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I) Summary of FRR report 
 

1.1 Team Summary  
● Cedar Falls STARS  
● 1015 S Division St. Cedar Falls, Iowa 
● Mentor-Tyler Sorensen, NAR #: 99437, TRA #: 16311, Level 2 certified, 

tylersorensen3@gmail.com 

1.2 Launch Vehicle Summary 
● Size and mass: The launch vehicle will be 8 feet in length, 5 inches in diameter (body), 

and 23 pounds with all components on the launch pad. 
● Preliminary motor choice: Cesaroni K590 motor 
● Official target altitude (ft.): 5280 feet 
● Recovery system: 78 inch diameter parachute (dome-shaped). 
● Milestone Review Flysheet 

1.3 Payload Summary  
Payload Title: AARPS (Autonomous Aerial Recovery parawing-System)  

 
The parawing recovery system, as it is currently defined, consists of a parawing sheet 

(with an area of approximately 5 m2), two separate servos each with cords connecting each side 
of the parawing to their respective side’s servo, an on-board power source, and lastly, a flight 
controller. There will be GPS connectivity between the flight controller and the radio controller 
on the ground, as GPS data is what the flight controller will use when relaying information to the 
servos to, in turn, direct the payload down to the target area. There will be a safety backup of a 
manual override that will allow a person to take control of the flight controller and direct the 
parawing down by controlling the servos via radio remote control. 
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II) Changes Made since CDR 
 

2.1 Payload Changes 
Since the CDR we have fully constructed the payload unit including all framework, 

wiring, and most of the coding. The parawing is also constructed in its final design. Some 
changes have been made to the original chute release to allow for proper positioning within the 
rocket. Overall no foundational aspects of the payload have changed. 

2.2 Launch Vehicle Changes  
The only launch vehicle change made was a minor change to the size of the fins.  We 

changed the size of the fins by increasing the semi span from being 4.5 inches tall to 5 inches 
tall because this increase in fin size brings the Center of Pressure lower on the airframe which 
then offers greater stability during flight.  This increase in stability then increases the reliability of 
the launch vehicle. To keep the same overall fin shape and scale, this increase of the semi span 
from 4.5 inches to 5 inches then caused the root cord length to increase from 14 inches to 15.5. 

III) Vehicle Criteria  
 

3.1 Design and Construction of Vehicle  

● Describe any changes in the launch vehicle design from CDR and explain why those 
changes are necessary. 

○ The only launch vehicle change made was a minor change to the size of the fins. 
We changed the size of the fins by increasing the semi span from being 4.5 
inches tall to 5 inches tall because this increase in fin size brings the Center of 
Pressure lower on the airframe which then offers greater stability during flight. 
This increase in stability then increases the reliability of the launch vehicle. To 
keep the same overall fin shape and scale, this increase of the semi span from 
4.5 inches to 5 inches then caused the root cord length to increase from 14 
inches to 15.5. 

●  Describe features that will enable the vehicle to be launched and recovered safely. 
○  Structural elements (such as airframe, fins, bulkheads, attachment hardware, 

etc.) 
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■ For this mission, the team decided to go with a trapezoidal fin shape with 
a subsonic planform fin shape. The team went with a trapezoidal fin 
shape because of its naturally aerodynamic shape as well as it has a 
taper at the end of the rocket, thus reducing the chance of the fins 
impacting first and taking the brunt of the force on landing. The team 
chose a subsonic planform fin shape, or a fin with a rounded front edge 
because according to our calculations, the rocket will be traveling at 
subsonic speeds throughout our flight. Because it will be traveling at 
subsonic speeds, a rounded front edge of the fin allows for lower drag 
than other fin shapes. The team is using fiberglass in the fins, bulkheads, 
and structural elements to make sure risk of failure stays at an absolute 
minimum. These elements of the rocket will are made of standard wall 
fiberglass due to the great strength of the material. This will ensure the 
success of the rocket and a low chance of structural failure. The fins are 
attached using a through-the-wall method, allowing for an extremely 
strong connection. Along with the fins going through the walls of the 
rocket, there are also fin guides put into place within the rocket, adding 
even more strength to the rocket. RocketPoxy is used to glue the fins to 
the rocket due to the extreme strength of this epoxy, and the high 
temperatures it is able to withstand. This is also how we keep our 
bulkheads in place, again because RocketPoxy is such a strong material, 
and is designed for this exact purpose. Our motor is mounted using three 
separate centering rings, both attached to the motor mount tube and body 
tube using RocketPoxy. The fins will be glued to the motor mount tube as 
well, raising the amount of surface area glued to the motor mount tube. 
The glue is again RocketPoxy, since the heat of the motor will be very 
high and RocketPoxy is one of the few connective materials able to 
withstand the high temperatures. The accumulation of these factors will 
allow for a safe launch and recovery. 

○  
● Discuss flight reliability confidence. Demonstrate that the design can meet mission 

success criteria. 
○ The launch vehicle will be constructed primarily of fiberglass. This means that the 

basic body elements, such as the fins, body tube, and nose cone, will not crack 
under the stresses of launch and landing due to it being a sturdy material. Also, 
the fins are secured using a through-the-wall method. This allows them to be 
much more reliable than other mounts, and the RocketPoxy also adds structural 
integrity. We also attached the motor mount tube using three centering rings, 3d 
printed fin alignment plates, and RocketPoxy, so the motor mount tube will also 
be secure and reliable. With the reliability of our design, we will be able to meet 
the target height of a mile and successfully deploy the payload with all parts of 
the rocket remaining functioning through our total of 3-4 flights. 

● Prove that the vehicle is fully constructed and fully document the construction process. 
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○ First we cut out the fins with the laser cutter  

 

 

○ First the motor tube and fins were attached using rocket poxy, next the shock 
cord was attached through a centering ring with a knot tied and then rocket 
poxied to the tube. 
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○ Next we used the laser cutter and created the electronics bay  
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○ Next we poxied the inner motor section to the outer booster section  

 

● Include schematics of the AS-BUILT rocket. There is a good chance dimensions have 
changed slightly due to the construction process. 

○  
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● Discuss how and why the constructed rocket differs from earlier models. 
○ The biggest differences in the constructed rocket vs. the preliminary designed 

rocket are the fin sizes and the individual lengths of the two main body tube 
sections. The fin sizes were increased very slightly (semi span from 4.5” to 5” 
and root cord length from 14” to 15.5”) to bring the center of pressure lower 
therefore increasing the stability margin making the rocket safer.  The body tubes 
were originally designed to be the same length, 36” each.  It was decided to keep 
the overall length of the rocket (100”), but shorten the booster body tube to 32” 
and increase the upper body tube length to 40”.  This allowed the team to give 
the parawing, pilot chute, main chute, and misc. electronics the most room 
possible.  The booster body tube only needed to house the motor/casing, kevlar 
cord, and a very small 24” drogue chute so it was decided to take some of the 
length of the booster tube and give it to the upper body tube where more of the 
internal components would be. 

 

3.2 Recovery Subsystem 
● Describe and defend the robustness of the as-built and as-tested recovery system. 

○ Structural elements (such as bulkheads, harnesses, attachment hardware, etc.) 
■ The drogue parachute used is a 24-inch Ultra X-type parachute made by 

Top Flight Recovery, and the main parachute is a 78” Crossfire parachute 
by Top Flight Recovery. For the harnesses, 0.38” 3600# hollow kevlar 
cord sold by Wildman Rocketry served as the shock cord for both the 
drogue and main parachute. According to rocketry experts, the team 
found that the kevlar cord is used for rockets 4 times the size of their 
rocket, meaning the cord should have more than enough strength to 
handle the shock in the rocket. As for the bulkheads, they were 
constructed from sheets of G10 fiberglass glued to the inside of the rocket 
using RocketPoxy. This is an epoxy adhesive that can withstand high 
stresses and high temperatures. Through the middle of the bulkheads 
were 5/16” x 1.5” forged and threaded eye bolts with nuts and washers on 
each side of the fiberglass to ensure that the bulkheads wouldn’t crack 
and the bolts wouldn't come loose. This served as the attachment 
hardware. Attached to these eyebolts were threaded quick links, which 
can withstand large amounts of tensile strength. Tied to these were the 
3600# kevlar cord. The knots of the kevlar cord were glued with 
RocketPoxy to secure it. The team utilized these quick links in order to 
allow ease of access and detachment of the launch vehicle’s parachutes 

○ Electrical elements (such as altimeters/computers, switches, connectors) 
■ Perfectflite StratologgerCF altimeters were used for both the primary and 

back-up altimeters. They each ran on separate circuits utilizing separate, 
dedicated 9V batteries for each and each altimeter had its own 
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independent power switch. These power switches were accessible from 
the outside to allow for the team to keep the altimeters powered off until 
the rocket was on the launch pad. Each altimeter had two ejection 
charges connected to it. 

○ Redundancy features 
■ The primary altimeter was set to deploy the drogue parachute at apogee, 

and the main parachute at 700 ft AGL. If anything went wrong, the 
back-up altimeter was set to deploy the drogue parachute at 
“apogee+1sec” and the main parachute at 600 ft AGL. 

○ As-built parachute sizes and descent rates 
■ Main: 78 in - Topflight Crossfire parachute 
■ Drogue: 24 in -  Topflight Ultra X-type parachute 

● Descent rate calculated with final design specifications is 71.76 
ft/sec  

■ Kinetic Energy of  Payload (Nose Cone) Section: 
● ½ (5 lb)(19.685 feet/sec)2 = 30.14 ft-lb 

■ Kinetic Energy of Upper Body Tube Section: 
● ½ (7.75 lb)(19.45 feet/sec)2 = 45.39 ft-lb 

■ Kinetic Energy of Booster Section 
● ½ (8.5 lb)(19.45 feet/sec)2 = 50.00 ft-lb 

■ *Mass of each section: 
● Each section was put on a scale accurate to the nearest 0.1oz.  

○ The as-built booster section including kevlar cord, Nomex, 
and drogue parachute weighed 7.75 lbs.  

○ The upper body tube section which included the 
electronics bay, more kevlar cord, Nomex, and main 
parachute weighed 8.5 lbs. 

○ The nosecone section (payload) which included the 
parawing, nosecone, and payload electronics 
weighed 5 lbs. 
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○ Drawings and schematics of the as-built electrical and structural assemblies 

 
■ Pictures of the recovery electronics-bay can be found in Section 3.1. 

■   
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■  
 

○ Rocket-locating transmitters with a discussion of frequency, wattage, and range 
■ The frequency of the transmitter will be 412.9989 MHz, the wattage will 

be 50 mW, and range will be ~20 miles. 
○ Discuss the sensitivity of the recovery system to onboard devices that generate 

electromagnetic fields (such as transmitters). 
■ The devices that generate electromagnetic fields have been placed on 

sections of the electronics bay. They will be in separate compartments of 
the electronics bay so that their electromagnetic fields do not interfere 
with each other. To separate the electromagnetic fields of the GPS 
interfering with the altiermiters to premetitivly trigger ejection charges. A 
Faraday cage was created to block the electromagnetic fields from 
interfering.  

■  
○ This topic should also be included in the Safety and Failure Analysis section. 
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■ See section 4.1 

3.3 Mission Performance Predictions 
● Flight profile simulations, altitude predictions with simulated vehicle data, component 

weights, and simulated motor thrust curve.  
○ RockSim screenshots below show predicted altitude of 5,240 in Row 16, but with 

the corrected mass and Cd the simulation gives us 4,912.  The last simulation is 
only 3 feet off from the actual altimeter data so the team is confident in their 
estimated Cd of 0.34. 

 

 
● Show stability margin and as-built Center of Pressure (CP)/Center of Gravity (CG) 

relationship and locations. 
○ Stability Margin: 

■ 2.15 (on pad) 
○ Center of Pressure: 

■ 72.45 inches from nose cone 
○ Center of Gravity: 

■ 61.70 inches from nose cone 
● Calculate the kinetic energy at landing for each independent and tethered section of the 

launch vehicle. 
○ All calculations are shown in Section 3.2 

■ Section 1 (Payload/Nose Cone) 
● 30.14 ft-lbs 

■ Section 2 (Body Tube) 
● 45.39 ft-lbs 

■ Section 3 (Motor) 
● 50.00 ft-lbs 
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● To calculate decent drift, the team took (distance traveled by drogue  / descent rate) + ( 
main parachute deployed / descent rate of main). That gave them the total time. They 
then converted it to hours. After that they multiply it by the wind speed to find distance in 
miles drifted. 

( 4590 ft/90 fps) + (700 ft /19.685 fps) = 51 sec + 35.7 sec = 86.56 sec 
86.56sec / 3600 sec = 0.024hr  
 
At 0 mph the drift will be 0 miles 
At 5mph wind drift will be 0.1202 mi  
At 10 mph wind drift will be 0.2404 mi 
At 15 mph wind drift will be 0.3606 mi  
At 20 mph wind drift will be 0.4808 mi  

3.4 Vehicle Demonstration Flight 
The team combined the Vehicle Demo and Payload Demo Flight by launch the full scale rocket 
with their payload active. 

● Describe launch day conditions and perform a simulation using those conditions. 
○ Launch day conditions include: 

■ Altitude of launch pad:  900ft AGL 
■ % Rel. Humidity:  51 
■ Air Temp: -1.0 F 
■ Barometric Pressure: 30.24 in. Hg 
■ Wind Speeds: 8-10 mph 
■ Cloud Cover: Clear 

● Perform an analysis of the Vehicle Demonstration Flight. 
○ Compare the predicted flight model to the actual flight data. Discuss the results. 

■ The predicted flight model showed the rocket flying almost 400 ft. higher. 
The team believes the two biggest reasons the team’s predicted altitude 
is much higher are that the rocket weighed more than expected and the 
Cd was only simulated based on a complete guess.  Once these numbers 
were measured the team is confident that their simulations are as 
accurate as possible. 

○ Discuss the results of the launch including the payload testing 
■ The full-scale rocket and live payload were launched on March 3, 2019 

which much success.  The launch vehicle flight sequences all went 
perfectly.   The max altitude reached was 4,915ft AGL.  At apogee the 
drogue chute ejection charge successfully separated the rocket.  The 
descent rate under drogue was an acceptable 72 ft/sec.  At 700ft AGL the 
main chute ejection charge also successfully deployed the main 
parachute.  The descent rate under main chute was an accepatable 19.5 
ft/sec. 
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■ The payload, which is also the nose cone of the rocket, did separate from 
the rest of the vehicle, but it did so at apogee rather than during main 
chute deployment at 700ft AGL due to the shear pins not having enough 
strength to hold the nosecone to the rest of the rocket.  When the payload 
separated, the pilot chute did deploy successfully and brought the 
payload down in a very safe manner and descent speed.  Because of the 
extreme cold temperatures we were unable to get picture/video of the 
parawing because by the time that happened every team member’s 
camera/phone has shut down due to the battery being too cold.  When we 
reached the payload after landing, it was evident that the parawing had 
been successfully released from the manual chute release mechanism 
and deployed correctly. But again no pictures were possible because no 
one’s phone could turn back on.  

■ To resolve the problem with the nosecone separating at apogee, the team 
will increase the number of shear pins holding it on to the rest of the 
rocket and then complete new ground testing of the ejection charges to 
make sure they can still seprate the nose cone during main parachute 
deployment at 700ft AGL. 

 

IV) Safety and Procedures 

4.1 Safety and Environment (Vehicle and Payload) 
 

4.1.1 Updated Failure Modes and Effect Analysis 
 

 Hazard Cause Effect Likelihood Severity Verificatio
n 

Mitigation 

Motor Blows 
up 

Improper 
installation 

Damage 
to 
surroun
dings, 
humans, 
possible 
death  

  Buy from 
trusted 
sellers, 
Properly 
insert in 
rocket, 
Use new 
motor 

Make sure 
everyone 
is okay, 
Get a Fire 
Extinguish
er, get all 
of the 
componen
ts of the 
rocket and 
assess 
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the 
damages. 
Come up 
with a 
more in 
depth plan 
of how to 
avoid this 
circumsta
nce. 

 Falls out 
in air 

Improper 
installation 

Injury to 
people 
on the 
ground 

  Buy from 
trusted 
sellers, 
Properly 
insert in 
launch 
vehicle, 
Use new 
motor, Do 
a slight 
shake test 
on ground 

Make 
adjustmen
ts based 
on shake 
test. After 
each 
launch for 
any 
launch 
vehicle, 
we will 
look and 
asses the 
motor 
mount. 
Based on 
the 
assessme
nt, we will 
note what 
works and 
change 
parts that 
need 
adjustmen
ts. 

 Shoots 
out of 
vehicle 

Improper 
installation 

Injury to 
people 
on 
ground 

  Buy from 
trusted 
sellers, 
Properly 
insert in 
launch 
vehicle, 
Use new 
motor, Do 

Make 
adjustmen
ts based 
on shake 
test. After 
each 
launch for 
any 
rocket, we 
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a slight 
shake test 
on ground 

will look 
and 
assess 
the motor 
mount. 
Based on 
the 
assessme
nt, we will 
note what 
works and 
change 
parts that 
need 
adjustmen
ts. 

(AARPS) 
parawing 

Fails to 
open 

Improper 
installation 

Injury to 
people 
on the 
ground 

  Properly 
insert in 
launch 
vehicle, 
Use new 
parawing 

Check 
parawing, 
make sure 
there are 
no 
defects, 
try various 
insertions 
on tests 

 Opens 
early 

Ejection 
charge 
goes early 

Drifts 
outside 
of 
perimet
er 

  Properly 
insert in 
launch 
vehicle, 
Use new 
parawing 

Check 
parawing, 
check 
insertion, 
make 
adjustmen
ts 

 Gets 
entangl
ed 

Improper 
installation/ 
heavy 
winds 

Injury to 
people 
on 
ground 

  Properly 
insert in 
launch 
vehicle, 
Use new 
parawing 

Check 
parawing, 
check 
insertion, 
make 
adjustmen
ts 

 Tears Gets 
caught on 
something, 
heavy 
winds 

Injury to 
people 
on 
ground 

  Stress test 
of 
parawing 
material, 
change 

More 
stress 
testing 
before 
launch 
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material if 
necessary 

 Opens 
late 

Improper 
installation 

Injury to 
people 
on 
ground 

  Ground 
test 
parawing 

Put in 
more 
black 
charge 
powder, 
potentially 
get a 
larger 
parawing 

Parachut
e 

Fails to 
open 

Improper 
installation/ 
altimeter 
fails 

Injury to 
people 
on 
ground 

  Properly 
insert in 
launch 
vehicle, 
Use new 
parachute 

Check 
parachute
, check 
insertion, 
make 
adjustmen
ts 

 Opens 
late 

Altimeter 
fails / 
ejection 
charge fails 

Injury to 
people 
on 
ground 

  Properly 
insert in 
launch 
vehicle, 
check 
altimeters 
and 
ejection 
charges 

Check 
parachute
, check 
ejection 
charges 

 Opens 
early 

Altimeter 
fails / 
ejection 
charge fails  

Drifts 
outside 
of 
boundar
y 

  Properly 
insert in 
launch 
vehicle, 
check 
altimeters 
and 
ejection 
charges 

Check 
parachute
, check 
ejection 
charges 

 Gets 
entangl
ed 

Improper 
installation/ 
heavy 
winds 

Injury to 
people 
on 
ground 

  Properly 
insert in 
launch 
vehicle  

Check 
parachute
, check 
insertion, 
make 
adjustmen
ts 
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Electroni
c bay  

Electro
magneti
c 
interfere
nce  

Failure to 
implement 
design to 
block fields 

Early 
ejection 
charges 
go off 

  Install 
faraday 
cage 

Make sure 
faraday 
cage is 
implement
ed 

Launch Launch 
rail falls 
over 

wind/ 
earthquake
/ improper 
set up 

Injury to 
people 
on 
ground 

  Properly 
anchor rail 
to ground 

Make sure 
the rail is 
secure 
and 
immovabl
e 

 No 
launch 

Electrical 
failure 

Delay    Connect 
all wires 
between 
rocket and 
motor 

Make sure 
wires are 
secure 
and 
connected
, check 
multiples 
times 
including 
right 
before 
launch 

 weather wind/fog 
snow/ 
storm / rain 

Delay or 
no 
launch 

  Check 
whether 
patterns in 
advance, 
plan 
launch 
accordingl
y 

Be sure 
that there 
are no 
chances 
of weather 
interferen
ce 

 Spectat
or 
interfere
nce 

spectator Injury to 
people 
on 
ground 

  Make sure 
all safety 
rules are 
known to 
spectators 

Delay 
launch 
until all 
safety 
precaution
s are met 
and all 
violating 
spectators 
are 
dismissed 
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4.1.2 Updated Personal Hazard Analysis  

 Hazard Cause Effect Lik
eli
ho
od 

Se
veri
ty  

Verification Mitigation 

Cost Failure 
to 

receive 
a grant 

Lack of 
outreach  

Not enough 
funds to 

purchase all 
of the 

required 
materials 

  Make sure all 
deadlines are 
met and initial 

timeline is 
being followed 

Use personal 
money to pay for 

funds 

 Failure 
to reach 
fundrais
ing goal 

of 
$10,000 

Lack of 
fundraisi

ng 

Not enough 
funds to 

purchase all 
of the 

required 
materials 

  Make sure all 
deadlines are 
met and initial 

timeline is 
being followed 

Use personal 
money to pay for 

funds 

Schedule Late on 
docume

nt 
submis
sions 

Procrasti
nation on 
documen

ts 

Low priority 
selection for 

LRR 
resulting in 
less time to 

fix the 
vehicle if it 

is not 
approved 

  Make sure all 
deadlines are 
met and initial 

timeline is 
being followed 

Make sure team 
has meetings 

and each 
individual has to 
make sure their 

tasks done 

 Receivi
ng 

motor 
late 

Miscomm
unication 
between 
the club 
and the 
motor 
seller 

Launch 
vehicle 

cannot be 
launched 

  Make sure 
there is 
constant 

communicatio
n with seller to 
prevent motor 
coming late  

Contact NASA 
review panel to 
update them on 
situation, go to 

backup motor for 
time being 

 Receivi
ng 

electron
ics late 

(ex. 
altimete

rs, 
servos) 

Miscomm
unication 
between 
the club 
and the 

electronic 
seller 

Limited 
payload 

capabilities 

  N/A, team has 
possession of 

all of them 

N/A, team has 
possession of all 

of them 
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Construct
ion - 

Sanding 

Inhalati
on of 

substan
tial 

amount
s of 
dust 

Improper 
use of 
dust 

masks 

Member 
could 

become 
sick or ill 

and would 
be unable 
to work on 
the project 

  Make sure all 
proper 

equipment is 
worn, use 
face mask 

Violating team 
member will be 

subjected to 
review safety 

presentation and 
rules 

 Dust 
getting 

into 
eyes 

Improper 
use of 

eye wear 

Member 
could lose 
vision for 
some time 

and be 
unable to 

work 

  Make sure all 
proper 

equipment is 
worn, use 
face mask 

Violating team 
member will be 

subjected to 
review safety 

presentation and 
rules 

 Hands 
and 
skin 

getting 
wounde

d 

Improper 
use of 
gloves 

Member 
could burn 
or tear flesh 

and be 
unable to 

work in the 

  Make sure all 
proper 

protective 
equipment is 
being worn, 
use gloves 

Violating team 
member will be 

subjected to 
review safety 

presentation and 
rules 

Budget Too 
reliant 
on too 
little 

compan
ies 

Lack of 
outreach 

If any 
company 
opts out 
then the 
club will 

lack 
sufficient 

funds 

  Make sure 
that all 

companies 
available to be 
contacted are 
reached out to 

Use personal 
money to pay for 

funds 

Personne
l 

Availabilit
y 

Lack of 
membe

rs 
availabl

e to 
work 

Complica
tions with 
schedule

s and 
miscomm
unication 

Less people 
are 

available  to 
work which 
means less 

progress 
will be 
made 

  Schedule and 
plan with all 

team 
member’s 
personal 

schedules in 
mind 

Team members 
available will 
have to work 

more 

Subscale 
Launch - 

Motor 
Motor 

explosio
n 

Faulty 
motor 

Vehicle is 
crippled and 

possibly 
unrepairable 
and  payload 

may be 

  Buy from 
trusted 
sellers, 

Properly insert 
in launch 

vehicle, Use 

Make sure 
everyone is 

okay, Get a Fire 
Extinguisher, get 

all of the 
components of 
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affected new motor  the launch 
vehicle and 
assess the 

damages. Come 
up with a more 
in depth plan of 
how to avoid this 

circumstance. 

 

Motor 
does not 

ignite 

Improper 
setup of 
arming 

and 
launching 

device 
and/or 
faulty 
motor 

Launch 
vehicle motor 
will have to 
be safely 
disarmed. 

However, no 
damage will 
be done to 
the vehicle 

  Check that the 
launch vehicle 

ignition 
system is 

properly set 
up before 

launch, Make 
sure back up 

ignition 
charges are in 

place.  

Wait 2 mins, 
disarm the 

igniter, look for 
smoke. retrieve 

the launch 
vehicle, once 

complete unplug 
all electronics 
and once in a 

safe area 
observe for 

causes of failed 
ignition 

Subscale 
Launch - 

Motor 
Mount 

Mounted 
in a 

angled 
fashion 

Improper 
setup and 
installation 
of motor 
mount 

The vehicle 
will not fly 
true and 

could get lost 
after landing 

  Create the 
motor mount 

well and 
properly install 
in the launch 
vehicle, use 

new and 
strong epoxy 

when 
installation is 

in place. 

Check for injury 
and get 

immediate help 
for any injured 

persons, retrieve 
the impact, and 
extinguish any 

fires using a fire 
extinguisher. 

 

Break in 
flight 

Poorly 
crafted 
motor 
mount, 

improper 
installation

, old or 
cracked 
epoxy, or 

not 
enough 
epoxy 

The motor 
could fall out 

or launch 
through the 

vehicle, 
destroying it 
internally. 

  Create the 
motor mount 

well and 
properly install 
in the launch 
vehicle, use 

new and 
strong epoxy 

when 
installation is 

in place. Make 
sure that 

Warn people 
around of the 

incoming 
hazard, clear the 

approximate 
landing area if 
there is enough 
time, retrieve the 
launch vehicle 

once it has 
landed. 
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orientation of 
motor mount 

is correct 

 

Melt 

The motor 
mount 

could melt 
if the 

material of 
the motor 

mount 
ends up 
not being 
industry 
grade 

The motor 
could fall out 
and payload 
could catch 

on fire 
resulting in a 

burnt 
parachute. 
The vehicle 
will not fly 
true and 
epoxy 

holding other 
parts of the 
vehicle in 

place could 
melt 

  Create the 
motor mount 

well and 
properly install 
in the launch 
vehicle, use 

new and 
strong epoxy 

when 
installation is 

in place. Make 
sure that 

orientation of 
motor mount 

is correct 

Warn people 
around of the 

incoming 
hazard, clear the 

approximate 
landing area if 
there is enough 
time, retrieve the 
launch vehicle 

once it has 
landed. A fire 

extinguisher will 
be brought to 
put out any 

flames 

Subscale 
Launch - 

Motor 
Retention 

Break in 
flight 

Improper 
installation 
of motor 

Vehicle 
becomes 
free falling 

object.   

Make sure the 
motor retention 

is properly 
attached and 
well crafted, 

Make sure it is 
the required 

size relating to 
the motor.  

Warn people 
around of the 

incoming hazard, 
clear the 

approximate 
landing area if 
there is enough 
time, retrieve the 
rocket once it has 

landed.  

 

Motor 
falls off 

Improper 
installation 
of motor 

Motor could 
fall out with 

the ring.   

Make sure the 
motor retention 

is properly 
attached and 
well crafted, 

Make sure it is 
the required 

size relating to 
the motor.  

Warn people 
around of the 

incoming hazard, 
clear the 

approximate 
landing area if 
there is enough 
time, retrieve the 
launch vehicle 

once it has 
landed. 

 

Melting 
of glue 

High 
temperatur

e of 
vehicle 

Motor could 
fall out with 

the ring   

Make sure the 
motor retention 

is properly 
attached and 

Warn people 
around of the 

incoming hazard, 
clear the 
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and not 
enough 

heat 
dissipation 

well crafted, 
Make sure it is 
the required 

size relating to 
the motor.  

approximate 
landing area if 
there is enough 
time, retrieve the 
launch vehicle 

once it has 
landed. 

Subscale 
Launch - 
Parachut

e 

Parachut
e gets 
tangled 

Improper 
packing of 

the 
parachute 
into launch 

vehicle 

Vehicle could 
fall at a 

dangerous 
speed   

great care in 
assembly of 

launch vehicle  

Warn people 
around of the 

incoming hazard, 
clear the 

approximate 
landing area if 
there is enough 
time, retrieve the 
launch vehicle 

once it has 
landed. 

 

Tear in 
parachut

e 

Usage of 
old 

parachute 
or foreign 
object in 

parachute 
bay 

Vehicle could 
fall at a 

dangerous 
speed   

careful 
inspection done 
before packing 
of the launch 

vehicle 

Spectators will be 
warned and the 
landing area will 

be cleared 

 

Parachut
e gets 

stuck in 
vehicle 

Improper 
loading of 
parachute 

which 
causes 

entanglem
ent of 

shock cord 

Vehicle will 
plummet to 
the ground 

and impact at 
a high 

velocity   

Double check 
that the 

parachute is 
loaded properly 

Warn people 
around of the 

incoming hazard, 
clear the 

approximate 
landing area if 
there is enough 
time, retrieve the 
launch vehicle 

once it has 
landed. 

 

Parachut
e could 

burn 

Not 
enough 
flame 

retardant 
material 
place 

between 
the 

ejection 
charges 

The vehicle 
will plummet 
to the ground 

and 
spectators 
could be 
harmed. 
Internal 

electronics 
could be   

Make sure 
enough flame 

retardant 
material is in 
place as well 

as double 
checking no 
gaps in the 

material, Also 
check for loose 

Warn people 
around of the 

incoming hazard, 
clear the 

approximate 
landing area if 
there is enough 
time, extinguish 
any fires in or 

around the launch 
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and the 
motor 
which 

means the 
internal 

electronics 
could 

overheat 
and catch 

fire. 

damaged as 
well as the 

vehicle itself 

wires or 
probable 

overheating of 
electronics.  

vehicle, retrieve 
the launch vehicle 

once it has 
landed and 
assess the 
damage. 

 

Altimeter 
switches 
do not 

activate 

Altimeter 
switch is 
broken, 
altimeter 
power 

runs out, 
or 

altimeter is 
not 

programm
ed 

properly 

Vehicle will 
plummet to 
the ground 

and impact at 
a high 

velocity   

Make sure both 
altimeter 

switches are 
working on 
flight day 

The parachute 
will not deploy 

therefore result in 
a free falling 

object. If happens 
make sure to 

warn people of 
incoming hazard 

and clear the 
area. Once the 
Launch Vehicle 

has landed safely 
retrieve the 

launch vehicle 

 

The 
parachut

e cord 
snaps off 

The 
parachute 

is not 
properly 
attached 

to joints or 
a bad 

parachute 
it 

purchased 

Vehicle will 
plummet to 
the ground 

and impact at 
a high 

velocity   

Make sure the 
parachute is 

properly 
attached. Has 
been tested for 

its strength, 
before each 
launch make 

sure the 
parachute 

cords are not 
destroyed, 

teared, or worn 
down in any 

way.  

Spectators will be 
warned and the 
landing area will 

be cleared.  

Subscale 
Launch - 

Fins 

Fins 
flutter 

Weak fins 
or fins that 

are not 
properly 
attached 

A non 
straight flight 
resulting in 

an inaccurate 
flight and 
failure of 

experiment.   

Make sure fins 
are installed to 

the motor 
mount not the 

outer body 
tube, Make 
sure good 

When launch 
vehicle has 

landed, assess 
the damage and 

repair any 
damage before 
the next flight. 
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epoxy and 
enough is used 
when installing. 
Make sure fins 

are properly 
installed and 

secured  

 

FIns 
snap on 
landing 

Poor 
constructio

n of fins 
and poor 

application 
of epoxy 

Damage to 
the vehicle 
will occur 
and it will 
need to be 
fixed before 
next launch   

Make sure fins 
are installed to 

the motor 
mount not the 

outer body 
tube, Make 
sure good 
epoxy and 

enough is used 
when installing. 
Make sure fins 

are properly 
installed and 

secured 

We will need to 
repair the launch 

vehicle before 
next launch 

 

Fins are 
mounted 

at a 
higher 
angular 
fashion 
that they 
should 

be 

Poor 
installation 

and 
application 
of epoxy 

A spiraled 
flight where a 
vehicle will 
not meet 
required 

height limit   

Make sure 
enough epoxy 
is used, double 
check the fins 

vertical angle to 
make sure not 
angled when 

installed, install 
to motor mount 
and through the 

body tube so 
strength and 
orientation is 

correct. 

retrieve the 
launch vehicle 
once landed. 

repair before next 
flight 

 

Glue 
could 

break off 
the fins 

Poor 
application 
of epoxy 

or old 
epoxy is 

used 

The fins 
would fall off 

and the 
vehicle 

launch would 
end up being 
a failure and 
damaged as 
well as harm 
to spectators 
when falling   

Make sure new 
and strong 

epoxy is used. 
Make sure 

epoxy has set 
for the proper 
amount of time 
before applying 
to secure fins 

on launch 
vehicle 

Warn people 
around of the 

incoming hazard, 
clear the 

approximate 
landing area if 
there is enough 
time, retrieve the 
launch vehicle 

once it has 
landed. 
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Subscale 
Launch - 

Body 
Tubes 

Body 
tube 

cracks 

Weak 
fiberglass, 
dropping 

of 
fiberglass, 

or 
improper 

transportat
ion 

Weaker in 
flight, Could 
propagate 

resulting in a 
failed flight   

Make sure a 
strongly 

constructed 
body tube is 
used. before 
every launch 

check for 
cracks. When 

constructing be 
cautious of 

dropping the 
body tube or 
improperly 

constructing it. 

Warn people 
around of the 

incoming hazard, 
clear the 

approximate 
landing area if 
there is enough 
time, retrieve the 
launch vehicle 

once it has 
landed. 

 

Body 
tube 

shatters 

Weak 
fiberglass, 
dropping 

of 
fiberglass, 

or 
improper 

transportat
ion 

The vehicle 
would break 

in flight 
resulting in a 
failed launch 

with 
destroyed 
electronics 
and inner 

materials as 
well as 

resulting in 
two free 
falling 
objects   

Check to make 
sure it is 
strongly 

constructed 
and a strong 
enough body 
tube to handle 
forces acting 

upon it. As well 
as make sure it 
is not dropped. 
before launch 

check over 
body tube to 

check for 
cracks that 

could lead to 
shattering of 

the tube. 

Warn people 
around of the 

incoming danger, 
clear the 

approximate 
landing area, and 
retrieve all launch 

vehicle 
components that 

can be found. 

 

Deforme
d tube 

Overheati
ng of 
motor 

An unstable 
flight. Vehicle 

would 
potentially 

land outside 
of the 

required 
region.   

Check that 
motor is 
properly 

installed as well 
as motor 

mount. make 
sure The right 
fiberglass is in 
use. As well 

has enough fire 
retardant 
material.  

Warn people 
around of the 

incoming danger, 
clear the 

approximate 
landing area, and 
retrieve all launch 

vehicle 
components that 

can be found. 

 Melted Overheati Integrity of   Check that clear a safe area, 
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tube ng of 
motor 

vehicle would 
diminish and 
the launch 
would fail 

motor is 
properly 

installed as well 
as motor 

mount. make 
sure The right 
fiberglass is in 
use. As well 

has enough fire 
retardant 
material.  

wait until landed, 
and spray with 

fire extinguisher. 
if fire spreads call 
fire department.  

Subscale 
Launch - 

Nose 
Cone 

Bends 
on 

landing 

Weak 
nose cone 
or rate of 
descent 
goes too 

fast. 

Nose cone 
will be 

damaged 
and will need 

to be 
replaced 

before next 
flight   

Check strength 
of fiberglass. 
Talk to vendor 

and do 
research that 
the fiber glass 
can handle a 
hard impact. 

Calculate 
descent rate so 
impact will not 
damage the 

cone.  
Repair before 
next launch 

 

Crack 
nose 
cone 

Weak 
nose 

cone, or 
rate of 

descent 
goes too 

fast. 

The altitude 
would be 

lowered and 
there would 

be a 
possibility of 
ripping the 
nose cone. 
The vehicle 
nose cone 
could break 

resulting 
changing the 
flight path of 
the vehicle.   

Check strength 
of fiberglass. 
Talk to vendor 

and do 
research that 
the fiber glass 
can handle a 
hard impact. 

Calculate 
descent rate so 
impact will not 
damage the 

cone.  

Clear 
approximate 

landing area if the 
flight is not in 

control, retrieve 
the launch vehicle 

once it has 
landed and make 

repairs. 

 

Rivets 
torn off 

Too small 
or 

improper 
rivets 

installed 

Nose cone 
would fly off 
at edjection 

and drag 
separation 

would occur 
resulting in a   

Make sure 
launch vehicle 
nose cone is 

properly 
secured and 

buy rivets that 
can handle 

Make sure nose 
cone is properly 
secured and buy 

rivets that can 
handle forces 

acting on it. Buy 
rivets that are the 
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free falling 
object. 

forces acting 
on it. Buy rivets 

that are the 
proper size 

relating to the 
holes drilled. 
make sure 
shoulder of 

nose cone has 
correct size 
holes drilled. 

proper size 
relating to the 
holes drilled. 
make sure 

shoulder of nose 
cone has correct 
size holes drilled.  

 

Nose 
cone 

falls off 
Improper 
assembly 

Flight path of 
the vehicle 

would 
change and 
in turn put 
people in 

harm of an 
unstable 

vehicle falling 
uncontrollabl

y   

Make sure 
rivets are 

installed and 
properly 
secured.  

Warn people 
around of the 

incoming danger, 
clear the 

approximate 
landing area, and 

retrieve all 
components that 

can be found. 

Subscale 
Launch - 
Kevlar 
Rope 

Rope 
snaps 

Improper 
rope 

purchase 
or too 
much 

stress on 
the rope 

When 
ejected one 
part of the 

vehicle would 
free fall and 
one would 

have a 
parachute   

Make sure 
strong enough 

rope is 
purchese. 

stress test the 
rope. Properly 
attach to joints 
in the launch 
vehicle. check 
over length of 
rope before 

every launch 
and look for 
rips or tears 

that could lead 
to snapping of 
launch vehicle 

Spectators will be 
warned and the 
landing area will 

be cleared.  

 

Tear of 
rope 

Improper 
rope 

purchase 
or too 
much 

stress on 
the rope 

A tear could 
turn into a 

break when 
the ejection 
charge goes 
off resulting 
in free falling   

Make sure 
strong enough 

rope is 
purchased. 

stress test the 
rope. Properly 
attach to joints 

Spectators will be 
warned and the 
landing area will 

be cleared. 
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part of 
vehicle 

in launch 
vehicle. Check 
over length of 
rope before 

every launch 
and look for 
rips or tears 

 

Knot in 
rope 

Improper 
installation 

and 
placement 
in launch 
vehicle 

More force 
applied to 

joints 
resulting in a 

break or 
joints rope 
could rip off   

Make sure rope 
is properly 
installed in 

launch vehicle 
in an organized 

fashion so 
when ejection 
charges go off 
the parachute 

will not be 
tangled. 

The spectators 
will be warned 

and launch 
vehicle will be 
picked up once 

landed.  

 

Burn 

Installment 
of parts in 
vehicle not 

properly 
configured 

or not 
enough 

firewaddin
g to 

protect 
against 
ejection 
charges. 

When 
ejected, one 
part of the 

vehicle would 
free fall and 
one would 

have a 
parachute   

Make sure 
enough fire 
retardant 

material is used 
to protect rope 
from burning. 

The spectators 
will be warned 

and launch 
vehicle will be 
picked up once 

landed.  
 

4.1.3 Environmental Hazards  

Hazard Cause Effect Likelihoo
d 

Severity  Verificatio
n 

Mitigation 

Soil 
Contamination 

Launch 
Vehicle 
Booster 

Possible 
negative 
effects to 
future 
crops 
grown at 
site of 
launch 

  Make 
sure the 
motor we 
choose 
uses all 
of its fuel 
during its 
flight 

Take 
away 
contamin
ated soil 
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Loss of 
Launch 
Vehicle or 
AARPS 

Unanticipated 
launch/ 
extreme 
weather 
conditions 

Hazards 
to local 
wildlife or 
plantlife, 
given that 
the 
vehicle is 
entirely 
unrecove
rable. 

  Test gps 
tracking 
and other 
tracking 
methods 

Attempt 
to locate 
launch 
vehicle 

 

4.2 Launch Operations Produces 

4.2.1 Recovery Preparation  
● Personal Protective Equipment Needed: 

○ Safety Glasses 
○ Dust Guard 

1. Attach the cord to the electioncis bay and slide it through the tube 
2. Place the altimeter inside  
3. Insert the motor (refer to motor preparation)  
4. Insert the black powder charges 
5. Place cellulose insulation inside 
6. Stuff parachutes inside 
7. Connect all components of the launch vehicle together 

a. Using rivets and shear pins 
● Hazards that Could Occur if One or More of the Previous Steps are not Followed: 

○ The launch vehicle failing to deploy both parachutes causing it to turn into an 
unregulated missile 

○ The launch vehicle deteriorating into multiple pieces causing debris to fall 

4.2.2 Motor preparation 
● Personal Protective Equipment Needed: 

○ Gloves  
○ Safety Glasses (opt.)  

● Personnel Needed:  
○ Level 2 Mentor  
○ Safety Team Mentor  

1. Level 2 Mentor preps motor 
2. Assembles ejection charges 
3. Wire ejection charges  
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4. Get the motor materials 
5. Assemble motor materials 
6. Put dog barf in  
7. Screw in motor and retainer 
● Hazards that could occur if one or more of the previous steps are not followed: 

○ The launch vehicle could fail to ignite 
○ The launch vehicle blows up on stand 
○ The launch vehicle does not launch properly.  

4.2.3 Setup on the launch pad 
● Personal Protective Equipment Needed: 

○ None 
● Personnel Needed: 

○ Team Members 
○ Team Leader 
○ Safety Officer to observe 

1. Slide on the rail by rail buttons 
2. Ensure that both altimeters beep three times 

a. Turn the first altimeter on, then turn it off and turn the second one on, then turn 
on the first one and make sure they both beep three times 

3. Stick the ignition wire in 
a. Igniter Installation 

i. Place wire inside as far up as possible 
ii. Put masking tape on 
iii. Connect it to the alligator clips 

4. Troubleshooting 
a. Make sure that the igniter is not still attached 
b. Slide off the rail 
c. Disassemble and identify the problem 

4.2.4 Igniter installation 
● Personal Protective Equipment Needed: 

○ None 
● Personnel Needed: 

○ Mentor 
○ Team members  

1. Stick wire up as far as it can go 
2. Put masking tape on 
3. Connect to alligator clips 
● Hazards that could occur if One or More of the Previous Steps are not Followed: 

○ Launch vehicle  fires before ignition button is clicked 
○ Launch vehicle fails to ignite 
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○ Launch vehicle blows up 

4.2.5 Post-flight inspection 
● Required Personnel Needed: 

○ Mentor  
1. Listen to altimeter beeps 
2. Make sure all components are present  
3. Make sure parawing data and physical part is collected  

 

V)  Payload Criteria 
 

Payload Design and Testing  
● Describe any changes in the payload design from CDR and explain why those changes are 
necessary.  

Since CDR, three changes have been made to improve the operating ability of AARPS. 
These changes are a manually operated release mechanism, a stronger plate to hold 
the servos, and a new method for folding the parawing and pilot chute. The biggest 
change is the manual release mechanism for the parawing. During CDR, we planned on 
releasing AARPS when the altimeter hit 400 feet. However, due to safety concerns, we 
have opted to manually control the chut release when the Range Safety Officer gives 
verbal permission to commence with the deployment of our payload. The second change 
is a new stronger plate for the servos to sit on. A new servo plate was cut cross grain via 
a laser cutter to ensure that the servos could hold the forces that the parawing receives. 
This ensures that the servos will stay in the correct position to operate the flaps of the 
parawing. The servo plate was also made two plates thick to ensure that the structural 
integrity of AARPS will remain sound. The final major change made was how the 
parawing is folded and stored inside of the payload. Originally the outer triangles of the 
parawing were folded in and then the wing was folded in half. The parawing was then 
folded accordian style and folded in half one more time before being attached to the rest 
of the payload. Since then we have changed the fold to hanging the parawing upside 
down and folding inwards at the creases where the lines are attached. Then a 4 
accordian style fold was made horizontally along the parawing. It was then rolled up and 
folded in half once more to ensure that it would fit inside of the allowed space in the 
payload. This change was made because not only did it ensure that the parawing would 
open, but it would make it easier to fold and attach to the payload while not tangling the 
any of the parawing’s lines.  

● Describe unique features of the payload. Include the following: 

34 



 

○ Structural elements 
To allow for structural integrity and enough room to layout the payload 
components we opted to create a base plate system. The system consists of four 
base plates that each house certain electronic components. All of the plates are 
connected by a  ¼” all thread frame, with a fork located at about 6” from the tip of 
the nose cone. The fork helps relieve some of the torque created by the servo 
motors located at the very bottom. The servo motor placement allows for an 
increase of controllability of the parawing break lines. 

○ Electrical elements 
To allow for manual release of the parawing a servo motor is rigged to an arm 
and pin system. At 400 ft with RSO permission the radio transmitter will send a 
signal for the servon to retract the pin and release the parawing. Once deployed 
the system can be piloted autonomously or manually by the flight control board 
(Pixhawk 2.1) and 2 servo motors (Corona CS238MG). Autonomous flight will 
occur by real time GPS data being compared to pre programmed coordinates, 
allowing for the servo motors to correct the flight path by tugging on the parawing 
breaklines. If autonomous flight is unactive or any other safety concerns happen, 
then the ground team will flip a switch upon RSO approval, resulting in manual 
control.  

● Discuss flight reliability confidence. Demonstrate that the design can meet mission success 
criteria.  

During the multiple inflation tests and a drop test from 400 feet with a dummy weight, it 
was determined that the parawing would inflate as the payload was coming down. All the servos 
were tested prior to launch and showed the parawing receiving enough throw for controllable 
flight. The distance of the telemetry system was tested by one person walking through the halls 
of the school with the controller, seeing if the signals would reach the payload and it did, the 
servos were still functioning.  

 
● Prove that the payload is fully constructed and fully document the construction process. 

 
Beginning  of the construction for the parawing. 
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Parawing fully constructed and stitched. 

 
Testing of the inflation of the parawing with rigging attached. 

 
Frame of the payload electronics bay. 
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Payload electronics bay fully assembled with all components. 

 
GPS and release servo plate. 

 
GPS 

37 



 

 
Flight control board plate. 

 
Power plate(battery, FRSKY9, Power Modulator). 

 
Battery and Power Modulator. 
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Servo Plate. 

 
Modem Mount plate. 
 
 
 
 
 
 
 
● Include schematics of the AS-BUILT payload. There is a good chance dimensions have 
changed slightly due to the construction process. 
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1st schematic- Parawing 2nd schematic-Gps and release servo plate 

3rd schematic- Flight control plate 4th schematic- Battery, FrSky and power 
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modulator plate 

5th schematic- Quarter pulley design 6th schematic- Servos with quarter pulley 
plate 

7th schematic- Modem mount plate  

 
● Discuss how and why the constructed payload differs from earlier models. 

In our initial mock up of the parawing, the team utilized trash bag-derived plastic to test 
the functionality of the Teega design. After this successful preliminary test, a Ripstop Nylon 
parawing was constructed to support the weight requirements of the rest of the payload. 
Attached to the top of the parawing is an additional pilot chute to keep the total payload under 
the maximum velocity requirements. A few very small changes have been made to the wooden 
plates on the all-thread electronics bay, but only to provide additional structural integrity. 
● Discuss the planned or completed Payload Demonstration Flight. Include the following: 

○ Date of flight or planned future flight 
Drop test: March 2 
Launch: March 3 
○ Success criteria 

- Payload separates from booster and drogue comes out 
- Parawing deploys and inflates without tangled lines at 400 feet(120 meters) 
- With permission from all necessary personnel, manual control of the parawing is 

activated. 
- Payload touches land with no issues. 

○ Results of flight 
The rocket went up beautifully, but the nose cone separated from the rest of the 

rocket when the main chute came out. This was not expected.  The nose cone separation was 
intended to happen at 700ft AGL.  Due to the extreme cold, the team controlling the payload 
had to stay in the van to prevent the computer batteries and controller battery from dying. This 
meant they were fairly far away from the launch pad. When the payload was coming down, it 
was realized that the payload and the other section of the rocket would be out of the line of sight 
due to some trees separating the launch pad and the location of the payload team so the 
payload was never fully functioning or activated. 

○ Analysis of payload retention system performance (if applicable) 
The payload was released from the main launch vehicle at apogee rather than at 

700ft AGL which was not supposed to happen.  However, the pilot chute kept the payload under 
the 75 ft-lbf K.E. limit. The team was also able to confirm that the manual chute release 
mechanism kept the parawing retained throughout the much larger descent from 4,915ft to 
700ft.  The student controlling the payload from the ground station decided to release the chute 
release mechanism at 700ft AGL even though the payload had drifted much further away than 
desired.  This allowed the team to confirm that the mechanism does work to release the 
parawing.  Upon arrival to the spot that the payload had landed it was visually confirmed that the 
manual chute release had worked.  

41 



 

 
 

VI) Project Plan 
 

6.1 Testing 

6.1.1 Payload Testing 
Parawing Test 

● Procedure:  
○ Dropping parawing from 25-50 feet along with a weight of 2.5 lbs.  

● Objective:  
○ Reach ground safely with a fully deployed parawing. 

● Success Criteria:  
○ Reach ground safely, fully deploy parawing, stay under 75 ft/lbs 

● Method of Testing:  
○ Dropping parawing with weight of 2.5 lbs from a height of 25-50 feet, at multiple 

different location with different terrains and weather. 
● Necessity:  

○ To show that parawing can successfully deploy and carry payload down safely. 
● Changes made due to outcome:  

○ Success-Only simple changes needed to continue with project, such as 
upgrading materiel.  

○ Failure- Change design, weight, or other necessities to make payload continue 
working. 

● Results: 
○ Take 1- The parawing partially deployed, but failed to maintain a level flight due 

to faulty lines. 
○ Take 2- The parawing deployed after lines were reconfigured, but still did not 

maintain a straight flight path. 
○ Take 3- After a week of adjustments and rigging the parawing fully deployed and 

flew in a straight and consistent path. 

Parawing Test 

● Procedure:  
○ Dropping parawing from 300-400 feet along with a weight of 5 lbs.  

● Objective:  
○ Test the steering capability and communication between ground radio controller 

and the parawing payload electronics.  
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● Success Criteria:  
○ Visual confirmation that the parawing responds to radio controller on the ground 

by obviously turning to the side that the controller is telling it to go to. 
● Method of Testing:  

○ Dropping parawing with weight of 5 lbs from a height of 300-400 feet using a 
separate UAV (RC drone and/or airplane) at multiple different locations with 
different terrains and weather. 

● Necessity:  
○ To show that the parawing can successfully deploy and steer itself while carrying 

a payload down safely. 
● Changes made due to outcome:  

○ Success-Only simple changes needed to continue with project, such as 
upgrading material.  

○ Failure- Change design, weight, or other necessities to make payload continue 
working. 

● Results: 
○ Parawing inflated after release at 400 ft with no observable interference from the 

pilot chute after inflation. 

6.1.2 Launch Vehicle Testing  
Recovery System Test 

● Procedure: Ground testing the ejection charges 
● Objective: Ensure the black powder charges are sufficient to separate rocket 
● Success Criteria: Rocket segments separate during test 
● Method of Testing: Fully assemble entire rocket, place on ground at 30 degree angle, fire 

the ejection charge of main parachute section.  In a separate test, reassemble entire 
rocket and place on ground at 30 degree angle, then fire the ejection charge of the 
booster section. 

● Changes made due to outcome: No changes made due to both ground tests being 
successful in separated the different sections of the rocket. 

Dry Fit Test 

● Procedure:  
○ Assemble all outer structures of airframe together to make sure fit properly and 

pin holes line up 
● Objective: 

○ To ensure that the launch will properly together 
● Success Criteria: 

○ All pin holes align and each section fits securely together by not too tight that an 
ejection charge would not be able to split it.  

● Method of Testing:  
○ Collected all parts and doing a dry fit run of putting the launch vehicle together  

● Changes made due to outcome: Rivets and shear pin holes were redrilled for nosecone 
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due to a small change in how far in the coupler was placed with respect to the nosecone. 

6.2 Requirements Compliance  

6.2.1 Handbook Requirements 

1. General  
1.1 The Project will be 100% done by students.  

● Mentors will guide students to the answers to solve problems, but the milestone papers 
and construction of the launch vehicle will all be student led. This will be done by 
designating tasks at the beginning of the year with procedures in place to make sure 
everything is getting done.  

1.2 Team will meet deadlines completely on time. 
● A GANTT Chart has been created to outline the year. Procedures such as holding 

weekly meetings with group leaders as well as smaller group meeting will be set in place 
to make sure deadlines are met. Team leaders will also check in with individual 
members and help where needed.  

1.3 Team will identify any Foreign Nationals by PDR.  
● No foreign nationals are on the team  

1.4 Team will engage a minimum of 200 participants in educational, hands-on science, 
technology, engineering, and mathematics (STEM) activities, as defined in the STEM 
Engagement Activity Report, by FRR. 

● An outreach plan has been made to reach out to 200+ participants, utilizing local STEM 
fairs as well as elementary school events.  

1.5 The team will establish a social media presence to inform the public about team activities. 
● A social media presence has been established on Instagram, Facebook, Twitter, and a 

website that is kept up-to-date. 
1.6 Teams will email all deliverables to the NASA project management team by the deadline 
specified in the handbook for each milestone. In the event that a deliverable is too large to 
attach to an email, inclusion of a link to download the file will be sufficient. 

● All deliverables are created on a google drive. Prior to submission, the deliverables will 
be converted to PDF and will be looked over again to make sure everything required is in 
place. Then will be sent as an email attachment  

1.7 All deliverables must be in PDF format. 
● Prior to submission, the deliverables will be converted to PDF 

1.8 In every report, teams will provide a table of contents including major sections and their 
respective sub-sections. 

● A table of contents will be included and organized into sections and subsections. This 
will be done by the team leaders when the report is first created.  

1.9 In every report, the team will include the page number at the bottom of the page. 
● A page number is at the bottom of each page and implemented when the document is 

first created.  
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1.10 The team will provide any computer equipment necessary to perform a video 
teleconference with the review panel. This includes, but is not limited to, a computer system, 
video camera, speaker telephone, and a sufficient Internet connection. 

● The team is able to utilize a conference room at the high school with a landline to use for 
speaking/listening. Team leaders have also secured a laptop to use for Vidyo. These 
resources were used already this year for the Kickoff as well as last year’s Milestone 
reviews so the team is confident that these will work again this year. 

1.11 All teams will be required to use the launch pads provided by Student Launch’s launch 
services provider. 

● The team will use provided launch pads, and the launch vehicle will be designed to fit on 
the standard launch pads provided.  

1.12 Each team must identify a “mentor.” A mentor is defined as an adult who is included as a 
team member, who will be supporting the team (or multiple teams) throughout the project year, 
and may or may not be affiliated with the school, institution, or organization. 

● The team has identified its Mentor as Tyler Sorensen who has proper certifications and 
is in good standing with NAR and TRA.  

 

2.  Vehicle 
2.1. The vehicle will deliver the payload to an apogee altitude between 4,000 and 5,500 feet 
above ground level (AGL). Teams flying below 3,500 feet or above 6,000 feet on Launch Day 
will be disqualified and receive zero altitude points towards their overall project score.  

● The launch vehicle will be delivering the payload to a projected apogee altitude of 5,280 
feet AGL. 

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. 

● The team will have a target altitude goal of 5,280 feet AGL. 

2.3. The vehicle will carry one commercially available, barometric altimeter for recording the 
official altitude used in determining the Altitude Award winner. The Altitude Award will be given 
to the team with the smallest difference between their measured apogee and their official target 
altitude on launch day. 

● The commercially available altimeter that the team will be using is the Stratologger CF to 
determine how close the launch vehicle gets to the specified target goal. 

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

● The team will purchase an electronics kit that comes with a dedicated arming switch that 
will allow team members to turn on each altimeter from the outside of the launch vehicle. 

2.5. Each altimeter will have a dedicated power supply. 
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● The vehicle recovery system will have dedicated Duracell batteries that exclusively 
power each altimeter individually, since they are high quality and reliable batteries to use 
for rocketry. 

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). 

● The dedicated arming switch will allow team members to turn on each altimeter from the 
outside of the launch vehicle and lock it in the ON position using spring tension. 

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. 

● The launch vehicle will be constructed in such a way that it will be recoverable and 
reusable for multiple launches in a single day. 

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. 

● There will be 3 sections to the vehicle: 1) a booster section with the motor, the drogue 
chute, and protective wadding in it, 2) a payload section with the main parachute, 
parawing, and the dual deployment electronics bay, and 3) the nose cone section as well 
as the GPS to locate the launch vehicle after landing. 
2.8.1. Coupler/airframe shoulders which are located at in-flight separation points will be 
at least 1 body diameter in length. 

● At all in-flight separation points, the coupler/airframe shoulders will be 6 inches in 
length for each half that the coupler is keeping together. 

2.8.2. Nosecone shoulders which are located at in-flight separation points will be at least 
1 / 2 body diameter in length. 

● Nose cone shoulders will be a minimum of 4 inches in length. 
2.9. The launch vehicle will be limited to a single stage. 

● The team will use a single stage K590 dual thrust motor powering the launch vehicle in 
its flight. 

2.10. 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. 

● The launch vehicle will be able to be prepared within 2 hours due to the simplicity of the 
build and the Cessaroni motor. 

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. 

● Because of the many batteries and failsafes in the team’s design, both the payload and 
separate internal electronics will be able to stay active for a minimum of 2 hours on the 
launchpad. 

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. 
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● The igniter that will be used will be charged using a standard twelve volt battery, and this 
igniter comes with the motors that the team will be buying. 

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). 

● The launch vehicle will not need any external circuitry or support equipment to launch  

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). 

● The vehicle’s motor is commercially available and uses ammonium perchlorate 
composite solid propellant.  
2.14.1. Final motor choices will be declared by the Critical Design Review (CDR)  

milestone.  

● If a motor change is deemed necessary before the CDR, the team will declare it.  
2.14.2. Any motor change after CDR must be approved by the NASA Range Safety  

Officer (RSO) and will only be approved if the change is for the sole purpose of  

increasing the safety margin. A penalty against the team’s overall score will be incurred  

when a motor change is made after the CDR milestone, regardless of the reason. 

● If a motor change is necessary after the CDR, the team will submit their change 
for review by the NASA Range Safety Officer. 

2.16. The total impulse provided by a College or University launch vehicle will not exceed 5,120 
Newton-seconds (L-class). The total impulse provided by a High School or Middle School 
launch vehicle will not exceed 2,560 Newton-seconds (K-class). 

● According to the calculations, the total impulse of the motor is 2415.3 N/s and will not 
exceed 2,560 N/s.  

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. 

● Using RockSim, the team has calculated that the static stability (the distance between 
the center of pressure and center of gravity) is 2.30 calibers, which is greater than the 
minimum of 2.0 calibers. 

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

● The projected rail exit velocity is 86.7 ft/sec, which exceeds the minimum of 52.0 ft/sec. 
2.19. All teams will successfully launch and recover a subscale model of their launch vehicle 
prior to CDR. Subscales are not required to be high power rockets.  

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. 
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● The subscale vehicle was created and flown on December 9, 2018, and was 
powered by an I-255 motor. The team used a weight in place of a payload to 
replicate a full scale launch vehicle flight capabilities.  

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

● The subscale vehicle carried a StratologgerCF altimeter that will record the 
subscale flight altitude. 

2.19.3. The subscale launch vehicle must be a newly constructed vehicle, designed and  

built specifically for this year’s project.  

● The students constructed a brand new launch vehicle to meet the requirements 
for this year’s project.  

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. 

● After flight, proof of the flight’s altimeter data has been submitted into the CDR 
report. 

2.20. All teams will complete demonstration flights as outlined below. 

2.20.1. Vehicle Demonstration Flight - All teams will successfully launch and recover  

their full-scale launch vehicle prior to FRR in its final flight configuration. The vehicle  

flown must be the same vehicle to be flown on launch day. The purpose of the Vehicle  

Demonstration Flight is to validate the launch vehicle’s stability, structural integrity,  

recovery systems, and the team’s ability to prepare the launch vehicle for flight. A  

successful flight is defined as a launch in which all hardware is functioning properly (i.e.  

drogue chute at apogee, main chute at the intended lower altitude, functioning tracking  

devices, etc.). The following criteria must be met during the full-scale demonstration 
flight:  

2.20.1.1. The vehicle and recovery system will have functioned as designed.  

● The vehicle and recovery system will function as designed, as proven in 
the vehicle demonstration flight. 

2.20.1.2. The full-scale rocket must be a newly constructed rocket, designed and  

built specifically for this year’s project.  

● This year’s rocket will be brand new and specifically designed for this 
year’s goal. 

2.20.1.3. The payload does not have to be flown during the full-scale Vehicle  

Demonstration Flight. The following requirements still apply: 

2.20.1.3.1. If the payload is not flown, mass simulators will be used to  
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simulate the payload mass. 

● To demonstrate the launch vehicle’s payload weight contribution 
during flight, mass simulators will be used to mimic the payload’s 
weight. 

2.20.1.3.2. The mass simulators will be located in the same approximate  
location on the rocket as the missing payload mass.  

● Mass Simulators will be located in the same place where payload 
would be stored. 

2.20.1.4. If the payload changes the external surfaces of the rocket (such  

as with camera housings or external probes) or manages the total energy  

of the vehicle, those systems will be active during the full-scale Vehicle  

Demonstration Flight. 

● Any add-ons to the external surfaces of the launch vehicle that 
were changed will be used in the full-scale VDF 

2.20.1.5. Teams shall fly the launch day motor for the Vehicle  

Demonstration Flight. The RSO may approve use of an alternative motor  

if the home launch field cannot support the full impulse of the launch day  

motor or in other extenuating circumstances. 

● Should there be a need for an alternative motor, an RSO will be 
called upon. 

2.20.1.6. The vehicle must be flown in its fully ballasted configuration  

during the full-scale test flight. Fully ballasted refers to the same amount  

of ballast that will be flown during the launch day flight. Additional ballast  

may not be added without a re-flight of the full- scale launch vehicle. 

● The design will not be using any ballast. 
2.20.1.7. After successfully completing the full-scale demonstration flight,  

the launch vehicle or any of its components will not be modified without  

the concurrence of the NASA Range Safety Officer (RSO). 

● The launch vehicle and any of its components will not be modified 
without the concurrence of the NASA RSO after completion of the 
full scale demonstration flight. 

2.20.1.8. Proof of a successful flight shall be supplied in the FRR report.  

Altimeter data output is required to meet this requirement.  

● Proof of a successful flight shown by altimeter data output will be 
supplied in the FRR report. 

2.20.1.9. Vehicle Demonstration flights must be completed by the FRR  
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submission deadline. If the Student Launch office determines that a  

Vehicle Demonstration Re-flight is necessary, then an extension may be  

granted. This extension is only valid for re-flights, not first-time flights.  

Teams completing a required re-flight must submit an FRR Addendum by  

the FRR Addendum deadline. 

● The students built and launched the final launch vehicle on March 
3, 2019 so as to verify the readiness and stability of the vehicle. 

2.20.2. Payload Demonstration Flight - All teams will successfully launch and recover  

their full-scale rocket containing the completed payload prior to the Payload  

Demonstration Flight deadline. The rocket flown must be the same rocket to be flown on  

launch day. The purpose of the Payload Demonstration Flight is to prove the launch  

vehicle’s ability to safely retain the constructed payload during flight and to show that  

all aspects of the payload perform as designed. A successful flight is defined as a launch  

in which the rocket experiences stable ascent, the payload is fully retained during ascent  

and descent, and the payload is safely deployed on the ground. The following criteria  

must be met during the Payload Demonstration Flight:  

2.20.2.1. The payload must be fully retained throughout the entirety of the flight,  

all retention mechanisms must function as designed, and the retention mechanism  

must not sustain damage requiring repair. 

● According to the Payload Section, the parawing will be retained and 
tracked throughout the flight, without damaging the retention mechanism 

2.20.2.2. The payload flown must be the final, active version. 

● The parawing flown will be in its final, active version 

2.20.2.3. If the above criteria is met during the original Vehicle Demonstration  

Flight, occurring prior to the FRR deadline and the information is included in the  

FRR package, the additional flight and FRR Addendum are not required.  

● If the criteria is met, the team will not bother with the additional flight or 
FRR Addendum 

2.20.2.4. Payload Demonstration Flights must be completed by the FRR  

Addendum deadline. No extensions will be granted. 

● The students built and launched the final launch vehicle on March 3, 2019 
so as to verify the readiness and stability of the vehicle. 

2.21. An FRR Addendum will be required for any team completing a Payload Demonstration 
Flight or NASA-required Vehicle Demonstration Re-flight after the submission of the FRR 
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Report.  

● If an FRR Addendum and Re-flight are required, the team will complete them 

2.21.1. Teams required to complete a Vehicle Demonstration Re-Flight and failing to  

submit the FRR Addendum by the deadline will not be permitted to fly the vehicle at  

launch week. 

● If the students cannot complete the requirements in time, the team will not launch 
during launch week 

2.21.2. Teams who successfully complete a Vehicle Demonstration Flight but fail to  

qualify the payload by satisfactorily completing the Payload Demonstration Flight  

requirement will not be permitted to fly the payload at launch week. 

● If the payload does not meet the satisfaction of the Payload Demonstration Flight 
requirements, then the team will not launch during launch week. 

2.21.3. Teams who complete a Payload Demonstration Flight which is not fully  

successful may petition the NASA RSO for permission to fly the payload at launch  

week. Permission will not be granted if the RSO or the Review Panel have any safety  

Concerns. 

● If the Payload Demonstration Flight is not entirely successful, the team will ask 
an RSO for permission to launch during launch week 

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

● The launch vehicle will not have any protuberances on it.  
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. 

● The team’s name and contact information will be on each component of the launch 
vehicle that separates and will be able to be retrieved without separating or opening the 
vehicle. 

2.24. Vehicle Prohibitions: 

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.  

● There will be no canals used on the launch vehicle. 
2.24.2. The launch vehicle will not utilize forward firing motors.  

● There will be no forward firing motors used on the launch vehicle.  
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2.24.3. The launch vehicle will not utilize motors that expel titanium sponges 

● The design will utilize an Aeropack retainer for the motor retention to avoid a 
friction fitting motor. 

2.24.4. The launch vehicle will not utilize hybrid motors.  

● There will be no hybrid motors used on the launch vehicle. 
2.24.5. The launch vehicle will not utilize a cluster of motors.  

● There will be no cluster motors used on the launch vehicle. 
2.24.6. The launch vehicle will not utilize friction fitting for motors.  

● There will be no friction fitting to fit motors used on the launch vehicle. 
2.24.7. The launch vehicle will not exceed Mach 1 at any point during flight. 

● With the current weight and power of the team’s motor, the launch vehicle will not 
exceed Mach 1 during any part of the flight. 

2.24.8. Vehicle ballast will not exceed 10% of the total unballasted weight of the launch 
vehicle as it would sit on the pad (i.e. a launch vehicle with and unballasted weight of 40 
lbs on the pad  

may contain a maximum of 4 lbs. of ballast).  

● No ballast is expected to be utilized in the launch vehicle, but will not exceed the 
10% maximum if it is required. 

2.24.9. Transmissions from onboard transmitters will not exceed 250 mW of power.  

● The radio transmitter in the payload will not exceed 250 mW of power. 
2.24.10. 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. 

● The nose cone will be metal tipped, but it is a light metal and there will not be any 
excessive or dense metal anywhere on the vehicle. 

3. Experiment  
4.5.1. Team-designed payloads must be approved by NASA. NASA reserves the authority to 
require a team to modify or change a payload, as deemed necessary by the Review Panel, 
even after a proposal has been awarded. 

● The experiment that the team will be conducting is jettising AARPS with its own 
parawing from the launch vehicle during descent, which will be guided by GPS to a final 
target destination. This is subject to change, should NASA decide that the experiment is 
to be modified and/or improved. 

4.5.2. Data from the science or engineering experiment will be collected, analyzed, and reported 
by the team following the scientific method. 

● The data collected from AARPS, will be the altitude of release, as well as GPS tracking 
and distance away from the target destination.  
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4.5.3. The experiment must be designed to be recoverable and reusable. Reusable is defined 
as being able to be launched again on the same day without repairs or modifications. 

● The parawing will be easily reusable and can be fitted back inside the launch vehicle for 
another launch without modification or repair to the vehicle. 

4.5.4. Any experiment element that is jettisoned during the recovery phase will receive real-time 
RSO permission prior to initiating the jettison event. 

● Real time RSO permission will be requested prior to when AARPS jettisons from the 
launch vehicle, for its own descent.  

4.5.5. Unmanned aerial vehicle (UAV) payloads, if designed to be deployed during descent, will 
be tethered to the vehicle with a remotely controlled release mechanism until the RSO has 
given permission to release the UAV. 

● When RSO permission is granted, it will be released remotely from its tether to the 
launch vehicle and directed down to the ground via GPS and controlling servo motors. 

4.5.6. Teams flying UAVs will abide by all applicable FAA regulations, including the FAA’s 
Special Rule for Model Aircraft (Public Law 112-95 Section 336; see 
https://www.faa.gov/uas/faqs). 

● The parawing will abide by all FAA regulations and procedures. 
4.5.7. Any UAV weighing more than .55 lbs. will be registered with the FAA and the registration 
number marked on the vehicle. 

● The payload weighs more than .55 lbs, and has been registered with the FAA, and the 
registration number will be marked on AARPS. 

4. Safety  
5.1.  Each team will use a launch and safety checklist. The final checklists will be  
included in the FRR report and used during the Launch Readiness Review (LRR) and  
any launch day operations. 

● A safety checklist will be created and used for the subscale launch and for the full 
scale launch to inspect and clear the launch vehicle for launch. Changes will be 
made if needed. 

5.2. Each team must identify a student safety officer who will be responsible for all items  
in section 5.3. 

● The safety officer Randev Goonesekere and the safety advisor is Sid Kalala. 
5.3. The role and responsibilities of each safety officer will include, but are not limited to: 

5.3.1. Monitor team activities with an emphasis on Safety during: 
5.3.1.1. Design of vehicle and payload 

● Monitoring of team members will be done to make sure rules are 
followed. 

5.3.1.2. Construction of vehicle and payload 
● Monitoring of team members will be done to make sure rules are 

followed. 
5.3.1.3. Assembly of vehicle and payload 

● Monitoring of team members will be done to make sure rules are 
followed. 
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5.3.1.4. Ground testing of vehicle and payload 
● Monitoring of team members will be done to make sure rules are 

followed. 
5.3.1.5. Subscale launch test(s) 

● Monitoring of team members will be done to make sure rules are 
followed. 

5.3.1.6. Full-scale launch test(s) 
● Monitoring of team members will be done to make sure rules are 

followed. 
5.3.1.7. Launch day 

● Monitoring of team member will be done to make sure rules are 
followed. 

5.3.1.8. Recovery activities 
● Monitoring of team member will be done to make sure rules are 

followed. 
5.3.1.9. STEM Engagement Activities 

● Monitoring of team member will be done to make sure rules are 
followed. 

5.3.2. Implement procedures developed by the team for construction, assembly,  
launch, and recovery activities. 

● The safety team will modify and use safety presentations from last year 
so complete understanding of what safe behaviour during every part of 
the project is throughout the team. 

5.3.3. Manage and maintain current revisions of the team’s hazard analysis,  
failure modes analysis, procedures, and MSDS/chemical inventory data. 

● The Personnel Hazard Analysis chart and FMEA will be updated and 
MSDS’s will be updated by the safety team. 

5.3.4. Assist in the writing and development of the team’s hazard analyses,  
failure modes analysis, and procedures. 

● The safety team will be responsible for writing the Personnel Hazard 
Analysis chart and the FMEA. 

5.4. During test flights, teams will abide by the rules and guidance of the local rocketry  
club’s RSO. The allowance of certain vehicle configurations and/or payloads at the 
NASA Student Launch does not give explicit or implicit authority for teams to fly those 
vehicle configurations and/or payloads at other club launches. Teams should 
communicate their intentions to the local club’s President or Prefect and RSO before 
attending any NAR or TRA launch. 

● Presentations on safety during launches will by written by the safety team ad 
presented to the team. At any launch site, the organizers rules, the local laws, 
NAR and TRA rules, and mentor rules will all be considered, abided by,  and 
added to the presentation. 

5.5. Teams will abide by all rules set forth by the FAA. 
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● FAA rules and laws will be abided by and important and relevant rules and laws will 
appear in the presentations. 

6.2.2 Team Derived Requirements  

1. Vehicle  
● The maximum weight of the vehicle will not exceed 20 pounds. 

○ Justification: The team wants the kinetic energy to be under 75 Newtons for each 
portion of the launch vehicle during landing.  

○ Verification: Calculations have been done using numbers that allow them to meet 
the requirements. 

● The team’s motor choice will not enable the launch vehicle to exceed subsonic speeds 
○ Justification: The team wants to be able to reach the target altitude and using a 

higher  
○ Verification: Using the data from the subscale launch, calculations will be done to 

ensure the vehicle did not reach sonic speech. 
● The launch vehicle will use only three fins 

○  Justification: The team feels like four fins will be too unstable. 3 fins will be most 
economical determined by various simulations. 

○ Verification: While building the vehicle, only 3 fins will be utilized.  
● The team’s vehicle will break into 2 tethered pieces and a separate nose cone payload 

section. 
○  Justification: The team used 3 tethered sections last year and it work out 

effectively for the team, but this year the third section will become a separate 
untethered section for our payload. 

○ Verification: During the subscale launch, the descent of the pieces will be closely 
monitored to make sure all goes as well. 

2. Recovery 
● The main parachute will be 78-inch diameter. 

○ Justification: Using this size will result in a descent which enters under 
compliance with decent velocity requirements. 

○ Verification: Simulations have proved that the parachute will bring the launch 
vehicle down in a safe manner. 

● The drogue parachute will be 24-inch diameter. 
○ Justification: Using this size will result in a descent which enters under 

compliance with descent velocity requirements for the first part of the descent. 
○ Verification: Simulations have proved that the parachute will bring the launch 

vehicle down in a safe manner, the same simulations as used for the main 
parachute. 
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3. Payload  
● The total weight of the payload will not exceed 5 pounds. 

○ Justification: In order to reach the target altitude the payload will have to be as 
lightweight as possible. If the payload weighs less than 4 lbs the team will have 
the power to get the launch vehicle to the target altitude.  

○ Verification: In the simulations, payloads over 5 pounds did not allow the vehicle 
to reach the target height. 

● The AARPS apparatus will land within 50 feet of a target point set on the map. 
○ Justification: The team wants the target to be small enough so that there will be 

some use of the servos to direct the parawing, but the team doesn’t want it to be 
too big. 

○ Verification: Test flights of the AARPS will be done to see the accuracy and the 
target area will be adjusted accordingly. 

● The AARPS apparatus will be autonomous in landing. 
○ Justification: This is main point of the experiment, to see if it can be done without 

human interference. If it is controlled from the ground, it will be akin to a drone. 
○ Verification: No communication will occur between the ground and the servos on 

the AARPS. 

6.3 Budgeting and Timeline  
 

6.3.1 Budget  
Total budget: $12,000 

a. The team is budgeting $500 to the motors for this year’s launch vehicles. The 
team plans on using K590 Cesaroni motors, which cost between $150-$175 each 
after Hazmat shipping. The team plans on needing to use at least 3 of these, for 
all test launches and final flight, and they are budgeting extra just in case there is 
a problem with one of the other motors, or if the launches do not turn out 
successful. 

b. There will be $5,000 of the budget devoted to travel. For the trip to Huntsville, 
Alabama the team is going to need six hotel rooms for a span of about 4 nights, 
with each hotel room costing about $125 per night, adding up to a total of $3,000. 
The team will also need to purchase gas for the school vans they will be taking 
down there. With the current price of gas, that will cost around $1,000. Since a 
substantial amount of work and launching will be done in Indianola, IA (100 mi. 
away) and North Branch, MN (250 mi away), the team will need to add about 
$1,000 to the budget for the multiple trips to these places.  

c. The Cedar Falls Rocket Club is going to need to spend about $4,000 on 
materials for the final launch vehicle. It will cost a substantial amount of money to 
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make the vehicle since it will be made of fiberglass, and since it is 8 feet tall. The 
parawing, accompanying electronics, and payload features that will be necessary 
will account for another large part of the budget.  

 
 
 
 
Launch Vehicle and Payload budget: 
 
Item Cost Quantity Total 

Cesaroni K590 Motor $148.95 3 $446.85 

5" Fiberglass body tube (per ft) $36.00 6 $216.00 

Cesaroni 54mm 6-Grain Hardware Set $99.00 1 $99.00 

4:1 Ogive Filament Wound Fiberglass 4.5" 

nosecone $99.00 1 
$99.00 

78" Parachute $180.00 1 $180.00 

24" Drogue Parachute $19.95 1 $19.95 

5" Fiberglass body tube coupler $19.95 3 $59.85 

RocketPoxy structural adhesive $65.00 1 $65.00 

G10 Fiberglass 18"x24"x 0.125" sheet (for fins) $27.00 4 $108.00 

Kevlar Shock Cord - 1500# - Main Chute (per ft.) $0.97 40 $38.80 

Kevlar Shock Cord - 1500# - Drogue Chute (per 

ft.) $0.97 40 
$38.80 

Tube Bulkhead - 5" $7.99 4 $31.96 

3/8" U-bolts $5.49 4 $21.96 

Motor Mount Tubing - 54mm fiberglass $36.00 1 $36.00 

Centering Ring - 5" x 54mm inner dia. Fiberglass $9.99 1 $9.99 

AeroPack Retainer - 54mm $31.03 1 $31.03 

1/4" quick links $0.99 6 $5.94 

4-40 Nylon shear pins (20-pack) $1.00 6 $6.00 
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Removable Plastic Rivets (10-pack) $5.00 5 $25.00 

1/4" threaded steel rod (3ft. Each) $1.75 2 $3.50 

PerfectFlight StrattologgerCF altimeter $54.95 2 $109.90 

Parawing Fabric (per yard) $8.00 20 $500.00 

Flight Controller & Payload GPS Device $350.00 1 $50.00 

Rechargeable batteries $10.00 6 $60.00 

Misc. hardware/wiring for flight controller $100.00 1 $75.00 

Scale Model $500.00 1 $500.00 

Cesaroni Motor for Scale Model $75.00 1 $75.00 

Rocket Tracker Transmitter $125 1 $125.00 

Rocket Tracker Receiver $450 1 $450.00 

Ground Radio Controller - Electronics $250 1 $250 

     

TOTAL   

$3,722.53  
  

 

Transportation and Rooming Budget: 

Item Cost Quantity Total 

Rooms at Embassy Suites $124 6 (4 nights) Est. 
$2800-$3000 
 

Van Rental $250 2 $500 

Gasoline x x Est. 
$1000 

Reserve Money $1000 x $1000 

TOTAL   $5,500 
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6.3.2 Funding plan  
The team has been working continuously on an ever evolving fundraising plan. We’ve 

been collecting money using a variety of methods, from small fundraising events with donation 
mostly from individuals, to small and large business donation proposals. We have also received 
donations through our GoFundMe page. We have decided to devote a majority of our 
fundraising efforts toward working with various sized local business, since they are more likely 
to give more generous donations, and be able to work with us to provide other beneficial 
services. Companies who donate generously to the club will have their logo added to the final 
rocket. This is both great advertising for the companies and for us, since other businesses may 
be interested in the possible advertising. Along with targeting  the larger businesses, we are 
actively seeking help and donations from smaller establishments and groups. On the side each 
member of the team received seven stickers with our logo on them to sell around the 
community. These stickers not only helped raise funds, but spread awareness of our team all 
throughout the community. A majority of the funds collected  recently and in the future will be 
allocated to the trip to Alabama, and other test launches. The rocket electronics, and 
components have been paid for by previously raised funds. As the time continues to near 
toward the final launch date, we are continuously searching for more fundraising opportunities.  
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6.3.3 Timeline 
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