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I) Summary of PDR Report

1.1 Team Summary
● Cedar Falls High School Rocket Club
● 1015 S Division St. Cedar Falls, Iowa
● Mentor-Tyler Sorensen, zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

zzzzzzzzzzzzzzzzzzzz
● The team spent a total of approximately 217 individual man hours on the PDR milestone.

This includes research, design brainstorming, visual design and simulation creation, PDR
writing, proofing, and presentation creation.

1.2 Launch Vehicle Summary
● Official target altitude (ft.)

○ 3750 feet AGL
● Preliminary motor choice

○ Cesaroni K1440
● Size and mass of individual sections

○ Booster Section 6” diameter x 4ft long x 15 lbs
○ Payload Section 6” diameter x 3ft long x 9.8 lbs

● Recovery system
○ Booster section and payload section separate at apogee. Booster comes down on

an 18 inch drogue parachute and 60 inch main parachute (deployed at 500 feet
with double chute release). Payload comes down on a 15 inch drogue parachute
and 48 inch main chute (deployed at 500 feet with primary and secondary black
powder charges.

1.3 Payload Summary
Payload Title: Reusable Virtual Flight Display (RVFD)

The payload consists of two components. First, a camera array to record 360 degree video
footage to make a virtual reality experience. Second, a computer board that collects orientation,
accelerometer, and altitude data to be used as an information display in the virtual flight reality.
The third component is a landing leg system for the booster section. This is being used to
examine the practicality of landing a high powered booster to prevent damage, increase vehicle
lifespan, and save costs.
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II) Changes Made Since Proposal
Highlight all changes made since the proposal and the reason for those changes.

2.1 Changes made to vehicle criteria
For the recovery system, we made a few changes to account for the lack of redundancy in

our dual deployment system. Our initial plan was for the booster section to fall to 700 ft and have
one chute release open the main parachute. If the chute release were to fail, there would be no
other way to slow down the booster section besides just the drogue chute. Due to this, we now
plan to use two chute releases in series to account for failure of the other. This gives us two
different scenarios where a successful parachute deployment can happen, rather than relying on
one chute release not failing. In the proposal we said we were using a K590 for the motor. Since
then we have decided to use a K1440 instead, due to the availability of the K1440 over the K590.
We have also moved our expected altitude from 4,669ft AGL to 3,750ft AGL due to an increase
in the expected weight and drag of the vehicle. To minimize the amount of drift the vehicle
would experience we have moved the altitude the main chutes deploy at from 700ft to 500ft.

2.2 Changes made to payload criteria
No changes have been made to the payload since proposal. We still plan to land the

rocket upright with a leg system, have cameras recording the flight, and have a computer
recording data on the flight.

2.3 Changes made to project plan
No changes have been made to the project plan.
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III) Vehicle Criteria

3.1 Selection, Design, and Rationale of Launch Vehicle
● Include unique mission statement and mission success criteria.

○ Project Heimdall reaches new levels, hoping to successfully separate the payload
and booster in a dual deployment system, landing the booster upon recovery, and
recording a high-quality 360-degree video of the flight. A successful mission will
include an upright landing of the booster, 3 separate videos that have been
recorded from ignition until landing, and minimal damage to the payload section.

● Review the design at a system level, going through each system’s alternative designs, and
evaluating the pros and cons of each alternative AND for each alternative, present
research on why that alternative should or should not be chosen.

○ Payload Section
■ Nose Cone

● Shape
○ Ogive

■ Ogive nose cones are similar to conical, however
they curve to a less defined point. Ogive cones have
lower drag and a higher volume, but are more
challenging to construct. The lower drag allows for
a higher launch altitude.

○ Conical
■ Conical nose cones have linear sides and come to a

sharp point. They are easier to construct but cause
more drag than ogive nose cones. This can make
achieving a higher altitude more difficult.

○ Elliptical
■ Elliptical nose cones have a tangent base with a

blunt nose and are often used in low powered
rocketry due to their low amount of drag. However,
for high powered rocketry, due to the higher
velocities the vehicle will travel, other nose cone
shapes will provide a lower drag coefficient than the
elliptical one.

● Ratio
○ 4:1 Ratio

■ A shorter ratio means that the nose cone is breaking
the same amount of air over a shorter period of time
and distance. This means that a shorter ratio will
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have more drag than a longer one, thus leading to a
lower launch altitude. On the flip side, this nose
cone is more stockier, making it less likely to be
damaged.

○ 5:1 Ratio
■ A longer ratio breaks the air more gradually,

causing the nose cone to have less drag. This leads
to a higher launch altitude. The longer ratio does
make it more susceptible to damage and could be
harder to store.

■ Bulk plates
● Material

○ Plywood
■ This material is low cost and easy to

modify/machine.  It is safer to work with from a
sanding perspective compared to fiberglass sanding
hazards.

○ Fiberglass
■ This material is much stronger than plywood and is

comparable in weight for the size of the bulk plates.
These components need to withstand a high
“impact” during flight events such as drogue
separation at apogee and main parachute
deployment, so fiberglass might have the advantage
over plywood.

■ Body Tube
● Material

○ Cardboard
■ A cardboard body tube is the cheapest option

available. However, due to cardboard's relative
weakness, and the fact that it is not as resistant to
moisture and fire like fiberglass and carbon fiber, it
is not a logical choice because the material will not
last as long as others.

○ Carbon Fiber
■ Carbon fiber is an extremely strong material, much

stronger than fiberglass and cardboard. However, its
strength results in a price nearly double that of
fiberglass. Its high strength, while beneficial, is not
completely necessary for this project.
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○ Fiberglass
■ Fiberglass body tubes allow for a good compromise

between high end carbon fiber and cheaper
cardboard body tubes. It obtains a better strength
than cardboard while still being cheaper than carbon
fiber. In the payload section it is important to have
strength for our acrylic cut outs. The negative
aspect of a fiberglass body tube is the safety hazard
with cutting out and sanding our windows.

● Length
○ 4 ft

■ A 4 foot body tube would give us more than enough
space to house the main and drogue chutes of the
payload. It would also mean we don’t need to cut
any fiberglass because they come in 4 foot sections.
The drawback is that it makes the overall length and
mass of the vehicle pretty large which lowers the
predicted altitude and take off velocity.

○ 3 ft
■ A 3 foot body tube still has enough room to house

all of our necessary equipment. It would also
decrease the mass and length of the rocket. The
downside of a body tube this length is the safety
concern with cutting and sanding a fiberglass piece.

● Diameter
○ 6 inches

■ This size of vehicle airframe components is very
common so supply/availability is much more likely
to not be an issue.  It also allows all of the payload
components as well as all recovery components to
comfortably be housed inside the vehicle.  The
larger diameter also means that the overall length of
each body tube component can be reduced and still
leave room for all payload/recovery components.

○ 5.5 inches
■ The smaller diameter (compared with 6 inches) has

the advantages of being lighter weight as well as
lower cost. The biggest disadvantage is in the
availability of purchasing this size of components.
The team does not have the ability yet to
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manufacture their own fiberglass tubes so they must
rely on purchasing them from vendors.  Right now
there is only one vendor that sells 5.5 inch
fiberglass body tubes and other 5.5 inch
components, which could potentially cause an issue
within the project because if this vendor is not able
to supply the team with components then the project
cannot move forward.

○ Booster Section
■ Fins

● 3/16” Fin Material
○ 3/16” Fiberglass

■ Fiberglass is stronger than plywood and is pretty
flexible and lower in cost at $2-3 per pound. One
drawback is that fiberglass is not as strong as
carbon fiber and its brittle properties can result in
easier cracking.

○ Carbon Fiber
■ Carbon fiber is a very strong material which would

help with extending the life of the rocket and
damage taken upon landing. However, carbon fiber
is very expensive at $7 per pound as a minimum.
Also it is very stiff which is not good for rocket flight.

○ ¼” Plywood
■ ¼” Plywood is the cheapest of the three options but

also the weakest in terms of strength. For the flight,
due to drag and possible impact forces, the
plywood might not be able to withstand these
forces due to the heavier weight of the vehicle.

● Fin Shape
○ Trapezoid

■ The first fin shape being considered for the vehicle
is a fin with a trapezoidal shape. This fin is more
lightweight and offers low induced drag on the
vehicle. In addition, the trapezoidal fin shape
creates more protection for the fins due to the fact
that they are not flush with the edge of the rocket,
thus reducing the opportunity for damage to the fin
if/when the vehicle makes contact with the ground.

○ Clipped Delta
■ The second fin shape being considered for the

vehicle is the clipped delta fin shape. For this fin
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type, it sits flush with the bottom of the rocket,
creating the opportunity for damage to the fin
if/when the vehicle impacts the ground. This fin
type is one of the easiest to construct and most
common fin types.

○ Elliptical
■ The final fin shape being considered is the elliptical

fin. While this fin shape may be the most difficult to
construct, it also creates the least amount of drag
leading to a higher  launch altitude. In addition
though, elliptical fins can cause making adjustments
of the center of pressure on the vehicle to be more
difficult as the shape is not as easily altered.

● Number of Fins
○ Three Fins

■ The biggest benefit of 3 fins on the vehicle is less
drag. Furthermore, 3 fins compared to 4 fins will
also reduce the amount of weight on the vehicle and
ultimately cost less. Less drag and weight will lead
to a higher launch altitude. While 3 fins will create
less drag, they also will provide less stability than 4
fins.

○ Four Fins
■ The biggest drawback to 4 fins on the vehicle is the

increased weight and drag on the rocket leading to a
lower launch altitude. 4 fins would also cost more
than 3 fins. In turn, the increased number of fins
provides more stability to the vehicle though. 4 fins
could be used as an option if it is determined the
vehicle's center of pressure needs to be closer to the
rear of the vehicle.

■ Body Tube
● Length

○ 4 feet
■ With the landing legs depending on the length of the

booster, a longer booster helps increase the overall
diameter the legs cover. It also allows us to fit our
gps housing which is tethered to the shock cord.
One drawback about a tall booster is that it will
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have a higher center of gravity which will be easier
to tip over upon landing.

○ 3 feet
■ The advantage of a smaller, 3 foot, booster section

is that it makes the booster less likely to tip over.
There are drawbacks with this design such as
shortening the legs and limiting housing space for
recovery.

● Diameter & Material
○ Same as payload

■ Gps
● AIM XTRA GPS

○ This GPS is able to track up to 20 miles with a range of 3ft
accuracy. It is also a good option because we already have
2 GPS units and a base from past launches. The downside
is the cost of the GPS, but we don’t have to worry about
that this year.

● TeleMetrum v3.0
○ This flight computer can do dual deployment as well as

track the rocket and many other capabilities that are not
necessary for this project.  The main drawback is the higher
cost of the components plus the team does not currently
have any in its possession.

○ Electronics Bay Section
■ Gps

● Same as booster
■ Bulk Plates

● Same as payload
■ Body Tube

● Same as other sections

● For each alternative, locate points of separation on each design and show location(s) of
energetic materials

The vehicle separates into 3 parts during the recovery process. Part (a), the booster, separates
from parts (c) and (b), the electronics bay and payload section. Energetic materials for the first
separation will be located in the upper portion of the booster section. This will involve a
primary and secondary charge (motor manufacturer ejection used as tertiary). The second use
of energetics will be at 500 ft AGL in the payload section. These energetics (primary and
secondary charge) will separate the electronics bay (c) from the payload section (b). Energetic
material for this area will be housed in the payload tube, below the designated payload area
(green bulk plate). Part (a) will be untethered. Parts (c) and (b) will be tethered together.
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Figure 3.1.1: Recovery system diagrams
● After evaluating all alternatives, present a vehicle design with the current leading

alternatives, and explain why they are the leading choices.
○ Provide a dimensional drawing using the leading design
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Figure 3.1.2: Leading Vehicle Design (without landing legs) in CAD

Figure 3.1.3: RockSim Screenshot

○ Provide estimated masses for each subsystem
■ Booster: 15 pounds
■ Payload: 9.8 pounds

○ Provide sufficient justification for design selections
● Final Design

○ Payload
■ The payload section will include a 5:1 ogive nose cone because of the low

drag. This helps us reach a higher projected altitude with such a big
rocket. It will also include a fiberglass bulk plate because of the safety and
low cost along with a longer coupler to help strengthen our camera
section.

○ Booster
■ For the booster section, we will use a 4 ft. long fiberglass body tube with a

diameter of 6 inches. This is the best choice because of the strength for the
landing legs and maximized landing diameter. The 6 inch body tube
diameter allows us to house our cameras with enough space. It is also a
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more commercially available size. For the fins, we will use three, 3/16”
thick fiberglass, trapezoidal fins. Three trapezoidal fins allow us to have
enough room for our legs and lower the amount of drag. We are sticking
with 3/16” fiberglass for the fins because of the strength and flexibility.
The GPS will be housed in a smaller closed body tube. This will be an
AIM XTRA GPS because the team already has them from previous
projects. They are reliable and will cut some costs out of the budget.

○ Electronics Bay
■ The electronics bay will contain fiberglass bulk plates, all recovery system

electronics, as well as the GPS system. The switch band will be the same
material, but will only be 3 inches to allow for room to have vent holes as
well as openings to arm all internal electronics.

● Review different motor alternatives and present data on each alternative.
○ Alternative motor choices include the CTI K660 and the CTI K820 because of

their ability to get the vehicle to reach the required minimum rail exit velocity as
well as achieve a projected altitude greater than 3,500ft.

3.2 Recovery Subsystem
● Review the design at a component level, going through each components’ alternative designs,
and evaluating the pros and cons of each alternative AND for each alternative, present research
on why that alternative should or should not be chosen.

● Component Alternatives
○ Drogue Chutes (2)

■ Dino Chutes 24” Drogue Chute
● Pros: Made out of strong nylon with good strength ratings. It also

has very vibrant red and blue colors that make it easy to spot in the
sky. 24 inches is on the top end of diameter meaning this parachute
will slow us down the most compared to the 18”.

● Cons: A bigger parachute means a longer descent rate which
allows for more drift. Price: $52.50. Currently sold out.

■ Dino Chutes 18” Drogue Chute
● Pros: Made out of strong nylon with good strength ratings. It also

has very vibrant red and blue colors that make it easy to spot in the
sky. An 18 inch drogue chute can slow us down and allow for a
faster descent rate which will eliminate some drift during the
recovery stage. Price, Cheapest at: $47.25
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● Cons: With a smaller chute, the rocket could fall too fast. In the
rare case a main chute doesn't open, the small drogue chute would
be less than ideal and cause a much harder impact on the rocket.
Currently sold out.

■ 18" Fruity Chutes Drogue Chute
● Pros: Made of very lightweight nylon cloth that packs very easily.

The elliptical chute also results in higher opening speeds.This
chute is a middle ground between the 18” and 24” Dino Chutes.
It’s shape results in a slightly higher coefficient of drag, while
occupying less space in the booster and not slowing the descent
rate as much as a 24” chute.

● Cons: This chute is $62.30, making it the most expensive of the
alternatives.

■ 15” Fruity Chutes Drogue Chute
● Pros: Made of very lightweight nylon cloth that packs very easily.

The elliptical chute also results in higher opening speeds.This
chute allows for a faster descent than the 18 inch chute.

● Cons: It is still relatively expensive at $58.77. It would also likely
be too small for the relatively massive booster section.

○ Main Chutes (Booster)
■ 72” Fruity Chutes Iris Ultra Parachute

● Pros: Slower descent rate than the “60. With a slower descent, the
landing legs will have less energy to absorb when landing upright.

● Cons: Costs more than “60. There will be more drift with a large
chute which might cause complications on landing the booster.

■ 60” Fruity Chutes Iris Ultra Parachute
● Pros: Cheaper than the “72 parachute. Less drift during descent

which means a straighter landing for the booster.
● Cons: Faster descent rate causing more kinetic energy for the

landing legs to convert.
○ Main Chute (Payload)

■ 60” Fruity Chutes Iris Ultra Parachute
● Pros: Would have a safer descent rate for the payload components.

A 60” parachute would allow us to add extra weight to the payload
and not exceed kinetic energy.

● Cons: More drift than the 48”. Costs more.
■ 48” Fruity Chutes Iris Ultra Parachute

● Pros: Cheaper than the “60 parachute. Less drift with a faster
descent rate.
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● Cons: Drops at the maximum kinetic energy allowed and could
damage internal components of payload. Weight is not final so the
predicted 10 lbs might change in which case the 48” would exceed
kinetic energy allowed.

○ Chute Releases
■ 1 Jolly Logic Chute Release

● Pros: Saves costs. Takes up less room inside the body tube. Will be
tight enough to not slip off the main parachute.

● Cons: If the chute release fails then there will be no way to open up
the main parachute upon descent.

■ 2 Jolly Logic Chute Releases
● Pros: If one of the chute releases fails then the main parachute can

still open if the other chute release works. The chances of both
chute releases failing during the same flight are significantly low.

● Cons: Twice as expensive of a design. Another con is that two
chute releases connected in series might not be tight enough to
wrap around the main parachute and may come loose during stage
one of deployment.

○ Shock Cords
■ ⅜” Kevlar Cord

● Pros: Less mass and volume. Less cost compared to 1” Tubular
Nylon. Known breaking strength of 3600 pounds. Kevlar is
inherently flame resistant.

● Cons: Harder material can cause damage to the vehicle if ejected at
high speeds, and the vehicle is not protected against the cord.

■ ½” or 1” Tubular Nylon Cord
● Pros: Softer material, less chance of damage to vehicle. Less cost

per foot of ½” cord.
● Cons: Different manufacturers claim different strengths, so ground

testing may be required to determine viability and necessary
diameter. Not flame resistant.

○ Protective Wadding
■ Disposable Recovery Wadding (estes disposable wadding, roof insulation)

● Pros - Less cost per pack. Amount used can be varied if necessary.
● Cons - Requires new wadding for every flight, must be completely

repacked prior to flight.
■ 18” Parachute Protector

● Pros - Reusable, stays attached to the vehicle. Can be washed if
soot builds up.

● Cons - Costs more, cannot use more or less if required.
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○ Ejection charges
■ RAPTOR CO2 Ejection System

● Pros: Cleaner and more precise than black powder.
● Cons: More components involved which can lead to more places

where the ejection system fails.
■ Black Powder Ejection Charges

● Pros: Much cheaper than the CO2 ejection system. Also, a much
simpler design with less areas for the ejection events to go wrong.

● Cons: Gets the inside of the body tube and surrounding
components dirty. This can also cause damage to these
components.

● Using the estimated mass of the launch vehicle, perform a preliminary analysis on
parachute sizing, and determine what size is required for a safe descent.

Booster Section Payload Section

(1 J = 0.737562 ft-lb)
(1 m = 3.28084 ft)
(1 kg = 2.20462 lbs)
Maximum kinetic energy at landing is 75
ft-lbs. The booster section has an estimated
maximum mass of 15 pounds.
15. 00 𝑙𝑏𝑠 · 1 𝑘𝑔

2.20462 𝑙𝑏𝑠 = 6. 804 𝑘𝑔

75.00 ft-lbs 101.7 J· 1𝐽
0.737562 𝑓𝑡−𝑙𝑏𝑠 =

KE = 1
2 𝑚𝑣2

101.7= 1
2 (6. 804)(𝑣2)

v= 29. 89
v = 5.468 m/s

17.94 fps5.468 𝑚
1𝑠 · 3.28084 𝑓𝑡

1𝑚 =
17.94 fps will result in a kinetic energy of 75
ft-lbs of a 15 pound booster upon landing.
Therefore, the booster section shall not
descend at a rate faster than 17.94 fps at
landing.

(1 J = 0.737562 ft-lb)
(1 m = 3.28084 ft)
(1 kg = 2.20462 lbs)
Maximum kinetic energy at landing is 75
ft-lbs. The payload section has an estimated
mass of 9.8 pounds.
9. 80 𝑙𝑏𝑠 · 1 𝑘𝑔

2.20462 𝑙𝑏𝑠 = 4. 46 𝑘𝑔

75.00 ft-lbs 101.7 J· 1𝐽
0.737562 𝑓𝑡−𝑙𝑏𝑠 =

KE = 1
2 𝑚𝑣2

101.7= 1
2 (4. 46)(𝑣2)

v= 45. 6
v = 6.75 m/s

22.1 fps6.75 𝑚
1𝑠 · 3.28084 𝑓𝑡

1𝑚 =
22.1 fps will result in a kinetic energy of 75
ft-lbs of a 9.80 pound payload section
landing. Therefore, the payload section shall
not descend at a rate faster than 22.1 fps at
landing.

Preliminary descent rate prediction from the
Fruity Chutes Website for the 60” Iris Ultra
Parachute shows the 15 pound booster
descending at a rate of 17.35 fps, under the
maximum rate to meet the kinetic energy
requirement. The graph below shows the

Preliminary descent date predictions from the
Fruity Chutes website for the 48” Iris Ultra
Parachute shows the 9.80 pound payload
section descending at a rate of 17.53 fps,
under the maximum rate to meet the kinetic
energy requirement. The graph below shows
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prediction from Fruity Chutes.
(Graph 3.2.1)

the prediction from Fruity Chutes.
(Graph 3.2.2)

● Include drawings/sketches, wiring diagrams, and electrical schematics.
Refer to 3.2a and 3.2 b below. No wiring diagrams or electrical schematics are included because
all altimeters and charges used are commercially available products.

● Choose leading components amongst the alternatives, present them, and explain why they
are the current leaders.
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For the drogue chute we will use the 18" Fruity Chutes Drogue Chute for the booster and 15” for
the payload. While it is more expensive than the Dino Chutes “18 Drogue Chute, the Dino is
currently sold out on several websites with no indication of a restock date. It will still lower each
section at a desirable speed during stage 1. The smaller drogue chute for the payload accounts for
the payload's lesser mass. For the main parachute in the booster we chose the Fruity Chutes “60
Iris Ultra because it maximizes our descent rate which will help land the booster with the least
amount of drift. On the payload section we chose the same chute with a 48” diameter because it
accounts for the less weight the payload bears. For our chute release mechanism in the booster,
we have chosen to use 2 Jolly Logic chute releases. This way we can ensure that the main
parachute in the booster has redundancy in the case of a failed chute release. For our shock cords
we have chosen the ⅜” tubular kevlar cord due to its high strength and fire resistance. For the
protective wadding we have chosen to use a combination of the 18 inch parachute protector and
disposable wadding. The parachute protector will be more effective at protecting the chute while
the disposable wadding will provide extra protection and will fill volume in the booster section
so not as much gas is needed to fill the chamber and cause ejection. This will aid in the
deployment of the recovery system. For the ejection charges we have selected to use black
powder ejection because of its low cost, simplicity, and reliability.

● Prove that redundancy exists within the system.
At apogee, the recovery phase of the launch will begin. Our primary charge (see figure 3.2a),
will split the booster section (a) from the payload (b) and electronic bay (c). This primary charge
will be followed by a secondary, larger charge to ensure proper deployment, as well as a tertiary
charge composed of the manufactured motor ejection. Untethered, both sections will release
drogue chutes upon ejection (recovery stage 1). Both sections will be slowed down by drogue
chutes, in free fall, until they reach 500 ft above the ground. At this point, the booster main chute
will be released by a double chute release from the booster section (see figure 3.2b). It is
important that we use a double chute release to provide redundancy for the booster section. By
linking two chute releases, it provides better odds at success given that the main will be released
if one chute release or both go off. Both chute releases would have to malfunction for a failed
deployment, an event that is highly unlikely. At the same altitude, the next ejection charge will
go off, followed by a secondary charge, separating the electronic bay (c) from the payload and
nose cone section (b). This will release the main chute for the payload and the electronics bay, as
they will remain tethered together (Recovery Stage 2).

Figure 3.2a
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GPS Placement:
Because the booster separates from other components, 2 GPS units are needed. One GPS will
be housed in the electronics bay. Because the electronics bay is tethered to the payload, this
GPS will account for both sections (c) and (b). The GPS for the booster section will be housed
inside a small, 3 inch diameter fiberglass tube that will be attached to the kevlar parachute cord
and packed into the booster section. It will stay attached to the cord the whole time, allowing
for GPS tracking of the booster section. See figure 3.2c below

3.3 Mission Performance Predictions
● Declare the team’s official competition launch target
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3,750ft. AGL.

Altitude, Velocity, other Simulation Data: See RockSim data below

Figure 3.3.1 RockSim Screenshot

Figure 3.3.2: ThrustCurve graph for CTI K1440 motor

● Calculate the kinetic energy at landing for each independent and tethered section of the
launch vehicle.
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Booster Section Payload Section

(1 J = 0.737562 ft-lb)
(1 m = 3.28084 ft)
(1 kg = 2.20462 lbs)
Given the graphs provided by Fruity
Chutes for descent rates at various weights
(Graph 3.2.1), the kinetic energy can be
calculated using the estimated descent rate
of 17.35 fps.
17.35 𝑓𝑡

1𝑠 · 1𝑚
3.28084 𝑓𝑡 = 5. 288 𝑚/𝑠

15. 00 𝑙𝑏𝑠 · 1 𝑘𝑔
2.20462 𝑙𝑏𝑠 = 6. 804 𝑘𝑔

KE = 1
2 𝑚𝑣2

KE = 1
2 (6. 804)(5. 2882)

KE = 95.13 J
70.16 ft-lbs95. 13 𝐽 · 0.737562 𝑓𝑡−𝑙𝑏𝑠

1𝐽 =
70.16 < 75, therefore the booster meets
the kinetic energy requirements.

(1 J = 0.737562 ft-lb)
(1 m = 3.28084 ft)
(1 kg = 2.20462 lbs)
Given the graphs provided by Fruity
Chutes for descent rates at various weights
(Graph 3.2.2), the kinetic energy can be
calculated using the estimated descent rate
of 17.53 fps.
17.53 𝑓𝑡

1𝑠 · 1𝑚
3.28084 𝑓𝑡 = 5. 343 𝑚/𝑠

9. 80 𝑙𝑏𝑠 · 1 𝑘𝑔
2.20462 𝑙𝑏𝑠 = 4. 46 𝑘𝑔

KE = 1
2 𝑚𝑣2

KE = 1
2 (4. 46)(5. 3432)

KE = 63.7 J
47.0 ft-lbs63. 7 𝐽 · 0.737562 𝑓𝑡−𝑙𝑏𝑠

1𝐽 =
47.0 < 75, therefore the payload section
meets the kinetic energy requirements.

● Calculate the expected descent time for the rocket and any section that descends
untethered from the rest of the vehicle.

Booster Section Payload Section

,where x represents altitude in feet𝑡 = 𝑥
𝑣

and v represents descent rate in feet per
second.
The descent is divided into two stages,
stage 1 (drogue chute) and stage 2 (main
chute). Since the main chute opens at 500
ft. AGL, the descent covered by the
drogue chute will be 3750 ft - 500 ft =
3250 ft, and the main chute will cover the
descent of the last 500 ft.

Descent rate under under the 18”
drogue chute can be found using
preliminary predictions on the Fruity
Chute website (see Graph 3.3.1 below)
Descent Rate Under Drogue Chute:
70.38 fps

,where x represents altitude in feet𝑡 = 𝑥
𝑣

and v represents descent rate in feet per
second.
The descent is divided into two stages,
stage 1 (drogue chute) and stage 2 (main
chute). Since the main chute opens at 500
ft. AGL, the descent covered by the
drogue chute will be 3750 - 500 ft = 3250
ft, and the main chute will cover the
descent of the last 500 ft.

Descent rate under under the 15”
drogue chute can be found using
preliminary predictions on the Fruity
Chute website (see Graph 3.3.2 below)
Descent Rate Under Drogue Chute:
68.27 fps
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Time descending under drogue chute:
= 46.18 seconds𝑡 = 3250

70.38
Time descending under main chute (using
rate determined in Graph 3.2.1):

= 28.82 seconds𝑡 = 500
17.35

Total descent time
28.82 + 46.18 = 75.00 seconds

75 < 90, meeting the descent time
requirement

Time descending under drogue chute:
= 47.61 seconds𝑡 = 3250

68.27
Time descending under main chute (using
rate determined in Graph 3.2.2):

= 28.52 seconds𝑡 = 500
17.53

Total descent time
28.52 + 47.61 = 76.13 seconds

76.13 < 90, meeting the descent time
requirement
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● Calculate the drift for each independent section of the launch vehicle from the launch pad
for five different cases: no wind, 5-mph wind, 10-mph wind, 15-mph wind, and 20-mph
wind. The drift calculations should be performed with the assumption that apogee is
reached directly above the launch pad.
1 mile = 5280 feet            1 hour = 3600 sec.

Wind Booster Section (75.00 s descent) Payload Section (76.13 s descent)

0 mph None None

5 mph = 7.335 𝑚𝑖𝑙𝑒𝑠
1 ℎ𝑜𝑢𝑟 · 1 ℎ𝑜𝑢𝑟

3600 𝑠 · 5280 𝑓𝑡
1 𝑚𝑖𝑙𝑒

fps
= 550 foot7. 33 𝑓𝑝𝑠 · 75. 00 𝑠

drift

= 7.33 fps5 𝑚𝑖𝑙𝑒𝑠
1 ℎ𝑜𝑢𝑟 · 1 ℎ𝑜𝑢𝑟

3600 𝑠 · 5280 𝑓𝑡
1 𝑚𝑖𝑙𝑒

= 558 foot7. 33 𝑓𝑝𝑠 · 76. 13 𝑠
drift

10 mph = 14.6710 𝑚𝑖𝑙𝑒𝑠
1 ℎ𝑜𝑢𝑟 · 1 ℎ𝑜𝑢𝑟

3600 𝑠 · 5280 𝑓𝑡
1 𝑚𝑖𝑙𝑒

fps
= 1100 foot14. 67 𝑓𝑝𝑠 · 75. 00 𝑠

drift

= 14.6710 𝑚𝑖𝑙𝑒𝑠
1 ℎ𝑜𝑢𝑟 · 1 ℎ𝑜𝑢𝑟

3600 𝑠 · 5280 𝑓𝑡
1 𝑚𝑖𝑙𝑒

fps
= 1117 foot14. 67 𝑓𝑝𝑠 · 76. 13 𝑠

drift

15 mph = 22.0015 𝑚𝑖𝑙𝑒𝑠
1 ℎ𝑜𝑢𝑟 · 1 ℎ𝑜𝑢𝑟

3600 𝑠 · 5280 𝑓𝑡
1 𝑚𝑖𝑙𝑒

fps
= 22.0015 𝑚𝑖𝑙𝑒𝑠

1 ℎ𝑜𝑢𝑟 · 1 ℎ𝑜𝑢𝑟
3600 𝑠 · 5280 𝑓𝑡

1 𝑚𝑖𝑙𝑒
fps
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= 1650 foot22. 00 𝑓𝑝𝑠 · 75. 00 𝑠
drift

= 1675 foot22. 00 𝑓𝑝𝑠 · 76. 13 𝑠
drift

20 mph = 29.3320 𝑚𝑖𝑙𝑒𝑠
1 ℎ𝑜𝑢𝑟 · 1 ℎ𝑜𝑢𝑟

3600 𝑠 · 5280 𝑓𝑡
1 𝑚𝑖𝑙𝑒

fps
= 2200 foot29. 33 𝑓𝑝𝑠 · 75. 00 𝑠

drift

= 29.3320 𝑚𝑖𝑙𝑒𝑠
1 ℎ𝑜𝑢𝑟 · 1 ℎ𝑜𝑢𝑟

3600 𝑠 · 5280 𝑓𝑡
1 𝑚𝑖𝑙𝑒

fps
= 2233 foot29. 33 𝑓𝑝𝑠 · 76. 13 𝑠

drift

All possible drifts result in  landing within the required 2500 ft. radius.

● Present data from a different calculation method to verify that original results are
accurate.

Using Calculator-Online:
● Booster section kinetic energy at touch down: 70.15 ft-lb
● Payload section kinetic energy at touch down: 46.79 ft-lb

Using Rocket Head:
● All results for drift were within 5 feet of calculations shown above (also indicates

relative similarities on decent time)

● Discuss any differences between the different calculations.
These calculations are only slightly off from the ones done by hand above. This is likely due to
rounding done during intermediate steps. However, the close proximity of the final answers
ensures that these results are accurate.
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IV) Payload Criteria

4.1 Selection, Design, and Rationale of Payload

4.1.1 Video Capture Payload
● Describe what the objective of the payload is and what experiment it will perform. What

results will qualify as a successful experiment?
A payload success would be safely and efficiently capturing 360 degree video footage of the
flight from launch to apogee. Footage should be of high enough quality to stitch into a virtual
reality experience that can be distributed on online platforms such as YouTube to make rocket
flight viewing more accessible.

● Review the design at a system level, going through each system’s alternative designs, and
evaluating the pros and cons of each alternative.

○ Cameras
■ Number

● 3
○ Pros

■ Cheaper than 4
■ Lighter than 4
■ Require less space in the vehicle

○ Cons
■ Less overlap in fields of view

● 4
○ Pros

■ More overlap in field of view
○ Cons

■ More expensive than 3
■ Heavier than 3
■ Requires more space in vehicle

■ Type
● Action Cameras

○ Pros
■ High video quality
■ Variable options for frame rate

○ Cons
■ Expensive
■ Heavier
■ Larger
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● Arduino Cameras
○ Pros

■ Cheaper
■ Lighter
■ Smaller

○ Cons
■ Significantly lower video quality

○ Housing
■ Base Plate Screw Mounts

● Pros
○ Utilizes commercially available camera mounts
○ Sled is easily removed

● Cons
○ Manufacturing process is not precise
○ Camera buttons are not protected

■ 3D printed 2-part housing
● Pros

○ Compatible with variety of Cameras
○ Easy and precise manufacturing

● Cons
○ Material is weaker than other options
○ Uses metal screws

■ Adhesive Screw Mounts (on inside of airframe)
● Pros

○ Simple and cheap
● Cons

○ Mounts could easily shear off
○ Cameras are difficult to remove and are not protected
○ Uses metal screws

○ Starting Mechanism
■ Manual

● Pros
○ No additional expenses
○ Confirmation of start of recording

● Cons
○ Requires cameras to be running for long amount of time

■ Wi-Fi based Remote
● Pros

○ Increased range
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○ Allows for remote activation start of cameras right before
flight

● Cons
○ Increased expenses
○ No confirmation of start of recording

■ Radio
● Pros

○ Greatest Range
○ Allows for remote activation start of cameras right before

flight
● Cons

○ Increased expenses
○ Chance of radio interference
○ No confirmation of start of recording

○ Window Material
■ Acrylic

● Pros
○ Strong
○ Consistent Clarity
○ Cheap

● Cons
○ Lacks Flexibility

■ Polycarbonate
● Pros

○ Strong
○ Cheap
○ Flexible

● Cons
○ Easily Scratched

● For each alternative, present research on why that alternative should or should not be
chosen.

○ Cameras
■ Number:

Decision Factors 3 Cameras 4 Cameras

Cost With an approximate cost of
300-400 dollars per camera
(dependent on selected model),
using 3 cameras would result in
a total cost of 900-1200 dollars.

4 Cameras using the same cost
estimates would result in a cost of
1200-1600 dollars.
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Video Quality Only 3 cameras would result in a
lower field of view. This would
result in picture overlap farther
from the origin of recording,
creating gaps on the upper and
lower portions or the subsequent
VR creation.

4 Cameras increase video quality
by bringing field of view
intersections closer to the origin of
recording. This minimizes the
resulting gaps in the final VR
product.

Impact on Vehicle A set of 3 Cameras is relatively
lower in mass. When arranged
on the same plane, they take up
relatively less room and require
less opening in the airframe,
preventing excessive removal or
body tube material and allowing
for more maintained strength.

3 standard sized GoPro
Cameras arranged on the same
plane (see below) would require
a minimum inner body tube
diameter of approximately 5.1
inches

A set of 4 cameras are significantly
more massive and take up more
room when arranged on the same
plane. They also require
significantly more opening in the
airframe, weakening the structure
of the payload body tube.

4 standard sized GoPro Cameras
arranged on the same plane (see
below) would require a minimum
inner body tube diameter of
approximately 5.5 inches

■ Type:

Decision Factors GoPro Arducam

Cost $250-450 dollars each $5-25 each

Video Quality 5k @ 30 fps, 4k @ 60 fps
118-122 degree FOV

1280×1024 @ 30 fps
60-110 degree FOV

Video
Accessibility

Videos are recorded on seperate
cameras and will have to be

All videos can be collected on the
same computer.
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retrieved separately.

Size ~150 g (dependant on model)
~ 65 x 45 x 35 mm (dependant
on model)

~ 34 x 24 mm (model dependent)
~ 20 g (model dependent)

Due to the importance of video quality, action cameras will be pursued. GoPros are being
considered due to their extreme durability, quality, and use by NASA.

Decision Factors Go Pro Hero 8 Go Pro Hero 9

Video Quality 4k @ 60 fps
122 degree FOV

5k @ 30 fps, 4k @ 60 fps
118 degree FOV

Durability The camera is waterproof and
very durable. However, if damage
is sustained to any parts, they
can not be replaced.

Durability of the Hero 9 is
comparable to that of the 8. The
lense of the 9 can be replaced if
damaged as opposed to replacing
the whole camera.

Battery Life 1 hour 48 minutes 2 hours 11 minutes

○ Housing:

Decision Factors 2-part (3D printed) Base Plate Screw
Mounts

Screw Mounts (on
Airframe)

Durability/Reliability A 3D printed 2 part
housing fully
encloses cameras,
providing protection
and eliminating the
possibility of
accidental button
presses.

Using standard
GoPro mounts
attached to a
removable base plate
ensures strength.
GoPro’s mounting
system has been
tested in a variety of
extreme settings.
Using this limits
possibilities of
cameras shifting
during launch.

GoPro screw mounts
also have the
possibility to adhere
to the inside of the
airframe and be
angled to position the
lens facing outward.
This option is less
durable, as the
adhesive can not
withstand high
amounts of lateral
force and the
cameras could fall
off.

Ability to manufacture Easily 3D printable.
Manufacturing
process limits human
error and ensures
precision.

Manufacturing would
involve printing or
cutting a baseplate
and attaching GoPro
mounts to the plate.
This is easily done

Simply insert GoPro
mounts (available for
sale by GoPro) on
the inside of the
payload airframe.
This process is
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but the precision
would be lower due
to human error with
placement.

simple but not very
precise due to human
error while placing.

Ease of use Quick and easy to
remove cameras,
check batteries, and
see if recording.

Quick and easy to
remove housing.
Removing cameras
would require
unscrewing each
camera from each
mount.

Cameras would have
to be individually
unscrewed and
removed from the
vehicle.

○ Starting Mechanism

Decision Factors Manual Remote Radio Servo

Cost Using manual starting
would require no
additional expenses

A remote using a
closed wifi signal to
initiate recording
costs from 60-80
dollars.

Using a radio system
would cost $70 plus
the cost of servos
(about $20).

Payload Design
Impacts

With Cameras sitting
in the vehicle for
several hours before
launch, an extra
battery power may
need to be included
in the vehicle to
extend the battery life
of the cameras if they
do not have enough.

Using a remote would
have no foreseeable
additions to the
payload system
design

Using radio activation
would require this
payload subsystem to
be linked to the data
collection system. A
servo motor for each
camera would be
attached to a radio
receiver on the circuit
board in the flight
data collection
payload (4.2.2). Upon
reception of proper
signal, the servos
would press the start
button on each
camera to initiate
recording. Using
radio increases the
complexity of the
starting system and
also requires more
caution with
operating with a radio
signal.
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Ease of Use Manually activating
each camera would
require the most time
and effort. Each
camera would need
to be removed from
their rigging (after
rigging was removed
from the vehicle),
powered on, video
turned on, placed
back in their rigging,
and then placed on
the vehicle followed
by the vehicle being
re-assembled.
Confirmation that
each camera is
recording would also
be received.

The remote requires
a simple click of a
button and will begin
the camera's
recording.
Unfortunately, the
one provided with
adequate distance is
only compatible with
the GoPro Hero 8.

This would require
the simple flip of a
switch or push of a
button prior to launch.
No confirmation of
video recording
would be given.

Range 0 Feet. Started from
the vehicle itself.
(prior to
transportation and set
up on launch pad).

600 Feet using Wi-Fi. 2 km (1.2 miles)
using 900 Mhz radio
signals.

○ Window Material

Decision Factors Acrylic Sheets Polycarbonate Sheets

Cost A 12x24 in sheet with 1/16 in
thickness costs $14.99

A 12x12 inch sheet of Polycarbonate
Lexan (1/16th inch thick) costs
$3.98.

Clarity Acrylic’s clarity will be reduced
over time with exposure to sun
but can be polished to regain its
clarity. The overall clarity of
acrylic is extremely similar to
polycarbonate. Acrylic has a light
transmittance
(transparency/clarity) of 92%. It
also has a Haze (cloudy
appearance) of 2%.

Polycarbonate has a light
transmittance (transparency/clarity)
of 86%. It also has a haze (cloudy
appearance) of less than 1%.

Polycarbonate’s lower resistance to
scratching makes it more prone to
haze because dirt particles can
collect in micro scratches.
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Strength Acrylic is stronger than
polycarbonate, in both impact
and scratch resistance. It is less
flexible than polycarbonate,
causing it to be more likely to
crack when bent. Acrylic can also
bear a slightly greater load than
polycarbonate (difference is
minimal, however).

Polycarbonate is more prone to
scratching and is also less impact
resistant than acrylic. It is flexible in
one direction and rigid in the other,
allowing it to curve along the rocket
body tube while still providing tensile
strength.

● After evaluating all alternatives, present a payload design with the current leading
alternatives and explain why they are the leading choices.

After review of all of the alternatives, the team chooses to use three GoPro Hero 9’s in an
enclosed 3D printed housing with acrylic windows, using a manual starting technique. The goal
of the mission is to efficiently and safely produce a high quality virtual reality experience. Use of
the GoPro Hero 9, with its superior video quality, battery life, and the ability to replace
components if need be, allows the team to achieve this mission. Three cameras were chosen to
make the process more cost efficient. While adding an extra camera would increase video
quality, the expense and the impact on payload mass needs to be considered. A video of adequate
quality can still be produced with only 3 cameras on board. The extra $300-400 plus the
possibility of a larger body tube to house the cameras is not worth the slight improvement in
video quality. The enclosed, 3D printed housing, was chosen over bulk plate screw mounts due
to its ease of use, light weight, and lack of metal. With proper design and construction, this
mount will be able to hold the cameras in place just as well as the bulk plate screw mounts. If
modifications were needed to be made, printing a new housing would have minimal expenses.
Acrylic windows were selected due to their superior strength and resistance to scratching. This
resistance to scratching prevents dirt and other debris from becoming trapped in micro scratches
and creating a haze, blocking views from the cameras. Finally, manually starting the GoPro’s
was chosen over remote and radio start because of its reliability. The most important part of this
payload is to ensure the cameras start and record during flight. Manual start gives immediate
feedback as to whether the cameras have started recording or not. This will also be the most cost
effective option as no remote or transmitter will need to be purchased.

● Include drawings and electrical schematics for all elements of the preliminary payload.
List estimated masses for components.

Estimated Masses:
Camera Housing:  0.864 lbs
Cameras: 0.258 lbs each x 3 = 0.774 lbs
Total (excluding windows) = 1.638 lbs
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● Describe the justification used when making design selections.
The goal of this payload is to safely and efficiently capture 360 degree video footage of launch.
The quality of the footage is the most important criteria for design selection. Achieving a balance
between video quality and cost is the criteria for design selections. Using a limited number of
high quality cameras, housed in a light, 3D printed housing, with scratch resistant windows and
manual starting that guarantees recording initiates, optimizes the balance between cost and
performance.

● Describe the preliminary interfaces between the payload and launch vehicle.
There is one primary way this payload interacts with the vehicle beyond influencing the center of
mass. This payload requires large openings in the airframe for cameras. To minimize impact on
vehicle flight, the openings are covered with acrylic plastic windows that are flush with the
airframe. The opening will weaken the integrity of the fiberglass, but using rounded corners and
filling in the gap with strong acrylic will minimize the impact in overall strength of the payload
section body tube.

● Describe the preliminary design of the payload retention system.
This payload (as well as the data collection payload, see 4.1.2) will be retained using a ⅜ inch
aluminum threaded rod. The rod will connect to the eye bolt at the bottom of the payload section
and run to the tip of the nose cone. This (along with rivets) will hold the payload tube and nose
cone together. The rod will run through the middle of the payload components and nuts will be
used to hold the components in place on the rod.
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4.1.2 Flight Data Collection
● Describe what the objective of the payload is and what experiment it will perform. What

results will qualify as a successful experiment?
The Flight Data Collection system has the objective of taking complete and accurate data that we
can evaluate and use after the flight has concluded. The recovery and reading of a text file
containing the orientation of the vehicle from the flight will qualify this part of the payload as a
successful experiment.

● Review the design at a system level, going through each system’s alternative designs, and
evaluating the pros and cons of each alternative.

● Master Microcontroller
○ Arduino brand

■ Pros
● Cheaper
● Standardized attachments made to set right on top of the board

■ Cons
● Less Powerful
● Larger form factor for less power
● Female pin style, takes more room to mount
● Slower processor than the Teensy

○ Teensy brand
■ Pros

● More Powerful
● Male pin style, smaller form factor, smaller space to mount
● Faster Processor

■ Cons
● More Expensive
● Usually includes additional pieces on the board that aren’t

necessary to our objective.
● Slave Microcontroller

○ Arduino brand
■ Pros

● Cheaper
■ Cons

● Female pin style, larger form factor
● Less pinouts, less places to attach devices

○ Adafruit brand
■ Pros

● Modular
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○ Any additional attachments can be mounted easily to it for
additional capabilities

● More pinouts, more places to attach devices
● Male pin style, smaller form factor

■ Cons
● Slightly more expensive
● Has additional features that take up space which are unnecessary

● Orientation Sensor
○ Quaternion Orientation Sensor

■ Pros
● Output into a pitch, yaw, and roll format that is easily calculated

■ Cons
● Bigger form factor
● More costly

○ Standard Orientation Sensor
■ Pros

● Cheaper
● Uses all the same sensors as the quaternion sensor

■ Cons
● Hard to take data and calculate pitch, yaw, and roll (only seeing

what the pulls are in G-forces, magnetism, etc.)
● Provides the data in a format that does not fit our objective as

easily.
● Additional Sensors

○ Altitude & Temperature Sensor Only
■ Pros

● Higher Accuracy
● Lower Cost

■ Cons
● Not as much variety in data collection
● Uses the same amount of space as the sensor capturing more data.

○ Altitude, Temp, Humidity, and Air Quality Sensor
■ Pros

● Humidity information about vehicle flight
● Observing air quality changes throughout a flight and throughout

different altitudes
■ Cons

● Higher Cost
● Less accurate for more vital sensors for our objective like altitude

and temperature
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● LED’S
○ WS2812B (Neopixels)

■ Pros
● Cheaper
● More power efficient
● Use PWM which we have used in the past for other projects and

are capable of using.
● Has RGBW (including white)

■ Cons
● Lower Refresh Rate

○ Multi-colors like orange can show a green and red looking
led when moving fast

○ SK9822 (DotStars)
■ Pros

● Higher Refresh Rate
● Multi-colors blend together nicely

■ Cons
● More Expensive
● Less power efficient
● Uses SPI which our team has not used before so it is more risky.
● Has only RGB (not white)

● For each alternative, present research on why that alternative should or should not be
chosen.

● Master Computer

Decision Factors Teensy 4.1 Teensy 3.5

Cost $26.85 $24.25

Size 17.78 x 4.64 x 60.96mm 17.78 x 4.64 x 60.96mm

Processor Type & Speed ARM Cortex M7 @ 600
MHz

ARM Cortex M4 @ 120
MHz

Ram 1024K 256K

Flash 7936K 512K

Pins 55 total 64 total

MicroSD Slot? Yes Yes
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● Orientation Sensor

Decision Factors BNO085 BNO055 Adafruit Precision
NXP 9-DOF
Breakout Board

Quaternion Yes Yes No

Acceleration Range 8G 16G 8G

Additional Features
from the 85
compared to the 55

Application
Optimized Rotation
Vectors

Separate and
simultaneous
outputs of
Calibrated,
Uncalibrated +
Correction, and
Raw ADC outputs
for the
Accelerometer,
Gyro, and
Magnetometer

N/A N/A

Size 1.0 x 0.9 x 0.2 in. 1.05 x 0.8 x 0.2 1.1 x 0.8 x 0.1 in.

Cost $19.95 $19.95 $14.95

● Altitude & Temperature Sensors

Decision Factors BMP388 BME688

Altitude Accuracy ±0.5 meters ±1 Meter

Temperature Accuracy ±0.5 Degrees C ±1 Degree C

Humidity Accuracy N/A ±3%

Air Quality Sensor N/A 30 Min burn in time per
power on

Size 1.0 x 0.7 x 0.2 in. 1.0 x 0.7 x 0.2 in.

Cost $9.95 $19.95
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● Secondary Computer

Decision Factors Feather M0 Arduino Mega

Processor ARM Cortex M0 @
48MHz

ATMega2560 @ 16MHz

Pins 32 54

Size 2.0 x 0.9 x 0.3 in. 4 x 2.1 x .98 in

Cost $34.95 $40.30

Additional Capabilities? N/A N/A

● LED’s

Decision Factors WS2812B(Neopixels) SK9822 (DotStars)

Amp pull (full bright) 50mA 60mA

Color RGBW RGB

Refresh Rate 400Hz 20KHz (20,000Hz)

Communication Style PWM Dual-SPI

Cost $5.95 $4.50

● After evaluating all alternatives, present a payload design with the current leading
alternatives and explain why they are the leading choices.

For this design, the selected devices were a Teensy 4.1, BNO085, BNO055, BMP388, a Feather
M0, and 4 WS2812B LEDs. The Teensy 4.1 was chosen for its superior performance in
processor speed and ram size. We chose the BNO085 and BNO055 for a side by side comparison
during the vehicle's flight. The BNO085 and 055 have the exact same hardware, but very
different firmware. The firmware gives the BNO055 an acceleration range of 16 G’s, closer to
the actual G’s that the rocket will be pulling. The newer firmware gives the BNO085 an
acceleration range of only 8 G’s. This lower acceleration range has a few unknowns of what will
happen. The current belief is that it will just hardline at 8 G's of acceleration and once that is
passed, give more accurate data for the rest of the flight. The older version will give more
accurate data during the portion of the flight that pulls more than 8 G’s of force. The BMP388
was chosen over the BME688 because of its higher accuracy to altitude and temperature which is
cared about more than knowing what the quality of the air was, and its humidity. The Feather M0
had a smaller form factor and higher processing power which felt like exactly what we needed to
be able to use the data that will be received. Being able to calculate different points in the flight
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like launch, apogee, and landing, have a higher likelihood of working with faster processing
speeds allowing more calculations per clock cycle. The WS2812B was chosen for its past use in
other projects for the team and known communication techniques over DotStar LEDs. The team
chose 4 LEDs because of previous experience with a lack of capability for the board to
communicate different problems or signals. We felt 4 was aesthetically pleasing for the board,
didn’t cost any extra as it was coming in a pack of 10, and allowed for more complex signals that
were more clear to understand.

● Include drawings and electrical schematics for all elements of the preliminary payload.
List estimated masses for components.
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● Describe the justification used when making design selections.
Having a hole in the center was one of the greatest priorities from the start of the design process
for this board. A threaded rod goes through the center of our section that houses the camera and
electronics sleds and is what mounts them. Keeping the MicroSD card slot & Programming ports
all accessible was the second highest priority. In the team’s previous generation of circuit boards,
this was misplaced, resulting in a MicroSD card being unplugged in flight due to the acceleration
of lift off, and the secondary computer being no longer programmable each flight without the
removal of a primary sensor on the board. All of these problems have been mitigated in this
board version, Mark III. Our third highest priority was keeping the cost of the board itself down.
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The size of the board can easily change, and purchasing a board from our supplier, Oshpark,
costs around $5 per square inch. Additional space adds additional costs which are unnecessary to
our objectives and budget.

● Describe the preliminary interfaces between the payload and launch vehicle.
This part of the payload is completely separate from vehicle function. It will require 3 vent holes
on the exterior of the payload section to collect pressure data. Other than this minimal impact on
the airframe, the data collection computer is completely separate from all vehicle and recovery
electronics.

● Describe the preliminary design of the payload retention system.
The data collection computer will be housed on a 3D printed sled that will be fastened to the
aluminum rod that runs through the center of the payload section. The portable battery to power
the computer will also be fastened to the sled to ensure the battery does not separate and unplug
from the computer during flight.

4.1.3 Landing System
● Describe what the objective of the payload is and what experiment it will perform. What

results will qualify as a successful experiment?
The objective of this subsection of the payload is to land the booster section of the
rocket in an upright position. This is an experiment that examines the practicality
of landing high powered boosters upright. Landing upright will allow for the
examination of how this kind of landing impacts the longevity of the rocket and
an analysis on how using such mechanisms could save costs for future launches
by preventing the need for minor repairs before subsequent launches. If the
booster section is capable of landing upright at less than 15 degrees off from
perpendicular to the ground, that will qualify as a successful experiment.

● Review the design at a system level, going through each system’s alternative designs, and
evaluating the pros and cons of each alternative.

● Type of legs
○ Internal Spring Mechanism

■ Pros
● Operate all on potential energy
● Limits amount of hardware on exterior of vehicle

■ Cons
● Internal components difficult to access if damaged
● Difficult to construct
● High spring tension when in folded position
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○ Fixed
■ Pros

● No moving parts limits mechanical errors contributing to failure
● Easily constructed

■ Cons
● Increased drag on the vehicle during flight
● Occupies a large amount of space on the launch pad (can obstruct

launch rail)
○ Telescoping

■ Pros
● Accessible mechanisms

■ Cons
● Large external components
● Would require a sliding component, adding complexity to the

design and increase chances for error
● High spring tension when folded

○ 4 Bar Linkage
■ Pros

● Mechanically simple, less room for issues to occur
● Geometry locks itself in place when open
● Lighter than other designs

■ Cons
● Deploys using gravity. If the booster does not slow down enough

before landing it will not deploy

● For each alternative, present research on why that alternative should or should not be
chosen.

○ Internal Spring Mechanism

Decision Factors Explanation

Deployment This design (see figure 4.1.3a below) relies all on elastic potential energy.
With no computer involved, the possibility of error decreases because the
system functions in a purely mechanical way. However, if an interior
spring breaks or malfunctions, access to the component for repair is
nearly impossible. Legs are held in place by housing on the exterior of the
electronic bay. Upon separation, the legs are free to fold down.

Functionality This design functions well because the springs can also serve as shock
absorbers during landing. When the booster hits the ground, the kinetic
energy can be absorbed into the spring instead of the material the legs are
made of, preventing the chance of legs breaking.
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Vehicle Impact Because many of the mechanisms for this leg design are internal, drag
will be minimized during rocket flight. However, when the legs deploy,
the spring potential energy will accelerate the legs until they hit the body
tube to lock in an outward position. If the legs are moving too fast and
have too much momentum, they could break the body tube at the impact
point or rip out at the joints.

○ Fixed

Decision Factors Explanation

Deployment This design is the most reliable because the legs are already fixed in
place. With no parts that need to move, the chance of error during
deployment is zero.

Functionality This design is less functional than others. After some testing with a rough
prototype (figure 4.1.3a), using fixed legs is an impractical design. In
order to limit drag on the vehicle, fixed legs would have to be made of
thin, rubber coated wire. This wire, while able to absorb impact when
hitting the ground, does not only absorb the impact in the vertical
direction. Hitting the ground causes the legs to shift laterally, resulting in
the booster toppling over.

Vehicle Impact Fixed legs, while they would not risk breaking the airframe, would create
too much drag for the vehicle. When the legs are designed to limit drag,
they lose their function.
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○ Telescoping

Decision Factors Explanation

Deployment Deployment relies all on spring potential energy. However, telescoping
legs require a sliding component to properly deploy. If the sliding
component were to get stuck on a bur or fail due to a lack of necessary or
proper lubrication, the legs could not deploy. Legs are held in place by
housing on the exterior of the electronic bay. Upon separation, the legs
are free to fold down.

Functionality This design has great functionality because it can also absorb kinetic
energy into a spring instead of leg material. This prevents legs from
breaking and can limit bouncing.

Vehicle Impact These legs have large external mechanisms. Which, while accessible, for
maintenance and any repairs, cause high amounts of drag during flight.
This design, like the internal spring design, also threatens the structural
integrity of the body tube because the legs can collide with the tube as
they deploy, possibly breaking it.
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○ 4 Bar Linkage

Decision Factors Explanation

Deployment Deployment relies on gravity and a small spring in one of the hinges to
make sure the legs are in place. The main mechanism uses an over
centering 4 bar linkage where the legs will lock once they over center and
not be capable of retracting afterwards until an external force separate
from any vehicle component is applied. The legs will release when the
electronics bay separates from the vehicle. The only foreseeable problem
if the legs are built properly are the legs not deploying fully due to wind
resistance and the spring being too small to overcome that resistance. This
issue can be mitigated through testing.

Functionality The linkage locks the legs in the deployed position, eliminating the need
for a separate locking mechanism. Due to the lack of large springs, impact
is absorbed in the main bar of the leg and then any excess is absorbed in
the linkage and through the body of the vehicle. With the higher elasticity
that can exist naturally in carbon fiber infused nylon, the absorption
capability is higher than in some other cases before the energy and load is
put into the vehicle. The 4 bar linkage has a resistance to buckling in the
lateral direction which prevents additional problems that could arise.

Vehicle Impact With the mechanism being housed outside of the vehicle, under the legs, no
additional drag occurs. The distribution of load across the booster section of the
vehicle is higher, as the 4 Bar Linkage is capable of absorbing more energy
before putting load into the vehicle. The linkage is connected in two points to the
main crossbar connected to the vehicle. This means that the direct impact of the
first point of the main bar connecting to the hinge does not load directly onto the
vehicle and doesn’t put additional stress on the fiberglass.
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● After evaluating all alternatives, present a payload design with the current leading
alternatives and explain why they are the leading choices.

The payload design that we intend on pursuing further is the 4 Bar Linkage. To start, this design
does not involve springs, which means that it doesn’t side load laterally, like a spring would after
being compressed. Secondly, the design does not involve telescoping pieces, this removes lots of
room for error and risk which is not necessary. The telescoping design can also take up
additional space for holding the same amount of weight as other designs might. This design, on
the contrary, allows for simplicity and speed in manufacturing, lots of room for improvement,
and fits in a small form factor. This design is planned to be capable of being 3D Printed out of
Carbon Fiber infused Nylon which also allows for weight reduction that would not otherwise be
possible.

● Include drawings and electrical schematics for all elements of the preliminary payload.
List estimated masses for components.
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● Describe the justification used when making design selections.
The most important aspect of the design is to ensure the legs properly deploy and absorb impact.
High amounts of mechanical complexity, relying on springs that could break or malfunction, or
other inhibiting factors on performance obstruct the ability of the legs to deploy. That being said,
a simple design that would work reliably and consistently needed to be chosen. Second, the
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design needed to have minimal impact on vehicle performance. This means having minimal extra
weight, metals, and drag. A design with few bulky mechanisms, the ability to be 3D printed, and
no need for large metal springs, helps ensure this aspect of the payload system is adequately met.
Additionally, the ability to 3D print the components allows for repeated manufacturing for
multiple tests. The 4 Bar Linkage design meets these criteria.

● Describe the preliminary interfaces between the payload and launch vehicle.
This part of the payload is attached to the exterior of the booster section of the vehicle. Due to
the extra mass and alteration in coefficient of drag, the payload will have a significant impact on
vehicle performance. The deployment of legs is also dependent on successful activation of the
recovery system. When the booster separates, the legs are freed to deploy. However, the payload
is in no way connected to any electrical aspects of the recovery system.

● Describe the preliminary design of the payload retention system.
The legs will be attached to the payload using 3 pegs on the back of each leg base that can be
inserted into holes drilled into the body tube. This number or style of mounting may change
slightly after more testing with these parts. The base of each leg mechanism will then be attached
using epoxy fillets on either side. The combination of pegs and epoxy will prevent the legs from
shearing off the side of the vehicle.

4.2 Payload System Interfaces
The camera payload and data collection payload are connected in several ways. First,

they are both housed in the same payload chamber and are retained using the same aluminum
rod. Second, no bulk plate separates the data collection computer from the cameras. This means
that the vent holes used to allow for pressure adjustment to record altitude will also allow for air
temperature equalization inside the payload section, preventing the camera windows from
fogging.
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V) Safety

5.1 Project Understanding
● The Nasa Student Launch Initiative is a huge, multifaceted project. Safety impacts each

and every area the project covers, from fundraising to vehicle construction. The Cedar
Falls Rocket Club prioritizes safety above all else. Our foremost concern is keeping all
team members safe, and keeping the project running smoothly. We have analyzed the
different hazards that could relate to all of the different components of the project:
fundraising, outreach, vehicle construction, payload construction, subscale launch, and
full scale launch.

5.2 Personnel Hazard Analysis

Hazard Cause Effect Controls and
Mitigations

Likelihood
and
Severity

Verification

Injury when
sawing PVC
pipe for
stomp
rocket
activity

A lack of
knowledge of
tool operation,
or insufficient
use of PPE.

This could
result in a
serious injury
of one of the
team
members.

Ensuring Personal
Protection Equipment
(PPE) is worn while
any tools are used
will appropriately
mitigate risk.

L:1
S:5

N/A

Children
being hit by
a stomp
rocket
during
activity

Caused by
children being
children and
the team
members not
instructing
them on
safety.

This could
result in one
of the children
being injured.

Soft foam rockets are
being used, so being
hit will not cause any
serious injury.
Instructing children
not to launch rockets
at or towards anyone
will also help mitigate.

L:3
S:2

N/A

Children
injuring
themselves
with scissors

Caused by a
lack of the
skills needed
to operate
scissors.

Could result in
a child injuring
themselves.

The children we are
working with will be
around sixth grade.
Sixth graders should
know how to handle
scissors well, and
how not to hurt
themselves. One of
the reasons we chose
to work with slightly
older kids is because
they should be better
able to work with
scissors and to be
mature with the

L:2
S:4

N/A
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stomp rocket activity.

Lack of
public
outreach

Caused by the
team not
reaching out
to the
community
enough.

Could result in
not enough
fundraising.

We have a large
social media
presence, and have
reached out to some
local organizations to
establish a
partnership. We have
tried to spread the
word about our rocket
club as far and wide
as we can.

L:2
S:3

N/A

Failing to
meet
fundraising
goals

Caused by not
going out and
fundraising or
being
unsuccessful
in our
attempts.

This would
cause the
entire project
to fail,
because we
would not
have enough
money.

We have tried to keep
our budget as small
as possible, to
decrease the amount
of money we need to
fundraise. Then, our
fundraising team has
been working
non-stop to raise the
money we need. We
have been talking to a
wide variety of local
and state businesses.

L:2
S:5

N/A

Company
failing to
deliver on
promised
funds

Caused by the
company
going back on
its promise to
donate.

This would
affect the
amount of
money we
would
fundraise.

This is not a risk we
can control very well,
but it is one we can
mitigate. We have
reached out to a large
number of
businesses, instead
of just a couple, so
that if any of them fall
through it’s not a
large percentage of
our funds gone.

L:2
S:4

N/A

Unforseen
costs due to
poor
planning

This would be
caused by
failing to
properly
analyze the
risks of the
project when
budgeting.

This could
cause us to
be short on
money, and
potential lead
to the project
not being
finished.

We have built a
budget that should
cover everything we
need, but have also
considered
unforeseen costs due
to unforeseen events
and have budgeted
extra to cover these
potential costs.

L:2
S:4

N/A

Team being
unable to
meet

We are all
busy people
with other

The team is
unable to
complete the

We have scheduled
team meetings twice
a week to increase

L:3
S:2

N/A
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things going
on outside of
rocket club.

milestones on
time or as well
as we could.

the amount of time
spent on the project,
and to give people
choices on when to
come to meetings.
We also meet outside
of school and
encourage anyone
who can to come.

Late
submission
of milestone
documents

The team
procrastinatin
g working on
the
documents or
issues with
deciding what
goes into the
project.

Possible
disciplinary
action from
NASA.

We have set
deadlines for
ourselves days before
the documents are
due, so we can
complete them and
have time to review
them.

L:2
S:3

N/A

Late arrival
of
components
of the
vehicle or of
the payload

The supply
chain backup
is a serious
problem in the
country as a
whole right
now. Due to
these backups
we may be
unable to get
things we
need for the
project, or
they may take
a long time to
arrive.

Difficulty
meeting
deadlines,
inability to
complete the
project as we
have planned

We have already
begun to order things
we don’t need for
months, to make sure
we have them when
we need them. We
have also looked into
different alternatives
to the things we need,
in case we are unable
to procure them.

L:3
S:3

N/A

Inhalation of
dust while
sanding

Sanding the
body tube or
fins of the
vehicle without
wearing a
protective
mask.

Irritation of the
nose, throat,
mouth, and
lungs that could
result in a team
member being
ill.

Requiring team
members to wear
protective masks when
doing any sandig.
Requiring all sending to
be done in the school’s
wood shop, which is
equipped with
equipment to ventilate
the area.

L:2
S:2

N/A

Dust in eyes
when sanding

Sanding the
body tube or
fins of the
vehicle without
proper eye
protection.

Irritation of the
eyes that could
result in injury
to a team
member.

Requiring team
members to wear eye
protection when
sanding, and to perform
all sanding in the
school's woodshop.

L:2
S:2

N/A

Bodily injury Improperly Injury to the Requiring team L:1 N/A
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when using
sanding
tools

using
sandpaper or
an electric
sanding tool.

skin of hands
or to the rest
of a team
member’s
body, that
could result in
a need for
medical
attention.

members to wear
protective gloves
when sanding, and
having an adult
supervisor present
when handling any
electrical tools.

S:3

Exposure to
epoxy fumes
during
rocket
construction

Use of epoxy
in an enclosed
space.

This could
cause
irritation of the
respiratory
system,
leading to
team
members
being unable
to continue
construction.

Epoxying must be
done in a large, open,
well ventilated space.

L:1
S:2

N/A

Breathing in
solder
fumes or
particulates

Soldering in
an enclosed
space.

This could
cause
irritation of the
respiratory
system,
leading to
team
members
being unable
to continue
construction.

Soldering must be
done in a large, open,
well ventilated space.

L:1
S:2

N/A

Injury during
subscale
launch related
to the motor

This could be
caused by a
number of
things:
improper
installation of
the motor, a
faulty motor
from the
manufacturer,
touching the hot
motor casing
after recovery,
inhalation of
fumes from the
motor, burn
from standing
too close to the
launch pad.

Various injuries.
Chiefly, burns
or the irritation
of the
respiratory
system.

Only the team
supervisor will handle
the motors, unless the
team member is level
one high powered
certified and knows how
to handle the motors.
Motor installation will
only be performed by
the team supervisor.
Only commercially
manufactured motors
from reliable companies
will be used, NAR
guidelines on safe
distance from the launch
pad will be followed, and
NAR guidelines on the
safe recovery of the
vehicle will be followed.

L:1
S:2-4

N/A

Injury during This could be Failure to We have a lot of L:1 N/A
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subscale
launch
related to
improper
assembly

caused by a
number of
things:
improper
installation of
the motor
mount tube,
fins,
parachutes, or
druuge
chutes;
forgetting to
rivet nose
cone on; not
tying
parachutes in
properly.

complete a
successful
flight, and
possibly injury
of a team
member.

experienced rocket
builders on our team,
so mitigating this risk
comes down to
listening to
experienced
members and just
taking the time to do
everything right.

S:2-4

5.3 Failure Modes Effects and Analysis

Hazard Cause Effect Controls and
Mitigations

Likelihood
and
Severity

Verification

Leg system
does not
work

Nonfunctionin
g design,
faulty
materials,
mistake
during
assembly of
legs

Vehicle does
not land
upright

Create a good design
that will work and
support the vehicle on
landing, use materials
we know will support
the vehicle, test the
design multiple times
before launch day

L:2
S:5

N/A

Hinges in
legs shear
or cross
bars buckle

Weak
materials, and
too much
force upon
them.

Leg systems
fail, and the
vehicle is not
supported.

Possibility of
changing the leg
systems from the
carbon fiber infused
nylon to cnc
machined aluminum.

L:2
S:5

N/A

Leg system Because the The vehicle There are two backup L:1 N/A
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does not
deploy

deployment of
the legs is tied
to the
separation of
the body tube
if the the two
body tubes do
not separate
the legs do
not deploy,
springs in the
deployment
system failing
would also
cause the legs
not to deploy

does not land
upright

changes inside of the
vehicle to ensure the
body tubes separate.
These additional
changes, along with
the ejection charge
found in the motor,
ensure that the body
tubes separate. A
preflight inspection of
the springs inside the
deployment system to
see if there is any
damage or wear to
the springs that would
result in them not
functioning properly.

S:5

Leg system
deploys
prematurely

If there was a
malfunction
with the
retention
system of the
legs during
flight .

The legs
deploy too
early, and
greatly
increase the
amount of
drag on the
rocket, as well
as affecting
the stability of
the rocket
during flight.

Preflight check to
ensure there are no
problems with the
retention system that
may cause the legs to
deploy prematurely.

L:1
S:4

N/A

Body tubes
do not
separate

Failure of
ejection
charges

Parachutes do
not deploy, so
the vehicle
descends too
quickly. Leg
systems do
not deploy, so
the vehicle
does not land
upright.

A secondary and a
tertiary ejection
charge will be used to
have two
redundancies in place
to ensure separation.

L:1
S:5

N/A

Camera
systems run
out of
battery

Cameras will
be connected
to a power
source
located within
the rocket. If
this power
source dies,
then the
cameras
could die.

The cameras
run out of
battery, and
do not record
the flight. Or
they run out of
battery and do
not record a
portion of the
flight.

Testing will be done
to make sure that the
battery is large
enough to support the
cameras through the
entire flight and while
sitting on the pad.

L:1
S:4

N/A

SD card on The SD card The data we Preflight check to L:1 N/A
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flight data
recorder is
not plugged
in

came
unplugged
while handling
the flight data
recorder.

plan to collect
on the flight
path of the
rocket would
not be
collected.

insure the SD card is
plugged in.

S:2

Window
fogs up, and
cameras
can not see
outside of
the rocket

Changes in
pressure
during flight,
differences in
internal and
external
temperature
and humidity.

The cameras
would not get
a clear shot of
the flight.

Vent holes in the
rocket that are
already in place
should equalize the
temperature between
the inside and the
outside.

L:2
S:2

N/A

Motor fails
to ignite

Problems with
the motor,
problems with
the igniter,
problems with
the launch
box.

The vehicle
does not
launch.

Using commercially
produced motors from
a trusted
manufacturer to
reduce the chance of
having a faulty motor.
Performing a check
on the launch pad to
make sure the ignitor
is properly connected
to the motor, and that
all wiring is
connected. Using a
safe launch box, that
has been tested and
proven to work.

N/A

Motor
explodes on
the launch
pad

Faulty motor Possible
damage to the
booster
section of the
vehicle.

Only using
commercially
produced motors, and
not tampering with
the motor before
launch.

L:1
S:5

N/A

Fins break
when rocket
touches
down

Flaw in
construction,
or in the
material the
fin is made of.

Launch is not
considered
successful, fin
needs to be
replaced,
money needs
to be spent to
replace/ fix
the fin.

The leg system
should support the
vehicle upon landing,
and the parachutes
should reduce the
kinetic energy upon
landing to a safe
amount.

L:1
S:4

N/A

Parachutes Ejection Parachute Multiple ejection L:1 N/A
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do not
deploy

charges do
not force the
body tubes to
separate,
backup
charges do
not work,
chute
releases do
not activate,
backup chute
releases do
not activate.

does not
open, and the
vehicle
crashes,
possibly
damaging the
vehicle and
payload
systems.

charges, and backup
chute releases, will
mitigate the risk of the
parachutes not
deploying.

S:4

Parachute
gets tangled

Improper tying
the parachute
into the
rocket, or
improper
folding of the
parachute and
cute cord.

Parachutes do
not deploy,
and the
booster
section of the
rocket hits the
ground with
too much
force,
potentially
damaging the
vehicle itself
or the
payload.

Preflight check to
ensure the parachute
cord was folded in the
proper “Z” pattern.

L:1
S:4

N/A

Inclimate
weather on
launch day

Misfortune Delay or
cancellation of
the launch,
setting the
team back in
terms of time
and money.

Looking at the
weather when
planning dates to
launch. Following all
NAR regulations on
launching in inclimate
weather.

L:2
S:3

N/A

5.4 Environmental Concerns

Hazard Cause Effect Controls and
Mitigations

Likelihood
and
Severity

Verification

Inclimate
weather
damages
rocket

Launching the
rocket in
weather it
should not be
launched in.

Damage to
the rocket, or
the loss of the
entire rocket.

Following all weather
related NAR launch
rules and regulations.
Preflight weather
check to determine if
the weather is safe to
launch in.

L:1
S:2-5

N/A
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Uneven
landing
ground

Launching in
a location with
uneven
ground.

Leg system
does not
work, and the
vehicle does
not land
upright.

Building in some play
in the leg system to
allow for contortion to
the shape/ level of the
ground. Not launching
in an area where the
ground would affect
the landing of the
vehicle.

L:2
S:2

N/A

Motor of the
rocket
contaminate
s the ground
under the
launch site.

Launching
without a pad
underneath
the vehicle.

Damage to
the earth
around the
launch site,
possible
contamination
of the launch
site with the
chemicals
found in the
motor.

Preflight check to
make sure the vehicle
is positioned above
the launchpad, and
that the motor is
pointed into the pad.

L:1
S:1

N/A
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VI) Project Plan

6.1 Requirements Verification
● Create team derived requirements in the following categories: Vehicle, Recovery, and

Payload. These are requirements for mission success that are beyond the minimum
success requirements presented in this handbook. Demonstrate that the requirements are
not arbitrary and are required for the team’s unique project.

Vehicle Requirements

The booster section of the vehicle must be at least 4 feet tall. It must be 4 feet tall to fit the
motor into it, as well as the parachutes for that section. More importantly, it needs to be 4 feet
tall to allow the legs to be 4 feet long. Because the legs are locked to the body tube of the
vehicle at the coupler between the booster and payload sections the legs must be as long as the
booster section, and the booster section must be as long as the legs. 4 foot long legs will
support the booster upon landing better than legs of any shorter length.

We will only be using 3 legs to support the rocket upon landing. Having 4 or 6 legs would
make the vehicle more stable upon landing, but with each leg weighing roughly 0.9lbs adding
more legs greatly increases the amount of weight at the very bottom of the vehicle. Adding
that weight at the bottom of the vehicle would drop the center or pressure down the vehicle,
potentially resulting in aerodynamic instability.

Because we must have 3 legs we must have 3 fins. Adding an additional fin throws off the
distance between each leg and each fin. The differences in distance may result in some sort of
instability in the flight, resulting in unwanted spin. An additional fin would also lower the
center of pressure, which may also affect the stability of the rocket during flight.

Recovery

The booster section must weigh less than 15lbs after motor burn out. This weight includes the
weight of the body tube, fins, leg system, and motor mount. It must weigh less than 15lbs
because any more than 15lbs and the kinetic energy (in foot pounds) would exceed the
requirements set by NASA.
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Payload

The vehicle must have a diameter of least 5.1 inches. The way the cameras in the payload are
arranged means that the vehicle can not be smaller than 5.1 inches in diameter. A body tube of
anything above 5.1 inches lets the camera sled fit into the vehicle.

The coupler containing the camera sled and data collection computer must be at least 1 foot
long. The camera sled and data collection computer will be close to 1 foot in length, so the
coupler must be 1 foot long to house both pieces. This coupler will connect the nose cone to
the payload section of the body tube, and also contain a bulk plate to separate it from the
parachute.

6.2 Budgeting
● Provide a line item budget for all aspects of the project with market values for individual

components, material vendors, and applicable taxes or shipping/handling fees.

Item: Cost: Quantity: Total Cost: Vendor(s):

Cesaroni K1440 Motor $196.26 3 $588.78

Chris'
Rocket

Supplies

6" Fiberglass body tube (per ft) $46.25 8 $370.00
Composite
Warehouse

Cesaroni 54mm 6-Grain Hardware Set $135.00 1 $135.00
Apogee
Rockets

5:1 Ogive Filament Wound Fiberglass 5"
nosecone $150.00 1 $150.00

Madcow
Rocketry

Fruity Chutes “60 Iris Ultra $211.56 1 $211.56
Apogee
Rockets

48" Fruity Chutes: Iris Ultra Parachute $161.03 1 $161.03
Apogee
Rockets

18" Fruity Chutes Drogue Chute $62.30 1 $62.30
Apogee
Rockets

15" Fruity Chutes Drogue Chute $58.77 1 $58.77
Apogee
Rockets

6" Fiberglass body tube coupler $60.00 2 $120.00
Composite
Warehouse

RocketPoxy structural adhesive $65.00 1 $65.00
Apogee
Rockets

G10 Fiberglass 12"x12"x0.125" sheet (for $18.00 3 $54.00 Home Depot
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fins)

Kevlar Shock Cord - 3600#- Main Chute
(per yd.) $2.50 9 $22.50

Apogee
Rockets

Kevlar Shock Cord - 3600#- Main Chute
(per yd.) $2.50 9 $22.50

Apogee
Rockets

Tube Bulkhead - 6" $9.80 4 $39.20
Apogee
Rockets

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

Motor Mount Tubing - 54mm fiberglass $27.00 1 $27.00
Madcow
Rocketry

Centering Ring - 6" x 54mm inner dia.
Fiberglass $13.00 4 $52.00

Madcow
Rocketry

AeroPack Retainer - 54mm $36.16 1 $36.16
Madcow
Rocketry

1/4" quick links $1.15 6 $6.90 Home Depot

4-40 Nylon shear pins (20-pack) $1.00 6 $6.00 Home Depot

Removable Plastic Rivets (10-pack) $5.00 5 $25.00 Home Depot

1/4" threaded steel rod (3ft. each) $6.40 2 $12.80 Home Depot

PerfectFlight StrattologgerCF altimeter $54.95 2 $109.90
PerfectFlite

Direct

Landing "Legs" / misc. hardware $100.00 1 $100.00
Various

Locations

GoPro HERO9 $300.00 3 $900.00 eBay

Electronic Circuit Board (Oshpark) $41.33 1 $41.33 Oshpark

Electronic Parts $117.60 1 $117.60
Various

Locations

Scale Model $500.00 1 $500.00
Various

Locations

Cesaroni Motor for Scale Model $50.00 1 $50.00
Apogee
Rockets

Rocket Tracker Transmitter $150.00 1 $150.00

Jolly Logic chute release $129.95 2 $259.90 Jolly Logic

3-D Printing $200.00 1 $200.00
Various
Locations

Estes Recovery Wadding $6.41 5 $32.05
Apogee
Rockets

Tax (0.07) $347.22 1 $347.22

Based on
Iowa Tax
Rate
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Shipping and Hazmat $200.00 1 $200.00

Total Cost $5,266.46

● Provide a funding plan describing sources of funding, allocation of funds, and material
acquisition plan.

The primary source of funding comes from donations from local small businesses.  Members of
the CFHS Rocket Club first review local businesses, grading them on a few factors including the
relation of their work to rocketry, their size, their likeliness to donate, and whether or not they
have a relationship with the club as an entity or any individual members of the club. These
reviews are then cataloged and reviewed by the members responsible for the club fundraising.
The reviews are cataloged, then placed on a list in order of most likely to donate to least likely to
donate. These businesses are then contacted, either by members entering the business and
speaking with the owner, or by written correspondence. Some sponsors wish to purchase
materials for the team. In such cases, the sponsors are provided with a list of materials, a
preferred vendor, and the shipping address for the team.

6.3 Timeline
● Provide a timeline including all team activities and expected activity durations. The

schedule should be complete and encompass the full term of the project. Deliverables
should be defined with reasonable activity duration. GANTT or milestones charts are
encouraged.

August
● 8/18- Request for Proposal Released
● 8/30- Team Meeting- 1 hr
● 8/31- Team Meeting- 1 hr

September
● 9/2- Team Meeting- 1 hr
● 9/7- Team Meeting- 1 hr
● 9/9- Team Meeting- 1 hr
● 9/11- Proposal Revisions- 8 hr
● 9/14- Team Meeting- 1 hr
● 9/16- Team Meeting- 1 hr
● 9/20- Submit Proposal- 5 min
● 9/21- Team Meeting- 1 hr
● 9/23- Team Meeting- 1 hr
● 9/28- Team Meeting- 1 hr
● 9/30- Team Meeting- 1 hr
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October
● 10/5- Team Meeting- Awarded Proposals Announced- 1 hr
● 10/7- Team meeting, PDR QNA- 2 hr
● 10/12- Team meeting, begin ordering materials- 1 hr
● 10/14- Team Meeting- 1 hr
● 10/16- Outreach events Scheduled- 2 hr
● 10/19- Team Meeting- 1 hr
● 10/20- Sections 1-3 of the PDR completed
● 10/21- Team Meeting, Social media list sent- 1 hr
● 10/24- PDR revisions- 2 hr
● 10/25- Sections 4-6 of the PDR completed
● 10/26- Team Meeting- 1 hr
● 10/28- Team Meeting, PDR revisions- 1 hr
● 10/31- PDR submitted

November
● 11/2- Team Meeting, PDR presentation begins- 1 hr
● 11/4- Team Meeting- 1 hr
● 11/9- Team Meeting- 1 hr
● 11/11- Team Meeting- 1 hr
● 11/16- Team Meeting- 1 hr
● 11/18- Team Meeting- 1 hr
● 11/23 - Team Meeting, PDR presentation ends- 1 hr
● 11/25-  Team Meeting, complete scale model- 1 hr
● 11/27- Launch Scale Model- 1 hr
● 11/29- CDR sections 1-3 completed
● 11/30- Team Meeting, CDR QNA- 1 hr

December
● 12/2- Team Meeting- 1 hr
● 12/7- Team Meeting- 1 hr
● 12/9- Team Meeting- 1 hr
● 12/14- Team Meeting, order full scale parts- 1 hr
● 12/16- Team Meeting, CDR sections finished- 1 hr
● 12/21- Team Meeting, finish CDR presentations- 1 hr
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January
● 1/2- Submit CDR
● 1/3- Subscale Flight Deadline and Critical Design Review (CDR) report, presentation

slides, and flysheet submitted to NASA project team management by 8:00 a.am CST.
● 1/4- Team Meeting- 1 hr
● 1/6- Team Meeting, CDR teleconferences begin- 1 hr
● 1/11- Team Meeting- 1 hr
● 1/13- Team Meeting- 1 hr
● 1/18- Team Meeting- 1 hr
● 1/20- Team Meeting- 1 hr
● 1/23- Team Meeting, finish full scale rocket- 1 hr
● 1/25- Team Meeting- 1 hr
● 1/26- CDR teleconferences end- 1 hr
● 1/27- Team Meeting, FRR QNA- 1 hr
● 1/28- Sections 1-4 of FRR complete

February
● 2/1- Team Meeting- 1 hr
● 2/8- Team Meeting- 1 hr
● 2/10- Team Meeting- 1 hr
● 2/15- Team Meeting- 1 hr
● 2/17- Team Meeting, sections 1-7 of FRR completed- 1 hr
● 2/19- Full Scale Rocket launch completed
● 2/22- Team Meeting, FRR completed- 1 hr
● 2/24- Team Meeting- 1 hr
● 2/28- Outreach Interactions completed

March
● 3/6- Check over FRR
● 3/7- FRR report presentation
● 3/8- Team Meeting- 1 hr
● 3/9- FRR teleconferences start
● 3/10- Team Meeting- 1 hr
● 3/15- Team Meeting- 1 hr
● 3/17- Team Meeting- 1 hr
● 3/22- Team Meeting- 1 hr
● 3/24- Team Meeting- 1 hr
● 3/29- Team Meeting- 1 hr
● 3/31- Team Meeting- 1 hr
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April
● 4/4- Payload Demonstration Flight and Vehicle Demonstration Reflight deadlines
● 4/5- Team Meeting- 1 hr
● 4/6- Launch Week Q&A
● 4/7- Team Meeting- 1 hr
● 4/12- Team Meeting- 1 hr
● 4/14- Team Meeting- 1 hr
● 4/16- Have LRR documents ready
● 4/19- Evening Departure to Huntsville, AL.
● 4/20-  Launch Readiness Review (LRR) for teams arriving early
● 4/21- Official Launch Week Kickoff, LRRs, Launch Week activities
● 4/22- Launch Week Activities
● 4/23- Launch Day and Awards Ceremony
● 4/24- Return to Cedar Falls (back up launch day)
● 4/26- Team Meeting- 1 hr
● 4/28- Team Meeting- 1 hr

May
● 5/3- Team Meeting- 1 hr
● 5/5- Team Meeting- 1 hr
● 5/9- PLAR Due
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