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1.0 Summary of CDR Report 

1.1 Team Summary 

Team Name and Mailing Address 

California State Polytechnic University, Pomona: NASA Student Launch Competition Team 

3801 W Temple Ave, Pomona, CA 91768 

Department of Aerospace Engineering 

Team Personnel 

Faculty Advisor Mentor NAR Association 

Donald L. Edberg, Ph.D. 

dedberg@cpp.edu 

(909) 869-2618 

Rick Maschek 

rickmasheck@rocketmail.com 

(760) 953-0011 

TRA Level 2 Certification 

#11388 

Martin Bowitz  

(Section #430) 

PO Box 5165 

Fullerton, CA 92838 

mebowitz@earthlink.net 

(714) 529-1598 

Project Lead/Chief Engineer Safety Officer 

Mateus Pinheiro 

Project Lead / Chief Engineer 

mlpinheiro@cpp.edu 

(310) 383-6075 

Riley Jasperson 

Safety Officer 

rdjasperson@cpp.edu 

(909) 292-6765 

 

Figure 1.2.1-1 Cal Poly Pomona Team Roster 
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1.2 Launch Vehicle Summary 

 Physical Parameters Overview 

The rocket configuration has been updated based on testing and design challenges. Below are the 

latest rocket parameters, calculated based on detailed SolidWorks CAD models of every rocket 

component in the design. 

Table 1.2-1 Vehicle physical parameters summary 

Total Length 155 in. 

Body Diameter 6.156 in. 

Weights 50.38 lbs 

CG 97.9 in. from Nosecone 

CP 123.0 in. from Nosecone 

Stability Margin 4.01 cal 

 

The below figure illustrates the layout of the new rocket configuration, highlighting the main 

components and the shear pin separation points. 

 

Figure 1.2-1 Rocket Overview Component Diagram 

1.3 Final Motor Selection and Rails 

Table 1.3-1 Motor selection parameters 

Official Final Motor Choice Aerotech L1500 

Target Altitude 4730 ft. 

 

The final motor was selected between two possible candidates: Aerotech L1500 and Cesaroni 

L1395. The team’s choice was the Aerotech L1500, as it proved to be most accommodable with 

the launch vehicle’s respective motor casing and was within the closest range to the launch 
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vehicle’s target altitude Even with more recent changes, it still proves to be the optimal motor 

choice for the updated full-scale model. 

Rail Size 12-foot 1515 

Rail Exit Velocity 66.1 fps 

 

Open Rocket simulations of the Aerotech L1500 motor considered two factors: the degree of 

inclination of the launch rail as well as the ballast weight. The team will be using the 12-foot 1515 

rails, with a rail exit velocity of 66.1 feet per second. 

 

1.4 Payload Summary 

The UAV payload is a quad propeller, x-configuration multicopter. The team has opted for 

folding appendages for each of the four motor arms in order to fit within the payload bus 

diameter. These arms also utilize folding propellers that automatically unfold when motor thrust 

is generated. The UAV is comprised of three structural levels that act as shelves to house the 

avionic components necessary for flight and radio contact. Each of these levels are supported by 

a set of Aluminum standoffs that act as structural support and shelf separation. The simulated 

navigational beacon is housed in a 3-D printed box with an open-bottom face that is released by 

use of a single positional rotation servo. Additionally, the UAV has a set of landing gears that are 

configured such that they fit the payload bay’s “tow hook” mechanism in order to lock itself 

within the payload bay until deployment. Shown below, is the final iteration of the payload 

design.  
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UAV Payload Final Iteration 

The UAV payload mission can be completed autonomously and has a set of three additional 

flight modes in case of flight anomaly or mission error. This feature is designed so there are 

alternative paths for mission success and safety measure put in place to avoid mission failure. 

These modes include manual flight, failsafe mode, and loiter mode. Additionally, if manual 

flight is disconnected, the UAV will automatically land.  The UAV mission is designed to 

autonomously take-off, fly to the GPS coordinate of the FEA, drop its navigational beacon, and 

land a set distance away. As of the FRR, the UAV has performed flight tests to verify 

functionality of operations. This will be discussed in further detail in the UAV Flight Testing 

Section.  

2.0 Changes Made Since CDR 
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2.1 Vehicle Criteria Changes 

Problems: 

1. After building, assembling, and testing our design presented in the CDR, several design 

problems surfaced. First and foremost, the original launch vehicle configuration was not 

designed to withstand the loads created by our parachute release system that was 

proposed during the CDR phase. Upon launching with the Jolly Logic Chute Release 

system, we discovered that the loads applied on the shear pins by the delayed drogue 

deployment were enough to shear them, causing the payload and parachute to deploy too 

early. This caused one of our modules to drift further than expected and be lost in the 

desert. Another issue is that the Jolly Logic itself is not strong enough to hold the 

parachute together during descent, allowing it to unfurl long before the programmed 

altitude of 1000 ft.  

2. Another problem was the scaling of 3D printed fins. While 3D printing fins worked 

remarkably well in the subscale rocket, when attempting to use full size fins it became 

apparent that they were not structurally sound enough for the expected loads. Plastic 

strength does not scale as predicted. The construction of the fins was also to blame in 

compromising the design, as we do not own a printer large enough to make an entire fin 

in one go, so we were forced to print them in 3 pieces, creating stress concentrations that 

ultimately led to fracture. 

3. In the avionics bay of our launch vehicle, there were a multitude of planned sensors and 

electronics that would help to gather data about the rocket and its flight. As the rocket 

design has progressed, the apparent usefulness of adding such extra sampling equipment 

has diminished and not become worth our time. 

Changes: 

1. To deal with the parachute release and shear pins issue, a fourth parachute was included, 

to serve as the main chute for Module 1. This will invalidate the need for the parachute 

release system and restore the design configuration that did not violate the maximum 

loading on the shear pins. We are also increasing the number of shear pins at each 

detachment point from 3 to 6 as an added safety factor. 

 

2. Instead of 3D printing fins, our fins will be cut out of plywood. They will keep the same 

overall shape but will be slightly less complex to make manufacturing possible. 

3. The avionics bay electronics will include only an altimeter used to record official flight 

data and a camera. 

2.2 Payload Criteria  
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From the CDR iteration of the payload to now, a majority of the changes made to the payload 

have been structural. Structurally the team has made the following changes: 

• Added a physical barrier to make it such that the arms don’t go past 90 degrees of motion 

• Changed the locking mechanism for the UAV drop arms 

• Cut the radial disk section of the drop arms 

• Raised the mounting level of the motors 

• Changed the landing gear 

• Recessed the mounting point for the ESC on the top level 

• Have an elevated mount for the GPS on over the ESC 

• Increased the size of each UAV frame level 

• Added mount for buzzer and arming button 

• Added spring and spring guides to assist deployment of arms 

• Added holes for wiring 

The only change that we have made to the electronics is: 

• Spliced a 5V regulator to the battery 

 

Expanding upon the bullets, the hinge on the top level of the frame for the UAV, will no longer 

have a fillet and instead be 90 degrees. This was done so that the dropping motion of the UAV 

arms will be limited in their degree of motion. The locking mechanism for the UAV drop arms 

was also changed in that the orientation of the pins are now perpendicular to the UAV drop arms 

instead of being parallel. In addition to the locking mechanism on the arms being changed, the 

radial disks that act as a guide for the arms were cut to reduce the risk of the propellers colliding 

with the arms. The motor mounts that were recessed were also raised to help fix the same issue; 

the propellers colliding with the arms. This was done because the geometry of the UAV would 

not allow for the pin to retract far enough, not allowing the arms to fold properly. On the landing 

gear, two changes were made; the mounting holes are counter-sunk through the bottom frame 

and two symmetric divots for the locking mechanisms for the payload bus were added. The 

mounting holes were counter sunk to reduce the number of bolts required to assemble the UAV, 

and the divots are a necessary so that the UAV can be locked to the payload bus during the 

launch and landing of the bus. The mounting point for the ESC on the top level was dropped 

below the frame by ¼” because more mounting space was needed on the top of the frame. In 

addition to recessing the ESC, wiring access was also added into the design to make maintenance 

easier. The GPS will now be mounted on an elevated platform over the ESC on the top frame of 

the UAV. This was done so that the orientation of the GPS can be flat and because the flanges of 

the drop down arms decrease the amount of mounting space on the top of the UAV. The 

structure was also changed so that the overall mounting area has been increased by 4.6 in2 on 

each level of the payload. This was done so that more components could be fit on a lower 

number of levels. Additionally, a mount for the buzzer and arming button has been added to the 
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middle level of the UAV so they will be secure during flight and easily accessible when the 

UAV is not in motion. Springs were added to each arm on the UAV to assist in the deployment 

of the drop down arms, while also keeping the arms stable in-flight. On each level of the 

payload, holes have been added so that wires from all electronic components can be made more 

organized and secure. For the electronics, we have spliced a 5V regulator from the battery to the 

beacon deployment servo. This was done because the PixHawk only provides signal through the 

servo outputs and not deliver power. 

2.3 Project Plan 

There have been no changes to the project plan except for scheduling changes caused by delays. 

The updated schedule can be found below: 

 

3.0 Vehicle Criteria 

3.1 Design and Construction of Launch Vehicle  

Over the course of the past year, there have been two major launch vehicle designs that have been 

considered for the competition. Originally, the design involved a single recovery bay in the center of three 

different modules. However, the resulting launch with this configuration proved to be unsuccessful. 

Therefore, the original design had to be reworked in such a way that now the launch vehicle would house 

two recovery bays as opposed to one. In addition, two modules were added to the launch vehicle instead 

of the three proposed by the original design. An early sketch of the first design configuration can be 

examined in Figure 3.1.8-1. 

 

Figure 3.1-1 Launch Vehicle Design 
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The original launch vehicle was designed to be the most agile for all task requirements. With an 

original length of ten feet, it was believed that this design would provide the necessary room to 

house all subcomponents for the system. However, this design was never fully realized for the 

full-scale vehicle. Despite its lack of use, the original design remains to be an important 

reference for the team as the second and final design configurations were both derived from the 

first launch vehicle design. Over time, more analyses were completed, and it was determined that 

the launch vehicle design must increase to a length of 12 feet and 11 inches after careful 

consideration. This decision was determined by the discovery that the previous configurations 

did not provide enough space to house all the components of the system which would include the 

parachutes, electronics, motor casing, payload bay, and so on. Table 3.1.8-1 depicts the changes 

made between the original design and current design configuration of the launch vehicle. 

Table 3.1-1 Changes Made from Original to Current Design of Launch Vehicle 

 Original Design Current Design 

Total Length 120 inches (10 ft.) 155 inches (12 feet 11 inches) 

CG 77.56 inches 98 inches 

CP 96 inches 123 inches 

Weight 32 pounds 50.38 pounds 

Motor Cesaroni L1050 Aerotech L1500 
 

 Design and Construction of Vehicle 

The launch vehicle consists of seven separate sections that can all be taken apart and adjusted to 

add or remove subcomponents and tools.  

In total, there are four launch vehicle sections that are distinguished as being part of either 

Module 1 or Module 2: 

• Observation/Avionics Bay 

• Drogue Bay 

• Payload Module 

• Motor Module Bay 

In total there are three launch vehicle couplers that join the four launch sections together. 

Although this is the case, all three couplers have their sub purposes that are crucial in the 

recovery of the rocket. These three airframe couplers are: 

• 1.1/1.2 Coupler 

• Drogue Recovery Bay 

• Motor Recovery Bay 

A detailed description for each section can be found in 3.1.3. The rocket has continued 

having a total length of 155 inches with both the CG and CP being labeled in the schematic 

below. 
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Figure 3.1-2 Rocket Diagram 

 Launch/Recovery Safety 

This section will cover the safety factors implemented on the rocket to prevent any major 

catastrophic events enforced by NASA. 

The blue tube material has shown to be reliable and appropriate material for projects of this 

nature. After being tested against compression and shearing loads and comparing to expected 

loads, it is expected that the mission will not fail due to the material selected. The data graphs 

can be found in section 3.1.5 Flight Reliability. The design chosen is meant to launch and to the 

selected height, descend and release the payload bus protecting the payload until landing.  

Another factor that increases successfulness is the utilization of U-bolts. These bolts are meant to 

withstand forces of close to 400lbs and shear stresses around 500 psi. The bulkheads also utilize 

plywood to maintain weight as low as possible and spreads out the force on the plywood through 

the washers.  

 

Figure 3.1-3 U-Bolt and Washer Implementation 

For the recovery system, certain measures were also placed to maximize the chance of a reusable 

rocket. The first of these consists of a simple parachute deployment system using black powder 

to eject the parachutes. The implementation of two black powder charges adds to redundancy to 

guarantee the parachutes ejection. Each charge includes a safety switch to activate and 

disactivate them outside the body tube. Without the ejection of parachutes, a loss of mission is 

assured as well as making the rocket a danger to all personnel near the rocket. The shock cords 

used for the parachutes (Kevlar cabling) was used since this material can withstand close to 

1000lbs of force and is a fire retardant assuring a successful descent through the assurance that 

the parachutes wont rip away.   
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Figure 3.1-4 Black Powder Compartments 

 

Figure 3.1-5 Activation/Deactivation Switch-  

Another factor that greatly affects the recovery system are the shear pins. The shear pins keep the 

coupler and body tube attached until broken by the force caused by the black powder when the 

parachutes are ejected. At the moment, there are two location with shear pins connecting module 

1 with module 2.1 and module 2.1 connecting with module 2.2. During a recent full-scale launch 

test, our team believes the shear pins connecting the module 2.1 and module 2.2 failed, causing 

all three parachutes to deploy at the same time near apogee. This caused several damages to our 

rocket and loss of certain parts of it as well. To solve such event from reoccurring, the team will 

verify shear pins strength and add the appropriate number of shear pins.  

Another safety measure is the safety switch located near the recovery system to engage and 

disengage our electronics bay. Within this bay, the Jolly Logic mechanism is a specific 

component that makes the rocket more reliable by removing overly complicated systems into a 

single component that releases the parachute at a set height. This component within this bay, the 

Jolly Logic mechanism is a specific component that allows for the ejection of the drogue 

parachute and utilizes it as a streamer. Once the rocket reaches a certain height, the parachute 
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fully expands making the decent of the rocket slower. The slower decent prevents the payload, 

electronics and other components from being damage during free-fall.  

 Structural Elements 

The airframe of the vehicle is composed of BlueTube composite material because of its verified 

strength in tension and compression tests.  The launch vehicle has two different modules and 4 

parachutes total. 

Module 1 

Module 1 was manufactured as two separate airframe components that are held together by the 

drogue parachute. The upper portion contains the nosecone and the Observation/Avionics Bay, 

and the lower portion houses the drogue parachute. Excluding the electronic components, the 

structural elements that are found in Module 1 are as follows: 

• Nose Cone 

• Observation/Avionics Bay 

• Observation Mount/Window 

• Module 1 Coupler 

• Drogue Bay 

• Shock Cord 

• Drogue Parachute 

• Drogue Recovery Bay 

Nose Cone 

The nose cone 3-D printed using extruded PLA filament. Due to manufacturing constraints, it 

was printed in two separate pieces and welded together with acetone.  To minimize geometric 

inconsistencies, the assembled nose cone was sanded and filled with spray resin. Six evenly 

spaced holes in the nose cone shoulder allow it to be secured to the air frame with #10-24 3-4” 

round head screws.  

Observation/Avionics Bay 

The Observation/Avionics Bay holds the flight camera, GPS, and scoring altimeter and functions 

as a support for the bottom of the nose cone shoulder. A bulkhead fits under the nose cone and is 

fastened using the round head screws.  The bulkhead also functions as a mild RF shield to help 

isolate the GPS from the other electronics. The flight camera is fastened to the top of an angled 

wood mount with Velcro. The mount is attached to the Observation Bay’s bottom bulkhead with 

screws that go through the bulkhead and into the mount. The flight camera faces a round cutout 

in the air frame covered in a thin acrylic sheet.  This allows it to record the flight from inside the 

vehicle without leaving an opening.   

 

Module 1 Coupler 
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The coupler acts as a connection between the upper Observation Bay and the Drogue Bay of the 

launch vehicle. The coupler is 6 inches long and is composed of a bulkhead at each end, two 

threaded rods fastened through these bulkheads, and a U Bolt on the bottom of the coupler. The 

U Bolt offers an attachment point for the Kevlar shock cord that attaches to the drogue 

parachute. The top of the coupler has 6 evenly spaced fastener holes for the round head screws to 

secure the Observation Bay to the coupler.  Small holes are cut into the bottom of the coupler 

section to allow shear pins to connect the coupler to Module 2. The shear pins function as a low-

strength fastening point for the two modules so that they can be held together at launch and 

separated at deployment events. Two threaded rods link the bulkheads on either end of the 

coupler and serve as added reinforcement. 

Drogue Bay 

The Drogue Bay houses the upper portion of the Drogue Recovery Bay and the drogue 

parachute. It has shear pin holes at the top of the section that connect it to the Module 1 coupler. 

It also has six round head fastener holes on the bottom that link it to the Drogue Recovery Bay.  

Drogue Recovery Bay 

The Drogue Recovery Bay houses the two dual-deployment altimeters used to initiate the 

separation event at apogee.  Two black powder wells and a terminal block are mounted to the 

upper bulkhead.  The terminal block allows the e-matches and black powder wells to be more 

easily reloaded.  Each well is wired to its own deployment altimeter for redundancy.   

Module 2 

Module 2 is composed of two separate sections linked with shear pins.  The two sections contain 

the following pieces: 

• Payload Module 

• Payload Parachute 

• Payload Bus 

• Bottom Recovery Bay 

• Ballast 

• Motor Module 

• Motor Mounting Rings 

Payload Module 

The Payload Module is the longest section of the rocket. Its main purpose is to hold the payload 

parachute and Payload Bay in addition to the main parachute.  The section was built separately 

from the Motor Module to bring accessibility to the Bottom Recovery Bay. The Payload Module 

is connected to the rest of Module 2 during the duration of the launch. The bottom of the Payload 

Module has six fastener holes that align with the upper portion of the Bottom Recovery Bay. 

Bottom Recovery Bay 

The Bottom Recovery Bay is constructed identically to the Drogue Recovery Bay.  It has the 

same two-well system as the other recovery bay and uses the same terminal block construction to 
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allow for more modularity.  It also houses two dual-deployment altimeters used for separation 

events.    

Motor Module 

The Motor Module contains both the motor casing and fins. There is an open 12-inch air gap 

between the top of the Motor Module and the upper bulkhead. The first six inches are used for a 

bottom bulkhead and are secured using 6 round head screws.  The other six inches of space act as 

an additional ballast location where weight (10% of gross weight maximum) can be added to 

shift the CG of the rocket toward the fins. Below the ballast is the upper motor bulkhead that has 

a screw in the center which attaches to the motor casing. This bulkhead also has 6 round head 

fastener holes. The motor sits in five centering rings that hold it in place. The three centering 

rings in the middle are used to orient the three fins 120 degrees apart and the bottom ring has a 

screw that secures the ring to the base of the fins. The bottom centering ring is also secured to the 

body with 6 round head fasteners. The fins fit through the body in three rectangular slits.  

Fins 

The original fin design utilized a 3-D printed design that was supposed to make construction 

simple and quick.  In practice, the PLA used for printing was far too weak to mount to the 

centering rings and sheared off with little to no effort.  The final rocket will have fins cut out of 

birch plywood.  They will have the same shape as the 3-D printed fins but will be one continuous 

thickness.  They will still have three rectangular cut-outs on the bottom for aligning with the 

centering rings and will also be secured to the end rings with mounting hardware.  The leading 

edge was rounded by hand and the surface was painted in a gloss spray coat to minimize drag.  

 Flight Reliability 

The data recorded from the most recent full-scale launch test shows that the altitude criteria is 

met with the height of 4895 ft, giving the rocket room for a lower or higher altitude in case of 

miscalculations. The speed of the rocket remains under Mach 1during the flight and reaches an 

optimum speed of Mach 0.5. The main concern now consists of the shear pins working properly 

and not breaking during the discharge of the drogue parachute. According to calculations, the 

mission time requirement will be met if the drogue and main parachute are ejected at the correct 

altitudes. To prevent any damage to the rocket during free-fall, the Jolly Logic will eject the 

drogue parachute to slow the speed of the rocket and maintain and slower but safer decent. To 

ensure that these parachutes are ejected, a main charge and a redundant charge are being placed. 

Due to strong winds and the discharging of all the parachutes at once, the horizontal drift 

distance could not be accurately measured from the test launch, but calculations estimate the 

descending time will be no longer than 90 seconds. Thus, giving little time for the rocket to 

travel horizontally away from the launch site. With the shear pins problem fixed, the rocket will 

be deemed as reusable and recoverable for future launches.  

The data recorded from the most recent full-scale launch test shows that the altitude criteria is 

met with the height of 4895 ft, giving the rocket room for a lower or higher altitude in case of 

miscalculations. The speed of the rocket remains under Mach 1during the flight and reaches an 

optimum speed of Mach 0.5. The main concern now consists of the shear pins working properly 
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and not breaking during the discharge of the drogue parachute. According to calculations, the 

mission time requirement will be met if the drogue and main parachute are ejected at the correct 

altitudes. To prevent any damage to the rocket during free-fall, the Jolly Logic will eject the 

drogue parachute to slow the speed of the rocket and maintain and slower but safer decent. To 

ensure that these parachutes are ejected, a main charge and a redundant charge are being placed. 

Due to strong winds and the discharging of all the parachutes at once, the horizontal drift 

distance could not be accurately measured from the test launch, but calculations estimate the 

descending time will be no longer than 90 seconds. Thus, giving little time for the rocket to 

travel horizontally away from the launch site. With the shear pins problem fixed, the rocket will 

be deemed as reusable and recoverable for future launches.  

 Construction Proof and Verification 

Bulkheads 

The bulkheads for the launch vehicle acted as points of separation where certain sections 

pertained to accomplishing certain tasks throughout the flight. They also acted as mounting 

boards for a lot of the electronics incorporated in the vehicle itself. All bulkheads were 

manufactured out of plywood boards. The sheets of plywood were placed under a drill press 

where a hole saw cutter bit was placed according to the desired size. Before the cutting process 

began, clamps were always used to hold the plywood sheets in place for safety. The bulkheads 

were then cut out of the board after several minutes of the hole saw cutting through the wood. 

After cutting several bulkheads, they were then sanded down on a belt sander for a precise fit in 

either the airframe or coupler body tubes. While some bulkheads were used to be epoxied onto 

the body tube, many of them had holes drilled into the sides at 60-degree angles to include six 

wood inserts. The wood inserts become dramatically important when the vehicle is assembled 

because they allow for an easy access where the fastener screws would go through the skin of the 

vehicle from the outside all the way into the bulkheads.  
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Figure 3.1-6 Completed bulkheads with wood inserts 

Module Airframe Components 

All airframe components, including the coupler tubes were either cut using a vertical bandsaw or 

cut using the Dremel. All airframe components, including the coupler tubes were either cut using 

a vertical bandsaw or cut using a Dremel. In both cases, all components had to be measured all 

around the body tube to ensure a clean cut. Due to small manufacturing inconsistencies, sand 

paper was used to clean up any imperfections on the surface of the cuts. This process became 

increasingly important when it came to assembly because all sections needed to mate with each 

other in a fashion that didn’t cause the launch vehicle to be off balance when stood upright. Each 

airframe component also had holes drilled into it with either the fastener screw or shear pin drill 

bit sizes. Upon completion, all holes had to be either filed down to allow more clearance for the 

screws or were countersunk for a lack of unnecessary protrusions. 
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Figure 3.1-7 All body tube components for launch vehicle 

Observation Bay 

The observation bay had additional manufacturing in both the body tube section as well as the 

bulkhead. A wide window was cut on the outside of the observation bay for a clear view that 

allowed the inner camera to record from. The camera was placed on an angled mount that was 

manufactured to be aligned with the window on the outside of the bay. The mount itself had 

screws that went through it and the bulkhead beneath it. 

 

Figure 3.1-8 Observation bay sketch with angled camera mount concept 



 

27 California State Polytechnic University, Pomona |2018-2019 NSL 

 

Figure 3.1-9 Actual implementation of camera mount 

Recovery Bays 

Both recovery bays took a large portion of the manufacturing process being that they included 

such intricate components. Both recovery bays had 1.5-inch sleeves epoxied to their center 

lengths. These airframe sleeves had two holes drilled into them so that two safety switches could 

be included on the recovery bay. The inside of the bay had an electronics board that was cut out 

of particle board to fit inside and have the electronics mounted on. On top of each Recovery Bay, 

special bulkheads were manufactured that were sized to couplers, had wood inserts included on 

their sides, and had two short, closed ¾” PVC pipes mounted onto the bulkhead with nuts and 

bolts. Also included on the top of these special bulkheads was a U bolt each to tie a parachute 

with and another switch used to arm/disarm the black powder charged for launch. All electronic 

wires from their respective subcomponents mounted on the electronics board all go through a 

hole in the bulkhead and attached to the arming switch. More intricate details on the recovery 

bay components may be found in 3.2.2. 

Motor Bay 

The motor bay had three slits cut from the airframe to allow for the fins to latch onto five 

centering rings within the motor bay. Each centering ring was originally a body tube bulkhead 

and was then cut in the center using a variable hole saw. The variable hole saw allowed for 

modifications when needed and was adjusted to fit the motor casing in a near precise mating fit. 

The direction of the variable hole saw blade was very important due to the fact that if the teeth 

were sticking out, a groove would form and create a cut that did not mate with the motor casing. 

This process had to be done in a slow time frame because if the blades rotated to quickly, they 

had a tendency of become bent and creating oval-like cuts. The top and bottom centering rings 

also included the six wood insert design for a tight secure fit from the outside of the launch 

vehicle. Only the top motor mount ring was manufactured in a fashion to where three fastener 

screws when through the plywood material and were directly inserted inside of the fins. The 
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three mounting rings in the middle had three notches cut into each one where the fin would be 

inserted within for a fit that held all fins in place. 

 

 

Figure 3.1-10 Motor casing inside of centering rings with fins attached 
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Figure 3.1-11 Inserts within fins to hold them in place with the rest of the motor bay 

Final Revisions 

Upon completion, the launch lugs were then screwed onto the outside of the launch vehicle below 

the center of gravity. This was done using the same drill press used for all other holes in the body 

tube. An important precaution that has been learned to be taken is the placement of the bulkheads 

with wood inserts within them. All vehicle pieces had to mate and meet accordingly and doing so 

could be difficult if the placement of the wood inserts were done poorly. In effect, it became crucial 

so the fastener screws could enter the body frame with ease.  
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Figure 3.1-12 Completion of the first full scale rocket

 

 



` 
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 Dimensions and Schematics 

The rocket is 12.86 ft long and has a diameter of 6 in. Figure 3.1.7-1 shows both the overall 

length and weight of the rocket. The following paragraphs and figures will go into detail about 

the two separate modules. 

 

Figure 3.1-13 Final Launch Vehicle Design Length and Weight 

Module 1 consists of the nose cone, observation bay, and drogue parachute bay with its recovery 

bay. The nose cone sleeve is 3 in and is secured by 6 fasteners. A 6in ballast coupler connects the 

observation bay and drogue parachute bay. The drogue parachute is attached to both the coupler 

and the recovery bay by U-bolts that are inserted in both bulkheads. 

 

Figure 3.1-14 Module 1 Length and Components 

Module 2 holds the main and payload parachute, as well as the payload bus. Near the bottom is 

the recovery bay and motor bay. The recovery bay connects the motor bay to the main parachute 

bay. The payload bus is connected to the payload parachute by a U-bolt in its base. The main 

parachute is attached to the recovery bay by a separate U-bolt. 



` 
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Figure 3.1-15 Module 2 Length and Components 

3.2 Recovery Subsystem 

 Structural Elements 

Outer Structural Elements 

Each Recovery Bay is created using airframe coupler tubing with a length of 13.5 in. They have 

an inner and outer diameter of 5.8 in and 6.0 in, respectively. One Recovery Bay is placed 

between the Drogue Chute Bay and the Payload bay as a coupler connection. The second 

Recovery Bay is used as a coupler connection between Payload Bay and Motor Bay.  

The bulkheads in each Recovery Bay are made of ¾” birch plywood secured with M24 flathead 

screws and wood inserts. A #516 U-bolt is attached to the center of the bottom bulkheads of each 

Recovery Bay which connects to the drogue parachute or the main parachute, depending on the 

location of the Recovery Bay. On the top of each Recovery Bay bulkhead are two ¾ in wide 

PVC canisters to hold black powder charges for the deployment of the drogue and main 

parachute. Figure 3.2-1 Recovery Bay  illustrates the design of the Recovery Bay bulkhead. 

 

Figure 3.2-1 Recovery Bay Bulkhead  

The center of each Recovery Bay has a 1.5” sleeve that secures two safety switches. Two vent 

holes within the sleeve allows for the barometers within the Recovery Bay to measure the static 
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pressure outside of the rocket. Figure 3.2-2 Recovery Bay  illustrates the overall design of the 

Recovery Bays.  

 

Figure 3.2-2 Recovery Bay Design  

Inner Structural Elements 

Within the Recovery Bays is a wooden electronic mounting board that will be secured by two 

14.75” threaded rods. The ends of each threaded rod will be secured to the bulkheads by 1/2” 

steel washers and 10-32 hex nuts. As shown in Figure 3.2-3, the electronic mounting board holds 

two altimeters and their batteries. 

 

Figure 3.2-3 Recovery Bay Mounting Board 

Within the Recovery Bays is a wooden electronic mounting board that will be secured by two 

14.75” threaded rods. The ends of each threaded rod will be secured to the bulkheads by 1/2” 
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steel washers and 10-32 hex nuts. As shown in Figure 3.2.2.2-1, the electronic mounting board 

holds two altimeters and their batteries. 

 

Figure 3.2-4 Recovery Bay Mounting Board 

 Electrical Elements 

Altimeter – Easy Mini 

The Altus Metrum Easy Mini uses its onboard pressure and temperature sensors to calculate the 

change in altitude experienced during launch. The deployment signal is used to trigger the E-

Matches, which ignite the black powder charges that deploy the apogee and main parachutes. For 

redundancy, two altimeters deploy the apogee parachute and two deploy the main parachute at 

515 ft.  Each pair or altimeters is placed in either the upper or lower recovery bay.  The drogue, 

drogue redundant, main, and main redundant deployment signals each have a dedicated altimeter 
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system.

 

Figure 3.2-5 Top Figure of EasyMini Altimeter 

E-matches 

These are the igniters that will provide the initial spark to fire the ejection charge.  These electronically 

lit matches are charged when their corresponding altimeter reaches their preprogrammed altitude. 

These matches are used to lite the black powder wells that deploy the parachutes. For 

redundancy, there will be 2 E-matches for each black powder well. 

 

Figure 3.2-6 Sample of E-matches 
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1S LiPo Battery 3.7V 

The E-Matches and altimeters are powered by one-cell LiPo batteries. They output a nominal 

voltage of 3.7v and will last more than 3 hours on a single charge.   

  

Figure 3.2-7-3 1S LiPo Battery 

Kevlar Shock Cord & Nylon Straps 

The shock cord for each parachute is made of a length of Kevlar Rope and a length of Nylon 

cordage knotted together. Each shock cord’s length is three times the length of the section it is 

attached to in order to prevent in-air collisions. The 5/8 inch Kevlar and 1 inch nylon rope  

Recovery System Electrical Schematics 

The Bus and Recovery systems each have their own wiring diagrams.  The bus uses an Arduino 

microcontroller to actuate 3 servos.  The actuation of the servos will release the payload from the 

bus. 



` 

37 California State Polytechnic University, Pomona | 2018-2019 NSL 

 

Figure 3.2-4-2 Arduino Nano Microcontroller 

 

 

Figure 3.2-4-2 Payload Bus Electrical Schematic 
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Figure 3.2-4-2 Altimeter Electrical Schematic 

Transmitter & Receiver 

An HC-12 transceiver will be used to relay the command to actuate the payload bus servos.  The 

HC-12 has been verified to work consistently up to 1 mile away without violating the 250-mW 

power limitation.  It uses an unregulated radio frequency of 433mHz. 

 

Figure 3.2-8 HC 12 Transceiver 
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 Redundancy Features 

 

 

 

 

 

 

 

 

Table 3.2-4-1 Altimeter configuration chart, refer to figure 3.2-4-2 

 

The Easy Mini will be coordinated such that each will be individually tied to a single charge.  

This will offer the truest form of redundancy.  We are even utilizing the second terminals in a 

fashion that allows each mortar to have a secondary means of ignition.  The configuration of the 

altimeters will follow the table below. It must be stressed that the name of the terminal is 

important since the name schema is not necessarily applied. 

Each altimeter is equipped with its own battery and switch that is insulated from each other with 

a wooden mounting board. 

 

 Parachute Sizing, Kinetic Energy, Descent & Calculations 

The launch vehicle experienced 3 separation events during the mission profile.  At 4370 ft, the 

drogue chute was ejected; at 515 ft. module 1 was separated from module 2 and the payload, 

landed under only the drogue parachute. 

Table 3.2-4-4 Final Parachute Selections  

Parachute 

Selections 

Main - 

Module 2 

Main -      

Module 1 

Drogue -        

Module 1 Payload units 

Diameter 96 36 24 42 inch 

Section 

Weight 23.4 9.6 9.6 7.18 lb 

Cd 2.2 2.2 1.85 2.2 unity 

Altitude 515 515 4730 515 ft 

 

Drogue Parachute 

All drogue parachutes will be toroidal and deploy fully at separation. 

Drogue parachute, Without the Jolly Logic parachute release. 

Altimeter Apogee Terminal Main Terminal Switch Terminal 

Drogue  Redundant E-match Primary E-match Switch #1 

Drogue Redundancy Redundant E-match Primary E-match Switch #2 

Main  Redundant E-match Primary E-match Switch #3 

Main Redundancy Redundant E-match Primary E-match Switch #4 
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The parachute will deploy fully at apogee and descend to 515ft.  Then the main parachute 

deployment charge will deploy a supplemental parachute to assist Module 1.  This addition 

changes the drift calculations and mission time calculations. The effects of the change are 

outlined below. 

Wind Velocity 

(MPH) 

Distance 

(Feet) 

2.5 295.44 

5 590.88 

7.5 886.31 

10 1181.75 

12.5 1477.19 

15 1772.63 

17.5 2068.07 

20 2363.50 

22.5 2658.94 

25 2954.38 
Table 3.2-2-1 Drift assuming 24-inch drogue with supplemental deployment 

This design brings the final mission time to 80.57 seconds and meets the 20 mph drift distance 

requirement. 

Main Parachute  

Given that it is not constructed with sensitive materials or electronics, and has demonstrated its 

simplicity in the subscale launches, the module attached to the main parachute will be able to 

satisfy the NASA requirement for kinetic energy while also applying its engineered strength.  

Payload Parachute 

The payload parachute successfully protects the payload bus from kinetic energy it would endure 

at landing.  Black powder testing demonstrated that 3D printed parts are robust enough to survive 

an ejection if oriented correctly in the parachute bay.  It provides a maximum kinetic energy at 

landing of 56 ft-lbs.  

Shock Cord Sizing 

Shock cords serve the purpose of holding together modules of the launch vehicle, while also 

allowing the energy of ejection to dissipate.  Following the recommendation put in place by 

NAR, the rocket uses shock cord that is 3 times longer than the longest remaining section.  The 

first module has a total length of 45.5 inches and the second module has a length of 97 inches; 

so, that the first shock cord should have a length of roughly 291 inches.  

The second shock cord will affix the parachute to module 2 once the charge is fired.  Since the 

first shock cord is deployed and has established a minimum distance from the first module, the 

second cord will only need about 1.5 times the length of module 2, at 145 inches.   
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Parachute Packing 

The parachutes are folded by laying it out in a half fold position on the ground.  They are folded 

in halves until they form a 1/8th circle.  Then the tip of the chute is folded downward twice.  The 

paracord is lightly wrapped around the fabric to keep it bundled, then the Nomex blanket is 

wrapped around the folded parachute. 

 Drawing Schematics 

A diagram for the Bus and Recovery systems was made separately for the wiring to be fully 

developed and integrated. The bus electronics utilizes an Arduino microcontroller to drive 3 

servos which will deploy the payload. The altimeter is wired in a simpler setup, allowing them to 

be more adaptable. Each recovery section is deployed with 2 black powder charges that each 

require their own E-match system with their own isolated circuit each including a switch, a 

power supply, and an altimeter for true redundancy.  

 

Figure 3.2-9 Bus Electronic Schematics 
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Figure 3.2-10 Recovery System Schematics 

 Transmitters 

The rocket will house two Eggtimer Rocketry TX GPS transmitters, each placed in the avionics 

bay and motor bay respectively.  The Eggtimer Rocketry TX GPS broadcasts in the 915MHz 

band at 100mW by default but can be adjusted on the fly to any one of the frequencies within 

915MHz to 931MHz in 2MHz increments—the wattage remains constant.  Each transmitter can 

also be assigned any one of 8ID codes, giving a possible 72 combinations of broadcast 

frequencies and ID codes.  The Eggtimer Rocketry LCD receivers match the frequency and ID 

code of their corresponding TX transmitter to eliminate interference between individual GPSs 

and reduce the likelihood of interfering with other teams’ GPSs.  They are each powered by 4 

AA batteries giving a nominal voltage of 6 volts.  They can also be powered by a 1-cell to 4-cell 

LiPo battery (3.7v to 14.8v) via an XT60 battery connector each.  These will extend the 

functional uptime to more than 4 hours.  Each TX transmitter and LCD receiver draws a nominal 

current of 70mA with a peak of 200mA upon startup.  The TX transmitters and LCD receivers 

are fitted with a stick antenna providing a broadcasting range of approximately 3 miles.  If the 

pair lose signal arbitrarily, the LCD receiver logs the last received GPS location before loss of 

connection.  The transmitters have potential to interfere with or receive interference from other 

electrical components within the rocket (scoring altimeters, dual deployment altimeters, data 

loggers, etc.).  So, they are each placed in their own separate compartments within the rocket, 

away from any possible component interference.   
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3.3 Mission Performance Predictions 

 Flight Profile Simulations 

Simulations to predict the maximum altitude were made using the Open Rocket software. This 

was the main program used to simulate the flight trajectory when considering wind speeds, 

temperature, atmospheric pressure, and elevation. The following tables show the trajectory 

results with wind speeds of 0, 5, 10, 15, and 30 mph without the weight of the ballast included. 

Table 3.3-2 shows a predicted maximum altitude of 4,826 feet in ideal conditions. In addition, a 

simulation with 30 mph wind speeds is shown in Table 3.3-5 where the maximum altitude was 

predicted to be 4,890 feet without the ballast. This is the predicted altitude for the first full-scale 

flight test. Although this value is not near the target altitude, 20 to 30 mph wind speeds were 

anticipated at the launch site, and the team did not want to risk the ballast falling out and hitting a 

person in the event of a catastrophic flight failure. This dangerous event was more likely to 

happen because wind speeds were very high. 

Table 3.3-1 Flight Trajectory Results at 0mph Wind Speed 

Velocity 

off rod 

(ft/s) 

Apogee 

(ft) 

Optimum 

Delay (s) 

Max. 

Velocity 

(ft/s) 

Max. 

Acceleration 

(ft/s2) 

Time to 

apogee 

(s) 

Flight 

Time (s) 

67.7 4795 13.8 616 221 17.6 107 
 

Table 3.3-2 Flight Trajectory Results at 5 mph Wind Speed 

Velocity 

off rod 

(ft/s) 

Apogee 

(ft) 

Optimum 

Delay (s) 

Max. 

Velocity 

(ft/s) 

Max. 

Acceleration 

(ft/s2) 

Time to 

apogee 

(s) 

Flight 

Time (s) 

67.7 4826 13.8 616 221 17.6 106 
 

Table 3.3-3 Flight Trajectory Results at 10 mph Wind Speed 

Velocity 

off rod 

(ft/s) 

Apogee 

(ft) 

Optimum 

Delay (s) 

Max. 

Velocity 

(ft/s) 

Max. 

Acceleration 

(ft/s2) 

Time to 

apogee 

(s) 

Flight 

Time (s) 

67.7 4831 13.8 615 221 17.6 107 
 

Table 3.3-4 Flight Trajectory Results at 15 mph Wind Speed 

Velocity 

off rod 

(ft/s) 

Apogee 

(ft) 

Optimum 

Delay (s) 

Max. 

Velocity 

(ft/s) 

Max. 

Acceleration 

(ft/s2) 

Time to 

apogee 

(s) 

Flight 

Time (s) 

67.7 4813 13.8 615 221 17.6 106 
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Table 3.3-5 Flight Trajectory Results at 30 mph Wind Speed 

Velocity 

off rod 

(ft/s) 

Apogee 

(ft) 

Optimum 

Delay (s) 

Max. 

Velocity 

(ft/s) 

Max. 

Acceleration 

(ft/s2) 

Time to 

apogee 

(s) 

Flight 

Time (s) 

67.7 4890 14 613 222 17.8 105 

 

It is apparent that the wind velocity does not make an outstanding effect on the maximum 

altitude when going from 0 mph to 30 mph. The difference in altitude from 0 to 30 mph is 95 

feet with respect to the altitude in Table 3.3-1Error! Reference source not found.. This was 

considered acceptable by the team because the maximum points that could be lost is 0.95 points 

in the altitude score for the competition.  

 

 Altitude Predictions 

To accurately predict the altitude with the selected motor, calculations were made using 

MATLAB to compare with the altitude simulation in Open Rocket. The total dry weight of the 

launch vehicle was used when performing altitude calculations as opposed to the total weight 

with the motor included. This allowed for a better representation of the weight during flight. 

Therefore, a dry weight of 39.1 lbs. without including the ballast weight was used to calculate 

altitude. With the wet weight of 49.1 lbs. and an average motor thrust of 393 lbs., a thrust to 

weight ratio was calculated to be 6.83.  

Table 3.3-6 Altitude Predictions and Percent Difference 

Altitude Estimates 

(Open Rocket) 

~4890.0 ft 

Altitude Estimates 

(MATLAB) 

~4851.94 ft 

% Difference 0.78% 

Figure 3.3-2Error! Reference source not found. shows a snapshot of the MATLAB program 

that was made to calculate predicted maximum altitudes. The predicted altitude resulted in 

4851.94 feet shown in Figure 3.3-1Error! Reference source not found. with a drag coefficient 

of 0.63. However, the Open Rocket model declared a more accurate maximum altitude of 4890 

feet and a drag coefficient of 0.68 without the ballast weight included in the rocket. The values 

resulted in a percent difference of 0.78%.  

Figure 3.3-3 provides visual representation of the Aerotech L1500 simulation for altitude in feet, 

vertical velocity in ft/s, and vertical acceleration in ft/s2.  The altitude of this motor will hit 4890 

feet and reach a maximum velocity of 615 ft/s (Mach 0.55) and maximum acceleration of 221 

ft/s2. 
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Figure 3.3-1 Input Values and Results from MATLAB 

 

Figure 3.3-2 MATLAB code used to calculate maximum altitude 
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Figure 3.3-3 Flight Trajectory in Anticipated Weather Conditions 

 

 Vehicle Component Weights 

The total mass of the rocket was determined by placing the fully assembled rocket on a digital 

scale. Each module was weighed individually and recorded in table 3.3.3-1 below. Tables 3.3.3-2 

and 3.3.3.-3 detail the weights of the individual components within module 1 and 2. Each table 

has been updated throughout the manufacturing process. 

Table 3.3-7 Mass of the Modules 

Component Description Mass (lbs) 

Module 1 Nose cone, observation bay, and drogue chute bay, recovery bay 

1 

10.45 

Module 2 Payload Bus, main/payload parachute, recovery bay 2, motor 

bay, fins 

39.9 

Total Mass: 49.5 
 

Table 3.3-8 Mass of the Components of Module 1 

Item Mass per item (lbs) Quantity Total Mass (lbs) 

Nose Cone 1.130 1 1.130 

RunCam Camera 0.110 1 0.110 

Blue Tube 2.0 Airframe (45.5”) 2.800 1 2.800 

Blue Tube 2.0 Coupler (19.5”) 1.120 1 1.120 

Zinc-Plated Steel U-Bolt 0.110 2 0.220 
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Acrylic Sheet 0.001 1 0.001 

Threaded Rods 0.070 2 0.140 

Nylon Shear Pins 0.001 3 0.003 

Wood Inserts 0.001 12 0.012 

M24 flathead screw 0.010 18 0.180 

Steel Washer 0.004 28 0.112 

Hex Nuts 0.007 28 0.120 

Bulkhead 0.420 6 2.520 

Drogue Parachute 1.000 1 1.000 

PVC Caps 0.070 2 0.140 

Camera Mount 0.840 1 0.840 

 

Table 3.3-9 Mass of the Components of Module 2 

Item Mass per item (lbs) Quantity Total Mass (lbs) 

Blue Tube 2.0 Airframe (98.5”) 6.070 1 6.070 

Blue Tube 2.0 Coupler (33.5”) 1.910 1 1.910 

Zinc-Plated U-Bolt 0.110 2 0.220 

Bulkhead 0.420 9 3.780 

Wood Inserts 0.001 24 0.024 

Nylon Shear pins 0.001 6 0.006 

PVC Cap 0.070 2 0.140 

Hex Nuts 0.007 28 0.120 

Steel Washer 0.004 28 0.112 

Main Parachute 1.000 1 1.000 

Payload Parachute 1.000 1 1.000 

Rail Buttons 0.004 2 0.008 

Shock Cords 0.660 1 0.660 

M24 flathead screw 0.010 24 0.240 

Fins 1.130 3 3.390 

Motor Tube 1.000 1 1.000 

Motor Retainer 1.190 1 1.190 

Motor Casing 3.710 1 3.710 

Aerotech L1500 10.500 1 10.500 

Payload Bus 5.500 1 5.500 

 

 Simulated Motor Thrust Curve 

The Aerotech L1500 “Blue Thunder” was the most suitable motor to reach the target altitude of 

4730 feet. As seen from the thrust curve provided by ThrustCurve.org, there is a parabolic burn-

slope offered by the Aerotech L1500. Initially, the burn quickly creates a force that increases to 

about 300 lbf. This will allow the rocket to accelerate in the beginning stages when it is heavier. 

Then the curve continues to increase parabolically to its maximum thrust at 393 lbf. and ends 

with a quick decrease at about 3.1 seconds to an end thrust of zero pounds. From this, a quasi-
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constant mass flow for the duration of the burn time can be assumed which will provide constant 

forces at the nozzle. This will allow calculations such as predicted apogee and drift calculations 

to be more accurate.  

 

Figure 3.3-4 Aerotech L1300 Motor Thrust Curve 

 

Table 3.3-10 Aerotech L1500 Performance Parameter 

Propellant Weight 5.5 lb. 

Motor Weight 10.3 lb. 

Maximum Thrust 393.9 lb. 

Average Thrust  337.2 lb. 

Total Impulse 1136.6 lb.-s 

Burn Time 3.5 s 

 

 Verify Vehicle Can Withstand Loads 

Tests were conducted to determine if the vehicle can withstand loads present during flight. These 

tests are expanded further in section 6.0. According to the tests, the Bluetube will be able to 

survive the predicted loads. 

 Stability Margin and AS-BUILT CG/CP 

As built, the rocket has a CG at approximately 100 inches from the nose cone and a CP at 

approximately 123 inches from the nose cone with a full ballast above the motor bay.  This gives 

us a static stability margin of 3.83.  If the ballast weight needs to be reduced, the CG will move 

toward the nose, increasing the static stability margin.  We expect a maximum static stability 

margin of approximately 4.80 with no ballast weight.   
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 Kinect Energy Calculations 

The 75ft-lb restriction on impact kinetic energy lead the choice of the final parachute 

configuration.  The calculations were made using the following equations: 

𝐾𝑒 =
1

2
𝑚𝑣2 

Equation for kinetic energy. 

𝐹𝐷 = 𝐹𝐺  

Equation to calculate terminal velocity, where Drag is equal to Gravitational Force. 

𝐹𝐷 =
1

2
𝜌𝑣2𝐴𝐶𝐷 

Equation for Drag. 

𝑣 =  √
2𝑚𝑔

𝐴𝜌𝐶𝐷
 

Terminal velocity with respect to the parachute and mass. 

𝐾𝑒 =
𝑚2𝑔

𝐴𝜌𝐶𝐷
 

Principle design equation for Kinetic Energy at landing. 

 Descent Time Analysis 

All tables following are after the main ejection event. 

Table 3.3-4-2 Module 1 will be the forward portion of the LV, including the NC and Avionics 

Module 1           

Parachute 

Diameter 

Parachute 

Area 

Descent Time 

Min 

Descent Time 

Max 

Kinetic Energy 

Max 

Kinetic Energy 

Min 

Inches ft2 Seconds Seconds ft-lbs. ft-lbs. 

12 0.785 10.15 13.74 461.54 251.75 

18 1.767 12.68 17.17 295.39 161.12 

24 3.142 15.22 20.61 205.13 111.89 

30 4.909 17.76 24.04 150.71 82.20 

36 7.069 20.30 27.48 115.39 62.94 

42 9.621 22.83 30.91 91.17 49.73 

48 12.566 25.37 34.35 73.85 40.28 
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Table 3.3-4-3 Module 2 will be part of the aft portion of the LV and will include the motor mount 

Module 2      
Parachute 

Diameter 

Parachute 

Area 

Descent Time 

Min 

Descent Time 

Max 

Kinetic Energy 

Max 

Kinetic Energy 

Min 

Inches Ft2 Seconds Seconds ft-lbs. ft-lbs. 

72 28.27 20.62 27.92 243.58 132.86 

78 33.18 22.34 30.25 207.54 113.21 

84 38.48 24.06 32.57 178.95 97.61 

90 44.18 25.78 34.90 155.89 85.03 

96 50.27 27.50 37.23 137.01 74.73 

102 56.75 29.21 39.56 121.37 66.20 

 

Table 3.3-4-4 The Payload will include the payload as well as the Bus 

Payload 

Descent     
Parachute 

Diameter 

Parachute 

Area 

Descent Time 

Min 

Descent Time 

Max 

Kinetic Energy 

Max 

Kinetic Energy 

Min 

Inches ft2 Seconds Seconds ft-lbs. ft-lbs. 

36 7.07 16.78 22.72 139.02 75.83 

42 9.62 19.57 26.50 102.13 55.71 

48 12.57 22.37 30.29 78.20 42.65 

54 15.90 25.16 34.07 61.79 33.70 

 

 Drift Predictions 

Drift is calculated using the descent time and the rockets response to the wind during that time.  

To assume the worst-case scenario, 90 seconds was used to calculate predicted descent time.  

This calculation assumes that the rockets horizontal motion matches that of the surrounding air.  

The will not exceed 2500ft due to the size restrictions of the launch site.  

 

𝐷𝑟𝑖𝑓𝑡 = 𝑉𝑤𝑡𝑑 

Equation for drift 

Table 3.3-2-1 Drift assuming 90 second descent time 

Wind Velocity 

(MPH) 

Distance 

(Feet) 

2.5 330 

5 660 

7.5 990 
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10 1320 

12.5 1650 

15 1980 

17.5 2310 

20 2640 

22.5 2970 

25 3300 
 

Table 3.3-2-2 Drift assuming predicted descent time of 70.60 seconds 

Wind Velocity 

(MPH) 

Distance 

(Feet) 

2.5 258.88 

5 517.76 

7.5 776.63 

10 1035.51 

12.5 1294.39 

15 1553.27 

17.5 1812.14 

20 2071.02 

22.5 2329.90 

25 2588.78 

3.4 Vehicle Demonstration Flight 

 Launch Day Conditions 

The full-scale flight test was performed on February 16th, 2019 at the Friends of Amateur 

Rocketry launch site located in Randsburg, California. The launch occurred at 5:00pm in the 

afternoon of which 30mph wind speeds were occurring at a temperature of 49°F. Error! 

Reference source not found. shows conditions including elevation, atmospheric pressure, 

temperature, and wind conditions. 
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Figure 3.4-1 Open Rocket flight conditions window configuration 

 Vehicle Demonstration Flight Analysis 

The full-scale flight mission performance was not successful in terms of completing the mission 

criteria. During launch, a catastrophic event happened at apogee which caused all three 

parachutes to deploy at the same time. Because the wind speeds were so high, the pieces attached 

to the parachutes blew approximately 4 miles east of the launch site. Error! Reference source 

not found. shows the predicted descending path of the three parachutes depending on the 

direction measured in degrees and the wind speed. Fortunately, module two of the rocket was 

recovered. However, it received severe damage from being dragged along the desert terrain by 

the wind. The team made a huge error by not including a GPS onboard the rocket, so module 1 

was never found and recovered.  
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Figure 3.4-2 Flight Descending Path Estimate of Module 1 and 2 

Although the mission flight failed, the data gathered from the recovered altimeters revealed a 

highly accurate prediction in altitude. Error! Reference source not found. illustrates the data 

that was recovered. The maximum altitude recorded was 4895 feet which is just 5 feet off from 

the altitude prediction of 4890 feet of the same configuration. This test verified that all the 

simulations and calculations were accurate to estimate the actual maximum altitude. Therefore, it 

can be assumed that the methods used to predict altitude will be effective in the future to predict 

how much the ballast should weigh to reach the target altitude of 4730 feet.  

Table 3.4-1 Actual Full-scale Flight Data 

Velocity 

off rod 

(ft/s) 

Apogee 

(ft) 

Max. 

Velocity 

(ft/s) 

Max. 

Acceleration 

(ft/s2) 

Time to 

apogee 

(s) 

Flight 

Time (s) 

67 4895 605 283 16.3 322 

 

 Actual/Predicted Flight Data Comparison 

3.4.3.1 Predicted Flight Data 

Our predicted apogee altitude was 4730 feet and, based off of our recovery drift kinetic energy 

calculation, the drift time was calculated to be 244.64 seconds. The drift distance is also limited to 

2500 ft. maximum. 

 

𝐷𝑟𝑖𝑓𝑡 = 𝑉𝑤𝑡𝑑 

Drift Equation 

 

Table x.x-y: Drift distance @ tdescent = 244.64 seconds 
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3.4.3.2 Actual Flight Data 

Our first full-scale launch vehicle demonstration was conducted at the Friends of Amateur 

Rocketry site in Randsburg, California. Unfortunately, the weather on the day of the launch did 

not benefit us; measured wind speeds were around 30-35 mph and the air temperature was between 

35 and 45 degrees Fahrenheit.  The data recorded by the Easy Mini altimeters that were recovered 

from module 2 is shown in the following figures. 

Figure x.x-y: Actual Flight Data Chart 

Wind Velocity 

(mph) 

Distance 

(feet) 

2.5 897 

5 1794 

7.5 2691 

10 3588 

12.5 4485 

15 5382 

17.5 6279 

20 7176 

22.5 8073 

25 8970 

27.5 9867 

30 10764 

32.5 11661 

35 12558 
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Figure x.x-y: Actual Flight Data Table 
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Using our recovery drift kinetic energy calculation along with the observed altitude of 4895 feet, 

our calculated drifting time was supposed to be 244.64 seconds. Thus, the estimated drifting 

distance was around 11661 feet (2.21 miles). The recorded drift time varies from the calculated 

drift time because of the difference between the planned and actual deployment altitudes.  Since 

all three parachutes deployed at apogee, the recorded drift time was greater than the calculated 

time of 244.64 seconds.    

3.4.3.3 Drift Comparison 

Figure x.x-y: Predicted/Actual Data Comparison. 

Predicted Drift Distance  Actual Drift Distance 

Wind Velocity 

(mph) 

Distance 

(feet)  

Wind Velocity 

(mph) 

Distance min 

(feet) 

Distance max 

(feet) 

2.5 897  2.5 1120.9 1173.3 

5 1794  5 2241.8 2346.7 

7.5 2691  7.5 3362.7 3520.0 

10 3588  10 4483.6 4693.3 

12.5 4485  12.5 5604.5 5866.7 

15 5382  15 6725.4 7040.0 

17.5 6279  17.5 7846.3 8213.3 
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20 7176  20 8967.2 9386.7 

22.5 8073  22.5 10088.1 10560.0 

25 8970  25 11209.0 11733.3 

27.5 9867  27.5 12329.9 12906.7 

30 10764  30 13450.8 14080.0 

32.5 11661  32.5 14571.7 15253.3 

35 12558  35 15692.6 16426.7 

 

 

3.4.3.4 Discussion 

Based on the observed results of the launch, it is apparent that the excessive wind speeds and 

premature ejection of all parachutes caused the increased descent times.  The drift calculations 

provided an estimate for the drift distance assuming that all other factors of recovery worked as 

expected.  Since there was a presumed structural failure of the shear pins between the modules, 

the sections’ parachutes did not deploy correctly and resulted in a greater drift distance than 

expected.  This data also only applies to the recovered section, which happened to be the heaviest.  

The smaller sections had longer descent times and therefore drifted much further than the 14571.7 

feet listed above. 

 Actual/Predicted Flight Data Error 

3.4.4.1 Percent Error Calculation 

The percent error calculations can be made for both the minimum and maximum possible 

descent times provided by the recovered altimeters.  If the minimum descent time is assumed to 

be the drogue descent time plus the main descent time, the minimum descent time would be 

305.7 seconds.  This does not agree with the graph of altitude versus time, however.  So if we 

use the time from the graph, the maximum descent time would be 320 seconds.   

The percent error formula is as follows  

% 𝑒𝑟𝑟𝑜𝑟 =
(𝑎𝑐𝑡𝑢𝑎𝑙 𝑣𝑎𝑙𝑢𝑒) − (𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒)

(𝑎𝑐𝑡𝑢𝑎𝑙 𝑣𝑎𝑙𝑢𝑒)
∗ 100 

Which makes the percent error between the observed descent time and predicted time  

𝑚𝑖𝑛𝑖𝑚𝑢𝑚 % 𝑒𝑟𝑟𝑜𝑟𝑡𝑖𝑚𝑒 =
305.7 − 244.64

305.7
∗ 100 = 19.97% 

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 %𝑒𝑟𝑟𝑜𝑟𝑡𝑖𝑚𝑒 =
320 − 244.64

320
∗ 100 = 23.55% 
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3.4.4.2 Conclusion 

The percent error in calculation of 19.97% minimum and 23.55% maximum is well above the 

standard acceptable range of 5%-10%.  This can be explained by the dramatic increase in 

observed descent time rather than an error in the calculated descent time.  Assuming all 

separation events worked correctly, the calculated descent time would be well within the 

acceptable percent error values.  Since all parachutes deployed at apogee, the wind carried the 

pieces further than they would have normally and lead to the significantly further drift distance.  

The critical failure at apogee was likely caused by a manufacturing oversight regarding the 

number of shear pins between modules 1 and 2.  This, accompanied by the bundled drogue 

parachute, lead to a rapid parachute deployment and massive impulse on the air frame.  This 

impulse likely broke the shear pins and pulled all of the parachutes out with it. 

 Full Scale Drag Coefficient Estimate 

The drag coefficient can be calculated by the following equation 

𝐶𝐷 =
𝐷

0.5𝜌𝑣2𝐴
 

Where D is the drag experienced by the rocket, rho is the density of air at a given altitude, v is 

the velocity of the object at a given time, and A is the reference area of the rocket.  The reference 

area of the rocket is simply the area of the circle with radius half the diameter of the body tube 

plus the area of the rectangles projected into the stream by the fins.  This is modeled by  

𝐴 = 𝐴𝑏𝑜𝑑𝑦 + 3𝐴𝑓𝑖𝑛 = 0.244 𝑠𝑞 𝑓𝑡 

The density of the air can be retrieved from the weather data at the time of launch.  The launch 

site has its own weather station, whose data can be accessed via weatherunderground.com giving 

an air density of approximately 0.00251 slugs per cubic foot.   

The most drag would be experienced at the highest dynamic pressure, which corresponds to the 

highest velocity the rocket experienced.  From the altimeter data of the launch, the max velocity 

during powered ascent was 605 feet per second.  The sum of forces on the rocket can be 

simplified to  

𝐷 = 𝑇 − 𝑚𝑎 − 𝑊 

Where T is the max thrust of the rocket at burnout, D is the drag, W is the weight, and ma is the 

resultant of the forces.  The max thrust of the rocket from the motor statistics is 339 pounds.  The 

weight of the rocket without the motor was measured to be approximately 38.4 pounds, which 

gives a mass of 1.55 slugs.  The max acceleration happens at the time of max thrust, which was 

measured to be 283 feet per second squared.  This gives drag coefficient equal to  

𝐶𝐷 =
𝐷

0.5𝜌𝑣2𝐴
=

17.11

(0.5)(0.00251)(605)2(0.244)
= 0.153 
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 Full-Scale/Subscale Comparison 

The subscale provided a good understanding of the rocket’s performance in the beginning stages 

of the project. However, because the recovery system was modified to meet the competition 

requirements after the subscale flight test, there was very little understanding of how the new 

configuration was going to work in real life on the full-scale. Although there were many tests 

performed to ensure the validity of the design, it still wasn’t enough to fully recreate real life 

situations. However, the test improved the calculations and methods for the full-scale altitude 

prediction.  

 

Figure 3.4-3 Actual Subscale Altitude Data 

Error! Reference source not found. shows the altitude flight profile for the subscale test. The 

maximum altitude was predicted to be 2,500 feet, but the actual maximum altitude was 2,222 

feet, yielding a percent difference of 11.12% caused by disregarding the weight of hardware and 

the camera. In contrast, the full-scale predicted maximum altitude was 4,890 feet and the actual 

maximum altitude was 4,895 feet yielding a percent error of 0.1% which is outstandingly more 

accurate than the subscale prediction. 
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Figure 3.4-4 Actual Full-scale Altitude Data 

4.0 Safety and Procedures 

4.3 Risk Assessment and Mitigation 

The risk matrix is a table that will be utilized to determine the risk level of potential 

hazards. Each hazard is assessed, and the probability and severity of these hazards are 

determined. The probability and severity of the hazards determine the risk level. The risk level 

can be lowered by either decreasing the probability or the severity of the hazard. Aspects of the 

rocket launch site will undergo a formal risk assessment. 
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Figure 4.3-1 Risk Assessment Matrix 

The Likelihood or Probability Code can be numerical: 

A. Frequent – Immediate danger to the health and safety of the public, staff, resources, 

or property; occurs frequently or continuously. Probability greater than an estimated 50% 

B. Likely – Probably will occur in time if not corrected, or probably will occur one or 

more times during the life of the system. Probability greater than an estimated 20% 

C. Occasional – Possible to occur in time if not corrected. Probability greater than 5% 

D. Rarely – Unlikely to occur, may assume exposure will not occur. Probability greater 

than 1% 

E. Improbable – No expectation of occurrent. Probability less than 1% 

F. Eliminated – No chance of occurrence. Probability 0% 

Consequence or Severity Code: 

I. Catastrophic – Imminent and immediate danger of death or permanent disability, 

chronic or irreversible illness, major property or resource damage. 

II. Critical – Permanent partial disability, temporary total disability greater than 3 

months, significant property or resource damage. 
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III. Significant – Hospitalized minor injury, reversible illness, period of disability of 3 

months or less, loss or restricted workday accident, compensable injury or illness, minor 

property or resource damage. 

IV. Minor – First aid or minor medical treatment. Presents minimal threat to human 

safety and health, property or resources, but is still in violation of a standard. 

Risk Level Risk Assessment 

High Risk 
Unacceptable risk that will prevent the 

project from launch 

Serious Risk 

Undesirable risk that will most likely 

prevent the project from launch and could 

cause harm to viewers 

Medium Risk 
Undesirable risk that will result in loss of 

competition points 

Low Risk 
Acceptable risk that may cause loss of 

points 

Eliminated Risk 
Desired risk level that results in no loss 

of competition points 

 

 Analysis of Failure Modes 

Table 4.3-1 Deadlines and Budget Risk Assessment 

Risk Cause Effect 
Pre-

Mitigation 
Mitigation 

Post-

Mitigation 

Failure to meet 

PDR deadline 

• Inadequate 

subsystem design 

• Launch vehicle 

does not meet 

functional 

requirements 

• Unacceptable 

payload 

interaction 

• Unable to pass 

PDR review with 

approval to 

manufacture E1 

Medium  

• Well thought out 

approach to review 

preparation 

• Complete organized 

launch vehicle and 

subsystem design 

• Frequent review of 

requirements to ensure 

design progress 

E4 

Low 

Failure to meet 

CDR deadline 

• Unsuccessful 

launch of sub-

scale launch 

vehicle  

• Insufficient 

maturity in design 

since PDR 

• Unable to pass 

CDR 

• Reviewed 

without approval 

to test launch 

full-scale launch 

vehicle 

D2 

Medium 

• Implement systems 

engineering 

techniques to organize 

launch vehicle and 

payload design and 

keep project on 

schedule 

• Constant review of 

requirements to ensure 

they are being met by 

design components 

D4 

Low 
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Failure to meet 

FRR deadline 

• Unable to 

demonstrate 

payload 

completeness and 

correctness via 

video 

• Failure to 

demonstrate 

successful full-

scale launch 

vehicle launch 

• Failure to present 

acceptable testing 

of recovery 

system and 

interface with 

ground system 

• Incapable of 

passing the FFR 

with the 

approval to 

compete during 

the final launch 

day 
D2 

Medium 

• Complete analysis on 

critical aerodynamic 

parameters during 

flight 

• Top to bottom testing 

of necessary code for 

ground station, 

recovery, and avionics 

• Complete and 

thorough analysis and 

testing of recovery 

system which will 

include parachute 

sizing and material 

selection 

D4 

Low 

Failure to 

receive 

necessary project 

funding 

• Poor fundraising  

• Poor/lack of 

community 

outreach and 

support requests 

• Team unable to 

purchase needed 

materials and 

equipment 

• Insufficient 

traveling funds 

B2 

High 

• Develop well-

designed funding plan 

• Develop a welcome 

package that can be 

distributed to local 

companies when 

requesting for support 

• Reach out to college 

grants and programs 

for support 

D4 

Low 

 

Table 4.3.1-2 Rocket and Payload Failure Modes and Effects Analysis (FMEA) 

Risk Cause Effect 
Pre-

Mitigation 
Mitigation 

Post-

Mitigation 

Fin and/or 

Nosecone 

Damage such as 

Fracturing and 

Breaking  

• Multiple hard 

landings 

• Poor handling 

• Carelessness 

• Structural failure 

• Uncontrollable 

rocket 

C1 

High 

• Extra fins and 

nosecones will be 

created as back-up 

• Rocket will be 

inspected before each 

launch 

• Personnel will be 

notified that they must 

handle equipment 

with care to avoid 

damages 

E1 

Medium 

Nosecone 

Deformation 

• Unwanted heat 

and pressure 

applied to the 

nosecone 

• Reduces thrust and 

increases drag on 

the rocket 

• Inefficient rocket 

C3 

Medium 

• Prepare a mold so that 

the fiberglass can be 

spread around the 

nosecone evenly 

E4 

Low 
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• Poor/uneven 

application of 

fiberglass onto 

nosecone  

• Make sure that the 

nosecone is stored 

safely and will not be 

damaged or deformed 

during transportation  

Buckling of the 

Main Body 

Tube 

• Body tube forced 

to withstand 

forces greater 

than it is capable 

of withstanding  

• Structural failure 

of the rocket 

• Incapable of 

launching until 

body tube is 

replaced 

• Body tube collapse 

C1 

High 

• Perform an analysis 

using SolidWorks and 

ANSYS modeling 

systems and run a 

simulation to 

determine the forces 

acting on the tube 

when launched 

• Ensure that the body 

tube can withstand 

such forces through 

simulations and 

calculations 

• Verify that the body 

tube was correctly 

assembled with proper 

structural support 

D4 

Low 

Structural 

Damage to 

Body Tube 

• Multiple hard 

landings during 

launch 

• Mishandling of 

body tube 

• Failure to safely 

transport body 

tube 

• Rocket could 

break apart from 

forces during 

launch and landing 

• Unstable rocket 

launch B1 

High 

• Body will be designed 

to take the greatest 

force expected times a 

factor of safety of at 

least 1.5 

• Structure will be 

reinforced with epoxy 

and fiber glass if 

necessary 

• Personnel told to 

handle body tube with 

care 

D4 

Low 

Zippering of 

Body Tube 

• Ejection charge 

occurs too late or 

too early and 

parachute 

deployed at the 

wrong time 

• Shock chord 

tears through 

body tube 

• Body of rocket 

splits down the 

entire tube 

• Body tube may no 

longer be usable, 

and replacement 

required 

B2 

High 

• Reinforce body tube 

with even coat of 

fiberglass 

• Wrap a thin steel band 

around ends of body 

tube as reinforcement 

against zippering 

E4 

Low 

Damage to 

Petals 

• Multiple hard 

landings 

• Deformation of 

petals 

• Electronic failure 

• Petals fail to 

deploy correctly 

• May be incapable 

of opening 

B2 

High 

• The petals will be 

designed to withstand 

multiple hard landings 

• Parachutes to be 

deployed and tested to 

ensure soft landing 

B4 

Medium 
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• Payload cannot be 

released 

• Better transportation 

and handling of 

equipment practices 

Payload Mass 

too Great for 

Petals 

• Miscalculations 

pertaining to the 

mass of the 

payload bay and 

how much the 

petals can handle 

• Lack of testing 

and awareness of 

petal strength 

• Petals fail to 

deploy correctly 

• Drone will not 

deploy because the 

hatch was 

incapable of 

opening  

• Failure to 

complete second 

half of competition 

requirements 

C2 

Serious 

• Calculations will be 

conducted, and 

multiple personnel 

will review 

calculations to 

reaffirm petals can 

carry payload mass 

• Testing will be 

conducted to verify 

strength of petals 

E2 

Medium 

Petal Separation 

Occurring Too 

Early 

• Forces during 

launch are 

greater than 

expected 

• Locking 

mechanisms for 

petals fail 

• The petals 

separated before 

the intended time 

when the payload 

bay lands 

• Payload drone 

unable to properly 

escape payload 

bay 

• Damage to 

payload 

C2 

Serious 

• Petal locking 

mechanism analyzed 

and calculated to 

withstand greatest 

forces during launch 

• Simulations 

performed to 

determine if the forces 

can be withstood 

 

D3 

Medium 

Late Deliveries 

of Equipment 

and Materials 

• Poor planning 

and buying from 

a non-reputable 

source 

• Lack of foresight 

for what may be 

needed to 

develop and 

launch rocket 

• Delayed time 

schedule 

• Manufacturing and 

launch date will be 

moved back C3 

Medium 

• Buy needed 

equipment 

immediately  

• Ensure that the 

equipment will be 

delivered on schedule 

• Ensure that all 

equipment is 

purchased and 

delivered within a 

reasonable timeframe 

E4 

Low 

Electronic 

Failure of 

Payload 

• Drone receives 

shock before 

launch 

• Uncharged 

equipment 

• Drone fails to 

power on or fly 

out of the payload 

bay 

• Drone fails to 

launch 

 

B2 

High 

• Anti-static precautions 

will be used with 

sensitive equipment 

• Testing will be 

completed before 

launch 

• All equipment will 

have a common 

ground 

• Payload batteries and 

power ensured to be 

D3 

Medium 
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in working condition 

prior to launch 

Mechanical 

Failure of the 

Payload 

• Intense 

vibrations during 

takeoff causing 

physical damage 

to payload 

• Damaging of 

propellers and/or 

structure 

• Drone fails to 

leave payload bay 

• Drone incapable of 

flight or precise 

flight 

C3 

Medium 

• Excessive vibration 

and G-force testing 

will be conducted on 

the drone 

• Cushion drone within 

payload bay to 

guarantee minimal 

damage 

E3 

Medium 

Motor Case 

Breach 

• Damage to motor 

casing such as 

cracks 

• Poor storage, 

mishandling and 

transportation 

practices 

• Possible launch 

malfunctions 

• Motor assembly 

can be destroyed 

• Aerodynamic 

stresses increased 

• Rocket failure to 

launch properly 

B2 

High 

• Motor and casing will 

be inspected prior to 

launch 

• An extra motor case 

will be brought as 

replacement for 

damaged case 

D4 

Low 

Propellant 

Structural 

Failure 

• Severe defects 

such as cracks 

and bulges may 

appear within 

motor 

• Incorrect 

development of 

motor 

• Increased local 

burning rate 

• Inefficient rocket 

travel 

• Can cause sharp 

pushes or jumps in 

thrust 

B2 

High 

• Propellant to be 

inspected prior to use 

to ensure minimum 

cracks and bulges 

• Multiple commercial 

propellant motors 

purchased 

• Purchase motor from 

a reputable source 

C2 

Medium 

 

 

 

 

 Launch Concerns 

Table 4.3.2-1 Launch Concerns and Failure Analysis 

Risk Cause Effect 
Pre-

Mitigation 
Mitigation 

Post-

Mitigation 

Electronic 

Lighter Failure 

• Use of an old 

and/or damaged 

electronic lighter 

• Poorly installed 

electronic lighter 

• Rocket does not 

launch right 

away 

• A single 

electronic 

lighter may be 

insufficient 

D3 

Medium 

• After following the 

necessary 

precautions 

additional lighters 

will be inserted if 

original one failed 

D4 

Low 
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• Improperly 

connected to 

ignition switch 

• Rocket cannot 

launch with 

faulty electronic 

lighter 

• Wait 1 minute prior 

to launch to verify it 

is not a delayed 

charge  

• Verify that 

connections are 

correct prior to 

launch 

Skipped Steps in 

Assembly 

• Inattentiveness 

• No checklist 

provided 

• Forgetfulness 

• Parts of rocket 

improperly 

assembled prior 

to launch 

• Potential rocket 

failure 

B3 

Serious 

• Create and use 

assembly steps 

checklist 

• Inform personnel if 

assembly steps 

• Review rocket 

assembly prior to 

launch to ensure all 

steps were followed 

correctly 

E3 

Medium 

Forgetting 

Parts/Equipment 

• Inattentiveness and 

carelessness 

• Lack of clear 

checklist of 

equipment needed 

• Rocket may not 

launch that day 

depending on 

the equipment 

and parts 

forgotten 

• Launch day 

rescheduled 

 

B2 

High 

• Extra parts will be 

brought to launch 

site 

• Equipment checklist 

developed to 

determine what is 

required and if it is 

brought on to launch 

site 

E2 

Medium 

Incorrect Sizing 

of Parts 

• Miscommunication 

and 

mismanagement 

• Poor calculations 

• Parts do not fit 

together 

correctly 

• Rocket cannot 

be launched 

because of 

mismatched 

parts 

C2 

Serious 

• Effective diagrams 

and models will be 

drawn  

• The rocket will be 

assembled no later 

than a week prior to 

launch with 

personnel double-

checking one 

another’s work 

F2 

Eliminated 

Not Bringing 

enough Supplies 

on Launch Day 

• Miscommunication  

• Misappropriation 

• Inattentiveness  

• Delayed launch 

• Lost time 

• Frustration 

among team 

members B4  

Medium 

• Prepare a checklist 

of all supplies 

needed and have it 

checked by the team 

mentor  

• Ensure all team 

members understand 

the equipment that 

must be brought 

• Quickly replenish 

supplies/originally 

D4 

Low 
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buy more than what 

is required 

Incorrect 

Calculations 

• Careless human 

errors 

• Rocket flies 

higher/lower 

than intended 

• New analysis 

and calculations 

must be made to 

understand the 

discrepancy 

B4 

Medium 

• Calculations will be 

made and checked 

by several people 

and confirmed by 

testing 

E4 

Low 

Launch Vehicle 

Electronic Failure  

• Intense vibrations 

during launch 

• Damage to 

avionics bay 

and/or observation 

bay 

• Altimeters fail 

to record 

altitude 

• Camera in 

observation bay 

fails to record 

video of launch 

D3 

Medium 

• Redundant sensors 

will be added 

• Electronic 

components will be 

examined to be in 

working condition 

D4 

Low 

Altitude Pressure 

and GPS Gyro 

Failure 

• Defective 

equipment 

• Damage to 

nosecone 

• Intense vibrations 

and movement 

during launch 

• Intense pressure 

changes from 

within nosecone 

during launch 

• Poor or no data 

collected and 

received 

• New launch 

date planned 

with new 

altitude pressure 

and GPS Gyro 

to collect good 

data 

C3 

Medium 

• Equipment will be 

examined and tested 

to see if they still 

function prior to 

launch 

• Redundant sensors 

will be added  

• Data will be 

recorded 

• Data that provides 

the most accurate 

results will be used 

in analysis 

C4 

Low 

Failure to meet 

20 ft. compliance 

• Wind carries 

rocket further 

away from 

competition sight 

• Points will be 

lost during the 

competition 

D2 

Medium 

• Rocket will be 

designed to drop to 

the ground in less 

than 90 seconds as 

stated in the NSL 

handbook and no one 

will approach the 

rocket until 

operations are 

complete 

D4 

Low 

Electronic 

Systems not 

Powered 

• Overused 

batteries/batteries 

left in sun and 

causes battery 

failure 

• Dead batteries 

• Electronic 

systems fail to 

activate  

• Sensors 

incapable of 

collection data 

B2 

High 

• Batteries will be 

double checked for 

charge before 

installation prior to 

each launch 

• Each system will 

have its own battery 

D4 

Low 
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• Electronics power on 

right before launch 

to conserve battery 

life 

Parachute 

Interference with 

Payload 

• Improper packing 

of the parachute 

• Poor design of the 

payload system 

• Parachute 

disrupts proper 

payload 

deployment 

• Payload drone 

becomes 

trapped and 

tangled in chute 

B2 

High 

• Small chute will be 

used for payload bay  

• Testing will be 

performed to prevent 

parachute disruption  

• Payload bus will be 

designed so that it 

will not tangle 

E2 

Medium 

Payload Locking 

Mechanism 

Failure 

• Locking 

mechanism 

incapable of 

holding down 

payload during 

launch 

• Mechanism breaks 

due to intense 

vibrations and/or 

inability to 

withstand forces of 

launch 

• Payload gets 

jostled around 

payload bay 

during launch 

• Payload can 

potentially fall 

out of rocket 

mid-launch 

• Multiple 

structural and 

electronic 

damages to 

payload 

C1 

High 

• Simulations and 

testing performed to 

determine strength of 

locking mechanism 

and forces required 

to be withstood 

during launches 

• Calculations 

performed to verify 

accuracy of 

simulations and tests 

D2 

Medium 

No Deploy 

Charge Fire 

• Charge fails to 

ignite the black 

powder 

• Parachute fails 

to deploy 

• Rocket crashes 

to the ground 

• Multiple 

structural 

damages to 

electronics, 

launch vehicle, 

and payload 

D1 

Serious 

• Secondary redundant 

charge will be added 

so if the primary 

charge fails, the 

secondary charge 

will act as back-up 

E1 

Medium 

Miss-Time 

Parachute 

Deployment 

Charge 

• Error in coding 

electronic 

deployment charge 

• Electronic or 

sensor failure 

• Rocket crashes 

to the ground 

• Too late or too 

early parachute 

deployment can 

cause zippering 

of body tube 

C1 

Medium 

• Multiple personnel 

will check the code 

to ensure it is in 

working order 

• Second charge will 

be set to go off based 

on time in case of 

initial sensor failure 

E1  

Medium 

Payload Bay 

System Tipping 

Over 

• Landing system is 

unsteady 

• Drone will be 

incapable of 

deploying 

B3 

Serious 

• Testing will be 

completed to 

confirm landing 

concept 

C4 

Low 
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• Petals fail to set 

payload bay into 

an upright position 

• Drone cannot 

escape payload 

bay 

• Drone will be 

developed to take off 

at different 

orientations 

Tangled 

Parachute 

• Improper/poor 

packing of 

parachutes 

• Parachute fails 

to open mid-air 

• Rocket has a 

hard landing 

• Damage to 

electronics 

and/or rocket 

structure 

C1 

High 

• Experienced 

individuals will pack 

or observe packing 

of the parachute E1 

Medium 

Burnt Parachute 

• Parachute has no 

protection against 

the ejection charge 

• Parachute does 

not function 

properly 

• Multiple holes 

form on the 

parachute 

• Rocket 

descends at a 

faster rate 

A2 

High 

• A fireproof blast pad 

will be used to 

protect the chute 

from the ejection 

charge 
E2 

Medium 

Motor Assembly 

Error 

• Lack of coherent 

assembly checklist 

• Difficulty recalling 

how to set up 

motor 

• Motor may fall 

out of rocket 

during launch if 

not fastened 

properly 

• May burn in the 

wrong direction 

C1 

High 

• A motor assembly 

checklist will be 

made and double-

checked 

• Mentor to check that 

motor was 

assembled correctly 

E1 

Medium 

Nozzle Blocking 

and/or 

Deformation 

• Damages to nozzle 

either caused by 

mishandling or 

dropping 

• Overuse and dried 

propellant trapped 

inside nozzle/case 

• Disruption of 

exhaust flow 

• Worse case: can 

result in 

overpressure in 

chamber and 

cause a case 

burst 

• Thrust reduction 

and inefficiency  

C1 

High 

• Casing and nozzle 

cleaned out of any 

propellant and debris 

after every launch 

• Nozzle and casing 

inspected prior to 

every launch to 

verify that there is no 

damage 

D4 

Low 

Whisker 

Formations on 

Electrical 

Devices  

• Long whisker-like 

strands of zinc or 

tin form on 

electrical devices 

over time 

 

• The metal hairs 

can grow and 

cause 

electronics to 

short circuit  

 

E2 

Medium 

• Conformal coatings 

applied over a circuit 

board to reduce 

chances of whisker 

formation 

 

 

F2 

Eliminated 
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Inability to Find 

Rocket During 

Recovery 

• High wind speeds 

carry the rocket 

away. 

• The area is 

unsearchable (dark 

or cold) 

 

• The rocket must 

be remade from 

scratch. 

• Potential hazard 

falling in 

undesignated 

area. 

B2 

High 

• GPS trackers are 

placed on all sections 

of the rocket. 

• The rocket is not to 

be launched with 

high wind speeds 

• The launch will be 

several hours before 

dusk 

D2 

Medium 

 

 Verification Methods 

Table 4.3.3-1 Verification Methods for Potential Hazards 

Hazard 
Verification 

Method 
Description 

Partial Parachute 

Deployment 

Parachute Fitting 

Test 

Test parachute packing methods to determine a 

method to properly insert the parachute into its 

respective bay without getting trapped after 

ejection 

Shear Pins Breaking 

too Early or too Late 
Pressure Test 

Determine how much pressure the shear pins can 

handle before breaking 

Failure of the Body 

Tube to Withstand 

Launch Forces 

Tension Test 

Test the maximum amount of tension the body 

tube can handle before fracture and determine 

the location where fracture generally occurs 

Payload Drone Arm 

Fails to Unfold 

Flight and 

Functionality Test 

Test the functionality of the payload drone arm 

movement and verify that the drone can fly with 

the configuration 

 

 Personal Hazard Analysis 

It is the Safety Officer’s job to understand all the materials and equipment that will be 

utilized over the course of this project, as well as familiarize themselves with the official 

Material Safety Data Sheet (MSDS). As such, the Safety Officer must be able to identify the 

locations of all manufacturing equipment and be capable of identifying their applications, risks 

that come with using such equipment, and how to reduce these risks for the safety of the team. In 

addition, the Safety Officer is tasked with overseeing all team activities to verify that all 

activities adhere to safety protocol and regulation. If the Safety Officer deems any activity to be 

hazardous either to personnel, the project, or the environment, then they have the authority to 

halt said activity and instruct the team in ways to prevent risks from occurring.  

Throughout the duration of this project, team personnel will be actively exposed to 

various chemicals and hazards that can and will pose immediate or long-term consequences if 

they do not wear the proper safety equipment or fully understand the risks when handling such 

hazards. Therefore, it is imperative that all team personnel must understand and follow the safety 
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procedures and equipment provided to mitigate such risks. Table 4.3.4-1 and Table 4.3.4-2 depict 

many of the hazards that comes with the manufacturing and launching process of the project and 

should be read thoroughly by the team members before they intend on handling such equipment. 

Safety Compliance Procedure: 

1. Obtain permission from the Safety Officer for proper use of hazardous materials. 

a. Every single team member that intends on using any of the hazardous 

materials mentioned in Table 4.1.4-1 and Table 4.1.4-2 must receive 

written approval from the Safety Officer before commencing usage. 

2. Ensure that working team members are wearing proper attire and PPE for lab 

environment 

a. Long hair should be tied back 

b. Closed-toed shoes must be worn at all times 

c. Clothing worn should not be too loose or constricting to movement. 

d. Depending on the equipment and materials being used, team members 

must wear the proper protective equipment that   

3. Prepare the work area and work space. 

a. Remove all potential clutter 

b. Keep the walkways cleared 

4. Ensure that all working team members remain alert and vigilant of their 

surroundings when working with hazardous materials and machinery. 

5. Obtain hazardous material 

a. Keep all activities with the material within a specified location 

6. If the procedure is deemed to be to hazardous to an individual or the equipment’s 

safety, the Safety Officer has the jurisdiction to safely terminate the activity 

a. Quarantine the zone if the hazardous material spills 

7. When procedure is completed: 

a. Properly dispose of any excess hazardous materials  

b. Clean up work place and ensure no other trash remains 

c. Return container of hazardous material to its proper storage location 

Table 4.3.4-1 Personnel Hazard During Manufacturing and Launching FMEA 

Risk Cause Effect 
Pre-

Mitigation 
Mitigation 

Post-

Mitigation 

Epoxy Fume 

Inhalation  

• Breathing in 

epoxy fumes 

when combining 

it with curing 

agent 

• Inflammation 

and irritation of 

nose, throat, and 

lungs 

• Asthma  

• Sensitization 

B1 

High 

• Using epoxy in well 

ventilated area such 

as ductless fume 

hoods 

• Portable fume 

extractors 

B4  

Medium 

Burns via 

Soldering Iron 

• Bear skin 

exposure to a 

• Pain and 

irritation in burn 

C3  

Medium 

• Wear protective 

gloves and long-

sleeved clothing to 

C4 

Low 
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heating soldering 

iron 

region of the 

skin 

• Scarring where 

burn occurred 

prevent possibility of 

burns 

Epoxy Chemical 

Burns 

• Exposure to 

combination of 

epoxy and curing 

agent while it 

begins to harden 

• Poor moderation 

of epoxy to 

curing agent 

• Pain and 

irritation in burn 

region of skin 

• Potential contact 

or chronic 

dermatitis 
D2 

Medium 

• Wear protective 

gloves and long-

sleeved clothing to 

prevent possibility of 

burns 

• If burn is to occur 

rinse exposed body 

part to 10-15 minutes 

of water 

• If unfamiliar with 

epoxy, supervision 

of mentors or safety 

officers may be 

required 

D4 

Low 

Injury using 

power tools such 

as drills, saws, 

table saws, belt 

sanders, mills, 

drill press, and 

grinders 

• Poor training and 

use of improper 

safety measures 

during use  

• Negligence and 

inattentiveness of 

user 

• Physical harm 

ranging from 

minor cuts and 

bruising to 

dismemberment 

C2 

Serious 

• Each person properly 

trained prior to using 

such equipment 

• Safety officer 

supervision for those 

unfamiliar with 

equipment use 

D2 

Medium 

Falls, Slips, and 

Trips 

• Objects and 

equipment laying 

out on the ground 

• Chemicals and 

other fluids on 

floor 

• Physical harm 

such as cuts and 

bruises 

• Concussions 

C3 

Medium 

• Ensure work spaces 

are cleaned  

• No clutter found all 

over the floors  

D3 

Medium 

Exposure to 

VOCs (such as 

acetone, xylene, 

and toluene) in 

spray paint 

• Not wearing 

protective 

equipment when 

using spray paint 

• Irritation in eyes, 

nose, skin and 

throat  

• Weakness 

• Dizziness 

• Euphoria 

• Nausea  

• Vomiting 

• Abdominal pain  

C2 

Serious 

• Wearing proper 

safety equipment (a 

gas mask) during use 

or near the vicinity 

of someone using 

spray paint 

D4 

Low 

Breathing in 

Fiberglass Dust 

• Excessive 

sanding of the 

body, fins, or 

nose cone 

• Lung damage 

• Respiratory 

distress  

• Elevated asthma 

D2 

Medium 

• People near vicinity 

of fiberglass cutting 

must wear a mask 

over nose and mouth 

• Work in well 

ventilated area to 

reduce levels of dust 

D4 

Low 
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Physical 

exposure to 

fiberglass/wood 

shavings in eyes, 

skin, etc. 

• Cutting, 

chopping, sawing 

larger fiberglass 

portions and 

wood 

• Eye irritation 

and redness 

• Rashes and cuts 

appearing where 

fibers and 

shavings embed 

into skin 

D2 

Medium 

People near 

vicinity must 

wear goggles, 

long sleeved 

clothing, and 

gloves when 

someone is 

working with 

such 

materials 

D4 

Low 

 

Table 4.3.4-2 Material Hazards and Protection 

Product Manufacturer Safety Concerns Safety Mitigation 

Bondo Fiberglass 

Sheets 
3M 

Mechanical irritation 

to mouth, nose, throat, 

skin 

Eye irritation 

Stomach pains from 

accidental ingestion 

Wear respirators to protect 

lungs and mouth 

Safety googles to protect 

eyes 

Long-sleeved clothing, 

closed-toed shoes, and 

gloves to protect skin 

 

Bondo Fiberglass 

Resin 
3M 

Flammable (fume 

production) 

Mechanical irritation 

Toxicity to personnel 

Store contents in a flame-

proof container/cabinet 

Use fiberglass resin in 

open air or a well-

ventilated location 

Wearing PPE including: 

respirators, goggles, long-

sleeved clothing, close-

toed shoes, and gloves 

Polylactide Resin 

(PLA) 

MakerBot 

Industries LLC 

Minimal mechanical 

irritation from dust in 

eyes, nose, mouth, 

throat 

Molten material 

damaging equipment 

and personnel 

Sanding in open air or a 

well-ventilated location 

Allowing printed 

components to cool before 

handling 

Wearing PPE including: 

goggles, gloves, 

respirators long-sleeved 

clothing, and close-toed 

shoes 

Carbon Fiber 

Fabric 
Fibre Glast 

Mechanical irritation 

from fiberglass dust 

and shards 

Use in open air or well-

ventilated locations 

Wearing PPE including: 

goggles, gloves, 
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respirators, long-sleeved 

clothing, and close-toed 

shoes 

Laminating Epoxy 

Resin 
Fibre Glast 

Respiratory, hand, 

eye, and body 

irritation 

Store in proper and cool 

environment when not in 

use 

Use in open air or well-

ventilated locations 

Wear PPE including: 

goggles, gloves, 

respirators, long-sleeved 

clothing, and close-toed 

shoes 

 

 Environmental Concerns 

As engineers, it is crucial for team members to understand all possible consequences the 

launch vehicle poses against the environment and how to mitigate such consequences to an 

acceptable standard in order to protect and preserve the environment’s sustainability. Table 

4.1.5-2 illustrates many of these environmental risks and how they can be reduced. In addition, 

Table 4.1.5-1 depicts all potential effects the environment may have on the launch vehicle, what 

may happen if these risks are ignored, and how to prevent possible damage to the launch vehicle 

from the environment. 

Table 4.33.5-1 Weather Conditions and Concerns 

Risk Cause Effect 
Pre-

Mitigation 
Mitigation 

Post-

Mitigation 

Windy Weather 

• Natural causes • Rocket could be 

blown off course 

from competition 

area 

• Launch stability 

greatly reduced 

• Inability to launch 

that day 

D2 

Medium 

• Monitor weather 

reports during the 

week prior to launch 

• Back-up launch date 

will be planning in 

case of bad weather 

D4 

Low 

Low Cloud 

Coverage 

• Natural causes • Low visibility of 

surroundings and 

inability to track 

rocket 

• Inability to launch 

for that day 

D2 

Medium 

• Monitor weather 

reports during the 

week prior to launch 

• Back-up launch date 

will be planning in 

case of bad weather 

D4 

Low 

Launching Late 

in the Day 

• Slow rocket 

assembly 

• Loss of natural 

light source for 

rocket recovery 
 

• Rocket must be 

completely 

assembled several 

days prior to launch 
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• Traveling to 

launch site 

late 

 

• Potential complete 

loss of rocket due 

to lack of visibility 

 

date instead of last 

minute 

• Travel and arrive to 

launch site as soon 

as possible 

 

High 

Temperatures 

• Local weather • Dehydration 

• sunburns  

• heat stroke 

• Heat cramps 

• Chronic health 

conditions such as 

asthma may appear 

worse 

C3 

Medium 

• Water bottles and 

sunscreen for each 

member will be 

brought to launch  

• It will be advised 

for members to 

bring fans and wear 

light clothing if 

such weather is to 

occur during launch 

C4 

Low 

Air Traffic 

• High volumes 

of aircrafts 

traveling over 

launch 

location 

• Launch cancelled 

to prevent 

collisions with 

rocket and aircrafts 
C2 

Serious 

• Air traffic controls 

will be notified not 

to fly over launch 

area during launch 

date 

• Launches will be 

performed in 

designated locations 

such as FAR and 

NAR  

E4 

Low 

High Humidity 

• Local weather • May warp wood 

and blue tube 

components of 

rocket due to 

swelling 

• Sweat evaporates 

more slowly 

• Body’s natural 

cooling method 

significantly slower 

C3 

Medium 

• Monitor weather 

reports during the 

week prior to launch 

• Blue tube and wood 

coated with epoxy 

to reinforce it 

against harmful 

weather 

• Bring plenty of 

water for team 

members to prevent 

dehydration  

C4 

Low 

Rainy Weather 

• Natural causes • May cause wood 

warping on 

wooden parts of 

rocket due to 

moisture 

absorption  

• Prevent possibility 

of stable launch 

• Launch cancelled 

C2 

Serious 

• Make sure to 

examine weather 

reports around the 

area prior to launch 

• Have multiple back-

up launch dates 

prepared in case 

rain is reported on a 

specific launch date 

D4 

Low 
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Table 4.3.5-2 Environmental Effects Caused by Rocket 

Risk Cause Effect 
Pre-

Mitigation 
Mitigation 

Post-

Mitigation 

Noise Pollution 

• Noise produced 

from high 

powered motor 

igniting during 

launch 

• Noise produced 

when black 

powder charges 

are ignited for 

recovery system 

• Loud noises 

• May frighten 

natural wildlife 

• If in urban area, 

residents may be 

disturbed, and 

police notified 

C2 

Serious 

• Launches are to be 

conducted in open 

and mostly 

uninhabited 

locations such as a 

desert 

• Provide ear plugs 

for those sensitive 

to loud noises 

D4 

Low 

Litter Produced 

While Preparing 

for Launch 

• Inattentiveness 

and oversight of 

trash left behind 

while preparing 

for a launch 

• Poor storage of 

materials brought 

on site 

• Trash and 

unwanted waste 

left behind in the 

environment 

C3 

Medium 

• Proper waste 

disposal will be 

brought, located, 

and identified in the 

vicinity 

• All materials 

brought to site will 

be accounted for 

when leaving the 

site 

• Double check if 

anything is left 

behind prior to 

leaving site 

C4 

Low 

Air Pollution 

• Burning of 

ammonium 

perchlorate from 

solid rocket motor 

• Exhaust from 

firing black 

powder charges 

(i.e. charcoal, 

sulfur, and 

nitrates) 

• Harmful to 

health of living 

organisms 

• Affects heart and 

cardiovascular 

system 

• Aggravates 

asthma 

• Irritant to eyes, 

nose, and throat 

C3 

Medium 

• Use of propellants 

that do minimum 

harm to 

environment 

• Only test and use 

propellants and 

black power for 

testing and 

necessary launches 

 

 

 

C4 

Low 

Fragmentation 

and Debris Left 

Behind 

• Shear pins ejected 

• Litter produced 

from wadding 

• Damages and 

destroyed parts of 

rocket ejecting 

from potential 

failed launches 

• Litter and trash 

left around the 

environment 

• Debris can hit 

and harm 

unsuspecting 

individuals 

C2 

Serious 

• Use of 

biodegradable 

wadding to do 

minimum damage to 

environment 

• Develop a checklist 

to prevent potential 

failed launches and 

debris from falling 

D4 

Low 



` 

78 California State Polytechnic University, Pomona | 2018-2019 NSL 

• Use PLA plastic 

(natural derived 

plastic; organic) 

Water Pollution 

• Poor or improper 

disposal of 

chemicals and 

wastes 

 

• Damages to 

nearby 

ecosystems 

• Damaging to 

health of organic 

life 

• Contamination 

of water supply 

(runoff and/or 

ground water) 

C3 

Medium 

• Follow safe disposal 

practices of 

chemicals 

• Have specific 

containers for 

chemical disposal 

• Clean up work site 

and dispose of 

wastes properly 

D3 

Medium 

 

4.4 Equipment Checklists 

This section consists of all equipment related checklists that each sub-team must bring with them 

during launch day. These checklists can range from tools, materials, and personal protective 

equipment to the components of the item they intend on assembling at the launch site.  

 

 Recovery Sub-Team Equipment Checklist 

Table 4.4.1 Recovery Equipment Checklist 

 Name Amount 

☐ Safety Goggles 1-4 

☐ Bottle of Black Powder 1 

☐ Bag of Electronic Matches 1 

☐ Bag of (Dog Barf) Wadding 1 

☐ Measuring Spoon 1 

☐ Duct Tape 1 

☐ Extra Shock Cords 2 

☐ Pair of Latex Gloves 3 

 

 Propulsions Sub-Team Equipment Checklist 

Table 4.4.2-1 Motor/Propulsions Equipment Checklist 

 Name Amount 

☐ 98 mm Aft Closure 1 

☐ 98 mm Forward Closure 1 
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☐ 98/5120 Motor Case 1 

☐ Forward Seal Disk 1 

☐ Nozzle 1 

☐ Liner 1 

☐ Propellant Grain 2 

☐ 3/16’’ thick x 3-5/8’’ O.D O-Ring 2 

☐ 3/32’’ thick x 3-3/8’’ O.D O-Ring 1 

☐ Super Lube 1 

☐ 15- or 30-minute Epoxy 1 

☐ Masking Tape 1 

☐ Towel 1 

☐ Dish Soap 1 

 

 Structures Sub-Team Equipment Checklists 

Table 4.4.3-1 Structures Tools to Bring Checklist 

 Name Amount 

☐ Scale 1 

☐ Files 4 

☐ Cross Screwdrivers 5 

☐ Flathead Screwdrivers 2 

☐ Vice Grip Pliers 1 

☐ Pinch Pliers 1 

☐ Matching Red Clamps 1 

☐ (Eye Glass Size) Screwdrivers 1 

☐ Sharpie 1 

☐ Good Coupler Bulkheads 2 

☐ Sand Paper (Any Grit) 1 

☐ Triangle Level 1 

☐ Stanley Saw 1 

☐ Nylon Rope 1 
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☐ Extra Threaded Rod 1 

☐ Big Clamps 2 

☐ JB weld Packet 1 

☐ Caliper 1 

☐ Dremel  1 

 

 
Table 4.4.3-2 Full-Scale Rocket Assembly Components Checklist 

 Name Amount 

☐ Motor Bay (Module 2.2) 1 

☐ Recovery Bus #1 1 

☐ Recovery Bus #2 1 

☐ Fins 3 

☐ Drogue Bay (Module 1.2) 1 

☐ Module 2.1 1 

☐ Module 1.1 (Observation Bay) 1 

☐ Drogue Parachute 1 

☐ Main Parachute 1 

☐ Thermal Protection Blankets 2 

☐ Roll of Nylon Shock Cords 1 

☐ GPS System 2 

☐ Observation Camera 1 

☐ Bag of Extra Fastener Screws 1 

☐ Nose Cone 1 

☐ Bottom Motor Mount Ring 1 

☐ Top Motor Mount Ring 1 

☐ Motor Mount Rings with Cuts 3 

 

 Payload Sub-Team Equipment Checklist 

Table 4.4.4-1 Payload Equipment Checklist 

 Name Amount 
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☐ UAV 1 

☐ Batteries 3 

☐ Transmitter 1 

☐ Telemetry Module 1 

☐ Mission Planner Flight Station 1 

☐ M2 & M3 Allen Wrench 2 

☐ 5/16” Crescent Wrench 1 

☐ Sets of Fasteners 1 

☐ Box of Spares 1 

☐ Set of Wires 1 

☐ Power Bank 1 

☐ Micro-USB Cable 1 

☐ Voltmeters 4 

 

 

4.5 Launch Operation Procedures  

The checklists identified in this section contain step-by-step procedures pertaining to the full 

assembly of the launch vehicle and all other components while at the launch site. These 

checklists were created to ensure that all team members could properly rebuild the full-scale 

rocket using the proper handling and procedure ensuring that little to no error will be present. 

Every so often the symbol  will be present directly following a step indicating that a potential 

safety risk is imminent if the preceding step is not followed correctly or performed poorly. 

 

 Recovery Preparations  

Powder Charge Preparations: 

      Required PPE: 

 Powder charge preparation should be handled and/or supervised by a L2 certified team  

            mentor. All individuals working or near the vicinity of the powder charge handler must  

            wear: 
 

1. Eye Protection: such as tight-fitted goggles that will completely cover the eyes from 

unwanted black powder residue, sparking, or accident firing of ejection charges. 

2. Hand and Arm Protection: wear long sleeved clothing and butyl gloves to protect 

against any potential sparks and heat that may be present during preparation.  

3. Hearing Protection: wear earplugs if intending on performing an ejection test to 

prevent any potential hearing damage from noise. 
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       Procedure: 

1. ☐ Verify that handler, helpers, and anyone near the vicinity are wearing safety  

     goggles before beginning procedure. 
 

2. ☐ Retrieve the Drogue Recovery Bay and Main Recovery Bay and verify that both   

     bays have two modified casing for the black powder. 
 

3. ☐ Carefully pour a measured amount of black powder into each of the casings:     

       - For the Drogue Recovery Bay, the main charge will contain 6g of black powder  

          and the redundant charge will contain 8g of black powder. 

       - For the Main Recovery Bay, the main charge will contain 10g of black powder  

          and the redundant charge will contain 12g of black powder. 

                Handler(s) must ensure that they do not mistaken the recovery bays for one  

                     another. If this happens, the main parachute may not be able to fully deploy  

                     because of the weaker ejection charge. 
 

4. ☐ Insert one electronic match into each of the modified casings (total of 4). 
 

5. ☐ Connect the E-matched to their respective altimeters. 
 

6. ☐ Verify that the pyrotechnic end of the electronic match is within the casing and  

     resting on top of the black powder (not buried inside). 
 

7. ☐ Make sure to connect the main charge E-match to the altimeter and the  

     redundant charge E-match to the timer. 

                         If the wirings are connected to the incorrect terminal ports, then the ejection  

                              charge produced may be too insufficient to release the parachutes.  
 

8. ☐ Now, pack each of the casing with enough wadding to completely fill up each  

     casing. 
 

9. ☐ Tightly cover up each of the casings in duct tape. 
 

10. ☐ Insert the Drogue Recovery Bay and Main Recovery Bay into their respective  

     locations during launch vehicle assembly. 
 

Parachute Preparation: 
 

      Required PPE:  
 

 Parachute packing preparation does not require any certified personnel to supervise or  

            perform the task, however it is preferable that the recovery sub-team takes charge of this  

            procedure. All individuals working on parachute preparation must wear: 
 

1. Hand Protection: such as leather gloves to prevent potential rope burns from handling 

the shock cords and parachute shroud lines. 
 

      Procedure: 
 

1. ☐ Visually inspect nylon shock cords, thermal protection blankets, U-bolts, and both  

     parachutes to determine if any damage is done to any of the equipment. 
 

2. ☐ Examine the parachute shroud lines and verify that no tangling is present. 
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                        If tangling is present, the handler must untangle the parachute, else the  

                             parachute may be unable to fully open upon deployment. 
 

3. ☐ Properly tie one nylon shock cord to each of the parachutes (proper tying  

     procedure can be observed in the water knot procedure and the  

     double figure-eight knot procedure).  
 

4. ☐ Insert each thermal protection blanks through the shock cord and onto each of the  

     parachutes. 
 

5. ☐ Fold the drogue, payload, and main parachute according to the proper folding  

     guidelines depicted in the Parachute Folding Procedure Section. 
 

6. ☐ Wrap the thermal protection blankets around their respective folded parachutes and  

     verify that the blankets are protecting the parachute and its shroud lines. 

                         If the parachutes are not completely protected by the blanket, then the  

                              parachutes may sustain burning and heat damage from the black powder  

                              ejection charges and the parachute performance will suffer. 
 

7. ☐ Connect the main parachute to the U-bolt of the Main Recovery Bay. 
 

8. ☐ Connect the drogue parachute to the U-bolt of the Drogue Recovery Bay. 
 

9. ☐ Connect the payload parachute to the U-bolt of the Payload Bay. 

             Verify that the drogue, payload, and main parachutes are connected to their  

                   respective bays to avoid potential recovery failures during parachute    

                   deployment.  
 

      Parachute Folding Procedure: 
 

      The parachute folding procedure begins once the handler ensures that there are no tangles  

       present within the parachute shroud lines (after Step #2 of the Parachute Preparation  

       Procedure). 

1. ☐ Hold the parachute at the apex of the canopy and tightly pull it to straighten/flatten  

     the shrouds and canopy as seen in Figure 4.3.1-1. 

 

 
Figure 4.5-1 Flattened Parachute Canopy 

2. ☐ Introduce a half fold from the apex of the canopy to the shroud line connection  

     points as seen in Figure 4.3.1-2. 
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Figure 4.5-2 Parachute Canopy after Half Fold 

3. ☐ Introduce a quarter fold from the apex of the half fold to the shroud line connection  

     points if the parachute is still too large after the half fold as seen in Figure 4.3.1-3. 

 
Figure 4.5-3 Parachute Canopy after Quarter Fold 

4. ☐ Gently roll the folded parachute over the shroud lines and cords until it can be    

     packed into the parachute’s respective bays as seen in Figure 4.3.1-4. 

              Do not roll the cords around the parachute or too tightly, the parachute’s  

                   packaging wants to be tight but also easy to unfurls after ejection to prevent  

                   any complications during recovery. 

 

 
Figure 4.5-4 Parachute Canopy Rolled Over Shroud Lines 
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Knotting Procedures for Parachutes: 
 

The two knotting procedures shown below were added to the assembly checklist to ensure that 

anyone on the team can aid in tying the parachute shock cords or shock cords to the U-bolt 

together as well as help remind those that may have forgotten how to properly and accurately 

fasten these components together without fear of it becoming undone during launch. The 

overhand-follow-through knot is most commonly used to join two separated cords together and 

is sturdy enough to ensure that it will not come undone by the forces acting on it as the parachute 

deploys. On the other hand, the team utilized a figure eight knot when joining one end of the 

cord to the U-bolts of the recovery bays and payload bay. 
 

     Overhand-Follow-Through Knot Procedure: Illustrated in Figure 4.3.1-5 
 

 
Figure 4.5-5 Visual Representation of Steps to Produce Overhand-Follow-Through Knot 

 

1. ☐ Retrieve the two ends of the cords that you intend to knot and create a bite with  

     one of these ends and create a loop. 
 

2. ☐ Wrap the end of the cord around and through the loop. 
 

3. ☐ Grab the end of the cord that went through the loop and pull it to produce the  

    “pretzel” shape. 
 

4. ☐ Grab the other end of the cord (in this case the orange cord) and have it follow  

     through the end from the original cord. 
 

5. ☐ Have the orange cord continue to follow along how the first cord was knotted. 
 

6. ☐ Tighten both ends of the joined cord, and now the knot is complete.  

 

 Figure Eight Knot Procedure: Illustrated in Figures 4.3.1-6 
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Figure 4.5-6 Visual Representation of Steps to Produce Figure-Eight Knot 

1. ☐ Begin by taking one end of the cord and create a single loop. 
 

2. ☐ Wrap the end around the loop and create an “8” shape. 
 

3. ☐ Have the tail go through the top loop from the “figure 8” shape produced. 
 

4. ☐ Tighten the single figure 8 knot. 
 

5. ☐ Make sure that you have enough of the cord end and wrap it around the U-bolt. 
 

6. ☐ Feed the running end of the cord through the existing Figure 8 knot. 
 

7. ☐ Have the tail end of the cord follow-though the preexisting Figure 8 knot. 
 

8. ☐ Tighten the knot and ensure that there are approximately 3 inches of tail leaving  

     the knot. 
 

 Motor Procedure  

When assembling the motor before launch, it is crucial to follow the instructions provided by 

Aerotech Consumer Aerospace to ensure that appropriate safety precautions are taken. The 

motor grains were made of a highly flammable solid propellant mostly consisting of ammonium 

perchlorate which should be kept in an anti-static explosive container and should always be 

handled with care. 

At the launch site, the first thing and possibly the most important thing to do before inserting the 

propellant grains into the motor casing was to check for any cracks that may have occurred 

inside the cores. This is crucial to make sure that they burn evenly as commercialized and do not 

cause an explosion due to over pressurization in the chamber. The motor casing should also be 

inspected for any damage that could have occurred by transportation and should be cleaned of 

any residue from previous use. 
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      Required PPE: 
 

Only the L2 certified team mentor may handle motor preparation and must wear the  

            following safety equipment during preparation: 

 

1. Eye Protection: tight-fitted goggles must be worn to protect the handler(s) from any 

sparks or heat that may be unintentionally produced by the motor. 

2. Hand and Arm Protection: gloves and long-sleeved clothing should be worn to protect 

the handler(s) of any grease and/or any propellant exposure that may contact bare 

skin. 
 

Motor Preparation: 
 

      Procedure: 
 

1. ☐ It must be certain that all the rocket motor parts are present from the Aerotech  

    Reloadable Kit, such as the correct O-rings, a nozzle, the phenolic liner, and the  

    smoke charge. 

2. ☐ The O-rings must be covered in grease. Super Lube will be the primary method  

     used to grease up the O-rings and the motor casing closure threads. 

                         Forgetting to grease the threads of the motor casing may cause the threads to  

                              seize up and prevent removal of motor hardware when needed. 
 

3. ☐ The smoke charge must be greased at one end and the greased end should be  

     inserted inside the forward closure cavity. 
 

4. ☐ For the Aerotech L1500, two propellant grains should be inserted into the phenolic  

     liner with the appropriate O-ring in-between to oxidize the chemical reaction in  

     the chamber. 
 

5. ☐ The phenolic liner should carefully be inserted inside the motor casing with the  

     grains contained inside. 
 

6. ☐ The appropriate O-ring should be applied to the seal disk and the seal disk should  

     be applied into the liner from the forward closure making sure that it creates a tight  

     seal, so the hot gas created in the chamber does not escape. 
 

7. ☐ Another O-ring is applied to the forward closure on the appropriate lip and  

    threaded by hand into the forward end until closed tight. 
 

8. ☐ Apply an O-ring to the phenolic liner on the aft end and insert the nozzle. 
 

9. ☐ Thread the aft closure to the aft end of the motor casing by hand until closed  

     tightly. 

                         An unsecure motor and motor casing may cause failure during launch  

                              and an uncontrolled rocket. 
 

10. ☐ The motor is ready to be inserted into the launch vehicle. Figure 4.3.2-1 shows the     

     result of assembling the Aerotech L1500 motor for the full-scale flight test.  
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Figure 4.5-7 Aerotech L1500 Motor Prepared for Launch 

 

Post-Recovery Motor Cleanup: 
 

      Procedure: 
 

1. ☐ Cleanup can begin once the motor has cooled down enough. 

                        Be cautious of handling the motor casing as it may still be hot to touch even  

                             after recovery. 
 

2. ☐ First, unthread and remove the forward and aft closures.   
 

3. ☐ Remove the smoke charge insulator from the forward closure. This can be  

                      discarded once removed. 

 

4. ☐ Remove all propellant residue and delay from the closures with wet wipes or damp  

                       paper towels along with dish soap (to the best of one’s ability). 

                         Motor cleanup should occur as soon as possible once the motor has cooled  

                              down because after 24 hours the remaining propellent and delay reside will  

                              become difficult to remove and can cause corrosion of the metal casing parts. 

 

 Payload Setup Procedure  

      Required PPE: 

 The payload setup procedure consists of multiple sections that will be setup by the  

            payload team. The completion of the sections will be verified by the team lead. Anyone  

            assisting in the completion of the payload setup procedure must wear safety glasses to  

            protect eyes and face from any electrical equipment. 

4.5.3.1 Assembly Checklist  

Pre-Assembly: 
 

      Procedure: 
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1. ☐ Verify that the team is wearing ESD Wristbands. 
 

2. ☐ Verify that the team is aware of the dangers of using a battery. 
 

Preparation Work: 
 

      Procedure: 
 

1. ☐ Set aside the Electronic speed controller, PDC, and each of the four motors next to  

     the top frame labeled level 1, along with 4 x M3 fasteners and 4 x 0.5” Standoffs. 
 

2. ☐ Set the PixRacer Microcontroller and 4 x 0.5” M3 Standoffs next to the middle  

     frame labeled Level 2. 

                         If the battery is below nominal voltage, place it onto the charging station. 
 

3. ☐ Set the 3C LiPo Battery and Telemetry Module next to the bottom frame labeled  

     Level 3 along with the 3 x 0.5” M2 Screws and 4 x 0.5” M3 Standoffs. 
 

4. ☐ Set the simulated beacon and the servo next to the beacon deployment mechanism. 
 

Level 1: 
 

      Procedure: 
 

1. ☐ Begin by cutting 1” shrink tubing to put over each of the three wires for the motor  

    (Power, Ground, and Signal). Then apply one larger shrink tubing to be  

    encompassed around all three wires. Repeat this for each of the motors. 
 

2. ☐ Solder each of the connections of the ESC to the brushless motors according to the  

    diagram shown below. 

 
Figure 4.5-8 Quad X Configuration 

3. ☐ After the motors have been soldered, fasten the motors to each arm with the  

    specially fit M2 screws. 
 

4. ☐ Wipe the top of the frame with acetone and put Velcro lock on the frame and the  

     ESC. 
 

5. ☐ Solder the Power distribution board to the ESC and attach it to the frame with the  

     Velcro lock. 
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6. ☐ Mark the front, to signify the orientation in which each of the other components  

    must be attached. 
 

7. ☐ On the bottom of the frame, apply Velcro lock in the center and attach the Power  

     Distribution Board. 
 

Level 2: 
 

      Procedure: 
 

1. ☐ From the top face of Frame 2, apply Velcro lock to the PixRacer Flight Controller  

     and the frame. 
 

2. ☐ Insert the SD card into the Flight Controller. 
 

3. ☐ Mount and fasten Level 2 to Level 1 with the 4 x 0.5” M3 Standoffs and their  

     accompanied fasteners. 
 

4. ☐ Attach the PWM cable to the ESC and the PixRacer. 
 

Level 3: 
 

      Procedure: 
 

1. ☐ Apply Velcro Lock for the Telemetry Module and the Battery. 
 

2. ☐ Attach the Telemetry Module using the Wiring Diagram provided in Section 5.4.4. 
 

3. ☐ Fasten both legs of the UAV with M3 screws, that go into the 4 x 0.5” M3  

     Standoffs used as frame supports. 
 

4. ☐ Fasten the servo to the bottom of the frame and run the servo wire through the  

     orifice in the Frame. Connect it to the PixRacer on Port 4, as shown in the Wiring  

     Diagram from Section 5.4.4. 
 

5. ☐ Apply Velcro lock on the bottom of the frame and on the Telemetry Module and  

     attach it. 
 

4.5.3.2 FAA Checklist  

FAA Pre-Flight Regulation Checklist: 
 

1. ☐ Assess the operating environment, consider risks to persons and property in the  

    immediate vicinity, both on the surface and in the air. This assessment must  

    include: 

- Local weather conditions 

- Local airspace and any flight restrictions 

- The location of persons and property on the surface 

- Other ground hazards 
 

2. ☐ Ensure that all persons directly participating in the small unmanned aircraft  

     operation are informed about the operating conditions, emergency procedures,  

     contingency procedures, roles and responsibilities, and potential hazards. 
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3. ☐ Ensure that all control links between ground control station and the small  

     unmanned aircraft system to operate for the intended operational time. 
 

4. ☐ If the small unmanned aircraft is powered, ensure that there is enough available  

     power for the small unmanned aircraft system to operate for the intended  

     operational purpose. 
 

5. ☐ Ensure that any object attached or carried by the small unmanned aircraft is secure  

     and does not adversely affect the flight characteristics or controllability of the  

     aircraft. 
 

FAA Checklist: 
 

The following checklist has been directly taken from the FAA website. None of the instructions 

listed below have been changed, so that the message is direct and does NOT get misconstrued. 
 

1. ☐ Register your drone or UAS with the FAA. 
 

2. ☐ Fly for hobby or recreational purposes only 
 

3. ☐ Follow a community-based set of safety guidelines 
 

4. ☐ Fly your drone within visual line-of-sight 
 

5. ☐ Give way to manned aircraft 
 

6. ☐ Provide prior notification to the airport and air traffic control tower, if one is  

     present, when flying within 5 miles of an airport.  
 

7. ☐ Fly a drone or UAS that weigh no more than 55 lbs, unless certified by a  

     community-based organization. 
 

8. ☐ Mark the registration number of the vehicle given by the FAA on the vehicle 

 

4.5.3.3 Hardware Checklist  

Batteries: 
 

      Procedure: 
 

1. ☐ Check and record the battery voltages 
 

2. ☐ Retrieve the battery for external monitor 
 

3. ☐ Prepare batteries for connection to: 

- PixRacer 

- External Monitor 
 

Ground Station: 
 

      Procedure: 
 

1. ☐ Plug in external charger for ground station 
 

2. ☐ Radio Control 
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UAV: 
 

      Procedure: 
 

1. ☐ Check CG of the UAV. 
 

2. ☐ Verify props are sturdy and locked securely. 
 

3. ☐ Unfold the wings of the UAV. 
 

4. ☐ Ensure all connections are secure, including M3 Standoffs and Bolts. 
 

PixRacer: 
 

      Procedure: 
 

1. ☐ Check flight models and Failsafe 
 

2. ☐ Turn radio on 
 

3. ☐ Turn PixRacer switch on 
 

4. ☐ Wait for tone and flashing green light 
 

5. ☐ Connect PixRacer with Mission Planner via telemetry 
 

6. ☐ Check (move plane and make sure surfaces react properly) 
 

7. ☐ Calibrate radio 
 

8. ☐ Range check 
 

9. ☐ Hold safety button down until solid red 
 

10. ☐ Arm PixRacer through transmitter 
 

Flight: 
 

      Procedure: 
 

1. ☐ Perform control check of which the Safety Officer verifies the checklist and the  

     pilot inspects the aircraft. 
 

2. ☐ The UAV is prepared to commence takeoff. 
 

After Flight: 
 

      Procedure: 
 

1. ☐ Disarm the UAV from the controller. 
 

2. ☐ Disconnect it from the mission planner. 
 

3. ☐ Press the safety switch. 
 

4. ☐ Disconnect the batteries. 
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5. ☐ Record the battery voltages and recharge them. 

 

4.5.3.4 Calibration Checklist  

Pre-Procedure: 
 

All calibration will be done via the MissionPlanner software. 
     
      Procedure: 
 

1. ☐ Load MissionPlanner on the laptop. 
 

2. ☐ Direct Connect the Flight Controller to the laptop using a signal cable, or by using  

     the wireless telemetry device. 
 

3. ☐ Set the Com output on the MissionPlanner. 
 

4. ☐ Load the WP file. 
 

Accelerometer: 
      
      Procedure: 
 

1. ☐ Initial Setup > Mandatory Hardware > Accelerometer Calibration 
 

2. ☐ Begin Accelerometer Calibration 
 

3. ☐ Start by rotating the UAV in each direction and waiting for the audio cue from the  

     UAV. 
 

4. ☐ Repeat this step until the calibration is complete. 
 

GPS: 
       

      Procedure: 
 

1. ☐ To obtain a GPS fix take the UAV outside. 
 

2. ☐ Start the GPS calibration and wait for the Flight Controller to receive 
 

3. ☐ To get a GPS fic, 4 satellites are required, so continue to wait until the console 

shows at least 4 satellites. 
 

4. ☐ Move the UAV and rotate until all three green bars are filled. The console should 

prompt the user with eh message “Calibration Successful.” 
 

Servos: 
 

    Procedure: 
 

1. ☐ Initial Setup > Optional Hardware > Motor 
 

2. ☐ Make sure the propellers are not attached 
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3. ☐ Start by arming the UAV from a safe distance and ensure no one is close to the  

     UAV. Make sure you announce whenever you arm or disarm the UAV. 
 

4. ☐ Verify that each motor matches with Figure 4.5.3.3-1 given below. 

 
Figure 4.5.3.3-1 UAV Quad Configuration 

 

5. ☐ Set the servo output to 10% and 2 seconds 
 

6. ☐ Announce that the motor is being tested and repeat for each motor. 
 

7. ☐ Run each motor separately from the dropdown menu and if each command works,  

     run them all together. 
 

Transmitter/Receiver: 
 

It must be noted that the Transmitter/Receiver was not used for autonomous flight. It was added 

for two purposes: safety and testing. The team agreed that a manual override was a mandatory 

safety feature. This calibration process will guide the user through the calibration of the manual 

user override for the safety pilot as well as the Failsafe Mode. 
 

      Procedure: 
 

1. ☐ Make sure the XBR is connected to one of the smart ports (either the SBUS port or  

     the RSSI port) with the 3-wire cable and that the Flight Controller is connected via  

     its 5v port. 
 

2. ☐ The lone flashing red light signifies that the Transmitter is powered but not  

     receiving signal. 
 

3. ☐ After verifying that the transmitter is powered properly, turn it off and then restart  

     it. 
 

4. ☐ Use a push pin to set the Transmitter to binding mode in order to receive signal  

     from the flight module. 
 

5. ☐ At this time, turn on the receiver and set the receiver to bind. 
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6. ☐ After a given amount of time, the transmitter should turn to a solid green light,  

     signifying that the transmitter is bound. Figure 4.5.3.3-2 shows a diagram of the  

     X8R and its different status’.  
 

 
Figure 4.5.3.3-2 X8R Diagram and it’s Different Status 

Calibration of Receiver: 

      Procedure: 

1. ☐ Initial Setup > Mandatory Hardware > Radio Calibration 
 

2. ☐ Click on Calibrate Radio 
 

3. ☐ While the UAV is NOT armed, move the throttle and tilts from the receiver. This  

     should be displayed in the window and should match the prompted commands.  

     Continue to move different switches until the radio is fully calibrated. 
 

4. ☐ Click done 
 

5. ☐ This should prompt the user with a window displaying different channels and their  

     given mHz readings. 

                        None of these should be above 900 mHz, which is well below the limit of the  

                             Payload Experiment Rules. 
 

Failsafe: 

      Procedure: 

1. ☐ Initial Setup > Mandatory Hardware > Failsafe 
 

2. ☐ Set the Failsafe on the dropdown menu to “Enable always RTL.” This sets the  

     receiver with a failsafe that is bound to a button. This will force the UAV to return  

     to the launch point. 
 

3. ☐ Check the failsafe by testing. This can be simulated, and only required a signal  

     cable. Using a telemetry module requires a LiPo battery. 
 

4. ☐ Switch to stabilize mode and throttle the motors to 50%. Turn off the transmitter  

     by unplugging the power from it. The flight mode in the control module should  

     switch to RTL mode. 

 

PID Basic Calibration: 

It must be noted that the UAV must be capable of flight in order to tune it correctly such that it 

can be verified through testing. The menu for the basic PID calibration is shown in Figure 

4.5.3.3-3. 
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Figure 4.5.3.3-3 Basic PID Calibration Menu 

4.5.3.5 Launch Day Payload Checklist 

      Procedure: 

1. ☐ Use the first battery to go through the Calibration Checklist to verify all Avionic  

     Components are functioning properly. For detailed instruction of calibration refer  

     to calibration Checklist in Section 4.3.3.4. This includes the: 

- Servo Release 

- GPS 

- Telemetry 

- Radio Control and Calibration 

- ESC 
 

2. ☐ Ensure all mechanical connections are securely fastened. 
 

3. ☐ Check that each set of bolts has two “free threads” up to ASME standard. 
 

4. ☐ Ensure all propellers are fastened correctly. 
 

5. ☐ Motor mount for each motor has four lock bolts tightened securely. 
 

6. ☐ Hinge the Lock Mounts each of which required two fasteners. 
 

7. ☐ The Hinge Lock Shaft for each of the four hinge locks should be fastened. 
 

8. ☐ Tighten the bolt for the Spring Lock on each folding arm. 
 

9. ☐ Securely fasten the GPS to the top level of the UAV with the M2 screws. 
 

10. ☐ Mounting bolts for the GPS top mount to the top frame is fastened properly to the  

    standoffs for the middle frame. 
 

11. ☐ Secure the ESC and PDC on either side of the top frame to one another. 
 

12. ☐ Ensure that the bottom bolts for the middle frame are securely fastened. 
 



` 

97 California State Polytechnic University, Pomona | 2018-2019 NSL 

13. ☐ Secure the bottom frame to landing gear with a set of bolts. 
 

14. ☐ Fasten the beacon holder to the bottom frame. 
 

15. ☐ Fasten the Servo to the Beacon holder. 
 

16. ☐ Telemetry, Receiver, Battery, and PixRacer must be Velcroed down to frame and  

     zip tie them down. 
 

17. ☐ Fasten down the Avionic Connections. 
 

18. ☐ Connect the GPS to the PixRacer. 
 

19. ☐ Connect each of the four motors to the ESC. 
 

20. ☐ Have the ESC and connect it to the PDC. 
 

21. ☐ Connect the PDC to the PixRacer. 
 

22. ☐ Ensure all motor wires are securely fastened, shrink-tubed, and slipped through the  

     wire anchor. 
 

23. ☐ Verify that the battery attached to the PDC connection is secure. 
 

24. ☐ Ensure that the ESC wire to the PixRacer is secure. 
 

25. ☐ Ensure the servo release is connected through the voltage regulator to the ESC is  

     secure. 
 

26. ☐ Verify that the safety switch and the buzzer are connected to the PixRacer. 
 

27. ☐ Connect the telemetry module to the PixRacer. 

 Full-Scale Launch Vehicle Preparations  

Launch vehicle preparation should occur AFTER both the motor and the powder charges are 

fully prepared to ensure that the procedures for setting up the rocket runs smoothly and with little 

to no risk of errors. 
 

Required PPE:  

 Any member of the team can aid in completing the full-scale launch vehicle assembly as  

            long as there is supervision from the members of the structure team and that all personnel  

            working are wearing: 
 

1. Eye Protection: goggles should be worn when handling the recovery bays and motor 

to prevent any damage to the eyes if an unwarranted charge goes off. 

2. Hand and Arm Protection: butyl gloves and long-sleeved clothing should be worn to 

protect individuals from any epoxy that may be curing, sparks from electrical 

equipment and recovery bays, and the motor. 
 

 

 

Avionics Bay (Module 1.1): 
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      Procedure: Illustrated in Figures 4.5.-12, 4.5-13 

1. ☐ Insert the U-bolt to the bottom of the coupler then fasten and tighten it.  
 

2. ☐ Verify that the camera is mounted properly onto the observation mount at a  

     declining angle. 
 

 
Figure 4.5-10 Avionics Bay Checklist steps 3-6 

 

3. ☐ Verify that the coupler is inserted into the observation bay and screwed in  

     using 6 fasteners. 
 

4. ☐ Tighten the threaded rods under the coupler. 
 

3. 

4. 

5. 

6. 

Figure 4.5-9 Avionics Bay Checklist steps 1-2 

1. 

2. 
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5. ☐ Ensure there is a separation bulkhead resting between the nose cone sleeve and  

     Avionics Bay. 
 

6. ☐ Attach nose cone to the avionics bay using 6 fasteners.  

Drogue Storage Tube (Module 1.2):  

      Procedure: Illustrated in Figure 4.5-14 

 
Figure 4.5-11 Drogue Storage and Recovery Bay Checklist 

1. ☐ Attach drogue chute to the U-bolt of the Drogue Recovery bay and the Avionics  

     bay.  
 

2. ☐ Verify that the parachute is folded properly within the drogue bay with the Nomex  

     blanket facing the black powder charges. 
 

3. ☐ Insert the Drogue Recovery Bay into the Drogue Storage Tube and tightened in  

     with 6 shear pins. 
 

Drogue Recovery Bay: 

      Procedure: Illustrated in Figure 4.5.15 

1. ☐ Verify and inspect all electronics and wires are properly connected and are in  

     working order for the Drogue Recovery Bay. 
 

2. ☐ Verify that the Drogue Recovery Bay has a U-bolt fastened on top of the bus. 
 

3. ☐ Check and ensure that the threaded rods are tightened. 

4. ☐ Affirm that the black powder wells are prepared. 
 

5. ☐ Correctly align the top bulkhead with thee insert holes on the bus. 
 

6. ☐ Attach Drogue Recovery Bay to the Main Storage Tube using 3 fasteners. 

 

 

Main Storage Tube (Module 2.1):  

NOTE: The Main Storage Tube is the portion of the launch vehicle that will house the payload 

bus, the payload bus parachute, the main parachute, a Kevlar shock cord, and a Nomex blanket. 

1. 
2. 

3. 

Steps 1-6: 

Drogue 

recovery bay 
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      Procedure: Illustrated in Figure 4.5.-15 

 
 

 
Figure 4.5-12 Main Storage Tube Procedure 

1. ☐ Attach the main parachute to the U-bolt on Main Recovery bay. 
 

2. ☐ Verify that the U-bolt attached to the Payload Bay is secure. 
 

3. ☐ Attach the payload parachute to the U-bolt on the Payload Bay. 
 

4. ☐ Insert the Payload Bay into the Main Storage Tube.  
 

5. ☐ Pack the main chute into the main storage bay. 
 

6. ☐ Secure the main storage bay to the Recovery bay with shear pins. 

 

Main Recovery Bay 

NOTE: The Main Storage Tube is the portion of the launch vehicle that will house the payload 

bus, the payload bus parachute, the main parachute, a Kevlar shock cord, and a Nomex blanket. 

 

      Procedure: Illustrated in Figure 4.5-16 

                    
Figure 4.5-13 Main Recovery Bay checklist 

1. ☐ Verify and inspect all electronics and wires are properly connected and are in  

     working order for the Main Recovery Bay. 
 

2. ☐ Verify that Main Recovery Bay has a securely fastened U-bolt on top of the bus. 
 

3. ☐ Check and ensure that the threaded rods are tightened. 
 

4. ☐ Make sure the black powder wells are prepared. 

1. 2. - 3. 

4. – 5. 

6. 

1. – 4. 

5. – 6. 

7. 
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5. ☐ Fold and insert the parachute and Nomex blanket into the main storage tube. 
 

6. ☐ Correctly align the top bulkhead with thee insert holes on the bus. 
 

7. ☐ Ensure that the Main Recovery Bay is inserted into the Main Storage Tube with 6  

     fasteners. 

 

Payload Bus: 

      Procedure: Illustrated in Figure 4.5-17 and Figure 4.5-18 

 
Figure 4.5-14 Payload Locking Mechanism 

 

 
Figure 4.5-15 Petal Locking Mechanism 

1. ☐ Connect the payload to the payload locking mechanism and perform a minor  

     strength test to verify that the payload is secure and that the locking mechanisms  

     are in working order. 

                   If payload locking mechanism does not secure the payload, then extensive  

                        damage may occur to the payload during launch. 
 

2. ☐ Close the Payload Bus and lock the petals using the petal locking mechanism. 
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                   Petal locking mechanisms must be checked to ensure that they will not fail  

                        during launch or decent and open prematurely.  

3. ☐ Ensure Payload Bus parachute is secured to the U-bolt on the bus. 
 

4. ☐ Verify that the payload is armed and insert it into the Payload Bus. 

 

Motor Bay (Module 2.2): 

      Procedure: Illustrated in Figure 4.5-19 and Figure 4.5-20 
 

                                    
Figure 4.5-16 Motor Bay Checklist Steps 1-4 

 

 

 
Figure 4.5-17 Motor Bay Checklist Steps 5-6 

1. ☐ Fit the motor casing snuggly into the motor mount rings. 

- Motor mount rings should be equally spaced. 

- The motor mount rings should be adjusted to have the opens in the direction of 

the fin slits. 

2. ☐ Insert the fins into the fin slits and tighten them at the top and bottom motor mount  

     rings. 
 

3. ☐ Ensure that the bottom motor mount ring is tightened with 6 fasteners. 
 

4. ☐ The bulkhead that is above the motor should be tightened with 6 fasteners.  
 

5. ☐ Ensure that the bolt attached to the motor is also attached to the top bulkhead. 

1. 2. 

4. 

3. 

5. 

6. 
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6. ☐ Make sure that the Main Recovery Bay is attached to the Motor Bay using 6  

     fasteners. 
 

7. ☐ Ensure and check all fasteners are properly tightened throughout the launch  

     vehicle. 

                   If there are loosely screwed on fasteners on the launch vehicle, the fastener  

                       may come loose and remove itself during launch and separate portions of the  

                       launch vehicle that were not intended to separate. 

 

 Avionics Preparation  

      Required PPE: 

 Aerodynamic sub-team personnel should be the ones who handle avionics preparation.  

            There is no protective gear required for this procedure. 
 

      Procedure: 

1. ☐ Turn on all applicable electronics (includes Observation Bay camera and GPS  

                 systems). 
 

2. ☐ Verify that all electronics are in working condition prior to launch procedures. 

- Camera: image feed must be visible with proper connections 

- GPS systems: data collection should occur while on the launch pad to ensure 

the system works during launch  

                          Observe LiPo voltage to see if it is in working condition. If the voltage is too  

                               low or too high, fire danger within the launch vehicle increases. 
 

3. ☐ Confirm that all electronics are properly secured into their respective bays on the  

     launch vehicle. 

 

 Setup on Launcher  

Any member of the team may setup the launch vehicle onto the launcher if they are supervised 

by an L2 certified team mentor and wear the proper safety equipment: 

1. Eye Protection: personnel must wear tight-fitted goggles to protect face and eyes. 

2. Hand Protection: leather gloves should be used when handling the launch vehicle and 

setting it onto the railing to avoid cuts or scratches 

       

       Procedure: 

1. ☐ Safety officer(s) are to verify that the assembly checklist has been completed with  

           no missing of incorrectly performed steps. 
 

2. ☐ Physically inspect the rocket for construction integrity. 
 

3. ☐ Assure CG and CP are market on the rocket. 
 

4. ☐ Inspect the recovery system, shock cord, hardware, and parachute are attached and  

     secured. 
 

5. ☐ Plug in altimeters prior to launch. 
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6. ☐ Assure launch pad alignment is safe for the given wind conditions and personnel  

          are evacuated into a safe environment.  
 

7. ☐ Communicate a GO or NO GO to the launch Controller Officer. 
 

8. ☐ In coordination with the Launch Controller Officer, have a launch pad assigned to  

           your team’s rocket. 
 

9. ☐ Be prepared to answer any question the RSO may have about the rocket at the  

           preflight safety check (if applicable). 
 

10. ☐ Carefully slide the launch vehicle onto the launch rail without twisting the vehicle  

     to avoid damaging it or the railing. 

            Make sure none of the altimeters are armed during this step else an accidental  

                 firing of the recovery systems may occur. Results can lead to bodily harm  

                 and/or damage to recovery systems. 
 

11. ☐ Arm and confirm flight electronics are in working condition after rocket is upright  

           on the rail. 
 

12. ☐ Install igniter after electronics are armed and rocket is on the rail. 
 

13. ☐ Arm the launch pad circuit. 

 

 Igniter Installation   

      Required PPE: 

 Igniter installation should be directly supervised by the L2 certified team mentor and  

            handlers must wear: 

1. Eye Protection: tight-fitted goggles to protect eyes and face from sparks from 

potentially unwanted early ignition. 

2. Hand and Arm Protection: leather gloves and long-sleeved clothing should be wore to 

prevent any possible burns that may happen when handling a hazardous material. 

       

      Procedure: 

1. ☐ Strip and separate the wires of the igniter that will interface to the motor. 
 

2. ☐ Ensure that all electronics on-board the rocket are armed. 
 

3. ☐ Feed the coated end of the igniter through the open nozzle throat and continue  

          feeding it though until it stops against the forward seal disk. 

            Verify that the igniter is feed properly through the nozzle throat up until it hits  

                 the forward seal disk else, the motor may be unable to ignite properly. 
 

4. ☐ Make sure that the wires are separated and connect each separate end to the launch  

           controller wires. 

 

 Launch Procedure  

      Required PPE: 



` 

105 California State Polytechnic University, Pomona | 2018-2019 NSL 

 Launching operation will be directly supervised by the RSO who will determine if  

            everything is set up properly for launch. No personal protective equipment is required but  

            anyone near the vicinity of launch must evacuate to either a bunker or remain a safe  

            distance away. 

       

      Procedure: 

1. ☐ One person will oversee ignition of the launch vehicle with the launch controller. 
 

2. ☐ Verify that any personnel near launch site are inside the bunkers. 

            Do not begin the countdown until everyone is evacuated and within a safe  

                 distance away from the launch site. 
 

3. ☐ Upon approval from the LCO, proceed to launch the rocket. 
 

4. ☐ Perform range and sky checks at T-Minus 30 seconds. 
 

5. ☐ Arm launch controller at T-Minus 10 seconds. 
 

6. ☐ Begin Countdown on speaker at T-Minus 5 seconds. 
 

7. ☐ Start ignition at T-Minus 1 second. 

 

 Troubleshooting  

PPE Required: 

During troubleshooting, team members involved are still required to wear protective equipment 

including: 

1. Eye Protection: tight-fitted goggles must be worn to protect the eyes and face from any 

damage during handling of the launch vehicle 

2. Hand and Arm Protection: leather gloves should be worn when removing the launch 

vehicle from the launch rail and handling the motor and motor casing. 

 

If motor fails to ignite after countdown: 

1. ☐ Take out the ignition key from the ignition switch. 
 

2. ☐ Wait a full minute before approaching the rocket on the launch pad. 
 

3. ☐ Have safety personnel or an officer examine the E-match and determine if the  

     electronic match is faulty or a connection failure. 
 

4. ☐ If either, disconnect and remove the electronic match from the motor and have it  

     replaced with a new one and verify if connections and insertions are secure. 
 

5. ☐ Get team lead and official personnel permission to restart the launch. 
 

6. ☐ Restart ignition procedures from beginning. 

 

If electronics fail to provide transmission signal while on launch pad: 

1. ☐ Pause ignition and remove ignition key from ignition switch. 
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2. ☐ Return to the launch vehicle and remove it from the launch rail. 
 

3. ☐ Disassemble section that contains the electronics that fail to provide transmission. 
 

4. ☐ Determine the error, whether it may be a dead battery or failed wiring connection,  

     etc. 
 

5. ☐ Adjust and test to verify that the equipment returns to working condition. 
 

6. ☐ Reassemble section with the newly working electronics. 
 

7. ☐ Load the launch vehicle back into the launch rail. 
 

8. ☐ Obtain official personnel permission to restart launch sequence. 
 

9. ☐ Restart ignition procedures. 

 

 Post-flight Inspection 

      Required PPE: 

 Team members out retrieving the rocket after launch should wear the following  

            equipment: 

1. Eye Protection: tight-fitted goggles must be worn to protect the eyes and face from 

any damage during handling of the launch vehicle as well as potential sparks and fires 

coming from launch vehicle components. 

2. Hand and Arm Protection: leather gloves should be worn when removing components 

of the launch vehicle that may still be warm such as the recovery bays and motor 

casing. 

       

      Procedure: 

1. ☐ After launch, team members are to visually track the flight path of the rocket and  

          payload from the beginning of launch to the end of recovery. 
 

2. ☐ Once all components of the rocket have landed, have the team split off into several  

           groups with at least two members each to retrieve rocket and payload from  

           landing site. 
 

3. ☐ The team mentor should accompany the students to aid in rocket inspection. 
 

4. ☐ Once the rocket is found, make sure that team members photograph the condition  

     it was found in prior to handling. 

             Do not handle the rocket and its components until photograph documentation  

                  is completed so that team members can review how the launch vehicle and its  

                  other components landed and the state of its recovery. 
 

5. ☐ Wait a minimum of sixty seconds before touching or handling the launch vehicle. 

             Wear protective gloves when handling the launch vehicle to avoid burns from  

                   parts of the rocket that may still be warm. 
 

6. ☐ Inspect the launch vehicle and payload for any obvious indications of damage. 
 

7. ☐ Make sure to document the course of the inspection with photographs and/or video  
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           recordings for later assessment. 
 

8. ☐ Receive and download all photographs, videos, and raw data from electronics for  

           team review. 
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5.0 Payload Criteria 

5.1 Payload Design Methodology 

 Payload Iterative Steps 

 

Figure 5.1-1 Representation of a Single Cycle of the Iterative Design Process of the UAV Payload 

Figure 5.1-1 represents a single iterative cycle for the UAV payload system. This methodology 

was implemented after the first iterative design was constructed during the time of the 

Conceptual Design Review and has been in effect ever since.  

This process yields the following advantages: 

• Experience: 

o The team gains firsthand experience in the modeling, constructing, and wiring of 

the UAV 

• Quality Assurance: 

o Problems that would not present themselves are made apparent through each 

design 

•  Success Criteria: 
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o Assessing and parameterizing the UAV’s capabilities at each cycle aids the team 

in tracking progress of the UAV’s ability to meet mission success. 

• Test Validation: 

o  All theory and assumptions can be tested and proven through testing and 

troubleshooting.  

• Addressing Technical Challenges: 

o Technical challenges will be addressed through testing and troubleshooting that 

might not be able to be assessed otherwise. 

• Alternative Solution Assessment: 

o By evaluating the UAV system or its subsystems ability to perform the intended 

function, alternative designs can be proposed.  

Each of these advantages are directly linked to one of the steps of the iterative design process 

and are meant to be the intended outcome of each step. This is shown in further detail below in 

Table 5-2 

Table 5-2 Intended Outcomes of Each Step of the Iterative Design Process 

 

A narrow design philosophy could inhibit the team’s ability to perform at a higher level. This can 

be commonplace in student engineering environments, where the team could get fixated and 

move forward with a specific design or method without asking why it is the optimal design path 

or parameterizing what the optimal design approach would be.  

This leads to a decent to mediocre design, when a different, better suited design could be used 

instead. For instance, this was a talking point when the team was deciding which Unmanned 

Aerial System to use for the Payload Design. The payload team was fixed on a clip-wing blended 

wing aircraft, but after assessing its capability to successfully complete the mission, it was found 

to be the less than suitable choice when compared to the multicopter designs, leaving the only 

reason to continue forward with a blended wing design to be because the team thought it was 

cool and wanted to make it.  

 

 

Design Review Experience

Redefine Assessment Criteria Success Criteria

Review Alternatives Alternative Solution Assessment

Implement Improvements Addressing Technical Challenges

Testing Test Validation

Troubleshooting Quality Assurance

Step vs Intended Outcome
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 Payload Design Picture Iterative Design Comparison 

Each of the iterations of the UAV design are shown below. 

 

Figure 5.1-2 First Design Concept 

 

Figure 5.1-3 Conceptual Design Review 1st Iterative Design 
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Figure 5.1-4 Critical Design Review 3rd Iterative Design 

Each of the iterations represent the final payload Figure 5.1-4 is the final UAV payload system 

with most of its components included. 

5.2 Payload Mission Profile 

The payload mission design encompasses both the physical and nonphysical system 

architecture of the payload system. After the Conceptual Design Review, the criteria for mission 

success was re-evaluated after testing. The mission profile was deemed a success, as each of the 

junctions were carried out successfully. A full mission profile is shown below as the Mission 

Flow Diagram.  
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Figure 5.2-1 Mission Flow Diagram 

 Payload Concept of Operations 

The concept of operations is a visual of the mission profile and highlight the key 

functions of the UAV payload mission. For contextual purposes, the payload bus deployment has 

been included.  
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Figure 5.2-2 Payload Concept of Operations 

 Payload Mission Safety and Procedure 

5.2.2.1 Autonomous Flight Mode 

The team tested the MissionPlanner software to verify the legitimacy of the software in a testing 

environment. The first round of flight testing was verified to be a success when implementing the 

mission profile for the UAV payload mission. Additionally, running a simulation of the proposed 

flight plan on MissionPlanner yielded a success without any errors or failure logs. An example of 

the mission commands and accompanying flight plan are shown below. Additionally, a 

description of each command with its functionality has been included.  

 

Figure 5.2-3 Flight Plan 
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Command Description 

Waypoint The specific GPS coordinate that the UAV will fly to 

Loiter_Time 
The UAV will hover at the set location for a period of time. Can also 

be set for an infinite time 

Condition_Set_Altitude Causes the UAV to adjust itself to the commanded altitude  

Do_Set_Servo Activates a pulse, causing the servo to move into its released state 

Land  Automatic Landing Command  

Takeoff 
Automatic Takeoff Command can be set to the desired altitude and 

climb rate.  

 

5.2.2.2 Manual Flight 

As mentioned in the Mission Flow Diagram, there is a manual flight mode that can be triggered 

at any time to gain full control of all the UAV’s functions. This encompasses servo release, 

flight, and landing and takeoff functions. When this mode is triggered, the autonomous mission 

profile will be cancelled. This can be activated at the flick of a switch on the Taranis Flight 

Controller, which is a transmitter that will be in the possession of the active safety pilot for the 

whole mission duration. The functionality of the transmitter will be further explained in the 

Electronics and Avionics Section of the report.   

This manual flight mode was included after a discussion to best adhere to safety standards in 

compliance to both the FAA and the NASA Student Launch Handbook during the preliminary 

design phase. From the discussion, it was concluded that manual control was necessary to 

guarantee excellent safety compliance. This does effectively raise the weight of the UAV 

payload system by 75 grams, due to the inclusion of a receiver on the payload system. From a 

physical perspective this yields no advantage, but from an overall system perspective this 

additional safety measure is imperative. 

 Payload Structure 

The final UAV payload design is a quad motor, x-configuration multi-copter. The 

structure of the UAV is a 3-piece structure that acts as shelving for the various avionic 

components of the payload.  

5.2.3.1 Top Frame 

The top level of the UAV has four spring-loaded hinge locks for each of the arms. The 

top frame also incorporates a recessed mounting zone in its center to stack the ESC and GPS. 

There are four countersunk holes to maximize space across the top of the frame. Another set of 

paired holes are countersunk on the bottom side of the frame for the spring-powered hinge 

system to be mounted to.  This allows the UAV to have the maximum surface area for the hinge-

locking mechanism and the ESC, which will be explained in further detail later in the report.   
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Figure 5.2-4 Top Frame without Foldable Arms 

The folding arms rotate around a barrel bolt that runs through both the arm and the frame. The 

countersunk hole at the end yields space for the RS 1306 motors, with holes for each of the M2 

mechanical screws to run through. There is a radial disk extruding upwards from the surface of 

the arm used for the hinge lock mechanism. The arm attached in its two configurations are 

shown below, along with a top view of all four arms.  

  

Figure 5.2-5 Arm attached to Frame in Open Configuration 
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Figure 5.2-6 Arm Mechanism in the 90 Degree Configuration 

 

Figure 5.2-7 Top View of the Arms in Open Configuration 

The top frame also consists of a small raised mounting plate above the recessed mounting zone. 

The raised mounting plate will hold the GPS directly above the ESC. The stacked ESC and GPS 

layout was necessary since the top frame did not have horizontal mounting area.  
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Figure 5.2-8 Top Frame Recessed Mounting Zone 

The arm is a miniature version of a door lock with a spring. The spring creates a compressive 

force on the arms when they are folded at 90 degrees. This configuration occurs during flight.  

When the petals on the payload bus separate. The payload arms will be pushed from their folded 

configuration by a spring, which allows the arms to extend to their full length. The hinge pushes 

along radial disk until the pin springs into the hole in the disk. This locks the UAV arms in the 

open configuration and reduces and acts as a dampener for the fluctuations in motor torque.  

 

Figure 5.2-9 Spring Loaded Hinge Lock Extended Configuration 
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Figure 5.2-10 Spring Loaded Hinge Lock Closed Configuration 

5.2.3.2 Middle Frame 

The middle frame of the UAV has four countersunk holes for the M3 Standoffs to be mounted 

through the top and middle frame on each of the diagonal edges of the frame respectively. The 

Middle frame also has a crevice for the various wires of the avionic components to be run 

through the structure cleanly. The positions of each of the M3 Standoff support struts s are 

shown below, along with an isometric view of the middle frame.  

 

Figure 5.2-11 Isometric View of Middle Frame 
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Figure 5.2-12 Isometric View of Middle Frame with Connections 

5.2.3.3 Bottom Frame 

The bottom frame houses four M3-sized holes.  This is for the last set of M3 standoffs are used 

as the structural supports to connect the bottom and middle frames together. Additionally, it has 

a set of mated holes for the beacon housing, which is fastened through with M2 screws. The 

beacon housing minimizing weight by having a slightly opened frame on the three sides of the 

UAV.  A view of the bottom frame and the beacon housing are shown below.  

 

Figure 5.2-13 Top View of Bottom Frame 
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Figure 5.2-14 Isometric View of Beacon Housing and Bottom Frame 

 

Figure 5.2-15 Isometric View of Beacon Housing and M3 Shelving 

5.2.3.4 Landing Gear  

The landing gear functions as takeoff pieces as well as an aid in landing safely. They are 

connected through the bottom face with 1” M3 bolts that fasten through the to the standoff 

support struts shelved on the middle frame. The C shape of each side of the legs enable this 

feature, while also integrating the locking mechanism for the payload deployment. The two slots 

that span to the midway point of the legs are used as clearance for the “tow lock” mechanism on 

the UAV. The function of this will be explained in further detail in the “Launch Vehicle and 

Integration” Section.  
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Figure 5.2-16 Isometric View of Landing Gear 

5.2.3.5 Propellers 

In order to fit the payload bay size restrictions, 5-inch diameter folding propellers will be 

attached to each motor of the UAV. In its folded state, the propeller is about 2.4 inches long. The 

propellers will be stored in its folded upright position to avoid interfering with the hinge lock 

systems. 

 

Figure 5.2-17 Propellers in Folded and Unfolded Configuration 

5.2.3.6 Beacon 

The simulated navigational beacon is the minimum length of the 1x1x1” cube required as rule 

4.4.9 in the Student Launch 2018-2019 Handbook. The school name and NASA Student Launch 

Logo for our respective team are embossed as part of the 3D print.  
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Figure 5.2-18 CAD model of Cal Poly Pomona UAV beacon 

5.2.3.7 Frame 

Each of the components of the frame along with the spring-loaded hinge lock system have been 

compiled into a SolidWorks Assembly to illustrate the full functionality and structure of the 

UAV payload system.  
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Figure 5.2-19 Complete frame assembly 
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Below are the CAD drawings and dimensions for the UAV payload. 

 

Figure 5.2-20 Dimensioned drawing of the top frame and arms in Open Configuration 

 

Figure 5.2-21 Dimensioned drawing of Arm Geometry 
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Figure 5.2-22 Dimensioned drawing of Middle Shelf 

 

Figure 5.2-23 Dimensioned drawing of bottom shelf 
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Figure 5.2-24 Overall height dimensions of UAV in Open Configuration 

 

Figure 5.2-25 Diametral footprint of UAV in Open Configuration 
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Figure 5.2-26 Overall height dimensions of UAV in 90 Degree Configuration 

 

Figure 5.2-27 Dimensioned drawing of Landing Gear Leg 
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Figure 5.2-28 Complete UAV model with avionics in Open Configuration 

5.3 Electronic Systems 

 Power Calculations 

The table below displays all avionic components amperage, voltage, calculated values for power 

and resistance. When the UAV is tested for idle time, meaning the UAV is powered, connected 

to telemetry, and disarmed. When battery measured 11.1 volts or 3.7 volts per cell, it lasted 4.38 

hours. 

 

Battery Calculation: 

1250 𝑚𝐴ℎ ∗  
1 𝐴𝑚𝑝

1000 𝑚𝐴ℎ
∗ 120𝐶 = 150 𝐴𝑚𝑝𝑠 𝑖𝑠 𝑚𝑎𝑥 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝑎𝑚𝑝 𝑑𝑟𝑎𝑤 

Peak Battery Calculation: 

1250 𝑚𝐴ℎ ∗  
1 𝐴𝑚𝑝

1000 𝑚𝐴ℎ
∗ 240𝐶 = 300 𝐴𝑚𝑝𝑠 𝑖𝑠 𝑚𝑎𝑥 𝑝𝑒𝑎𝑘 𝑎𝑚𝑝 𝑑𝑟𝑎𝑤 

 Block Diagram 

The block diagram below assists in further understanding of the connections and operations of 

avionic components for the UAV payload.  
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Figure 5.3-1 UAV payload block diagram 

 Wiring Diagram 

The wiring diagrams below display the electrical and signal wiring connections between avionic 

components on the UAV and its communication to the GCS (Ground Control Station). 
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Figure 5.3-2 Bottom Wire Connection Diagram 

 

Figure 5.3-3 Top Wire Connection Diagram 
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 Component Descriptions 

PDB: AUAV Power Module (ACSP4) 10S-LIPO 5V&12V Output 

The power distribution board is an ultra-low noise power supply measuring 36mm by 36mm, 

with current and voltage sensing features. Max voltage is 42 volts which is enough for a fully 

charged 10 cell battery, max current sensing is 90 amps. It can provide three amps to both 12-

volt and 5-volt supply. The main purpose for the power module is to power the UAV’s 

electronics by transferring power from the three-cell lithium polymer battery to electronic speed 

controller and flight controller.  

ESC: RacerStar 4-in-1 20A Brushless ESC 2-4S for Quadcopter Racing Drone 

The Racerstar is a four in one electronic speed controller that is lightweight and compact 

compared to having four separate electronic speed controllers. It’s dimensions are 36mm by 

36mm and is able to be powered by a two to four cell lithium polymer battery. It can pull 20 

amps from the battery and transfer it to each motor continuously and has a ten second peak amp 

pull of 25 amps, meaning for ten seconds it can transfer 25 amps from battery to each motor. The 

ESC has software that be loaded into it allowing the ability to load it with protocols to improve 

performance, lower jitters, and lower delays between flight controller or transmitter input and the 

UAV’s response. The ESC is capable of being loaded with different protocols which are, 

OneShot42, multishot, Dshot150, and Dshot300. The flight controller can only support OneShot 

protocols therefore the protocol in use will be OneShot42. The signal in use is an analog signal 

performing like a faster PWM signal. Additionally, the team has access to manually change the 

PID gains, and directions to do so are in the Checklists section of the report labeled “PID”. 

FC: mRo PixRacer R15 

The PixRacer is a miniature version of the PixHawk family with the dimensions being 36mm by 

36mm. It has the capability of being updated through Wi-Fi with the use of a web interface due 

to having Ardupilot ESP8266 firmware and support MavLink2. It has a 32-bit STM32F427 

Cortex M4 core with FPU rev.3 microprocessor, 256 KB of RAM, along with 2 MB of flash. 

Additionally, it has an external memory that is a  F-RAM Cypress Mf 25V02-G 256 KB which is 

flash memory performing at the same speed as RAM. It also has the option of inserting an 8GB 

micro SD card. This flight controller has three sensors, MEAS MS5611 being a barometer, ST 

LIS3MDL as the magnetometer, and finally the Invensense MPU-9250 which acts as the 

magnetometer, gyroscope, and three-axis accelerometer. This component can connect with other 

components that interface with I2C, SPI, JTAG, Dronecode Debug Connector, received signal 

strength indicator (RSSI), one of its six PWM, one of its five UART ports, and to a computer 

from its microUSB port. The module’s power system is an ultra-low noise low-dropout (LDO) 

voltage regulator. The main purpose of having this module is to establish communication 

between all electronics and transfer power from the battery to every electronic connected. 
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Motors: EMAX RS1306 RaceSpec Motor 4000KV 

Manufactured by EMAX containing nine electromagnets and 12 of the strongest highest-grade 

permanent neodymium magnets which are N52 magnets. The motor measures 18mm diameter, 

28mm height, 2mm shaft height, 5mm propeller shaft with a locknut, designed with NSK 

bearings and a cooling feature to dissipate heat. When unloaded, the 4000 KV motor at full 

throttle has a rpm of 44,400 when given a three-cell lithium polymer battery at low charge, and 

50,400 at full charge. 

Receiver: FrSky Taranis Compatible Receiver X8R 

To control the UAV in an emergency situation, the X8R helps establish a connection to the 

pilot’s transmitter to allow pilot input. It is a 2.5GHZ receiver with eight channel outputs or 16 

from the SBUS. It measures 46.47mm length, 26.78mm width, and 14.12mm height with 

operating voltages at 4 volts - 10 volts with an operating current of 100mA at five volts. The 

expected range is to be greater than 1.5km, depending on external factors such as weather, 

obstacle interference, and frequency interference. 

Transmitter: FrSky Taranis X9D Plus 

Taranis X9D+ transmitter supports 16 channels, with low latency, outdoor useable screen, audio 

speech outputs for values, alarms, and received signal strength indicator (RSSI), Smart Port, an 

external range extender and is supplied with 6 volts - 15 volts from the supplied NiMH battery. 

The transmitter can also be supplied with a lithium polymer battery depending on the number of 

cells. This can be used in any recreational setting once it has been bound and can be flown in 

populated areas. 

GPS Module: mRo GPS u-Blox Neo-M8N + HMC5983 Compass 

The module operates on 3 volts - 5 volts and can utilize different satellite constellations 

depending on the country. For example, in the USA we use GPS, Russia uses GLONASS, 

Europe uses Galileo, and China uses Bai du. In addition to being a professional grade robust 

GPS, it has a HMC5984 Compass made by Honeywell. When tested, the average HDOP value is 

0.6, this is the ideal rating for the highest precision possible.  

Servo: Hitec 31055S HS-55 Economy Sub Micro Universal Servo 

This servo chosen is a simple motor to avoid complications in the future. It is a quality small 

aircraft servo that is affordable and durable. Operating voltage is 4.8 volts - 6 volts, max torque 

is 15-18 oz/in, when not being used current draw is 5.5 mA. When there is no load, the operating 

current draw is 150mA. It measures 0.89 inches height, 0.45 inches width, and 0.94 inches in 

length. 

Telemetry Module: mRo SiK Telemetry Radio V2 915Mhz 

The telemetry module is lightweight and has a range of 300 meters, but it can be extended to 
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several kilometers with the use of a patch antenna on the ground. It is used to communicate with 

the ground station to monitor the aircraft’s sensors and movement. 

Buzzer: 5V Active Alarm Buzzer 

The buzzer is a lower power speaker that triggers when prompted by the PixRacer. It has 

multiple settings, and automatically cues at key points of the mission. These audio cues include 

both power on and arming. If the command to arm was given, and no audio cue is heard, the 

team will execute these following steps: 

1. Disarm the UAV via Telemetry 

2. Inspect the Buzzer for any physical damage 

3. Replace the Buzzer with new and begin troubleshooting with UAV disarmed 

Safety Switch: 

The safety-switch is wired with the Active Alarm Buzzer and can only be armed with both the 

power and the telemetry connected. 

Off Switch: 

Additionally, there is an off switch built into the Mission Planner software that can manually 

shut off the on-board flight controller. This will power off all avionic components of the UAV 

Payload. 

Battery: Lumenier N2O 1250 mAh 3S 120C Lipo Pack w/XT60 

This battery is part of the Lumenier N2O series, using new high-power cell technology. It has 

polycrystalline super nanotubes improving attributes of the battery such has having a lower 

internal resistance, higher energy density, high discharge rates, and a longer life cycle. This 

battery has a capacity of 1250 mAh with a continuous discharge of 120C and burst discharge of 

240C. This battery is capable of continuously discharge 150 Amps or have a burst discharge of 

300 Amps. 

Below is a picture showing the main avionic components with their specified locations.  
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Figure 5.3-4 Diagram of Avionic Components 

 

5.4 UAV 3-D Printing Process 

The UAV payload frame is made of 3-D printed ABS plastic, with many parts for the Critical 

Design Review Phase and Preliminary Design Review Phase being printed on the Ultimaker 2 

Extended+. The parts have been printed at 20% infill.  
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5.5 Payload Launch Vehicle Integration  

The payload is integrated into the launch vehicle through a payload bus. The payload bus has 

three functions. The first function is to safely land the UAV after ejection by housing it during its 

parachute descent. The second function of the payload bus is to successfully retain the payload 

using a fail-safe method in the event of any atypical flight conditions. This function is achieved 

by of a passive-lock system that can only be opened upon receiving a radio signal from the 

ground station. The third function is to correctly orient the payload upon landing and act as a 

stable take-off platform. The re-orientation is accomplished by opening in a “flower-like” 

configuration resembling the tetrahedron deployment system used on the Mars rovers. The 

payload bus is designed so the center of gravity is located on the bottom third of the entire bus. 

This allows the bus to orient itself in the correct direction even at an adverse angle.  

 

 Payload Bus Composition 

The payload bus is composed of four symmetrical petals and a central mounting rig to which the 

payload attaches to. The four petals are made from a cut quarter-tube of BlueTube coupler, a 

quarter piece wooden bulkhead, and a torsional steel hinge with a wooden mount. Each petal also 

has a small steel hook used for locking it in place during flight.   
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Figure 5.5-1 Payload Bus Arms 

The central mounting rig houses all the electronics and locking mechanisms included in the 

payload bus. It is composed of 4 wooden bulkheads creating three different levels, a top level 

where the payload sits, and two middle levels that host servos and custom 3D printed PLA 

plastic “tow-hook” locking mechanisms. The middle and bottom levels are shelved by 4 13mm 

diameter by 30mm length steel spacers each. The spacers have a 0.25 in. diameter hole in the 

middle, through which steel threaded rods are fitted. The hinges for all petals attach to thin slots 

between the two bottom bulkheads, which are fastened together with preload to maintain 

constant compression on the hinges. This can be seen in the figure below: 

 

Figure 5.5-2 Payload Bus Open Configuration 
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Figure 5.5-3 Payload Bus Components 

The bottom of the payload bus houses a sunken U-bold, creating an attachment point for the 

payload bus parachute while still creating a flat bottom surface that the rest of the payload bus 

can rest on. The bottom bulkhead is square so that the petals may fold down and have a clear and 

solid stopping point. The parachute mount is located on the bottom of the bulkhead to allow the 

opening of the petals to naturally move the parachute out of the way, should it land on top of the 

bus. This configuration allows the payload to descent upside-down, resulting in all the impact 

load from landing being absorbed by the BlueTube petals and split bulkhead at the top section.  

 

Figure 5.5-4 Payload Bus Parachute Attachment Point 

The lowest level, level 1, houses an Arduino Nano micro controller, a radio receiver, a single-

cell Li-Po battery, an HS55 servo with a 4-prong plastic mount, and 4 custom “tow-hook” 

locking mechanisms. These locking mechanism match to the steel hooks in the four petals to 

lock them in place. The Arduino will receive a signal from the ground station through the radio 

receiver and will then trigger the servo to activate, which will rotate and pull all four release 

levers for the locking mechanisms, releasing all four petals at once. 
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Figure 5.5-5 Payload Bus Locking Mechanism Closed Configuration 

 

Figure 5.5-6 Payload Bus Locking Mechanism Open Configuration 

The petal locking mechanisms themselves are composed out of three locking components, a 

hook, a square locking block, and a release lever. These parts are attached to a body casing 

through three piano wire pins that create points of rotation for the locking components. The body 

casing has two fastener holes to allow attachment to the payload bus. The mechanism works by 

transferring any load applied on the hook to the square locking block in such a way that the hook 

holds itself shut. The release lever can then gently rotate the square locking block out of the way, 

releasing the hook without needing to apply much significant force. To prevent the lever from 
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releasing the load unintentionally, the lever is attached to the square locking block through a 

tension spring which pulls the two components together into their locked configurations. This 

locking mechanism can hold approximately 20 lbs. 

 

Figure 5.5-7 Payload Bus Locking Mechanism Closed 

 

Figure 5.5-8 Payload Bus Locking Mechanism Open 

The middle level, Level 2, houses two servos and the release levers for the payload locking 

mechanisms, which are located inside the bulkhead between levels 2 and 3. The servos are 

oriented in such a way that each servo releases two “tow-hooks” at once. The payload locking 

mechanisms are similar the ones found in Level 1 but have a differently shaped casing and hook, 

designed specifically to fit to the payload’s legs in Level 3. 
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Figure 5.5-9 Payload Retention Locking Mechanism Closed 

 

 

Figure 5.5-10 Payload Retention Locking Mechanism Opened 
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Figure 5.5-11 Payload Retention Locking Mechanism Closed 

 

Figure 5.5-12 Payload Retention Locking Mechanism Open 
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The top level, Level 3, contains the locking hook for the payload locking mechanism and houses 

the payload itself, which attaches to the locking mechanisms. This chamber extends the 

remainder of the payload bus, upwards until the final split bulkhead at the top, which serve as 

blast and impact protection. This top bulkhead splits into four symmetrical slices which are 

attached to the four petals.  

 

Figure 5.5-13 Payload Bus Closed Configuration Diagram 

 

Figure 5.5-14 Payload Bus Open Configuration Diagram 

The payload bus in its entirety was designed with an emphasis on minimizing moving parts, 

points of failure, and ensuring that the center of gravity is as low as possible. To aid in this goal, 

simple and heavy parts were chosen to compose the bottom section of the bus while the top was 

left as light and unobstructed as possible. An exploded view of the payload bus assembly can be 

found below to fully showcase all of the components and how they fit together. 
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Figure 5.5-15 Payload Bus Exploded View 

  



` 

144 California State Polytechnic University, Pomona | 2018-2019 NSL 

6.0 Project Plan 

6.3 Testing 

 Compression, Buckling, and Tension Reusability Test 

Objective 

The objectives of this experiment were to obtain the ultimate values of the materials used for the 

construction of the rocket. For the purpose to verify that the rocket can be deemed reusable. 

Methodology 

There were three main tests conducted with the focus of; compression, buckling, and tension of 

the blue tube as well as, shear testing on the JB-Weld used to hold the bulkheads in place. The 

machines used to conduct the testing were the Shimadzu AGS-X 300Kn Test system and the 

Test Resources 810 LE Test System. 

Procedure 

Shimadzu AGS-X 300 Kn Test System 

Step 1 
Setup the Shimadzu for compression testing by installing the compression plates on 

bot top and bottom of the Shimadzu.  

Step 2 
Turn on the Shimadzu by pressing both on switches (located at the back and front of 

the machine). Then log into the computer and start the Trapeziumx software. 

Step 3 Select the compression testing program and click open test 

Step 4 Calibrate the Shimadzu, load the test sample and zero the forces. 

Step 5 Start the test and save the data recorded  

 

Test Resources 810 LE Test System 

Step 1 
Turn on the compute, then the machine by flipping the two on switches (the two 

green lights should be on) 

Step 2 Turn on the MTL32_2020 software and run the tensile program test 

Step 3 Set up the tensile test specimen, as well as the extensometer  

Step 4 Run the machine, collect the data and save the data. 
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Data 
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Conclusion 

For the compression testing, the Shimadzu was set up and the first blue tube measuring 11.5 in 

with a radius of 3 inches was placed into the testing area and had a recorded load applied to the 

BlueTube until buckling occurred which usually happened around the spiraled dip in the tube. 

The process was repeated for a 5.8 in diameter by 7.75 in long tube. 

For shear testing on the bulkhead, the tube proved to be too wide for the machine, as a result two 

steel plates were used to widen the measuring plate. When the plates were in place, the machine 

was zeroed, and testing continued. Even though the BlueTube was strengthened with a carbon 

fiber ring around the center, the tube buckled before the JB-Weld failed. As a result, the ultimate 

load of the JB-Weld was undetermined, but the tested load exceeded any predicted loads. 

When tension testing was done, the Maximum load recorded was 500lbs. Due to other tests 

having been done around that time, it was noted that the machine was showing all tests to be 

underperforming expected loads. As a result, the tensile testing resulted in inconclusive, but it is 

believed that the BlueTube can exceed compressive stresses of 4167 psi.  

Using values previously obtained from CPP 2019 CDR and shown in tables below, it is shown 

that the measured performance of the materials used will out preform any expected values. 

 



` 

147 California State Polytechnic University, Pomona | 2018-2019 NSL 

 

 Recovery Team Testing and Demonstration 

The recovery team conducted tests to verify that the recovery system of the launch vehicle would 

be viable at launch day. Specifically, an ejection test was performed to verify how much black 

powder was enough to eject the payload bus without it being caught by the friction of the body 

tube which would result in a mission failure. This demonstration also allowed the team to 

structurally test the body tube with respect to the forces caused by the black powder charges. 

Test Categories and Purpose 

While performing the ejection test, the amount of black powder was increased by 2 grams for 

each run starting at 6 to 12 grams. In addition to the test, the Nomex blankets were also tested to 

prove their capabilities to act as a flame shield for the parachute.  

The concern with the current configuration is that the tight-fitting bus will not allow the main 

parachute to be ejected safely without causing a large pressure to build up. In addition, the 

parachutes surviving the blast with the Nomex blankets is a secondary result that can be 

demonstrated in each test run. 

A representation of the body tube and the payload were used for the purposes of the test. This 

allowed the team to fully demonstrate the capabilities that the blue tube can endure before 
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failure. This is done such that it will prove reusability and that the ejection system will not be a 

liability at launch. 

Test Success Criteria 

While the controlled variable was the black powder, Error! Reference source not found. shows 

all the variables that were included in the test and the success criteria. After each test, the 

parachutes were inspected for any damages and burns, and the blue tube was inspected for any 

cracks or shearing.  

Table 6.3-1 Test & Demonstration Success Criteria 

Item Payload Bus Parachute Structure 

Criteria Object is fully ejected No Burns/ Heat Damage No Physical damage 

Method Inspected Inspected Inspected 

 

Resources Required 

Table 6.3-2 Resources Required to perform the ejection test 

Item Purpose Acquired? 

Safe Testing Range Reduce liability in testing 

towards environment as well 

as personnel 

Yes 

E-matches Ignition Yes 

Battery Ignition Yes 

50 yds electrical wire x2 Increase distance from test 

section for safety purposes 

Yes 

Metal poles x3 Erect the test section and 

keep it stationary 

Yes 

Black Powder FFFFG Energy source Yes 

Test section Rocket analogue Yes 

Parachute & Nomex Blanket Simulate larger parachutes Yes 

Payload Bus Simulant Simulated Dimensional 

properties of the Bus 

Yes 

Hammer For driving stakes into 

ground 

Yes 

Hearing & Eye Protection Safety Yes 

 

Risk Identification 

As with any time that black powder is implemented there is an inherent danger of premature 

ignition and therefore burns and severe trauma are very plausible occurrences.  This as well as 

hearing and eye damage are commonplace enough in a testing environment to warrant a small 

mention regardless of the test being conducted. 
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Methodology 

1. The environment chosen to conduct the test is a local open-air gun range with the 

necessary safety capabilities and facilities to house a test of this nature without concern to 

damage of property or personnel.  

2. The test section was placed vertically such that the poles were buried 1 foot into the 

ground to keep it secure. The test section was fully removed between tests for reloading 

and inspection for damage. Loadings will begin at 6 grams and increase in 2 grams 

increments until an unreasonable amount is reached or one of the sections fails.  

Loading was conducted in accordance to the outline previously demonstrated. As the loading 

was conducted, the test section was handled by only one grounded individual who then tied off 

the wires and retreated to the maximum distance from the test area and behind blast protection 

for test initiation. A warning was issued, and a range check was concluded prior to counting 

down. Ignition was instigated by the touching of wires to a 9V battery which was shielded until 

the range had been cleared. After ejection, the safety officer inspected the test area for any 

immediate dangers, waited 20 seconds, and then gave everyone clearance to approach the test 

area. 

Airframe Resilience and Black Powder Demonstration Results 

This test was conducted in the safe environment provided by Raahauge’s Shooting Range 

located in Corona, CA. The criteria for a successful test in the black powder demonstration was 

that the payload bus was fully ejected and there was no damage to the body tube. Therefore, a 

Boolean result was recorded by observation. These observations were defined through a scale of 

interpreted damage. It should be noted that slight damage in earlier runs might influence the 

results of subsequent items since the integrity will impact the capability of the section. 

Table 6.3-3 Test & Demonstration Results 

Loading  Ejection of Bus Parachute Damage Damage to Section 

Grams Pass/Fail None/ Slight/ Severe None/Slight/Severe 

6 Fail None None 

8 Pass None None 

10 Pass None None 

12 Pass None None 

14 Pass None Slight 

16 Pass None Severe 

 

The results demonstrated that there is a maximum limit to the amount of black powder that 

should be applied to the rocket that would suffice. The test exceeded the planned 12 grams since, 
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at the time of testing, it was considered essential to determine the maximum structural limits of 

the body tube section. 

 Recovery Tests Interpretations 

The recorded results demonstrate that the rocket is a very robust object with a high capability to 

resist damage to the section when using black powder loadings of great quantity.  This is coupled 

by the fact that the parachutes had no additional damage despite the increase of loading. 

The initial concern for the bus failing to eject had been nullified and had demonstrated that it can 

deploy fully when the full-scale flight was launched.  The parachutes condition after testing 

demonstrated that no changes need to be applied to the application of the Nomex blanket or the 

folding of such items. Lastly, the damage to the body tube had determined that the maximum 

loading should not exceed 12 grams while also not falling short of 8 grams. For this reason, the 

main ejection charge had been dictated as 10 grams and 12 grams for the main and redundant 

charges respectively.  This choice is made instead of 8 and 10 grams for the reasoning that 

during the 8 grams ejection there were concerns about capability since the ejection height was 

small. At 10 grams it guarantees that the payload bus will be ejected after multiple uses. 

6.4 Requirements Compliance 

Our team will implement an iterative approach to requirements verification shown below. The 

specific needs for testing each requirement will be derived from their Technical Performance 

Measures (TPMs) and the depth of testing will be determined from their levels of importance, the 

type of system, and associated risk. 
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Figure 6.4-1 Requirements verification process 

As the project travels further down its timeline, the test and evaluation process becomes more 

meaningful and effective due to the avilability of hardware, physical models, software, among 

other system elements. The stages of the test and evaluation cycle are broken down throughout 

the lifecycle as follows: 

• Conceptual Design (Analytical Testing)  

o Evaluation via analytical models: CAD, CAM, MATLAB, OpenRocket, CORE9 

• Preliminary System Design (Type 1 Testing) 

o Evaluation of breadboards, mock-ups, and use of rapid prototyping 

• Detail Design and Development (Type 2 Testing) 

o Evaluation of prototype and unqualified, pre-CDR, production models 

• Production and Construction (Type 3 Testing) 

o Evaluation of system in operational environment/test site 
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• System Utilization and Life-Cycle Support (Type 4) 

o “True” test by deployment in user’s operational environment. Formal tests 

conducted to improve production system according to Preplanned Product 

Improvement (P3I) decisions made earlier in development. 

Requirements Verification Plan 

The following is an overview of the requirements listed in the statement of work and their related 

verification approach. This table serves as a summary of our Test and Evaluation Master Plan 

(TEMP), which has been omitted for succinctness. Note: Some requirements can be met through 

an action/demonstration/Inspection which will be described in place of the Equipment, Team, 

and Methodology columns. 

General requirements 

Req # Verification 

Method 

Equipment Team Methodology 

1.1 Inspection Students do 100% of the work. Physical attendance sheets with 

mandatory lead approval are used to track work 

1.2 Inspection A project plan is developed. Section #6.0 

1.3 Inspection FN members have been identified 

1.4 Inspection The team shall identify all members attending launch by CDR  

1.4.1 Demonstration Active students will be included in the team section #1.1; 

Figure 1.11 

1.4.2 Inspection One mentor (see REQ. 1.13) will be included in the team 

section #1.1 

1.4.3 Inspection No more than two adult educators will be included in the team 

section #1.1 

1.5 Demonstration The team shall engage a minimum of 200 participants in a 

manner specified by this requirement 

1.6 Demonstration The team established a social media presence  

1.7 Inspection The team shall email all deliverables to the NASA project team 

by the specified deadlines 

1.8 Inspection All deliverables shall be in PDF format 

1.9 Inspection Every report shall include a table of contents 

1.10 Inspection Every report shall have a page number at the bottom of the page 

1.11 Demonstration The team shall provide any computer equipment necessary for 

video teleconferences as specified by this requirement 

1.12 Demonstration The team shall use the launch pad provided by the Student 

Launch services provider. 

1.13 Inspection The team’s mentor is Rick Maschek 

Vehicle Requirements 

Req # Verification 

Method 

Equipment Team Methodology 

2.1 Computer 

Analysis and  

Solidworks, 

OpenRocket, MATLAB,  

Propulsion Data generated 

through software 

analysis guides the 
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Full-scale  

flight 

demonstration 

(4730 ft) 

Prototype and 

production LV 

design. The first 

full-scale launch 

reached an altitude 

4890 ft 

2.2 Inspection Target altitude is 4730 ft 

2.3 Demonstration Our rocket carries one commercially available barometric 

altimeter to record the official altitude 

2.4 Inspection Each altimeter is armed by a switch  

2.5 Inspection Each altimeter has a dedicated power supply 

2.6 Demonstration  During our subscale launch the rocket was recovered and 

disarmed by personnel. 

2.7 Fatigue 

Analysis and 

fatigue testing 

Solidworks, mockup Structures Software analysis 

will guide the 

design and physical 

repetitive 

stress/strain test will 

verify the rocket’s 

structure meets the 

requirement. Refer 

to REQ 2.25 for 

verification 

2.8 Inspection This requirement and its children have been met. Section #3.1.3 

2.9 Inspection The rocket has a single stage motor  

2.10 Timed flight 

preparation 

demonstration 

Mockups, prior rockets, 

full-scale vehicle 

Structures Repeated assembly 

of prior rockets will 

reveal time 

consuming actions 

and the design 

changed to address 

them. 

2.11 Power Duration 

Demonstration 

Electrical system 

mockup 

Payload The mockup was 

used to assess if it 

can supply power 

for 2 hours. It was 

found to supple 

power for 1.5 hrs, 

so a larger capacity 

battery was used. 

2.12 Demonstration The system is designed to launch using a 12V DC firing system 

2.13 Inspection The system does not need external support equipment other than 

that provided 

2.14 Inspection The AeroTechL1500 is our final motor choice 

2.14.1 Inspection The AeroTech L1500 is our final motor choice 

2.14.2 Demonstration No motor changes will be made post CDR without RSO 

approval 

2.15 Inspection N/A – No pressure vessels are used 
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2.15.1 Inspection N/A – No pressure vessels are used 

2.15.2 Inspection N/A – No pressure vessels are used 

2.15.3 Inspection N/A – No pressure vessels are used 

2.16 Inspection The motor’s impulse is 5,120 N-s 

2.17 Inspection The static margin of the rocket is 4.05 

2.18 Rail Exit 

Velocity 

Analysis 

 

Full-scale flight 

demonstration 

OpenRocket, subscale 

flight, fullscale flight 

Propulsion Rocket performance 

was simulated and 

later demonstrated. 

Altimeter flight data 

showed that .1s into 

flight the rocket 

reached a velocity 

of 297fps  

2.19 Inspection Refer to section #3.2 for subscale flight results 

2.19.1 Inspection The subscale model was a ½ scale prototype of the final 

configuration 

2.19.2 Inspection The subscale model carried altimeters to record altitude 

2.19.3 Inspection The subscale model was be newly constructed and reviewed by 

Rick Maschek 

2.19.4 Demonstration Altimeter data from tests launches can be found in Section 

#3.2.1.2 

2.20 Demonstration Multiple test flights are scheduled in compliance with parent 

and child requirement rules 

2.20.1 Demonstration The rocket’s final configuration will be successfully flown prior 

to FRR (success criteria are referenced below) 

2.20.1.1 Demonstration The vehicle and recovery system will function as intended 

2.20.1.2 Demonstration The full-scale rocket will be newly built and specifically 

constructed for the competition 

2.20.1.3 Demonstration If the payload is not flown, this requirement will be verified via 

the bottom two rows 

2.20.1.3.1 Demonstration Mass simulators will be used in lieu of the payload 

2.20.1.3.2 Demonstration Mass simulators will be placed in the same location as the 

payload 

2.20.1.4 Demonstration If the payload changes the external surface of the rocket or 

manages the total energy of the vehicle, those systems will be 

used 

2.20.1.5 Demonstration The launch day motor shall be used for the Vehicle 

Demonstration Flight 

2.20.1.6 Demonstration The vehicle will be flown in its fully ballasted configuration 

during the test flight 

2.20.1.7 Demonstration After the full-scale demo flight, the rocket shall not be modified 

without RSO approval 

2.20.1.8 Demonstration Altimeter data will be supplied in the FRR report as proof of a 

successful flight  

2.20.1.9 Demonstration Vehicle Demonstration Flights will be completed prior to the 

FRR deadline 
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2.20.2 Demonstration The final full-scale rocket, including the payload, will be flown 

prior to the Payload Demonstration Flight Deadline. Success 

verification criteria are listed below 

2.20.2.1 Demonstration The payload shall be fully retained throughout flight 

2.20.2.2 Demonstration The payload shall be the final, active version. 

2.20.2.3 Demonstration If 2.20.2.3 and 2.20.2.2 are met during the Vehicle 

Demonstration Flight, then the info will be included in the FRR 

package. 

2.20.2.4 Demonstration Payload Demonstration Flights shall be completed by the FRR 

Addendum deadline. 

2.21 Demonstration An FRR addendum will be provided if a Vehicle/Payload 

Demonstration Flight is conducted after submission of the 

report. 

2.21.1 Demonstration The team shall not fly the vehicle at launch week if a Vehicle 

Demonstration Re-Flight is required and the FRR addendum is 

not included by the deadline 

2.21.2 Demonstration The team shall not fly the payload if a Vehicle Demonstration 

Flight is completed but a Payload Demonstration Flight isn’t 

2.21.3 Demonstration If an unsuccessful Payload Demonstration Flight is conducted, 

and the team wishes to fly it, then we shall petition the NASA 

RSO for permission. 

2.22 Location of 

Burnout CG 

The center of gravity is located 97.9 inches aft of the nose cone; 

all structural perturbances are behind this 

2.23 Inspection The team’s name and launch day contact information shall be on 

the airframe of any section of the vehicle that separates during 

the mission. 

2.24 Inspection Prohibitions listed below shall be heeded 

2.24.1 Inspection Forward canards shall not be utilized.  

2.24.2 Inspection Forward firing motors shall not be utilized 

2.24.3 Inspection Motors which expel titanium sponges shall not be utilized 

2.24.4 Inspection Hybrid motors shall not be utilized 

2.24.5 Inspection Cluster motors shall not be utilized 

2.24.6 Inspection Friction fitting motors shall not be utilized 

2.24.7 Inspection Vehicle velocity shall not exceed Mach 1 

2.24.8 Inspection Vehicle ballast shall not exceed 10% of the total unballasted 

weight 

2.24.9 Inspection Transmissions will not exceed 250 mW of power 

2.24.10 Inspection Excessive and/or dense metal shall not be utilized in the 

vehicle’s construction 

Recovery System Requirements 

Req # Verification 

Method 

Equipment Team Methodology 

3.1 Inspection 

Demonstration 

We have a drogue chute which deploys at apogee and fully 

unfurls at a lower altitude. Afterwards, at 515ft our main 

ejection sequence begins section #3.3.6 
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3.1.1 Demonstration The main parachute is deployed at 515 ft 

3.1.2 Demonstration The apogee event contains no delay 

3.2 Demonstration A successful ground ejection test has been performed for the 

subscale launch 

3.3. Kinetic Energy 

Software 

Analysis and 

Flight 

Demonstration 

OpenRocket, 

Solidworks, Matlab 

Recovery Software analysis 

guided the design. 

Kinetic energy 

calues can be found 

in section 3.3.8 

3.4 Inspection The recovery system electrical circuits are independent of 

payload circuits section # 3.3.7 

3.5 Inspection Recovery electronics shall be powered by commercially 

available batteries section # 3.3.5  

3.6 Inspection  Our recovery system contains an extra altimeter for redundancy. 

Section # 3.3.7  

3.7 Inspection Motor ejection is not be used for primary or secondary 

deployment 

3.8 Inspection Removable shear pins are used for the drogue and main 

parachute compartments section # 1.2.1 

3.9 Software 

Analysis, 

Flight Test 

Software results will be used to refine the design. Flight 

demonstration will verify recovery area was limited to a 2,500 ft 

radius.  

3.10 Software 

Analysis,  

Flight 

Demonstration 

OpenRocket, MATLAB, 

LV prototype 

Recovery Software results 

were used to refine 

the design. Flight 

test results were 

used to verify 

functionality. 

3.11 Inspection Electronic tracking devices are installed in the launch vehicle 

sections  

3.11.1 Inspection Any rocket section or payload component which lands 

untethered to the LV contains an active tracking device 

3.11.2 Demonstration The electronic tracking devices shall be fully functional on 

launch day 

3.12 Full-scale 

demonstration 

Success during the full-scale flight with show that all other 

electrical systems will not affect the recovery system electronics 

3.12.1 Inspection The recovery system altimeters are physically located in a 

separate compartment away from any radio frequency 

transmitting/ magnetic wave producing devices section # 3.3.5 

3.12.2 Inspection Electronic devices are shielded from all onboard transmitting 

devices 

3.12.3 Inspection No electronic wave generating devices like generators, solenoid 

valves, and tesla coils are used 

3.12.4 Demonstration The recovery system electronics shall be shielded from onboard 

devices which may affect their operation 

Payload Experiment Requirements 
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Req # Verification 

Method 

Equipment Team Methodology 

4.4.1 Inspection The UAV design can be found in section 5.2 

4.4.2 Full-scale 

Demonstration 

The UAV will not be armed until given a signal by the operator 

once the payload bus has landed. 

4.4.3 Full-scale 

Mission 

Demonstration 

The payload bus makes use of two locking mechanisms to 

safeguard against the possibility of one failing. Both are 

passively locked meaning they cannot open unless made to 

Section # 3.3.4 

4.4.4 Demonstration The UAV deployment trigger shall be sent under remote 

deployment officer supervision after landing 

4.4.5 Flight Test UAV, LV, Operational 

Environment 

Payload The UAV’s ability 

to complete its 

mission will be 

verified by a two-

step process. The 

first test will be a 

stand-alone 

examination of the 

UAV’s flight 

capabilities. The 

second will be a full 

mission 

demonstration. 

4.4.6 Inspection The FEA shall be a 10 ft. x 10ft. tarp provided by NASA 

4.4.7 Demonstration NASA shall provide FEA samples to competition teams prior to 

PDR 

4.4.8 Operational 

Test 

UAV, LV, Operational 

Environment 

Payload The UAV’s ability 

to complete its 

mission will be 

verified by a two-

step process. The 

first test will be a 

stand-alone 

examination of the 

UAV’s deployment 

capabilities. The 

second will be a full 

mission 

demonstration. 

4.4.9 Inspection  The simulated navigational beacon shall be 1 in W x 1in H x 1 

in D with our school’s name clearly visible on the exterior. 

4.4.10 Payload Bus 

Drop Test 

Solidworks, Batteries, 

Ground Test Equipment, 

LV 

Payload The payload bus’s 

ability to protect the 

UAV’s battery shall 

be verified via drop 



` 

158 California State Polytechnic University, Pomona | 2018-2019 NSL 

tests once the first 

demonstrator is 

built. Additionally, 

controlled testing 

using a kill-switch 

from flight altitude 

will verify impact 

resistance. 

4.4.11 Inspection UAV batteries shall be brightly colored, clearly marked as a fire 

hazard, and easily distinguishable from other components 

4.4.12 Demonstration Our team shall abide by all applicable FAA regulations 

applicable to the UAV. Refer to Checklist Section 4.5.3.2. 

4.4.13 Demonstration UAV designs weighing more than .55lbs was registered with the 

FAA and its registration number marked on the side of the 

vehicle. Receipt Number 33MWL3H 

Safety Requirements 

Req # Verification 

Method 

Equipment Team Methodology 

5.1 Inspection A launch and safety checklist shall be developed and used 

during launch day activities. It will be included in the FRR 

report 

5.2 Inspection The chosen safety officer is Riley Jasperson 

5.3 Inspection The roles and responsibilities of the safety officer are those 

listed in this requirement 

5.4 Inspection The team shall abide by the rules and guidance of the local 

rocketry club’s RSO 

5.5 Inspection The team shall abide by all rules set forth by the FAA 

 

Derived Requirements 

Launch Vehicle 

REQ Requirement Justification Verification 

2.25 The system shall be 

reusable 20 times before 

replacement is necessary 

The goal of the project is to 

create a cost effective, reusable 

system. Our team considered 

their capability, experience, 

budget, available materials, and 

a hypothetical section of the 

"reusable student launch 

vehicle market" to decide on a 

value to refine Req. 2.7 This 

requirement will help guide our 

design by providing a basis for 

future design considerations 

and test success criteria 

Incomplete 
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2.26 The main ejection charges 

shall generate enough force 

to push a 5.5-pound 

payload bus vertically 

through 58 inches of 6-inch 

ID Blue Tube 

The payload bus length is 

constantly changing slightly, 

but the rocket section lengths 

do not. At the worst-case 

scenario, the bottom facing 

portion of the payload bus must 

travel 58 inches of tubing in 

order for it to be completely 

ejected. All past and current 

best estimates also point 

towards a 5.5lb final weight for 

both the payload bus and UAV 

Incomplete 

Payload 

REQ Requirement Justification Verification 

4.4.13 The payload bus center of 

gravity shall be located 

beneath the plane which 

separates the bottom 1/3rd 

portion from the top portion 

that flowers outward. 

Having a center of gravity that 

is lower will make aligning the 

payload bus upward easier. If 

the CG is located elsewhere 

then the petals will struggle to 

do their job. 

Complete 

4.4.14 Each payload bus petal 

shall be capable of pushing 

the full weight of the 

payload bus upright from a 

horizontal position. 

Since the payload bus could 

land in any possible orientation, 

it is important that the sections 

of the payload bus that are in 

contact with the ground have 

enough strength to lift it to its 

upright position. Typically, the 

payload bus will be expected to 

have two petals in contact with 

the ground pushing it upwards 

most of the time. There is a 

possibility, however, that the 

payload bus lands such that one 

petal must do all the work. 

Incomplete 

4.4.15 The payload bus petal 

locking mechanism shall be 

able to withstand a constant 

6lbs of force applied at the 

hooks center pushing 

outward. 

The petals use a spring 

mechanism to open and orient 

the payload bus. This means 

they will constantly be trying to 

open outward against the lock. 

Incomplete 

4.4.16 The payload bus locking 

mechanism and the payload 

securing mechanism shall 

open only when given an 

external command by the 

user 

Implementing a means for the 

payload bus to autonomously 

open its petals based on its 

current state introduces 

complexity into the design and 

increases the chance of a 

Complete 
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malfunction during the mission. 

If the payload bus were to open 

too soon, either within the 

rocket or during its descent, this 

would cause a critical mission 

failure, as the payload bus 

could become lodged within the 

rocket body or the payload 

could be released in midair. To 

prevent a false detection of 

deployment criteria, the 

payload bus will remain 

passively locked until a radio 

signal from the ground station 

is received. 

4.4.17 The UAV shall use folding 

arms to attach its motors 

and propellers 

The UAV propellers need to be 

at least a certain size in relation 

to its weight. A constant 

geometry UAV would limit the 

size of the propellers. Folding 

arms allow the propellers to be 

bigger while avoiding the 

excess weight that comes with a 

larger diameter compartment 

Complete 

4.4.18 The UAV shall fit within a 

5.825 diameter circle when 

in its stowed configuration 

The payload bus responsible for 

carrying the UAV to the ground 

is built out of Coupler 

BlueTube and such only comes 

in standard sizes. For the 

payload to fit inside, it must fit 

within a maximum diameter 

Complete 

4.4.19 The UAV shall have a 

flight endurance of five 

minutes 

This requirement was levied to 

make sure the UAV has the 

endurance to reach the FEA and 

handle any necessary flight 

maneuvers afterwards.  

Incomplete  

4.4.20 The UAV shall be capable 

of both autonomous and 

piloted flight. 

The team wants to ensure that 

the UAV can reach its 

destination. In case the system 

loses autonomous flight 

capabilities or atypical flight 

conditions occur, manual flight 

control would provide enough 

redundancy to complete the 

mission safely. 

Complete 
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4.4.21 The UAV shall be capable 

of switching from 

autonomous to piloted 

mode during flight. 

In case the user needs to take 

command of the UAV it will be 

necessary to do it remotely. 

Furthermore, atypical flight 

conditions could be a potential 

safety hazard. The transmitter 

for the radio control operates 

independently from the UAV 

telemetry module. This 

redundancy ensures the ability 

to switch to manual control 

mid-flight and provides an 

alternative means for mission 

success. 

Complete 

4.4.22 The UAV will clearly 

demarcate the front from 

the rear of the system. 

Quadcopters are radially 

symmetrical making it hard for 

the pilot to determine the front 

from the rear.  

Complete 

 

Derived Requirements Verification 

REQ Description of 

Requirement 

Compliance Verification 

Method 

Status 

2.25. The system shall 

be reusable 20 

times before 

replacement is 

necessary 

Our system is 

built from cost 

efficient 

materials that 

can meet 

reusability 

needs.  

Demonstration 

 

In order to 

verify this 

requirement, 

flight critical 

areas, as 

identified by 

the team, will 

undergo fatigue 

testing to 

ensure they 

meet lifecycle 

needs.  

Incomplete 

 

We tested the 

ejection system 20 

times and the 

material held up 

with no visible 

signs of damage. 

Furthermore, our 

Compression test 

proved our 

vehicle can 

withstand any 

expected loads. 

2.26 The main ejection 

charges shall 

generate enough 

force to push a 

5.5-pound 

payload bus 

vertically through 

58 inches of 6-

Our team will 

determine the 

necessary 

amount of 

black powder 

through 

iterative 

testing. 

Test 

 

The team will 

increment the 

amount of 

black powder 

within the wells 

and test each 

sample until the 

Complete 

 

Our ejection 

system worked as 

required. The 

dummy payload 

reached an 

approximate 

height of 10m 
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inch ID Blue 

Tube 

optimal one is 

found 

 

 

REQ Description of 

Requirement 

Compliance Verification 

Method 

Status 

4.4.14 Each payload bus 

petal shall be 

capable of 

pushing the full 

weight of the 

payload bus 

upright from a 

horizontal 

position. 

The petals use 

a torsional 

spring capable 

of orienting 

the payload 

bus 

Demonstration 

 

The team will 

use a mockup 

of the bus to 

verify the 

spring’s 

capabilities 

Incomplete 

 

The test will 

iterate through 

possible spring 

choices 

 

4.4.15 The payload bus 

petal locking 

mechanism shall 

be able to 

withstand a 

constant 6lbs of 

force applied at 

the hooks center 

pushing outward. 

The payload 

bus locking 

mechanisms 

are 3D printed 

from PLA with 

a 20 lbs., more 

than enough to 

hold the 

required loads 

Demonstration 

 

A sample 

locking 

mechanism will 

be placed under 

a continuous 

load to 

demonstrate its 

functionality 

Incomplete 

 

 

4.4.16 The payload bus 

locking 

mechanism and 

the payload 

securing 

mechanism shall 

open only when 

given an external 

command by the 

user 

The payload 

operational 

model makes it 

so the payload 

bus and UAV 

are not 

released unless 

commanded to 

Demonstration 

 

A full-scale 

launch will be 

conducted to 

perform a 

complete 

mission 

simulation of 

the project 

Incomplete 

 

Need to prove by 

demonstration. 

Servos and 

locking 

mechanisms 

worked, but they 

haven’t been used 

in unison. 

4.4.17 The UAV shall 

use folding arms 

to attach its 

motors and 

propellers 

The payload 

team has 

implemented a 

folding arm 

design which 

makes use of a 

spring barrel 

bolt latch to 

keep them 

extended 

Inspection 

 

The design is 

compliant with 

the requirement 

Complete 

 

The design is 

compliant with 

the requirement 
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4.4.18 The UAV shall fit 

within a 5.825 

diameter circle 

when in its 

stowed 

configuration 

The payload 

team has made 

the design is 

compliant with 

the 

requirement 

Inspection 

 

The design is 

compliant with 

the requirement 

Complete 

 

The design is 

compliant with 

the requirement 

4.4.19 The UAV shall 

have a flight 

range of twice 

NASA’s specified 

launch area 

circumference. 

This 

requirement 

will most 

likely need to 

be amended to 

be met. 

Demonstration 

 

A payload 

flight 

demonstration 

will reveal the 

UAV’s range in 

typical 

operating 

conditions 

Incomplete 

4.4.20 The UAV shall be 

capable of both 

autonomous and 

piloted flight. 

The UAV uses 

a PixRacer 

control system 

which is 

capable of 

both flight 

modes.  

Demonstration 

 

A flight test 

will 

demonstrate the 

system’s ability 

to meet the 

requirement 

Complete 

4.4.21 The UAV shall be 

capable of 

switching from 

autonomous to 

piloted mode 

during flight. 

The UAV uses 

a PixRacer 

which allows 

for on-the-fly 

changes to the 

flight mode 

Demonstration  

 

A flight test 

will 

demonstrate the 

system’s ability 

to meet the 

requirement 

Complete 

4.4.22 The UAV will 

clearly demarcate 

the front from the 

rear of the 

system. 
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6.5 Budget 

 Funding Plan 

Source of Funding Amount 

Space Grant $8,000    

Click Bond $3,000    

Total: $11,000      

 

 Line Item Budget 

Item Quantity 
Unit 
Price 

Total 
Price 

Use 

7.5 oz. Fiberglass 
Sheets 

5 yards $36.25 $36.25 Constructing Nose cone and Fins 

System 2000-B 
Laminating Epoxy 

1 gallon $129.95 $129.95 Laminating fiberglass components 

20-Min Epoxy Cure 1 Quart $49.95 $49.95 solidifying epoxy  

SHIPPING FOR 
ABOVE 

- $29.95 $29.95 - 

Jolly Logic Altimeter 
3 

2 $99.95 $199.90 Recording official launch altitudes 
and flight data logging 

EggFinder GPS LCD 
Combo Kit 

3 $120.00 $360.00 Installed in each module to locate 
individual rocket components after 
separation 

SHIPPING FOR 
ABOVE 

- $9.00 $9.00 - 

College Discount  - -$54.00 -$54.00 - 

RunCam Split Mini 2 1 $69.99 $69.99 Video Recording 

32 Gb Sd card 2 $6.99 $13.98 video storage 

3 Cell Battery 
(1000maH) 

2 $26.99 $54.98 Supplying Power 

Voltage Regulator 
Module 

1 $46.00 $46.00 Distributing Power 

IMU  1 $19.98 $19.98 accelerometer for data collection 

Arduino Nano 1 $22.00 $22.00 data controler 

Bluetooth Module 1 $8.99 $8.99 Controlling data collection wirelessly 

Micro SD Card 
module 

1 $2.88 $2.88 logging data from arduino 

Piezo Buzzer 1 $1.50 $1.50 audio acknowledgement from ard. 

Perf Board 1 $4.00 $4.00 soldering arduino setup for secure-
ness 

RMS 38/600 with 
seal disk 

1 $64.20 $64.20 Sub-scale motor casing and seal 
disk 
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38mm Aft Closure 1 $32.30 $32.30 The bottom closure of the motor 
casing, prevents motor from falling 
out 

38mm Forward 
Closure 

1 $38.00 $38.00 The top closure of the motor casing, 
prevents flames from leaving motor 
section 

38mm aft O-rings 1 $6.80 $6.80 Prevents rocket from blowing up 
(challenger)...Seals hot gases in 
chamber 

38mm forward O-
rings 

1 $2.35 $2.35 Prevents rocket from blowing up 
(challenger)...Seals hot gases in 
chamber 

38mm seal disk O-
rings 

1 $3.85 $3.85 Prevents rocket from blowing up 
(challenger)...Seals hot gases in 
chamber 

Super Lube  1 $12.87 $12.87 Used to lubricate o-rings onto motor 
casing closures 

38mm Phenolic 
Liner 

1 $11.99 $11.99 Prevents inside of motor casing from 
melting due to high temperatures at 
ignition 

38mm Casting tube 2 $3.75 $7.50 This is what the propellent is going to 
cure in  

Sorbitol (Sugar) (lb) 7 $1.50 $10.50 Sugar Propellant Fuel 

Potassium Nitrate 
(lb) 

13 $1.50 $19.50 Sugar Propellant Oxidizer 

38mm Nozzle 1 $2.50 $2.50 Accelerates combustion gasses to 
produce more thrust, we need it 
since sugar propellant has a very low 
isp.      

Propellors 2 $11.00 $22.00 Integral flight component. To be 
bought 
seperately from the motors due to 
thrust needed. 

Power distribution 
board 

1 $37.90 $37.90 Intermediery connection to power all 
components of the UAV 

Electronics Speed 
controller 

1 $41.95 $41.95 Controls the rotor speed to enable 
turning, accleration and Deceleration 

Flight Controller 
(BUY CASE) 
- program auto take 
off 

1 $99.00 + 
$3.90 

$102.90 Lets us fly. Automatically programs 
flight stability for motion 

Motor 4 $17.46 $69.88 powers the propellors. To be 
connected to the PDB 

Receiver 1 $34.50 $34.50 recieves signal from transmitter 
for gps  

Lithium Polymer 
Battery 

3 $19.99 $59.97 3 Batteries are optimal. Two for  
Testing, one for spare, and one 
for launch. its a lot of money so three 
for now 

Transmitter 1 n/a n/a Allows us to recieve signal 
for flight control 
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GPS module 1 $120.91 $120.91 When programmed with the Flight 
Controller, can be used to input  
coordinates for the UAV to fly to 

Servo (for beacon 
deploy) 

1 $13.51 $13.51 Light actuator to hold and deploy  
the beacon 

Telemetry module 1 $42.90 $42.90 connect with ground station 

dji propellor 
adapters 

3 $6.79 $20.38 used to connect propellers to motors 

lexan sheet 1 $6.54 $6.54 electronics enclosure 

hinge lock shafts 2 $9.45 $18.90 shafts for custom printed hinge locks 
     

3" ID x 48" Blue 
Tube 

3 $29.95 $29.95 subscale body tube 

3" Blue Tube 
Coupler 

2 $34.19 $34.19 Connects modules together 

6" ID x 48" Blue 
Tube 

4 $105.95 $423.80 Full Scale Body Tube 

6" Blue Tube 
Coupler 

2 $66.95 $133.90 Full Scale Coupler 

Zinc Plated U-bolt 
3/8" 16 thread 3-3/4" 
height 

4 $1.87 
 

Used to connect parachute system 

10-32 Alloy Steel 
Hex Flat Head Screw 
(100pk) 

1 $10.65 $10.65 for full scale, used to connect 
components  

Routing Eyebolt 1 $5.14 $5.14 3/8" to 8 x 3.875'' Zinc-plated; 
payload plug 

3/4'' Birch Plywood 
2' x 4' 

3 $24.98 $74.94 Used to create bulkheads 

10-32 zinc plated 
nuts (100pk) 

1 $6.81 $6.81 Secure eye bolt 

pvc pipe 8 $2.28 $18.24 From full-scale for black powder 1/2'' 
ID x 10ft.  

pla filament 1 
  

from full scale, 3d print for payload 

Clear Acrylic Sheet 1 $3.19 $3.19 For observation bay window 

Nylon Shear Pins 
(20pk) 

1 $3.10 $3.10 Used to attach recovery system with 
other sections prior to deployment 

1/2" screw size 
Stainless steel 
washer (25pk) 

1 $9.48 $9.48 Place under hex nuts 

Hardener (7 fl oz) 1 $24.99 $24.99 Joining materials 

JB Weld Epoxy 5 $5.47 $27.35 
 

Fastener Inserts 
(pack of 2) 

15 $2.00 $30.00 
 

Gloss White Paint 2 $3.98 $7.96 Paint rocket for subscale 

Adjustable Hole Saw 1 $7.49 $7.49 Centering Rings Full Scale 

10-24 wood inserts 4 $2.97 $11.88 Threaded inserts for bulkheads 

10-24 wood inserts 11 $1.28 $14.08 Threaded inserts for bulkheads 

JB Weld Epoxy 3 $5.67 $17.01 Anything in need of epoxy 
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Tee Nut 5 $1.18 $5.90 Nose Cone Threads 

Lock Washer 1 $1.18 $1.18 Hardware requiring lock washers 

Pin Hinge 3 $3.27 $9.81 UAV Mechanism requiring hinge 

Threaded Rod 1 $2.63 $2.63 Recovery bay and Top Coupler bay 

countersunk washer 2 $1.18 $2.36 Any holes requiring a larger washer 

10-24 Wood Inserts 6 $2.97 $17.82 Threaded inserts for bulkheads 

10-24 Wood Inserts 6 $1.32 $7.92 Threaded inserts for bulkheads 

10-24 Wood Inserts 5 $2.97 $14.85 Threaded inserts for bulkheads 

75mm BlueTube 1 $64.10 $100.57 Bodytube (shipping = 36.47) 

Safety Glasses 1 $24.97 $24.97 Safety purposes 

KWIK Weld 2 $5.97 $11.94 Epoxy for bulk heads 

Industrial Velcro 1 $8.97 $8.97 Securing Camera Mount 

#8-32 thread Sex 
Bolt 

10 $0.55 $5.50 UAV Arm Hinge 

#8-32 Mating Screw 10 $0.39 $3.90 UAV Arm Hinge 

Full Length 

Couplers - 6" x 

.077 wall x 48" 

2 $66.95 $157.85 Recovery Bay/ extra coupler tubing 
(shipping = $23.95) 

Brass Wood Inserts 5 $2.97 $14.85 Bulk head inserts 

Router 1 $69.97 $69.70 Bulk head manufacturing 

3/4" PVC Cap 4 $0.64 $2.56 Recovery black powder container 

Flat Plate 1 $4.21 $4.21 Router positioning assist 

Threaded Rod 2 $2.63 $5.26 Ballist bay, recovery bay support 
beams 

Machine Screws 9 $1.18 $10.62 general fastening 

Washers 1 $2.33 $2.33 fastening supports 

Epoxy Gorilla Glue 2 $5.47 $10.94 All welding purposes 

JB Weld Epoxy 2 $5.27 $10.54 All welding purposes 

3/4" Birch Plywood 2 $26.72 $52.98 Camera mount, Bulkheads, Payload 
Bus 

Respirator 1 $54.97 $54.97 Safety / Lung Cancer Prevention 

Round head 
Machine Screw 100 
pk 

1 $6.24 $6.24 Securing components (replacing 
countersunk fasteners) 

Circle Guide Router 
Kit 

1 $42.46 $42.46 Bulk head manufacturing 

10-24 Brass 
Bulkhead inserts 

1 $17.98 $17.98 Bulk head inserts 

uxcell 10pcs 

Carbon Steel 

Lock Bolt Spring  

1 $11.71 $11.71 UAV Spring mechanism 

Compression Spring 
Kit 

1 $18.78 $18.78 UAV lock spare compression springs 

Ematches - DIY - 80 
pk 

1 $70.00 $93.55 Used to fire ejection charges and 
launch rocket. 

Altimeter - Easy Mini 2 $85.60 $186.70 Detect Altitude and Ignite Ematch 
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shear pins - 20pk 1 $3.10 $3.10 retain the rocket prior to ejection 

Black Powder 
FFFFG - 1lb 

1 $25.00 $26.93 Primary propellatn for ejection 
charges 

Battery - 9v 1 $3.00 $3.00 to run the altimeter for recovery 

Shear pins - 20pk 5 $3.10 $20.23 retain the rocket prior to ejection 

Rotary Switch 10 $6.00 $69.40 Used to arm the rocket 

Altimeter - Easy Mini 2 $92.31 $188.93 Detect Altitude and Ignite Ematch 

Shock Cord 10ft $1.01 $30.30 
 

Springs Assorted x 2 $4.99 $11.14 used in locking mechanism 

Duct Tape 1 $4.49 $4.49 used to pack BP 

Arduino 5 $15.25 $15.25 brains of the bus 

HC 12 1 $10.79 $10.79 wireless comms to the bus 

Lipo for recovery 4 $6.99 $27.96 powers the altimeters and fires 
charges 

Kevlar Cord 50ft $19.99 $19.99 attaches chutes to rocket 

Parachute 1 $92.00 $92.00 a 48-inch parachute 

Parachute 1 $208.00 $208.00 a 96-inch parachute 

Altimeter - Easy Mini 2 $92.31 $188.93 Detect Altitude and Ignite Ematch 

Shock Cord 10ft $1.01 $30.30 
 

Chute release 2 $130.00 $226.65 including discount 

flame shield 3 $24.50 $40.15 16 inch round including discount 
 

TOTAL COST  $4,914.14 
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 Categorized Purchases 

 

Figure 6.5-1 Budget percentage distribution per team 

 Projected Team Budgets 

Table 6.5-1 Projected budget outlined by teams 

Aerodynamics Team $864.85 

Payload Team $748.42 

Structures Team $500.16 

Recovery Team $1,643.50 

Propulsion Team $780.87 

Outreach Team $100.00 

Travel Expenses $6,440.00 

Total Budget: $11,077.80 
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Figure 6.5-2 Amount Spent Compared to Budget 
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6.6 Timeline 

  



` 

172 California State Polytechnic University, Pomona | 2018-2019 NSL 

Appendix A: Special Thank You 

 

We would like to extend a special thank you to Click Bond for donating $3,000 to help fund our 

travel to Huntsville, Alabama. Without them, we would not be able to attend the competition. 

 

 

Website 

https://www.clickbond.com/ 


