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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 and will have a diameter of 7.5 
in (190.5 mm). The mass is estimated to be about 18,984 g with the CDLE payload, which 
accounts for 6 g of the total mass, and the motor, which accounts for 4,404 g 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. 

One of the two payloads contained in the launch vehicle is the Controlled Descent and Landing 
Experiment, henceforth denoted as the CDLE. This experiment explores the possibility of fully 
controlled descent and landing, an idea that Northeastern’s chapter of the AIAA has been 
intrigued with since our founding three years ago. The CDLE, for the purposes of the Student 
Launch competition, is a custom collapsible quadcopter capable of being stored within a 7.5 inch 
diameter launch vehicle and deployed at high altitudes. The CDLE will be programmed to land 
at a specified GPS location within the boundaries of Bragg Farms in Toney, Alabama. The 
CDLE is particularly useful for this competition, as it ensures the safe return and stable 
orientation of our second payload, ATMOS. 

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 PROPOSAL                                          . 

2.1 Changes made in Launch Vehicle 

There have been a few minor changes to the launch vehicle design. The nose cone section will be 
recovered on a 12 in (304.8mm) diameter parachute. In the PDR, an 18 in (457.2mm) was used. 
It was determined that the 12 inch parachute will be sufficient to safely recover the nose cone 
section and will also reduce the lateral drift. The size of the main parachute between the sheath 
and the motor section has also increased to 72 in (1828.8 mm) which will be deployed at 750 
feet. Due to revised masses, it was determined that a 48 in (1219.2mm) parachute would lead to 
excessive kinetic energy at landing. The overall length of the launch vehicle has decreased to 116 
in (2946 mm) from 127 in (3225.8 mm) due to small various changes in the vehicle. Most other 
differences in the updated launch vehicle are due to more specific masses and designs rather than 
design changes. 

2.2 Changes made in Payload 

Changes were made to the CDLE ejection mechanism. The original mechanism had a spring-
loaded lock system that would release when the aft motor drogues ejected. The new mechanism 
is a black powder loaded piston that will push out the quadcopter in the correct orientation and 
will, similarly, release when the aft motor drogues eject. 
 
A higher power radio model was selected for the CDLE. A texas instruments microcontroller 
was incorporated into the design in order to control deployment from the launch vehicle as well 
as to provide backup failure support. A new current monitoring board was selected to deal with 
the higher than stock voltage of the 6 cell LiPo battery. 
 
Several changes were made to ATMOS including the addition of LEDs of multiple colors to 
indicate an error, a standby mode, an armed mode, a data-acquisition mode, and a safe 
landing/sleep mode. One of the horizontal facing cameras, previously a PiCam, has been 
replaced with a TTL serial JPEG camera. Following the failure of a previous model of UV 
sensor, we have replaced our UV sensor with the SI1145 model from Adafruit. 
 
2.3 Changes made in Project Plan 

The overall project plan has not changed since the submission of the PDR. Several tests, such as 
testing of structural strength of CDLE quadcopter arms, have become fully planned out (see 
4.1.1 Test Results). We also have increased verification steps for all aspects of the project and 
plan to introduce further redundancy measures, such as multiple redundant stratologgers on the 
launch vehicle to ensure successful parachute deployment. 
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3. VEHICLE CRITERIA                                                                 . 

3.1 Design and Verification of Launch Vehicle 

 3.1.1 Mission Statement 

The objectives of Northeastern University’s Student Chapter of the American Institute of 
Aeronautics and Astronautics are to (1) design, build, launch, and recover a high-
powered launch vehicle to an altitude of 5,280 ft. above ground level, and (2) deploy the 
CDLE containing the ATMOS that will perform atmospheric measurements during 
descent, including pressure, temperature, relative humidity, solar irradiance, UV 
radiation, vegetation density, atmospheric transmittance and surface topography, (3) run a 
secondary ATMOS in case of RSO opt out of the CDLE program, and (3) safely land the 
CDLE, ATMOS, and all of the pieces of the launch vehicle.  

Success will be achieved once the ATMOS has collected all of the atmospheric 
measurements and taken five successful photos in the correct orientation during the 
descent. In addition, the CDLE will orient itself properly, fly to set coordinates, and land 
in a designated safe location. This descent plan will protect valuable information for 
further analysis upon the CDLE landing and prevent injury. Finally, all pieces of the 
launch vehicle, along with the secondary ATMOS, will land within the designated launch 
field at a safe terminal velocity. 

 3.1.2 Milestone Schedule 

 

 Major Reviews 

 Design 

 Purchase of Materials 

 Verification 

 Manufacturing 

 Flight 
 

Date Milestone 

August 7, 2015 Request for Proposals 

August 19, 2015 Payload Research and Selection Completed 

August 20, 2015 NUSPACE Initiated 
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August 28, 2015 Preliminary Launch Vehicle Design and Recovery Systems Completed 

September 7, 2015 Preliminary Launch Vehicle Design CAD Completed 

September 11, 2015 Proposal Due 

October 23, 2015 Redesign of Launch Vehicle (per changes to payloads) Completed 

October 23, 2015 Design of Subscale Completed 

October 28, 2015 Lateral Drift Calculations Completed 

October 30, 2015 Kinetic Energy Calculations Completed 

November 6, 2015 Preliminary Design Review 

November 9, 2015 Purchase of Subscale Materials 

December 9, 2015 Single Rear Drogue Static Test Completed 

December 19, 2015 All Rear Drogues Static Test Completed 

December 19, 2015 Construction of Subscale Completed 

January 9, 2015 Successful Subscale Flight  Completed 

January 12, 2015 Subscale Flight Data Analyzed 

January 14, 2015 Piston Deployment Test Completed 

January 15, 2015 Critical Design Review 

January 22, 2015 Review of All Subscale Data Completed 

January 22, 2015 Full Scale Plan Completed 

January 29, 2015 Full Scale Prototypes Completed 

January 29, 2015 Stratologger Static Testing Completed 

February 1, 2015 Purchase Full Scale Materials 

February 25, 2015 Construction of Full Scale Completed 

March 7, 2015 Successful Full Scale Flight Completed 

March 9, 2015 Full Scale Data Analyzed 

March 14, 2015 Flight Readiness Review 

April 1, 2015 Integration with CDLE Completed 

April 8, 2015 Integrated NUSPACE Safety Checks Completed 
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April 13, 2015 Launch Readiness Review 

April 16, 2015  Launch Day 
 

 3.1.3 Final Design 

 

 
Figure 3.1.3.1: Launch Vehicle, full view. 

 
Figure 3.1.3.2: Launch Vehicle, motor section view. 
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Figure 3.1.3.3: Launch Vehicle, CDLE section view. 

 

 

Figure 3.1.3.4: Simulation of flight profile. 

Our performance predictions for the full-scale rocket are based upon both subscale test 
flights and OpenRocket simulations. Our subscale was originally intended to reach an 
altitude of a half-mile, as a half-scale model of the full-scale rocket. Our first subscale 
rocket reached an apogee of 2400 feet, which is about a half-mile, confirming the 
predicted flight profile. Subsequent subscale flights went significantly less than a half-
mile due to weather issues, such as low cloud cover due to an oncoming snow storm. 
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Based upon data collected from the onboard avionics and Stratologgers, we confirmed 
nose cone separation on the initial subscale, and successful aft drogue deployment. The 
success of these subsystems confirms the integrity of the full-scale design. The full-scale 
rocket will be flown with a L1115, and according to the OpenRocket simulation, will 
reach an apogee of 5664 feet, which is about 400 ft higher than a mile. While the mass of 
the rocket could be adjusted to fine tune the apogee, this excess is not an issue, as the 
full-scale may be heavier than anticipated. Moreover, inclement weather conditions could 
lower the expected apogee, therefore the extra altitude can acts as a redundancy measure. 
OpenRocket had some difficulty simulating the drift of the full-scale, due to the presence 
of the revolutionary aft drogue recovery system, but hand calculations indicate that all 
components should land within a half-mile radius of the launch rail and follows all 
kinetic energy requirements.   

To verify the subsystems of this complex design, we conducted three subscale launches 
to test vital aspects of the launch vehicle. While the flights were only partially successful, 
we were able to gather vital data as proof of concepts for the full scale competition 
launch vehicle.  

The first launch vehicle had the following specifications: 12 lbs., 76.697 in length, 5.5 in 
outer diameter, and flying off of a J530-IM-8 XL. According to flight simulations, the 
launch vehicle had an expected apogee of 3099 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. Unfortunately, we lost this launch vehicle, due 
to an error in the deployment of the four Fruity Chutes 12” drogues from the motor 
section. At this point, there were too many confounding variables masking the cause of 
this failure. Potential errors could have occurred in the electronics set up, in the blast 
caps, or even in the stratologgers. These errors would be investigated further with another 
subscale rocket. While this launch vehicle did not fly according to plan, certain 
subsystems of the flight adhered to our stipulations for success. First, the ATMOS 
payload, secured within the nosecone section of the launch vehicle deployed at an apogee 
and landed safely. The first section of our launch vehicle was able to separate, bolstering 
the notion that we were able to create intentional separations using the same electronics 
set up with the stratologgers.  Second, the beta electronics, consisting primarily of a 
transmitter, kept telemetry with our software, recording height simultaneously as 
testament to its success. Third, the trapezoidal fin design was confirmed with the 
predicted flight profile. The launch vehicle had a parabolic flight with no wobbles to an 
apogee of around 2000 ft.  

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 recovery 
system in the motor section was vital to the success of the flight; therefore, it was 
necessary to build another subscale to test this. During flight, a wire was shorted, so the 
drogues did not deploy properly. Upon further analyses of the surviving electronics 
aboard the launch vehicle, we also discovered that there was a building error in the main 
parachute bay. Due to a leak, the generated pressure was unable to break the shear pins, 
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releasing the main parachute. However, before launch, we performed static ground tests 
on the motor section using an 18V battery. Due to a low supply of gunpowder, we 
resorted to pyrodex, a substance that we were unfamiliar with. However, the ground tests 
were a wild success. Using 130% of what we would normally use for gunpowder, all four 
12” Fruity Chutes drogues were deployed out of the carbon fiber tubes. Using this data, 
we were able to confirm the feasibility of this design.  

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. It should be noted that a bulkhead 
was splintered during the arming of each blast the ends of the carbon fiber tubes; thus, 
success was defined as the deployment of the three drogues, in lieu of the initial four. 
During flight, the three 12” fruity chutes drogues were deployed successfully, followed 
by the deployment of the main parachute. We successfully created two separations, and 
proved that the motor section was a feasible design.    

The launch vehicle’s thrust system is composed of a composite motor, the Cesaroni 
L1115 motor. The specifications of this motor are listed in Table 3.1 below. The motor 
will be secured in place by a 2.99 in (75.9 mm) motor tube. It will be centered using 7.41 
in (188.1 mm) outer diameter and 2.99 in (75.9 mm) inner diameter centering rings, with 
fin slots on four sides. These structural components will be secured using heat-resistant 
epoxy.  

Table 3.1.3.1: Engine Specifications 

Manufacturer Cesaroni Technologies 

Name L1115 

Diameter 2.95 in (75 mm) 

Average Thrust 1119.0 N 

Maximum Thrust 1713.3 N 

Total Impulse 5015.0 Ns 

Burn Time 4.5 s 
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3.1.4 Requirements Verification 

Requirement  Plan to Address  Verification Procedure 

The launch vehicle will 
reach an apogee of 
5,280 feet 

The launch vehicle will use a 
L115 rocket motor, which 
according to simulations, will 
take the launch vehicle to target 
altitude. 

A full scale of the launch vehicle 
will be launched at least twice to 
ensure that it can reach target 
altitude.  

The launch vehicle will 
be intact, reusable, and 
relaunchable 

The launch vehicle will be 
constructed out of highly 
durable materials such as blue 
tube and carbon fiber to 
mitigate risk of damage. 
Recovery systems have been 
designed to ensure that damage 
is not sustained upon landing. 

The full scale launch vehicle will 
be launched at least two times in 
order to ensure that the launch 
vehicle is reusable and 
relaunchable. Upon recovery, all 
components will be inspected for 
damage and the design will be 
reassessed as necessary.  

The launch vehicle will 
be able to sit on the 
launch pad for one 
hour with full 
functionality of all 
launch components. 

All electronics will be powered 
by batteries in the launch 
vehicle and will have enough 
charge to ensure function for at 
least one hour.  

Upon recovery the team will 
inspect each section to ensure that 
all systems functioned properly. 

The launch vehicle can 
be prepped for launch 
within two hours. 

All circuitry will be controlled 
by switches accessible from 
outside of avionic bays to 
ensure simple activation 
procedures. The CDLE will 
have a guiding mechanism to 
ensure ease of insertion into 
sheath. 

The launch vehicle team will 
become familiar with the 
preparation of the launch vehicle 
and practice preparation before the 
competition.  

 

3.1.5 Workmanship Approach 

The quality of our workmanship is directly related to the success of the launch vehicle. 
The quality of every component affects every subassembly, the quality of every 
subassembly affects every assembly, the quality of every assembly affects the 
corresponding system, and the performance of that system contributes to the performance 
of the project as a whole. Knowing this, it is essential to maintain high standards during 
the manufacturing and assembly of the launch vehicle. Prior to any construction, a plan 
and timeline are put in place to prevent confusion during manufacturing and assembly. 
The plan details what machines will be used to cut materials, what materials should be 
sanded, and so on. The timeline details when the actions noted in the plan will be 



16	  
	  

executed. The majority of our workmanship decisions are reflected in the construction 
plan and a great deal of thought goes into each manufacturing and assembly decision.  

For example, when constructing the launch vehicle, we will be utilizing a vertical band 
saw to cut the sections of blue tube destined to make up the airframe. While the vertical 
band saw is not the most precise method of cutting this material, it is the safest option we 
have available to us. In order to ensure that the sections line up, a line will be drawn 
perpendicular to the cut line marked on the blue tube. This ensures that the launch vehicle 
will always be perfectly lined up regardless of errors made on the bandsaw. Guaranteeing 
that the launch vehicle is in line reduces the possibility of adding drag not originally 
factored into the simulations.  

The regions where subassemblies of the launch vehicle are most likely to fail are places 
where there are fasteners, which can be permanent (adhesives) or temporary (screws). 
The most common form of adhesive utilized in our launch vehicle assembly will be 
Loctite Instant Mix Epoxy. This epoxy sets in five minutes, allowing us to quickly check 
to see if enough epoxy was applied to secure the assembly in question. We are then 
capable of quickly increasing the amount of epoxy on the components or adding epoxy in 
other locations to strengthen the assembly. Ensuring that the epoxy hardens correctly is 
essential to ensure that the assembly is durable and flight ready.  

It is critical that we note the different applications for epoxy. For example, the adhesive 
applied to the motor mount tube needs to be able to withstand a high temperatures while 
also maintaining a solid bond. Loctite Epoxy can withstand 302 degrees Fahrenheit for 
short periods of time, but other epoxies like JB Weld can withstand up to 550 degrees 
Fahrenheit. We always make sure to use the more appropriate materials where applicable.  

Where possible and necessary, all screw-nut-washer combinations are epoxied together. 
This practice is most commonly found on our parachute bulkheads, where the parachute 
shock cord is fastened to a quick link and linked to the eyebolt in the bulkhead. The 
eyebolt and bulkhead are subjected to the force of the parachute deploying, prompting us 
to epoxy the screw-nut-washer portion of the eyebolt together to prevent the chance of 
any failure. By analyzing possible points of failure, we are able reinforce sections as we 
see need be in order to create the safest and most successful launch vehicle that we can. 
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3.1.6 Additional Testing Planned 

The team plans to conduct a static test for the piston ejection mechanism to verify that the 
deployment system for the quadcopter is functional. This will allow the team to gain 
working knowledge of the system and how it works before the launch vehicle is flown 
with this system. All parachutes will be static-tested before flight so that the team can 
ensure that each parachute will deploy in the air. All ATMOS systems will be tested 
before launch to check functionality, as well as all electronics in the avionics bays. 
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3.1.7 Additional Testing Planned 

The full-scale launch vehicle will be constructed in separate subsystems. The main 
subsystems include the nose cone section, the avionics bays, the sheath and the motor 
section. Each avionics bay will be constructed using a small section of coupler tube and 
body tube. Each avionics bay will contain two stratologgers, and a GPS tracker, mounted 
on a wooden sled. The avionics bays will contain Faraday cages made out of aluminum 
foil to prevent signal interference. The blasting bulkheads for the avionics bays will be 
created by mounting blast caps on the bulkheads with screws, and terminal blocks with 
two part epoxy. The bulkheads will be secured and tightened using threaded rods and 
nuts.  

The sheath will be a hollow section of body tube and will contain three linear slides for 
the CDLE ejection. The slides will be mounted with approximately 64 metric screws 
interfacing with the inner surface of the body tube. The nose cone section will simply be 
the nose cone mounted onto a piece of body tube with set screws. It will be sealed off 
with a bulkhead and connected with a parachute. The motor section will be created by 
mounting two carbon fiber tubes inside of the body tube. The carbon fiber tubes will be 
centered using centering rings, custom manufactured by a laser cutter. A blue tube motor 
mount will be epoxied into the centering rings, as will the fins. The fins will be cut on a 
vertical bandsaw and sanded with a belt sander. A motor retainer will be attached using 
JB weld. 

3.1.8 Design Integrity 

 

Figure 3.1.8.1: Fin Stress Simulation 

The fins will be made out of G10 garolite. These fins were designed to minimize von 
Mises stress, which is used to predict yielding of materials under any loading condition 
from results of simple uniaxial tensile tests. In order to minimize von Mises stress, the the 
team made the fin shape a symmetrical trapezoid. This design concentrates stress on the 



19	  
	  

bottom two corners of the fin, a diagram of this is shown above in Figure 3.1.8.1.1. The 
bottom edge of the trapezoid will be epoxied into the centering rings around the motor 
section, and therefore will be able to take a large amount of stress caused by flight. The 
low angle on the fin prevents excessive pressure from building up. The straight edges 
make machining the fins much simpler than more complex designs, because the team cuts 
the material on a bandsaw. This design allows for simple laminar flow across the fin. 

Blue tube is used for the majority of the body section of the launch vehicle. This material 
is stronger than phenolic tubing, resists abrasion, and is extremely durable. Furthermore, 
this material is easy to cut and sand to optimize the body section fit. The nose section is 
capped by a plastic (polypropylene) cone, which is sturdy and light. The nose cone is also 
hollow, and therefore created a space in which some preliminary electronics were placed 
for subscale testing. The centering rings and bulkheads used throughout the launch 
vehicle are made of wood. This allows for easy, accurate laser cutting of the sections. The 
wood is strong and adds minimal weight to the vehicle itself. At the back of the launch 
vehicle there are two carbon-fiber tubes from which drogue parachutes will be deployed. 
The carbon-fiber tubes are lightweight, strong, and available in the necessary inner 
dimension size. The fins are made of fiberglass, making them lightweight and sturdy 
upon impact. 

Many important construction protocols will be adhered to during the fabrication of the 
full scale launch vehicle. Blue tube is the primary body tube used and will be cut on a 
vertical bandsaw in order to ensure clean cuts. Coupler tube and the G10 garolite for the 
fins will also be cut on the vertical bandsaw. The fins will be sanded using a belt sander 
to remove imperfections. The adhesive used during construction of the rocket will be 
two-part epoxy; it is used to attach blocks to bulkheads, coupler tube to body tube, and is 
also used to mount the fins. J-B Weld will be used to attach the motor retainer to the 
motor mount tube because J-B Weld can resist higher temperatures than the epoxy. All 
wire connections will be soldered and covered in plastic sheathing in order to prevent 
shorts in the circuit. All circuit sections will be checked with a multimeter for continuity 
in order to ensure that all circuits are functioning properly. 

The motor propellant lies within a casing, surrounded by a metal motor tube. Surrounding 
the casing is a 72 mm section of blue tube making it strong and insulated from the rest of 
the rocket. At the top end of the blue tube are three wooden bulkheads epoxied to the 
tube, ensuring that the force of the motor does not push back and break out of its casing. 
The blue tube is held in place by three centering rings that match the outer diameter of 
the motor casing and the inner diameter of the blue tube. At the end of the motor casing is 
a motor retainer, preventing the section of the motor containing the propellant from 
sliding out of its position. 

Various verification protocols will be conducted during the construction of the full scale 
launch vehicle. The initial verification procedure will be static in-lab tests in order to 
ensure that all separations occur as anticipated in a controlled setting. This includes a 
small-scale prototype of the piston ejection system that will be constructed for ground 
tests. At a launch field, with a RSO standing by, ground tests will be conducted using the 
avionics for the full scale. The avionics systems shall also be fully inspected, verified and 
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ground-tested before launch. All circuits and igniters will be tested with a multimeter in 
order to ensure continuity. In accordance with NASA competition guideline, a full-scale 
launch will be conducted before March 14th, in order to ensure all systems work as 
predicted. Verification protocols will be created to ensure that all subsystems and 
payloads are correctly loaded into the rocket before launch. The rocket has a launch rail 
stability of 2.12 cal. Team members from the launch vehicle group will inspect each 
component of the rocket, according to protocol in order to verify everything is in order 
before launch. 

Electronics Verification Objectives: 
•   Test all components for continuity 
•   Test all components individually on the ground 
•   Test full avionics system on the ground 
•   Static-fire recovery systems on the ground-testing avionics  

 
Launch Objectives: 

•   Inspect every subsystem of launch vehicle prelaunch 
•   Verify location of set screws and shear pins 
•   Verify location of all black powder blast caps 
•   Static-fire piston prototype on the ground 
•   Static-fire each separation on the ground    

3.1.8.6 Drawings, LV, Subsystems 

 
Figure 3.1.8.6.1: Dual drogue parachute recovery system housing. 
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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 Ebay 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 Ebay 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 Flexlock 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* 
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43 Shear Screw 4 0.000 0.000 
44 Nose Cone Parachute 1 0.624 0.624 
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 
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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 
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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This estimate is based off of the CAD simulation of the rocket. The mass of each part is 
taken from the specifications given by the manufacturer. This provides an accurate 
estimate of the launch vehicle’s final mass. The mass is expected to grow with the 
addition of the weight of epoxy. This is budgeted within this predicted mass with an 
added mass of 11.0 lbs (5 kg) distributed within the sections. The margin for added 
growth on top of this amount is small, with only a 2.2 lbs (1 kg) margin to achieve 
predicted apogee. 

3.1.9 Safety and Failure Analysis 

To ensure the safety of all members, a comprehensive and standardized system for 
conducting safety analysis was created to ensure a safe and successful process in both the 
lab and at the launch site.  For the purposes of consistency, the following definitions will 
be applied for all safety and hazard analysis: 

Figure 3.1.9: Definitions for safety and hazard analysis 

Severity  Definition 

Catastrophic Results in loss of system 

Hazardous 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 
Improbably 

The probability of occurrence is negligibly close to 0.  We do not expect that the 
event could ever occur 

 

  



25	  
	  

3.2 Subscale Flight Results 

3.2.1 Onboard Data 

On the first subscale flight, data was gathered during the test in two different ways. The 
first way data was gathered was through the stratologger in the nose cone, which 
recorded the maximum altitude reached. This was recorded after the flight as 2470 ft. 

Data was also recorded with the CDLE test payload. The test payload consisted of the 
CDLE flight controller, GPS module, radio, and battery. This payload was setup to record 
large amounts of data, including velocity, altitude from the gyro and accelerometer, 
position from the GPS, and the signal strength of the radio connection to the ground 
station. All this data would be recorded onboard the CDLE test payload itself. However, 
during the flight, the parachute for this section failed to deploy, and the payload was lost, 
including the data that was being recorded in flight. 

Some limited data from the CDLE test payload was being transmitted to the ground 
station, as part of its normal functionality, but was not being recorded. Several things 
were learned from this. The radio link stayed functional for the entire flight, from launch 
to apogee, and through freefall. Tumbling of the CDLE test payload was observed on the 
ground station, as expected and reflected in reality. Finally, the altitude readout on the 
ground station increased during launch, but stopped at 621 feet. 

3.2.2 Predicted versus Actual Flight Data 

The altitude recorded by the stratologger in the nosecone of the vehicle recorded a 
maximum altitude of 2470, while the altitude predicted with the sim was 2600.  

The data from the CDLE payload did not necessarily have predicted results. Its purpose 
was mainly to record data, verifying that sensors functioned as they should and that radio 
contact could be kept during the entire flight. The constant radio connection is vital, as 
CDLE is designed to not deploy if it does not have radio connection. Through the ground 
station, this radio connection was verified, and it will be further verified with longer 
distances. 

Sensor functionality could generally not be analyzed, as the data recorded by the payload 
was lost. One observation was that the altitude stopped updating after 621 feet during the 
vehicle’s ascent. While more investigation could not be done with the payload, after 
further research it was determined that this was most likely caused by the barometer 
being broken during the flight. The barometer on the flight controller measures air 
pressure, which can then be used to calculate altitude. Most likely, during the launch, a 
large pressure was exerted on the barometer, causing it to break. This will be prevented in 
further vehicles by preventing large pressure differences occurring inside the CDLE 
quick enough to break the barometer. 
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3.2.3 Subscale Impact on Final Design 

There were significant design changes made to the full scale launch vehicle after the 
results of the first two subscale flights. During the first subscale flight, the stratologger 
energized the charges, but the pressure wave created by the black powder charge was 
dissipated through miniscule gaps in the wooden parachute bays. This dissipation of 
pressure prevented drogue deployment, which led to the crash of the first subscale. The 
wooden parachute bays were replaced by carbon fiber tubes that were pressurized under 
black powder charge. These tubes were used on the second subscale and will be used on 
the full-scale launch vehicle. A ground test of the drogues was successful, indicating that 
the carbon fiber tubes could hold pressure from the charges.  

 The second subscale had carbon fiber tubing, but during flight, none of the drogue 
parachute charges were energized. The main parachute failed to deploy, as well as the 
CDLE ejection charges. A post-crash analysis indicated that the 9V battery was not fully 
charged, and therefore the charge pulled by the four e-matches in parallel was too much 
for the battery. Essentially, there was too much load placed on the altimeter. In order to 
remedy this issue, all batteries used in the full scale will be tested with a multimeter 
before usage. Moreover, redundancy systems will be implemented by placing two 
altimeters in each e-bay. If one fails, the other will still deploy the parachutes. The 
number of rear drogue parachutes in the full-scale was reduced from four drogues to two, 
because two drogues would be able to have the same effect as four, while simplifying 
wiring and reducing the load across the altimeters. To further mitigate the load issue, two 
9V batteries will wired in parallel to each altimeter in order to double the current. 

3.3 Recovery System	  

All parachutes are made of Ripstop nylon. Ripstop nylon was chosen due to its strength and high 
drag.There are six bridles for each Fruity Chute parachute, all of which are made of nylon. Nylon 
is used due to its availability and high strength. All shock cord will be made of Kevlar due to its 
high strength and inability to burn, making it ideal for some of the parachutes that deploy near 
the motor exhaust. There are four parachutes that will be deployed from the launch vehicle. This 
includes the parachute deploying from the nose cone section at apogee with a diameter of 12 in 
(304.8 mm) and a shock cord length of 20 ft (6096.0 mm). There is a main parachute that is 
deployed between the sheath and the motor section that has a diameter of 84 in (2133.6 mm) and 
a shock cord length of 40 ft (12192 mm) which will be deployed at an altitude of 750 ft (228.6 
m). Two drogue chutes are deployed from the bottom of the motor section from two carbon fiber 
tubes [OD: 1.265 in (32.1 cm) ID: 1.226 in (31.1 cm)]. Both of these drogue chutes have a 
diameter of 18 in (457.2 mm) with a shock cord length of 15 ft (4572 mm). There are shear pins 
holding the CDLE in place when these drogue chutes are deployed. These shear pins will later 
break when the piston ejects the CDLE. There is also a 48 in (1219.2 mm) emergency parachute 
that is attached to the CDLE with a shock cord length of 15 ft (4.6 m). The emergency parachute 
will not be deployed unless the CDLE loses control and makes an unsafe descent. 

Every bulkhead which acts as a pressure seal. All the bulkheads, except those in the carbon fiber 
tubes is made of wooden disks with an outer diameter equal to the inner diameter of the bluetube 
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it is secured within. Each has a thickness of 0.25 in (6.35 mm). Shock Cords are tied to steel U-
bolts which are mounted to bulkheads.  

Due to the unorthodox design of the drogue chutes on the motor section, special consideration 
has gone into its design. At the top of each tube, removable and pressure sealed bulkheads are 
attached to threaded rods with nuts and blast caps and are mounted facing the inner part of the 
carbon fiber tube. The parachute and shock cord are stored inside of the tube along with Nomex 
wadding to ensure that the parachute and bridles are not burnt. Sufficient Nomex wadding is vital 
due to its proximity to the motor. Another set of bulkheads are sheer pinned into the bottom of 
the carbon fiber to allow the black powder charge to release the parachutes from that direction. 
Expanding foam will be sprayed on the outside of the tube to insulate the parachutes from the 
motor tube. The motor is 3 in below the bottom of the body tube in order to direct heat away 
from the drogue parachutes. The aft side of the tubes are closed with shear pinned bulkheads. 
The shock cords attached to the parachutes and wadding is fed through a hole in the aft 
bulkheads and then tied to steel U-bolts which are secured to the bottom of the rocket.   

The primary avionics for the full scale is the stratologger CF, a type of altimeter. The 
stratologger CF has two outputs: a main output and a drogue output. The drogue output will be 
set to deploy at apogee, while the main will deploy at 500 ft. The main output can be customized 
with native software on a computer. The stratologger will be activated using a rotary switch. The 
rotary switch will be accessible outside of the rocket, so the avionics bays can be activated on the 
launch pad. A GPS tracker will be included in each avionics bay to account for each part of the 
rocket. Each avionics bay will also have a faraday cage in order to signal interference. 
Furthermore, each of the avionics bays will have two stratologgers for redundancy, so the 
parachutes will deploy even if one of the stratologgers fail. The leads from the stratologgers will 
be connected to terminal blocks for easy access to the igniters.  

 

 

Figure 3.3.1: Diagram for StratoLogger electronics 
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The kinetic energy at each significant phase was calculated by determining the terminal 
velocities of each independent section. 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/drogue(s).  

As a general calculation, the drag equation, Eq. (3.3.1), was depicted below. 

 

Where ρ is the density of air (1.225 kg/m3), A is the sum of the area of the parachutes/drogues, and CD is 
the coefficient of drag. Note that the coefficient of drag was stipulated to be 1.5, due to the propagation of 
a dome as the parachute catches the air.   
 
The forces on each section was then balanced: 

 

Where k=ρACD/2m. This differential equation Eq. (3.3.2) can be solved to give the terminal 
velocity: 

 

To calculate time of flight, the predicted apogee of our simulations, 5526 ft, was used in 
conjunction with the integral of the Eq (3.3.2), above, and subtracted from the predicted apogee. 
Through this, the height at any time during flight could be calculated with Eq. (3.3.3). 

 

From this equation, the launch vehicle will hit the ground after 243 seconds.  

The above equations were then applied to each section under their unique section and criteria. 
The tabulated terminal velocities and their respective kinetic energies are depicted in Table 
(3.3.1) below. Note that the terminal velocities for all sections fall well within the kinetic energy 
limit of 75 ft-lbs. 

Table 3.3.1: The terminal velocities of the independent sections of the launch vehicle 
Section Terminal Velocity (ft/s) Kinetic Energy (J) Kinetic Energy (Ft*lbs) 

Nose Cone Section 35.1 65.6 48.4 

Motor Section + Sheath  14.9 88.3 65.1 

(3.3.1) 

(3.3.2) 

(3.3.3) 



29	  
	  

CDLE* 18.4 79.0 58.3 
*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. 
 
With kinetic energy in mind, we also determined the lateral drift. To calculate drift, specific 
parameters were defined. The coefficient of drag for all parachutes during descent is 1.5, based 
on the assumption that the parachutes expand into a dome formation. Using the terminal 
velocities from Table (3.3.1), the drift displacement (t) was determined, taking wind speed into 
account. The equation for drift is below: 

t=h/vT 
 

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

Lateral Drift=tw 
 
Thus, the lateral drift of the nose cone and motor section for given wind speeds are listed below 
in Table (3.3.2).  
 

Table 3.3.2: Lateral drift a certain 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 7.333 853.952821 634.5028663 709.3869 

10 14.66 1707.20692 1268.48657 1418.193 

15 22 2561.97492 1903.595126 2128.257 

20 29.33 3415.57838 2537.838411 2837.354 

To test the recovery subsystem of our final competition launch vehicle, we designed, built, and 
launched three subscale launch vehicles. In addition, we performed static ground tests to 
investigate the motor section of the launch vehicle, because 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.       
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On December 9, 2015, we launched a subscale rocket to test the four separations of the launch 
vehicle body. While the flight was unsuccessful, we were able to achieve a separation and a main 
parachute deployment in the nose cone section, bolstering the notion that the team is able to 
create intentional separations and have it land safely. 

On December 12, 2015, we performed static ground tests with pyrodex to test the deployment of 
the four drogue parachutes from the motor section. Connecting the subsystem to an 18V battery, 
we proved that the design was sound and its applications were feasible. The four drogue 
parachutes deployed successfully while maintaining structural integrity of the launch vehicle 
body. Unlike the first launch, we were able to gather scientific data on the flight using a 
surviving stratologger. Figure 3.3.5.1 showed that, in addition to faulty electronics, there was 
also a pressure leak in the main parachute bay, causing no ejection. 

 

Figure 3.3.2: The recovery subsystem flight of the second subscale 

On January 9, 2016, the team launched a third subscale rocket to test the complex recovery 
subsystem from the motor section and a separation from the sheath. Unlike the previous test, we 
employed black powder to test the deployment of the four drogue parachutes from the motor 
section. It should be known that there was an error in arming one of the four blast caps with 
black powder, resulting in a broken bulkhead. In addition, the faulty tube with the broken 
bulkhead was not armed; thus success is defined as the deployment of the three intact recovery 
apparatus. This launch was a success. Three drogue parachutes ejected successfully from the 
motor section, and a main parachute deployed.  

Through these three subscale test flights, we were able to identify and test the more vital 
uncertainties that were likely to appear during the full scale competition launch vehicle. The 
proof of concepts allowed us to move forward with current recovery system.   

In a similar manner to the design and verification of the launch vehicle, a complete safety 
analysis and a failure mode and effects analysis was drawn up to predict the outcome of the 
recovery subsystem. Table 3.3.3 and Table 3.3.4 exemplify this. 
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Table 3.3.3: Safety Analysis with regard to the Recovery Subsystem 
 
Hazard Control Action 

Taken 

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 

 

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 

 

 
To analyze the table above, Table 3.3.4 and Table 3.3.5 below, aid in defining safety.  

Table 3.3.4: 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 3.3.5: 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 3.3.6: 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 

CDLE does not eject 9 4 2 72 

Nose cone does not eject and 
deploy a parachute 

10 1 5 50 

 

3.4 Mission Performance Predictions 

3.4.1 Mission Performance Criteria 

The mission performance criteria for the launch vehicle is as follows: first, the launch 
vehicle must reach of an altitude of 5,280 feet using a motor with no more total impulse 
than 5,120 Newton-seconds. Second, the launch vehicle must deploy the payload at an 
altitude near 5,280 feet. Third, all sections of the launch vehicle and the payload must fall 
in a controlled manner and should be fully recoverable and reusable after launch. There 
will be no more than four independent sections within the launch vehicle, including the 
CDLE section. The ATMOS system on the CDLE must collect data. For the launch 
vehicle to be considered a success, all of these criteria must be met. 
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3.4.2 Flight Simulation and Motor Thrust Curve 

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 3.4.2.1 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 
located within the body, and that the CDLE is actually more concentrated and located 
further down the launch vehicle body.    

 

 
 
Figure 3.4.2.1: 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. Note that stage separation occurs at 67 in. down the body of the launch 
vehicle, using the nose cone as the datum. Figure 3.4.2.2 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 note 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 3.4.2.2: The five simulations used to predict pertinent information on the final 
launch vehicle. 
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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 3.4.2.3 shows 
the motor thrust curve of simulation 5; however, graphing any of the simulations would 
results in a similar graph. Note that the thrust curve is represented in red.     

 

 
Figure 3.4.2.3: The motor thrust curve of the launch vehicle.  

 
3.4.3 Thoroughness and Validity of Analysis 

The team has many systems in place to check the systems within the launch vehicle, as 
well as the launch vehicle itself. The team checks all circuits with a multimeter for 
connectivity to ensure that each wire is soldered and connected correctly. This verifies 
that the electronics within the launch vehicle do not fail before or during flight. The 
connection between each section of the launch vehicle before flight will be double-
checked to make sure the correct sections are shear-pinned and set-screwed into place. If 
this was incorrect, the launch vehicle would not separate in the correct places and could 
cause damage.  To prevent this, the team checks this often during building and at the 
launch pad. The team also checks the design of the fins with Inventor® stress simulations 
(Figure 3.4.3.1). Tests are also conducted for impact and drag stress, which checks the 
durability of the design of the fins. The team has also done multiple simulations with the 
program OpenRocket® to test drift and experiment with the different parachute sizes the 
team can use. Next, full calculations assessing the drag and drift of each of the parachutes 
and sections after apogee are done by hand. The results of these calculations can be found 
within section 3.3.4. This system of implementing both simulations and calculations 
allows the team to double-check the safety and drag of the parachutes used. The team 
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used and developed these methods during the design and building of the subscale launch 
vehicles to ensure a successful launch.  

 

 
Figure  3.4.3.1  -  Fin  Stress  Simulations 

 

3.4.4 Stability Margins (Actual CP & CG) 

The stability margin of the final competition launch vehicle is 2.14 calibers. Using the 
nose cone as the datum, the center of gravity (CG) is located at 1.82 m (71.612 in) down 
the body, and the center of pressure (CP) is located at 2.23 m (87.663 in.) down the body. 
The CG and CP are separated by 0.407 m (16.051 in). Figure 3.4.4.1 drawn using 
OpenRocket, depicts the stability margin, CG, and CP of the launch vehicle.  

 

 
 

Figure 3.4.4.1: The stability margin, CG, and CP of the launch vehicle using OpenRocket 
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3.5 Payload Integration 

3.5.1 Integration Plan CDLE 

The success of the mission is dependent upon the CDLE deploying safely from the 
launch vehicle as close to apogee as possible. At apogee, a StratoLogger altimeter will 
detonate a black powder charge that will separate the nose cone from the body and 
deploy the nose cone parachute. Additionally, the nose cone deployment exposes the 
lower segment of the CDLE.  Simultaneously on the other end of the launch vehicle, 
another StratoLogger altimeter will fire off four charges for the four aft drogue chutes 
that will help to orient the launch vehicle in a favorable position for CDLE deployment. 
Within the next two to three seconds, another StratoLogger altimeter will detonate a 
black powder charge in a piston bay within the launch vehicle. The pressurization of the 
combustion chamber will push on the sealed wall of the piston, which translates the force 
of the explosion onto the main body of the CDLE, which in turn breaks the shear screws 
that hold the CDLE in the launch vehicle. Once the shear screws are broken, the piston 
continues to push the CDLE out of the launch vehicle. After the piston has translated the 
required distance to push the quadcopter out, it will push past the vent holes in the 
airframe. This dissipates the pressure from the black powder detonation, allowing the 
excess pressure to vent out of the launch vehicle rather than breaking it.  
 

3.5.2 Compatibility of Elements CDLE 

The CDLE was designed to fit within the limitations of the launch vehicle. The rocket is 
constructed out of 7.5 in (19.5 cm) diameter bluetube, which is the maximum size of the 
CDLE when it is folded for storage in the launch vehicle. The lower section of the 
quadcopter is encased in a 7.5 in bluetube coupler, which allows it to fit snugly into the 
rocket body, and serves as attachment points for the nylon shear screws that prevent 
premature deployment during flight. The CDLE arms are also designed with a folding 
mechanism so that the entire body can fit inside the rocket. Once deployed from the 
launch vehicle, the arms will fold out to full size, allowing flight.  

 
The arms of the CDLE have rail guides that interface with rails attached to the sheath of 
the launch vehicle. The rails provide rigidity inside the rocket, as well as allowing for a 
smooth linear deployment of the CDLE from the rocket when the piston is deployed. 
Running parallel to the guide rails offset by 45 degrees are four aluminum rods connected 
to a piston located in a compartment below the quadcopter. The piston is constructed out 
of a bluetube coupler with plywood bulkheads creating a pressure seal. The four 
aluminum rods are connected to the piston, and allow for movement of the piston to push 
on the base of the quadcopter, even though the piston is separated from the base by the 
quadcopter arms. The piston only has a stroke length of six inches, but it is enough to 
break the shear screws that keep the CDLE in the sheath. 

 
The piston is activated by a black powder charge that is fired in a combustion chamber 
between the motor section and the CDLE. The piston prevents the hot gasses of the black 
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powder from destroying the quadcopter itself or any of its sensitive electronics. The 
piston arms are initially touching the base of the quadcopter so that when the black 
powder is detonated, the piston does not gain velocity and strike the aluminum force plate 
on the quadcopter, potentially damaging either component; instead the expanding gasses 
will smoothly push the quadcopter via the piston, break the shear screws, and push the 
CDLE out of the rocket. As the piston slides down the combustion chamber, it pushes 
passed several vent holes in the side of the rocket that are positioned just past the six inch 
stroke length of the piston. The holes vent the excess pressure from the black powder 
charges out into the atmosphere, preventing the pressure from building up and causing a 
failure in the rocket body. The holes are in a location where they will not release the 
pressure of the vessel until the piston has traveled a distance far enough to push the 
CDLE out of the rocket.  
 
On the fore end of the launch vehicle, a black powder charge is deployed at apogee that 
separates the nose cone section and exposes the aft end of the quadcopter. The aft end of 
the CDLE that takes the pressure wave from the black powder is the same bulkhead that 
contains the emergency quadcopter parachute. In order to prevent the shear pins that keep 
the bulkhead in place from breaking, a coupler is affixed behind the bulkhead (in the 
same bay as the emergency parachute) which prevents the bulkhead from being pushed 
in; only the detonation from the emergency blackpowder charge in the CDLE can break 
the shear pins and deploy the emergency parachute. 
 

3.5.3 Simplicity of Integration CDLE 

There is not a simple integration between the CDLE and the launch vehicle. In order to 
ensure a successful deployment of the quadcopter payload, there are several sequences 
which need to be executed within seconds of the launch vehicle reaching apogee. The 
separation of the nose cone and aft exposure of the CDLE is well tested and fairly trivial. 
The more complicated integration is between the quadcopter and the sheath. The rail 
guides help to reduce failure by creating a low friction surface, ultimately resisting 
torsion and allowing the quadcopter to reliably slide out of the rocket. The piston is a bit 
more complicated, as it involves translating the motion of the piston over a foot and half 
past the quadcopter arms and onto the body of the quadcopter in order to push it out of 
the rocket.  
 
3.5.4 Changes Resulting from Subscale Tests CDLE 

A mock CDLE subscale was used in the subscale launch vehicle; a scaled mass of 
bluetube with flight electronics was used to test software as well as the capabilities of the 
launch vehicle. The piston deployment system was not used in subscale flight to reduce 
the number of variables in the tests, as the primary goal of the subscale launch vehicle 
was to test the aft drogue parachute deployment. Black powder charges were used on the 
rocket to eject the CDLE from the launch vehicle. Ground tests of the piston system were 
conducted to evaluate the amount of black powder needed to break the shear pins and 
deploy the quadcopter, as well as the size of vent holes needed to prevent explosive 
decompression. Multiple tests were conducted with increasing amounts of black powder 
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until the desired pushing force was achieved. Additional tests were conducted with larger 
volumes of black powder to give a wider force margin, while still ensuring that the 
pressure would not overwhelm the pressure vessel. 
 

3.5.5 Integration Plan ATMOS 

ATMOS is mounted underneath the CDLE on and around a wooden 7.5” coupler 
bulkhead. The components of ATMOS (listed below) are mounted on both the top and 
the bottom of this bulkhead. One of the four cameras in the sensor suite is pointed to the 
side to take visible spectrum photos of the horizon. This camera is mounted on a 90˚ L-
bracket on the top side of bulkhead 1. The other three cameras are threaded down through 
the bulkhead holding ATMOS and down to the end of the thinner blue tube. This allows 
the three cameras (two IR and one visible spectrum) to see downwards while also 
allowing the backup parachute to be on the bottom of the assembly. The backup 
parachute fills the majority of the thinner blue tube, while the cameras occupy a small 
sliver. The two sections are separated with an airtight piece of wood supported with 
epoxy.  
 

 
Figure 3.5.5.1 Not to scale diagram of ATMOS components fitting with backup 

parachute. 
 
ATMOS consists of the following components. 
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Top of bulkhead (see Figure 2): 
 -Arduino Mega board 
 -2 x power bank (to power Raspberry Pi boards) 
 -9V battery (to power Arduino) 
Bottom of bulkhead: 
 -2 x Raspberry Pi boards 
 -Camera mounted on L-bracket 
 
 

 
Figure 3.5.5.2: A scale diagram of the ATMOS configuration  

 
This arrangement of ATMOS components is compact enough that the entire assembly 
can fit above and below one bulkhead but spacious enough to allow every piece to 
perform its task. 
 

3.5.6 Compatibility of Elements ATMOS 

The varied components of ATMOS and the requirement to share space with the backup 
parachute mean the integration of ATMOS must be carefully planned. Packing circuit 
boards and batteries onto the top and bottom of the bulkhead means that every piece will 
be close to every other and all can work together.  
 
The two Raspberry Pi boards on the bottom side of the bulkhead are powered by the two 
power banks on the top side of the bulkhead. Each power supply has its own hole in the 
bulkhead through which the micro-USB cable runs. On the top side, the Arduino Mega 
board is powered by a 9V battery, also on the top side of the bulkhead. The battery plugs 
into the barrel plug port of the Mega using an adaptor. The Mega has a variety of wires 
that must go down to the bottom side of the bulkhead. These include one wire to connect 
to each of the Pi boards and two camera cables. The two camera cables join a third cable 
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coming from one of the Pi boards and the three cables go downward together. The three 
cameras are mounted at the very bottom of the assembly, in the sliver that does not 
experience explosive pressures from launching the backup parachute (see Figure 3.5.6.1 
in 3.5.6).  
 

3.5.7 Simplicity of Integration ATMOS 

Due to the lack of moving parts of the ATMOS payload, integration with the CDLE and 
launch vehicle is relatively easy. All boards will be mounted to bulkheads on the 
quadcopter with bolts and nuts. The batteries powering ATMOS will be also mounted on 
the bulkhead on battery mounts. These battery mounts, as well as the horizontal camera, 
will be mounted to an L-bracket with small nuts and bolts. Small slits will be made in the 
bulkhead to connect the downward facing cameras to the rest of ATMOS. The 
downward-facing cameras will also be mounted with nuts and bolts by overlapping the 
camera boards to conserve space without obstructing the lens of the camera. The lenses 
will be aligned with small holes in the bulkhead beneath it. The wall between the 
parachute compartment and the cameras will be made of wood and secured by epoxy. 
The only non-intuitive portion of ATMOS integration is geometrically laying out all 
components on the 19.1 cm (7.5 in) coupler bulkhead which is shown in figure 3.5.5.2. 
 
3.5.8 Changes Resulting from Subscale 

There have not been any significant modifications to ATMOS since the subscale trial. 
Minor modifications include additional integration considerations of the ATMOS 
scientific payload into the CDLE quadcopter, as described in section 3.5.5. 
 

3.6 Launch Concerns/Operation Procedures 

3.6.1 Changes Resulting from Subscale 

3.6.1.1 Recovery Preparations 

The first step to prepare the recovery system is to measure out all the black 
powder charges and distribute them into all of the PVC caps. The next step is to 
cut to length and install all of the e-matches and use masking tape to tape them 
into the PVC caps. It is important that no powder is spilled at this stage to avoid 
risk of accidental ignition of the black powder charges. 
 
The next step is to pack all of the parachutes. The tubes in the rear of the rocket 
need to be packed first with the flame retardant wadding and then the folded 
parachutes. Then the tube needs to be sealed so the parachutes won’t fall out 
during flight. This needs to be repeated for each of the four tubes. Then the main 
parachute needs to be packed next. Again, the wadding must be packed into the 
body tube followed by the folded main parachute, to avoid singeing the parachute 
and creating holes that make the parachute less effective. 
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Then the rocket is ready to be assembled. All of the set screws and shear pins 
need to be installed and a visual inspection should be performed to verify that all 
screws are in place. Once this is completed the rocket is ready for motor insertion. 

 
3.6.1.2 Motor Preparation 

The first step is to remove the motor from the cardboard tube and plastic 
wrapping it comes in. To prepare it to be inserted into the motor casing, the 
outside of the motor must be free of debris and the inside of the motor casing 
must be clean. Next, the motor must be inserted into the motor casing and the 
motor retainer ring screwed on. The assembly must then be inserted into the 
rocket and the retainer ring must be attached, to secure the motor into the rocket. 
It is important to keep track of the motor cap and the ignitor as they will be 
needed after the rocket is on the launchpad to install the igniter. After this, the 
rocket is ready for inspection and will be subsequently set up in the launcher.  

 
3.6.1.3 Setup on Launcher 

To set up the quadcopter, we will turn on the CDLE, and ensure that the ground 
station is sending and receiving data, including sensor data. We will then arm the 
Pixhawk through the ground station, so that it is prepared to fly when ejected at 
apogee. 

 
3.6.1.4 Igniter Installation 

To install the igniter insert it into the motor through the nozzle and push it in until 
it stops. Mark the point on the igniter at the bottom of the motor. Pull the igniter 
out and make a small loop in the igniter directly below the mark. Reinsert the full 
length of the igniter. Place the motor cap over the end of the nozzle. Attach each 
of the ends of the ignitor to an alligator clip to finalize the connection. The rocket, 
once erected, will now be ready to launch. 

 

3.6.1.5 Troubleshooting 

Table 3.6.1.5.1: Possible Issues. 

Issue Possible Cause Possible Solution 

Ground station doesn’t 
communicate with 
Pixhawk 

1. The electronics 
are not properly 
connected. 
 
2. The battery is 
dead 
 
3. The radio on the 

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 
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ground station 
doesn’t work. 

software. If necessary, reboot the ground 
station. 

Sensor data is incorrect 
(i.e., reporting movement 
when none is present) 

1. Sensors are not 
properly installed 

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

Pixhawk doesn’t arm 1. Pixhawk is 
improperly 
installed 

1. 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 

 

3.6.1.6 Post-Flight Inspection 

 
Once the quadcopter has landed, we will disarm the Pixhawk from a distance via 
the ground station to prevent it from accidentally starting up again. We will then 
power off the Pixhawk, and collect the data for later analysis. 
 

3.7 Safety and Environment 

 3.7.1 Update Preliminary Failure Mode and Effects 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 
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.   
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Table 3.7.1.1: Definitions for Table 3.7.1.2. 

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 
Improbably 

The probability of occurrence is negligibly close to 0.  We do not expect 
that the event could ever occur 
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Table 3.7.1.2: Possible failures, likelihoods, and mitigations. 

Hazard Effect Proposed 
Mitigations 

Likelihood Severity Completed 
Mitigations 

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 launchpad 

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. 

Payload does 
not deploy 

None Correctly measure 
black powder 
amounts. Confirm 
altimeter 
functionality and 
igniter 
connections.   

Extremely 
Remote 

No Hazard In progress 

Payload 
(CDLE) does 
not attain 
stability 

Potential injury to 
spectators and 
environmental 
concerns if the 
CDLE cannot be 
recovered 

Verify the kill 
switch can 
remotely disable 
CDLE. Verify that 
the backup 
parachute is 
properly 
configured and is 
triggered by the 
kill switch. 

Extremely 
Remote 

Major In progress 

Payload 
(CDLE) 

Potential injury to 
spectators and 

Verify the kill 
switch can 

Extremely 
Remote 

Major In progress 



45	  
	  

gains too 
much 
acceleration 

environmental 
concerns if the 
CDLE cannot be 
recovered 

remotely disable 
CDLE. Verify that 
the backup 
parachute is 
properly 
configured and is 
triggered by the 
kill switch. 

Payload 
(CDLE)  lose
s GPS signal 
to base 

Potential injury to 
spectators and 
environmental 
concerns if the 
CDLE cannot be 
recovered 

Verify the kill 
switch can 
remotely disable 
CDLE. Verify that 
the backup 
parachute is 
properly 
configured and is 
triggered by the 
kill switch. 

Extremely 
Remote 

Major Kill switch 
can be 
activated 
remotely in 
case of this 
event. 

The CDLE 
loses 
telemetry 
radio signal. 

Potential injury to 
spectators and 
environmental 
concerns if the 
CDLE cannot be 
recovered 

Verify the kill 
switch can 
remotely disable 
CDLE. Verify that 
the backup 
parachute is 
properly 
configured and is 
triggered by the 
kill switch. 

Extremely 
Remote 

Major Kill switch 
can be 
activated 
remotely in 
case of this 
event. 
 

The CDLE 
loses power 
or battery 
level drops to 
low. 

Potential injury to 
spectators and 
environmental 
concerns if the 
CDLE cannot be 
recovered 

Verify the kill 
switch can 
remotely disable 
CDLE. Verify that 
the backup 
parachute is 
properly 
configured and is 
triggered by the 
kill switch. 

Extremely 
Improbable 

Major Kill switch 
can be 
activated 
remotely in 
case of this 
event. 

Sensor falls 
off the CDLE 

Potential Injury to 
spectators and 
environmental 
concerns if the 

Verify that all 
sensors are 
properly and 
securely attached 

Extremely 
Improbable 

Major In progress 
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CDLE cannot be 
recovered 

to the CDLE 
using an 
appropriate 
weather and heat 
resistant epoxy or 
adhesive   

Kill switch 
does not 
activate 

Potential injury to 
spectators and 
environmental 
concerns if the 
CDLE cannot be 
recovered.  Potentia
l damage to 
landscape or 
infrastructure from 
the spinning rotors  

Verify the kill 
switch can 
remotely disable 
CDLE. Verify that 
the backup 
parachute is 
properly 
configured and is 
triggered by the 
kill switch.  Clear 
evacuation plan 
with officials. 

 
Extremely 
Improbable 

 
Hazardous 

 
In progress 

Backup 
parachute on 
the CDLE 
does not 
activate or 
malfunctions 

Potential injury to 
spectators and 
environmental 
concerns if the 
CDLE cannot be 
recovered.  Potentia
l damage to 
landscape or 
infrastructure from 
the spinning rotors  

Verify the kill 
switch can 
remotely disable 
CDLE. Verify that 
the backup 
parachute is 
properly 
configured and is 
triggered by the 
kill switch. 
Correctly measure 
black powder 
amounts and 
confirm altimeter 
functionality and 
igniter 
connections.  Clea
r evacuation plan 
with officials. 

Extremely 
Improbable 

Hazardous In progress 

Main 
parachute 
fails to 
deploy 

Potential system 
damage 

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

Extremely 
Remote 

Minor In progress 
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igniter 
connections. 

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 
 

In progress 

Shock cord 
failure 

System damage and 
potential injury to 
personnel 

Inspect shock cord 
thoroughly before 
flight. 

Extremely 
Improbable 

Major In progress 

 
 

3.7.2 Update Personnel Hazards 

The Northeastern chapter of 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 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 
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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: 

 
 

Table 3.7.2.1: Possible hazardous materials. 

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 Harmful vapor exposure, contains Use in a well ventilated area with 
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tube skin and eye irritants. proper personal protective 
equipment.   

 

3.7.3 Environmental Concerns 

 3.7.3.1 Our Launch Vehicle’s Effects on the Environment 

Among our launch vehicle’s effects on the environment, the most prominent 
concern is the ecotoxicity of the launch vehicle motor. We will be using an L1115 
motor manufactured by Cesaroni Technology which does not have any published 
ecotoxicity data on their Pro 75 Material Safety Data Sheet.  However, we will 
still be taking precautions to reduce our impact on the environment, including 
placing flame retardants beneath the launch pad to avoid heat damage to the 
surrounding environment and using a metal launchpad to reduce the risk of a fire.  
 
In addition to the concerns with the motor, we must also consider that we do not 
want to disturb the environment by leaving behind pieces of the launch vehicle or 
the payloads. To avoid this, the sections of our launch vehicle are designed to stay 
intact during descent. We will also be implementing drogue parachutes in 
conjunction with the main parachutes to ensure that the launch vehicle sections 
descend at reasonable velocities and to reduce the probability that pieces break off 
and get lost in the environment upon impact. The CDLE, on the other hand, is 
designed to be safely controlled from the ground to a gentle landing. However, in 
the event that this becomes infeasible during any stage of the descent, we will 
activate the backup parachute with the kill switch. This should ensure that the 
CDLE does not break into pieces upon impact. In the extremely unlikely event 
that the CDLE loses radio contact with the team member monitoring it from the 
ground the backup parachute will be activated. This feature would prevent the 
CDLE from damaging the environment even if radio communication is lost. 
Lastly, we will ensure that all components of our launch vehicle and payload are 
accounted for upon completion of the launch. 

 
During the flight, the CDLE raises some environmental concerns as well.  The 
spinning rotors pose the risk of damaging surrounding infrastructure, disrupting 
the wildlife, and potentially injuring flying birds or insects.  For this reason we 
will be implementing a GPS tracking system to maintain constant location data on 
the CDLE.  We will also be implementing a “kill switch” that will power off the 
motor if the CDLE loses signal to the base or becomes too difficult to control 
from the ground. This kill switch can also be triggered manually from the ground. 
This will greatly reduce the risk of the CDLE colliding with or damaging the 
surrounding environment or harming the wildlife.  In addition, if we cannot safely 
land the CDLE at a manageable speed, we will deploy a backup parachute that 
will ensure the CDLE does not damage the surrounding landscape upon landing.   
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  3.7.3.1 The Environment’s Effect on the Launch Vehicle 

On the other hand, environmental factors may have a profound effect on our 
launch vehicle, the greatest of which is the weather. Our launch vehicle will be 
made out of blue tube, a material that is not 100% weather resistant. For this 
reason all forms of precipitation, including, but not limited to, rain, snow, sleet, 
and hail, could have an effect on our launch vehicle. Water, in any form, could 
compromise the electronics system in the launch vehicle and on the CDLE, as 
well as the other elements of the body. Strong force winds carrying dust and other 
particulate matter may also compromise the electronics systems in addition to 
greatly affecting the trajectory of the CDLE and the launch vehicle. To reduce the 
weather’s effect on the launch vehicle, we will try our best to avoid launching 
during inclement weather or if the local weather data suggests that there will be an 
impending storm. Lastly, snow and water on the ground could present concerns 
for the same reasons as precipitation. To avoid this we will store our launch 
vehicle in a dry area and check for damp sections of earth before resting our 
rocket on the ground. 
 

  3.7.3.3 Proper Disposal and Cleanup 

After the flight, we will dispose of the motor and the igniter according to the 
disposal considerations outlined in the appropriate MSDS.  In addition, all other 
trash, fragments, or other miscellaneous debris will be collected and disposed of 
properly.   
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4. PAYLOAD CRITERIA                                                                . 

4.1 Testing and Design CDLE 

 4.1.1 Review of Design 

The CDLE is a complex vehicle that carries itself and ATMOS. The analysis performed 
regards the performance capability of the four major, mechanical subsystems of the 
CDLE payload: the lead screw for arm deployment, the motors and propellers, the 
landing gear, and the emergency recovery system. The analysis of the system and 
subsystems were mathematically evaluated to estimate the possible outcome. 

The CDLE quadcopter performance relies on the aerodynamic analysis to determine the 
velocity profile. A general force balance equation is used to characterize the flight of the 
CDLE payload.  

  

𝑚𝑎 = 𝐹%&'( + 𝐹*+,- − 𝑚𝑔	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (𝐸𝑞𝑛. 4.1.1.1) 

 

𝐹*+,- =
1
2𝜌𝐶*𝐴𝑣

>	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (𝐸𝑞𝑛. 4.1.1.2) 

 

𝑚
𝑑𝑦>

𝑑>𝑡 = 𝐹%&'( +
1
2𝜌𝐶*𝐴

𝑑𝑦
𝑑𝑡

>

− 𝑚𝑔	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (𝐸𝑞𝑛. 4.1.1.3) 

 

The final equation is a difficult differential equation that has been attempted many times 
to no avail. A simplified version of this equation was considered to analyze the flight 
performance of the quadcopter. The simplified equation incorporates drag force, lift 
provided by the propellers, and downward force from the acceleration due to gravity. 

The CDLE will be using four 15.5 in (393.7 mm) dual propeller blades to generate the lift 
force powered by a 5000mAh battery. The specification sheets for these three 
components are displayed below.  
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Table 4.1.1.1: Propeller Specifications. 

 

 

Table 4.1.1.2: Motor Specifications. 
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Table 4.1.1.3: Battery Specifications. 

 

The propeller and motor subsystem of the CDLE were chosen to supply a lift force equal 
to or greater than the total weight of the CDLE system while operating at 50% throttle. 
Referring to the specification table, 50% throttle provides a thrust/lift force of 2.25 lb. (10 
N) per propeller and draws 4 A. The performance calculations use one step above (6.8 A) 
for a safety factor calculation: 

 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦𝐿𝑖𝑓𝑒 =
𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝐶𝑢𝑟𝑟𝑒𝑛𝑡𝐿𝑜𝑎𝑑 ∗ 0.7 =
5000𝑚𝐴ℎ
4 ∗ 6800𝑚𝐴 ∗ 0.7 = 0.184ℎ𝑟 ∗

60𝑚𝑖𝑛
ℎ𝑟 	  

= 11.03𝑚𝑖𝑛 

 

𝐹%&'(,U>.V% = 4 ∗ 3.31𝑙𝑏 = 13.24	  𝑙𝑏. (58.9	  𝑁) 

 

After calculating the involved force (above), the equations below were used to calculate 
the descent speeds of the quadcopter and display that a 50% throttle should provide 
ample lift for descent, while not draining the entire battery life. 

 

𝑊 = 𝑚𝑔 = 10.26	  𝑙𝑏. (45.6	  𝑁) 

𝐹*+,- =
1
2𝜌𝐶*𝐴𝑣

> =
1
2 ∗ 0.002048

𝑠𝑙𝑢𝑔
𝑓𝑡^ ∗ 1.28 ∗ 5.28	  𝑓𝑡> ∗ 𝑣> 

𝑤ℎ𝑒𝑟𝑒	  𝑣>	  𝑟𝑎𝑛𝑔𝑒𝑠	  𝑓𝑟𝑜𝑚	  𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑙	  𝑡𝑜	  𝑑𝑒𝑠𝑐𝑒𝑛𝑡	  𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦: 38.5	  𝑡𝑜	  2.88	  𝑓𝑡
/𝑠	  (11.7	  𝑡𝑜	  0.878

𝑚
𝑠 ) 

𝑣( =
2𝑚𝑔
𝜌𝐴𝐶*

= 38.5
𝑓𝑡
𝑠 (11.7

𝑚
𝑠 ) 
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𝐿𝑖𝑓𝑡 = 4 ∗ 2.25	  𝑙𝑏 = 9	  𝑙𝑏	  (40	  𝑁) 

𝑣bcdecf( =
10.26	  𝑙𝑏 − 9	  𝑙𝑏

1
2 ∗

10.26	  𝑙𝑏
32.2	  𝑓𝑡/𝑠> − 12 0.002048 𝑠𝑙𝑢𝑔𝑓𝑡^ ∗ 1.28 ∗ 5.28	  𝑓𝑡>

= 2.88
𝑓𝑡
𝑠 	  (0.878

𝑚
𝑠 ) 

 

The emergency recovery system uses one 48 inch (1219 mm) parachute for the CDLE 
emergency recovery system. This configuration has two major performance concerns: the 
descent velocity and the maximum drift. These calculations included a few assumptions. 
The calculation assumed a maximum wind speed of 20mph (8.9 m/s) and assumes the 
wind does not affect the terminal velocity. In the worst case scenario, that of failure of the 
quadcopter to stabilize, the emergency system has to be implemented immediately after 
deployment. The drag coefficient and projected area of the parachute are obtained from 
manufacturer specifications listed below. 

In the worst case scenario, the descent velocity is equal to the terminal velocity of the 
CDLE with the backup parachute deployed. The calculations for this problem: 

𝑚𝑔 = 𝐹*+,-,(g( =
1
2𝜌𝐶*𝐴𝑣

> 

 

𝑣h =
𝑚𝑔
𝜌𝐴𝐶*

=
2𝑚𝑔

1
4𝜌𝜋𝐷

>𝐶*
=

2 ∗ 8.89𝑙𝑏 ∗ 32.2 𝑓𝑡𝑠>	  
1
4 ∗ 0.0749

𝑙𝑏
𝑓𝑡^ ∗ 𝜋 ∗ 4	  𝑓𝑡 > ∗ 2.2

= 16.5
𝑓𝑡
𝑠 	  (5.03

𝑚
𝑠 ) 

 

𝐸k =
1
2𝑚𝑣

> =
1
2 ∗

8.89𝑙𝑏

32.2 𝑓𝑡𝑠>
∗ 16.5

𝑓𝑡
𝑠 	  > = 37.4𝑓𝑡 ∗ 𝑙𝑏	  (50.7	  𝐽) 

The total kinetic energy at impact is 37.4 ft-lbs, which falls under the allotted 75ft-lbs. 
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The calculations for the maximum drift are as follows: 

 

𝑡bcdecf( =
ℎ𝑒𝑖𝑔ℎ𝑡m,n
𝑣bcdecf(

 

 

𝑟b+&'( = 𝑤𝑖𝑛𝑑𝑠𝑝𝑒𝑒𝑑 ∗ 𝑡bcdecf( =
20𝑚𝑖𝑙𝑒𝑠
ℎ𝑟 ∗

5280𝑓𝑡
𝑚𝑖𝑙𝑒𝑠 ∗

1ℎ𝑟
3600𝑠 ∗

5280𝑓𝑡

16.5 𝑓𝑡𝑠
= 8614𝑓𝑡 

 

This exceeds the allowed, maximum drift radius. In order to meet the requirements for 
drift radius, the maximum height that the emergency parachute can be deployed is: 

 

ℎ𝑒𝑖𝑔ℎ𝑡m,n =
𝑟bcdecf( ∗ 𝑣bcdecf(
𝑤𝑖𝑛𝑑𝑠𝑝𝑒𝑒𝑑 =

2500𝑓𝑡 ∗ 16.6 𝑓𝑡𝑠
20𝑚𝑝ℎ ∗ 5280𝑓𝑡𝑚𝑖𝑙𝑒𝑠 ∗ 1ℎ𝑟

3600𝑠
= 1415𝑓𝑡 

A simple analysis of the landing gear was performed as well. The landing gear consists of 
a torsional shaft and landing leg. The spring stiffness of the torsion shaft was neglected to 
provide an additional margin of safety. If the torsional shaft is neglected, the problem 
turns into a simple impact and bending calculation because all of the load from landing 
will be experienced by the energy transfer to the leg into the fastening bearing. The 
bearing is a ¼ in (6.4 mm) aluminum shaft connected to a 15 in (380 mm) landing leg 53 
degrees from the horizontal. The impact kinetic energy from the CDLE is estimated to be 
58.3 ft-lbs (700 in-lbs or 79 J).  

15	  𝑖𝑛 cos 53 = 9.03	  𝑖𝑛 

700	  𝑙𝑏𝑠	  
4 = 175	  𝑙𝑏𝑠 

𝐴 =
𝜋
2 ∗ 0.25	  𝑖𝑛 ∗ 0.3	  𝑖𝑛 = 0.1178	  𝑖𝑛> 

175	  𝑙𝑏
0.1178	  𝑖𝑛> = 1485.6	  𝑝𝑠𝑖 < 𝑚𝑜𝑑𝑢𝑙𝑢𝑠	  𝑜𝑓	  𝑎𝑙𝑢𝑚𝑖𝑛𝑢𝑚 
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4.1.1.1 DWGs and Specifications 

 

4.1.1.1.1 Quadcopter Structure: 

 
Figure 4.1.1.1.1.2: General dimensions of fold CDLE. 
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Figure 4.1.1.1.1.3: Main structure of the CDLE. 

 
The main structure of the CDLE is comprised of eight 9 inch aluminum 
#10-24 threaded rods that run the length of the quadcopter. These threaded 
rods are secured on either side by nuts and thread locking washers. The 
structure is separated into 5 sections by four 1/8th inch Delrin plates. 
These delrin plates are held in place by spacers to ensure that the entire 
structure is completely secure while being as light as possible. 

 

 
Figure 4.1.1.1.1.4: Dimensions of main CDLE structure. 

 
Figure 4.1.1.1.1.4 shows the breakdown of the different levels of the 
quadcopter structure. The bottom level will house the necessary flight 
electronics and the ATMOS control electronics. The middle level will 
house a DC Brushless motor (KDE 2050KV motor and a planetary 
gearbox). In between the second and third section, a shaft coupler will 
couple the output of the gearbox to a ⅜ - 16 ACME threaded lead screw. 
Into the top Delrin base, a ⅜ inch roller ball bearing will be press fit to 
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ensure the lead screw rotates smoothly. These sections are securely held 
together with nylon spacers that are held in place by #10-24 nuts on each 
side.  

 
Figure 4.1.1.1.1.3: Quadcopter Core. 

 
One of the main sections of the quadcopter is the quadcopter core. The 
quadcopter core is the section which contains the pivot points for the 
quadcopter arms. It is also the section which will support the subsections 
of the quadcopter that contain the key flight hardware and electronics.  

 

 
Figure 4.1.1.1.1.4: Schematic of Quadcopter Core. 

 
The quadcopter body will be milled out of a 6.5” x 6.5” x 1.5” Delrin 
block. It has 8 arms that come off of it, each ⅜ inch thick. These will 
house the pivot points for the arms. The holes for the arm shafts will be 
drilled 1 inch out on each arm. Further out, at 1.25 inches there will be 
mounting holes drilled for the rest of the mounting hardware for the 
sublevels of the quadcopter.  
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4.1.1.1.2 Piston Deployment 

 
Figure 4.1.1.1.2.1: Quadcopter Folded into Sheath. 

 
The quadcopter will initially be contained within a sheath of body tube. At 
the proximal end of the sheath the CDLE quadcopter is mounted with its 
arms pointing towards the motor section. At the distal end of the sheath 
there will be a piston that will be actuated by a black powder charge. The 
black powder charge will be triggered by a stratologger approximately 3 
seconds after apogee. The piston actuation will drive three shafts that will 
push on the base of the quadcopter. This will break the shear pins that 
attach the quadcopter to the launch vehicle, and will deploy the 
quadcopter. 

 
.   

4.1.1.1.3 Arm Deployment System  
The CDLE arms will be deployed by the CDLE Arm Actuation 
Mechanism (CAAM). 
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Figure 4.1.1.1.3.1: Section beneath arms to hold ATMOS. 

    
The CAAM is powered by a KDE 2306 XF-2050 motor, rated for 2050 
revs/volt. At approximately 12 volts, the motor will spin at 24600 rpm. 
The output of this motor powers a planetary gearbox with a ratio of 1:30. 
The gearbox will output at 820 rpm, causing the threaded bearing to move 
up the shaft, and actuating the arm linkage. Since it is impossible to 
backdrive a leadscrew, the leadscrew will act as a natural breaking 
mechanism.  

 
 

 

 
Figure 4.1.1.1.3.2: Lead screw mechanism. 
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4.1.1.1.4 Arms and Landing Legs 
 
 
 

 
Figure 4.1.1.1.4.1: Dimensions of Quadcopter Arms. 

  
The quadcopter arms will be constructed out of 1 inch x 1.25 inch carbon 
fiber rectangular tubing that will be 15 feet long. On the arms, there will 
be a small triangular truss which forms the pivot point on the quadcopter 
arm for the CAAM. In order to integrate with the rocket, the quadcopter 
has linear slide tracks that interface with linear rails that are mounted in 
the quadcopter sheath. These will ensure the quadcopter arms slide out 
smoothly during the CDLE deployment process. The quadcopter arms also 
have landing legs attached to them. These are constructed out of 15 inch 
long 3/32 aluminum. During flight, they will be deployed on a torsion 
spring on the forward landing leg support. 
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Figure 4.1.1.1.4.2: Landing Legs Dimensions. 

 

4.1.1.1.5 Software 
CDLE uses a Pixhawk autopilot for flight control, running a modified 
version of the PX4 flight stack software. This flight controller is 
responsible for flight control of the CDLE after separation from the 
sheath, including driving the motor to deploy the arms, recovering from 
any tumbling the CDLE may experience after deployment, and guiding it 
along the flight path to a safe landing on the ground. The flight controller 
is also responsible for aborting the descent and deploying the parachutes if 
any one of the various conditions for this occurs. 
 
In the event of failure, the flight control system has a number of fail safes 
to attempt to control the situation, or if necessary, abort for a safe landing. 
These failures, including but not limited to losing GPS fix, radio 
communication with the ground station for more than a certain amount of 
time, will cause the flight controller to abort the flight. Other failure 
conditions relate to the operations of the system, including low battery 
level or detecting that it is unable to recover from a tumble. 
 
Finally, there is a manual kill switch that will be displayed on the ground 
station that we or the RSO can trigger. A mockup of this kill switch is 
shown below. It will default to enable the deployment, however it can be 
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disabled in any stage of launch or flight. If the deployment is disabled 
before the CDLE deploys from the sheath, the arms will not deploy and 
the parachutes will deploy. If the CDLE is already in flight and 
descending, the propellers will stop and the parachutes will deploy. 

 

 
Figure 4.1.1.1.5.1: Enable/ Disable Switch 

 
The flight controller controls four standard quadcopter brushless motor 
controllers using 4 PWM signals. These four controllers each control one 
of the four motors that drive the propellers. The flight controller also 
drives a fifth of one of these motor controllers to drive the arm 
deployment mechanism. 
 
Another, custom made board is present on the CDLE and communicates 
with the flight controller with a serial connection. This other board is 
responsible for detecting arm deployment and triggering the parachute. It 
reports arm deployment status to the flight controller, so that the propellers 
don’t start prematurely, and the flight controller can request parachute 
deployment when it triggers a failsafe.  

 
4.1.1.2 Test Results 
Data was recorded with the CDLE test payload. The test payload consisted of the 
CDLE flight controller, GPS module, radio, and battery. This payload was setup 
to record large amounts of data, including velocity, attitude from the gyro and 
accelerometer, position from the GPS, and the signal strength of the radio 
connection to the ground station. All this data would be recorded onboard the 
CDLE test payload itself. However, during the flight, the parachute for this 
section failed to deploy, and the payload was lost, including the data that was 
being recorded in flight. 
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Some limited data from the CDLE test payload was being transmitted to the 
ground station, as part of its normal functionality, but was not being recorded. 
Several things were learned from this. The radio link stayed functional for the 
entire flight, from launch to apogee, and through freefall. Tumbling of the CDLE 
test payload was observed on the ground station, as expected and reflected in 
reality. Finally, the altitude readout on the ground station increased during launch, 
but stopped at 621 feet. 

 4.1.2 Demonstrate Requirements Reached  

There are six main system-level requirements for the CDLE; the ability of the piston to 
eject the quadcopter to a safe distance from the rocket at apogee, the arms being able to 
unfold fast enough for the quadcopter to slow its descent to a controllable speed, the 
quadcopter being able to position itself using GPS and control its descent onto a 
designated landing zone, to be able to collect data, and to send it to the ground station at 
the appropriate time. Finally, it must also do all of this in a safe manner which is dictated 
by the failsafes built in to the software we have designed for the quadcopter. 
 
In order to determine that the quadcopter will be ejected properly, static ground tests will 
be conducted to ensure that the quadcopter (a solid mass will be used in tests to prevent 
damage) reaches a safe distance from the rocket. Differences in the amount of black 
powder, and changing hardware to increase or decrease the force required to remove the 
quadcopter mass can be altered to change the distance CDLE is launched from the rocket.  
 
The arms for the quadcopter will be deployed through means of a lead screw with a 
driving nut that controls each arm. A motor will be attached to the bottom of the lead 
screw, which when powered will drive the nut upwards. Each arm will be bolted to the 
nut and will pivot around a stationary delrin core. When the arms reach the horizontal, 
the motor will stop, and the lead screw will by nature lock the driving nut and keep the 
arms in place. Computer simulations have shown that the design will work smoothly, 
without collision with the rocket body, or itself. This validates the design and after the 
initial full scale prototype has been completed, the timing of the full arm deployment can 
be measured. 
 
To fully guarantee safety, a variety of failsafes have been added to allow the parachute to 
be deployed from the quadcopter. If any of the failsafes, that can be found in section 
3.7.1, are triggered the parachute is deployed.  
 
To fully capture all of the requirements for data collection, we have used a wide 
collection of sensors that are fully described in 4.6.2. These sensors can be used to 
properly inform the aforementioned failsafes and the data is stored on board. The data 
will be transferred to the ground station after the mandatory ten minutes after having 
landed. 

 4.1.3 Approach to Workmanship 
The construction of the quadcopter is a difficult task. The design needs to be as light as 
possible in order to allow the rocket to reach the desired apogee of one mile, as well as 
reducing the propeller and battery size needed for the descent to the ground. Testing the 
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quadcopter and its ability to stabilize out of uncontrolled free fall will be difficult, so it is 
essential that the construction of the CDLE be robust, accurate to the CAD, and well 
made so it is able to withstand the forces it will experience during its fall. The approach 
to this build procedure will include the full construction of a working prototype to test the 
flight of the CDLE before the resources are used to create the full version. This will also 
allow the team to practice a full build and resolve issues that arrive during construction. 
Members will work in pairs when machining and fabricating parts. This will ensure 
safety and verify that the parts are being created based off drawings from the CAD 
model. The entire assembly will be built at a controlled, but brisk rate, because the fall 
months were dedicated entirely to discussion strategies, detailing CAD, and creating a 
timeline to stay on task.  

	  

 4.1.4 Planned Testing 
The most important requirement that the quadcopter must be able to fulfill is the ability to 
reorient itself in freefall. Freefall stabilization tests will be done in multiple stage. Initial 
tests will be judging it’s flight worthiness with simple flight tests from a ground starting 
point, in order to gauge the quadcopter maneuverability. If it proves itself capable of 
simple flight scenarios and common aerial maneuvers, more difficult tests and full motor 
stop tests will be conducted to test how the quadcopter is able to rectify itself. These tests 
cumulate into a final drop test where the quadcopter should be able to shut down it’s 
motors, freefall, and restart the motors, stabilizing itself before it comes to a clean 
landing. 
 
Secondary tests on the power systems will also be conducted. These include measuring 
the battery life of CDLE while at 70% power, the power required to control our descent. 
Each propeller exerts a force on the core of the quadcopter, and in order to make sure the 
arms do not break during flight, these arms will be put under loads that exceed the forces 
they will experience during flight. Additional testing will done with software on the 
ground, primarily to test all the failsafes on the flight controller. Some of these ground 
tests include forcing radio signal loss by unplugging the radio from the ground station, 
GPS loss, and testing ground station kill switch. All of these tests will be done on the 
ground, as opposed to in flight, so a suitable device such as a light or buzzer will be 
placed where the igniter that would deploy the parachutes would be. 
 
Once we are confident in the quadcopter’s flight worthiness, we will begin integration of 
the device with the rest of the launch system for full scale testing. 

 

 4.1.5 Manufacturing and Assembly Plans 
As discussed in approach to 4.1.3 (Approach to Workmanship), a complete working 
prototype will be created before the final design is constructed. This will save on costs in 
case of failure, and allow errors in the design to be found. The core of the quadcopter is a 
delrin block that holds the arms in place and allows the leadscrew to deploy them. The 
team has budgeted for two of these blocks, so the first one can be used for machining 
practice, as well as testing to make sure the design can hold up to the rigors of flight. The 
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arms for the prototype will be made of wood or acrylic, and these parts will be created on 
a laser cutter. The final version will have ordered carbon fiber arms, as this will keep 
machining to a minimum and the parts will be stronger without major modification. The 
majority of the pieces will be assembled with standard hardware, like nuts and bolts, 
where the strength of these was valued more than their weight contribution to the overall 
quadcopter. The base rings that hold the batteries and electronics will be prototyped with 
laser cut wood, and on a needed basis be swapped out for acrylic or another stiffer 
material. 

	   	  

	   4.1.6 Integration Plans 

During the launch of the rocket, the quadcopter will be attached to the inside of the rocket 
body by four slides on each arm, and shear screws attached through the rocket body into 
the base of the quadcopter. The slides will prevent the quadcopter from rotating within 
the body, and the shear screws will keep the quadcopter from sliding up and down on the 
rails. A piston has four arms that fit within the space between the folded quadcopter arms. 
The piston arms will be acted upon by a black powder charge which will push on the 
quadcopter, breaking the shear pins and forcing the quadcopter out of the rocket at 
apogee. No wires will need to be connected to the quadcopter while inside the rocket, as 
all electronics on board are self-contained and run off of the CDLE battery.  
 
To smoothly integrate our software with our hardware on the onboard drone, we have 
decided to use the pre-existing quadcopter autopilot software PX4 that is built to be 
integrated with quadcopters such as the CDLE system. This allows for minimal software 
updates and allows for a simpler mechanical design as we can use standard quadcopters 
parts. Much of our flight control electronics are also off the shelf parts, including the 
flight controller, GPS, radio and speed controllers. These items are commonly used in 
DIY quadcopters and other types of drones, and have clearly defined and standard 
interfaces to each other. 
 
However, to accommodate a parachute, our deployable arms, and a variety of safety 
checks we have to modify the software and add an auxiliary electronics board. Arms will 
be rotated by sending a PWM signal to the speed controller connected to the motor 
driving the lead screw. To deploy the parachute, if any of our predetermined failsafes are 
triggered or if a signal is received from the ground station, a serial message will be sent to 
the auxiliary electronics board, which will deploy the parachute. Meanwhile, all 
mentioned safety checks will be determined by the onboard sensors of the flight 
controller. 

	   4.1.7 Precision of Instruments  

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 it’s 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 abort. 

4.1.8 Payload Electronics  

The CDLE has several systems of electrical systems. Stable quadrotor 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 4.1.8.1.  
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Flight Controller: 
A 3DRobotics Pixhawk flight controller will be used for motor control, guidance, and 
radio connection to the ground. A RFD 900plus 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. A 3DR uBlox GPS receiver will be 
powered by and send position data over the Pixhawk’s GPS serial 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. 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 msp430 will operate in low-power 
mode for most of the flight and will wake up on hardware interrupts when needed. 
 
 
 
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. It will be possible for 
the msp430 microcontroller to cut off the pwm signal to the speed controllers in failure 
conditions where the Pixhawk becomes unresponsive. Cutoff of will be enforced by 4 
MOSFETS pulling the PWM signal to ground. This will cause the speed controllers to 
turn off the motors. 
 
The motor used to deploy the arms will be activated by the msp430 microcontroller. 
When the microcontroller senses that the arms are fully deployed, it will deactivate the 
motor. A catch diode will be placed to protect the mosfet. 
 
Power 
The CDLE motors and flight controller will be powered by a 22.5 volt 6 cell lithium-
polymer battery with an energy capacity of 2650 mAh. The main battery will be 
connected to a power distribution board (PDB) centrally located on the CDLE. Power 
connections will radiate from the PDB to the speed controllers for the five 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 emi from the high current draw of the 
motors. 
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A step-down switching voltage regulator will allow the main battery to provide the 5V 
power for the Pixhawk. A 150 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 it will be powered by a CR2032 cell. For safety and to ensure deployment, the 
igniter for the emergency parachute will also have its own 9V battery. 
  
 

 
Figure 4.1.8.1: CDLE Electronics Block Diagram 

 
Test Plans: 

  
The Pixhawk, GPS, and radios have been tested on a stock quadrotor. The 
msp430 will be debugged from the launchpad breakout board that Texas 
Instruments provides for the msp430FR5969. The launchpad 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 
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functionality of the igniter circuit. Test equipment will include a multimeter, an 
oscilloscope, and a USB to UART module for programming the microcontroller. 

4.1.9 Safety and Failure Analysis 

A safety analysis along with a failure mode and effects analysis (FEMA) was 
utilized to determine the overall safety involved with the CDLE payload as well 
as gauge the hazards and risks to ensure proper safety precautions for all students 
involved.  

 
 

Table 4.1.9.1: 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 4.1.9.2: 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 4.1.9.3: Safety Analysis with regard to the Design and Verification of the CDLE 

payload. 
Hazard Control Action 

Taken 

Loss of control or falling 
payload 

Severity = 4 
Probability of occurrence 

= 3 
Risk Preference Number 

Emergency 48 in parachute on isolated circuit and 
power source 

Angle the launch rails slightly away from crowd 

Acceptable 
as is 
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= 12 

Failed deployment from 
launch vehicle 

Severity = 1 
Probability of Occurrence 

= 3 
Risk Preference Number 

= 3 

Deployable emergency parachute from the CDLE 
payload from within the launch vehicle body 

Acceptable 
as is 

Black powder injury 
Severity = 4 

Probability of occurrence 
= 1 

Risk Preference Number 
= 4 

Unintentional electrical charges will be far from 
these materials 

Experienced members will be solely in charge of 
handling these materials 

Acceptable 
as is 

Injury from rotary 
action of propellers 

Severity = 2 
Probability of occurrence 

= 1 
Risk Preference Number 

= 2 

The CDLE will be powered down when undergoing 
modifications and construction 

Acceptable 
as is 

Table 4.1.9.4: Failure Mode and Effects Analysis with regard to the Design and 
Verification of the CDLE payload. 

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 

Battery dies 6 1 1 6 

The payload fails to 
deploy from launch 

vehicle 

2 5 2 20 

The propellers cannot 
align or right the CDLE 

8 4 4 128 

Landing gear 
malfunction 

2 2 1 4 

Software malfunction 5 1 6 30 
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The CDLE loses 
telemetry radio signal. 

5 2 1 10 

The CDLE loses GPS 
signal to base. 

6 2 1 12 

The CDLE gains too 
much acceleration 

8 4 2 64 

 

4.2 Concept Features and Definitions 

 4.2.1 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. 

 

 4.2.2 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 
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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 quadrotor 
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.  

 

4.2.3 Challenge Assessment  

The CDLE design proved to be suitably challenging. The operation of multiple delicate 
sensors and optical hardware mounted to an autonomous drone being deployed from 
within the launch vehicle at the one mile apogee is not a mundane task. The CDLE must 
be ejected in a safe manner to prevent damaging any of the sensitive equipment. Then, 
the CDLE must autonomously fly to a predetermined set of coordinates while storing all 
of the measurements and data onboard. Meanwhile, to ensure the safety of all students 
and personnel, the launch vehicle is constantly waiting for an abort signal from the 
ground station via MAV-Link protocol if any part of this launch should go wrong. If this 
signal from the ground station is received or an emergency issue is detected, the CDLE 
will automatically launch a parachute to land safely in the event of drastic failure such as 
power or communication loss. Finally, when the CDLE nears ground level, it must land 
safely in a controlled manner, despite having just descended one mile. With safety and 
possible failure modes in mind, the objective presented by the CDLE payload proves to 
be a suitable challenge for this project. 

 

4.3 Science Value 

4.3.1 Objectives 

The purpose of the CDLE payload is to provide a suitable platform for the ATMOS 
measurement instrumentation and optical hardware. In this scenario, suitable is 
defined  as “to be safely ejected from the launch vehicle, gain and maintain stable flight 
control, and provide a steady descent to the ground.” 
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4.3.2 Success Criteria 

In accordance with the objectives, the CDLE payload will be considered successful if the 
following criteria is met or exceeded: 
 

•   The entire payload is deployed when the rocket separates at relatively close to 
apogee. 

•   The post-deployment task execution sequence occurs smoothly: the quadcopter 
expands its arms, the motors power on, and the payload obtains stability 
autonomously. 

•   The payload autonomously lands at the target location. 
•   No critical components are damaged during deployment, descent, or landing. 
•   The payload does not require the use of the emergency safety parachute or manual 

control. 
•   The payload successfully records, stores, and relays all relevant data captured 

during and after flight. 

 

4.3.3 Logic and Approach 

Launch vehicles typically hold and carry multiple payloads, some of which contain 
delicate electronics and hardware. Great effort is employed to isolate and protect the 
payloads from external loads and vibrations. The bulk of the high load levels are a 
product of launch, separation, and landing. The driving idea behind CDLE incorporates 
controlled descent to minimize or even eliminate the load from landing, while providing 
many added benefits as described in earlier sections. 
 
Arguably the best method to achieve this would be in the form of a quadcopter inside the 
launch vehicle. In theory, the slow, stable and controlled descent of a payload is possible 
using a quadcopter to generate upward lift force instead of, or in addition to, a parachute. 
Implementation of a quadcopter in controlled descent and landing enables versatility for 
concurring tasks while meeting the intended goal. This utilization of the versatility of the 
quadcopter is manifested in the integrated use of the quadcopter with the ATMOS 
payload to record atmospheric readings with greater accuracy and implementation of 
optical hardware that would not have otherwise been possible. Finally, a quadcopter 
controlled payload has the ability to reposition and establish flight after initial landing, 
which presents many opportunities in itself. 
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While planning the mechanical design of the quadcopter, the following important design 
features were determined as required by this task: 
 
1.  Must be able to fit in the launch vehicle 
2.  Must be able to safely deploy from the launch vehicle 
3.  Must be recoverable and reusable via communication 
 
When approaching the first required feature, a collapsible design was determined best 
because a quadcopter generally has a wide wing-span unable to fit in the cylinder of the 
launch vehicle body. This design includes a frame with arms that can pivot upwards, 
decreasing the wing-span and overall diameter to that of the launch vehicle. During 
deployment, the arms will pivot downwards, where a separate locking mechanism will 
secure them in place. Simply orientating the propellers along the arms while being 
inserted into the launch vehicle will enable the propellers to fit without problem. Also, 
quadcopters generally have electronics on the central frame area that adjoins the arms. 
However, because the arms will be pivoting, this space is no longer available. To address 
this, a cylindrical compartment was attached to the underside of the arms, which will 
house the electronics, mechanical components required to lower the arms, and a 
parachute in the event of failure. 

 
To address the second requirement, metal clamps were installed inside the launch vehicle 
to secure CDLE during launch and ascent. Inside the launch vehicle, a small black 
powder piston and guide rail system will be installed and positioned under the electronics 
compartment that will push and gently slide the CDLE out of the launch vehicle during 
deployment at apogee. 
 

Considering the third requirement, high strength materials, able to withstand 
impact, will be used in all parts of the CDLE, in the event of catastrophic failure and 
uncontrolled descent. Also, all mechanical locks will be able to be manually unlocked. 

 

4.3.4 Testing and Variables 

The individual components included in the CDLE will be, if not already, tested in a 
controlled environment to determine each system’s success rate, repeatability, and 
dependability. These controlled environments can include static and small drop tests. The 
systems included in this testing are the arm folding mechanism, the arm locking 
mechanism, and the guide rail system within the launch vehicle. Strength tests will also 
be performed on the construction materials to determine the allowable amount of impact 
and stress the CDLE can withstand in the event of failure or repeated loading. Full scale 
system tests will be executed to simulate the entire deployment sequence of the CDLE in 
a controlled setting. These should emulate and reflect the post-deployment events, and 
provide a basic understanding of the time period that the CDLE requires to establish 
stability. In a similar fashion, tests will be performed to prove the functionality of the 
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emergency failure sequence, where all electronics are immediately turned off and an 
emergency parachute is deployed. 

 

4.3.5 Relevance of Data 

The data from these tests outlined above will provide a basic understanding of how much 
stress the CDLE can withstand and how dependable the mechanical systems are. Because 
the CDLE will be tested in a controlled setting which will not account for certain factors 
in a realistic setting, such as wind and post-deployment chaos, a factor of safety will be 
added to all variables and measurements to ensure success in any high stress situation. 

 
Deviations from the expected flight track and vehicle condition either indicate design 
problems or invalid assumptions when making predictions. After flight, any data that 
differs from expectation will be strictly analyzed. Post-analysis solutions will be 
proposed and tested if design problems are indicated by the data. 
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4.3.6 Experience Process and Procedures  

There is a multitude of experiments that will benefit the design of the CDLE system. 
Examples of these experiments are listed in Table 4.3.6.1: 

 
Table 4.3.6.1: Experiment Process Procedures for the CDLE. 

Experiment Objective 

Stress test of quadcopter arm 
materials 

Determine the amount of stress at which the quadcopter arms 
fail in order to make an educated decision on arm material. 

Thrust test of different 
combinations of motors, 
propellers, and batteries of the 
quadcopter 

Determine the thrust generated by the motors and propellers 
with different batteries, to determine the lightest component 
options while still producing ample thrust. This data will also 
contribute to the quadcopter’s maximum flight time. 

Arm deployment test Determine the reliability of the design of the CDLE’s foldable 
arms. Check that it can take the load of deployment successfully 
with a high rate of repeatability. 

Crash test Determine a safe ground impact velocity for the CDLE system, 
for both normal flight and in and abort / failure case. 

Flight simulation Determine that all software components operate and 
communicate, and that the flight plan is followed. Also verify 
all fail safes implemented in software. 

Flight tests Determine if the quadcopter is able to maintain safe flight 
autonomously. There will be multiple experiments to test if the 
quadcopter is able to complete the following objectives: 
a. Basic flight 
b. Controlled Landing 
c. Ability to land at specified location 
d. Ability to regain control in momentary chaotic situations 

CDLE deployment Determine if the CDLE system is able to be deployed from the 
launch vehicle and which conditions are required to do so. 

 

4.4 Testing and Design - ATMOS 
 4.4.1 Review of Design 

Below in Figure 4.4.1.1 a diagram can be seen showing the general placement of 
ATMOS on the CDLE. The cameras are placed such that the cameras have the best view 
of the ground and all elements are exposed to the atmosphere in order to get accurate 
readings. A more detailed description of the placement of ATMOS can be found in the 
integration section. 
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Figure 4.4.1.1 The ATMOS and the CDLE payload integration 

 

4.4.1.1 Test Results and Analysis  

Several experiments were conducted to assess the functionality of the sensors. 
The following sensors were tested: the BME280 to test temperature, pressure, and 
humidity, the SI1145 for UV irradiance, the photodiode, the Raspberry Pi Camera 
Module, and the Pi Noir. Each sensor was first exposed to the lab environment 
which was found to be 23º C, 1.013 bar. For the analog sensors, like the BME280, 
the SI11, and the photodiode, the ATMOS system was initiated and one property 
of the environment was changed and the sensor’s reaction was monitored. Data 
was taken every second and logged in a data file on an onboard SD card. 
 
For the BME280, the temperature, pressure and humidity were varied. The 
temperature was altered using a standard 60 W bulb, and the pressure was altered 
by taking the ATMOS system up and down the outdoor stairwell (higher altitude 
yields lower pressure). It was difficult to control the humidity as we are not in 
possession of a compact industrial humidifier. Instead, a non-rigorous, pass-fail 
test was constructed in order to verify the humidity detector’s functionality. First, 
an experimenter breathed lightly on the sensor to increase the ambient humidity. 
Then the sensor was placed outside to change the humidity. For the UV sensor, a 
395 nm UV flashlight was used to shine UV light on the sensor. The distance 
from the source was varied in order to create a change in the intensity incident on 
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the sensor. For both Raspberry Pi cameras, test pictures and video were taken. 
Unfortunately, the team did not have time to develop the software for NDVI 
testing, but testing this ATMOS capability is a major priority in the coming 
weeks.  
 
The BME280 needed slight calibration. While an independent thermometer 
reported an ambient temperature of 23º C, the BME280 recorded temperatures 
ranging between 25.5 and 26.0º C. Outside, the temperature on our reference 
thermometer was 16º C while the BME280 reported 18º C. To calibrate the 
sensor, a decrease of 2º C was applied in the code. For altitude, the BME280 
reported a wide range of values (between 45 and 60 m above sea level) that 
differed each time the system was initiated. The elevation of Boston is about 42 
m. In addition, there was a slight upward drift in the values (about 1 m/min) after 
the system had been powered on for a long time. The average pressure reported 
was 1013 mbar. For humidity, the ambient humidity was about 24%, while 
outside it was about 34%. When an experimenter breathed lightly on the device, 
the humidity sharply increased. The trials were not very replicable, so many 
various peak values were recorded. Humidities of 60 and 70% were common and 
a humidity as high as 87% was reached. The UV sensor measured the UV 
radiation in units of the UV index. Sitting on the table with fluorescent lights 
overhead, a level of 4 was reached. This indicates 100 mW/m^2 of skin-damaging 
UV radiation. When the UV source was introduced to the sensor, the UV level 
rose dramatically. The exact level was a function of the distance from the source. 
At about 1 m, the sensor reported an average of 24.4 (610 mW/m^2). At 50 cm, 
the sensor reported an average of 36.0 (900 mW/m^2) and at 10 cm, the UV level 
was 44.4 (1110 mW/m^2). Finally, the solar irradiance was measured using a 
photodiode. This was a diode that lowered its resistance as more sunlight fell on 
its face. The diode responded as expected when various light sources were 
introduced, resulting in ranges of voltage from 2.5 to 4 V. 
 
The BME280 consistently reported temperatures about 2º C higher than expected. 
After a small calibration was added, the BME280 showed sufficiently accurate 
temperature readings. Its pressure readings were as expected, although it is 
difficult to say for sure without an independent testing device. Interestingly, 
although the pressure reading was quite consistent over the course of testing, the 
altitude was not. This is strange because the sensor relies on its pressure sensor to 
determine altitude. One hypothesis to explain this is that there is a small error in 
the sensor’s software that causes the steady upward drift of the altitude. This 
would explain why after being powered on for a while the readings may be up to 
20 m higher than expected. This will have to be investigated further since this 
would make the data unreliable, voiding any results from the ATMOS 
experiments. The humidity sensor responded accordingly, and while not very 
precise was accurate to the best of our knowledge. An independent testing method 
for the humidity will have to be acquired. For the UV level, the data acquired was 
higher than expected, since the sensor is not meant to respond as well to the 395 
nm light that our source produced. However, the level increased up to 44.4. A 
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shorter wavelength source can be acquired to see if a higher level is produced. 
Finally, the photodiode did react as expected, but we have yet to produce an 
algorithm that reliably converts the voltage to a power of the irradiance. The 
results from the cameras were nominal. 

4.4.1.2 Integrity of Design  

Due to spatial constraints, we do not have backups for any of our sensor systems. 
Instead, we have an extensive plan in place, detailed in Section 4.4.4, in order to 
test our equipment to ensure the integrity of our design. Making sure that 
everything works and is calibrated before launch reduces the need for fail-safes 
directly in the design. We have also decided to use simple, user-friendly 
processing units, Raspberry Pi and Arduino, as we are more confident in our 
ability to properly utilize these units despite their slight lapse in convenience. 
Although they have disadvantages, especially their larger size, their simplicity and 
our knowledge of them makes it more likely for our plans to succeed. 

 4.4.2 Demonstrate Requirements Reached 

Under the Atmel ATmega168 microcontroller subsystem, we have successfully tested 
and verified the measurements of temperature, pressure, relative humidity, and ultraviolet 
radiation. We have created the instrumentation to measure solar irradiance, but it still 
requires calibration and testing. The software being run on the microcontroller subsystem 
has also been created and tested, with some minor changes needed to ensure 
measurements will be taken at least once every second during descent and every 60 
seconds after landing for ten minutes.   
 
Under the Raspberry Pi subsystem, we have successfully taken images using both the Pi 
camera and the Pi Noir infrared camera. We have also created and implemented the 
software to take these images to ensure that at least 2 pictures will be captured during 
descent and 3 after landing. 

4.4.3 Approach to Workmanship 

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 mostly 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 very possibly affect the timeline of the 
project as well as the budget. 
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The next phase will be constructing the final payload. Good workmanship is necessary in 
all areas of this construction. Most obviously, the actual assembly will need to be 
constructed with care and with the proper 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 consist of soldering 
which is something many of the team members have a good amount of 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 but potentially at different 
times or in different locations it is important that they communicate with each other so 
that everything that needs to get done is completed and nothing gets done twice because 
that wastes both time and resources. The team members working on this part of the 
project 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. For 
something so fragile and so crucial to the success of the project, extra care must be taken 
to ensure that it is stored safely and securely somewhere easily accessible by relevant 
team members but also not be in danger of unintentional damage. The team has a space in 
our storage area that should meet all of these requirements as it should be secure enough 
so that no one will stumble upon it by accident and is also out of the way of general 
traffic in and out of 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 quadcopter will also require a great amount of care. 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. 

4.4.4 Planned Testing 

Given the variety of sensors that our design utilizes to achieve all of its goals, we will 
need to conduct a diverse series of tests to ensure that everything is working properly. In 
the table below, each goal is listed with the sensor being used to accomplish it and our 
method for testing the efficacy of that sensor. 

 
Table 4.4.3.1: The ATMOS Requirements and Verification 

Payload Requirement Design Feature Verification 

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

Adafruit BME 280 
sensor, wired to 
Arduino with a real 

Analysis – Pressure readings will be 
compared to accepted pressure vs 
altitude data 
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landing time clock Test - sensor will be 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 

Adafruit BME 280 
sensor, wired to 
Arduino with a real 
time clock 

Test- Put sensors 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 

Adafruit BME 280 
sensor, wired to 
Arduino with a real 
time clock 

Test- change humidity of 
environment and see if measurements 
change accordingly 

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

Photodiode wired to 
Arduino, taking output 
voltage readings from 
the analog pin. 

Test- change the exposure to the sun 
and see if measurements changes 
accordingly. Also, compare readings 
to that of a pyranometer to quantify 
the accuracy. 

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

ML 8511 UV Sensor 
wired to Arduino 

Test- change the exposure to the sun 
and see if measurements changes 
accordingly. 

At least two pictures during 
descent and three after landing. 

Raspberry Pi camera 
module 

Inspection- See if 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 

Quadcopter software 
to ensure stability 

Visual Inspection of photos taken 
during test flight 

Store Data onboard SD Card wired to 
Arduino and 
Raspberry Pi 

Inspection- verify data is on SD card 

Transmit Data Data will relayed 
through flight 
controller to radio 
antenna 

Inspection- Successful if data is 
received 

Vegetation Analysis Pi Noir Camera 
Module and visible 

Analysis- receive images and 
compare visible light to IR light to 
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light camera place on NDVI scale 

Atmospheric Transmittance 
Data 

Lepton FLIR Inspection – receive images 
and analyze images to get reputable 
data 

 
In addition to testing each individual sensor, we have already finished testing the ability 
of the Arduino board to trigger the Raspberry Pi so that it begins taking pictures and 
video. This data has been shown to successfully save to an on-board SD card from which 
it can be recovered and analyzed after the flight. 
4.4.5 Manufacturing and Assembly Plans 

The manufacturing involved with the ATMOS will pertain mainly to the ATmega168 
microcontroller subsystem. We will create this subsystem centered on one PCB board, 
containing the ATmega168, the SD card writer/reader, and the BME280. We will include 
pinouts on this board to allow access to the ML8511, the TTL camera, the FLIR camera, 
and the solar irradiance sensors. The solar irradiance sensor itself will also have to be 
manufactured using a photodiode, a high-valued resistor, and optical filters. The 
Raspberry Pi subsystem does not require any additional manufacturing beyond the 
assembly of the cameras on the CDLE. 
 
Assembling the ATMOS will involve highly important component placements on the 
CDLE to ensure proper and ideal measurements and imaging. 

4.4.6 Integration Plan 

The current ATMOS configuration, described below, was integrated such that it would 
interfere as little as possible with the function of the quadcopter and not lose any 
functionality as a payload. 

 
ATMOS is mounted underneath the CDLE on and around a wooden 7.5” coupler 
bulkhead. The components of ATMOS are mounted on both the top and the bottom of 
this bulkhead. The outward facing camera to take visible spectrum photos of the horizon 
is mounted on a 90˚ L-bracket on the top side of bulkhead 1. The other three cameras are 
threaded down through the bulkhead holding ATMOS and down to the end of the thinner 
blue tube. This allows the three cameras (two IR and one visible spectrum) to see 
downwards while also allowing the backup parachute to be on the bottom of the 
assembly. The backup parachute fills the majority of the thinner blue tube, while the 
cameras occupy a small sliver. The two sections are separated with an airtight piece of 
wood supported with epoxy. This can be seen in Figure 4.4.1.1 in the sections above. 

 



84	  
	  

 
Figure 4.4.6.1: Scale diagram of the ATMOS configuration  

 
This arrangement of ATMOS components is compact enough that the entire assembly 
can fit above and below one bulkhead but spacious enough to allow every piece to 
perform its task. The appropriate holes will be made so that the entire system can be 
wired properly. 

4.4.7 Precision of Instrumentation 

The following table describes the degree of precision of each component in the scientific 
payload: 

 
Table 4.4.7.1: The degree of precision for each component. 

Sensor Degree of Precision 

BME 280 (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 
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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. 

 

4.4.8 Payload Electronics 

 
Figure 4.4.8: The Payload Electronics 

 
 

4.4.9 Safety and Failure Analysis 

There are only a few safety concerns dealing specifically with the construction of the 
ATMOS payload. One of our major concerns involves safety while soldering. Many team 
members have extensive experience soldering and can properly use a soldering iron. The 
risk of electrical shock may also be present, but the voltage powering the payload will be 
limited to 9V and cannot produce more than a mild shock. Safe practices such as 
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disconnecting the payload electronics from power before working on them will greatly 
reduce any such risks. 
 
As for failure analysis, a failure of the payload will be characterized by a failure of any of 
the subsystems. However, a partial failure may not result in total failure. In the code, we 
will specify that one subsystem failure will only result in a null value for that specific 
category, and other subsystems will collect data as usual. 

 

4.5 Concept Features and & Definition 

4.5.1 Creativity and Originality 

The ATMOS design will feature an array of creative and original features. Most notably, 
we will have the sensor suite mounted to the CDLE, which will enable a controlled 
descent. While the quadcopter makes a controlled descent, the ATMOS will collect and 
store data on board. This data will include measurements from a unique method of 
determining solar irradiance, an original design to determine the atmospheric 
transmittance of the atmosphere, and an innovative process to differentiate plant matter 
on the ground located below the CDLE. To determine the solar irradiance, the ATMOS 
will feature a subsystem containing a photodiode. This photodiode will generate current 
proportional to the intensity of light that it detects. The generated voltage will be 
measured with a digital potentiometer, which will provide data on the solar irradiance of 
the environment. This solution was proposed in place of using a pyranometer to remain 
within the size and weight constraints of the design. In addition to the required NASA SL 
2016 measurements, the ATMOS will feature two original experimental measurements. 
First, there will be an original design to determine transmittance of the atmosphere. This 
will be accomplished with a Lepton FLIR camera secured to the bottom of the quadcopter 
which will measure intensity through the collection of images in the long wave infrared 
spectrum -- wavelengths from 8 to 14 microns. The ATMOS will record the intensity as a 
function of altitude upon descent. Second, this design will have a visible light camera as 
well as a Raspberry Pi NoIR camera mounted to the base of the quadcopter and facing 
downwards. 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 photodiode and UV sensor. By integrating the 
ATMOS with a quadcopter, AIAA at NEU will collect quality pictures of a known 
orientation with maximum stability, facilitating an atmospheric measurements payload 
that will have the most accurate data possible. 
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4.5.2 Uniqueness and Significance 	  

The	  ATMOS	  will	  have	  a	  broad	  range	  of	  significant	  scientific	  applications,	  ranging	  from	  
high-‐altitude	  temperature	  data	  collection	  to	  autonomously	  identifying	  the	  variance	  
between	  the	  topographical	  features,	  specifically	  plant	  matter,	  below	  the	  quadcopter.	  
With	  the	  calculation	  of	  plant	  density,	  it	  will	  be	  possible	  to	  determine	  if	  the	  vegetation	  is	  
abundant	  and	  healthy.	  In	  addition	  to	  these	  measurements,	  the	  data	  collected	  will	  be	  
wirelessly	  transmitted	  to	  a	  receiver	  at	  home	  base	  via	  an	  RF	  transmitter.	  This	  will	  enable	  
our	  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,	  solar	  irradiance	  
sensor,	  an	  SD	  card	  module,	  an	  RF	  transmitter,	  visible	  light	  cameras	  and	  Pi	  NoIR	  cameras,	  
the	  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	  is	  projected	  to	  be	  a	  maximum	  of	  one	  kilogram	  
which	  demonstrates	  the	  lightweight	  suitability	  to	  an	  assortment	  of	  aerial	  vehicles.	  A	  
notable	  feature	  of	  the	  system	  is	  that	  the	  entire	  ATMOS	  will	  also	  be	  relatively	  compact.	  
The	  BME280,	  ML8511,	  SI	  sensor,	  and	  UV	  sensor	  will	  all	  be	  mounted	  to	  a	  single	  
breadboard.	  This	  compacted	  design	  will	  enable	  this	  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.	  

	  

4.5.3 Suitable Challenge  

The	  major	  challenge	  that	  ATMOS	  faces	  is	  the	  integration	  with	  the	  CDLE	  payload.	  While	  
the	  CDLE	  has	  unique	  benefits,	  the	  constraints	  on	  the	  CDLE’s	  lift,	  as	  well	  as	  its	  physical	  
dimensions,	  require	  that	  ATMOS	  remain	  within	  tight	  weight	  and	  size	  requirements.	  
Additionally,	  the	  Lepton	  FLIR,	  visible	  light,	  and	  Pi	  NoIR	  cameras	  must	  permanently	  face	  
the	  ground	  and	  the	  horizon,	  and	  the	  location	  of	  the	  sensor	  suite	  on	  the	  quadcopter	  will	  
be	  integral	  to	  successful	  collection	  of	  accurate	  data	  collection.	  The	  sensor	  suite	  must	  
also	  be	  isolated	  from	  the	  pressure	  differences	  created	  by	  the	  quadcopter	  propellers,	  in	  
order	  to	  obtain	  accurate	  pressure	  readings.	  These	  design	  requirements	  must	  be	  taken	  
into	  careful	  consideration	  in	  order	  to	  guarantee	  a	  successful	  mission.	  To	  learn	  more	  
about	  the	  integration	  of	  ATMOS	  and	  the	  CDLE,	  see	  3.5.6	  Integration	  Plan	  for	  ATMOS.	   
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4.6 Science Value 

 4.6.1 Objectives 

There	  are	  numerous	  applications	  of	  a	  self-‐contained	  and	  autonomous	  sensory	  drone.	  
Some	  potential	  uses	  include	  survey	  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	  broad	  range	  of	  data	  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. 

 

4.6.2 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.	  Table	  X	  lists	  
accuracy	  for	  each	  component.	   

	  

Table 4.6.2.1: 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.	  

	  

4.6.3 Experimental Approach and Rationale 

4.6.3.1 NASA Required Measurements  

The	  atmosphere’s	  temperature,	  relative	  humidity,	  and	  pressure	  as	  well	  as	  the	  
solar	  irradiance	  and	  UV	  radiation	  change	  depending	  on	  one’s	  location	  and	  
altitude.	  This	  is	  due	  to	  global	  weather	  patterns	  and	  the	  structure	  of	  the	  
atmosphere.	  It	  is	  presumed	  that	  for	  low	  altitudes,	  the	  temperature	  and	  pressure	  
decrease	  linearly	  with	  rising	  altitude	  and	  that	  the	  latitude	  of	  the	  location	  will	  
only	  scale	  the	  measurements	  by	  a	  small	  factor.	  If	  this	  is	  the	  case,	  a	  global	  model	  
for	  the	  temperature	  and	  pressure	  of	  the	  low	  atmosphere	  can	  be	  created.	  This	  
model	  negates	  the	  effects	  of	  large	  land	  features	  such	  as	  mountain	  ranges.	  
Humidity,	  on	  the	  other	  hand,	  is	  a	  highly	  variable	  condition	  of	  the	  atmosphere	  
that	  depends	  on	  location	  and	  time	  of	  year.	  It	  is	  also	  presumed	  that	  the	  UV	  
radiation	  and	  solar	  irradiance	  will	  not	  change	  very	  much	  with	  rising	  atmosphere,	  
but	  may	  change	  slightly	  with	  location,	  and	  will	  change	  with	  latitude	  due	  to	  the	  
angle	  of	  the	  sun.	  Our	  experiment	  will	  measure	  these	  values	  and	  we	  will	  be	  able	  
to	  use	  the	  data	  obtained	  to	  create	  models.	  If	  the	  ATMOS	  payload	  were	  to	  fly	  on	  
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multiple	  missions	  at	  different	  points	  throughout	  the	  year,	  more	  patterns	  may	  
emerge.	   

	  

The	  ATMOS	  will	  collect	  atmospheric	  data	  using	  3	  sensor	  subsystems.	  These	  are	  
connected	  to	  the	  analog	  pins	  of	  an	  Arduino	  board	  which	  will	  log	  the	  data	  on	  a	  
micro	  SD	  card.	  The	  first	  sensor	  is	  an	  Adafruit	  BME280	  which	  measures	  
temperature,	  humidity	  and	  pressure.	  The	  second	  is	  an	  ML8511	  from	  SparkFun	  
which	  measures	  the	  UV	  intensity	  using	  a	  photodiode.	  The	  third	  is	  a	  photodiode	  
sensitive	  to	  a	  wide	  range	  of	  wavelengths	  in	  the	  visible	  spectrum	  for	  the	  solar	  
irradiance	  measurement.	  

	  

4.6.3.2 NASA Required Measurements  

Imaging	  will	  be	  done	  by	  camera	  modules	  on	  board	  the	  quadcopter.	  One	  
horizontal	  Raspberry	  Pi,	  one	  downward	  facing	  Raspberry	  Pi,	  one	  downward	  
facing	  Pi	  NoIR	  (No	  IR	  filter)	  module,	  and	  one	  Lepton	  FLIR	  for	  longwave	  IR.	   

	  

4.6.3.3 NDVI  

ATMOS	  will	  be	  mapping	  the	  topography	  of	  the	  surface	  by	  using	  a	  method	  known	  
as	  Normalized	  Difference	  Vegetation	  Index	  (NDVI).	  NDVI	  is	  used	  as	  a	  way	  to	  
determine	  the	  density	  of	  live	  green	  vegetation	  in	  a	  given	  area.	  It	  has	  been	  used	  
by	  instruments	  on	  NASA	  satellites	  to	  measure	  the	  amount	  vegetation	  in	  different	  
areas	  of	  earth.	  The	  NDVI	  at	  a	  given	  pixel	  is	  given	  by:	   

	  

𝑁𝐷𝑉𝐼 = 	  
𝑁𝐼𝑅 − 𝑉𝐼𝑆
𝑁𝐼𝑅 + 𝑉𝐼𝑆	  

	  

Where	  NIR	  and	  VIS	  are	  the	  reflectance	  measurements	  in	  the	  near	  infrared	  and	  
visual	  spectra,	  respectively.	  The	  NDVI	  can	  have	  any	  value	  between	  1	  and	  -‐1.	  By	  
taking	  visible	  and	  infrared	  spectra	  pictures	  of	  crop	  fields,	  NDVI	  can	  be	  used	  to	  
gauge	  the	  relative	  health	  of	  crops	  in	  fields	  such	  as	  on	  Bragg	  Farm	  in	  Alabama.	  
The	  ATMOS	  payload	  will	  be	  attempting	  to	  do	  this	  and	  will	  report	  our	  findings	  to	  
the	  farm.	  	  
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4.6.3.4 Atmospheric Transmittance and Thermal Imaging  

The	  makeup	  of	  the	  atmosphere	  is	  critical	  to	  the	  health	  of	  our	  planet.	  One	  way	  to	  
investigate	  the	  makeup	  of	  the	  atmosphere	  is	  to	  measure	  the	  amount	  of	  light	  it	  
absorbs.	  This	  is	  called	  the	  transmittance.	  Knowing	  this	  value	  can	  help	  determine	  
the	  concentrations	  of	  certain	  gases	  such	  as	  water	  vapor,	  nitrogen,	  methane,	  and	  
carbon	  dioxide.	  Transmittance	  is	  defined	  as	  the	  ratio	  of	  the	  transmitted	  radiant	  
flux	  to	  the	  incident	  radiant	  flux.	  In	  other	  words,	  the	  percentage	  of	  light	  that	  is	  
transmitted	  through	  a	  material.	  	  

  

𝑇 = 	  
𝜑(
𝜑&

 

	  

The	  transmittance	  of	  a	  material	  depends	  on	  two	  factors,	  the	  length	  of	  the	  path	  
the	  light	  takes,	  and	  the	  attenuation	  coefficient,	  also	  known	  as	  the	  absorption	  
coefficient	  for	  gases,	  of	  a	  material.	  This	  gives	  rise	  to	  the	  Beer-‐Lambert	  Law:	  	  

	  

𝑇 = 𝑒yzn	  

	  

Where	  k	  is	  the	  absorption	  coefficient	  of	  the	  low	  atmosphere	  and	  x	  is	  the	  path	  
length	  that	  the	  light	  goes	  through.	  It	  is	  a	  decaying	  function;	  as	  the	  distance	  the	  
light	  travels	  grows,	  there	  is	  less	  and	  less	  of	  it	  that	  survives	  the	  trip.	  By	  measuring	  
the	  intensity	  of	  the	  light	  at	  multiple	  distances	  and	  knowing	  the	  intensity	  of	  the	  
light	  at	  x	  =	  0,	  it	  is	  possible	  to	  calculate	  the	  k	  for	  the	  atmosphere.	  	  

	  

This	  will	  be	  done	  using	  a	  downward	  facing,	  long	  wave	  IR	  camera.	  This	  camera	  
was	  chosen	  because	  very	  little	  sunlight	  is	  emitted	  in	  the	  long	  wave	  IR	  spectrum,	  
so	  the	  only	  IR	  light	  measured	  will	  be	  from	  the	  ground.	  The	  ATMOS	  will	  measure	  
the	  light	  in	  the	  IR	  spectrum	  at	  multiple	  altitudes	  while	  descending,	  and	  measure	  
a	  value	  for	  “incident”	  light	  at	  a	  certain	  low	  altitude,	  A0	  (~	  100	  m).	  The	  
transmittance	  of	  the	  atmosphere	  between	  A0	  	  and	  A	  will	  be	  the	  intensity	  reading	  
obtained	  by	  the	  camera,	  I(A),	  divided	  by	  the	  incident	  light,	  I(A0)).	  If	  the	  
transmittance	  T(A)	  is	  plotted	  with	  respect	  to	  A,	  we	  should	  obtain	  an	  exponential	  
relationship,	  which	  can	  be	  rearranged	  to	  a	  linear	  relationship	  in	  which	  we	  can	  
measure	  the	  absorption	  coefficient:	  
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𝑇 𝐴 = 𝑒yz{	  

	  

ln 𝑇 𝐴 = −𝑘𝐴	  

	  

−
ln 𝑇 𝐴

𝐴 = 𝑘	  

	  

The	  last	  equation	  is	  equal	  to	  the	  slope	  of	  the	  plot	  of	  the	  natural	  log	  of	  the	  
transmittance	  with	  respect	  to	  the	  altitude.	  	  

	  
The	  intensity	  of	  the	  IR	  light	  that	  the	  camera	  measures	  will	  not	  just	  be	  used	  for	  
atmospheric	  transmittance	  measurements.	  It	  will	  be	  also	  used	  for	  surface	  
topography.	  The	  images	  obtained	  by	  the	  camera	  are	  representative	  of	  the	  
temperature	  of	  the	  surface.	  This	  is	  due	  to	  the	  phenomenon	  of	  black	  body	  
radiation.	  The	  amount	  of	  light	  of	  a	  certain	  long	  wave	  IR	  wavelength	  increases	  to	  
a	  maximum	  as	  the	  temperature	  of	  the	  black	  body	  rises.	  Only	  when	  an	  object	  is	  
very	  hot	  does	  it	  emit	  near	  IR	  or	  even	  visible	  light.	  Consider	  the	  coals	  that	  glow	  
red	  or	  orange	  as	  they	  heat	  up.	  This	  is	  why	  LWIR	  is	  used	  for	  thermal	  imaging.	  The	  
camera	  will	  conduct	  thermal	  imaging	  of	  the	  surface,	  which	  will	  allow	  us	  to	  
identify	  different	  features	  with	  stark	  contrasts	  in	  temperature	  such	  as	  surface	  
water,	  which	  has	  a	  relatively	  low	  temperature,	  soil	  or	  vegetation.	  

	  

4.6.4 Preliminary Experiment Process 

4.6.4.1 Temperature, Humidity, Pressure  

For	  many	  of	  the	  physical	  tests,	  we	  will	  be	  flying	  the	  ATMOS	  on	  a	  testbed	  
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.	   
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4.6.4.2 Imaging  

As	  with	  the	  previous	  tests,	  when	  we	  fly	  the	  ATMOS	  on	  the	  testbed	  we	  will	  also	  
take	  images	  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,	  we	  will	  analyze	  the	  effective	  use	  of	  the	  infrared	  cameras	  
when	  aimed	  at	  the	  ground	  from	  the	  air.	   

	  

4.6.4.3 NDVI  

According	  to	  many	  hobbyists,	  it	  is	  possible	  to	  use	  NDVI	  to	  identify	  vegetation	  
even	  at	  low	  altitudes	  -‐-‐	  although	  the	  results	  are	  not	  very	  groundbreaking;	  it	  is	  
easy	  to	  identify	  trees	  and	  grass	  from	  altitudes	  of	  100	  feet.	  A	  preliminary	  test	  of	  
the	  Pi	  NoIR	  camera	  will	  be	  to	  use	  NDVI	  to	  increase	  the	  contrast	  between	  live	  
green	  vegetation	  and	  other	  terrain.	   

	  

4.6.4.4 Atmospheric Transmittance and Thermal Imaging  

The	  preliminary	  experiment	  process	  for	  the	  LWIR	  camera	  will	  include	  measuring	  
light	  intensity	  transmitted	  through	  columns	  of	  gas	  at	  different	  distances.	  A	  
strong	  LWIR	  light	  source	  will	  be	  used,	  such	  as	  a	  hot	  piece	  of	  metal	  or	  a	  human	  
subject.	   
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5. PROJECT PLAN                                                                      . 

 

5.1 Budget Plan  

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  

  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  
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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  Greeen  Delrin  Acetal  

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  
  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  
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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  Monocystalline  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  
  Arudino  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  
  

                 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  
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5.2 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. While the 
request is currently undergoing review, we are confident that we will be approved for the 
Spring 2016 semester, since we maintain great relations with SGA.  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, AIAA at NU has been working toward finalizing the framework required to 
reach out to potential corporate sponsors for the Fall 2015 and Spring 2016 semesters. 
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 is to fund all 
traveling expenses to Huntsville, AL.  
 

5.3 Timeline  

The Gantt chart below (Figure 5.3.1) depicts the projected schedule for the project, 
spanning from the date proposals are rewarded (October 2nd) to the date the PLAR is due 
(April 29th). The different colors classify each task into one of six categories, four of 
which reference the project groups discussed previously. The other categories are general 
tasks or documentation tasks for which the entirety of the team is responsible. Intended 
launch dates are indicated with the blue rhombuses and NASA milestones are indicated 
with red rhombuses. 
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Figure 5.3.1: Overall project Gantt chart. 

 

The actions and their corresponding dates are shown below again for clarity. 
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5.4 Educational Engagement  

5.4.1 Goal of Education and Outreach 
 

Throughout the course of the year, our team will conduct and assist 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 will be continuing our partnership with Northeastern University’s Center for 
STEM Education and exploring new opportunities for outreach. Last year, we 
collaborated to reach more than 200 middle and high school students. This year, we hope 
to go beyond the previous year’s success and reach an even larger number of students. 

 

5.4.2 Schedule of Previous and Coming Events 
 

Event Date (Expected) Number of Students 

STEM Field Trip Sept. 9th 22 

NEPTUN Nov. 7th, 14th 20 

STEM Field Trip Nov. 6th 50 

Engineering Month February 100-120 

STEM Field Trip April 1 10 

Science on the Streets TBD TBD 

Boston Museum of Science TBD TBD 
 

5.4.3 Description of Events 
 
STEM Field Trips 
 
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 
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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. 

 
 

 
Figure 5.4.3.1: Caroline Mueller E ‘19 assists two students with fin attachment for 

their paper rocket 

 

Figure 5.4.3.2: Students from Bishop Hendricken look up as two paper rockets 
compete for height 

 
  



102	  
	  

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. 
 
Engineering Month 
 
The Center for STEM Education is planning an “Engineering Month,” where 
Northeastern University student organizations visit local schools to provide 
demonstrations, small activities, and student panels. As we will visiting up to 12 
classrooms, we hope to reach more than 100 students. The details are currently being 
fleshed out, but the events will happen over the first three weeks of February.  
 
Science on the Streets 
 
Science on the Streets is a project by the organizers of the Cambridge Science Festival. 
They bring activities like the ones at the CSF to schools and students across 
Massachusetts. In addition, they encourage volunteers to bring their own activities. Our 
organization is considering presenting a demonstration on the fundamentals of rocket 
flight, and engaging students in a model rocket activity.   
 
Boston Museum of Science 
 
The Boston Museum of Science offers multiple programs in which they visit a school or 
other venue to teach students a scientific topic and go through a corresponding activity. 
One of these programs concerns designing, launching, and recovering balloon rockets. 
Currently, we are in contact with the museum to see if our group would be helpful if we 
volunteered with this program. 

 
5.4.4 Overall Status 

 
Currently, AIAA at NEU has volunteered at two STEM field trips and taught two 
NEPTUN classes, to reach a total of 92 students. With the events we have confirmed for 
the next two months, we are confident we will be able to reach the requisite 200 students. 
In addition, with the currently unplanned events with Science on the Streets and the 
potential collaboration with the Museum of Science, we believe we will be able to greatly 
exceed that number. 
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6. CONCLUSION                                                                        . 

With our submission, we aim to not only complete the objectives set forth for us by the 
competition, but also to finalize the designs for our launch vehicle and scientific payloads. Our 
main objective is to reach an apogee of one mile, deploy a high precision quadcopter unit, 
containing atmospheric sensors that will collect data for analysis and conclusions. With the 
conclusion of the design phase, we shall begin construction of necessary full scale modules for 
the Flight Readiness Report.  
 
The launch vehicle will use a L1115 engine and will reach apogee at one mile. At apogee, the 
nose cone section will separate from the sheath with a black powder charge, and two aft drogues 
from the motor section will simultaneously deploy. The aft drogues will allow the launch vehicle 
to invert itself and stabilize during descent, for the deployment of CDLE. After descent on aft 
drogues has stabilized, a piston, triggered by another black powder charge will impact the 
CDLE, breaking the shear pins and deploying the quadcopter. So long as the quadcopter is not 
deemed to be a danger to the onlookers, the auto-deployment software will activate the lead 
screw of the quadcopter, unfurling the arms.  
 
The propellers will begin spinning, slowing and stabilizing descent. Simultaneous to these 
events, the ATMOS payload inside of CDLE will be taking temperature, pressure, UV, solar 
irradiance and humidity data. This data will be stored on an on board SD card. 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 pre-arranged 
coordinates, and transmit the on-board ATMOS to the ground team for analysis.  
 
The full scale launch vehicle design has been informed and adapted based upon data collected 
from three subscale launches and various simulations. The motor section of the full scale launch 
vehicle has been perfected through three design iterations. In order to ensure that the aft drogues 
deploy safely and effectively, both static fire tests and in flight tests were conducted in order to 
ensure design integrity. The full scale will have two aft drogues, each controlled by an individual 
stratologger for redundancy. Due to lessons learned from the subscale launches, in order to 
ensure recovery system deployment, each avionics bay in the full scale will have two altimeters 
for redundancy. During the development of the full scale, each recovery system will be static 
fired, and the CDLE ejection system will also be ground tested. Comprehensive verification and 
testing will inform the final full scale design. Test launches of the full scale will also ensure 
success before FRR. 
 
The main role of the CDLE is to ferry ATMOS back to the ground in a controlled fashion. The 
CDLE sensors were tested in the first iteration of the subscale, in order to confirm the 
functionality of the GPS tracking system and the barometer. Construction of the CDLE will 
begin with comprehensive fabrication of subsystems and through testing mechanisms. The 
CDLE will have significant ground tests, as well as separations tests in order to ensure design 
integrity. The software for the CDLE will ensure safe deployment and flight, and in the case of 
an anomaly, safe parachute landing. 
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The integration of ATMOS and the CDLE was a critical task for this design milestone. The 
CDLE has been optimized for the various cameras for ATMOS. ATMOS has not changed 
significantly, but has undergone significant testing to ensure software and hardware integrity. 
Continued testing on the ground and inflight will be critical for success in the final project. The 
CDLE and ATMOS, if successful, would demonstrate the feasibility of device deployment and 
data collection at high altitudes, and have many military and civilian applications. 
 
Looking forward to FRR and the final competition, we look forward to demonstrating the 
effectiveness of the full scale launch vehicle, the CDLE, and ATMOS. 
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APPENDIX A                                                                             . 

Milestone Flysheet, attached below. 
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Milestone	  Review	  Flysheet	  

  
Institution	   AIAA	  at	  Northeastern	  University	  

  
Milestone	   Critical	  Design	  Review	  

                                
Vehicle	  Properties	  

  
Motor	  Properties	  

Total	  Length	  (in)	   118	  
  

Motor	  Manufacturer	   Cesaroni	  

Diameter	  (in)	   7.5	  
  

Motor	  Designation	   L1115	  

Gross	  Lift	  Off	  Weigh	  (lb)	   40.9	  
  
Max/Average	  Thrust	  (lb)	   385.1/251.6	  

Airframe	  Material	   Blue	  Tube	  
  

Total	  Impulse	  (lbf-‐s)	   1127.4	  

Fin	  Material	   G10	  Fiberglass	  
  

Mass	  Before/After	  Burn	  
(lb)	   40.9/30.1	  

Drag	   189	  N	  
  

Liftoff	  Thrust	  (lb)	   368.9	  

                                
Stability	  Analysis	  

  
Ascent	  Analysis	  

Center	  of	  Pressure	  (in	  from	  nose)	   92	  
  

Maximum	  Veloxity	  (ft/s)	   676	  

Center	  of	  Gravity	  (in	  from	  nose)	   75.051	  
  

Maximum	  Mach	  Number	   0.061	  

Static	  Stability	  Margin	   2.24	  
  

Maximum	  Acceleration	  (ft/s^2)	   272	  
Static	  Stability	  Margin	  (off	  launch	  

rail)	   2.24	  
  

Target	  Apogee	  (From	  Simulations)	   5664	  

Thrust-‐to-‐Weight	  Ratio	   12.3	  
  

Stable	  Velocity	  (ft/s)	   42.2	  

Rail	  Size	  and	  Length	  (in)	   1.5/120	  
  

Distance	  to	  Stable	  Velocity	  (ft)	   425	  

Rail	  Exit	  Velocity	  (ft/s)	   42.2	  
                 

                                
Recovery	  System	  Properties	  

  
Recovery	  System	  Properties	  

Drogue	  Parachutes	  
  

Main	  Parachute	  

Manufacturer/Model	   Fruity	  Chutes	  
  

Manufacturer/Model	   Fruity	  Chutes	  

Size	   18"	  
  

Size	   72"	  

Altitude	  at	  Deployment	  (ft)	   Apogee	  
  

Altitude	  at	  Deployment	  (ft)	   750	  

Velocity	  at	  Deployment	  (ft/s)	   0	  
  

Velocity	  at	  Deployment	  (ft/s)	   66.2	  

Terminal	  Velocity	  (ft/s)	   14.9	  
  

Terminal	  Velocity	  (ft/s)	   14.9	  

Recovery	  Harness	  Material	   Kevlar	  Shock	  Cord	  	  
  

Recovery	  Harness	  Material	   Kevlar	  Shock	  Cord	  

Harness	  Size/Thickness	  (in)	   0.23	  
  

Harness	  Size/Thickness	  (in)	   0.23	  

Recovery	  Harness	  Length	  (ft)	   15	  
  

Recovery	  Harness	  Length	  (ft)	   40	  
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Harness/Airframe	  
Interfaces	  

Tied	  to	  seperate	  U-‐bolts	  
secured	  to	  bottom	  of	  the	  
launch	  vehicle.	  

   Harness/Airframe	  
Interfaces	  

Tied	  to	  U-‐bolts	  secured	  to	  
bulkheads	  in	  the	  sheath	  and	  
motor	  section.	    

  

Kinetic	  Energy	  
of	  Each	  Section	  

(Ft-‐lbs)	  

Section	  
1	  

Section	  
2	  	  

Section	  
3	  	  

Section	  
4	  

   Kinetic	  Energy	  of	  
Each	  Section	  (Ft-‐

lbs)	  

Section	  
1	  

Section	  
2	  	  

Section	  
3	  	  

Section	  
4	  

65.1	  

        

   65.1	  

          

                                
Recovery	  System	  Properties	  

  
Recovery	  System	  Properties	  

Main	  Parachute	  
  

Main	  Parachute	  

Manufacturer/Model	   Fruity	  Chutes	  
  

Manufacturer/Model	   Fruity	  Chutes	  

Size	   12"	  
  

Size	   48"	  

Altitude	  at	  Deployment	  (ft)	   Apogee	  
  

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

Velocity	  at	  Deployment	  (ft/s)	   0	  
  

Velocity	  at	  Deployment	  (ft/s)	   0	  

Terminal	  Velocity	  (ft/s)	   35.1	  
  

Terminal	  Velocity	  (ft/s)	   35.1	  

Recovery	  Harness	  Material	   Kevlar	  Shock	  Cord	  
  

Recovery	  Harness	  Material	   Kevlar	  Shock	  Cord	  

Harness	  Size/Thickness	  (in)	   0.23	  
  

Harness	  Size/Thickness	  (in)	   0.23	  

Recovery	  Harness	  Length	  (ft)	   20	  
  

Recovery	  Harness	  Length	  (ft)	   30	  

Harness/Airframe	  
Interfaces	  

Tied	  to	  U-‐bolt	  secured	  to	  
bulkhead	  

   Harness/Airframe	  
Interfaces	  

Tied	  to	  U-‐bolt	  secured	  to	  
bulkhead	  

  

  

Kinetic	  Energy	  
of	  Each	  Section	  

(Ft-‐lbs)	  

Section	  
1	  

Section	  
2	  	  

Section	  
3	  	  

Section	  
4	  

   Kinetic	  Energy	  of	  
Each	  Section	  (Ft-‐

lbs)	  

Section	  
1	  

Section	  
2	  	  

Section	  
3	  	  

Section	  
4	  

48.4	  

        

   48.4	  

          

                                

                                
Recovery	  Electonics	  

  
Recovery	  Electonics	  

Altimeter(s)/Timer(s)	  
(Make/Model)	  

StratoLogger	  SL100	  
Altimeter	  	     

Rocket	  Locators	  
(Make/Model)	   BigRedBee	  GPS	  

  

Redundancy	  Plan	  

We	  will	  employ	  two	  
stratologgers	  in	  the	  motor	  
section	  to	  ensure	  the	  
deployment	  of	  the	  two	  

   Transmitting	  Frequencies	   915MHz	  

  

  
Black	  Powder	  Mass	   3	  
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droguges.	  In	  addition,	  one	  
of	  these	  stratologgers	  will	  
also	  act	  as	  our	  redundancy	  
plan	  to	  ensure	  the	  
deployment	  of	  72"main	  
parachute.	  We	  will	  use	  two	  
batteries	  per	  subsystem.	  	  

  

Drogue	  Chute	  (grams)	  

Pad	  Stay	  Time	  (Launch	  
Configuration)	   2	  hours	     

Black	  Powder	  Mass	  Main	  
Chute	  (grams)	   3	  

  

  

Milestone	  Review	  Flysheet	  

                                
Institution	   AIAA	  at	  Northeastern	  University	  

  
Milestone	   Critical	  Design	  Review	  

                                
Autonomous	  Ground	  Support	  Equipment	  (MAV	  Teams	  Only)	  

Capture	  
Mechanism	  

Overview	  

  

Container	  
Mechanism	  

Overview	  

  

Launch	  Rail	  
Mechanism	  

Overview	  

***Include	  Description	  of	  rail	  locking	  mechanism***	  

Igniter	  
Installation	  
Mechanism	  

Overview	  

  

                                
Payload	  

Payload	  1	  

Overview	  

The	  ATMOS	  is	  the	  Atmospheric	  and	  Topographical	  Measurements	  Optics	  Suite.	  The	  ATMOS	  will	  
measure,	  record,	  and	  transmit	  data	  on	  temperature,	  pressure,	  altitude,	  relative	  humidity,	  solar	  
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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.	  	  

Payload	  2	  

Overview	  

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.	  

                                
Test	  Plans,	  Status,	  and	  Results	  

Ejection	  Charge	  
Tests	  

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.	  

Sub-‐scale	  Test	  
Flights	  

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	  3099	  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.	  	  

Full-‐scale	  Test	  
Flights	   The	  full	  scale	  launch	  is	  planned	  for	  February	  27th,	  2016.	  

                                

Milestone	  Review	  Flysheet	  

                                
Institution	   AIAA	  at	  Northeastern	  University	  

  
Milestone	   Critical	  Design	  Review	  
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