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I. Introduction:  

XSpace is a subteam formed under the RIT Launch Initiative for the 2018-19 school 
year. The team was formed for participation in the RIT Launch Space Race, which is a program 
designed to introduce new members to the fundamentals of rocket design and manufacturing. 
The team is organized and lead by second-year mechanical engineer Justin Silva. The 
remainder of the team is composed of first-year engineering students, who each specialize in a 
specific subsystem of the rocket. Since the team is relatively small, all members are able to 
regularly meet and collaborate for a unified understanding of all portions of the rocket.  

This will be the team’s first year building and flying a rocket. As a participant in this 
program, XSpace will be competing to launch a custom L2 to a minimum altitude of 5,000 ft. 
The rocket that will be flying is a single-stage L2 designed in OpenRocket. It is designed to use 
a Cesaroni L640 motor and is estimated to reach an altitude of 8,800 ft.  

 
II. System Architecture Review: 

Fool’s Journey is an 8-foot-tall National Association of Rocketry Level 2 high-powered 
rocket. The rocket body is broken into two main sections, and is made entirely from bluetube. 
The lower section of the rocket contains 3 subsections, which are the booster, camera bay, and 
avionics bay. The camera bay is held between the avionics and booster. The drogue parachute 
is also held in the lower section, between the booster and the camera bay. The avionics bay 
connects the lower structure to the upper section of the rocket, which contains the main 
parachute. The nose cone sits at the top of the rocket. The booster holds a Cesaroni L640 6 
grain motor, which is held in by an inner tube and engine block. The rocket uses a dual-deploy 
recovery system, which uses black powder charges to initiate deploy. A 2.5-foot drogue 
parachute and a 6-foot main parachute will be deployed to allow for slowed descent and safe 
landing.  

The payload of this rocket is a Nikon KeyMission 360-degree camera that will be 
deployed at apogee with its own parachute. This parachute attaches to a custom 3D-printed 
camera holder to allow for safe landing. The camera is also paired with its own EggFinder TX 
Global Positioning System (GPS) that will allow for the camera to be found after landing. In 
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addition to the camera, the rocket is equipped with an Eggtimer Quantum flight computer and 
Eggfinder GPS flight computer. These devices will send GPS data from the onboard circuit to a 
ground receiver for real time tracking.  
For aerodynamics, the rocket has a 9.5-inch nose cone with a 3-inch shoulder length. The nose 
cone is made from polypropylene plastic and is manufactured by Madcow Rocketry. Lastly, the 
base of the rocket has 4 trapezoidal fins laser-cut from ⅛-inch fiberglass, the shape of which is 
optimized for maximum altitude.  

 
 

Nosecone 

Main 
Parachute 

Bay 

 
Avionics 

Bay 

 
 

Camera Bay 

 
Drogue 

Parachute Bay 

 
 

Booster Section 

Center of gravity       Center of Pressure 
 

Figure 1: Open Rocket Schematic of Fool’s Journey 

Figure 2: Fusion 360 Cross Section of Fool’s Journey 
 
A. Propulsion Subsystems: 
The propulsion system of Fool’s Journey uses a Cesaroni L640 motor, which is a commercial off 
the shelf (COTS) solid rocket motor. This motor is a six grain 54 mm class-L motor with a burn 
time of 4.3 seconds. It delivers a maximum thrust of 357.4 lbf and a total impulse of 623.2 lbf-s.  

The motor was selected during one of the last steps of the design process of the rocket. 
Through OpenRocket, the team was able to filter a wide selection of motors down to a small 
number with potential to meet the needs of the rocket. The final selection was made in an effort 
to fulfill the RIT Launch Initiative Space Race 2019 requirements, which include use of a 54mm 
6-grain Cesaroni motor casing, a minimum altitude of 5,000 ft, a minimum stability of 2.5, and a 
minimum thrust-to-weight ratio of 5:1. The L640 meets all these requirements and provides an 
estimated apogee of approximately 8,800 ft in an OpenRocket model. 

The motor will be constrained by a 116-inch aluminum engine block and a 18-inch 
aluminum force plate. Both of these will be secured to the inside of the rocket with RocketPoxy. 
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There will be two plywood centering rings supporting the inner tube, and the force plate will also 
function as a third centering ring. The RocketPoxy provides a significantly higher factor of safety 
than traditional epoxy. 

 
B. Aerostructures Subsystems: 

The force plate, located at the bottom of the booster section body tube, acts as a 
centering ring and is the most important structural member of the booster section. The purpose 
of the force plate is to prevent the motor from flying through the rocket at lift off. The plate’s 
outer diameter is equal to that of the body tube; the purpose of this is to transfer all stresses to 
the body tube as opposed to depending on the shear strength of epoxy between the inner body 
tube and a typical centering ring. The inner diameter is equal to that of the inner tube housing 
the motor. The plate is epoxied to the inner tube, and the amount of epoxy at this interface is 
chosen so that it supports the entire thrust load of the rocket in shear. G5000 RocketPoxy was 
used due to its extremely high shear strength. However, should the epoxy fail, the aft closure on 
the motor will collide with the thrust plate and prevent the motor from going up through the 
rocket. The plate is made of aluminum, which was chosen due to its strength-to-weight ratio, low 
cost, and ease of manufacturing.  

The following assumptions were made when designing the force plate:  
● The plate will fail in shear.  
● The blue tube body tube will not fail under compression resulting from upward 

thrust force that is transferred by force plate.  
● The epoxy between the plate and the inner tube will fail in shear.  
● The only force causing shear stress on the epoxy and the force plate is the thrust 

force.  
● The shear strength of RocketPoxy is half of its tensile strength 
● The effects of air resistance and gravity on the thrust plate are negligible.  

The following equations were used to calculate the dimensions of the force plate and to confirm 
that the epoxy will not shear at the interface of the plate and the inner tube:  

The following results were obtained from making calculations with the previous equations:  
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Figure : Table of force and stress calculations. 
 
Although the required width of the thrust plate is very small, a width of 1/8 inch was 

chosen due to the ease of manufacturing and for a larger epoxy surface area. Although this 
adds weight to the rocket, which is not ideal for altitude, this decision is acceptable since the 
mission goal is not to reach the highest possible altitude. The RocketPoxy shear calculations 
were done using the chosen 1/8 inch thickness of the force plate.  

This rocket contains four identical trapezoidal fins, with 90 degrees between adjacent 
fins. The fins are located at the bottom of the booster section. For alignment purposes, fin tabs 
fit directly into the space between the thrust plate and the lowest non-structural centering ring. 
As a result of OpenRocket simulations, the fins were chosen to be ⅛ inch thick. Fin flutter 
calculations were done using an Excel spreadsheet from Apogee Components. The following 
equations were used to determine the flutter velocity and the fin material:  
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In order to guarantee that fins will not be damaged during flight, the fin flutter velocity 
must exceed the maximum rocket velocity. After performing calculations with different types of 
wood for the fins, G10 fiberglass was ultimately chosen because of its high shear strength. The 
results of the calculations for the fins, using the maximum rocket velocity generated by 
OpenRocket simulations, are shown here:  

 
 

C. Recovery Subsystems:  
This recovery subsystem’s main purpose is to reduce the speed of the descending 

“Fool’s Journey” to a level that will not result in any structural failures. The subsystem of the 
rocket includes everything required to bring the rocket safely back to the ground after reaching 
apogee. 

 
5 



 

The individual components of the subsystem include the drogue parachute, main 
parachute, multiple flame blankets, two black powder charges, and shock cord. The recovery 
system comes into play once the rocket has reached its highest altitude, also known as its 
apogee. The ejection charge in the lower body tube, which is connected to the avionics system 
of the rocket, will receive an electrical charge causing it to detonate. The detonation will create a 
rise in pressure in the body tube, around 15 psi, causing the tube to separate where it is held to 
the rest of the rocket by nylon shear pins. Once the descending rocket reaches an altitude of 
1000 feet, the black powder charge in the upper body tube will detonate, separating the nose 
cone from the body tube. 

After the black powder charge in the lower body tube separates the rocket, the drogue 
parachute, which is 30 inches in diameter with a 5-inch spill hole in the center, will be forced out 
of the lower body tube. A shock cord attaches the booster section to the bottom of the camera 
bay. When the drogue parachute has exits the rocket, the flame blanket surrounding it will 
unwrap, allowing the parachute to unfold while remaining undamaged by the ejection charge. 
Once the rocket has descended to 1000 feet, the ejection charge in the other upper body tube 
will detonate, separating the nose cone from the upper body tube, releasing the main parachute. 
The main parachute is 72 inches in diameter with a 14-inch spill hole. This parachute should 
slow the rocket to a velocity of 6 meters per second, which should result in a damage-free 
landing. 

The ejection charge that releases the drogue parachute detonates at apogee because 
when the rocket is a apogee, it will reach a velocity of 0 before beginning to redescend. Since 
the role of the drogue parachute is to reduce the velocity of the falling rocket enough to ensure 
the release of the main parachute won’t damage the rocket, introducing the new drag force at 
apogee means the descent rate of the rocket will be lower for its entire descent. The main 
parachute is released at 1000 feet not only to slow the rocket to a safe impact velocity, but also 
to reduce drifting to a minimum. If the main parachute was deployed at apogee, the rocket 
would make its entire descent at 6 meters per second, meaning it lands at a safe speed, but at 
the cost of taking a significantly longer period of time to reach the ground, meaning more time 
for the wind to cause the rocket to float away from the launch site. 

The quantity of black powder in each ejection charge was determined by inputting 
diameter, length, and desired PSI for each of the body tubes into two different online calculator. 
Those two calculators are Rimworld’s NASSA rocketry black powder calculator and 
Rockethead’s black powder calculator. The calculators gave the appropriate amount of 4F black 
powder, in grams, that will create enough pressure in their respective body tubes to break the 
shear pins holding the tubes together. 4F black powder is the finest variation of black powder, 
and the finer a black powder is, the faster it burns. The previously mentioned calculators 
determined that in the upper body tube, the ejection charges will produce 15 psi of pressure in 
their respective body tubes. That pressure will contain 2 grams of powder, while the lower body 
tube should contain 3 grams. 

The specific shock cord that was chosen to secure the drogue and main parachutes to 
the nose cone, body tube sections, and the camera bay, is shock cord with a force tolerance of 
1500 lbs. This cord was chosen because when the main parachute deploys, there will be an 
extreme increase in forces on whatever cord is connecting the pieces of the rocket. That 
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increase in forces must be compensated for by fastening our rocket components with a strong 
cord, which the 1500 lb cord is. The following table shows the body tube dimensions and black 
powder requirements:  
 

 Tube Length 
[in] 

Tube Diameter 
[in] 

Grams of 4F 
Black Powder 

Pressure 
Generated [psi] 

Upper Body Tube 31.75 4 3 15 

Lower Body Tube 20 4 2 15 

 
 

The following table shows the parachute terminal descent rates generated by the 
OpenRocket simulation, based on the altitude they will be deployed at: 

Figure : Parachute deployment altitudes and descent rates. 
 

D. Payload Subsystems:  
The camera payload bay is responsible for delivering and deploying a 360° video 

camera at approximately 9000 ft. The camera will deploy a 2-inch by 20-inch streamer at 
apogee with conventional black powder charges. The streamer will slow the camera to a speed 
at which the 24-inch main parachute can be safely deployed at 1000 ft with a Jolly Logic chute 
release system. The camera will be attached to shock cords via a swivel bearing that will reduce 
the rotation of the camera to obtain a better video. 

The camera is a Nikon KeyMission 360, which was graciously donated to the team 
specifically for this project. This camera is capable of a max video resolution of 3840 x 2160 at a 
frame rate of 24 fps. The KeyMission is dust-resistant, freezeproof, shockproof, and waterproof, 
and has an operating temperature ranging from 14°F to 104°F. It is powered by a Nikon 
EN-EL12 lithium ion battery capable of 1.17 hours of continuous video recording. The data is 
stored on a microSD card, easily accessible on the side of the camera. The dimensions of the 
camera are 2.4 inch x 2.4 inch x 2.6 inch, and weighs 6.98 ounces. 

In order to easily locate the camera after a successful landing, an EggFinder TX GPS 
device is attached to the side of the camera via custom made 3D-printed parts. There are a total 
of two (2) 3D-printed parts, which consist of circular shapes with corners that protrude radially 
out from the center of the circle. The center holes of these parts are designed very slightly larger 
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than the diameter of the camera lenses. This provides for a rather tight transition fit between the 
printed parts and the camera. To ensure that the printed parts do not fall off, four (4) zip-ties are 
inserted through ¼-inch holes in each of the protruding corners, preventing both translational 
and rotational motion. The front piece of the camera holder features a rectangular surface that 
covers one side of the camera. This surface also has two (2) ¼-inch holes, which allow the 
EggFinder to be securely connected via zip-ties. The corners also protrude out in front of each 
lens, which mitigates the possibility of the curved surfaces of the lenses hitting a rock or other 
hard object upon landing, which could cause severe damage. The 3D-printed parts are made of 
semi-flexible material that will absorb some of the shock of landing. 

A Sunward Group 2-inch by 20-inch ripstop nylon streamer is used in substitution for a 
drogue parachute. A streamer was chosen to achieve a descent speed that is great enough to 
prevent the camera from drifting outside of the field area. The main parachute is a PML PAR-24, 
which is a 24 inch rip-stop nylon conical parachute with a 5-inch spill hole. The parachute will 
connect to a quick link, which is connected to the swivel via a 10 ft shock cord. A short shock 
cord will attach the swivel link to a factory made Nikon camera mount, which is screwed into the 
bottom of the camera. 

The following equations were used to determine the terminal velocity of the descending 
camera, which shall not exceed 20 feet/sec. Both the streamer velocity and parachute velocity 
were calculated using the same equations. The drag coefficient for each calculation was 
assumed to be 1.0.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The following results were assumed or calculated:  
 
 
 
 
 
 
 
 

 
8 



 

Since the terminal velocity of the descending parachute-camera assembly is well below 
the maximum allowable value of 20 feet/sec, the camera will touch down safely.  

One point of concern for the descent of the camera payload is that because of its slow 
descent rate and the potential for high winds at the approximate 9000-ft apogee, it will drift a 
very far distance from the launch site. In this case, it may be difficult to recover and could 
potentially exit the launch safety area. In order to mitigate this, the camera payload parachute 
will be tested to verify the descent rate is not too low, and the mass of the system may be 
increased to increase the descent speed. 

The camera payload bay will be an 8-inch section of inner tube situated directly below 
the primary bay. This section will hold the 360° camera and its parachute. This section has one 
¼-inch plywood bulkhead, located at the bottom end. This bulkhead is the attachment point for 
the drogue parachute and the shock cord connecting to the main booster section, as well as the 
ejection charge for the drogue parachute. The shock cord is tied around a carabiner and 
fastened, which is clipped to an eyebolt that is fastened to the bulkhead at the bottom end of the 
section. On the side of the bulkhead that faces the bottom of the rocket, there is an additional 
eye bolt and an ejection charge. This eye bolt is fastened to the carabiner that is tied to the 
shock cord. This shock cord is connected, with another carabiner, to the upper engine block in 
the booster section.  

The wires for the drogue chute ejection charge run through the camera bay section of 
the payload. These wires run through a ¼”-diameter plastic pipe so they do not get tangled or 
interfered with by the camera assembly during flight. The plastic pipe runs 12 inches, all the way 
through the camera bay payload.  

For assembly of the camera payload, a 10-in section of blue tube was cut. Bulkheads 
were laser-cut out, and the holes for the ejection charge cap, eye bolt, and wires were drilled. 
The plastic pipe was inserted through the wire hole and hot-glued in place across the length of 
the tube. The drogue ejection charge was screwed in, along with the eyebolt. Because the 
camera payload tube is open-ended on the side that faces the avionics payload tube, its 
assembly process was simple.  
 
E. Avionics Subsystems: 

The avionics section of Fool’s Journey is responsible for coordinating the various active 
functions of the rocket. The section holds all the electronics necessary to perform the various 
functions necessary for a successful launch. The core components include a central 
microcontroller-based board, called the Eggtimer Quantum, which is produced by Eggtimer 
Rocketry. The Quantum comes equipped with a built in altimeter, programmable delays, and 
multiple ejection charge outputs, allowing for highly variable charges, resulting in optimal 
separation of the main body sections. The drogue charge channel can be set for deployment 
between 0-3 seconds after apogee. The main channel can be set to deploy anywhere between 
100’ to 2,000’. It is capable of storing flight data from up to 15 consecutive flights. The altimeter 
is capable of recording altitudes between -5,000’ and 60,000’ AGL. The Quantum is able to 
interface over its own Wi-Fi network with a cell phone or tablet, and can be programmed over 
this signal as well. It also contains support for interfacing with hobby-grade servos. The 
Quantum is also capable of performing ground tests, from up to 100’ away. 
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The Quantum has a multitude of built in redundancies and safety features to minimize 
the risk of failure. Each Quantum has a unique SSID with an 8-digit passkey, ensuring only the 
Quantum’s owner can access and program it. The Quantum comes with an arming/disarming 
function, which requires a 4-digit code to toggle, rendering the chance of accidentally triggering 
the quantum minimal. A built in FailSafe feature will trigger the main chute to deploy if a drogue 
deployment failure is detected. The Quantum contains two, polarity-independent battery inputs, 
meaning there’s no chance of reverse polarity damage to the board. The second battery input 
acts as a redundancy, in case of battery failure. Finally, the main processor is opto-isolated, 
reducing the risk of surge-based damage to the processor. 

Beyond this, the avionics section also includes a GPS transmitter, which provides 
real-time location and flight data to its respective ground station. The transmitter chosen was the 
Eggfinder TX Transmitter, produced by Eggtimer Rocketry. The Eggfinder has a .9” by 3” 
footprint, with a 3” upgradable antenna. It can be programmed to transmit over any one of 72 
compatible frequency/ID combinations. 

Due to the design of Fool's Journey, in order to properly activate one of the ejection 
charges, it was necessary to implement a system so that the wires connecting the charge to the 
Quantum were detachable. To accomplish this, these wires were soldered to JST connectors, 
which were chosen due to their reliability and the relative ease with which they can be 
disconnected.  

The avionics bay of Fool’s Journey consists of a 10-inch section of inner tube with a 
¼-inch plywood bulkhead at each end. The bulkheads are the attachment points for the two 
threaded rods and one eye bolt at each end for shock cord attachment. The shock cords 
connect the payload to the camera tube, located in the booster section, and to the nose cone, in 
the main section. Surrounding the center of the inner tube section is a 3-inch length of outer 
body tube to provide a secure point to transfer the loads of launch through to the upper section 
of the rocket. This section of outer tube also includes three equally spaced 5/32-inch holes for 
pressure equalization. This is so the altimeter can get an accurate pressure reading. The 
ejection charge for the main parachute is attached to the top of the upper bulkhead. 

The two ¼-20 threaded rods are each 9 inches in length and are are fastened through 
holes on bulkheads on each end of the avionics bay. The rods support a 1-inch by 3-inch 
plywood avionics sled. The sled has four holes, one in each corner, and is zip-tied and 
hot-glued to the rods. Hot glue is used because of its durability and ease of application. The 
computer is mounted to the sled using bolts and hot glue.  

To house the wires, one ¼-inch diameter hole is drilled into each bulkhead. Two wires 
pass through each bulkhead. One pair is for the main chute ejection charge, and one is for the 
drogue chute charge.  
 
III. Mission Concept of Operations Overview:  

From rocket assembly to touchdown, ten mission phases have been identified. All of 
these phases are to take place at the launch site. 

On the day of launch, various subsystems of the rocket will need to be assembled. 
These assembly procedures are done at the launch site, which is anticipated to be at the 
Upstate Rocketry Research Group site in Potter, NY. A clean picnic table will be set up on the 
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field, and all rocket components will be laid out. The rocket begins with five separate sections, 
which are the nose cone, the main parachute bay, the avionics payload, the camera payload, 
and the booster section or drogue parachute bay. 

The camera is to be carefully fastened to its corresponding parachute, which is to be 
packed as loosely as possible into the 10-inch camera bay tube. The camera will begin 
recording before it is packed, since it is capable of doing so. The three shock cords for the main 
bay drogue bay, and camera payload will be tied to their corresponding swivel links and/or eye 
bolts. Shock cords will be folded in z-formation to avoid tangling, and they should be protected 
as much as possible by the flame blankets. 

The GPS avionics components will be armed at the assembly table, but the Eggtimer 
Quantum will not be armed until the rocket is fully upright on the launch rail. The rocket will be 
carried out to the launch rail by at least four team members so that the rocket is not damaged 
and so that the risk of injury is low. The rocket will be loaded onto the launch rail from the sides, 
with no people standing in front of the nose cone or behind the motor. The rail will be lowered, 
the rocket will be slowly slid on to avoid damaging rail guides, and then the rail will be slowly 
lifted to the launch angle. At this point, the Eggtimer Quantum is armed by turning its switch on 
through the hole in the main payload tube. At this point, everyone is to return to the location of 
the launch controller. 

During countdown, all team members will be watching the rocket for safety purposes. 
The igniter is tested for continuity, and then the rocket is launched. The motor will burn for part 
of the ascent, and then the rocket will coast to apogee, where drogue chute and camera 
deployment occur. These deployments are set off by the Quantum computer. If the drogue 
chute should fail to deploy, the main chute will be deployed at apogee, and descent will last 
longer than expected. The rocket will fall at 52 feet/sec until it reaches 1000 feet, where the 
main chute is deployed. Touchdown will occur at 19 feet/sec. When the launch controller 
announces the end of the launch round, several team members will locate the rocket, either 
visually or using the GPS on board. The camera will descend from apogee at about 9 feet/sec. 
Its location will most likely be determined using the GPS that the camera bay carries. 

If the rocket is fully recovered, the launch is complete and is a success. The table below 
shows the 10 mission phases and what marks the beginning and end of each phase: 
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IV. Conclusion and Lessons Learned: 
This project taught each team member the fundamentals of model rocket design and 

construction. Each member learned to work together as a team to solve problems. Fool’s 
Journey has been an important first step toward their future careers in aerospace, and members 
are ready and willing to continue to push themselves to achieve great accomplishments in the 
aerospace industry.  

The RIT Launch Initiative Space Race Challenge was developed by team leads for the 
purpose of introducing new team members to the rocket development process that the team 
follows each year. Design reviews went very smoothly, and the rocket design was approved by 
the team’s technical leads by November 10th. Unfortunately, parts were not ordered until 
mid-February, which resulted in all sub-teams of Launch Initiative, including XSpace, to have 
over three months of down time. This time was used effectively to develop the technical report 
and the assembly and launch procedures, which are vital to having a successful build season. 
Apart from waiting for parts to arrive, which was out of XSpace’s control, time management was 
strong.  
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Appendix A: Additional Subsystem Figures 
 

 
Figure : EggTimer Quantum 

Figure : EggFinder RX GPS module 

 
13 



 

Figure : EggFinder TX GPS module (disassembled). 
 
 
 
 
 
 

Figure : EggFinder TX GPS module (assembled). 

 
Figure: OpenRocket model showing ejection charges (red arrows) and points of separation 

(green arrows).  
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Figure : CAD model of avionics bay. 

Figure : CAD models of camera holder apparatus. 
 
 
 
 
 
 

 
 
 
 

Figure : Camera mount to be attached to parachute. 
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Figure : Nikon KeyMission 360 camera. 
 
 
 
 
 
 
 
 
 
 
 

Figure : Camera, holder, and mount fully assembled.  
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Figure : Shock cord (in red box). 
 
 
 
 
 
 
 
 
 
 
 
 

Figure : PML PAR-72 main parachute. 
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Appendix B: System Weights, Measures, and Performance Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Flight Parameters: 
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Propulsion Parameters: 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Drogue Parachute Recovery Summary: 
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Main Parachute Recovery Summary:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Parachute Shock Cord Specifications: 

 
 
 
 
 
 
 
 

Recovery Rigging Hardware Specifications:  
 
 
 

 
  

 
20 



 

Simulations performed under worst case scenario wind speeds of 20 mph:  
 

 
Figure: Open Rocket Flight Profile 

 
Figure: Open Rocket Kinematic Simulation 
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Figure: Open Rocket Drag Force Simulation 

 

 
Figure: Open Rocket Stability Analysis 
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Figure: Open Rocket Drag Statistics 

 

 
Figure: Open Rocket Motor Thrust Curve  
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Appendix C: Risk Assessment 
 

Team 
XSpace, RIT 

Launch Initiative 

Rocket 
Project/Name 
Fool’s Journey 

Tentative 
Launch Date 

3/23/2019 

  

Hazard Possible Causes Risk of Mishap 
and Rationale 

Mitigation Approach Risk of 
Injury 
After 

Mitigation 

Motor flies 
through rocket, 
causing damage 
and injury to 
ground-based 
personnel and 
spectators 

-Failure in 
RocketPoxy 
-Force plate not 
strong enough to 
withstand motor 

-Low 
-Rocket is an 
untested flight 
vehicle 
 

-Screw in aft closure 
very tightly so that 
vibrations from motor 
do not cause any 
loosening 
-Force plate is 
designed with a factor 
of safety of 5. 
-Additional engine 
block with factor of 
safety of 5 is added in 
front of motor 
-Rocketpoxy is added 
to force plate with 
factor of safety of 1.99 
in shear 

Very Low 
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Fins break during 
flight, affecting 
trajectory and 
flight 
performance 

-Failure in 
RocketPoxy 
-Fin material not 
strong enough to 
withstand drag 
forces 

-Low 
-Rocket is an 
untested flight 
vehicle 

-Fins are inserted into 
body tube, and tabs 
are located between 
two bulkheads 
-RocketPoxy is used 
to glue tabs to inner 
tube and to body tube 
-Fillets prevent flow 
separation around the 
outsides of fins at the 
location that fins are 
perpendicular to the 
body tube, thus 
decreasing the risk of 
a fracture 
-Wood filler fillets 
reinforce the 
connection of the fins 
to the rocket body 
-Fin flutter 
calculations were 
made, and flutter 
velocity is greater 
than maximum rocket 
velocity 

Very Low 

Rocket detaches 
from launch rail 
prior to launch, 
taking off 
horizontally and 
causing injury 

-Failure of rail 
guides 
-Rocket not 
properly secured 
to launch rail 

-Low 
-Rail guides 
secured to body 
tube with 
RocketPoxy and 
tested for 
alignment prior 
to launch 

-Rocket loaded onto 
rail with multiple 
people present to 
ensure secure and 
proper alignment 
 

Very Low 
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Ejection charges 
detonate 
prematurely 
during assembly 
or on launch rail, 
causing injury 

-Avionics failure 
-Spark during 
assembly process 

-Very Low 
-All team 
members will 
follow standards 
and best 
practices for 
handling of 
explosives 

-Avionics are tested 
during rocket 
assembly and on 
launch rail 
-All sources of 
combustion, such as 
cigarettes or grills, are 
kept at least 10 feet 
away from motor 
grains 
-Avionics are not 
armed until rocket is 
on launch rail 
-Avionics are not 
armed until all 
personnel are clear of 
the area 

Extremely 
Low 

Motor ignites 
while personnel 
are in close 
proximity, 
causing injury 

-Motor comes in 
contact with flame 
and ignites 
-Avionics are 
armed during 
assembly, and 
ejection charge 
wires come in 
contact with motor 
grains 
-Igniter is activated 
while connecting 
rocket to launch 
system 

-Very low -All sources of 
combustion, such as 
cigarettes or grills, are 
kept at least 10 feet 
away from motor 
grains 
-Avionics are not 
armed until rocket is 
on launch rail 
-NAR-approved motor 
ignition systems and 
launch controller 

Extremely 
Low 

Rocket separates 
prematurely 
during flight, 
causing 
instability 

-Shear pins fail to 
hold tubes 
together until 
ejection charges 
deploy 
-Avionics fire 
prematurely 

-Low -Using avionics that 
are resistant to mach 
laminar flow 
-Shear pins were 
chosen using best 
practices 

Very Low 
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Camera 
descends without 
parachute, 
potentially 
causing harm to 
personal and 
spectators 

-Drogue parachute 
is tangled and 
does not deploy 
-Main parachute is 
damaged and 
ineffective 
because it is 
released at high 
speeds 

-Medium 
-Camera is an 
untested payload 

-Wrap parachute in 
specific manner such 
that the cords do not 
tangle or limit 
parachute’s ability to 
unfurl 

Low 

 
 

 
Appendix D: Assembly and Launch Checklists 

Booster 

1. ENGINE BLOCK 
a. Measure and mark 26.25” from the bottom of the body tube 
b. Use epoxy to secure the engine block to the top of the 26.75” inner tube 

2. CENTERING RINGS 
a. Measure and mark 3 quarter-inch thick spaces on the booster end of the inner tube 

i. One should be positioned at the very bottom of the booster section (not the bottom of the 
inner tube), one just above where the fin tabs will go (~4.5” from the bottom) 

ii. The distance between the bottom two centering rings should be as close to the length 
of the fin tabs as possible (4716”) 

iii. The position of the third one is somewhat arbitrary, but it should be higher up towards 
where the engine block is (we have 15” from the bottom in Open Rocket) 

iv. One at a time, put epoxy around the inner tube at the innermost mark, as well as along the 
inner diameter of a centering ring 

v. Quickly slide the centering ring onto the inner tube from the bottom and line it up with 
the innermost mark (where the epoxy is on the inner tube) 

vi. Make sure each centering ring is lined up and not tilted. From the side it should look like 
a straight line perpendicular to the length of the tube 

vii. Wait for epoxy to dry in between each centering ring 
3. INSERTION 

a. In one step, epoxy the outer diameter of the three centering rings and engine block, and insert the 
inner tube into the body tube, all the way until the engine block lines up with the mark made in 
step 1a (also when the third centering ring is lined up perfectly with the bottom of the body tube 

b. Wait for epoxy to dry and set 
4. FINS 

a. Do these one at a time! 
b. Measure and cut out four fin slots 1/8” thick (the length should go from the second centering ring 

to the first: 4716”). The fin slots should be 90 degrees apart from each other 
c. Spread epoxy on the bottom of the fin tab and insert the fin into the slot in the body tube, such that 

the fin tab is pressed into the inner tube. 
d. Make sure the fins are straight and aligned. Use an alignment jig if it exists. 
e. Allow one fin to dry before setting the next one 
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Avionics 

5. Assemble circuits 
a. Solder Eggtimer GPS 

i. Link: http://eggtimerrocketry.com/home/eggfinder-gps-tracking-system/ 
ii. Solder components 

iii. Solder power/ground wires to board 
b. Solder Eggtimer Quantum 

i. Link: http://eggtimerrocketry.com/eggtimer-quantum/ 
ii. Solder components 

iii. Solder power/ground wires to board 
6. Assemble avionics bay 

a. Affix Quantum to avionics sled 
i. Three options 

1. Hot glue directly to threaded rods 
2. Attach blue tape to bottom of board, then hot glue to threaded rods 
3. Use holes in circuit board to screw directly into avionics sled 

b. Affix GPS to avionics sled 
i. Three options 

1. Hot glue directly to threaded rods 
2. Attach blue tape to bottom of board, then hot glue to threaded rods 
3. Use holes in circuit board to screw directly into avionics sled 

c. Attach 9V battery to avionics sled 
i. Two options: 

1. Hot glue to threaded rods 
2. Zip tie/hot glue to avionics sled 

7. Wiring 
a. Connect battery clasp to 9v battery 
b. Solder Power and Ground wires to battery clasp 
c. Solder and connect breakaway wires to black powder charges 
d. Connect battery wires to circuits 

8. Assemble main tube 
a. Bolt together inner and outer tube 
b. Drill hole in bulkhead for ejection charge wires to pass through 
c. Epoxy bulkheads 

9. Attach avionics bay to threaded rods 
10. Insert Main tube into rocket assembly 

Camera Payload 

11. Cut coupler tube to 6 in 
12. Insert and epoxy eyebolts to bulkhead 
13. Epoxy bottom bulkhead to coupler tube 
14. Cut wire tube to 6 in 
15. Insert wire tube through camera bay and epoxy 
16. Run wires through tub. 
17. Mount ejection charges 
18. Prepare Nikon KeyMission 360° Camera for launch 

a. Insert fully charged battery 
b. Insert microSD card 
c. Attach front and back 3D-printed camera holder parts 
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d. Secure 3D-printed parts together with four (4) zip-ties inserted through the holes in the corners of 
each piece 

e. Trim off excess zip-tie tails 
f. Screw camera mount to bottom of camera 
g. Attach parachute to camera mount (see parachute folding technique below) 

Parachutes 

19. Drogue folding 
a. Put shroud line loops through carabiner. 
b. Fasten carabiner so that shroud lines can be tugged without being removed from carabiner. 
c. Thread drogue carabiner trough flame blanket hole so that the blanket is at the endpoint of the 

shroud lines. 
d. Fold main so that shroud lines are resting in the middle of chute, with about 6” of line hanging out 

of outer edge of chute (See Apogee parachute folding instructions). 
e. Wrap flame blanket around entire folded parachute so that edges of flame blanket are folded over 

section of parachute that will be resting on bulkhead. Make sure blanket is fully wrapped around 
bulkhead end of the chute. 

f. Protect shroud lines as much as possible with blanket. 
g. Hook carabiner to eye bolt on drogue bulkhead. 
h. Carefully insert parachute (with flame blanket wrapped around it) into booster section. 
i. Insert camera bay tube all the way into booster section, making sure that none of the parachute 

assembly is trapped between camera tube and body tube. 
20. Main folding 

a. Repeat steps a-f for drogue folding. 
b. Hook carabiner to eye bolt on nose cone bulkhead. 
c. Carefully insert parachute (with flame blanket wrapped around it) into upper section of body tube. 
d. Insert nose cone shoulder into upper section of body tube, pushing parachute down into tube and 

making sure that none of parachute assembly is trapped between nose cone shoulder and body 
tube. 

Ground Test 

21. Measure 2.0 grams of black powder for drogue parachute ejection charge using electronic scale 
22. Measure 3.0 grams of black powder for main parachute ejection charge using electronic scale 
23. Fill each of two ejection charge caps, located on bulkheads, with amount of measured black powder for 

corresponding parachutes. BE CAREFUL THAT AMOUNTS ARE NOT SWITCHED. 
24. Insert wires from Eggtimer Quantum through ¼” holes in bulkheads 
25. Insert stripped wire ends into filled ejection charge caps, one at a time 

a. For each cap, fill the remainder of the cap by adding sand or foam on top of black powder and on 
top of wires. Then, cover the cap with painter’s tape or duct tape (NOT ELECTRIC TAPE), 
making sure the wires are secure. Wires should not fall out of charge cap when avionics bay is 
rotated. 

26. Wirelessly connect to the Eggtimer Quantum using a mobile device 
a. Hook up a battery and wait about 10 seconds for the Eggtimer to initialize; the device should beep 

while it goes through a self-testing cycle, and at the end of the long 3-second beep it should be 
discoverable by WiFi. 

b. On a handheld device, choose the Quantum which should be named something similar to 
“Quantum_1a2b3c”. 

c. Enter the passkey to connect to the Eggtimer’s network which can be found on the WiFi module, 
on the label on the package, or by connecting an Eggtimer USB-TTL data cable to the 
programming header. 
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d. To access the Quantum’s home page, open a browser and set it to 192.168.4.1. 
27. To test the ejection charges for the main and drogue charges, access the test page at 192.168.4.1/test in a 

browser. 
a. Access the Global Settings page to adjust the firing time. E-charges are recommended to have a 

firing time of 1 second. 
b. Using the dropdown menu, select the channel that you want to test, enter the 4-digit validation 

code, and click TEST to perform the test. Note: Before performing the test, all people should 
remain 10-20 feet away from the test site in order to prevent injury. 

c. Repeat Steps 8a and 8b for both the main and drogue channels. 
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Appendix E: Engineering Drawings 

Drawing 1: Full Rocket Assembly 

     Drawing 2: Lower Section Subassembly        Drawing 3: Upper Section Subassembly 
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          Drawing 4: Centering Ring                                      Drawing 5: Force Plate  

 

Drawing 6: Fins  
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Drawing 7: Avionics Bay 
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