ensure two batteries will always be 

equally powering the UAV. 

UAH-P-15 The UAV shall be registered with the FAA as a 

model aircraft. 

Requirement under the FAA.  

UAH-P-16 The UAV shall be flown within line of sight at 

competition and during testing. 

Requirement under the FAA. 

UAH-P-17 Airports and air traffic control towers shall be 

notified prior to flying within 5 miles of an 

airport. 

Requirement under the FAA. 

UAH-P-18 The UAV shall not be design to fly over 400 ft in 

altitude. 

Requirement under the FAA. 

UAH-S-01 CRW members will notify the Safety Officer if 

any non-listed hazards are found in work areas. 

While work areas are expected to be kept neat, 

others using shared spaces may leave behind 

outside hazardous items. Addressing all potential 

hazards in the work area is necessary to fulfil 

NASA Requirement 5.3.1. 

UAH-S-02 CRW members will follow all PRC safety 

procedures. 

Safety is the most important aspect when working 

with propulsive equipment. The PRC implements 

an approved safety plan regarding all aspects of 

PRC work. All participants in PRC activities must 

agree to follow all rules.  

UAH-S-03 The Safety Officer will present Safety Briefings to 

the team. 

NASA Requirement 5.3.1. charges the Safety 

Officer with monitoring activities at major events. 

Safety Briefings will ensure all CRW members 

have the basic knowledge of emergency and 

testing procedures for all activities.  
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UAH-S-04 Pertinent MSDS will be included with 

corresponding SOP. 

NASA Requirement 5.3.3. charges the Safety 

Officer to manage the team’s MSDS. Hard copies 

of MSDS included with the SOP will make them 

readily accessible to test or launch team members 

in the event they are needed. 

UAH-S-05 Any significant mishaps will be reported to the 

Safety Officer. 

Procedures developed by CRW members or PRC 

staff must be up to date and accurate. Design 

flaws are an additional suspect in mishaps. 

Mishaps indicate a necessary change in procedure 

or design. 

UAH-S-06 The Safety Officer will address any mishaps and 

the results of the analysis to the team. 

To prevent mishaps from recurring, changes to 

SOPs or necessary design changes will be brought 

to team. Informing all team members of the 

incident and the intended revisions will reduce the 

potential for repeated mistakes. 

UAH-S-07 Hazards corresponding to Low Risk after the 

Mitigation Assessment must be signed off and 

approved by the Safety Committee and Team 

Leadership. 

While the hazard, after mitigation, has been 

deemed acceptable, the signatures of those 

responsible represents the awareness and 

understanding of the outstanding risk. 

UAH-S-08 Hazards corresponding to Moderate Risk after the 

Mitigation Assessment must be signed off and 

approved by the Safety Committee, Team 

Leadership, Team Mentor, and the Faculty 

Advisor. 

While the hazard, after mitigation, has been 

deemed undesirable, the signatures of those 

responsible represents the awareness and 

understanding of the outstanding risk. 

UAH-S-09 Hazards corresponding to High Risk after the 

Mitigation Assessment are deemed unacceptable 

and must be mitigated further. 

Mitigations failing to lower risk to an acceptable 

level as determined by the Safety Committee and 

Team Leadership are incomplete. Events cannot 

occur if they are rated as High Risk.   
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UAH Derived Requirements Verification Plan 

Requirement 

Number 
Verification Plan  

UAH-V-01 Simulations will be used and two subscale flights to confirm the simulations.  

UAH-V-02 Multiple increasingly powerful black powder charges will be installed in the 

recovery system.  

UAH-V-03 Purchase records will show motors are soured from the same manufacturer.  

UAH-V-04 The design document will show the implementation of the factor of safety. 

UAH-V-05 The GPS will be tested to prove it does not interfere with the standard ignition 

system provided by the launch services provider.  

UAH-R-01 All metal recovery hardware will not use ductile metals such as aluminum and its 

alloys.  

UAH-R-02 Flame resistant cloth shall cover all non-metal recovery components.  

UAH-R-03 The length of shock cord installed for reach parachute will be at least the distance 

from the parachute mounting point to the end of its respective body tube.  

UAH-P-01 Motors capable of performing the desired flight procedure were chosen from a 

thrust/battery power trade study that accounted for worst case scenario flight 

conditions (i.e. 20 mph headwinds).   

UAH-P-02 Validated Section 5.3.2.4.  

UAH-P-03 Validated in Section 5.3.2.1.  

UAH-P-04 Validated in Section 5.4.3.2.  

UAH-P-05 Validated in Section 5.4.2.  

UAH-P-06 Validated in Section 5.4.2. 

UAH-P-07 Validated by adhering to NASA USLI Handbook Requirement 4.4.2.   

UAH-P-08 Validated in Section 5.3.2.5.  

UAH-P-09 Validated in Section 5.4.4.3.  

UAH-P-10 Validated in Section 5.3.4.6.  
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UAH-P-11 Validated in Section 5.3.2.2.  

UAH-P-12 Validated in Section 5.4.2.  

UAH-P-13 Validated in Section 5.4.2.  

UAH-P-14 Validated in Section 5.3.2.4.  

UAH-P-15 Properly document the registration and display the registration number on the side 

of the aircraft. 

UAH-P-16 Design UAV to function only using LOS technology. 

UAH-P-17 Properly written testing procedure. 

UAH-P-18 Design the craft for only operation below 400 feet; program failsafe software into 

the flight computer to keep the UAV below 400 feet. 

UAH-S-01 Non-listed hazards reported to the Safety Officer will be recorded with note of 

when they appeared.  

UAH-S-02 All CRW members have signed the Charger Rocket Works Safety Pledge (see 

Appendix H). 

UAH-S-03 Safety Briefings will be scheduled on the team Gantt chart and the date and topic 

of the briefing will be recorded (see Section 4.1). 

UAH-S-04 See Appendix G for Sub-Scale Launch Checklist.  

UAH-S-05 The Safety Officer, Team Leadership, Team Mentors, and Faculty Advisor will 

analyze the mishap and determine its origins. Revisions to the SOP or the design 

will be made as necessary.  

UAH-S-06 Safety Briefing date and topic will be recorded (see Section 4.1). Date of revisions 

to SOPs will be noted on SOP. 

UAH-S-07 See Appendix E for verification signatures of the Risk and Hazard Assessment. 

UAH-S-08 See Appendix E for verification signatures of the Risk and Hazard Assessments. 

UAH-S-09 See Appendix E for Risk and Hazard Assessments.  
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NASA Requirements Verification Plan 

Requirement 

Number 
Verification Plan  

NASA-1.1 The team is conducting the competition as a UAH senior design class (MAE 490). 

The students will be doing 100% of the project due to the UAH course 

requirements.  

NASA-1.2 The respective team lead will maintain their project plan and update the team 

periodically throughout the competition.  

NASA-1.3 Reference the email sent from CRW program manager on the 1st of November 

including all foreign national team members.   

NASA-1.4 Email will be sent from CRW program manager including all team members that 

will be participating in launch week activities.  

NASA-1.5 Reference section 6.4 of the document. Public Relations team lead will maintain a 

plan for documenting all events and submitting to NASA project management 

team. 

NASA-1.6 Reference the email sent from program manager on the 24th of October including 

all social media account handles. 

NASA-1.7 CRW program manager will enforce internal deadlines to meet all NASA 

deliverables and provide links from CRW website if deliverable is too large. 

NASA-1.8 CRW program manager will verify all deliverables to be in a PDF format before 

every submission.  

NASA-1.9 CRW program manager will verify all deliverables have a table of contents before 

every submission.  

NASA-1.10 CRW program manager will verify all deliverables have page numbers located in 

the bottom of the page before every submission.  

NASA-1.11 CRW has provided the necessary equipment for communication between NASA 

and the team. This has been satisfied by the PDR Q and A. 

NASA-1.12 The team will test during the full scale flight test launching from one of the 

specified rails.  

NASA-1.13 The proposal submitted to NASA September 19th specified our NAR mentor for 

the competition.  

NASA-2.1 Simulations show apogee within required ranges. 

NASA-2.2 Target altitude is declared to be 4800 feet.  

NASA-2.3 The vehicle will carry two CF Stratologgers.  

NASA-2.4 The arming switches will rest on the switch band of the vehicle coupler. 

NASA-2.5 Each altimeter will have its own 9V battery.  
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NASA-2.6 The selected arming switches are capable of being locked in the ON position 

NASA-2.7 The vehicle will include the recovery hardware to ensure its recovery and that 

when recovered, it will be in a usable state with not repairs or modifications.  

NASA-2.8 The vehicle will consist of three separate sections with shoulders one caliber in 

length. 

NASA-2.9 The vehicle will only utilize a single motor in one stage. 

NASA-2.10 The vehicle assembly will be practiced launch to ensure it may be assembled in 

the field within 2 hours. 

NASA-2.11 The vehicle avionics will have the battery supplies allotted to allow it to remain 

on the pad for at least 2 hours without shutdown. 

NASA-2.12 The vehicle will be ignited using a standard 12V DC ignition system.  

NASA-2.13 The vehicle will utilize only the equipment provided by the launch services prover 

to initiate launch.  

NASA-2.14 The vehicle will use the L1520T from Aerotech.  

NASA-2.15 The vehicle currently does not utilize a pressure vessel.  

NASA-2.16 The selection of motors is from the L-class with none above it. 

NASA-2.17 Current simulations show static margin of 2.23.  

NASA-2.18 Current simulations show a velocity of 70.9 fps. 

NASA-2.19 A subscale model is being designed and constructed and is scheduled to launch 

November 10. It is a newly constructed rocket with similar function to that of the 

full scale. 

NASA-2.20 Demonstration flights are scheduled in for the February and March.  

NASA-2.21 FRR addendums will be completed and submitted if the Payload Demonstration 

Flight or Vehicle Demonstration Re-flight is completed after the FRR submission. 

NASA-2.22 The fins and rail buttons are located aft of the burnout center of gravity.  

NASA-2.23 Team information will be installed in the body tubes.  

NASA-2.24 The vehicle does not have canards, forward firing motors, expelled titanium 

sponges, hybrid motors, cluster motors, friction fitting of the motor, a Mach 

greater than 1 at any point in flight, a ballast that exceeds 10% unballasted mass, 

transmitters with power greater than 250mW, or any dense metal as part of the 

structure.   
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NASA-3.1 The altimeters will be set so that drogue deploys at apogee and main at 600 feet. 

NASA-3.2 Ground ejection testing is scheduled for the week of November 5th taking place 

before the planned subscale launch the 11th 

NASA-3.3 Current simulations show each section of the launch vehicle having less than 75ft-

lbf of energy at landing.  

NASA-3.4 Recovery circuitry is completely independent of payload circuits with not 

interface between the two.  

NASA-3.5 Recovery electronics will be powered by commercial 9V or 123A batteries 

NASA-3.6 The recovery system will contain a redundant altimeter. 

NASA-3.7 Motor ejection is not and will not be utilized as a form of deployment.  

NASA-3.8 Removable shear pins will be utilized for connecting body segments to one 

another. 

NASA-3.9 Simulations show that the vehicle will land within 2,500 feet of the launch pads.  

NASA-3.10 Simulations show that the vehicle will descend in under 90 seconds. 

NASA-3.11 A tracker will be fitted in the nosecone and transmit position of the vehicle.  

NASA-3.12 The recovery electronics will be tested to ensure that they are not effected by 

other electronic equipment.  

NASA-4.1 Not applicable to CRW Payload team. 

NASA-4.2 The CRW Payload team has selected only option 2, the UAV beacon experiment. 

The team lead will verify all team members are contributing only to option 2. 

NASA-4.3 Not applicable to CRW Payload team. 

NASA-4.4.1 The team has designed a unique deployment system that will eject the UAV from 

the internal structure of the rocket. The volume and weight constraints that this 

places on the design of the UAV necessitates a custom built UAV.  

NASA-4.4.2 The UAV will remain powered off completely until the unfolding of the 

deployment sheath. Only then will this allow for a mechanical switch to be 

activated on the UAV, closing the UAV circuitry and causing the UAV to enter a 

stand-by mode.  

NASA-4.4.3 A fail-safe retention latch attaching the deployment sheath to the internal piston in 

the body tube of the rocket will ensure axial retention of the deployment sheath, 

and thus internally house the UAV. The tube shape of the sheath will fit very 

closely against the internal walls of the rocket body tube and prevent any lateral 

movement.   
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NASA-4.4.4 The ejection of the deployment sheath will be remotely activated by a team 

member operating the ground station. An electronics package will be placed on 

the internal piston and will allow for detachment of the fail-safe retention latch 

and ignition of the black powder charges.  

NASA-4.4.5 Upon the activation of the UAV mechanical power switch, the UAV motors will 

be activated from the ground station by the UAV pilot. The pilot will then fly the 

UAV to the FEA.   

NASA-4.4.6 Not applicable to CRW Payload team. 

NASA-4.4.7 Not applicable to CRW Payload team. 

NASA-4.4.8 Upon reaching the FEA, the UAV pilot will remotely release the beacon via radio 

communication with a solenoid that keeps the beacon retained on the UAV. 

NASA-4.4.9 The team will make a 1 in x 1 in x 1 in cube, visually customized with UAH 

colors.  

NASA-4.4.10 The UAV batteries will be protected from falling or any kind of impact with the 

ground via the use of holstering brackets bolted into the main frame of the UAV.  

NASA-4.4.11 The UAV batteries will be bright yellow and given the appropriate safety labels.  

NASA-4.4.12 The UAV will comply with FAA regulations via the UAV derived requirements.  

NASA-4.4.13 The UAV will be over .55 pounds and will be registered with the FAA upon 

fabrication.  

NASA-4.5 Not applicable to CRW Payload team. 

NASA-5.1 Non-listed hazards reported to the Safety Officer will be recorded with note of 

when they appeared.  

NASA-5.2 All CRW members have signed the Charger Rocket Works Safety Pledge (see 

Appendix F). 

NASA-5.3 Safety Briefings will be scheduled on the team Gantt chart and the date and topic 

of the briefing will be recorded (see Section 4.1). 

NASA-5.4 See Appendix G for Sub-Scale Launch Checklist.  

NASA-5.5 The Safety Officer, Team Leadership, Team Mentors, and Faculty Advisor will 

analyze the mishap and determine its origins. Revisions to the SOP or the design 

will be made as necessary.  

NASA-5.6 Safety Briefing date and topic will be recorded (see Section 4.1). Date of revisions 

to SOPs will be noted on SOP. 

NASA-5.7 See Appendix B for verification signatures of the Risk and Hazard Assessment. 

NASA-5.8 See Appendix B for verification signatures of the Risk and Hazard Assessments. 
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NASA-5.9 See Appendix B for Risk and Hazard Assessments.  
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14 Appendix G: CRW Launch Procedure  

Launch Procedure 

 

Checklist to be completed by: Designated Red Team Members Only 

Supervised by: Safety Officer 

Initial each step as completed. 

Date:  

 

PPE to be worn at all times.  

a.              Approved Eye Protection 

 

b. ______ Nitrile Gloves 

 

c.              Closed Toed Shoes 

 

d. ______ Hearing Protection (Optional) 

 

Upper Airframe Checklist 

1.              Inspect ejection wires to ensure appropriate length 

      2.                Pack ejection charges 

3. ______ Securely mount new 9V batteries 

4. ______ Securely mount stratologgers 

5. ______ Securely connect power to stratologgers 

6. ______ Securely connect wires to stratologgers 

7. ______ Attach and inspect switch wires 

8. ______ Verify power to stratologgers is OFF 

9. ______ Connect ejection charge wires to main parachute terminals 
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10. ______ Securely attach main parachute to recovery harness 

11. ______ Verify main parachute clears the rocket when the recovery harness is taut 

12. ______ Pack main parachute and recovery harness 

13. ______ Install payload/payload mass simulator 

14. ______ Securely install new battery into GPS tracker 

15. ______ Verify new location satellite acquisition and reception 

16. ______ Securely install nose cone 

 

 

Lower Airframe Checklist 

17. ______ Connect ejection charge wires to drogue terminals 

18. ______ Securely attach drogue parachute to recovery harness 

19. ______ Verify that drogue parachute clears rocket when harness is taut 

20. ______ Pack drogue parachute 

21. ______ Inspect drogue parachute recovery harness connections 

22. ______ Place shock cord chafe taping to prevent abrasion against airframe 

23. ______ Install coupler 

24. ______ Tighten all bulkhead fasteners 

25. ______ Assembly motor and fin can assembly 

26. ______ Securely attach motor aft closure 

27. ______ Secure motor and retainer 

28. ______ Install shear pins not already installed 

29. ______ Visually inspect all components for cracks 

30. ______ Securely attach and inspect rail buttons 

31. ______ Activate GPS 

 

Pad Checklist 

32. ______ Verify launch control system is safe 
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33. ______ Place rocket on the rail 

34. ______ All non-essential personnel clear the launch pad area 

35. ______ Arm the altimeters 

36. ______ Check igniter length 

37. ______ Position igniter 

38. ______ Verify GPS signals are received 

39. ______ Arm launch control system 

 

                

 

 

 

Verification Signatures 

 

X

Red Team Member

  

X

Red Team Member

 

X

Safety Officer
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15 Appendix H: CRW Mandatory Safety Pledge 

 

I,  , promise to adhere to all federal, state, and 

local laws as explained to me in the Safety Manual. Additionally, I will comply with the subsequent 

list of Safety Requirements.  

 

Initial Requirement 
 I promise to follow all guidelines, protocol, and safety procedures and 

remain knowledgeable about potential hazards and appropriate mitigation 

procedures as explained by my Program Manager and/or the Safety Officer. 

 

 I promise to report any observed potential situations that could be hazardous 

to personnel, the environment, or equipment and facilities.  

 

 Range safety inspections of each rocket before it is flown. Each team shall 

comply with the determination of the safety inspection or may be removed 

from the program. 

 

 The Range Safety Officer has the final say on all rocket safety issues. 

Therefore, the Range Safety Officer has the right to deny the launch of any 

rocket for safety reasons.  

 

 Any team not in compliance with the safety requirements will not be allowed 

to launch.  

 

 

Verification Signatures: 

 

 

    

Team Member      Date 

 

 

   

Safety Officer       Date 
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