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1. General Information 

School and Project Information 

School Name: University of Stony Brook 

Supporting Organizations: 
AIAA, Stony Brook University Chapter (AIAA-SBU) 
Long Island Advanced Rocketry Society (LIARS)  
Stony Brook Department of Mechanical Engineering 

Location: 

American Institute of Aeronautics and Astronautics  
College of Engineering and Applied Sciences 
231 Engineering Building 
Stony Brook, NY 11794-2200 

Project Title: Seawolves Student Launch Competition 

 
 

2. Summary 

2.1. Team Summary 
2.1.1. Team Name and Mailing Address 

The team name for this year’s Stony Brook University (SBU) team will be the              
Seawolves, named after our university’s athletic teams. Because this project is heavily tied into              
SBU’s chapter for the American Institute of Aeronautics and Astronautics (AIAA-SBU), the            
Seawolves’ mailing address will be the same as that of AIAA-SBU: 
 

AIAA-SBU 
231 Engineering 
Stony Brook, NY 11794-2200 

2.1.2. Mentor Information 

The Seawolves will be guided by Dr. Brian S. Meyer (drbriansmeyer@gmail.com) of the             
Long Island Advanced Rocketry Society (LIARS). LIARS is in the National Association of             
Rocketry North Shore Section (NAR #142), and is Prefecture #29 of Tripoli Long Island. Dr.               
Meyer maintains a Level 2 Certification as TRA Member #2210 and NAR Member #9814. 
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2.2. Launch Vehicle Summary 

 

Length [in] 118.85 

Diameters [in] Outer: 6.17 
Inner: 6.00 

Mass [lbs] 58.5 

Motor  Aerotech L2200G 

Parachutes 

Drogue: 2ft Pro-Experimental 1.9 
Low-Porosity Ripstop Parachute 

Main: 12 ft Standard Low-Porosity 1.1 
Ripstop Parachute 

Masses of Ejection Charges [g] Drogue: 0.8 
Main: 2.5 

Table 2.2.1: Launch Vehicle Summary 
 

2.3. Payload Summary 
 

The Deployable UAV/Beacon Delivery challenge has been selected for the experimental 
payload section. The primary objective of this challenge is to design a UAV that is retainable 
inside of the payload section of the rocket. The UAV will need to be remotely powered on and 
controlled. Upon the safe landing of the payload bay section of the rocket following the 
successful launch, the UAV will need to be able to take off and fly to the targeted area to deliver 
the simulated navigational beacon.  
 

3. Changes Made Since Proposal 
3.1. Structures, Aerodynamics, and Propulsion 

Since the proposal, the SAP team has reinforced the structure of ASACU (Active             
Stability and Altitude Control Unit) by mounting the customized bevel gears to the centering              
rings that located above ASACU. Three bearings with ¼ inches shaft diameter were used to               
allow the rotational motion between the bevel gear and the fixed centering ring. At the same                
time, the bearings can perform as a method of locking the bevel gear in position. The original                 
and updated design were shown as the following respectively: 
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Figure 3.1.1: Original ASACU Design Without Reinforcement - View 1 

 

 
Figure 3.1.2: Original ASACU Design Without Reinforcement - View 2 
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Figure 3.1.3: Updated ASACU Design With Reinforcement 

 

 
Figure 3.1.4: Bearing for Reinforcement Purpose 

 
The other change made since the proposal is the overall length of the payload bay is 

extended by 16.18 inch and the payload bay is 37.18 inch in total. The change was made for 
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accommodating the increases size of the payload system, which include the drone and its 
reorientation system. The overall length of the vehicle was recalculated and listed in the 
following section. 

 

3.2. Recovery and Navigation 

Since the proposal, the R&N team has made great progress in designing the recovery              
system. Specifically, a CAD assembly has been constructed, has a CDS written for it, and is                
accounted for in the rocket mass balance statement. The previous design, which consisted of a               
three-tiered avionics bay/coupler section, was reduced to a single section coupler that will             
contain the recovery electronics. Most importantly, a design was devised for the altimeter sled,              
which will contain the recovery system electronics and serve as an electrical connection point for               
the black powder ejection charges. See the change depicted below: 

 
 

 
Figure 3.2.1: Avionics Bay from Proposal 
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Figure 3.2.2: Revised Recovery System / Coupler (Inside) 

 
Since the submission of the proposal, the recovery system has been refined. The driving              

force behind this change is the updated figures from the SAP team allowing more critical design                
decisions to be made. The team is patiently waiting the production phase of the subscale rocket,                
as this will be the first recovery system R&N will fly. Flight simulations from OpenRocket               
software are extremely helpful in designing and choosing the right rocket components.            
Simulations allow for the inexpensive iteration of design before specification.  

Additionally, changes have been made to the parachute selection. In order to reduce             
costs, increase stability over the descent time, and ensure that kinetic energy requirements are              
met, a different design for the main parachute shape was selected. 

3.3. Payload 

The mission of the payload team is aimed to deliver a reliable and compatible design of                
the UAV alone with its drone reorientation and exit system to ensure the overall mission success                
for our rocket launch. Since the proposal, additional drone designs with alternative folding             
mechanisms were added. The worm gears design with more reliable and precision control, and              
the tension cord design with cost-effective parts and minimized complexity, renders the team             
more options to consider. The beacon release mechanism has been changed from previous the              
servo driven gripper to a rotatable door release mechanism. The reason for this change is that the                 
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door release mechanism is easier to be made. It can also avoid chances of premature release of                 
the beacon. Furthermore, a drone reorientation and exit system with thread rotation mechanism             
has been added. The new design is expected to reduces the number of motors for the exiting                 
motion and increase the success of releasing the drone from the payload bay.  

4. Vehicle Criteria 
4.1. Selection Design, and Rationale of Launch Vehicle 

The objective of this year’s Student Launch competition is to fly a high-powered rocket,              
carrying a payload, to a predetermined apogee, return safely and then deploy said payload to               
accomplish its respective task. While creating this report, many design alternatives were            
considered, but one was decided upon and will be implemented going forward. All the              
alternatives and final design are discussed in depth in the following sections. These sections also               
contain the various design considered, along with the selected final design. 

4.2. Recovery Subsystem 
4.2.1. Requirements 

Requirements for the recovery subsystem are as specified in the Student Launch            
Handbook. The requirements from the handbook and corresponding plan for verification are            
listed below: 
 

Requirement Description Identify Verification Plan 

3.1 

The launch vehicle will stage the 
deployment of its recovery devices, 
where a drogue parachute is 
deployed at apogee and a main 
parachute is deployed at a lower 
altitude. Tumble or streamer 
recovery from apogee to main 
parachute deployment is also 
permissible, provided that kinetic 
energy during drogue-stage 
descent is reasonable, as deemed 
by the RSO. 

Inspection 

The rocket will house both a main and a 
drogue parachute, which will be deployed 
using a programmable altimeter equipped 
with barometric pressure sensing of an 
acceptable accuracy, usually within a few feet 
at peak altitude. 

3.1.1 The main parachute shall be 
deployed no lower than 500 feet. Test 

Although the altimeters will be programmed to 
a height higher than 500 feet to satisfy this 
requirement, subscale testing will further 
verify the accurate deployment of the 
parachutes using the selected altimeters. 
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3.1.2 The apogee event may contain a 
delay of no more than 2 seconds. Test 

According to the manufacturer of the selected 
altimeters, the accuracy of apogee detection 
is +/- 0.2 seconds. This will be confirmed 
during the subscale launch, allowing time for 
corrections (if necessary). 

3.2 

Each team must perform a 
successful ground ejection test for 
both the drogue and main 
parachutes. This must be done 
prior to the initial subscale and 
full-scale launches. 

Test 

Procedure documents for ground ejection 
tests will be written by the R&N team and 
subsequently reviewed by the Safety Officer. 
Once verified, the document will be used to 
test the ejection system in its final flight 
configuration. We will only fly rockets we have 
tested in every and any case. 

3.3 

At landing, each independent 
section of the launch vehicle will 
have a maximum kinetic energy of 
75 ft lbf. 

Analysis 

The selection of parachutes and time delay of 
chute deployment will be selected and verified 
with physics and verified with flight data from 
subscale launches. A good example of the 
analysis to be performed is shown in the 
NASA High-Powered Rocketry Video Series 
Counterpart Documents 

3.4 

The recovery system electrical 
circuits will be completely 
independent of any payload 
electrical circuits. 

Inspection 

The avionics will be isolated in the avionics 
bay, where no payload circuitry enters. This is 
by design, and is verifiable by visual 
inspection at any time on the assembled 
rocket. 

3.5 
All recovery electronics will be 
powered by commercially available 
batteries. 

Inspection 

The 9V batteries used for the recovery system 
altimeters will be purchased online through 
McMaster-Carr (Part number 71455k56). This 
may be checked for at any time by visual 
inspection of the avionics bay. 

3.6 

The recovery system will contain 
redundant, commercially available 
altimeters. The term “altimeters” 
includes both simple altimeters and 
more sophisticated flight 
computers. 

Inspection 

The altimeters used on both scales of rocket 
will be purchased online from PerfectFlite. 
Two will be placed in the avionics bay for 
redundancy, verifiable visually in the 
launch-ready configurations of the vehicle. 

3.7 
Motor ejection is not a permissible 
form of primary or secondary 
deployment. 

Inspection 

Motor ejection will not be employed on any 
scale of rocket constructed by the team. This 
will be verifiable visually prior to any flight the 
team conducts. 

3.8 

Removable shear pins will be used 
for both the main parachute 
compartment and the drogue 
parachute compartment. 

Inspection 

The R&N team has designed the coupler to 
attach to the rest of the rocket with shear pins, 
providing a known separation force for 
controllable ejection. These shear pins are 
part of the flight preparation procedure for 
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R&N, and the satisfaction of this requirement 
will be checked for before each flight 
(checklist). 

3.9 
Recovery area will be limited to a 
2,500 ft. radius from the launch 
pads. 

Test 

Although the parachute selection analysis is 
expected to provide proof of this requirement, 
the launch vehicles tested will be checked 
against the requirement in case adjustments 
are necessary. 

3.10 Descent time will be limited to 90 
seconds (apogee to touch down). Test 

Although the parachute selection analysis is 
expected to provide proof of this requirement, 
the launch vehicles tested will be checked 
against the requirement in case adjustments 
are necessary. 

3.11 

An electronic tracking device will 
be installed in the launch vehicle 
and will transmit the position of the 
tethered vehicle or any 
independent section to a ground 
receiver. 

Demonstration 

Before launching, the tracking system will be 
tested on the ground, both for range and 
accuracy. During test launches, the tracking 
device(s) on the vehicle will be verified as 
either sufficiently or insufficiently meeting this 
requirement. If insufficient, the tracking 
system will be modified and tested again. 

3.11.1 

Any rocket section or payload 
component, which lands 
untethered to the launch vehicle, 
will contain an active electronic 
tracking device. 

Inspection 

The rocket will fall as a single section, and 
there will be a single tracking device on 
board. This is verifiable by the launch-ready 
configuration of the rockets. This requirement 
has been considered in the development of 
the rocket tracking system. 

3.11.2 
The electronic tracking device(s) 
will be fully functional during the 
official flight on launch day 

Inspection 

On launch day, a pre-flight checklist will call 
for the testing of all tracking electronics to be 
used on the rocket. This test will be done 
before the tracking elements are assembled 
with the rocket. 

3.12 

The recovery system electronics 
will not be adversely affected by 
any other on-board electronic 
devices during flight (from launch 
until landing). 

Test 

Potential adverse effects on recovery system 
electronics will be mitigated with an aluminum 
foil tape shield in the coupler assembly 
interior. This will be tested for by engaging all 
electronics in the assembled rocket and 
testing (without pyrotechnics) the recovery 
system functionality. The Vehicle 
Demonstration Flight, required by NASA, will 
also further verify satisfaction of this 
requirement. 

3.12.1 
The recovery system altimeters will 
be physically located in a separate 
compartment within the vehicle 

Inspection 
By design, the altimeters used for the 
recovery system are isolated in the vehicle 
coupler. This will be inspected for before 
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from any other radio frequency 
transmitting device and/or 
magnetic wave producing device 

flight, as it is crucial to mission success. 

3.12.2 

The recovery system electronics 
will be shielded from all onboard 
transmitting devices to avoid 
inadvertent excitation of the 
recovery system electronics. 

Test 

The launch-ready coupler will be tested with 
controlled exposure to radio frequencies, and 
it's behavior will be analyzed to ensure correct 
operation of the devices before any actual 
flight. 

3.12.3 

The recovery system electronics 
will be shielded from all onboard 
devices which may generate 
magnetic waves (such as 
generators, solenoid valves, and 
Tesla coils) to avoid inadvertent 
excitation of the recovery system. 

Test 

Although a shield may be visible, its 
functionality should always be verified. The 
launch-ready coupler will be tested with 
controlled exposure to radio frequencies, and 
it's behavior will be analyzed to ensure correct 
operation of the devices before any actual 
flight. 

3.12.4 

The recovery system electronics 
will be shielded from any other 
onboard devices which may 
adversely affect the proper 
operation of the recovery system 
electronics. 

Inspection 

The launch-ready coupler will be lined with 
aluminum foil tape to ensure the proper 
shielding of recovery electronics. This 
requirement will be checked for before flights, 
as deemed necessary by the Safety Officer. 

 
Table 4.2.1: Recovery System Requirements 

4.2.2. Parachute Selection and Descent Configuration 

To minimise drift, a main parachute deployment height of 600 ft was chosen as it was                
close to the minimum deployment height 500 ft with a safety factor of 1.2, and a buffer of 100 ft.  

4.2.2.1. Main Parachute 

Following the attainment of apogee height, the launch vehicle will deploy the drogue             
parachute, separating at the junction between the avionics and the drogue bay. Then, at around               
600 feet, the main parachute will deploy, safely decelerating the rocket to landing.  

To determine the parameters of the main parachutes for our design, we used a model               
utilizing equations from dynamics and fluid mechanics to obtain the baseline estimates of the              
nominal diameter of the parachute given the current vehicle parameters. Equation [4.1] specifies             
the terminal descent velocity as a function of kinetic energy. It is required that each independent                
section of the launch vehicle will have a maximum kinetic energy of 75 ft-lbf. 

   vterminal =  √ m
2 KE   Equation [4.1] 

Here, 
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:vterminal  Terminal Velocity 

:EK  Kinetic Energy 

m: Mass of heaviest independent section 
Equation [4.2] is the drag force equation. 

 ρv C  n AF Drag =  2
1

terminal
2

d o  Equation [4.2] 

Where: 

:F Drag  Drag Force 

:ρ  Fluid Density 

:Cd  Drag Coefficient 

:Ao  Canopy Surface Area 

n: Number of Parachutes 
Assuming a circular shape for the parachute, in equation (4.2) can be replaced by the area of a       Ao            
circle: 

 DAo = 4
π

o
2  Equation [4.3] 

Combining the above equations and setting the drag force equal to gravitational force results in               
the following: 

    Do = √ 8 m  gtot
v ρ π n Cterminal

2
d

 Equation [4.4] 

This combined equation can be solved for the baseline nominal diameter of the parachute .Do  
There are several assumptions in this model: there is only one parachute tethered to the entire                
vehicle, only drag from the main parachute is considered, air density is constant (0.0023769              
slugs/ft3), the mass of the heaviest independent vehicle component is (0.6096 slugs), and the total               
launch vehicle mass is (1.543 slugs). 
 

Using the above equation, we looked at the various parachute designs. Those under             
consideration for the drogue and the main parachute are shown in the table below: 
 

Chute Type Measure 
Type 

Stability Cd  Cost Use 

Cruciform Across Chute Good at any 
speed 

Low – 0.8 Medium High-speed drogue or 
main chute 
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Flat Sheet Across Chute Ok at low 
speed, 
poor at high 
speed 

Low – 0.7 Low Main or Drogue chute 

Panel Style  Across top 
panels, 
usually 
on diagonal  

Good vertical 
stability, can 
rotate or 
spin 

Med – 1.1 Medium Mostly as a Main 

Elliptical  Protected 
frontal area 

Medium-high 
speed, 
Good low speed 

Med – 1.6 Medium Main or Drogue chute 

Toroidal  Protected 
frontal area  

Good low speed High – 2.2 High High-performance 
main chute. Best 
performance vs. 
weight 

 
Table 4.2.2: Different Parachute Types  1

  

Five different parachutes for both drogue and main deployment were then sized using this              
equation. Using these values as a baseline, various parachutes available from online vendors             
were selected and analyzed. The parachutes sizes where then adjusted using decent rate data              
available from manufacturers. 

 

Parachute Type CD  [ft]DO  [in]DC  Cost [USD] 

Annular/Toroid 2.2 7.073 96 276 

Cruciform 0.8 11.73 144 145 

Elliptical  1.6 8.293 108 169 

Panel Style  1.1 10.00 120 145 

Flat Sheet 0.7 12.54 N/A N/A 

Table 4.2.3: Nominal diameters for various parachutes 
 

1  Gene Engelgau, Rocketry Recovery Technology, 2013 
Retrieved from https://fruitychutes.com/files/blog/NARCON%202013%20-%20Rocket%20 Recover%20 
Technology.pdf 
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There are mainly four parameters that have been chosen to select the appropriate             
parachute for the vehicle: size, drag, availability, and cost. Our selected component is the              
cruciform chute because of its low cost and stability. Although it is larger in terms of weight and                  
volume than the Annular/Toroid parachute, this type has the lowest cost and is generally stable               
over a general range of speeds. The preliminary selection is therefore the 12 ft Standard               
Low-Porosity 1.1 Ripstop Parachute. 

4.2.2.2. Drogue Parachute 

For the drogue chute, to ensure that the launch vehicle remained stable during its fall the                
2ft Pro-Experimental 1.9 Low-Porosity Ripstop Parachute was selected. 

4.2.2.3. Requirements 

The kinetic energy of an individual rocket section on impact can be determined via the formula                
for kinetic energy:  
 

 E  m vK = 2
1 2  Equation [4.5.1] 

 
Here, the velocity is the terminal velocity of each part which can be written as. 
 

   vterminal =  √ 2 m g
C  ρ  (π/4) n D  d air C

2  Equation [4.5.2] 

 
A results of the calculations with the selected parachutes for each individual compartment are              
shown below: 
 

Tethered Section Mass [slugs] Terminal Velocity 
[ft/s] 

Impact Kinetic 
Energy [ft*lbf] 

Booster/Main 
Parachute Bay 0.6096334134 

15.331 71.6444 

Forward Section 0.613849 15.331 72.1399 

Avionics Bay 0.1440990556 15.331 16.9347 

Table 4.2.4: Section Mass and Kinetic Energy 
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Descent Rate 

To calculate the descent rate of the rocket, two methods were used: a simulated launch in                
OpenRocket and a numerical calculation using basic equations of motion. Assuming the forces             
on the launch vehicle are the parachute drag and the gravitational acceleration, the net              
acceleration will be equal to: 

[t] 2.2[f t/s ] (d )y′′ =  − 3 2 + 2 mtotal

n c  ρ  y [t]d air ′ 2

4
π

parachute
2  

And: 
, y[t] ltitude  dparachute = d 

drogue  ≥ A deployment  

, y[t] ltitude  dparachute = d 
main  < A deployment  

Because the launch vehicle begins it descent at apogee height, and has no vertical velocity, we                
can state that: 

[0] Altitude  y =  max  
[0] 0  y′ =   

Using adaptive Runge–Kutta methods to obtain an equation for altitude as a function of time, we                
can find that when:  

y[t]=0, t=81.6096. 

Using OpenRocket, the following descent curves were obtained: 

 
The resulting descent time, 73 s, is close to the numerically obtained value to within 10 %, an                  
acceptable amount of error. 

Maximum Drift 

To calculate the drift of the rocket, two methods were used: a simulated launch vehicle was                
created and modeled in OpenRocket and the lateral drift was calculated using hand calculations.              
Assuming the launch vehicle travels at the same horizontal velocity and direction as the wind               
during the recovery phase, we can find the lateral drift will be equal to: 
 

rif t(t)D = t · V wind  
 

Using the calculated descent times: 65.2872 [s], we can find Drift is then equal to: 
 

Wind Speed [mph] Drift [ft] 

20 1915.095552 

15 1436.321664 
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10 957.5477762 

5 478.7738881 

0 0 
Table 4.2.5: Wind Speed and Drift 1 

 
In the OpenRocket model, a worst case scenario with an eastward wind with a speed of 20 mph                  
was simulated. Launch results showed a final lateral drift of 175.94 m from the launch site,                
below the maximum 2,500 ft.  
 

Wind Speed [mph] Drift [ft] 

20 736.52 

15 594.22 

10 349.26 

5 186.88 

0 8.0943 
Table 4.2.6: Wind Speed and Drift 2 

 
Further improvements to the design can be made to decrease the amount of drift. In addition, the                 
total simulated flight time from apogee to landing is less than the maximum time of 90 seconds. 

4.2.3. Avionics Sled 

The avionics sled houses the redundant recovery system electronics and is the source of              
ejection charge ignition. There are numerous way to accomplish the containment and operation             
of dual deployment using an avionics sled. Three alternatives are presented below. All three              
possess a pair of threaded rods on which the sled is mounted and fixed. 

The first sled design features a plywood slab with two short pieces of plywood attached               
to each end of the slab (see image below). It is the Apogee Blue Bay, which features a blue tube,                    
which is known to be stronger than phenolic and . The threaded rods are passed through the                 
plywood attachments, leaving the base unchanged. The sled features a push switch for the              
arming and disarming of the altimeters, and it the altimeter mounted on the bay is a PerfectFlite                 
StratoLogger CF. A small shelf connects to the sled and allows the battery to be restrained                
longitudinally during flight. Any lateral movement of the battery is restrained with a plastic tie               
wrap across the battery and through a hole made on the sled. Note that the plywood that the rod                   
is going through is not threaded, but is restrained by hex nuts on either side of attachment points. 
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Figure 4.2.3.1a: Sled 1 Front 

 

 
Figure 4.2.3.1b: Sled 1 Rear 

 
The sled is well-designed. Dual deployment is easy to control with a reliable altimeter like the                
StratoLogger, and the Quick Disconnect connector is a simple design choice allowing access to              
the altimeter sled as is often necessary when preparing the rocket for flight. Some drawbacks of                
the presented sled is that it houses only a single altimeter. If the power to the altimeter were to                   
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become unavailable, or if the altimeter were to malfunction, flight with the sled would result in                
ballistic recovery. Therefore, the system could benefit from redundancy in avionic circuitry. The             
R&N team will strongly consider the option of Quick Disconnect connectors for allowing quick              
assembly and adjustment to the altimeter sled and avionics bay assembly as a whole. The plastic                
tie wraps are a simple solution to the problem of a battery coming loose during a launch. 

The second design is a special application of 3D printing at NC State University. It               
features a sled that houses all of its components in an embedded fashion. This sled, like the                 
previous sled, also houses the StratoLogger CF altimeter. Each embedded 9V battery is provided              
with a path to rest the leads from the battery holders. This feature is most likely to neatly place                   
wires on the altimeter sled. 

  
Figure 4.2.3.3: Sled 2 

The sled presented is of special interest to the Stony Brook University team because part of the                 
school’s funding for the rocket includes free spools of ABS material for 3D printing. The team                
plans to take full advantage of this and 3D print the avionics sled. Finite element analyses are in                  
progress to determine if the material the University provides will be sufficiently strong to be on                
the final launch vehicle. 

The third avionics sled attachment configuration is from the Level 1 certification flight of              
Bob Weiss (NAR #88301 L2). It consists of brass rods placed on the sides of a fiberglass plate.                  
The fiberglass plate acts as the sled. The brass rods are for the threaded rods on the bulkheads of                   
the avionics bay to pass through and fix the sled. As observable in Figure 4.2.3.3, the                
configuration is very compact, as it is most likely for a small rocket. This assembly serves as                 
inspiration for the Stony Brook team, as it neatly implements the required components for dual               
deployment. Although a second altimeter is not mounted, another is meant to be on the right side                 
of the Front View below.  
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Figure 4.2.3.4: Sled 3 - Front View 

 

 
Figure 4.2.3.5: Sled 3 - Rear View 

 
Our team has chosen to produce a design similar to the second presented design in this                

section. The team name (AIAA-SBU) will be engraved on the sled. All components will be in                
the embedded fashion displayed in Sled 2, with the additional feature that the threaded rods will                
go through the sled, simplifying attachment. Quick Disconnect connectors will be used to make              
connections from parts on the sled to any connectors off the sled. The sled will be 3D printed and                   
will have holes for tie wraps to secure the batteries into place. The R&N team will continue to                  
test models until they are satisfactory for prototyping. A sled will also be design in a similar                 
fashion for the subscale vehicle. The altimeters to be used will likely be the StratoLogger CF,                
simply for its all-round performance and high recognition among the high-power rocketry            
community as a reliable recovery device. The table below summarizes the statements above. 

 
 

Feature SBU Preference Sled 1 Sled 2 Sled 3 

Redundancy 5 1 5 3 

Dual deployment 5 5 5 5 

21 



 

Embedded 
Components 2 1 5 2 

Low-cost 5 3 5 4 

Ease of manufacturing 2 5 4 3 

Reusability 3 5 4 5 

Total: 22 19 28 22 

Scores from 1-5, with 5 being most favorable and 1 being least favorable. Equal weighting is 
considered for each feature 

 
Table 4.2.7: Altimeter Sled Design Comparison 

4.2.3.1. Redundant Altimeter Pair 

Part of the NASA handbook requirements is to adhere to a fully redundant recovery system.               
Below is a diagram of the recovery system used by the Stony Brook University design. The                
purpose of the diagram is to clearly demonstrate redundancy in the design, which is in               
accordance with NASA requirements. Note how failure in one set of devices does not affect the                
other set of devices. Altimeter circuitry is tested for altimeter functionality and for ejection              
functionality separately. This helps to ensure that recovery will be successful and safe. 
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Figure 4.2.3.6: Redundant Avionics Circuitry 

4.2.4. Shear Pins and Ejection Charges 

The ejection charges will be responsible for separating the rocket once apogee is             
achieved so that the parachutes can be deployed. The amount of ejection charge used will depend                
on the strength of the shear pins holding the rocket together. As a result, component selection                
will be done simultaneously in order to select the correct combination. Once the type and number                
of shear pins are selected, the correct mass of black powder can be calculated and adjusted as                 
needed. 

4.2.4.1. Shear Pins 

Shear pins will be used to connect all segments of the rocket. It is necessary that the shear                  
pins survive the forces of launch but break easily upon reaching ignition of the ejection charges.                
The rocket will incorporate standard 2-56 ✕ ½ ” nylon shear pins. These pins are strong enough                 
where they can withstand the forces of launch, but they will shear completely upon ejection               
charge ignition. Nylon was chosen over other materials due to its mechanical characteristics.             
Other materials, particularly metals, are too strong relative to nylon. A pin that is too strong will                 
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require more black powder to shear and fully separate. Nylon is also cheaper than other materials                
at higher quantities. 
 

 
Figure 4.2.3.7: Nylon Shear Pins 

 
The quantity used for each parachute bay will also play an important factor in              

determining the minimum load to shear, and thus the mass of ejection charge necessary. More               
shear pins results in a higher force required to shear all of them completely. At the current                 
moment, both drogue and main parachute bays will each use four shear pins. Fortunately, shear               
pins are rather inexpensive and several ground tests can be performed in order to confirm their                
integration in the design of the rocket. Finite Element Analysis will also be performed in order to                 
determine their endurance during flight.  

4.2.4.2. Black Powder 

The number of shear pins and the volume of the parachute bays allow for the ejection 
charge mass calculations. The required pressure to break apart the shear pins must be calculated. 
Using the manufacturing data for the pins selected above, the pressure required to break the shear 
pins can be expressed as the following formula:  

 P =  4F
πD2                                           (Equation [4.6.1]) 

where:  
F = force required to shear the total number of shear pins [lbf] 

D = diameter of the parachute bay [in] 
The volume and cross sectional area of the selected parachute bay is calculated by: 

                                   (Equation [4.6.2])D LV = 4
π 2  

                                       (Equation[4.6.3])DA = 4
π 2  

where:  
L = length of the parachute bay 

The mass of the ejection charge will be calculated with the ideal gas law. Since grams is the 
standard measuring system for specifying black powder, a conversion factor of 454 isg

lbf  

applied:  
                                             (Equation [4.6.4]) m =  RT

P V  
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where:  
R = gas constant [ ]lbm

in lbf  
T = absolute temperature [°R] 

By plugging in Equation [4.6.2], Equation [4.6.3], and Equation [4.6.1] into Gas law equation, 
the mass of the black powder becomes a function of the force required to break the shear pin and 
the length of the parachute bay. The formula is displayed as:  

                                           (Equation [4.6.5]) m =  RT
454F L  

The gas constant R and temperature T are known to be 266  and 3307 °R, respectively.lbm
in lbf  

Substituting those values back into Equation [4.6.5] results in the final formula below: 
                              (Equation [4.6.6]) 0.000516F L  m =   
For each section, there are four shear pins with that break at 25 lbf, resulting in a net force of 100                     
lbf to shear the pins. The lengths of the drogue and main parachute bays are 20.44 in and 48 in                    
then result in 0.8 g and 2.5 g of black powder, respectively. 

Equation [4.6.6] will provide an estimation of the amount of black powder that should be               
used. Ground tests will still need to be performed to confirm and adjust the calculations above.                
The projects rocket advisor from LIARS offers years of practical experience of matching the              
mass of black powder required with a multitude of rockets.  
  

4.2.4.3. Ejection Canisters 

The correct amount of black powder will not be enough to ensure proper separation of the                
rocket components. The ejection canister will have to tolerate the high temperature of the black               
powder ignition and the pressure produced. As a result, a canister should be selected for               
reusability and durability. Research was conducted to meet this specifications. 

The design of the fully completed Avionics bay displays fixed diameter and depth             
canisters, which are standard for high powered rocketry. These can be ordered online or              
machined with an internal bore tool on a lathe using the facilities at Stony Brook University.                
Both options provide freedom in material selection; online resources offer fire-resistance PVC            
canisters and using machine shop materials (such as aluminum) offers durability and            
convenience. In both cases, the overall shape of the canister will be maintained. However, the               
dimensions of the canister cannot be changed, which is disadvantageous when the mass of black               
powder is unknown. As a result, more precautions will need to be taken in order to pack and                  
maintain the black powder within the canister if the mass of powder does not match with the                 
volume of the canister. An example of such a canister is shown below. 

25 



 

 
Figure 4.2.4.3.1: Apogee Components PVC Ejection Canister Caps 

 
The other possible option for an ejection canister is the XL Variable Capacity Ejection              

Canister (variable canister for simplicity). The variable canister has a max capacity of 6.8 grams               
of black powder and comes with a wire lead for ignition. As the name suggests, it has the option                   
to change the depth of the canister with an insert in order to vary the amount of black powder.                   
This compensates for uncertainty in the mass calculations in Section 4.2.4.2. An image of this               
style canister is shown below. 

 
Figure 4.2.4.3.2: Pratt Hobbies XL Variable Capacity Ejection Canister  

 
A disadvantage of this product is the length. Figure 4.2.4.3.2 displays the length of the               

canister relative to its diameter which may affect pressure distribution after ignition. This             
canister can also introduce space constraints. There are also concerns regarding whether or not              
the canister is fire resistant. If the canister will be burned through repeated ground tests, it will                 
not be used.  

The leading choice of ejection canister is the fixed diameter and length type displayed in               
Figure 4.2.4.3.1 since the current design for the avionics bay incorporates this type. A variable               
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canister is more expensive and there is too much uncertainty over proper integration into the               
recovery system. Further research will be performed in order to find similar products that have               
the potential to be integrated into the subsystem. 

 
4.2.4.4. Pistons 

The ejection piston will serve three roles in the recovery system. The primary purpose of               
the piston is to break the shear pins and cause separation of the rocket upon ignition of the                  
ejection charges. The piston will also serve as a barrier between the high temperature ignition of                
the black powder and the parachute. The piston will also push the parachute into the atmosphere                
as a result of the pressurization of the parachute bay. There will be one piston in for each                  
parachute bay. Figure 4.2.4.4.1 below shows the preliminary idea for the ejection piston with a               
slot in the middle for a kevlar shock cord.  

 
Figure 4.2.4.4.1: Preliminary Design of Ejection Piston 

 
The primary point of design with the piston is determining how it will eject the               

parachutes. An interference fit is the leading candidate in this area due to its simplicity. An                
interference fit requires nothing more than a very slight change in diameter from the inner               
diameter of the rocket body and fire resistant lubricant to ensure smooth movement upon              
pressurization. But since the inner diameter of the rocket is 6 inches, it will be difficult to                 
fabricate a piston a few thousandths of an inch smaller in diameter. 
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4.2.5. Assembled Recovery Subsystem 

 

 
Figure 4.2.5.1: CAD Drawing of Avionics Bay 

28 



 

 
Figure 4.2.5.2: Exploded View of Avionics Bay 
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Figure 4.2.5.3: 3D Model of Avionics Bay 

4.3. Structures, Aerodynamics, and Propulsion 

Requirements for the structures, aerodynamics, and propulsion team are as specified in            
the Student Launch Handbook. The requirements from the handbook and corresponding plan for             
verification are listed below: 

 

Requirement Description Identify Verification Plan 

2.1. 

The vehicle will deliver the 
payload to an apogee altitude 
between 4,000 and 5,500 feet 
above ground level (AGL). Test 

This goal will be determined utilizing 
software to predict apogee and also 
compared to real flight characteristics as 
demonstrated in a test flight of the 
full-scale model. 

2.2 

Teams shall identify their 
target altitude goal at the 
PDR milestone. The declared 
target altitude will be used to 
determine the team’s altitude 
score during Launch Week. Analysis 

Software will be used to determine the 
rocket's predicted apogee based off our 
model. This will then give an approximate 
for the team to select an apogee. 
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2.3 

The vehicle will carry one 
commercially available, 
barometric altimeter for 
recording the official altitude 
used in determining the 
Altitude Award winner. Inspection 

It will be verified that there is at least one 
commercially available barometric 
altimeter on the launch vehicle. This will 
be accomplished by mounting this sensor 
to the inside of the vehicle. 

2.4 

Each altimeter will be armed 
by a dedicated mechanical 
arming switch that is 
accessible from the exterior of 
the rocket airframe when the 
rocket is in the launch 
configuration on the launch 
pad. Inspection 

This will be accomplished by incorporating 
two, separate mechanical among switches 
in the design of the avionics bay. 

2.5 
Each altimeter will have a 
dedicated power supply Inspection 

This will be met by incorporating a holder 
for each power supply in to the avionics 
sled, located in the avionics bay. 

2.6 

Each arming switch will be 
capable of being locked in the 
ON position for launch (i.e. 
cannot be disarmed due to 
flight forces). Inspection 

This will be met by utilizing a switch that 
requires a key to switch between ON/OFF 
so as to eliminate the risk of being turned 
off during flight. 
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2.7 

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

Demonstratio
n 

Once a full-scale model is fabricated, this 
will be met after a successful launch and 
recovery of said model. 

2.8 

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

There will be four main sections of the 
launch vehicle: Payload Bay, Avionics 
Bay, Booster Airframe and Drogue Bay. 

2.8.1 

Coupler/airframe shoulders 
which are located at in-flight 
separation points will be at 
least 1 body diameter in 
length. Inspection 

The length of all couplers is 13.5 inches, 
which is more than twice the body 
diameter. 

2.8.2 

Nosecone shoulders which 
are located at in-flight 
separation points will be at 
least ½ body diameter in 
length. Inspection 

The length of the nosecone shoulder is ~3 
inches which is equal to half the body 
diameter. 

32 



 

2.9 
The launch vehicle will be 
limited to a single stage. Inspection 

While developing a design, only single 
stage motors and systems will be 
considered. 

2.1 

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

Demonstratio
n 

Will be accomplished by assembling the 
rocket and having it flight ready in two 
hours, or less, in prior demonstration 
flights. 

2.11 

The launch vehicle will be 
capable of remaining in 
launch-ready configuration on 
the pad for a minimum of 2 
hours without losing the 
functionality of any critical 
on-board components. 

Demonstratio
n 

This can be accomplished by assessing 
the vehicle's ability to remain on for 2 
hours without loss of functionality by 
performing a test prior to launch day. 

2.12 

The launch vehicle will be 
capable of being launched by 
a standard 12-volt direct 
current firing system. The 
firing system will be provided 
by the NASA-designated 
launch services provider 

Demonstratio
n 

This will be shown through successful test 
launches employing similar firing systems. 
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2.13 

The launch vehicle will 
require no external circuitry or 
special ground support 
equipment to initiate launch 
(other than what is provided 
by the launch services 
provider). Test 

Can be shown once the vehicle is 
assembled and configured. 

2.14 

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

The team's mentor will only be requested 
to purchase solid motor propulsion as 
mandated by the Student Launch 
Handbook. 

2.15 

Pressure vessels on the 
vehicle will be approved by 
the RSO and will meet the 
following criteria:   
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2.15.1 

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

Will be shown through calculations and 
analysis of pressure vessels. 

2.15.2 

Each pressure vessel will 
include a pressure relief valve 
that sees the full pressure of 
the tank and is capable of 
withstanding the maximum 
pressure and flow rate of the 
tank. Analysis 

Will be shown through calculations and 
analysis of pressure vessels. 

2.15.3 

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

Will be shown through calculations and 
analysis of pressure vessels. 

2.16 

The total impulse provided by 
a College or University launch 
vehicle will not exceed 5,120 
Newton-seconds (L-class). Inspection 

The team's mentor will only be requested 
to purchase a motor that fulfills this 
requirement as per the Student Launch 
Handbook. 
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2.17 

The launch vehicle will have a 
minimum static stability 
margin of 2.0 at the point of 
rail exit. Rail exit is defined at 
the point where the forward 
rail button loses contact with 
the rail. Analysis 

This will be shown through analysis done 
in the Open Rocket software and verified 
in actual tests. 

2.18 

The launch vehicle will 
accelerate to a minimum 
velocity of 52 fps at rail exit. Analysis/Test 

This will be shown through analysis done 
in the Open Rocket software and verified 
in actual tests. 

2.19 

All teams will successfully 
launch and recover a 
subscale model of their rocket 
prior to CDR. Subscales are 
not required to be high power 
rockets. 

Demonstratio
n 

This will be accomplished once a 
successful model is fabricated and 
configured. 

2.19.1 

The subscale model should 
resemble and perform as 
similarly as possible to the 
full-scale model, however, the 
full-scale will not be used as 
the subscale model. Inspection 

Careful consideration will be taken when 
deciding on a subscale model to test. 

2.19.2 

The subscale model will carry 
an altimeter capable of 
recording the model’s apogee 
altitude. Inspection 

An altimeter will be incorporated in the 
subscale model just like the full-scale 
model. 
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2.19.3 

The subscale rocket must be 
a newly constructed rocket, 
designed and built specifically 
for this year’s project. Inspection 

The team will adhere to the current year's 
expectations for a successful launch 
vehicle and use these criteria to develop a 
subscale model. 

2.19.4 

Proof of a successful flight 
shall be supplied in the CDR 
report. Altimeter data output 
may be used to meet this 
requirement. Test 

This will be satisfied once a successful 
launch and recovery of the launch vehicle 
is conducted. Post flight analysis of 
in-flight characteristics will be analyzed. 

2.22 

Any structural protuberance 
on the rocket will be located 
aft of the burnout center of 
gravity Analysis 

This is demonstrated through the use of 
Open Rocket software. 

2.23 

The team’s name and launch 
day contact information shall 
be in or on the rocket airframe 
as well as in or on any section 
of the vehicle that separates 
during flight and is not 
tethered to the main airframe. 
This information shall be 
included in a manner that 
allows the information to be 
retrieved without the need to 
open or separate the vehicle. Inspection 

Careful consideration will be taken to 
include the team's info in a place that will 
not be difficult to identify. This ensures that 
proper return of the rocket can be 
followed. 

2.24 Vehicle Prohibitions   
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2.24.1 

The launch vehicle will not 
utilize forward canards. 
Camera housings will be 
exempted, provided the team 
can show that the housing(s) 
causes minimal aerodynamic 
effect on the rocket’s stability Inspection 

The vehicle team will strictly adhere to 
these prohibitions set forth by the Student 
Launch Handbook and be careful when 
making design decisions. 

2.24.2 
The launch vehicle will not 
utilize forward firing motors. Inspection 

The vehicle team will strictly adhere to 
these prohibitions set forth by the Student 
Launch Handbook and be careful when 
making design decisions. 

2.24.3 

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

The vehicle team will strictly adhere to 
these prohibitions set forth by the Student 
Launch Handbook and be careful when 
making design decisions. 

2.24.4 
The launch vehicle will not 
utilize hybrid motors. Inspection 

The vehicle team will strictly adhere to 
these prohibitions set forth by the Student 
Launch Handbook and be careful when 
making design decisions. 

2.24.5 
The launch vehicle will not 
utilize a cluster of motors. Inspection 

The vehicle team will strictly adhere to 
these prohibitions set forth by the Student 
Launch Handbook and be careful when 
making design decisions. 
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2.24.6 

The launch vehicle will not 
utilize friction fitting for 
motors. Inspection 

The vehicle team will strictly adhere to 
these prohibitions set forth by the Student 
Launch Handbook and be careful when 
making design decisions. 

2.24.7 

The launch vehicle will not 
exceed Mach 1 at any point 
during flight. Analysis 

The vehicle team will strictly adhere to 
these prohibitions set forth by the Student 
Launch Handbook and be careful when 
making design decisions. 

2.24.8 

Vehicle ballast will not exceed 
10% of the total unballasted 
weight of the rocket as it 
would sit on the pad (i.e. a 
rocket with and unballasted 
weight of 40 lbs. on the pad 
may contain a maximum of 4 
lbs. of ballast). Inspection 

The vehicle team will strictly adhere to 
these prohibitions set forth by the Student 
Launch Handbook and be careful when 
making design decisions. 

2.24.8 

Transmissions from onboard 
transmitters will not exceed 
250 mW of power Test 

The vehicle team will strictly adhere to 
these prohibitions set forth by the Student 
Launch Handbook and be careful when 
making design decisions. 
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2.24.9 

Excessive and/or dense metal 
will not be utilized in the 
construction of the vehicle. 
Use of lightweight metal will 
be permitted but limited to the 
amount necessary to ensure 
structural integrity of the 
airframe under the expected 
operating stresses. Inspection 

The vehicle team will strictly adhere to 
these prohibitions set forth by the Student 
Launch Handbook and be careful when 
making design decisions. 

 

4.3.1. Subscale  

The subscale will be based on the dynamic similarity to construct the scale-down model. 
The fiberglass tube will be focused on as the primarily considered material. The scale factor will 
be mainly determined by the selected motor since it will be the biggest constraint for the subscale 
vehicle, and it will also be impossible to ensure a perfect similarity between the subscale and the 
full scale.  
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4.3.2. Full Scale 
4.3.2.1. Vehicle Overview 

 
Figure 4.3.2.1.1: Overall CAD Model of the Rocket. 

41 



 

 
Figure 4.3.2.1.2: Overall CAD Drawing of the Rocket 

 
The overall length of the vehicle is now 118.6 inches. The detail close look of the vehicle 

layout is listed in the following: 

 
Figure 4.3.2.1.3: Close Look of the Vehicle Layout 

4.3.2.2. Nose cone 

The nose cone is a crucial part of any rocket as it is the first surface exposed to the                   
medium through which the rocket is travelling. The nose cone controls the drag and pressures               
experienced by the rocket body as it disturbs the fluid medium surrounding said body. However,               
while in the subsonic region, there is little influence by the drag as a result of the nose cone; this                    
becomes more important in the trans- and hyper sonic regions of flight. Given that the team was                 
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tasked with choosing a proper nose cone that can minimize the drag experienced by the launch                
vehicle, thus achieving a target apogee, it was found that ogive nose cones work perfect in this                 
setting. There were several tests conducted with varying nose cone shapes to see the effect on                
apogee, and it turned out that all nose cones had similar apogees, except for conical nose cones                 
which performed the worst. The shapes tested were: ogive, conical, ellipsoid, von Karman, and              
LV- Haack. It is decided that the design will stay with the spherically-blunted tangent ogive until                
further analysis is performed. 

4.3.2.3. Payload bay 

The Payload bay has been increased from 21 inches to 37.18 inches since proposal for 
accommodating the increased size of the payload system located with it. 
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Figure 4.3.2.3: Updated Payload Bay 

4.3.2.4. Drogue bay 
Drogue Bay will be designed to mainly house the drogue parachute (details covered in              

the Recovery and Navigation Section), piston, and kelvar shock cord. Drogue Bay is a cylinder               
of fiberglass with 6 inch inside diameter and 6.15 inch outside diameter. The kelva shock cord                
will be connected between the coupler and the upper side of the avionics bay/middle coupler               
through the eyebolts. Two canisters will be mounted on top of the upper side of avionics bay to                  
store a calculated amount of black powder that will be ignited to eject the upper part of rocket                  
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away from the avionic bay by generating a high pressure environment to push against the piston.                
The piston then will hit against the coupler of payload bay and drogue bay, and the amount of                  
shear force generated will be able to break the shear pins that connect the avionics bay and                 
drogue parachute bay. Drogue bay will initial the deployment when the rocket detects its apogee,               
and the correct amount of black powder to break the shear pins will be calculated in the                 
Recovery and Navigation section. Obtaining a correct amount of black powder is critical for the               
deployment mission since either undershooting or overshooting the correct shear force will result             
in a deployment failure or damaging the airframe and other components in the rocket. 

The advantage of this design is that there is no need to construct a piston rest ring that                  
increases the work for putting screws through the airframe. The coupler itself will both do a good                 
job for being a conjunction a point and a piston rest region.  

4.3.2.5. Avionics bay 

Avionics bay has been changed since the proposal by eliminating unnecessary parts such 
as redundant middle layer and threaded rods. The weight was significantly reduced and the 
exposed length is also reduced. 

 
Figure 4.3.2.5.1: Interior Configuration of the Avionics Bay 
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Figure 4.3.2.5.2: Avionics Bay Sled Model 
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Figure 4.3.2.5.3: Avionics Bay Exterior Configuration 

 

47 



 

4.3.2.6. Booster bay/main parachute bay 

 
Figure 4.3.2.6.1: Booster bay along with main parachute bay 

 
The booster bay is integrated with the main parachute bay. The thrust plate that located 

above the motor mount tube can be used as the bulkhead to hold the main parachute. The 
alternative will be having main parachute bay and booster bay separately, and then they will be 
connected using coupler tube. 
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The alternative method was proved to be impractical for our case because introducing 
another coupler will cause lots of weight penalty and somehow decrease the structure integrity. 
 

 
Figure 4.3.2.6.2: Booster bay along with main parachute bay 
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Figure 4.3.2.6.3: Booster bay along with main parachute bay Top View 

4.3.2.7. Active Stability and Altitude Control Unit (ASACU) 

The purpose of the Active Stability and Altitude Control Unit is to help achieve the target 
apogee by controlling the orientation of the canard fins to stabilize the rocket and eliminate roll, 
thus decreasing the rotational energy of the rocket. This mechanism will employ the use of bevel 
gears, a servo motor, linkage arm, and rods connecting the canard fins through the airframe. 
Normally, a small amount of tilt angle, within 5 degrees, between the fins and the axis of flight 
can provide a more stable movement by shifting the Center of Pressure (CP) rearwards. Thus, a 
induced rolling motion can stabilize the rocket. However, a rolling motion can lower the altitude 
the rocket can reach because a portion of kinetic energy is dissipated during the rolling motion. 
Another way to look at this is that the tilt angle of canards will generate larger induced drag. 

In terms of altitude, the rocket will be able to adjust the flight when the calculated apogee                 
is out of target by actively inducing the rolling rate to lower the velocity or preventing                
unexpected free rolling motion to reach a higher altitude. A tradeoff between stability and              
altitude will be studied. 

The proposed strategy for employing the Active Stability and Altitude Control Unit will             
obey the following sequence by having different goals at different altitude. 
 

50 



 

Active Stability and Altitude Control Unit function sequence. 
 

A. Unexpected free rolling motion will be prevented at the beginning of the flight 
B. Inducing the rolling at the mid of the flight. 
C. Auto-adjust its rolling rate at the end of flight. 

 
It is safe to ensure the rocket has enough momentum at the beginning of the flight. As the                  

propellent is consumed, the overall stability of the rocket will be improved since CG will be                
shifted forward. Thus, it is possible that only a tiny amount of adjustment will be needed for                 
Active Stability and Altitude Control Unit. 

The change made since the proposal is to introduce some reinforcements in order to              
firmly hold the bevel gear and further reduce the vibration caused during the flight cause. The                
bevel gear will be customized from high-quality 3D printing machine. Due to the highly              
flexibility offered by the additive technology, the bevel gear can have customized geometry             
elements on it. By taking advantage of that, the reinforcement was made by forcing three               
cylinders protruded from the bevel gear to be locked in position within the centering ring located                
above it. The bearings can offer a smooth rotational motion for the bevel gear while maintaining                
a firmly contact with the centering ring. 
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Figure 4.3.2.7.1: ASACU with Reinforced Improvements 
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Figure 4.3.2.7.2: ASACU with Reinforced Improvements Exploded View 

 
The Active Stability and Altitude Control Unit involves fast-computing microsoftware 

onboard along with a 6-DOF gyroscope and altimeter. 
A control loop circuit will be investigated, built and tested in the future to provide a 

stable control on the output. The relationship between the rolling rate and velocity involves 
theories of aerodynamics. A mathematical model will be proposed and tested in order to know 
what exactly tilt angle for the canards should be. The subscale launch will test the robustness, 
accuracy and reliability of the proposed model and control loop circuit. 
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The canards locate along with other three primary fins at the same station. It is required 
by NASA Student Launch Handbook that no forward canards will be allowed for the 
competition. 

It is known that forward canards will cause lots of aerodynamic and structure issue. 
Forward canards can always induce unexpect rolling if built incorrectly because the air flow will 
be disturbed after hitting the canards and subsequently exert unexpected force or moment on the 
aft primary fins that can then cause unexpected rolling rate. It can also create intervene drag. 
Normally, forward canards will require that primary fins should be able to rotate freely, and this 
is achieved by building the primary fins upon a bearing. 

The structure of Active Stability and Altitude Control Unit incorporate two centering 
rings that can both be platform at which electronics are mounted and fixture that holds motor 
mount tube and ensure the alignment of the motor mount tube. The centering ring will be 
epoxied to the motor mount tube. There are also three slots cut around the centering rings that 
can be attached to the primary fins. 

This structure can be very convenient during assembling the rocket.  Primary fins and 
motor mount tube can be attached to the centering rings first, and then integrate it with the 
Active Stability and Altitude Control Unit components. Eventually, this structure can be just 
slided into the booster airframe tube and fix the centering rings with the airframe using six #6-32 
flat head screws for each of the centering rings.  Then movable fins can be attached to the unit 
from outside of the airframe. 
 

 
Figure 4.3.2.7.3: Accelerometer 
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Figure 4.3.2.7.4: Raspberry Pi 

 
Figure 4.3.2.7.4: Raspberry Pi Zero W 
 

It is found that the Raspberry Pi Zero W may have enough power to perform the 
calculations needed, and it can also introduce less weight. The alternative of using Raspberry Pi 
should be avoided. 

4.3.2.8. Flight trajectory theoretical predictions 
This section will present a theoretical method to calculate the predicted apogee for             

several designated motors. The apogee result was determined numerically under some specific            
assumptions. The results will be compared with the simulation data obtained from OpenRocket             
in the next section to validate the models and establish a redundant analysis for a safe purpose.  

The vehicle will experience two different phases before reaching the apogee: burn phase             
and coast phase. The descent phase will be considered separately since it does not contribute to                

55 



 

the analysis of the apogee. Burn phase and coast phase are shown in the following Figure                
4.3.2.8.1 with Free Body Diagram indicated on them. 

 
Figure 4.3.2.8.1: Free Body Diagram of Burn Phase (left) and Coast Phase (right) 

 
The equation of motion can be listed as below using Newton’s second law of motion. The                

analysis will be broken into two parts piecewise due to different natures and status of burn phase                 
and coast phase. Equation 4.1 represents equation of motion in the burn phase and Equation 4.2                
represents equation of motion in the coast phase. 
 

 (t)a (t)gcosθF total = m = T − F D − m  Equation 4.1 
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 a gcosθF total = m =  − F D − m Equation 4.2 

Where, m(t) in Equation 4.1 denotes the total mass of the vehicle at moment t, which is a                  
function of time because the vehicle is exhausting solid propellent, T is the thrust force generated                
by the motor, is the air drag, m(t)g is the gravitational force acting on the vehicle, is the   F D               θ   
tilt angle from the vertical line, also known as angle of attack respect to free stream, and m in                   
Equation 4.2 denotes the final static mass of the vehicle because the mass of vehicle after burn                 
phase will not change at all, known as dry mass. 

The theoretical model was based on the concept of Tsiolkovsky rocket equation            
derivation process. The thrust generated by the motor can be expressed in Equation 4.3 
 

 (t)v g m (t)T = ṁe e = Isp o e˙  Equation 4.3 

Where, represents the exhaust mass flow rate at given time t, represents the exhaust (t)me˙            ve    
velocity and denotes the specific impulse, usually provided by the motor manufacturer, that  Isp             
is defined as the following 
 

 
Isp =

∫
t

0
F dt

m gp 0
 

Equation 4.4 

For the burn phase, Equation 4.[] can be rewritten as the following to obtain an 
expression of change in velocity 
 

 V dt cosθdtd = m(t)
v dm (t)e e − F D

m(t) − g  Equation 4.5 

Where, we define the m(t) as the following 
 

 
(t) (t)dt (t)m = mi − ∫

t

0
me˙ = mi − me  

Equation 4.6 

Where, represents the initial mass, and m(t) represent the mass of the vehicle at any givenmi  
time t. m(t) of the vehicle will have the following properties. 

 hen t , m(0)  and m (t)  W = 0  = mi e = 0  Equation 4.7 

 

 
hen t , m(t)  and dt (t )W ≥ tburnout  = mf ∫

tburnout

0
me˙ = me burnout = mp  

Equation 4.8 

Where is the final mass of vehicle, known as dry mass and is the total solid propellentmf mp  
mass. 
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By rearranging Equation 4.8, the expression of can be obtained as below(t)me  
 
 

 (t) (t)me = mi − m  Equation 4.9 

By taking derivative the Equation 4.9, the following relationship can be obtained. 
 

 −dt
dm (t)e = dt

dmi − dt
dm(t) = dt

dm(t)  Equation 4.10 

Where because is a constant. The derivative of a constant results in zero.dt
dmi = 0 mi  
 
If simplify Equation 4.10, we get, 

 

 m (t) − m(t)d e = d  Equation 4.11 

 
By substituting Equation 4.10 into Equation 4.11, we get the following equation of 

motion, 
 

 V − dt cosθdtd = m(t)
v dm(t)e − F D

m(t) − g  Equation 4.12 

By performing integration on the both sides of Equation 4.12 from t=0 to t, we get, 
 

 V ln( ) t cosθtΔ = ve
mi

m(t) − F D
m(t) − g  Equation 4.13 

Since initial velocity is equal to zero, the final expression of Equation 4.13 can be 
expressed as the following by taking into account that (t) tm = mi − me˙  
 

 ln( ) )t gcosθ)tV = ve
mi

m −m ti e˙ − ( F D
m −m ti e˙ − (  Equation 4.14 

 
Where , the drag force is determined as the following,F D  

 ρV A C VF D = 2
1 2

r D  = k 2
   Equation 4.15 

Where is the referenced area, is the free stream density, V is the free stream velocity and Ar     ρ             
 is the drag coefficient, which is usually experimentally determined in the wind tunnel test.CD  

Since there is a velocity term in the drag force term, the Equation 4.14 becomes an                
implicit equation that can only be solved numerically. 

The numerical method can be applied to Equation 4.5, which can be expressed as the               
following, 
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 cosθdt
dV = m(t)

v m (t)e e˙ − F D
m(t) − g  Equation 4.16 

Which can be rearranged into the following, 

 cosθvburn˙ = m −m ti e˙
v m (t)e e˙ − kV 2

 
m −m ti e˙ − g  Equation 4.17 

Where , known as the air resistance coefficientρA Ck = 2
1

r D  
It is noted that the three terms on the right hand side of Equation 4.17 represents thrust                 

term, drag term and gravity term respectively. Thus, the equation of motion for the coast phase                
will resemble Equation 4.17 except for the thrust term, which has the following expression, 

 − cosθvcoast˙ = kV 2
 

m −mi p
− g  Equation 4.18 

Where  in the coast phase.tme˙ = mp  
Consequently, the equation of motion for the burn and coast phase can be summarized as 

the following. 
Burn phase: 

 yburn˙ = vburn  Equation 4.19 

 

 cosθvburn˙ = m −m ti e˙
I g m (t)sp 0 e˙ − m −m ti e˙

kV burn
2

 − g0  Equation 4.20 

Coast phase:  

 ycoast˙ = vcoast  Equation 4.21 

 

 − cosθvcoast˙ = m −mi p

kV coast
2

 − g0  Equation 4.22 

With initial condition: 

 (t )  yburn = 0 = 0  Equation 4.23 

 

 (t )  vburn = 0 = 0  Equation 4.24 

 

 (t ) (t )  ycoast = 0 = yburn = tburnout  Equation 4.25 

 

 (t ) (t )  vcoast = 0 = vburn = tburnout  Equation 4.26 

The above equations were implemented in Matlab using ODE45 function to perform the             
numerical integration in order to get the theoretical trajectory of the vehicle for both burn phase                
and coast phase. It should be noted the time interval for burn phase is taken from t = 0 to t =                      
burnout time. 
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In order to simplify the complex scenario in the real life, this model is based on the                 
following assumptions: 

● , angle of attack, is always assumed to be zero degree, which means the vehicle is goingθ  
vertically. 

● , solid propellent mass flow rate is assumed to be constant without transient fluncationme˙  
● , gravitational constant is assumed to be always equal to the gravitational constant atg0  

the sea level. 
● , density of the free stream air is assumed to be constant throughout the course.ρ  
● Zero wind speed 

The above theoretical model will be performed on four different motors, listed in the 
following Table 4.3.1 
 

Motor Propellant 
Mass (oz) 

Burn Out Time 
(s) 

Specific 
Impulse (s) 

Propellant 
exhaust rate 

(oz/s) 

Cesaroni L1685 133.09 3.0 136.96 44.36 

Cesaroni L1115 84.45 4.5 213.54 18.77 

Cesaroni L2375 
- WT 

81.89 1.9 213.53 43.11 

AeroTech L2200 88.75 2.4 204.68 36.98 

Table 4.3.1: Properties of Selected Motors for Theoretical Trajectory Model Computation 
 

The theoretical trajectories for four motors were shown in the following. 
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Figure 4.3.2.8.2: L1685 Curve 
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Figure 4.3.2.8.3: L1115 Curve 
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Figure 4.4.3.2.8.4: L2375-WT Curve 
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Figure 4.3.2.8.5: L2200 Curve 

 
 

 

4.3.2.9. Flight trajectory simulation results 

The flight trajectory was tested under varying wind conditions. In the following tests, the              
wind was directed 90 degrees so that it was incident with the rocket body. The wind speed used                  
are 0, 5, 10, 15, and 20 mph. 
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Figure 4.3.2.9.1: Test Condition with wind at 0 mph 

 

 
Figure 4.3.2.9.2: Test Condition with wind at 5 mph 
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Figure 4.3.2.9.3: Test Condition with wind at 10 mph 

 

 
Figure 4.3.2.9.4: Test Condition with wind at 15 mph 
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Figure 4.3.2.9.5: Test Condition with wind at 20 mph 

 
The predicted apogee for each test case is summarized as follows: 
 
 

Motor 
Apogee, ft 
(no wind) 

Apogee, ft (wind 
@ 5 mph) 

Apogee, ft (wind 
@ 10 mph) 

Apogee, ft (wind 
@ 15 mph) 

Apogee, ft (wind 
@ 20 mph) 

Aerotech 
L2200G 4904.86 4898.29 4881.89 4852.36 4622.7 

Table 4.3.2.9.6: Rocket Apogee at varying wind speeds 

4.3.2.10. CG, CP and stability margin theoretical calculations 

The center of gravity and center of pressure are two crucial aspects of a rocket as their                 
respective locations along the rocket body, along with respect to one another, determines the              
stability of the rocket in flight. In flight, the rocket rotates about the CG, so this is a valuable                   
value to know. The CG is a mass-weighted average of the component locations; since the model                
rocket is a combination of many parts, each part contributes to the overall weight of the rocket                 
and can be determined by Newton’s Second Law. 
 

 G C =  ΣW i

ΣW di* i  Equation 4.27 

 
where:  

Wi = Component weight 
di = distance of corresponding component from reference point 
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During the overall design process, a mass balance statement, shown in the following             
Table 4.3.3, is always employed to keep tracking the weight, station (CG of each component               
counted from the tip of the nose cone), margin, and exposed length of each components of the                 
vehicle. It is required to update the mass balance sheet when there are changes made to the                 
vehicle design. The mass balance statement sheet was established with built-in equations to             
calculate the CG. 

It should be noted the following assumptions are made when computing the CG of the               
entire vehicle. 

● The materials used in every components are treated to be homogeneous. 
● The asymmetrical features of some certain small components are ignored. 

  

Mass Balance Statement 

Component Quantity Length (in) Weight (oz) Margin Weight 
(oz) Station (in) 

Booster Airframe 1 48.00 82.87 0% 82.87 78.67 

Avonics Bay 1 1.50 74.18 10% 81.60 53.92 

Drogue Bay 1 20.44 35.50 0% 35.50 42.95 

Coupler (Drogue 
Bay/Payload Bay) 1 13.50 83.53 0% 83.53 32.73 

Payload Bay 1 37.18 64.58 0% 64.58 30.32 

Payload 
UAV/Reorientation 

System 
1 N/A 142.56 10% 156.82 30.32 

Nose Cone 1 11.73 20.99 0% 20.99 9.02 

Motor Mount Tube 1 23.98 7.83 0% 7.83 106.93 

Motor Case Tube 1 23.84 80.00 5% 84.00 106.93 

Motor 1  85.00 0% 85.00 106.93 

Straight Bevel Pinions 3 N/A 0.78 0% 0.78 116.85 

Straight Bevel Gears 1 N/A 0.84 0% 0.84 115.85 

Servo motor 1 N/A 1.60 0% 1.60 114.85 

Linkage Arms 1 N/A 0.07 0% 0.07 115.58 

Bevel pinions mounted 
centering ring 1  4.96 0% 4.96 116.85 

Servo motor mounted 
centering ring 1  5.24 0% 5.24 114.85 

Primary clipped delta fins 3  21.09 5% 22.15 113.86 
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Movable canards 3  2.03 5% 2.13 116.29 

Booster bay bulkhead 
plate/Foward centering 

ring Unit 
1 0.50 16.79 0% 16.79 95.01 

Booster bay piston rest 
ring 1  6.02 5% 6.32 76.85 

ASACU reinforcement 
Ball Bearings 3 0.19 0.55 0% 0.55 114.85 

       

       

Totals 29 

118.85 in 737.01 oz 27.13 oz 764.14 
oz N/A 

9.9 ft 46.06 lbm 1.7 lbm 47.76 
lbm N/A 

2.97 m 20.89 kg 0.77 kg 21.66 
kg N/A 

Center of Gravity 
(CG) 

62.1
1 in 

↑ ↑ 
Note that only 
the lengths of 

external 
primary 

structural 
components 
are used to 

calculate the 
vehicles total 

length. 

    

    

    

      

 
Table 4.3.3: Screenshot of Mass Balance Statement 

 
The CG of the overall vehicle is computed to be 61.59 inches from the tip of the nose                  

cone using spreadsheet. 
The other beneficial term is the CP which is similar to the CG in that it serves as a                   

simplified point where all forces act. When a rocket moves through air, it experiences various               
aerodynamic forces that act through a single point, the center of pressure. The amount of               
aerodynamic force will generate enough lift force or moment to correct the flight path when the                
rocket is heading away from the vertical direction. Calculating the CP requires some extensive              
math, but was made simpler through the application of the Barrowan Equation. The Barrowman              
Equation is as follows: 
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  X =  (C )N R

(C )  X  + (C )  X  + (C )  XN N N N T T N F F  Equation 4.[] 

 
In the above Equation 4.[], the first term in the numerator denotes the product of the CP                 

of nose cone and coefficient of the nose cone. The nose cone term was listed as the following. 
 

 (For conical nose cone)(C )N N = 2  Equation 4.28 

 

  (for ogive type).466  XN = 0 × LN  Equation 4.29 

Where, =length of nose coneLN  
 
The second term in the numerator of Equation 4.[] listed in the following represents the               

transition section of the rocket, however it is not applied to the vehicle since there is not                 
transition design involved, which means the following term is diminished in the final equation.  
 

  (C )N T = 2[( d
dR )2

− ( d
dF )2]  Equation 4.30 

 

 
 XT = XP + 3

LT 1[ +
1− dR

dF

1−( dR

dF )2]  
Equation 4.31 

The third term in the numerator of Equation 4.[], listed in the following, represents the               
fins of the rocket, and it plays a huge role in determining the position of CP. The following                  
equations for fins were applied to the primary fins and canard fins in our case.  

 
(C )N F = 1[ + R

S+R] 4N ( )d
S 2

1+√1+( 2LF
C +CR T )

2
 

Equation 4.32 

 

  XF = XB + 3
XR

(C +C )R T

(C +2C )R T + 6
1 (C )[ R + CT − (C C )R T

(C +C )R T
]  Equation 4.33 

 
Where, R = radius of body tube at the end 

S = fin semispan 
N = number of fins 
d = diameter at the base of the nose cone 

= length of fin mid-chord lineLF  
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= fin root chordCR  
= fin tip chordCT  
= distance between fin root leading edge and fin tip leading edge parallel to the body XR  
= distance from nose tip to fin root chord leading edge. XB  

 
The CP based on the above formulas was computed in a spreadsheet, as listed in the 

following Table 4.3.4. The theoretical CP computed was found to be 92.45 inches from the tip of 
the nose cone. 
 

Fins Parameters 

R S N d Lf CR CT XR XB 

6.17 6.15 3.00 6.17 6.87 12.30 6.15 6.15 106.55 

6.17 2.00 3.00 6.17 2.24 4.00 2.00 2.00 113.80 

Fins Results 

(CN)F first 
part 

(CN)F 
second part (CN)F 

XF first 
part 

XF 
second 

part XF 
(CN)F 
*XF   

1.50 5.31 7.96 109.28 2.39 111.68 889.35   

1.76 0.56 0.98 114.69 0.78 115.47 113.67   

Nose Cone      

(CN)N LN XN 
(CN)N*X

N      

2.00 11.73 5.47 10.93      

Overall Coefficient      

(CN)R         

10.95         

Center of Pressure CP      

Xp         

92.61         

Table 4.3.4: Spreadsheet for calculating theoretical CP 
 

For stable flight to occur, it is necessary that the CP be located aft of the CG. The                  
distance between the CP and CG divided by the diameter is known as the stability margin, which                 
determines the level of static stability of the vehicle during the flight course. The following               
Equation 4.33 denotes the stability margin. 
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 tability MarginS = D 

CP −CG  Equation 4.34 

Where, D is the diameter of the vehicle. 
 

The distance between CP and CG should be at least larger than one diameter of the body                 
tube, known as one caliber. The CP, CG and corresponding stability margin were summarized in               
the following Table 4.3.5. 

 

CP (in) CG (in) Stability Margin 

92.45 61.59 5 cal 

 

4.3.2.11. CG, CP and stability margin simulation results 

 

 
Figure 4.3.2.11.1: Open Rocket Model of Launch Vehicle 

 

 Simulation Results Theoretical Results Relative Error 

CG 71.26 61.59 13.6% 

CP 91.73 92.45 0.78% 

Stability Margin 3.38 cal 5 48% 
Table 4.3.5 Open Rocket Simulation Results of Launch Vehicle with L2200G motor 
 
The reason for the large discrepancy between simulated and theoretical CG is because the              

OpenRocket software took into account the weight of pistons and parachutes when performing             
the simulation, while the piston and parachutes were ignored for computing the theoretical CG. 
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4.3.2.12. Fin flutter speed 

During the course of flight, the air flow passes through all the fins and cause the pressure                 
difference along two sides of the fins, which can then induce vibration or twisting, and the air                 
flow can then be treated as the damper that help the fins to damp out the induced vibration.  

However, if the vehicle is travelling very fast, at some certain point the vehicle will               
exceed a velocity limit, so-called flutter velocity boundary, and then result in an uncontrolled              
amplification of vibration mode of the fins, also known as aeroelastic flutter. The fins will then                
consequently be destructed eventually under the flutter situation and the entire vehicle will             
experience disastrous event. It is important to keep track that the traveling speed of the vehicle is                 
below the flutter velocity limit. The flutter speed associated with a specific fin is defined in                
Equation 4.[] 
  

  V f = a√
G

2(AR+2)( )t
c

3
 

1.337AR P (λ+1))3  Equation 4.35 

where: 

 (c )bS = 2
1

r + ct  Equation 4.36 

 

 RA = S
b2

 Equation 4.37 

 

 λ = ct
cr

 Equation 4.38 

 

 (lbs/f t ) 116 )P 2 = 2 × ( 518.6
T +459.7 5.256  Equation 4.39 

 

 9 .00356h  T = 5 − 0  Equation 4.40 

 

  a = √(1.4)(1716.59)(T 60)+ 4  Equation 4.41 

The Table 4.[], shown as below, represents the flutter speed for canards fin and primary 
fins from 0 ft to 5200 ft. The trends for each kind of fins are shown in Figure 4.[] and 4.[]  
 

altitude h 
(ft) Temp. 

Speed of 
Sound, a (ft/s) 

Pressure P 
(lbf/ft^2) 

Primary Fin Flutter 
Speed (ft/s) 

Canards Fin Flutter 
Speed (ft/s) 

0.00 59.00 1116.81 2118.15 1864.280069 10052.61006 

200.00 58.29 1116.05 2102.91 1869.738135 10082.04116 
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400.00 57.58 1115.28 2087.76 1875.219722 10111.59909 

600.00 56.86 1114.51 2072.70 1880.724964 10141.28457 

800.00 56.15 1113.75 2057.73 1886.253996 10171.09833 

1000.00 55.44 1112.98 2042.84 1891.806954 10201.04111 

1200.00 54.73 1112.21 2028.05 1897.383974 10231.11363 

1400.00 54.02 1111.44 2013.34 1902.985195 10261.31666 

1600.00 53.30 1110.67 1998.71 1908.610756 10291.65092 

1800.00 52.59 1109.90 1984.18 1914.260796 10322.11718 

2000.00 51.88 1109.13 1969.73 1919.935455 10352.7162 

2200.00 51.17 1108.36 1955.36 1925.634876 10383.44874 

2400.00 50.46 1107.58 1941.08 1931.359201 10414.31557 

2600.00 49.74 1106.81 1926.88 1937.108575 10445.31746 

2800.00 49.03 1106.04 1912.77 1942.883142 10476.4552 

3000.00 48.32 1105.26 1898.74 1948.683047 10507.72957 

3200.00 47.61 1104.49 1884.79 1954.508439 10539.14137 

3400.00 46.90 1103.71 1870.93 1960.359464 10570.69139 

3600.00 46.18 1102.94 1857.15 1966.236273 10602.38044 

3800.00 45.47 1102.16 1843.46 1972.139014 10634.20933 

4000.00 44.76 1101.39 1829.84 1978.06784 10666.17887 

4200.00 44.05 1100.61 1816.31 1984.022903 10698.28988 

4400.00 43.34 1099.83 1802.85 1990.004356 10730.5432 

4600.00 42.62 1099.05 1789.48 1996.012353 10762.93964 

4800.00 41.91 1098.27 1776.19 2002.047051 10795.48007 

5000.00 41.20 1097.50 1762.98 2008.108605 10828.16531 

5200.00 40.49 1096.72 1749.85 2014.197175 10860.99623 

Table 4.3.6: Flutter Speed for Canard Fins and Primary Fins 
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Figure 4.3.2.12.1: Flutter Speed Trend for Primary Fins 

 

 
Figure 4.3.2.12.2: Flutter Speed Trend for Canard Fins 
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It can be observed from the above plots and tabulated data that the flutter speed is way 
larger than the actual maximum speed of the vehicle. 

4.3.2.13. Motor selection 

The SAP team was tasked with selecting the motor that will propel the launch vehicle.               
There were two options for type of motor to be selected, these included single-use and reloadable                
motors. Initially, single-use motors were chosen due to the ease installing, lighter weight (a              
major factor for the SAP team) and cost saving. However, single-use motors brought the issue of                
a lot of waste and limited availability of motors to fulfill our project’s needs. It was difficult to                  
try and find single-use motors that were capable of making the launch vehicle achieve an apogee                
within the 4,000 - 5,500 ft range. This being said, the option of reloadable motors was                
investigated. Reloadable motors bring with them high cost upfront, but make incorporating the             
motor casing and propellant much easier. Additionally, there are a plethora of suppliers that offer               
reloadable motors. 

 
Motor Selection 

Motor 
Apogee, ft 
(no wind) 

Apogee, ft (wind 
@ 5 mph) 

Apogee, ft (wind 
@ 10 mph) 

Apogee, ft (wind 
@ 15 mph) 

Apogee, ft (wind 
@ 20 mph) 

Cesaroni 
L1115 4612.86 4596.77 4547.24 4481.63 4366.8 

Cesaroni 
L1685-SS 4586.61 4576.77 4547.24 4514.44 4448.82 

Aerotech 
L2200G 4904.86 4898.29 4881.89 4852.36 4622.7 

Cesaroni 
L2375-WT 4727.69 4721.13 4698.16 4678.48 4822.83 

 

 

Total 
impulse 

(Ns) 
Specific 

Impulse (s) Burn Time (s) Total Weight (g) 
Average Thrust 

(N) 

Cesaroni 
L1115 5015 214 4.5 4404 1119 

Cesaroni 
L1685-SS 5069.3 137 3 6051 1685.8 

Aerotech 
L2200G 5051.96 204.68 2.4 4751 2,104.98 

Cesaroni 
L2375-WT 4864 214 1.9 4161 2451 

Table 4.3.7 Flight Performance based off Motor and respective characteristics  
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4.3.2.14. Flow Simulation 
4.3.2.14.1. Preliminary Results 

The SAP team has begun investigating the way in which the Active Stability and Altitude               
Control Unit (ASACU) will affect the launch vehicle’s roll and drag. A plethora of testing               
conditions were performed to learn about the rocket’s behavior when the adjustable canard fins              
are at a pitch angle of 0, 5, 10, and 15 degrees (from the long axis of the rocket), under velocity                     
conditions from 50 to 300 m/s, in increments of 50 m/s. Additionally, these simulations were               
performed under varying wind conditions, ranging from 0 to 20 mph, in increments of 5 mph, as                 
specified by the Project Milestones: Criteria and Expectations section in the NASA Student             
Launch Handbook. 

Solidworks Flow Simulation software was used to perform these calculations. Under the            
aforementioned conditions, the various simulations were able to find the force on the rocket              
caused by the fluid flow. With this information, the drag coefficient can be extracted from the                
following formula: 

 
F d = Cd × 2

ρV A2

 
 

where:  
Fd : Drag Force 

Cd : Drag Coefficient 
⍴ : Density of fluid 

V : Velocity 
A : Area 

 
This equation was rearranged to allow Flow Simulation to solve for the drag coefficient: 
 

Cd = F d × 2
ρV A2  

 
The drag force was calculated and extracted from Flow Simulation for each iteration of the pitch                
angle, velocity, and wind conditions.  

The area used was the cross sectional area of the tube (6 in. outer diameter). The density                 
of air was taken to be a common value. Therefore, the following assumptions were made: 
 

.018241469 m  A = 0 2  
.225 kg/m  ρ = 1 3  
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What has been found in this analysis thus far is that wind conditions have a great effect                 
on the behavior of the drag coefficient of the rocket as a function of velocity. While an increase                  
in pitch angle of the canard fins has a great impact on the scaling of the rocket’s roll (the larger                    
the difference the canard pitch is to the rocket’s long axis, the greater the roll), the trends of                  
every wind condition remain extremely similar across varying pitch angles. For the sake of              
simplicity, this report will look at the average results across all wind conditions for torque/roll               
and drag coefficient from the data of a 15 degree pitch angle: 
 

 
Figure 4.3.1.14.1: Velocity and Torque (Averaged Results) 

 
The average results for the induced torque on the rocket as a function of velocity in                

Figure 4.3.1.14.1 is fairly linear. However, this also implies that torque will increase in a               
near-parabolic manner as the rocket accelerates. Therefore, when coding the ASACU, this            
near-linear relationship with velocity will hopefully serve to simplify the commands needed to             
predict the rocket’s roll and adjust accordingly. 

The following results give way to the behavior of the drag coefficient of the rocket with                
respect to velocity. Similar to the previous figure, Figure 4.3.1.14.2 shows the averaged results              
across all wind conditions. 
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Figure 4.3.1.14.2: Velocity and Drag (Averaged Results) 

 
The results for drag as a function of velocity are much more complex than that of                

torque/roll, and require a more thorough analysis in order to understand how to use the               
information in Figure 4.3.1.14.2 to code the ASACU as accurately as possible. 

4.3.2.14.2. Potential Errors 

Future analysis should consider that the area used to estimate drag coefficients may need              
to change in order to yield higher accuracy. Firstly, it was mentioned earlier that the               
cross-sectional area of the body tube was used. Rather than using this area, a better               
approximation would be to use the cross sectional area plus the to the top of each fin, since this is                    
the area that is exposed to the incoming flow if one were to look directly down at the rocket                   
(from the perspective of the incoming flow).  

Secondly, as the pitch angle of the ASACU’s canard fins changes, so too does the area                
normal to the flow. For example, if the fins were tilted to 90 degrees from the rocket’s vertical                  
axis, the area that would be exposed to incoming flow would include the area of the side of all                   
three canard fins. Therefore, all pitch angles greater than 0 degrees (and less than 90) will yield                 
some marginally larger area that is normal to the air flow. 

Lastly, wind conditions will cause the total incoming velocity vector to not be perfectly              
aligned with the rocket’s long axis. While incoming fluid flow is assumed to be essentially               
parallel to the rocket’s long axis, winds would cause an angle offset to the total incoming flow                 
vector. As an exaggerated example, if wind speeds were just as strong as the vertical velocity of                 
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the rocket, then the velocity vector would be directed towards the rocket, but 45 degrees from its                 
long axis, thus requiring a much larger portion of area to be accounted for (as the body tube is                   
now directly exposed to the flow). While this is merely speculation since these considerations              
become unnecessarily tedious and exceed the scope of this competition, this is something to              
consider when accounting for error between simulation and reality. 

4.4. Mission Performance Predictions 

5. Safety 
5.1. Overview 

The safety officers for the Seawolves are Christos (CJ) Liopyros, and Jun (Albert) Yang.              
It is the duty of both safety officers to ensure, to the best of their ability, that the team is                    
understanding of the various risks and hazards associated with this competition. Potential            
dangers range from sanding fiberglass to being around certain chemicals - many issues can arise               
if corrective action is not taken to act in the interest of the team’s safety.  

Therefore, it is imperative that hazard analyses are conducted with regards to safety codes              
and regulations, failure modes, environmental concerns, and general risks that arise from the             
nature of a project of this sort. 

5.2. Personnel Hazard Analysis 
5.2.1. Safety Data 

Both CJ and Albert are responsible for ensuring that the Seawolves adhere to common              
standards of rocketry safety; for instance, one should refer to the NAR’s High Power Rocket               
Safety Code, whose various agreements are stated in the table below: 
 

Certification I will only fly high power rockets or possess high power rocket motors that are 
within the scope of my user certification and required licensing. 

Materials I will use only lightweight materials such as paper, wood, rubber, plastic, 
fiberglass, or when necessary ductile metal, for the construction of my rocket. 

 
Motors 

I will use only certified, commercially made rocket motors, and will not 
tamper with these motors or use them for any purposes except those 
recommended by the manufacturer. I will not allow smoking, open flames, nor 
heat sources within 25 feet of these motors. 

 
 

Ignition 
System 

I will launch my rockets with an electrical launch system, and with electrical 
motor igniters that are installed in the motor only after my rocket is at the 
launch pad or in a designated prepping area. My launch system will have a 
safety interlock that is in series with the launch switch that is not installed until 
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my rocket is ready for launch, and will use a launch switch that returns to the 
“off” position when released. The function of onboard energetics and firing 
circuits will be inhibited except when my rocket is in the launching position. 

 
Misfires 

If my rocket does not launch when I press the button of my electrical launch 
system, I will remove the launcher’s safety interlock or disconnect its battery, 
and will wait 60 seconds after the last launch attempt before allowing anyone 
to approach the rocket. 

 
 
 

Launch 
Safety 

I will use a 5-second countdown before launch. I will ensure that a means is 
available to warn participants and spectators in the event of a problem. I will 
ensure that no person is closer to the launch pad than allowed by the 
accompanying Minimum Distance Table. When arming onboard energetics 
and firing circuits I will ensure that no person is at the pad except safety 
personnel and those required for arming and disarming operations. I will check 
the stability of my rocket before flight and will not fly it if it cannot be 
determined to be stable. When conducting a simultaneous launch of more than 
one high power rocket I will observe the additional requirements of NFPA 
1127. 

 
 
 
 

Launcher 

I will launch my rocket from a stable device that provides rigid guidance until 
the rocket has attained a speed that ensures a stable flight, and that is pointed 
to within 20 degrees of vertical. If the wind speed exceeds 5 miles per hour I 
will use a launcher length that permits the rocket to attain a safe velocity 
before separation from the launcher. I will use a blast deflector to prevent the 
motor’s exhaust from hitting the ground. I will ensure that dry grass is cleared 
around each launch pad in accordance with the accompanying Minimum 
Distance table, and will increase this distance by a factor of 1.5 and clear that 
area of all combustible material if the rocket motor being launched uses 
titanium sponge in the propellant. 

 
Size 

My rocket will not contain any combination of motors that total more than 
40,960 N-sec (9208 pound-seconds) of total impulse. My rocket will not 
weigh more at liftoff than one-third of the certified average thrust of the high 
power rocket motor(s) intended to be ignited at launch. 

 
 
 

Flight Safety 

I will not launch my rocket at targets, into clouds, near airplanes, nor on 
trajectories that take it directly over the heads of spectators or beyond the 
boundaries of the launch site, and will not put any flammable or explosive 
payload in my rocket. I will not launch my rockets if wind speeds exceed 20 
miles per hour. I will comply with Federal Aviation Administration airspace 
regulations when flying, and will ensure that my rocket will not exceed any 
applicable altitude limit in effect at that launch site. 
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Launch Site 

I will launch my rocket outdoors, in an open area where trees, power lines, 
occupied buildings, and persons not involved in the launch do not present a 
hazard, and that is at least as large on its smallest dimension as one-half of the 
maximum altitude to which rockets are allowed to be flown at that site or 1500 
feet, whichever is greater, or 1000 feet for rockets with a combined total 
impulse of less than 160 N-sec, a total liftoff weight of less than 1500 grams, 
and a maximum expected altitude of less than 610 meters (2000 feet). 

 
Launcher 
Location 

My launcher will be 1500 feet from any occupied building or from any public 
highway on which traffic flow exceeds 10 vehicles per hour, not including 
traffic flow related to the launch. It will also be no closer than the appropriate 
Minimum Personnel Distance from the accompanying table from any 
boundary of the launch site. 

Recovery 
System 

I will use a recovery system such as a parachute in my rocket so that all parts 
of my rocket return safely and undamaged and can be flown again, and I will 
use only flame-resistant or fireproof recovery system wadding in my rocket. 

 
Recovery 

Safety 

I will not attempt to recover my rocket from power lines, tall trees, or other 
dangerous places, fly it under conditions where it is likely to recover in 
spectator areas or outside the launch site, nor attempt to catch it as it 
approaches the ground. 

Table 5.2.1: NAR - High Powered Rocket Safety Code 
 

In addition to general safety requirements, it is also imperative to be aware of individual               
risks that may come from the hands on activity that is required for this competition. A large                 
component of said activity is the actual construction of both the subscale and full scale rockets. It                 
is crucial to know the potential dangers that come with working with certain materials that are                
used during these phases of the project, and therefore the Safety team must collect and               
understand the Material Safety Data Sheets (MSDS) of chemicals and materials that pose any              
potential risk to the Seawolves team, if not used with caution. 

For instance, one of the materials that is almost certain to be used very soon in the                 
construction of the subscale launch vehicle is Rocket Poxy, a chemical bonding agent that is               
made specifically for rocketry applications. In order to better understand how to approach the use               
of a chemical like this, one must look at the MSDS for important hazards so that information                 
may be passed onto the team before use. While the risks of this particular material are not that                  
concerning, some rather important data for Rocket Poxy is included in the table below: 
 

 
 
 

 
 
 

Eyes: product is moderately irritating to the 
eyes 

Skin: Product is moderately irritating to to the 
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Health Hazard Data 

 
Acute  

skin and may cause skin sensitization 

Inhalation: Because of its low volatility this 
product is unlikely to be an inhalation hazard 

Ingestion: Product is designed to have a low 
order of acute oral toxicity 

Chronic Pre-existing eye, skin or lung disorders may 
be aggravated by exposure to this product 

 
 
 
 

Emergency and 
First Aid 

Procedures 

Eyes: Immediately flush eyes with large amounts of water for 15 
minutes. Get medical attention 

Skin: Wash affected area immediately with large amounts of soap and 
water. Remove and wash contaminated clothing before reuse. Contact 
a physician if irritation occurs 

Inhalation: Remove victim to fresh air and provide oxygen if 
breathing is difficult. Get medical attention 

Ingestion: Do not induce vomiting. Give large amounts of water. Call 
a physician immediately. Never give anything by mouth to an 
unconscious person 

 
 
 

Reactivity Data 

Stability: stable under normal storage conditions. Unstable at elevated 
temperatures 

Incompatibility: Strong oxidizing agents, strong lewis or mineral acids 
and strong mineral and organic bases/especially aliphatic amines 

Hazardous decomposition products: Phosphorus compounds, carbon 
oxides, aldehydes, acids, phenolics and other unknown compounds 

 
 
 

Spills or Leak 
Procedures 

If material is spilled: Avid contact with material. Persons not wearing 
proper protective equipment (see below) should be excluded from the 
area until clean up is complete. Dike area to prevent spill spreading 
and scoop up excess to recovery containers. Absorb remnant on 
noncombustible material such as clay and shovel into containers for 
disposal 

Waste disposal method: Dispose of waste in accordance with federal, 
state and local regulations 

Personal Protection 
Information 

Respiratory protection: Not normally necessary unless the material is 
being used in such a way as to produce dust, mist , vapor, fumes or 
smoke 
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Table 5.2.2: MSDS - Rocket Poxy  
 

Prior to launch vehicle construction (both subscale and full scale) it is necessary that              
Albert and CJ gather the MSDS’s for all chemicals, as well as any other safety information. The                 
safety officers will meet with the Seawolves team ahead of construction so as to brief the team                 
on the dangers of working with the acquired products, and then the measures that should be                
taken to avoid those dangers. The above tables show the type of data that will continue to be                  
collected to ensure the ultimate safety of the involved students. 

5.3. Failure Modes and Effects Analysis (FMEA) 

FMEA provides a way for the Seawolves team to identify all the potential risks              
associated with the proposed, from its design, to the integration of all subsystems, to the launch                
operations. As was stated in the project proposal, potential risks and hazards will be mitigated               
through the use of the Risk Assessment Code (RAC) developed by Industrial Safety Bastion              
Technologies. 

With that being said, the table below provides an introductory analysis into what could be               
cause for risk by looking at the probability and severity of mistakes made by the Seawolves                
team: 
 

Failure Mode 
(Team 
Responsible) 

Causes Effects Pre 
RAC 

Mitigation Verification 
Plan 

Post 
RAC 

Premature 
deployment 
due to 
unwanted 
altimeter 
triggering 
(R&N) 

RF signals from 
tracking 
electronics 
triggers 
altimeters.  

Vehicle 
deploys 
parachutes 
before 
reaching 
apogee, 
causing the 
kevlar shock 
cords to 
damage the 
airframe.  

1C Aluminium foil 
will be wrapped 
inside of the 
altimeter bay 
with musk tape 
to prevent RF 
signals from 
reaching the 
altimeters. 

Ground testing 
will be 
conducted to 
ensure that 
aluminium foil 
will prevent RF 
signals from 
penetrating 
and 
prematurely 
triggering the 
altimeters  

1E 

Premature 
separation due 
to drag forces 
(R&N) 

Incorrectly- 
sized main and 
drogue shear 
pins are 
sheared due to 
larger drag 
forces 

Vehicle 
deploys 
parachutes 
before 
reaching 
apogee, 

1A Nylon shear 
pins will be 
properly sized 
to avoid 
shearing from 
drag forces. 

Theoretical 
analysis and 
CFD of fins 
and ASACU is 
conducted to 
obtain drag 
forces.  FEA of 

1E 
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generated by 
lower section of 
the vehicle 
relative to the 
upper section, 
causing 
separation after 
motor burn out. 

causing the 
kevlar shock 
cords to 
damage the 
airframe. 

shear pins is 
done to parallel 
the theoretical 
pin sizing 
analysis. 
Ground tests, 
sub-scale flight 
and full-scale 
flight tests will 
further verify 
this. 

Premature 
separation due 
pressure 
differential 
(R&N) 

Incorrectly 
sized and 
distributed 
altimeter 
pressure 
portholes 
cause uneven 
pressure in the 
altimeter and 
trigger it 
prematurely.  

Vehicle 
deploys 
parachutes 
before 
reaching 
apogee, 
causing the 
kevlar shock 
cords to 
damage the 
airframe. 

1A Port holes will 
be correctly 
and distributed 
evenly on the 
altimeter bay to 
minimize 
pressure 
differential. No 
protrusions will 
be placed in 
front of the 
parachutes to 
create artificial 
pressure 
differences. 

Vent holes 
sizing 
calculations is 
done to 
accurately size 
pressure  port 
holes. 
Sub-scale flight 
and full-scale 
flight tests will 
further verify 
this. 
 
  

1D 

Vehicle is not 
tracked after 
certain altitude 
is reached. 
(R&N) 

The tracking 
electronics 
wiring comes 
loose due to 
launch 
vibrations, or 
RF signals are 
too weak for 
the ground 
receiver due to 
heavy cloud 
obstructions.  
 

The vehicle is 
lost if the drift 
is too large. It 
will take a 
long time to 
find the 
vehicle if GPS 
based 
tracking 
system fails. 

2B Both main and 
redundant 
tracking 
circuitry will be 
tested in using 
shakers to 
ensure wiring 
is rigid during 
launch 
vibrations. 
They will also 
be tested for 
RF range/ 
obstruction 

Ground testing 
of the main and 
redundant 
tracking 
systems will 
further verify 
this. 
 

2D 

PVC charge 
cannistors are 
damaged due 
to explosion. 
(R&N) 

Thickness of 
cannistors are 
too thin, 
causing hoop 
stress and 
radial stress 

This will 
prevent the 
team from 
reusing 
cannistors for 
future flights. 

2C The thickness 
of the 
cannistors is 
sized to absorb 
the hoop and 
radial stress. 

Subscale 
ground testing 
subscale flight 
and full scale 
flight tests will 
verify. 

2D 
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from ejection 
forces to 
produce cracks 

The entire 
bulkhead will 
need to be 
manufactured 
again. 

FEA of these 
forces is done 
to verify hand 
calculations. 

ASACU not 
functioning 
properly. 
(SAP) 

ASACU could 
be inaccurately 
adjusting roll, 
or fins may not 
be turning 
synchronously. 

Jeopardize 
the vehicle 
trajectory and 
preventing 
vehicle from 
reaching 
apogee. 

2A Relationships 
between 
canard fin pitch 
angle and 
induced roll 
must be 
developed to 
fully 
understand 
how to code 
the mechanism 
as accurately 
as possible. 

Full scale flight 
tests will 
further verify 
this. 
 

2D 

Motor Mount 
fails to keep 
motor in place 
(SAP) 

The motor 
could push 
upwards into 
the body of the 
rocket and 
damage 
internal 
components 
located above 
the motor. 

Jeopardize 
the vehicle 
trajectory and 
integrity of 
internal 
components. 
May prevent 
vehicle from 
reaching 
apogee. 

1D The motor 
mount should 
be tested to 
verify that it 
can support the 
amount of 
pressure it will 
encounter in 
flight, plus 
some safety 
factor. 

Full scale flight 
tests will 
further verify 
this. 
 

1E 

UAV failure to 
unload from 
deployment 
compartment 
(PAY) 

The UAV may 
get stuck inside 
its 
compartment 
and fail to exit 
the payload 
bay, rendering 
the beacon 
mission 
unsuccessful. 

The UAV 
itself may 
work, but this 
would not 
matter if it’s 
stuck in the 
payload bay. 

3B From testing, 
tolerances 
within the 
compartment 
and UAV will 
be adjusted for 
smooth 
deployment 

Full scale 
deployment 
tests will 
further verify 
this. 
 

4C 

Compartment 
door may fail 
during launch 
and UAV will 
drop from the 
apogee or 

With the U-bolt 
attached to the 
compartment 
door, the 
ejection charge 
might break the 

Payload will 
fall from the 
sky, more 
than likely 
obliterating 

1B From 
simulations, 
adjustments to 
the thickness 
of the door can 

FEA analysis 
will confirm. 

1E 
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drogue 
parachute 
deployment 
height. (PAY) 

door, dropping 
the UAV from 
its current 
height.  

the UAV. 
Could 
potentially 
harm a 
person upon 
crash landing. 

be made via 
replacement. 

During flight, 
wires may 
disconnect 
from the 
Arduino (PAY) 

With current 
tolerances, the 
UAV may rattle 
for and some 
components 
may come 
loose. 

With wires 
disconnected, 
the UAV will 
not move. 

2B Walls in 
compartment 
should be 
padded with 
foam-like 
material to 
reduce 
vibrations. 

Full scale 
deployment 
tests will 
further verify 
this. 

4E 

Table 5.3.1: FMEA of Entire Vehicle 

5.4. Environmental Concerns 
5.4.1. Vehicle Impacts 

 

Hazards to 
Environment 
(Team 
Responsible) 

Causes Effects Pre 
RAC 

Mitigation Verification 
Plan 

Post 
RAC 

Team members 
leave 
shop/launch 
fields 
unorganized, 
don’t clean 
up/take out 
trash/chips from 
mill/lathes, 
waste material, 
etc. (PAY, R&N, 
SAP) 
 

Team 
members 
don’t follow 
instructions to 
clean up after 
launch/ 
fabrication. 

Leaving trash 
behind in 
fabrication 
shop/launch 
field pollutes 
the local 
environment 
and 
jeopardizes 
Seawolves’ 
commitment 
to 
sustainability 
and a 
pollution- free 
work 
environment. 

2B Team 
members are 
required to 
follow the clean 
up instructions 
that address 
these hazards. 

Team 
members are 
required to 
sign the safety 
agreement. 
Any violations 
will result in a 
warning, and 
repeated 
offence will 
result in 
termination 
from the 
project. 

2D 

Unignited 
ejection charges 

Improper 
handling of 

Potential 
explosion/ 

1A Black powder 
will be stored in 

Only NAR 
certified 

1E 
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ignites 
pre-assembly. 
(R&N) 

black powder, 
such as 
storing in a 
container, 
allowing it to 
be vulnerable 
to static, 
storing in 
heated 
conditions, too 
much 
vibration 
during travel, 
etc. 

fires may 
damage 
surroundings 
like launch 
fields, other 
team’s 
vehicles, cars 
during 
traveling to 
launch field, 
etc. 

non-static 
containers 
away from 
heated 
sources. It will 
be stored in 
non-flammable 
cabinets and 
will be kept 
with NAR 
certified 
mentors at all 
times. 

members will 
be allowed to 
handle black 
powder. 
Nevertheless, 
all team 
members are 
required per 
the safety 
agreement to 
read the 
MSDS of the 
chosen black 
powder and 
never handle it 
by themselves. 
Any violations 
will result in 
immediate 
termination 
from the 
project. 

Unintended 
ejection of 
pollutants from 
vehicle. 
(PAY, R&N, 
SAP) 
  

Not 
assembling 
the launch 
vehicle 
appropriately; 
leaving 
components 
loose within 
the rocket 
body may 
cause them to 
be ejected 
into the 
environment 
during flight. 

Components 
like brackets, 
fasteners, 
and other 
parts of 
mechanical 
packaging 
that come off 
during flight 
would 
become 
ground 
rubble, 
polluting the 
environment. 

3A All team 
members are 
responsible for 
taking 
precaution in 
ensuring that 
no loose 
components 
are left within 
the rocket 
body. 

Root cause 
analysis is in 
place to avoid 
such disasters. 
If root cause 
points to 
certain team 
members 
violating 
procedures, 
they will be 
immediately 
terminated 
from the 
project. 

3D 

Table 5.4.1: Hazards to Environment 
 
 

Hazards from 
Environment 
(Team 
Responsible) 

Causes Effects Pre 
RAC 

Mitigation Verification 
Plan 

Post 
RAC 

Temperature 
sensitive 
altimeter is 

RRC3 missile 
works and 
Stratologger is 

A 
malfunction- 
ing altimeter 

2A All altimeters 
will be kept in 
temperature 

All altimeters 
will be 
periodically 

2D 
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damaged 
because it is 
kept in very 
hot/cold 
temperature for 
extended period 
of time. (R&N) 

temperature 
sensitive 
components 
and may be 
damaged if 
kept in very 
cold/warm 
temperatures 
for extended 
periods of 
time. 

may 
jeopardize the 
entire 
recovery of 
the vehicle, 
permanently 
damaging the 
payload and 
the vehicle. 
Altimeters are 
expensive, 
and replacing 
damaged 
ones would 
strain the 
budget. 

controlled 
environments, 
not deviating 
too much from 
23 C. 

tested in 
pressure 
temperature to 
ensure they 
are working. 
Members who 
are 
responsible for 
handling 
altimeters will 
be responsible 
to replace it if 
damaged. 

Premature 
separation due 
pressure 
differential due 
to high winds/ 
gusts of wind. 
(R&N) 

Incorrectly 
sized and 
distributed 
altimeter 
pressure 
portholes 
cause uneven 
pressure in 
the altimeter 
and trigger it 
prematurely.  

Vehicle 
deploys 
parachutes 
before 
reaching 
apogee. 
Kevlar shock 
cords 
damage the 
airframe by 
slicing 
through it. 

1A Port holes will 
be correctly and 
distributed 
evenly on the 
altimeter bay to 
minimize 
pressure 
differential. No 
protrusion will 
be placed in 
front of the 
parachutes to 
create artificial 
pressure 
differentials  

Vent holes 
sizing 
calculations is 
done to 
accurately size 
pressure  port 
holes 
according to 
RRC3 Missile 
works and 
Stratologger 
altimeter 
manuals. 
Subscale flight 
and full scale 
flight tests will 
further verify 
this. 
  

1D 

Launch vehicle/ 
electronics 
become 
damaged due to 
rain/wet ground 
landings. (R&N) 

Water 
sensitive part 
of the vehicle 
like the 
airframe, 
motor and the 
electronics 
come in 
contact with 
water.  

Blue tube 
which a 
epoxied 
cardboard 
material may 
lose structural 
strength if it is 
contact with 
water for too 
long. 
Altimeter, 
CDS, tracking 

2B All electronics 
will be sealed in 
a waterproof 
mechanical 
packaging. Blue 
tube will not be 
damaged by 
small amount of 
water/rain. 
NASA will not 
launch in highly 
wet conditions. 

All electronics 
mechanical 
packaging will 
be designed 
for 
waterproofing. 
If launched in 
minor rainy 
conditions, 
airframe, and 
all electronics 
will be 

2E 
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and payload 
electronics 
may be 
damaged if in 
contact with 
water. 

inspected for 
any damage 
and replaced if 
it is beyond 
repairable 
before next 
launch.  

Launch 
vehicle/parachut
es/payload 
become 
damaged due to 
drifting too far 
from 2500 ft 
requirement. 
(R&N) 

Parachutes 
are not size 
properly 
leading to 
excessive drift 
beyond 2500 
ft. Vehicle is 
launched in 
wind speed 
over 20 mph. 

Launch 
vehicle/parac
hutes/payload 
become 
damaged as it 
comes in 
contact with 
trees, 
unapproved 
terrains 
outside of 
launch field. 

2B Parachutes are 
sized and 
simulated using 
multiple 
methods for 
different wind 
speeds up to 
and including 
20 mph.  

Full scale flight 
tests will 
further verify 
this. 
 

2E 

Table 5.4.2: Hazards From Environment 

5.5. Project Risks 

 

Project Risks 
(Team 
Responsible) 

Causes Effects Current 
Likelihood/ 
Impact 

Mitigation New 
Likelihood/ 
Impact 

Failure to 
appropriately 
plan a timeline 
for meeting 
competition 
objectives (PAY, 
R&N, SAP) 

Subsystem 
teams are not 
fully confident 
in their 
designs and 
end up not 
having 
enough time 
to validate 
their theories 
and models. 

Messy reports 
due to the 
rush to gather 
data, poorly 
designed/ 
constructed 
launch vehicle 
due to the 
time crunch, 
and models 
that work in 
theory but not 
in practice. 

Medium/ 
High 

Task assignment 
sheets are created 
by each 
subsystem’s team 
leader, in which 
each subsystem 
team member 
assigns himself a 
specific task to 
investigate. 

Low/High 

Insufficient 
budget 
(AIAA-SBU) 

Outreach 
through 
AIAA-SBU is 
not capable of 
acquiring 

Compromises 
must be made 
in the 
construction of 
either the 

Medium/ 
High 

AIAA-SBU is 
continuing to do 
make great efforts 
to acquire funds 
through corporate 

Medium/ 
Medium 
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corporate 
partners or 
sufficient 
donations to 
fund the 
expenses that 
current budget 
estimates do 
not meet. 

subscale or 
full scale 
vehicle, or 
both, resulting 
in a decrease 
in competition 
performance. 

or individual 
donations by 
connecting with 
alumni, touring 
companies, and 
meeting with 
professionals to 
educate them on 
the mission of this 
competition and 
AIAA-SBU as a 
whole. 

Inability to meet 
the functionality 
requirements 
that were 
outlined in the 
proposal (PAY, 
R&N, SAP) 

The team 
either created 
concepts that 
were too 
difficult to put 
into practice, 
or the team 
was simply 
incapable of 
performing 
sufficient 
analysis. 

Lack of 
analysis or 
ability to 
create initial 
concepts 
would cause 
setbacks to 
the project 
timeline, or 
cause the 
team to rush, 
possibly 
resulting in 
mission 
failure. 

Medium/ 
High 

Multiple concepts 
must be designed 
and analyzed in 
anticipation for the 
failure/impracticalit
y of other designs. 
These backup 
plans will serve to 
mitigate the chance 
of any devastating 
impacts on the 
projected date of 
completion for a 
component or 
mechanism. 

Low/ 
Medium 

Inclusion of extra 
components to 
ensure higher a 
degree of safety 
measures (PAY, 
R&N, SAP) 

In order to 
ensure the 
safety of the 
launch 
vehicle’s 
performance, 
additional 
sensors and 
such would be 
added to the 
vehicle so that 
safety risks 
can be 
monitored 
better and 
detected/ 
mitigated 
sooner. 

Additional 
safety 
methods may 
be redundant 
and would 
have a large 
impact on the 
budget of the 
project, 
adding stress 
to the 
AIAA-SBU 
team in 
charge of 
acquiring 
resources. 

Low/ 
Medium 

The Seawolves 
team will make 
sure to 
communicate often 
with the LIARS 
mentors in order to 
ensure the safety 
of vehicle 
operations, while 
avoiding redundant 
and potentially 
unnecessary 
components and 
costs. 

Low/Low 

Table 5.5.1: Project Risks 
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6. Payload Criteria 
6.1. Payload Objective and Experiment 

The payload objective is to successfully deploy a UAV or drone from a safely landed 
rocket. This drone will be fly to the excursion area and drop a 1 in3 navigational beacon with 
Stony Brook’s logo. The requirements are listed from the handbook as follows: 

 

Requirement # Successful Result 

6.6.1 The nose cone will eject, the DRES will orient and exit the drone. Then 
the drone will take off. 

6.6.2 The drone’s power supply will be switched on by the DRES, which will 
be connected to radio equipment. 

6.6.3 The drone will be securely placed in a fail-safe active retention system 
designed for atypical flight forces. 

6.6.4 Upon rocket landing and under supervision of the Remote Deployment 
Officer, the DRES will be activated, which will activate the drone once it 
is ready for take-off. 

6.6.5 The remote controlled drone will be carefully maneuvered to the Future 
Excursion Area.  

6.6.8 The drone will drop a beacon in the FEA. 

6.6.9 The navigational beacon will be 1x1x1 in3 and will have the school logo 
cleared printed. 

6.6.10 The battery will be in a compartment within the drone and will be coated 
with fire-retardant fabric. 

6.6.11 The drone battery will be colored bright and marked as a fire hazard to 
make it easily distinguishable from other UAV parts. 

6.6.12 All FAA regulations must be checked and follows. 

6.6.13 The drone will be registered with the FAA and will have the registration 
number clearly visible. 

Table 6.1: Success Criteria 
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6.2. Payload System Level Design 

This section gives an overview of each alternate designs considered. For every design, its 
pros and cons, and comments have been made. 

6.2.1. Foldable UAV Design 1: Four Arm Unfolding Mechanism 

 
Figure 6.1: Foldable UAV Design I 
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Figure 6.2: Foldable UAV Design I Gear System 

  
Brief Description:  

This design allows control over the arm angles respect to the chassis. A servo, capable of 
rotating more than 360 degrees, controls two sets of worm gears on the same shaft that rotates 
the drone’s arms. The chassis allows storage of battery underneath the folding system as well as 
more space for storing electronic components.  

In Figure 6.2, the servo is located at the top of the image. The rotational power is 
transferred to the shaft and the worm rotates with the worm gears. Since the two worms are 
threaded in opposite directions, the same rotation motion of the shaft can unfold the drone’s front 
two arms in opposite direction to the back two arms. 

The drone also contains a beacon release mechanism. A small servo turns and rotates a 
bottom door on the drone, dropping the beacon pyramid. Since the beacon will drop and roll, the 
pyramid shape was chosen to reduce the chances of rolling on the ground.  
 
Pros: 

● Precise control over folding the arm 
● Control all four arms with one high torque continuous rotation servo. 
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Cons: 
● Difficult to manufacture with precise gears and shaft. 
● The gears and shaft add to the weight of the drone. 

 
Comments 

The primary issue with this design is the complexity with gears and an extra actuator the 
folding motion. This can be a challenge to manufacture. However, the advantages is that it 
autofolds in a predictable and smooth way.  

 
 

6.2.2. Foldable UAV Design 2: Tension Cord Unfolding Mechanism 

 
Figure 6.3: Foldable UAB Design 2 Expanded 
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Figure 6.4: Foldable UAV Design 2 Folded 

 
Brief Description: 

This simple design has four rotating pivots for each arm. The tension cords attached to 
the arms will pull the arms closer. In the folded position, the force from the frame of the rocket 
to the edge of each arm will keep the arms from expanding. The arms will expand as it exits the 
payload bay. The stoppers protruding out at the top base plate, stops the arms from collapsing 
into each other. The arms will be made of carbon fiber tubes for strength. 
 
Pros: 

● Simple design and less moving parts. 
● Easy to manufacture with few moving parts and no gears. 

 
Cons: 

● The expansion movement of the arms may move very fast because the tension cord will 
pull on the arms without anything to resist its movement. The acceleration of the arms 
may cause damage to the drone. 

● The folded position is fairly long, potentially taking up too much space. 
 
Comments 

A tension cord that does not provide enough tension in the expanded position may lead to 
unwanted vibrations during flight. If such cord is not found, a locking mechanism near the pivot 
will be required to prevent the arms from swinging. This is the simplest of the designs that 
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should fulfill the requirements. 
 

6.2.3. Foldable UAV Design 3: Center Point Unfolding Mechanism 

 
Figure 6.5: Foldable UAV Design 3 

Brief Description: 
This system uses a mechanism consisting of one worm and worm gear pair driven by a 

servo motor. The arms of the drone are shaped in an “X” pattern so that one pair of arms can 
pivote at the center point. This allows the drone to change into a compact form. 

 
Pros: 

● Simple design 
● Easy to manufacture 

 
Cons: 

● Less storage room for electrical components due to the gear pair. 
● Position of the arms are not level with each other. One arm is higher than the other 

making the drone less stable. 
 
Comments: 
The folding size of the drone is relatively large because it takes up space both vertically and 
horizontally even in the folded position. This drone also does not have a lot of space to carry 
electrical components because it carries all components from a single pivot point. 
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6.2.4. Beacon Release Mechanism 
For the first and second drone designs, a simple release mechanism for the beacon have been 
proposed. A single servo was chosen to control this mechanism to minimize complexity. After 
rotating the servo horn, the beacon will free fall downwards. All release mechanisms are placed 
underneath the drone. 

 
 Figure 6.6: Drone Design 1 Beacon Release Mechanism 

 

 
Figure 6.7: Drone Design 2 Beacon Release Mechanism 
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6.2.5. DRES Design 1: DRES with Commercial Bearings 

 
Figure 6.8: DRES Design 1 

Brief Description: 
This DRES system uses commercial bearings and has a stiff aluminum rod at the center. 

For stability of the cantilever rod during flight, the tip of the rod is connected to the nose cone 
until the nose cone has been ejected. An electric motor will be used to orient the rod at the back 
of the flange and the drone will exit using a lead screw actuator. 
 
Pros: 

● Does not require the use of custom bearings. 
● Weight is less than 4 lbf for the system. 

 
Cons: 

● The aluminum rod sticks out like a cantilever and could be prone excessive bending 
● Motors are required to orient the drone. 

 
Comments: 

There will be excessive torque by the bearings and a second flange may be needed to 
mitigate the torque on the bearings. Also, the cantilever-like rod may be prone to excessive 
bending if a stiff material is not chosen. Nevertheless, this is a lightweight design that avoids 
using excessive amount of non-commercial components.  
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6.2.6. DRES Design 2: DRES with Thread Rotation 

 
Figure 6.9: DRES Design 2 Motor Plate 

 

 
Figure 6.10: Total Length of Threaded Cover and Drone Holding Platform 
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Figure 6.11: Drone inside DRES Design 2 

 
Brief Description: 

This system relies on a single stepper motor for pushing the drone out of the payload bay 
and orienting the drone. This mechanism utilizes an internal thread inside a cylindrical metal 
cover that allows rotation as well as translation of the drone inside. When the stepper motor 
rotates, the drone platform rotates, pushing the whole system forward inside the casing. After the 
drone is sufficiently exposed outside of the payload bay, the stepper motor will stop and the 
drone will be ready for takeoff. 
 
Pros: 

● Only one motor is needed 
● Sturdy aluminum frame 
● Complete control over drone’s orientation 

 
Cons: 

● Hard to manufacture 
● Relies on low friction between the threaded cover and the drone holder 
● With multiple components, the weight is relatively high 

Comments: 
Maximizing the radius, this system efficiently utilizes the internal space. The chosen 

drone design fits well and will be able to rotate without touching any part of the cover. However, 
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manufacturing this can be tricky. The threaded pattern must be machined to an accurate tolerance 
to prevent jamming. It can be advantageous to stick to a commercially available part than 
designing a custom solution.  

 

6.3. Design Justification Criteria 

The chosen design for the drone are based on the following criteria. The most important               
factor to consider is the reliability of the unfolding mechanism. The reason is because if the                
drone fails to unfold, it will not be able to fly properly. Other criteria such as complexity, weight,                  
size, internal space, and durability will not be as important as reliability. However, if the chosen                
designs have similar reliability factors, the final decision will rely on the other factors.  

Weight is chosen as the second important factor because it influences not only the              
drone’s flight, but also the rocket flight as well. Less weight can significantly improve the               
rocket’s performance. Size, complexity, and internal space come after weight because these three             
criteria are important to the creation of the payload system as a whole, but can be changed easily                  
depending on the design. Lastly, durability is the least factored criteria since the drone will only                
need to fly once during the competition.  

In the section below, a design comparison matrix is shown to calculate the best design               
based on criterias with weighted factors.  

6.4. Current Leading Design 

Criteria Weigh
t 
Factor 

Four Arm Unfolding 
Mechanism 

Tension Cord 
Unfolding Mechanism 

Center Point 
Unfolding 
Mechanism 

Reliability 0.50 
4 8 9 

Weight 0.20 5 8 7 

Size 0.15 10 8 3 

Simplicity 0.10 5 10 8 

Internal 
Space 

0.03 10 9 1 

Durability 0.02 8 7 3 
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Total 1 7.66 7.31 7.24 

Table 6.2: Design Comparison Matrix 
 

The chosen design is the Four Arm Unfolding Mechanism. This mechanism was rated             
highly in size and internal space and was also highly reliable and durable. Though the internal                
mechanism can weigh more than other designs, it still has outstanding qualities which             
outperforms the other two designs.  

The second drone was eliminated because of the risk of the drone not exiting smoothly.               
The drone also could have the tendency for the arms to vibrate if the tension is not strong                  
enough, which can affect the performance of the drone. The third drone was eliminated because               
the gear pair inside of the chassis limited the space for electronics and the arms were not level                  
with each other. Arms that are not leveled will hinder stability from lack of symmetry. The first                 
drone was thus chosen as the overall current leading design. 

For DRES designs, though both had good qualities, since the first design was chosen for               
the drone, the DRES with Thread Rotation was chosen in accordance. The reason lies in the fact                 
that the drone design was created in parallel to this specific DRES.  

 

6.5. Estimated Mass of Each Component 

To approximate the total weight of the chosen drone, the following table has been created to 
estimate the mass for each component. 
 

Components Estimated Mass (lbf) 

Lithium Polymer Battery 1.10 

Chassis 0.66 

4 x Brushless Motors  0.46 

Beacon 0.01 

4 x Propellers 0.07 

Electronics (total) 0.22 

Camera 0.33 

Continuous Rotation Micro Servo 0.10 
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Total 2.95 

Table 6.3 Mass Estimation for Drone Components 

  

Components Estimated Mass (lbf) 

Stepper Motor 0.24 

Outer Casing 3.99 

Motor Casing 0.11 

Other Material+Hardware 1.62 

Total 5.96 

Table 6.4 Mass Estimation for DRES Components 

 
The mass of the Drone and the DRES were calculated using data sheets of components               

online. For objects such as the DRES outer casing, aluminum was used as the material and its                 
density was multiplied to the volume of the object. The total payload mass resulted in 8.92 lbf. 
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6.6. Electronics 

 
Figure 6.12: Drone Electronics Block Diagram 

 
In figure 6.12, a block diagram is shown to explain how all the electronic components               

will interact inside the drone. The main controller, the Pixhawk Flight Controller, will be              
responsible for interfacing all the components which resides in the drone. This includes the              
electronic speed controllers, the receiver, the gps and the power board.  

The receiver for the drone, as well as the camera receiver, will communicate using radio               
frequency over to the base station. The base station consists of a laptop which will be used to                  
display sensor data and real time visual feedback. The pilot will use a remote controller to                
maneuver the drone while looking at the base station data.  
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Figure 6.13: DRES Electronics Electronic Schematic 

 
Figure 6.13 displays the schematic for onboard electronics used to control the DRES.             

With the Arduino Nano at its core, components such as the servo and stepper motor are                
controlled. While the stepper motor is used to control the main part of the DRES systems, the                 
servo will be part of the drone release mechanism from the DRES.  

The gyroscope connected to the Nano is used to receive input from the system. This is to                 
obtain the orientation of the drone to make sure it exits the payload bay while being upright with                  
respect to the ground.  

 

6.7. Interface between Payload and Launch Vehicle 

The payload bay will be placed directly under the nose-cone at the top of the rocket’s                
main body. The purpose is for the drone to deploy out of the payload bay with no parachute                  
strings or other potential hindrances.  

Once the rocket has successfully landed on the ground, the nose-cone will be ejected by               
an explosion which is created by black powder that has been stored in a section above the                 
payload bay. The DRES will protect the drone from the explosion and will prevent any damages                
to the electronics.  
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After the nose-cone has been ejected, the DRES system will be exposed outside and will               
be capable of pushing the drone out of the payload bay area. The explosion will be triggered by                  
electronics that are inside the payload area and will be controlled from the base station.  
 

7. Project Plan 
7.1. Requirements Verification 

7.1.1. Verification Plan 
7.1.2. Team-Derived Requirements 

7.1.2.1. Structures, Aerodynamics, and Propulsion 
7.1.2.2. Recovery and Navigation 

 
Section Requirement Description Identify Verification Plan 

R&N 
Team-Derived 
Requirements 

RN1 

Organize workload of 
team so as to not receive 
help from other subsystem 
teams. This is due to the 
senior design capstone 
course for Mechanical 
Engineering students at 
SBU. 

Inspection 

Advisors from each senior design team 
are responsible for making sure that no 
work is shared between teams. 
Exceptions are made for tasks that 
require collaboration. This means that 
some aspects of design are overseen 
heavily by the advisors. The plan to verify 
this is to continue under supervision. 

RN2 

The descending rocket will 
not interfere with the 
release of the payload 
system. 

Analysis 

In order to prevent unsuccessful payload 
test missions, the R&N team must work 
with PAY to ensure that the descent 
configuration of the rocket will always 
result in successful payload missions. 

RN3 

The tracking of the vehicle 
will be handled by the 
payload system. This is in 
order to provide the team 
with as much space as 
possible in the nose cone. 
Another reason for this is 
the potential necessity for 
a flight computer with 
tracking as well for SAP 
and the movable fin 
system. 

Test 

The payload team will consider the design 
of the tracking system on board (separate 
power) and have it double as a useful 
system for itself. As for R&N, the team 
members should be willing and able to 
help in implementation of any tracking 
devices that may interfere with the 
onboard altimeters. 

Table 7.1: Recovery and Navigation Team-Derived Requirements 
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7.1.2.3. Payload 
7.2. Budgeting and Timeline 

The project schedule was created using Google Sheets, a cloud-based spreadsheet software. The             
schedule updates cell colors based on the proximity of important dates, providing a real-time              
look on major student launch event dates. Below is an image of the schedule from November 1st,                 
2018: 
 

Year Month Date Item/Event Notes? 
Days 
Until 

2018 

August 08/22/201
8 

Request for Proposal 
(RFP) Released  -72 

September 09/19/201
8 

Electronic copy of 
completed proposal 

due 

Submit to project office by 3 p.m. 
CDT (4 p.m. in New York) to 

Katie Wallace: 
katie.v.wallace@nasa.gov 

Fred Kepner: 
fred.kepner@nasa.gov 

Receipt of all submissions will be 
confirmed via an email response. 
If you have attached a large file 

to your submission email and not 
received an email confirmation, it 

may not have been received. 

-44 

October 

10/04/201
8 

Awarded proposals 
announced  -29 

10/11/201
8 Kickoff and PDR Q&A 

Vidyo Kickoff teleconference 
followed by a Preliminary Design 

Review Question and Answer 
Session. Two separate sessions 
at 11 AM and 2 PM in New York. 

-22 

10/26/201
8 Media Release Forms 

Media Release Form 
Please have every team member 

complete the attached Media 
Release Form and return all 
forms in one email to Ryan 

(ryan.j.connelly-1@nasa.gov) 
by October 26th, 2018. There 
are two versions of the form 

attached, one is for anyone who 
is 18 years of age or older on the 

date of signing and one for 

-7 
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anyone who is 17 or younger. 
This form will be discussed in the 

Kick-off teleconference. 

10/26/201
8 

Team social media 
presence established 

Social media handle list sent to 
project office by 8:00 a.m. CDT 

(9:00 a.m. in New York) 
Please submit a list of the 

usernames and associated 
social media platforms that your 

team will utilize this year to 
promote your project. This list is 

due to Ryan 
(ryan.j.connelly-1@nasa.gov). 
Please only send handles that 

belong specifically to the rocket 
team, we are not asking for 

social media handles belonging 
to individual team members or 

the entire academic institution. If 
your team will also utilize a 

website, please include your 
URL. 

-7 

November 

11/02/201
8 

Preliminary Design 
Review (PDR) report, 
presentation slides, 

and flysheet due 

Submit to NASA project 
management team by 8:00 a.m. 
CDT. (9:00 a.m. in New York) 

0 

11/06/201
8 

PDR video 
teleconferences 2:30 PM in New York 4 

11/27/201
8 CDR Q&A  25 

2019 
January 

01/04/201
9 

Subcale Launch 
Deadline 

2.19. All teams will successfully 
launch and recover a subscale 

model of their rocket prior to 
CDR. Subscales are not required 

to be high power rockets. 

63 

01/04/201
9 

Critical Design Review 
(CDR) report, 

presentation slides, 
and flysheet due 

Submit to NASA project 
management team by 8:00 a.m. 
CST (9:00 a.m. in New York) 

63 

01/07/201
9 

CDR video 
teleconferences until 01/22/2019 66 

01/25/201
9 FRR Q&A  84 

March 03/04/201 Vehicle  122 
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9 Demonstration Flight 
deadline 

03/04/201
9 

Flight Readiness 
Review (FRR) report, 
presentation slides, 

and flysheet due 

Submit to NASA project 
management team by 8:00 a.m. 
CST (9:00 a.m. in New York) 

122 

03/08/201
9 

FRR video 
teleconferences until 03/21/2019 126 

03/25/201
9 

Payload 
Demonstration Flight 

and Vehicle 
Demonstration 

Re-flight deadlines 

 143 

03/25/201
9 FRR Addendum due 

Submit to NASA project 
management team by 8:00 a.m. 
CST (9:00 a.m. in New York) 
(Teams completing additional 
Payload Demonstration Flights 

and Vehicle Demonstration 
Re-flights only) 

143 

April 

04/03/201
9 

Teams travel to 
Huntsville, AL  152 

04/03/201
9 

Launch Readiness 
Reviews (LRR) for 

teams arriving early 
OPTIONAL 152 

04/04/201
9 

Official Launch Week 
Kickoff, LRRs, Launch 

Week Activities 
 153 

04/05/201
9 

Launch Week 
Activities  154 

04/06/201
9 Launch Day  155 

04/06/201
9 Awards Ceremony  155 

04/07/201
9 Backup launch day  156 

 04/26/201
9 

Post-Launch 
Assessment Review 

(PLAR) due 

Submit to NASA project 
management team by 8:00 a.m. 
CDT (9:00 a.m. in New York) 

175 

 
Total Budget 
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Funding 
From preliminary budget estimates, this project requires a total of $6,885.46 to            

effectively execute. To successfully attain this funding, the Stony Brook team has reached out to               
three university organizations, a variety of local aerospace/mechanical engineering companies,          
alumni, and interested personel. The team has also requisitioned funds allocated for senior design              
teams working on the project. 

One university organization that the team reached out to request funds from was the              
College of Engineering and Applied Sciences (CEAS). Student clubs and organizations on            
campus registered with CEAS are able to request funds through CEAS. AIAA-SBU applied for              
funding for the 2019-2019 year. AIAA-SBU has already received funding for projects through             
CEAS. In total, $500 was awarded to pay for some structural supplies as well and $800 awarded                 
towards travel during the fall semester. AIAA-SBU will also apply for another $500 in funding               
for parts. It is expected that a significant portion of this funding will be granted to the chapter. 

The team also has access to funding through the Undergraduate Student Government            
(USG) at Stony Brook University because AIAA-SBU is an officially recognized university            
student organization. The AIAA-SBU chapter is due to receive a maximum of $600 in the Spring                
2019 semester. In addition, AIAA-SBU has the ability to apply for up to $4000 in travel grants.                 
AIAA-SBU chapter intends to reach out to them to request funding for travel. 

CEAS also offers outreach programs for all of the clubs that they support. This includes a                
team that will help obtain third party sponsorship for any competition club. Since AIAA-SBU is               
registered as both a professional organization and a competition club they are able to use this                
outreach program to try to obtain funding from local and national companies. Currently the club               
has created a sponsorship packet is in the process of . Companies can benefit from this in many                  
ways. Sponsorships are tax deductible and also provides opportunities for networking with            
students within the Stony Brook community for potential employment. In total the team             
estimates to obtain $2000 from outside sponsorship to use on the project. Another university              
department that the team reached out to request funds from was the Department of Mechanical               
Engineering. This department has previously sponsored design competition teams in the past,            
and the team expects to receive $500 from the department. 

A final source of monetary resources is money allocated to the senior design teams to               
work on their senior design projects. Each student on a team is given $280 once their project is                  
approved. In total there are 9 students who are working on this project as part of their senior                  
design class meaning that $2,520 will be allocated to this project through those teams.  

In total the proposed outreach will result in $11,120 distributed to the Stony Brook team.               
This is $4,234.54, more than required, which is good as the extra money would go to more                 
supplies for testing and facilities for testing. 
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