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Team Name
Cedar Falls High School Rocket Club

Motor Used
Cesaroni K-1440 (Whitethunder - Plugged)

Brief Payload Description
The RVFD (Reusable Virtual Flight Display) has two systems, a camera array to record
360 degree video footage and a circuit board that collects orientation, accelerometer, and
altitude data. Post flight, the footage and data is assembled into a virtual reality display
that includes animated data displays that show real time information such as altitude,
velocity, acceleration, attitude, and orientation.

Vehicle Dimensions
The vehicle is 104.5” long, has a 6” diameter, and 3 trapezoidal fins. On the pad, the
vehicle weighs 31.82 pounds. More specific dimensions are included under vehicle
summary.

Altitude Reached (ft.)
3002 ft. AGL

Official Target Altitude (ft.)
3750 ft. AGL
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Competition Launch Altimeter Flight Profile Data

Figure 1

Vehicle Summary
Size and mass of individual sections:

Booster Section: 14.96 lbs, 39 inches long
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Fins:

Recovery Section: 7.995 lbs, 26 inches long (excluding 6 inch coupler)
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Payload Section: 8.865 lbs, 39.5 inches long (excluding 6 inch coupler)

Recovery system
The vehicle utilizes a standard dual deploy recovery system using two separate and independent
deployment systems (each running off of a strattologgerCF altimeter).
24” Elliptical Drogue deploys at apogee (backup at apogee+1).
72” Iris Ultra Standard that deploys at 700 ft. AGL (backup at 500 ft. AGL).
4F black powder charges are located at the opposite end of each separation point to ensure the
expanding gasses push the parachutes and harness out of the vehicle during deployment. The
sizes of the ejection charges are as follows:

Energetics Mass - Drogue

Chute (grams)

Primary 3.3g

Backup 5g

Energetics Mass - Main Chute

(grams)

Primary 4g

Backup 6g

Location of parachutes:
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Rail size: 12' 1515 rail

Full assembly: 31.82 pounds on the pad. Airframe, centering rings, motor mount tube
and bulk plates are made of fiberglass.

**Note: despite being below 2.0 on the pad, by rail exit the stability margin is 2.05**

Data Analysis & Results of the Vehicle
The competition flight took place on April 16, 2022 near Dixon, Nebraska. Lift-off occurred at
approximately 11:30 AM.

While the vehicle performed well, it fell well short of the target altitude. The team
already expected to be lower than the PDR declared target apogee due to major design
developments that prioritized the payload, however the actual 3002 foot apogee was well below
the expected 3200-3300 feet. The team predicts this to be due to several variables. First, the air
temperature was around 31 degrees fahrenheit, slightly colder than the 40 degree conditions
during the first flight. Additionally, wind speeds were much higher. The wind was around 8 mph
during the initial flight and 18 mph during the most recent flight. The combination of the colder
and therefore more dense air, as well as slight weather-cocking caused by the wind resulted in
the apogee of the vehicle being much lower. Launch day conditions are shown below in Figure 8
and a flight simulation is shown in Figure 9. The discrepancy in results between the simulation
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and actual flight is due to the flight path. The weather-cocking resulted in an altered flight path,
leading to a greater arc of the vehicle. Rocksim can not always accurately predict the impact of
flight path on max altitude.

Figure 8

Figure 9
In the flight profile from our official scoring altimeter shown above (Figure 1), it can be

seen that all major flight events occurred on time. Drogue deployment happened at apogee,
followed by the main at ~600 feet. All ejection charges (primary and backup) fired at the
appropriate time/altitude and separation/deployment happened at the time of primary charge
ignition.

Upon landing, the vehicle was undamaged. However, due to the high winds it was
dragged across a Nebraskan corn field for about a mile before the team recovered it. Despite this
trauma, the only damage to the vehicle were minor scratches to the paint job that were easily
resolved using Turtle Wax. The vehicle eventually stopped being dragged when the main
parachute got caught in a barbed wire fence. This resulted in a straight 9 inch tear in the
parachute. This tear has been deemed repairable by Fruity Chutes.

The descent rate under the drogue chute was 64.88 ft/s (44.24 mph), a reasonable descent
rate under drogue. Under the main chute, the descent rate was 20.44 ft/s (13.94 mph). The most
massive component of the vehicle during descent was the booster section, weighing 11.375
pounds. Kinetic energy calculations are shown below:

(1 J = 0.737562 ft-lb)
(1 m = 3.28084 ft)
(1 kg = 2.20462 lbs)

20.44 𝑓𝑡
1𝑠 · 1𝑚

3.28084 𝑓𝑡 = 6. 230 𝑚/𝑠

7



11. 375 𝑙𝑏𝑠 · 1 𝑘𝑔
2.20462 𝑙𝑏𝑠 = 5. 160 𝑘𝑔

KE = 1
2 𝑚𝑣2

KE = 1
2 (5. 160)(6. 253)

KE = 100.14 J
73.86 ft-lbs100. 14 𝐽 · 0.737562 𝑓𝑡−𝑙𝑏𝑠

1𝐽 =
73.86 < 75, therefore the booster meets the kinetic energy requirements. Additionally, because
the booster is the most massive of the sections, the other sections also meet the kinetic energy
requirements.

Descent took a total of 61 seconds. Flight duration from take off to landing was 76 seconds.

Payload Summary
The RVFD (Reusable Virtual Flight Display) has two systems, a camera array to record

360 degree video footage and a circuit board that collects orientation, accelerometer, and altitude
data.

The camera array consists of 3 GoPro Hero 10s that record in the “Superview” setting.
The cameras are mounted inside of 3 aluminum rings milled on a CNC lathe. These rings are
spaced apart using ABS spacers.

Figure 9
The circuit board includes a BNO-055 accelerometer and orientation sensor, BMP390

pressure sensor, Teensy 4.1 primary computer and a Feather M0 that serves as a secondary
computer. Four WS2812B LED Indicators are also present to indicate proper sensor function
when data collection begins. The circuit board is housed inside of a 3D printed housing shown
below.
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Figure 10 Figure 11
The cameras and the circuit board are powered by 2 Charmast portable charges which

have been tested and were found to provide ample battery supply for 3.5 hours to all devices.
The batteries are housed inside of a 3D printed unit which is reinforced on the top and bottom
with triangular aluminum rings (shown below).

Figure 12
These three modular units are then placed onto 3 aluminum threaded rods and secured in

place using lock nuts. The entire assembly is housed in a coupler between the nose cone and
recovery section. The cameras align with three acrylic windows installed into a switch band-like
feature referred to as the “window band.”

Figure 13
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Figure 14
Post flight, the footage and data is assembled into a virtual reality display with animated

data displays that show real time information such as altitude, velocity, acceleration, attitude, and
orientation. Adobe After Effects, along with Adobe Photoshop is used to assemble the views
from the 3 different cameras into a 360 video with a capsule like structure that surrounds the
viewer. Telemetry Overlay is used to produce animated data displays and these displays are then
overlaid onto the 360 video using Adobe Premiere Pro.
The final product of the payload from our payload demonstration flight can be viewed at this
link:
https://www.youtube.com/watch?v=SFjgRBHxjsw

Data Analysis & Results of the Payload
The payload performed as expected. Data was collected for the duration of flight and the

cameras collected unobstructed video. The table below (Figure 15) includes examples of some of
the views the payload collected.

Figure 15
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Data collection results for the accelerometer and gyroscope are shown below (data such
as temperature, camera information and altitude are not shown but can be seen in the final
video).

Figure 16

Figure 17
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The payload is considered an absolute success. The team was also able to collect GPS
data from our featherweight GPS tracker to be used in an additional display in the VR video. The
flight video from the competitive flight can be viewed below:
https://www.youtube.com/watch?v=pkSOeRzO3j4

Scientific Value Achieved
During our research for development of the payload video, the team could not find

another 360 degree VR rocket flight using real footage. By being the first group to create such a
production, the team has developed a groundbreaking scientific outreach tool. The video is
unique because those already excited about rocketry, as well as those who have never seen a
rocket fly before, can both be (and have been) excited by the video. The team has received
several reports of young children who watch the video on loop, even a few who exclaim, “I want
to build rockets!” While the project did not complete any sort of research, the audience reached
and inspired by the video will be the next generation of model rocketeers and engineers.

At the high school level, achieving scientific developments of real value is nearly
impossible, but the lessons we have learned along the way and the audience we have excited will
have a far greater impact than any sort of research we could have done.

Visual Data Observed
During the flight, there was no cloud cover, allowing the team to visually observe every

flight event. After flight, numerical data was also visually observed using animations. These
animations (Figure 18) visually display numerous aspects of the flight.

Figure 18
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These displays show cardinal directions, attitude, thrust, fuel, altitude (gauge and profile),
acceleration, velocity, temperature, Camera ISO and shutter speed, as well as GPS location (on
an actual satellite map). They update in real time during the flight video, which can be viewed
below:
https://www.youtube.com/watch?v=pkSOeRzO3j4
In all of the research that went into developing the video, the team never found a similar
production. This video provides arguably the greatest amount of visual flight data available in
high-powered rocketry.

Lessons Learned
The lessons learned throughout the duration of this project are beyond the team’s ability

to count. Our understanding of high powered rocketry and general physics principles have
expanded far beyond what they were a few months ago. Our ability to manage a large project has
also increased. Individual skills have grown exponentially. CAD workflow has been streamlined
and several team members have learned how to use programs such as Onshape and Rocksim,
which they have never used before. Data animation, VR video production and camera work are
also all new skills for our members. As a team, we spent several months learning the professional
skills required to produce the final video. Even our writing skills improved after writing several
100+ page reports, and this only touches the surface of the many things we have learned.

The greatest lessons, however, have been about ourselves. This project has come with
many complications and struggles. By fighting through these difficulties we have learned the
try-try-again attitude that is necessary for engineering and scientific development. While it may
sound cliche, this project has helped strengthen our confidence in ourselves and our teammates.
The project has even uncovered a passion for aerospace and engineering that several members
didn’t know they had. These members have now decided to pursue education and eventually
careers in these fields.

Summary of Overall Experience
The overall experience has been priceless. Being able to apply skills we have learned in

physics, chemistry, and engineering classes has helped clarify these subjects and strengthened
our skills in these areas.

Originally, we also wanted to land the booster section of our vehicle upright. Because we
dropped this part of our project, we were able to focus even more on the VR payload. We had
originally planned to make a simple 360 video and include a few data displays. However, the
depth and the quality we were eventually able to produce went far beyond our expectations for
the payload.

This experience proved to be very valuable. We were able to see what happens when you
focus on doing one thing exceptionally well, instead of trying to do everything.
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Time Break Down
Individual Man Hour Totals:

Category Time (hours)

Proposal 82

PDR (including addendum) 217

CDR 232

FRR (including construction) 567

PLAR (including video production) 129

STEM Engagement 26

Social Media (and website design) 38

Launch Activities 29

Total 1,320

STEM Engagement summary
The team engaged 7 elementary-middle school aged groups in instructional, hands-on

activities. The learning target was to be able to identify what makes a rocket aerodynamic. This
was accomplished through a slideshow presentation identifying the basic components of a rocket
(fins, nosecone, overall shape, weight) and elements such as propulsion, Newton’s laws, inertia,
and drag. The students learned the definitions of each, and how they interact together to make up
an efficient flight. The team also used rockets from past competitions to describe the lesson.
Next, the students transitioned to a 25 minute time period in which they could build their own
paper stomp rockets, independently or with a group, using instructions and a template provided.
This gives the students the opportunity to apply the knowledge from the lesson when building
their own rocket. One obstacle the students had to solve was the attachment of the nose cone,
which resulted in several variations of size and shape that were tested during the following
launch period. These variations allowed the students to draw their own conclusions, opening up
discussion points on why some rockets launched farther than others. No evaluation was
conducted. The team wanted to teach the students some basics while inspiring them to learn
more in the future. Evaluation could have negatively impacted the inspiration.

281 individuals were reached in these events.
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The team also presented to several community groups such as PEO and Rotary. These
presentations were Outreach/Direct Engagements. The team brought along the rocket and some
of the hardware, sharing what the team (and the vehicles) do. The crowds were fascinated with
the projects, often staying around to ask many questions at the end. These presentations also
resulted in over $1,000 in donations.

158 individuals were reached in these presentations.

The team also had some Outreach/IndirectEngagements. This occurred when other
children would come to watch the stomp rocket launches or community members would hear
about a mid-powered launch and come to watch.

20 individuals were reached in this way.

After the deadline for STEM Outreach Events, the team continued to reach different
groups. This occurred primarily when a booth at the freshman orientation fair was set up. The
booth included several high powered rockets, parachute displays, an interactive VR display, and
multiple team members explaining the function of the vehicles and what the club does. The goal
of this was to get students excited about rocketry and recruit members for next year. We also
continued to present to interested community groups such as the Northeast Iowa Amatuer Radio
Association.

Over 300 individuals were reached in this way.

Final Budget Summary

Item: Cost: Quantity: Total Cost: Vendor:

Nosecone (Fullscale) $122.55 1 $122.55
Wildman
Rocketry

6' G12 Fiberglass Bodytube (4ft peices) $166.50 2 $333.00
Wildman
Rocketry

AV-Bay Lid 6 inch $22.50 4 $90.00
Wildman
Rocketry

Fullscale Bodytube Fin Slotting $20.00 1 $20.00
Wildman
Rocketry

G12-2.1 (2 foot peices) (motor mount
tube) $25.92 1 $25.92

Wildman
Rocketry

RA54P-TW (Motor Retainer) $31.00 1 $31.00
Wildman
Rocketry

Fin Beveling $30.00 1 $30.00
Wildman
Rocketry

500 LB Swivel $5.00 2 $10.00 Wildman
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Rocketry

1515 Standard Rail Buttons $5.99 2 $11.98
Wildman
Rocketry

Rocketpoxy 2 Quart Set $61.75 1 $61.75
Wildman
Rocketry

WM02-Ejection Lighter $14.21 2 $28.42
Wildman
Rocketry

Kevlar 3/8" $2.25 25 $56.25
Wildman
Rocketry

G12CT-6 (Coupler) $4.40 30 $132.00
Wildman
Rocketry

G10-3/16 (Fins) $26.60 3 $79.80
Wildman
Rocketry

FCR6.0-3.0 (fiberglass centering rings) $9.00 3 $27.00
Wildman
Rocketry

Charmast Smallest 10000 USB C PD
Quick Charge Portable Charger $23.99 2 $47.98 Amazon

GoPro HERO10 Black $425.99 2 $851.98 BestBuy

Firewire Initiator (6pk) $19.95 1 $19.95
Apogee

Components

Fruity Chutes Iris Ulta 72" Standard
Parachure $180.60 1 $180.60

Wildman
Rocketry

Fruity Chutes Elliptical Parachute $51.20 1 $51.20
Wildman
Rocketry

21" Nomex Blanket - 6" (152mm)
Airframe $21.60 1 $21.60

Wildman
Rocketry

OshPark PCB (Circuit Board) $35.05 1 $35.05 OshPark

Teensy 4.1 $26.95 1 $26.95
Adafruit

Industries

BMP390 $17.11 1 $17.11 Amazon

BNO-055 $19.95 1 $19.95
Adafruit

Industries

LED(s) (each) $0.60 4 $2.38
Adafruit

Industries

Feather M0 $34.95 1 $34.95
Adafruit

Industries

Shipping for Electronics $9.15 1 $9.15
Adafruit

Industries

Shipping (Wildman Rocketry) $63.97 1 $63.97
Wildman
Rocketry

16



Oculus Quest 2 $200.00 1 $200.00 Individual Seller

SanDisk 128GB Extreme microSDXC
UHS-I Memory Card with Adapter - Up
to 160MB/s, C10, U3, V30, 4K, A2,
Micro SD - SDSQXA1-128G-GN6MA $21.49 3 $64.47

Amazon

onn SD|microSD|MiniSD|MMC|MMC
Micro Plug N Play
USB/Micro-USB/USB-C Memory Card
Reader PC/Mac/Android Compatible $10.88 1 $10.88

Walmart

Cesaroni K-1440 $196.26 3 $588.78
Off We Go
Rocketry

Duracell 9V Batteries $19.99 1 $19.99 Amazon

Forged steel eyebolts $20.00 1 $20.00 Home Depot

5/16 Threaded Steel Rod (1.5 ft) $6.38 1 $6.38 MacMaster Carr

1/4-20 Aluminum Rod (6ft) $14.99 1 $14.99 Fastenal

3D Printing $200.00 1 $200.00
Various

Suppliers

Quest Recovery Wadding $8.64 3 $25.92
Apogee

Components

Shear Pins $6.07 1 $6.07
Apogee

Components

Acylic Tube $14.98 2 $29.96 Amazon

Aluminum Sheet (1ftx1ft) $7.68 1 $7.68 Home Depot

Miscellaneous Hardware $50.00 1 $50.00 Various Stores

75mm Blue Tube $33.65 2 $67.30
Apogee

Components

75mm Blue Tube Coupler $11.18 3 $33.54
Apogee

Components

PNC-3.00" (75mm) x 11.25" for Thick
Wall Tubes $23.30 1 $23.30

Apogee
Components

29mm x 34" Thick Wall Tube $5.45 1 $5.45
Apogee

Components

Kevlar Cord 1500# (1 ft) $1.10 50 $55.00
Apogee

Components

29mm Estes Retainer (2pk) $10.50 1 $10.50
Apogee

Components

Standard Rail Button (fits 1" Rail - 1010)
(2pk) $4.25 1 $4.25

Apogee
Components

Subscale Motors $31.50 2 $63.00
Apogee

Components
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Shipping (Apogee Components) $44.33 1 $44.33
Apogee

Components

Total Cost $3,994.28

Donations:

Name: Amount:

Scheels $425.99

Wellnitz/Collins Aerospace Benevity $1,500.00

Radke Family $350.84

UNI Parking $432.00

Football game tix counting $300.00

Tetmeyer $1,000.00

Peppers $1,200.00

Lion's Club $350.00

ISGC $500.00

GoFundMe $385.00

CFHS Website Donations $125.00

PEO $100.00

Scott Wirtz Financial $500.00

Sub City $100.00

Radke/Deere Benevity $160.00

Total: $7,428.83

18


