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1. SUMMARY                                                                            . 
 
Northeastern University AIAA 
267 Snell Engineering 
Northeastern University  
Boston, MA 02115  
 
Mentor  
Robert DeHate  
President AMW/ProX  
NAR L3CC 75198 TRA TAP 9956  
robert@amwprox.com  
(978) 766-9271  
 
The size of the final launch vehicle will be 116 in (2950 mm) tall with a diameter of 7.5 in (190.5 
mm). The mass is estimated to be about 19 kg (42 lb) with the CDLE payload, which accounts 
for 4.5 kg (10 lb) of the total mass, and the motor, which accounts for 4.4 kg (9.7 lb) of the total 
mass. The motor for this rocket will be a Cesaroni Technology L1115 to accommodate for the 
heavy mass and high target altitude. There will be one main parachute in the body of the rocket, 
two drogue parachutes in the motor section, one parachute for the CDLE section, one emergency 
parachute for the CDLE, and one for the nose cone section. The rocket will be compatible with 
both a 10-10 or a 15-15 aluminum rail. For more information regarding the launch vehicle, see 
the Milestone Review Flysheet located in Appendix A. 

The size of the final launch vehicle will be 116 in (2950 mm) tall with a diameter of 7.5 in (190.5 
mm). The mass is estimated to be about 19 kg (42 lb) with the CDLE payload, which accounts 
for 4.5 kg (10 lb) of the total mass, and the motor, which accounts for 4.4 kg (9.7 lb) of the total 
mass. The motor for this rocket will be a Cesaroni Technology L1115 to accommodate for the 
heavy mass and high target altitude. There will be one main parachute in the body of the rocket, 
two drogue parachutes in the motor section, one parachute for the CDLE section, one emergency 
parachute for the CDLE, and one for the nose cone section. The rocket will be compatible with 
both a 10-10 or a 15-15 aluminum rail. For more information regarding the launch vehicle, see 
the Milestone Review Flysheet located in Appendix A. 

The Atmospheric and Topographic Measurement Optics Suite, henceforth referred to as 
ATMOS, is the second payload contained within the launch vehicle. ATMOS fulfills the 
requirements of the atmospheric measurement payload proposed by NASA, measuring humidity, 
pressure, temperature, solar irradiance, and ultraviolet radiation. In addition, a near infrared 
spectrum camera will analyze the vegetation present in the field of view and a long-wave 
infrared spectrum camera will conduct thermal imaging of the surface. The data obtained will be 
used to calculate the absorption coefficient of the low atmosphere.  
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2. CHANGES MADE SINCE CDR                                                    . 

2.1 Heat Resistance in Rear Parachutes 
The recovery subsystem located in the motor section of the launch vehicle presented two issues 
regarding structural integrity of the the Kevlar shock cord and the Fruity Chutes drogue 
parachutes when exposed to high harsh temperatures. To mitigate these risks, we have 
researched extensively on the material components of the design, performing appropriate tests to 
bolster the integrity of our current motor section design. 
With regard to external temperatures, the full-scale test launch the section worked as predicted. 
For redundancy, we will consider using cellulose insulation (also known as dog-barf) in 
conjunction with the thermal wadding to ensure the safety of the drogue parachutes and the 
Kevlar shock cord. 
With regard to internal temperatures, the internal temperature of the carbon fiber tube within the 
launch vehicle body would not exceed 100C. Since the melting point of Kevlar is above 500C 
and the melting point of the nylon drogue parachutes is about 250C, the recovery subsystem 
within the motor section is secure from thermal failure while the two components are within the 
launch vehicle body. For the full report related to the heat resistance of the rear parachutes see 
Section 3.1.3. 

2.2 Mechanism for The CDLE GPS Controls 

The CDLE, when under its own control during descent, navigates to its landing site using a GPS. 
The flight path it follows is defined by several waypoints, which are each defined by a 
latitude/longitude coordinate and an altitude. The CDLE navigates to each of these waypoints in 
order by using its onboard GPS. The GPS position data is augmented with magnetometer, which 
gives the CDLE a heading, accelerometer, and gyroscope readings. All of this data is combined 
in a filter to yield more accurate heading and attitude estimates. 

2.3 Where We Are Flying The CDLE To 

The final landing point of the CDLE is determined before launch, and can be changed up until 
the rocket is armed on the pad. The CDLE follows several waypoints to reach its landing point, 
which is the last waypoint in the mission. The mission is specified in the ground station software 
on the laptop that is connected to the CDLE wirelessly over the telemetry radio link. After the 
mission is defined in the ground station software, it is downloaded to the CDLE over this radio 
link. Our current proposed landing point is 34.891N, 86.620W. However, again, this point can be 
changed at any time up until the rocket is armed on the pad, as the point is just a coordinate 
defined by latitude and longitude. 

2.4 Safety if One Drogue Parachute Fails 

A subsystem of the launch vehicle recovery system consists of two 18 in drogue parachutes that 
eject at the aft of the vehicle. The purpose of these small parachutes is to assist with the flight 
profile of the vehicle, putting it in an inverted position that is ideal for the CDLE to deploy. 
These parachutes provide drag on the motor section of the launch vehicle, and, if one of the 
drogues were to fail, the velocity of the motor section would increase. However, the motor 
section would descend at a rate only 4.44% faster than the velocity if both drogues were intact, 
around 4.7 m/s. The motor section falling at this velocity would have a kinetic energy of 93 J, 
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remaining under the limit of 101 J (75 ft-lb). The calculations and evidence for these rates can be 
found in section 3.3.7.  

2.5 Check Drift and Descent Calculations 

We checked the calculations for drift and descent rates. Please refer to Section 3.3.5 and Section 
3.3.6 for the full updates.   

2.6 Possible Motor Change 

In the CDR, NASA suggested that the motor originally put forth in the CDR may not be the best 
choice for our launch vehicle. Upon further review of the motor choice, we have determined that 
the motor will give us a safe rail exit velocity of 68ft/s and an average thrust to weight ratio of 
6.25. The motor also has an initial thrust of approximately 1713 N. This gives us an initial thrust 
to weight ratio of 9.08. This exceeds the NASA requirement of a minimum of 5:1, and it also 
enables us to meet the NASA requirement of launching our vehicle to 1 mile in altitude.   

2.7 Switches for All Altimeters, Redundant Altimeters 

There are many charges distributed throughout the launch vehicle to separate sections and deploy 
parachutes. The system normally used for these charges consists of one blasting cap with two e-
matches, two altimeters, two 9-volt batteries, and two rotary switches. This redundancy ensures 
that if an altimeter fails or doesn’t have enough battery or if an e-match doesn’t ignite, the charge 
still goes off as planned. The following charges use this system of one charge with two igniting 
systems: 

•   Main parachute 
•   Nose cone parachute 
•   Piston to eject the CDLE 
•   2 x Drogue parachute 

Because of space constraints, one charge could only fit one rotary switch. Two altimeters were 
squeezed in to add redundancy. The following charge uses one blasting cap with two e-matches, 
two altimeters, two 9-volt batteries, and only one rotary switch: 

•   CDLE backup parachute 
 
Each of the blasting caps used in the launch vehicle and scientific payloads uses at least one level 
of redundancy to ensure every launch is successful. 
2.8 Changes Made Amid Safety Concerns 

This new design for the CDLE addresses safety concerns for untested and unnecessarily 
complicated methods that could result in failure to complete proper deployment, increasing the 
possibility of leading to unsafe conditions. The CDLE deployment design has been altered since 
the CDR in order to simplify the unfolding mechanism to ensure full deployment, therefore 
decreasing the likelihood of malfunction in order to increase safety. The previous lead screw 
deployment mechanism required a motor to operate it and this motor intern also had to be 
controlled via software. This more complicated system left more room for error in regards to 
both the possibility of software glitches and failure for the lead screw to effectively unfold the 
arms. By integrating a new, purely mechanical deployment system utilizing springs it completely 
removes the software element, and therefore the potential failures, and the untested lead screw 
method. 
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3. VEHICLE CRITERIA                                                                 . 

3.1 Design and Construction of Launch Vehicle 

3.1.1 Safe Launch and Recovery 

3.1.1.1 Structural Elements 

The airframe is made out of high strength Blue Tube that will allow the rocket to sustain, 
without breaking, the blasts of black powder happening within. The pieces of the rocket 
that must stay together for a successful launch have been secured with 18-8 #8-32 steel 
set screws that can withstand the force exerted by black powder blasts. These screws can 
each withstand 798 lb (3,500 N) of force. The pieces that must release to allow the escape 
of the parachute are secured with #2-56 shear screws made from 6/6 nylon that will break 
when the black powder exerts enough force on them. The force needed to break these 
screws was calculated by the team is 32 lb of force. These have been tested so that the 
correct amount of black powder can be used. Both of these types of screws have holes 
drilled and tapped specifically for them so that none of these can slip out during flight.  

The design of the fins allows the rocket travel safely due to their aerodynamic properties. 
The fins lower the center of pressure and create enough drag such that small perturbations 
and imperfections on the rocket would have negligible effect. These fins are all aligned in 
such a way that they are perpendicular to the ground so that no spin is put on the rocket. 
The fins were made from G10 Garolite, a composite fiberglass-epoxy laminate, with a 
flexural strength of 70,000 psi and a tensile strength of 45 ksi. These were sealed in with 
Rocketpoxy, an epoxy with a high tolerance to heat so that these fins will not move 
during flight due to melting of said glue. The maximum use temperature according to the 
data sheet on this epoxy is 225 degrees Fahrenheit and is recommended for the securing 
of composite fins. The tensile strength of the epoxy is 7,600 psi and the compression 
strength is 14,800 psi. This strength is useful for when the motor section of the rocket 
impacts the ground to make sure none of the glue cracks and the rocket remains reusable. 
The epoxy can create professional grade fillet edges where it attaches to the rocket so 
there is a smooth edge to provide less drag that could cause deviations in the path of the 
rocket.  

Bulkheads in the rocket, especially those that have parachutes attached, were made out of 
quarter inch birch wood. Centering rings were made out of the same material While this 
adds weight to the rocket it also adds security that these will not break during the ejection 
of the parachute.  

In addition, the team used u-bolts to secure all parachutes to the rocket because it can 
disperse forces over a larger area than one eye-bolt; furthermore, u-bolts do not rotate out 
like eyebolts can and u-bolts are rated for higher loads than most eyebolts. These u-bolts 
are secured with nuts on either side of the bulkheads with Loctite on the threads of the 
bolts. For added security, extra epoxy was added to the nut on the opposing side of the 
bulkhead from the u of the u-bolt. This spreads the forces over a wider area and add more 
strength to the hold.  
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All parachutes are secured to the u-bolts with Kevlar that has been calculated to be able 
to hold the amount of force produced by the drag of the parachute. These forces are 
described within section 3.2.2 which shows the calculations in detail. The Kevlar is able 
to withstand the heat of the motor, which has been tested in a study by this team shown in 
section 2.1, and able to withstand the shock of the parachute release.  

The parachutes have been determined in the drag and drift calculations to be the sizes 
necessary to fall within minimum distance and at a safe terminal velocity. These 
calculations are described fully within section 2.5. 

3.1.1.2 Electrical Elements 

Each parachute has two Perfectflite StratologgerCF altimeters for redundancy to make 
sure that if one does not work the other will at a slightly lower altitude. This makes sure 
that each parachute will come out, if not exactly at the originally designated time soon 
after. Each StratoLogger will have its own dedicated battery as well so that there are no 
issues with too little power going to the StratoLogger. Every altimeter has two outputs: 
main and drogue. The drogue output can be programmed for a specific altitude for 
parachute deployment while the drogue output deploys parachutes at apogee. When the e-
bay reaches a specified altitude, the altimeter sends an electrical charge through the main 
or drogue outputs. This charge is relayed through a terminal block to an e-match, which 
ignites the black powder charge causing section separation.  

The e-bays comprise of a wooden sled suspended on two threaded rods. The threaded 
rods are placed through two brass nipples epoxied onto the wooden sled. Two altimeters 
are mounted on the wooden sled. In addition, two 9V batteries are wired in parallel to 
each altimeter. The batteries are held in place by plastic battery holders that are also 
mounted on the wooden sled. The altimeters are mounted on the sled using plastic 
standoffs, and are held in place with 4-40 screws. The battery holders are also secured by 
4-40 hardware. The rotary switches are mounted on the exterior of the rocket, and 22-
gauge wire is used to connect the switches to the altimeters mounted on the sled. 22-
gauge wire is sufficiently thick to allow current to travel from the switch to the altimeters 
to e-matches. All wire connections to the rotary switches are soldered on, and the 
soldered connections are covered in heat shrink in order to prevent circuit shorts. 

The altimeters are turned on via rotary switches on the outside of the rocket. The rotary 
switches are binary switches that can be turned on by a small screwdriver. These switches 
are mounted on the outer surface of the rocket for easy access.   

Each section will have its own dedicated GPS to allow for safe and easy recovery after 
the completed launch. Each electronics bay contains a Big Red Bee 2 Meter High Power 
GPS powered by a LiPo battery. This battery has enough voltage to sufficiently power 
the GPS unit until recovery.  

  



 12 

3.1.2 Test Data and Discuss Analysis 

Altimeter Tests 

The PerfectFlite Stratologgers were all tested before use. Using the PerfectFlite software, 
we were able to command self-diagnoses for each altimeter before securing them into 
their circuits and electronic bays. In these self-diagnoses, we were able to ask for vital 
indicator specs such as voltage input, ambient temperature reading, and the local 
pressure. Furthermore, we can command static ground tests directly from a laptop. Once 
all of these StratoLoggers passed, we secured them into the electronic bays.  

Static Ground Tests for Launch Vehicle Sections 

The piston system was arguably the most important ground test for us to perform. Our 
other separation tactics are relatively conventional, relying on blast caps and shear screws 
alone. Due to the delicate nature of the CDLE, however, we must use the piston to 
separate the section containing the CDLE without a jolting explosion. We loaded the 
blast cap with 1.65g black power and positioned the piston section upright, so that the 
CDLE would eject upward, overcoming gravity. We did two tests with the piston; the 
first without the ballast mass and the second with 7.8lbs of sand to simulate the expected 
mass of the CDLE, referred to occasionally as “the mock CDLE”. Both piston tests were 
successful. The first test was to ensure that the piston functioned as designed. The second 
test was to ensure that the piston could perform its function under the weight of the 
CDLE. The mock CDLE ejected about 1m upwards, and the two ventilation holes proved 
sufficient enough to slowly diffuse the increase of pressure from the blast. The amount of 
black powder used in both tests, 1.65g, was deemed an appropriate amount of black 
powder for the piston for all future launches. 

Third, the motor section drogue deployment system was tested in a static ground test. The 
two 18-inch drogue parachutes were folded and packed in the carbon fiber tubes. We 
loaded each blast cap with 1.65g of black powder, which proved to be more powerful 
than expected. While the deployment of the drogues was successful, the ringed plate 
holding the charges cracked in half. This plate was doubled in thickness from ⅛” to ¼” 
and the test was repeated, this time with 1.3g of black powder for each drogue parachute. 
The test was a complete success, with no damage to the the bolstered ring plate and no 
excessive charring, indicating an appropriate amount of black powder was used. 
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Figure 3.1.2.1 - Evan Kuritzkes sets up a motor section static test. 

The nose cone section was tested as well. We used 1.65g of black powder and deployed a 
24-inch parachute successfully. No nose cone components suffered damage during this 
test and the amount of black powder used, 1.65g, was deemed an appropriate amount of 
black powder for this section for all future launches. 

The recovery subsystem located in the motor section of the launch vehicle presented two 
pressing issues regarding structural integrity of the the Kevlar shock cord and the Fruity 
Chutes drogue parachutes. During motor burn out, there would be high harsh temperature 
environments within the rocket, and the heat transfer between the motor casing and the 
carbon fiber tubes could be great enough to melt the materials within the carbon fiber. In 
addition, hot gas pockets, surrounding the motor section upon the recovery subsystem 
ejection, could compromise the structural integrity of both during descent. To mitigate 
these risks, we have researched extensively on the material components of the design, 
performing appropriate tests to bolster the integrity of our current motor section design. 

 

The External Temperature Investigation - Rear Drogue Parachute System 
To understand the integrity of the drogues after ejection, we performed static ground tests 
to gauge the amount of black powder required and to also analyze the material behavior 
of the drogues upon ejection.     
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PROCEDURE 
First, we opted to conduct static ground tests to investigate the effects of the blasts from 
the tube. We are not terribly concerned with the hot gas pockets emitted from the motor 
section, since enough time will have elapsed between motor burn out to the deployment 
of the drogues from the motor section.  

To put this in perspective, motor burn out occurs for 4.5 s, at which the launch vehicle 
will free fall to apogee. The nose cone will then eject. And finally, the drogue parachutes 
will eject. This leaves enough time for the hot gas to diffuse into the atmosphere. Thus, 
we focused on the packing of the drogue parachutes and thermal wadding wadding 
during static ground tests.  

ANALYSIS 

Since past static ground tests proved to be more powerful than expected, destroying the 
ring that secured two bulkheads at the top of the motor section, we will decrease the 
amount of black powder for the competition launch vehicle. When we later decreased the 
amount of black powder for the full-scale test launch the section worked as predicted. 
From the static ground tests, the Fruity Chutes drogue parachutes were able to withstand 
the ejection blast, while shooting far from the motor section. This would prove effective 
while the launch vehicle separates during flight, since the Kevlar and the drogues would 
remain untangled from the launch vehicle body. For further security, we will consider 
using cellulose insulation (also known as dog-barf) in conjunction with the thermal 
wadding to ensure the safety of the drogue parachutes and the Kevlar shock cord.  

The External Temperature Investigation - Rear Drogue Parachute System 

To determine the maximum internal temperature of the launch vehicle during motor burn 
out, we first contacted Cesaroni about their Pro75 motor casing, since this would be the 
most appropriate for our L1115 motor. We were informed that the Pro75 case 
temperature after burnout were well within NFPA 1127 requirements (220C/428F), and 
that it would be safe to assume that the case would not reach temperatures above 125C. 
With this in mind, we implemented a test to quantify the amount of heat traveling into the 
carbon fiber tube, given the current motor section configuration. The test data and 
analysis were included in the following report. 

PROCEDURE 

First, a smaller vessel, resembling the motor section, was constructed. There existed three 
distinct layers within the motor section: (1) the motor casing would be in direct contact to 
a blue tube motor tube, (2) between the motor tube, there would be a thin layer of air of 
about 1 cm. separating the motor tube with the blue tube, and (3) the carbon fiber tube 
would house the Kevlar and the parachutes. The vessel was constructed in a similar 
manner to a standard rocket. The carbon fiber tube was centered using two centering 
rings epoxied to the carbon fiber and the blue tube, and the vessel was capped with two 
bulkheads epoxied to the body tube. It was vital to know the interior temperatures of each 
layer; thus, a K-type thermocouple was epoxied to the interior wall of the blue tube and 
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another was fashioned to the interior of the carbon fiber tube. Note that foam and thermal 
wadding were used to cap the ends, so that the data would not be obstructed by the heat 
coming in from the wooden bulkheads. Figure 3.1.2.2, below depicted the vessel.         

 

Figure 3.1.2.2: The high temperature test apparatus. 

 

Second, we simulated the high temperatures, to our best ability, by turning on the 
industrial oven to the maximum, which was 220C. While the motor casing would not 
exceed 125C, we set the oven temperature to 220C to compensate for opening the oven 
door to place the vessel into the oven.  

Third, we carried out the procedure in the following manner. One person would open the 
door and place the vessel onto one of the oven rack, threading the two thermocouples 
through the opening at the top of the oven. Another person would take the thermocouples, 
insert them into their respective multimeters, and then start a timer. The data from this 
investigation was tabulated in Table 3.1.2.3, below. 
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Table 3.1.2.3: The thermal testing data for the motor section. 

Time Blue Tube Interior Temperature Carbon Fiber Temperature 

s °C °C 

0 113.6 57 

30 116 61 

60 118.1 65 

90 119.9 69 

120 121.7 73 

150 123.1 76 

 

ANALYSIS 

The data from Table 3.1.2.3 was plotted in Figure 3.1.2.4, depicted below. Note that the 
multimeters could read both voltage and temperature, so to save time from referring to 
thermocouple tables, we opted for the temperature data instead.  
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Figure 3.1.2.4: The temperature plotted against the time to show the effects of heat 
transfer. 

 

The two curves were fitted with a second order polynomial, since we were working with 
K-type thermocouples. The trend lines for the blue tube data and the carbon fiber data 
were reliable since the coefficient of determinations were 0.9998 and 0.9993 respectively.  

The L1115 motor had a burn time of 4.5s, with the motor casing temperature getting no 
higher than 125C. Based off of this information and the data, the internal temperature of 
the carbon fiber tube within the launch vehicle body would not exceed 100C. Since the 
melting point of Kevlar is above 500C and the melting point of the nylon drogue 
parachutes is about 250C, the recovery subsystem within the motor section is secure from 
thermal failure while the two components are within the launch vehicle body.       

 

3.1.3 Workmanship Approach 

Maintaining very high workmanship standards during the build process is essential to the 
quality of the launch vehicle and necessary for the mission to be a success. Based on 
previous experience with the team involved in the construction of a design, it was 
decided that a strict organizational plan had to be put in place in order to meet specified 
deadlines with a launch vehicle built with precision and skill. Prior to the construction of 
the launch vehicle, the entire team was briefed on the design plan of the full scale vehicle. 
CAD drawings and sketches were used to help the team visualize the vehicle and 
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dimensions. Special attention was given to points of integration as these are the places in 
which mistakes in workmanship can occur most easily. 

Once the launch vehicle team was aware of the entire vehicle assembly, smaller teams 
were created that would focus on individual sections of the assembly. To ensure smooth 
integration, groups whose assemblies would later be joined met often to discuss 
subassembly integration. A launch vehicle leader was assigned to check each individual 
group’s progress and be available if any design questions arose.  

Another aspect of workmanship that was addressed in this build process was safety. 
Whenever machinery was used, it was ensured that proper safety equipment, such as 
goggles or gloves, were worn. Ensuring the safety of the launch vehicle team members 
helped reduce workmanship error in the launch vehicle itself. By practicing safe building 
techniques, careless mistakes that could decrease accuracy in the vehicle were avoided.  

Many of the main building materials used in the construction of the launch vehicle, such 
as the blue tube, were decided upon in the preliminary design phase. Other aspects of the 
vehicle, such as the hardware and adhesive that hold it all together, must be chosen and 
adjusted as issues arise. For example, in some cases, lock washers or lock nuts had to be 
used to ensure the washers would not unwind when put under vibration caused by the 
launch vehicle’s movement. This proved to be especially necessary in parachute 
bulkheads, where a hardware mistake could lead to parachute failure. Certain adhesives 
were chosen over others depending on their location in proximity to the motor section. 
Rocketpoxy brand epoxy was used on the fins of the rocket because it is rated for a 
higher temperature than the Loctite Instant Mix epoxy that is mostly used throughout the 
rest of the vehicle. Furthermore, all members who work on the launch vehicle during the 
build process were given instruction on proper use of epoxy, mixing ratios, and wait time 
for proper setting. Selecting the proper materials for specific aspects of the launch vehicle 
is an example of sound workmanship policies. Instead of simply following aspects of a 
design plan, choices such as these were discussed amongst members of the launch vehicle 
team and pros and cons are weighed. This leads to the best possible decision being made 
in every situation. Changes or debates in matters such as these were reviewed by the 
launch vehicle leader, who always keeps the full assembly of the vehicle in mind. They 
make sure that all changes will work for the full design, not just the section in question. 

During the construction of the launch vehicle, as many aspects of the build are kept 
constant as is possible. For example, the wiring of altimeters in the electronic bays of the 
launch vehicle were done similarly in every section they were used. The structure of 
charges is kept constant as well. By practicing this example of consistency in 
workmanship, errors in one aspect of a subassembly are more visible when compared to 
the others.  
 
Finally, all members of the launch vehicle team make it their duty to be careful, accurate, 
and deliberate in the build process. By maintaining high expectations in the workmanship 
of the launch vehicle, errors are avoided that could cause a failure in the mission, thus 
enabling mission success.  
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3.1.4 Safety and Failure Modes and Effects Analysis (FMEA) 

A complete Safety Analysis and a Failure Modes and Effects Analysis (FMEA) was 
drawn up to predict the outcome of the design and construction of the launch vehicle. 
Table 3.1.4.3 and Table 3.1.4.4 exemplify this.  
 
To analyze the Safety Analysis and FMEA tables, Table 3.1.4.1 and Table 3.1.4.2 below, 
aid in defining safety.  

 
 

Table 3.1.4.1: Definition for Safety Analysis 

Number Severity of Risk/Injury Probability of Occurrence   

1 No injury Very unlikely 

2 Slight  Unlikely 

3 Minor  Likely 

4 Major Very Likely 

5 Fatality  Inevitable  
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Table 3.1.4.2: Risk Level Action 
Risk Preference Number Range Risk Level Action 

1-5 Small Risk 

6-10 Medium Risk 

10-15 Severe Risk 

15+ Emergency Risk 
 
 
 

Table 3.1.4.3: Safety Analysis with regard to the Launch Vehicle Design and 
Construction 

Task Hazard Risk Mitigation 

Using power tools such 
as drills, soldering 
equipment, grinder, 
dremel  

Injury to self 
Severity = 4 
Probability of occurrence = 1 
Risk preference number = 4 

All members constructing the launch 
vehicle will comply to laboratory 
standards: wear protective eyewear and 
protective gloves 
 
If any task is new to any member, said 
member will seek an experienced 
member to complete the task  

Machining on 
equipment such as the 
mill, lathe, bandsaw 

Injury to self or others 
Severity = 4 
Probability of occurrence = 2 
Risk preference number = 8 

Experienced members will take newer 
members to learn proper use of 
equipment 
 
There is a buddy system, so two 
members, one of whom is experienced, 
minimum must go to the shop to 
complete a task  

Machining of the drogue 
parachute carbon fiber 
bays 

Inhalation of carbon fiber 
particles during machining of 
motor section drogue recovery 
subsystem 
Severity = 5 
Probability of occurrence = 1 
Risk Preference Number = 5 

Experienced members will work on 
carbon fiber 
 
Experienced members will work in 
well-ventilated areas of the machine 
shop 
 
Experienced members will wear half-
face respirators and goggles  
 
Experienced members will clean 
carbon fiber cuts thoroughly before use 
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Table 3.1.4.4: FMEA with regard to the Launch Vehicle Design and Construction 
Failure Mode Severity 

 
Rate 1-10 
10 = Most 

Severe 

Probability of 
Occurrence 

Rate 1-10 
10 = Highest 
Probability 

Probability of 
Detection 
Rate 1-10 

10 = Lowest 
Probability  

Risk 
Preference 

Number 

Coupler tube insert, used to stop 
the piston, gets pushed out 

10 4 4 160 

Piston fails  9 2 1 18 

Bulkheads and centering rings 
fail from ejection blasts 

9 3 2 54 

Stratologgers/altimeters fail or 
are defective 

10 1 3 30 

Rotary switches fail to arm the 
altimeters 

10 1 1 100 

Launch vehicle does not separate 10 2 10 200 

 
 

3.1.5 Full Scale Launch Test Results 

The purpose of the full scale test launch was to verify the predicted flight profile and 
sequence of the launch vehicle and ensure that all separations mechanisms are 
functioning as predicted before the flight in Huntsville. The launch vehicle flew on a 
L995 Red Lightning Motor to a projected altitude of 2900 feet. At apogee, the nose cone 
separated from the main body of the launch vehicle and deployed a 24” parachute. At 
apogee, two 18” rear ejection parachute were triggered by the motor section e-bay, 
allowing the motor section to stabilize its downward descent. Also at apogee, two 
altimeters triggered the piston within the sheath section the launch vehicle, causing the 
ejection of a simulation quadcopter from the launch vehicle. The simulation quadcopter 
weighed approximately 14 pounds, and contained two altimeters and one 48” parachute. 
At approximately 1700 feet, the altimeters triggered the ejection of the mock CDLE 
parachute. At approximately 500 feet, the motor section e-bay triggered the main 72” 
parachute.  

All portions of the rocket were recovered successfully within half a mile from the launch 
rail. Data analysis from the altitude data collected from the altimeters indicated that all 
charges were energized at the proper altitude. All parachutes properly deployed, however, 
it appears that the main parachute did not completely unfurl. The main parachute 
deployed at 700 feet, but with its large diameter of 72”, it only had time to partially 
deploy. This deployment issue was largely caused by improper folding of the parachute, 
and can be amended by increasing the deployment height and proper parachute folding. 
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In spite of the partial deployment of the main parachute, the motor section was recovered 
with only minor damage. Nevertheless, this launch demonstrated that all rocket 
separations could be conducted safely and successfully during launch. Moreover, the 
mock CDLE was 5 pounds heavier than the anticipate weight of the real CDLE, and was 
safely retrieved via parachute, demonstrating that the mechanical CDLE can safely be 
brought to the ground in emergency situations.  

 

 
Figure XX: The full-scale launch vehicle on the launch pad. 

 

3.1.6 Mass Report 

The mass report of the competition launch vehicle and its payloads was listed in Table 3.1.6.1, 
below.  
This estimate was based off of the CAD simulation of the rocket, and the mass of each part was 
taken from the specifications given by the manufacturer, providing an accurate estimate of the 
launch vehicle’s final mass.  
 
The mass was expected to increase with the addition of the weight of epoxy and other extraneous 
variables. However, we budgeted within this predicted mass with an added mass of 11.0 lb (5 kg) 
distributed within the sections. The mass margin for added growth on top of this amount was 
miniscule, with only a 2.2 lb (1 kg) margin to achieve predicted apogee. 
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Table 3.1.6.1: The Mass Report of the Final Competition Launch Vehicle 

Item Part Number Quantity 
Mass 
(Kg) 

Total Mass by 
Part (Kg) 

1 Motor Section 1 1.167 1.167 
2 Aft E-bay 2 0.346 0.693 
3 Main Parachute Bulkhead 1 0.092 0.092 
4 Blast Cap 8 0.007 0.055 
5 Terminal Block 8 0.002 0.015 
6 6-32 x 3/4 Pan Head 8 0.001 0.011 
7 ANSI B18.6.3 - No. 2 - 56 - 3/4 2 0.000 0.001 
8 ANSI B18.22.1 - No. 2 - narrow - Type B 2 0.000 0.000 
9 ANSI B18.6.3 - 2 - 56 2 0.000 0.000 

10 3-8 U bolt 2 0.119 0.237 
11 3-8 Nut UNC 4 0.008 0.031 
12 3-8 Washer Plain 4 0.001 0.005 
13 6-32 Hexagonal Nut 10 0.000 0.000 
14 8 inch Aluminum Threaded Rod 4 0.017 0.069 
15 Washer 4 0.000 0.000 
16 Washer 4 0.000 0.000 
17 Wing Nuts 2520 8 0.001 0.007 
18 Aft E-bay Bottom 1 0.093 0.093 
19 2-UNC-1000 4 0.000 0.002 
20 2-UNC-Nut 4 0.000 0.000 
21 Centering Ring 3 0.068 0.205 
22 Motor Tube 1 0.316 0.316 
23 U-bolt 2 0.167 0.335 
24 Fins 4 0.216 0.864 
25 Main Parachute Section 1 0.705 0.705 
26 Piston Bulkhead 1 0.093 0.093 
27 Piston E-bay Bottom 1 0.085 0.085 
28 375-6-32 Truss Set Screw 9 0.001 0.008 
29 Centering Ring (TOP) 1 0.068 0.068 
30 Blast Cap Bulkhead Mount 1 0.078 0.078 
31 #6 Washer 16 0.000 0.000 
32 #6 Spacer x 1/2 4 0.002 0.009 
33 Blast Cap Bulkhead 2 0.005 0.009 
34 6-32x1.5 Pan Head Machine Screw 4 0.003 0.011 
35 2 inch Aluminum Threaded Rod 2 0.002 0.004 
36 2520 Flexloc Nut 4 0.000 0.002 
37 #2-56 Nylon Shear Screw 4 0.000 0.000 
38 Centering Ring Bottom 1 0.068 0.068 
39 U Bolt 25-UNC 2250 2 0.022 0.044 
40 Thin Locknuts 8 0.003 0.024 
41 Bottom Aft Parachute Bulkhead 2 0.005 0.009 
42 ANSI B18.2.2 - 1/4 - 20 12 *Varies* *Varies* 
43 Shear Screw 4 0.000 0.000 
44 Nose Cone Parachute 1 0.624 0.624 
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45 Nose Cone 1 0.525 0.525 
46 Sheath 1 1.330 1.330 
47 Quadcopter Tube 1 0.626 0.626 
48 Lead Screw Mount 1 0.074 0.074 
49 Lead Screw 1 0.064 0.064 
50 Lead Screw Chain Motor Mount 1 0.075 0.075 
51 ATMOS 1 0.065 0.065 
52 ACP-G-2N-1 1 0.113 0.113 
53 Motor For Screw 1 0.010 0.010 
54 Bearing 2 0.001 0.003 
55 Lead Screw Nut 1 0.023 0.023 
56 Battery (New) 2 0.469 0.938 
57 Flight Control Board 1 0.116 0.116 
58 JIS B 1251 - No. 2 4.5 4 0.000 0.000 
59 JIS B 1181 - HN - class 1 - Finished - M4.5 4 0.001 0.004 
60 JIS B 1111 - M4.5x45 4 0.006 0.024 
61 1-8 Shaft for Arm Drive 4 0.001 0.004 
62 Threaded Rod 8 0.016 0.131 
63 #12_Spacer_Al_1000 48 0.001 0.065 
64 #12Spacer_Al_0125 40 0.000 0.000 
65 #12Spacer_Al_0126_MIR1 32 0.000 0.000 
66 ANSI B18.6.3 - 12 - 24 16 0.002 0.036 
67 ANSI B18.22.1 - No. 12 - narrow - Type B 16 0.000 0.007 
68 ASME B18.21.1 - No.12 16 0.000 0.007 
69 Shaft Coupler 3-8 Keyed 1 0.040 0.040 
70 Bearing Plate 1 0.049 0.049 
71 ANSI B18.6.3 - 10 - 24 - 9/16 1 0.003 0.003 
72 Quadcopter Body 1 0.275 0.275 
73 Quadcopter Arm 4 0.063 0.253 
74 Arm Actuator 8 0.010 0.080 
75 Standoffs 8 0.001 0.011 
76 ANSI B18.6.3 - 8-32 x 5/16 16 0.001 0.015 
77 Arm Truss Support 4 0.009 0.035 
78 Motor 4 0.061 0.245 
79 Propeller 4 0.020 0.080 
80 Spacer 8 0.000 0.004 
81 ANSI B18.22.1 - No. 8 - Type A 52 0.001 0.047 
82 ASME B18.21.1 - No.8 24 0.000 0.011 
83 ANSI B18.6.3 - No. 8 - 32 - 7/8 4 0.003 0.013 
84 ANSI B18.6.3 - 8 - 32 32 0.001 0.044 
85 Motor Mount 4 0.011 0.044 
86 Linear Slider 8 0.002 0.015 
87 ANSI B18.22.1 - 1/4 - narrow - Type A 16 0.002 0.036 
88 ANSI B18.6.3 - 1/4 - 20 - 1 1/2 4 0.012 0.049 
89 ANSI B18.21.1 - 0.25 4 0.001 0.004 
90 ANSI B18.3.1M - M2x0.4 x 3 16 0.000 0.000 
91 Landing Legs Frame 8 0.042 0.335 
92 Landing Feet 8 0.016 0.127 
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93 Landing Supports 8 0.011 0.091 
94 ANSI B18.6.3 - 8 - 32 - 9/16 16 0.002 0.036 
95 ANSI B18.21.1 - 0.164 8 0.000 0.002 
96 ANSI B18.22.1 - No. 6 - narrow - Type B 40 0.000 0.018 
97 ANSI B18.6.3 - No. 6 - 32 - 5/8 8 0.002 0.015 
98 ASME B18.21.1 - No.6 8 0.000 0.000 
99 ANSI B18.6.3 - 6 - 32 32 0.001 0.029 

100 8-32 Standoff 1500 8 0.002 0.015 
101 Aluminum Shaft-25-6000 4 0.006 0.024 
102 25-0500 Nylon Spacer 8 0.002 0.018 
103 Upper Landing Support 8 0.010 0.080 
104 Shaft Collar 16 0.002 0.029 
105 ANSI B18.6.3 - No. 6 - 32 - 7/8 8 0.002 0.018 
106 ANSI B18.6.3 - No. 8 - 32 - 7/16 8 0.002 0.015 
107 Quadcopter Actuator 2 4 0.016 0.064 
108 #6spacer_HardstopforDrive 1 0.000 0.000 
109 ANSI B18.22.1 - No. 10 - Type A 8 0.001 0.007 
110 ANSI B18.6.3 - 10 - 24 4 0.002 0.007 
111 ANSI B18.6.3 - No. 10 - 24 - 2 1/4 4 0.010 0.038 
112 ASME B18.21.1 - No.10 4 0.000 0.002 
113 Aluminum Shaft-25-16250 4 0.005 0.018 
113 25_Nylonspacer_01250 8 0.000 0.004 
114 ANSI B18.6.3 - No. 8 - 32 - 1 4 0.004 0.015 
115 Quadcopter Body Tube 1 0.042 0.042 
116 Rail 4 0.017 0.069 
117 M2-5mm Screw 40 0.000 0.000 
118 Piston 2 0.233 0.465 

119 
ASME B18.21.1 - 1/4 Extra-Duty. Lock Washers (Inch 
Series)Extra-Duty Helical Spring Lock Washer 8 0.002 0.015 

120 ANSI B18.6.3 - 1/4 - 20 - 1 3/8 4 0.011 0.045 
121 Piston Bottom 1 0.095 0.095 
122 Piston Shaft 4 0.016 0.064 
123 ANSI B18.22.1 - No. 6 - Type A 8 0.000 0.004 

Total Mass of CDLE Section 4.759 
Total Mass of Nose Cone Section 1.147 

Total Mass of Motor Section 6.330 
Total Mass of Sheath 2.136 

Total Mass 14.372 
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3.2 Recovery Subsystem 

3.2.1 Defend Robustness 

3.2.1.1 Structural Elements 

All four of the parachutes that are being deployed by the launch vehicle as well as the 
emergency parachute in the CDLE are made of ripstop nylon. Ripstop nylon is being 
used because of its resistance to tearing, its low porosity (to increase drag), and its high 
strength to weight ratio. The sizes of the parachutes are listed in Table 3.2.1.1.1. 

 

Table 3.2.1.1.1: Parachute diameters. 

Section Parachute Diameter (in) Parachute Diameter (cm) 

Nose Cone 36 91 

Main 72 180 

Motor (x2) 18 46 

CDLE 48 120 

 

The manufacturer of all parachutes used is Fruity Chutes. The parachutes have nylon 
bridles that are secured to a steel ring on a swivel. This is then attached to the shock cord. 

Nose cone and main section parachutes are stored within the airframe of the 
rocket, which is constructed of high strength blue tube. The drogue parachutes in the 
motor section are stored in two separate carbon fiber tubes. Carbon fiber is a very strong 
and lightweight material with relatively low thermal conductivity, thus capable of 
withstanding both the forces of parachute deployment and the heat produced by the 
motor. 

Kevlar shock cord is used to attach all parachutes to their respective launch vehicle 
section. The nose cone and motor section parachutes are secured using 0.25 inch (0.64 
cm) diameter Kevlar cord which is rated to 1500 lb (6700 N) of force. The shock cord 
fastening the main parachute between the motor section and the sheath is secured using 
0.5 inch (1.3 cm) diameter tubular Kevlar cord which is rated to 7200 lb (32000 N) of 
force. Kevlar is an excellent material for shock cord due to its high strength and fire 
resistance. Nomex wadding is used to pack every parachute to prevent any damage to the 
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parachutes that may be caused by the ejection charges or, in the case of the drogue chutes 
in the motor section, the heat from the motor. The Nomex wadding is also secured to the 
shock cord so that it may be recovered with the rest of the vehicle.  

The shock cord is tied to a steel U-bolt with a 0.25 inch (0.64 cm) diameter which is 
mounted to bulkheads using hex nuts, washers and a small plate. The U-bolts for the 
drogue parachutes for the motor section are mounted to the aft most face of the rocket, 
mounted on either side of the motor. A length of shock cord is tied to each aft U-bolt and 
then run through a hole on the bulkhead (this hole is pressure sealed with epoxy) to attach 
to the drogue parachutes. 

Bulkheads are secured to either side of every electronics bay except for the nose cone 
electronics bay which only has a bulkhead on the aft side of the bay. The bulkheads are 
made of 0.25 (0.64 cm) inch birch wood and are the same diameter as the inner diameter 
of the body or coupler tube that it is mounted in. These bulkheads have been tested in 
flight and during static tests resulting in no structural damage. Any holes that have been 
drilled to run wires through are sealed with epoxy to ensure that a pressure seal can be 
made.  

Each connection designed to remain rigid throughout the flight is secured using four steel 
set screws (#8 diameter) which can withstand forces much greater than the forces 
supplied by black powder ejection charges. Each connection designed to separate at or 
after apogee is secured using nylon shear pins (#2 diameter) These shear pins are strong 
enough to withstand the forces experienced during launch but will shear when the black 
powder charges ignite within the chamber which the shear pins hold closed. These shear 
pins are rated to 40 lb (178 N) of force, which is significantly less than the force provided 
by the black powder charges.  

3.2.1.2 Electrical Elements 

Perfectflite StratologgerCF altimeters are being used for all altitude measurements and 
for igniting the e-matches to deploy all recovery subsystems and ejecting the CDLE. 
StratologgerCF altimeters are powered using standard 9V batteries, which are being 
mounted next to them in the electronics bays. These altimeters are capable of igniting an 
electronic match to deploy a drogue parachute at apogee (with a programmable delay) 
and a main parachute at a pre-programmed altitude. These altimeters are highly resistant 
to false triggers and feature brownout protection. StratologgerCFs also use audible beeps 
to report flight data and continuity. These beeps make it possible to determine whether 
the avionics are turned on and functioning without having to open the rocket. 

The altimeters can be switched on and off using rotary switches that are mounted 
securely on the outside of the rocket using a friction fit and epoxy. This eliminates the 
need for brass screws or opening the rocket to turn on the avionics. Connections from the 
rotary switches to the wires are soldered and covered in heat shrink tubing to prevent any 
possible shorting. 
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Terminal blocks are used to connect wires leading from the altimeters to the e-matches. 
This eliminates any complications that may arise in otherwise connecting the altimeters 
to the e-matches prior to launching. This way each wire can be removed and replaced 
easily. 

The electronics relating to the deployment of the recovery systems in each electronics 
bays will be contained within an aluminum faraday cage to prevent any interference from 
affecting its functions. 

All electric components related to deploying the recovery systems are redundant. 
Redundant systems are wired independently of each other in order to isolate any possible 
issues and any possible shorts.  

Each electronics bay contains a Big Red Bee 2 Meter High Power GPS which is powered 
by a LiPo battery also contained in the electronics bays. The battery has more voltage 
than is needed to power the GPS so that there is no chance of losing the rocket due to loss 
of power within the battery. 

The wire used for all connections was 22 gauge stranded wire. This is because it allows 
for about 2 amps of current to pass through which the correct amount of current for many 
of the onboard technologies. Each connection that uses solder is tested before and after it 
is put in heat shrink to make sure that the connection is good. These are also lightly 
tugged upon to make sure that the connections will not break when submitted to the 
vibrations of flight.  

3.2.1.3 Redundancy Features 

The areas of the launch vehicle that require redundancy features are mainly the parachute 
and ejection charges. Each parachute is deployed by a charge that receives its electrical 
signal from two Perfectflite StratologgerCF brand altimeters. Hence, there are two 
altimeters located in the nose cone, two in the CDLE payload piston ejection bay, two to 
separate and deploy the main parachute, and two in the motor section for the drogue 
parachutes. Each altimeter is connected to two 9V batteries wired in parallel. Therefore, 
no one battery is taxed by multiple loads. Furthermore, if one battery were to die, or if an 
altimeter were to malfunction, there is a second altimeter for each parachute charge to 
ensure the recovery system does not fail. Of particular importance are the drogue 
parachutes located in the motor section of the launch vehicle. These parachutes are what 
reduce the speed of the vehicle enough to deploy the main parachutes as well as the 
CDLE payload. Therefore, these parachute charges not only have two altimeters 
associated with each, but each blast cap also contains two e-matches. The decision for 
two e-matches was made to further increase redundancy in this very important section of 
the rocket, as it is still possible that the e-match itself could fail when it receives the 
electrical pulse from its altimeter.  
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3.2.1.4 Parachute Sizes and Descent Rates 

The recovery system for the competition launch vehicle consists of five Fruity Chutes 
parachutes. To complete the desired flight profile, the parachute information is tabulated 
below: 

 
Table 3.2.1.4.1: The recovery system of the final competition launch vehicle. 

Section Parachute Diameter (inches) Parachute Diameter (cm) 

Nose Cone Section 36 91 

Motor Section + Sheath 72 180 

Motor Section Aft 18 (two) 46 (two) 

The CDLE* 48 120 
*The emergency parachute within the CDLE. 
 

To determine the descent velocities, the drag equation was applied. At the start of the 
deployment of drogues and parachutes, the forces acting in the vertical axis of the 
sections were balanced. The only forces present on each body were forces due to the 
weight of the section and drag of the parachute/drogues.  

 

As a general calculation, the drag equation, Eq. (3.2.1.4.2), was depicted below.  

 

             (Eq. 3.2.1.4.2) 
 

Where is the density of air (1.225 kgm3) at 25°C, A is the sum of the area of the 
parachutes/drogues, v is the downward velocity of the parachute and section, and CD is 
the coefficient of drag. Note that the coefficient of drag for all parachutes with a diameter 
of less than 72 in were stipulated to be 1.6, due to the propagation of a dome as the 
parachute catches the air.  For parachutes larger than 72 in, Fruity Chutes vendors state 
that the coefficient of drag was 2.2. Note that drag is equal to the weight of the object for 
the majority of the descent.  

 

Rearranging the drag equation to solve for the velocity that the air flows past the body 
and thus, the terminal velocity of the bodies with the parachutes, the equation becomes: 
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 (Eq. 3.2.1.4.3) 
 
The values used to determine the velocity of each independent section was tabulated in 
Table 3.2.1.4.4 below, for further reference. While the calculations were formulated in SI 
units, the last column reports the terminal velocity of the independent sections during 
descent in English Standard units.  

 
Table 3.2.1.4.4: The values used to determine the terminal velocity of each 

independent section. 
Section Mass Drag Radius of 

Parachute 
Area  Density of 

Air  
CD Terminal 

Velocity 

kg N m m2 kg/m3 - m/s ft/s 

Nose Cone 1.147 11.252 0.4572 0.656 1.225 1.6 4.182 13.722 

Sheath 2.136 20.954 0.9144 2.625 1.225 2.2 2.434 7.985 

Motor Section 6.33 62.097 0.2286 0.328 1.225 1.6 13.895 45.588 

Motor Section + 
Sheath* 

8.466 83.051 - 2.954 1.225 2.2 4.568 14.987 

The CDLE** 4.759 46.686 0.6096 1.167 1.1845 1.5 6.711 22.018 
*This is more representative of the descent rate once the 72” main parachute deploys. 
**This is the descent rate of the CDLE should the emergency parachute deploy.  
 
From these calculations, all independent sections of the competition launch vehicle will 
descend at appropriate velocities.   

 
 

3.2.1.5 Drawings and Schematics (Electrical and Structural Assemblies) 

Figure 3.2.1.5.1 below shows a block diagram of the StratoLoggers used throughout 
flight. These StratoLoggers aid in deploying the recovery subsystems. Note that the 
arming switches used for all StratoLoggers are rotary switches.  
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Figure 3.2.1.5.1: The block diagram of the StratoLoggers used throughout flight. 

 

Figure 3.2.1.5.2, below, is a diagram of the typical e-bay setup used in the rocket. The 
eye-bolts are u-bolts on the final rocket, however all other pieces are accurate. The blast 
cap on the top and terminal block are used in all e-bays. The wooden plate in the middle 
of the e-bay has all of the electrical components mounted upon it with small nylon 
standoffs.  

 

 

Figure 3.2.1.5.2: E-bay CAD model. 
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Figure 3.2.1.5.3 below, shows the setup of the motor section. The carbon fiber tubes hold 
the two aft drogues. The tubing is held by centering rings and the bottom and top of the 
carbon fiber tubes are covered by bulkheads, thus pressurizing the tube. Each of the 
wooden elements are made out of 0.25 in (0.63 cm) plywood. 

 

 

Figure 3.2.1.5.3: Motor section CAD model. 

 

3.2.1.6 Rocket Locating Transmitters 

The launch vehicle uses a Big Red Bee GPS locating system for the rocket-locating 
transmitters. There is one in each separating part of the rocket. Every electronics bay 
within the rocket has one of these GPS units within it. The model of GPS used in the 
rocket is a BRB 2 Meter High Power GPS. The transmitters have a range of 300 miles or 
less as stated on the company data page for this product. The frequency of the GPS 
ranges within 140-150 MHz (2M amateur radio band). The power output of this GPS is 
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approximately 6 watts. These transmitters can be called on a phone and the GPS will 
return a text telling the exact location of the GPS within that part of the rocket. Each GPS 
will be powered by a LiPo battery. 

3.2.1.7 Sensitivity of Recovery System 

 
While we are dealing with high enough amperage to interfere with the optimal 
performance of the devices in the standard electronic bays, we are confident that these 
devices are not sensitive enough to affect the adjacent sensors. In fact, the only time that 
there are high enough bursts occur in milliseconds, when a charge fires to deploy 
parachutes or the piston. Furthermore, these signals are all digital and are not prone to 
interference, as analog circuitry would.  

Regardless, to mitigate any risk from electromagnetic waves from the devices, we have 
implemented a design to create Faraday Cages. This would be done by taking thin sheets 
of aluminum and wrapping it around the devices and wires several times. Furthermore, 
we will keep wires short, creating smaller and shorter loops. This will prove effective for 
all standard electronic bays within the launch vehicle. The CDLE will have its own 
system, referenced in further sections, since it will constantly disperse high currents.  

3.2.2 Parachute Attachment Scheme, Deployment Process, Test Results 

Suitable Parachute Size for Mass 

The recovery system for the competition launch vehicle consists of five Fruity Chutes 
parachutes. To summarize Section 3.2, the parachute sizes for each section and the mass 
of each section was tabulated below: 

Table 3.2.2.1: The recovery system of the final competition launch vehicle. 

Section Mass (kg) Parachute Diameter (inches) 

Nose Cone Section 1.147 36 

Motor Section + Sheath 8.466 72 

Motor Section Aft 6.33 18 (two) 

The CDLE* 4.759 48 

*The emergency parachute within the CDLE. 
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Attachment Scheme 

The recovery system will be attached in the following manner. The nose cone section will 
have a 36 in parachute attached via swivel and quick links to 1500 lb (0.25 in diameter) 
Kevlar shock cord. One end of the Kevlar would be attached to the nose cone via bowline 
knot to a U-bolt, which will be mounted to a bulk head. The other end would be free, 
since we want an independent separation between the nose cone section and the rest of 
the body. The motor section aft will have two 18 in drogue parachutes attached via eye-
bolts to 1500 lb (0.25 in diameter) Kevlar shock cord on the rim of the bulkhead at the 
end of the motor section. The parachutes and Kevlar shock cord would be located within 
carbon fiber tubes. The motor section would be tethered to the sheath via 0.5 in tubular 
Kevlar, which would be attached to a quick link and swivel to the 72 in parachute. Either 
ends of the Kevlar would be attached via bowline knots to U-bolts, mounted on 
bulkheads. In the case of an emergency, the CDLE would deploy a 48 in parachute 
attached to 1500 lb (0.25 in diameter) Kevlar shock cord.     

Deployment Process 

The deployment of drogues and main parachutes will be as follows. Once the altimeters 
are armed via rotary switch on the launch pad, it will be ready to follow the custom 
program. Altimeters will send out a signal to the e-matches at a programmed altitude. The 
e-matches will be placed in blast caps filled with the calculated amount of black powder. 
Thus, the StratoLogger will send a signal to initiate a blast to break the shear pins, 
separating the desired sections.  

Test Results with Ejection Charge and Electronics 

Upon full scale flight test, we acquired the data from the eight altimeters aboard the 
launch vehicle. Note that the motor used for the test flight was an L995. The 
StratoLoggers were representative of the flight profile, and since the sequence of events 
were successful, the redundancy system yielded identical results - that is, two 
StratoLoggers from each section recorded and presented the same results. The flight 
profile of each section were presented in plots below, depicting the altitude and velocity 
of each section. These plots were taken using the PerfectFlite software, extracting data 
from the StratoLogger. Prior to launch, each StratoLogger was self-diagnosed and 
performed a static ground test with the command from a laptop, using the DT4U USB 
Data Transfer kit. 
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Figure 3.2.2.1 depicts the flight profile of the motor section with the drogues and then the 
main at around 700 ft. The drogues deployed at apogee (2853 ft). During freefall, the 
drogues contributed a decent amount of drag.  

 

 Figure 3.2.2.1: The flight profile of the Motor Section. 
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Figure 3.2.2.2 depicts the flight profile of the CDLE with the emergency parachute. We 
added more mass than the predicted mass for the CDLE to test the worse case scenario, 
approximately 14.16 lbs.   

 

Figure 3.2.2.2: The flight profile of the CDLE. 
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Figure 3.2.2.3 depicts the flight profile of the piston, which share marked similarities 
with the motor section because it was contained within the motor section area. The only 
difference was the increase in velocity from the blast of the piston.  

 

Figure 3.2.2.3: The flight profile of the Piston 
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Figure 3.2.2.4 depicted the flight profile of the nose cone. It was equipped with a 24 in 
parachute due to weather conditions. Since it was particularly windy during the launch, 
we opted for the 24 in instead of the 36 in to minimize drift.  

 

Figure 3.2.2.4: The flight profile of the Nose Cone Section. 
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3.2.3 Safety and FMEA 

To analyze the Safety Analysis and Failure Mode and Effects Analysis tables below, please refer 
to Table Table 3.2.3.1 and Table 3.2.3.2 which aid in defining safety.  
 

Table 3.2.3.1: Definition for Safety Analysis 

Number Severity of Risk/Injury Probability of Occurrence   

1 No injury Very unlikely 

2 Slight  Unlikely 

3 Minor  Likely 

4 Major Very Likely 

5 Fatality  Inevitable  
 

Table 3.2.3.2: Risk Level Action 
Risk Preference Number Range Risk Level Action 

1-5 Small Risk 

6-10 Medium Risk 

10-15 Severe Risk 

15+ Emergency Risk 
 

 
A complete Safety Analysis and a Failure Mode and Effects Analysis (FMEA) was 
drawn up to predict the outcome of the recovery subsystems within the launch vehicle. 
Table 3.2.3.3 and Table 3.2.3.4 exemplify this.  
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Table 3.2.3.3: Safety Analysis with regard to the Recovery Subsystem 
Hazard Risk Mitigation 

Drogues and Mains do not deploy 
Severity = 5 
Probability of occurrence = 1 
Risk Preference Number = 5 

Adhere to the directions of the RSO 
 
Angle launch rails away from the crowd 
 
Perform on-site verification before launch 

Piston malfunction 
Severity = 5 
Probability of occurrence = 3 
Risk Preference Number = 15 

Adhere to the directions of the RSO 
 
Angle launch rails away from the crowd 
 
Perform on-site verification before launch 

Kevlar and parachutes melt due to exposure from 
high temperatures during flight 
Severity = 5 
Probability of occurrence = 1 
Risk Preference Number = 5 
 

Perform on-site verification before launch 
 
Use cellulose insulation and sufficient amounts of 
thermal wadding to protect the recovery subsystem 
components  

Inhalation of carbon fiber particles during 
machining of motor section drogue recovery 
subsystem 
Severity = 5 
Probability of occurrence = 1 
Risk Preference Number = 5 

Experienced members will work on carbon fiber 
 
Experienced members will work in well-ventilated areas 
of the machine shop 
 
Experienced members will wear half-face respirators 
and goggles  
 
Experienced members will clean carbon fiber cuts 
thoroughly before use 

The electromagnetic waves from the high 
amperage interfere with other devices aboard.  
Severity = 5 
Probability of occurrence = 1 
Risk Preference Number = 5 
 
 

Create Faraday Cages around these devices to reduce 
interference.   
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Table 3.2.3.4: Failure Mode and Effects Analysis with regard to the Recovery 
Subsystem 

Failure Mode Severity 
 

Rate 1-10 
10 = Most 

Severe 

Probability of 
Occurrence 

Rate 1-10 
10 = Highest 
Probability 

Probability of 
Detection 
Rate 1-10 

10 = Lowest 
Probability  

Risk Preference 
Number 

Four drogue parachutes do not 
deploy 

10 3 3 90 

Main parachute does not 
deploy 

9 4 2 72 

The CDLE does not eject 9 4 2 72 

Nose cone does not eject and 
deploy a parachute 

10 1 5 50 

 

3.3 Mission Performance Predictions 

3.3.1 Mission Performance Criteria 

The mission performance criteria for the launch vehicle is as follows: firstly, the launch 
vehicle must reach of an altitude of 5,280 ft (1609 m) using a motor with no more total 
impulse than 5,120 Newton-seconds. This means that the motor will be no higher than an 
L-class motor. Secondly, the launch vehicle must deploy the payload at an altitude near 
5,280 feet. This means that the piston used to deploy the CDLE/ATMOS payload must be 
functioning properly and must eject the payload at apogee. Thirdly, all sections of the 
launch vehicle and the payload must fall in a controlled manner and should be fully 
recoverable and reusable after launch. This means that all ejection charges must go off 
and all parachutes must release at the correct altitude. This also means that the parts must 
be sturdy and that the parachutes should allow the rocket to land at a terminal velocity 
that does not harm the rocket or any of its parts. Fourthly, there will be no more than four 
independent sections within the launch vehicle, including the CDLE section. Fifthly, the 
ATMOS system on the CDLE must collect data. This means that all data collecting 
materials for ATMOS must be able to collect data in the position they are placed in on 
the CDLE. Also that the parts are not damaged during ejection. For the launch vehicle to 
be considered a success, all of these criteria must be met. 

3.3.2 Flight Simulations and Predictions 

The final launch vehicle has the following specifications. Using OpenRocket software, 
the flight simulations, altitude predictions, and motor thrust curve were determined with 
respect to the unique weight distribution within the launch vehicle from the CDLE 
payload. Figure 3.3.2.1 shows the mass distribution. The dotted black areas represent 
mass. Note that the mass is placed to represent the true mass distribution of the payloads 
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located within the body, and that the CDLE is actually more concentrated and located 
further down the launch vehicle body.    

 

Figure 3.3.2.1: The unique mass distribution of the payloads for more accurate 
simulations. 

Using OpenRocket software, we ran five simulations. The simulated launch vehicle had 
two prominent stages for timing purposes. This proved to be a more accurate 
representation of the drogue parachutes and main parachutes deployment at the ideal 
event times. Furthermore, the launch vehicle was angled 5 degrees from the vertical. Note 
that stage separation occurs at 67 in down the body of the launch vehicle, using the nose 
cone as the datum. Figure 3.3.2.2 shows the five simulations and pertinent information 
with regard to the flight including velocity off the rod, apogee, velocity at deployment of 
recovery subsystems, flight time, etc. It should be noted that the exclamations should be 
discarded, as the reason for its particular error is due to simulation specifications on the 
payload located near the nose cone. This payload is the CDLE and was not simulated to 
have its emergency parachute, since it will ideally have a controlled descent.    

  

 

Figure 3.3.2.2: The five simulations used to predict pertinent information on the 
final launch vehicle. 

 

The five simulations will graph similar curves. Figure 3.3.2.3, below, depicts the flight 
profile of the flight and the recovery subsystems of the first simulation.  
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Figure 3.3.2.3: The flight profile of the launch vehicle and the deployment of the 
recovery systems. 

 

Using the simulation data, the motor thrust curve was graphed alongside altitude, to show 
the change in momentum with the separation of the launch vehicle. Figure 3.3.2.4 shows 
the motor thrust curve of simulation 6; however, graphing any of the simulations would 
results in a similar graph. Note that the thrust curve is represented in blue.   
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Figure 3.3.2.4: The motor thrust curve of the launch vehicle.  

 

The flight test results yielded the following pertinent information. Note that we used the 
L995 motor for the test. We took the the altitude from the nose cone section to be the 
competition altimeter; it was 2981. Using the PerfectFlite software, the experimental 
flight profile, in the perspective of the nose cone section, was depicted in Figure 3.3.2.5, 
below: 
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Figure 3.3.2.5: The flight profile of the launch vehicle in the perspective of the nose 
cone section. 

 

For a more complete perspective of the launch vehicle flight profile, the motor section 
was also plotted using the PerfectFlite data acquisition command. Figure 3.3.2.6, below, 
depicts this.  
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Figure 3.3.2.6: The flight profile of the motor section. 

These two tests were representative of the flight profile on the L1115. Not only were the 
Stratologgers successful, but the method of acquiring data was also successful. These 
devices and methods would be used for the final launch.    

With regard to simulations, the sensitivities of these calculations were limited the 
simulation’s significant figures. Due to the limit of precision, these values are only 
reliable to half of the device’s measuring limit. For the mass, the limit would be half a 
kilogram. For the lengths, the limit would be half a ten-thousandth inch. The altitude 
would be accurate to half a foot.  

With regard to test data, the sensitivities of these calculations were limited by the 
measurement devices. For the PerfectFlite StratoLogger, it has a measurement precision 
of ± (0.1% reading + 1 foot) and an altitude resolution from 1 ft to 38,000 ft MSL. For all 
other measurement devices used to construct the launch vehicle, the notion of the limit of 
precision was employed. These values are only reliable to half of the device’s measuring 
limit. For example, the lengths were accurate up to half a centimeter.    
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3.3.3 Drag Assessment and Scale Modeling 

Several aspects of the flight have been predicted using software simulations and hand 
calculations. OpenRocket has the capability of predicting the altitude and velocity in its 
simulations. Below in Table 3.3.3.1 is the calculated drag force for each section. Due to 
the nature of the descent, the final drag force of each section will be equal the weight of 
that section. After the recovery system is deployed, each launch vehicle section will 
accelerate upwards until the force due to drag is equal to the weight of the section. 

 

Table 3.3.3.1: Drag of Launch Vehicle Sections. 

Section Mass (kg) Drag (N) 

Nose Cone 1.147 11.252 

Motor Section + Sheath* 8.466 83.051 

The CDLE** 4.759 46.686 

 
 
 

The validity of analysis can be determined by comparing the predicted flight data for the 
full scale launch to the collected data for the launch. Below in Figure 3.3.3.2 is the 
simulated flight characteristics for the full scale flight.  
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Figure 3.3.3.2: OpenRocket Simulation of Full Scale Flight. 

The collected data from the full scale flight can be seen in Figures 3.3.3.3 through 3.3.3.6. 

  

Figure 3.3.3.3: Motor Section Flight Data. 
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Figure 3.3.3.4: CDLE Flight Data. 

 

 

Figure 3.3.3.5: Piston Flight Data. 
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Figure 3.3.3.6: Nose Cone Flight Data. 

The figures above confirm that the predicted apogee is approximately equal to the 
recorded apogee. The general shape of the altitude versus time curve of the simulation 
roughly matches that of the collected data. This suggests that OpenRocket is a good 
method for predicting altitudes. 

Some discrepancies exist between the velocities predicted by OpenRocket and the 
velocities recorded by the altimeters. For the motor and piston altimeters, this can be 
attributed to the fact that the main parachute did not unfold properly, causing descent 
velocity to be higher than the predicted velocity. 

 

3.3.4 Stability Margin, Center of Pressure (CP), and Center of Gravity (CG) 

The stability margin of the final competition launch vehicle is 2.16 calibers. Using the 
nose cone as the datum, the center of gravity (CG) is located at 74.742 in. down the body, 
and the center of pressure (CP) is located at 91.314 in. down the body. The CG and CP 
are separated by 16.572 in. Figure 3.3.4.1, drawn using OpenRocket, depicts the stability 
margin, CG, and CP of the launch vehicle.  
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Figure 3.3.4.1: The stability margin, CG, and CP of the launch vehicle using 
OpenRocket. 

 

For the rocket to maintain stability throughout flight, a moment about the CP would be 
produced to offset the force due to gravity. Below shows the free body diagram of the 
forces acting on the body. 

  

 

Figure 3.3.4.2: Free body diagram of lift and gravity acting upon the launch vehicle. 
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Thus the moment about the CP was determined by making the pivot point about the CG, 
since the CG is fixed by design. Eq. (3.3.4.3), below, exemplifies this: 

 

(Eq. 3.3.4.3) 

 

Thus, the moment about the CP, which would offset the weight of the launch vehicle, is 
74.9 N-m. Note that during flight, the launch vehicle would lose about 2 kg (4.4 lb) of 
mass due to motor burn out; thus, the moment would also decrease during flight.   

The sensitivities of these calculations were limited by the measurement devices and 
simulation significant figures. Due to the limit of precision, these values are only reliable 
to half of the device’s measuring limit. For the mass, the limit would be half a kilogram 
(~1 lb). For the lengths, the limit would be half a ten-thousandth inch (~0.001 mm).  

 

  



 53 

3.3.5 Kinetic Energy 

The tabulated terminal velocities from Section 3.2.1.4 were used to calculated their 
respective kinetic energies. They are depicted in Table 3.3.5.1 below. All the sections fall 
well within the kinetic energy limit of 75 ft-lbs. Note that the Motor Section, alone, does 
not satisfy the kinetic energy limits until after the 72 in main parachute deploys at 700 ft, 
upon which all sections will fall at safe terminal velocities.  
 

Table 3.3.5.1: The terminal velocities and kinetic energies of each independent 
section. 

Section Terminal Velocity Kinetic Energy 

m/s ft/s J ft-lbs 

Nose Cone 4.748 15.577 16.657 12.276 

Sheath 2.434 7.985 6.326 4.662 

Motor Section 13.895 45.588 611.094 450.376 

Motor Section + Sheath 4.568 14.987 88.331 65.099 

The CDLE* 6.390 20.963 97.146 71.596 
*The kinetic energy and terminal velocity of the CDLE was calculated for the emergency 
Fruity Chutes parachute; however, we anticipate that the CDLE will have and maintain 
its controlled descent. 

 

3.3.6 Drift and Altitude 

The predicted altitude of the competition launch vehicle was 5717 ft (1742m), using the 
OpenRocket software. 
 
With terminal velocity, we determined the lateral drift. To calculate drift, specific 
parameters were defined. The coefficient of drag for all parachutes during descent is 1.6 
or 2.2, based on the assumption that the parachutes expand into a dome formation and 
manufacturer's information. Using the terminal velocities from Table 3.3.5.1, the drift 
displacement (t) was determined, taking wind speed into account. The equation for drift 
displacement is below in Eq (3.3.6.1): 
 

 (Eq. 3.3.6.1) 
 
Using the flight profile, t was calculated below. The nose cone section, equipped with a 
parachute bay within a parachute bay, will eject a 36” parachute at 700 ft (210 m). The 
motor section will deploy its parachutes at apogee, which was 5280 ft (1600 m). The 



 54 

sheath will deploy the main parachute at 700 ft. The CDLE will be deployed at 5266 ft. 
or apogee.  
 

Table 3.3.6.2: The drift displacement of the sections of the launch vehicle. 

Section t 

Nose Cone 44.939 

Sheath* 87.668 

Motor Section* 100.464 

Motor Section + Sheath 46.707 

The CDLE 251.204 
 
The wind speeds were incorporated into this calculation by cross multiplying the drift by 
the wind speed (w). 

 
Note that the sum of the drift experienced by the sheath and motor section were 
calculated individually, and then summed sequentially. Thus, the lateral drift of the nose 
cone and motor section for given wind speeds are listed below in Table 3.3.6.2:  
 

Table 3.3.6.3: The drift experienced by each section under different wind speeds. 

Wind Speed 
(mph) 

Wind Speed 
(ft/s) 

Nose Cone Drift* 
(ft) 

Motor Section + 
Sheath (ft) 

CDLE 
(ft)** 

0 0 0 0 0 

5 7.333 374.07 442.96 1842.07 

10 14.66 748.15 785.46 3684.15 

15 22 1122.28 1128.01 5526.48 

20 29.33 1496.36 1470.51 7368.56 
*Recall that the Nose cone section deploys its 36” parachute at 700 ft (210 m) above the 
ground during descent. 
**The CDLE drift calculation was included in the case of an emergency at the point of 
apogee.  
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3.3.7 Flight Calculations with One Failed Drogue Parachute 

The recovery system in the motor section comprises two 18” drogue parachutes, stored 
within the carbon fiber tubes adjacent to the blue tube motor tubing. This design would 
aid in the flight profile of the competition vehicle, since it would flip the motor section 
upside down, positioning the CDLE for deployment.  

While the sizes of these drogues were limited by the diameter of the carbon fiber tube, we 
did not need the drogue parachutes to have significant drag on the motor section body. 
Figure (3.3.7.1) shows the drag force throughout the flight profile, simulated with the aid 
of OpenRocket software. Note how the two rear drogues contribute far less drag than the 
72” main parachute. 

 
Figure 3.3.7.1: The drag force throughout the flight profile. 

The drogues primary purpose would be similar to that of streamers. First, since our 
launch vehicle will reach a target altitude of one mile, we strived to mitigate lateral drift 
by coming back down as quickly and safely as possible. These drogues would deploy and 
provide some drag until around 500 ft (150 m), where a 72” main parachute would 
deploy. This 72” main would ultimately slow the descent of the motor section body 
sufficiently. Table 3.3.7.2 below depicts part of a table from Section 3.2.1.4, where a 
more complete set of calculations were formulated to determine the terminal velocity.  
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Table 3.3.7.2: Terminal velocity of sections if both drogues deploy, as 
expected.  

Section Mass Drag Radius of 
Parachute 

Area Density of 
Air 

CD Terminal 
Velocity 

kg N m m2 kg/m3 - m/s ft/s 

Sheath 2.136 20.954 0.9144 2.625 1.225 2.2 2.434 7.985 

Motor Section 6.33 62.097 0.2286 0.328 1.225 1.6 13.895 45.588 

Motor Section 
+ Sheath 

8.466 83.051 - 2.954 1.225 2.2 4.568 14.987 

 

Applying the method described in Section 3.2.1.4, the issue of whether the failure of one 
drogue would still yield a safe terminal velocity was addressed.  

If one of the rear drogues failed, the terminal velocity would, subsequently, increase. 
However, the calculations bolstered our intended usage of the rear drogues: they would 
merely be used to provide some drag. If one drogue were to fail, the terminal velocity of 
the motor section before deployment of the main would be 19.6 m/s (64.4 ft/s). This 
would be approximately 6 m/s faster than the scenario where the neither drogue failed. 
The deployment of the main parachute makes a significant difference. With the 
deployment of the main parachute, the motor section and sheath would descend at a mere 
2 m/s faster, if one of the drogues failed.  

 

Table 3.3.7.3: Hypothetical data if only one drogue deploys. 

Section Mass Drag Radius of 
Parachute 

Area Density 
of air 

CD Terminal 
Velocity 

- kg N m m2 kg/m3 - m/s ft/s 

Motor Section 6.33 62.097 0.2286 0.164 1.225 1.6 19.651 64.471 
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Motor Section 
+ Sheath 

8.466 83.051 1.143 2.790 1.225 2.2 4.700 15.422 

   

With the failure of one drogue, the motor section would descend at 4.7 m/s, which would 
only be 4.44% faster than the predicted descent velocity and would only have a kinetic 
energy of 93J, which is less than the required maximum, 101J (75 ft-lbs).  

 

3.4 Launch Vehicle Verification 

Vehicle Requirements: 

1.1. The vehicle shall deliver the payload to an apogee altitude of 5,280 feet (1609 m) above 
ground level (AGL).  

•   The weight of the rocket combined with the motor being used for the rocket allows the 
payload to reach an apogee altitude of 5,280 feet. This was verified through tests of the 
apogee using the OpenRocket simulation software. This software predicts the apogee 
at 5,432 ft (1656 m) with all of the components and the L1115 motor; however, there is 
additional weight due to the epoxy within the sections will make the rocket’s apogee be 
lower than the predicted height. This simulation test shows the apogee of the rocket being 
higher than necessary which allows for the increase in weight that happens during build. 

1.2. The vehicle shall carry one commercially available, barometric altimeter for recording the 
official altitude used in the competition scoring. The altitude score will account for 10% of the 
team’s overall competition score. Teams will receive the maximum number of altitude points 
(5,280) if the official scoring altimeter reads a value of exactly 5,280 feet AGL. The team will 
lose two points for every foot above the required altitude, and one point for every foot below the 
required altitude. The altitude score will be equivalent to the percentage of altitude points 
remaining after any deductions.  

•   The rocket holds multiple StratoLoggers which are commercially available, barometric 
altimeters. Any of these could be chosen as the altimeter recording the altitude score. 
This was verified during tests of the subscale rockets and the full-scale rocket. These 
StratoLoggers each are able to collect readings based on the atmospheric pressure which 
was proved during these tests when they each outputted similar apogees depending on 
their placement within the rocket. 

1.2.1. The official scoring altimeter shall report the official competition altitude via a series 
of beeps to be checked after the competition flight.  

•   The StratoLogger software conveys the altitude reached through a series of beeps. This 
has been verified during tests of the subscale rockets and the full-scale rocket. When the 
StratoLoggers are taken from the rocket they give off a series of beeps that tell 
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information about the flight. Part of this information reads off the apogee of the rocket 
which was checked after each flight. 

1.2.2. Teams may have additional altimeters to control vehicle electronics and payload 
experiment(s).  

1.2.2.1. At the Launch Readiness Review, a NASA official will mark the altimeter that will 
be used for the official scoring.  

•   The official altimeter will be able to be easily marked by an official. This was verified 
through a test before the full-scale launch. In the test the e-bay was opened and the 
StratoLogger was reached by a sharpie. Then the e-bay was closed once more. 

 

1.2.2.2. At the launch field, a NASA official will obtain the altitude by listening to the 
audible beeps reported by the official competition, marked altimeter.  

•   The marked altimeter will be audible. This was verified through tests of the 
StratoLogger. The test included taking out the StratoLogger and listening to the beeps 
emitted. All beeps were audible. 

 

1.2.2.3. At the launch field, to aid in determination of the vehicle’s apogee, all audible 
electronics, except for the official altitude-determining altimeter shall be capable of being 
turned off.  

•   Each altimeter can be silenced by unplugging it or by turning the rotary switch 
attached to the off position. This was verified through test in both full and subscale 
launches. In this test the rotary switches for the unmarked electronic bays were 
switched to the off position. The other StratoLogger in the same electronic bay as the 
marked StratoLogger was unplugged from its battery. This left only the marked 
StratoLogger beeping. 

 

1.2.3. The following circumstances will warrant a score of zero for the altitude portion of the 
competition:  

1.2.3.1. The official, marked altimeter is damaged and/or does not report an altitude via a 
series of beeps after the team’s competition flight.  

•   The marked altimeter will be in a safe position so that nothing can damage it during 
descent and landing. This was verified during the full-scale launch when the official 
altimeter continued to beep after landing. The test was completed through the launch 
of the rocket and the reading of the apogee post launch from the marked altimeter. 
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1.2.3.2. The team does not report to the NASA official designated to record the altitude 
with their official, marked altimeter on the day of the launch.  

•   The team will make their way immediately to the NASA official to record the 
altitude. This will be verified by inspection by the NASA official. This cannot be 
verified or tested before the competition launch. 

1.2.3.3 The altimeter reports an apogee altitude over 5,600 ft (1706 m) AGL.  

•   The apogee will be kept less than 5,500 ft (1680 m) to increase the safety of the 
rocket and to make sure it does not go too high. This was verified through the 
OpenRocket software. This software predicts the apogee at 5,432 ft (1655 m) with all 
of the components and the L1115 motor, however there is additional weight due to 
the epoxy within the sections will make the rocket’s apogee be lower than the 
predicted height. This simulation test shows the apogee of the rocket being higher 
than necessary which allows for the increase in weight that happens during build. 

1.2.3.4. The rocket is not flown at the competition launch site.  

•   The rocket will fly at the competition site at the designated time. This is verified 
through the test of the team's ability to assemble the rocket in the time allotted. This 
cannot be verified before the competition launch. 

1.3. The launch vehicle shall be designed to be recoverable and reusable. Reusable is defined as 
being able to launch again on the same day without repairs or modifications.  

•   The design of the rocket allows it to launch, come down under the effect parachutes, and 
come down at a terminal velocity that will not break any of the components of the vehicle. 
The vehicle can then be put back together for a relaunch by putting in new nylon shear 
screws on the parts of the rocket that separate and by re-packing the parachutes, wadding and 
black powder. This has been verified through the full-scale launch. During the launch the 
nose cone parachute and aft motor section parachutes ejected properly and allowed these 
sections to land properly. The main parachute, due to improper folding, opened partially thus 
one of the electronic bays sustained damage. When this is packed correctly the rocket would 
be fully reusable. 

1.4. The launch vehicle shall have a maximum of four (4) independent sections. An independent 
section is defined as a section that is either tethered to the main vehicle or is recovered separately 
from the main vehicle using its own parachute.  

•   The design of the vehicle has four independent sections, the nose cone, the motor, the piston 
sheath and the CDLE payload. The the motor section and sheath are tethered together with a 
main parachute and the nose cone and CDLE come down independently with their own 
parachutes. Analysis and inspection of the build verifies this fact. The build was inspected so 
that only four sections separated. These were the only sections connected by the nylon shear 
screws. 
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1.5. The launch vehicle shall be limited to a single stage.  

•   The design of the launch vehicle limits the vehicle to one stage. Analysis of the build and 
design verifies this fact. The build was inspected to make sure that there is no need for a 
second motor. 

1.6. The launch vehicle shall be capable of being prepared for flight at the launch site within 2 
hours, from the time the Federal Aviation Administration flight waiver opens.  

•   The rocket’s design has been created so that the only things that need to happen on the 
launch site are set and shear screws must be screwed in, new nine volt batteries installed, and 
parachutes and black powder must be loaded. This was verified by tests on the subscale and 
full-scale launches. The team completed the launch prep within the two-hour mark. The 
approximate time was 1 hour and 52 minutes. 

1.7. The launch vehicle shall be capable of remaining in launch-ready configuration at the pad 
for a minimum of 1 hour without losing the functionality of any critical on-board component.  

•   There are no components that will lose functionality within an hour because the batteries all 
have enough charge to last longer than one hour and perform their function. This has been 
verified through tests on the longevity of a nine-volt battery. The battery, with the drainage 
on it from the Stratologgers, should last about 6 hours at temperatures above freezing. 

1.8. The launch vehicle shall be capable of being launched by a standard 12-volt direct current 
firing system. The firing system will be provided by the NASA-designated Range Services 
Provider.  

•   The design of the rocket allows the launch vehicle to be launched using a standard 12-volt 
direct current. This system was verified through the test of the full-scale launch. This launch 
vehicle, during the test launch, was launched successfully using a standard 12-volt direct 
current firing system. 

1.9. The launch vehicle shall use a commercially available solid motor propulsion system using 
ammonium perchlorate composite propellant (APCP) which is approved and certified by the 
National Association of Rocketry (NAR), Tripoli Rocketry Association (TRA), and/or the 
Canadian Association of Rocketry (CAR).  

•   The team is using a Cesaroni Technology L1115 Motor which is an approved and certified 
motor. It is a commercially available motor that uses APCP. This is verified through 
inspection of documents describing the motor. On the data sheet about this particular motor, 
it was described to follow these qualifications. 

1.9.1. Final motor choices must be made by the Critical Design Review (CDR).  

•   This motor is within the CDR report as our final motor. This can be verified within that 
document. By checking this document this was proven.  
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1.9.2. Any motor changes after CDR must be approved by the NASA Range Safety Officer 
(RSO), and will only be approved if the change is for the sole purpose of increasing the 
safety margin.  

•   There have not been any changes to the choice in motor. This is verified through 
inspection of the motor used. This is proven by the motor ordered for the final launch. 

 

1.10. The total impulse provided by a launch vehicle shall not exceed 5,120 Newton-seconds (L-
class).  

•   The motor is an L1115 which does not exceed the L-class requirement. This is verified by 
analysis and inspection of the the motor. The motor performance document about this motor 
state that the motor’s total impulse is 5015.0 Ns, which is beneath the maximum. 

 

1.11. Pressure vessels on the vehicle shall be approved by the RSO and shall meet the following 
criteria:  

1.11.1. The minimum factor of safety (Burst or Ultimate pressure versus Max Expected 
Operating Pressure) shall be 4:1 with supporting design documentation included in all 
milestone reviews.  

•   There are no pressure vessels onboard the rocket which is verified in inspection of the 
design. 

1.11.2. Each pressure vessel shall include a pressure relief valve that sees the full pressure of 
the tank.  

•   There are no pressure vessels onboard the rocket which is verified in inspection of the 
design. 

1.11.3. Full pedigree of the tank shall be described, including the application for which the 
tank was designed, and the history of the tank, including the number of pressure cycles put 
on the tank, by whom, and when. 

•   There are no pressure vessels onboard the rocket which is verified in inspection of the 
design. 

1.12. All teams shall successfully launch and recover a subscale model of their full-scale rocket 
prior to CDR. The subscale model should resemble and perform as similarly as possible to the 
full-scale model, however, the full-scale shall not be used as the subscale model.  

•   This requirement was completed before the CDR in the form of multiple subscale flights to 
test all components. This launch vehicle was about half the size of the final rocket, making it 
a subscale. The rocket was tested and verified through launches that occurred prior to the 
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CDR deadline. This is verified through inspection of the CDR document. Three subscales 
were launched, one on the fifth of December, another on the nineteenth of December, and the 
last on the tenth of January. These launches were all before the final deadline. 

1.13. All teams shall successfully launch and recover their full-scale rocket prior to FRR in its 
final flight configuration. The rocket flown at FRR must be the same rocket to be flown on 
launch day. The purpose of the full-scale demonstration flight is to demonstrate the launch 
vehicle’s stability, structural integrity, recovery systems, and the team’s ability to prepare the 
launch vehicle for flight. A successful flight is defined as a launch in which all hardware is 
functioning properly (i.e. drogue chute at apogee, main chute at a lower altitude, functioning 
tracking devices, etc.). The following criteria must be met during the full-scale demonstration 
flight:  

•   The full-scale rocket was launched successfully before FRR on the twelfth of March and 
displayed its stability, structural integrity, and recovery system during its successful test 
flight. The parachutes released at the correct time and all hardware was functioning. This is 
verified by the full-scale launch test. During the launch the nose cone parachute and aft 
motor section parachutes ejected properly and allowed these sections to land properly. The 
main parachute, due to improper folding, opened partially thus one of the electronic bays 
sustained damage. When this is packed correctly the rocket would be fully successful for all 
of the hardware functioned correctly to release the parachutes and all tracking devices 
functioned properly. 
 

1.13.1 The vehicle and recovery system shall have functioned as designed. 

•   Each parachute released at the correct time and functioned as designed. Each section was 
located easily with the tracking GPS. This is verified through the successful test and 
recovery of the full-scale launch. The results of this test are stated above. 

1.13.2. The payload does not have to be flown during the full-scale test flight. The following 
requirements still apply:  

1.13.2.1. If the payload is not flown, mass simulators shall be used to simulate the 
payload mass.  

•   During the full-scale launch a mass simulator was used for the CDLE payload so as to 
not possibly damage any part of the CDLE prematurely by sending it up on the first 
launch. The use of a simulator is verified through the weighing of both masses and 
the use of the simulator during the full-scale launch. Both were measured to be 
approximately 4.5 kg. Also the piston ejected the mass at the proper height and a 
parachute released and brought it to the ground without damage. 

1.13.2.2. The mass simulators shall be located in the same approximate location on the 
rocket as the missing payload mass.  
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•   The mass simulator was located in the sheath of the piston which is the exact location 
of the CDLE payload. This is verified through analysis of the design. During the 
launch the piston ejected the mass as it would the quadcopter at apogee. 

1.13.2.3. If the payload changes the external surfaces of the rocket (such as with camera 
housings or external probes) or manages the total energy of the vehicle, those systems 
shall be active during the full-scale demonstration flight.  

•   The payload does not change the external surface of the rocket nor does it manage the 
total energy of the rocket. This is verified through analysis and inspection of the 
design. The quadcopter does not at any point extend outside the rocket until 
parachutes are released. 

1.13.3. The full-scale motor does not have to be flown during the full-scale test flight. 
However, it is recommended that the full-scale motor be used to demonstrate full flight 
readiness and altitude verification. If the full-scale motor is not flown during the full-scale 
flight, it is desired that the motor simulate, as closely as possible, the predicted maximum 
velocity and maximum acceleration of the competition flight.  

•   The full-scale motor is not the same as the full-scale test flight motor. The motor used 
was an L995. This is verified through the test launch of the full-scale. The apogee read 
from this flight was 2,900 ft. Through analysis of the data sheet on this motor the L995 
has an impulse of 3618.0 Ns which is near our competition impulse. This motor increased 
the safety margin for the rocket and provided a better first test launch. 

1.13.4. The vehicle shall be flown in its fully ballasted configuration during the full-scale test 
flight. Fully ballasted refers to the same amount of ballast that will be flown during the 
competition flight.  

•   The full-scale test was flown in its fully ballasted configuration because all sections that 
need ballast would need the same amount of ballast for all flights. The same amount used 
is verified through the inspection and collection of each quantity of black powder in each 
blasting cap on the test day. This was proven through the ejection of all parachutes from 
the rocket body during the launch. 

1.13.5. After successfully completing the full-scale demonstration flight, the launch vehicle 
or any of its components shall not be modified without the concurrence of the NASA Range 
Safety Officer (RSO).  

•   No components shall be modified without the NASA RSO. This will be verified through 
inspection of the rocket on the full-scale and competition day. This cannot be verified 
before competition day. 

1.14. Each team will have a maximum budget of $7,500 they may spend on the rocket and its 
payload(s). (Exception: Centennial Challenge payload task. See supplemental requirements at: 
http://www.nasa.gov/mavprize for more information). The cost is for the competition rocket and 
payload as it sits on the pad, including all purchased components. The fair market value of all 
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donated items or materials shall be included in the cost analysis. The following items may be 
omitted from the total cost of the vehicle:  Shipping costs, Team labor costs  

•   The cost of the rocket did not exceed $7,500 on the launch pad. This was verified through 
inspection and analysis of materials used to find their cost. The final cost of the rocket 
was $5878.62. This is verified through the documents and receipts on the individual costs 
of the items within the rocket. 

1.15. Vehicle Prohibitions  

1.15.1. The launch vehicle shall not utilize forward canards 

•   The design does not include forward canards. This is verified by inspection of the 
design and final rocket. 

1.15.2. The launch vehicle shall not utilize forward firing motors.  

•   The design does not include forward firing motors. This is verified by inspection of 
the design and final rocket. 

1.15.3. The launch vehicle shall not utilize motors that expel titanium sponges (Sparky, 
Skidmark, MetalStorm, etc.).  

•   The design does not include motors that expel titanium sponges. This is verified by 
inspection of the design and final rocket. The L1115 utilizes classic propellant as 
shown in the motor performance data on the rocket. 

1.15.4. The launch vehicle shall not utilize hybrid motors. 

•   The design does not include hybrid motors. This is verified by inspection of the 
design and final rocket. The L1115 is not a hybrid motor. 

1.15.5. The launch vehicle shall not utilize a cluster of motors.  

•   The design does not include a cluster of motors. This is verified by inspection of the 
design and final rocket. 

 

3.5 Safety and Environment (Vehicle and Payload) 

3.5.1 Safety and Mission Assurance Analysis 

To conduct our analysis of failure modes and mitigations, we used the following 
definitions in the table below to provide a standard scale for the likelihood and severity of 
a given event. Every event, despite its apparent severity or likelihood, is accompanied by 
proposed mitigations to ensure the safety of all personnel and to ensure a successful 
launch for our rocket. It is important to consider that many of these distinctions were 
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made through qualitative analysis rather than a quantitative approach. This is because 
many of the proposed events are difficult to empirically predict their corresponding 
probability and severity. It is for this reason that we emphasize and take seriously the 
proposed mitigations for all events despite how trivial or unlikely they seem.   

Table 3.5.1.1: FMEA Definitions 

Severity  Definition 

Catastrophic Results in loss of system 

Hazardous Very substantial reduction in safety margin or functional capability 

Major Significant reduction in safety margin or functional capability 

Minor Slight reduction in safety margin or functional capability 

No effect No reduction in safety margin or functional capability 

Likelihood Definition 

Probable The probability of occurrence is high enough that we expect the event to 
occur 

Remote The probability of occurrence low, but we expect that the event could 
occur 

Extremely Remote The probability of occurrence exists but we do not expect that the event 
could occur 

Extremely 
Improbable 

The probability of occurrence is negligibly close to 0.  We do not expect 
that the event could ever occur 
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Table 3.5.1.2: Safety Analysis with regard to launching the Launch Vehicle and 
Payloads 

Hazard Effect Proposed 
Mitigations 

Likelihood Severity Completed 
Mitigations 

Motor does 
not ignite 

Mission 
delay 

Follow NAR High 
Power Safety Code 
and keep personnel at 
least 200ft from 
launch pad during 
launch sequence until 
it is declared safe to 
approach. 

 

Extremely 
Remote 

Minor Launch pad 
sequence will 
be followed 
accurately. 

Accidental 
motor 
ignition 

Potential 
injury to 
personnel  

Follow MSDS 
storage requirements. 

Extremely 
Remote 

Hazardous Motor will not 
be stored in the 
lab. 

Explosive 
motor 
failure on 
launch pad 

System 
damage 

Follow MSDS 
requirements for safe 
transport and 
handling of 
motors.  Follow NAR 
High Power Safety 
Code and keep 
personnel at least 
200ft from launch 
pad during launch 
sequence. 

Extremely 
Improbable 

Major Motor will not 
be transported 
or handled until 
we reach the 
launch site. 

Damage to 
motor 
nozzle, 
leading to 
an improper 
flight path 

Potential 
injury to 
personnel 

Follow MSDS 
requirements for safe 
transport and 
handling of motors. 
Follow NAR High 
Power Safety Code 
and keep personnel at 
least 200ft from 

Extremely 
Improbable 

Major Motor will be 
handled 
carefully when 
being inserted 
into the launch 
vehicle. 
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launch pad during 
launch sequence. 

 

Payload 
does not 
deploy 

Potential 
system 
damage 

Correctly measure 
black powder 
amounts. Confirm 
altimeter 
functionality and 
igniter connections. 
Confirm there are no 
blockages to ejection. 

Extremely 
Remote 

Minor/ 

Major 

Wire 
connections are 
checked and 
black powder 
ejection will be 
tested. 

Main 
parachute 
fails to 
deploy 

Potential 
system 
damage 

Correctly measure 
and double check 
black powder 
amounts. Confirm 
altimeter 
functionality and 
igniter connections. 

Extremely 
Remote 

Minor Standard 
redundancy 
used in 
recovery 
subsystem. 

Drogue 
parachute 
fails to 
deploy 

Potential 
system 
damage 

Correctly measure 
and double check 
black powder 
amounts. Confirm 
altimeter 
functionality and 
igniter connections. 

Extremely 
Remote 

Minor 

 

Standard 
redundancy 
used in 
recovery 
subsystem. 

Shock cord 
failure 

System 
damage 
and 
potential 
injury to 
personnel 

Inspect shock cord 
thoroughly before 
flight. 

Extremely 
Improbable 

Major Follow NAR 
High Power 
Safety Code 
and keep 
personnel at 
least 200ft 
from launch 
pad during 
launch 
sequence. 
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For the launch vehicle itself, the possible failures listed above represent the greatest 
hazard during the operational phase of the mission. It is unlikely that the motor will 
accidentally ignite or explode on the launch pad when the mitigations set in place are 
followed correctly. Of major concern would be a shock cord failure or failure in the 
deployment of parachutes. In the event of shock cord snapping, a substantial section of 
the launch vehicle could potentially be separated from the recovery subsystem, thus 
rendering it under complete freefall. The same issue could occur if part of the recovery 
subsystem malfunctioned. This would result in danger to spectators within the area and 
any property beneath the object’s downward path. As these are the greatest concerns for 
safety in this launch vehicle, all precautions were taken in its construction to prevent this 
from occurring. High workmanship standards were maintained in the construction of the 
recovery subsystems. All electrical connections were tested for continuity and standard 
redundancy was used for each parachute deployment system. Therefore, if one altimeter 
or altimeter connection fails, there is another to ensure the parachute is deployed 
properly. Furthermore, proper length and diameter shock cord was selected to minimize 
the risk of shock cord failure.  

U-bolts with epoxied washer connections were used to minimize the risk of shock cord 
connection failure as well. The risk of the payload not deploying will add weight to the 
system and if the main parachute does not deploy this will become a major hazard. 
However, if every parachute deploys as predicted then the payload staying within the 
rocket will only present a minor risk for the terminal velocity will be closer to the 
accepted range. 

 

3.5.2 Update Personnel Hazards 

The Northeastern chapter of the the American Institute of Aeronautics and Astronautics 
has developed a series of safety practices and protocols to mitigate personnel risks and 
alleviate concerns.  During the first few weeks of the spring semester our safety manager 
and assistant safety manager created a comprehensive safety presentation that was 
mandatory for all club members to attend before entering the lab.  This presentation 
included general lab safety, reading MSDS sheets, working with different tools and 
materials, first-aid and accident reporting, and finally, signing an agreement to adhere to 
the rules and safety practices in the lab.  In addition, following the presentation, all 
members of the club were required to pass (80%) a 20 question multiple choice quiz on 
the presentation material before being granted access to the lab.   

In the lab, the responsibility of all of the student’s safety is allocated through a hierarchy 
of individuals, with the club mentor at the top. Beneath him are the safety and assistant 
safety manager, who are present in the lab during all build meetings. It is their 
responsibility to oversee the four main groups of people in the lab (launch vehicle, 
CDLE, ATMOS, and software), and point out any potential risks, hazards, or unsafe 
behavior. Beneath the safety officers are the individual leaders of each of the four groups 
as well as the club president, who not only are senior members of the club, but have all 
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demonstrated safe lab practice throughout their tenure in the club. They are expected to 
teach their group members safe lab procedures through kinesthetic learning as well as act 
as role models for the less experienced club members.  They have the responsibility of 
reporting any accidents or noting any unsafe behavior within their group to the safety 
managers so that they can document it and correct the behavior.   

 

In addition to these general safety procedures, special clearance and supervision is 
needed to work with certain machines in the machine shop. Only senior members of the 
club who have been trained on any specific machine, either through an online course or in 
person by a professor, are allowed to operate the machines under the supervision of the 
machine shop supervisor. Students who do not act in a safe manner in the machine shop 
are not allowed to work with the machines in the future.   

 

Finally, to reduce the risks with storing combustible materials, we have decided against 
storing our rocket motor in the lab, and will have it shipped to Huntsville instead. This 
will ultimately reduce the risk both in the lab, and during our commute to Alabama. 
Other potentially toxic or otherwise potentially dangerous materials are stored in locked 
cabinets within rooms in the lab including paints, glues, epoxies, and other chemicals. All 
toxic materials are stored in designated chemical cabinets. Potentially flammable 
chemicals are stored in the flammable chemicals closet. All potentially toxic components 
are clearly labeled with the proper NFPA chemical label. While only certain members of 
the club are allowed access to the chemical cabinet, it is expected that most members will 
be able to use most of the following products without serious training or special 
knowledge. All chemical safety questions are directed to the safety officer and a team 
member who is a chemical engineer. Before using any product, it is expected that the 
safety manager be sure that the individual is familiar with the risks associated with the 
chemical and the proposed mitigations: 

 

Material Risks Proposed Mitigations 

Compressed 
Gas Duster 

Harmful vapor exposure, 
electrical shock exposure, 
contents under pressure, contains 
skin and eye irritants 

Use in a well ventilated area with 
proper personal protective equipment 

Spray Paint Harmful vapor exposure, 
contents under pressure and 

Use in a well ventilated area with 
proper personal protective equipment. 
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flammable, contains skin and eye 
irritants 

Loctite Epoxy Harmful vapor exposure, 
contains skin and eye irritants. 

Use in a well ventilated area with 
proper personal protective 
equipment.  Use skin barrier cream or 
wear nitrile gloves. 

Rocketpoxy Harmful vapor exposure, 
contains skin and eye irritants 

Use in a well ventilated area with 
proper personal protective equipment. 

Polyurethane 
Liquid Foam 

Harmful vapor exposure, 
contains skin and eye irritants, 
potential organ damage during 
prolonged exposure 

Use in a well ventilated area with 
proper personal protective equipment.   

Polyurethane 
Foam System 

Harmful vapor exposure, 
contains skin and eye irritants, 
potential organ damage during 
prolonged exposure 

Use in a well ventilated area with 
proper personal protective equipment.   

J-B Weld Twin 
tube 

Harmful vapor exposure, 
contains skin and eye irritants. 

Use in a well ventilated area with 
proper personal protective equipment.   

Carbon Fiber 
Dust 

Harmful dust particle exposure. 
Eye irritant and inhalation 
hazard. 

Personnel should only work with 
carbon fiber in a well ventilated area 
while wearing a respirator. 

 

3.5.3 Environmental Concerns 

During the build and static test phase of this project, the environmental concerns of the 
launch vehicle were limited. In static testing, the effects of the launch vehicle on the 
environment were limited to a small area and were lesser in scale. For example, when 
testing the reliability of the drogue parachutes, any debris from the charge were 
monitored and collected following the test. Environmental concerns during the build 
process were also limited. Since the launch vehicle was built in a lab, any scrap pieces or 
toxic materials associated with adhesive chemicals were disposed of properly. 
 
As the project moves into its operational phase, the environmental risk increases. Of 
major concern is the motor of the rocket, a Cesaroni Technology L1115 motor. The 
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manufacturer does not provide any specific data on the effect of the motor on the 
environment; however, data from the National Association of Rocketry shows the 
exhaust from solid propellant motors is not toxic. On the launch pad, standard procedure 
for launch will be used, in which flame retardant mats are placed beneath the launch 
vehicle. This minimizes the possibility of a fire beneath the launch vehicle or any burns 
to the field below.  
 
Other than the motor itself, materials used in the construction of the launch vehicle 
provide an environmental risk as well. In the event of a piece becoming separated from 
the rest of the vehicle itself, it must be collected and disposed of properly. In order to 
reduce the risk of accidental pollution, many spotters watch the entire mission, 
monitoring the sky for any separated pieces. Any debris created throughout the entire 
mission, including the landed vehicle, must be collected and disposed of properly.  
 
The CDLE payload is another environmental risk associated with this mission. This 
payload is ejected from the launch vehicle, and therefore represents a separate 
environmental risk, the details of which will be included in the environmental concerns of 
the payload section of this report.  
 

3.6 Payload Integration 

3.6.1 Integration Plan – CDLE 

The CDLE is carefully nestled in the launch vehicle in order to hold it securely while still 
allowing it to eject shortly after apogee. At apogee, the nose cone will separate and the 
two drogue parachutes will deploy out the back of the launch vehicle, causing it to 
reorient vertically, allowing CDLE to be at the lowest part of the rocket.  

After a short delay to allow the launch vehicle to stabilize, two StratoLogger altimeters 
activates a black powder charge to push the piston. The piston breaks the shear screws 
holding in the CDLE and ejects it from the launch vehicle, fully separating it. After the 
piston has moved through its stroke length (about 7 in or 18 cm) to push the CDLE out, it 
will push past the vent holes in the airframe, allowing the pressure from the black powder 
detonation to dissipate and the excess pressure to vent out of the launch vehicle rather 
than breaking it.  

3.6.2 Compatibility of Elements – CDLE 

The CDLE is designed to be light, powerful, and as simple as possible while still being 
able to fold up inside of and deploy out of a moving rocket. Since the launch vehicle uses 
7.5 in (19.5cm) diameter body tube, the CDLE was designed to fit within this max 
diameter. The lower section of the CDLE fits fairly snugly inside 7.5 in blue tube coupler 
which is held in place with shear pins. These pins that hold the CDLE in place will snap 
when the piston pushes the CDLE. The arms of the CDLE are folded upwards inside the 
launch vehicle and the blades on each arm are oriented vertically to fit inside the body 
tube.  
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Figure 3.6.2.1: The CDLE folded up inside of the sheath section of the launch 
vehicle. 

The CDLE is held by the sheath section of the launch vehicle. Inside the sheath section 
are four vertical rails, each connected to one arm for stability. When the piston pushes the 
CDLE, the rail button on each arm slides along its respective rail as the CDLE ejects. 
Running parallel to the guide rails offset by 45 degrees are four 0.0375 in (0.095 cm) 
aluminum rods connected to a piston located in a compartment below the quadcopter. 

3.6.3 Justify Payload Housing Integrity – CDLE 

Despite the CDLE’s intricate and precise integration, it is still as streamlined as possible. 
After the nose cone separates and the CDLE is oriented downwards, the CDLE and the 
sheath section move through a highly controlled interface to eject the CDLE. The CDLE 
is contained in the rocket with the body and folded arms of the quadcopter touching the 
inner walls of the sheath. The sheath allows the CDLE to only move along the body tube 
in the vertical axis and will not rotate because of rotational guides. Shear pins are inserted 
through the sheath into the CDLE base to hold the CDLE in position. When the piston 
fires, the shear pins break and the CDLE is ejected from the launch vehicle.  

Every piece of this system is over-engineered and more than sufficient for their task. The 
piston uses a ¼” plywood bulkhead sealed airtight with epoxy to create a pressure 
chamber fully separated from the sheath section. While testing the piston-sheath 
mechanism, it was observed that no damage or residue was found inside the sheath 
section, indicating that this mechanism is expected to fully isolate the CDLE from all the 
issues of being next to a controlled explosion. The controlled fit of the CDLE inside the 
sheath and shear screws combine to create the an effective and reliable housing for the 
CDLE until it ejects from the launch vehicle.  
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3.6.4 Demonstrate Integration – CDLE 

As shown in the Figure 3.6.4.1 below, the CDLE folds into a compact cylindrical shape 
to fit within the sheath section of the launch vehicle. The CDLE does not rotate in the 
sheath due to rotational guides. While inside of the sheath, the deployable arms are 
unable to deploy, and remain rigid against the wall providing addition support.  

 

 

Figure 3.6.4.1: The integration of the CDLE and sheath section with the 
CDLE folded up inside of the blue tube coupler of the sheath section. 

 
 

3.6.5 Integration Plan – ATMOS 

ATMOS consists of the following components. 
•   Arduino Mega 2560 microcontroller with a protoshield 
•   2 x Raspberry Pi 2 modules 
•   2 x Power Bank (to power Raspberry Pi boards) 
•   9V Battery (to power Arduino) 
•   Pi NoIR 
•   Pi Camera Module 
•   Lepton FLIR  
•   TTL Camera 
•   MicroSD Card Breakout Board 
•   SI1145 UV Sensor 
•   BME280 Atmospheric measurements  
•   MCP9808 Temperature Sensor  
•   TSL2561 Luminosity Sensor  
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The Arduino, Raspberry Pis, and all of the batteries powering those boards are mounted 
on a 0.25 inch (0.635 cm) thick piece of plywood which is 4.25 inches (10.795 cm) wide 
and 5 inches (12.7 cm) tall. This piece of plywood fits between two bulkheads at the 
bottom of the CDLE 2 inches (5.08 cm) from the center of the tube which it is housed 
inside of. The plywood is sized so that wires will be able to run around it, requiring no 
holes drilled (there is 1.05 in (2.667 cm) clearance on either side of the wall). 

The BME280 atmospheric measurements sensor and the MCP9808 temperature sensor 
will be mounted within the blue tube on the Arduino protoshield. A hole will be drilled in 
the blue tube so that the sensors will be able to take more accurate measurements.  

The TSL2561 luminosity sensor and the SI1145 UV sensor will be mounted on top of the 
CDLE and wired back down to the boards. These sensors will be screwed onto a wooden 
plate on top of the CDLE.  

The Pi NOIR, Pi camera module, and the Lepton FLIR will be mounted at the bottom of 
the CDLE under the lowest bulkhead. In order to protect these cameras from the charge 
separating the nose cone from the rest of the launch vehicle, a PVC pipe with a PVC cap 
friction fitted to it will be secured to the lowest bulkhead, effectively enclosing the 
cameras. A steel eyebolt is mounted onto the cap. When the nose cone is deployed a 
shock cord tied to the eye bolt and the nose cone recovery system will become taut and 
pull the PVC cap off of the pipe, effectively exposing the three cameras. 

The fourth camera, the TTL camera, will also be mounted on top of the CDLE. It will be 
mounted to the vertical wall of the Delrin frame of the CDLE in order to orientate it so 
that it can photograph the horizon. 

3.6.6 Compatibility of Elements – ATMOS 

The dimensions of several of the ATMOS components are shown in table 3.6.6.1. 

Table 3.6.6.1: Dimensions of ATMOS Components. 

Component on Wall Width       Length Height      Area          

(x2) Raspberry Pi 2 2.2 in 

(5.588 cm) 

3.35 in 

(8.509 cm) 

0.66 in 

(1.68 cm) 

14.74 in2 

(95.1 cm2) 

Arduino Mega 2.1 in 

(5.334 cm) 

4.25 in 

(10.795 cm) 

** 8.925 in2 

(57.58 cm2) 
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9 Volt battery 1 in 

(2.54 cm) 

1.9 in 

(4.826 cm) 

0.6 in 

(1.524 cm) 

1.9 in2 

(12.3 cm2) 

(x2) Power pack 3.6 in 

(9.144 cm) 

1 in 

(2.54 cm) 

1 in 

(2.54 cm) 

7.2 in2 

(46.45 cm2) 

 

**It should be noted that the height of the Arduino Mega is excluded due to the in exact 
dimensions of the protoshield and associated wiring. This will not cause interfering 
geometries, however. 

 

The total area that ATMOS will occupy on the wooden wall is 32.765 in2 (211.39 cm2). 
The wall has a width of 4.25 in (10.795 cm) and a length of 5.5 in (13.97 cm) with a 
thickness of 0.25 in (0.635 cm). A 1.25 in (3.175 cm) tall battery powering the GPS 
blocks a portion of the wall. The total area of available wall space (both sides) is 40.375 
in2 (260.48 cm2). There is more than enough room to mount all the boards and batteries 
on this wall.  

The e-bay which this portion of ATMOS is in is a 7.5 in (19.05 cm) diameter and 5.5 in 
(13.97 cm) height cylinder with blue tube sides and plywood top and bottom. The wall 
mounting these components of ATMOS is fixed 2 in (5.08 cm) from the center of the e-
bay. The top and bottom of this wall will have small finger joints cut into it. A 
complementary pattern will be on the top and bottom of the e-bay. This interfacing 
geometry will allow the wall to be epoxied effectively into the e-bay, securing it by both 
the top and bottom.  

The three cameras mounted on the bottom of the CDLE are each 0.22 in2 (1.41 cm2). All 
three of the cameras will take up slightly more than 0.66 in2 (4.26 cm2) after considering 
the hole in the bulkhead that the wires will run through back to the boards mounted on 
the wall. The PVC pipe protecting these cameras will have an inner diameter of 3.35 in 
and an area of 8.81 in2 (56.86 cm2), which is more than enough area to mount the 
cameras and wire holes 

The UV and luminosity sensors mounted on the top of the CDLE are very small (less 
than 1 square inch for each. The uppermost wooden bulkhead of the CDLE has 10.99 in2 
(70.57 cm2) of available space to mount components. For simplicity, these two sensors 
will be mounted near one another and near the horizontal camera so that only one hole in 
the top of the e-bay housing ATMOS needs to be drilled.   

The TTL camera has the same dimensions as the other three cameras, 0.22 in2 (1.41 cm2). 
It must be mounted horizontally so that it is pointed at the horizon, however. This will be 
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achieved by mounting it on the vertical portion of the Delrin frame which has a width of 
0.525 in (1.33 cm). This is enough room to mount the 0.315 in (0.800 cm) wide TTL 
camera. 

3.6.7 Justify Payload Housing Integrity – ATMOS 

The Raspberry Pi 2 modules and the Arduino Mega board are mounted in close proximity 
to the the batteries supplying them power, simplifying the the wiring. The Raspberry Pis 
and the Arduino Mega have pre installed screw holes with #4 diameter. The 9-volt 
battery connecter also has #4 diameter holes for mounting screws. This allows for simple 
mounting with short machine screws, washers and nuts (4-40 size). The battery packs 
powering the Raspberry Pis are held in by Velcro. The plywood wall is 0.25 in (0.635 
cm) thick. Sixteen screw holes will be made in the wall to mount these components of 
ATMOS. This is not enough to threaten the structural integrity holding the wall together. 

The wall mounting the boards and batteries of ATMOS is epoxied to the top and bottom 
of the e-bay on the finger joints connection. This will secure the wall in place without 
allowing it to rotate. Due to the properties of epoxy, the pressure seal of the lower 
bulkhead will not be compromised.  

The screws used to mount the two upper sensors will also not significantly damage the 
plywood it is mounted on. The screws used to mount the cameras will not damage the 
Delrin frame nor the bottom wooden bulkhead significantly. The holes drilled for running 
wires to the e-bay will not affect the integrity of any component of the ATMOS housing 
either. These components are clear of the arms, propellers, and emergency parachute of 
the CDLE so they will not be damaged. 

 
The bottom bulkhead will experience a separation charge at apogee. This should not 
threaten the bottom cameras due to the PVC cap covering them. This will also prevent 
any soot from the black powder from dirtying the lenses of the cameras. The e-bay 
containing most of the ATMOS components should be protected from this blast due to 
the 0.25 in (0.635 cm) pressure sealed bulkhead dividing the contents of the e-bay and the 
blast.  

3.6.8 Demonstrate Integration – ATMOS 

The integration of ATMOS can be seen in Figures 3.6.8.1, 3.6.8.2, 3.6.8.3, and 3.6.8.4 to 
scale.  
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Figure 3.6.8.1: Integration of ATMOS Front. 

 

 

In the above figure, the Arduino Mega, the protoshield, and one of the Raspberry Pis is 
displayed mounted to the wall. The blue tube encasing the e-bay is shown, but is 
transparent. The hole in the blue tube for improved measurements is also shown. It 
should be noted that the batteries and wires are not pictured here. 
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Figure 3.6.8.2: Integration of ATMOS Back. 

The back of the wall has the other Raspberry Pi mounted to it. The grey and black 
components are related to the CDLE control and the GPS. 

 

 

Figure 3.6.8.3: Integration of ATMOS Top. 

Figure 3.6.8.3 shows how TTL camera, the UV sensor, and the luminosity sensor will be 
mounted. The wiring and holes for the wiring is not shown here. 
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Figure 3.6.8.4 Integration of ATMOS Bottom. 

 

In Figure 3.6.8.4, the three downward facing cameras and the protective PVC cap is 
shown on the bottom of the CDLE. The eyebolt and shock cord attaching the cap to the 
nose cone section is not shown. The pattern of the finger joints connecting the wall to 
bottom bulkhead can also be seen. An identical pattern is on the top bulkhead as well. 
 
All boards, sensors, downward facing cameras, and the 9-volt battery connecter are 
mounted using machine screws, washers, and nuts (4-40 size). The battery packs 
powering the Raspberry Pis are secured using Velcro. The TTL camera will be mounted 
to the Delrin using wood screws. 
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4. PAYLOAD CRITERIA                                                                . 

4.1 Experiment Concept - CDLE 

4.1.1 Creativity and Originality 

The design of the CDLE payload requires the implementation of a creative and original 
design to address the numerous challenges presented during the design process. The 
fundamental concept behind CDLE is the implementation of a deployable quadcopter 
from within the body of a launch vehicle. The CDLE system proves an innovative way to 
record sensitive measurements that a normal launch vehicle would have difficulty 
producing. Both the quality and quantity of the data will see notable increases due to the 
longer test period and accurate altitude measurements provided by the slow and stable 
descent of the quadcopter. Additionally, the CDLE system enables payloads to land in a 
precise location, which creates the opportunity to land on a floating platform for launches 
taking place over large bodies of water. Creative use of the CDLE system enables 
launches where most other delicate payloads would be either destroyed or unrecoverable. 
In the unfortunate event of failure, the CDLE system features a safety mechanism that 
will safely lower the quadcopter and payload. The quadcopter is foldable and easily 
stored as a payload, allowing integration with different launch vehicles. 

Larger and more powerful launch vehicles enable the CDLE system to be deployed at 
higher altitudes so that a larger amount of data can be collected. The CDLE system, as a 
deployable and autonomous payload, is an original design that demonstrates engineering 
creativity while attempting to accomplish challenging objectives.  

4.1.2 Uniqueness and Significance 

The CDLE is one-of-a-kind in design and driving concept. The recent increase in 
technology surrounding quadcopter and drone flight naturally lead to the concept of 
stable and controlled descent for fragile payloads. Precise measurement of certain 
atmospheric and ground data requires a stable instrument platform that ensures that 
measured data is collected under near-identical conditions throughout the testing period. 
The descent orientation of parachute-recovered payloads is unreliable and may result in 
inaccurate atmospheric measurements. The CDLE’s quadcopter provides a good platform 
from which to take atmospheric measurements by providing predictable orientation and 
position along all axes. Having a controllable instrument platform provides accurate 
ground location samples and data. If a certain patch of ground is of interest to an on- 
board camera, being able to position the platform during descent can ensure that the 
desired data will be collected. Although the CDLE currently does not scan the ground for 
points of interest, theoretically, the CDLE provides position and speed control in all 
dimensions to maximize options for the instrumentation measurement. In comparison to 
other quadcopters, the CDLE is unique because of its ability to deploy from the launch 
vehicle at apogee. While other collapsible quadcopter frames exist, a frame that can 
unfold itself while falling is relatively unique, especially among the size of the CDLE 
system. Traditionally, the limiting factors for the performance ability of a quadcopter 
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design are the battery life. Rocket deployment extends the operable altitude and mission 
duration of drone-based instrument platforms while allowing for more massive payloads 
because descent requires less energy than ascent. The CDLE will reach 1609 m (5280 ft) 
in altitude before needing to rely on independent power sources. Operational altitude 
could be increased by using parachute recovery after relevant measurements have been 
made.  

4.2 Science Value - CDLE 

4.2.1 Objectives 

The objective of the CDLE system is to design a system capable of deploying a 
quadcopter that can control its descent and land at a preset location of GPS coordinates. 
In order to solve this problem, a few key requirements must be addressed. First, there 
must be a system which is capable of deploying the CDLE from the rocket in a manner 
that does not damage the CDLE flight systems. The CDLE will accomplish this by 
utilizing a unique piston deployment system. Secondly, there must be a robust system 
that is able to unfold and lock the quadcopter arms after the quadcopter is deployed from 
the rocket. In order to ensure this, the CDLE will have a torsion spring deployment 
system which will deploy the arms, and hard stops will ensure they deploy to a certain 
angle. Thirdly, the CDLE must be capable of landing itself at a precise location. The 
Pixhawk flight controller will be able to control the quadcopter during descent and 
landing, and will transmit its location real-time. Finally, the quadcopter must be abortable 
inflight so it can deploy a parachute if necessary. If at any time the flight is deemed to be 
unsafe, the range safety officer will have a button that will abort the flight and deploy a 
parachute immediately.  

4.2.2 Mission Success Criteria 

Mission success for the CDLE is dependent on the success of several flight events. The 
first criteria for success is a clean deployment from the launch vehicle in a way that does 
not cause damage to the CDLE. Once deployed from the launch vehicle, the arms will 
start unfolding into a locked position; this step is crucial to mission success as if this step 
fails, the CDLE will not be able to fly. The next criteria for success is that the quadcopter 
rotors start spinning up and provide control to the system. At this point in the flight a safe 
landing anywhere would still be grounds for mission success, even if it is not in the exact 
predefined coordinates; landing at those coordinates would however make for a perfect 
flight.  

4.2.3 Experimental Logic, Approach, and Method 

The CDLE experiment will show the feasibility of using a foldable autonomous 
quadcopter. The autonomous quadcopter CDLE carries the sensor package ATMOS to a 
desired location to take pictures of the environment and atmospheric data for analysis. 
The idea is that the CDLE could either have a preprogrammed flight path for the ATMOS 
package to take reading in an area of interest. Another possibility is that a landing zone 
and a mission time could be preset before hand, and then ATMOS could communicate to 
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CDLE to give in flight instructions to areas that it determines interesting. For the 
purposes of the launch at Huntsville, there is only a predefined landing zone that the 
CDLE navigates to, without any communication from ATMOS dictating the flight path.  

4.2.4 Testing, Measurement, and Variables 

The CDLE is a meaningful scientific experiment if the quadcopter can be successfully 
ejected from the launch vehicle, deployed into its operational orientation in order to 
enable flight operations for a controlled descent, and finally succeed in landing at a 
designated location. The entire deployment sequence of the CDLE is initiated by the 
ejection of the quadcopter via the launch vehicle’s piston. The controlled descent will be 
initiated once the fully extended arms suppress four switches, allowing power to begin to 
spin the quadcopter motors. During its return to ground, the CDLE will be aiding in the 
collection of atmospheric measurements by giving ATMOS a controlled space to gather 
data. The CDLE will descend utilizing data collected from its onboard GPS to ensure it 
lands in its desired location.  

4.2.5 Relevance of Data 

The success of the mission will determine the feasibility of using an autonomous foldable 
quadcopter to conduct flight missions for a sensor package. The gathered data from the 
GPS units will determine how well the quadcopter was able to course correct its flight 
and land in the desired location. An analysis can then be done to determine how close the 
CDLE landed to its intended coordinates. More data that would provide insight into the 
flight is the remaining battery percentage; a large amount of charge left shows that 
optimizations could be made to reduce battery size and overall mass of the CDLE system. 
We can compare the expected remaining battery percentage to the actual value to 
determine how effective our calculations are.  

4.2.6 Experiment Process Procedures 

The CDLE experimentation begins by being loaded into the launch vehicle and 
positioned against the piston. The ejection of the CDLE is controlled by the piston that 
pushes the CDLE out of the body tube. This deployment is controlled by guides 
integrated into the inside of the launch vehicle to prevent the CDLE from twisting, 
ensuring proper ejection. To test the CDLE’s ability to eject out of the launch vehicle an 
experiment was performed with the piston using a mock-CDLE, with mass simulated 
using sand instead of the quadcopter. The deployment of the arms and landing legs are 
both controlled mechanically by springs, with final positions being dictated by hard stops. 
This experimentation with the deployment of the four arm and leg sections were 
conducted by doing bench testing of a prototype arm. This simulated how after the arm is 
free of the blue tube it will be forced to fall by its attached spring and will stop with a 
hard stop from its mounting bracket against the CDLE’s main body, further being 
prevented from moving back to its beginning position by the one way bearing it rotated 
on. The ability for the CDLE to have a controlled descent to a predetermined location 
requires software to provide a constant uplift from the spinning motors and propellers to 
slow the descent due to gravity, in addition to the collection and interpretation of GPS 
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data to assure proper landing. These were tested by running software on a pre-made 
quadcopter to assure that it can successfully operate the four motors, and to test the 
BigRedBee GPS’ abilities to track location. These process procedures cover the main 
aspects of this experiment: the ejection of the CDLE from the launch vehicle, the 
deployment of the arms and landing legs, the controlled descent, and the ability to utilize 
its onboard GPS to land in a specific location.  

 

4.3 Payload Design - CDLE 

4.3.1 Design/Construction 

The mission requirement of the CDLE is to autonomously fly from its ejection point to an 
arbitrary point on the ground. The design constraints of this payload include keeping the 
weight of the quadcopter to a minimum to decrease its effects on the rocket, and to make 
flight easier. However, efforts taken to reduce the weight of the quadcopter also need to 
take into effect the severe forces it will experience during its ejection from the rocket. 
The design of CDLE therefore needed to be as light as possible, but without 
compromising the strength of the core. 

During design it was determined that the majority of the forces the quadcopter 
experienced would be transferred through the arms into the core block. In order to reduce 
weight on hardware and to cut down on size, the core was machined from a single block 
of Delrin. (Figure 4.3.1.1) This plastic is relatively light, but still strong enough to 
support the weight of the arms and the forces that air and the motors will put on them 
during descent. The center of the core is hollow to reduce weight and allows room for the 
emergency parachute. There are eight beam supports that protrude from the core block, 
two on each side, that hold the arm supports. The arm supports are made from precision 
ground stainless steel rods. (Figure 4.3.1.2) Two flats are machined into each stainless 
steel bar and allow a set screw to be threaded through the top of the support bracket to 
lock it in place. Each set screw hole in the Delrin has a stainless steel helicoil insert to 
prevent wear and tear on the Delrin threads when they are inserted and removed multiple 
times. These tolerances are tight, so in order to fabricate the parts to spec, the main core 
was cut using a Tormach CNC machine, and the steel rods were milled out using a 
Bridgeport mill.  

In order to attach the carbon fiber arms to the steel rods, eight aluminum brackets were 
machined to allow for a press fit one way bearing, and holes that bolt into the arms. 
(Figure 4.3.1.3) The one way bearings are critical to the design of the quadcopter as they 
allow to arms to fold down after deployment but prevent them from returning to their 
upright position. To reset the arms after a test or to load it into the rocket, the set screws 
on each arm support shaft are loosened, and the entire support rod can rotate to reset the 
arm positioning. At the end of each arm a motor mount is screwed into the carbon fiber. 
(Figure 4.3.1.4) Each mount is a laser cut Delrin sheet, which is strong enough to 
withstand the forces the motor will apply to it, but still light enough to allow the 
quadcopter to fly.  
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The landing legs are thin carbon fiber arms that are mounted to the end of each arm with 
a 3D ABS mount. These parts were not machined due to their complexity, but between 
the eight landing legs were determined to be strong enough to withstand the force of 
CDLE landing. 

In the CDLE core there are four holes drilled that allow the electronics and batteries to be 
attached underneath. These will use bolts and spacers to carry wooden bulkheads that the 
electronics mount to. Surrounding all of the electronics will be a piece of coupler blue 
tube in order to protect the internals of the quadcopter during descent.  

 

 

Figure 4.3.1.1: CDLE Delrin core. 
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Figure 4.3.1.2: Arm support shafts with machined flats. 

 

 

Figure 4.3.1.3: Arm mounting brackets with hole for press fit one way bearings. 
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Figure 4.3.1.4: Delrin motor mounts. 
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4.3.2 Mission Success Criteria 

4.3.2.1 Structural Elements 

 

 

Figure 4.3.2.1.1: CDLE Main Body 

 

The quadcopter main body consists of a 1.5” block of Delrin with 4 big slots cut in it. The 
4 slots allow the carbon fiber arms to pivot around a ⅜ inch hardened steel axle. The axle 
will have flats cut into it, which will enable 8 6-32 screws to act as shaft collars, which 
will stop the axles from shifting during flight. The axles not being able to rotate will also 
ensure that the one-way bearings prevent the arms from moving back up during flight.  
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Figure 4.3.2.1.2: CDLE Brackets 

 

The brackets that will connect the CDLE arms to the axles will consist of 3.2”x1”x .25” 
aluminum bars. To interface with the axle, a ⅜” clearance hole was drilled at the 
proximal end of the quadcopter bracket. To interface with the quadcopter, two #8 screw 
holes were drilled 1” apart from each other, which lines up with a similar pattern on the 
quadcopter.  
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Figure 4.3.2.1.3: CDLE Arm Tubes 

 

The quadcopter has four, 10” long, arm tubes cut from 1” x 1.5” stock carbon fiber tubes. 
Two 0.14” through holes are drilled on the left side of the arm in order to mount to the 
arm brackets, another 0.14” hole is drilled on the right side in order to incorporate a shaft 
that CDLE’s legs pivot on. Two 0.14” holes are drilled into the right of the top face of the 
arm in order to attach the plate that acts as a hard stop for the legs. Finally, three 0.17” 
holes are drilled into the bottom right of the arm in order to mount the motor mount. All 
of these holes are drilled into the carbon fiber using a Carbide Jobbers' Drill Bits for 
Fiber-Reinforced Composites in order to prevent delamination and splintering of the 
carbon fiber tube.  
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Figure 4.3.2.1.4: CDLE Motor Mount 

 

The motor mounts were manufactured to securely hold the motors at the end of the 
quadcopter arm tubes. Each of the four motor mounts were laser cut from Delrin stock. 
The motor mounts are attached to the arm tubes via the three 0.17” holes, and the motor 
is then mounted using the four 0.17” holes.  
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Figure 4.3.2.1.5: CDLE Leg Stop 

 

This plate made from 1.5” x 2.69” of Delrin is used act as the opposing body for the 
landing leg’s hard stop. Two 0.14” holes are drilled laser cut into the plate in order to 
mount it to the top of the arm tube.  
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Figure 4.3.2.1.6: CDLE Landing Leg Upper Mount 

 

The landing leg is mounted to the arm tube via a 3D printed, PLA plastic, landing leg 
upper mount. This component includes a 0.50” OD, 0.26” ID, spacer in order to assure 
the landing legs are far enough away from the arm tube so that they don’t hit the motor 
when they are folded up in the blue tube. At the bottom of the component there is a 0.55” 
OD, 0.36” ID, hole which the carbon fiber landing leg is epoxied into. There are two hard 
stops incorporated into this design so that the landing leg is restricted in its movement; 
one 83.54 degrees from vertical which stops it when it is folded up in the blue tube and 
the other -1.39 degrees from vertical which stops it when it is extended down to its final 
position for landing. In addition, there is a hook-like feature that the spring centered on 
the landing leg shaft rests against in order to deploy the landing leg. 
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Figure 4.3.2.1.7: CDLE Landing Leg 

 

The quadcopters landing legs are cut to 9” from 0.33” OD, 0.25 ID high modulus carbon 
fiber tubing.  
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Figure 4.3.2.1.8: CDLE Landing Leg Cap 

 

The bottom of the landing leg is enclosed in a 3D printed, PLA plastic, cap. This 
component there is a 0.55” OD, 0.36” ID, hole which the carbon fiber landing leg is 
epoxied into. The bottom of this cap is angled 83.53 degrees from the landing leg so that 
when the landing leg is fully extended to its final stop this bottom surface is parallel to 
the arm tube and therefore will create a flat surface for the quadcopter to land on the 
ground.  
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Figure 4.3.2.1.9: CDLE Electronics 

 

The quadcopter electronics bay will consist of laser cut wooden centering rings, and two 
wooden sleds that will fit into pre-cut slots utilizing a finger joint. These two sleds will 
allow for compact and efficient mounting of the ATMOS electronics and other software 
electronics. 

4.3.2.2 Electrical Elements 

The CDLE has several electrical systems. Stable quadcopter flight requires a significant 
amount computation and control. A block diagram of the electrical systems found in the 
CDLE can be found below in Figure 4.3.2.2.2.  

 

Flight Controller: 

A 3DRobotics Pixhawk flight controller will be used for motor control, guidance, 
and telemetry to the ground. An RFD 900 plus radio will be powered from and exchange 
data with the Telem 1 serial port of the Pixhawk. The radio operates near 915 MHz and is 
capable up to 1 watt of output power, ensuring connection to the ground. A 3DR uBlox 
GPS receiver will be powered by and send position data over the Pixhawk’s GPS serial 
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port. The Pixhawk will interface with the MSP430 on the auxiliary electronics board over 
one of the extra UART interfaces.  

 

Auxiliary Microcontroller 

 For safety reasons, and because the Pixhawk has only 6 general purpose IO ports, 
a secondary microcontroller will be used to monitor the status of the CDLE and trigger 
the emergency parachute in failure conditions where the Pixhawk becomes unresponsive. 
For this purpose, a Texas Instruments MSP430FR5969 has been selected. The 
microcontroller will detect separation from the launch vehicle and trigger arm 
deployment. A pressure based altimeter will provide altitude data to the MSP430. It will 
share data with the Pixhawk over a UART. The MSP430 will operate in low-power mode 
for most of the flight and will wake up on hardware interrupts when needed. 

In the event that the MSP430 or the Pixhawk detect a failure condition from 
which the CDLE cannot recover, both have the capability to cut the motors and deploy 
the emergency parachute. The signals to each of the four motor controllers pass through 
this auxiliary board, and the MSP430 has the ability to disable the motors by effectively 
disconnecting this signal from the motor controllers through 4 MOSFETs, one for each 
signal. When the motor controllers don’t receive a signal, the motors will stop spinning, 
giving the MSP430 the ability to shut down the motors. The schematic for the auxiliary 
board is shown below in Figure 4.3.2.2.1. 
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Figure 4.3.2.2.1: CDLE Auxiliary MCU Board  

 

Motors 

 Thrust for the CDLE will be provided by four KDE4014XF-380 brushless motors. 
Four 30-amp electronic speed controllers (ESC) will regulate the voltage applied to the 
motors, thereby controlling the speed of the propellers. The speed controllers will take 
pulse width modulated (PWM) inputs from the Pixhawk flight controller, passed through 
the auxiliary board as detailed above. 
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Power 

 The CDLE motors and flight controller will be powered by two 22.5 volt 6 cell 
lithium-polymer battery with an energy capacity of 2650 mAh each. The main battery 
will be connected to a power distribution harness (PDH) centrally located on the CDLE. 
Power connections will radiate from the PDH to the speed controllers for the four 
brushless motors. The use of a star network topology for the motor power will reduce the 
area of the ground loops and will therefore reduce the EMR from the high current draw of 
the motors. 

A step-down switching voltage regulator will allow the main battery to provide 
the 5V power for the Pixhawk. A 90 amp rated Attopilot Current and Voltage sensor will 
allow the Pixhawk to keep track of energy usage in the main battery. 

As the auxiliary microcontroller is meant to operate semi-independently from the 
flight controller and will be powered by a CR2032 cell battery. For safety and to ensure 
deployment, the igniter for the emergency parachute will also have its own, separate 9V 
battery. 

  

 



 99 

 

 Figure 4.3.2.2.2: CDLE Electronics Block Diagram 

 

Test Plans: 

  

 The Pixhawk, GPS, and radios have been tested on a stock quadcopter. The 
MSP430 code is being debugged from the launch pad breakout board that Texas 
Instruments provides for the MSP430FR5969. The launch pad board will be used for 
preliminary tests of the PWM cutoff, the deployment motor control, and the serial 
interfacing with the Pixhawk and altimeter. We will also verify the functionality of the 
igniter circuit. Test equipment will include a multimeter, an oscilloscope, and a USB to 
UART module for programming the microcontroller. 
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4.3.2.3 Drawings and Schematics 

 

Figure 4.3.2.3.1: Initial CDLE 

 

For CDLE’s beginning configuration both the arms and legs are folded up against their initial 
hard stops. In addition, the caps for the landing legs prevent the propellers from turning sideways 
and possibly conflicting in CDLE’s ejection.  
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Figure 4.3.2.3.2: CDLE inside Launch Vehicle, with Piston 

 

In the CDLE’s beginning configuration it is constrained within the 7.5” ID, 30” tall launch 
vehicle blue tube.  In this orientation the main body of the CDLE which houses ATMOS and 
other software electronics comprises 5.5” of the total height, with another 20.46” being taken up 
by the CDLE’s arms and legs, and the rest of the blue tube section housing the piston that ejects 
the CDLE.  
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Figure 4.3.2.3.3: CDLE Full Deployment 

 

The CDLE is 44.20” wide and 10.95” tall when fully deployed. In this configuration both the 
arms and legs of the CDLE can be seen at full extension due to their respective springs pushing 
them to their ending hard stops. The landing leg caps are oriented so that the eight of them 
provide a surface parallel to the arms, creating a flat surface for the quadcopter top land on the 
ground. 
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Figure 4.3.2.3.4: CDLE Full Deployment 

 

This render of the CDLE shows its configuration when it is fully deployed after it had been 
ejected from the launch vehicle.  

 

 

 

4.3.3 Precision of Instrumentation and Repeatability of Measurement 

The CDLE deployment and control systems will be capable of repeated, precise 
deployments utilizing the onboard software and hardware modules, as well as a 
controlled, repeatable deployment method. 
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The onboard software systems will be capable of utilizing accelerometer, gyroscopic, 
magnetic, and telemetry data to determine the orientation of the quadcopter and to 
determine when the quadcopter comes into the correct orientation as it enters free fall. 
Once this orientation is confirmed by the on-board systems, the flight controller will 
trigger the deployment sequence, extending the arms until they are in their locked 
position, and armed. 

Once these arms are fully extended, the quadcopter will start up the motors and slow 
itself down from free fall at about 18.3 m/s (60 ft/s) to approximately 10 ft/s (3 m/s) and 
utilize the GPS module onboard in order to determine its position within a 10ft spherical 
area. Once the quadcopter has decelerated and GPS position is confirmed, the quadcopter 
will alter its path and proceed to descend towards the landing coordinates provided for 
our landing area (34.891 N, -86.620 W). The quadcopter will take a linear path towards 
this position as it descends until it arrives 10ft above the landing coordinates at a hover. 
At this point, the quadcopter will hold position for 5-8 seconds before descending until it 
comes into contact with the ground, at which point, the motors will spin down, and the 
quadcopter will enter standby. 

The combination of the on board accelerometers and the GPS data will be able to 
determine speed and acceleration within a reasonable margin of error. The quadcopter 
will be able to stop within 50 ft of our intended altitude. 

The quadcopter deploys in a fully repeatable manner, allowing for the possibility of 
rapidly re-deploying the landing system after a successful launch and landing. Upon 
landing, the quadcopter enters standby, proceeds to transmit all collected data to the 
ground station, and shuts down all motors. From this state, we will be able to recover the 
quadcopter, recover the data backup from ATMOS stored on the SD card attached to the 
subsystem, and remove the battery for recharging. Once the battery is charged, the 
quadcopter can be reassembled and redeployed into another suitable rocket. 

Reloading the quadcopter for another launch will be done by simply replacing the battery 
in the quadcopter, and resetting the driving lead screw that controls the position of the 
arms, and loading the quadcopter into the body tube of the new launch vehicle. In the 
event of an abort, the quadcopter will require that the parachute be repackaged and re-
armed in order to allow for the possibility of another deployment. 

4.3.4 Flight Performance Predictions 

The CDLE will be deployed at the apogee of the launch vehicle. The target apogee is 1 
mile, or approximately 5280 feet. Our most current simulation puts our apogee at 5432 
feet. We predict that at apogee the piston will push the CDLE out of the blue tube and 
once free of the tube, the CDLE will unfold. Due to the purely mechanical deployment 
method for both the CDLE arms and legs, both should be deployed fully and forced to 
their hard stops by their respective springs once free of the constraining launch vehicle 
body. Once the arms are fully extended they will suppress the four switches that are 
mounted to the main body of the CDLE, this will indicate proper deployment and will 
complete the circuit that gives power to the quadcopter motors therefore allowing the 
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propellers to begin spinning and initiating controlled descent. The CDLE’s return to 
ground will be guided by the integration of GPS data to ensure that it lands at the 
predetermined location. Due to its controlled descent and fully extended landing legs 
with built in stops, the CDLE should have a soft landing that will ensure that it is 
unharmed and can be deployed and flown again, and that its additional payload, ATMOS, 
is safe along with the data it has collected during the flight.  

 

4.3.5 Workmanship Approach 

Constructing a quadcopter is an endeavor that requires a fairly high level of precision. In 
order to make sure that the quadcopter is balanced, we took great care during our 
fabrication phase. 

For example, the quadcopter body was CNC milled with a 2-axis Tormach CNC milling 
machine.  

 

Figure 4.3.5.1 CNC Milling the Quadcopter Body. 

 

Simpler parts, such as the brackets that connect the carbon fiber arms with the quadcopter 
body, were machined with a 2-axis Bridgeport milling machine.  
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Figure 4.3.5.2: The Quadcopter Arm Brackets. 

 

 

Figure 4.3.5.3: CDLE Motor Mounts. 

The quadcopter motor mounts were laser cut out of ¼” Delrin (acetyl homopolymer) to 
ensure a high level of precision.  

4.3.6 Test and Verification Program 

In order to assure a successful and safe flight, there are a list of tests that should be 
completed before the final launch date. By completing static tests, it provides security 
that the official flight will have a better chance of success. In the unfortunate 
circumstance there is a failure, it will provide good insight on solutions to fix problems 
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that would occur in the official launch beforehand. The tests have been specifically 
designed in order to fulfil the payload requirements and can be viewed in section 4.4. 
Some of the tests that have been performed are deploying the arms and transmitting data 
from the quadcopter to the ground station. 

4.4 Verification – CDLE 

Table 4.4.1: CDLE Verification Plan 

PAYLOAD 
REQUIREMENTS 

How Requirements 
Satisfied  

 How Requirements 
Verified  

Verification 
Statement: 
Analysis Results, 
Inspection, and 
Tests  

The CDLE will fit 
comfortably in launch 
vehicle 

The CDLE arms will fold 
to fit inside LV 

Visual inspection that 
the CDLE fits within 
LV 

Success - Visual 
analysis confirms 
that the CDLE fits  

The CDLE will deploy 
at apogee 

When launch vehicle’s 
altimeter reaches target 
altitude, will activate 
piston that breaks shear 
pistons that hold the 
CDLE in place, allowing 
the CDLE to slide out of 
launch vehicle 

Ground test – we will 
input fake altimeter 
values to simulate 
being at apogee  
Ground test –to ensure 
piston would fire even 
under the weight of 
the CDLE 
Full scale launch - to 
ensure that the CDLE 
deploys at apogee  

Success - Tested 
during Full scale 
test a mock the 
CDLE with the 
same weight 

The CDLE arms will 
begin to unfold after 
being deployed  

After the CDLE deploys, 
the arms will 
immediately deploy 

Ground test - to 
ensure that software is 
functional, we will 
input fake altimeter 
values to simulate 
being at apogee 

Success - Arms 
deployed 
immediately in 
arm deployment 
prototype  

Arms will lock into 
position after 
deployment 

Using a one way bearing 
will ensure that the arms 
lock into position 

Ground tests - to 
verify that the arms 
deploy with enough 
force to lock 
 

Success - Arms 
locked after 
deployment in 
arm deployment 
prototype 
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The CDLE will 
stabilize quickly after 
deployment 

After arms deploy, 
software will auto 
stabilize the CDLE 

Drop test – to simulate 
“10 seconds of chaos” 
after deployment 

To be tested at a 
later date 

The CDLE will 
transmit live flight 
data to ground 
 

The CDLE will use 
transmit data to team 

Ground test  - to 
ensure that 
communications 
working for long 
distances and during 
flight 

Success - initial 
tests with 
software allows 
for proper 
transmission of 
GPS, altitude, and 
velocity data 

The CDLE will 
descend at safe speeds 

Software will ensure that 
the CDLE descends 
safely. 
Software will monitor the 
CDLE flight. 

Drop test – to simulate 
deployment and a 
shortfall, must be able 
to be folded and 
deployed again 

Success - tested 
with test 
quadcopter rig 

The CDLE will land in 
designated landing 
zone 

The CDLE will have 
GPS and an automated 
flight path 

Live GPS with 
overlaid map so that 
team can track the 
CDLE movements 

Success - 
programmed 
mission are able 
to show GPS data 
at ground station 

The CDLE should be 
relaunchable 

Quadcopter should be 
able to be rest into initial 
start state 

Ability to refold arms Success - arms are 
able to be 
refolded in order 
to be deployed 
again 

In case of risk event, 
team should be able to 
initiate kill code 

The CDLE will initiate 
kill code when flight 
deemed unsafe either 
automatically or by RSO  

Fail Safe situations 
will be simulated in 
the software to ensure 
that kill codes can be 
called and executed 

To be tested when 
full prototype is 
completed with 
recovery systems 

 

4.5 Safety and Environment - CDLE 

4.5.1 Safety and Mission Assurance Analysis 

Below is a table that includes all of the potential failure modes that we could anticipate 
with the CDLE. Some failure modes have multiple potential causes and all are listed 
below. There are two columns addressing mitigation; “Prevention Methods” speaks to 
ways we mitigate the failure modes from ever occurring while “Mitigations and 
Controls” addresses how the effects of the failure are mitigated should the failure occur 
despite our best efforts to prevent it. 
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Table 4.5.1.1 - Failure Modes and Effects Analysis 

Failure 
Mode 

Possible 
Causes 

Effect Prevention 
Methods 

Mitigations 
and 
Controls 

Mitigation 
Mode 

 
 
 
 
 
 
 
 
 
 
 

Tumbling 

Broken 
propeller 

 

 
 
 
 
 
 
 
 
 

Unstable 
flight and 

potential for 
unsafe flight 

path 

Landing legs 
double as 
propeller 
protectors 

during CDLE 
ejection 

 
 
 
 
 
 
 
 
 

Emergency 
parachute 

triggered to 
ensure a safe 

descent  

 
 
 
 
 
 
 
 
 

Autonomous 

 

Broken arm 

Arms made 
from carbon 
fiber and the 
arm axles are 

retained with set 
screws 

 

Broken motor 

Prevent debris, 
specifically 

black powder, 
from entering 
CDLE section 

with a perfectly 
sealed piston 

Wire to motor 
disconnected 

Wires will run 
on the inside of 
hollow carbon 

fiber arms 

CDLE is 
unable to 
stabilize 

Test the 
stabilizing 

ability of the 
CDLE prior to 

launch 



 110 

CDLE does not 
recognize its 

mission 

Software 
strategically set 
up to avoid this, 
tests executed 

 

Arm 
deployment 

failure 

 
 

Tangled wires 

 

The CDLE 
is unable to 
deploy and 

fly  

 

All wires on or 
in CDLE will be 

tied down or 
located in the 

arm tubes 

A limit 
switch is in 
place that 
prevents the 
motors from 
activating in 
the folded 
position. 
Emergency 
parachute 
triggered to 
ensure a safe 
descent.  

 
 

Autonomous 

 
 
 

Loss of 
power 

 
 

Battery dies 

 

 
 
 

All motors  

stop, blades 
stop 

spinning,  

CDLE 
begins to 
free fall 

1. Battery is 
checked twice 
for full charge; 

once with a 
voltmeter 

during payload 
insertion and 
once when 

CDLE comes 
online 

 
 

Emergency 
parachute 

triggered to 
ensure a safe 

descent 
(emergency 
parachute 

powered by a 
different 
battery) 

 
 

Autonomous 

Battery is 
disconnected 

Wires for 
battery will run 

on insides of 
carbon fiber 

arms to reduce 
risk of 

disconnection 

Low power Battery at < 5% 
power 

CDLE is at 
risk of 
losing 
power 

Check battery 
for a full charge 

prior to flight 

Emergency 
parachute 

Autonomous 
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(see Loss of 
Power) 

triggered to 
ensure a safe 

descent  

Loss of 
GPS 

Flight 
controller 

disconnected 
from GPS 

CDLE will 
no longer be 

able to 
identify 
where it 

should land 

Wires 
connecting GPS 

and flight 
controller will 

be secured with 
ties 

Emergency 
parachute 

triggered to 
ensure a safe 

descent 

Autonomous 

 
 
 

Unsafe 
flight path 

CDLE is on a 
flight path 

headed for the 
crowd 

Risk to 
spectators 

 

 
 
 
 
 

CDLE 
programmed to 
fly to NASA-
approved GPS 

coordinates 

 
 
 
 
 

Emergency 
parachute 

triggered to 
ensure a safe 

descent 

 
 
 
 
 

Manual CDLE is on a 
flight path 

projected to 
leave the 
property 

Risk to 
personal 
property 

 

CDLE does not 
recognize its 

mission 

CDLE 
begins to fly 

in any 
direction 
that is not 

towards the 
set landing 

location 

Payload 
fails to 
deploy 
from 

launch 
vehicle 

 

Piston failure 

 

CDLE is 
unable to 

perform its 
flight 

objectives 

Ensure that 
there is nothing 

for CDLE to 
catch on and the 

piston is fully 
functional 

 

None 

 

N/A 
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Landing 
legs fail to 

extend 

Landing legs 
catch on wires 
or other loose 
components 

 

CDLE does 
not remain 

upright 
upon 

landing 

 

Check that 
landing legs are 

not restricted 

 

None 

 

N/A 

CDLE 
damaged 
during 

deployment 

Piston jolt or 
black powder 

debris 
adversely 
affects the 

CDLE 

CDLE 
components 
more likely 
to failure or 

perform 
poorly 

 

Ensure that the 
piston is 

creating an 
airtight seal to 
prevent debris 

 

None 

 

N/A 

Emergency 
parachute 
does not 
deploy 

Loss of 
communication 
with the CDLE 

brain 

Any 
emergency 

triggering of 
CDLE will 
not work; 

CDLE free 
falls 

Software is 
designed to 
ensure that 

communication 
will be 

maintained, any 
wiring is 
secured 

 

None 

 

N/A 

CDLE 
connects 
with 
another 
section in 
the air 

Deployment 
sequence at 
apogee goes 
awry 

CDLE is 
likely 

damaged, 
probably 
tumbling 

Deployment 
sequence uses 
the masses of 

each section and 
strategic 

parachutes to 
clear path for 

CDLE 

Emergency 
parachute 

triggered to 
ensure a safe 

descent IF 
CDLE 

begins to 
tumble 

Autonomous 
(should the 
CDLE enter 

a tumble) 

 

The failure modes described in the table above are evaluated for their severity and 
probability in the table below. 
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Table 4.5.1.2 - Failure Modes Severity and Probability 

Failure 

Mode 

Possible 

Causes 

Severity 

Rate 1-
10 

10 = 
Most 

Severe 

Probability 
of 

Occurrence 

Rate 1-10 

10 = Highest 
Probability 

Probability 
of Detection 

Rate 1-10 

10 = Lowest 
Probability 

Risk 
Preference 

Number 

 
 

Tumbling 

Broken propeller 6 4 1 24 

Broken arm 6 1 1 6 

Broken motor 6 2 1 12 

Wire to motor 
disconnected 

6 1 1 6 

CDLE is unable to 
stabilize 

9 4 4 128 

CDLE does not 
recognize its 

mission 

7 2 4 56 

Arm 
deployment 

failure 

Tangled wires 4 1 1 4 

 

Loss of power 

Battery dies 6 1 1 6 

Battery is 
disconnected 

6 1 1 6 

Low power Battery at < 5% 
power 

4 1 1 4 
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Loss of GPS Flight controller 
disconnected from 

GPS 

6 2 1 6 

 
 

Unsafe flight 
path 

CDLE is on a 
flight path headed 

for the crowd 

8 1 4 32 

CDLE is on a 
flight path 

projected to leave 
the property 

7 1 4 28 

CDLE does not 
recognize its 

mission 

7 2 4 56 

CDLE fails to 
deploy from 

launch vehicle 

 

Piston failure 

 

6 

 

1 

 

3 

 

18 

Landing legs 
fail to extend 

Landing legs catch 
on wires or other 
loose components 

2 2 1 4 

CDLE 
damaged 
during 

deployment 

Piston jolt or black 
powder debris 

adversely affects 
the CDLE 

 

3 

 

6 

 

7 

 

126 

Emergency 
parachute 
does not 
deploy 

Loss of 
communication 
with the CDLE 

brain 

10 2 5 100 

CDLE 
connects with 
another 

Deployment 
sequence at apogee 
goes awry 

7 1 6 42 
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section in the 
air 

 

The following failures represent what we believe to be the most likely or the worst 
consequences associated with our failure modes: 

 

1.   The CDLE is damaged during deployment. 

  

The possibility of damage being inflicted upon the CDLE during deployment is one of 
the more likely failures. The piston responsible for deploying CDLE creates a violent jolt 
within the rocket and is dependent upon black powder. While the piston is designed to 
work around the CDLE, it is still possible that the action of the piston affects the piston. 
The propellers are the most vulnerable component of CDLE during the deployment 
sequence. To prevent the propellers from connecting with the inside of the airframe 
during deployment, the landing legs for the CDLE fold up and act as a buffer between the 
airframe and the propellers. The piston exists in the same section of body tube as the 
CDLE, however the black powder charge setting the piston off is located on the opposite 
side of the piston. If the piston creates a perfect seal, there is no chance that the black 
powder particles get into the CDLE’s mechanisms. If the seal is imperfect, there is a 
chance that black powder gets on some of CDLE’s components. The debris could affect 
the deployment of the arms and landing legs. 

 

2.   The CDLE is unable to stabilize itself following ejection from the launch 
vehicle. 

 

The CDLE is going to experience approximately ten seconds of chaotic flight 
immediately following its deployment. This is the most harrowing phase of the 
deployment and flight sequence and the CDLE needs to be able to correct itself and enter 
a stable flight pattern. If the CDLE fails to correct itself, the emergency parachute will 
deploy. The consequences of this failure occurring are minor in the realm of safety, 
however they are severe in the realm of payload performance. If the CDLE’s emergency 
parachute deploys it will no longer be able to accomplish its mission.  In the realm of 
likelihood, this is the most likely spot for the CDLE to run into stabilization trouble. 
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3.   The CDLE connect in air with a descending section of the launch vehicle. 

 

A great deal of thought has been put into the sequence of recovery system deployment to 
prevent the connection of sections. We deploy the nose cone section first, as it is the 
lightest section and must be removed to deploy the CDLE. The nose cone drifts farther 
than our other sections because it is so light and this data suggests that it will not conflict 
with the descent path of the CDLE. The CDLE is then deployed and the motor section 
drogues are ejected to pull the motor section, main parachute section and CDLE sheath 
off of the CDLE. The CDLE is heavier than the sections that will be positioned above it 
so we expect it to fall and deploy safely while the drogues slow the other sections. During 
our full scale test launch, the sections performed as designed and did not connect in 
flight. While this is promising, the tight sequence of deployment events happening at 
fosters a concern for section connection. The consequence of a section connection in 
flight is probable structural damage to the CDLE, including potential damage to 
propellers, arms, or motors. The CDLE would undoubtedly enter a spin and the 
emergency parachute would be deployed to stop the uncontrolled flight. 

 

4.   The arms of the CDLE fail to deploy. 

  

The arms of the CDLE are spring loaded and rely on a one way bearing to stop perfectly 
parallel with the ground. The mechanical nature of the arm deployment makes it one of 
our most reliable CDLE systems. It is extremely unlikely that the CDLE arms would not 
deploy. We foresee that a serious wire tangling event would be the only way to cause the 
arms to remain in the folded position. A limit switch prevents the motors from turning on 
while the CDLE is in the folded position. The emergency parachute firing in this position 
may damage the propellers and create debris in the form of carbon fiber shards, making 
the consequences moderate. 

 

5.   The emergency parachute fails to deploy when it is triggered. 

 

One of the worst failures that the CDLE could experience is the failure of the emergency 
parachute. The CDLE is dependent on this parachute should any failure mode occur. It is 
unlikely that the parachute fails to deploy; the emergency parachute will have redundant 
e-matches and the software will be strategically designed to maintain communicate. 
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6.   The CDLE does not recognize its mission. 

 

In the event that the CDLE does not recognize its mission we anticipate it will do one of 
two things; the CDLE will either fail to power up motors and tumble due to its confusion 
or it will begin to fly in an incorrect direction. In the event of a tumble, the emergency 
parachute will be triggered. In the event of an incorrect flight path, we will be able to see 
via GPS coordinates that the CDLE is veering from the designed path. It is also likely we 
see a visual sign that the CDLE is flying on an incorrect flight path. It is essential that we 
design the CDLE software to be able to recognize when its mission begins and at what 
altitude. The likelihood that this occurs is low, but it is dependent on the workmanship of 
the software. The consequences associated with this failure are moderate to severe, as the 
CDLE is unable to perform its mission and is flying or falling in an unsafe manner in 
either scenario. 

4.5.2 Personnel Hazards 

The hazards related to building materials including epoxy, foam, and paint are now 
irrelevant, as the building Life Cycle phase has come and gone. Some mechanical 
assembly still needs to occur, however the risks associated with nuts and bolts are low. 
The majority of risks to personnel are now going to be testing related. The tables below 
describe the risks still relevant to the project and notes the severity and probability of 
each. 

 

Table 4.5.2.1 - Severity and Probability Scales 

Number Severity of Injury Probability of Occurrence   

1 No injury Very unlikely 

2 Slight Unlikely 

3 Minor Likely 

4 Major Very Likely 

5 Fatality Inevitable 
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Table 4.5.2.2 - Personnel Hazards during Testing Phase of Project Life Cycle 

Personnel Hazard Hazard Mitigation Tactic 

CDLE blades exposed 
during test 

A minimum distance of 50ft will be maintained for all non-
essential personnel. All members involved in testing will keep 
their eyes on the CDLE at all times during flight. . Safety glasses 
will be worn during all CDLE tests. 

CDLE loses power above 
a team member during 
testing 

No team member should be standing directly underneath the 
CDLE while it is in flight. All members involved in testing will 
keep their eyes on the CDLE at all times during flight. . Safety 
glasses will be worn during all CDLE tests. 

Premature ignition of the 
emergency parachute 
while testing failure mode 
responses 

A minimum distance of 50ft will be maintained for all non-
essential personnel. All members involved in testing will keep 
their eyes on the CDLE at all times during flight. Safety glasses 
will be worn during all CDLE tests. 

Autonomous test flight 
test fails to follow 
intended path 

The CDLE will be tethered at all times to prevent the CDLE 
escaping the possession. A minimum distance of 50ft will be 
maintained for all non-essential personnel. All members involved 
in testing will keep their eyes on the CDLE at all times during 
flight. Safety glasses will be worn during all CDLE tests. 

 

Table 4.5.2.3 - Risks Associated with Personnel Hazards 

Personnel Hazard Severity of 
Risk/Injury 

Probability of 
Occurrence 

CDLE blades exposed during test 4 2 

CDLE loses power above a team member during 
testing 

4 1 

Accidental ignition of the emergency parachute 
while testing failure mode responses 

4 1 
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Autonomous test flight test fails to follow intended 
path 

3 1 

 
 

The Northeastern chapter of the the American Institute of Aeronautics and Astronautics 
have developed a series of safety practices and protocols to mitigate personnel risks and 
alleviate concerns.  During the first few weeks of the year our safety manager and 
assistant safety manager created a comprehensive safety presentation that was mandatory 
for all club members to attend before entering the lab.  This presentation included general 
lab safety, reading MSDS sheets, working with different tools and materials, first-aid and 
accident reporting, and finally, signing an agreement to adhere to the rules and safety 
practices in the lab.  In addition, following the presentation, all members of the club were 
required to pass (80%) a 20 question multiple choice quiz on the presentation material 
before being granted access to the lab.   

In the lab, the responsibility of all of the student’s safety is allocated through a hierarchy 
of individuals, with the club mentor at the top.  Beneath him are the safety and assistant 
safety manager, who are present in the lab during all build meetings.  It is their 
responsibility to oversee the four main groups of people in the lab (launch vehicle, 
CDLE, ATMOS, and software), and point out any potential risks, hazards, or unsafe 
behavior.  Beneath the safety officers are the 4 leaders of each of the four groups of 
people as well as the club president, who not only are senior members of the club, but 
have all demonstrated safe lab practice throughout their tenure in the club.  They are 
expected to teach their group members safe lab procedures through kinesthetic learning 
as well as act as role models for the less experienced club members.  They have the 
responsibility of reporting any accidents or noting any unsafe behavior within their group 
to the safety managers so that they can document it and correct the behavior.   

In addition to these general safety procedures, special clearance and supervision is 
needed to work with certain machines in the machine shop.  Only senior members of the 
club who have been trained on any specific machine, either through an online course or in 
person by a professor, are allowed to operate the machines under the supervision of the 
machine shop supervisor.   

Finally, to reduce the risks with storing combustible materials, we have decided against 
storing our rocket motor in the lab, and will have it shipped to Huntsville instead.  This 
will ultimately reduce the risk both in the lab, and during our commute to 
Alabama.  Other potentially toxic or otherwise potentially dangerous materials are stored 
in locked cabinets within rooms in the lab including paints, glues, epoxies, and other 
chemicals.  While only certain members of the club are allowed access to the chemical 
cabinet, it is expected that most members will be able to use most of the following 
products without serious training or special knowledge.  Before using any product, it is 
expected that the safety manager be sure that the individual is familiar with the risks 
associated with the chemical and the proposed mitigations: 
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Table 4.5.2.4: Risks and Mitigations in the Lab 

Material Risks Proposed Mitigations 

Compressed Gas 
Duster 

Harmful vapor exposure, electrical 
shock exposure, contents under 
pressure, contains skin and eye 
irritants 

Use in a well ventilated area with 
proper personal protective 
equipment 

Spray Paint Harmful vapor exposure, contents 
under pressure and flammable, 
contains skin and eye irritants 

Use in a well ventilated area with 
proper personal protective 
equipment. 

Loctite Epoxy Harmful vapor exposure, contains 
skin and eye irritants. 

Use in a well ventilated area with 
proper personal protective 
equipment.  Use skin barrier cream 

Rocketpoxy Harmful vapor exposure, contains 
skin and eye irritants 

Use in a well ventilated area with 
proper personal protective 
equipment. 

Polyurethane 
Liquid Foam 

Harmful vapor exposure, contains 
skin and eye irritants, potential 
organ damage during prolonged 
exposure 

Use in a well ventilated area with 
proper personal protective 
equipment.   

Polyurethane 
Foam System 

Harmful vapor exposure, contains 
skin and eye irritants, potential 
organ damage during prolonged 
exposure 

Use in a well ventilated area with 
proper personal protective 
equipment.   

J-B Weld Twin 
tube 

Harmful vapor exposure, contains 
skin and eye irritants. 

Use in a well ventilated area with 
proper personal protective 
equipment.   
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4.5.3 Environmental Concerns 

The environment concerns related to the CDLE are risks during flight. Some of the risks 
are inevitable because the CDLE is designed to interact with the ground at the time of 
landing. Other risks to the environmental are avoidable. The environmental concerns we 
find relevant to the CDLE are shown in the tables below and the severity and probability 
of each occurring are noted as well. 

 

Table 4.5.3.1 - Severity and Probability Scales 

Number Severity of Risk Probability of Occurrence 

1 No risk Very unlikely 

2 Slight Unlikely 

3 Minor Likely 

4 Major Very Likely 

5 Fatality Inevitable 

 

Table 4.5.3.2 - Severity and Probability Scales 

Environmental Concern Mitigation  

Spinning propellers damage 
crops at time of landing 

The CDLE propellers power off the instant they sense that they 
are no longer descending. This should prevent excessive 
damage to crops or other flora. 

Landing legs damage crops 
at time of landing 

None; landing legs must maintain the orientation of the CDLE 
after landing 
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Debris from CDLE damage 
event litter launch field. 

Prevent violent deployment of the CDLE, prevent the CDLE 
from connecting with other sections in the air 

CDLE lands in the trees 
surrounding the launch site. 

If the CDLE is traveling on a flight path that will take it 
outside the launch site zone the emergency parachute will 
deploy 

 

Table 4.5.3.3 - Risks Associated with Personnel Hazards 

Personnel Hazard Severity of 
Risk 

Probability of 
Occurrence 

Spinning propellers damage crops at time of 
landing 

2 5 

Landing legs damage crops at time of landing 2 5 

Debris from CDLE damage event litter launch 
field 

3 2 

CDLE lands in the trees surrounding the launch 
site 

2 1 

 

 

4.6 Experiment Concept- ATMOS 

4.6.1 Creativity and Originality 

Many creative and original features have been incorporated into the design of ATMOS. 
Most notably, a controlled descent of the sensor suite by mounting it to CDLE has been 
designed. This will allow ATMOS to collect and store much more data than if it was kept 
inside the rapidly falling launch vehicle. This data will include measurements from a 
unique method of determining solar irradiance, an original design to determine the 
atmospheric transmittance of the atmosphere, an innovative process to differentiate plant 
matter on the ground located below the CDLE, and the required NASA SL 2016 
measurements.     



 123 

The ATMOS will also feature two original experimental measurements. First, a Lepton 
FLIR camera will be secured to the bottom of the quadcopter to determine the 
transmittance of the atmosphere. The FLIR will measure intensity through a collection of 
images in the long wave infrared spectrum with wavelengths from 8 to 14 microns. The 
intensity will be recorded as a function of altitude upon descent. Second, a visible light 
camera as well as a Raspberry Pi NoIR camera will be mounted, facing downward, to the 
bottom of the quadcopter. Data from the visible light images and the images in the near 
end of the infrared spectrum taken by the NoIR will be used to calculate the Normalized 
Difference Vegetation Index (NDVI) which acts as an indicator of plant density and plant 
health. These experiments rely heavily on data originated from images as well as an 
optimal solar zenith angle with regard to the solar irradiance sensor and UV sensor. By 
integrating the ATMOS with a quadcopter, AIAA at NEU will collect quality pictures at 
a known orientation with maximum stability, facilitating an atmospheric measurements 
payload that will have the most accurate data possible. 

 

4.6.2 Uniqueness and Significance 

ATMOS will have a broad range of significant scientific applications, including 
collecting temperature data at high altitudes and autonomously identifying the variance 
between topographical features, specifically plant matter. With the calculation of plant 
density, it will be possible to determine the abundance and health of the vegetation. In 
addition to these measurements, the data collected will be wirelessly transmitted to a 
receiver at home base via an RF transmitter while simultaneously being stored on board. 
This will enable the data to be analyzed by the ground team to either confirm or refute the 
hypothesized results. 

By employing the Bosch BME280 environmental sensor, ML8511 UV sensor, TSL2561 
Lux Sensor, an SD card module, an RF transmitter, a visible light camera and a Pi NoIR 
camera, ATMOS will successfully determine more than the required atmospheric 
measurements while remaining well within the mass constraint created by the quadcopter 
lift limit. This sensor suite containing the equipment listed above is projected to be a 
maximum of one kilogram, which demonstrates the lightweight suitability to an 
assortment of aerial vehicles. It is important to note that the entire ATMOS will also be 
relatively compact. The BME280, ML8511, SI sensor, lux sensor, and UV sensor will all 
be mounted to a single breadboard. This compacted design will enable the payload to be 
easily integrated into the framework of the CDLE. The ATMOS system will be equipped 
with cameras for imaging in multiple spectra, allowing for the collection of visual data 
pertaining to the density of plant life in the launch site environment. These innovative 
features and design in conjunction will form an atmospheric measurements payload truly 
unique to the Northeastern team. 
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4.7 Science Value – ATMOS 

4.7.1 Objectives 

There are numerous applications of a self-contained and autonomous sensory drone. 
Some potential uses include surveillance in the fields of agriculture, meteorology, 
military/defense, aerospace, and research. The ATMOS payload gains its versatility from 
its suite of sensors. The sensory system is capable of measuring air temperature, 
humidity, pressure, solar irradiance, UV radiation, surface IR radiation, and atmospheric 
transmittance. This variety of measurements is useful in many fields. The ATMOS can 
assess crop health for agricultural applications, examine weather patterns to help predict 
storms, and determine incident irradiance for the solar energy industry. The objective of 
the ATMOS payload is to verify that small, inexpensive drones can be used to 
consistently and accurately take measurements for these applications. Therefore, the 
ATMOS is intended to be a robust atmospheric measurement sensing system that is able 
to take measurements and photograph its surroundings in the visible spectrum and 
photograph the surface in the infrared spectrum. 

4.7.2 Mission Success Criteria 

The ATMOS payload will be said to succeed in the case that all of its subsystems 
function successfully, collect data at the correct times and transmit the data to the home 
base after landing. Its sensors must take measurements of the atmospheric temperature, 
pressure, relative humidity, incident solar irradiance, atmospheric transmittance and UV 
radiation every second between drone deployment and landing. These measurements 
must be accurate within a certain range. These value are compared to accepted values or 
values obtained from ground-based sensors that are verified as accurate. The following 
table lists accuracy for each component.  

 

Table 4.7.2.1: Accuracy of ATMOS Components 

Measurement Accuracy 

Pressure (mbar) ± 0.25% 

Temperature (ºC) ± 1 ºC  
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Relative Humidity (%) ±3% 

Solar Irradiance (W/m^2)  ±5% 

UV Radiation  ± 1% 

 

The ATMOS also has multiple cameras. One camera will take pictures of the 
surroundings from multiple altitudes. Another will take pictures of the ground in the near 
IR spectrum, and a third will take pictures of the surface in the long wave IR spectrum 
(thermal imaging). The success criteria for these systems include taking the picture at the 
correct altitudes with sufficient clarity so that features such as the horizon and sky can be 
distinguished. For the IR cameras, the system will be successful if multiple regions of 
varying IR wavelengths and intensities can be discerned. This would allow for different 
surface features and topography types such as vegetation, human structures, and surface 
water to be distinguished. However, this data processing is not done on board and is not 
considered in the evaluation of our payload. Finally, the radio communications systems 
are considered successful if the data is transferred quickly and completely to the home 
base after landing. 

4.7.3 Experimental Logic, Approach, and Method 

There are two broad categories of experiments that will be carried out to ensure that 
every aspect of ATMOS is in working order for launch. The first of these is verification, 
which applies to the direct measurements and imaging we will be doing, including 
pressure, temperature, and humidity in addition to infrared and visible spectrum pictures. 
The other category is calibration, which means that indirect measurements will be taken 
and seeing how they correspond with the actual values we are measuring. For instance, 
voltage from a photodiode is being used to measure solar irradiance, so before launch the 
value for irradiance at given voltage must be determined. The second class of 
experiments also involves verifying that the system works, but has the added step of 
calibration due to the extra complexity of measuring things indirectly. The details of each 
experiment will depend upon the system being tested and our access to controlled 
variables to test against. 

Software-based control of the sensors and cameras and storage and retrieval of data have 
already been verified. Following are descriptions of planned tests yet to be carried out. 
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BME Measurements 

The Adafruit BME 280 sensor will be taking direct measurements of temperature, 
humidity, and pressure and returning values in appropriate units, so to test the accuracy, 
measurements will be taken on multiple different days and compared to free and easily 
accessible weather data found online. By extending these tests over a few weeks a variety 
of conditions will be tested and the accuracy of the system in those environments will be 
verified. 

Visible and infrared light pictures 

Pictures from the Raspberry Pi camera and the NoIR camera modules will be used for 
NDVI. These pictures need to be taken at the same time and capture the same area and 
should include both the ground and the sky. The timing will be tested by having both take 
pictures of the same timer and comparing both sets of pictures. Based on this testing, 
appropriate delays can be introduced in the software and the experiment can be repeated 
to improve accuracy even more. The framing will be tested after mounting the cameras. 
Adjustments will never completely align the cameras because they will still be taking 
pictures from different places, so adjustments will be made during analysis to make sure 
that only information from the same places is analyzed. 

UV Measurements 

The ML 8511 UV sensor used to take these measurements will be tested similarly to the 
BME sensor. We will take measurements on different days, including ones with clear and 
with cloudy skies. These measurements can be verified by looking up the UV Index in 
our region on that day, which is linearly related to the UV intensity. Specifically, 
multiplying the index by 25 W/m2 gives the intensity value which we can compare to our 
measurement. It will also be tested by having filters placed over it or light blocked in 
other ways to see how the measurement changes. This will verify that less intense light 
actually results in a lower reading, a key requirement for any successful sensor. 

Solar Irradiance 

This is the first of the indirect measurements to be taken, so the photodiode and 
potentiometer system need to be calibrated. This will be accomplished by varying the 
irradiance on the photodiode and taking measurements with another system, preferable a 
pyranometer. The voltage values from the potentiometer and the irradiance values will 
then be compared to determine what the voltage measurements means regarding the 
irradiance. This will allow for irradiance measurements to be made in a novel way, using 
just a photodiode and a potentiometer. 

 

NDVI 

NDVI is an analysis of vegetation cover that compares intensity of visible and infrared 
light. The effectiveness of our system will be tested by taking pictures that either do or do 
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not include vegetation and pictures that have vegetation in different places. The software-
based analysis will then be run and the results will be compared to the actual pictures to 
see if the system accurately identified where vegetation was or if none was present. 
Based on the results, adjustments to confidence levels in the implementation of the NDVI 
algorithms will be adjusted until an acceptable frequency of false positives or negatives is 
achieved. 

Transmittance 

The final measurement system that needs to be verified prior to launch is the Lepton 
FLIR camera, which will be used to determine the atmospheric transmittance of long-
wave infrared light. Transmittance refers to how much light is able to pass through a 
material and depends upon the material itself and how much of the material the light is 
passing through, according to the Beer-Lambert Law.  

(Eq 4.7.3.1) 

 
For ATMOS, the material will be the atmosphere but the distance the light is travelling 
from the ground will change as the camera moves with the rocket during launch. By 
taking pictures and analyzing the intensity of their pixel values at known distances, the 
absorption coefficient k can be determined through curve fitting in Excel or similar 
software. The effectiveness of the system will be tested by using the exact same method 
except that distance will be changed by moving the Raspberry Pi and the FLIR camera 
down a hallway, pointed towards an IR source. The absorption coefficient found using 
this method will be compared to accepted pre-existing measurements to see if it works. 

4.7.4 Experiment Process Procedures 

Each ATMOS experiment will be individually tested via simulation before launch. The 
atmospheric and solar sensors will be run through several physical simulations, testing a 
wide range of data points to calibrate each sensor, to ensure consistent and accurate data. 
We will also test data timing and collection accuracy via software simulations to ensure 
that ATMOS is aware of how and when to take measurements. The utmost caution will 
be taken in performing all experiments, especially those that involve extreme 
temperatures, UV radiation, or the CDLE. 

As certain setbacks have delayed the manufacturing of the quadcopter, it has been 
impossible to test ATMOS in the field. Therefore, only ground tests have been performed 
thus far.  
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Temperature, Humidity, Pressure 

 

For many of the physical tests, ATMOS will be flown on a prototype quadcopter 
collecting data on temperature, humidity, and pressure during the whole of the ascent and 
the descent.  Mapping the data and its given altitude will allow us to make note of any 
discrepancies with expected data, and we will make calibrations accordingly. We will 
also test the sensor by placing it in various controlled environments and varying 
temperature, humidity and pressure and monitoring the sensor response.  

After the full-scale launch, the file containing atmospheric data will be sent to MATLAB 
and plots such as the altitude over time, temperature, pressure and humidity over altitude, 
and solar irradiance and UV radiation over altitude will be made.  

Imaging  

As with the previous tests, when ATMOS flies on the testbed images will be taken using 
the various camera systems. We want to ensure that the visible spectrum images contain 
both the ground and the sky. In addition to simple ground tests, the effective use of the 
infrared cameras when aimed at the ground from the air will be analyzed.  

 NDVI 

To test whether NDVI is an effective means for locating vegetation, a cucumber plant 
will be placed in front of a pair of cameras, one in the visible spectrum and one in the 
near IR. A visual comparison of the pictures should indicate a stark difference in the 
pictures -- in the near IR a high reflectivity is expected. Using MATLAB, the data at each 
pixel in one spectrum will be compared with that of the other using NDVI. A high index 
value will be marked as vegetation.  

This same process will be applied to each of the full-scale launch picture pairs obtained 
by the RasPi camera and the PiNoIR. The MATLAB will identify regions of high 
vegetation density by converting pixels with high NDVI value to a certain color or by 
mapping NDVI values to a range of colors. 

4.8 Payload Design – ATMOS 

4.8.1 Design and Construction 

The ATMOS payload consists of several electrical components. One Arduino Mega 2560 
microcontroller will be preloaded with the code necessary to take the required data. This 
Microcontroller will be connected to two Raspberry Pi 2 modules. On one of these 
modules, a Raspberry Pi Camera Board will be connected. The second module will have 
a connected Raspberry Pi NoIR Camera Board, and the Arduino microcontroller will 
ensure that pictures are taken by both cameras simultaneously. Also attached to the 
Arduino Mega 2560 will be a Mega protoshield. Connected to the protoshield will be a 
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MicroSD Card Breakout Board where data is logged, an SI1145 UV Sensor to measure 
levels of UV light, a BME280 to measure humidity, temperature, and pressure, an 
MCP9808 Temperature Sensor to more accurately measure atmospheric temperature, and 
a TSL2561 Luminosity Sensor to measure light intensity. Also attached to the protoshield 
are five LED lights to serve as indicators. A red LED serves as an error light to indicate if 
any of the previously mentioned breadboard components are not detected. A yellow LED 
will serve as the all-clear indicator, meaning that all components are detected and 
ATMOS is ready to be armed. A switch is mounted to the breadboard and serves as the 
arming device. Once pressed, an orange LED illuminates, and ATMOS begins to take 
data and write to the SD card, using the position at which it was armed as its initial 
reference position. Once launched, the ATMOS continues to take data, and a blue LED 
indicates that ATMOS has left its initial position. Once ATMOS has landed, a green LED 
indicates that ATMOS has returned to its ground position. 

4.8.2 Mission Requirements 

The  sensors  included  meet  the  requirements  of  NASA  atmospheric  sensor  
payload  challenge:  pressure,  temperature,  relative  humidity,  solar  irradiance,  and  
ultraviolet  radiation.  Measurements  will  be  taken  every  second  during  descent  
and  every  60  seconds  after  landing  for  10  minutes.  This  payload  will  also  take  
pictures  of  the  horizon:  at  least  two  will  be  taken  during  descent  and  3  on  the  
ground.  This  will  all  be  done  to  meet  the  requirements  specified  in  the  Student  
Launch  Handbook.  The  BME280  will  measure  pressure,  temperature,  and  
humidity.  The  luminosity  sensor,  TSL2561,  will  measure  solar  irradiance.  The  UV  
sensor,  SI  1185,  will  measure  ultraviolet  radiation,  and  the  TTL  camera  will  take  
pictures.  All  of  these  sensors  will  meet  the  requirements  of  the  atmospheric  
sensors  payload  prescribed  in  the  handbook. 
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4.8.2.1 Structural Elements 

 
The  images  below  show  all  the  components  of  ATMOS  within  the  CDLE. 

  

Figure  4.8.2.1.1:  ATMOS  integration  with  the  CDLE.  

  

 

Figure  4.8.2.1.2:  ATMOS  integration  with  the  CDLE.  
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Figure  4.8.2.1.3:  ATMOS  integration  with  the  CDLE.  

  

 

Figure  4.8.2.1.4:  ATMOS  integration  with  the  CDLE.  

 

In  Figure  4.8.2.1.1,  the  small  pink  blocks  represent  the  luminosity  and  UV  sensor,  
which  will  be  screwed  to  the  top  of  the  CDLE  so  that  they  are  exposed  to  light  
during  flight.  The  TTL  camera  is  also  mounted  to  the  side  of  the  Delrin  frame  with  
wood  screws  to  take  pictures  of  the  horizon  during  flight  and  after  landing.  
Figures  4.8.2.1.2  and  4.8.2.1.3  show  the  two  Raspberry  Pis  and  the  Arduino  
Mega,  which  will  be  mounted  with  screws,  on  either  side  of  the  wall.  On  the  
Arduino  are  two  sensors  (the  BME280  and  the  MCP9808)  represented  with  pink  
blocks  that  will  be  soldered  to  an  Arduino  protoshield  placed  on  top  of  the  
Arduino.  In  Figure  4.8.2.1.4,  the  cameras  on  the  bottom  of  the  CDLE  will  be  
mounted  with  screws  so  that  they  can  take  aerial  images  of  the  ground. 
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4.8.2.2 Electrical Elements 

In a successful flight, the following should occur regarding the electrical elements of 
ATMOS. Upon being triggered by the Arduino, the Raspberry Pi Camera and Pi NoIR 
Camera should both take pictures simultaneously and store them to their respective SD 
cards. The SI1145 UV Sensor will record the relative amount of UV light being captured 
every second. The BME280 will measure the humidity and pressure of the atmosphere 
every second and record this data. The MCP9808 Temperature Sensor will measure the 
atmospheric pressure every second and record this data. The SL2561 Luminosity Sensor 
will measure the light intensity in the atmosphere and record this information every 
second. All of the aforementioned data will be written to and stored on an SD Card, and 
will be parsed by a MATLAB program upon landing. 
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4.8.2.3 Drawings and Schematics 

Below in Figure 4.8.2.3.1 is a schematic of all of the components in ATMOS and how 
they are to be wired. 

 

 

Figure 4.8.2.3.1: ATMOS Wiring Schematic 

 
The majority of the sensors will be wired to the Arduino with three of the cameras wired 
to the two Raspberry Pis. Two Pis are necessary because there is only one camera module 
on each Pi. The Arduino will send a signal to the Pis at takeoff so that the Raspberry Pis 
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know when to run the code. The lights, described in section 4.8.1, will indicate that the Pi 
is working properly so that we know if there are any issues that need troubleshooting. 

4.8.3 Precision of Instrumentation and Repeatability of Measurement 

Table  4.8.3.1:  Degree  of  precision  of  the  sensors  and  cameras. 
Sensor Degree  of  Precision 

BME280  (mbar/°C/%) .1 

UV  Sensor  (UV  Index) .1 

Solar  Irradiance  (W/m^2) 1 

TTL  Camera 640  x  480  pixels 

Visible  light  camera  (Pi) 5  megapixels 

Pi  NoIR 5  megapixels 

Lepton  FLIR 80  x  60  active  pixels 
 

It  should  be  noted  that  solar  irradiance  could  be  measured  to  a  higher  degree  of  
accuracy,  assuming  we  are  able  to  obtain  more  accurate  measurements  of  voltage.  We  assume  
that  in  our  trials  and  final  test,  that  the  number  of  external  factors  affecting  the  results  (such  as  
the  angle  of  the  sun  relative  to  the  sensors,  and  cloud  cover)  is  large  enough  that  the  data  
beyond  the  decimal  point  will  have  limited  analytical  value.  Therefore,  we  have  opted  to  log  
solar  irradiance  to  the  nearest  integer  value,  and  used  similar  reasoning  to  limit  BME  and  UV  
sensor  readings  to  a  single  decimal  point. 
   All  sensors  show  low  variability  when  tested  and  retested  in  the  same  environment  
under  controlled  conditions.  This  is  important  for  guaranteeing  the  precision  of  our  
measurements  in  uncontrolled  environments,  such  as  the  final  launch.     

4.8.4 Flight Performance Predictions 

Given the success of recent tests of ATMOS and its sensors, it is predicted that ATMOS 
should function as expected on launch day. Assuming that sensors are properly calibrated 
prior to the launch, they are expected to take accurate and precise measurements. 
Assuming all cameras are given proper calibration and flat-field correction before launch, 
they are expected to take the desired images over an adequate span of time during the 
launch and descent of the quadcopter.  

There are some factors that could cause the payload to not behave as expected, however. 
One of these factors is the battery power connected to ATMOS, and whether it will be 
sufficient to keep the payload powered for the duration of the flight, even if the rocket 
has a long wait time on the launch pad. If the payload were to lose power before or 
during the launch, it would collect no data at all. Another potential hazard for the payload 
is extreme weather conditions. While the sensors will be sheltered, they do need some 
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access to the outside conditions, in order to properly measure those conditions. This 
exposure could potentially harm the electronics depending on the weather conditions, 
causing the loss or damaging of all data collected.  

The success of ATMOS, however, hinges greatly on the success of all other components 
of the rocket and quadcopter. If the quadcopter or rocket fail, or if they take sufficient 
damage, ATMOS will be unable to take proper measurements, or could also be damaged. 
Unfortunately, it is unable to function on its own without the conjoint functionality of the 
rocket and quadcopter; therefore, much of the prediction of the success of ATMOS relies 
on the predictions of success of these other components.  

4.8.5 Workmanship Approach 

This payload will be attached to a quadcopter that will be travelling back to earth from 
one mile above its surface; therefore, a solid approach to workmanship is a must. In 
addition to this, the components we are working with are small and very sensitive 
electronics and must be handled with care at all times. This means that all phases of the 
project will require the utmost care and consideration to maintain the integrity of the 
payload and to avoid damage. 

Planning the layout of the payload is complete. The schematics have been drawn up and 
test versions have been made. This provides a good basis for the design of the final 
payload electronics boards. It is important to have a very solid plan before construction 
begins because mistakes could mean damage to the parts. This would mean replacements 
would be necessary and that could affect the timeline of the project as well as the budget. 

We are currently working on construction of the payload. Good workmanship is 
necessary in all areas of this construction. Most obviously, the actual assembly will need 
to be constructed with care using the appropriate tools. Using the wrong tool for the job is 
not only irresponsible and potentially dangerous but, when dealing with sensitive 
electronics, it will also likely harm the systems. Much of the construction will involve 
soldering which is something many of the team members have experience with and know 
how to do safely. 

Good communication also comes into play during construction. With different team 
members working on different parts of the system in parallel it is important that they 
communicate with each other so that everything that needs to get done is completed on 
time. The team members working ATMOS can communicate via group message and also 
have a checklist and schedule available to all team members on Google Drive so that 
when something does get done it can be checked off. 

In addition to good construction practices, good storage practices are important. Since the 
circuitry of ATMOS is delicate and exposed while under construction, extra care must be 
taken to ensure that it is stored safely and securely somewhere easily accessible to team 
members. The team has a space in our storage area that meets all of these requirements. It 
is securely stored on a shelf so that it is also out of the way of general traffic in and out of 
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the storage room. It will be designated as an area specifically to store this payload and 
will be clearly marked to avoid any unnecessary handling of the payload. 

Integration onto the CDLE will also require a great amount of care. This is not only due 
to the nature of the ATMOS payload but also because the quadcopter will have its own 
sensitive electronics and controls that require the utmost care when handling. Both 
groups will have to work together to ensure successful integration of both systems as well 
as integration of the final system into the rocket.  

4.8.6 Test and Verification Program 

To ensure that all of our subsystems operate functionally together, each subsystem must 
be tested and verified that they are to specification. Each sensor has a specified range of 
measurement and precision as found by the manufacturer, and through conditional 
experiments it can be can determined if each sensor is viable for our system. Consistency 
with expected results must be tested through more conditional experiments, which will 
further help us determine its usability. Once it’s established that the hardware works, it 
must be ensured that the communication between the subsystems work correctly. This 
can be done through software simulations that run an altitude parabola making it possible 
to determine if the components are taking reasonable data and the communications are 
occurring at proper times.  

Most of the hardware verifications have been performed, while tests on some of the 
software and communication aspects of the ATMOS must still be tested. Individualized 
tests for each component have been created and judged the results based on information 
from the datasheets and from known information. The tests for the software and 
communication have been designed and will be tested. 

4.9 Verification – ATMOS 

4.9.1 How Requirements Are Satisfied/Verified 
For each of the payload requirements, there is a system in place to measure and meet that 
requirement. The methods of verifying our systems and their precision as specified by 
their respective datasheets are also required. In performing these tests, it can be ensured 
that data collection functions correctly and according to specifications. In the table below, 
we describe each requirement and its method of verification.  

Table 4.9.1.1: ATMOS verification plan 

Payload Requirement Verification 

Pressure Readings taken every ten 
seconds during descent and then 
once every minute after landing 

Pressure readings will be compared to accepted pressure 
vs altitude data. 



 137 

Sensor tested on the ground to verify that measurements 
are taken at the proper time increments. 

Temperature Readings taken every 
ten seconds during descent and 
then once every minute after 
landing 

Place a high precision temperature sensor in areas of 
known temperature and then compare the data to the 
accepted values. 

Humidity Readings taken every ten 
seconds during descent and then 
once every minute after landing 

Change the humidity of environment and see if 
measurements change as expected and reach a wide 
range of values. 

Solar Irradiance Readings taken 
every ten seconds during descent 
and then once every minute after 
landing 

Change the exposure to the sun and see if measurements 
changes accordingly. Also test the extremes to find the 
data ranges of the sensor and precision to see that it 
matches our expected values from the sensor datasheet. 

Ultraviolet Radiation (UV) 
Readings taken every ten seconds 
during descent and then once every 
minute after landing 

Change the exposure to the sun and see if measurements 
change as expected. Also verify data range as specified 
in sensor datasheet. 

At least two pictures during descent 
and three after landing. 

Verify we get adequate images at appropriate times 
during test flight. 

All pictures must be of the horizon 
with the sky in the top of the frame 
and the ground in the bottom 

Simple visual inspection of photos taken during test 
flight. 

Store Data onboard Verify data is on SD card in an easily read format. 

Transmit Data Successful if data is received. 

Vegetation Analysis Receive images and compare visible light to IR light to 
place on NDVI scale. 

Atmospheric Transmittance Data Receive images and analyze images to get reputable 
data. 
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4.9.2 Verification Statement: Analysis Results, Inspection, and Testing 
Verification and analysis has been performed on most of the payload requirements. 
However, the verifications that have yet to be performed are outlined. The Table (##) 
below describes the results of the verification or the description of the process.  

 

Table 4.9.2.1: ATMOS data verification plan. 

Payload Requirement Verification Analysis 

Pressure Readings taken every ten 
seconds during descent and then once 
every minute after landing. 

Pressure readings have been obtained and log 
according to specifications with enough precision to 
notice a difference in height of approximately 1 
meter.  

Temperature Readings taken every ten 
seconds during descent and then once 
every minute after landing. 

Temperature readings have been taken that matched 
given knowledge of the environment. The data also 
met the specifications according to the datasheet. 

Humidity Readings taken every ten 
seconds during descent and then once 
every minute after landing. 

A wide range of humidity readings have been 
obtained, with the ability to reach near the extremes 
(10%-90%) with a precision according to the 
specifications given by the datasheet. 

Solar Irradiance Readings taken every 
ten seconds during descent and then 
once every minute after landing. 

The expected range of .1 Lux to 40,000 Lux needs to 
be tested to show that the values follow a trend that 
correlates to the sun’s known irradiance at specific 
altitudes and angles. 

Ultraviolet Radiation (UV) Readings 
taken every ten seconds during 
descent and then once every minute 
after landing 

We successfully obtained and logged readings taken 
from a UV flashlight that match the specification 
from both the flashlight and the UV sensor. 

At least two pictures during descent 
and three after landing. 

Images were successfully taken at specific intervals 
using the Raspberry Pi. This was successfully tested 
during a software simulation. 
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All pictures must be of the horizon 
with the sky in the top of the frame 
and the ground in the bottom. 

Clear pictures of the horizon were successfully taken 
with the current design. 

Store data onboard.  A data logging system has been created that allows 
for easy post-processing using tools such as 
MATLAB. 

Transmit data. The ability to transmit data wirelessly without a loss 
in information needs to be tested. 

Vegetation analysis. The post-processing software that was developed 
needs to be tested to compare the visible and IR light 
to place on NDVI scale. 

Atmospheric transmittance data.  The post-processing software that will be developed 
needs to be tested to receive and analyze images that 
contain information about the atmospheric 
transmittance. 

 

 

4.10 Safety and Environment – ATMOS 

4.10.1 Safety and Mission Assurance Analysis 
The ATMOS module has very few safety hazards associated with it. Because of its strong 
focus on low-voltage electronic components, it poses little danger to the user or the 
public. The small weight of the ATMOS module reduces the damage that may be done if 
it is dislodged from the CDLE quadcopter. However, being that the ATMOS module will 
be fastened to the CDLE in multiple places, the likelihood of a detachment is very 
unlikely. The CDLE fail-safes will ensure the safety of the ATMOS module.  

Below is a table that includes all of the potential failure modes that we could anticipate 
with the ATMOS. Some failure modes have multiple potential causes and all are listed 
below. There are two columns addressing mitigation; “Prevention Methods” speaks to 
ways we mitigate the failure modes from ever occurring while “Mitigations and 
Controls” addresses how the effects of the failure are mitigated should the failure occur 
despite our best efforts to prevent it. 
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Failure 
Mode 

Possible 
Causes 

Effect Prevention 
Methods 

Mitigations 
and 
Controls 

Mitigation 
Mode 

Component 
detachment 

Poor 
construction 

 

Uncontrolled 
descent of 
debris 

Use extra care in 
fastening 
mounting 
hardware 

None N/A 

Short circuit Miswiring  

 

Battery 
overheating, 
possible 
melting  

Double check 
wiring against 
diagrams; inspect 
battery and feel 
for overheating 

None N/A 

Damage 
from 
ejection 

 
 

Failure 

Mode 

Severity 

Rate 1-10 

10 = Most 
Severe 

Probability of 
Occurrence 

Rate 1-10 

10 = Highest 
Probability 

Probability of 
Detection 

Rate 1-10 

10 = Lowest 
Probability 

Risk Preference 
Number 

Component 
detachment 

2 2 10 40 

Short circuit 3 1 3 9 
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4.10.2 Personnel Hazards 
The ATMOS team has implemented several policies to mitigate personnel risks and 
alleviate any potential safety concerns. During the first few weeks of the year our safety 
manager and assistant safety manager created a comprehensive safety presentation that 
was mandatory for all club members to attend before entering the lab.  This presentation 
included general lab safety, reading MSDS sheets, working with different tools and 
materials, first-aid and accident reporting, and finally, signing an agreement to adhere to 
the rules and safety practices in the lab.  In addition, following the presentation, all 
members of the club were required to pass (80%) a 20 question multiple choice quiz on 
the presentation material before being granted access to the lab. 

 
Because much of ATMOS is coding or wiring, there are not many personnel hazards, 
however, the safety manager and assistant safety manager are present at all meetings and 
point out any potential risks, hazards, or unsafe behavior. In addition, the senior members 
of ATMOS educate the junior members on the correct operation of any lab equipment, 
and supervise their work. All wires are covered in conductive material, and no one is ever 
alone, in case there is an emergency. The electronics used are extremely low-voltage, and 
not able to cause serious harm in case of a mishap.  

4.10.3 Environmental Concerns 
ATMOS on its own acts as a very minimal environmental concern. At most the payload 
could act as litter, or do some damage upon falling, but it being a very small payload and 
having small mass, there is little concern over its potential environmental impact. The 
CDLE and rocket are of greater concern, since it is their failure that could lead to loss of 
parts, or significant debris free-falling and being lost. If ATMOS parts were to somehow 
end up on the outside of the rocket, fragmented chip boards and small metal fasteners 
could be an environmental hazard as they would be difficult to recover. Furthermore, a 
punctured battery would be a chemical hazard to the environment as well. To ensure 
these issues do not occur, recovery subsystems have added redundancy, lessening the 
chance that any ATMOS sensors could be harmed as the pieces of the launch vehicle are 
recovered. Also, all ATMOS parts are fastened securely, decreasing the chances they 
could be dislodged and lost upon landing.  
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5. LAUNCH OPERATIONS PROCEDURE                                          . 

5.1 Recovery Preparation 

 
Due to scheduling conflicts, our previous Safety Officer Nathan Kotler will be unable to attend 
the competition in Alabama and a new Safety Officer has been appointed. Adam Poirier received 
his NAR Level 1 High Power Rocketry certification in the spring of 2015 and received his NAR 
Level 2 High Power Rocketry certification in November 2015. His track record of successful and 
elegant rocket designs got the attention of several older members of the club looking to launch a 
Level 3 rocket. Adam was the perfect candidate to pursue a Level 3 High Power Rocketry 
certification; he is only a sophomore but is equally, if not more, experienced with rockets than 
senior members. Adam became Level 3 HPR certified on March 12, 2015. Adam’s meticulous 
attention to detail and makes him the ideal safety officer for the student launch competition. 

The checklists for each launch operation phase are detailed and then immediately followed by a 
safety and quality assurance table. The table addresses risks to the individuals performing the 
tasks detailed in the checklist by referencing the checklist step the risk applies to and describing 
the mitigation. The table also addresses risks to the crowd or environment should the checklist 
items not be done correctly and safely. Risks to individuals performing launch operations are 
colored in orange. Risks to the crowd or environment should a launch operation not be 
performed correctly are colored in pink. 

Checklist 

The recovery preparation checklist includes the assembly of the rocket, which occurs from the 
bottom up as the parachutes are packed and the e-bays are loaded with black powder. 

1.   Verify that all necessary wadding, parachutes, and shock cord is present. Be sure to have 
two 18-inch drogue parachutes, one 72-inch main parachute, one 48-inch parachute for 
the mock CDLE and one 24-inch parachute for the nose cone section. If possible, bring a 
spare of each size. 

2.   Verify that there is a length of shock cord for the nose cone parachute, emergency CDLE 
parachute, main parachute and drogue parachutes. Verify that the shock cords are 
appropriate lengths, approximately five times the length of the section it will be attached 
to. Check that the shock cord lengths for the aft parachutes have 1.63 inch (41.4cm) 
diameter bulkheads attached near one end of the shock cord. 

3.   Ensure that each parachute has a 12 in x 12 in parachute protector (wadding) with the 
exception of the aft drogues. The aft drogues should have 12 in x 12 in parachute 
protectors cut down to approximately 9 in x 12 in. 

4.   If the components in Step 1 are not already attached to their respective sections, which is 
likely to promote ease of transportation, attach components. Shock cord for the aft drogue 
parachutes should be tied to the U-bolts on the aft bulkhead of the launch vehicle. Shock 
cord for the main parachute attaches to the motor section e-bay and the main parachute e-
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bay. The nose cone shock cord should be attached to the nose cone via a quick link on the 
end of the shock cord. Parachutes should be tied to their respective shock cords via the 
parachute swivel and parachute protectors should be attached to the shock cord between 
the parachute and the blast region. 

5.   Find Robert DeHate. As our mentor, he is his responsibility to handle all black powder 
and electronic matches for us. His assistance is required for Steps 6 through 8. 

6.   Robert DeHate must measure black powder as follows: 

a.   Nose Cone - 1.65g 

b.   Emergency CDLE - 1.25g 

c.   Main - 3.5g 

d.   Drogues - 1.3g each 

e.   CDLE Piston - 1.65g 

7.   Pack drogue parachutes. Follow the parachute folding instructions detailed after the 
recovery preparation checklist. 

8.   Seal bottom of carbon fiber drogue tubes with 1.63 inch (41.4cm) diameter wooden 
bulkheads and secure each with two 2-56 shear screws. 

9.   Pack drogue charges per the charge packing instructions detailed after the recovery 
preparation checklist. 

10.  Insert drogue charge plate and screw into place. 

11.  Connect drogue wiring to motor e-bay. 

12.  Insert batteries to motor e-bay and test electronics. 

13.  Set screw motor e-bay into motor section using 8-32 stainless steel screws. 

14.  Attach main parachute section to motor e-bay with 2-56 shear screws. 

15.  Pack main parachute charge per the charge packing instructions detailed after the 
recovery preparation checklist. 

16.  Insert batteries for main parachute e-bay and test electronics. 

17.  If not already attached, attach main parachute shock cord quick link to main parachute e-
bay. 

18.  Pack main parachute. Follow the parachute folding instructions detailed after the 
recovery preparation checklist. 
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19.  Set screw main parachute e-bay to main parachute section using 8-32 stainless steel 
screws. 

20.  Pack piston charge per the charge packing instructions detailed after the recovery 
preparation checklist. 

21.  Pack emergency CDLE parachute charges per the charge packing instructions detailed 
after the recovery preparation checklist. 

22.  Insert batteries for emergency CDLE parachute and test electronics. 

23.  Pack emergency CDLE parachute and set screw emergency parachute bay to top of the 
CDLE. 

24.  Pack nose cone charge per the charge packing instructions detailed after the recovery 
preparation checklist. 

25.  Insert batteries to nose cone e-bay and test electronics. 

26.  If not already attached, attached nose cone shock cord to nose cone e-bay. 

27.  Pack nose cone parachute. Follow the parachute folding instructions detailed after the 
recovery preparation checklist.  

28.  The launch vehicle is now ready for the payloads to be installed. 

 

Parachute Folding Procedure: 

1.   Lie parachute flat, ensuring that lines are not tangled. Fold parachute into thirds 
repeatedly until reaching a point that you cannot continue folding it into thirds. At this 
point, fold in half. 

2.   Execute a lengthwise Z-fold. 

3.   Roll the parachute up such that the lines remain uninhibited (lengthwise). 

4.   Place parachute protector over the opening of the tube from which the parachute will be 
ejected.  

5.   Push folded parachute into ejection tube such that the parachute protector wraps around 
the parachute and prevents direct contact between the black powder charge and the 
parachute. 
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Charge Packing Procedure: 

1.   Insert e-match into PVC blast cap. 

2.   Pour measured amount of black powder into blast cap, over e-match. 

3.   Compress the black powder with a small chunk of dog barf. 

4.   Cover the blast cap with tape and its contents with masking tape. 

5.   Connect wires to terminals 

Note that Robert DeHate must perform steps 1 and 2 of of the charge packing procedure. 

The biggest risks involved in preparing the recovery systems are related to black powder. Steps 
1-4 of the recovery preparation checklist are low risk, with no safety considerations. The table 
below depicts safety concerns and the actions that must be taken for each checklist step in order 
to ensure safety.  

 

Table 5.1.1 - Safety and Quality Assurances for Recovery Preparation 

Safety 
Concern 

Type of 
Concern 

Applicable 
Checklist 
Steps 

Proposed Mitigation Proposed 
Mitigation 
in Effect? 

Black powder 
handling 

Personnel risk  6, 9, 15, 20, 
21, 24 

Robert DeHate will handle 
the black powder for our 
team, taking precautions 
such as gloves and safety 
glasses. 

Yes 

Introducing 
black powder 

to environment 

Environmental 
Concern 

 

6, 9, 15, 20, 
21, 24 

Robert DeHate will use a 
small funnel to prepare 
black powder quantities, 
filling 2g containers on flat 
surface. 

Yes 

Black powder 
ignition 

Personnel risk 

 

9, 15, 20, 21, 
24 

No mitigation proposed; 
rotary switches that arm e-
bays are difficult to turn on 
accidentally, e-matches 

N/A 
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won’t ignite black powder 
until set altitudes 

This table is used in conjunction with the Recovery Preparation checklist. 

 

Because the risk of igniting the black powder during recovery system preparations is so low, all 
risks are at acceptable levels. All static tests performed during the verification phase of the 
project followed the recovery preparation checklist very closely, and the only developments 
made during the verification phase were ideas on how to make black powder handling and 
measuring safer. The risk of igniting the black powder as we are loading it is negligible, as the 
rotary switch will always be in the unarmed position. If it was in the armed position, the black 
powder would still not ignite because the e-match will only get a signal from the terminal block 
at the preprogrammed parachute ejection altitudes. Contaminating the environment with black 
powder is also concern, however with the use of funnels and small containers the risk is easily 
mitigated. 

The individual responsible for maintaining the safety, quality and procedure checklists for the 
recovery systems preparation is Adam Poirier. Robert DeHate will handle all black powder and 
e-match related operations. 

5.2 Payload Preparation 

After the parachutes have been packed, the CDLE must be inserted into the rocket before the 
rocket can be completely assembled. This checklist assumes that the CDLE remained fully 
constructed with ATMOS and other essential components remaining attached during transport. 

 

1.   Ensure that all ATMOS sensors are secure on the CDLE. 

2.   Connect ATMOS Arduino to the 9-volt ATMOS battery. This powers ATMOS on and 
initiates the ATMOS startup sequence. ATMOS runs self checks and then goes into 
standby mode. 

3.   Ensure that the battery powering the CDLE is fully charged. 

4.   Collapse CDLE into folded configuration. 

5.   Put the CDLE into the rocket carefully. 

6.   Shear screw the CDLE sheath to the nose cone section (above it). 

7.   Shear screw the CDLE sheath to the main parachute section (below it). 
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Though ATMOS is powered on during this phase of the launch operations it poses no threat to 
personnel. CDLE will not be armed until it is on the launch pad, eliminating any propeller related 
safety risks. The payload preparation checklist is essential for ensuring safety during future 
phases of the launch operation. The table below depicts safety concerns and the actions that must 
be taken for each checklist step in order to ensure safety during the launch itself. 

 

Table 5.2.1 - Safety and Quality Assurances for Payload Preparation 

Safety 
Concern 

Type of 
Concern 

Applicable 
Checklist 
Steps 

Proposed Mitigation Proposed 
Mitigation 
in Effect? 

ATMOS 
disconnects 

from the 
CDLE 

Crowd risk 

and 
environmental 

concern 

2 Verify that all connections 
between ATMOS and 
CDLE are secure, all 
hardware accounted for 

Yes 

Battery dies 
in flight 

Crowd risk and 

environmental 
concern 

 

3 

Check manually with a 
voltmeter during payload 
preparation. Confirm that 
battery is fully charge when 
the CDLE is armed during 
Setup on Launcher. 

Yes 

Battery 
disconnects 

upon ejection  

Crowd risk and 
environmental 

concern 

6 Battery wires will be 
position inside the hollow 
tube arms of CDLE to 
lower the chance of wires 
catching. Checks done in 
Step 6 to make sure nothing 
is caught. 

Yes 

This table is used in conjunction with the Payload Preparation checklist. 

 

The individual responsible for maintaining the safety, quality and procedure checklists for the 
recovery systems preparation is Evan Kuritzkes, under the direct supervision of our newly 
appointed safety officer Adam Poirier. Evan Kuritzkes is the CDLE division’s lead member and 
is best acquainted with the CDLE and its integration with the launch vehicle. 
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5.3 Motor Preparation 

 
After the payload is integrated into the rocket, the rocket should be fully assembled using 8-32 
set screws and 2-56 nylon shear screws where separations are required. Once the rocket is put 
together in its entirety, the motor should be loaded per the checklist below. The Cesaroni L1115 
motor is 75mm in diameter, and requires a full assembly to be launch ready.  

 

1.   Secure motor from Animal Motor Works at launch site. Handle with care. 

2.   Locate the 75mm diameter, 4 grain motor casing and the motor retainer ring. 

3.   Before placing motor inside casing, check that casing can easily slide into motor mount 
tube.  

4.   The inert casing is test fit into the casing to ensure that there are not any manufacturing 
defects present; the inert is then removed from the casing for assembly.  

1.   If the inert housing does not fit into the casing easily, sanding may be 
required to remove a taper caused by a manufacturing defect. 

5.   A file or box cutter is used to debur and put a slight chamfer on the internal lip of the 
phenolic inert housing to ensure smooth grain insertion 

6.   Each of the four gain bags are opened, the grains set aside with their O-rings placed 
nearby on a clean part of the work surface.  

7.   Each of the grain O-rings are greased up with O-ring lubricant, with a thin layer applied 
to each of them.  

8.   The nozzle is inserted into one end of the phenolic tube, and the assembly is laid 
horizontally on the work space 

9.   The first grain is inserted into the phenolic tube for the fore end of the casing (opposite of 
the nozzle) and recessed about one half inch into the tube, care is taken to ensure that 
excessive force is not used on the actual grain damaging it 

 .   Note that all of the grains of this motor are the same, and there is not a start or end 
grain/side. 

10.  A greased O-ring is then inserted into the tube, above the previous grain 
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11.  Procedures 9 and 10 are repeated until all of the four grains and O-rings are inserted into 
the inert housing 

 .   If there is not sufficient room to insert the last O-ring into the casing (more than 1/3 of 
the O-ring overhanging the top of the casing) it can be omitted from the assembly 

12.  The motor is then turned vertically and rested on the nozzle, and the insulating disk 
placed on top. 

13.  The three casing O-rings are then greased up with O-ring lubricant and set aside for later 
use 

14.  The smaller of the three casing O-rings is then inserted into the internal groove in the aft 
motor sealing ring, followed by the largest O-ring inserted in the external groove of the 
same part 

15.  The aft motor sealing ring is then placed over the nozzle, with the external O-ring 
towards the fore of the rocket. Enough force is then applied to seat the ring; compressing 
the O-ring and sealing the chamber in the process. 

16.  The 75mm aluminum motor casing is then placed over the top of the motor, and pushed 
down to compress the external O-ring on the aft sealing ring on the motor nozzle 

17.  O-ring lubricant is then spread into the internal hole in the fore sealing ring, on the sides 
and internal face.  

18.  The smoke and tracking grain is removed from its container and placed into the hole in 
the fore sealing ring. 

19.  The last motor casing O-ring is then greased up and placed in the external groove of the 
fore sealing ring. The ring is then inserted into the top of the casing creating a pressure 
seal on top of the insulating disk 

20.  The fore retaining ring is then screwed into the internal threads on the top of the motor 
retainer. It is screwed in all the way, and then backed off one half turn to allow for better 
fitting later on 

21.  The motor is then pushed up until it contacts the upper retaining ring in the motor casing 

22.  The aft retaining ring is then screwed in all the way at the bottom, and then the fore 
retaining ring is tightened to fully compress and sea the motor in the casing. The motor is 
then fully sealed and ready to be inserted into the rocket. 

23.  Insert motor and casing assembly into the rocket motor mount tube 

24.  Screw aft motor retaining ring in, securing the motor into the rocket 
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There is risk to the individual loading the motor is acceptable; the motor is inert and will remain 
so until a source of ignition is introduced. It is imperative that we check that our motor casing 
and retainer are without flaw, as this can affect the safety of the flight. A faulty motor retainer 
could cause the motor to drop out of the rocket in flight or during launch, a clear hazard. 

 

Table 5.3.1 - Safety and Quality Assurances for Motor Preparation 

Safety 
Concern 

Type of 
Concern 

Applicable 
Checklist 
Steps 

Proposed Mitigation Proposed 
Mitigation 
in Effect? 

Threads of 
motor retainer 

cross, loose 
motor retainer 

Crowd risk 

and 
environmental 

concern 

5 Do not cross threads of 
motor retainer. Check 
that you have a correct 
and tight fit. 

 

Yes 

Defective 
casing or 

motor retainer 

Crowd risk and 
environmental 

concern 

 

2 

Look over the casing and 
retainer for defects 
sustained during 
transport. If defects are 
found, secure another 
casing or motor retainer. 

Yes 

This table is used in conjunction with the Motor Preparation checklist. 

 

The individual responsible for the safety, quality and procedures of motor preparation will be 
Adam Poirier. Adam is Level 3 HPR certified, has successfully assembled several 75mm motors. 
The motor we are using at the launch is classified as a Level 2 motor.  

5.4 Setup on Launcher  

The launch vehicle should be inspected and cleared for launch between motor preparation and 
setup on the launch pad. The launch pad procedures are as follows: 

 

1.   The minimum number of people needed to carry the launch vehicle to the launch pad will 
go out to the pad with mentor, Rob DeHate. 
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2.   Slide the rocket onto the 15-15 rail provided, but do not erect the rocket. 

3.   Arm electronic bays via rotary switches, using a flathead screwdriver to turn switches 
into the armed position. 

4.   Arm CDLE by pushing button accessible from exterior of launch vehicle. 

5.   Click second button on the CDLE lap top to finish the arming sequence. 

 

The risks to the individuals setting the launch vehicle up on the launch pad are centered around 
the parachute charges. The armed e-bays could set off the black powder charges, however the 
chances are slim since the e-matches will not go off until the altimeters register a specified 
altitude. There are also measures taken during set up on the launch pad to reduce risks to 
bystanders, included in the table below.  

 

Table 5.4.1 - Safety and Quality Assurances for Setup on Launcher 

Safety 
Concern 

Type of 
Concern 

Applicable 
Checklist 
Steps 

Proposed Mitigation Proposed 
Mitigation in 
Effect? 

Parachute 
charge goes off 
upon arming e-

bays 

Personnel risk 3 No proposed mitigation; 
the likelihood the charges 
are ignited are slim and 
considered an acceptable 
risk 

N/A 

E-bay does not 
arm when 

rotary switch is 
turned 

Crowd risk (if 
parachutes do 
not deploy) 

3 Listen intently to each e-
bay as it is armed, 
making sure that each 
beeps as it is supposed to 

Yes 

This table is used in conjunction with the Setup on Launcher checklist. 

 

The individual responsible for maintaining the safety, quality and procedure checklists for the 
setup on the launcher is Adam Poirier. 
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5.5 Igniter Installation 

The igniter installation happens after the e-bays are armed and before the rocket is erected. 
Install the igniter per the following checklist: 

 

1.   Insert igniter into the motor through the nozzle and push it in until it hits a hard stop. 

2.   Mark the point on the igniter at the bottom of the motor. 

3.   Pull the igniter out of the motor and make a small loop in the igniter directly below the 
mark. 

4.   Reinsert the full length of the igniter. 

5.   Place the motor cap over the end of nozzle. 

6.   Attach each end of the igniter to an alligator clip to finalize the connection. 

7.   Check for continuity by pressing the button attached to the alligator clips (provided). 

8.   Erect the rocket. You are now ready for launch. 

 

The biggest risk to individuals undertaking the motor installation is the accidental ignition of the 
motor. We will be instructed when to set up our rocket on the pad by the RSO and it is his or her 
responsibility to make sure that while we are installing the igniter that no signal to launch be 
received by the launch pad while we are setting up. The risk of such a thing happening is 
extremely low and as we have never heard of or witnessed such an event; we consider the risk 
acceptable. There are no environmental risks related to igniter installation. 
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Table 5.5.1 - Safety and Quality Assurances for Igniter Installation 

Safety 
Concern 

Type of 
Concern 

Applicable 
Checklist 
Steps 

Proposed Mitigation Proposed 
Mitigation in 
Effect? 

Motor 
ignites 

Personnel 
risk 

6 No proposed mitigation; the 
RSO is responsible for 
launching rockets and will make 
sure that there is no active signal 
to the pad. 

N/A 

Rocket 
drifts over 

crowd 

Crowd risk 7 Position launch rail away from 
crowd 

Yes 

This table is used in conjunction with the Igniter Installation checklist. 

 

The individual responsible for maintaining the safety, quality and procedure checklists for the 
igniter installation is Adam Poirier. 

5.6 Launch Procedure 

The launch procedure covers the time between leaving the launch vehicle on the launch and 
locating the launch vehicle sections post-launch. The procedure is as follows: 

1.   Software team must provide the RSO with the CDLE abort system, likely on a laptop. A 
member of the software team, likely software group lead Agamemnon Despopoulos, will 
stay with the RSO during launch to interpret telemetry. 

2.   Make sure that all personnel are a minimum distance of 300ft from the launch pad. 

3.   Alert team members that launch is imminent and that they should attempt to make visual 
contact with sections of the launch vehicle during descent. 

4.   Identify two team members who will be responsible for GPS tracking and retrieval of the 
launch vehicle sections. 

5.   The RSO launches the launch vehicle when he or she deems the launch safe and prudent. 

6.   The software individual with the RSO and the RSO himself will monitor the activity of 
the CDLE, aborting flight if a risk event occurs. For a full list of what we consider to be 
risk events see Section 4.5.1. 
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7.   Wait for the all clear from the RSO to send out retrieval team with GPS tracker.  

8.   Retrieve sections of launch vehicle, making sure that the CDLE has been on the ground 
transmitting for at least ten minutes if the CDLE was not aborted. 

9.   Prepare to perform post-flight inspections. 

The risks associated with the actual launch of the launch vehicle are acceptable. At this point, all 
actions taken are under the purview of the RSO. All that is left for us to do to ensure safety is 
keep our eyes on the rocket and monitor the CDLE telemetry readings, which will tell us if the 
CDLE needs to be aborted. The biggest risks associated with launching are related to the CDLE; 
the rocket had a successful full scale flight and all systems have been proven. CDLE will have 
never performed its mission in its entirety and as such will be the largest variable. The abort 
systems incorporated into the quadcopter will ensure that in the event of an in-flight problem, 
there will be no risk to the crowd. An emergency parachute will deploy and CDLE will descend 
under parachute. See Section 4.5 for additional CDLE safety information. 

Table 5.6.1 - Safety and Quality Assurances for Launch Procedure 

Safety 
Concern 

Type of 
Concern 

Applicable 
Procedure 

Steps 

Proposed Mitigation Proposed 
Mitigation 
in Effect? 

Rocket 
experiences a 
catastrophic 

failure at 
launch 

Personnel 
risk 

5 Step 1 of the launch procedure 
assures that all spectators are a 
minimum safe distance away 
from the launch pad. Maintaining 
a safe distance from the pad is a 
crucial safety measure, so much 
that it warrants its own step in the 
launch procedure. 

Yes; 
included in 

launch 
procedure 

Wind Crowd 
risk 

5 RSO will not launch the launch 
vehicle until a time he or she 
deems it safe. 

N/A 

Parachutes fail 
to deploy 

Crowd 
risk 

5 The launch rail was positioned 
away from the crowd in the 
Igniter Installation phase of the 
launch operations. 

Yes 

This table is used in conjunction with the Launch Procedure. 
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At this stage, the RSO will take over all safety responsibilities. Quality of the launch vehicle was 
maintained throughout all previous launch operations and as such, the quality of the launch 
vehicle should be maintained throughout the flight. The individual responsible for making sure 
that members are ready to assist RSO, visually track the flight, and retrieve the rocket is Jennifer 
Morin. As team lead, it is her responsibility to coordinate the duties of the team during the 
launch.  

5.7 Troubleshooting 

Our main troubleshooting points are related to arming the launch vehicle, the CDLE, and 
ATMOS. The table below provides brief overview of the of the troubleshooting we would have 
to perform should a system not arm or lose communication. The majority of the issues listed in 
the table below will arise during the “Setup on Launcher” phase of launch operations. 

 

Issue Launch 
Ops. Phase 

Division 
Responsible 

Possible Cause Possible Solution 

Ground station 
doesn’t 
communicate 
with Pixhawk 

Setup on 
Launcher 

Software/CDLE 1. The electronics 
are not properly 
connected. 

 

 

2. The battery is 
dead 

 

3. The radio on 
the ground station 
doesn’t work. 

1. Restart electronics 
and check whether 
this resolves the 
issue. If not, take 
rocket off pad and 
check connections 

 

2. Replace battery 

 

3. Unplug and plug 
back in the radio 
from the ground 
station. Restart the 
ground station 
software. If 
necessary, reboot the 
ground station. 
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Sensor data is 
incorrect (i.e., 
reporting 
movement when 
none is present) 

Setup on 
Launcher 

Software/CDLE Sensors are not 
properly installed 

Restart electronics 
and check whether 
this resolves the 
issue. If not, take 
rocket off pad and 
check connections 

Pixhawk doesn’t 
arm FRC  

Setup on 
Launcher 

Software/CDLE Pixhawk is 
improperly 
installed 

Check error message 
reported in the 
ground station. 
Restart electronics 
and check whether 
this resolves the 
issue. If not, take 
rocket off pad and 
check connections 

ATMOS does 
not power up 

Payload 
Preparation 

ATMOS The wire 
connecting the 
afflicted ATMOS 
component has 
been disconnected 
from the battery 

Reattach or resolder 
the connection prior 
to placing the CDLE 
in the rocket. 

E-bay does not 
arm 

Setup on 
Launcher 

Launch Vehicle Wires connecting 
the rotary switch 
to the electronics 
was disconnected 
on one end 

Remove launch 
vehicle from launch 
rail, remove sections 
connected to affected 
e-bay and re-solder 
the connection. 

 

The are no risks associated with troubleshooting the communication and continuity issues. 
Troubleshooting will be dependent on listening to e-bays for beeping and observing the CDLE 
laptop to confirm that all systems are operational. 
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5.8 Post-Flight Inspection 

The post-flight inspections procedure covers the the time after the sections of the launch vehicle 
and CDLE have been retrieved. 

1.   Ensure that all sections have been recovered. 

2.   Have the safety officer, Adam Poirier, examine the rocket for any hazards (i.e., any sharp 
edges, broken batteries, loose parts within the sections). 

3.   Ensure that an official altimeter is accessible, and, if possible, bring it to a NASA official 
to be read.  

4.   Locate the CDLE. Have the safety officer ensure that the propellers of the CDLE are 
stationary and disarmed. 

5.   Have the CDLE lead, Evan Kuritzkes, determine whether or not the emergency parachute 
on CDLE was deployed. 

6.   Have the ATMOS lead, Harry Brodsky, examine the ATMOS sensors and assess for any 
damages.  

7.   Have the launch vehicle lead, Neel Shah, inspect the launch vehicle itself. Beginning at 
the motor section, examine the aft to see if the drogue parachutes deployed properly. 

8.   Examine the main parachute and motor section e-bay to see if the parachute fully 
deployed or if any damages were sustained in the e-bay.  

9.   Check the nose cone e-bay to see if its parachute deployed or if any damage was done to 
the nose cone e-bay.  

10.  After the launch, acquire the data from the ATMOS sensors to analyze.  

After this procedure, ensure that all sections of the launch vehicle and the CDLE have been 
recovered and any debris disposed of properly. 
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6. PROJECT PLAN                                                                      . 

6.1 Budget Plan 

The Northeastern AIAA NASA Student Launch Team budget is as follows: 
Table 6.1.1: Complete NEU AIAA NASA SL Budget. 

ITEM   DESCRIPTION   QUANTITY   PRICE  

LAUNCH  
PAD  
TOTAL  

NON-LP  
TOTAL  

        

Launch  Vehicle          

7.5"  Blue  Tube   Airframe  Body   1   $139.95   $139.95     

7.5"  Full  Length  Coupler   Coupler   1   $91.95   $91.95     

7.5"  Nose  Cone  -  21  in.   Nose  Cone   1   $124.95   $124.95     

Rail  Buttons   Rail  Buttons   2   $1.25   $2.50     

48"  Fruity  Chutes  Parachute   Parachute   2   $126.85   $253.70     

Motor  Mount  Kit   Motor  Mount   1   $14.95   $14.95     

Motor  Retainer   Motor  Retainer   1   $47.08   $47.08     

1/8"  Quick  Link   Quick  Link   10   $3.25   $32.50     

Shear  Pins   Shear  Pins   4   $2.95   $11.80     

Shock  Cord   Shock  Cord   150   $0.92   $138.00     

9in  Reusable  wadding   Wadding   12   $7.44   $89.28     

StratoLogger   Altimeter   10   $58.80   $588.00     

Eye  Bolts   Eyebolts   10   $4.50   $45.00     

G10  Fiberglass   Fins   5   $40.91   $204.55     

18"  Parachute   Parachute   4   $56.90   $227.60     

Rotary  Switch   Switch   6   $9.46   $56.76     

Carbon  Fiber  Tubing   Parachute  Tubes   1   $207.99   $207.99     

L11115   Motor   1   $250.00   $250.00     

72mm  Motor  Casing   Motor  Casing   1   $250.00   $250.00     

      

Quadcopter  Parts/Electronics          

Pixhawk   Controller   1   $199.99   $199.99     



 159 

3DR  uBlox  GPS   GPS   1   $90.00   $90.00     

3DR  900MHz  Radio  
Radio  Set  
(Telemetry)   1   $100.00   $100.00     

Spektrum  DX7s  +  AR8000  
Receiver  

Radio  (Control)  +  
Controller   1   $299.99   $299.99     

Custom  Electronics  

Power  regulation  
and  parachute  
deployment   1   $100.00   $100.00     

External  USB/LED  
LED/USB  port  for  
Pixhawk   1   $20.00   $20.00     

Batteries   6S  LIPO   2   $125.00   $250.00     

Raspberry  Pi   Processor   1   $69.99   $69.99     

Quadcopter  Kit   Prototype  Kit   1   $122.87      $122.87  

Drone  Parachute   Parachute   1   $70   $70     
1/4  in.  x  4  ft.  x  8  ft  PureBond  Birch  
Plywood   Plywood   1   $24.92   $24.92     
1.75'  Thick  Green  Delrin  Acetyl  
Plastic  Sheet  3.25"  X  3.875"  Disc  
Ship   Delrin  block   1   $9.99   $9.99     

1x1x18"  Carbon  fiber  square  tubing   Arms   2   $165.99   $331.98     
KDE-CF155-DP  Propeller  Blades  
15.5"X5.3,  Dual  Edition   Propeller  blades   4   $77.95   $311.80     
KDE4014XF-380  Brushless  Motor  
for  Heavy  Lift   Brushless  motors   4   $118.95   $475.80     

Steel  Ball  Bearing   Ball  bearing   4   $3.28   $13.12     
1018  Carbon  Steel  Precision  
ACME  Threaded  Rod      2   $13.16   $26.32     
Import  1ftx12inx1/4in  thick  acrylic  
plastic     Acrylic  sheet   2   $11.59   $23.18     
Precision  Ceramic-Coated  
Aluminum  Shaft,  1/4"  Diameter,  
48"  Length   Aluminum  shaft   2   $24.48   $48.96     
18-8  Stainless  Steel  Dowel  Pin,  
1/4"  Diameter,  4"  Length   Dowel  pin   4   $6.13   $24.52     
7.5"  x  .080  wall  x  48"  Airframe  Blue  
Tube  

Quadcopter  Blue  
tube     1   $80.96   $80.96     

7.5"  x  .080  wall  x  16"  Coupler  Blue  
Tube  

Quadcopter  Body  
tube   1   $28.75   $28.75     

Plain  Washer  (inch)  A  and  B  X9   Washers   1   $6.64   $6.64     

Hex  Cap  Screw  X4   Hex  Cap  Screw  X4   1   $8.93   $8.93     

Hex  Nuts  Inch  series  x4  
Hex  Nuts  Inch  
series  x4   1   $6.22   $6.22     

Washer  A  x8   Washer  A  x8   1   $8.60   $8.60     
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Lock  Washers  x4   Lock  Washers  x4   1   $7.50   $7.50     

Hex  Machine  screw  nut  x4  
Hex  Machine  screw  
nut  x4   1   $8.50   $8.50     

Cross  Recessed  Pan  Head  
Machine  Screw  x4  

Cross  Recessed  
Pan  Head  Machine  
Screw  x4   1   $8.28   $8.28     

Helical  Spring  Lock  Washers  x58  
Helical  Spring  Lock  
Washers  x58   6   $4.57   $27.42     

Hex  Machine  Screw  Nut  x53  
Hex  Machine  Screw  
Nut  x53   1   $7.20   $7.20     

Cross  Recessed  Pan  Head  
Machine  Screw  x4  

Cross  Recessed  
Pan  Head  Machine  
Screw  x4   1   $11.00   $11.00     

Hex  Machine  Screw  Nut  x16  
Hex  Machine  Screw  
Nut  x16   1   $3.47   $3.47     

hex  machine  screw  nut  x21  
hex  machine  screw  
nut  x21   1   $3.15   $3.15     

Planetary  Gear  Box   Planetary  Gear  Box   1   $60.00   $60.00     

      

Atmospheric  Sensors          

Adafruit  BME280   Hum,  Temp,  Press   1   $19.95   $19.95     

Raspberry  Pi  Camera  Module     Horizontal  Pics   1   $29.95   $29.95     
24x22mm  Monocrystalline  Solar  
Cell   Solar  Panel   1   $4.45   $4.45     

Pi  NoIR   IR  Mapping   1   $29.95   $29.95     

IR  Emitter   Abs.  Spectro.   2   $1.95      $3.90  

IR  Receiver  Diode   Abs.  Spectro.   2   $9.95      $19.90  

9V  Batteries   Power   1   $15.23   $15.23     

Raspberry  Pi  Battery     Power   1   $49.95   $49.95     

Raspberry  Pi  Battery  Cables   Accessory  to  RP   2   $1.95   $3.90     

Serial  Cable  for  Board   Accessory  to  RP   1   $9.95      $9.95  

Raspberry  Pi  B+  &  8GB  SD  Chip   Processing   2   $49.95   $99.90     

Arduino  Due   Processing   1   $49.95   $49.95     

Data  Logger   Data  Storage   1   $9.95   $9.95     

8  GB  MicroSD  card   Data  Storage   1   $6.56   $6.56     

Breadboard   Processing   1   $4.95      $4.95  

6xAA  Battery  Holder   Power   1   $5.00   $5.00     

AA  batteries   Power   1   $10.14   $10.14     
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Support          

Hotel  (4  rooms  for  5  nights)         $2,600.00  

Gas  (2  vans)         $1,000.00  

Tolls  (2  cars)         $280.00  

     
LAUNCH  PAD  
TOTAL  

NON-LP  
TOTAL  

      $5,878.62   $4,041.57  
 

6.2 Funding Plan 

AIAA at NU proposed to pursue project finances through internal funding and external funding. 
Our internal funding plans include submitting budgets to the Northeastern Student Government 
Association (SGA) and applying for Northeastern’s Provost grant. Our external funding plans 
include reaching out to corporate sponsors and launching crowdfunding campaigns.  

Internal funding has increased since the Northeastern NASA SL 2016 Proposal submission. To 
start, AIAA at NU presented an itemized budget to the Northeastern SGA Finance Board and 
requested an equipment fund for the Spring semester. We have been approved for the Spring 
2016 semester.  In addition, AIAA at NU submitted a grant request through the Northeastern 
Provost’s Undergraduate Research and Creative Endeavors Awards. This request was comprised 
of a detailed proposal of the ATMOS system, highlighting the uniqueness and originality of the 
design, proposed measurements, and the academic enrichment gained by students who are active 
in this endeavor. We were granted the Provost and will be using it for building supplies and 
travel accommodations.  

Furthermore, the AIAA at NU Program Coordinator and the Funding Ambassadors have been 
working to establish a Northeastern approved list of companies in the aerospace industry to 
contact. As a result of the Summer I 2015 semester funding campaign, we were excited to 
confirm our first-ever corporate sponsor as Senior Aerospace Metal Bellows. The $250 from the 
sponsorship was used to build three subscale prototypes. To maintain friendly relations, we 
continue to send monthly newsletters to all sponsors. In addition, we launched a crowdfunding 
campaign through Northeastern Catalyst to all friends and members of AIAA at NU. Within the 
first two weeks, we reached our goal of $1000 and initiated our stretch goal of $2000. The goal 
of the Catalyst campaign was to fund all traveling expenses to Huntsville, AL. In the final phase 
of our campaign, thank you letters will be sent out to all donors through our webpage director on 
March, 25, 2016. After this, we will have access to these funds for traveling purposes.   
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6.3 Timeline and GANTT Chart 

The following is the GANTT Chart followed by the NUSPACE team. 

 
Figure 6.3.1 GANTT Chart 

 
 

6.4 Educational Engagement 

6.4.1 Goal of Education and Outreach 

Throughout the course of the year, our team has conducted and assisted with several educational 
outreach programs for middle schools and high schools in our community. Our goal for these 
programs is to convey the sense of excitement and wonder that we all felt when introduced to 
rocketry and space exploration for the first time. To accomplish this, we have continued our 
partnership with Northeastern University’s Center for STEM Education, and have also explored 
new opportunities for outreach. Last year, we collaborated to reach more than 200 middle and 
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high school students. This year, we hoped to go beyond the previous year’s success and engage 
an even larger number of students. 
  
6.4.2 Schedule of Previous and Coming Events 

Event Date (Expected) Number of Students 

STEM Field Trip September 9 22 

NEPTUN Nov. 7, 14 20 

STEM Field Trip November 6 50 

Summer STEM Callback February 19 20 

STEM Field Trip February 26 64 

Tiger Woods Foundation March 12 26 

STEM Field Trip April 1 10 

 
  
6.4.3 Description of Events 

STEM  Field  Trips  -  Paper  Rockets  
 
Northeastern’s Center for STEM Education hosts field trips throughout the year for local K-12 
schools. The schools select two out of the ten activities listed on the STEM website for their 
students to participate in during their visit to campus. When the schools choose to do the “Paper 
Rockets” activity, our organization assists by giving the students a lecture on rockets and rocket 
stability. This activity proves to be very popular with the visiting schools. After our presentation 
to the students, the students divide into pairs to begin construction. The paper nose cone is 
provided to the students, but they have the freedom to design the body and the fins however they 
would like. We help where necessary with the construction, typically helping the students to 
check how airtight their creations are. When construction is complete, the students measure the 
mass and length of their rockets and proceed outdoors to fly. AIAA volunteers time the launches 
so that students can use kinematic equations to calculate the altitude of their flight. To conclude, 
we discuss the results of the flights. Students identify what models worked best, and why. We 
have participated in two of these field trips in the Fall and plan to participate in one more of 
these in April. 
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Caroline Mueller E ‘19 assists two students with fin attachment for their paper rocket 

 

 

 
Students from Bishop Hendricken look up as two paper rockets compete for height  
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Engineering Month: 
 
We had volunteers signed up to visit multiple schools during Engineering Month. Unfortunately, 
due to the snow that fell, and the subsequent snow days, all the teachers cancelled the visits, so 
we were not able to perform any outreach. 
 
STEM Field Trips - Other 
 
As we missed out on teaching a large number of students during Engineering Month, members 
decided to volunteer at STEM field trips, regardless of whether the activities involved rocketry. 
We did not lead these events, but volunteers helped by distributing materials, working with 
students on the activities, and answering questions that students had. At these events, students 
learned what engineering is, and took part in engineering-related activities, such as building 
catapults and snap circuits. 
 
Summer STEM Callback 
 
The summer STEM Callback event is similar to the STEM field trips, but the students who 
participate are returning participants of the summer STEM program (NUSSP). NUSSP is a three-
week program in which middle school students learn about different aspects of STEM, covering 
engineering, biology, chemistry, physics, mathematics, and more. The Callback program is a 
chance for the students to return and reconnect with what they learned over the summer. At this 
Callback, students learned about Industrial Engineering, and took part in related activities. 
 
NEPTUN Classes 
 
We taught two classes on SOLIDWORKS 3D through the Northeastern Program for Teaching 
by Undergraduates (NEPTUN). Members of our club led the class, and students learned the 
basics of 3D modeling by making drawings and building small 3D parts. CAD is a useful skill 
for all disciplines of engineering, and it’s one we feel that students should get exposure to before 
they enter college. 
 
Tiger Woods Foundation Workshop 
 
The Tiger Woods Foundation held a STEM Conference at Northeastern University for students 
and their parents to learn about STEM as a field of study and as a career. We created a workshop 
to teach students about Newton’s laws. We gave students a presentation to cover the basics of the 
three laws, and then had them work on applying what they just learned through the “Newton 
Car” activity from NASA’s Rockets Educators Guide. 
 
 

Boston Museum of Science 
 
We previously had reached out the the Boston Museum of Science to find out if we could assist 
with their programs in any way. However, after discussion, both parties agreed it would be too 
complicated to create some sort of partnership. 
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6.4.4 Overall Status 

 
Currently, AIAA at NEU has volunteered at four STEM field trips, taught two NEPTUN classes, 
and run a workshop the Tiger Woods Foundation STEM Conference. In doing so, we’ve reached 
a total of 202 students. Fortunately, this reaches our goal of 200 students; however, this number 
is much lower than we expected it to be. This discrepancy can be entirely attributed to weather: 
rain prevented a field trip with 50 students from doing paper rockets, and snow days cancelled 
our work during Engineering Month, which would have had an estimated 50-60 students. While 
this weather was obviously out of our control, it’s important for us to recognize that we do live in 
the Northeast, and these sorts of things will happen. For the future, we need redundancy plans. 
One current idea is to have more self-run events, so we have greater flexibility in rescheduling. 
Regardless, we will discuss in the coming months the changes we will make for next year. 
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7. CONCLUSION                                                                        . 

The completion of the Flight Readiness Review demonstrates the team’s determination to realize 
the objectives set before us by the competition and finalize a well-designed, skillfully crafted 
launch vehicle. The main goals of this vehicle is to approach a mile in altitude, deploy a 
controlled descent quadcopter vehicle, and acquire atmospheric data from sensors mounted upon 
the scientific payload as it descends. These ambitious goals have prompted huge success in static 
testing, subscale launches, and a full scale launch as well. From this point forward, the team 
moves to finalize the launch vehicle and prepare for the final mission.  

The launch vehicle, which is 10 feet tall and 7.5 inches in diameter, uses an L1115 motor. 
Apogee will occur at 1 mile, at which point events of the flight begin. The nose cone will 
separate from the sheath section of the launch vehicle with a black powder charge. 
Simultaneously, two drogue parachutes will deploy from the aft of the rocket. The drogue 
parachute deployment alters the flight profile of the launch vehicle, putting it in a prime position 
for the Controlled Descent Landing Experiment (CDLE) to be deployed. After a slight delay to 
gain stability, another black powder charge will ignite, and the piston ejection system will break 
the shear screws and push the CDLE out of the launch vehicle. The arms of the quadcopter will 
then immediately snap into their flight position under the action of torsion springs. 

Once these events occur, the propellers of the quadcopter will begin spinning, keeping the CDLE 
at an appropriate speed and stabilizing descent. As the CDLE descends, the ATMOS scientific 
payload will be taking numerous atmospheric measurements, including temperature, pressure, 
UV, solar irradiance and humidity levels. The CDLE will be guided by GPS to specific landing 
coordinates predetermined by the Northeastern SL team and approved by RSO. Barring any 
major catastrophes, the CDLE will land at the prearranged coordinates, and transmit the on-
board ATMOS to the ground team for analysis.  

The final design that is being submitted for the Flight Readiness Review was formed based on 
knowledge gained during multiple subscale launches, static tests, and the full scale launch. It was 
from these iterations that the design of the motor section was finalized, the electronic bays were 
optimized, and problems encountered were resolved. Since the CDR, areas that needed added 
redundancy, like the aft drogue parachutes, were altered. Furthermore, aspects about the CDLE 
deployment were altered to minimize the possibility of error in the mission.  

The next biggest step in the process of this mission is to complete the construction of the CDLE, 
and perform tests with it to ensure its mechanical movement and ATMOS integration go 
smoothly. Most importantly, the emergency parachute and safety subsystems of CDLE must be 
tested further to guarantee its functionality and viability for the competition. The CDLE and 
ATMOS, if successful, would demonstrate the feasibility of device deployment and data 
collection at high altitudes, and have many further applications.  

Now officially finished with the design process and nearly finished with the testing phase of the 
launch vehicle, the team is eager to accomplish the goals set before it. With the time remaining 
before the competition, the team will be busy ensuring all aspects of the launch vehicle and its 
controlled descent scientific payload are accurate and ready to complete an effective, successful 
mission. 
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Institution Milestone

Section 1 Section 2 Section 3 Section 4 Section 1 Section 2 Section 3 Section 4

AIAA at Northeastern University

Milestone Review Flysheet

Flight Readiness Review

Rail Size and Length (in) 1.5/120 Distance to Stable Velocity (ft)

648

0.58

258

Vehicle Properties

Total Length (in) 120

Diameter (in) 7.5

Gross Lift Off Weigh (lb) 42.2

Airframe Material BlueTube

Fin Material G10 Garolite

Drag 189 N

Motor Properties

Motor Manufacturer Ceseroni Technologies

Motor Designation L1115

Max/Average Thrust (lb) 385.17/251.56

Total Impulse (lbf-s) 1127.4

Mass Before/After Burn 9.7/4.4

Liftoff Thrust (lb) 385

Terminal Velocity (ft/s) 45.6

Recovery Harness Material Kevlar Shcok Cord

72"

Altitude at Deployment (ft) 700

Velocity at Deployment (ft/s)

Altitude at Deployment (ft) Apogee

Velocity at Deployment (ft/s) 0

Stability Analysis Ascent Analysis

5432

42.2
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Recovery System Properties

Dogue Parachutes (Motor Section)

Manufacturer/Model Fruity Chutes

Size 18"

91.3

Center of Gravity (in from nose) 74.7

Static Stability Margin 2.16

Thrust-to-Weight Ratio 9.08

Rail Exit Velocity (ft/s) 68

Static Stability Margin (off launch rail) 2.16

Maximum Veloxity (ft/s)

Maximum Mach Number

Maximum Acceleration (ft/s^2)

Target Apogee (From Simulations)

Stable Velocity (ft/s)

Center of Pressure (in from nose)

Harness Size/Thickness (in) 0.23

Recovery Harness Length (ft) 20

Harness/Airframe Interfaces
Each chute is tied to a separate U-Bolt to the 

bottom of the launch vehicle.

Kinetic Enerfy 

of Each 

Section (Ft-

lbs)
450.4

Recovery System Properties

Main Parachute (Motor and Sheath sections)

Manufacturer/Model Fruity Chutes

Size

59.9

Terminal Velocity (ft/s) 15

Recovery Harness Material Kevlar Tubular Shock Cord

Harness Size/Thickness (in) 0.5

Recovery Harness Length (ft) 40

Harness/Airframe Interfaces
Tied to U-Bolts secured to bulkheads in the 

sheath and motor section.

Kinetic Enerfy 

of Each 

Section (Ft-

lbs)
65.1



Section 1 Section 2 Section 3 Section 4 Section 1 Section 2 Section 3 Section 4

Institution Milestone

Kinetic Enerfy 

of Each 

Section (Ft-

lbs)
71.6

Recovery System Properties

Main Parachute (CDLE)

Harness Size/Thickness (in) 0.23

Recovery Harness Length (ft) 20

Harness/Airframe Interfaces Tied to U-bolt secured to bulkhead on CDLE

Velocity at Deployment (ft/s) 0/unknown

Terminal Velocity (ft/s) 21

Recovery Harness Material Kevlar Shock Cord

Manufacturer/Model Fruity Chutes

Size 48"

Altitude at Deployment (ft) N/A (emergency signal)

Harness/Airframe Interfaces
Tied to U-bolt secured to bulkhead within 

section.

Kinetic Enerfy 

of Each 

Section (Ft-

lbs)
12.3

Recovery Harness Material Kevlar Shock Cord

Harness Size/Thickness (in) 0.23

Recovery Harness Length (ft) 20

Altitude at Deployment (ft) 700

Velocity at Deployment (ft/s) 45.6

Terminal Velocity (ft/s) 15.6

Recovery System Properties

Main Parachute (Nose Cone)

Manufacturer/Model Fruity Chutes

Size 36"

Recovery Electonics

Altimeter(s)/Timer(s) 

(Make/Model)
StratoLogger SL100 Altimeter

Redundancy Plan

The team will employ two StratoLoggers for 

each individual parachute within the rocket. 

Also the team will use two batteries per 

StratoLogger.

Pad Stay Time (Launch 

Configuration)
2 hours

Recovery Electonics

Rocket Locators 

(Make/Model)
Big Red Bee 2 Meter High Powered GPS

Black Powder Mass Main 

Chute (grams)
3

Transmitting Frequencies

Black Powder Mass Drogue 

Chute (grams)

140-150 Mhz

3
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Autonomous Ground Support Equipment (MAV Teams Only)

Capture 

Mechanism

Overview

Container 

Mechanism

Overview

Launch Rail 

Mechanism

Overview



Institution Milestone

The first launch vehicle had the following specifications: 12 lbs., 76.697 in. length, 5.5 in. OD, and flying off of a J530-IM-8 XL. According to flight 

simulations, the launch vehicle had an expected apogee of 3,099 ft. with a velocity of about 56.7 ft/s off of the rod. This first launch vehicle served as a 

vessel for the ATMOS payload, various beta electronics testing the telemetry between the rocket and the ground station, and a unique recovery 

system from the motor system. We lost this launch vehicle, due to an error in the deployment of the four Fruity Chutes 12” drogues from the motor 

section. The second launch vehicle shared marked similarities with the first; however, this was flown off of a J400SS-16. According to flight simulations, 

the launch vehicle had an expected apogee of 1809 ft. with a velocity of about 42.9 ft/s off of the rod. The third launch vehicle flew excellently. To test 

the motor section, a component that we knew would present difficulty, we simplified our design to have: (1) the complex motor section comprised of 

four 12” fruity chutes drogues and (2) one 36” main parachute. Thus, there would only be two independent sections.

Sub-scale Test 

Flights

The launch vehicle had the following specifications: 42.4 lbs., 120 in. length, 7.5 in. OD, and flying off of a L995. According to flight simulations, the 

launch vehicle had an expected apogee of 5,432 ft. This launch vehicle served as a vessel for the CDLE mass simulator, the piston deployment system 

and a unique recovery system in the motor system. The launch vehicle flew excellently. Each parachute ejected at their proper time and the piston 

ejected the quadcopter at the proper altitude. The parachute on the mass simulator also ejected at the proper time. The only failure was a mistake in 

the packing of the main parachute causing the parachute to only partially unfurl and making the motor section e-bay sustain minor damge. However 

all systems worked correctly within the rocket.

Full-scale Test 

Flights

Igniter 

Installation 

Mechanism

Overview

Payload

Overview

Payload 1

The ATMOS is the Atmospheric and Topographical Measurements Optics Suite. The ATMOS will measure, record, and transmit data on temperature, 

ressure, altitude, relative humidity, solar irradiance, and ultraviolet radiation. It will also collect images of the horizon in the visible spectrum and of the 

ground in the infrared (IR) spectrum. The ATMOS is comprised of two main data collecting systems: an Arduino Uno and a Raspberry Pi. All numerical 

atmospheric data collected by the ATMOS is under the domain of the Arduino Uno while any image processing (both visible and infrared) is handled by 

the Raspberry Pi. Any and all data or images will be stored on an SD card on-board the ATMOS, and will be transmitted upon landing.

Overview

Test Plans, Status, and Results

Payload 2

The CDLE is a custom quadcopter that integrates both the science and engineering payloads into a single functional unit. The CDLE integrates the 

ATMOS systems into its own frame and allows for the ATMOS to interface with the ground control station independently of the Pixhawk Flight 

Controller that controls the flight logic for the CDLE. The CDLE works as a deployable mechanism from the rocket, capable of rapidly separating from 

the launch vehicle and deploying on its own means of powered and controlled descent. Once deployed, the CDLE will initiate an autonomous landing 

sequence, allowing for ATMOS to collect scientific data as it completes a powered descent towards a predefined landing site.

We performed static ground tests to investigate the motor section of the launch vehicle, since the motor section of our design was the most complex. 

Using the PerfectFlite DataCap Software, we were able to control ejection tests from a single laptop, allowing for insightful conclusions on the 

Stratologgers hardware and performance. To test its performance, the Stratologger gathered pertinent information on the ambient atmosphere; 

reading off the voltage input, air pressure, and temperature. To test the validity of the Stratologgers that we employed throughout the launch vehicle, 

the team performed static ground tests. This was accomplished by wiring an e-match to the Stratologger and sending a direct command to the

Stratologger. These ground tests were successful.

Ejection 

Charge Tests

Additional Comments
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