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Section I. Summary of PDR Report
1.1. Team Summary
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302 E. Buchtel Ave.
Akron, OH 44325
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Email: uakronauts@gmail.com
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1.2. Launch Vehicle Summary
A summary of each system is listed in the sections below. A drawing of the final launch vehicle is
displayed below for reference. More details of each system as well as interactive models can be found
on the Akronauts website at www.akronauts.org

1.2.1. Size and Mass
The launch vehicle is 101 inches in length. Currently, the predicted wet weight of the rocket
including the payload and its components is projected to be approximately 38.7 pounds.

1.2.2. Rail Size
The team will be using the 12ft 1515 launch rail for Project Lazarus. On rail exit, project Lazarus will
have a velocity of 65.1ft/s.

1.2.3. Motor Choice
A Cesaroni L1050 will be used for Project Lazarus. The selected motor gives a total impulse of 819.94
lb∙s and displays a projected launch height of 5,278 ft through the team’s simulations. The thrust curve
generated for this specific motor is shown in Figure 1.
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Figure 1 – Cesaroni L1050 motor thrust curve (source: Cesaroni Technology)

1.2.4. Recovery System
At apogee, a drogue parachute will be deployed via a black powder ejection system to slow the
descent of the vehicle to approximately 120 ft/s. At 500 ft the main parachute will be pulled out of the
airframe by the drogue parachute, slowing the rocket to a descent of 16 ft/s.

1.3. Payload Summary – Project Ares
The objective of the rover payload is to deploy a rover from the internal structure of the launch
vehicle that is then able to autonomously navigate 5 feet away from the landing site of the vehicle and
deploy a solar panel. Through the team’s implementation of a gyroscope, the rover will be able to
automatically adjust itself after deployment from the airframe of the rocket. With IR sensors
incorporated into the design, the rover will be able to navigate through a clear path at least 5 feet from
the landed vehicle. Once at the final destination, the rover’s servo/dc motor will release the torsion
spring loaded plate, deploying the solar panel.
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1.4. Milestone Review Flysheet
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Section II. Changes Made Since CDR
2.1. Vehicle Criteria Changes
➢ The overall launch vehicle length has increased from 98 inches to 101 inches to account for
each system’s components.
➢ Coupler inner diameter changes have adjusted recovery and electronics bulkhead outer
diameters.
➢ Due to time constraints, original nose cone tip material of aluminum was replaced with an
identically shaped, 3-D printed, PLA nose cone tip.
➢ Fin canister increased in height from screw holes to protect against shearing similar to the
sub scale rocket.

2.2. Payload Criteria Changes
➢ Partially threaded rods were added to the nose cone payload bulkhead assembly. They run
approximately 5.25” into the payload bay to prevent the rover from rotating during flight
and creating a moment in the rocket.
➢ 2 Eye bolts are to be attached to the upper body payload bulkhead during assembly to make
it easier to install within the airframe by offering points to push, pull, and rotate the
bulkhead by. They will be removed before the payload is inserted into the payload bay.
➢ The solar panel arm has been moved from the top of the rover to the back side of the rover
for ease of deployment and to maximize space for the rover electronics.
➢ Rover navigation will utilize sonar sensors instead of IR sensors due to their superior
performance in daylight.
➢ A nested tube system has been installed around the upper body spring in the ejection
system to make payload installation easier.
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Section III. Vehicle Criteria
3.1. Design and Construction of Vehicle
3.1.1. Structural Elements
The body tubes were wound on the Akronauts’ X-Winder using 3K fiberglass tow as shown in the
figure below.

Figure 2 - Photo of X-Winder Winding Fiberglass onto Mandrel

The parachute body tube was wound on an acrylic mandrel with an outside diameter of 5 inches to
match the required inside diameter of the tube. The process began by cleaning the mandrel with 409
Multi-Surface Cleaner to remove any dust or materials from the mandrel. This was followed by greasing
the mandrel three times on and off with mold release and wrapping it in a layer of non-porous Teflon wax
paper. This assured that no epoxy was joining the actual tube to the mandrel and for the tube to be able
to slide off the mandrel with ease. The winding process began by inputting the initial conditions for the
wind in the X-winders software. These conditions included mandrel parameters, length of wind, tow
thickness, and wind angle. This upper body tube consisted of 4 layers with angles of 55/45/55/45 degrees
and a length of 45.5 inches. This length allowed for 6.5 inches to be cut from each side to remove any
excess buildup of tow, resulting in a final length of 32.5 inches. Once the conditions were set, a series of
test runs were done. The mandrel was rotated and adjusted to affirm that it was level. Once this was
clarified, a marker was attached to the location where the fiberglass dispenses onto the mandrel to
observe the angle and distance between passes. Next, a dry run was done to make sure everything was
running smoothly. Finally, the epoxy mixture was added to the dish, and the final wind was ready to begin.
The mandrel spun and pulled the tow off of the spool, through a bath of epoxy and hardener mixture, and
onto the mandrel at the designated angle. The epoxy mixture used consisted of a set 3:1 ratio of aeropoxy
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and hardener. A single layer produced full coverage of the mandrel, and the process took approximately
an hour per layer. Between each layer the X-winder was shut off to allow the motors to cool, and for any
excess epoxy to be wiped off. The tube was then covered in shrink wrap and heated with a heat gun to
smooth out the outside diameter. It was then left overnight to allow the epoxy to cure and the tube to
set. After removing the finished tube from the mandrel, the tube was taken to the university machine
shop to cut the tube to the correct size on a band saw shown below.

Figure 3 - Photo of Parachute Body Tube set up on Band Saw

The motor body tube was made through the same process, except an aluminum mandrel was used.
This was because the acrylic mandrel used previously was not long enough to produce a finished body
tube of 34.375 inches. From previous tests, the aluminum mandrel seemed to make it more difficult to
remove the final tube, which is why an acrylic tube was preferred. To account for the change, extra mold
release was rubbed onto the mandrel to make the removal easier. For the first layer of this tube, a glowin-the-dark 3K fiberglass tow was used. This was to allow the inside of the tube to be illuminated. Because
the glow-in-the-dark tow was similar strength as the fiberglass tow, there was no concern over the change.
The remaining three layers were wound with the fiberglass tow that was used in the parachute body tube.
The epoxy mixture used for the motor body tube included a different epoxy mixture with similar strength
characteristics, which resulted in the color difference between the two tubes.
The nose cone was wound on a cone shaped mandrel at NASA Glenn Research Center in Cleveland,
Ohio. The mandrel was 3-D printed at the University’s 3-D printing machine shop. It was printed in five
separate sections and then assembled to resemble the inside shell of the nose cone. The mandrel pieces
epoxied together are shown in the photo below.
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Figure 4 - Photo of 3-D Printed Mandrel for Nose Cone

Like the body tubes, the mandrel was coated in mold release and a non-porous Teflon wrapping to
help with the removal of the finalized cone. A photo of the nose cone mandrel set up on the winder at
NASA Glenn is shown below.

Figure 5 - Photo of Nose Cone Mandrel set up at NASA Glenn

The nose cone consisted of 4 layers of 6K Carbon fiber tow at 55/45/55/45 wind angles. NASA’s
winding machine pulled the tow onto the mandrel at the desired angle. The 3:1 mixture of aeropoxy and
hardener was then painted onto the cone whilst winding and the excess was wiped off to maintain a
consistent thickness throughout the layer. A photo of the nose cone being wound with a team member
wiping epoxy from the surface is shown below.
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Figure 6 - Photo of Team Member Wiping Epoxy off of Rotating Nose Cone at NASA Glenn

After the fourth layer was completed, the cone was then wrapped in shrink wrap and heated with a
heat gun to smooth the outer diameter. The entire cone and mandrel assembly was then left on the
winding machine and slowly rotated overnight to finish the curing process. The final nose cone was then
removed from the mandrel. A photo of the wound nose cone with shrink wrap is shown below.

Figure 7 - Photo of Wound Nose Cone wrapped in Shrink Wrap at NASA Glenn

The outer diameter and inner diameter of each body tube is approximately 5.35” and 5” respectively.
The original CDR design accounted for a 0.125” wall thickness such that the outer diameter would be
5.25”, but through the winding process on the team’s X-Winder, the team was only able to reduce the
outside diameter to approximately 5.35” for the as-built launch vehicle airframe. In the future, the team
hopes to cut down the epoxy use to reduce the thickness of the airframe tubes. A photo of one of the test
body tubes being wound on the X-Winder is shown below.
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Figure 8 - Photo of Fiberglass Winding on Mandrel

The parachute body tube houses both the drogue and main parachutes and connects to the upper
and lower couplers. It is connected to the upper coupler throughout the entirety of the flight by the upper
recovery bulkhead with black powder charges and 6-32 fasteners. It also contains an access point to arm
the electronics from outside the launch vehicle. The electronics bulkhead with black powder charges is
also contained in this tube. Shear pins connect the airframe to the lower coupler. The length of this body
tube has increased by 1 inch to 32.5” during the manufacturing process to accommodate the parachutes.
The drawing for this body tube is shown below followed by a picture of the tube assembled with the upper
coupler.

Figure 9 - Drawing of Parachute Body Tube

Figure 10 - Photo of Parachute Body Tube

The motor body tube is the most complex airframe tube. The drawing for this tube is shown below
followed by a photo of the as-built airframe.
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Figure 11 - Drawing of Motor Body Tube

Figure 12 - Photo of Motor Body Tube

It contains body tube through hole sets for each mechanically attached component. The attached
components are the lower recovery bulkhead and lower coupler, thrust plate, motor centering ring and
both fin can centering rings. It also contains an access point for air brake electronics to be activated from
the exterior of the rocket. Three 2.5” x 0.5” slots have been cut into the upper portion of the body tube
to allow for the air brakes to extend outward from within the rocket. An air brake slot is shown in the
photo below with the air brake fins for proof of alignment and size.
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Figure 13 - Photo of Air Brake Slot

Three 9” x 0.55” slots were cut in the lower section for the fins and fin can to slide into the motor bay.
A photo of the fin slots is shown below.

Figure 14 - Photo of Fin Slots in the Motor Body Tube

The team used a dremel to cut the fin can slots and air brake slots and filed the openings for precision.
Team members were trained using the dremel on proper use and safety prior to performing test cuts on
spare tube sections. The slots were measured and marked off with painter’s tape prior to cutting. A photo
of the dremel and file used to cut the slots is shown below.

Figure 15 - Photo of Dremel and File used to cut Slots
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The fin can slots were cut off center from the air brake locations during the manufacturing process,
but the team still is comfortable with the orientation in the launch vehicle as outlined in the air brake
design section later in the report.
The team purchased commercial G12 fiberglass couplers with an inner diameter 4.75” and an outer
diameter of 4.998”. The concentric couplers connect the separation points of the rocket via shear pins.
The original design accounted for the inner diameter of the couplers to be 4.815”, but the dimension was
incorrect on the supplier’s site and at the customer service desk. Due to time constraints, the team needed
to move forward with the incorrect couplers. All components contained in the couplers needed diameter
reductions as outlined in the electronics and payload sections.
The lower coupler is 10” long and connects the motor body tube to the parachute body tube. It will
remain with the motor body tube upon deployment of the parachutes. A photo of the 10” coupler is
shown below in red.

Figure 16 - Photo of 10" Lower Coupler

The lower coupler drawing is shown below with shear pin and bulkhead holes for reference. The lower
recovery bulkhead is mounted to this coupler while shear pins connect it to the parachute body tube.

Figure 17 - Drawing of Lower Coupler with Shear Pins and Bulkhead Holes

The upper coupler is 20” long, allowing it to house the avionics system and connect the nose cone to
the parachute body tube. It will remain with the parachute body tube upon deployment of the payload
once the launch vehicle returns to the ground. A photo of the 20” coupler is shown below in black.
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Figure 18 - Photo of 20" Upper Coupler

The upper coupler drawing is shown below with shear pin and bulkhead holes for reference. The holes
in this coupler connect the electronics bulkhead near the center of the tube and the upper recovery
bulkhead near the lower end of the tube, while the shear pin holes hold the nose cone until the payload
is ejected upon landing. The upper recovery bulkhead is epoxied into the coupler in the as-built launch
vehicle to help with alignment.

Figure 19 - Drawing of Upper Coupler with Shear Pins and Bulkhead Holes

The commercial blue tube motor mount tube has inner and outer diameters of 3” and 3.107”
respectively. It was cut to a length of 20.5”. The thrust plate rests above it as outlined in the bulkhead
section. A drawing of the blue tube motor mount tube is shown below followed by a photo of the tube
with all centering rings epoxied in place. The centering rings and their functions are outlined in the
bulkhead section.

Figure 20 - Drawing of Commercial Blue Tube Motor Mount Tube cut to Length
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Figure 21 - Photo of Blue Tube Motor Tube with Epoxied Centering Rings

The carbon fiber Von Karman nose cone was cut to length from the wound section to allow a 7.25”
shoulder and 22.25” curvature length with a 4” nose cone tip. A photo of the cut to length nose cone body
is shown below followed by the drawing of the nose cone body with proper hole locations for bulkhead
and shear pin attachment.

Figure 22 - Photo of Carbon Fiber Von Karman Nose Cone

Figure 23 - Drawing of Cut to Length Carbon Fiber Von Karman Nose Cone
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Due to time constraints, the team needed to 3-D print the nose cone tip using PLA plastic filament. A
¼”-20 brass threaded insert was epoxied into the threaded rod hole to allow for attachment of the nose
cone ballast system. Shown below is a photo of the nose cone tip followed by the corresponding drawing.

Figure 24 - Photo of PLA Nose Cone Tip

Figure 25 - Drawing of 3-D Printed PLA Plastic Nose Cone Tip

The ballast system in the nose cone is constrained by a threaded rod that connects to the nose cone
tip prior to assembling the ballast plates. The threaded rod drawing is shown below. The team
purchased a threaded rod from McMaster-Carr and cut it to length based on the drawing below.

Figure 26 - Drawing of 1/4"-20 Threaded Rod

The small and medium nose cone ballast weights fit in the 0.579” and 0.875” diameter cut outs in
the nose cone tip respectively. A hex nut constrains these weights inside the nose cone tip from below.
The small ballast weight drawing is shown below followed by the medium ballast weight drawing.
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Figure 27 - Drawing of Small Nose Cone Ballast Weight

Figure 28 - Drawing of Medium Nose Cone Ballast Weight

A correctly sized nut is hand tightened on the threaded rod to constrain the following plates from
above. Up to ten large ballast plates can be added until the desired weight is reached. The drawing for
the large ballast plate is shown below.
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Figure 29 - Drawing of Large Nose Cone Ballast Weight

Lastly, the nose cone retaining plate is placed on the threaded rod and pressed up until it catches on
the shrinking nose cone inner diameter. This assures that the ballast system does not fall out of the top
of the nose cone after the parachutes are deployed and the upper section of the rocket is hanging
upside down. The nose cone retaining plate drawing is shown below. A final nut is placed below the
retaining plate to keep it in place along the rod. All nose cone ballast weights have 0.26” thru holes in
the center.

Figure 30 - Drawing of Nose Cone Retaining Plate

A maximum of 0.871 lb. has been allotted to the nose cone tip, including any additional ballast
weight, although there is more room along the rod to add additional weight should the team need to do
so to increase the stability margin. Weights would need to be removed from the lower stability ballast
system to keep the total ballast weight under 10% per competition rules. The team currently has
included 0.72 lb. of nose cone ballast weight as the small and medium ballast weights were not included
on the test flight. A photo of the nose cone ballast in the full scale test flight orientation as shown
below.
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Figure 31 - Photo of Nose Cone Ballast

The overall nose cone assembly drawing is shown below for reference of the entire system.

Figure 32 - Drawing of Nose Cone Assembly

As shown in the photo of the nose cone ballast system, the team has rearranged the retaining plate
along the ¼” rod to further tighten the tip to the nose cone body.
The team 3D printed an alignment ring with hole locations 60 degrees apart to aid in drilling accurate
holes in the airframe and couplers. Three holes were added to the ring 30 degrees offset from the previous
six for the fin can pieces, which needed nine holes drilled. A photo of the alignment ring around the
airframe is shown below. The through holes are drilled using a 9/64” bit to allow for an appropriate fit of
the 6-32 machine screws used for assembly.
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Figure 33- Photo of Alignment Ring around the Body Tube

The robustness of the student wound body tubes are verified by the compression and shear testing
conducted on cut airframe sections. In addition to physical testing, the robustness and factor of safety of
the airframe was confirmed using Finite Element Analysis in both SolidWorks and Inventor. The detailed
explanation of each airframe test is located in the aerostructure testing section 7.1.1.
The team was able to find a calculation method for determining the temperature or heat experienced
by a high powered rocket nose cone through flight. Although the temperature of the nose cone may be a
greater concern at higher speeds than the current launch vehicle during flight, the results will still be a
valid baseline for future flights.
The method was obtained from Eugene L. Fleeman’s book, Tactical Missile Design. The equation
mainly relates to supersonic flight speeds, but the subsonic flight can still be considered. It entails
calculating the recovery temperature, 𝑇𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦, based on the Mach number, 𝑀, free stream
temperature, 𝑇𝑓𝑟𝑒𝑒𝑠𝑡𝑟𝑒𝑎𝑚, and the recovery factor, 𝑟. The recovery temperature is related to the
stagnation temperature through the recovery factor. The recovery factor depends on the flow type (𝑟 =
1 for stagnation, 𝑟 = 0.9 for turbulent flow and 𝑟 = 0.8 for laminar flow). The recovery temperature
equation is shown below:
𝑇𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 = 𝑇𝑓𝑟𝑒𝑒𝑠𝑡𝑟𝑒𝑎(1 + 0.2𝑟𝑀2)

Equation 1

For the team’s calculations, the stagnation value of 𝑟 = 1 is used to assume a worst case scenario
(resulting in the highest possible temperature). Using the OpenRocket flight simulation software along
with the current rocket design and launch conditions in Hunstville, Alabama, the team was able to
outline the key variables in the calculation. The maximum velocity, 𝑣𝑚𝑎𝑥 = 602 ft/s, occurs at an altitude,
h = 1,684 ft = 513.28 m. Using a lapse rate of 𝜷 = -6.5℃/1000m and 𝑇𝑠𝑒𝑎𝑙𝑒𝑣𝑒𝑙 = 15℃, the temperature at
the altitude of the max velocity can be calculated to be 11.66℃. This is used as the 𝑇𝑓𝑟𝑒𝑒𝑠𝑡𝑟𝑒𝑎𝑚 value.
The projected Mach number is 𝑀 = 0.52. The recovery temperature can then be calculated:
𝑇𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 = 11.66(1 + 0.2(1)(0.54)2) = 12.34℃

Equation 2

The PLA nose cone tip has a melting point of 65℃ which will easily survive the recovery temperature
shown above. Based on this research, the team believes that the recovery temperature is a safe
estimate for determining the maximum temperature of the nose cone during flight. The factor of safety
for the PLA tip is nearly 5.27:1 while the factor of safety for the aeropoxy used to wind the nose cone is
nearly 16:1. The carbon fiber wound section of the nose cone begins 4 inches below the tip and the safe
service temperature of the aeropoxy is 200℉ for a room temperature cure.
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Fins
The fin can system consists of three delta fins constrained to three 3D printed ABS fin canister pieces
by nine countersunk M4x14 screws capped with hex nuts. The drawing below displays all holes and
assembly components in the fin can assembly. The fin can assembly provides an easy assembly and
attachment of the fins to the rocket, and provides sufficient strength to keep the fins from detaching
during flight. The drawing is shown below.

Figure 34 - Drawing of Fin Can Assembly

Based on the results of the subscale launch, the fin can strength was analyzed, and the team
determined that an added height was necessary for each fin canister piece. As shown in the drawing of
the fin canister below, the added height at the top and bottom of the fin canister will help prevent the
shearing that occurred during the subscale flight under the shock force of the parachutes.

27

Figure 35 - Drawing of Fin Canister Piece

The fin canister pieces have a ledge for the fin can centering rings to rest on during assembly. This
makes assembling the fin can easier because the fin can centering rings are not suspended while screws
are assembled. The canister pieces are 0.25” thick. The fin canister has a countersunk hole to connect to
the fin can centering rings which allows for assembling the fin can to the centering rings prior to sliding
the motor tube assembly into the motor body tube. The left flange has countersunk holes while the right
flange has the counter bores to attach the fins to the fin can without hardware protruding from the profile
of the fin can. M4 screws will connect the fins to the fin canister pieces through the flanges. Once the
assembly is slid into the body tube, the remaining 6-32 screws are fastened through the body tube and
fin canister pieces into the centering rings.
The team cut 0.125” thick fiberglass delta fins with 8” root chord and 6” semi-span using a jig-saw,
and sanded the leading edge for aerodynamic purposes. A photo of the constructed fin design is shown
below followed by a drawing of the fin.

Figure 36 - Photo of Delta Fin
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Figure 37 - Drawing of Delta Fin

The design was adjusted from a 5.5” semi-span to 6” to increase the stability margin of the launch
vehicle. They provide sufficient stability and allow the rocket to safely reach the goal apogee without
fluttering.
To prove the flight reliability confidence of the fin design, the team used a calculation method from
NACA Technical Paper 4197 and Apogee Rockets to calculate the Fin Flutter similar to in the PDR and CDR
reports. Inputting root chord, tip chord, semi-span, and fin thickness along with the height of maximum
velocity and different shear moduli for each material, the team calculated the maximum flutter speed for
the fin design chosen.
Shown below is the calculation demonstrating that the current delta fin design with fiberglass will
not flutter. The height of maximum velocity was obtained from OpenRocket.
𝐶𝑟 (𝑅𝑜𝑜𝑡 𝐶ℎ𝑜𝑟𝑑) = 8”
𝐶𝑡 (𝑇𝑖𝑝 𝐶ℎ𝑜𝑟𝑑) = 0”
𝑡 (𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠) = 0.125”
𝑏 (𝑆𝑒𝑚𝑖 − 𝑆𝑝𝑎𝑛) = 6”
𝐺 (𝑆ℎ𝑒𝑎𝑟 𝑀𝑜𝑑𝑢𝑙𝑢𝑠) = 1,160,340 𝑝𝑠𝑖
ℎ (𝐻𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦) = 1684 𝑓𝑡
The fin flutter boundary equation is shown below.
Equation 1
𝐺
3
1.337(𝐴𝑅) (𝑃)(𝜆 + 1)
𝑉𝑓 = 𝛼
𝑡 3
2(𝐴𝑅 + 2) ( )
𝑐
The first step to solving this equation is finding the surface area of the fins which can be calculated
by taking the average of the root and tip chords and multiplying by the semi-span. Plugging values into
equation (2), the following results for surface area are calculated.

√
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Equation 2
(𝐶𝑟 + 𝐶𝑡 )𝑏 8 + 0
=
6 = 24𝑖𝑛2
2
2
The next step is to determine the aspect ratio, which is the ratio of the semi-span to the mean chord
length of a wing. The calculated surface area from equation (2), as well as the length of the semi-span of
our fins can be inserted into equation (3) below to obtain the aspect ratio.

𝑆=

𝐴𝑅 =

𝑏 2 62
=
= 1.5
𝑆
24

Equation 3

Using the ratio of tip chord to root chord allows the team to find the chord of a tapered wing at any
position along the span. Plugging in values of root and tip chord into equation (4) below to obtain the
ratio of tip to root chord.
𝜆=

𝐶𝑡 0
= =0
𝐶𝑟 8

Equation 4

The temperature and pressure are both formulated using the height at which our rocket achieves
maximum velocity. Using OpenRocket simulations, it was found the burnout height of the rocket occurs
at approximately 1082 feet. Using a document from NASA on the Earth Atmosphere Model, the
equations for Temperature (5), Speed of Sound (6) and Pressure (7) could be developed.
𝑇 = 59 − 0.00356(ℎ) = 59 − 0.00356(1684) = 53.005°𝐹

Equation 5

𝛼 = √1.4(1716.59)(𝑇 + 460) = √1.4(1716.59)(53.005 + 460) = 1110.35 𝑓𝑡/𝑠

Equation 6

2116 𝑇 + 459.7 5.256 2116 53.005 + 459.7 5.256
𝑙𝑏
𝑃=
(
)
=
(
)
= 13.838 2
144
518.6
144
518.6
𝑖𝑛

Equation 7

The results from Equation 2 through Equation 7 can be inserted into the flutter Equation 1 to
calculate the flutter speed.
1160340
𝑉𝑓 = 1110.35
= 782.17 𝑓𝑡/𝑠
3
√(1.337(1.5) (13.838)(0 + 1))
0.125
2(1.5 + 2)( 8 )3
As shown, the fin flutter equation safely predicts the current delta fin design will not experience
flutter since the approximate flutter speed of 782.17 ft/s is below the estimated maximum velocity. This
value yields a safety factor of nearly 1.30 given the approximate maximum velocity of 602 ft/s obtained
from OpenRocket.
The following table shows fin flutter results given the current design with varying thicknesses and
materials for reference.
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Fin Flutter Table

Fiberglass Carbon Fiber Aluminum

Steel

Shear Modulous, G (psi)

1,160,340

4,786,254

3,625,950

11,197,280

Flutter speed (ft/s) with 1/16" Thickness

276.54

561.64

488.85

859.05

Flutter speed (ft/s) with 1/8" Thickness

782.17

1,588.56

1,382.66

2,429.75

Flutter speed (ft/s) with 3/16" Thickness

1,436.93

2,918.37

2,540.12

4,463.74

Flutter speed (ft/s) with 1/4" Thickness

2,212.30

4,493.13

3,910.77

6,872.38

Table 1 - Fin Flutter Table

The team gained some valuable knowledge from the manufacturing and assembly process of the
fins and fin can. One lesson learned was to design the fin can countersunk holes with enough depth to
easily fit a countersunk screw through the fin canister and keep it flush with the canister piece to allow
the fin can to slide into the body tube seamlessly. Two of the actual fin can countersunk holes needed
sanded to allow a flush fit, but this doesn’t affect the fin can strength. Another lesson previously learned
that benefited the as built launch vehicle design was to cut the fins after all other components were
manufactured and assembled. This allowed the team to adjust the stability margin easily to a more
desirable value.
The fin can assembly robustness has been improved by the design changes made due to the
subscale test flight results. In addition to fin flutter calculations, the robustness of the fin can and fins
was validated with Finite Element Analysis on the shear strength factor of safety of each component.
The simulated results are based on each component experiencing maximum loading during flight. The
in-depth explanation of each FEA simulation on the fin can assembly components is located in the
aerostructure testing section 7.1.1.

Bulkheads
The team manufactured all bulkheads using 6061 T-6 Aluminum as the material. A sponsor was able
to water-jet cut the bulkheads for the team from 0.125” and 0.25” aluminum sheets. Each bulkhead has
least six 6-32 x ½ threaded holes for mechanical attachment to the airframe. The holes are equidistant
from one another and do not intersect with any hole patterns on the faces of the bulkheads. The outside
diameter holes on all the bulkheads were drilled using a 7/64 drill bit and tapped with titanium
carbonatite taps by the team. The use of titanium taps reduced the chance of breaking a tap in a
bulkhead. The 7/64 drill bit and 6-32 tap are shown in the photo below. Each bulkhead and centering
ring was aligned correctly by, in addition to using match drilling, marking the centerline of the O.D. of
each bulkhead or centering ring with a marker and tape prior to drilling into them.
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Figure 38 - Photo of Drill, Drill Bit and Tap

The stability ballast assembly located just above the motor provides the team with the ability to
adjust the stability margin and projected altitude of the fabricated launch vehicle to reach desired
values. The assembly is made up of three ⅜”-16 aluminum rods each at a 2” radius from the center of
the rocket constraining a series of ballast plates above the engine. The assembly drawing is shown
below followed by the aluminum threaded rod drawing.

Figure 39 – Drawing of Lower Stability Ballast Assembly
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Figure 40 – Drawing of 3/8”-16 Threaded Rod

The only change from the actual launch vehicle stability ballast is that the location of the thrust plate
is slightly lower along the threaded rod system to align with the motor mount tube. Three washers and a
nut were added between the thrust plate and the stability ballast base plate for alignment as shown in
the photo below.

Figure 41 - Photo of as-built Stability Ballast Bay and Thrust Plate

The thrust plate is the 0.25” thick bottom plate in the assembly which rests above the motor and
will absorb the thrust of the motor. It will be bolted into the body tube in the overall assembly, but nuts
are placed just below the thrust plate for ease of assembly. The thrust plate drawing is shown below.

Figure 42 – Drawing of Thrust Plate

Next is the ballast base plate which is 0.25” thick and rests above the thrust plate. Its weight is
approximately 0.4 lb. Above this, there is an option to add up to eighteen 0.125” thick ballast weights.
These weights are approximately 0.2 lb, each which allows for an incremental addition of weight to
reach the desired stability margin or total weight. This allows for a maximum ballast weight of 4 lb in this
area of the rocket. The ballast system was designed when the weight of the launch vehicle was nearly 40
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lb which would put this ballast weight at the 10% limit per competition rules. The Akronauts recognize
the need to remain under the 10% ballast weight limit and have accounted for it in the simulations and
assembly process. The assembly drawing depicts the maximum ballast weight for reference only of the
maximum space it could consume in the rocket. The drawing for the ballast base plate is shown below
followed by the ballast weight drawing.

Figure 43 – Drawing of Stability Ballast Base Plate

Figure 44 – Drawing of Lower Ballast Plate

As shown, the thrust plate, ballast base plate and ballast weight models all have thru holes for the
⅜” threaded rods and a hole in the center for the smoke charge of the motor with a diameter of 1.88”.
The stability ballast for the full-scale test flight utilized 2 lb of ballast weight from eight lower ballast
plates and the stability ballast base plate. The team is considering less plates in the competition flight to
allow the launch vehicle to reach the goal apogee. The photo below shows the stability ballast system in
the test flight orientation.
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Figure 45 - Photo of as-built Stability Ballast

All the aluminum bulkheads in Project Lazarus feature six 6-32 screw holes at least 0.5” deep and
are 0.25” thick plates. The diameters vary depending on location to fit within couplers or fin canister
pieces.
The upper most bulkhead is the payload bulkhead which is located 7.25” into the nose cone
shoulder. It has a 4.98” outside diameter plate that the payload can push against during ejection to
separate the nose cone. The drawing for the payload bulkhead is shown below followed by a photo of
the actual bulkhead with the payload spring ejection system attached.

Figure 46 – Drawing of Payload Bulkhead

Figure 47 - Photo of Payload Bulkhead with Spring Ejection System Assembled
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Next is the electronics bulkhead, which is located in the upper coupler and parachute body tube. It
was designed with a 4.8” outside diameter with 0.30” holes for wiring, 0.172” holes for black powder
charges and 0.15” holes for mounting the electronics sled below. The 6-32 screws connect the sled to
the bulkhead with nuts on the bottom side. Countersunk 6-32 screws connects the bulkhead to the
coupler prior to sliding it into the parachute body tube. The drawing for the electronics bulkhead is
shown below followed by a photo of the manufactured version with the sled attached.

Figure 48 – Drawing of Electronics Bulkhead

Figure 49 - Photo of Payload Bulkhead with Electronics Sled Attached

The lower recovery bulkhead is attached to the threaded rod assembly as shown in the drawing
below.

36

Figure 50 – Drawing of Threaded Rod Assembly

The threaded rod assembly contains the lower recovery bulkhead, air brakes, electronics sled and
the stability ballast assembly. The ⅜” threaded rods, which are 10” long, constrain each component at
the correct height with nuts. The stability ballast assembly mentioned previously will already be
assembled prior to adding the electronics sled, air brakes and recovery bulkhead. Once all components
are assembled on the threaded rod assembly at the correct heights, it is slid into the motor body tube
and the 6-32 screws can be assembled through the body tube and coupler into the recovery bulkhead
and through the body tube into the thrust plate. A photo of the threaded rod assembly fully built for the
full scale test flight is shown below.

Figure 51 - Photo of Threaded Rod Assembly
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The main difference between the previous assembly design and the as-built assembly is the
extended length of the air brakes electronics sled. This extended length was mitigated by reducing the
number of ballast plates as shown in the photo.
The motor centering ring helps align the motor in the upper portion. It has a 3.107” inner diameter
for a transitional fit with the motor mount tube and a 4.98” outside diameter. It was cut from 0.5” thick
plywood and sanded to the correct dimensions prior to being epoxied in place 4” from the top of the
motor mount tube. Holes were drilled into the plywood to input 6-32 brass threaded inserts to fasten
the centering ring to the body tube. The drawing for this centering ring is shown below, followed by a
picture of the ring epoxied to the motor mount tube.

Figure 52 – Drawing of Motor Centering Ring

Figure 53 - Photo of the Centering Ring Epoxied to the Motor Tube

The upper and lower fin can rings are assembled to the fin canister pieces prior to being slid into the
motor body tube. They have a 3.107” inner diameter and a 4.48” outside diameter to fit inside the fin
can. They both contain nine 6-32 screws to accept the three countersunk screws from the fin canister
and the six button head screws through the body tube and fin can. They also contain three evenly
spaced 0.26” thru holes for ¼” screws. The drawing for these centering rings is shown below.
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Figure 54 – Drawing of Fin Can Centering Ring

The upper fin can centering ring is sandwiched between two commercial plywood centering rings,
both with 3.107” inside diameters, and the plywood rings are epoxied to the motor mount tube. The
three rings are constrained together by three ¼-20 threaded rods capped by nuts. This allowed the team
to align the three rings prior to epoxying them to the motor mount tube in the proper location during
the assembly process. A photo of the three centering ring system epoxied to the motor tube is shown
below for clarity.

Figure 55 - Photo of Centering Rings Epoxied on Motor Tube

The lower fin can ring had twelve holes match drilled for the commercial 75mm aluminum motor
cap sized for M3 screws. A photo of this ring epoxied near the bottom of the motor mount tube with the
motor cap fastened to it is shown below.

Figure 56 - Photo of Lower Fin Can Centering Ring Epoxied near Bottom of Motor Tube
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The two fin can rings and the motor centering ring will help align the motor concentrically while also
distributing the force of thrust in the blue tube motor mount tube. The motor retention system is
improved from the subscale flight since the lower fin can centering ring is aluminum versus the plywood
subscale version. Other contributing factors to the safety of the motor retention include hardware
fastening the lower ring to the fin can and body tube, epoxying the aluminum ring to the motor mount
tube and utilizing a commercial aluminum motor cap.
The main difference between the motor retention system centering rings from the CDR design and
the as-built launch vehicle is the aluminum fin can centering ring sandwiched between two plywood
rings. The original design accounted for one 0.75” thick plywood ring with brass inserts in this place, but
the team could not find any commercial 0.75” thick plywood during the manufacturing phase, so an
extra aluminum fin can centering ring was manufactured and the commercial 0.25” thick plywood rings
were ordered. The other change was the thickness of the plywood motor centering ring which was
adjusted to 0.5” thickness from 0.75” for the same reason.
The 1⁄4” thick aluminum bulkheads and centering rings, along with the 6-32 screws utilized for
mechanical fastening, will be more than robust enough for all applications in project Lazarus. The
robustness of the mechanically fastened bulkheads and centering rings throughout the launch vehicle
were validated by the conducted shear testing as well as FEA stress analysis. The FEA stress analysis proved
that an acceptable factor of safety will be obtained even under maximum loading situations. The shear
tests proved the attachment screws and fiberglass body tube will fail before the thrust plate. The shear
testing results, combined with the compression testing data, validate that the entire mechanically
attached assembly will be more than robust enough to withstand all forces experienced during flight. The
detailed explanations of each physical and simulation test conducted are located in section 7.1.1.
Through the manufacturing and assembly process of the bulkheads, the team learned that adjusting
the diameter of the bulkheads after they have been water-jet cut is difficult. As mentioned previously, the
commercial couplers that were purchased, were not the same inside diameter as the company advertised,
but due to time constraints the team needed to move forward with the incorrect couplers. A chuck was
designed and machined to allow the team to mount the recovery bulkheads and electronics bulkhead up
on a lathe and mill down the diameter of each bulkhead to approximately 4.745” from the original 4.80”
O.D.

Hardware
All bulkhead fasteners are 6-32 screws. Fin can and coupler hardware are 0.75” length while the
remaining fasteners are 0.5” length. The fin can flange fasteners are M4x14 and the commercial motor
cap utilizes M3 screws. M3 Nylon shear pins were used to connect each independent section of the
launch vehicle. Five shear pins was determined to be safe to hold the nose cone section against the
shock force of the parachutes to allow the payload to eject upon landing. Overall, the team attempted
to standardize the majority of the fasteners in the launch vehicle. The aluminum motor cap came with
its own screws based on the twelve hole pattern sizing, so the team could not adjust them, but the M4
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screws could have been 6-32 to assure the rest of the rocket was using a uniform size. However, the fin
can had already been printed with the M4 size countersunk holes and counter bored holes on the
flanges. In the future, the team hopes to standardize the screw size throughout the entire rocket if
possible for ease of assembly.
All hardware fasteners are robust enough to overcome the aerodynamic forces of flight. The shear
testing completed during the CDR phase proved that 4-40 sized and larger screws have a failure point
high enough to give an acceptable factor of safety under maximum shearing stress conditions. Payload
drop testing validated the strength of the M3 Nylon shear pins. More details regarding the team’s shear
testing and can be found in the aerostructure and payload testing sections 7.1.1. and 7.1.4. respectively.

Airbrakes
The integration of air brakes into Project Lazarus has been a large goal for the Akronauts which has
been achieved this year. The intention to mitigate the inaccuracies associated with flight projection and
still achieve the desired altitude is a difficult task that the team hopes to accomplish. Shown below is a
photo of the air brake assembly in the retracted position (left) and a photo in the extended position
(right).

Figure 58 - Photo of Retracted Air Brake Assembly

Figure 57 - Photo of Extended Air Brake Assembly

The objective for the air brakes is to create sufficient pressure drag that will slow the launch vehicle
and adjust the peak apogee to the desired altitude. Inspired by the design of a drum brake commonly
found in motor vehicles, the air brake assembly actuates its fins via rotation. Upon activation, three fins
will be guided out of the side of the rocket by linkages. The drawing of the air brakes is shown below
with an exploded view for reference. A supplier manufactured the majority of the non-commercial air
brake parts for the team. Through the manufacturing process, it was determined that the 0.125”
threaded cap rods induced more friction when expanding and retracting the fins rather than guiding
them inward and outward, so the team decided to remove them from the assembly.
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Figure 59 - Drawing of Air Brakes Assembly

The three fins extends beyond the rocket’s boundary layer and creates drag that will slow the ascent
of the rocket and lower its projected apogee. The brakes are controlled electronically using a Tower Pro
MG996R servo and are activated at a calculated time to reduce the projected altitude to the desired
height.
The threaded rod assembly is detailed in the bulkhead section but is shown below again for
reference of the air brake assembly with the lower stability ballast, electronics sled and the recovery
bulkhead.
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Figure 60 - Drawing of Threaded Rod Assembly

The three fins are evenly spaced around the baseplate of the brake system. The choice to use three
fins was made as it was simple to align between the threaded rods holding the stability ballast just
above the motor. The brake system was also meant to keep the rocket balanced with the brakes
extending between the three delta fins so that their drag forces would not overlap or produce
imbalances due to improper alignment, and the stability of the delta fins would remain intact. However,
during the manufacturing phase, the fin slots were cut off center from the air brake location, making it
difficult to align the brakes perfectly between each fin. The team is still confident in the flight reliability
of the as-built launch vehicle since the brakes should not deploy until near the end of the coasting
phase, as the rocket has decelerated significantly.
The current air brake system will provide approximately 2.25 in2 of surface area per air brake fin,
resulting in a total surface area addition of 6.75 in2 to help increase drag on the rocket. The reason for
the minor decrease in surface area exposed to the exterior of the rocket from the CDR design is due to
the increased thickness of the fiberglass body tubes that the team wound. The air brake fin design
drawing is shown below.
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Figure 61 - Drawing of Airbrake Fin

Each air brake fin is connected to a circle rotor in the center of the base plate by an aluminum
linkage and two stainless steel clevis pins. The aluminum linkage design is shown below. As displayed in
the assembly drawing of the air brake system, the linkages will allow the air brake fins to extend
approximately 1” outward from the base plate.

Figure 62 - Drawing of Air Brake Linkage

Each fin originally had two aluminum rods offset from the center sliding through the base plate
slots. The purpose of the 1/8” aluminum rods was to keep the air brake fin aligned correctly as it
extended and retracted from the launch vehicle. As mentioned previously, the rods did not help align
the brakes as much as create extra friction that impeded the extension and retraction of the fins. The
aluminum rod design is shown below for reference.
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Figure 63 - Drawing of 1/8"-16 Threaded Cap Rod

The circle rotor that actuates the air brake system is a plate that contains holes for the clevis pins
and a keyway slot in the center that attaches to the servo motor below it. The circle rotor design is
shown below. The rotor piece is capable of spinning in both clockwise and counterclockwise directions
to actuate the fins.

Figure 64 - Drawing of Circle Rotor

The air brake keyway will match this slot and have a 6-32 threading running through the center from
the bottom of the part as shown in the drawing below. It is assembled through the top of the circle rotor
and extend below through the air brake base plate.
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Figure 65 - Drawing of Air Brake Keyway

The base plate does not have a slotted keyway but has a hole for the round portion of the air brake
keyway to pass through to the servo motor below. The slot dimensions are shown in the drawing below.
As shown, the model would be extremely difficult and costly to machine. The team 3-D printed the air
brake base plate with PLA filament, which will be sufficient for strength purposes.

Figure 66 - Drawing of Air Brake Base Plate

A servo keyway was designed to attach to the servo motor wings via epoxy and accept the 6-32
countersunk screw before entering the air brake keyway. It constrains the servo motor to the rest of the
actuating components in the air brake system by the servo wing. The design for the servo keyway is
shown below.
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Figure 67- Drawing of Servo Keyway

One change to the servo attachment is that the servo keyway was match drilled with the plastic
servo wing to attach the servo to the air brake system using 6-32 screws rather than epoxy. A photo of
this attachment fixture is shown below.

Figure 68- Photo of Attachment Fixture

This adjustment allows for disassembly of the brake system from the servo motor which is a benefit.
The main goal for the air brake system in Project Lazarus is to prove functionality. In future designs, the
team hopes to expand on the drag capability of the fins and reduce weight while still maintaining
sufficient strength. The team learned that more constraining rods between the base plate and fins will
only increase the friction of the system, but not keep the system from binding.
The airbrake assembly is designed to be robust enough to withstand all forces experienced during
flight. All mechanical attachment points of the assembly have strength ratings high enough to withstand
the maximum amount of force experienced while the air brake fins are deployed.
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3.1.2. Electrical Elements
The airbrakes system featured in the CDR included a Raspberry Pi, a hi torque metal gear servo
motor, an ADXL3777 accelerometer, and an MPL3115A2 altimeter. Components were to be powered
through the raspberry pi using a 4000 mAh 5v battery designed for the raspberry pi. There was an
option to equip a servo motor hat to the raspberry pi which provides polarity protection and prevents
the pi from restarting caused by a voltage drop due to the draw from the servo motor.

Testing of the system and components found issues with some of this hardware, and led to a few
component changes. Chief among these changes is the decision to use an Arduino Uno instead of a
Raspberry Pi as the microcontroller and processor of the system. There are several advantages this
decision proved. Since the Arduino is smaller than the Raspberry Pi and doesn’t require a servo motor
hat to operate efficiently, we save significant space. In addition, problems were encountered reading
and receiving data from our accelerometer using the Raspberry Pi. The accelerometer was designed to
interface with an Arduino, as was the altimeter, which made developing the system software simpler
and thus more reliable. Changing the system controller also required a change in batteries. A single 9v
battery will be used to power the Arduino Uno, a 7.4v, 450 mAh LiPo battery will be used to power the
attached servo motor, and four AA batteries will be used to power the accelerometer and altimeter.

Figure 69 - A breadboard test of the airbrakes electronics is conducted and shows successful deployment after an
appropriate acceleration is detected
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The system function will remain the same, using input from the accelerometer and altimeter as well
as known characteristics of the system, such as coefficient of drag, to predict apogee during flight. This
allows a target altitude to be set and reached with much greater accuracy due to in-flight analysis. The
intended outcome is to more accurately slow the launch vehicle and successfully reach the target
altitude.

For the full scale test flight, predictions from OpenRocket and RasAero were used to determine an
appropriate time at which to deploy the system. This was written into the software, which will detect
the launch using the accelerometer, and then start a timer until the appropriate time is reached. At this
time, the air brakes will be deployed. The flight data from the altimeters will allow a coefficient of drag
to be calculated. With this, we can further develop our software to create a more accurate in flight
analysis.

Electronics Retention and Wiring

Figure 70 - Airbrakes Hardware Block Diagram Including Power Source

The airbrakes electronics sled design in the CDR has been altered to allow more space for
components, and for all if them to be more easily constrained to the sled. The previous design was tailor
made for the Raspberry Pi controller, and the appropriate battery. With this being changed, a new sled
was needed.
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Figure 71 - CDR Airbrakes Electronics Sled

The airbrakes electronics and batteries are attached to a 3D print sled made from PETG plastic. A
hole cut in the sled and body tube exposes a switch on the 9v battery pack which controls power to the
Arduino, and thus, the whole system. The elements are wired together as shown in the block diagram.
All batteries are taped to the inside wall of the sled, and will be constrained by a 3D printed plate which
rests on top of the system to ensure no components are disconnected or fall out. The Arduino is
screwed in the sled, and the accelerometer is taped to the bottom of the sled in the correct orientation.

Figure 72 - Airbrakes Electronics Shown Inside FRR Electronics Sle
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3.2. Design and Construction of Recovery
3.2.1. Structural Elements
Bulkheads
There are two bulkheads used for the recovery system, a bulkhead towards the aft end and a
bulkhead towards the forward end. Both bulkheads were machined by being water jet cut, out of 0.25”
aluminum. The holes were made with a drill press and the thickness was perfected with a lathe. Both
bulkheads feature six 6-32 screw holes 0.5” deep, are 0.25” thick, and feature two holes with a diameter
of 0.38” for u-bolt assembly.
The aft recovery bulkhead features three 0.39” diameter holes for threaded rods that go into the
airbrakes section of the rocket. Figure 73, below, is a drawing of the recovery bulkhead. Figure 74 is a
picture of the assembled bulkhead.

Figure 73 – Recovery Ejection Bulkhead Drawing
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Figure 74 – Recovery Ejection Bulkhead Assembly

The forward recovery bulkhead features 0.17” holes for wiring. The bulkhead will have two black
powder charge cups made out of PVC attached to it. Initially there were two 0.30” holes for wiring and
two 0.17” holes for screws that would go onto the charge cup, depending on what type of charge cup
that would be used. Since the charge cups are made out of PVC, the cups are epoxied onto the
bulkhead, instead of being attached by a screw. The 0.30” hole from the original design was filled and
the 0.17” hole that was going to be used for screws is not used for wiring, since those holes fit the wiring
better. Figure 75, below, is a drawing of the recovery bulkhead. Figure 76 is a picture of the assembled
bulkhead.

Figure 75 – Recovery Aft End Bulkhead Drawing
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Figure 76 – Recovery Aft End Bulkhead Assembly

Ropes
The recovery system will feature four types of rope: shock cords, shroud lines, bridles, and
connection lines. Each rope will be a different material based on their function.
Below, Figure 77 shows the rope and hardware assembly for the drogue parachute and the rope and
hardware assembly for the main parachute. Refer to Table 2 for the harness connections and interfaces
part list.
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Figure 77 – Harness Connections and Interfaces

NOT TO SCALE: Figure 77 IS FOR REFERENCE OF HARDWARE LOCATION AND ROPE LOCATION ONLY.
ROPE LENGTHS (FIND NUMBERS 3, 5, 7, AND 8) ARE MUCH LONGER THAN THEY APPEAR IN FIGURE.

FIND NUMBER

PART NAME

QTY RATED FORCE (lb)

1

U-Bolt

2

1075

2

Long Quick-Link

2

2400

3

Shock Cord

3

2375

4

Eye-to-Eye Swivel

2

3000

5

Bridle

2

6000

6

Short Quick-Link

6

1400

7

Shroud Lines

40

400

8

Connection Line to Inner Shroud Lines

1

1400
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Table 2 – Harness Connections and Interfaces Part List

Shock Cords
The shock cords’ functions will be to absorb the instantaneous forces during parachute inflation. The
shock cords will be made of 3/4 in. flat nylon webbing. This material was chosen for its high strength of
2375 lb, melting point of 380 degrees Fahrenheit, and low price of $0.35/ft. There will be a total of three
shock cords present within the recovery system. The shortest size shock cord is connected to the drogue
parachute, which has a length of 14.32 ft, five times the size of the segment it is carrying, which is the
lower body. The other shock cord on the drogue parachute will have a length of 27.40 ft, five times the
size of the segment it is carrying, which is the upper body. The difference in length of the two shock
cords prevents any collisions during descent. The shock cord for the main parachute will also have a
length of 27.40 ft, five times the size of the segment it is carrying, which is the upper body. See Figure 78
below for the shock cord lengths. Since the Critical Design Review, the shock cord lengths for the upper
section of the body tube were shortened, since the upper body tube section decreased in size. Also, the
shock cord length for the lower section of the launch vehicle was lengthened, since the lower section
increased in size.

Figure 78 – Shock Cord Lengths

Shroud Lines
The shroud lines’ functions are to assist the canopy in maintaining its shape during the vehicle’s
descent. Each shroud line will be made of 1/8 in. flat Type III Paracord rated at 400 lb test. This material
was chosen due to its high strength, low cost, and flat shape. The flat shape of the shroud lines makes
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for easier manufacturing of the parachutes, allowing the shroud lines to be sewn into the seams of the
parachute gores.
When the parachute is being assembled, the shroud lines of the drogue parachute will be split into
two separate bundles to decrease the likelihood of tangling. The same will be done for the outer shroud
lines of the main parachute.
The length of each of the shroud lines will be 115% of its respective parachute’s total diameter per
the industry standard. The drogue parachute will have 8 shroud lines; with each shroud line being 1.63 ft
long. The main parachute will have a total of 32 shroud lines (16 inner and 16 outer); each outer shroud
line will be 10.21 ft long and each internal shroud line will be 2.55 ft long (1/4 the length of the outer
shroud lines, per industry standard). See Figure 79 for the shroud line lengths of the drogue parachute
and Figure 80 for the shroud line lengths of the main parachute, respectively. Since the Critical Design
review, the shroud line lengths of each parachute were decreased, since the canopy of the parachutes
decreased in diameter. The change was made to the ropes, so the ropes would be proportional to the
parachutes, per industry standard.

Figure 79 – Drogue Parachute Shroud Lines Lengths
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Figure 80 – Main Parachute Shroud Lines Length

Bridles
The bridles’ function is to form a union between the shroud lines of the parachutes and their
respective shock cords. The intention is that each independent section of the rocket will pull the
parachute with different forces. To improve stability of the canopy, the shock cords will be joined
together by a bridle. The bridles will be made of 1/2" Kevlar rated for 6000 lb. Each bridle will be 3 ft
long. Refer to Figure 81 below to see the length of each bridle.
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Figure 81 – Bridle Lengths

Connection Lines
The connection line is used to aid in the shape of the main parachute by pulling on the inner shroud
lines. The connection line will be made out of 3/8" flat webbed nylon rated for 1400 lb. This rope was
chosen for its light weight and low price. The connection line will be 9.19 ft. See Figure 82 below for a
diagram of the connection lines. Since the Critical Design Review, the connection line decreased in size,
since the main parachute decreased in diameter. This change was made, so the parachute will hold a
proper size, while it is inflated. The size is important to keep, so the target velocity during its descent is
achieved.
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Figure 82 – Connection Lines

Rope Calculations
There is a total of 3 shock cords for the recovery system. Each individual shock cord must be at least
5 times the length of the section that the cord is connected to. The drogue parachute has 2 shock cords;
one shock cord is connected to the lower body, and the other is connected to the upper body of the
launch vehicle. The main parachute has 1 shock cord, which is connected to the upper body. The upper
body of the launch vehicle is 65.75 inches in length and the lower body of the launch vehicle is 34.375
inches. Table 3 shows the length of each shock cord to each corresponding body of the launch vehicle.

SHOCK
CORD

SECTION OF
LAUNCH VEHICLE

SECTION OF VEHICLE
LENGTH (in)

LENGTH OF SHOCK
CORD (in)

Drogue
Lower

Lower

34.375

171.875

Drogue
Upper

Upper

65.75

328.75

Main Upper

Upper

65.75

328.75

Table 3 – Shock Cord Lengths

The main parachute has a total of 16 outer shroud lines and 16 inner shroud lines, and the drogue
parachute has a total of 8 outer shroud lines. The outer shroud lines on each parachute will be 115% of
its respective parachute’s total diameter per the industry standard. The inner shroud lines of the main
parachute will be 1/4 the length of the outer shroud lines, per industry standard. The diameter for the
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main parachute is 106.5 inches, and the diameter for the drogue parachute is 17 inches. Table 4 shows
the length of each shroud line to the corresponding parachute.

PARACHUTE SHROUD LINE PARACHUTE
LENGTH OF
LENGTH OF
LOCATION
DIAMETER (in) OUTER SHROUD SHROUD LINE
LINE (in)
(in)
Drogue

Outer

17

N/A

19.55

Main

Outer

106.5

N/A

122.475

Main

Inner

N/A

122.475

30.619

Table 4 – Shroud Lines Lengths

The parachute snatch force (also known as shock force) for both the drogue and the main
parachutes was calculated on the Opening Shock Calculator (OSCALC) which was developed by the Parks
College Parachute Research Group. The program required inputs for the atmospheric density at
deployment altitude, in 𝑠𝑙𝑢𝑔𝑠/𝑓𝑡 3 ; the total mass of the rocket at the time of deployment, in slugs; the
estimated fall rate at line stretch, in 𝑓𝑡/𝑠; the steady descent drag coefficient (𝐶𝐷); the nominal surface
area, in 𝑓𝑡 2 ; and the non-dimensional fill time (𝑛𝑓𝑖𝑙𝑙). The following equation was used as the basis for
the calculator:
Equation 1
1 2
𝐹𝑚𝑎𝑥 = ( 𝜌𝑉𝑠𝑡𝑟𝑒𝑡𝑐ℎ
)(𝑆𝐶𝐷 )𝑠𝑑 𝐶𝑘
2
The value for the estimated fall rate at line stretch (𝑉𝑠𝑡𝑟𝑒𝑡𝑐ℎ )was calculated with the use of the following
equation:
Equation 2

2𝑊
𝑉𝑠𝑡𝑟𝑒𝑐ℎ ≈ √
𝑑𝑟𝑜𝑔𝑢𝑒
𝜌(𝑆𝑑𝑟𝑜𝑔𝑢𝑒 )𝐶𝐷

The value for the non-dimensional fill time was used in conjunction with the mass ratio (𝑅𝑚 )to
determine the opening force factor (𝐶𝑘 ). The following equations were used to calculate the mass ratio
and non-dimensional fill time, respectively.
Equation 3
(𝐶𝐷 𝑆)1.5
𝑅𝑚 = 𝜌
𝑀
Equation 4
𝑛𝑓𝑖𝑙𝑙 = 0.0501𝑅𝑚 + 5.68
The resulting calculated snatch force can be found in Table 5, below, for both the drogue and main
parachutes.

V

stretch

(ft/s)

R

m

n

fill

AVERAGE MAXIMUM FORCE (lbf)

Drogue

120

0.0023185631

5.68011616

8.451

Main

123

0.0039680149

5.680198798

501.766
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Table 5 – Shock Cord Force Calculations

The OSCALC inputs for the drogue and main parachutes are shown in Figure 83 and Figure 84,
respectively.

Figure 83 – OSCALC Drogue Calculations
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Figure 84 – OSCALC Main Calculations

Hardware
There will be three different types of hardware for the recovery system on the launch vehicle: ubolts, quick-links (long and short), and swivels. The hardware selected is important to the recovery
system, so the parachutes stay fastened to the launch vehicle in a safe manner. Below, Figure 85 is a
picture of the u-bolts that will be attached to the recovery bulkheads, quick-links that will attach to the
u-bolts, and the eye-to-eye swivels that will attach to the ropes, respectively.

Figure 85 – U-Bolt (left), Quick-Link (middle), and Eye-to-Eye Swivel (right)
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Refer to Figure 86 and Table 6 below. The hardware was carefully selected, keeping weight and
integrity in mind. The main interface link between the parachutes and the vehicle are the u-bolts (Find
Number 1). An eye-to-eye swivel is located between the bridle and the shock cord (Find Number 4). This
is intended to prevent any twisting of the sections in the air during descent. Long quick-links are located
at the beginning of the harness assembly and at the end of the harness assembly (Find Number 2) to
function as quick disconnects. Short quick-links are located at the base of all shroud lines (Find Number
6) to function as quick disconnects. The shroud lines are separated into two bundles for each chute to
prevent tangling of shroud lines.

Figure 86 – Harness Connections and Interfaces

NOT TO SCALE: Figure 86 IS FOR REFERENCE OF HARDWARE LOCATION AND ROPE LOCATION ONLY.
ROPE LENGTHS (FIND NUMBERS 3, 5, 7, AND 8) ARE MUCH LONGER THAN THEY APPEAR IN FIGURE
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FIND
NUMBER

PART NAME

QTY

RATED
FORCE (lb)

FORCE
FACTOR OF
RECEIVED (lb)
SAFETY

1

U-Bolt

2

1075

501.766

2.14

2

Long Quick-Link

2

2400

501.766

4.78

3

Shock Cord

3

2375

501.766

4.73

4

Eye-to-Eye Swivel

2

3000

501.766

5.97

5

Bridle

2

6000

501.766

11.96

6

Short Quick-Link

6

1400

316

4.43

7

Shroud Lines

40

400

79

5.06

8

Connection Line to
Inner Shroud Lines

1

1400

316

4.43

Table 6 – Harness Connections and Interfaces Part List

Hardware was selected based on the respective component’s robustness and reliability. Each
addition of hardware adds a new potential failure point within the recovery system, so it was vital to
keep in mind the factors of safety. The above table shows the factor of safety for the maximum force
that each hardware will receive. It is noted that the smallest factor of safety is the u-bolt (Find Number
1), which acts as the main interface between the airframe and the parachute. The maximum force this
item will receive is under the main parachute opening, which is a shock force of 501.766 lb (calculated
using the OSCALC software mentioned in the section 3.2.1.2 Harnesses). The factor of safety with this
estimated shock force is 2.14. Though this below 2, it is imperative to keep in mind that the parachute
will take anywhere between 2 and 5 seconds to open, this will dramatically reduce the shock force value
down from the originally estimated 501.766 lb; ultimately raising the factor of safety even higher.

Canopy
The recovery system will be a handmade assembly comprising of a main parachute and a drogue
parachute. The main parachute will be a toroidal design (commonly known as pull-down apex or iris)
and will feature 16 gores. The main parachute canopy will be made out of PIA-C-44378 Type IV nylon.
Refer to Figure 87 for a model and Figure 88 for a dimensioned drawing of the main parachute,
respectively. Since the Critical Design Review, the main parachute has decreased to a diameter of 110
inches, and the drogue parachute has decreased to a diameter of 17 inches. These changes were made
since the weight of the rocket decreased. These changes ensure that the rocket will descend at a safe
descent rate and land under the maximum allowable kinetic energy per each section of the rocket.
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Figure 87 – Main Parachute Model

Figure 88– Main Parachute Dimensions

The drogue parachute will be a hemispherical design and will feature 8 gores. The drogue canopy
will be made out of nylon woven in a ripstop pattern. Refer to Figure 89 for a model and Figure 90 for a
dimensioned drawing of the drogue parachute, respectively.
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Figure 89 – Drogue Parachute Model

Figure 90 – Drogue Parachute Dimensions

Canopy Design
The main parachute will be a toroidal parachute design, and the drogue parachute will be a
hemispherical design. The drag coefficient of the toroidal parachute is 1.86, and the drag coefficient for
the hemispherical parachute is 1.3. The team is experienced in fabricating both of the designs, because
they have been used in previous competitions. Thus, a hemispherical design for the drogue parachute
will be used; however, due to the required total kinetic energy of 75 ft-lbf upon landing, the main
parachute will need to be very large if the team were to select the hemispherical design for the main
parachute. Therefore, different designs with higher drag coefficients than the hemispherical design were
researched. The toroidal parachute has a higher drag coefficient than the hemispherical, which results in
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less material required to fulfill the landing kinetic energy requirement. Therefore, a toroidal design will
be used for the main parachute. The drogue parachute will be 17 inches in diameter, which will allow
the launch vehicle to have a descent velocity of 120 ft/s. The main parachute will be 106.5 inches in
diameter, which will allow the launch vehicle to have a descent velocity of 16.05 ft/s. This size main
parachute allows the upper body to land at a kinetic energy of 69.97 ft-lbf and the lower body to land at
a kinetic energy of 65.36 ft-lbf.

Canopy Calculations
The selection of the parachute sizing was a tedious process. Many different equations were used to
verify the diameter was acceptable per NASA guidelines. Ultimately, the following process was the
deciding method of sizing selection.
The following equations will be used throughout this process:
Kinetic Energy Equation:
1
𝐾𝐸 = 𝑚𝑣 2
2

Equation 1

Where:
𝐾𝐸 = 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 (𝑓𝑡 − 𝑙𝑏𝑓)
𝑚 = 𝑚𝑎𝑠𝑠 (𝑠𝑙𝑢𝑔𝑠)
𝑣 = 𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 (𝑓𝑡/𝑠)
Drag Force Equation:
1
𝑊 = 𝐶𝑑 𝐴𝜌𝑣 2
2

Equation 2

Where:
𝑊 = 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 (𝑙𝑏)
𝐶𝑑 = 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑑𝑟𝑎𝑔
𝐴 = 𝑎𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑎𝑟𝑒𝑎
𝜌 = 𝑎𝑡𝑚𝑜𝑠𝑝ℎ𝑒𝑟𝑖𝑐 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 = 0.0023769 𝑠𝑙𝑢𝑔/𝑓𝑡 2
𝑣 = 𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 (𝑓𝑡/𝑠)
Area of a Circle Equation (Accounting for Spill Hole):
𝐴 = .96𝜋𝑟 2

Equation 3

Where:
𝐴 = 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑎 𝑐𝑖𝑟𝑐𝑙𝑒 (𝑓𝑡 2 )
𝑟 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑎 𝑐𝑖𝑟𝑐𝑙𝑒 (𝑓𝑡)
. 96 = 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑡ℎ𝑎𝑡 𝑤𝑖𝑙𝑙 𝑔𝑖𝑣𝑒 𝑎𝑟𝑒𝑎 𝑤𝑖𝑡ℎ 𝑠𝑝𝑖𝑙𝑙 ℎ𝑜𝑙𝑒
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Diameter of a Circle:
12𝑖𝑛
𝐷 = 2(
)𝑟
1𝑓𝑡

Equation 4

Where:
𝐷 = 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑐𝑖𝑟𝑐𝑙𝑒 (𝑖𝑛)
𝑟 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑐𝑖𝑟𝑐𝑙𝑒 (𝑓𝑡)
Given that the maximum weight of the rocket is to be 33.806 lb., this will be the assumed weight
throughout all recovery equations to ensure worst-case scenarios are considered.
𝑊𝑡𝑜𝑡𝑎𝑙 = 33.806 𝑙𝑏

Variable 1

Converting the weight into mass gives:
𝑚𝑡𝑜𝑡𝑎𝑙 =

33.806 𝑙𝑏
= 1.05
32.2 𝑠𝑙𝑢𝑔/𝑙𝑏

Variable 2

Prior to size selection, the design of the parachutes was carefully selected. Their drag coefficients are as
follows:
Variable 3
𝐶𝑑;𝑑𝑟𝑜𝑔𝑢𝑒 = 1.3
𝐶𝑑;𝑚𝑎𝑖𝑛 = 1.86
The launch vehicle will only be traveling to an altitude of 5,278 ft. Therefore, changes in density are
considered negligible and will remain constant for all equations.
𝜌 = 0.0023768 𝑠𝑙𝑢𝑔/𝑓𝑡 3

Variable 4

Variable 5

Each independent section of the vehicle must have a kinetic energy of less than 75 ft-lbf. To ensure that
the kinetic energy is not too close to 75 ft-lbf, the calculations used a maximum kinetic energy of 70 ftlbf.
Variable 6
𝐾𝐸 = 70𝑓𝑡 − 𝑙𝑏𝑓
The heaviest section of the rocket will be taken into consideration. The heaviest section of the rocket is
the upper section, weighing an approximate 17.479 lb.
Variable 7
𝑊𝑢𝑝𝑝𝑒𝑟 = 17.479 𝑙𝑏
Converting the weight into mass gives:
17.479 𝑙𝑏
= 0.543 𝑠𝑙𝑢𝑔
32.2𝑠𝑙𝑢𝑔/𝑙𝑏
Plugging variables 6 and 7 into equation 1 and rearranging to solve for velocity gives:
𝑚𝑢𝑝𝑝𝑒𝑟 =

𝑣=√

Variable 8

2(70𝑓𝑡 − 𝑙𝑏𝑓)
= 16.053 𝑓𝑡/𝑠 ≈ 𝟏𝟔. 𝟎𝟓 𝒇𝒕/𝒔
0.543 𝑠𝑙𝑢𝑔

Now that the heaviest section’s velocity is known, the area of the parachute will be calculated by
rearranging equation 2.
2(33.806𝑙𝑏)
𝐴=
= 59.37𝑓𝑡 2
(1.86)(00.0023769𝑠𝑙𝑢𝑔/𝑓𝑡 3 )(16.05𝑓𝑡/𝑠)2
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Next, rearrange equation 3 to solve for the radius of main parachute.
59.37 𝑓𝑡 2
𝑟=√
= 4.437𝑓𝑡
. 96𝜋
Use equation 4 to solve for the diameter of the main parachute in inches and round up to the next inch.
12𝑖𝑛
𝐷 = 2(
) (4.437𝑓𝑡) = 106.48 𝑖𝑛 ≈ 𝟏𝟎𝟔. 𝟓 𝒊𝒏 𝑫𝒊𝒂𝒎𝒆𝒕𝒆𝒓 𝑴𝒂𝒊𝒏 𝑷𝒂𝒓𝒂𝒄𝒉𝒖𝒕𝒆
1𝑓𝑡
Now that the diameter of the parachute is known, convert the diameter back into a radius in terms of
feet.
106.5 𝑖𝑛/2
𝑟=
= 4.4375 𝑓𝑡
12𝑖𝑛/𝑓𝑡
The velocity at which the entire launch vehicle will descend can be found by plugging equation 3 into
equation 2 and solve for velocity.
2(33.806𝑙𝑏)
𝑣𝑚𝑎𝑖𝑛 = √
= 16.05 𝑓𝑡/𝑠
1.86(0.0023769𝑠𝑙𝑢𝑔/𝑓𝑡 3 )(.96𝜋(4.4375𝑓𝑡)2 )
A 106.05 in. parachute will ensure that the heaviest component (17.479 lb.) of a 33.806 lb. launch
vehicle will land with a kinetic energy of less than 75 ft-lbf. The terminal velocity at which the 106.5 in.
parachute will allow the launch vehicle to reach is 16.05 ft/s.
To calculate the diameter of the drogue, first the terminal velocity was chosen from the competition
requirements.
𝑣𝑑𝑟𝑜𝑔𝑢𝑒 = 120𝑓𝑡/𝑠
Next, equation 3 was plugged into equation 2 and rearranged to solve for diameter and round the
diameter to the nearest half inch. The diameter is found to be 17 in.
2(33.806 𝑙𝑏)
𝐷𝑑𝑟𝑜𝑔𝑢𝑒 = 2√
= 1.420 𝑓𝑡 = 17.035 𝑖𝑛
1.3(0.0023769𝑠𝑙𝑢𝑔/𝑓𝑡 3 )(120𝑓𝑡/𝑠 2 )(.96𝜋)
≈ 𝟏𝟕 𝒊𝒏 𝑫𝒊𝒂𝒎𝒆𝒕𝒆𝒓 𝑫𝒓𝒐𝒈𝒖𝒆 𝑷𝒂𝒓𝒂𝒄𝒉𝒖𝒕𝒆

Canopy Materials and Manufacture
The material of the canopy for the main parachute will be PIA-C-44278 Type IV nylon. This material
was chosen for its light weight of 1.17 oz/yd2 and 0.5-3.0 cfm air permeability. The material is woven in
a ripstop pattern for added strength. The material was provided by a sponsor. Black and gray are the
only colors that were offered by the sponsor at the time. The main parachute was manufactured by the
team. Each gore and shroud line were sewn using techniques that will ensure that the parachute’s
canopy will hold its proper shape during its flight. During the sewing process, stitches were inspected to
ensure that everything was sewn properly. Figure 91, below shows the manufacturing process of the
parachutes.
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Figure 91 – A Team Member Sewing the Main Parachute

The canopy of the drogue parachute will be a 1.9 oz/yd2 nylon also woven in a ripstop pattern for
added strength. The quality of the drogue parachute is a lower quality nylon, because all of the high
quality donated material will be used for the main parachute. Also, because only one-color scheme was
available to the team; it can to be used for both parachutes per the NASA guidebook. The color scheme
of the drogue will be blue and yellow for visibility and allows for an easy distant visual differentiation
between the drogue and the main parachute deployment event. The drogue parachute was
manufactured by the team. Each gore and shroud line were sewn using techniques that will ensure that
the parachute’s canopy will hold its proper shape during its flight. During the sewing process, stitches
were inspected to ensure that everything was sewn properly.

3.2.2. Electrical Elements
The MissileWorks RTx/GPS System utilizes a maximum operating voltage between the ranges of 3.5
Volts to 10 Volts, with a maximum peak operational current of 190 milliamperes. Assuming the
maximum operational values, the power output of the RTx/GPS System will be no greater than 1.9
Watts. However, standard operating values give a typical power output of 1 Watt. The system is
designed to ensure each receiver ground station is assigned a unique, interference-free address.
Due to the sensitive nature of printed circuit boards, handling procedures recommend handling the
unit in a static-free environment. Prior to launch, the device should be acclimated to the launch
conditions. If at any time, black powder encounters the system, it is to be immediately cleaned due to
the corrosive nature of the black power on the printed circuit board. The system is shown below
MissileWorks RTx/GPS System Rocket Unit and MissileWorks RTx/GPS System Base Unit
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Figure 92 - MissileWorks RTx/GPS System Rocket Unit

Figure 93 - Missile Works RTx/GPS System Base Unit

Wiring
To track the rocket’s flight path, an RTx/GPS Telematics “Navigator” System by Missile Works will be
used. The Navigator system provides real-time bearing and distance displayed on an LCD module.
Another feature of the system is the ability to interface with the onboard RRC3 altimeter. This will help
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provide real-time updates on the altitude of the rocket and status of the parachute deployment. The
Navigator system will utilize a Floureon 2S 7.4V 1500mAh 35C LiPo Battery pack. This will help extend
the battery life by roughly 8 hours according to the RTx/GPS Telematics user manual.

Telemetry
The Navigator operates on the Industrial, Scientific, and Medical (ISM) radio band, which covers
frequencies 902MHz to 928MHz. Once the rocket is retrieved, the team can download the flight data
and view it in Google Earth. The long-range system provides a range of 9.1 miles and will allow for a
continuous, real-time tracking of the rocket throughout flight. Tracking the rocket can be accomplished
by using the LCD Display with the ground station. If the wireless link is disrupted during flight, the
system will automatically save the last known coordinates for retrieval of the rocket. Furthermore, the
MissileWorks RTx/GPS System integrates with the RRC3 altimeter system being used onboard the
rocket.

Figure 94 - LCD Display Connecting to Base Station

Each individual component plays a crucial role in ensuring a successful recovery operation. Our final
design includes the RRC3 (Rocket Recovery Controller 3) barometric dual deploy altimeter manufactured
by Missile Works Corporation. The RRC3 supports both drogue and main parachute deployments along
with configurable deployment operations. The drogue parachute will deploy at apogee and the
redundant system will deploy with a delay of 2 seconds after reaching apogee.. The RRC3 altimeters will
be connected as shown below with a 9V alkaline battery and a two-pole rotary switch.
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Figure 95 - RRC3 Altimeter Wiring Diameter

Figure 96 - RRC3 Altimeter Sled
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3.2.3. Redundancy Features
Structural
Redundancy is important in the recovery system to ensure that the drogue parachute is deployed at
apogee and that the main parachute is deployed at the proper altitude. The recovery system will contain
a redundant altimeter-activated deployment system in which the main and redundant setup will have its
own power source. Each altimeter setup uses a RRC3 Altimeter System capable of controlling the
ejection of both the drogue and the main parachutes. Both altimeters are capable of reporting the
maximum altitude reached through a series of audible beeps. In terms of ejection, the lower recovery
bulkhead will be equipped with two black powder ejection charges, made out of PVC. Each of these
charges will be able to eject its parachute independent of its pair. The redundant black powder ejection
charge will have 25% more black powder than the main black powder ejection charge. Also, one of each
pair of ejection charge will be connected to a different altimeter setup, this way if one fails, the
parachute will still eject. Since the Critical Design Review, the material for the black powder charge cups
were determined. PVC was chosen due to the low cost and availability. PVC is also strong enough to
withstand the ejection and is often used in recovery systems for this purpose. The main parachute will
be released via Jolly Logic Chute Release, which also has a redundant Jolly Logic Chute Release to ensure
that the parachute will still release if one fails. Redundant systems are necessary in rocketry to ensure
that parachutes deploy, even if one of the systems fail a redundant system would ensure deployment.
Below, Figure 97 and Figure 98, show the redundant set-ups for the ejection charge, with the redundant
ejection charge, and the Jolly Logic Chute Release, with the redundant Jolly Logic Chute Release,
respectively.

Figure 97 – Two Black Powder Charge Cups for Redundancy
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Figure 98 – Two Jolly Logic Chute Releases on Main Parachute for Redundancy

Electronics
The electronics in the recovery system will include a backup redundant system with the exception
being the GPS tracker. A redundant design is due to the need for a successful and error-free recovery
process. Standard recovery systems include one altimeter, powered by a single 9V battery, and single
arming switch. To protect the rocket, mitigate safety concerns, and ensure deployment of the drogue
and main parachute, the system is backed up by a second identical recovery system. If one system fails
to activate, the second recovery system will deploy ensuring a successful recovery process. In total,
there are two altimeters, two batteries, and two arming switches.
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3.3. Mission Performance Predictions
3.3.1. Flight Simulations
Two separate flight simulation software products are utilized to predict project Lazarus’s flight
profile. The flight simulations are created using the programs of RASAero and OpenRocket. Each
software is free and readily available to all members of the Akronauts Rocket Design Team. The mission
performance simulations produce similar predictions for each utilized software. The goal of using
multiple simulation software is to better predict the flight path of the launch vehicle. Certain
performance predictions are checked by hand calculations to further ensure the accuracy of each
simulation. The models of Project Lazarus created and used in OpenRocket and RASAero are shown
below.

Figure 99 - OpenRocket Model Showing Locations of Center of Gravity (CG) and Center of Pressure (CP)

Figure 100 – RASAero Model Showing Locations of Center of Gravity (CG) and Center of Pressure (CP)
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3.3.1. Stability
The table below shows a list of all components in the launch vehicle and the individual weights
associated with them. Each component was either weighed independently or mathematically derived
from an assembly of components with known weights or volumes (i.e. nose cone body and nose cone
shoulder or added epoxy weight after weighing each component without epoxy). The table is accurate
for the competition flight. The test flight included a 2 lb lower stability ballast and a 0.72 lb upper
stability ballast.

COMPONENT

WEIGHT (lb)

Nose Cone Tip
Nose Cone
Nose Cone ballast
Nose Cone Bulkhead
Nose Cone Shoulder
Rover Payload
Upper Spring Ejection System
Lower Spring Ejection System and Ejection
Charges
Upper Coupler
Electronics Bulkhead
Electronics and Electronics Sled
Parachute Body Tube
Upper Recovery Bulkhead (with epoxy)
Main Parachute
Drogue Parachute
Shroud Lines, Shock Cords, Bridles, and
Connection Line
Upper Recovery Hardware and Ejection Charges
Lower Recovery Hardware
Motor Body Tube
Lower Coupler
Launch Lug (x2)
Lower Recovery Bulkhead
Lower Stability Ballast System
Threaded Rods
Air Brakes
Air Brake Electronics and Electronics Sled
Thrust Plate
Motor Mount Tube
Motor Mount Centering Ring (with epoxy)

0.086
0.6
0.2
0.608
0.267
2.31
0.702
0.851
2.66
0.577
0.75
3.94
0.664
1.8
0.02
1.6
0.664
0.561
4.31
1.36
0.05
0.513
0
0.346
0.906
0.75
0.554
0.516
0.147

77

Upper Fin Can Centering Ring (with epoxy)
Fin Can
Delta Fin (x3)
Motor Retention Centering Ring (with epoxy)
Aluminum Motor Cap
Motor Casing
Fuel
TOTAL

0.356
1.35
0.654
0.251
0.243
3.64
3.9
38.7

Table 7 – Lazarus Itemized Weights

The stability margin of the rocket must be designed to prevent both under and oversteering. To
prevent both instances, the stability margin needed to be at least 2.0 while not exceeding the minimum
threshold indicating over-stability. The team’s desired stability margin range is above 2.3 for Project
Lazarus. The dictating components of stability margin, center of pressure (CP) and center of gravity (CG),
were determined using both simulation programs as well as hand calculations. CP and CG locations
output from each software are shown in the figures below.
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Figure 101- Location of CP and CG during Flight (OpenRocket)

Figure 102 – Location of CP and CG during Flight (RASAero)

The simulated CP and CG are confirmed by hand calculation. Each equation and result is shown
below.
CP Equation:

𝐶𝑃 =

(𝐶𝑁 )𝑁 𝑋𝑁 + (𝐶𝑁 )𝐹 𝑋𝐹
(𝐶𝑁 )𝑆

Equation 1

Where:

𝐶𝑃 = 𝐶𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 (𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑛𝑜𝑠𝑒𝑐𝑜𝑛𝑒 𝑡𝑖𝑝)
(𝐶𝑁 )𝑁 = 𝑁𝑜𝑠𝑒 𝐶𝑜𝑛𝑒 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
(𝐶𝑁 )𝐹 = 𝐹𝑖𝑛 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
(𝐶𝑁 )𝑆 = 𝑆𝑢𝑚 𝑜𝑓 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠
𝑋𝑁 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑁𝑜𝑠𝑒 𝐶𝑜𝑛𝑒 𝐶𝑒𝑛𝑡𝑟𝑜𝑖𝑑
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𝑋𝐹 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝐹𝑖𝑛 𝐶𝑒𝑛𝑡𝑟𝑜𝑖𝑑
Fin Coefficient Calculation:

(𝐶𝑁 )𝐹 = [1 +

4𝑁(𝑆/𝑑)2

𝑅
][
𝑆+𝑅

2𝐿
1 + √1 + (𝐿 +𝐹𝐿 )2
𝑅
𝑅

Equation 2

]

Where:

𝑅 = 𝑅𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝐵𝑜𝑑𝑦 𝑎𝑡 𝐴𝑓𝑡 𝐸𝑛𝑑
𝑁 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐹𝑖𝑛𝑠
𝑆 = 𝐹𝑖𝑛 𝑆𝑒𝑚𝑖𝑠𝑝𝑎𝑛
𝑑 = 𝑁𝑜𝑠𝑒 𝐶𝑜𝑛𝑒 𝐵𝑎𝑠𝑒 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟
𝐿𝐹 = 𝐹𝑖𝑛 𝑅𝑜𝑜𝑡 𝐶ℎ𝑜𝑟𝑑 𝐿𝑒𝑛𝑔𝑡ℎ
𝐿𝑅 = 𝐹𝑖𝑛 𝑅𝑜𝑜𝑡 𝐶ℎ𝑜𝑟𝑑 𝐿𝑒𝑛𝑔𝑡ℎ
Distance to Fin Centroid:

𝑋𝐹 = 𝑋𝐵 +

𝑋𝑅 (𝐿𝑅 + 2𝐿𝑇 ) 1
𝐿𝑅 ∗ 𝐿𝑇
∗
+ [(𝐿𝑅 + 𝐿𝑇 ) −
]
3
(𝐿𝑅 + 𝐿𝑇 )
6
(𝐿𝑅 + 𝐿𝑇 )

Equation 3

Where:

𝑋𝐵 = 𝑁𝑜𝑠𝑒 𝐶𝑜𝑛𝑒 𝑇𝑖𝑝 𝑡𝑜 𝐹𝑖𝑛 𝐿𝑒𝑎𝑑𝑖𝑛𝑔 𝐸𝑑𝑔𝑒 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒
𝑋𝑅 = 𝐹𝑖𝑛 𝑙𝑒𝑎𝑑𝑖𝑛𝑔 𝐸𝑑𝑔𝑒 𝑡𝑜 𝐹𝑖𝑛 𝑎𝑓𝑡 𝐸𝑑𝑔𝑒

80

Nose Cone Coefficient Assumption:

(𝐶𝑁 )𝑁 = 2
Distance to Nosecone Centroid:

𝑋𝑁 =

𝐿𝑁
3

Equation 4

Sum of Coefficients:

(𝐶𝑁 )𝑆 = (𝐶𝑁 )𝑁 + (𝐶𝑁 )𝐹

Equation 5

The numeric terms for each variable were inserted into each respective equation to obtain the
following values.

(𝐶𝑁 )𝐹 = 6.453
(𝐶𝑁 )𝑁 = 2
(𝐶𝑁 )𝑆 = 8.453
𝑋𝑁 = 12.23 𝑖𝑛𝑐ℎ𝑒𝑠
𝑋𝐹 = 93.5 𝑖𝑛𝑐ℎ𝑒𝑠
The obtained values were then used in the CP equation shown below.

𝐶𝑃 =

(2)(12.23)+(6.453)(93.5)
(8.453)

𝐶𝑃 = 74.27 𝑖𝑛𝑐ℎ𝑒𝑠

Center of Gravity Equation:

𝐶𝐺 =

𝑑𝑛 𝑊𝑛 + 𝑑𝑛𝑠 𝑊𝑛𝑠 + 𝑑𝐸𝐵 𝑊𝐸𝐵 + 𝑑𝑅𝐵 𝑊𝑅𝐵 + 𝑑𝑀𝐵 𝑊𝑀𝐵 + 𝑑𝐹 𝑊𝐹
∑𝑊

Equation 6
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Where:

𝐶𝐺 = 𝐶𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 (𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑛𝑜𝑠𝑒𝑐𝑜𝑛𝑒 𝑡𝑖𝑝)
𝑑𝑛 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑡ℎ𝑒 𝑁𝑜𝑠𝑒𝑐𝑜𝑛𝑒 𝐶𝑒𝑛𝑡𝑟𝑜𝑖𝑑
𝑊𝑛 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑁𝑜𝑠𝑒𝑐𝑜𝑛𝑒
𝑑𝑛𝑠 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑡ℎ𝑒 𝑁𝑜𝑠𝑒𝑐𝑜𝑛𝑒 𝑆ℎ𝑜𝑢𝑙𝑑𝑒𝑟 𝐶𝑒𝑛𝑡𝑟𝑜𝑖𝑑
𝑊𝑛𝑠 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑁𝑜𝑠𝑒𝑐𝑜𝑛𝑒 𝑆ℎ𝑜𝑢𝑙𝑑𝑒𝑟
𝑑𝐸𝐵 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑡ℎ𝑒 𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑖𝑐𝑠 𝐵𝑎𝑦 𝐶𝑒𝑛𝑡𝑟𝑜𝑖𝑑
𝑊𝐸𝐵 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑖𝑐𝑠 𝐵𝑎𝑦
𝑑𝑅𝐵 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑡ℎ𝑒 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝐵𝑎𝑦 𝐶𝑒𝑛𝑡𝑟𝑜𝑖𝑑
𝑊𝑅𝐵 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝐵𝑎𝑦
𝑑𝑀𝐵 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑡ℎ𝑒 𝑀𝑜𝑡𝑜𝑟 𝐵𝑎𝑦 𝐶𝑒𝑛𝑡𝑟𝑜𝑖𝑑
𝑊𝑀𝐵 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑀𝑜𝑡𝑜𝑟 𝐵𝑎𝑦
𝑑𝐹 = distance to the Fins Centroid
𝑊𝐹 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝐹𝑖𝑛𝑠
𝐸𝐵 = 𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑖𝑐𝑠 𝐵𝑎𝑦
𝑅𝐵 = 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝐵𝑎𝑦
𝑀𝐵 = 𝑀𝑜𝑡𝑜𝑟 𝐵𝑎𝑦
∑𝑊 = 𝑆𝑢𝑚 𝑜𝑓 𝑤𝑒𝑖𝑔ℎ𝑡
The values for each variable are listed below.

𝑑𝑛 = 17.5 𝑖𝑛𝑐ℎ𝑒𝑠
𝑊𝑛 = 4.065 𝑝𝑜𝑢𝑛𝑑𝑠
𝑑𝑛𝑠 = 33.5 𝑖𝑛𝑐ℎ𝑒𝑠
𝑊𝑛𝑠 = 4.6 𝑝𝑜𝑢𝑛𝑑𝑠
𝑑𝐸𝐵 = 44 𝑖𝑛𝑐ℎ𝑒𝑠
𝑊𝐸𝐵 = 5.05 𝑝𝑜𝑢𝑛𝑑𝑠
𝑑𝑅𝐵 = 58.75 𝑖𝑛𝑐ℎ𝑒𝑠
𝑊𝑅𝐵 = 4.855 𝑝𝑜𝑢𝑛𝑑𝑠
𝑑𝑀𝐵 = 73.25 𝑖𝑛𝑐ℎ𝑒𝑠
𝐴𝐵 = 5.05 𝑝𝑜𝑢𝑛𝑑𝑠
𝑑𝑀𝑅 = 92.3 𝑖𝑛𝑐ℎ𝑒𝑠
𝑊𝑀𝐵 = 14.56 𝑝𝑜𝑢𝑛𝑑𝑠
𝑑𝐹 = 94.16 inches
𝑊𝐹 = 0.571 𝑝𝑜𝑢𝑛𝑑𝑠
Substituting the know values into the CG equation resulted in:
𝐶𝐺𝑤 =

(17.5)(4.065) + (33.5)(4.6) + (44)(5.05) + (58.75)(4.855) + (73.25)(5.05) + (92.3)(0.571)
(4.065 + 4.6 + 5.05 + 4.855 + 5.05 + 14.56 + 0.571)

𝐶𝐺𝑤 = 65.04 𝑖𝑛𝑐ℎ𝑒𝑠 𝑓𝑟𝑜𝑚 𝑛𝑜𝑠𝑒 𝑐𝑜𝑛𝑒 𝑡𝑖𝑝 (𝑤𝑒𝑡)
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𝐶𝐺𝑑 =

(17.5)(4.065) + (33.5)(4.6) + (44)(5.05) + (58.75)(4.855) + (73.25)(5.05) − 4.11
(4.065 + 4.6 + 5.05 + 4.855 + 5.05 + 14.56 + 0.571 − 4.11)

𝐶𝐺𝑑 = 57.74 𝑖𝑛𝑐ℎ𝑒𝑠 𝑓𝑟𝑜𝑚 𝑛𝑜𝑠𝑒 𝑐𝑜𝑛𝑒 𝑡𝑖𝑝 (𝑑𝑟𝑦)
After mathematically confirming the accuracy of the CG and CP locations, OpenRocket and RASAero
produce information on the stability margin during each phase of flight. Each stability margin graph is
shown below.

Figure 103 - Stability Margin during Flight (OpenRocket)

Figure 104 – Stability Margin during Flight (RASAero)
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The following table depicts the location of CP and CG with respect to the nose cone of stability
margin, as well as stability margin at key points during flight.

Stability Calculations
OpenRocket

RASAero

Hand

CP

77.39

77.80

74.27

CG Wet (in)

64.15

63.90

65.04

CG Post Burnout (in)

60.975

60.90

57.74

Stability Margin on Launch Rail

2.57

2.66

2.66

Stability Margin Post Burnout

3.47

3.28

3.01

Table 8 - Stability Calculations Performed by Hand and through OpenRocket and RASAero

Particular launch vehicle flight characteristics must meet or exceed required values to meet NASA SL
requirements as well as have a successful and safe flight. The predicted vehicle performance and safety
factors are stability margin, thrust to weight ratio, drag coefficient rail exit velocity, maximum velocity,
maximum acceleration, and target altitude. The methods used to obtain each characteristic, along with
the final values, are depicted in the following section.
The thrust to weight ratio is found through OpenRocket, RASAero and hand calculations. The thrustto-weight ratio of a vehicle is a dimensionless ratio that indicates the performance of the rocket. To
calculate thrust to weight ratio, the thrust to weight equation is used. The average Thrust from the
motor of choice (Cessaroni L1050) and the total wet weight formulated from the estimated masses. Are
used to calculate thrust. The thrust curves generated by each program are displayed in

Figure 105.
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Figure 105 - Cesaroni L1050 Thrust Curve (OpenRocket)

Figure 106 - Cesaroni L1050 Thrust Curve (RASAero)

The thrust to weight ratio is calculated using the following equation:
Thrust to Weight Ratio Equation:

𝑇
=𝑅
𝑊

Equation 1

Where:
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𝑇 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑇ℎ𝑟𝑢𝑠𝑡
𝑊 = 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑊𝑒𝑡 𝑅𝑜𝑐𝑘𝑒𝑡 𝑊𝑒𝑖𝑔ℎ𝑡
𝑅 = 𝑇ℎ𝑟𝑢𝑠𝑡 𝑡𝑜 𝑊𝑒𝑖𝑔ℎ𝑡 𝑅𝑎𝑡𝑖𝑜
Substituting the known values into the Thrust to Weight Ratio Equation resulted in:

1208.4
= 7.206
167.7
𝑅 = 7.206
While variance occurred between each thrust to weight ratio calculation method for each motor,
each obtained ratio is sufficient for successfully lifting off and reaching adequate rail exit velocity.
The launch vehicle’s vertical velocity profile is obtained from both OpenRocket and RASAero. The
velocity profiles depicted the maximum vertical vehicle velocity, as well as the vertical velocity upon
exiting the launch rail. The vertical velocity profile generated by each program is shown below.

Figure 107 - Vertical Velocity Profile (OpenRocket)
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Figure 108 - Vertical Velocity Profile (RASAero)

The flight characteristics obtained from both programs are depicted in the following table.

Flight Profile Calculations
OpenRocket

RASAero

Thrust to Weight Ratio

7.2

7.2

Maximum Vertical Velocity (ft/s)

603.0

603.5

Drag Coefficient at Max Velocity

0.495

0.540

Rail Exit Velocity (8 ft.) (ft/s)

52.8

53.4

Rail Exit Velocity (12 ft.) (ft/s)

65.1

66.3

Table 3 - Flight Characteristics Comparison Between OpenRocket and RASAero Simulations

The flight profile performance predictions for the launch vehicle are calculated using OpenRocket
and RASAero. The graphs produced by both simulation software are shown respectively in the figures
below.
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Figure 109 – Flight Profile Predictions (OpenRocket)

Figure 110 - Altitude Flight Profile Simulation (RASAero)

The final flight performance predictions for project Lazarus are depicted below.

SPECIFICATION

OPENROCKET RASAERO

Max Vertical Velocity (Mach)

0.54

0.54

Max Vertical Acceleration (ft/s²)

204.0

205.1
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Apogee (ft)

5,278

5,191

Table 4 - Flight Performance Predictions for OpenRocket and RASAero

3.3.2. Landing Kinetic Energies
The following equation was used to calculate the kinetic energy at landing for each independent
and tethered section of the launch vehicle. A descent velocity of 15.6 ft/s and the mass of each
component, located in Table 9, was used to ensure that each section had landing kinetic energy that
was less than or equal to 75 ft-lbf.
Kinetic Energy Equation:
1
𝐾𝐸 = 𝑚𝑣 2
2

Equation 1

Where:
𝐾𝐸 = 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 (𝑓𝑡 − 𝑙𝑏𝑓)
𝑚 = 𝑚𝑎𝑠𝑠 (𝑠𝑙𝑢𝑔𝑠)
𝑣 = 𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 (𝑓𝑡/𝑠) = 15.5𝑓𝑡/𝑠

COMPONENT

WEIGHT (lb)

MASS (slug)

KINETIC ENERGY (ft-lbf)

Upper Rocket Body

17.479

0.543

69.97

Lower Rocket Body

16.327

0.507

65.36

System Total

33.806

1.051

135.33

Table 9 – Kinetic Energy of Independent Sections

3.3.3. Drift
Each event of the rocket will experience different drift distances due to their independent terminal
velocities. To calculate the total displacement achieved, both drift distances will have to be added
together.
For the drogue parachute, it was assumed that Ydrogue is the vertical distance traveled by the drogue
parachute. The drogue is released at 5,278 ft and will remain active until the main parachute is deployed
at 500 ft. Therefore,
𝑌𝑑𝑟𝑜𝑔𝑢𝑒 = 5278𝑓𝑡 − 500𝑓𝑡 = 4778𝑓𝑡
Allowing vdrogue to be the terminal velocity achieved by the drogue as previously determined
𝑣𝑑𝑟𝑜𝑔𝑢𝑒 = 120𝑓𝑡/𝑠
The time the drogue spends being active was then calculated by dividing Ydrogue by vdrogue
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4785𝑓𝑡
= 39.817𝑠
120𝑓𝑡/𝑠
Now multiply this time spent active by the speed of the winds to find the drift distance. See the list of
calculated wind speeds for the drogue parachute in Table 10 below.

V (wind speed mph)

V (wind speed ft/s)

Time (sec)

Drift (ft)

0

0

39.817

0

5

7.333

39.817

291.978

10

14.667

39.817

583.996

15

22

39.817

875.974

20

29.333

39.817

1167.952

w

w

Table 10 – Drogue drift calculations

Next, the main parachute drift distances were calculated using the same method as the drogue
parachute.
For the main parachute, it was assumed that Ymain is the vertical distance traveled by the main
parachute. The main is released at 500 ft and will remain active until contact with ground. Therefore,
𝑌𝑚𝑎𝑖𝑛 = 500𝑓𝑡
Allowing vmain to be the terminal velocity achieved by the main parachute as previously calculated
𝑣𝑚𝑎𝑖𝑛 = 16.05 𝑓𝑡
The time the main parachute spends being active was the calculated by dividing Ymain by vmain
500𝑓𝑡
= 31.153𝑠
16.05 𝑓𝑡/𝑠
Now multiply this time spent active by the speed of the winds to find the drift distance. See the list of
calculated drift distances for the main parachute Table 11 below.

V (wind speed mph)

V (wind speed ft/s)

Time (sec)

Drift (ft)

0

0

31.153

0

5

7.333

31.153

228.445

10

14.667

31.153

456.921

w

w
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15

22

31.153

685.366

20

29.333

31.153

913.811

Table 11 – Main drift calculations

The total system drift distance is then calculated by summing the corresponding results between the
main and drogue parachutes. Those results can be found in Table 12 below.

V (wind speed mph)

V (wind speed ft/s)

Time (sec)

Drift (ft)

0

0

70.97

0

5

7.333

70.97

520.423

10

14.667

70.97

1040.917

15

22

70.97

1561.34

20

29.333

70.97

2081.763

w

w

Table 12 – Main and drogue drift calculations

The total system drift was also simulated and plotted with OpenRocket the results can be found in Table
13 below. Also, individual plots of the drift distance and altitude over time can be found in Figure 111,
Figure 112, Figure 113, Figure 114, and Figure 115.

V (wind speed mph)

V (wind speed ft/s)

Time (sec)

Drift (ft)

0

0

112.479

8.1873

5

7.333

114.36

421.88

10

14.667

113.31

938.21

15

22

113.09

1520.7

20

29.333

111.88

2114.7

w

w

Table 13 – OpenRocket drift totals

91

Figure 111 – Drift and Altitude Over Time with 0 mph Winds

Figure 112 – Drift and Altitude Over Time with 5 mph Winds
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Figure 113 – Drift and Altitude Over Time with 10 mph Winds

Figure 114 – Drift and Altitude Over Time with 15 mph Winds

93

Figure 115 – Drift and Altitude Over Time with 20 mph Winds

OpenRocket takes into account more variables than a basic motion equation includes. Not only is
the altitude of the launch site and the length of the launch rail included, but also there is a 1 second
delay after apogee before the drogue is ejected. Because OpenRocket strives for a more realistic
simulation and as such it also simulates the rocket drifting in both a left and right lateral direction
resulting in the final numbers produced differ greatly as seen in the drift vs. altitude plots, found below
in Figure 116, Figure 117, Figure 118, Figure 119, and Figure 120, respectively.

Figure 116 – Drift vs. Altitude with 0 mph Winds
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Figure 117 – Drift vs. Altitude with 5 mph Winds

Figure 118 – Drift vs. Altitude with 10 mph Winds
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Figure 119 – Drift vs. Altitude with 15 mph Winds

Figure 120 – Drift vs. Altitude with 20 mph Winds
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3.4. Fullscale Flight Results
The team utilized both OpenRocket and RASAero to simulate the flight trajectory of the full scale
launch vehicle for the full scale test flight. Shown below are the 2D launch vehicle representations in
each software. Openrocket predicted a maximum altitude of 4,242 feet while RASAero predicted an
altitude of 4,325 feet. Some other key predicted characteristics of the launch vehicle are, a stability of
2.34, a maximum velocity of mach 0.46, a thrust to weight ratio of 6.88, and a velocity of 65.75 ft/s at
launch rail exit. The actual full scale test launch was a failure of the air brake system as outlined in the
paragraphs ahead. The launch conditions in Amherst, Ohio on the day of the test launch were 37 °F and
approximately standard atmospheric pressure. The wind speeds were about 13 mph. The team used an
8 foot launch rail similar to the one that will be used for the competition flight.

Figure 121 - Flight Profile Predictions for Test Flight (OpenRocket)

Figure 122 - Flight Profile Predictions for Test Flight (RASAero)
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Prior to launching the full scale rocket, the team detected a battery disconnection in the air brake
system that kept the system from functioning properly, so the entire air brake electronics was turned off
for the entirety of the flight due to safety concerns. Due to the force of thrust off the launch rail, the
attachment of the servo motor to the air brake servo keyway was separated, allowing the air brake fins
to move relatively freely. The photo below shows the servo motor attached to the servo keyway, which
drives the fins, prior to launch followed by the post-flight view of the servo motor detached.

Figure 123 - Photo of Servo Motor Attachment to Air Brakes

Figure 124 - Photo of Servo Motor Detached Post-Flight

As the launch vehicle exited the launch rail and fishtailed into the wind, the resulting correction of
the rocket to stabilize itself produced enough torque to deploy the air brake system and result in a very
low stability throughout the rest of the flight.
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The rocket exited the launch rail seemingly slower than expected, which could have been the result
of a faulty motor as our mentor suggested, but the root cause of the pre-mature air brake deployment
can be reduced to a poorly constrained air brake electronics sled. After analyzing the system postlaunch, the team believes that placing nuts underneath the sled to keep it in place along the threaded
rod system and keep the servo motor attached to the air brakes servo keyway as shown above will
result in a fully constrained system that will not allow the deployment of the air brakes until the desired
time.
The Cesaroni L995 motor was used for the test flight based on its similar length and diameter to the
L1050 competition motor, but with a lower total impulse of 795.96 lb∙s. The thrust curve for this motor
is shown below.

Figure 125 - Cesaroni L995 Thrust Curve

The team ran a post-flight simulation with the air brakes deployed as “fins” in OpenRocket.
Below is the OpenRocket model followed by the resulting flight profile.

Figure 126 - Post-Flight OpenRocket Model with Air Brakes Deployed
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Figure 127 - Post-Flight OpenRocket Flight Profile

The launch vehicle expected to reach an apogee of 3,630 feet with a rail exit velocity of nearly 55.4
ft/s. However, OpenRocket cannot adjust the orientation angle of the air brakes relative to the fins,
which the team believes resulted in the instability of the launch vehicle throughout the rest of the flight.
The OpenRocket model still shows a stability margin of 2.32 with the air brakes deployed.
Overall, the team attributes the failure of the flight to a poorly constrained air brakes electronics
system. The team is hoping to adjust the sled design for alignment and add nuts underneath the sled to
prop the servo motor up against the air brakes throughout flight. The team also hopes to perform
another test flight with the rebuilt launch vehicle prior to competition. The team believes the
orientation of the air brakes relative to the fins would not have resulted in the catastrophic failure had
the fins deployed near the end of the coasting phase, as the rocket would be decelerating. Since the
launch vehicle was still under the force of thrust and attempting to correct its orientation in the wind,
the deployment of the air brake system most likely resulted in a low stability that sent the vehicle into a
corkscrew prior to plummeting to the ground.

Airframe
The launch vehicle airframe took some major damage as a result of the test flight. The motor body
tube showed large fracture points near the air brake slots, likely due to impact with the ground that
caused the deployed air brakes to push into the top section of the tube. However, the rest of the motor
body tube survived the entirety of the test flight and it would be re-flyable if not for the fracture points
near the air brake slots. A photo of the motor body tube post-flight is shown below.
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Figure 128 - Photo of Motor Body Tube Post-Flight

The parachute body tube and upper coupler appeared relatively unharmed through the test flight.
There are minimal visual cracks or breaks in the tubes and they appear prepared for another flight if
necessary. A photo of both the parachute body tube and upper coupler post-flight is shown below.

Figure 129 - Photo of Parachute Body Tube and Upper Coupler Post-Flight

The lower coupler mostly survived the flight with minor peeling of the inner fiberglass layer. It
should be reusable with minimal sanding of the frayed fibers. A photo of the post-flight lower coupler is
shown below.
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Figure 130 - Photo of Lower Coupler Post-Flight

Overall, the team feels that the airframe would have been strong enough to survive the
aerodynamic forces of flight and recovery since most of the damage was a result of impact with the
ground.

Nose Cone
The Von Karman nose cone suffered significant damage through the test flight. Upon impact with
the ground, the PLA nose cone tip was destroyed and the carbon fiber body tore into two pieces at the
end of the shoulder near the payload bulkhead location. The ballast system was intact, but with a bent
¼” rod as a result of the impact. A photo of the post-flight, recovered nose cone body is shown below.

Figure 131 - Photo of Nose Cone Post-Flight

Since the rocket did not reach its coasting phase and no altimeter data was retrieved, the drag
coefficient of the launch vehicle could not be determined from the test flight. The team also believes
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that the nose cone would have been robust enough to survive all aerodynamic forces of flight since the
damage to the cone only occurred during impact.

Fins
The fins survived impact without damage although the fin can fractured at some points. Just as in
the subscale flight, the full scale rocket fin can flanges broke off, leaving one fin on the ground near the
launch vehicle. However, the fin can remained largely intact for such a catastrophic impact with the
ground. The team believes the fins and fin can were robust enough to survive the flight had the air brake
failure not occurred. Flutter results could not be obtained since the launch vehicle did not reach its
expected maximum velocity. A photo of the fin can and fins post-flight still attached to the motor mount
tube is shown below.

Figure 132 - Photo of Fins and Fin Can Post-Flight

Bulkheads
All launch vehicle bulkheads, centering rings and hardware survived the flight with no damage
except for one screw in the lower recovery bulkhead was sheared off and the length of the screw
remained in the tapped hole. A photo of the sheared screw left in the lower recovery bulkhead is shown
below. This is the only bulkhead that would need re-built to launch again.

104

Figure 133 - Photo of Lower Recovery Bulkhead with Sheared Screw Post-Flight

The team believes the test flight has proved the reliability of all bulkheads, centering rings and
hardware since none of the components were expected to experience forces near the force of impact
with the ground that the test flight saw. The entire motor bay including the motor mount tube and
motor were unharmed. A photo of the motor mount tube with all centering rings intact post-flight is
shown below with the fin can still attached.

Figure 134 - Photo of Motor Mount Tube Post-Flight
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The motor retention system the team switched to during the CDR phase was also flawless. The
aluminum motor cap retained the L995 motor without any problems. This was a lesson learned from the
subscale flight.
The entire stability ballast system, including the deployed air brakes survived the flight structurally.
The air brakes show markings of being pushed against the upper slot of the body tube on the side that
impacted the ground. Shown below is a photo of the air brake system post-flight.

Figure 135 - Photo of Air Brake System Post-Flight

The upper recovery bulkhead and payload bulkheads showed no signs of damage as the upper
recovery bulkhead was located in the unharmed parachute body tube and upper coupler while the nose
cone bulkhead and its hardware stayed connected as the nose cone broke into two pieces in this
location.
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Canopy
During the full-scale test, the parachutes did not eject due to a loss of power to the altimeters
during flight. Thus, data was not able to be collected on how the canopy design stands up to the
calculations and predictions. If a relaunch is possible, the canopies will be tested to their fullest. The
team’s confidence in the parachute canopies is not faltered, due to the exceeded expectations with
previous launches. The Akronauts have a history of successful canopy designs over the course of the
team’s existence since 2015. See table below of all canopy tests with student-built parachutes.

TEST

DATE

RESULTS

DETAILS

Erebus Competition Flight
Daedalus Competition Flight
Zaphod Test Flight
Zaphod Test Flight
Zaphod Competition Flight

6/20/2015
6/24/2016
2/24/2017
3/2/2017
4/8/2017

Successful
Successful
Successful
Successful
Successful

Launched at 2015 IREC Competition
Launched at 2016 IREC Competition
2017 NASA USLI Test Flight
2017 NASA USLI Re-Test Flight
Launched at 2017 NASA USLI Competition

Table 14 – All launches completed by Akronauts utilizing student-built parachutes

Ejection System
The full-scale test demonstrated the need for stronger, more robust battery holders for the
altimeters. During the flight, at about 16 seconds, according to the intact altimeter, the devices lost
power. It is believed that due to the unstable flight, the battery holders gave way and the batteries
disconnected from both altimeters. This left them free to move around and damage the altimeters.
Since the altimeters had no power, by the time the rocket began its descent, they no longer were
available to trigger the ejection charges. However, regardless of the altimeter failure, the Jolly Logic
Chute Releases found on the main parachute appeared to have worked flawlessly and were retrieved
unscathed. This gives confidence in their reusability and independence from the rest of the rocket
systems.

Electronics
The recovery electronics suffered damage on impact with the ground. Data can be retrieved from
the GPS. The test flight of the rocket caused the 9v battery holders to break, dislodging the batteries.
The impact of the batteries on the RRC3’s caused damage to the boards as well as the piezoelectric
buzzer. The team will be sending the units that were damaged back to the manufacturer in order to be
repaired so that any information possible can be extracted; in addition, the battery holders will be
replaced with more secure battery fasteners. Without data from the altimeters, the GPS gives a 2D flight
path, which mainly shows the path of the rocket to and from the launch pad as seen below.
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Figure 136 - The GPS path shown superimposed on Google Earth
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Section IV. Payload Criteria
Design Changes
Partially threaded rods were added to the nose cone payload bulkhead assembly. They run
approximately 5.25” into the payload bay and are mechanically attached to the bulkhead with hex nuts
that secure them from above and below. These were incorporated to prevent the rover from rotating
during flight and creating a moment in the rocket, a concern that was raised during the CDR
presentation.
The solar panel arm has been moved from the top of the rover to the back side of the rover for ease
of deployment and to maximize space for the rover electronics. With the panel deploying from the side
and the hinge at the base of the rocket, once the arm is released and is pushed slightly by the torsion
spring gravity will be helping the arm open. In the prior design, the arm would have had to overcome
gravity in the first half of its deployment. Moving the panel door also enabled the top section of the
rover to be arched, a feature that maximizes internal space for the electronics components while still
staying within the diameter of the rover wheels.
Rover navigation will utilize sonar sensors instead of IR sensors due to their superior performance in
daylight. The IR sensors work well while indoors and in a bright environment, however outside they will
pick up IR signals from the sun and therefore be moderately unreliable. The sonar sensors do not have
this issue as it detects audio signals.
2 Eye bolts are to be attached to the upper body payload bulkhead during assembly to make it
easier to install within the airframe by offering points to push, pull, and rotate the bulkhead by. They will
screw into female adaptors that are epoxied onto the bulkhead and the eyes will hold the spring in a
slightly compressed state. This will allow the person responsible for installing the bulkhead to do so
while protecting their hand from the live black powder charges that are attached to the bulkhead. The
eyebolts will then be removed before the payload is inserted into the payload bay.
A collapsing tube system was added around the upper body spring to ensure that the spring
compressed purely vertically. Before this system was added, the upper body spring would buckle and
move around in different directions rather than compressing straight down, making it incredibly difficult
to compress fully and to install the payload.
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4.1. Structural Design
Body Design
The body of the over is made up of two parts: the baseplate and the top section. The parts are both
3D printed and are attached at 4 points on two different planes to increase rigidity. 3D printing the body
components gave unparalleled control over the design. Had this not been the case, the current design
likely would not have been possible due to the complexity of each component and the limitations of
machining. The attachment points were designed to make assembling the parts easy to do without
tools. When assembled, the base plate makes up the bottom and front surfaces of the rover while the
top section makes up the outer walls and the top surface. The rear of the rover body, as seen in Figure
137 and Figure 138, is partially covered by the solar panel arm. This was a design choice that allows easy
access to the two internal attachment points to the power sources’ charge ports.

Figure 137 — Rover Rear View Closed

Figure 138 — Rover Rear View Open

The base plate has recesses and slots designed into it to best fit and secure the internal electrical
components. The front face of the baseplate has 3 slots cut into it; the outer two slots house one
ultrasonic sensor each and the central slot is left open to offer easy access to the internal electronics so
that the rover can be reprogrammed without having to disassemble the system.
The top section bridges over the internal electronics and holds the three motors in place. The two
servos that run the wheels are locked into place through the attachment of the base plate and top
section while the servo that actuates the solar panel latch is locked into place by shape of the
designated section. The top face of the rover is arched to improve internal space for the electronics
components while still staying within the diameter of the wheels.
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Mobility Design
We have not had too much mobility design variation from our CDR submission. Our mobility
platform remains a two wheeled, self-balancing autonomous body; with main changes being in the
wheel mounting and power transmission.
Through the Payload Design Matrix, we had decided to pursue this two-wheeled self-balancing
option over our previous alternative models; and that the additional third wheel was a last resort
installation. In an unknown terrain, the least amount of contact with the ground can generally be
considered best, and not needing an additional wheel and assembly struts are a benefit in that regard.
We have moved away from this development, and no longer include the mounting cavities in our
payload body revisions.

Figure 139 — Rover Wheel

The measurable development of the rover mobility has been in the mounting system for the 3D
printed wheels to the DC motor shafts. With an un-keyed shaft diameter of 2mm, we require as set
screw system to secure a coupler mount. This is to be accomplished with an extruded over-mold shaft
feature on the 3D printed wheels, allowing the servo shaft to insert directly into this over-mold
extrusion. This over-mold includes a small threaded machine screw anchor insert, which prevents the
strong thread engagement for our set screw applied torque. We opted for the metal anchor insert over
printing threads the 3D printed material, for strength and longevity of the part. This metal inset allows
for the set screw to be removed and wheels to be switched sides; which continues to allow adaptation
to various harder or softer soil conditions.
We continue with our 3D printed wheel tread pattern from the CDR phase. This exaggerated Xtread offers two orientations with distinct benefits based on terrain conditions. With a diameter of 4.70”
and wheel width of 1.23”, we are within clearance of our payload bay ejection system diameter. It is
worth noting that the diameter of the wheels has decreased less than 0.1” due to manufacturer error
with the coupler we are housed within; the coupler was supposed to have a 4.815” inner diameter but
came in with a 4.75” inner diameter.
Having launched at last year’s NASA SL 2017, we had a strong idea of the terrain conditions our
rover would face. The development of this soil tread pattern, with a relatively deep tread depth of
0.310” allows light soil to be caught within the negative space giving traction on uneven surfaces.
As the soil wheel dimensioned print shows, there are benefits to either wheel orientation facing
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front. Our soil tread wheel testing accounts for various “angles of repose” for expected soil makeups
and conditions. The average angle of repose (and therefore incline angle) we expect about 30 degrees.
The orientation shown below, “Points facing forward” is the most likely applied orientation. The
points allow the wheels to dig into slightly harder soil or inclines, while the indented V between them
allow soil/material to be caught and thrust against to propel the rover forward. The gap between each
repeating tread X is wide to allow for soil or small debris corners ample surface area to contact.
The reverse orientation is designed for slightly looser, sandy conditions. In the second
orientation, the wider V feature cups loose soil or sand, compacting it within the wheel tread to thrust
against. A bald, flat tread tire in the same conditions would encounter wheel slip and be unable to gain
inertia. The wheels are to be printed in ABS plastic with a high percent fill for material strength. There is
also the option to add a surface finish to the tread, to increase durability and traction through friction.
This finish could be anything from plasti-dip to an adhered laminate, however the current wheel
design would impose a 0.050” maximum material thickness condition all around the wheel diameter.
Anything more would create interference with the inner way of the payload bay, creating issues for the
ejection system

Figure 140 — Rover Front View with Tread Options
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4.2. Electronics Design
There has been a lot of progress in the development of the payload software since the CDR. Detailed
below is the current state of the software.
Importing and beginning of code:
To begin, libraries Adafruit_MotorHAT, and Adafruit_DCMotor are imported to enable use of the
functions in these libraries. The functions in these libraries allow control of the motor hat and DC
motors. Time and atexit are then imported to allow use of the functions in these libraries. A test was
created that will print out “Library import: Success” if the importation of the libraries was successful. We
Then, a motor hat object was created named mHat that uses its default address of addr=0x60.
From mHat, two motor objects were created named motor_1 and motor_2. Next, a test that will print
out “Success” if the two motor objects were created successfully and “Fail” if the creation was
unsuccessful was created
Movement functions:
Next, we made functions for the different directions of movement. The first function was the forward
direction. This function will start off by printing out “Forward!” to indicate it will be moving forward.
Both motors will then spin forward for 1 second. Then, both the motors were turned off to signal a
change in direction is occurring. The next function that was made was for the backward direction. We
began by printing “Backward!” to indicate that this was the direction the wheels were moving. The two
motors were then made to spin backwards for 1 second each. Both motors were again turned off to
indicate a change in direction. The next function that we made was a left turn function. This function
starts off by printing out “Left!” to indicate that this is the direction that it is going. This function will tell
the first motor named motor_1 to turn backwards for 1 second. This function will then tell the second
motor named motor_2 to spin forwards for 1 second. After this, both motors will be shut off to indicate
the change in direction. The final direction function that we made was the right turn function. This
function starts off by printing “Right!” to indicate that this is the direction that it is moving in. This
function will then tell motor_1 to spin forward for 1 second. Afterwards, it will tell motor_2 to spin
backwards for 1 second. It will then turn both of the motors off to indicate the change in direction.
Movement test function:
A function was defined to test the movement of the rover. This function calls the 4 movement functions.
It will execute the 4 functions to make sure that they are all functionally.
Moving the rover:
We called the setSpeed function found in the Adafruit_DCMotor library and used this to set the speed of
the two motors to 200 rotations per minute each. Then, the test movement function was called to test
the motors movement. Afterwards, the function printed “Done!” to indicate that the movement was
done.
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Exit of code:
We used the register function found in the atexit library and passed it the code to turn off the motors so
that it will insure that the motors are turned off. This will insure that the motors are indeed off and
won’t continuously spin.
- Rev 2 (WIP) Rev 2 has expanded on Rev 1 by adding the use of buttons to activate certain functions. A breadboard
was connected to the motor hat’s GPIO pins, and the GPIO library was imported to the code. A single
button is added onto pin 17 of the breadboard. A loop is created to continuously read input from GPIO
until the button is pressed, which will activate the movement test codes.
- “Direction Detection Test This test was created to test if certain portions of the code can be activated from an input. It expands
upon Rev 2’s single button input, by extending it to four buttons using pins 4. 17. 18, and 27.
- Motor Obstruction Test This test was created to test if input from a sonar sensor would be able to move and stop the motors of
the payload.
Check Distance:
An algorithm is defined to output a sonar signal and read when it is returned to calculate distance of a
detected object. A second function takes the distance calculated as a variable and determines if the
object is close enough to respond to.

Movement test:
A loop is created to continuously move the motors forward and check the distance in front of the sonar
sensor. If an object is detected as too close, it will turn left by 90 degrees and check the distance in front
of the sonar sensor again. If an object is no longer found, the payload will move forward and then turn
right by 90 degrees to correct its forward path. If an object is still detected, the payload will rotate right
by 180 degrees and move forward, then turn left by 90 degrees to correct its forward path.
Code Shown Below:
#Import motor libraries
from Adafruit_MotorHAT import Adafruit_MotorHAT, Adafruit_DCMotor
import time
import atexit
""" testing motor 1 and 2 """
#Libraries successfully found and imported
print "Library import: Success"
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#creates an object for the motor hat, uses its default
#address of 0x60, required to create a motor object
mHat = Adafruit_MotorHAT(addr=0x60)
#Creates object for motor in header M1 on motor hat
motor_1 = mHat.getMotor(1)
#Creates object for motor in header M2 on motor hat
motor_2 = mHat.getMotor(2)
#Checks that motor 1 and motor 2 were successfully created
#output "Success" when successful, "Fail" when failure
if motor_1 and motor_2:
print "Motor creation: Success"
else:
print "Motor creation: Fail"
#turns off motor_1 and motor_2
def turnOffMotors():
motor_1.run(Adafruit_MotorHAT.RELEASE)
motor_2.run(Adafruit_MotorHAT.RELEASE)
time.sleep(2.0)
#Moves Forwards
# both motor_1 and motor_2 spin forward
def moveForward():
print "Forward!"
#sets motor_1 and motor_2 to spin forward for 1.0 seconds
motor_1.run(Adafruit_MotorHAT.FORWARD)
motor_2.run(Adafruit_MotorHAT.FORWARD)
time.sleep(1.0)
#turns off the motors to signal a change in direction
turnOffMotors()
#Moves Backwards
# both motor_1 and motor_2 spin backward
def moveBackward():
print "Backward!"
#sets motor_1 and motor_2 to spin forward for 1.0 seconds
motor_1.run(Adafruit_MotorHAT.BACKWARD)
motor_2.run(Adafruit_MotorHAT.BACKWARD)
time.sleep(1.0)
#turns off the motors to signal a change in direction
turnOffMotors()
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#Makes a Left Turn
# motor_1 spins backward while motor_2 spins forward
def turnLeft():
print "Left!"
#Sets motor 1 to spin backward for 1.0 seconds
motor_1.run(Adafruit_MotorHAT.BACKWARD)
#Sets motor 2 to spin forward for 1.0 seconds
motor_2.run(Adafruit_MotorHAT.FORWARD)
time.sleep(1.0)
#turns off the motors to signal a change in direction
turnOffMotors()
#Makes a Right Turn
# motor_1 spins forward while motor_2 spins backward
def turnRight():
print "Right!"
#Sets motor 1 to spin backward for 1.0 seconds
motor_1.run(Adafruit_MotorHAT.FORWARD)
#Sets motor 2 to spin forward for 1.0 seconds
motor_2.run(Adafruit_MotorHAT.BACKWARD)
time.sleep(1.0)
#turns off the motors to signal a change in direction
turnOffMotors()
#Tests all movement functions in the following order:
# Forward, Backward, Turn Left, Turn Right,
# Pivot Forward-Right, Pivot Forward-Left,
# Pivot Backward-Right, Pivot Backward-Left
def testMovement():
print "Testing movement functions..."
time.sleep(2.0)
moveForward()
moveBackward()
turnLeft()
turnRight()
#set speed of motor_1 and motor_2 to 50
motor_1.setSpeed(200)
motor_2.setSpeed(200)
print "Set speed of motor 1 and motor 2 to: 50"
#test the movement of motor_1 and motor_2
testMovement()
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print "Done!"
#Ensures that the motors have turned off
# Executed when the program terminates
# Prevents motors from continuously spinning
atexit.register(turnOffMotors)
#Block of code for a loop to test activation of code
#using a button press.
# NEEDS WORK
""" buttonLoop = False
while(buttonLoop):
#Sets motor_1 to spin forward
motor_1.run(Adafruit_MotorHAT.FORWARD)
#Motor spins for 1 second before stopping
time.sleep(1)
#sets motor_1 to stop spinning
motor_1.run(Adafruit_MotorHAT.RELEASE)
#Motot_1 stops spinnking for 0.5 seconds
time.sleep(0.5)
#Sets motor_1 to spin backward
motor_1.run(Adafruit_MotorHAT.BACKWARD)
#Motor spins for 1 second before stopping
time.sleep(1)
#sets motor_1 to stop spinning
motor_1.run(Adafruit_MotorHAT.RELEASE)
#Motot_1 stops spinnking for 0.5 seconds
time.sleep(0.5) """
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Ejection System Design
The payload ejection system has two parts; black powder charges to separate the payload bay, and a set
of compressed springs to remove the rover from the internal structure of the rocket. The compressed
spring system can be further broken up into two sections; the upper body ejection assembly and the
nose cone ejection assembly. The completed assembly can be seen in Figure 141 and Figure 142.

Figure 141 — Payload Bay Compressed

Figure 142 — Payload Bay Extended

The upper body assembly is the more complex of the two. It is comprised of two 16 gauge steel plates,
black powder ejection charge cups made of PVC, an 11” long spring made of music wire, 2 female 3/8”
thread adapters, and a 3D printed telescoping assembly. The assembly compresses down to within 2”.
Figure 143 and Figure 144 show the assembly compressed and uncompressed.

Figure 143 — Upper Body Ejection Assembly Compressed
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Figure 144 — Upper Body Ejection Assembly Extended

There was a concern raised that, during installation, there would be a hand in very close proximity to
live black powder and that it would be difficult to adjust the section to align the bulkhead screw holes.
To mitigate both of these concerns, the female thread adapters will be epoxied to the spring attachment
plate so that eye bolts can be attached. These will hold the plate down a few inches so that it protects
the installers hand form the black powder, and will give points to push, pull and rotate the bulkhead by
for installation. After the bulkhead is installed, the eye bolts can be unscrewed and removed. Figure 145
and Figure 146 show how this will work.

Figure 145 — Upper Body Installation with Eyebolts
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Figure 146 — Upper Body Installation without Eyebolts

The nose cone assembly is less complex but very similar in design to the upper body assembly. Two steel
plates bookend a 8” long music wire spring. One of the plates will push distribute the spring force to the
rover, the other is mechanically attached to the bulkhead. Two 6” rods run through the assembly to
prevent the rover from rotating during flight, however they are shorter than the run length of the spring
and therefore will not interfere with the rover post ejection. This assembly can be seen compressed and
uncompressed in Figure 147 and Figure 148.

Figure 147 — Nose Cone Ejection Assembly Compressed
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Figure 148 — Nose Cone Ejection Assembly Uncompressed

For both sections, the springs will be welded to the plates. This process can be seen in part in the
following images.

Figure 149 — Steel Plate Fabrication

Figure 150 — Nose Cone Spring Assembly Construction
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Figure 151 — Upper Body Spring Attachment
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4.3. Drawings and Schematics

Figure 152 — Rover Base Sheet
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Figure 153 — Rover Top Sheet
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Figure 154 — Solar Panel Arm Sheet
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Figure 155 — Rover Assembly Sheet
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4.4. Construction
Due to component acquisition issues, the rover has not been fully constructed. Although some
crucial parts have yet to be delivered, the construction process can still be shown as the rover was
designed with ease of assembly in mind. The following steps document how to assemble the rover:
Step 1
Moving the rod from right to left, insert the partially threaded rod roughly an inch through the right
hinge-hole with the threads passing through first. Slide on the torsion spring and the solar panel arm,
and then push the rod leftwards until the threaded section is past the solar panel arm attachment
section. Once in this position, screw a half-thickness ¼” hex nut on all the way to the end of the
threaded section. Figure 156 shows how the assembly should look at the end of this step.

Figure 156 — Rover Assembly Step 1
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Step 2
Align the rod with the left side hinge-hole and push it through slightly. Take a ¼” nut and screw it on
to the protruding threads. Screw it on until the two nuts sandwich the anchor point and the assembly
looks like Figure 157.

Figure 157 — Rover Assembly Step 2
Step 3
Screw an 8-32 nut onto a half inch long 8-32 screw. Insert the screw into the hole on the solar panel
arm and then use an 8-32 locknut to secure the screw in place. Try to screw it on as little as possible
while still locking the nut onto the screw, as this will make it easier to set the servo driven latch. Screw
the other nut down to lock the screw in place. The solar panel arm should look like it does in Figure 158.

Figure 158 — Rover Assembly Step 3
Step 4
Insert the ultrasonic sensors and the wheel-driving servos as seen in Figure 159. The ultrasonic
sensors should be inserted from the backside of the rover and then locked into place with either servo
screws and nuts or another temporary attachment method, such as tape, for short term, non-launch
uses. The servos should be rested in the recessed slots on the right and left side of the base plate with
the axles pointing out.
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Figure 159 — Rover Assembly Step 4
Step 5
Insert the lipo battery on the left side of the rover, standing on the longest section as a base. Slide
the USB rechargeable battery into the left side as well, with the USB ports lined up with the hole in the
alignment rail. Place the Raspberry Pi on top of the battery such that the pins extending from the Pi are
past the edge of the battery and the plug-in ports are accessible through the central slot in the rover
body. This alignment can be seen in Figure 160.

Figure 160 — Rover Assembly Step 5
Step 6
Insert the servo-latch component into the retention slot that was made for it on the top section. It
may need to be put in at a slight angle to make the bottom platform deflect as needed, however once
the servo is in place the bottom should return to where it was and secure it. Figure 161 and Figure 162
show how this should look before and after the servo is placed.

Figure 161 — Rover Assembly Step 5.5
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Figure 162 — Rover Assembly Step 6
Step 7
Place the top plate on top of the base plate so that the attachment holes line up. The assembly
should look similar to Figure 163.

Figure 163 — Rover Assembly Step 7
Step 8
Insert two 0.5” long, ¼” thread bolts through the attachment holes from the front. Screw on a single
¼” nut on each bolt from the back side. Figure 164 shows how the assembly should look after this step.

Figure 164 — Rover Assembly Step 8
Step 9
Insert two 0.5” long, ¼” thread bolts from the bottom of the assembly up through the attachment
holes. Set the assembly down on a flat surface, and then screw a single ¼” nut on each bolt from the
inside of the assembly. This can be done from the back side, as can be seen in Figure 165. Pick the rover
back up and hand tighten the nut and bolt. As Figure 166 shows, the bolt heads will be countersunk into
the base.
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Figure 165 — Rover Assembly Step 9

Figure 166 — Countersunk Bolts
Step 10
Attach wheels to the servo axles in the desired tread orientation. As seen in Figure 167, the treads
can face either direction depending on the terrain. Notice that the rover in the figure shows the same
wheel model on opposite sides, hence the opposite tread directions.

Figure 167 — Rover Assembly Step 10
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4.5. Payload Differences from Past Designs
The overall functional and milestones design of our rover have not changed since the primary
payload model decisions were made at the PDR phase. We have continued with our primary design of a
self-balancing, two-wheeled autonomous rover; but have had variations to the exact components
accomplishing these tasks. Over the design phases, we had slotted our navigation system to feature an
ultrasonic sensor, then an IR range finder module, and now returned to an Ultrasonic Range sensor
module for our rover navigation. This has latest development has been during the testing phase, where
we found the ultrasonic sensor to fare better than the IR sensor modules in outdoor sunlight. We have
also opened an access port in the front of the rover chassis for easy access to the raspberry pi.
Another development has been a relocation of the deployable, spring loaded solar panel
system. The original location of this opening panel on top of the rover body required a lot of internal
real estate, which was already at a premium with the larger power supply batteries. Moving this opening
panel to the rear not only allows more usable internal space of the rover chassis, but gives a gravity
assist to the panel deployment motion. This will still be driven by a torsion spring around the panel axle,
which will be locked by a servo arm latch.
Due to fabrication issues, we have a further simplified our wheel mounting system. We had
designed a 3D printed coupler with a male “star key” feature to lock with the star pattern of the 3D
printed wheel but have since simplified the design. The key characteristics of the wheel have not
changed, but we now plan to simplify the design to be only one 3D printed wheel part mounted directly
to the servo shaft. This will provide a smooth material transition feature, preventing further point
stresses and failure points. With only one set screw required for secure assembly, it will also allow for
quicker adaptation to different wheel designs for different terrain the rover could encounter.
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Section V. Safety
This section of the report contains the Personal Hazard Analysis, Failure Mode Effect Analysis, And the
Environmental Risk Analysis. The Safety Officer has taken the feedback from the CDR stage and applied
the necessary updates.

5.1. Failure Mode Effect Analysis
The Failure Mode Effect Analysis has been broken into subsystems to better manage more components
are more situations that the team may witness. They appear in the following order: Aerostructure,
Propulsion, Electronics, Payload, Recovery.

Aerostructure FMEA
Hazard

Cause

Effect

Nut-screw
assembly
becomes loose

Fin detaches
from the
launch vehicle
causing the
rocket to travel
along an
undesired
trajectory

C4

Screws not
strong enough

Fin detaches
from the
launch vehicle
causing the
rocket to travel
along an
undesired
trajectory

C4

Improper
strength of fins

May cause the
rocket to travel
along a
dangerous
trajectory

Fins fall off
during flight

Fin Flutter

Pre-RAC

C4

Mitigation
Nylon lock nuts
and or loctite will
be used to
reduce chance of
loosening.
Tightness is
checked prior to
launch.
The screw
chosen for the
design will be
chosen based on
a safety factor in
strength as
calculated in the
team's screw
strength
calculator
Fin thickness and
material has
been tested in a
wind tunnel as
well as in virtual
analyses

Verification

Post-RAC

Determined
in Design
Matrices in
PDR

C1

This has been
completed in
the PDR

C1

This has been
completed in
the PDR

C4
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Weak fin can
material

Fin can
fracture

Vibrations

Fin can melt

Overexposure
to heat from
the motor

Fin detaches
from the
launch vehicle
causing the
rocket to travel
along an
undesired
trajectory
Fin detaches
from the
launch vehicle
causing the
rocket to travel
along an
undesired
trajectory
Fin detaches
from the
launch vehicle
causing the
rocket to travel
along an
undesired
trajectory

Catastrophic
failure

Couplers or
body tube
breaks under
launch
force/torque

body tube
strength
insufficient

Improper
winding of
tube

Aerodynamics
of the rocket
may cause the
rocket to travel
along an
undesired
trajectory

Catastrophic
failure

D4

Fin can will be 3D
printed with
100% infill to
maximize part
strength

Material
choice is seen
in the PDR
and Material
survived
subscale
launch

D1

D4

Ensure that the
fin can assembly
maintains tight
tolerances to
have snug fits
and securely
tighten all bolts

This is
verified in
section 6.3.1
of the FRR

D1

ABS plastic
fin can did
not melt
during subscale testing

C1

Body tube
testing was
completed in
the CDR

D1

Body tube
testing was
completed in
the CDR

D1

Verify
training
within the
training log in
team safety
manual

D1

C3

D4

D4

D4

The Glass
transition
temperature of
ABS plastic is
higher than the
temperature that
the motor casing
will reach during
motor burn
Body tubes have
been strength
tested to
withstand the
necessary forces
to a safety factor
of X
Body tubes have
been strength
tested to
withstand the
necessary forces
to a safety factor
of X
Winding will be
performed by a
member who is
trained to wind
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Premature
detachment
of separating
components

Separation
couplers fail

Rocket
catches fire

Airbrakes do
not deploy

Shear pins not
strong enough
to withstand
forces of flight

Rocket
separates
prematurely
during flight

Undesired
shifting of
internal
components

Center of
gravity changes
decreasing
stability thus
increasing
probability of
improper
trajectory

Low
thermal/highly
flammability
materials used
near the motor

Heat from
motor ignites
rocket
components

Brake blocks
unaligned with
holes

Rocket
overshoots the
altitude target

Brake blocks
Jam due to
unwanted
shifting of the
guide tracks

Brakes do not
deploy and
overshoot the
altitude target

Electronics
failure

Brakes do not
deploy and
overshoot the
altitude target

C3

Calculations will
be performed to
confirm strength
of
bolts/screws/pins

This is
covered in
the final
vehicle
design
section of
CDR

C1

B4

All components
will be securely
attached so that
components do
not move

This is
confirmed
with the subsystem lead
sign off at the
end of each
procedure

B1

D4

Choose materials
to use around
the motor that
have low to
nonflammable
properties

All materials
selected with
heat and
flammability
in mind in the
decision
matrices in
the
Preliminary
Design
Review

D1

B3

Design the blocks
with a loose
Checked
sliding fit through
during
the holes and
Aerostructure
securely attach
assembly
the mechanism
procedure
to the body tube
so it doesn’t shift

B1

B4

The assembly will
be cleared of
clutter that could
stop the guide
tracks

Checked
during
Aerostructure
assembly
procedure

B1

B4

Tests will be
completed to
ensure the
electronics will
activate the
brakes

Air break
design and
testing is
discussed in
the vehicle
criteria

B1
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Airframe
subsection

Airbrake
block falls off

Screws not
strong enough

Asymmetrical
drag forces
create an
unsafe
moment force
undesirably
changing the
flight path

brakes deploy
prematurely

Electronics
malfunction

Rocket
undershoots
altitude target

Nose cone tip
falls off

Nose cone tip
not properly
inserted into
the nosecone
assembly

Incomplete
assembly thus
unable to
launch

nosecone
does not
eject

Shear pins do
not break

Uncontrolled
descent

Weak shear
pins

Parachutes and
payload deploy
early causing
undesired early
descent and
undershooting
altitude target

nose cone
falls out
during
immediately
after launch

C3

Screws have a
minimum safety
factor of 2

B4

Test airbrakes
electronics
system before
launch

C4

Train members in
the assembly
procedure

D4

Ejection tests
performed prior
to launch

C3

Tests of shear
screws and
ejection
mechanisms will
occur before
launch

This is done
using a
commercial
screw
strength
calculator
Air break
design and
testing is
discussed in
the vehicle
criteria
Airframe
subsection
Only
members
listed in the
training log
with
appropriate
training may
assemble the
rocket
The number
and type of
pins is shown
in the final
vehicle
design
section of the
CDR
The number
and type of
pins is shown
in the final
vehicle
design
section of the
CDR

C1

B1

D1

D1

C1
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Bolts breaking

bulkhead shifts
moving the CG
changing the
stability

C3

Safety factor
minimum of 2 in
screws

Screws come
loose

Bulkhead shifts
moving the CG
changing the
stability

C3

Loctite screws
into bulkheads

bulkhead
becomes
loose in body
tube

This is done
using a
commercial
screw
strength
calculator
Tightness is
confirmed by
sub-system
lead sign off
in setup on
launcher
procedure

C1

C1
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Propulsion FMEA

Hazard

Cause

Combustion
between
grains

Effect

Catastrophic
explosion

Pre-RAC

Mitigation

D4

A commercial
motor will be
purchased to so
that fuel is made
properly

D4

A commercial
motor will be
purchased to so
that fuel is made
properly

Fuel grains
surge in
combustion
Voids within a
fuel grain
producing
uneven
burning

Catastrophic
explosion

Purchase a
commercial
grade motor
Casing over
pressurizes

Motor casing
melts

Chamber
pressure
exceeds
casing rating

Burn temp
exceeds
melting point
of casing
material

Catastrophic
explosion

Rocket fails to
launch

D5

D4

Verification

Post-RAC

Retain and
carry all
documentation
provided by
manufacturer
to ensure the
correct casing
is used
Retain and
carry all
documentation
provided by
manufacturer
to ensure the
correct casing
is used
Retain and
carry all
documentation
provided by
manufacturer
to ensure the
correct casing
is used

D1

D1

D1

Perform
calculations/simu
lations to verify
strength

This testing is
in planning

D1

Select a
commercial
grade motor

Retain and
carry all
documentation
provided by
manufacturer
to ensure the
correct casing
is used

D1
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Catastrophic
explosion

Fuel grains
crumble

Motor does
not ignite

D5

Perform
calculations/simu
lations to verify
thermal
properties

This testing is
in planning.
Also, the casing
is commercially
manufactured.

D1

Retain and
carry all
documentation
provided by
manufacturer
to ensure the
correct casing
is used
This is
documented in
the SL
Guidebook

Fuel over
exposed to
moisture

Uncontrolled
burn of fuel

D4

Use a
professionally
manufactured
motor

Improper
current for
ignition

Motor burn
doesn't begin

C4

NASA will
provide launch
control device

C4

Tape or other
fastener will be
used to secure
ignitors in the
motor and will be
installed by the
team's mentor

This is covered
in the motor
assembly
procedure

C1

Igniters checked
prior to launch

This is
confirmed in
the motor
assembly
procedure

D1

Ignitors fall
out of the
motor

Ignition does
not occur

Break/short in
wires

Current does
not travel to
ignition source

D4

D1

C1
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ignitor does
not provide
enough heat
to initiate
burn

launch does
not begin

C4

multiple ignition
sources will be
used to generate
proper heat

The igniter
used will be
the
recommended
igniter by the
manufacturer

C1
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Electronics FMEA
Hazard

Raspberry
Pi not
powering
on

Raspberry
Pi not
launching
startup
sequence

Cause

Dead battery

Effect

No electronics
systems work
causing the team
to be unable to
launch

Error with
programming

No electronics
systems work
causing the team
to be unable to
launch

Raspberry
Pi is
inoperable

The circuit
board gets
fractured

No electronics
systems work
causing the team
to be unable to
launch

Motors
connected
to
Raspberry
Pi
discontinue
working

The current
supplied to
the
Raspberry Pi
drops below
threshold

Altimeters and
GPS stop working
mid-flight causing
recovery failure

Pre-RAC

C3

C3

D2

D4

Mitigation
Battery will be
charged before
flight, the
Raspberry Pi will
be tested before
launch, and a
spare battery will
be taken to
launch.
Test equipment
will be powered
down and set
back up again.
Also, the code
will be tested
and optimized
prior to the
launch.
The Raspberry Pi
will be protected
to reduce stress
on board by
using foam pads
to minimize Gforce and shock.
It will be
positioned away
from anything
that might cause
damage to the
circuit board.
A separate
battery will drive
the motor and
spare batteries
will be taken to
launch.

PostRAC

Verification

Confirmed in the
Launch
Procedures
section VI.2.7 and
in the packing list

C1

Confirmed in the
Launch
Procedures
section VI.2.7
under
Trouble
Shooting
Electronics

C1

During travel, this
will be packed
selectively by the
electronics lead
Verified in Packing
List

D1

This is confirmed
in the Design and
Construction of
Recovery section
III.2.8 paragraph 2

D1
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Airbrakes
fail to
deploy

Parachutes
fail to
deploy

Altimeter
sensor error

Rocket overshoots
altitude target

Altimeter
sensor error

Rocket travels
along a ballistic
trajectory towards
the ground

Loss of GPS
satellites

Recovery team
must rely on
visuals to find the
launched vehicle

C3

D4

C3

Altimeters will
be calibrated
prior to launch.
Dual altimeters
will be used as
redundancy and
they will be
wired separately
and
independently.
Altimeters will
be calibrated
prior to launch.
Dual altimeters
will be used as
redundancy and
they will be
wired separately
and
independently.

Recovery team
must rely on
visuals to find the
launched vehicle

C3

Confirmed in
Vehicle Criteria
section III.1.8
Wiring paragraphs
2 and 3

C1

D1

Listen for
packets
transmitted by
rocket. Look at
GPS signals in
area prior to
launch.

Location of rocket
will be verified
prior to launch as
part of electronics
and set up on
launch procedure
VI.2.7

C1

Perform testing
of transmitter
prior to launch

Altimeters are
secured tightly on
the electronics
sled as seen in the
electronics
procedure section
VI.2.7

C1

Rocket
cannot be
tracked
Transmitter
in rocket
breaks

Confirmed in
Vehicle Criteria
section III.1.8
Wiring paragraphs
2 and 3
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Payload FMEA
Hazard

Cause

Effect

Pre-RAC

Mitigation

Verification

Post-RAC

Axel breaks

Vehicle does not
reach its
destination

B4

Impact testing
will confirm
material choice

This will be
tested upon
manufacture

B1

Loss of
adhesion

Vehicle does not
reach destination

B4

Adhesive
strength testing

This will be
tested upon
manufacture

B1

Servo motor
burns out

Fatigue

Vehicle does not
reach destination

B4

Life duration of
motor will be
tested prior to
launch

This will be
tested upon
manufacture

B1

Solar panels
do not
deploy

Deployment
mechanism
does not
activate

Failure of
completing payload
requirement

C4

Tests of
deployment will
occur before
launch

This will be
tested upon
manufacture

C1

See below FMEA
Table for failurespecific risk
mitigations

The recovery
system has
been tested in
a subscale
launch. It will
be assembled
by the Payload
Technical lead

B1

Wheel falls
off

Data
transmission
fails

IR stepper
hat
connection
failure

Payload vehicle will
not move once
deployed

B4
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Noncontinuous
breadboard

Raspberry Pi
fails

Code does
not upload
properly

Cuts, bruises,
severe injury/death

Payload vehicle will
not move once
deployed

D4

1/0 power probe
tests will occur
before launch
with simple and
gate chip circuits

Verify that the
team member
has been
trained in the
machine shop
to the
standards of
The University
of Akron in the
Training Log in
the Team
Safety Manual

D1

B4

The code will be
tested after each
update of the
code and prior to
launch

This will be
tested upon
manufacture

B1

144

Recovery FMEA
Hazard

Rocket
Explodes

Parachutes
do not eject

Parachutes
set on fire

Black powder
is dislodged

Cause

Effect

Pre-RAC

Mitigation

Disproportionate
amount of black
powder

Catastrophic
failure

D4

Scale measure
the proper
amount needed.

Not enough
black powder

Rocket is not
properly
recovered.
Damage to
other parts on
the rocket.

C4

Scale measure
the proper
amount needed.

D4

Use an
adequately
sized nomex or
Kevlar blanket
to prevent a fire
from starting

D3

Ensure there is
an adequate
supply of dog
barf/wadding
and the charge
has cured
properly to
safeguard no
spillage. Also,
cover the black
powder canister
with sturdy
tape.

The parachutes
are unprotected
from black
powder charge

Black powder is
too loosely
packed in the
rocket

Catastrophic
failure

Charges do not
ignite

Verification

Post-RAC

The amount of
black powder
has been
calculated in
section
1.11.5.2 of the
recovery
subsystem
procedure of
the CDR
The amount of
black powder
has been
calculated in
section
1.11.5.2. of the
recovery
subsystem
procedure of
the CDR
Proper black
powder
packing
procedure is in
section 6.1.1 of
the recovery
subsystem
procedure

D1

C1

D1

Proper black
powder
packing
procedure is in
section 6.1.1 of
the recovery
subsystem
procedure

D1
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Black powder
canister does
not hold
black powder

The canister is
too small

Charge does
not produce
enough force to
eject the nose
cone and
parachutes

The canister is
too big

Charge is so
strong that the
airframe of the
launch vehicle
fractures

The force from
the black
powder igniting
is too vigorous
for the canister
to withstand.

The igniter gets
pulled out of the
altimeter

Direction of
blast force
misguided
causing the
parachutes not
to eject

Parachutes do
not eject

D2

Ensure that the
canister is sized
appropriately by
calculating the
amount
required.

Volume
calculated
based on mass
and canister is
chosen based
on that

D2

Ensure that the
canister is sized
appropriately by
calculating the
amount
required.

Volume
calculated
based on mass
and canister is
chosen based
on that

D3

Ensure that the
material,
composite, or
fabrication
method is rated
to withstand the
heat and forces
created by the
charge.

Volume
calculated
based on mass
and canister is
chosen based
on that

D3

Ensure there
are no obstacles
or snag points
keeping the
igniter from
reaching the
altimeter

D2

ensure there are
no obstacles or
snag points
keeping the
igniter from
reaching the
altimeter

Igniter does
not stimulate
black powder
The ignitor is
unable to carry a
charge due to a
kink

Parachutes do
not eject

D1

Proper igniter
packing
procedure is in
section 6.1.1 of
the recovery
subsystem
procedure of
the FRR
Proper igniter
packing
procedure is in
section 6.1.1 of
the recovery
subsystem
procedure of
the FRR

D1

D1
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U-bolts break

Force is too
strong on quicklink

Swivels break

Swivel cannot
withstand the
force

Shock cords
snap or
break

Shock cord
cannot
withstand the
shock force

Shock cords
become
intertwined

Cords get
wrapped or tied
with shroud
lines, bridles, or
connection lines

Shock cords
get caught
on shroud
lines

Cords get
wrapped or tied
with shroud
lines during
folding or
transportation

Parachutes
detach from
launch vehicle

Parachutes do
not eject

Parachutes do
not eject

Parachute
canopy does
not open

Parachute
canopy does
not open

Use industry
grade quicklinks. Do tests to
ensure that all
quick links can
withstand any
force they will
experience
during the
launch and
ejections.
Use industry
grade swivels.
Do tests to
ensure that all
swivels can
withstand any
forces they will
experience
during the
launch and
ejections.

Retain
documentation
of strength
capabilities of
the U-Bolt

D1

Retain
documentation
of strength
capabilities of
the swivels

D1

D4

Use shock
testing to
ensure material
does not break

The shock cord
strength is
stated in
section
1.11.2.1 of the
final vehicle
recovery
design of the
CDR

D1

C4

Before launch
do ejection tests
to ensure that
lines do not
become
intertwined

Proper shock
cord packing
procedure is in
section 6.1.3 of
the recovery
subsystem of
the FRR

C1

D3

Before launch
do ejection tests
to ensure that
lines do not
become
intertwined

Proper shock
cord packing
procedure is in
section 6.1.3 of
the recovery
subsystem
procedure of
the FRR

D1

D3

D4
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Shock cords
come
undone

Knots are
improperly tied
and come loose

Parachute
detaches

Shroud lines
snap or
break

Shroud lines
cannot
withstand the
force of the
parachutes
opening

Shroud lines
get caught
on other
shroud lines

The lines get
wrapped or tied
with shroud
lines during
folding or
transportation

Parachute
canopy does
not open

Shroud lines
become
intertwined.

The lines get
wrapped or tied
with shock
cords, bridles, or
connection lines

Parachute
canopy does
not open

Shroud lines
come
undone

Knots are
improperly tied
and come loose

Parachute
detaches

Parachute
detaches

D4

Test the
strength of the
knots and sew
the knots
enough to
ensure they will
not come
undone

D4

Use testing to
ensure lines do
not snap or
break.

D3

Do ejection test
to ensure that
lines to do not
become
intertwined.

D3

Do ejection test
to ensure that
lines to do not
become
intertwined

D4

Test the
strength of the
knots and sew
the knots
enough to
ensure they will
not come
undone

Proper shock
cord packing
procedure is in
section 6.1.3 of
the recovery
subsystem of
the FRR

D1

The shroud line
strength is
stated in
section
1.11.2.2 of the
final vehicle
recovery
design of the
CDR
Proper shroud
line packing
procedure is in
section 6.1.3 of
the recovery
subsystem
procedure of
the FRR
Proper shroud
line packing
procedure is in
section 6.1.3 of
the recovery
subsystem
procedure of
the FRR
Proper knot
packing
procedure is in
section 6.1.3 of
the recovery
subsystem
procedure of
the FRR

D1

D1

D1

D1

148

Bridles snap
and come
undone

Bridles cannot
withstand the
force of the
parachutes
opening

Parachute
detaches

Bridles get
caught on
shroud lines

Bridles get
wrapped or tied
with shroud
lines during
folding or
transportation

Parachute
canopy does
not open

Bridles
become
intertwined

Bridles get
wrapped or tied
with shock cord,
shroud lines, or
connection lines

Parachute
canopy does
not open

Bridles come
undone

Knots are
improperly tied
and come loose

Parachute
detaches

Connection
lines snap or
break

Connection lines
cannot
withstand the
force of the
parachute
opening

Parachute
detaches

D4

Test bridle
strength before
launch

D3

Do ejection test
to ensure that
lines to do not
become
intertwined.

D3

Do ejection test
to ensure that
lines to do not
become
intertwined.

D4

Test the
strength of the
knots and sew
the knots
enough to
ensure they will
not come
undone

D4

Test connection
lines before
launch

The bridle
strength is
stated in
section
1.11.2.3 of the
final vehicle
recovery
design of the
CDR
This is seen in
the recovery
testing section
of this report
and survived
sub-scale
testing
This is seen in
the recovery
testing section
of this report
and survived
sub-scale
testing
Proper knot
packing
procedure is in
section 6.1.3 of
the recovery
subsystem
procedure of
the FRR
Connection line
strength is
stated in
section
1.11.2.4 of the
final vehicle
recovery
design of the
CDR

D1

D1

D1

D1

D1
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Connection
lines get
caught on
shroud lines

Connection
lines become
intertwined

Connection
lines come
undone

Rip-stop
nylon canopy
seams come
undone

Rip-stop
nylon canopy
tears

Lines get
wrapped or
tangled with
shroud lines
during folding or
transportation

Lines get
wrapped or tied
with shock
cords, shroud
lines, or bridles

Knots are
improperly tied
and come loose

Threads come
out

Canopy is made
of fragile
material

Parachute
canopy does
not open

Parachute
canopy does
not open

Parachute
detaches

Parachute
becomes
ineffective

Parachute
becomes
ineffective

D2

Do ejection test
to ensure that
lines to do not
become
intertwined.

D2

Do ejection test
to ensure that
lines to do not
become
intertwined.

D2

Test the
strength of the
knots and sew
the knots
enough to
ensure they will
not come
undone

Proper
connection line
packing
procedure is in
section 6.1.3 of
the recovery
subsystem
procedure of
the FRR

D1

Proper
connection line
packing
procedure is in
section 6.1.3 of
the recovery
subsystem
procedure of
the FRR
Proper knot
packing
procedure is in
section 6.1.3 of
the recovery
subsystem
procedure of
the FRR

D1

D1

D3

Check the
sewing before
launch to
ensure that the
canopy remains
intact

The
manufacture of
parachutes is
discussed in
the recovery
section of the
CDR

D1

D3

Material
Use industry
selection was
grade material
discussed in
and test the
section 4.2.2 of
material before
the recovery
launch to
subsystem
ensure it can
design matrices
withstand forces
of the PDR

D1
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Rip-stop
nylon canopy
gets caught
during
ejection

The interior of
the recovery bay
is not smooth or
has snag points

Rip-stop
nylon canopy
melts during
ejection

Black powder
becomes too
warm for the
canopy

Rip-stop
nylon canopy
tears

Shroud lines
get ripped
out of
canopy

Parachute is
sewn improperly

Shroud lines are
sewn improperly

Parachute
becomes
ineffective

Parachute
becomes
ineffective

Parachute
becomes
ineffective

Parachute
detaches

D4

Ensure that the
recovery bay is
adequately
smooth and
devoid of snag
points or
corners

D3

Use a nomex
blanket to
ensure the
canopy does not
melt

D3

Test to ensure
the canopy
opens properly
with patched
tears made from
extra canopy
material.

D3

Check all shroud
lines connection
to ensure that
they are sewn in
properly. Do
tests to ensure
the forces will
not cause the
shroud lines to
rip out of
parachute.

Proper canopy
packing
procedure is in
section 6.1.3 of
the recovery
subsystem of
the FRR
Proper black
powder
packing
procedure is in
section 6.1.1 of
the recovery
subsystem of
the FRR

D1

D1

This is seen in
the recovery
testing section
of the CDR and
it survived subscale testing

D1

This is seen in
the recovery
testing section
of the CDR and
it survived subscale testing

D1
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5.2. Personal Hazard Analysis
The Personal Hazard analysis has been updated with the suggestions of the NASA employees to whom
we presented the CDR. The PHA is as follows:

Hazard

Cause

Effect

Launchpad
Topple Over

Improperly
Secured

Laceration /
Blunt force
injury

Launchpad
Vehicle
Explosion

Motor Failure

Launch Hang
Fire

Electronic
ignition failure,
thermite or
charge
improperly
mounted

Catastrophic
system failure

Mid-Flight
explosion

Pre-RAC

Mitigation

Verification

PostRAC

C3

Launchpad will be
anchored to
ground

Launchpad will
be set up by
host
organization

C1

D4

Range Officer
(Certified)
Supervision,
Minimum distance
kept by all
members

Launch delay,
possible
personal Injury

B4

Only certified
(NAR/TRA) level 3
rocketeers or
Range Officers are
to approach the
launch pad.

Falling debris,
shrapnelpossible death
or severe injury

C5

Team of spotters
watching entire
flight sequence

Rocket is
severely
damaged and
risk of injuring
personnel

The motor will
be commercially
purchased and
will be
inspected
preflight by a
member of the
Propulsion SubSystem in the
motor assembly
procedure
Motor and
ignitors will be
installed in
accordance with
the motor
assembly
procedure. If
Hang fire
occurs, the hang
fire procedure
will be followed.
The entire
system will be
assembled in
accordance with
Each system's
assembly
procedures and
inspected
before launch
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D1

B1

C2

by the Safety
Officer and
Chief Engineer

Uncontrolled
Descent

Recovery
System Failure

Rocket ballistic
descent, drift
to populated
area

cuts, bruises,
severe
injury/death

Machine
Shop
Fabrication
Injury

D3

See below FMEA
Table for failurespecific risk
mitigations

D3

Members will be
machine shop
trained to the
standards of the
University of
Akron

D4

Members will be
machine shop
trained to the
standards of the
University of
Akron

D4

Members will
wear all required
PPE as specified in
their official

Lack of proper
training

Severe Injury/
death

Missing PPE

cuts, bruises,
particle
inhalation,

The recovery
system has
been tested in a
subscale launch.
It will be
assembled as
seen in the
Recovery subsystem
Procedure
Verify that the
team member
has been
trained in the
machine shop
to the standards
of The
University of
Akron in the
Training Log in
the Team Safety
Manual
Verify that the
team member
has been
trained in the
machine shop
to the standards
of The
University of
Akron in the
Training Log in
the Team Safety
Manual
This will be
taught in
training and can
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D1

D1

D1

D1

severe
injury/death

Lack of
familiarity with
assembly
procedure or
completed
design

Personal Injury
or rocket
failure

machine shop
training as well as
any additional PPE
as indicated in the
Safety manual. If
not followed, they
will be
reprimanded
accordingly

B4

All members
responsible for
assembly will be
heavily trained to
be familiar with
assembly
procedure and
overall design of
rocket

Assembly
Injury

Pulling a
muscle or
dropping
heavy items
on your feet

Disorganization
in assembly
area

Personal Injury
or damage to
rocket

Transportation
of assembly or
components

Personal Injury
or damage to
rocket

B4

All Akronauts
members are
trained on
organization and
proper
management
systems.

B4

All members
responsible for
assembly will have
a peer present

be verified in
the training log.

Wear PPE as
described in the
procedure

All students
found to not
comply with the
Akronauts code
of safety will
have their
accesses to the
assembly area
revoked for a
duration
determined by
the officers
All members are
to follow safety
protocol as
written in the
safety manual.
Any student
found to not
comply with the
Akronauts code
of safety as
identified in the
safety manual
will have their
accesses to the
assembly area
revoked.
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B1

B1

B1

Animals
Attack

Team members
encountering
potentially
dangerous
animals such as
bears, coyotes,
snakes, etc.

Alligator
Attack

Team members
walking too
close to bodies
of water and/or
harassing an
alligator

Snake Bite

Getting lost in
surroundings

Team member
not paying
attention or
team member
aggravating a
snake

Leaving the
group
unannounced
without
communication
device

Harm to animal
or team
member

Death, Injury,
Infection

Death, Injury or
Infection

D4

D4

D5

dehydration or
inducing panic.
C3

Do not disturb the
wild life and do
not harass or try
to personally
remove dangerous
animals. Leave
them be or call a
wild life removal
professional

Keep distance
from all bodies of
water and do not
try to feed or
disturb an alligator

Be aware of
surroundings
when walking or
looking for rocket
parts, do not
disturb the wild
life and do not
harass or try to
personally remove
dangerous
animals. Leave
them be or call a
wild life removal
professional
always have one
or more people
with you and
notify a team lead
or other member
if you are walking
away. Do not leave
without a two-way
radio and
topographical map

During rocket
recovery, there
will be a
designated
wildlife spotter
while searching
for the rocket. If
a wildlife threat
occurs, the post
launch recovery
procedure will
be followed.
Make sure all
members are
aware of this
danger and
enforce the
mitigation

A member of
post launch
recovery will be
on watch for
wildlife as per
the procedure

D1

D1

D1

The team will
carry several
methods of
navigation
C1
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Extreme
weather
conditions

Untreated
Injury

Fire Hazard

Assembly of
the rocket
while under
the influence

Not wearing
protective sun
wear, not
enough water
or food

Not properly
treating an
injury and
having it
exposed to the
environment

Rocket
explosion,
electrical
malfunction,
throwing down
a cigarette

Not paying
attention when
using tools or
machinery.
Improper
installation of
parts on the
rocket because
of intoxication

dehydration,
sun burn, heat
stroke, sun
poisoning

Infection

Harm to team
member

Injury from any
tools or
machinery.
Injury from
rocket parts
malfunctioning

C4

C4

D5

C4

wear hat,
sunglasses, sun
screen, and carry
water at all times

Team members
are to have
various gear for
different
weather
conditions as in
the packing
checklist in the
safety manual

Keep a first aid kit
on hand

Safety officer
will contact
medical
professional
while another
member applies
basic first aid

Ensure all
electronics are
functioning
properly and
reduce possibility
of explosions. If
fire occurs,
extinguish ASAP to
reduce effects

No consumption
of alcohol before
or during assembly

Smoking will not
be permitted
near the rocket

If someone is
seen drinking
before or during
assembly
processes, they
should be asked
to leave as per
the safety
agreement

156

C1

C1

D1

C1

Horseplay

Motor
activates
prematurely
on launch
pad

Not having a
task at hand

Improper
Assembly of
motor

Injury to self or
to others and
to rocket

Faulty design of
motor system

Injury to self or
to others and
to rocket

improper
assembly of the
charges

Ejection
charges
activates
unexpectedly

Injury to self or
to others

Improper
recovery of
rocket

Injury to self or
to others and
to rocket

C3

Set aside time for
fun after tasks are
completed. Lay
out consequences
for those who do
not follow the
rules

D4

All assemblers will
have a written
assembly
procedure per
manufacturer
requirements

D4

Motor will be
purchased
commercially by
verified motor
seller

C3

All assemblers will
have a written
assembly
procedure per
manufacturer
requirements

D3

member will listen
for altimeter
beeping coming
from rocket to
ensure charge
went off.

D3

Member will visual
inspect for
deactivated
charge or
undeployed
parachute/payload

Injury to self or
to others and
to the rocker

Ensure all team
members are
aware of this
warning and the
consequences.
Respectfully Let
anyone know
when they need
to act more
professionally
All assemblers
will be properly
trained and
verified by
system lead as
designated in
the training log
Certified
Akronauts Team
mentor will
purchase all
motor and
motor
components
All assemblers
will be properly
trained and
verified by
system lead
Only trained
recovery team
as mentioned in
the post launch
recovery
procedure will
approach and
inspect rocket
Only trained
recovery team
as mentioned in
the post launch
recovery
procedure will
approach and
inspect rocket
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C1

D1

D1

C1

D1

D1

Flat tire during
travel

members get
lost while
driving

Members
become
stranded

Car accident

Injury to self or
to others

Misdirection
into unplanned
location

B4

Car runs out of
gas

Exposure to
unsafe
conditions such
as traffic,
wildlife, and
weather

B1

Each vehicle will
have a trained
member on tire
replacement

Safety officer
will ensure each
vehicle has one
trained member

B1

A4

D3

Drivers will be
verified to have
license and clean
record

D3

Misdirection
into unplanned
location

Check tires
before
departure as
per the safety
manual

All vehicles will
have a GPS
tracking system
and hardcopy of
directions

injury to self,
death, or injury
to rocket

Lack of
Communication
between
passengers of
vehicles

All vehicles will
carry a spare tire
and tools needed
for replacement

A5

A3

Passengers will be
verified to
mitigate any
distractions such
as loud noises,
bright lights, and
horseplay.
All vehicles will
have tracking app
downloaded onto
phones so
members will stay
within a
predetermined
distance from
each other
Each vehicle driver
will be trained on
ensuring the gas
tank levels are
safe

Travel checklist
before
departure will
be followed,
checklist
includes GPS
and maps
Rental
companies will
not allow unlicensed driver
to operate
vehicle. And
that is illegal

A1

D1

1 member from
the safety team
will be present
in each vehicle

D1

Safety officer
will
intermittently
communicate
with each
vehicle and
verify their
location

A1

1 member from
the safety team
will be present
in each vehicle
trained to
ensure gas tank

A1
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level doesn't get
too low

5.3. Environmental Risk Assessment
Hazard

Effect

Littering

Harmful to
wildlife and
the
surrounding
environment

Disturbing
wild life

Could upset
surrounding
animals or
result in
injury to a
team
member if
the animal
reacts

Pre-RAC

Cause

Mitigation
Pick up trash and
recycle all
recyclables left
behind by our
team or others. Be
sure all
components from
rocket are
recovered.

C5

Team members
leaving trash on
the ground
and/or rocket
parts dislocating
from rocket
during launch

C3

Loud noises,
no loud
throwing things/
music/commotion,
harassing, trying
do not touch or
to cuddle with,
feed wildlife
and/ or feeding

Verification

Post-RAC

As per the post
launch recovery
procedure, one
member is
responsible for
this

C1

As per the post
launch recovery
procedure, one
member is
responsible for
this

C1
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Animals
attack

harm to
animal or
team
member

snake bite

death, injury
or infection

raccoons
and other
animals
getting into
food

harm to
animals or
team
members

Fire Hazard

Getting lost
in
surroundings

damage to
terrain,
animals or
team
member

dehydration
or inducing
panic.

D4

team members
encountering
potentially
dangerous
animals such as
bears, coyotes,
snakes, etc.

D5

Team member
not paying
attention or
team member
aggravating a
snake

B5

leaving food out
and not
properly
disposing of it

D5

rocket
explosion,
electrical
malfunction,
throwing down
a cigarette

C3

Leaving the
group
unannounced
without
communication
device

do not disturb the
wild life and do
not harass or try
to personally
remove dangerous
animals. Leave
them be or call a
wild life removal
professional
be aware of
surroundings
when walking or
looking for rocket
parts, do not
disturb the wild
life and do not
harass or try to
personally remove
dangerous
animals. Leave
them be or call a
wild life removal
professional
keep all food
sealed in
containers or
properly dispose
of it
ensure all
electronics are
functioning
properly and
reduce possibility
of explosions. If
fire occurs,
extinguish ASAP to
reduce effects
always have one
or more people
with you and
notify a team lead
or other member
if you are walking
away. Do not
leave without a
two-way radio

As per the post
launch recovery
procedure, one
member is
responsible for
wildlife detection

D2

A member of the
safety team will
apply basic firstaid until medical
professionals
arrive

D2

Food is to be kept
in sealed plastic
containers

B1

Motor tests (subscale) have been
performed to
prove the system
works

D3

As per the post
launch recovery
procedure,
multiple
navigation
methods will be
available to
prevent this

C1
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Extreme
weather
conditions

Flat Tire

Untreated
Injury

Extreme
weather
conditions

dehydration,
sun burn,
heat stroke,
sun poisoning

littering/
harming the
environment

Infection

Items blowing
off the rocket

C4

not wearing
protective sun
wear, not
enough water or
food

wear hat,
sunglasses, sun
screen, and carry
water at all times

Team members
are to have
necessary gear as
per packing
checklists in the
safety manual

C1

Be sure not to
leave anything
behind when
changing a flat tire

Safety Team will
verify that the
changed tire will
be placed into the
car and disposed
of properly upon
arrival of
destination

C1

C1

D1

C5

Leaving a flat
tire on the side
of the road

C4

Not properly
treating an
injury and
having it
exposed to the
environment

Keep a first aid kit
on hand

Have safety
officer check that
there are enough
first aid kits. Be
sure injured team
member is treated

High wind
speeds

Do not launch
rocket or leave
outside. Be sure
all components
are securely
fastened

In severe weather
conditions, the
rocket is to be
kept in the team
trailer

D3
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Section VI. Launch Operations Procedures
6.1. Vehicle Assembly Procedure
6.1.1. Electronics Assembly
Presled Assembly (Payload, concepts apply to all subsections):
1. Raspberry Pi code is written in the programming language Python by Electronics subsection of
the Akronauts
2. Code will be designed to take sensory input from ultrasonic sensor and then determine
appropriate motor controls, moving the rover away from the rocket.
3. Rover will travel at least 5 feet away from the rocket per competition rules and deploy foldable
solar panels.
4. Code is peer reviewed by Akronauts Electronics Team Leads
5. Code is transferred to Raspberry Pi and stored on Raspberry Pi
6. All sensors and motors are connected to the Raspberry Pi. Electronic parts will be connected
through their respective connectors.
7. Code is executed on Raspberry Pi. If the test is unsuccessful, engineers will assess the situation
and modify the code appropriately. If test is successful, then continue testing, fine tuning
parameters, and work on improving code.
Procedure:
1. Electronics will be attached to a 3D printed sled.
2. The electronics sled will slide into the body tube.
3. Sled will be bolted to a bulkhead to be secured in the rocket.
4. All electronics systems will be placed in the rocket prior to launch.
5. Ensure all electronic equipment is protected from other components.
6. Ensure all batteries are charged and have the proper voltage.
7. Connect charged batteries to the various electronics respectively.
8. Ensure communication between electronics and ground station are up and running.
9. Arm RTx GPS Telemetry System and establish satellites.
10. Arm RRC3 altimeters via rotary switch located on recovery sled.
11. Arm black powder charge.

6.1.2. Recovery Assembly
Main Parachute Preparation
1. Purpose/Scope:
1.1. To properly assemble the main parachute into the rocket.
2. Affected Groups:
2.1. Chief Engineer and Recovery
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3. Procedure:
3.1. Inspect parachute for any damage to the canopy or rope. Ensure all rope lines are tied with a
figure-8 climber’s knot. NO OTHER KNOT IS PERMITTED. Follow steps a through e, for proper
tying of the figure-8 climber’s knot.
1. Begin by measuring the length of the rope needed. Pinch the end of the rope between
your thumb and index fingers. Pull the length of the rope across your thumb.
Approximately 1 inch past your wrist is where you will grab the rope.
2. At the length marked in step a, fold the rope over on itself.
3. Halfway down this section, create a ribbon by folding it over itself again.
4. Tuck the folded end of the ribbon around the main line.
5. Send the same folded end in step d through the top opening and pull tight.
3.2. Lay the parachute on a clean surface, preferably indoors to avoid debris and wind (Figure 168).

Figure 168

3.3. Untangle all lines (Figure 169).

Figure 169

3.4. Separate the shroud lines into the left, center pull, and right lines. Have 8 of the outer shroud
lines on one side, 8 outer shroud lines on the other side and the 16 inner lines at the top. Put
the outer lines into pairs with one shroud line on the top and one on the bottom. Determine
the middle gores. There are two middle gores, one on the top and one on the bottom (Figure
170).

Figure 170
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3.5. Connect the inner shroud lines to one quick-link. Go in order when putting the lines onto the
quick-link to prevent tangling (Figure 171).

Figure 171

3.6. Pull the inner shroud lines into the center of the parachute. Line the edge of the spill hole with
the bottom edge of the parachute. Tape the inner shroud lines with blue painter’s tape, to
prevent tangling with the outer shroud lines (Figure 172).

Figure 172

3.7. Put the outer shroud lines in pairs of two, ensure that the pairs consist of one shroud line from
the top and the other from the bottom. Once the pairs are made, use blue painter’s tape to
hold the pairs together. There should be 4 pairs on the left side and 4 pairs on the right (Figure
173).

Figure 173

3.8. Starting on the far-left side, put the shroud lines onto a quick-link. Hold the quick-link with the
open side facing the center of the parachute. Put the top shroud line over the top part of the
quick-link and the bottom shroud line on the bottom part. Repeat this process three more
times on this side, with the remaining shroud line pairs. The shroud lines MUST be put on in this
order to prevent tangling (Figure 174).
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Figure 174

3.9. Repeat this process on the right side, mirroring the left side process.
3.10.
Bring the quick-links on both sides into the center to meet each other (Figure 175).

Figure 175

3.11.

Connect the inner shroud line’s quick link to the connection line (Figure 176).

Figure 176

3.12.

Connect a quick-link to the other side of the connection line (Figure 177).
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Figure 177

3.13.
Connect the three quick-links on the yellow bridle. Put the left shroud line quick-link on
first, then the connection line quick-link, and lastly the right shroud line quick-link. Pull the lines
taught (Figure 178).

Figure 178

3.14.

Take the left side gores and place them over the two center gores (Figure 179).

Figure 179

3.15.
Begin flaking the parachute by folding the first gore on the left side of the parachute in
half, laying its seams on top of each other. Smooth the air out of the flake (Figure 180).

Figure 180

3.16.
Grab the next gore on the left side of the parachute, and lay its seams on top of the
previous gore, similar to the previous step. Smooth the air out of the flake (Figure 181).
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Figure 181

3.17.
Continue step 5.16 until all gores on the left side of the parachute are flaked (Figure
182).

Figure 182

3.18.
Set an object on top of the left side and repeat steps 5.15 through 5.17 for the righthand side (Figure 183).

Figure 183

3.19.
Fold both ends of the parachute in so they meet in the middle of the parachute (Figure
184).
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Figure 184

3.20.
Repeat step 5.19, so the ends are folded in again. Smooth air out. REMOVE ALL TAPE
FROM LINES (Figure 185).

Figure 185

3.21.

Z-fold the parachute. Smooth air out (Figure 186).

Figure 186

3.22.

Lay the lines 3/4 of the way up the parachute (Figure 187).

Figure 187

3.23.

Tightly and firmly roll the parachute (Figure 188).
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Figure 188

3.24.
Fold the lines NEXT to the parachute. Make each fold the length of the folded parachute
(Figure 189).

Figure 189

3.25.

Get the two Jolly Logic Chute Releases (Figure 190).

Figure 190

3.26.
Connect one Jolly Logic Chute Releases to one shroud line, using the yellow tether. Use
the cow hitch method to connect it to the shroud line (Figure 191).

Figure 191

3.27.
Repeat step 5.26 with the redundant Jolly Logic Chute Release, but make sure this
release is connected to the SAME shroud line. Not connecting both Jolly Logic Chute Releases
to the same shroud line may cause problems if one of the chute releases fails to release (Figure
192).
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Figure 192

3.28.
Inspect the rubber band that is connected to the Jolly Logic Chute Releases to ensure
that it is not torn at all or brittle. IF THE RUBBER BAND IS TORN OR BRITTLE, REPLACE IT.
3.29.
Connect one Jolly Logic Chute Release to the other by taking the pin of one and placing
it in the pin hole of the other (Figure 193).

Figure 193

3.30.
Wrap both of the connected Jolly Logic Chute Releases around the folded parachute and
snap the free pin into the pin hole of the other Jolly Logic Chute Release (Figure 194).

Figure 194

3.31.
Perform a shake test by shaking the shock cord and shroud lines. Ensure that the
parachute does not slip out.
3.32.
Turn on the Jolly Logic Chute Releases to perform a release test by activating the
Ground Test Mode to open the release on both Jolly Logic Chute Releases. Ensure that they
both open to release the parachute.
3.33.
Turn on both Jolly Logic Chute Releases and set the release altitude on both to the
determined altitude for main parachute release. They MUST be set to the SAME altitude (Figure
195).
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Figure 195

3.34.
Slide the Nomex blanket over the quick-link that is connected to the shock cord that
connects to the forward recovery bulkhead.
3.35.
Connect the shock cord to the airframe u-bolt on the forward side of the rocket.
3.36.
Slide the Nomex blanket into the airframe, creating a pocket.
3.37.
Carefully lead the shock cord into the Nomex blanket, so the entire length of the cord is
inside the blanket.
3.38.
Connect the other shock cord to the swivel connected to the swivel that is connected to
the yellow bridle of the drogue parachute.
3.39.
Slide the shock cord connected to the airframe into the airframe, then slide the
parachute into the airframe.
3.40.
Prepare the drogue parachute next.

Drogue Parachute Preparation
1. Purpose/Scope:
1.1. To properly assemble the main parachute into the rocket.
2. Nomenclature:
2.1. None.
3. Affected Groups:
3.1. Chief Engineer and Recovery
4. Safety:
4.1. None.
5. Procedure:
5.1. Inspect parachute for any damage to the canopy or rope. Ensure all rope lines are tied with a
figure-8 climber’s knot. NO OTHER KNOT IS PERMITTED. Follow steps a through e, for proper
tying of the figure-8 climber’s knot.
6. Begin by measuring the length of the rope needed. Pinch the end of the rope between
your thumb and index fingers. Pull the length of the rope across your thumb.
Approximately 1 inch past your wrist is where you will grab the rope.
7. At the length marked in step a, fold the rope over on itself.
8. Halfway down this section, create a ribbon by folding it over itself again.
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9. Tuck the folded end of the ribbon around the main line.
10. Send the same folded end in step d through the top opening and pull tight.
5.2. Lay the parachute on a clean surface, preferably indoors to avoid debris and wind (Figure 196).

Figure 196

5.3. Untangle all lines (Figure 197).

Figure 197

5.4. Divide the shroud lines into two sections of 4 lines (Figure 198).

Figure 198

5.5. Connect a small quick-link to the shroud lines. Connect two pairs of shroud lines from the left
side onto one quick-link and do the same on the right side for the two remaining pairs. (Figure
199).

Figure 199

5.6. Connect the quick-links from step 5.5 to the yellow bridle (Figure 200).
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Figure 200

5.7. Fold the parachute in half (hotdog fold) (Figure 201).

Figure 201

5.8. Fold the parachute in half again (hotdog fold) (Figure 202).

Figure 202

5.9. Fold the parachute onto itself (hamburger fold) (Figure 203).

Figure 203

5.10.

Roll the parachute onto the cords once (Figure 204).
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Figure 204

5.11.
Connect the free shock cord (the one not attached to the main parachute) to the u-bolt
on the aft side of the rocket.
5.12.
Carefully lead the shock cord into the airframe, so the entire length of the cord is inside
the airframe.
5.13.
Gently place the parachute in the rocket, so the shroud lines are pointing towards the
aft end of the rocket.
5.14.
Slide the two airframes onto each other and connect with 4 shear pins.

6.1.3. Motor Assembly
The motor preparation document has been written using documentation provided to the team by
Cesaroni Technology Incorporated with some added safety precautions. The motor preparation
procedure is as follows:
Required PPE: Disposable gloves, safety glasses
This procedure is to be supplemented by the official rocket motor instructions published by the supplier,
Cesaroni. Excerpts are taken from “Pro75®High-Power Reloadable Rocket Motor Systems”.

DANGER: Read before continuing
C-Star composite propellant consists primarily of ammonium perchlorate, aluminum powder, and a
synthetic rubber binder. The propellant is extremely flammable. Keep away from flames, sources of
heat, and flammable materials. Foam and carbon dioxide fire extinguishers will not extinguish
propellant of the type used in the Pro-75 motor system.
For a minor burn, apply a burn ointment. For a severe burn, immerse the burned area in ice water at
once and see a physician as quickly as possible. In the unlikely event of oral ingestion of the
propellant, induce vomiting and see a physician as quickly as possible.

Forward Closure Assembly
1.1. Apply a light coating of o-ring lubricant or grease to the inside of the cavity in the forward
closure. Insert the smoke tracking charge insulator into this cavity and ensure it is seated fully.
__________
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1.2. Apply a liberal layer of grease or o-ring lubricant to one end of the smoke tracking grain. Be sure
the entire face is coated.
__________
1.3. Insert the smoke tracking grain into the smoke tracking charge insulator, coated end first. Push
the grain in with sufficient force to fully seat it and spread the lubricant as shown. The excess
lubricant will help prevent gas leakage forward as well as protecting the forward closure from
heat and combustion products from the smoke tracking charge.
__________

Motor Assembly
1.

2.

3.

4.

5.

6.

7.

8.

Check both ends of the phenolic case liner to ensure that the inside ends have been chamfered
or deburred. If not, use a hobby knife or coarse sandpaper to remove the sharp inner edge to
allow components to be inserted easily.
__________
Fit the nozzle to one end of the paper/phenolic case liner tube. It may be a snug fit. Push it
carefully but with sufficient force to seat the shoulder on the nozzle all the way into the
insulator tube.
__________
Locate the smaller o-ring in the P75-ORK o-ring kit. Fit the o-ring to the internal groove of the
nozzle holder. Push the nozzle holder over the nozzle until fully seated. Apply additional
lubricant to the nozzle exit section if necessary to facilitate assembly.
__________
For steps 2.5 – 2.6 work with the nozzle/case liner assembly and motor case horizontally on your
work surface.
___________
Insert one propellant grain into the forward end of the case liner and push it a short way into the
tube. Fit one grain spacer o-ring to the top face of the grain, ensuring it sits flat on the end of the
grain. Insert the second grain, push it in a short way, then add another grain spacer, and so on
until you have loaded all propellant grains into the case liner.
1.5.1.There should be sufficient space after the last grain is inserted to fit the last spacer in place
so that it is flush or extends only slightly from the end of the tube. If it extends out by
more than 1/3 of its own thickness, remove it and do not use. Only this spacer may be
omitted and only if necessary to fit.
__________
Carefully install the two larger o-rings into the external grooves of the nozzle holder and forward
closure. Handle these components with care from this point on so as not to damage or
contaminate the o-rings.
__________
Place the case liner/nozzle assembly on your work surface with the nozzle end down, and slide
the motor case down rear end first (end with thrust ring) over the top of the liner towards the
nozzle. Note: a light coat of grease on the liner exterior will aid assembly, disassembly and
cleanup!
__________
Lay the motor case assembly down horizontally, and push on the nozzle ring until the
assembly is far enough inside the case that the threads are partly exposed and the screw

175

ring can be threaded into the rear of the case. Don’t push on the nozzle itself as you will
push it out of the nozzle holder.
__________
9. Screw in the nozzle retaining ring using the supplied wrench, pushing the nozzle/nozzle ring/case
liner assembly forward as you proceed. Screw it in only until the retaining ring is exactly even
with the end of the motor case - do not thread it in as far as it will go. Then, back the retaining
ring out one half of a turn.
__________
10. Fit the forward insulating disk to the top of the case liner, checking that the top grain spacer (if
used) is still properly in place.
__________
11. Verify that the inside of the motor case is clean ahead of the liner assembly before proceeding.
Wipe with a clean rag, tissue or wet-wipe if required. Apply a light coat of silicone O-ring
lubricant onto this area after cleaning.
__________
Insert the assembled forward closure into the top of the motor case, pushing it down carefully with
your fingers until you can thread in the retaining ring. Thread in the forward retaining ring using the
wrench, until you feel it take up a load against the top of the case liner. At this point the ring should be
approximately flush with the end of the motor case, or slightly submerged. If it extends out the case at
this point by more than about one half a turn, check the nozzle end to make sure the ring is not screwed
in too far forward. If so, unscrew the nozzle retaining ring another half turn and screw the forward
closure retainer in further
Propulsion Lead or Officer sign-off__________________________________________________

6.1.4. Aerostructure Assembly
Purpose:
The following Standard Operating Procedures (SOP) explain the assembly of the airframe and each
of the mechanical components housed within. The Assembly procedure is divided into three main
sections (Nosecone, Upper airframe, and Lower airframe).
The main components located in the lower airframe are the fin can, motor retention, air brake and
stability ballast assemblies. The upper airframe houses the majority of the recovery and payload
systems, as well as the entire avionics system. The nose cone houses the upper stability ballast and part
of the payload ejection system.
Required Safety Equipment:
• Safety Glasses
• Closed Toe Shoes
PPE Recommendations:
• Long Sleeves
• Work Gloves
Preparation
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• Confirm that each component has a recorded weight.
• Check that each component is undamaged.
• Ensure that all assembly instruction markings are intact and legible.
Necessary tooling
• Allen head wrench
• Phillips screw diver
• Flashlight
Construction
• Lower Airframe

Figure 205 - From left to right: Mechanical Air brakes, air brake electronics bay, and stability ballast.

1) Assemble the airbrake and stability ballast system displayed in Figure 205 - From left
to right: Mechanical Air brakes, air brake electronics bay, and stability ballast.
Mechanically attaching each component, in order, to three 3/8” aluminum threaded
rods using 3/8” stainless steel nuts and washers. The orientation and assembly of
the ballast and full assembly is shown below in Figure 206 – Stability Ballast
Assembly and Figure 207 - Air brake and ballast assembly with threaded rods.
- Refer to the air brake electronic assembly procedure portion of the electronics
assembly section for the in depth explanation of the air brake electronic bay
assembly

Figure 206 – Stability Ballast Assembly
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Figure 207 - Air brake and ballast assembly with threaded rods.

2) Fasten the air brake and ballast assembly to both the lower airframe recovery
bulkhead and motor retention thrust plate using stainless steel 3/8” nuts and
washers. Position the thrust plate and recovery bulkhead so that circumferential
threaded holes line up with the match drilled airframe through holes. The complete
air brake and stability ballast system is shown in Figure 208 - Final air brake and
ballast system assembly.

Figure 208 - Final air brake and ballast system assembly.
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Figure 209 - Fin can and motor tube assembly

3) Insert the fin can assembly shown in Figure 209 - Fin can and motor tube assembly
into the lower airframe. Line the numbered edge of the fin can to the corresponding
numbers located on the outer surface of the body tube to ensure proper alignment
with airframe through holes and the lower launch lug. The correct alignment is shown
by Figure 210 - Fin can and body tube alignment

Figure 210 - Fin can and body tube alignment

4) Mechanically fasten fin can and motor retention system to the lower body tube using
six 6-32 x 5/8” cap head machine screws on each of the three motor tube centering
rings. Hand tighten each screw in an order mimicking the order of the tightening of
the lugs on a 6-lug wheel. The depth of the fin can in relation to the aft edge of the
lower airframe is shown in Figure 211 – Lower airframe and fin can assembly.and
Figure 212.
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Figure 211 – Lower airframe and fin can assembly.

Figure 212 - Aft end of lower airframe assembly.

5) Insert the airbrakes and ballast assembly, with the recovery bulkhead facing up, into
the forward end of the lower body tube section using the marked edge of the body
tube inner diameter and the marked top face of the recovery bulkhead. The correct
alignment is shown in Figure 213.

Figure 213 - Forward end view of air bakes and ballast assembly location.
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6) Align the upper and lower airframe conjoining coupler using the alignment directions
located on the coupler and airframe. The correct coupler depth is ensured when all
six through holes are aligned. The installment orientation is illustrated in Figure

Figure 10 – Lower airframe and coupler alignment.

7) Mechanically fasten the recovery bulkhead to the airframe and coupler using six 6-32
x 5/8” head machine screws. Hand tighten in the ordered depicted during the fin can
assembly in step 4. The lower section assembly with all machine screws is located in
Figure 214.

Figure 214 Lower airframe with all machine screws in place

8) Mechanically attach the upper launch lug to the coupler and airframe in the airframe
through holes in the location shown in Figure 215.
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Figure 215 – Launch lug location.

9) Mechanically attach each of the three fins into the allotted fin can slots in any order.
The order is not important because each fin can slot and fin is identical. The entire
lower airframe assembly with fins is shown in Figure 216.

Figure 216 – Full lower airframe assembly

•

Upper Airframe
10) The upper airframe recovery ejection bulkhead is preemptively epoxied to the aft end
of the coupler while aligned through and threaded holes in the coupler and recovery
bulkhead respectively. The final epoxied assembly is shown Figure 217.
- Refer to the recovery assembly section for an in depth description of the entire
recovery system assembly procedure.
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Figure 217 – Recovery ejection bulkhead

11) Align the payload ejection system along with the electronics sled by lining up the
corresponding ¼” through holes between the forward face of the electronics
bulkhead, the forward face of the electronics sled and the aft face of the ejection
system base plate. Attach the payload ejection spring to the forward face of the
electronics bulkhead and sled using ¼” eye bolts along with ¼” nuts and washers.
The entire electronics bulkhead assembly is shown in Figure 218.
- Refer to the avionics assembly portion of the electronics assembly section for the
in depth explanation of the electronics sled assembly.

Figure 218 – Payload Ejection and Electronics Sled Bulkhead Assembly

12) Insert the electronics bulkhead assembly into the forward end of the coupler
conjoining the nosecone and airframe. Match the corresponding numbers written on
the coupler and bulkhead outer diameter for proper alignment. The coupler
numbering system and the insertion of the electronics bulkhead are displayed in
Figure 219 and Figure 220.
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Figure 219 - Coupler with numeric alignment.

Figure 220 – Insertion of electronics bulkhead and assembly into coupler.

13) Once the electronics bulkhead is aligned, mechanically fasten the electronics
bulkhead to the coupler with flathead 6-32 x 5/8” machine screws. Tighten the
screws down following the pattern depicted in step 4 into the countersunk coupler
through holes. Ensure that each screw is tightened passed the point of interference
with the coupler’s outer diameter. The appropriate screw depth and the full coupler
assembly are shown below in Figure 221 and Figure 222.

Figure 221 – Flathead machine screw in countersunk coupler through holes.
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Figure 222 - Full Upper airframe coupler assembly

14) Insert the full upper airframe coupler assembly, with the recovery bulkhead facing the
aft end of the airframe, into the forward end of the upper airframe section. The
correct vertical and circumferential alignment are dictated on the coupler and
airframe outer diameters. The correct assembly is displayed in Figure 223.

Figure 223 – Correct coupler and airframe assembly orientation.

15) Mechanically fasten the coupler assembly to the airframe using six 3-32 x 5/8”
machine screws. Hand tighten each screw in the order explained in step 4. The final
upper airframe assembly is shown in Figure 224.
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Figure 224 – Full upper airframe assembly.

•

Nose Cone
16) Assemble the nosecone ballast system along the 1/4” x 8” threaded rod in the
orientation shown in Figure 225. Tighten the ballast assembly with ¼” nuts above
and below the assembly.

Figure 225 – Nose cone ballast system assembly.

17) Insert the nose cone ballast into the nosecone airframe and mechanically attach the
ballast system to the nose cone tip by screwing the rod into the threaded hole of the
aft end of the nose cone tip. The orientation of the attachment is shown in Figure
226.

Figure 226- Nosecone assembly orientation

18) Hand tighten the nosecone tip until it is flush with the nosecone airframe lip. The
nose cone tip assembly is shown below in Figure 227.
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Figure 227 – Nose cone tip assembled.

19) Align the nosecone airframe markings with the payload ejection bulkhead in the
orientation shown in Figure 228.

Figure 228 – Nose cone airframe and payload ejection bulkhead.

20) Mechanically fasten the payload ejection bulkhead to the nosecone airframe with six
6-32 x 5/8” machine screws in the order described in step 4. The full nose cone
assembly is shown in Figure 229.

Figure 229 – Full nose cone assembly.

21) Assemble the entire launch vehicle in the manor depicted in the image below and
temporarily fasten the separating sections with .7” M3 shear pins. The full launch
vehicle is shown in Figure 230.
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Figure 230 – Full Launch Vehicle Assembly

.
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6.1.5. Payload Assembly
Purpose/Scope:
1.1. To provide written instruction for Launch Day operations. This includes final function tests,
sensor calibration, battery replacement and ejection system installation
1.2. Procedure written with understanding that a knowledgeable team member, familiar with the
rover, would perform all tasks. Ejection system to be checked by expert recovery subsystem
team member.
2. Nomenclature:
Inner Diameter – ID
Outer Diameter – OD
3. Affected Groups:
3.1. Payload Subsystem
3.2. Recovery Subsystem
3.3. Electronics Subsystem
3.4. Aerostructure Subsystem
4. Safety:
4.1. Personal Protective Equipment (PPE)
4.1.1.Safety Glasses
4.1.2.Tight fitting work gloves
4.2. Safety Analysis and precautions
4.2.1.The autonomous rover payload itself is one of the tamer portions of the rocket, by energy
sources
4.2.2.The ejection system requires care and recovery team oversight due to black powder
charges
4.2.3.Once powder ejection system is secure, use care and multiple people when preloading
ejection springs and securing payload. Two people minimum to hold preloaded rover and
place and secure nosecone. All shear pins must be fully installed before release of
nosecone
5. Procedure:
5.1. Rover Preparation and Payload Bay Securing
5.1.1.Plug in and secure fresh battery packs into rover body
5.1.2.Power on rover via wireless remote connection (Bluetooth & Ceramic Antenna usage)
5.1.3.Twist solar panel plate down and secure with servo-loaded pin
5.1.4.Run calibration sequence (Servo and IR functionality)
5.1.5.Run launch protocol, rover enters hibernation mode
5.1.6.
5.1.7.Compress spring and push plate 1” beneath payload bay body tube upper lip
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CAUTION: Pinch points exist between ejection system “push plates” and payload bay
ID

Figure 231 — Payload Installation

5.1.8.With plate depressed, place and secure rover wheels flush to push plate
Note: There will be a small clearance gap between rover wheel OD and payload bay
ID
5.1.9.Slowly and evenly compress rover further into payload bay until resistance and physical
stop
5.1.10. With rover held secure, lower nosecone and system on top of rover wheel
5.1.11. Slowly release hand(s) securing rover and slide nosecone down to body tube lip
5.1.12. Twist nosecone until thru holes align with bulkhead, secure with shear pins
5.1.13. Follow Launch Procedure for remaining rocket arming instruction
5.2. Rover Recovery and Shutdown
5.2.1.Follow Recovery Procedure to “safe” landed rocket
5.2.2.Once rocket secured, take photos of entire landing area and rover path
5.2.3.Verify area of clear of debris and detail photograph rover in deployed position
5.2.4.Physically measure distance from closest landed rocket body with tape measure
(photograph)
5.2.5.Remotely power down rover via wireless connection
5.2.6.Physically pick up rover and unplug and remove battery power source from rover body
5.2.7.Return to RSO or judging tent for scoring
5.3. Emergency Protocol
5.3.1.Ignore initial instinct to kick rover and jump away
5.3.2.If rover is separate from ejection system, remotely power down rover, pickup and remove
battery
5.3.3.If emergency during or around loaded ejection charges or preloaded springs use extreme
caution
5.3.4.If two or less shear pins installed, quickly remove (Depending on severity/timeframe of
issue)
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5.3.5.Smoothly and simultaneously remove nosecone and secure rover between the two loaded
springs
5.3.6.Place nosecone on ground and retreat to a safe distance with rover
5.3.7.Remove battery from rover and further investigate issue. Follow RSO instructions.
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6.2. Launch Preparation and Procedures
This section contains all assembly and launch day procedures for recovery and motor preparation,
set up on the launch pad, igniter installation, as well as troubleshooting different malfunctions. Each
step of the procedure will have to be initialed off by a team member who is trained on the procedure on
the line following each step as well as a final signature by the Akronauts system lead or team officer.

6.2.1. Recovery Preparation
The Recovery Preparation Procedure contains the steps required to prepare the components of the
recovery system before arriving at the launch pad. This includes black powder charges, drogue, and
main parachute preparations.

Black Powder Ejection Systems
1. Put on safety glasses. If safety glasses are not worn, in the case of an incident or any unforeseen
combustion of black powder may cause potential damage to eyes.
__________
2. Put on heat resistant gloves before handling black powder. If heat resistant gloves are not worn,
blast damage may occur to hands.
__________
3. Retrieve an igniter from base camp and remove the black rubber protector.
__________
4. Stretch the igniter so it is straight.
__________
5. Remove the red protector cap, cut in half, and slide back onto the igniter.
__________
6. Feed the igniter wire through the bulkhead.
__________
7. Put the igniter into the black powder ejection canister.
__________
8. Weigh the proper amount of black powder in a cup.
__________
9. Pour the black powder into the ejection canister.
__________
10. Put cap over the ejection canister.
__________
11. Repeat steps 3 through 10 for the redundant black powder ejection canister. Ensure that the
redundant ejection canister contains at least 25% more black powder than the initial ejection
canister.
__________
Recovery Lead or Officer sign-off___________________________________________________
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Main Parachute Preparation
1. Inspect parachute for any damage to the canopy or rope. Ensure all rope lines are tied with a
figure-8 climber’s knot. NO OTHER KNOT IS PERMITTED. Follow steps a through e, for proper
tying of the figure-8 climber’s knot.
a. Begin by measuring the length of the rope needed. Pinch the end of the rope
between your thumb and index fingers. Pull the length of the rope across your
thumb. Approximately 1 inch past your wrist is where you will grab the rope.
b. At the length marked in step a, fold the rope over on itself.
c. Halfway down this section, create a ribbon by folding it over itself again.
d. Tuck the folded end of the ribbon around the main line.
e. Send the same folded end in step d through the top opening and pull tight.
__________
2. Lay the parachute on a clean surface, preferably indoors to avoid debris and wind.
__________
3. Untangle all lines.
__________
4. Separate the shroud lines into the left, center pull, and right lines. Use blue painter’s tape to
keep the lines together.
__________
5. Connect inner shroud lines to quick-link. Attach the same quick-link to one end of the
connection line, which is also known as the pull-down line.
__________
6. Connect the last 3 quick-links to the bottom of the 3 lines and attach the yellow bridle. Pull lines
taught.
__________
7. Begin flaking the parachute by folding the first gore on the left side of the parachute in half and
laying its seams on top of each other. Smooth the air out of the flake.
__________
8. Grab the next gore on the left side of the parachute, and lay its seams on top of the previous
gore, like the previous step. Smooth the air out of the flake.
__________
9. Continue step 8 until all gores on the left side of the parachute are flaked.
__________
10. Repeat steps 7 through 9 for the right-hand side.
__________
11. Fold both ends of the parachute in so they meet in the middle of the parachute.
__________
12. Repeat step 11, so the ends are folded in again. Smooth air out.
__________
13. Z-fold the parachute. Smooth air out.
__________
14. Lay the lines 3/4 of the way up the parachute. REMOVE ALL TAPE FROM LINES.
__________
15. Tightly and firmly roll the parachute.
__________

193

16. Continue ROLLING the parachute onto the lines. DO NOT WRAP THE LINES. Roll until the length
of the parachute is covered in lines. DO NOT ROLL LINES OVER EACH OTHER. There should now
be one layer of lines around the parachute.
__________
17. Tape the lines in place. This will hold the parachute in place and keep it protected until it is
ready to be placed in the rocket.
__________
18. When rocket is ready to be assembled, remove the tape from the parachute.
__________
19. Connect the shock cord to the airframe U-Bolt on the forward side of the rocket.
__________
20. Slide the Nomex blanket into the airframe, creating a pocket.
__________
21. Carefully lead the shock cord into the Nomex blanket, so the entire length of the cord is inside
the blanket.
__________
22. Connect the other shock cord to the swivel connected to the swivel that is connected to the
yellow bridle of the drogue parachute.
__________
23. The shock cord from the aft end is attached to one of the two quick-links on the tender
descender. The main parachute is also attached to this quick-link.
__________
24. Another shock cord, connected to the drogue parachute, is attached to the other quick-link on
the tender descender.
__________
25. Connect one of the quick-links of the redundant tender descender to the quick-link of the initial
tender descender that is connected to the shock cord of the drogue parachute.
__________
26. Connect the second quick-link of the redundant tender descender to the quick-link of the initial
tender descender that is connected to the aft end shock cord and the main parachute.
__________
27. Slide the shock cord connected to the airframe into the airframe, then slide the parachute into
the airframe.
__________
28. Prepare the drogue parachute next.
__________

Recovery Lead or Officer sign-off___________________________________________________
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Drogue Parachute
1. Inspect parachute for any damage to the canopy or rope. Ensure all rope lines are tied with a figure8 climber’s knot. NO OTHER KNOT IS PERMITTED. Follow steps a through e, for proper tying of the
figure-8 climber’s knot.
a. Begin by measuring the length of the rope needed. Pinch the end of the rope
between your thumb and index fingers. Pull the length of the rope across your
thumb. Approximately 1 inch past your wrist is where you will grab the rope.
b. At the length marked in step a, fold the rope over on itself.
c. Halfway down this section, create a ribbon by folding it over itself again.
d. Tuck the folded end of the ribbon around the main line.
e. Send the same folded end in step d through the top opening and pull tight.
__________
2. Lay the parachute on a clean surface, preferably indoors to avoid debris and wind.
__________
3. Untangle all lines.
__________
4. Divide the shroud lines into two sections of 6 lines.
__________
5. Connect a small quick-link to each section of shroud lines.
__________
6. Connect the quick-link from step 5 to the yellow bridle.
__________
7. Fold the parachute in half (hotdog fold).
__________
8. Fold the parachute in half again (hotdog fold).
__________
9. Fold the parachute onto itself (hamburger fold).
__________
10. Roll the parachute onto the cords once.
__________
11. Connect the free shock cord (the one not attached to the main parachute) to the U-Bolt on the aft
side of the rocket.
__________
12. Carefully lead the shock cord into the airframe, so the entire length of the cord is inside the
airframe.
__________
13. Gently place the parachute in the rocket, so the shroud lines are pointing towards the aft end of the
rocket.
__________
14. Slide the two airframes onto each other and connect with 4 shear pins.
__________
Recovery Lead or Officer sign-off___________________________________________________
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6.2.2. Payload Preparation
1. Plug in and secure fresh battery packs into rover body
__________
2. Power on rover via wireless remote connection (Bluetooth & Ceramic Antenna usage)
__________
3. Twist solar panel plate down and secure with servo-loaded pin
__________
4. Run calibration sequence (Servo and IR functionality)
__________
5. Run launch protocol, rover enters hibernation mode
__________
6. Compress spring and push plate 1” beneath payload bay body tube upper lip
CAUTION: Pinch points exist between ejection system “push plates” and payload bay ID
__________
7. With plate depressed, place and secure rover wheels flush to push plate
Note: There will be a small clearance gap between rover wheel OD and payload bay ID
__________
8. Slowly and evenly compress rover further into payload bay until resistance and physical stop
__________
9. With rover held secure, lower nosecone and system on top of rover wheel
__________
10. Slowly release hand(s) securing rover and slide nosecone down to body tube lip
__________
11. Twist nosecone until thru holes align with bulkhead, secure with shear pins
__________
Payload Lead or Officer sign-off___________________________________________________
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6.2.3. Setup on Launcher
The set up on launcher procedure covers all steps required to be performed from completing the final
assembly at the campsite to having the rocket upright and ready to launch on the rail up to installing
igniters.

Prior to Launch Pad
1. Ensure that each component is in the correct location in the rocket.
__________
2. Ensure payload and electronics sleds sit snugly in place.
__________
3. Ensure Air brake fins align with precut body tube slots.
__________
4. Ensure that all air tight sections are properly sealed (i.e. parachute bay).
__________
5. Ensure fin can is secure by flexing fins.
__________
6. Ensure all screws are in place and tightened down.
__________
7. Ensure that coupled separation points slide in and out smoothly.
__________
8. Ensure all shear pins are firmly in place at separation points.
__________
9. Place rocket on pivot point to prove that actual CG equates to the estimated CG.
__________
10. A minimum of three people will support the weight of the rocket while moving the entire
assembly.
__________
11. Verify recovery bulkheads are sealed with electrical tape or equivalent to ensure the chamber
remains pressurized.
__________
12. Install new batteries in electronics systems
__________
13. Verify GPS lock on rocket and satellites
__________
14. Ensure parachutes are properly fastened to bulkheads
__________
15. Ensure the black powder charges have been packed with e-matches installed
__________
16. Verify that the Parachutes have been folded and packed properly
__________
17. Remove all rubber bands or storage ties from the parachute
__________
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18. Install shear pins to close the rocket
__________
19. Check tightness of all bulkhead to body tube screws
__________
20. Carry the rocket to the launch pad
__________

Setup on Launch Pad
1. Ensure rail guides are square and parallel onto the outer body of the rocket having one guide
above the center of gravity and one guide below the center of gravity.
__________
2. Verify the alignment of the rail guides and fix if necessary, making sure they are aligned with each
other. Proper alignment implies that the centers of the rail guides are perfectly in line checked by
using a straight-edge and each guide is coincident with one another through that line.
__________
3. Release the pin on the launch rails to lower the rail the rocket will be going on.
__________
4. Apply a lubricant to each rail (Wear nitrile gloves)
__________
5. With a minimum of 3 people, carefully lift the launch vehicle and carry the rocket to the end of
the launch rail. Lining the first rail guide up with the extruded channel in the rail, slide the entire
rocket slowly down the rail.
__________
6. With a minimum of 3 people, slowly and carefully lift the launch rail back in its vertical position.
Reposition the pin back in its hole and place the clip on the pin to ensure it will not slide out.
__________
7. Verify the rail guides are in their proper position and if need be, re-apply the lubricant to the
guides.
__________
8. Activate altimeters and other electronics with necessary key or screwdriver.
__________
Aerostructure Lead or Officer Sign-off______________________________________________
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6.2.4. Igniter Installation and Launch
The text from this section is written based on documentation provided to the team from Cesaroni
Technology Incorporated.

Igniter installation procedure
1. Prior to installation, verify that the rocket is on the launch rail locked in the upright position.
__________
2. Follow all rules and regulations of your rocketry association, and/or the National Fire Protection
Association (NFPA) Code 1127 where applicable.
__________
3. Install the supplied igniter, ensuring that it travels forward until it is in contact with the forward
closure.
__________
4. Securely retain the igniter to the motor nozzle with tape, or (if supplied) the plastic cap, routing the
wires through one of the vent holes.
__________
5. Ensure that whatever means you use provides a vent for igniter gases to prevent premature igniter
ejection.
__________
6. Launch the rocket in accordance with all Federal, State/Provincial, and municipal laws as well as the
Safety Code of your rocketry association, as well as NFPA Code 1127 where applicable.
__________
Propulsion Lead or Officer Sign-off__________________________________________________

Launch procedure
1. Assign at the minimum of 2 spotters with a set of binoculars to maintain an eye on the rocket
during flight.
__________
2. Assign a cameraman to record the entire flight of the rocket (film horizontally if using cellular
device)
__________
3. Ensure all onlookers and members are a minimum of 250ft from the launch pad
__________
4. Ensure there are no planes passing over the airspace
__________
5. Perform a minimum of a 10 second countdown prior to ignition
__________
6. Launch the rocket in accordance with all Federal, State/Provincial, and municipal laws as well as the
Safety Code of your rocketry association, as well as NFPA Code 1127 where applicable.
__________
President or Safety Officer Sign-off__________________________________________________
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6.3. Troubleshooting
The following is a guide to troubleshoot various instances that may arise in during the launching
procedure. These include hangfires, electronics failures, and payload problems.

6.3.1. Hangfire Troubleshooting Procedure
In the event of a hangfire, a 180 second wait period is to be given to the rocket before performing
any rocket disposal actions. After ignitor installation, no student is to approach the rocket. The team
mentor is the only member permitted to perform hangfire troubleshooting. The proper PPE to be used
when following this procedure in the event of a hangfire includes: safety glasses, gloves, and properly
covered clothing.
1. Disconnect any wires leading to the ignitor to prevent possible current passing to the ignitor when
moving towards the rocket. Failure to comply with this step could result in unintentional firing of the
ignitor when personnel are within the launch zone of the rocket.
2. Upon arrival to the rocket, uninstall the ignitor as well as other electronic systems for the rocket.
This will prevent unintentional ignition of the motor and electrical malfunction of other systems.
3. Place the rocket horizontally, check for any immediate causes of failure to launch. This and other
steps are to be completed with enough time given after the initial misfire to ensure no possibility of
accidental ignition. This step determines if the rocket is to be immediately set up for relaunch or taken
back to base camp for more extensive repairs.
4. If access to the avionics is needed, take the rocket back to base camp.

6.3.2. Electronics Failure Procedure
If an issue with the electronics arises the team will act in accordance with the following simple
procedure:
1.
2.
3.
4.
5.
6.
7.

Disengage electronics arming switch
Disengage black powder charges
Ensure system connections are connected properly
Cycle the power in each system individually
If step 4 fails, replace all batteries
If the GPS is not responsive, verify the signal lock and frequency matching
Once issues are resolved, the Electronics Lead and Safety Officer will then re-initialize and rearm the system
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6.3.3. Payload Troubleshooting
If there are problems with the payload prior to launch, the following is the troubleshooting procedure:
1. If the rover has not been removed from the rocket, remove the shear pins to open the rocket
and carefully remove the rover.
2. Remotely power down the rover if the remote functions are still operational. Not carefully
manually power the system down and remove batteries.
3. Allow the Payload and Electronics leads investigate the system.
4. The RSO may provide further direction if necessary. If so, their instructions are top priority.

6.4. Electronics Preparation Procedure
GPS/RTx (Perform at same time as RRC3 Steps)
1. Program RTx GPS prior to launch day:
a. Epoch Log Trigger: 1 – Log After 3D Fix
b. Streaming Format: 3 – RTx Only Format
c. GPS MSL Offset: 1 - NA
d. Low Voltage Lockout: 2- Disabled
e. LCD Lat/Lon/Units Format:
2. Charge LiPo Battery for Rocket Unit and Base Station (Floureon 2S 7.4V 2000mAh 35C).
a. Verify battery is charged, using LiPo Battery Charger.
3. Connect the batteries to the circuit and ensure the switches are in the off position to preserve
battery life.
4. Check all electrical connections, ensuring they are secure and ready for flight.
5. Complete Step 1 – 5 for the RRC3 Altimeters. Proceed to Step 6.
6. Put the recovery electronics sled into the rocket and securely fasten to bulkhead making sure
the RRC3 altimeter procedures are followed.
7. Once securely fastened, turn on the GPS Unit inside the rocket by turning a Phillips head
screwdriver in the through-hole for the electronics bay.
8. After the Piezo tone, power on the base station unit.
9. Wait near the Rocket for the rocket unit and base station to synchronize.
10. Verify the system has found three GPS Satellites, known as a “Fix”.
11. If you see No Fix (NF), on the LCD screen then the unit cannot geolocate where the rocket is in
relation to 3D space (x,y,z location)
a. This is dependent on the number of GPS Satellites in the local area
b. To achieve a “Fix” three GPS satellites must be found
c. Power off system and restart assembly procedures from Step 6.
d. If “No Fix” is still an issue:
i. Power off the system
ii. Re-program the “Epoch Log Trigger” setting to “Log after 2 minutes” in Step 1
iii. Restart assembly procedures from Step 1 after writing the new updated settings
to both the rocket unit, and ground station.
e. Consult with Electronics Lead and Safety Officer, if all else fails.
12. Ready to Launch
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RRC3 (Perform at same time as GPS/RTx Steps)
1. Program RRC Altimeters prior to launch day:
a. Set main altimeter to deploy drogue at apogee.
i. *Note: Main deployment will not be used due to using Jolly Logic Parachute
System
b. Set redundant altimeter to deploy drogue at apogee + 2 second delay.
i. *Note: Main deployment will not be used due to using Jolly Logic Parachute
System
2. Connect a new 9V alkaline batteries to RRC3 altimeters, ensuring 2-pole rotary switches are in
the “OFF” Position.
3. Check all electrical connections, ensuring they are secure and ready for flight.
4. Connect live black powder charge.
a. Refer to associated safety precautions.
b. Be very gentle with the setup at this point.
c. If black powder comes into contact with any electronics, clean immediately due to the
corrosive nature of black powder. Talk to Electronics Lead, Safety Officer, and Mentor.
5. Verify Steps 1 – 4 for the GPS/RTx system are complete. Proceed to Step 6.
6. Put the recovery electronics sled into the rocket and securely fasten to bulkhead making sure
the GPS/RTx procedures are followed.
7. Turn on both RRC3 altimeters inside the rocket by turning a flat head screwdriver in the
through-hole for the electronics bay.
8. Listen for the piezo buzzer each time, ensure operating procedures are correctly setup.
9. If any errors occur:
a. Power cycle the altimeters
b. Consult with Electronics Lead and Safety Officer, if all else fails.
10. Ready to Launch
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6.5. Post-Flight Procedure
Once the rocket has landed and the payload has performed its actions, the rocket recovery process
will begin. The team responsible for launch vehicle will be comprised of 4 members: A team leader, a
nature/wildlife expert, a fire/rocket hazard expert, and a photographer. Before departing, each member
will sign off that they have all their required items. Each will be responsible for the following tasks:

Team Leader Recovery Items Checklist

Team Leader Responsibilities
➢ Maintaining contact with the safety officer at
basecamp
➢ Overall safety of the recovery team
➢ Navigation to final coordinates
➢ Sighting of launch vehicle
➢ Deactivation of vehicle electronics
➢ Carrying of vehicle back to camp

 A two-way radio to communicate with basecamp with
spare batteries
 A fully charged cell phone with a downloaded map of
the area that isn’t relied on a data connection
 A paper topographical map of the launch area in case
the phone dies
 A compass
 Water bottles and Gatorade
 First aid kit
 Protective glasses and gloves
 Any tools needed to deactivate electronics
 A hat and sunglasses

Team leader item sign-off________________________________________________________________

Team Leader Recovery Items Checklist

Environmental Expert Responsibilities
➢
➢
➢
➢
➢

Spotting of wildlife threats
Treatment of all injuries
Hydration and nutrition
Path clearing of necessary
Carrying of vehicle back to camp












Sunscreen
Bug spray
Poison ivy treatment
First aid kit
Documentation on how to treat different wildlife
related injuries (ie. Spider and snakebites)
Small pair of hedge clippers
Water bottles and Gatorade
Granola bars and fruit
Hat and Sunglasses
Protective gloves and glasses

Environmental expert item sign-off________________________________________________________
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Hazard Expert Responsibilities
➢ First line of defense against initial hazards
presented upon location of the rocket (ie.
Fires or cut hazards)
➢ Collection of debris at landing location
➢ Siting of launch vehicle
➢ Carrying of vehicle back to camp

Hazard Expert Recovery Items Checklist
 Hand-held fire extinguisher
 Tools for disassembly including Phillips and flathead
screwdrivers, Allan wrenches, tape measure, pliers
 Files/sandpaper to remove any sharp edges of the
rocket if the hazard presents itself
 Protective gloves and glasses
 Hat and Sunglasses
 Water bottles and Gatorade
 Spare two-way radio and batteries
 Garbage bags to collect any debris

Fire/rocket hazard expert item sign-off_____________________________________________________

Photographer Responsibilities
➢ Documentation (photographic and written) of
the entire process from departure to locating
the vehicle to returning it to base camp
➢ Sighting of launch vehicle

Photographer Recovery Items Checklist
 Camera (non-cellphone) and any other photo
equipment they deem necessary
 Water bottles and Gatorade
 Hat and sunglasses
 Notepad and writing utensils

Photographer item sign-off_______________________________________________________________
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The process for recovering the launch vehicle will be as follows:
1. Receive permission from RSO to begin search
2. The team will meet with the safety officer and electronics lead to do the following:
a. Determine final GPS coordinates to mark in electronic and paper map
b. Verify each member has all items listed above
c. Discuss any launch day specific concerns
d. Test radio operation
3. The team will then depart on search in the direction of the GPS location
4. The team leader will contact the safety officer by radio every five minutes until the launch vehicle
has been located.
5. The team lead will contact the safety officer once the vehicle has been located
6. Visual 360 degree walk around inspections will occur at 50, 10 and directly at the rocket will occur
to identify hazards and document the landing condition.
7. The Fire/hazard expert will eliminate all risks before anyone touches the vehicle
8. Once hazards are eliminated and landing condition has been documented, the team will notify the
safety of all actions taken and that all risks have been eliminated
9. The team lead, hazard expert and environmental expert will then lift the rocket components
wearing protective gloves and glasses and begin trekking back to base camp
10. Once returned to base camp, each system lead will do a thorough inspection of their respective
systems, the team will report to the President and Safety officer and all parties will sign below.
Aerostructure Lead sign-off_____________________________________________________________
Recovery Lead sign-off_________________________________________________________________
Propulsion Lead sign-off________________________________________________________________
Electronics Lead sign-off________________________________________________________________
Safety Officer sign-off__________________________________________________________________
President sign-off______________________________________________________________________
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Section VII. Project Plan
7.1. Testing
7.1.1. Aerostructure
Launch vehicle testing was completed throughout the year for proof of manufacturability as well
as robustness of the launch vehicle and all contained components. The main categories of testing were;
wind tunnel, compression strength, shear strength, composite winding, and simulation. Each test
conducted, along with its status and result is located in the table below. The table is followed by a more
detailed explanation of each individual test in the order that they appear on the table.

TEST

DATE

RESULTS

DETAILS

Wind Tunnel Testing
Fin Wind Tunnel Test

12/12/17

Successful

12/14/17

Unsuccessful

Testing proved that fin drag
can be neglected compared to
rest of the rocket body
3D-printed model’s surface too
rough for accurate drag

Scaled-Down Full-Model,
Wind Tunnel Test
Compression Testing
Two Layer Carbon Fiber
Body Tube Compression

12/22/17

Two Layer Fiberglass
Body Tube Compression

12/28/17

Four Layer Carbon Fiber
Body Tube Compression
Test
Shear Testing
Two Layer Wound
Fiberglass Body Tube
Shear Test
Commercial
Fiberglass Body Tube
Shear Test
Composite Wind Tests
Two Layer Carbon Fiber
Wind
(Cardboard Mandrel)

12/30/17

Obtained Strength
Properties, Successful
FOS=2.4
Obtained Strength
Properties, Successful
FOS=3.7
Obtained Strength
Properties, Successful
FOS=4.1

Stress at Break = 6.13 ksi
Maximum Load = 4224 lbf
Stress at Break = 9.52 ksi
Maximum Load = 4585 lbf
Stress at Break = 10.29 ksi
Maximum Load = 4950 lbf

1/3/18

Successful, FOS = 4.7

Stress at Break = 11.96 ksi
Maximum Load = 3494 lbf

1/3/18

Successful, FOS = 1.5

Stress at Break = 3.65 ksi
Maximum Load = 2913 lbf

12/16/17

Successful

Improvements made to
winding process
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Two Layer Fiberglass
Wind
(Cardboard Mandrel)
Subscale Flight
Four Layer Fiberglass
Wind
(Aluminum Mandrel)
Four Layer Fiberglass
Wind
(Aluminum Mandrel)
Four Layer Fiberglass
Wind
(Acrylic Mandrel)
Full Scale Test Flight

12/17/17

Successful

Improvements made to
winding process

1/1/18
1/13/18

Successful
Unsuccessful

Fin Broke During Recovery
X-winder Failure

1/28/18

Successful

Aluminum mandrel tube
removal

2/10/18

Successful

Acrylic mandrel tube removal

3/3/18

Unsuccessful

Air Brake Deployment
Prematurely

Nose Cone Fluid Flow
Shearing of Delta Fins at
Max Thrust
Thrust Plate Stress
Analysis
Motor Body Tube Stress

9/14/17

Successful
Successful, FOS = 5

Boundary Condition Estimate
Maximum Stress Experienced =
4.475 ksi
Maximum Stress Experienced =
5.58 ksi
Compressive stress during
launch will not exceed the
compressive strength of the
tube.
Maximum Stress on Part = 1.54
ksi

Simulation Testing

1/5/18
1/6/18

Successful, FOS = 7

1/6/18

Successful

Fin Canister Thrust Force

1/8/18

Successful, FOS = 4.51

Fin Canister Shear Stress

1/8/18

Successful, FOS = 21

Maximum Shear Stress = 0.32
ksi

Wind Tunnel Testing
In attempt to increase the team’s understanding of the drag coefficient of the launch vehicle, the
University of Akron’s Aerolab wind tunnel was utilized to obtain the force of drag experienced by the
launch vehicle. The utilized wind tunnel requires scaled down models and has a maximum wind speed of
120 mph. The wind tunnel information is displayed below.
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Figure 232 - Serial Number for Aerolab Wind Tunnel

Scaled Down Full Scale Wind Tunnel Testing
The full scale launch vehicle was scaled down to a 1:5 ratio 3D printed model. In an effort to closely
represent a 1:5 scale of smoothness, the scaled down model was given an acetone bath smoothing. The
1:5 scale model and wind tunnel assembly is shown below.

Figure 233 - Photo of 1:5 Scale Model Assembled in Wind Tunnel

The wind tunnel testing resulted in the scaled down model experiencing an average axial force of
drag of 0.123 pounds. The results gained from the prototype test were then utilized in the Buckingham
Pi process to obtain the drag force and drag coefficient of the full scale launch vehicle. The fluid
mechanics principles of the Buckingham Pi process and similitude can be used to develop a ratio
between the drag coefficients of the full scale launch vehicle and prototype. With thee drag force,
density of the fluid, area of the normal face to the fluid and the velocity in the fluid of the model having
known values, the team was able to find the drag force for the prototype based on the frontal area,
density and velocity of the prototype. The result of the Buckingham Pi process gave a drag coefficient of
0.63 for the full scale launch vehicle. The drag coefficient obtained from OpenRocket simulations was a
maximum of .41. The discrepancy in results is most likely due to the team’s inability to create a scaled
down model with a 1:5 ratio of smoothness relative to the full scale.
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Fin Wind Tunnel Testing
The wind tunnel was utilized to obtain the force of drag experienced by a fin of similar
height to the fins used in the full scale launch vehicle. The predicted outcome was a drag force on
the fin that was a small fraction of the total estimated drag force. The initial prediction was due to the
total cross sectional surface area of the fins being relatively small in comparison to that of the launch
vehicle. Based on OpenRocket simulations, the force of drag experienced by the entire launch vehicle is
estimated to be about 25 pounds.
To test the drag characteristics, a 3-D printed attachment piece was designed to safely secure the fin
to the force sensor. If the fin were to break loose, it could break the fan in the back of the wind tunnel.
The test fin was 0.125” thick and was a 1:1 scale of the full scale rocket fin. A picture of the fin and
attachment piece assembled in the wind tunnel is shown below.

Figure 234 - Photo of Tapered Swept Fin in Wind Tunnel

The wind speed in the wind tunnel was ramped up to 100 mph. A picture of the resulting axial drag
force is shown below.

Figure 235 - Photo of Wind Tunnel Results for Tapered Swept Fin

As predicted, the resulting drag force of 0.519 lbf was a small fraction of the total force of drag
experienced by the launch vehicle. The results also included the drag of the 3D printed attachment
fixture, so the team ran another test with the attachment fixture alone in the wind tunnel. The resulting
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fixture drag force was 0.089 lbf. The final estimated drag force per fin was reduced to 0.43 pounds of
force.
Wind Tunnel Testing Lessons Learned
By completing multiple wind tunnel tests on representations of launch vehicle components, a
foundation of the wind tunnel testing understanding was developed. The main tangible lessons learned
are; the importance of having safe and proper fitting wind tunnel attachments, the apparent effects of
smoothness on drag coefficient, and the minimal effect that fins have on drag force.
Compression Testing
The team performed compression tests on spare body tube sections to gain a better understanding
of the limitations of the airframe materials. The testing method involved the use of a Forney 500K
compression machine. The machine is commonly used for concrete testing, but the team was able to
utilize it to compress several body tubes. Compressive failure is obtained by the hydraulic piston pushing
down on the body tube piece until fracture occurs. The following photo is a serial number for the
machine.

Figure 236 - 13” Carbon Fiber Tube (Painted White) Shown in Compression Testing

2 Layer Carbon Fiber Body Tube Compression
A 6.625” long carbon fiber-wound body tube with an inner diameter of 5” and an outer diameter of
5.125” was placed under load until failure. The tube consisted of two layers of tow wound at 35 and 45
degree angles. The maximum load experienced at failure by the tube was 4224 lbf and the stress at
break was 6.13 ksi. The resulting factor of safety, based on predicted maximum compression stress was
2.4.The 2 layer carbon fiber compression test is displayed in the image below.
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Figure 237 - Compression Test of Carbon Fiber Tube

2 Layer Fiberglass Body Tube Compression
A 6.625 inch long fiberglass-wound body tube with an inner diameter of 5 inch and an outer
diameter of 5.125 inch. The tube consisted of 2 layers of tow wound at 35 and 45 degree angles. The
maximum load experienced at failure by the tube was 4585 lbf and the stress at break was 9.52 ksi. The
resulting factor of safety, based on predicted maximum compression stress was 3.7. A photo of the 2
layer fiberglass body tube is shown below.

Figure 238 - 6.625” Long, 6” ID, Fiberglass Tube shown in Compression Testing

4 Layer Carbon Fiber Body Tube Compression Test
A 13” long carbon fiber-wound body tube with an inner diameter of 6” and an outer diameter of
6.125” was placed under load until failure. The tube consisted of only two layers of carbon fiber wound
at 35 and 45 degree angles. The maximum load at failure was 4950 lbf and the stress at break was 10.29
ksi. The resulting factor of safety, based on predicted maximum compression stress was 4.1. A photo of
the 4 layer carbon fiber compression test is shown below.
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Figure 239 - 6.625” Long, 5” ID, Carbon Fiber Tube Shown in Compression Testing

Compression Testing Lessons Learned
The tests gave the team a comparison between the compression strength of carbon fiber and
fiberglass tubes in compression with similar dimensions of the tubes. The tests performed show that the
compression strength of carbon fiber is higher than that of the fiberglass. Each material is more than
robust enough to greatly exceed a factor of safety of 2.2. The full scale airframe will be even stronger
due to winding at angles of 45/55/45/55 for a total of four layers.
Shear Testing
Testing of the shear strength failure points of the airframe and attachment points were conducted
using the same Forney 500k hydraulic loading equipment used for the compression testing. The testing
process was identical to the compression testing with the exception of using a smaller piston to apply
force to the bulkhead mechanically attached to the airframe. The tested assemblies consisted of
bulkheads mechanically attached to body tube sections with various types of machine screws.
2 Layer Wound Fiberglass Body Tube Shear Test
A 5” inner diameter, two layer thick, student wound fiberglass airframe section was used for shear
strength failure test. The 2 layer fiberglass tow was wound at 35 and 45 angles. A ¼” thick aluminum
bulkhead was mechanically attached to airframe using six 6-32x ½” stainless steel machine screws. The
testing setup is shown below.
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Figure 1 - Body Tube Shear Test Setup (left) and physical results (right)

The airframe system failed at the max applied load of 3,494 pounds of force with a stress of 11.96
ksi at the break point. The failure was caused by the machine screws shearing through the body tube.
The resulting factor of safety, based on predicted maximum shear stress was 4.7. The resulting damage
of the 2 layer wound fiberglass body tube shear test is shown in the figure above.
Commercial Fiberglass Body Tube Shear Test
A commercially bought 3” inner diameter, 1/8” thick G12 airframe section was used for the shear
strength failure testing. A ¼” thick aluminum bulkhead was mechanically attached to airframe using six
4-40 x ½” stainless steel machine screws. The testing setup is shown below.

Figure 2 - Shear Test Setup for 3” ID, 0.125 thick G12 Fiberglass Tube (left), and physical test results (middle, right)

The airframe system failed at the max applied load of 2,913 pounds of force with a stress of 3.65 ksi
at the break point. The resulting factor of safety, based on predicted maximum compression stress was
1.5. The failure was caused by two of the machine screws shearing in half and bending of the four
remaining screws. The airframe and bulkhead were robust enough to withstand the forces felt during
the test. The final physical results of the testing are shown in the images above.
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Shear Testing Lessons Learned
Based on the results drawn from the Forney 500k compression machine, it is conclusive that the full
scale model will be able to withstand the forces endured during launch and flight. The airframe will
maintain and exceed a 2.2 safety factor for all types of airframe material and screw sizes considered for
use.
Composite Winding Testing
Multiple composite winding tests were conducted using the Akronauts’ 4-axis X-winder to
determine the team’s ability to construct adequate body tube sections. The test winds were conducted
using both fiberglass and carbon fiber tow with varying amounts of total layers.
Two Layer Carbon Fiber and Fiberglass Test Winds (Cardboard Mandrel)
A single layer of carbon fiber and fiberglass were each wound on separate carboard tubes on the
X-winders to develop an early understanding of the capabilities of the teams winding abilities. The tests
successfully improved effectiveness of future winds. The resulting carbon fiber and fiberglass winds are
shown below.

Figure 240 - Two Layer Fiberglass test wind on a cardboard mandrel

Figure 241 - Two Layer Carbon Fiber test wind on a cardboard mandrel
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Four Layer Fiberglass Winding
Four layers of fiberglass tow (wound at 45/55/45/55degree angles) were wound on the Xwinder to replicate the full scale body tube section thickness. The fiberglass winds took place multiple
separate times on both an aluminum and acrylic mandrel. The initial 4 layer wind was unsuccessful due
to X-winder failure. Two successful winds and removals were completed after fixing the issues causing Xwinder failure. The winds proved that body tube sections of adequate thickness and composition are
able to be constructed using either aluminum or acrylic mandrels on the X-winder. A cut section of the
fiberglass body tube removed from the mandrel is shown below.

Figure 242 - Four Layer Fiberglass test wind removed from an aluminum mandrel

Composite Winding Lessons Learned
After countless hours of winding and X-winder troubleshooting, a baseline operating procedure and
understanding of body tube construction were developed. The test winding proved that adequately
sized fiberglass body tube sections could be constructed using the team’s X-winder.
Test Flights
Test flights were performed to validate the performance of the entire launch vehicle as well as each
individual components. Each flight helped progress the team in the collection of data and validation of
the competition launch vehicle design. The subscale test flight results are discussed in the CDR report
while the full flight results are discussed in section 3.4.
Simulation Testing
Simulation software was utilized to analyze multiple different launch vehicle component’s strength
and performance. The main software used for analysis were SolidWorks and Inventor.
Nose Cone Fluid Flow
A Solidworks assembly of the nose cone was used to display the streamline velocity distribution
shown below. The outer profile velocity distribution is shown at the maximum velocity of 602 ft/s.
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Figure 243 - Fluid Flow Simulation Result over Nose Cone in Solidworks

The velocity near the tip of the nose cone is slightly lower than the velocity farther down the profile.
This is shown in the change in color from light green to yellow traveling down the profile and returning
to light green as the nose cone curvature ends. The reason behind this lower velocity near the tip is an
increase in drag due to the larger slope in the profile of the nose cone. The increased drag also results in
an increase in pressure in this area, which the simulation estimated to be a maximum of 142.52 psi near
the tip of the nose cone. This value is far below the yield strength of aluminum; thus, it is a safe material
choice for the nose cone tip.
Delta Fin Shearing at Max Thrust
The team also considered shearing of the 1/8” delta fins at the point of maximum thrust of the
motor. The Inventor stress analysis simulation is shown below. The three bearing forces through the
screw holes acting upward represent the distributed maximum thrust force of the motor of
approximately 90.67 lbf at each location. The downward force from above the fin represents the force
of gravity which is approximately 1.67 lbf. The fixed constraint was set as the leading edge of the fin.

Figure 244 - Stress Analysis of Fin Shear Force in Inventor
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As shown, the maximum stress in the part is 4.475 ksi near the bolt holes. The compressive strength
of the fiberglass is 24 ksi. This yields over a 5:1 factor of safety against shearing of the fins.
Thrust Plate Stress Analysis
The team conducted finite element analysis on the thrust plate in Inventor to show that the
aluminum thrust plate will be strong enough to survive the maximum thrust of the motor. Shown below
is the finite element analysis in Inventor. A load above the model represents the thrust plate weight due
to gravity of approximately 3.9 lbf. The force shown below the model represents the maximum force of
thrust of the motor of approximately 272 lbf. The screw holes were given pin constraints representing
the screws holding the thrust plate to the body tube.

Figure 245 – Stress Analysis Simulation of Thrust Plate in Inventor

As shown, the thrust plate will experience a maximum stress of 5.579 ksi at the tip inside the screw
hole. This maximum stress is well below the yield strength of aluminum of approximately 40 ksi and
yields a factor of safety over 7:1. The force of the motor will be distributed between the thrust plate and
the lower fin can ring which will reduce the maximum stress either part will experience.
The ¼” thick aluminum bulkheads and centering rings will be more than robust enough for all
applications in project Lazarus. The bulkhead experiencing the most force will be the thrust plate. The
shear testing depicted in the airframe section showed that the attachment screws and fiberglass body
tube will fail before the thrust plate.
Lower Airframe Stress Analysis
The team conducted finite element analysis on the motor body tube in Inventor to demonstrate that
the fiberglass material will be strong enough to survive the maximum thrust of the motor without
buckling. Shown below is the finite element analysis in Inventor. The bearing loads shown on the thrust
plate attachment holes represent the distributed maximum thrust force of the motor of approximately
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45.33 lbf at each of the six thrust plate attachment holes. The weight due to gravity of the body tube is
approximately 38 lbf. The fixed constraint is the top face of the body tube.

Figure 246 - Stress Analysis Simulation of Motor Body Tube Compression Force in Inventor

As shown, the body tube will experience a maximum stress of 2.524 ksi which is well below the
tensile strength of the 3K fiberglass tow which is 220 ksi.
Fin Canister Thrust Force
Finite element analysis was conducted on the fin canister pieces in Inventor to demonstrate that the
3D printed ABS plastic material will be strong enough to survive the maximum thrust of the motor
without fracturing. Shown below is the finite element analysis in Inventor. The bearing loads shown on
the fin attachment holes represent the distributed weight of a fin of approximately 0.28 lbf which is
distributed among the six fin attachment holes in each of the three fin canister pieces once assembled.
A load above the model represents the fin canister weight due to gravity of approximately
0.417 lbf. The forces shown on the lower holes represent the distributed maximum force of thrust of
the motor of approximately 30.22 lbf which will be distributed between the nine holes in the bottom of
the three fin canister pieces together.
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Figure 247 - Stress Analysis Simulation of Fin Canister Thrust Force in Inventor

As shown in the finite element analysis simulation above, the maximum stress in the part will be
approximately 1.54 ksi which yields a 4.5:1 factor of safety against the yield stress of ABS plastic which is
approximately 7 ksi.
Fin Canister Shear Stress
Based on the results of the subscale flight, the team simulated the shearing of the full scale and
subscale fin canister pieces due to the snatch force of the motor and centering rings near the base of the
rocket. This snatch force is produced by the inflation of the parachute. Shown below is the Inventor
stress analysis simulation for the snatch force on the full scale fin canister. The force shown from above
the part represents the weight due to gravity of nearly 4.17 lbf. The three bearing forces shown through
the screw holes in the bottom of the part represent the distributed shearing force of the nine bolts due
to the snatch force of the motor and centering rings. This force is approximately 4.36 lbf per hole. The
pin constraints are located on the bolt holes of the part constraining it to the centering ring. The forces
in the fin holes were neglected as the weight of the fins was nearly negligible as shown in the above
simulation.
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Figure 248 - Stress Analysis Simulation of Fin Canister Shear Force in Inventor

As shown, the full scale fin canister will experience a maximum shearing stress of 0.3217 ksi. This
results in a factor of safety of over 21:1 with respect to shearing due to the snatch force by the motor.
Next, the team considered the same shearing force scenario on the subscale since it was the point of
failure as outlined in the subscale results section. The subscale was held by seven screws since two
screw holes were stripped on the subscale fin can centering ring. This resulted in a similar bearing load
on the subscale fin canister bolt holes as the full scale. The three loads shown represent this distributed
load of approximately 4.5 lbf per hole. Since the seven bolt holes were not evenly distributed around the
fin can and the snatch force by the motor was not evenly distributed due to its orientation as the
parachute was inflating, the actual force that created the break in the fin canister piece could have been
much larger. The weight due to gravity on each fin canister piece was 0.68 lbf. The same pin constraints
are used for the upper fin can centering ring in the stress analysis simulation shown below.
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Figure 249 - Stress Analysis Simulation of Subscale Fin Canister Shear Force in Inventor

As shown, the maximum stress on the fin canister piece would be 2.597 ksi assuming the seven bolts
were evenly distributed. Due to the uneven distribution of the motor weight and bolt holes during the
parachute inflation as well as the fracture of the fin can during subscale assembly, the team believes
that the part was weakened and experienced a higher stress that ultimately fractured the part again. As
outlined in the subscale results section, mitigation steps have been taken to assure that the fin can will
not fail in the full scale version. The main factor will be the increase in thickness of the fin can to 0.25”
from 0.0625”.
Simulation Testing Lessons Learned
Each specific component simulation was designed to replicate the forces experienced during flight
as well as each components ability to withstand said forces. Each simulation showed that each
component is more than robust enough to withstand the forces experienced during flight and exceed all
desired factors of safety.
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7.1.2. Electronics
Electronics testing made progress upon completion of the CDR. Recovery systems were verified
through the subscale launch. This included programming the RRC3 Altimeters by Missile Works and
RTx/GPS Telemetry System by Missile Works. Prior testing with the transmitter and receiver of the
RTx/GPS system allowed the team to gain familiarity with the hardware and associated software. Testing
procedures included verifying the ability to read and write data from the devices to a computer along.
Field testing allowed for familiarity with geolocating the receiver using the transmitter and LCD display.
In the subscale launch, the team successfully was able to retrieve the rocket using the RTx/GPS ground
station. Also in the subscale launch, one RRC3 Altimeter was programmed to deploy at apogee while a
second redundant system was programmed to deploy with a two second delay after reaching apogee.
Avionics electronics has made substantial headway with coding for the rocket’s airbrake system. The
airbrakes successfully deployed through the implementation of the code. Further testing and
improvements will continue to be made to optimize performance.
Payload electronics made progress on integrating the motor hat and motors. The next step is to
start testing the setup in a test body and integrate the ultrasonic sensor along with gyroscope and
accelerometer. Testing for the payload will continue, and progress will be made on integrating the
sensors to the code. Currently the second iteration of the code is complete.

TEST

DATE

RESULTS

DETAILS

RRC3 Altimeters
Payload Code Testing

1/12/2018
2/16/18

Successful
Successful

RTx/GPS Verification
Airbrakes

3/3/18
3/2/18

Successful
Successful

Successfully Deployed Parachute
Integrated Motors – In Progress of
integrating other sensors
Successfully Tracked Rocket
Airbrakes Deployed via
implemented code – Incremental
changes made

Table 2 – Electronics Tests Outline
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7.1.3. Payload
TEST

DATE

RESULTS

DETAILS

Shear Pin Impact Testing

2/26/18

Successful

Shear Pin Test Launch
Survival
Spring Compressibility
Testing
Spring Compressibility
Solution test

3/3/18

Unsuccessful

2/23/18

Unsuccessful

2/25/18

Successful

M3 nylon screws can withstand 60 pounds of
impacting shear force each without a single
pin breaking
Launch unsuccessful, unable to get data from
the events
Upper body spring deflects to the side; very
difficult to fully compress
Nested tube assembly makes compressing
the upper body spring substantially easier.

Table 15 – Payload Tests Outline

Shear Pin Impact Testing
Shear pin impact testing was done to determine the maximum force that the shear pins could
experience without a single pin breaking. This is important because the payload bay will be held
together with shear pins during flight and recovery, so the pins will need to be able survive the forces
from launch and from drogue and main inflation.
Testing was done with several drop controlled drop tests. Using a consistent height and known
weights, the impact force can be determined using the impulse equation:
𝐾𝐸𝑖 + 𝑃𝐸𝑖 + 𝐹∆𝐷 = 𝐾𝐸𝑓 + 𝑃𝐸𝑓
The weight was dropped from rest and the force being applied needs to bring the weight to a stop,
therefore:
𝐾𝐸𝑖 = 𝐾𝐸𝑓 = 0
𝑃𝐸𝑖 + 𝐹∆𝐷 = 𝑃𝐸𝑓
No springs were needed for this experiment, so spring potential energy can be removed from the
equation. The mass of the object and the gravitational acceleration did not change through the
experiment, so the same weight can be used on both sides the equation.
𝑊 ∗ ℎ𝑖 + 𝐹∆𝐷 = 𝑊 ∗ ℎ2
The height of the initial and final position were measured from the final position, so the equation
can be simplified further to:
𝑊 ∗ ℎ + 𝐹∆𝐷 = 𝑊 ∗ 0
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𝑊ℎ + 𝐹∆𝐷 = 0
𝐹∆𝐷 = −𝑊ℎ
−𝑊ℎ
𝐹=
∆𝐷
For the experiment, ∆D was assumed to be -0.0555 inches. This is half of the diameter of the M3
nylon screws that were being tested and is also an unrealistic distance to expect the screws to displace
and survive. Despite the unrealistic distance assumption, the tests can still be seen as valid as the force F
decreases as ∆D increases in magnitude, so an unrealistic value for ∆D means that the force calculated is
going to be less than the force that is actually experienced if the screws survive. For what the screws will
be used for, this is an acceptable discrepancy.
Plugging in ∆D, the equation becomes useful for impact testing:
𝐹=

𝑊ℎ
0.0555

Testing was done taking a weight and dropping it from controlled height onto a body tube-coupler
assembly with three screws holding the sections in place, and then using the equation above to
calculate force. If one or more screw broke from the test, the weight was decreased. Every test used
new screws. This set up can be seen in the following figures, Figure 250 and Figure 251.

Figure 250 — Shear Pin Impact Testing Pre Drop
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Figure 251 — Shear Pin Impact Testing Post Drop

It was decided that test it was determined that an acceptable maximum force for the screws was
found if the test could be repeated with the same weight and difference screws five times and zero pins
broke. Below is a table outlining the results of the testing:

Test #

Drop
Weight Weight
Height
(oz)
(lbs)
(in)

Force
(lbs)

Force
Pins
per pin
Broken
(lbs)

1

20.99

1.311875

13.25 313.1954 104.3985

2

2

20.98

1.31125

13.25 313.0462 104.3487

1

3

20.03

1.251875

13.25 298.8711 99.62369

0

4

20.03

1.251875

13.25 298.8711 99.62369

0

5

20.03

1.251875

13.25 298.8711 99.62369

2

6

19.03

1.189375

13.25 283.9499 94.64996

0

7

19.03

1.189375

13.25 283.9499 94.64996

1

8

18.07

1.129375

13.25 269.6256 89.87519

1

9

17.08

1.0675

13.25 254.8536

84.9512

0

10

17.08

1.0675

13.25 254.8536

84.9512

0

11

17.08

1.0675

13.25 254.8536

84.9512

2

12

16.11

1.006875

13.25 240.3801 80.12669

0

13

16.11

1.006875

13.25 240.3801 80.12669

0

14

16.11

1.006875

13.25 240.3801 80.12669

0
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15

16.11

1.006875

13.25 240.3801 80.12669

0

16

16.11

1.006875

13.25 240.3801 80.12669

1

17

15.76

0.985

13.25 235.1577 78.38589

2

18

14.97

0.935625

13.25 223.3699 74.45664

1

19

19.94

1.24625

20

19.48

21

68.7683

1

1.2175

9.1875 201.5456 67.18187

0

19.48

1.2175

9.1875 201.5456 67.18187

1

22

18.52

1.1575

9.1875 191.6132 63.87106

0

23

18.52

1.1575

9.1875 191.6132 63.87106

1

24

18.06

1.12875

9.1875 186.8539 62.28463

0

25

18.05

1.128125

9.1875 186.7504 62.25014

1

26

17.58

1.09875

9.1875 181.8877 60.62922

0

27

17.58

1.09875

9.1875 181.8877 60.62922

0

28

17.58

1.09875

9.1875 181.8877 60.62922

0

29

17.58

1.09875

9.1875 181.8877 60.62922

0

17.58

1.09875

9.1875 181.8877 60.62922

0

30

9.1875 206.3049

Table 16 — M3 Nylon Screws Maximum Value Testing With 3 Screws

As the table shows, the nylon shear screws can withstand 60.63 pounds of force each. This testing
was considered a success because useable data was gathered from it. The data lines up with the
predicted values for the test; Calculations done by Bob Feretich, a NAR certified rocketeer, using the
material properties indicated that the screws should be able to withstand between 67 and 91 pounds of
load shear force, so it was predicted that the screws would be able to withstand less than the 67 pounds
of impacting shear force.
Shear Pin Test launch Survival
The test launch was going to be used to confirm that the shear pins would keep the payload bay
together through launch and recovery. For the launch, 5 shear pins were going to be inserted and their
survival would be the determining factor of success. For safety reasons and because this had never been
done by the team before, the nosecone and payload ballast were tethered to the upper body using two
sections of 500lb rated paracord. The length of each cord was thirty inches; long enough so that it
wouldn’t take any force unless the pins broke and so that the nose cone coupler wouldn’t be damaged
in the event of a failure.
Unfortunately, the test launch did not go as planned. The shear pins did not have the chance to
experience the shock forces from drogue and main inflation, so no useful data was obtained.
Spring Compressibility Tests
In order to determine the feasibility of the spring ejection system, the springs had to be shown that
they could be easily compressed and would easily extend in their respective sections of the rocket. This
was done first by hand compressing the springs, and then if that was successful then the spring was put
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into the assembly and tested. Success was determined by multiple people confirming their comfort with
compressing the spring, since this would need to be done by hand before launches.
The nose cone spring compressed easily by hand. Once installed in the assembly, the spring
compressed just as easily or, to some, easier. This is likely because once installed into the assembly,
horizontal movement from the person compressing the spring is severely limited and the possibility of
buckling is greatly reduced. Due to the ease of compression, the compressibility testing for this spring
was considered a success.
The upper body spring did not compress easily at all. It was too long and too narrow for hand
compression to prevent it from buckling. Due to the improvement in the ease of compression in the
nose cone spring after being installed into the assembly, the upper body spring was also installed into an
assembly with hopes of making it easier to compress. Installing it did indeed make the spring
compression easier for the first couple inches, but it was still near impossible to do beyond that. The
compressibility testing for this spring was a failure.
It was predicted that both springs would compress easily. This prediction only accounted for the
spring constant of each spring and their lengths, not the potential buckling that could happen. This test
showed that either a new spring was needed, or that some kind of rigid sleeve needed to be added
around the spring to prevent buckling. Due to the constraints of the situation, both in system design and
time, it was determined that a sleeve would need to be designed and constructed to prevent the
buckling and another test would need to be done.
Spring Compressibility Tests
The solution that was made was a 3D printed telescoping tube assembly, which can be seen in
Figure 144. At full length, the assembly extends past the midpoint of the spring where the buckling
occurs. Each component of the telescoping assembly has a length of 1.4 inches, which is less than the
length of the fully compressed spring. For this test, the method of testing and success verification was
the same as the prior spring compressibility tests.
The upper body spring was substantially easier to compress with the telescoping tube assembly
around it. The tube successfully prevented deflection and collapsed down to the within the compressed
length of the spring. The telescoping assembly was added to the previously made assembly, and the
compression was made even easier. This was because even though the telescoping components
prevented buckling, the spring still wanted to extend sideways some. When constrained from this
motion by the body tube, compressing the spring became much easier as the side to side movement did
not have to be actively accounted for by the individual doing the compression. The dramatic
improvement in compressibility of the spring made this test, and the telescoping assembly, a success.
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Planned Testing
Due to component acquisition issues, the team was unable to complete all of the testing before the FRR.
These are the following tests, and the procedures for the tests, that the payload will be going through in
the near future.
Traversable Grade Testing
Objectives
The aim of this experiment is to determine what is the maximum grade that the two-wheel selfbalancing rover can climb. The experimental procedure should give results for various environments.
Background
The angle of repose of a granular material is the steepest angle of descent or dip relative to the
horizontal plane to which a material can be piled without slumping. At this angle, the material on the
slope face is on the verge of sliding. The angle of repose is by default between 0 and 90 degrees.
Knowing what the largest grade that the rover could naturally encounter in nature will allow for the
narrowing of the grades tested even further. When a force acts on a material at an angle of repose the
reactions is for the slope to collapse to a smaller grade if the material is not at its tapped bulk density.
Based off the table in the appendix the highest angle of repose that the rover might encounter in a
natural environment is 50° with an average angle for 30.89°. Another factor to consider are will there be
vegetation that will be traveled over.
Materials Needed
1. 1 cubic foot of materials (homogeneous surface conditions) for testing
a. Topsoil
b. Clay/Silt
c. Sand
d. Gravel
e. Loose Vegetation (Grass, Sticks, Leaves)
2. 3 Gallons of water for soil mixing
3. Large Bucket for soil mixing
4. Angle Locator
Experimental
This procedure will test the rover’s ability to traverse inclines. To perform this procedure the rover
needs to be powered on and the wheels need to be freely able to rotate. This procedure should be
performed in a large, open, and flat environment such as a field or parking lot.
1. Gather enough topsoil to produce a mound that is 1-2 times taller than the rover, roughly a foot.
2. With this material make a mound that has as a grade for roughly 30°, use an angle locator to
determine the actual grade. (slightly wet soil if needed)
3. Position the rover in front of the mound and power it on using the switch for the internal
battery pack. A light will power on signifying that the battery pack has successfully turned on.
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4. Press the button on the body of the rover, this will activate a series of code to move the rover
forward at its full travel speed.
5. Depending on the rover successfulness in climbing the mound increase or decrease the grade by
5-10°.
6. Continue this until the limits if the rover is established.
7. Repeat steps 1-5 with different materials until the experiment is satisfied
8. Vegetation such as, but not limited to grass, leaves, corn stocks, and sticks can be placed in the
rover’s way to increase the realism of the testing environment.
Success and Failure Conditions
When this test is successful, the rover will have gone up an incline, and be able to continue its
forward movement. A failed test will result in the rover not having made it up the incline, and be unable
to proceed forward.
Shutdown Procedures
To shutdown the rover, turn off the rover by flipping the power switch on the battery pack while it is
stationary. The light will fade off over time, signifying that the battery pack has been successfully shut
down. In emergency situations, lift the rover off the surface it is moving on to cease its movement, and
flip the power switch on the battery pack. The light will fade off over time, signifying that the battery
pack has been shut down.
Appendix
Table 1 holds the values detailing various angles of repose of natural materials at a degree of
moisture content. Values were taken fromStructX.com.

229

Bibliography
StructX.com. “Typical Angle of Repose Values for Various Soil Types.” Angle of Repose Values for
Various Soil Types, structx.com/Soil_Properties_005.html.
Distance Testing
Objectives
The aim of this experiment is to determine that the two wheeled self-balancing rover can travel the
intended 5 feet away from a starting point. The experimental procedure should give results for any type
of terrain or obstacle encountered as the rover travels.
Background
The distance testing procedure combines the Traversable Grade Testing procedure and Obstacle
Avoidance Testing procedure. The rover must be able to perform both of these tests successfully in
order to be able to complete the distance test, as it combines the ability to cross terrain with the
functionality and obstacle avoidance of the sonar sensor. The same code for the Obstacle Avoidance
Test is used for this procedure, which is written as follows:
While the rover is powered on and moving forward, this sensor will continuously ping a signal, that
upon reaching an object any distance away, will return back to the sensor. The rover records how long
(in milliseconds) that signal took to ping, and calculate the distance away (in centimeters) the object is.
When the object is deemed too close (20 centimeters or closer), the rover will turn 90 degrees and
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continue forward for one second, before correcting its path by turning 90 degrees back onto its original
forward path.
In addition to the previous code, the rover must calculate the distance it travels in order to
determine when to stop. This will be done using by calculating the distance traveled using the travel
speed of at which the wheels rotate, the time they spend rotating, and the length of the wheels. Once
the rover has achieved a running calculation of 5 feet traveled, it will stop. Distance from turning is not
factored in to the final distance traveled, only the distance traveling forward is.
Materials Needed
1. Several cardboard boxes over 6 inches tall
2. Any other objects that stand 6 inches or taller
3. 1 cubic foot of homogeneous surface materials for testing
a. Topsoil
b. Clay/Silt
c. Sand
d. Gravel
e. Loose Vegetation (Grass, Sticks, Leaves)
4. 3 Gallons of water for soil mixing
5. Large Bucket for soil mixing
6. Angle Locator
7. Measuring tape
Experimental
This procedure will test the rover’s ability to traverse the required distance away from a starting
point. To perform this procedure, the rover must have its Sonar sensor attached and the wheels need to
be freely able to rotate. This procedure should be performed in a large, open, and flat environment such
as a field or parking lot.
1. Gather enough topsoil to produce a mound that is taller than the rover, roughly a foot long.
2. Position the rover on a surface containing obstacles of varying sizes at varying distances, and in
front of the constructed mound.
3. Power on the rover it on using the switch for the internal battery pack. A light will power on
signifying that the battery pack has successfully turned on.
4. Press the button on the body of the rover, this will activate the same series of code used in the
Obstacle Avoidance Test to move the rover forward at its full travel speed and transmit a ping
for the sonar sensor.
5. Depending on the successfulness of the rover at avoiding obstacles, while it scales inclines of
varying degrees, repeat the test again with different obstacles and different terrains.
6. Using a measuring tape, record the distance the rover traveled to identify a successful test.
Success and Failure Conditions
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When this test is successful, the rover will have gone the intended 5 feet away from its starting
location, and have traveled without assistance, while avoiding any obstacles that appear, and traveling
over the terrain, regardless of its incline. A failed test will be if the rover does not travel far enough from
its starting position, if it gets stuck on an obstacle, if it fails to move over an inclined surface, or if any
outside factor causes it to stop short of reaching the goal.
Shutdown Procedures
To shutdown the rover, turn off the rover by flipping the power switch on the battery pack while it is
stationary. The light will fade off over time, signifying that the battery pack has been successfully shut
down. In emergency situations, lift the rover off the surface it is moving on to cease its movement, and
flip the power switch on the battery pack. The light will fade off over time, signifying that the battery
pack has been shut down.
Obstacle Avoidance Testing
Objectives
The aim of this experiment is to determine that the two-wheel self-balancing rover can avoid
obstacles. The experimental procedure should give results for various obstacles.
Background
The two wheel self-balancing rover is equipped with a Sonar sensor. While the rover is powered on
and moving forward, this sensor will continuously ping a signal, that upon reaching an object any
distance away, will return back to the sensor. The rover records how long (in milliseconds) that signal
took to ping, and calculate the distance away (in centimeters) the object is. When the object is deemed
too close (20 centimeters or closer), the rover will turn 90 degrees and continue forward for one second,
before correcting its path by turning 90 degrees back onto its original forward path.
Materials Needed
1. Several cardboard boxes over 6 inches tall
2. Any four-legged chair
3. Any other objects that stand 6 inches or taller
Experimental
This procedure will test the rover’s obstacle avoidance feature. To perform this procedure, the rover
must have its Sonar sensor attached and the wheels need to be freely able to rotate. This procedure
may be performed indoors on a large, flat table, on the ground, or outdoors in a large, open, and flat
environment.
1. Set an obstacle (cardboard box, chair, etc..) on the testing surface, approximately a foot away
from the rover’s intended starting position.
2. Position the rover directly in front of the placed obstacle, approximately a foot away. Power on
the rover using the switch for the internal battery pack, a light will power on signifying that the
battery pack has successfully turned on.
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3. Press the button on the body of the rover, this will activate a series of code to move the rover
forward at its full travel speed, and transmit a ping for the sonar sensor.
4. Depending on the successfulness of the rover at avoiding the obstacle, repeat the test again
with different obstacles of varying lengths and heights.
5. After successful avoidance of an object, position the rover to travel between the legs of the
chair. The rover should be able to travel straight through the legs as long the space is wide
enough to accommodate the rover.
Success and Failure Conditions
When the test is successful, the rover should respond to an object within 20 centimeters in front of
it by moving according to the program to avoid the obstacle, and proceed with its intended course. This
is performed by turning 90 degrees from the object, and continuing forward for one second. The rover
will turn 90 degrees the opposite direction to correct itself onto a forward path, and check if an obstacle
is still within 20 centimeters. This will repeat until the rover is clear of the obstacle. A failed test results
in the rover colliding with the obstacle in any way.
Shutdown Procedures
To shutdown the rover, turn off the rover by flipping the power switch on the battery pack while it is
stationary. The light will fade off over time, signifying that the battery pack has been successfully shut
down. In emergency situations, lift the rover off the surface it is moving on to cease its movement, and
flip the power switch on the battery pack. The light will fade off over time, signifying that the battery
pack has been shut down.
Obstacle Detection Test
Objectives
The aim of this procedure is to determine if the two wheel self-balancing rover is can detect
obstacles. The experimental procedure should give results for various obstacles.
Background
The two wheel self-balancing rover is equipped with its Sonar sensor and Gyroscope. While the
rover is powered on and moving forward, this sensor will continuously ping a signal, that upon reaching
an object any distance away, will return back to the sensor. The rover records how long (in milliseconds)
that signal took to ping, and calculate the distance away (in centimeters) the object is. When the object
is deemed too close (20 centimeters or closer), the rover will cease its movement, and remain stationary
and balanced. The gyroscope will also be continuously reading information on its current orientation.
Based on this information, the rover will rotate its wheels at a varying speed of 1 to 10 rotations per
second in order to achieve and maintain its own balance.
Materials Needed
1. Several cardboard boxes over 6 inches tall
2. Any four-legged chair
3. Any other objects that stand 6 inches or taller
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Experimental
This procedure will test the rover’s obstacle detection feature. To perform this procedure, the rover
must have its Sonar sensor attached and the wheels need to be freely able to rotate. This procedure
may be performed indoors on a large, flat table, on the ground, or outdoors in a large, open, and flat
environment.
1. Set an obstacle (cardboard box, chair, etc..) on the testing surface, approximately a foot away
from the rover’s intended starting position.
2. Position the rover directly in front of the placed obstacle, approximately a foot away. Power on
the rover using the switch for the internal battery pack, a light will power on signifying that the
battery pack has successfully turned on.
3. Press the button on the body of the rover, this will activate a series of code to move the rover
forward at its full travel speed and transmit a ping for the sonar sensor.
4. Depending on the successfulness of the rover at stopping before colliding with the obstacle,
repeat the test again with different obstacles of varying lengths and heights.
5. After successful avoidance of an object, position the rover to travel between the legs of the
chair. The rover should be able to travel straight through the legs as long the space is wide
enough to accommodate the rover.
Success and Failure Conditions
When the test is successful, the rover should respond to an object within 20 centimeters in front of
it by moving ceasing its forward movement, and remain stationary while balancing itself. The rover may
shift back and forth to keep balance. A failed test results in the rover colliding with the obstacle in any
way, or being unable to keep itself upright and falling over.
Shutdown Procedures
To shutdown the rover, turn off the rover by flipping the power switch on the battery pack while it is
stationary. The light will fade off over time, signifying that the battery pack has been successfully shut
down. In emergency situations, lift the rover off the surface it is moving on to cease its movement, and
flip the power switch on the battery pack. The light will fade off over time, signifying that the battery
pack has been shut down.
Self-Balancing/Correcting Test
Objectives
The aim of this procedure is to determine if the two wheel self-balancing rover is able to remain
stationary on a flat or inclined surface. The experimental procedure should give results for various
inclines.
Background
The two wheel self-balancing rover is equipped with a Gyroscope. While the rover is powered on,
the gyroscope will be continuously reading information on its current orientation. Based on this
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information, the rover will rotate its wheels at a varying speed of 1 to 10 rotations per second in order
to achieve and maintain its own balance.
Materials Needed
1. A large, movable flat surface, such as a board or box, that can be used to generate an adjustable
inclined surface.
2. Angle Locator for measuring the current incline.
3. A small weight at most an inch in diameter (stack of coins, small stones, etc..)
Experimental
This procedure will test the rover’s self-balancing feature on a flat or inclined surface, or when
weight is unevenly distributed to one side of the rover’s body. To perform this procedure the payload
must have its gyroscope attached and be powered on. This procedure may be done indoors on a flat
surface clear of any obstacles, such as a table.
1. Power on the rover it on using the switch for the internal battery pack. A light will power on
signifying that the battery pack has successfully turned on.
2. Place the rover on a flat surface, and observe any movements to determine a success.
3. Set up an artificial incline, using a large flat surface, and any material to prop it up. Measure and
record the angle of the incline before testing.
4. Place the rover on top of the incline, and observe any movements to determine a success.
5. Depending on the successfulness of the rover at balancing itself, gradually increase the incline
up to a maximum of 50°.
6. Remove the rover from the inclined surface, and place it back onto a non-inclined surface.
7. Once the rover has regained balance, stack a weight on one side of the rover, and observe any
movements to determine a success.
8. Depending on the successfulness of the rover at balancing itself, gradually increase the weight
that is being added to one side.
Success and Failure Conditions
When the test is successful, after a brief initial calibration period, the rover should stay relatively
stationary in an upright position on a flat surface or on an incline. The rover may shift back and forth to
keep balance. A failed test results in the rover being unable to keep itself stationary and upright, and
falling over.
Shutdown Procedures
To shutdown the rover, turn off the rover by flipping the power switch on the battery pack while it is
stationary. The light will fade off over time, signifying that the battery pack has been successfully shut
down. In emergency situations, lift the rover off the surface it is moving on to cease its movement, and
flip the power switch on the battery pack. The light will fade off over time, signifying that the battery
pack has been shut down.
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Solar Panel Deployment Test
Objectives
The aim of this experiment is to determine that the two wheeled self-balancing rover can deploy a
solar panel. The experimental procedure should give results for any type of terrain
Background
The two wheel self-balancing rover is equipped with a Gyroscope. While the rover is powered on,
the gyroscope will be continuously reading information on its current orientation. Based on this
information, the rover will rotate its wheels at a varying speed of 1 to 10 rotations per second in order
to achieve and maintain its own balance.
Materials Needed
1. Any surface to place the rover on
Experimental
This procedure will test the rover’s Solar Panel Deployment feature. To perform this procedure, the
payload must have its gyroscope attached and be powered on.
1. Power on the rover it on using the switch for the internal battery pack. A light will power on
signifying that the battery pack has successfully turned on.
2. Place the rover on any surface, and observe any movements to verify that it can maintain its
balance.
3. Press the button on the body of the rover, this will activate a series of code to rotate the servo
latch which releases and flips open the hatch on top of the rover, revealing a solar panel.
Success and Failure Conditions
When the test is successful, the rover will maintain its balance when stationary. The servo latch will
rotate and flip the hatch on top of the rover, which reveals the solar panel. A failed test results in the
rover unable to maintain its balance and falling over, or being unable to flip open the hatch to reveal the
solar panel.
Shutdown Procedures
To shutdown the rover, close the solar panel hatch, and turn off the rover by flipping the power
switch on the battery pack while it is stationary. The light will fade off over time, signifying that the
battery pack has been successfully shut down. In emergency situations, lift the rover off the surface it is
moving on to cease its movement, and close the solar panel hatch, then flip the power switch on the
battery pack. The light will fade off over time, signifying that the battery pack has been shut down.
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7.2. Requirements Compliance
As per NASA’s request, the team is to have a plan in place to verify that the team meets all
requirements set forth in the NASA Student Launch Handbook as well as any requirements set forth by
team leadership. To do this, the Safety Team in conjunction with the President designed a set of tables
to ensure that the Akronauts have met all the aforementioned requirements.
The following table is the Verification Plan for complying with NASA Student Launch Handbook
requirements:

7.2.1. NASA Requirements
Section Requirement

Plan

Status

Date

1.1

The Akronauts is a
completely student run
design team, and all work
effort put into the launch
vehicles is done by Akronauts
members.

Verified
upon
submission
of
proposal.

9/20/2017

The team President, Victoria
Jackson, and Project
Manager, Anna Tombazzi,
keep up to date timelines
and budgets of all aspects of
the competition, tests, and
travel.

Verified
upon
submission
of
proposal.

9/20/2017

1.2

Verification
Method
Students on the team shall Demonstration
do 100% of the project,
including design,
construction, written
reports, presentations,
and flight preparation
with the exception of
assembling the motors
and handling black
powder or any variant of
ejection charges, or
preparing and installing
electric matches (to be
done by the team’s
mentor).
The team shall provide
Demonstration
and maintain a project
plan to include, but not
limited to the following
items: project milestones,
budget and community
support, checklists,
personnel assigned,
educational engagement
events, and risks and
mitigations.
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1.3

1.4

1.5

Foreign National (FN)
team members shall be
identified by the
Preliminary Design Review
(PDR) and may or may not
have access to certain
activities during launch
week due to security
restrictions. In addition,
FN’s may be separated
from their team during
these activities.
The team shall identify all
team members attending
launch week activities by
the Critical Design Review
(CDR).

Demonstration

Any FN team members
information will be kept on
record and also submitted to
NASA SL.

Verified
upon
submission
of PDR.

11/3/2017

Demonstration

All active members of the
Akronauts are welcome to
join us at the competition.
The list of attendees for
competition have been
submitted to Ryan
Connelly of NASA USLI.

Verified
upon
submission
of CDR.

1/12/2018

The team shall engage a
minimum of 200
participants in
educational, hands-on
science, technology,
engineering, and
mathematics (STEM)
activities, as defined in the
Educational Engagement
Activity Report, by FRR. An
educational engagement
activity report shall be
completed and submitted
within two weeks after
completion of an event.

Demonstration

Over 19 events have been
completed in the team's
ongoing effort to engage K12 students in STEM
activities, totaling over 2,000
participants. All reports have
been submitted to Ryan
Connelly within two weeks
after the completion of each
event.

Verified
upon
submission
of FRR

3/5/2018
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1.6

The team shall develop
and host a Web site for
project documentation

Demonstration

A website has been hosted
for the design team and can
be found at
www.Akronauts.org

Verified
upon
submission
of
proposal.

9/20/2017

1.7

Teams shall post, and
make available for
download, the required
deliverables to the team
Web site by the due dates
specified in the project
timeline.
All deliverables must be in
PDF format.

Demonstration

All deliverables are made
available on our website at
the required due times and
can be found at
www.Akronauts.org/NASA18
/Documents/

Verified
upon
submission
of
proposal.

9/20/2017

Demonstration

All deliverables will be
submitted to NASA SL and
made available on our
website in PDF format.

Verified
upon
submission
of
proposal.

9/20/2017

1.9

In every report, teams
shall provide a table of
contents including major
sections and their
respective subsections.

Demonstration

All reports including include a
table of contents.

Ongoing

1.10

In every report, the team
shall include the page
number at the bottom of
the page.

Demonstration

All pages are numbered.

Verified
upon
submission
of
Proposal,
PDR, CDR,
FRR, and
PLAR
Verified
upon
submission
of
Proposal,
PDR, CDR,
FRR, and
PLAR

1.8

Ongoing
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1.11

1.12

1.13

The team shall provide
any computer equipment
necessary to perform a
video teleconference with
the review board. This
includes, but not limited
to, a computer system,
video camera, speaker
telephone, and a
broadband Internet
connection. If possible,
the team shall refrain
from use of cellular
phones as a means of
speakerphone capability.
All teams will be required
to use the launch pads
provided by Student
Launch’s launch service
provider. No custom pads
will be permitted on the
launch field. Launch
services will have 8 ft.
1010 rails, and 8 and 12 ft.
1515 rails available for
use.
Teams must implement
the Architectural and
Transportation Barriers
Compliance Board
Electronic and Information
Technology (EIT)
Accessibility Standards (36
CFR Part 1194)

Demonstration

All video equipment for video
teleconferences are supplied
via the university Co-op
program, who let us use their
interview rooms to perform
video calls. Unfortunately,
the team does not have
access to any other system
than a cellular device for
speakerphone capabilities.

Verified
upon
completion
of Kickoff
and PDR
Q&A
Teleconfer
ence

10/12/2017

Demonstration

The vehicle design includes
plans to use NASA SL’s
supplied launch rails.

Verified
upon
submission
of CDR.

1/12/2018

Demonstration
, Inspection

Akronauts have read and will
continue to comply with all
regulations set forth by the
EIT Accessibility Standards.

Verified
upon
submission
of CDR.

1/12/2018
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1.14

Each team shall identify a
Inspection
“mentor.” A mentor is
defined as an adult who is
included as a team
member, who will be
supporting the team (or
multiple teams)
throughout the project
year, and may or may not
be affiliated with the
school, institution, or
organization. The mentor
shall maintain a current
certification, and be in
good standing, through
the National Association
of Rocketry (NAR) or
Tripoli Rocketry
Association (TRA) for the
motor impulse of the
launch vehicle, and the
rocketeer shall have flown
and successfully recovered
(using electronic, staged
recovery) a minimum of 2
flights in this or a higher
impulse class, prior to
PDR.

Jerry Appenzeller, the team
mentor has been chosen.
NAR certification
number: 93457. Jerry has
launched more than 2
vehicles with an impulse
equal or greater than the Lclass motor chosen by the
Akronauts.

Verified
upon
submission
of
proposal.

9/20/2017

2.1

The vehicle shall deliver
the science or engineering
payload to an apogee
altitude of 5,280 feet
above ground level (AGL).

Using OpenRocket, a
simulation of the rocket
launch will be generated to
determine a flight apogee.
This is then compared to
results generated from the
Full Scale test flight.

Verified
with Full
Scale Test
Launch

3/3/2018
Re-Launch
Planned

Demonstration
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2.2

The vehicle shall carry one
commercially available,
barometric altimeter for
recording the official
altitude used in
determining the altitude
award winner.
Each altimeter shall be
armed by a dedicated
arming switch that is
accessible from the
exterior of the rocket
airframe when the rocket
is in the launch
configuration on the
launch pad.
Each altimeter shall have a
dedicated power supply.

Demonstration

The vehicle will carry two
commercially available
altimeters

Verified
with
submission
of CDR

1/12/2018

Demonstration
, Inspection

2-pole rotary switches are
used to arm the altimeters,
which are accessed via the
outside of the vehicle body
and turned with a flathead
screwdriver.

Verified
with
submission
of CDR.

1/12/2018

Demonstration

Each recovery circuit is
separately powered by its
own battery.

Verified
with CDR.

1/12/2018

2.5

Each arming switch shall
be capable of being locked
in the ON position for
launch.

Demonstration
, Testing,

Verified
with
submission
of the CDR.

1/12/2018

2.6

The launch vehicle shall be
designed to be
recoverable and reusable.
Reusable is defined as
being able to launch again
on the same day without
repairs or modifications.
The launch vehicle shall
have a maximum of four
(4) independent sections.
An independent section is
defined as a section that is
either tethered to the
main vehicle or is
recovered separately from
the main vehicle using its
own parachute.

Inspection,
Demonstration

Each arming switch uses a
commercial 2-pole rotary
switch, allowing the
capability of being locked in
the ON position for launch.
The vehicle is designed to
recovery successfully to allow
for multiple uses.

Verified
with Full
Scale Test
Launch

3/3/2018
Re-launch
planned

The vehicle contains only 3
independent sections.

Verified
with
submission
of CDR.

1/12/2018

2.3

2.4

2.7

Demonstration
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2.8

The launch vehicle shall be
limited to a single stage.

Demonstration

The vehicle only contains one
motor.

2.9

The launch vehicle shall be
capable of being prepared
for flight at the launch site
within 4 hours, from the
time the Federal Aviation
Administration flight
waiver opens.
The launch vehicle shall be
capable of remaining in
launch-ready
configuration at the pad
for a minimum of 1 hour
without losing the
functionality of any critical
on-board component.
The launch vehicle shall be
capable of being launched
by a standard 12volt direct
current firing system. The
firing system will be
provided by the NASAdesignated Range Services
Provider.
The launch vehicle shall
require no external
circuitry or special ground
support equipment to
initiate launch (other than
what is provided by Range
Services).

Testing

During the full scale test,
assembly time will be
checked.

Analysis

2.10

2.11

2.12

Verified
with
submission
of CDR.
Verified
with Full
Scale Test
Launch

1/12/2018

Batteries have been chosen
in such a manner that allow
for powering the rocket for a
minimum of one hour.

Verified
with
submission
of CDR.

1/12/2018

Demonstration

The igniters used in the
motor ignition system run off
a 12volt system.

Verified
with
submission
of CDR.

1/12/2018

Demonstration

Initiating launch uses a 12volt
ignition system as stated
above.

Verified
with
submission
of CDR.

1/12/2018

3/3/2018
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2.13

2.14

2.15

2.16

The launch vehicle shall
use a commercially
available solid motor
propulsion system using
ammonium perchlorate
composite propellant
(APCP) which is approved
and certified by the
National Association of
Rocketry (NAR), Tripoli
Rocketry Association
(TRA), and/or the
Canadian Association of
Rocketry (CAR).
Pressure vessels on the
vehicle shall be approved
by the RSO
The total impulse
provided by a College
and/or University launch
vehicle shall not exceed
5,120 Newton-seconds (Lclass).
The launch vehicle shall
have a minimum static
stability margin of 2.0 at
the point of rail exit.

Demonstration

Vehicle is using a
commercially manufactured
motor as stated above in the
Engine Bay section.

Verified
with
submission
of CDR.

1/12/2018

Demonstration

No pressure vessels appear in
the vehicle.

Verified
with CDR.

1/12/2018

Demonstration

The vehicle is using a L class
motor, which does not
exceed 5,120 Newtonseconds.

Verified
with
submission
of CDR.

1/12/2018

Demonstration
and Testing

OpenRocket simulations and
the Full Scale launch will be
used to verify this.

Verified
with Full
Scale Test
Launch,
Rasaero,
and

3/3/2018
Re-launch
planned

OpenRocket

simulation
softwares
as well as
hand
calculations.

2.17

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

Demonstration

OpenRocket simulations and
the Full Scale launch were
used to verify this.

Verified
with Full
Scale Test
Launch
acquired
data

3/3/2018
Re-launch
planned
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2.18

All teams shall successfully
launch and recover a
subscale model of their
rocket prior to CDR.

Demonstration

2.19

All teams shall successfully
launch and recover their
full-scale rocket prior to
FRR in its final flight
configuration.

Demonstration

2.20

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

Demonstration
and Analysis

2.21

Vehicle Prohibitions

Demonstration
and Inspection

A subscale rocket will be
built, launched, and
recovered prior to CDR
submission

Verified
with
submission
of CDR and
Subscale
Test
Launch
A full-scale rocket will be
Verified
built, launched and
with
recovered.
submission
of FRR and
Full Scale
Test
Launch
The fins along with the
Airbrakes
vehicle's airbrakes system are were
both located aft of the
initially
burnout center of gravity.
located
forward of
the
burnout Cg
during the
PDR phase;
however,
the change
was made
to be aft of
the Cg and
was
verified
with
submission
of the CDR.
The vehicle does not break
Verified
any of the given prohibitions. with
submission
of CDR.

1/7/2018

3/3/2018
Re-launch
planned

1/12/2018

1/12/2018
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3.1

3.2

3.3

The launch vehicle shall
stage the deployment of
its recovery devices,
where a drogue parachute
is deployed at apogee and
a main parachute is
deployed at a much lower
altitude. Tumble recovery
or streamer recovery from
apogee to main parachute
deployment is also
permissible, provided that
kinetic energy during
drogue-stage descent is
reasonable, as deemed by
the Range Safety Officer.
Each team must perform a
successful ground ejection
test for both the drogue
and main parachutes. This
must be done prior to the
initial subscale and Full
Scale launches.

Demonstration

The vehicle uses a drogue
and main parachute setup, as
stated in the recovery
sections.

Verified
with
submission
of PDR.

11/3/2017

Testing

Using software with the
altimeters, manual firing
tests can be performed for
recovery ground tests.

Subscale
ejection test
completed
and verified
with
submission
of CDR. Full
scale
ejection test
was
completed
upon
construction
of the
vehicle and
verified with
submission
of the FRR.

3/5/2018
Re-launch
planned.
Ejection
test will
be done
again with
re-launch

At landing, each
independent sections of
the launch vehicle shall
have a maximum kinetic
energy of 75ft-lbf.

Demonstration
and Analysis

OpenRocket and Rasaero
simulation packages along
with hand calculations were
used to ensure the vehicle
does not exceed 75ft-lbf
upon landing.

Verified
with CDR.

1/12/2018
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3.4

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

Demonstration

The circuits used for recovery
are totally independent and
separate from payload
circuits and avionics.

3.5

All recovery electronics
shall be powered by
commercially available
batteries.
The recovery system shall
contain redundant,
commercially available
altimeters. The term
“altimeters” includes both
simple altimeters and
more sophisticated flight
computers.
Motor ejection is not a
permissible form of
primary or secondary
deployment.
Removable shear pins
shall be used for both the
main parachute
compartment and the
drogue parachute
compartment.
Recovery area will be
limited to a 2500ft radius
from the launch pads

Demonstration

The design uses commercially
available batteries.

Demonstration

As shown in the recovery
section, the circuit and black
powder ejection systems for
recovery are redundant and
commercially purchased

Demonstration

The motor is not used in any
way to eject any of the
parachutes.

Demonstration
and Inspection

Demonstration
and Testing

3.6

3.7

3.8

3.9

Verified
with
submission
of CDR and
constructio
n of the
final launch
vehicle.
Verified
with
submission
of CDR
Verified
with
submission
of CDR.

1/12/2018

1/12/2018

Shear pins are used to secure
both the nose cone and body
coupler to fully connect the
rocket.

Verified
with
submission
of CDR.
Verified
with
submission
of CDR.

Simulations using
OpenRocket and Rasaero
software as well as hand
calculations have been done
to ensure the rocket's drift
will not exceed the 2500ft
radius

Verified
with
submission
of FRR and
Full Scale
Test
Launch

3/5/2018
Re-launch
planned

1/12/2018

1/12/2018

1/12/2018
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3.10

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

Demonstration

3.11

The recovery system
electronics shall not be
adversely affected by any
other on-board electronic
devices during flight (from
launch until landing).
Each team shall choose
one design experiment
option from the list
provided in the NASA
Guidebook
Additional experiments
(limit of 1) are
encouraged, and may be
flown, but they will not
contribute to scoring.

Demonstration

If the team chooses to fly
additional experiments,
they will provide the
appropriate
documentation in all
design reports, so
experiments may be
reviewed for flight safety
Teams will design a
custom rover that will
deploy from the internal
structure of the launch
vehicle.

Demonstration

4.1

4.2

4.3

4.5.1

The vehicle is equipped with
a GPS and wireless
communication for
transmitting its current
location to a ground system.
There are no independent
sections which require their
own GPS telematics.
The recovery system
electronics and other
avionics such as airbrakes are
completely isolated from
each other.

Verified
with
submission
of CDR.

1/12/2018

Verified
with
submission
of CDR.

1/12/2018

Inspection

Option 2, Deployable Rover
was chosen.

9/20/2017

Demonstration

Airbrakes will also act as an
experimental payload for the
team. The team understands
this will not contribute to the
overall score, but are
pursuing the challenge for
their independent knowledge
and growth as engineers and
scientists
The airbrakes are
documented in all submitted
documents (Proposal, PDR,
CDR, FRR, PLAR)

Verified
with
submission
of
Proposal.
Verified
with
submission
of CDR.

Verified
with
submission
of each
report

Ongoing

Verified
with
submission
of CDR

1/12/2018

Demonstration
, Analysis,
Testing,
and Inspection

The team's rover experiment
will be deployed from the
rocket via black powder
ejection and a mechanical
spring system

1/12/2018
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4.5.2

At landing, the team will
remotely activate a trigger
to deploy the rover from
the rocket
After deployment, the
rover will autonomously
move at least 5 ft. (in any
direction) from the launch
vehicle

Demonstration
, Testing,
and Inspection

Once the rover has
reached its final
destination, it will deploy
a set of foldable solar
panels

Demonstration

Each team shall use a
launch and safety
checklist. The final
checklists shall be
included in the FRR report
and used during the
Launch Readiness Review
(LRR) and any launch day
operations.
Each team must identify a
student safety officer who
shall be responsible for all
items in section 4.3.

Demonstration
and Inspection

The checklist shown in the
Launch Operation Section
(Section ____) is to be used
at all times for all launches
performed by the Akronauts

Inspection

Monitor team activities
with an emphasis on
Safety

Demonstration
and Inspection

Verified
upon
submission
of
proposal.
Verified
upon
submission
of PDR.

9/20/2017

5.3.1

Thomas Wheeler is the acting
Safety Officer of the
Akronauts and is responsible
for all actions items listed by
NASA.
The Safety Officer, Thomas
Wheeler, is aware of his
duties and will monitor all
aspects of rocket
construction, testing, and
travel

5.3.2

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

Demonstration
and Inspection

The Safety Officer, Thomas
Wheeler, will follow all
guidelines set down by himself,
NASA SL, and the Akronauts'
team Mentor - Jerry Appenzeller

Verified
with CDR.

1/12/2018

4.5.3

4.5.4

5.1

5.2

Testing

The rover will be remotely
triggered utilizing NASA
approved energetics and
communication.
The rover will be
programmed to move 10ft
from the landed launch
vehicle.

The rover will be
programmed to deploy a
foldable solar panel after
reaching its final destination

Verified
with
submission
of CDR
Verified
with

1/12/2018

4/7/2018

Competition

Launch by
the Rover
RSO
Verified
with

4/7/2018

Competition

Launch by
the Rover
RSO
Verified
upon
Subscale
Launch and
again with
the Full
Scale test
Launch

1/7/2018

11/3/2017
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5.3.3

5.3.4

5.4

5.5

Manage and maintain
current revisions of the
team’s hazard analyses,
failure modes analyses,
procedures, and
MSDS/chemical inventory
data
Assist in the writing and
development of the
team’s hazard analyses,
failure modes analyses,
and procedures.
During test flights, teams
shall abide by the rules
and guidance of the local
rocketry club’s RSO. The
allowance of certain
vehicle configurations
and/or payloads at the
NASA Student Launch
Initiative does not give
explicit or implicit
authority for teams to fly
those certain vehicle
configurations and/or
payloads at other club
launches. Teams should
communicate their
intentions to the local
club’s President or Prefect
and RSO before attending
any NAR or TRA launch.
Teams shall abide by all
rules set forth by the FAA.

Inspection

All data will be kept up to
date by the Safety Officer,
Thomas Wheeler

Verified
upon
submission
of PDR,
CDR, FRR,
and LRR

Ongoing

Inspection

The Safety Officer, Thomas
Wheeler, along with his
safety assistants will partake
in writing all hazard and
safety related materials.
The subscale launch has
shown our willingness to
comply with all regulations
given to us.

Verified
upon
submission
of PDR.

11/3/2017

Verified
upon
submission
of CDR.

1/12/2018

The safety plan shown in the
safety section shows our
intentions of abiding by all
FAA regulations

Verified
upon
submission
of CDR.

1/12/2018

Demonstration

Demonstration
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7.2.2. Team Derived Requirements
The following table is the Verification Plan for complying with requirements set forth by the team itself:
Requirement
The Launch vehicle
shall reach an
apogee altitude
within 50 feet of
the team's best
guidance simulation
for all test flights
and competition
flights

The launch vehicle
must be analyzed at
both a component
and assembly level
in effort to reduce
components to
efficient sizes and
strengths within
given safety factors.

Verification
Method
Demonstration
and Testing

Demonstration

Plan

Status

Date

Document all weights for
all parts of the launch
vehicle for center of
gravity calculations. Team
will use hand calculations
along with OpenRocket
and RASAero for accurate
flight simulations. Test
flights will aid in verifying
the precision of each
flight software and hand
calculations. The two
stability ballast locations
will be utilized in
achieving the target
apogee
Finite element analysis
was conducted on each
component or subassembly of concern to
determine required sizes
and materials.

Verified upon Full
Scale Flight test

3/5/2018
Re-launch
planned

Verified upon
submission of CDR

1/12/2018
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The launch vehicle
must be analyzed
for drag coefficient.

Demonstration
and Testing

A 1:10 scale of the launch
vehicle was 3D printed for
wind tunnel testing in the
University of Akron’s wind
tunnel to analyze drag
coefficient. Test flight
data will also be utilized
to determine drag
coefficient from Full Scale
Test Flight

Verified upon
submission of CDR
and Full Scale Test
Launch

3/3/2018
Re-launch
planned

The launch vehicle
will utilize air brakes
with a feedback
loop to determine
deployment near
apogee if it is
determined that the
launch vehicle will
overshoot its target.
The launch vehicle
must utilize
student-built body
tubes and nose
cone.

Demonstration
and Testing

Team will test air brake
system in flight readiness
review along with drag
and boundary layer
characteristics from wind
tunnel testing.

Verified with Full
Scale Test Launch

3/3/2018
Re-launch
planned

Demonstration
and Inspection

Team researched best
winding strategies to
utilize the team’s Xwinder to manufacture
the launch vehicle’s body
tubes and nose cone.
Fracture testing was done
to determine tube
strength.

Verified with CDR
submission

1/12/2018
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Launch vehicle will
be designed for
easy assembly of
components.

Demonstration
and Inspection

Team will consider
methods to design
modular systems and
components. Team will
consider order of
assembly in any design
decisions. Team will
create and follow detailed
assembly instructions.

Verified with FRR
Submission

3/5/2018
Re-launch
planned

The rover
payload must be
capable of
traversing a 30%
incline or decline.

Demonstration

The team will make the
rover capable of traversing
any incline or decline up to
30%. To verify this capability,
we will do autonomous tests
on terrain with varied
topography that meets our
slope requirements.

Verified with LRR
Submission

4/4/2018

The payload must
be capable of
avoiding large
objects.

Testing

To ensure that the
Verified with LRR
payload meets the
Review at NASA
experiment requirement
USLI Competition
of traversing at least 5
feet from the deployment
point, we will be
incorporating sensors and
coding that enables the
rover to detect and avoid
large obstacles such as
parts of the launch
vehicle. This capability is
verified through testing by
placing large objects
around the rover and
letting it autonomously
navigate through them.

4/4/2018
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7.3. Budget
System

Total Cost

Aerostructure

-$ 1,732.21

Propulsion

-$ 598.80

Recovery

-$ 1,277.95

Payload

-$ 694.20

Subscale

-$ 320.43

Fullscale (Re-Launch)

-$ 1,726

Travel

-$ 4,670

Funding

$33,268

TOTAL:

$ 20,948.41

After all expenses and funding have been taken into consideration, the Akronauts are projected to
have $20,948.41 left over. The bulk of this funding will be used for the team’s other competitions and
travel. The team participates in the Battle of the Rockets Competition as well as the Intercollegiate
Rocket Engineering Competition – more recently known as the Spaceport America Cup. The excess of
the funding will be used for the team’s research and development as well as replacing any broken tools
or equipment. This funding will also be accessed in the cases of an emergency, such as any unsuccessful
tests in which the team must hastily repair any damaged parts of the launch vehicle and its payload. At
the end of the year, the team plans to have a minimum of $2,000 left over for the 2019 competition
season; which will allow the team to have some funds to begin premature testing for their future rocket
and engage in K12 outreach events.
The total cost of the competition can be found in the above table along with funding to the team.
The cost of the rocket is divided into five systems: Aerostructure, Propulsion, Recovery, Payload, and the
Subscale. The individual component costs are listed on the following pages, followed by the funding
plan.
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Aerostructure

COMPONENT

MANUFACTURER

SOURCE

5” Al stock
⅜”-16 Al Threaded rods
3/16” Clevis Pins
Al key stock
Al Sheet
¼”-20 Threaded rod
⅛” Al rod
⅛” Fiberglass sheet
G12 fiberglass couplers
75mm Motor tube
Plywood centering rings
Rail Buttons
3D Printed Fin Canisters
3D Printed base plate
3D Printed retainer
3D Printed Mandrel
6K Carbon Fiber Tow
3K Fiberglass Tow
PR2032/PH3660 Resin
Aluminum mandrel
Servo Motor
Miscellaneous Hardware
Raspberry Pi 3B
ADXL377 Accelerometer
USB Battery Pack
GPIO Header
Brass M2.5 Standoffs
Brass M2.5 Standoffs
16 Channel PWM/ Servo
4 x AA Battery Holder
Energizer Rechargable AA
Metal Gear Servo
22 AWG (RED)
22 AWG (BLACK)
Heat Shrink Tubing
TOTAL

McMaster-Carr
McMaster-Carr
McMaster-Carr
McMaster-Carr
McMaster-Carr
McMaster-Carr
McMaster-Carr
McMaster-Carr
Wildman Rocketry
AR Rocketry
Apogee Rockets
SC Precision
University of Akron
University of Akron
University of Akron
University of Akron
Solar Composites
Solar Composites
Aircraft Spruce
Online Metals
Tower Pro
McMaster-Carr
Raspberry Pi
Adafruit
Adafruit
Adafruit
Adafruit
Adafruit
Adafruit
Adafruit
Energizer
Adafruit
JAMECO VALUEPRO
JAMECO VALUEPRO
Eventronic

In stock
In stock
In stock
In stock
mcmaster.com
mcmaster.com
mcmaster.com
mcmaster.com
wildmanrocketry.com
apogeerockets.com
apogeerockets.com
apogeerockets.com
In stock
In stock
In stock
In stock
solarcomposites.com
solarcomposites.com
aircraftspruce.com
onlinemetals.com
In stock
mcmaster.com
Arrow
Adafruit
Adafruit
Adafruit
Adafruit
Adafruit
Adafruit
Adafruit
Amazon
Adafruit
Amazon
Amazon
Amazon

COST

SHIPPING

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
$ 44.45
$ 8.33
N/A
N/A
$ 11.67
N/A
$ 110.12
$ 30
$ 107.75
$ 42.91
$ 29.95
Included
$ 13.55
$ 7.00
Included
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
$ 34.00
$ 192.00
$ 34.00
$ 60.00
$ 34.95
$ 567.80
Included
$ 109.70
N/A
N/A
Included
$ 100.00
34.99
$10
$24.99
$2.99
$24.95
$9.00
$2.95
$2.99
$0.75
$2.99
$0.75
$2.99
$17.50
$9.00
$2.95
$5.00
$16.39
Free
$19.95
$9.00
$7.95
$5.00
$7.95
$5.00
$7.69
Free
$1732.21

Table 17 – Aerostructure Itemized Budget

255

Propulsion

COMPONENT

MANUFACTURER

SOURCE

4263L1050-P
75mm Motor Casing
TOTAL

Cesaroni Technologies
Cesaroni Technologies

CS Rocketry
Apogee Rockets

COST

SHIPPING

$ 189.95
$ 20.00
$310.25
$16.12
$ 598.80

Table 18 – Propulsion Itemized Budget

Recovery

COMPONENT

MANUFACTURER

SOURCE

RipStop Nylon Material
Sewing Kit
Nomex Blanket
3/4” Shock Cord
1/2” Harness
Shroud Lines
3/8” Connection Line
RRC3 Altimeter System
U-Bolt
Small Eye-to-Eye Swivel
Long Quick-Link
Quick-Link
Jolly Logic Chute Release
Black Powder
Ejection Charge Canister
9 Volt Batteries
4/40 Screws
Arming Switches
RTx/GPS
MJG Firewire Initiators
RTx/GPS Telematics
TOTAL

Ripstop by the Roll
JoAnn Fabrics
Fruity Chutes
Strapworks
Fruity Chutes
Fruity Chutes
Strapworks
Missile Works
McMaster-Carr
Fruity Chutes
Suncor Stainless
Suncor Stainless
Jolly Logic
Bass Pro Shop
Blackcat Rocketry
Duracell
Hobbymate
Apogee Rockets
Missile Works
MJG Technologies Inc.
Missile Works Corp

In Stock
JoAnn Fabrics
In Stock
strapworks.com
In Stock
fruitychutes.com
strapworks.com
missileworks.com
In Stock
In Stock
In Stock
In Stock
jollylogic.com
In Stock
Blackcatrocketry.co.uk
In Stock
amazon.com
In Stock
missileworks.com
cobrafiringsystems.com
Missile Works Corp

COST

SHIPPING

N/A
N/A
$ 5.00
$ 0.00
N/A
N/A
$ 24.50
$ 4.99
N/A
N/A
$ 36
$ 7.25
$ 2.76
$ 4.99
$ 139.90
$ 7.00
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
$ 259.90
$ 0.00
N/A
N/A
$ 76.37
$ 43.07
N/A
N/A
$ 7.90
$ 6.56
N/A
N/A
$ 289.95
$ 7.00
$ 47.20
$ 10.66
$289.95
$7.00
$ 1277.95

Table 19 – Recovery Itemized Budget
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Payload

COMPONENT

MANUFACTURER

Raspberry Pi 3 Model B
Breadboard
450mAh 20C Lipo Battery
Brass M2.5 Standoff
Battery Pack for Raspberry Pi
GPIO Header
OSOYOO 10 PCS IR Infrared
DC & Stepper Motor hat
Brushed DC Motor 6V
WRC+4 channel
MiniIMU-9 v5 Gyro
Resistor Variety Pack
22 AWG Red
22 AWG Black
Solar Panel
Torsion Spring (10 pack)
3ft Aluminum Rod
1/10” Steel Plate
M3 Nylon 6/6 Shear Screws
Small Spring
Large Spring
3D Printed Solar Panel Plate
3D Printed Body
3D Printed Wheels
TOTAL

Raspberry Pi
PAXCOO
Floureon
Adafruit
Adafruit
Adafruit
Osoyoo
Adafruit
Robotshop
Missile Works Corp
Polulu
Elegoo
Consolidated
Consolidated
Sundance Solar
Witbot
McMaster-Carr
McMaster-Carr
McMaster-Carr
The Spring Store
The Spring Store
University Facilities
University Facilities
University Facilities

SOURCE

COST SHIPPING

Amazon.com
$34.50
Free
Amazon.com
$11.99
Free
Amazon.com
$10.99
$5.00
Adafruit.com
$1.50
$2.99
Adafruit.com
$24.95
$9.00
Adafruit.com
2.95
$2.99
Amazon.com
$9.99
Free
Adafruit.com
$22.50
$9.00
Robotshop.com
$7.16
$8.00
Missileworks.com $399.95
$7.00
Polulu.com
$15.95
$3.95
Amazon.com
$10.86
$0.00
Amazon.com
$7.95
$5.00
Amazon.com
$7.95
$5.00
Amazon.com
$5.69
Free
Amazon.com
$5.98
Free
Mcmaster.com
$2.89
N/A
Mcmaster.com
$13.37
N/A
Mcmaster.com
$7.56
N/A
Thespringstore.com $6.53
$5.00
Thespringstore.com $15.06
$5.00
University Facilities
N/A
N/A
University Facilities
N/A
N/A
University Facilities
N/A
N/A
$694.20

Table 20 – Payload Itemized Budget
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Subscale

COMPONENT

MANUFACTURER

SOURCE

COST

Cesaroni J1520
Nose Cone
3” Fiberglass Tube
3” Fiberglass Coupler
⅛” Fiberglass Sheet
Hardware
RipStop Nylon Material
3/8" Connection Line
Shroud Lines
U-Bolt
Quick-Link WLL 1,200
Black Powder
MJG Firewire Initiator
Gloves
Electrical Tape
StratologgerCF
BeeLine GPS
Kenwood TH-D72A
StratoLogger Altimeter
TOTAL

Cesaroni Technologies
Unknown
Wildman Rocketry
Wildman Rocketry
McMaster-Carr
McMaster-Carr
Performance Textiles
Strapworks
Fruity Chutes
McMaster-Carr
Suncor Stainless
Bass Pro Shop
MJG Technologies Inc.
Trimaco
Scotch
PerfectFlite
Big Red Bee
Kenwood
PerfectFlite

Apogee Rockets
In Stock
wildmanrocketry.com
wildmanrocketry.com
mcmaster.com
mcmaster.com
In Stock
In Stock
In Stock
mcmaster.com
In Stock
In Stock
In Stock
In Stock
In Stock
In Stock
In Stock
In Stock
In Stock

SHIPPING

$ 92.95
$ 20.00
N/A
N/A
$ 82.04
$ 8.38
$ 13.85
$ 8.38
$ 10.17
$ 10.00
$8.60
N/A
N/A
N/A
N/A
N/A
N/A
N/A
$ 3.58
$ 0.00
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
$ 320.43

Table 21 – Subscale Itemized Budget

Travel

PRODUCT DESCRIPTION QUANTITY UNIT COST

TOTAL COST

Campground Expenses

4

$250/night

$1,000

Van Rental

3

$280/van

$840

Truck Rental

1

$280/truck

$280

Gas

4

$600/car

$2,400

Fuel Shipment

1

$150

$150

TOTAL

$4,670
Table 22 – Travel Itemized Budget
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Funding Plan
The Akronauts Rocket Design Team’s major source of funding comes from the University of Akron’s
College of Engineering. The Akronauts give a Budget Request to the University’s department at the very
beginning of the fall semester, requesting funds for the entirety of the academic year. This year, the
team received a total of $26,575 from the University to support the launch vehicle and its payload for
the NASA USLI as well as multiple other competitions the team partakes in. On top of this funding, the
Akronauts applied for travel funds from the University’s Student Organization Resource Center
(SOuRCe). The team recieved a total of $2,000 that may be applied to the student’s travel.
On top of The University’s support, the team strives to gain extra funds in scenarios where they may
upgrade tools and equipment for their facility or bring more students to competitions. In this case, the
team sells space on the rocket for smaller supporters such as family members or friends. The space sold
is then used for a decal of the supporter’s name. Rocket Space is typically sold for between $50-$100
and can raise a total of between $250-$1,000. This funding strategy has not begun yet, and may only
begin after the rocket is painted and advertised.

Figure 252 – Supporters name’s shown on one of the Akronauts rockets, Zion
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The Akronauts also host several fundraising events; including partnering with local restaurants.
Because the Akronauts have such a large presence on campus and because the team has done
exceptional community outreach and community service for the Akron/Cleveland area, the team is able
to invite many members of the public to engage in a local restaurant fundraiser. See the flyer below as a
reference. So far, the team has raised a total of $193 from these partnerships with local restaurants.
More events are being planned with restaurants such as Chipotle, Pulp, and Melt.

Figure 253 – Flyer created and used by the Akronauts to encourage the community to eat at Pizza Fire, a local
pizzeria in Akron, Ohio.
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The team has received most of it’s funding for the year. While there is more funding to be received
for other competitions the team partakes in, the funds for the NASA USLI competition have all been
received. A breakdown can be found below.
Funding

Requested
Amount

The University of Akron College of Engineering

$12,000

The University of Akron Mechanical Engineering Department

$6,500

The University of Akron Electrical Engineering Department

$3,500

The University of Akron Chemical Engineering Department

$4,575

The University of Akron SOuRCe

$2,000

Fundraising

$193

Schaeffler Sponsorship

$2,500

Parker Hannifan Sponsorship

$2,000
TOTAL:

$33,268

261

