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Summary of FRR Report 

1.1. Team Summary 
 Team Name: NUMAV (Northeastern University Mars Autonomous Vehicle) 
 Address: Northeastern University, 360 Huntington Avenue, Boston, MA, 02115 
1.2. Launch Vehicle Summary 

Dimension: 86 in. length and 4 in. diameter using Blue Tube  
 

 
Figure 1: Dimensioned Drawing of Rocket 

 
Mass: 5.75 kilograms (~12.7 lbs) 
Motor: K360 - White Cesseroni 
Recovery System: 12 in. drogue, deployed at apogee, 18 in. chute for payload, 
deployed at 1000 ft, 36 in. main chute for launch vehicle, deployed at 500 ft. 

 
1.3 AGSE Summary  
 Title: Sideswipe   

The AGSE will capture the payload by first scanning an area of 14.2 square feet 
using a multispectral camera. Using a custom image recognition algorithm, the payload’s 
location and orientation will be relayed to the microprocessor, which will position a mobile 
conveyor belt in the proper alignment. Once in position, the belt will use laser-cut wooden 
rakes to bring the payload into a loading tray. The tray will enable the system to capture the 



4 

 

payload and will securely hold the payload while the conveyor-tray assembly moves to the 
vertical belt. This belt has a laser cut cradle which will act as an elevator and lift the payload 
up and allow it to roll off into the payload bay by means of a ramp.  
 The microprocessor will receive a signal that the payload has been inserted and will 
proceed to close the rocket. A wooden claw will grasp the nose cone and shut the rocket as 
it is driven forward on a timing belt. The ramp is designed to be pushed out of the way by 
the rocket. Laser-cut snap features inside the rocket will ensure that the rocket is securely 
closed and ready for flight. Once the snap features are engaged, the claws will recede to 
make room for the rocket’s erection. 

Next, the solenoid latches, which hold down the rocket, will be disengaged, allowing 
the closed-system gas springs to lift the rocket up to a position that is 5 degrees from 
vertical. Finally, a threaded rod will push the motor ignitor into the motor and the AGSE 
will pause for final inspection.  

The purpose of this mission is to demonstrate the feasibility of an autonomous 
sample retrieval mission. NUMAV will use off-the-shelf parts coupled with custom designed 
software and machined, laser-cut, and 3D printed components to ensure a successful 
mission. The NUMAV team believes in the future of autonomous space missions and will 
continue to dedicate time and intellectual effort towards the exploration of the solar system. 
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Changes made since CDR 
 
 
2.1. Changes made to Vehicle Criteria 
 
 No major design changes were made on the launch vehicle. Anderson connectors were 
added to the avionics bay to ease wiring and flight assembly. A D-Sub connector was added in 
between the brass screws and the jumper cables on the avionics bay to the relay latches on the 
avionics board for quick connections.   
 We have proposed a motor change to the RSO. Our motor was chosen with the assumption 
of a 30% mass increase, which was recommended by NASA. Both our subscale and full scale 
vehicles saw less than a 15% mass increase from our OpenRocket designs. Our current flight 
predictions require a 2 kg ballast mass in our Launch Vehicle (LV) in order to reach the target 
altitude of 3,000 feet. We feel this is an unsafe amount since it causes our payload section to exceed 
the kinetic energy limit of 75 ft*lbs.   
 
2.2. Changes made to AGSE/Payload Criteria 
  
 Minor changes were made to the AGSE. We removed the aluminum sheets from our flame 
trench and replaced them with ½ inch plywood sheets finished with a ⅜ inch layer of concrete on 
the face exposed to the blast. This change was made due to the expense of anti-corrosive aluminum 
sheets. Research was done to find a suitable replacement. We found that many flame receptacles, 
including ones built by NASA, have been built with concrete.   Concrete is not only anticorrosive, 
but has a thermal conductivity two orders of magnitude less than aluminum. The plywood/concrete 
sheets will be directly bolted into the 80/20 frame. This way, it can removed easily for 
transportation. 
 
 We replaced a DC motor and rotary encoder with a stepper motor for rotational motion 
with the rake system.  This was done because the Arduino was not compatible with the encoder due 
to insufficient sampling rate issues.   
 
3.2. Changes made to the Project Plan 
  
 No changes were made to the project plan.   
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Launch Vehicle Criteria 
 

3.1 Structural Systems 
1. Body tube: 

The launch vehicle is made of 4 inch diameter Blue Tube. The total length of body tube is 86 
inches, split into 3 main sections: the motor section (15.5 inches), the payload section (38.5 
inches), and the parachute section (31.5 inches). Blue Tube is a special type of body tube 
made by Always Ready Rocketry. It is highly durable, and it is a very popular alternative to 
phenolic tubing due to its high impact resistance. We have chosen Blue Tube rather than 
fiberglass or other materials because it is very easy to work with and very strong. 
For the attachments between the various sections we will use Blue Tube coupler tubes. The 
couplers have an outer diameter equal to that of the inner diameter of the airframe. They will 
be 4 inches long and have 2 inches in each side. The side of the airframe not containing the 
parachute will have the coupler tube epoxied in place. The airframe will be secured to the 
other end of the coupler tube using 2-56 nylon shear pins, which will break when exposed to 
the force of the ejection charge. The middle of the parachute section houses our avionics 
bay, which will be secured between two segments of body tube using 6-32 aluminum set 
screws. 

2. Nose Cone: 
The nose cone on our launch vehicle is made out of polypropylene plastic and has an ogive 
form factor. It is 16.5 inches long, and 4 inches in diameter at the base. Inside of the nose 
cone, we have secured a centering ring with a nut in the center. This allows the nose cone to 
be attached to a threaded rod in the snap feature assembly, while being removable for access 
to the snap features. The nose cone will be resting on the airframe for the payload section 
during flight, preventing the snap features from being loaded during flight. 
 

 
Figure 1 
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3. Fins: 

The launch vehicle’s fins are made out of G10 garolite composite. G10 has a significant 
flight history in high-power rockets. It is incredibly durable and will hold up to the impact of 
any hard landing while being rigid enough to retain the flight characteristics of the vehicle 
under high aerodynamic forces. 
The fins are attached in a through-wall style, fitting into 4 slits in the motor section of the 
airframe. The fins are epoxied to the motor mount tube and also held securely by our 
centering ring design which will be discussed in the next section. The fins are trapezoidal and 
have a root chord of 7.25 inches, a tip chord of 4.75 inches, and a height of 4 inches. They 
are symmetrical about the axis perpendicular to the airframe. 
 

 
Figure 2 

 
4. Centering Rings: 

We have designed a set of centering rings for this project which allows them to double as 
centering rings and fin securement tools. The centering rings are 0.75 inch thick plywood 
made out of three layers of quarter-inch plywood. Each layer was laser cut to have alignment 
holes for small dowels to fit through ensuring the proper alignment. Two of the three layers 
were cut to have slots for the fin tabs to slide into. This ensures that all of the fins are 90 
degrees to each other and provides stability for the fin during the flight by preventing 
motion in the axis perpendicular to the direction of motion. The centering rings also ensure 
proper alignment of the motor mount tube within the airframe and serve to pair the two 
components during the flight. 
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Figure 3 

 
5. Bulkhead: 

Our bulkheads are laser cut out of quarter inch thick plywood. In their center they have a 
quarter inch eye hook secured by nuts and washers. Once the eye hooks were attached, 
epoxy was used to cover the attachment to prevent them from vibrating loose. The 
bulkheads serve as attachment points for the shock cords. The shock cords will be attached 
to the eye hooks using quarter inch quick links.  

 
3.2 Safety Analysis 
 
The complete safety analysis can be found below in the Safety and Environment section. This 
section will provide a safety and failure analysis, including a table with failure modes, causes, effects, 
and risk mitigations for the launch vehicle itself and the recovery system. In addition this section will 
provide a list of personnel hazards and a table which discusses the remaining hazards and the 
controls that have been put in place to minimize those safety hazards to the greatest extent possible. 
This section will also discuss environmental concerns that remain as the project moves into the 
operational phase of the life cycle. 
 
3.3 Testing and Analysis 
 
Based on our first test launch in which we launched our full scale rocket with a J380 motor and still 
went over our target altitude. This means that using a K360 would require a ballast mass of 3.5 
pounds to reduce the apogee near 3000 feet.  We feel this is an unsafe amount.  Ideally, we would 
add the mass to our payload capsule since it is the top most section of the rocket and would increase 
our stability.  However, this would cause our payload’s kinetic energy to be 155 ft*lbs, which is well 
over the 75 ft*lbs requirement.  A ballast mass of only 181 grams is required to arrest the LV’s 
apogee to 3000 feet with a J380 motor.  We plan on discussing this issue with the SL RSO.  We feel 
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the K360 would cause safety issues due to the high ballast mass required for a successful flight of 
3000 feet. The ground hit velocity for our payload capsule in our simulation with ballast mass is 
noticeably higher than the former.  
 
Assuming the RSO agrees with the dangers of flying a K360 in our LV, we have performed some 
analysis with a J380 motor.  All our drift analysis and flight predictions were performed using a J380 
motor. 
 
Kinetic Energy with K360 motor:  
 

Weight 
added (lb) 

Velocity (ft/s) Weight (lb) Kinetic Energy (ft-lbs) 

 Motor 
section 

Payload 
section 

Motor 
section 

Payload 
section 

Motor 
section 

Payload 
section 

3.5 39 28 12.83 3.47 155 35.68 

Table 1 
 

The kinetic energy at landing is too high so we decided it was necessary to use a smaller motor. We 
decided to use a J380 motor. According to our open rocket simulation, if 181 g is added to the 
payload section, our rocket will reach about 3,000 ft. Kinetic energy data can be seen for the J380 
motor below. 
 
Kinetic Energy with J380 motor: 

Weight 
added (lb) 

Velocity (ft/s) Weight (lb) Kinetic Energy (ft-lbs) 

 Motor 
section 

Payload 
section 

Motor 
section 

Payload 
section 

Motor 
section 

Payload 
section 

.4 12 28 9.73 3.47 21.27 35.68 

Table 2 
 

With the new motor, both sections of the rocket will land safely below the kinetic energy limit. 
Looking at the kinetic energy throughout the entire flight, the peak velocity will occur when the 
motor burns out. The velocity then rapidly decreases until the rocket reaches apogee and the drogue 
parachute is deployed. The rocket then descends at a constant rate, meaning that the kinetic energy 
is constant until the motor section and the payload section separate. At this point, the parachute for 
the payload section will deploy, therefore decreasing the velocity of the payload section. The payload 
will then fall at a constant velocity until it hits the ground. After the separation, the motor section’s 
velocity will increase until the main parachute deploys at 400 ft, drastically reducing the velocity so 
that it falls at a constant rate until it hits the ground. 
 
A static test was performed to test our recovery system would deploy properly.  We use a simple 
program to calculate the required black powder in each separation.  The desired force of ejection is 
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99 lbf.  The program asks for the dimensions of the volume being pressurized, and calculates the 
mass of black powder needed to obtain a pressure that will act on our bulkheads with 99 lbf. Below 
is an image of our static test set up.  The masses in the following table came about from multiple 
static tests, and successful separation during our March 8th full scale launch. 
 

Separated Section mass of B.P. required (g) Force of Ejection (lbf) 

Payload capsule 1.5 342 

Drogue Parachute 2.0 323 

Tender Descender 0.25 - 

Table 3 
 

3.4 Full Scale Launch Vehicle Test 
 
Below is a plot from our full scale LV test on March 8th. After completion of our rocket, all 
subcomponents were measured to get an accurate mass for our Open Rocket simulation.  From our 
original design, we only saw a 5% mass increase.  Per NASA recommendations, we selected our 
motor based on a 30% mass increase, despite our previous builds showing a consistent mass 
increase closer to 10%.  Because of this large discrepancy, we decided to fly the LV with a lower 
impulse than our competition motor for our full scale test. The motor we chose for this test was a 
Cesaroni 54mm J380. It has a higher average thrust than the K360, which keeps our thrust to weight 
ratio above 5, but has a shorter burn time, reducing the impulse by 237.9 N*s.  The specifications 
for our test motor are as follows: 
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Figure 4 

 
Figure 5 

 
With no added weight in our LV, we obtained an apogee of 3522 feet, only a dozen feet off from 
our Open Rocket simulation. Unfortunately the tender descender did not deploy our main parachute 
properly.  The stored parachute bag is supposed to hold onto the main parachute until a small black 
powder charge ignites, releasing a tether between the deployment bag and drogue chute.  This causes 
the two entities to fall from each other.  When the shock cord between the two becomes taught, 
inertia will cause the main parachute to be pulled out of the deployment bag.  In our test launch, the 
main parachute was removed from its stowed position at apogee, causing our LV to drift ⅔ of a 
mile.  An image below shows the launch site and landing location: 
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Figure 6 

 
After assessing the deployment bag, it was discovered that the hatch was not secured properly.   This 
caused the main chute to fall out as soon as the bag left the airframe.   Further testing will be done 
to ensure proper parachute deployment using the Tender Descender system. Two more launches are 
scheduled for the 21st and 28th of this month with the CMASS NAR chapter.  We will be attending 
both to test our new parachute configuration.   
 
3.5 Flight reliability and confidence  
 

We are very confident in our launch vehicle’s ability to reach an apogee of 3000 feet. 
However, we are not confident that the motor we have selected will get us to 3000 feet in a safe 
manner. This will be addressed in various other areas, but the K360 is too powerful a motor for our 
rocket’s mass to safely reach 3000 feet. We would need to add an additional 3.5-4 lbs of unplanned 
ballast in the rocket in order to reach the 3000 feet requirement.  

We have decided to propose that we switch motors to the J380, which would only require 
that we add approximately .5 lbs of unplanned ballast, which would be significantly safer than 
adding 4 lbs of ballast to the rocket.  

In our scale launch, our rocket successfully ejected the drogue parachute, at apogee. 
Unfortunately, the main parachute also came out of its parachute bag at apogee, so the recovery 
system did not work as planned the first time around. We have been working on a solution for this 
problem, and have found one that has shown to work in our tests. For the next launch, several 
layers of masking tape will secure the main parachute bag shut, and the force from the jerking of the 
drogue parachute once the tender descender fires. Testing has shown this to be a viable solution, as 
the tape was strong enough to hold the bag shut, and weak enough to break under the force under a 
sudden jerk.  

Our rocket was successfully able to jettison the payload section midflight in our full scale 
test. We are very confident in our ability to repeatedly jettison the payload at 1000 feet, and deploy 
the payload.  
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3.2    Recovery System  
1. System Summary:  

Our launch vehicle recovery system consists of 3 PerfectFlite StratoLogger altimeters, 3 9V 
batteries, and two GPS trackers. During tests, this recovery system successfully jettisoned the 
payload bay, and successfully ejected the main and drogue parachutes. The system employs 
the unique features of a Tender Descender to create a single pressure isolated avionics bay 
for dual deployment. The avionics bay is constructed from a 69.54 cm blue tube coupler 
tube with ¼ inch plywood bulkheads at both ends. The avionics are mounted onto two 
separate sleds. One sled houses three PerfectFlite Stratologger altimeters, three 9V batteries, 
three push-hold relays, and subsequent wiring within a Faraday cage. 

The recovery system also features two BigRedBee BeeLine 70cm GPS transmitters 
located in the payload capsule and launch vehicle avionics bay. This redundant design 
ensures that all components of the payload vehicle are accounted for post-launch, as well as 
providing a backup telemetry stream should one unit fail. Each transmitter operates at 100 
mW, providing an estimated 250,000 ft range. These units receive position and velocity 
information from a 56-channel u-blox 7 GPS receiver which is encoded as APRS packets 
and transmitted by a quarter-wavelength monopole ground plane antenna at a frequency of 
433.800 MHz. Each device transmits with a period of 10 seconds, staggered by 5 seconds. 
The onboard LiPoly battery packs should allow for an 8+ hour expected life. This 
configuration has successfully passed various range and fidelity tests in an urban 
environment. 

 
2. Recovery System Sequence of Events 
 
 

 
Figure 7 

 
3.3 Recovery System Hardware 

1. Main Parachute 
The main parachute is a 36 inch diameter ripstop nylon parachute made by Fruity Chutes. This 
parachute is deployed from the same section as the drogue parachute. The main chute is stowed in a 
parachute bag and deployed at 400 feet using a Tender Descender. The parachute is attached to the 
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launch vehicle with a 20 foot length of ½ inch thick Kevlar shock cord, which is more than strong 
enough to stand up to any loads during ejection. The shock cord is secured to the avionics bay with 
a quarter inch quick link and a quarter inch eye-bolt, and is protected from tangling by being woven 
through the parachute bag’s “loops”. 
 
The 36 inch diameter parachute was chosen to minimize lateral drift, and still enable us to recover 
the launch vehicle safely and successfully. With a 36 inch chute, we have a final descent rate of 13.1 
ft/s. 

2. Drogue Parachute  
The Drogue parachute is a 12 inch ripstop nylon parachute from Fruity Chutes, and will be made by 
the same manufacturer as the main parachute. It will be protected from the heat of ejection by 
Nomex wadding. The drogue parachute will be secured to the top of the motor stage and the 
bottom of the avionics bay by a 20 foot length of ½ inch Kevlar shock cord. The purpose of the 
drogue parachute is to slow its descent to a safe velocity for the main parachute to deploy. When the 
tender descender is fired, the drogue parachute jerks upwards on a secondary shock cord, which has 
approximately 4 feet of slack, which is also secured to the avionics bay and is attached to the drogue 
chute in parallel with the primary. The purpose of this is to aid in the deployment of the main 
parachute at 400 feet. 
 
The 12 inch drogue canopy was chosen to ensure that the drogue parachute would slow the rocket 
down to a reasonable speed to deploy the main parachute at, but to minimize lateral drift. A 12 inch 
drogue parachute gives us a descent speed of 61 ft/s in the final configuration of our rocket.  
 

3. Payload Parachute  
The payload parachute is an 18 inch diameter made by Fruity Chutes. The payload parachute is 
protected from the heat of ejection via the Nomex wadding that lies between the Avionics bay and 
the payload parachute. The parachute is attached to the payload with 20 feet of ½ inch Kevlar shock 
cord that will be able to withstand the impact of the parachute opening when it is ejected at 1000 
feet. 
 
The 18 inch payload parachute gives us a final descent rate of 26.5 ft/s. As with all the other the 
other parachutes, the 18 inch size was chosen to give a safe descent speed while minimizing lateral 
drift.  
 

4. Tender Descender  
 
The tender descender is a new feature in our recovery system. It allows us to have 2 parachutes 
deploy from the same section of body tube. This feature allowed us to simplify our rocket design, 
and eject the main and the drogue parachute from the same section.  
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Figure 8 

 
In its initial configuration, the Tender Descender has two quick links attached to it, with a small 
piece of Kevlar shock cord running through one of the eyebolts. At 500 feet, the middle piece 
separates from the bottom piece, and the quick links are released, but the mechanism stays attached 
to the bottom eyebolt. The following diagram shows the setup of the Tender Descender.  
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Figure 9 

 
The top link is attached to the avionics bay, as well as the main parachute shock cord, and the 
drogue parachute slack-line. The bottom link will be connected to the parachute bag flap, the 
parachute bag slackline, and the drogue parachute shock cord. When the tender descender fires at 
500 feet, the drogue parachute will jerk upwards, and it will pull the deployment bag open and 
deploy the main parachute.  
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Figure 10 

 
5. Shock Cord 

On all our parachutes, we either use ½ inch or ¼ inch lengths of shock cord to secure them to 
quicklinks, which in turn are secured to eyebolts that are screwed into the bulkhead.  
 

6. Thermal Protection 
We are using sheets of Nomex reusable thermal wadding to protect our parachutes from the heat of 
the ejection charges. The sheets that we are using are 12”x12” so that it sufficiently covers the 
parachutes. We will also be using Shock cord protectors made of the same material. 
 

7. Quick Links 
Our parachutes are secured to various steel forged quicklinks, which then are connected to an 
eyebolt. The quick links provide a strong and sturdy surface to attach our parachutes to, and allow 
for convenience when setting up for launch. The quick links are one quarter of an inch thick, giving 
a breaking strength of 880 lbf. 
 

8. Eye-Bolts  
Steel eye bolts connect the steel quick links to the launch vehicle. They are inserted into a through 
hole in the bulkheads, and are secured with a nut and a lock washer on the opposite side. 
 

9. Avionics Bay  
The avionics bay is an 8 inch long blue tube 4-inch coupler tube that houses all of the 
avionics, switches, batteries, trackers, and necessary wiring. The avionics, batteries, trackers, 
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and wiring is secured to two wooden sleds that run along threaded rods that run through the 
avionics bay. The altimeters are situated between the two sleds, and the transmitting pieces 
are on the outside of the sleds. The area around the sleds is sealed off with aluminum to 
prevent a premature ejection of the ejection charges caused by the transmitting pieces. The 
bulkheads are secured to the outside of the avionics bay with nuts and lock washers. Below 
is an image of the open Avionics bay.  The two sleds are stacked in their flight configuration 
using standoffs.  The jumper cables leading to each bulkhead can be disconnected using 
Anderson Connectors, and the brass screws which act as a switch the relays can be 
disconnected from the boards using a D-sub connector.  This allows us to completely 
remove our avionics for programing. 
 

 
Figure 10.1 
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3.4 Avionics 

The following schematic shows our avionics layout.   
 

 
Figure 11 

 
3.5 Electrical Wiring 

1. Push-Hold Relays 
The recovery system wiring begins with three sets of three brass screws, which are connected to 
push-hold relays and labeled “Switch Off”, “Switch On”, and “Switch Common.” This allows for 
the rocket to remain sealed while the system is armed. Each set is wired to ground, a 9V battery, and 
a StratoLogger SL100 altimeter which controls when the igniter for each charge is fired. The system 
is attached to terminal blocks with e-matches. To arm each system, the closed circuit must be 
completed by connecting “Switch On” and “Switch Common.” This will arm the system 
instantaneously. Each system will be locked in the ON position unless the closed circuit is 
completed by connecting “Switch Off” and “Switch Common” for five seconds.  
 

2. Stratologger Altimeters  
In our launch vehicle, there are 3 PerfectFlite StratoLogger CF altimeters. Each altimeter is capable 
of two ejection events, one at apogee, and one at a predetermined altitude. As seen in Figure 11 
from bottom to top, there is one altimeter for the Tender Descender, one altimeter for the primary 
main and payload charges, and a third altimeter for the secondary main and payload charges. The 
altimeters are secured to one of the wood sleds with standoffs. The sleds ride on a track of threaded 
rods and housed inside an aluminum Faraday cage. The StratoLogger altimeters are pressure based 
altimeters with dimensions of 69.85mm x 22.86mm x 12.7mm. There are three 1/8 inch holes drilled 
into the surface of the electronic bay to ensure the altimeters remain at atmospheric pressure. Each 
altimeter is powered by a 9 volt battery and has a mass of 12.76 grams without the battery. 
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3. Redundancy 
As seen in Figure 11, there are measures taken to increase redundancy in electrical wiring to ensure a 
safe and effective deployment of recovery devices. For both the vehicle parachute deployment and 
payload ejection events, there are two separate charges that are triggered by separate altimeters. They 
are switched on by separate push-hold switches, are powered by different batteries, and are turned 
on by different sets of brass screws. This means there are two systems that are completely isolated 
from one another, so a failure in one will not affect the other. The delayed secondary black powder 
charges will fire after a 10 foot decrease in altitude. In the expected operational setup, where the first 
charges successfully fire, the secondary charges will fire harmlessly into open air.   
 

4. Faraday Cage  
The as-built and as-tested recovery electrical elements are housed and protected in a 69.54cm blue 
tube coupler tube as seen in Figure 11. This design isolates the electronics from the remaining 
sections of the rocket by securing two plywood bulkheads at either end. In addition, there are two 
threaded rods which run the full length of the avionics bay. On the threaded rods will be two 
plywood sleds for easy access to the recovery system electrical components. In order to separate the 
BeeLine GPS transmitter from the altimeters and other electrical components, the design places the 
unit on top of one of the wooden sleds which will be covered with layers of aluminum foil. The 
remaining electronics, including the three StratoLogger altimeters, 9V batteries and subsequent 
wiring, inside a protective box serving as a Faraday cage also known as a Faraday shield constructed 
from a thin layer of aluminum. The shield blocks external electrical fields by conducting electricity 
along the edges of the cage, but not through the cage. The transmission of radio waves is therefore 
prevented from traveling through the shield. This Faraday cage was successfully tested both during 
construction and during a test flight. In the lab, a cell phone was placed on the table, another cell 
phone attempted to call the first, successfully demonstrating a positive control. Next, the same cell 
phone was placed in our Faraday shield, the other cell phone attempted to call it, and the call could 
not be connected, demonstrating that the cell phone radiation could not pass through our Faraday 
shield. This also demonstrates that the emitted radio waves cannot pass through the Faraday shield 
as radio waves are larger than microwaves on the electromagnetic spectrum. All the components of 
the recovery electrical system were completely functional during a recent test launch and the rocket 
was safely and successfully recovered. 
 
3.6  Workmanship 
In order to complete the mission successfully, our team has relied on prior tests and extensive 
analyses rather than simple trial and error methodology. Whenever possible, we have relied on 
computer simulations to model the anticipated performance of the AGSE and launch vehicle. For 
example, an extensive simulation using SOLIDWORKS determined that the AGSE assembly would 
not tip over in the presence of high winds of up to 20 mph at the launch site. We also used Open 
Rocket to simulate the flight path of our launch vehicle to ensure that it reaches 3000 feet without 
significant horizontal drift. Dozens of mathematical analyses on various design components ensures 
that they will perform as anticipated. We rely on these tests until each component of the system is 
built, upon which time we will test each part to verify it acts as expected. In order to ensure safety 
and success when launching the rocket, we rely on literature and calculations to determine the 
correct amount of black powder needed. This circumvents a potentially dangerous trial and error 
method. We also completed static ground tests before actually launching the rocket. When 
machining the parts, we plan on implementing careful planning and a “measure twice, cut once” 
mindset to prevent errors and save time. Most of the parts that need to be machined can be worked 
on the laser cutter. The machine we have access to can cut lines within 1/500th of an inch wide. This 
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ideology will also save money because we will be able to minimize the amount of raw materials we 
need to buy. 

 
3.7 Recovery Quick Reference Checklist   

 Shock cord 
 Securely attached 
 Not burned, frayed, or damaged in any other way  

 Tender Descender 
 E-match securely attached 
 Carabineers securely attached 
 Black powder charges loaded 

 Hardware 
 Eye-bolt secured to shock cord  

 Shear pins installed    
 Insure drogue ejection will not cause main to deploy 
 Main parachute properly folded and in deployment bag 
 Man parachute cord untangled and undamaged 
 Parachute fire protection wadding is properly installed    
 Electronics Bay 

 Avionics initially disarmed   
 3 PerfectFlite StratoLogger altimeters secured    
 Bay area properly vented, wires don’t cover any ports.  
 Drogue and main wiring checked and double checked 
 Brass switched soldered to relays undamaged 
 E-matches 
 Hardware and electrical connections secured 
 1 GPS secured 
 Faraday cage secured and undamaged 

 9V batteries charged  
 Ejection charges loaded  

 
 
 

3.8 Safety Analysis 
The complete safety analysis can be found below in the Safety and Environment section. This 
section will provide a safety and failure analysis, including a table with failure modes, causes, effects, 
and risk mitigations for the launch vehicle itself and the recovery system. In addition, this section 
will provide a list of personnel hazards and a table which discusses the remaining hazards and the 
controls that have been put in place to minimize those safety hazards to the greatest extent possible. 
This section will also discuss environmental concerns that remain as the project moves into the 
operational phase of the life cycle. 
 

3.9  Sensitivity of Recovery System to Onboard Transmitting Devices: 
 

We constructed a Faraday cage around our altimeters and ignition system in order to isolate 
them from any radio interference from the location reporting beacon. This will prevent an 
accidental launch. The Faraday cage in the electronics bay is made out of aluminum shim. 
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The cage itself acts like an electrical conductor: it allows charge to build up on its surface, 
but will not let it permeate through to the electronics inside. This isolates the electronics 
from any electrical interference. The bottom of the cage is lined with masking tape to 
prevent the electronics from short-circuiting.  

 

3.10  Mission Performance Predictions 
 

3.1. Mission Performance Criteria 
For our LV, we have laid down a set of internal requirements that will be met before 
traveling to Huntsville for the SL competition.  The first is that we require two full scale 
launches with no anomalies; two flawless flights.  The second requires two launches with an 
apogee of +/- 3% the target altitude.   
 A flawless flight is a stable flight with successful separation events and proper 
parachute deployments. Our requirement of +/- 3% the target altitude was chosen due to 
our past experience with target altitude events.  We have found that a number of random 
variables such as wind speed and can easily dictate the apogee of a rocket.  Our cumulative 
launch history has shown that launches can fluctuate around 100 feet of the intended 
altitude.  We feel this is an obtainable goal in the SL competition.   
 All of our flights are driven by our open rocket model.  As this competition marches 
forward, we have found more accurate ways to simulate our LV using accurate wind speed 
measurements and up to date masses of all our subcomponents.  All of the flight simulations 
in this document were created in OpenRocket. 

 
 3.2. Flight Simulations 
The following plot is from our OpenRocket simulation for our full scale launch vehicle: 
 

 
Figure 12 
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The red line is the altitude profile.  The predicted apogee was 3155 feet in moderate 
conditions.  The wind speed was higher during the actual flight test.  Our custom drift 
analysis provided a lateral drift of 3,148 for 8 mph with our main parachute opening at 
apogee, which is only 200 feet off from the actual flight.  Our model predicted only a 960 
foot drift if our main parachute opened at the proper altitude of 400 feet.  Below is our 
actual flight profile from our March 8th full scale launch:  

 
Figure 13 

The Full Scale vehicle saw an apogee of 3,522 which was a 12% increase from our model 
prediction.  This is a higher value from what we usually see.  We believe this anomaly was 
due to an inaccurate mass statement for our electronics bay. 

 
For our March 8th test, we used a J380.  Below is the motor specifications and thrust curve 
from Cesaroni Technology’s website: 
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Figure 14 

This motor was chosen for our full scale test due to our over assumption made for mass gain 
in the build process of our LV.  Our current models predict an altitude of 4,600 feet using 
our motor chosen for the CDR: the K360.  We need a motor with a similar average thrust, 
but with a shorter burn time.  The J380 provides us with exactly that.   

 
We massed every component in the rocket in an attempt to ensure our flight predictions 
were comparable to our actual flight data.  This will help us decide the proper amount of 
ballast mass needed to achieve the required altitude.  Below is a table of all the components, 
or subcomponents, in our LV: 
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Name 
Mass 
(grams) Quantity 

Total 
(grams) 

Shock Cord Protector 20.5 2 41

12"x12" Thermal Wadding 32.5 2 65

Shock Cord 20ft. 49 3 147

18" Drogue Parachute 47.5 2 95

Parachute Bag 92.5 1 92.5

36" main parachute 126.5 1 126.5

54mm Motor Retainer 38.5 1 38.5

Rail Button 2 2 4

Push Hold Trigger Switch 4.5 3 13.5

Ejection canister Cap 5.5 4 22

Eye Bolts/Harware 48 2 96

Quick Link 31.5 2 63

9V battery connector 2.5 3 7.5

9V battery 45 3 135

Terminal Block 3.5 4 14

Electronics Bay Housing 474.5 1 474.5

Stratologger 13 3 39

Fins 350 1 350

Motor Mount Tube 85 1 85

4" Coupler 59.5 2 119

Centering Ring 58 2 116

Motor Module Body Tube 221.5 1 221.5

Drogue/Main Module Body Tube 260.5 1 260.5

Payload/Parachute Module Body 
Tube 182 1 182

Payload Capsule Module Body Tube 319.5 1 319.5

Nose Cone 237 1 237

Payload Containment System 717.5 1 717.5

Electronic Components 475.5 1 475.5

    

  Total 4557.5
Table 4 
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This weight used in our model represents the most accurate mass statement we could 
obtain.   The digital mass scale has an error of 5 grams, which results in a .1% error for the 
LV.   

 

3.3. Analysis between model predictions and real flight data  
Comparing these models with real flight data have been able to provide us an estimate of the 
average error in our model. We currently have an altitude discrepancy of 11.6% between our 
model and actual flight.  The following table shows model predictions for our subscale and 
full scale launch vehicles, and the corresponding flight: 

 

Launch Vehicle Model Prediction Actual Flight % difference 

Sub Scale 1554 1657 7% 

Full Scale 3155 3522 11.6 

Table 5 
 

We have multiple model corrections that we believe we increase the efficacy of our flight 
predictions.  We plan on purchasing an anemometer for future launches to measure the wind 
speed at the launch pad.  This will provide us with a more accurate altitude calculation and 
allow us to compare actual drift data with our custom drift model. Unlike our launch rod in 
the AGSE, the launch rods used at our practice launches have not been measured for a 5 
degree of vertical position.  Future practice launches will utilize a protractor and bubble level 
to ensure the launch rail is in a proper configuration.   

 
Steps have already been taken to provide more accurate models.  After building and flying 
rockets using the OpenRocket software, it has become quite apparent the drift analysis is a 
salient issue.  We decided to make our own drift model using MATLAB.  One benefit of this 
model is for predicting if a particular launch field is too small for a windy day.  Our model 
currently shows a 9% difference from actual flight data. 

 
3.4. Stability Margin 

The static stability margin for our launch vehicle with the chosen motor was calculated to be 
2.77 calibers. We found this value using our Open Rocket software, which uses the airframe 
and fin geometry, and the mass of each component to calculate the center of pressure and 
the center of gravity.  The distance between the two is measured in units of the rocket 
diameter, known as calibers. Using the nose cone as our reference point, the C.G. is 56.8 in 
and the C.P. 67.9 inches.  Below is an image of our rocket design in OpenRocket: 
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Figure 15 

Below is a table outlining the lateral drift for each section for a variety of wind speeds with the J380 
motor. The numbers were calculated based on the drift experienced by the sections from 3000 ft. 
We intentionally neglected the effect of wind cocking and the 5 degree launch angle to see how far 
down wind the sections of the rocket will drift from their point of apogee.  Therefore we can 
analyze the drift and wind cocking separately. 
 
 
3.5 Drift Analysis: 

Wind Speed (mph) Lateral drift (ft) 

 Motor section Payload section 

0 0 0 

5 540 520 

10 1080 1040 

15 1620 1560 

20 2160 2080 

 

Based on our analysis, we believe that we will not land outside of the 2500 ft drift requirement. 
Weathercocking will pull the rocket upwind of the pad and make the rocket land closer to the pad 
then in any of these scenarios. 

3.6 Verification (Vehicle)  
 

Requirement How the design meets 
requirement 

Verification that 
requirement has been 
met 
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The vehicle must fly to a target 
altitude of 3000 feet. 

Using a J380 motor, projected 
altitude is 3169 ft. Motor thrust 
is 434.6 N. Mass will be added 
to the launch vehicle, allowing 
us to dial in the flight height. 

Launch vehicle altimeter 
data will report peak 
altitude. 

The vehicle must deploy a drogue 
parachute at apogee. 

Two pressure based altimeters 
will be programmed to set off 
the drogue ejection charge at 
apogee. 

Visible deployment of 
drogue parachute. 

The launch vehicle must be 
recovered in a state where it could 
potentially be used again. 

The vehicle’s main parachute 
gives a projected ground hit 
speed of 6.7 m/s. Combined 
with a robust construction, this 
will allow the launch vehicle to 
be used more than once. 

When the launch vehicle 
lands, in depth visual 
inspections will occur. If 
all critical parts are intact 
and all systems can be 
reintegrated, the vehicle is 
considered airworthy. 

The vehicle has a maximum of 4 
separate sections. 

Our rocket is designed and built 
in three sections: motor, 
avionics/recovery, and payload. 

Launch tests have proved 
that the vehicle splits into 
three sections. 

The launch vehicle shall be limited 
to a single stage. 

The design is for a launch 
vehicle of a single stage. Only 
one motor is going to be 
inserted into the launch vehicle. 

- 

The launch vehicle shall be 
capable of remaining in a launch 
ready configuration for a 
minimum of 1 hour without losing 
functionality. 

The launch vehicle will have 
switches that will enable us to 
turn the altimeters off in the 
case of an extended launch 
delay, as it would be unsafe to 
leave altimeters armed on the 
launch pad for an extended 
period of time. 

The altimeters were 
armed and left for over 
an hour. The altimeters 
did not lose functionality.

The launch vehicle will be capable 
being launched by a 12 volt DC 
firing system. 

Our motors use standard e-
match igniters, which can be 
activated by a standard 12-volt 
launch system. 

FRR tests proved that 
vehicle will launch with a 
standard 12 volt DC 
firing system. 

The launch vehicle will use a 
commercially available solid 
launch vehicle motor propulsion 
system using ammonium 
perchlorate composite propellent 
which is approved and certified by 

The Cesaroni J380 is a 
commercially available motor 
that has been certified by CAR. 

- 
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the National Association of 
Rocketry, the Tripoli Rocketry 
Association, or the Canadian 
Association of Rocketry. 

The total impulse of the motor 
shall not exceed 5,120 Newton-
seconds (L-class). 

The impulse of a J380 motor is 
1043 N*s. 

- 

An inert or replicated version of 
the motor must be available for 
LRR to ensure the motor ignitor 
ignition system functions. 

- - 

Pressure vessels on the vehicle 
shall be approved by RSO and 
meet the criterion described in the 
USLI handbook SOW Section 
1.12.1-1.12.4. 

There will be no pressure vessels 
in our launch vehicle. 

- 

A subscale model of the launch 
vehicle must be flown prior to 
CDR. 

- The subscale was 
launched after the CDR 
due to multiple cancelled 
launches. Data from the 
launch was presented 
during the CDR 
presentation and written 
up in a supplemental 
document . 

A full scale successful launch and 
recovery shall occur by FRR. The 
flight will comply with all the 
requirements in section 1.14.1-
1.14.5 in SOW. 

- Data from the successful 
flight will be included in 
the FRR presentation. 

There is a $10,000 maximum 
budget for everything that sits in 
the launch area. 

The parts list of the current 
design does not exceed $10,000. 

A full bill of materials will 
be included in every 
report.  

The vehicle will not have any of 
the prohibited items described in 
section 1.16 in SOW. 

None of the items labeled 
prohibited are part of the 
current design. 

The safety check will 
establish and confirm that 
none of the items labeled 
prohibited are part of the 
design. 

 
3.8 Integration Overview: 



30 

 

 It’s essential that all parts of the vehicle are integrated properly with one another. In order to 
achieve this, the vehicle has been designed so that the payload is completely compatible with the 
launch vehicle. The payload bay is in the body of the vehicle, which enables the vehicle to interface 
directly with the payload. This also facilitates the final stage assembly, as the body tubes are 
concentric and designed to be placed within one another using centering rings. We felt this eased 
our insertion over custom made payload capsules. 
 Once this was designed, we concentrated on the interfaces within the vehicle, such as 
between compartments or separate subsystems. We designed the vehicle so that all separate systems 
can fit together easily. Each of the different sections of the rocket have been designed with standard 
pieces that can be purchased online and have been machined to fit together. The sections of the 
rocket have enough tolerance to slide together easily, but also fit tightly enough to not come apart 
easily. The rocket sections were designed on the large size and corrected for snugness with other 
methods such as screwing the sections together with either metal screws (for sections meant to 
remain connected throughout the fight) or nylon shear pins. These screws are designed to break at a 
determined shear force from an ejection charge but are strong enough to hold the sections together 
during set-up and flight. 
 How the vehicle will interface with the ground while in flight, during descent, and after 
landing was also considered during design. The launch vehicle is monitored in real time from our 
ground station using a telemetry system. Both the launch vehicle and the payload capsule have GPS 
tracking devices. The ground station also receives real time data from each of the three Stratologgers 
within the launch vehicle which provide altitude and velocity data as well as ejection events. We are 
able to track the rocket’s location, stability, and progression from the safety of our computers. 
 The final consideration for interfaces and integration is how the launch vehicle will interface 
with the launch system. This includes all aspects including: the launch rail and the rail buttons, the 
igniter insertion, the closure system, and the payload loading system. It is designed to interface 
smoothly so loading and launching processes work as intended. The automated closure drive uses 
laser cut wedges with the same profile as the nose cone for an easy mate and closure. The AGSE 
also contains a thermally shielded trench where the rocket lifts. This compartment houses the hot 
gases from motor ignition and contains a small lightweight hinged door for the gasses to escape. The 
trench will be lined with concrete to allow for thermal dissipation throughout the frame.  All these 
components work with one another seamlessly to ensure the rocket will be prepared for launch. 
 

3.8.1 Integration of AGSE and Launch Vehicle  
One main interface is between the 80/20 launch rail and the launch vehicle. We have chosen 
standard launch rail buttons that will connect the rail to the vehicle. The buttons will ensure that the 
vehicle is able to freely move down the rail without jamming or falling off. The assembly can be seen 
in the drawing below.  
 
Also of note is the plywood elevator/stabilizer system, as seen in the below photo, closest to the 
rocket. When in use, this system hover over the rocket to guide the payload into the bay. When that 
function is completed, the rocket will push it out of the way as it is being armed for launch. Many 
design iterations were simulated to ensure the guidance system would clear the rocket for launch.   
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Figure 16 

 
The following picture shows the elevator and payload ramp interface. The curved hooks attached to 
the ramp are responsible for catching the payload when it rolls down the ramp. The elevator hooks 
(attached to the black vertical conveyor belt), will lower, push the payload back, continue lowering 
until they are under the curved hooks, and pause. This order of operations is necessary, because 
otherwise, the elevator hooks would be unable to fit and rest under the curved hooks as a home 
position. 
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Figure 17 

 

3.8.2 Demonstrated Integration 
 
The following picture shows how all the 80/20 will be integrated as a system. Each rail in each 
individual system will be color-coded for easy on-site assembly.  
 

 
Figure 18 

 
 

3.8.3 Demonstration of Integration at Surface Dimensions 
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The following drawings show dimensions and proof of concept for our AGSE design.  
 
Motor end of the AGSE: 
 

 
Figure 19 

 

Side view of the AGSE: 
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Figure 20 

 
Nosecone end of the AGSE: 

 
Figure 21 

 
 
 

3.8.4 Payload Housing Integrity  
 
The following pictures demonstrate the integration of the payload bay within the launch vehicle.  
 
The figure below shows the payload bay open completely. The payload will be loaded into the bay in 
the inner tubing by the AGSE elevator. 
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Figure 22 

 
Upon loading the payload into the bay, the bay will be pushed into the vehicle’s body by the 
nosecone pushing mechanism. When the system is functioning, the payload bay will be horizontal to 
prevent the payload from falling out of the bay. The picture below highlights the outer tubing the 
payload pay will be inserted into to ensure security and position during flight.  
 

 

 
Figure 23 
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This picture demonstrates how the bay will assemble into the launch vehicle. The bay has a clamp 
system that will be activated as the bay is pushed into the vehicle by the nosecone pusher. 
 

 
 

 
Figure 24 

 
The last image shows how the payload clamps lock into the launch vehicle. These clamps lock the 
bay into place and prevent the entire section, and payload, from moving during launch. The clamps 
can be released only by pulling them apart by hand.  
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Figure 25 

 
 

3.7 Safety and Environment 
1. Failure Modes 

 

Hazard Effect Mitigations Likelihood Severity 

Accidental 
Motor 
Ignition 

Potential 
Injury to 
Personnel 

Follow MSDS storage,  transportation, 
and handling requirements 

Extremely 
Remote 

Hazardous

Drogue 
Parachute 
fails to 
deploy 

Potential 
System 
Damage 

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

Extremely 
Remote 

Minor 

Main 
Parachute 
fails to 
deploy 

Potential 
System 
Damage 

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

Extremely 
Remote 

Minor 

Explosive 
Motor 
Failure on 
launchpad 

System 
Damage 

Transport and handle motors in a safe 
manner as the MSDS dictates. Keep 
personnel at safe distance from 
launchpad during launch sequence 
(Minimum 200 feet per NAR High 

Extremely 
Improbable 

Major 
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Power Safety Code). Check motor 
casing before every use. 

Total 
Recovery 
System 
failure 

System 
Damage & 
Potential 
Injury to 
Personnel 

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

Extremely 
Improbable 

Hazardous

Payload 
does not 
deploy 

None Correctly measure and double check 
black powder amounts and confirm 
altimeter functionality and igniter 
connections. Payload will simply 
descend inside the rocket and is not a 
hazard but is still a system failure 

Extremely 
Remote 

No 
Hazard 

Payload 
Parachute 
does not 
deploy 

System 
Damage & 
Potential 
Injury to 
Personnel 

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

Extremely 
Remote 

Minor 

Shock Cord 
Failure 

System 
Damage & 
Potential 
Injury to 
Personnel 

Inspect shock cord thoroughly before 
flight 

Extremely 
Improbable 

Major 

Humidity System 
damage due 
to expansion 
of coupler 
tubes 

Design rocket with tolerances for 
expansion of parts due to humidity 

Extremely 
Improbable 

Minor 

Table 6 
 

2. Personnel Hazards 
 

In order to ensure maximum safety all team members participated in a safety lecture and passed a 
safety quiz before being allowed to work with the launch vehicle or the AGSE. This will help ensure 
that all team members are equipped to handle the tools and materials being used in the project. 
 

Hazard Effect Mitigations Likelihood Severity 

Hand Tools Potential bodily 
harm 

Training of all members 
on proper handling 

Remote Major 
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Epoxy Usage Respiratory, skin, 
and eye irritation 

Ventilation hood, 
protective mask and 
gloves 

Remote Minor 

Heavy - 
machinery 

Possible appendage 
loss and general 
injury to personnel  

Only members trained to 
use the heavy machinery 
are allowed to use it 

Extremely 
Remote 

Hazardous

Defective Tools Serious injury to 
personnel 

Inspect tools prior to use Extremely 
Remote 

Major 

Defective 
Personal 
Protective 
Equipment 

Serious injury to 
personnel 

Inspect PPE prior to use. 
Maintain proper supply of 
PPE 

Extremely 
Remote 

Major 

Fire Serious injury to 
personnel and 
equipment 

Training of members on 
fire safety. Maintain 
proper Fire PPE 

Extremely 
Remote 

Hazardous

Slipping Minor Injuries Avoid spillages of any 
kind and properly clean 
spills up immediately 

Remote Minor 

Heavy lifting Minor Injuries Use groups for lifting 
heavy objects. Emphasize 
proper lifting techniques. 

Remote Minor 

Exhaustion Minor Injuries Maintain schedule and 
avoid last minute 
cramming 

Probable Minor 

Electric Shock Minor Injury to 
personnel 

Install electronics safely 
and take steps to ensure 
user safety on all 
electronic devices 

Remote Minor 

Table 7 
 

3. Environmental Concerns 
We will be using components and materials in our AGSE and on our launch vehicle that can 

be considered hazardous to the environment. Two 12V lithium batteries will be used to power our 
AGSE operations; if these batteries leak or break they could present a hazard to the environment. 
We will avoid this by handling the batteries in a safe manner and having a neutralizing agent, such as 
baking soda, nearby in order to neutralize any potential leak. We also have 9V batteries on board our 
rocket, which require a similar procedure, to use in case anything happens to the lithium batteries. 
All batteries will be recycled after use. The 12V batteries are rechargeable and will be recycled at the 
proper locations when they can no longer take a charge. 
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We will be using black powder charges on our rocket to eject the parachutes and payloads. 
Spilled black powder will have a negative impact on the environment. In addition to storing the 
black powder in a safe, dry place as per safe black powder storage rules, we will also be using igniters 
to ignite our ejection charges and motor. These will be stored in alignment with the rules laid out in 
the MSDS for the igniters and will be disposed of in inert trash after usage to avoid any unnecessary 
impact on the environment. 

Another major concern for our rocket launches is the effect the rocket motor will have on 
the environment. Unfortunately, the ecotoxicity of the Cesaroni motors is not determined (via the 
Pro 54 MSDS). To avoid any negative environmental effects, steps will be taken to minimize the 
motor’s impact on the environment. Flame retardant mats or tarps will be placed beneath our launch 
pad in order to avoid singeing the surface below, and a metal launchpad and rail will be used to 
mitigate risk of fire. After the flight, we will dispose of both the spent motor and igniter in inert 
trash as per the MSDS. 
 
 The reverse of these considerations, the effect that the environment has on our vehicle, is 
also an issue. Weather is the major concern: rain, sleet, snow, and any other form of precipitation 
could be harmful to our rocket because the body material, blue tube, as it is not 100% waterproof. 
Along the same line, saturated ground could also be detrimental. If our rocket is submerged in a 
body of water, we run the risk of damaging the electronics as well as the body elements. 
 Trees also present an environmental concern of a different level. Our vehicle could get stuck 
in a tree upon descent with no apparent recovery method that does not cause harm to the 
environment or rocket. In all cases where the environment could be potentially harmful to the 
vehicle, the best action is preventive. For example, we will avoid launching during a period where 
the weather would adversely affect the integrity of our rocket or near sources of potential damage 
including water and trees. 
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AGSE/Payload Criteria  

 
4.1 Concept of Operations 

 
The AGSE will consist of a set of subsystems acting in series, initially triggered by a switch on the 
AGSE. Upon being activated, the AGSE will first open its sealed container as if it has just touched 
down on the surface of Mars. This will be accomplished by two gas springs. A retrieval system will 
partially deploy from its stored position to aim the camera towards the ground. The camera will scan 
along a linear path. Meanwhile, the multispectral vision system will take a series of images and 
determine if the payload is visible in the shot. If it is visible, the system calculates its position, 
orientation, and the surface type it is located on. The retrieval system then travels linearly along the 
length of the box and adjusts its angle to match that of the payload. Once aligned, a conveyor will 
pivot to make contact with the payload and pull it into the base of the retriever. The retriever will 
return to a home position where a vertical lift will bring the payload to the level of the rocket. At the 
top of the elevator, the payload will roll down a small ramp and fall into the containment area within 
the payload bay. A linear actuator orientated along the launch vehicle’s long axis utilizes a 
component to close the launch vehicle with the payload secured inside. A third gas spring will then 
erect the launch vehicle to 5 degrees off of vertical. A power screw will insert the ignitor in the 
motor. At any time during this procedure, a pause switch can be thrown to stop all actions of the 
AGSE. The launch vehicle will then be inspected and launched. It will travel to an apogee of 3000 ft 
where it will deploy a drogue parachute. Upon descent to 1000 ft, the payload section of the rocket 
will separate and both sections will drift to the ground on main parachutes. They will be recovered 
using GPS tracking. 
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Figure 4.1 
 

4.2 Science Value 
 

The objectives of the AGSE are to locate a payload on the ground, capture it, insert it into the 
rocket, seal the rocket, erect the rocket from horizontal to vertical, and insert the igniter. For the 
system to be successful, it will need to accomplish all of these tasks in less than ten minutes. In 
designing a system to accomplish these goals, we kept in mind the basis for the competition: 
designing a system that would work on the Martian surface to retrieve a payload and launch it back 
to Earth. Our system represents a scale model and prototype of the technology and system 
integration which would be necessary for such a mission. We will consider our mission a success if 
all of the above tasks are completed successfully. 
 
In designing for the Martian surface, we put a large focus on reliability, as we only have one chance 
to successfully complete the mission. Two systems on the AGSE are aimed towards ensuring 
reliability: the conveyor and vision system. The conveyor belt affects a large area of the surface and 
can pull in a payload from anywhere along its track. This increases the probability of a successful 
payload retrieval when compared with other methods, such as robotic arms. The conveyor also 
contains a small number of moving parts, which increases its reliability simply by having less parts 
that could potentially fail. The vision system will incorporate information from the visible and 
infrared spectrums to increase its accuracy. A novel classification method is being used for the 
location and orientation of the payload. Our vision system will need to be experimentally verified 
within the context of the AGSE, and will be modified until we have accurate payload recognition.  
 

4.3 AGSE/Payload Design 
1. Structural System 

1. Frame 
The main structural frame of the AGSE will consist of 1 inch aluminum 
extrusion rail. (10-10 80/20), covered with polycarbonate, simulating the fully-
enclosed initial configuration of a hypothetical system delivered from Martian 
orbit. 
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Figure 2: 80/20 Frame design, color coded for ease of assembly  

 
1. Hatches 

There will be two doors on the structure.  One hatch will be the vertical wall 
closest to the AGSE retrieval belt.  That entire polycarbonate window will 
open out and up 90 degrees by means of 2 gas springs.  Each gas spring will 
provide 75 N of force which gives enough lifting force and torque required to 
open the door, with a tolerance cushion.  The maximum torque from the door 
applied to the rest of the structure is 33.25 N*m, which is one third the torque 
applied by the rest of the structure in the opposite direction. Therefore, the 
box will not tip over.   
The other door is on the top of the structure, which will open to reveal the 
rocket when the payload insertion is finished.  Only half of the top panel will 
open, extending slightly past 90 degrees to ensure the rocket can lift  
smoothly.  Two gas springs will be used for this lift as well, both of which will 
need to apply 30N of force.   
 

  
Table 1: Stroke Length, Tube Length, Force Range, and Thread Type for gas springs 

 
This lifting force and resultant torque of 8.9 N*m includes a 10% tolerance to 
ensure rotation of the door.  The torque from the open door is minimal: 1.27 
N*m to be exact. This is negligible compared to the structure. 
Both doors are secured by an electromagnetic solenoid latch. 



44 

 

 

 
Figure 4.3: AGSE with front hatch deployed. 

 
2. Thermal Protection System 

Our thermal protection system consists of thin concrete slabs. The slabs will 
be created by mixing concrete, and pouring it into plywood molds. 3r The 
system covers the area immediately below the rocket nozzle when in launch 
position. This creates a “flame trench” that directs the hot exhaust gas away 
from sensitive electronic components and actuators.  

2. Payload Retrieval System 
1. Retrieval Belt Subsystem 

The retrieval belt will consist of two, 0.5 inch wide, drive belts which run 
parallel to each other along the length of a 24 inch arm and are separated by 
six inches of space. A wooden bridge piece will run from one belt to the 
other, perpendicular to the long axis of the arm. Four wooden prongs will be 
attached to the wooden bridge and will be used to rake in the payload (figure 
4.4.X).  
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Figure 4.4: Payload Belt Subsystem 

 
The entire belt assembly will pivot about the bottom rollers, and will be initially stowed in the vertical 
configuration. It will pivot out to the horizontal position when driven by the DC motor. The arm, 
which provides the structural support for the belt assembly, will be made of thin aluminum to 
minimize the load on the motor. The motor specifications are given in Table 2. 
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Manufacturer AndyMark   

Name PG71 Planetary Gearbox with RS775 Motor   

Voltage 12 VDC   

 Min Nominal Stall 

Torque - - 16.6 ft*lbs  

Current 1.3 8 A  22 A 

Speed 75 rpm 75rpm 0 RPM 

Table 2: DC Motor Specifications 
 
 
 

3. Position/Angle Subsystem 
This subsystem consists of a linear bearing and a rotational bearing, each 
driven by a stepper motor.  

 

Manufacturer Phidgets 

Part Number NEMA-17 Bipolar Stepper 
with 51:1 Gearbox 

Holding Torque 48 kg*cm 

Voltage 2.8 V 

Current 1.7A 

Dimensions 119.7mm x 42.3mm x 42.3mm 

Table 3: High Torque Stepper Motor Specifications 
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Manufacturer Phidgets 

Part Number NEMA-17 Bipolar Stepper 
with 14:1 Gearbox 

Holding Torque 30kg*cm 

Voltage 2.8 V 

Current 1.7A 

Dimensions 110mm x 42.3mm x 42.3 mm  

Table 4: Rotary Encoder Specifications 
 

 
Figure 5: Retrieval System Angle Motor 

 
4. Payload Capture Subsystem 

 
The payload capture ramp consists of a custom-fabricated structure which holds the payload after it 
is retrieved by the belt. The ramp and the prongs on the retrieval rake are designed to interface so they 
can push the payload up the ramp. Once the payload reaches the top of the ramp, it will roll down the 
back of the ramp into the elevator subsystem. It is shaped to align the payload in a known position 
using the force of gravity. Its frame can be fabricated by laser cutting plywood sheets.  
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Manufacturer SparkFun Electronics 

Name Sharp Infrared Proximity Sensor 

Sensing Distance Range 10 cm – 80 cm 

Voltage 5 VDC 

Dimensions 20mm x 18 mm x 10 mm 

Table 5: Laser Sensor Specifications 
 

    

    
Figure 6: Payload Capture Device  

 
    

 

2. Payload Insertion System 
1. Elevator Subsystem 

 
This subsystem consists of a belt with a set of curved prongs attached to it. 
These prongs will interface with the end of the payload capture device, which 
allows it to lift the payload from the payload capture subsystem to the 
payload insertion ramp. It is driven by a geared DC motor, and its motion is 
limited using a micro switch.   
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Figure 7: Bottom of Elevator Subsystem  
 

1. Payload Insertion Slide 
This part accepts the payload at the top of the elevator. It uses the force of 
gravity to roll the payload into the waiting payload bay of the launch vehicle. 
It is mounted on a hinge so that it is easily pushed out of the way during 
airframe closure and launch tower erection. 

 
Fig. 8: Payload insertion ramp  
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2. Airframe Closure Subsystem 

This subsystem pushes the nosecone of the rocket towards the forward body 
tube sections, closing the payload bay and engaging the laser cut snap closure 
system. The closure subsystem consists of laser cut claws that are form fitted 
to the outer face of the nose cone. It slides along the 80/20 rail on a linear 
motion bearing, and is driven by a timing belt and geared DC motor. It 
includes a microswitch to limit the motion to the desired range. 
In operation, the slider will push the nose cone closed until reaching the limit 
switch, and then back slightly to allow clearance for the rocket to be raised. 
 

 
Figure 9: Airframe Closure Subsystem 

 

1. Launch Tower Erector System 
The launch tower, along with the rocket will be forced into the upright position using one 
gas spring.  The gas spring is a stored energy, closed system, which will be held down via an 
electromagnetic solenoid latch.  The gas springs will be purchased with custom dimensions 
and placed in pre-determined positions which will upright the rocket at 5 degrees off 
vertical.  With a 10% tolerance, the gas spring needs about 359 N of lifting force, which will 
provide the 123.1 N*M  When the rocket is upright, the torque it applies to the rest of the 
structure is, which is  minimal compared to the weight of the entire structure.  The 
rocket/launch tower will not fall back on the gas spring because the effective weight in the 
direction of the gas spring 51 N, or roughly ¼ the lifting force provided by the gas spring.  
Once the launch tower in in place, a mechanical latch will engage to ensure launch tower 
stability. A microswitch will detect that the rocket is in its final configuration.  
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Figure 10: Gas spring in launch tower erector 

 

 
2. Igniter Insertion System 

The igniter will be inserted into the upright rocket using an expendable wooden 
dowel. The dowel will be attached to a linear actuator consisting of a threaded (via 
Heli-Coil inserts) aluminum block on a linear bearing. The block will be driven using 
a power-screw attached to a DC motor. Two linear 80/20 bearings will allow the 
block to move along the 80/20 rails. There were concerns raised by the review board 
during the PDR presentation regarding the risk of premature ignition of the E-Match 
due to induced current from the motor’s magnetic flux. We verified that this would 
not be an issue by wrapping the E-Match around the motor on a test bench and 
ensuring that no ignition occurred even after running it at full power.  

 



52 

 

 
Figure 11: Igniter insertion system 

 
3. Electronics/Control System 
As the electronics are integrated into the mechanical system, some of the above content is reviewed 
for clarity. The system features a microcontroller for real-time logic and control, as well as a single-
board Linux computer for vision processing.  
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Electronics/Control System 
The below diagram provides an overview of the AGSE electronics system. As the electronics are 
integrated into the structure of the AGSE, some previously-covered material will be reviewed for 
clarity. 

 
Figure 13: AGSE Electronics Block Diagram 

 

4.4 Control and Logic System 
4.4.1 Hardware 

The actions of the AGSE will be coordinated by an Arduino Mega microcontroller board, 
which interfaces with all other parts of the system, including sensors, relays, motor shields, 
and the vision processing system. 
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Manufacturer SmartProjects 

Board Name Arduino Mega 2560 R3 
Microcontroller ATmega2560 
Input Voltage (recommended) 7-12V 
Digital I/O Pins 54  
Analog Input Pins 16 
Flash Memory 256 KB 
SRAM 8 KB 
EEPROM 4 KB 
Clock Speed 16 MHz 

Table 7: Microcontroller Specifications 
 

The stepper motors and servos are powered through a motor control shield mounted on 
the Arduino. The shield communicates using the Arduino’s Inter-Integrated Circuit (I2C) 
bus. 

 

Manufacturer Adafruit Industries 

Name Adafruit Motor/Stepper/Servo Shield v2 

Voltage 5VDC-12VDC 

H-bridges 4 

Current (Per bridge) 1.2A (3A peak) 

Interface I2C 

Dimensions 70mm x 55mm x 10mm 

Table 8: Motor shield specifications 
 

The DC motors are controlled by a pair of dual high-current motor driver boards. These 
boards connect to the Arduino microcontroller via a custom interface module which 
provides battery voltage, motor current, and diagnostic status monitoring capabilities. This 
information, along with forced-convection cooling, is used to prevent overheating and 
damage to the motors and controllers. 
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Manufacturer Pololu / STMicroelectronics 

Name Dual VNH2SP30 Motor Driver Carrier MD03A 

Operating supply voltage 5.5 – 16 V 

Maximum load 30A 

Maximum On-Resistance 19 mΩ 

Maximum PWM frequency 20kHz 

Number of H-Bridges 4 

Logic level 5V 

Table 9: DC motor controller board specifications 
 

The solenoids are controlled by a custom MOSFET driver board, allowing 
individual solenoids to be controlled directly by the Arduino’s 5V digital out 
channels. Flyback diodes are installed provide protection to the Arduino’s pins, 
along with integrated resistors to prevent accidental activation while inputs are 
floating. 
 
A similar MOSFET driver board allows the Arduino to activate the 12V signal 
lights using 5V logic channels. 
 

Software 
The control algorithms are written in C++ using the Arduino environment, taking 
advantage of readily available open-source libraries in addition to custom-written 
interface modules. See figure 4.4.16 for a simplified state diagram. 

 
4.4.2 Vision Processing System 

Hardware 
The vision processing system consists of a single-board, Linux-based computer, 
with an infrared-sensitive camera. This will be used to determine the position and 
orientation of the payload in the scanning area.  
Specifically, we will use a Raspberry Pi for the image processing calculations. For 
the camera, we have chosen a Raspberry Pi camera that is sensitive to the infrared 
and visible spectrum. It communicates directly with the Pi’s processor using the 
Camera Serial Interface (CSI) bus, which decreases processor overhead while 
imaging when compared to USB interface cameras.  In addition, a servo will be used 
swap optical filters to create a multi-spectral imaging capability. ThorLabs FEL0700 
and FES0700 are the edge pass filters attached to the servo. 
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Figure 14: Raspberry Pi NoIR camera with switchable filter assembly. 

 
The Pi exchanges state information and target location/orientation data with 
the microcontroller via an asynchronous serial link. 

 

Manufacturer Raspberry Pi Foundation 

Name Raspberry Pi B+ 

Operating system Linux  

Power 3.0 W, 5VDC 

CPU ARM1176JZF-S 700 MHz 

Memory 512 MB  

Dimensions 56mm x 85mm x 17mm / 2.2" x 3.4" x 0.7" 

Mass 42g 

Table 10: Raspberry Pi B+ Specifications 
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Manufacturer Raspberry Pi Foundation 

Name Raspberry Pi NoIR Camera 

Sensor 5MP (2592×1944 pixels) Omnivision 5647 

Interface CSI Bus 

Dimensions 25mm x 20mm x 9mm 

Table 11: Raspberry Pi NoIR Camera Specifications 
 
 
 

Name Servo - ROB-10333 

Vendor Sparkfun Industries 

Voltage 4.8-6.0V 

Torque 38.8/44.4 oz-in. (4.8/6.0V) 

Speed 0.20/0.18 sec/60° (4.8/6.0V) 

Rotation 180° 

Dimensions 28.8 x 13.8 x 30.2mm 

Mass 20g 

Table 12: Servo Specifications 
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Operational Software 

Figure 4.18 shows the conceptual design of the algorithm and data flow for payload 
detection. 

 

 
Figure 4.18: Vision processing algorithm design 

 
4.5 Safety Systems 

Pause Switch 
A switch will be located outside the AGSE, and connected to the microcontroller. This 
will be programmed with an interrupt to halt all actions when the switch is in the stop 
position 
Safety Lights 
A 12V amber LED strip will be mounted on top of the AGSE such that it is visible 
from all directions. The light will flash at 1Hz when the system is powered, and will 
light solid when the pause switch is activated. A similar green LED strip will light up 
when the AGSE had completed the launch preparation procedure, and will signal the 
LSO to begin the pre-launch inspection. They will be powered and controlled with a 
custom MOSFET circuit. 
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Power System 
The AGSE will be powered using a 12V sealed lead-acid battery, connected to the 
system via a master switch with integrated 120A circuit breaker and located on the 
outside of the AGSE. This is fed to a fused AndyMark power distribution board. This 
provides 40A and 5A thermally-protected 12V lines to motors and other components, 
as well as a 5V/3A buck supply for the Arduino, Raspberry Pi, and motor control 
circuitry. 

 

Manufacturer MK Battery 

Model ES17-12 

Nominal Voltage 12V 

Nominal Capacity 18Ah at 0.9A 
17.1Ah at 1.8A 
15.3Ah at 3.1A 
8.1Ah at 18A 

Max. Discharge Current (for 30 sec) 360A 

Weight 13.82Lbs. (6.28kg) 

Table 13: Battery Specifications 
 

Input Voltage 6V - 15V DC 

Current Limits 120A total consumption 
8x 40A Channels (6x 40A installed)
12x 30A Channels (6x 5A installed)
24V/1.5A boost supply (unused) 

5V/3A buck supply 
12V/2A boost supply (unused) 

Table 14: Distribution Box Specifications 
 

5V power will be supplied to the XBee radio support board from the Arduino’s 
onboard regulator, and 3.3V power will be supplied to the XBee from the support 
board’s onboard regulator. 
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A worst-case power allocation is provided below: 

 
Figure 16 

Communication System 
System state data will be communicated to the base station using a pair of 2.4GHz XBee 
radio transceivers. The AGSE downlink will communicate with the microcontroller via 
UART through a 3.3V to 5V level converter, while the uplink connects to the base station 
laptop using a USB interface. 

 

Manufacturer Digi International 

Name XBee XBP24-ACI-001 

Vendor Sparkfun Electronics 

Voltage 2.8-3.4V 

Current 215 mA 

Data Rate 250 kbps 

Frequency Band 2.4 GHz 

Line of Sight Range 1 mile 

Dimensions 32.9 x 22.0 x 2.8mm 

Table 15: XBee Radio Specifications 
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Base Station 

Our base station will consist of a laptop with a 2.4GHz XBee radio transceiver, connected 
via USB through a dedicated interface module. The laptop will run a custom Python-based user 
interface that will allow the initiation signal to be sent to the AGSE through the XBee, as well as 
display real-time status telemetry. 

 
Additionally, the base station will contain a 2m/70cm handheld FM radio transceiver with 

high-gain antenna, which will receive Automatic Packet Reporting System (APRS) packets from the 
BigRedBee GPS transmitters on the 70cm band. 

 
The laptop will run a software suite to decode these packets using a soundcard TNC and display live 
location information on an interactive map. 
 

Manufacturer Wouxun 

Model KG-UV3D 

Supply Voltage 7.4 VDC 

Power 5W VHF, 4W UHF 

Tx Freq. Range 144-148 MHz, 420-450 MHz 

Rx Freq. Range 136-174 MHz, 420-520 MHz 

Table 16: Base Station Radio Specifications 
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Figure 17: Ground station Block diagram 

 

4.6 Instrument Precision: 
All of the components going into our AGSE have been designed to function with large 
tolerances. Our use of a conveyor belt gives us an increase to the area we our effecting. This 
reduces the accuracy needed by the vision system and allows for more lee-way.  The rake area of 
the conveyor belt and the subsequent receptacle is 6 inches wide, which means the vision system 
has to direct the conveyor to within 1.25 inches of the center of the payload. Once the payload 
has been captured, the plywood components used for the majority of the AGSE have been 
designed to prevent any close contact. This allows for continued performance from the parts 
even if the plywood expands due to the change in temperature and humidity in moving the 
equipment from Massachusetts to Alabama.  

 
The frame for our AGSE is fully constructed out of 80/20 which is very forgiving in terms of 
tolerances. The mounting brackets we are using to hold the different segments together extend 2 
inches up each length of 80/20 giving adjustability in those directions. That being said, the 
pieces have all been cut to be the same length using a horizontal band saw with a fixed length.  
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4.7 Specify Approach to Workmanship 
 

We wanted to construct the rocket and AGSE with a high degree of precision. The majority the 
parts on the AGSE are inner wood components. We used a CNC laser cutter that can cut lines 
1/500th of an inch wide, allowing us to construct parts that are in line with our designs. The 
kind of accuracy that the laser cutter delivers allows us to build the intricate pieces that we 
designed. 
 
The structure of our AGSE is 80/20 1010 slotted extrusion. Building with 80/20 offers 
adjustability and modularity that eases component integration. Entire modules can be 
quickly moved to accommodate size changes of other modules. 
 

4.8 Verification  
 

The AGSE test and verification plan is split into five parts. Firstly, we will gather training 
data to use to train the algorithm. This data will consist of pictures of the payload in infrared and 
visible light. The pictures will vary in backgrounds, surface textures, brightnesses, distances, and 
orientations. We will show the system where the payload is located in each picture and teach it to 
identify the payload itself. Based on how the system reacts, we will tweak the algorithm as needed.  

After the algorithm can identify the payload reliably, we will conduct a repeatability test with 
the rake system to ensure the payload can be found and picked up. This test will involve placing the 
payload in various positions and orientations and verifying the camera and rake can work together to 
capture the payload. We have designed multiple profiles for our rake mechanism for testing.  We feel 
a certain angle of attack may be beneficial for different surface types such as dirt or grass.  

Once the payload is securely captured, we will test the elevator system. The elevator must be 
able to hold the payload as it transports it from the ramp to the payload bay. The main variable for 
this test is the shape of the plywood hooks that hold the payload. We decided to make the hooks out 
of plywood so we can test multiple iterations and determine which design will best suit our needs.  

The integration point between the AGSE capture system and the LV will is crucial. We have 
designed a ramp for the payload which leads into our payload capsule. We have tried to be prudent 
in our design, ensuing a funnel type ramp will guarantee the payload will land in the orientation we 
prefer.  We will test that the payload can roll from the elevator directly into the payload bay. Again, 
these components are made from plywood, so we can test various designs.  
 Finally, the ignitor inserter will need to be calibrated using test data in order to guarantee our 
ignitor has been inserted the full length of the rocket motor.  It is essential that the ignitor has been 
placed at the top of the grain cavity to ensure a complete burn of our motor.  This will requires 
knowledge of the grain cavity.  We are using a DC motor for this insertion, and a micro roller switch 
will need to be placed in a very precise location.  This limit switch will shut off the motor when it 
has been pushed.  The threaded rod that is rotating and moving our ignitor into the motor will have 
a circular piece of wood to contact with the micro switch.  We will undergo multiple tests with our 
ballast motor to ensure our placement of the micro switch is in the proper location to a complete 
motor burn.  

The previously discussed subcomponents will undergo a rigid verification program we are 
calling ‘three in a row’. Each component must successfully complete its task three times in a row 
without any anomalies before moving to a full scale test with the rest of the AGSE.  We feel this will 
ensure a congruous system that can safely carry the payload from the ground to the LV.  
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Aside from testing this individual component, we will test the entire system once each 
subcomponent passes the ‘three in a row’ verification program. Full scale AGSE tests using a ballast 
motor are in place and to be completed prior to our first full scale AGSE/LV capture and launch 
test on March 28th.   
 
4.9 Safety and Environment 
Mission Assurance Analysis 
 

Failure 
Modes 

Causes Effects Mitigations Likelihood Severity

Battery 
Dying 

Overuse without 
charge 

Nothing 
Works 

Check batteries 
before each use 

Remote No 
Hazard 

Motors 
Stuck on 
full power 

Low battery causes 
brownout 

All motors 
drive at full 
power causing 
breakages 

Effective Watchdog 
use 

Extremely 
Remote 

Major 

Motor 
Drivers 
Overheat 

Overworking the 
drivers coupled 
with insufficient 
cooling 

Drivers fail Sufficient cooling Probable Minor 

Broken 
Frame 

Dropping during 
transportation, 
faulty corner 
brackets 

System 
Failure 

Check Corner 
connections and 
verify safe carrying 
methods 

Remote Minor 

Limit 
Switches 
Fail to 
Activate 

Loose Wiring or 
insufficient 
programming 

System 
Failure, motor 
fails to stop 
resulting in 
breakages 

Verify wire 
connections before 
use, Manually test 
sensors, Use of 
system pause 
button 

Remote Major 

Vision 
System 
Failure 

Incorrect Lighting Failure to 
locate payload

Run extensive 
verifications tests 

Probable No 
Hazard 

Gas Spring 
Failure 

Broken springs Doors Fail to 
Open and 
Rocket fails to 
be erected 

Run ground tests to 
verify functionality 
of all gas springs 

Remote Major  

Battery 
Leakage 

Damaged Battery Battery acid 
leak, system 
damage 

Visually check 
batteries before 
each use 

Remote Major 
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Personnel Hazards 
 
In order to ensure maximum safety all team members participated in a safety lecture and passed a 
safety quiz before being allowed to work with the launch vehicle or the AGSE. This will help ensure 
that all team members are equipped to handle the tools and materials being used in the project. 

Hazard Effect Mitigations Likelihood Severity 

Hand Tools Potential bodily 
harm 

Training of all members 
on proper handling 

Remote Major 

Epoxy Usage Respiratory, skin, 
and eye irritation 

Ventilation hood, 
protective mask and 
gloves 

Remote Minor 

Heavy - 
machinery 

Possible appendage 
loss and general 
injury to personnel  

Only members trained to 
use the heavy machinery 
are allowed to use it 

Extremely 
Remote 

Hazardous

Defective Tools Serious injury to 
personnel 

Inspect tools prior to use Extremely 
Remote 

Major 

Defective 
Personal 
Protective 
Equipment 

Serious injury to 
personnel 

Inspect PPE prior to use. 
Maintain proper supply of 
PPE 

Extremely 
Remote 

Major 

Fire Serious injury to 
personnel and 
equipment 

Training of members on 
fire safety. Maintain 
proper Fire PPE 

Extremely 
Remote 

Hazardous

Slipping Minor Injuries Avoid spillages of any 
kind and properly clean 
spills up immediately 

Remote Minor 

Heavy lifting Minor Injuries Use groups for lifting 
heavy objects. Emphasize 
proper lifting techniques. 

Remote Minor 

Exhaustion Minor Injuries Maintain schedule and 
avoid last minute 
cramming 

Probable Minor 

Electric Shock Minor Injury to 
personnel 

Install electronics safely 
and take steps to ensure 
user safety on all 
electronic devices 

Remote Minor 
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4.10 Environmental Concerns 
 

We will be using components and materials in our AGSE and on our launch vehicle that can 
be considered hazardous to the environment. Two 12V lithium batteries will be used to power our 
AGSE operations; if these batteries leak or break they could present a hazard to the environment. 
We will avoid this by handling the batteries in a safe manner and having a neutralizing agent, such as 
baking soda, nearby in order to neutralize any potential leak. All batteries will be recycled after use. 
The 12V batteries are rechargeable and will be recycled at the proper locations when they can no 
longer take a charge. 

We do not want to negatively affect the environment by leaving pieces of our rocket or 
AGSE at the launch site. To avoid this, our AGSE is designed to stay connected so no fragments 
are expelled during preparation or the launch itself. In addition, we will be sure not to leave materials 
or parts behind after the launch. 

The AGSE is vulnerable to similar environmental hazards as the launch vehicle which was 
mentioned in the previous section. Any form of precipitation, or moist ground can do damage to the 
electrical components in the AGSE. Another environmental issue for the AGSE would be a “dusty” 
day where very dry and windy conditions cause surface dirt to become airborne. This would damage 
many of the large scale moving parts which rely on low friction tracks to function properly. It will 
also cause issues for the vision system as it may cloud the lens. As a preventative measure, the 
AGSE can be left in the stowed position, shielding it from the dust outside. 
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Launch Operations Procedures 

 

6.1 Launch Procedure 
1. Motor Preparation 

1. Take motor out of packaging. 
2. Take red cap off of bottom of motor.  
3. Insert motor into Cesaroni motor tube. 
4. Secure Cesaroni motor tube with Cesaroni end-screw. 
5. Give motor to mentor.  
6. Steps 1.6-1.9 are for Team Mentor Rob DeHate to perform.  
7. Unscrew aft motor retainer cap.  
8. Insert Cesaroni motor into motor tube. 
9. Using pliers, remove the ejection charge of the motor.  
10. Ensure all black powder from the ejection charge is removed.  
11. Replace aft motor retainer cap.  

2. Rocket Assembly 
1. Electronics bay assembly 

1. Attach altimeter one to altimeter sled. 
2. Insert vehicle recovery wires into the “drogue” output of altimeter one.  
3. Insert payload ejection wires into the “main” output of altimeter one.  
4. Ensure the wires are tight.  
5. Attach altimeter two to altimeter sled. 
6. Insert vehicle recovery wires into the “drogue” output of altimeter two.  
7. Insert payload ejection wires into the “main” output of altimeter two.  
8. Ensure the wires are tight.  
9. Attach altimeter #3 to altimeter sled. 
10. Insert tender descender wires to the “main” output of altimeter three.  
11. Leave the “drogue” output of altimeter three empty.  
12. Attach altimeter one 9-V battery to altimeter battery one housing.  
13. Attach altimeter two 9-V battery to altimeter battery two housing.  
14. Attach altimeter three 9-V battery to altimeter battery three housing.  
15. Check all connections. Ensure that the altimeters are properly connected to 

the push-hold switch and the batteries. 
16. Insert altimeter sled into avionics bay. 
17. Insert threaded rod through sled housings.  
18. Attach payload ejection bulkhead.  
19. Secure payload ejection bulkhead with nuts and lock washers. 
20. Attach vehicle parachute ejection bulkhead.  
21. Secure vehicle parachute ejection bulkhead with nuts and lock washers. 
22. Attach primary vehicle parachute ejection e-match to the primary recovery 

parachute terminal blocks.  
23. Insert primary vehicle ejection e-match into primary vehicle parachute 

ejection charge housing.  
24. Attach secondary vehicle parachute ejection e-match to the secondary 

recovery parachute terminal block.  
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25. Insert secondary vehicle ejection e-match into secondary vehicle parachute 
ejection charge housing.  

26. Measure out a .75 gram charge of black powder.  
27. Pour first black powder charge into primary vehicle parachute ejection charge 

housing.  
28. Secure primary vehicle parachute ejection e-match into primary vehicle 

parachute ejection charge housing with masking tape.  
29. Measure out a second .75 gram charge of black powder.  
30. Pour second black powder charge into secondary vehicle parachute ejection 

charge housing.  
31. Secure secondary vehicle parachute ejection e-match into secondary vehicle 

parachute ejection charge housing with masking tape.  
32. Flip electronics bay over. If any black powder leaks out, redo that charge. 
33. Attach primary payload ejection e-match to primary payload terminal blocks.  
34. Attach secondary payload ejection e-match to secondary payload ejection 

terminal blocks.  
35. Insert primary payload ejection e-match into primary payload ejection charge 

housing. 
36. Measure out a .75 gram black powder charge.  
37. Pour black powder charge into primary payload ejection charge housing.  
38. Cover primary payload ejection charge housing with masking tape. Ensure 

the e-match is inside. 
39. Insert secondary payload ejection e-match into secondary payload ejection 

charge housing. 
40. Measure out a .75 gram black powder charge.  
41. Pour black powder charge into secondary payload ejection charge housing.  
42. Cover secondary payload ejection charge housing with masking tape. Ensure 

the e-match is inside. 
43. Attach tender descender wires to tender descender terminal block.  
44. Proceed to parachute and tender descender setup.  

2. Recovery Parachute and Tender Descender Setup (For the purposes of this setup, 
the link with the shock cord going through it will be considered tender descender 
link 1, and the other quick link attached to the descender will be considered tender 
descender link 2.)  

1. Separate tender descender top and bottom.  
2. Insert e-match through the bottom through-hole of the bottom piece of the 

descender.  
3. Place a piece of masking tape on the bottom of the descender to hold the 

ignitor in place. 
4. Using wire-cutters, cut the ignitor down so that approximately 5 inches of 

the descender is sticking out. 
5. Using wire strippers, expose approximately 1 inch of the ignitor wire.  
6. Secure the ignitor wires to the ejection wires by twisting each individual wire 

together.  
7. Secure the wires by wrapping tape around each connection.  
8. Bundle both connections using masking tape. 
9. Measure out approximately ¼ gram of black powder.  
10. Pour the charge into the tender descender ejection charge housing.  
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11. Put the descender back together, ensure that the quicklinks are attached to 
both ends. 

12. Attach drogue parachute to drogue parachute quicklink.  
13. Attach a quick link to the loops on both ends of the drogue shock cord.  
14. Attach drogue parachute quick link to drogue parachute shock cord through 

the built in loop approximately 4 feet down the cord. The quick link at the 
end of this short side will become known as the forward quick link. The 
quick link at the end of the long section of the shock cord will be referred to 
as the aft quick link.  

15. Attach the aft quick link to the motor assembly. NOTE: (This is the long 
side of the cord). 

16. Attach drogue parachute slackline to drogue parachute quicklink. 
17. Attach main parachute quick link to main parachute. 
18. Attach one end of main parachute shock cord to main parachute quick link.  
19. Attach other end of main parachute shock cord to forward main parachute 

quick link. 
20. Attach forward end of drogue parachute slackline to main parachute quick 

link.   
21. Follow Below steps to set up parachute bag: 

1. Fold main parachute. 
2. Carefully insert folded main parachute into main parachute 

bag. 
3. Weave main parachute through parachute bag loops 

following the below figure: 

 
 
 

22. Attach parachute bag flap shock cord to forward drogue parachute quick link.  
23. Attach other end of parachute bag flap shock cord to parachute bag flap. 
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24. Attach forward drogue quick link to tender descender quick link 2.  
25. Attach forward main parachute quick link to tender descender quick link 1.  
26. Attach Avionics holder shock cord to  
27. Ensure setup is in accordance with below figure: 

3. Vehicle Final Assembly 
1. Insert top of motor section into bottom of vehicle parachute section 
2. Secure the two sections together with nylon shear pins. 
3. Insert payload bay into top of avionics bay.  
4. Secure payload bay to top of avionics bay using nylon shear pins.  
5.   Ensure the nose-cone is fully out, and that the payload bay is in the proper 

orientation.  
6.   Continue to checklist 1.4. 

4.   AGSE Initial Electrical Checklist 
1. Inspect all motors, ensure they are not jammed.  
2. Inspect all motor connections, and major wires for damage.  
3. Check battery charge.  
4. Inspect fans. 
5. Turn on main switch.  
6. Turn on main breaker.  
7. Inspect power distribution board for any failure indicators.  
8. Ensure indicator lights are illuminated.  
9. Ensure communication with AGSE has been established.  
10. Run test program, ensure all current readings and diagnostic flags are within 

spec.  
11. Verify limit switches are active and steppers are homed.  
12. Proceed to checklist 1.5 

 

5.   AGSE Mechanical setup 
1. Ensure all batteries are charged and disconnected. 
2. Bring payload elevator to its bottom starting position. 
3. Put mobile belt in home position. 
4. Rotate rakes to rake starting position. 
5. Bring elevator belt to vertical starting position. 
6. Check camera alignment with ground. 
7. Check filter alignment with camera.  
8. Return ignitor loader to lowest starting position.  
9. Attach ignitor to ignitor loader head. 
10. Run ignitor wires through fume door. 
11. Shut the front door. 
12. Lock the front door solenoid. 
13. Move nose-cone pusher to home position. 
14. Angle launch rail so that rocket until team members can reach tip 
15. Put vehicle on launch rail. 
16. Raise launch rail to firing position to check motor ignitor alignment. 
17. Lower launch rail to horizontal position. 
18. Ensure the gas spring solenoid is locked.  
19. Put the payload slide in the payload bed.  
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20. Ensure rail is locked in position with solenoid latches. 
21. Unscrew motor retainer. 
22. Insert motor into launch vehicle. 
23. Screw motor retainer. 
24. Ensure motor is locked in place. 
25. Ensure payload bay is open. 
26. Lower payload ramp into payload bay.  
27. Shut top door. 

6.   AGSE Mechanical setup and Launchpad Setup 
1. Ensure all batteries are charged and disconnected. 
2. Bring payload elevator to its bottom starting position. 
3. Put mobile belt in home position. 
4. Rotate rakes to rake starting position. 
5. Bring elevator belt to vertical starting position. 
6. Check camera alignment with ground. 
7. Check filter alignment with camera.  
8. Return ignitor loader to lowest starting position.  
9. Attach ignitor to ignitor loader head. 
10. Run ignitor wires through fume door. 
11. Shut the front door. 
12. Lock the front door solenoid. 
13. Move nose-cone pusher to home position. 
14. Decrease the angle of the launch rail so that rocket until team members can 

reach tip.  
15. Put launch vehicle on launch rail. 
16. Raise launch rail to firing position to check motor ignitor alignment. 
17. Lower launch rail to horizontal position. 
18. Ensure gas spring solenoid is locked.  
19. Put the payload slide in the payload bed.  
20. Double check rail is locked in position with solenoid latches. 
21. Ensure launch vehicle motor is locked in place. 
22. Ensure payload bay is open. 
23. Lower payload ramp into payload bay.  
24. Shut top door. 

7.   Final Integration & Inspection 
1.  Verify all set screws on launch vehicle are screwed properly. 
2. Verify all nylon shear pins on launch vehicle are properly inserted. 
3. Verify AGSE is in proper starting position and has power. 
4. Await for NASA inspector to give final “GO” for launch.  

 
6.2 Troubleshooting Checklist 

 

Problem Solution 

Altimeters will not turn 
on when wires are 
switched on.  

Connect switch off and ground common for five seconds, and retry. 
The altimeters were probably already on. 
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If problem still persists: Check the 9-V battery to ensure it is still 
charged.  
 
If problem is still not fixed: Check wiring to ensure that wires are 
correct. 

Altimeters are on, but 
will not give continuity 
signals. 

Open up rocket, and ensure that e-matches are properly connected to 
terminal blocks.  
 
If problem persists, disconnect e-match from terminal blocks, and 
check continuity.  
 
If problem still persists, swap out the e-match for a new one.  

Altimeter not properly 
programmed 

Reset the altimeters, and hold the “prog” button while they are booting 
up. Press number preset that you want to change. To change hold 
down button. Wait for it to stop beeping. Press the “prog” to program 
altimeter in 100’s of feet.  

Nose cone not screwing 
on properly 

Check threads to ensure they are clean. 

Motor casing not fitting 
in motor tube 

File the inside of the motor tube until it fits.  

Motor retainer not 
grabbing threads. 

Check the threads, ensure they are intact. Clean them if necessary. 

Shear screws not fitting 
into rocket. 

Check rotational alignment of the body tube. There should be a line 
that crosses over multiple sections.  
If all else fails, the holes can be re-drilled and re-tapped. 

Parachutes are tangled. Detach the parachutes from their eyebolt-mounts and untangle the 
parachute shock cords. 

 

6.3 Post Flight Inspection Checklist:  
1. Post flight inspection checklist 

1. Find launch vehicle either visually or using GPS 
2. There should be 2 separate sections on the main launch vehicle: The recovery 

section and the motor sections. They should both be tethered together with 
approximately a 10 feet shock cord.  

3. For the motor section:  
1. Disconnect the quick link connecting the motor section and the drogue 

parachute shock cord. 
2. Visually inspect motor section. 
3. Make sure that all fins are attached, and pick up section.  
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4. For the Avionics section: 
1. Turn off all avionics. 
2. Carefully fold all parachutes and shock cord, try to ensure all parachutes are 

not tangled. 
3. Disconnect all parachutes from avionics section.  
4. Reintegrate the avionics section and the motor section 

5. Locate the payload section. This can be done either visually or by using the GPS 
tracker 

1. Disconnect parachute from payload bay 
2. Carefully fold the payload parachute  
3. Pick up the payload bay. 

6. Bring all parts of rocket back to base station 
7. Bring Avionics bay to competition officials and turn on altimeter to get scored.  
8. Turn off competition altimeter. 
9. Reintegrate all sections of rocket. 

 
6.4 Safety and Quality Assurance 
 
6.4.1 Risk Assessment 
 

We were asked to provide data that risks are at acceptable levels and while we don’t have any 
quantitative data, we do have a lot of qualitative data based on tests that we’ve run. One of the tests 
that we conducted was to verify that the motor driving our motor inserter would not create a current 
such that it would prematurely ignite the motor. We conducted this test by running the motor with 
the ignitor wrapped around it. In doing this we were able to show experimentally that the motor 
would not cause the ignitor to go off prematurely.  

In addition we ran a number of ground tests on the launch vehicle recovery systems to 
ensure that it would function as intended during the flight. This includes ejection tests, parachute 
tests, and a test of the tender descender. Ejection tests are performed outside in an open area while 
the area is clear of people not performing the test. This ensures the safety of the personnel involved 
in the test and any passers-by in the area. Since the tender descender also functions off of a black 
powder ejection charge we followed the same procedures when performing that test.  

We also ran a test on the parachute bag to determine if it would work during a launch. We 
ran this test due to the parachute bag’s failure to perform during the test launch. We solved this 
problem by sealing the bag with masking tape which allows the bag to remain sealed after drogue 
ejection but to also be able to open once the Tender Descender deploys to release the main 
parachute. These tests were successful which showed that we could mitigate the risks associated with 
the failures of these systems. This includes failures that deal with the possibility that the recovery 
devices do not deploy which can be potentially hazardous. 
 

Even after performing tests to verify the functionality of the systems there are still risks 
associated with launching the rocket. These risks deal with situations that we can’t necessarily 
predict, but that we can plan for and attempt to mitigate. For example, if a motor is faulty we 
wouldn’t know, but we would continue to handle it in a safe manner and when it is on the launch 
pad bystanders must be a certain distance away during the launch. These distances are outlined in 
the NAR High Power Safety Code.  

As such, during the launch we have a number of procedures that involve some level of risk 
and we have systems in place to mitigate the risks as much as possible. The first step in the launch 
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procedure is motor acquisition, storage, and transportation. During these procedures to mitigate 
risks we follow all NAR safety codes pertaining to high power motors. This includes having only 
certified team members involved in the purchase and transportation of the motors and following 
safe storage procedures such as storing the motors in a cool, dry place away from flammable 
materials. 

Next in the launch procedure is the set-up of the launch vehicle. The major risk associated 
with this stage in the set-up is the black powder charges and the e-matches. Since these materials are 
in contact during set-up it is crucial to keep the altimeters powered off to avoid an accidental 
ignition. This is done in part by leaving the connection of the battery until the end of the electronics 
bay assembly. 

This same concept leads into risk mitigation on the pad. The motor is inserted prior to the 
rocket being placed on the launch pad and, as such, the motor ignitor is not allowed to be inserted 
before the rocket is safely erected on the launch pad. This helps to greatly lessen the chance of an 
accidental ignition. All of these mitigations help to ensure the safest launch possible for the team 
members and launch spectators. 
 
6.4.2 Environmental Concerns 
 

We will be using components and materials in our AGSE and on our launch vehicle that can 
be considered hazardous to the environment. Two 12V lithium batteries will be used to power our 
AGSE operations; if these batteries leak or break they could present a hazard to the environment. 
We will avoid this by handling the batteries in a safe manner and having a neutralizing agent, such as 
baking soda, nearby in order to neutralize any potential leak. We also have 9V batteries on board our 
rocket, which require a similar procedure, to use in case anything happens to the lithium batteries. 
All batteries will be recycled after use. The 12V batteries are rechargeable and will be recycled at the 
proper locations when they can no longer take a charge. 

We will be using black powder charges on our rocket to eject the parachutes and payloads. 
Spilled black powder will have a negative impact on the environment. In addition to storing the 
black powder in a safe, dry place as per safe black powder storage rules, we will also be using igniters 
to ignite our ejection charges and motor. These will be stored in alignment with the rules laid out in 
the MSDS for the igniters and will be disposed of in inert trash after usage to avoid any unnecessary 
impact on the environment. 

Another major concern for our rocket launches is the effect the rocket motor will have on 
the environment. Unfortunately, the ecotoxicity of the Cesaroni motors is not determined (via the 
Pro 54 MSDS). To avoid any negative environmental effects, steps will be taken to minimize the 
motor’s impact on the environment. Flame retardant mats or tarps will be placed beneath our launch 
pad in order to avoid singeing the surface below, and a metal launch pad and rail will be used to 
mitigate risk of fire. After the flight, we will dispose of both the spent motor and igniter in inert 
trash as per the MSDS. 

We do not want to negatively affect the environment by leaving pieces of our rocket or 
AGSE at the launch site. To avoid this, our AGSE and launch vehicle are designed to stay 
connected so no fragments are expelled during preparation or the launch itself. In addition, we will 
be sure not to leave materials or parts behind after the launch. 
 
 The reverse of these considerations, the effect that the environment has on our vehicle, is 
also an issue. Weather is the major concern: rain, sleet, snow, and any other form of precipitation 
could be harmful to our rocket because the body material, blue tube, as it is not 100% waterproof. 
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Along the same line, saturated ground could also be detrimental. If our rocket is submerged in a 
body of water, we run the risk of damaging the electronics as well as the body elements. 
 Trees also present an environmental concern of a different level. Our vehicle could get stuck 
in a tree upon descent with no apparent recovery method that does not cause harm to the 
environment or rocket. In all cases where the environment could be potentially harmful to the 
vehicle, the best action is preventive. For example, we will avoid launching during a period where 
the weather would adversely affect the integrity of our rocket or near sources of potential damage 
including water and trees. 
 The AGSE is vulnerable to similar environmental hazards as the launch vehicle. Any form of 
precipitation, or moist ground can do damage to the electrical components in the AGSE. Another 
environmental issue for the AGSE would be a “dusty” day where very dry and windy conditions 
cause surface dirt to become airborne. This would damage many of the large scale moving parts 
which rely on low friction tracks to function properly. It will also cause issues for the vision system 
as it may cloud the lens. As a preventative measure, the AGSE can be left in the stowed position, 
shielding it from the dust outside. 
 
6.4.3 Safety Officers 
 
John Hume, Industrial Engineering Class of 2018 
Safety Officer 
hume.j@husky.neu.edu 
 
Jonathan Malsan, Physics Class of 2016 
Assistant Safety Officer 
malsan.j@husky.neu.edu 
 
6.4.4 Safety Officer Responsibilities 
 
The safety officer is responsible for monitoring team activities during the design, construction, and 
assembly of the vehicle and launcher. Safety personnel will also supervise the ground, subscale, and 
full-scales tests, as well as the competition launch ensuring that all launch recovery activities take 
place safely. In addition, the safety officer will oversee the educational engagement activities.  
 
The safety officer will supervise the implementation of procedures developed by the team for 
construction, assembly, launch, and recovery activities. The officer will also manage and maintain 
current revisions of the team’s hazard analyses, failure mode analyses, procedures, MSDS/chemical 
inventory data, and other safety related documents. In addition to these documents, the safety 
official will assist in the writing and development of the team’s hazard analysis, failure mode analysis, 
and procedures. 
 
The safety presentation and corresponding quiz is administered by the safety official. This 
presentation covers all of the methods for creating a safe workspace including tool safety, chemical 
safety, material safety, and personal safety among others. The quiz consists of 20 multiple choice 
questions covering the material from the presentation. All team members have to pass the quiz with 
a score of 80% in order to participate in any construction or testing activities. 
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Project Plan 

 

6.1 Budget Plan 
 
Our budget is broken up into four sections below: launch vehicle, AGSE, STEM outreach, and 
travel expenses. 

Launch Vehicle      

Item 
Number Part Description Quantity Vendor 

Price per 
Unit Total 

1 
4" diameter 48" 
Blue Tube Used for airframe 3 Apogee $38.95 $116.85

2 

4" diameter Full 
length Blue Tube 
Coupler Used for airframe 1 Apogee $39.95 $39.95 

3 

2.56" diameter 
Blue Tube Body 
Tube 

Payload 
containment piece 1 Apogee $26.95 $26.95 

4 

2.56" diameter Full 
length Blue Tube 
Coupler 

Payload 
containment piece 1 Apogee $28.95 $28.95 

5 
PNC- 4" x 16.5" 
Nose Cone Nose Cone 1 Apogee $21.95 $21.95 

6 

G10 Fiberglass 
3/32" thick 24" x 
24" Fin Material 1 McMaster $19.82 $19.82 

7 
4" Blue tube 
Electronics Bay Electronics Bay 1 Apogee $42.95 $42.95 

8 
Perfect Flite 
Stratologger 2- Ebay 1- payload 3 Apogee $58.80 $176.40

9 
Tender Descender 
Level 2 

For delayed main 
deployment 1 Apogee $85.00 $85.00 

10 
Medium Parachute 
Deployment Bag 

Pairs with Tender 
Descender 1 Apogee $25.00 $25.00 

11 
Push Hold Trigger 
Switch 

To turn on each 
altimeter 3 Apogee $20.00 $60.00 
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12 Terminal Block 
Attach E-matches 
to arm 3 Apogee $3.25 $9.75 

13 Brass Screws 
For arming 
altimeters 3 Apogee $1.00 $3.00 

14 
Nylon Shear Pins - 
20 Pack 

Holding rocket 
breakpoints 
together 3 Apogee $2.95 $8.85 

15 
Nylon Altimeter 
Mounting Posts 

Supporting 
Altimeter on sled 3 Apogee $3.50 $10.50 

16 
Ejection Canister 
Cap - 2pk 

Hold ejection 
charges 2 Apogee $3.00 $6.00 

17 
4-40 Tap and Drill 
Set Tap set pin holes 1 Apogee $7.05 $7.05 

18 
Plywood - 
1/4"x12"x12" 

Centering Rings, 
Bulkheads, Snap 
Feature 10 Blick $5.00 $50.00 

19 Set Screws- 50 pk 
Permanently fix 
break-points 1 McMaster $5.52 $5.52 

20 

48" Fruity Chutes: 
Iris Ultra 
Parachute Main Parachute 1 Apogee $132.68 $132.68

21 
18" Fruity Chutes: 
Drogue Chute Payload Parachute 1 Apogee $54.57 $54.57 

22 
15" Fruity Chutes: 
Drogue Chute Drogue Parachute 1 Apogee $51.36 $51.36 

23 
12" Fruity Chutes: 
Drogue Chute Drogue Parachute 1 Fruity Chutes $45.00 $45.00 

24 
Standard Rail 
Buttons - 2pk Rail Buttons 1 Apogee $3.07 $3.07 

25 1/4" Quick Links 
For shock cord 
attachments 4 Apogee $3.75 $15.00 

26 

1/4" Eye Bolts 
with washer and 
nuts 

Attachment points 
on bulkheads 1 Apogee $4.50 $4.50 
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27 

Cesaroni Standard 
54mm Engine 
Closure 

Seal motor inside 
of the casing 1 Apogee $42.75 $42.75 

28 
Cesaroni 54mm 3-
Grain Case 

Contains the 
motor 1 Apogee $69.39 $69.39 

29 
AeroPack 54mm 
Retainer - L 

Secures motor 
fixture in Rocket 1 Apogee $31.03 $31.03 

30 
54mm Blue Tube 
Body Tube Motor tube 1 Apogee $23.95 $23.95 

31 

Madcow 12" 
parachute 
protector Protectors 2 Apogee $8.51 $17.02 

32 
30" Shock Cord 
Protector 

Protects shock 
cords from 
ejection charge 2 Apogee $12.95 $25.90 

33 

Recovery Harness 
Flat Kevlar 1/2" - 
3 loops 

Drogue Shock 
Cord 3 Apogee $24.08 $72.24 

34 
9V battery 
Connectors 

easy power 
connection for 9V 3 Apogee $1.25 $3.75 

35 Cesaroni K360 
Motors for test 
and competition 5 Apogee $99.46 $497.30

36 
The Big Red Bee 
GPS Locator 

For tracking the 
payload section 1 Big Red Bee $259.00 $259.00

37 

XBee Pro 60mW 
U.FL Connection - 
Series 1 (802.15.4) 

Altimeter 
telemetry 2 SparkFun $37.97 $75.94 

38 

SparkFun XBee 
Explorer 
Regulated 

Interfacing with 
the XBee Pro 3 SparkFun $9.95 $29.85 

39 9 volt batteries 
Running the 
altimeters 36 

Cheap 
Batteries.com $1.25 $45.00 

40 AA Batteries Running the GPS 40 Amazon $0.49 $19.60 

41 Transolve Beepx 
Locating the 
rocket 1 Apogee $36.66 $36.66 
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42 Telemetrum 

Altimeter, 
telemetry, and 
GPS 1 Apogee $321.00 $321.00

43 Epoxy 
Joining various 
pieces together 10 Amazon $15.88 $158.80

44 

Two Part 
Polyurethane 
Foam - 8 cubic ft 

Provides rigidity 
without adding 
weight 1 

US 
Composites $67.00 $67.00 

     SubTotal $2,846.85

AGSE Components      

Item 
Number Part Description Quantity Vendor 1 

Vendor 1 
Price per 
Unit 

Vendor 1 
Total 

1 Raspberry Pi 2 

Multispectral 
vision system 
processor 2 Element14 $35.00 $70.00 

2 
13x6x4 ball 
transfer conveyor 

Supports conveyor 
belt arm motion 1 Mcmaster $24.70 $24.70 

3 10ft 80/20 
Frame of the 
AGSE 3 Mcmaster $31.59 $94.77 

4 4 ft 80/20 
Frame of the 
AGSE 19 Mcmaster $14.20 $269.80

5 
80/20 linear 
bearing 

Allow for easy 
sliding of our 
conveyor belt 2 Amazon $36.00 $72.00 

6 Gas Springs 

Provide heavy 
lifting for various 
components 5 Easylift $63.55 $317.75

7 
Plywood - 
1/4"x12"x12" 

Laser Cut parts for 
various 
components 30 Blick $5.00 $150.00

8 
700nm longpass 
filter 

Multispectral 
vision system 1 Thorlabs $73.00 $73.00 

9 
700nm shortpass 
filter 

Multispectral 
vision system 1 Thorlabs $73.00 $73.00 
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10 Raspberry Pi NoIR 
Multispectral 
vision system 2 Adafruit $29.95 $59.90 

 DC Motor 

16.6 Ft*lbs G71 
Planetary Gearbox 
with RS775 Motor 3 Andymark $75.00 $225.00

 DC Motor PG27 Gearmotor 1 Andymark $69.00 $69.00 

13 Stepper 

Stepper motor - 
NEMA-17 size - 
200 steps/rev, 12V 
350mA 1 Adafruit $14.00 $14.00 

14 Servo 
1 RPM Gear 
Motor for swivel 1 Servocity $24.99 $24.99 

15 
Polycarbonate: 
1/16" x 48" x 96" 

Covers the frame 
for protection of 
internal parts 4 McMaster $79.02 $316.08

16 
Urethane Timing 
belt 

Runs the conveyor 
belt 15 Mcmaster $3.51 $36.45 

17 Door Hinge 

For main window, 
ramp and exhaust 
flap 5 Mcmaster $7.63 $38.15 

18 
12V 18Ah 
Batteries 

For powering the 
AGSE 2 AndyMart $89.00 $178.00

19 
Arduino Mega Rev 
3 

Main controller 
for all operations 1 Arduino Store $39.59 $39.59 

20 Bolts: Size 1 
Miscellaneous 
hardware 1 McMaster $10.04 $10.04 

21 Bolts: Size 2 
Miscellaneous 
hardware 1 McMaster $6.57 $6.57 

22 Nuts 
Miscellaneous 
hardware 1 McMaster $1.49 $1.49 

23 Washers 
Miscellaneous 
hardware 1 McMaster $1.46 $1.46 

24 
Metric Mounting 
Screws 

Miscellaneous 
hardware 1 McMaster $6.17 $6.17 
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25 
Miniature Set 
Screws 

Miscellaneous 
hardware 1 McMaster $8.78 $8.78 

26 Tap Drill size 1 
For threading 
holes to fit bolts 1 McMaster $15.14 $15.14 

27 Tap Drill size 2 
For threading 
holes to fit bolts 1 McMaster $17.73 $17.73 

28 Insert bit holder 

for holding tap 
drill bits and 
screwdriver heads 1 McMaster $5.07 $5.07 

29 
Philips head insert 
bit 

drill bit that drives 
Phillips screws 1 McMaster $0.47 $0.47 

30 
Timing Belt Pulley 
(L series) 

Drives all timing 
belts 10 McMaster $22.85 $228.50

31 Shaft Coupler 
Couples drive 
shafts to motors 2 McMaster $11.71 $23.42 

32 Steel Shaft drives pulleys 2 McMaster $6.16 $12.32 

33 One way bearing 

transmits power 
from belt frame to 
pulleys 1 McMaster $25.01 $25.01 

34 
14 gauge Flat 
Control Cable 

Powers mobile 
motors, ideal for 
moving parts 25 McMaster $2.94 $73.50 

35 
8 gauge easy ID 
cable 

Powers stationary 
pulley motors 10 McMaster $2.02 $20.20 

36 
.25x8x12 
aluminum stock siding for ramp 1 McMaster $17.23 $17.23 

37 
E6A2-CW3C 
Encoder 

tracks rotary 
motion of axles 2 Sparkfun $39.95 $79.90 

       

     Subtotal $2,699.18

STEM Outreach      

Item 
Number Part Description Quantity Vendor 

Price 
per Unit Total 
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1 
Playdoh 
Containers 

Material for nose cone 
construction 36 Amazon $0.53 $18.97

2 Cardstock Ream 
Fin Material for custom 
stomp rockets 1 Amazon $6.98 $6.98

3 
Plastic Tubes 
0.7" x 6.125" Body material 36 McMaster $1.08 $38.88

4 
Jolly Logic 
Altimeter One 

Test height of stomp 
rocket 1 Apogee $49.95 $49.95

5 

Original 
TEDCO 
Gyroscope 

Demonstrates 
conservation of angular 
momentum 1 Amazon $7.33 $7.33

       

       

     Total $122.11

 
 

Travel Estimates  

Hotel $1,354.44

Camping (for the trip down) $187 

Gas and Cars $1,508 

Total $3,049.44

GRAND TOTAL: $8,717.58 
 
 
6.2 Funding Plan 
Below is a table outlining all our sources of funding: 
 

Funding Sources  

Provost $3,000 

Scranton $2,750 

SGA $5,668.14 

Total $11,418.14 
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We have received all three sources of our major sources of funding within Northeastern University. 
We have been granted the College of Engineering’s Richard J. Scranton Endowment Fund, the 
Provost’s Undergraduate Research Grant, and the Student Government Association’s student group 
equipment fund. The Scranton Fund was founded by a retired Associate Dean with the purpose of 
providing funding to College of Engineering affiliated student groups. Money is awarded from a 
yearly pool on the basis of technical acumen, project plans, and community impact. We have been 
awarded $2,750 from the fund and have full access to these funds. The Provost’s Grant is awarded 
to undergraduate students or teams who are undertaking original research or projects in STEM 
fields, the arts, or the social sciences. The application process requires submitting a written proposal 
and a recommendation letter from a faculty advisor. We have been awarded $3,000 from this grant. 
The SGA’s equipment fund is collected from all students through the Student Activity Fee and 
disbursed to Student Groups by the SGA funding committee. We have a working relationship with 
the funding committee and have received funding in the past for our high-altitude balloon, 
introductory rocketry, and unmanned aerial vehicle activities. We have received $5,668.14 from SGA 
this term. 
 
We can easily cover all the expenses associated with this project with our current funding, but we do 
have some additional funding sources to look into if need be. In the past, we have successfully used 
Catalyst, Northeastern’s internal crowd-funding platform, to raise funding for competition transport. 
We have also prepared a corporate sponsor letter to send out to our contacts in the aerospace 
business.  
 

 
6.3 Timeline 

Below is a Gantt chart outlining our progress up to this point as well as our plan for the future. 
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Figure 1 
 
After the CDR was completed, we began building our full-scale rocket as well as ordering parts and 
prototyping systems for our AGSE. We completed our rocket and tested it at a launch in Amesbury, 
MA on March 8th. The launch went well besides a slight malfunction with the Tender Descender. 
We believe we have solved our problem and plan on testing it again on March 21st in Amesbury. 
 
As for progress on the AGSE, we have finalized our design and have begun building. We have a 
frame assembled as well as a working vision system. We are also doing a lot of work testing the 
motors, ensuring that they will work for their intended purpose. Looking forward, we have broken 
up into teams working on the various components of the AGSE. These teams include: motor 
inserter, horizontal belt, elevator, vision system, and frame design. Each team has a leader who will 
communicate with all the other groups to ensure that all the components will fit together properly. 
Using our SOLIDWORKS model, we are able to visualize all aspects of the AGSE, ensuring that it 
will come together smoothly. We plan to test our fully built AGSE, and have fully functioning 
AGSE by April 1st. During this time we will also be preparing all the materials for the Launch 
Readiness Review, making sure that all paperwork is completed properly. This sets us up for a 
complete test launch on April 2nd. There are a few days make any adjustments if necessary before we 
leave on April 5th to arrive in Alabama by the 7th. When we get back from Alabama, we will work on 
the PLAR to meet the April 29th deadline.  
 

 

6.4.1 Educational Engagement Plan 
 
Our outreach program is one of our highest priorities. STEM demonstrations sparked our 
imaginations at a young age and inspired us to pursue careers in science and engineering. We hope to 
spark the imaginations of Boston’s youth community in the same way. We want to help cultivate our 
community’s passion for aerospace and rocketry. We believe there is a bright future in the aero/astro 
sector as more private companies seek to partner with government agencies. We don’t just want to be 
a part of this movement now; we want to help sustain its future. This can only be accomplished by 
inspiring Boston’s next generation of scientists and engineers. These two motives are the heart and 
soul of our outreach program. 
Our team has a full schedule of STEM outreach events. In planning most of these events, we have 
worked closely with Northeastern University’s Center for STEM Education. Dr. Christos 
Zahopoulos, Executive Director of Northeastern’s STEM department, and the STEM Center 
organize several annual field trips for Boston Public School students to visit the Northeastern 
University campus. A list of both past and future activities can be seen below. 
 
6.4.2 Educational Engagement Status: Activities Past and Future 
 
October 24: STEM field trip involved over 40 young students from the Boston School District. 
After we displayed our rockets and gave a background on the basics of rockets, we worked with the 
kids in small groups to build paper rockets.  Each student had the opportunity to fly their rocket in 
Northeastern’s Centennial quad using a ‘stomp rocket’ mechanism.  Watching all the excitement 
wash over each student was a rewarding experience.  
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October 25 and November 1: Team members taught a class of high school students as part of 
Northeastern’s NEPTUN program. Classes of 9-10 students used SolidWorks 3D design software 
to virtually assemble the components of a car jack, a fan, a robot arm, and some other interesting 
machines. Students were also taught the basics component patterns, mating, and photo rendering. 
After designing some basic shapes, the kids played around with a photo rendering of King Kong 
fighting a 747. Needless to say, it was crowd pleaser (image below). Students also learned how to 
perform a motion simulation and were able to create their own double pendulum animation.    
 

 
Figure 5.2 

 
November 22: This event was a middle school field trip of 40 students. The students visited 
Northeastern University to participate in an in-depth science and mathematics event. Team members 
presented Newton's Three Laws with demonstrations that related these fundamental laws to rocketry. 
The students were very intrigued by the rockets. 
 
December 5: We hosted an activity and tour through our club’s laboratory for high school students. 
Students were able to handle past rocket and weather balloon projects and see our workspace. This 
field trip also included a demonstration by our team and an hour long project. This project was 
centered around the basic principles of rocket science, specifically Newton’s Third Law and 
conservation of momentum. 
 
February 13: During this event, about 40 students in the 7th grade were taught the fundamentals of 
rocket stability. The event began with a PowerPoint presentation which included a video of the Apollo 
8 Saturn V rocket launch as well as videos of some of our own launches. Past rockets were used to 
show the different components of rockets and were passed around for the students to take a closer 
look. The students were split into two groups to either build paper rockets or Play-Doh rockets. The 
Play-Doh rockets were plastic tubes that fit a stomp rocket launcher on which students molded their 
own nose cone and taped fins. The Play-Doh rocket activity was the brainchild of an AIAA member 
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and it proved to be a huge success. All the students made both types of rockets and were able to 
launch their creations. 
 
February 28: Cool Women, Hot Careers - at this event (hosted by Society of Women Engineers), 
AIAA club members were able to talk to over two dozen prospective female engineering students 
about STEM careers and our chapter of AIAA. 
March 21: We will attend an event held through the Science Club for Girls (SCFG), in which we talk 
about our work with rocketry and exhibit what we do as a club. 
 
March 28: Team members will teach another SOLIDWORKS class in which young students will 
virtually create their own assemblies. 
 
April 2: There will be a STEM field trip for elementary students at Northeastern. We will help with 
activities and present our work with high powered rockets and some of the scientific principles behind 
them. 
Post-competition: We are working with NU’s STEM Center to plan a summer science camp for 
Boston middle school students. This activity will take place after the competition, but we are 
committed to the long-term sustainability of our outreach efforts.  The science camp is hosted by 
Northeastern University and looks to further the education of young students who are interested in 
science. 
 
Our outreach program is something we hold in high regard, something we emphasize year-round. 
We revel in teaching young students about science and look forward to sharing our passion. We will 
post photos of these events in the outreach section of our new website: 
http://www.northeastern.edu/aiaa/. 
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Conclusion 

In order to gain a better understanding of various physical properties and processes, scientists often 
analyze samples collected at various locations around the Earth. These samples must be brought to 
laboratories for complex analyses and in recent decades billions of dollars have been spent in an 
effort to bring the lab to Mars in order to analyze samples taken from the Martian surface. We have 
outlined a solution designed to do just the opposite, bring the sample from Mars back to Earth for 
analysis in our laboratories. Every subsystem in our design has been modelled with the application 
of an extraterrestrial mission in mind. We begin by placing a single sealed container on a surface 
next to a sample as if it were dropped by a sky crane, like the one used for the Curiosity Rover. We 
incorporated multispectral imaging into a vision system to isolate our prospective payload based on 
its optical characteristics. A conveyor belt has been proposed as a straight-forward solution to 
acquire the payload. From that point forward, a series of processes with a minimum number of 
mechanical actions will lift the payload into a capsule in the launch vehicle. The system will then 
erect the launch vehicle, while rotating the base of the launch vehicle so that the ignition of the 
thrusters will not damage the container. Our scale model will launch the payload to 3,000 feet which 
will simulate the complexity of sending the sample back to Earth. It will then jettison the payload 
from the vehicle as it approaches Earth’s surface. A soft landing will be provided by a parachute and 
a GPS tracker will send the position of the payload capsule to the awaiting mission members.  
 


