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Section 1: General Information  

1.2a Adult Educator 
Mr. Zeb Nicholson nicholson.zeb@gmail.com (319) 939-2169 

1.2b Mentors 
 
Mr. Tyler Sorensen, tylersorensen3@gmail.com, (319) 269-2592 

1.3 Student Team Leaders  
Mr. Erik Walther erik.walther12@gmail.com  (319) 486-8551 
Mr. Duncan Meyer 19dunmey@student.cfschools.org (319) 529- 1599 

1.4 Safety Officer  
Mr. Randev Goonesekere, randev.goonesekere@gmail.com, (319) 243-9211 

1.5 Team Members and Their Roles 
● Team members include 15 students and 2 adults.  The students consist of nine 

seniors, four juniors, and one sophomore.  One adult, Zeb Nicholson, works at 
Doerfer as a mechanical engineer and was a teacher at Cedar Falls High School 
for the past 6 years. The other attends the University of Wisconsin - Platteville. 
The team will also have a workshop supervisor that works at Cedar Falls High 
school as well.  
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● The team is divided into 5 subgroups: Payload Design, Vehicle Design, 
Outreach, Fundraising, and Safety. The two captains are returning members, and 
they will also be part of the Project Planning group. Each subgroup will have a 
leader to designate tasks and manage workflow to keep an organized and 
smooth running group. Each leader will meet with the captains to make sure 
everything is running smoothly. The captains and mentors also will be available 
to help with any questions and challenges that arise within the smaller groups.  

 
 
 
 
Members and Roles:  
 
Erik  

● Co-team Leader  
● Safety group member  
● Project planning coordinator  

Duncan  
● Co-team Leader 
● Vehicle design group member 
● Project planning coordinator  

Randev 
● Safety Officer 
● Project planning coordinator 
● Payload design group member  

Andre 
● Payload design group leader  
● Outreach group member 
● Fundraising group member  
● Project planning coordinator  

Marika 
● Safety group member 
● Outreach group leader  

Taylor  
● Outreach group member  
● Vehicle design group member  

Calvin 
● Payload design group member  

Andrew 
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● Vehicle design group member  
Chase 

● Fundraising group member  
● Outreach group member 

Nathan 
● Payload design group member  
● Outreach group member  

Austin 
● Fundraising group leader  
● Vehicle design group member  

Benson  
● Payload design group member  

Frank 
● Vehicle design group leader  

Sid 
● Safety group member  

TJ  
● Fundraising group member 
● Outreach group member  

Tyler Sorensen 
● Team Mentor - NAR/TRA Level 2 HPR certified  
● UW-Platteville Rocket Club Range Safety Officer and former vice president. 
● Has competed in and won several collegiate rocket contests through UW-P 

Zeb Nicholson 
● Adult educator - Engineer at Dorfer Engineering 
● Technical Advisor - NAR Level 2 HPR certified  

Kurt Balvanz  
● Workshop Supervisor 

 

1.6 NAR/TRA Section Affiliation 
For the purposes of mentoring, review of designs and documentation, and launch 
assistance, the team will work with Tripoli Minnesota Association, TRA Prefecture #45. 
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Section 2: Facilities/Equipment  

 2.1 Facilities 
● Cedar Falls High School physics room 227 will be the main meeting location for 

the Cedar Falls Rocket Club on Mondays and Wednesdays. In this room the 
team will meet to work on the project  and discuss. They will also use the space 
for the subgroups to meet individually to work on what is necessary for their 
deadlines.  

● There is a Makerspace located in Waterloo, Iowa that the team has been given 
permission to use throughout the duration of this project by a generous donation 
from the Cedar Valley Makers. This area will provide the team with the 
capabilities to construct the launch vehicle with the proper tools and machines at 
the team’s disposals including machines for constructing the vehicle as well as 
electronics equipment to build and test the payload. 

● Cedar Falls Public Library:  After school hours meeting place where work on the 
proposal was done, and where future reports and presentations will be worked 
on and presented. 

● Cedar Falls High School, Room 31: This is a secondary location where storage 
of rocket supplies and construction will take place.  

● The University of Northern Iowa is located in the team’s hometown, and has a 
library with 24-hour access that students can use for meetings, research, etc. 
The team will also utilize their soccer/football practice field areas for any 
low-power rocket launches (educational outreach, scale testing, etc.) 

● The University of Wisconsin - Platteville Engineering Hall workshop will also be 
available to us. This is where final touches on the launch vehicle will be made 
and the team mentor, Tyler Sorensen, will work with the team and check over to 
see that the vehicle will abide by NAR safety code and NFPA code 1127.  

● The ISOAR (Tripoli Iowa club) launch site located in Indianola, IA will be the 
expected site for all subscale vehicle launches. 

● The Tripoli Minnesota launch site located in North Branch, MN will also be an 
expected site for launching the team’s full-scale vehicle. 
 

 
6 



 

2.2 Equipment  
● In the Makerspace, students will have a full wood shop, machine shop, and 

various rapid prototyping machines available to use. In the wood shop, there are 
band saws, table saws, many hand tools, belt and disc sanders, vices, and 
power tools like a hand drill. In the machine shop, there is a lathe; manual and 
CNC, drill press, CNC machine, and more sanders. For the rapid prototyping 
machines, the team will have access to 2 different 3D printers with the ability to 
print in multiple kinds of plastics. They also have access to a laser cutter. 

● In Cedar Falls High School Room 31: the room offers a lathe; manual and CNC, 
3D printer, foam cutter, drill press, laser cutter, along with other commonly used 
hand and power tools used for launch vehicle construction. The team will also 
use the space for meetings of the large group and subgroups.  

● In regards to the launching and ground-testing procedures, Randev 
Goonesekere, the team’s Safety Officer, will oversee all launches to make sure 
NAR safety codes are followed such as distance of cleared area and distance to 
stand away from launch pad.  The mentor and adult educator will also both be 
overseeing launch procedures, ensuring NAR safety codes are followed, and 
overseeing to make sure the team follows the safety plan laid out in this 
document. The team has access to the simulation programs RockSim and 
OpenRocket to help with the design of the launch vehicle. Autodesk Inventor 
Professional will also be used to model the electronics and payload sections. To 
use these programs, team members have individual chromebooks as well as 
desktops in Room 31 in Cedar Falls High School. 

 

Section 3: Safety 

3.1 Safety Plan  
Members of the Cedar Falls Rocket Club will be briefed on the hazardous 

materials and how to properly handle them. Certified team members will use and 
oversee the usage of hazardous materials and tools. Safety Data sheets will also be 
available in environments with close proximity of these materials. A risk assessment will 
be included in the working document (See Appendix 2). Members will also be briefed on 
rules for any facility that they work in. During the construction and launching of the 
vehicle and other things throughout the project, the safety officer, members of the safety 
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team, team leaders, and mentors will be keeping a watchful eye to make sure everyone 
is following the rules and being safe. 

3.1.1 Procedures for NAR/TRA 
A certified member will order, store, handle, and deal with the transport of the motors. 
That member will also claim the launch vehicle as is required with certification. The 
safety procedures for the launch of the vehicle will be enforced by the Range Safety 
Officer(RSO) and the team’s safety officer. Other team members and spectators will 
follow guidelines that pertain to them. Certified team members will use and oversee the 
usage of hazardous materials and tools.  

Hazardous Material Handling  
Motors will be ordered through Off We Go Rocketry by the team mentor who has 

Level 2 certification. The motors for testing will be shipped by Off We Go Rocketry to 
the team mentor in Wisconsin where he will store them in compliance with all 
regulations in the Univ. of Wisconsin - Platteville Rocket Club facilities. Prior to the 
vehicle being launched, the motors will be taken out and transported to the launch site 
using proper storage and transportation regulations. The team’s Level 2 certified team 
mentor will then assemble the motor and install it in the vehicle. The Safety Agreement 
(located in Appendix 1) was created to ensure that members understood all of the 
safety hazards, and read the applicable safety regulations.  

3.1.2 Hazard Recognition and Accident Avoidance  
All rules regarding safety and general conduct of the facilities used by team 

members will be followed. A list of the possible facilities include but are not limited to: 
Cedar Falls High School, Richard Bong State Recreation Area, Cedar Falls Public 
Library, University of Northern Iowa, Hawkeye Community College, University of 
Wisconsin-Platteville, Doerfer Engineering, and The Cedar Valley Makerspace. The 
safety officer will ensure that all rules and all safety precautions are followed. 

 Before launch vehicle construction meetings begin, the safety officer will lead a 
short but mandatory meeting to review safety procedures for all tools and equipment, 
and materials that may be considered hazardous. The meeting will also include a review 
of all Material Safety Data Sheets (MSDS) to ensure that all team members are familiar 
with all procedures for handling dangerous materials. Warning signs about hazardous 
materials will be on all launch vehicle plans using those materials. The proper Personal 
Protective Equipment (PPE) will be displayed and demonstrated during the meeting to 
ensure team members know the proper PPE to be used during the different phases of 
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construction. An emphasis on proper PPE usage (dust mask, safety glasses, gloves) 
will be emphasized before every construction work session in which fiberglass is being 
handled, cut, sanded, etc. If a team member is not using the proper PPE, they will be 
asked to stop their work and may be subject to administrative consequences. Proper 
ventilation will be ensured during all work sessions as well. All work rooms will have 
proper and functioning ventilation systems to ensure proper health codes are followed. 
A safety officer and/or assistant safety officer must be present during all construction 
sessions. 

 

3.1.3 Documentation of Safety Plans/Procedures 

Every member on the team will agree to and sign a statement (see Appendix 1) 
that acknowledges the safety risks and procedures designated by the safety officer or 
advisor. Personal Protective Equipment (PPE) will be worn at all times when needed 
and members not adhering to the agreement or rules of the facilities will be subject to 
administrative consequences by the safety officer, adviser, or team leaders. 

3.1.4 Plan to Comply with Laws 
Safety agreement (located in Appendix 1) was created to ensure that members 
understood all of the safety hazards, and read the applicable safety regulations. A 
presentation to brief the students on the launchings of the vehicle will be included in the 
Appendix for reference. It will be edited as needed for this year. For each launch, the 
FAA ceiling will be acknowledged and honored, and research on the state laws will have 
been conducted to make sure the launch does not breach any laws. During launching 
events student and spectator safety will be the highest priority. Safety officers will be in 
charge of monitoring regulations from NRA/TRA along with safety procedures of the 
competition. Prior to launch days, team members will conduct regulation checks to 
ensure compliance with federal, state, and local laws. Prior to launch day, NAR/TRA 
officials that have sponsored the launch event will ensure proper paperwork and 
permission is obtained from a legal perspective for all launches. Specific to the use of 
air space, Federal Aviation Regulations 14 CFR, Subchapter F, Part 101, Subpart C; 
Amateur Rockets, Code of Federal Regulation 27 part 55: Commerce in Explosives; fire 
prevention, NFPA 1127 “Code for High Power Rocket Motors.” will be followed. 
Thorough knowledge of regulations regarding airspace and use of high-powered motors 
will be extremely important and will be known by the safety officer and safety advisor. 
The officer will make sure the team follows regulations for any launch performed by the 
team.  
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3.1.5 Plan for storage, purchase, transportation and usage of all 
energetic devices  

Motors will be ordered through Off We Go Rocketry by the team mentor who has 
Level 2 certification. The motors for testing will be shipped by Off We Go Rocketry to 
the team’s mentor in Wisconsin, a certified member. He will store, handle, and deal with 
the transport of the motors. That member will also claim the launch vehicle as is 
required with certification. Prior to the vehicle being launched, the motors will be taken 
out and transported to the launch site using proper storage and transportation 
regulations. A Level 2 certified team member will then assemble the motor in the launch 
vehicle.  

The safety procedures for the launch of the vehicle will be enforced by the Range 
Safety Officer(RSO) and the team’s safety officer. Other team members and spectators 
will follow guidelines that pertain to them. Certified team members will use and oversee 
the usage of hazardous materials and tools. 
 
 

3.1.6 Safety Regulations Student Agreement Form  
Safety Agreement (located in Appendix 1) was created to ensure that members 
understand all of the safety hazards, the applicable safety regulations, and the 
consequences of not following safety guidelines.  
 

 

Section 4: Technical Design 
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4.1 General Vehicle  
The preliminary launch vehicle design will be similar to the design that the team used for 
its 2018 NSL project. The overall dimensions include: 8 feet in height, and a diameter of 
5 inches. Very early/preliminary simulation software data is indicating that the vehicle 
will have a static margin of between 2.00 and 2.5 (currently 2.45), and a rail exit velocity 
of 80+ ft/sec (currently 80.6). As for other launch vehicle design information:  
3 Trapezoidal-shaped fins (dimensioned below) will be used. The estimated mass of the 
vehicle is approximately 10.108 pounds without a motor (see below). Most of the launch 
vehicle, including the body, fins, and nose cone, will be constructed out of fiberglass 
with an ⅛ inch thickness. Fiberglass was chosen over other materials for the majority of 
the structural vehicle design due to its advantageous chemical and physical properties. 
Fiberglass proves to be very durable and resistant to multiple forms of moisture and 
corrosion. With rocket fuel and exhaust exhibiting corrosive characteristics, fiberglass 
fins are beneficial when in such close proximity to the fuel and exhaust. In addition, 
fiberglass has a high strength to weight ratio when compared to materials of similar 
weight. Another advantage of fiberglass is that it does not contain an inherent “grain”, 
therefore, it will be strong in any direction it is applied. Due to its desirable strength, 
fiberglass is a good choice for the body and nose cone as well. Excellent dimensional 
stability and high heat resistance is another benefit due to the launch vehicle being 
subject to high speeds and altitudes. Lastly, fiberglass is a cost-effective choice that is 
easy to work with and readily available for purchase, which will be beneficial during 
construction. Some parts of the launch vehicle will be made using ABS plastic that is 3D 
printed because the team has access to a high-end 3D printer at their school, and the 
students are very effective at designing unique parts needed for their vehicles. 
Construction procedures will consist of a significant amount of cutting of fiberglass to 
specifications. This is one of the most hazardous parts of the construction process as 
cutting fiberglass can create dangerous fiberglass dust that can be inhaled or slivers of 
fiberglass can cause skin irritation. Team members will split up into groups to construct 
different components of the launch vehicle in an orderly fashion, starting with the motor 
mount and fin-can assembly installation. They will have one team dedicated to the 
construction and installation of all electronics within the vehicle. This team will work 
closely with the payload design team to ensure all electronics are compatible between 
the launch vehicle and payload.  To secure the fins and other parts of the vehicle 
together students will be using Rocketpoxy and other high-strength adhesive materials. 
To secure the different sections of the launch vehicle together during ascent the team 
will use commercially available plastic shear pins.  
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Average density of fiberglass: 80 to 110 lbs./ft3 (avg 95 lbs./ft3).  
Volume of launch vehicle (solid) = (V Cylinder + V Cone + 3 V Fins)  
Hollow interior calculations: 
Right Circular Cylinder:  
(pi*d2*h/4) - (pi*(d-0.25)2*h/4) = (pi * 25 in2 * 78 in / 4) - (pi * 22.5625 in2 * 78 in / 4) = 
149.3238 in3  
Parabolic cone:  
(pi*d2*h/8) - (pi*(d-0.25)2*h/8) = (pi * 25 in2 * 18 in / 8) - (pi * 22.5625 in2 * 18 in / 8) = 
17.2297 in3 
 
 
Trapezoidal Fins (drawing below): 

 

 
 
Total volume = 17.2740 in3 + 149.3238 in3 + 15.1875 in3  = 181.7853 in3  = 0.1052 ft3 
 
95 lbs/ft3 = (M lbs /  0.1052 ft3) = 9.994 lbs.  
 
Empty launch vehicle = 9.994 lbs. According to thrustcurve.org, a Cesaroni K590 motor 
has a total mass of 1994 grams or 4.4 lbs. Thus, the weight of the launch vehicle with 
the projected motor choice will be 14.508 lbs. With the addition of the recovery systems, 
payload (parafoil recovery system), altimeter, and other components, the vehicle will 
weigh even more. The mass of the launch vehicle fully assembled and ready on the 
launch pad will be estimated at 20 pounds for simplicity.  
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4.2 Projected Altitude  
The team has run preliminary simulations in RockSim (Fig. 4.1) using the desired K590 
motor from CTI and gotten desirable results. The apogee of 5,223 feet AGL is just under 
the target of 5,280 feet AGL. It also gives a velocity off the rail of 80.6 fps, which 
exceeds the minimum “rail exit velocity” requirement of 52 fps. It is predicted that the 
launch vehicle may end up weighing more with all the given electronics and/or having a 
greater coefficient of drag, but it will remain close to the team’s target of 5,280 feet. 

 
Fig. 4.1 RockSim Estimated Altitude 
 
One of the team members has also done hand calculations for the projected altitude of 
the launch vehicle, and is estimating it to be 4562.5 feet. This was calculated by hand 
(see below) and no simulations were ran. The drag coefficient was assumed to be 0.75 
since there was no way to determine this number experimentally. A rocket will vary in its 
performance due to a few reasons: rocket motor thrust variance, the actual drag 
coefficient, and the rocket’s stability. Secondly, approximations with air density, mass, 
and motor thrust were made. The average air density between 0 and 5,500 feet was 
calculated and used. The mass of the motor minus half of the mass of the propellent 
was used as the motor weight during the boost phase. During the coast phase, the 
mass of the motor minus the mass of the propellent was used. Lastly, motor thrust was 
assumed to be constant.  
 
Calculations:  
Mass of the launch vehicle (M): 9.07 kg (from 20 lbs) 
Area [cross-sectional area at the base of the nose cone (largest diameter of the launch 
vehicle)]: pi*(0.5*(5 inches/12)*0.3048 m/ft)2 = 0.01267 m2 

Wind resistance factor (k): 0.5 * average air density (AD) * CD * A  
AD from 0 feet to 5,500 feet: 1.225 kg/m3 to 1.039 kg/m3. Avg = 1.132 kg/m3 
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0.5 * 1.132 * 0.75 * 0.01267 = 0.005378 
Burn time: Total Impulse / Average Thrust = 2397.6 N/s / 590.5 N = 4.06 seconds 
Propellent Weight: 2.577 lbs out of total weight of 4.396 lbs. 
 
The average mass during boost is (mass of the launch vehicle + mass of the motor + 
mass of other components) - (0.5*propellent mass). (10.108 lbs + 4.4 lbs + 5.5 lbs) - 
(0.5 * 1.289 lbs) = 19.355 lbs or 8.78 kg.  
 
The variables “q” and “x” are used to simplify upcoming equations.  
Q = sqrt [(T - M * g) / k]  = sqrt [(590.5 N - 8.78 kg * 9.8 m/s2) / 0.005378] = 306.241 
X = 2 * k * q / M = (2 * 0.005378 * 306.241)/8.78 = 0.375 
 
Max velocity 
V = q * (1 - e^-x*t / 1 + e^-x*t) = 306.241 * (1 - e^-0.375 * 4.06) / (1 + e^-0.375 * 4.06) = 
196.55 m/s or 439.7 mph 
 
Height achieved during the boost phase:  
[-M / (2*k)]*ln([T - M*g - k*v^2] / [T - M*g]) = [-8.78 / (2*0.005378)]*ln[(590.5) - (8.78*9.8) 
- 0.005378 * 196.552) / 590.5 - (8.78 * 9.8)] = 433.4 meters or 1421.8 feet 
 
Height achieved during the coast phase:  
The rocket motor no longer has any propellent, therefore, the mass of the launch 
vehicle is simply 7.903 kg.  
[+M / (2*k)]*ln([M*g + k*v^2] / [M*g]) = (7.903 / (2*0.005378)*ln[(7.903*9.8) + 
(0.005378*196.552)/(7.903*9.8)] = 957.3 meters or 3140.7 feet.  
 
Height achieved during boost phase + height achieved during coast phase = 1421.8 feet 
+ 3140.7 feet = 4,562.5 feet. 
 
Derivation of the equations used are (from Newton’s Second Law):  
F = m * a 
= m * dv/dt 
= T - mg - k * vt2 
M * dv/dt = T - mg - k * vt2 

dt = m * dv / T - mg - k * vt2 
= m * dv / k * (T - mg/k) - k * vt2 
= m * dv / k * q2 - k * vt2 where q = sqrt ((T - m * g)/k) 
= (m / k) * (dv / q2 - vt2)  
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t = m / k * ∫ dv/q2 - vt2 [integrating both sides (finite integral from 0 to v)]. Vt2 
on top and 0 on bottom of the integral symbol. 
Then, rearranging the equation above: t = (M / k)*(1 / [2*q])*ln([q+v] / [q-v]) 
q is defined as the square root of (T - mg) / k.  
 
 
2kq / mb * t = ln (q + vt / q - vt) 
p * t = ln (q + vt / q - vt), where p = 2kq/mb 
-p * t = ln (q - vt / q + vt) 
e-p * t = q - vt / q + vt 
(q + vt) * e-p * t = q - vt 
q * e-p * t + vt * e-p * t = q - vt 
vt + vt * e-p * t = q - q * e-p * t  

vt * (1 + e-p * t) = q * (1 - e-p * t) 
vt = q * (1 - e-p * t)/(1 + e-p * t)         (velocity at burnout) 
 
Burnout altitude:  
F = m * a 
= m * dv/dt 
= m * (dv/dh) * (dh/dt) dh/dt = v 
= m * v * (dv/dh) 
= T - mg - k * vt2 
= m * v * (dv/dh) = T - mg - k * v2 
dh = (m * v / k * q2 - k * v2) * (dv) 
dh = (m/k) * (v/q2 - v2) * (dv) 
h = (m/k) ∫  (v * dv / q2 - v2) [integrating both sides (finite integral from 0 to 
v)]. 
h = (m/k) * (½) * [ln(q2 - v2)]vt 
h = (m/2k) * [ln(q2) - ln(q2 - v2)] 
h = (m/2k) * ln(q2/q2 - vt2) burnout altitude 
 
From 
dh = (m * v * dv / -m * g - k * v2)  
Then,  
dh = m * (v * dv) / (k* (-m * g) / k ) - k * v2 
dh = (m/k) * (v * dv) / q2 - v2 
h = (m/k) * ∫ (v * dv / q2 - v2) [integrating both sides (finite integral 
from 0 to v)]. 
h = (m/2k) * ln (q2 - vt2)/q2      = coast altitude 
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4.3 Projected Recovery System 
The projected parachute system will consistent of a dual-deployment system. At 
apogee, a black powder charge will be ignited via the main altimeter, separate the 
launch vehicle, and an 18 inch Recon Recovery drogue parachute will be deployed as 
the vehicle separates. This will only slightly slow it down. A back-up (larger) black 
powder charge, with its own independent altimeter, will be set to go off at Apogee + 1 
second. Once the vehicle is at 700 feet AGL, the main altimeter will ignite another black 
powder charge (back-up charge set for 600ft on second, independent altimeter), and the 
main parachute will deploy to slow the vehicle to an acceptable rate of descent. Proper 
ground testing of the black powder charges (FFFFg or 4Fg black powder) will be 
conducted prior to both the subscale as well as all full-scale launches to ensure the 
charges are big enough to separate the vehicle components.  The vehicle will descend 
at a rate of between 5 and 8 m/s. The main chute will be a traditional circular shaped 
parachute. A true dome shaped parachute has a CD of approximately 1.5. The main 
chute will have a 72 inch diameter. A smaller chute may be necessary to reach the 
requirement of the descent time from apogee to ground being 90 seconds.  
 
Calculations:  
The drag force equation = FD = ½ r * CD * A * v2, where FD is the drag force, r is the air 
density, CD is the drag coefficient of the parachute, A is the area of the chute, and v is 
the velocity.  
The weight of the launch vehicle, or force of gravity (FG) is equal to mass (m) * g. 
Setting FD = FG leads to: m * g = ½ r * CD * A * v2. Solving for A, A = (2 * m * g) / (r * CD * 
v2). The chute area in terms of the chute diameter is A = pi * D2 / 4. Therefore, the chute 
diameter is equal to the square root of (4 * A / pi). Combining the equations for A and D, 
D = sqrt [(8 * m * g) / (pi * r * CD * V2)].  
A true domed parachute has a CD of 1.5. The launch vehicle is 9.07 kg. Descent rate 
needs to be 6 m/s. However, by apogee, the vehicle will no longer weigh 9.07 kg. It will 
be about 7.903 kg due to the propellent in the motor being used.  
D = sqrt [(8 * 7.903 kg * 9.8 m/s2) / (pi * 1.132 kg/m3 * 1.5 * (6 m/s)2)] = 1.80 meters 
This is approximately 72 inches.  
KE = ½ mv2 
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KE = ½ 7.903 kg * (6 m/s)2 = 142.25 J, which is equal to 104.9 ft-lbf. This number can 
roughly be divided by two because the launch vehicle  will be landing in three separate 
pieces and therefore any of those three components will not make up more than half of 
the overall weight of the vehicle. As long as none of the three components makes up 
more than 70% of the starting weight of the launch vehicle (which would put it at 75 
ft-lbs of KE at landing) then each component will land with less than the maximum 
allowed K.E. of 75 ft.-lbs.  In addition, a decent rate of 6 m/s or 19.70 ft/s means that it 
will take about 42.67 seconds to land when the chute is deployed at 700 feet AGL. With 
the drogue chute, the vehicle will eventually reach a descent rate of  
V = sqrt [(8 * 7.903 kg * 9.8 m/s2) / (pi * 1.132 kg/m3 * 1.5 * (0.4572 meters)2)] = 19.906 
m/s 
 

4.4 Projected Motor Choice  
A Cesaroni K590 motor will be used because it provides enough power to reach a 
desirable altitude of about 1 mile high (see calculations under section 4.2), and at the 
same time provides a quick, high-thrust take-off at the pad from it’s dual thrust design to 
give the launch vehicle a high rail-exit velocity and therefore a more stable rail exit. In 
addition, the Cedar Falls High School Rocket Club Team has used Cesaroni brand 
motors in the past and are satisfied with the quality and reliability of the motor.  

4.5 Projected Payload 
The CFHS Rocket Club would like to propose a payload which will be a small “vehicle” 
that will be discharged at or shortly above the main parachute deployment of 700 ft. and 
retrieved via remote-controlled parafoil system.  The team will be testing the viability of 
a parafoil retrieval system for safe targeted landing of a space launch vehicle. At or 
shortly above 700 feet, an electronic/ejection charge will separate the payload from the 
launch vehicle.  The payload will descend separate from the launch vehicle under its 
own parafoil.  The rest of the launch vehicle will descend separately with a conventional 
dome parachute. The parafoil will serve as an alternative to a traditional parachute for 
the payload, and allow for more control of the flight path during descent. It’s release will 
be automated, using real-time data retrieved from an independent altimeter, and a 
spring-loaded container with a servo release. During the descent, a team member on 
the ground will steer the parafoil and payload using a remote control. The receiver in the 
payload will control two servos which pull the control lines of the parafoil and adjust 
airspeed, direction, and change in altitude. The payload itself will be light-weight in 
design to reduce the kinetic energy of the landing, but it will weigh enough that it will 
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come down in a timely manner to an approved pre-determined landing area that will be 
decided by the RSO and LCO prior to launch day. Once relative landing position is 
achieved, the parafoil will spiral for the remainder of the descent to the ground. The 
payload will be housed in the upper portion of the launch vehicle . On-board the payload 
will also be a GPS module that will allow position tracking of the payload, and two 
independent power sources in case of a failure. The inspiration of this proposed payload 
comes from the new attempts by SpaceX to safely recover their fairings after launch. 
The team’s payload will imitate this real-world problem as close as possible, while still 
being able to meet the project’s deadlines and staying within the team’s capabilities as a 
high school rocket club. The team has been greatly inspired by all of the new 
breakthroughs in space flight and its technologies, and this is one that the team thinks is 
attainable. 

4.6 Requirements 
 

4.6.1 Vehicle  
The launch vehicle will be delivering the payload to a projected apogee altitude of 5,280 
feet AGL. 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. The team has chosen this specific altimeter for several reasons including that the 
team used it during their Student Launch project last year, but it has also been used by 
the team’s adult educator and mentor for hundreds of their flights over the past 5 years 
because it is the most reliable altimeter they know of.  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 and lock it in the ON 
position. 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. The radio transmitter in the payload will not exceed 250 
mW of power. The launch vehicle will be constructed in such a way that it will be 
recoverable and reusable for multiple launches in a single day. 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, parafoil, and the dual 
deployment electronics bay, and 3) the nose cone section as well as the GPS to locate 
the launch vehicle after landing. 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. Also, 
the design will not be using any ballast. At all in-flight separation points, the 
coupler/airframe shoulders will be 12 inches in length, and the nosecone shoulder will 
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be a minimum of 3.0 inches in length. The team will use a single stage K590 dual thrust 
motor powering the launch vehicle in its flight. This motor is commercially available and 
uses ammonium perchlorate composite solid propellant. According to the calculations, 
the total impulse of the motor is 2397.6 N/s and will not exceed 2,560 N/s. Also, the 
projected rail exit velocity is 80.6 ft/sec, which exceeds the minimum of 52.0 ft/sec. If a 
motor change is deemed necessary before the CDR, the team will declare it. If a motor 
change is necessary after the CDR, the team will submit their change for review by the 
NASA Range Safety Officer. The design of the launch vehicle will be geared towards 
the ease of preparation, and as much preparation that can be done before the launch 
will be completed. The launch vehicle will be able to be prepared within 2 hours due to 
the simplicity of the build. 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. 
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 up to 2 hours on the 
launchpad. Using RockSim, the team has calculated that the static stability (the distance 
between the center of pressure and center of gravity) is 2.45 calibers, which is greater 
than the minimum of 2.0 calibers. The subscale vehicle will be created and flown on or 
before November 30, 2018, and will be powered by an H-class or I-class motor. The 
team will use a weight in place of a payload to replicate a full scale launch vehicle’s 
flight capabilities. The subscale vehicle will carry a StratologgerCF altimeter that will 
record the subscale flight altitude. The students will construct a brand new launch 
vehicle to meet the requirements for this year’s project. After flight, proof of the flight’s 
altimeter data will be submitted into the CDR report. The launch vehicle used for the 
vehicle demonstration flight will be the same flown on launch day to demonstrate the 
vehicle’s stability, structural integrity, recovery systems, and the team's ability to prepare 
the launch vehicle for flight. The vehicle and recovery system will function as designed, 
as proven in the vehicle demonstration flight. The full scale launch vehicle will be fully 
constructed this year, designed and built by student team members. To demonstrate the 
launch vehicle’s payload weight contribution during flight, mass simulators will be used 
to mimic the payload’s weight and will be located in the same place where payload 
would be stored. 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. Proof of a successful flight shown by altimeter data output will be 
supplied in the FRR report. The students will have built and launched the final launch 
vehicle by the required date of March 4, 2019 so as to verify the readiness and stability 
of the vehicle. The launch vehicle will not have any protuberances on it. There will be no 
forward canards, forward firing motors, hybrid motors, or clusters of motors on the 
launch vehicle. The design will utilize an Aeropack retainer for the motor retention to 
avoid a friction fitting motor. With the current weight and power of the team’s motor, the 
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launch vehicle will not exceed Mach 1 during any part of the flight. The launch vehicle’s 
weight will be fairly evenly distributed, but more concentrated near the nose cone since 
the electronics  and payload will be in that section. The motor itself will increase the 
amount of weight near the bottom of the vehicle, but this will quickly be eliminated as 
the motor burns out. 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. 

4.6.2 Recovery 
The recovery system the team plans to use includes an 18-inch drogue chute that will 
be released at apogee within a 1 second time to let the launch vehicle descend at a 
reasonable rate until a larger, 72 inch diameter main parachute will open at 700 feet 
above the ground that will slow the vehicle to a safe rate as it reaches the ground. Each 
parachute event will have redundant electronic altimeters to ensure a successful 
ejection. Before the team leaves for Minnesota, Wisconsin, and Iowa, they will do 
ground ejection charge tests to make sure the drogue and main parachute leave the 
launch vehicle in an acceptable fashion and the black powder charges have an 
acceptable amount of power to separate the launch vehicle components without 
damaging any of them. According to calculations, the team will make sure that the 
launch vehicle has a large enough parachute to slow it down to have an acceptable 
amount of kinetic energy of 75 ft-lbf or less at landing. The batteries powering the 
recovery system circuits will be completely independent from the payload battery that 
charges the parafoil device electronics. The batteries powering the recovery electronics 
will be commercially available Duracell batteries since they are of the highest quality 
known to the team. Neither the primary or secondary deployments will use the motor 
ejection to deploy, except in the scenario where it needs to be used as a tertiary 
backup. Instead they will use electronically controlled charges, which will be powered 
with their own independent batteries. Each parachute deployment will have two 
independent/redundant altimeters with black powder charges to eject the respective 
parachutes. The first drogue ejection charge will ignite at apogee, and the backup 
drogue charge will be set to ignite at “apogee +1 second”. The main chute ejection 
charge will be set to ignite at 700 ft. AGL, and the backup will be set to ignite at 600 ft 
AGL. By lowering the deployment altitude of the main parachute to 700 feet AGL, the 
vehicle will land in the 2500 foot recovery zone. The vehicle’s projected descent time is 
roughly 43 seconds after main chute deploys, so this falls within the 90 second descent 
time. The main and drogue chute compartments will also utilize removable shear pins. 
Before the vehicle is launched on launch day, electronic devices will be double-checked 
for their functionality. The vehicle will land tethered together, so only one electronic 
tracking device will be needed for the entire launch vehicle. The team will be using a 
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commercially available tracking device purchased by Off We Go Rocketry, which will 
allow the team to find the vehicle in the range it could cover from launch to land. The 
launch vehicle will not have any radio transmitting devices on board besides devices in 
the payload section, so no recovery devices will have any adverse effects on other 
electronic devices such as the altimeter. However, the altimeter will be placed in a 
compartment separate from payload devices to shield itself and reduce the risk of 
interference among other radio frequencies or other onboard devices. 
 

4.6.3 Payload 

The experiment that the team will be conducting is jettising a  payload with its own 
parafoil from the launch vehicle during descent, which will be guided by an operator to a 
final destination. This is subject to change, should NASA decide that the experiment is 
to be modified and/or improved. The data collected from the payload, will be the altitude 
of release, as well as GPS tracking and distance away from the desired destination. The 
parafoil will be easily reusable and can be fitted back inside the launch vehicle for 
another launch without modification or repair to the vehicle. Real time RSO permission 
will be requested prior to when the parafoil payload jettisons from the launch vehicle, for 
its own descent. When RSO permission is granted, the parafoil will be released 
remotely from its tether to the launch vehicle and directed down to the ground via its 
remote-controlled mechanisms. The parafoil will abide by all FAA regulations and 
procedures, and if weighing more than .55 lbs, will be registered with the FAA, and the 
registration number will be marked on the payload. 

4.6.4 Safety 
The team will utilize a launch and safety checklist for every launch that will occur 
throughout this entire process. The team safety officer is Randev Goonesekere, who will 
be responsible for the safety of all of the team’s processes. He will look over the 
following to make sure there are no safety concerns: design and payload of the launch 
vehicle, construction of the launch vehicle and attachment of the payload, assembly of 
the launch vehicle and payload, ground testing, sub-scale and full-scale launch tests, 
launch day, recovery activities, and all activities that happen throughout the team’s 
educational engagement. He will make sure all guidelines created by the team for 
construction, assembly, launch, and recovery are followed so risk is reduced. Randev 
will work to help write and revise all safety codes and analyses required by the team. 
The entire team will follow all regulations of the local rocket club’s RSO. The team will 
also relay their intentions to the local club’s president before attending any NAR or TRA 
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launch. All rules created by the FAA will be followed by the entire team to ensure safety 
of the team and of those around it.  
 
 

4.7 Technical Challenges/ Solutions 
One of the major things that needs to be worked on is the parafoil design and 

making it robust and reliable enough to survive a rocket launch. The team has to find a 
way to control the landing, whether a landing zone emits a beacon and the parafoil 
adjusts accordingly, or if the parafoil is guided through a remote control by a team 
member.  

One way the team plans to solve these problems is through multiple test “drops” 
of the payload using RC airplane flights.  The payload’s deployment system can be 
tested several times much more easily through these methods rather than requiring a 
full-scale vehicle launch every time the team wants to test the payload.  This will not 
only allow the team to test the deployment system alone, but be able to test the 
radio-control systems for the control of the parafoil descent as well.  

Section 5: STEM Engagement 
The 2018-2019 Cedar Falls S.T.A.R.S. Rocket Club has a NASA Student Launch 

team which consists of nine seniors, four juniors, and one sophomore. In accordance 
with the STEM Engagement Activity Report, the team plans on participating in the 
Cedar Valley STEM Fair. This fair presents a method for students to share and present 
their varying ideas in the STEM field. The team will organize an interactive display for 
kids to explore the ideas of rocketry and how the launch vehicle will function. The 
students plan on creating a dynamic poster board with information regarding the team’s 
design specifications and having a paper rocket activity for kids to experience some 
smaller scale, hands-on science. This fair yields around 150 of the participants in STEM 
Engagement. There will also be a local STEM Festival hosted by just the team’s high 
school that the team will attend and promote the club and STEM similarly to the Cedar 
Valley festival. 

The team also plans on organizing a presentation for a MakerSpace presentation 
night where different groups can come in to present their projects to other people 
involved in STEM related design tasks. This will allow for the team to explore the 
educational side of what the project is and what it means to other people in the STEM 
community as they present it. This involves the team’s design specifications as well as 
the proposal plan and what they intend to do with their launch vehicle.  
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Another opportunity to reach students in the community is to give presentations 
to local Lego Leagues. This will broaden interest in rocketry at a younger age. Team 
members will be able to talk about rockets to the youth. These leagues are a great 
opportunity because many team members are involved in robotics so ties have already 
been made to this event.  

The team has also created an Instagram account which will act as a method of 
media presence for the team and informing the public about the team’s project and 
rocket.  

Section 6: Project Plan  

6.1 Schedule/Timeline 
The Cedar Falls Rocket Club plans on having weekly meetings as a large group, 

as well as smaller meetings for captains for each subgroup of the project. The captain of 
each subgroup will meet with others in their group to get the required material 
completed. The group leaders will also meet with the Team Captains, Erik Walther and 
Duncan Meyer, to discuss hard deadlines for certain parts of the project and to make 
sure everyone is on schedule.  See schedule in Appendix 2 

6.2 Budget 
Total budget: $10,000 

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 
engines, or if the launches do not turn out successful. 

b. There will be $3,500 of the budget devoted to travel. For the trip to 
Huntsville, Alabama the team is going to need four hotel rooms for a span 
of about 4 nights, with each hotel room costing about $125 per night, 
adding up to a total of $2,000. 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 $500. 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 $500 to the budget for 
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the multiple trips to these places. All of these added together makes the 
budget for travel. 

c. The team will be budgeting $550 towards the scale model version of the 
team’s launch vehicle that is a requirement of the project. The team will 
need to pay for the fiberglass needed for the body and nose cone, the 
parachute and its shock cord, the motor, motor mount, fasteners, and 
everything else needed to complete it.  

d. 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 make the vehicle since it will be made of fiberglass, and since it 
is 8 feet tall. The parafoil, accompanying electronics, and payload features 
that will be necessary will account for another large part of the budget.  

e. The itemized budget plus travel expenses total just over $8,000, but the 
total budget is set at $9,600. As part of the team’s safety plan, they want 
to account for unexpected expenses such as broken parts, extra items 
needing to be purchased, and additional travel expenses. The team is 
using a 20% overage as the basis for the Total Budget amount. They will 
also plan to continue to fundraise after they have reached this target of 
$10,000 so that they can have a start-up fund ready for next year’s team. 

 

6.3 Funding Plan  
The Cedar Falls Rocket Club will be securing funding from large corporations 

and small businesses around the Cedar Valley area. The students will also be seeking 
funds from outside the community to be able to fund this year’s project as well as get 
the team’s name out to places it has not been seen yet. The funding team has an 
extensive presentation in the form of a Google Slides presentation that will be given by 
team leaders to the team’s larger sponsorship candidates in order for them to get 
background knowledge on what the students have done as a team in the past and what 
they are doing currently for this year’s project. The presentation gives the sponsorship 
partners a very good idea of what the team is trying to accomplish and where their 
sponsorship money will be going in terms of advancing the project. The team’s smaller 
sponsorship opportunities include, but are not limited to, small to medium size 
businesses such as restaurants and shops, small organizations like the local Lions 
Club, and even individual sponsorships from people who are willing and interested in 
donating smaller amounts to advance the team. Going about getting those smaller 
sponsorship opportunities will be a task performed mostly by the team’s fundraising 
team. The fundraising team will be talking to those in charge of donations for the 
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company and/or the owners of the company giving them a verbal presentation, or if the 
business wishes, a smaller presentation on what the Club is all about and where the 
funds will be going. The final piece of support will come from a GoFundMe page for 
people to donate to online if they are not able to reach the team through other means, 
but still wish to be a part of the team’s success in the project this year.  
 

6.4 Sustainability  
To maintain the presence of rocketry in the area, students plan on engaging students 
much younger than them. They will do this by contacting Robotics teams in the area so 
they can present what Rocket Club is about. For students closer in age to the team’s 
members, students will spread information through word of mouth. Team members 
have also gone to the middle schools that feed into the high school and discussed what 
they did and what Rocket Club is all about. Another way to promote rocketry in the area 
is to stay in contact with industry partners such as Doerfer Engineering. This year the 
team has contacted them to give them an update on how the team is doing and what 
the team’s goals are for this year.  The team is also hoping to maintain partnership with 
a local business called Panther Builders. Since last year, the team has more than 
doubled in size from 6 to 14 members. This growth has stemmed from presenting last 
year’s team’s project to administrators and students interested. The team also grew in 
size due to its success from last year. The Rocket Club will continue to grow because 
people from all parts of the school are interested, not just engineering students. 
Students with a business focus are interested as well as the Fine Arts. Another way to 
connect with the younger children is to participate in the STEM  Fair at the team’s high 
school. The team will also attend the local annual Cedar Valley STEM Festival at the 
convention center in the team’s area which brings in thousands of visitors in one night. 
Young children can come see what the Cedar Falls Rocket Club is all about. The Cedar 
Valley STEM Festival also gives the team an opportunity to connect to businesses in 
the area. This gives students an additional chance to achieve funding stability and 
establish partnerships in their community.  
 

Appendix 1 - Safety Agreement 
 
Cedar Falls S.T.A.R.S Rocket Club Safety Agreement  
By signing this document, I _________________ agree to abide by laws, regulations, 
safety standards, and procedural guidelines in the National Association of Rocketry 
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Handbook and safety code, The Federal Aviation Administration state and federal laws 
relating to high powered rocketry, National Fire Protection Association (NFPA) 
regulations and rules relating to high powered rocketry, all states Environment and 
Safety laws where launches take place, and any Material Safety Data Sheets (MSDS) 
for all materials used from design to conclusion of Cedar Falls S.T.A.R.S. entry to NASA 
Middle school and High school Student Launch (NSL_M&HS). I understand that 
regulations specific to the launch site will be followed and I will listen to the Range 
Safety Officers (RSO) command. If not then our team will not be able to launch a rocket. 
I agree to follow minimum distance tables when launching rockets in any state for any 
purpose relating to NSL competition. I agree to abide by any commands, rules, and 
procedures outlined by Cedar Falls S.T.A.R.S. safety officer, Team Leaders, and Adult 
Educator when working in the workspace, or during any team related launch. I agree 
that if I do not follow all safety guidelines my role on this team will be terminated as well 
as all relation to NSL.  
 
_________________________ 
Name (Printed) 
 
_________________________ _____________ 
Name(Signature) Date 
 
_________________________ _____________ 
Rocket Team Leader Date  
 
_________________________ ______________ 
Rocket Team Leader Date  
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Appendix 2 - Project Calendar  
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Appendix 3 - Safety Presentation  
 

SAFETY DURING 
THE LAUNCH OF 

ROCKET 
CFHS STARS 9/20/18 

Randev Goonesekere - Safety Officer 
 

Introduction 
● Safety comes before success of the mission 
● Do not cut corners or skimp out on safety 

Assembly and launch procedures 
 

■ PERSONAL PROTECTIVE EQUIPMENT NEEDED 
● Gloves 
● Safety glasses 

■ PERSONNEL NEEDED 
● Mentor 

■ HAZARDS THAT COULD OCCUR IF ONE OR MORE OF THE 
PREVIOUS STEPS ARE NOT FOLLOWED INCLUDE 

● Failure of parachute deployment 

Recovery preparation. 
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○  
■ PERSONAL PROTECTIVE EQUIPMENT NEEDED 

● Maybe safety glasses 
● Maybe dust guard 

■ HAZARDS THAT COULD OCCUR IF ONE OR MORE OF THE 
PREVIOUS STEPS ARE NOT FOLLOWED INCLUDE 

● Rocket failing to deploy both parachutes causing it to turn into an 
unregulated missile 

● Rocket breaking into pieces causing debris to fall 

 

Motor preparation. 
 

■ PERSONAL PROTECTIVE EQUIPMENT NEEDED 
● Maybe gloves 
● Safety Glasses 

■ PERSONNEL NEEDED 
● Level 2 mentor 
● Safety Team Mentor 

■ HAZARDS THAT COULD OCCUR IF ONE OR MORE OF THE 
PREVIOUS STEPS ARE NOT FOLLOWED INCLUDE 

● Rocket fails to ignite 
● Rocket blows up 
● Rocket goes on wrong path 

Setup on launcher 
 

■ PERSONAL PROTECTIVE EQUIPMENT NEEDED 
● None 

■ PERSONNEL NEEDED 
● Team members 
● Team leader 
● Safety officer to observe  

■ Troubleshooting. 
● Post-flight inspection. 
● Listen to altimeter beeps 

■ HAZARDS THAT COULD OCCUR IF ONE OR MORE OF THE 
PREVIOUS STEPS ARE NOT FOLLOWED INCLUDE 

● Rocket fires before ignition button is clicked 
● Rocket fails to ignite 
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● Rocket blows up 
● Rocket goes on wrong path 
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