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1 Summary of PLAR

1.1 Team Summary

The Terra Nova Project is a team composed of 4 Mechanical Engineering students,
1 Electrical Engineering student, and one Business Administration student, all of whom
are seniors at Florida State University Panama City. We decided to undertake NASA’s
USLI program for our love for space, innovation, and chance to work with some of the
greatest minds that this world has to offer. Our team of six has faced a diversity of
problems and adversity, all of which requiring a collaborative effort to troubleshoot and
address these issues with real world solutions. This both challenged our ability to solve
complex problems while also doing it as a team. Through the duration of our project,
our team has spent an estimated 1600 hours to bring this project to its fruition.

1.2 Launch Vehicle Summary

The launch vehicle as flown in competition was slightly modified as prescribed in the
FRR Addendum. The final vehicle did not fly with a reef-style recovery system rather, a
traditional two-stage deployment with drogue and main parachutes. In addition to this,
the configuration of the drogue parashute on the shock cord was modified such that it
was no longer directly attached to the HAUS section bulkhead, rather attached farther
down the shock cord. This was to ensure that the HAUS section would not be above the
main parashute when deployed at is prespecified altitude. The final launch vehicle had
an overall length of 121”7 and utilized a transitional airframe, giving the rocket a OD of
6”7 -5” . The final mass of the launch-ready flight vehicle was 54.25 1b(868 oz). This
weight was significantly lower than previously estimated due to the competition motor
flown being lighter than anticipated. The motor utilized was an AeroTech L2200-G.
The apogee reached by the Terra Nova as recorded by the chosen altimeter, the Altus
Telemetrum, was 5089 ft with our targeted altitude of 4900 ft . Figure [If shows the take
off of the Terra Nova on the launch day thanks to Jim Wilkerson.



Figure 1: Flight Vehicle at Lift Off




2 Launch Vehicle

2.1 Competition Flight

2.1.1 Flight Data Analysis and Results

To conduct performance predictions, the weather conditions were measured at the

competition siteand are tabulated in in Table

Weather Conditions ‘

Parameter

Value

Wind Speed

13 mph or 19.1 ft/s

Atmospheric Pressure (measured by primary flight computer)

985.37 mBar

Ambient Temperature (measured by primary flight computer)

33.2°C or 91.76°F

Location Bragg Farms, Toney, AL
Latitude (on launch pad) 34.89463°N
Longitude (on launch pad) 86.61657°W

Table 2: Weather Conditions

Using OpenRocket with the above weather condition and a 120” launch rail with a
7° tilt, the performance predictions were calculated. The results of this prediction are in

Table (Bl

Predicted Flight Timeline and Performance Metrics

Parameter Value
Total Flight Time 76.1s
Ascent Time 18.89s
Descent Time o7.21s
Drogue Descent Time 30.01s
Main Descent Time 27.2s
Apogee 4936 ft
Maximum Ascent Rate 575 ft/s(0.51 Mach)
Maximum Boost Acceleration 377 ft/s*
Average Drogue Descent Rate 159.8 ft/s
Average Main Descent Rate 16.42 ft/s
Landing Velocity 17.4 ft/s




Drift 1300 ft

Table 3: Predicted Flight Timeline and Performance Metrics

The flight data shown was recorded from the launch using the primary flight computer,
the Altus Telemetrum. This flight computer was located in the avionics bay and served
as the primary device to stage deployment events and record data throughout the fullness
of the flight. Key data points are listed in Table

Actual Flight Timeline and Performance Metrics ‘

Parameter Value
Total Flight Time 81.60s
Ascent Time 18.26s
Descent Time 63.34s
Drogue Descent Time 48.5s
Main Descent Time 15.2s
Apogee 5089 ft
Maximum Ascent Rate 621 ft/s(Mach 0.6)
Maximum Boost Acceleration 338 ft/s?
Average Boost Acceleration 232 ft/s
Drogue Descent Rate 95 ft/s
Main Descent Rate 27 ft /s
Landing Velocity 11.3 ft/s
Latitude (landing) 34.893057°N
Longitude (landing) 86.6148564°W
Calculated Drift 0.15 mi or 792 ft

Table 4: Actual Flight Timeline and Performance Metrics

A variety of differences between the predicted and actual flight metrics can be observed
with one significant difference to note is the apogee difference of 153 ft . This can be
attributed to various random and systematic errors. During the design phase of the
project, OpenRocket showed deployment forces and decent velocities that were extremely
large and after further conversation with the technical team at NASA, it was made clear
to the team that our rocket would not experience these decent rates specified by the
software. While the software is not responsible for all of the discrepancies in flight data,
it is a significant contributor.

As mentioned earlier, the recovery system configuration consists of two separation
events. The drogue deployment at +1s after apogee is reached. The main set to deploy
at 550 ft AGL. Table [5] shows the actual timing of events performed by the Terra Nova.
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Actual Recovery Event Timeline ‘

Event Description Altitude
Drogue Deployment | Drogue event occurred as intended, +1s from 5065 ft
Apogee; separating the HAUS and Avionics
Main Deployment | Main event occurred as intended; separating 547.9 ft
the Avionics and Propulsion Sections

Table 5: Actual Recovery Event Timeline

As can be observed, the recovery events occurred as they were programmed to.
In addition to the actual flight data, the kinetic energy of each section is calculated
and tabulated in Table @ using the landing velocity of 11.3 ft/s.

Actual Section Landing Energies and Weights

Section Launch Weight Landing Weight | Landing Kinetic Energy
HAUS Section 16.125 1b(258 oz) | 13.425 1b(214.8 oz) 31.97 1Ib-ft
Avionics Section | 17.725 1b(283.6 oz) | 13.425 1b(214.8 oz) 26.62 1b-ft

Propulsion Section | 21.894 1b(350.3 oz) | 16.781 1b(268.5 oz) 33.27 Ib-ft

Table 6: Actual Section Landing Energies and Weights

The impact energies of the recovery design far exceeded the predicted performance
projections due to the low landing velocity. The original design goal of remaining below
60 1b-ftwas easily met with the maximum resulting impact energy of 33.3 lb-ftfor the
propulsion section.

The coefficient of drag for the rocket was estimated using Eq. [I}

B 2m,.(—a, — g)

= 1
CD pairAV2 ( )

Where Cp is the launch vehicle’s coefficient of drag (dimensionless), m, is the mass
of the rocket (kg), a, is the acceleration of the rocket (kg/s?), pair is the density of air
in (kg/m?), g is earths gravitational constant (m/s?), A is the cross-sectional area of the
rocket (m?), and V is the velocity of the rocket in (m/s). It must be noted that this
equation is valid during the rockets coasting phase, between motor burnout and apogee.

Using the data recorded by the TeleMetrum, the coefficient of was estimated for all
data points in the coasting stage of the rocket flight. The results of this calculation
are displayed in Figure 2] Based on this, the Cp is estimated to be 0.322. This was
assumed to be the coefficient of drag due to the lower scatter of data in the velocity
range considered for the estimation of Cp, between 185 and 100 m/s. This is less than
that estimated by OpenRocket Cp = 0.367. It is also significantly smaller than that
estimated in the VDF and reported in the FRR Addendum Cp = 0.347. This estimation
of the coefficient of drag may explain the higher resulting apogee than what was initially
predicted.
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Figure 2: Coefficient of Drag vs. Velocity

2.2 Launch Vehicle Successes

On competition day, the launch vehicles had multiple successes. Once in the flight
configuration on the launch pad, the vehicle successfully stayed armed for the duration
of time up to launch. Once prompted by the ranger officer, the launch vehicle initiated
take off with no delay. Observation of the ascent of the rocket shows an extremely
straight and stable flight, being our straightest flight to date. This is likely due to the
significantly higher velocity off the rail. All previous flights were using a weaker motor
due to the unavailability of the specified primary motor. The apogee reached by the
launch vehicle was 189 ft or 3.8% from our target goal of 4900 ft . It is important to
note that the initially detected apogee of the Terra Nova was 5065 ft. The primary flight
computed then initiated the drogue deployment 1s after. After the drogue deployment,
the primary flight computer read the reported apogee of 5089 ft. The main was then
deployed extremely close to the prescribed 550 ft AGL only 2.1 ft after. The launch
vehicle experienced minimal drift even compared to the prediction landing only 792 ft
away from the launch pad. Upon landing, the vehicle did not suffer any structural or
electronic damage.

2.3 Launch Vehicle Failures

The launch vehicle had no failures of its flight or recovery systems. The only exception
was the payload retention system being physically fastened by screws to retain the payload
and thus causing the payload to not be able to conduct its mission. This will be further
discussed in the next section.
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3 Payload

3.1 Payload Dimensions and Specifications

Upon the time of the competition launch, the payload utilized a variety of integrated
mechanical systems, electronics, and sensors. The electronic devices were responsible for

coupling with the mechanical design to provide the payload with usable power, control,

and the means to perform the required soil test; a pH test. The various payload param-
eters, including overall dimensions and incorporated electronics have been tabulated in

Table

Terra Inquisitor Dimensions and Parameters

Parameter Value/Description Unit
Width 4.92 in
Height 4.25 in
Length 13.5 in
Weight 5.7 b

PH Sensor AtlasScientific Mini Lab Grade pH Probe N/A
Distance Sensor Arduino Modulino Distance Sensor N/A
Control System Custom PCB N/A

Automation System Arduino Nano Every N/A

DC Motors Pololu 4741 N/A

Servo Motor goBUILDA 2000 Series Dual Mode Servo N/A
Battery 3s, 12v , 1300 mAh , 80c Lithium Polymer Batter | N/A

Table 7: Terra Inquisitor Dimensions and Parameters

Figure 3: Terra Inquisitor Dimensions
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The Terra Inquisitor implemented two primary mechanical systems and one primary
electrical system. The mechanical systems include the propulsion and the drilling assem-
blies. The electrical system incorporates both the overall electronic control and sensory
inputs for the decision making and operation of the mechanical systems. These three
systems can be observed in Figure [4]

PROPULSION SYSTEM
ASSEMBLY

DRILLING SYSTEM
ASSEMBLY

SOIL TESTING AND
CONTAINMENT ASSEMBLIES

ELECTRONIC SYSTEM
ASSEMBLY

PROGECT NAME: PART NAME. PART NUMBER
Terra Inquisitor Terra Inquisitor
Assembly V4

¢ IFIED DRAWING BY: MATERIAL
DIMEN Case Dyer Various
TOLERANCES:
+ 0.1 REVISION: SCALE: DATE SHEET NUMBER
x.xx £ 0.01 5
xxxx 1 0.001 0 1:3 04/08/2026 1 ofl

Figure 4: Terra Inquisitor Systems

This system was retained and deployed by a mechanical separation system that im-
plemented two lead screws to hold, guide, and restrain the payload. The lead screws
were connected to a plate epoxied into the nosecone of the airframe. This system was
powered using a Pololu DC motor that drives a single shaft using a bevel gear system.
On this shaft were two worm screws. The screws power their respective worm gears on a
shaft coupled to the lead screws. The worm gear systems ensure the mechanical separa-
tion cannot separate unless the system is activated and powered by the DC motor. This
design can be seen in Figure [5

The Terra Inquisitor used a single 3s Lithium Polymer Battery, with a a fully charged
voltage of 12v , to power all mission operations. This battery included a capacity of 1300
mAh and a discharge rating of 80C. This main power rail fed into the main DC motors,
as well as into a 7.5v switching converter. This allowed for a 7.5v power rail responsible
for powering the servo motor. This 7.5v rail was then also fed into 5v linear regulators,
allowing for a constant 5v power to the control devices and sensors.

3.2 Payload Successes

The final design of the Terra Inquisitor launch at the competition is as can be seen in
Figure [0

This final payload system was not able to succeed in its mission due to the retention
system being physically fastened using screws. This was due to the mechanical separation
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PROGECT NAME: PART NAME: PART NUMBER
Terra Nova Mechanical Separation
vz

UNLESS OTHERWISE SEECIFIED | DRAWING BY: MATERIAL:
DIMENTIONS IN INCHES Terra Nova Team Various

TOLERANCES:

%% + 0.1 REVISION: SCALE: DATE: SHEET NUMBER:
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Figure 5: Mechanical Separation and Retention System

retention system not being fully proven in flight prior to the competition launch and thus
not permitted to be flown as the primary means of retention.

The Terra Inquisitor system was operational. It was tested at the launch site and
proved to be able to drive during its drilling phases and power the linkage system into
all proper orientations for soil collection and containment.

3.3 Payload Failures

Although the Terra Inquisitor system was operational in its driving motion and linkage
system, the drilling auger was not functioning properly at the launch site. The auger
would only conduct the soil evacuation phase in which the system reverses the drilling
direction to push the collected soil out of the drilling head assembly. However, during
the drilling phase the auger motor would not move. The cause of this was uncertain at
the launch site, however, upon further post analysis it suspected that the motor driver is
the cause.

In addition to the payload system not being fully operational, the mechanical retention
system was still not fully operational. The system burned out its motor driver and was
not repaired in sufficient time for the competition launch. The batteries for the system
were also undersized and thus unreliable due to the system needing to be operated to
"lock” in the payload for flight, to last a possible 3 hour wait time, and then to separate
the section upon landing.

4 Scientific Value

The Terra Nova team has dared many unique challenges and designs. Our team in-
corporated 3D printed aerospace grade metals, custom fabricated transitional airframes,
boat-tailing, linkage system designing, and track system designing. Our team has con-
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Figure 6: Terra Inquisitor as Constructed

ducted multiple tests on the implemented materials, the primary material being 3D
printed Inconel 718 made using Laser-Powderbed Fusion. This material was tested in
torsion due to the primary concern of failure of our bulkhead being in shear. This ma-
terial was tested in a heat-treated and unheat-treated form to consider the effects of
heat-treating on its mechanical properties. Some of the highlights from this testing can
be seen below in Figures[7] - [0

Figure 7: Fracture Surface of Unheat-treated 3D Printed Inconel 718

The Terra Nova team also experimented with custom transitional airframes to opti-
mize the rocket design by reducing material weight and drag. The transitional airframe
was made in house by the teams Payload Officer. The transitional airframe was made
by 3D printing an inner mold (roughly the same diameter as a coupler) and then using
#120-38 E-glass cloth and West Systems epoxy, the mold was slowly wrapped with the
cloth and saturated with the epoxy until the sufficient thickness and outer diameter was
achieved. The resulting airframe is as below in Figure [I0] with the diameter transitioning
from 67-5”.
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Figure 10: Transitional Airframe with Inner Mold Removed

The Terra Inquisitor payload system also incorporated a unique linkage system that
further the consideration and designing of linkage systems for complex motions. Our team
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used this linkage to actuate and power the drilling assembly so that the auger head could
be stored parallel to the airframe of the rocket and then rotate into a drilling position
upon deployment. It also allows the complex motion to be powered by a single servo
motor, thus reducing power consumption as well as control output. Control output is
especially important as the Arduino Nano Every used by the team was completely used
to control all the various electronic components. The linkage system was proven to be
extremely reliable, in fact its operation was the most reliable system during the testing
of the Terra Inquisitor. The system proved it provided significant mechanical advantage
during its drilling phases as it was able to easily lift the front end of the Terra Inquisitor
off the ground. Figure 7?7 shows the final design of the linkage system and its ability to
be in both a stored and vertical drilling position.

Vertical Orientation
s Toint (43) Coupler To Rocker

Toint (14)
Rockerto Gromd

i int (35)
Coupler to Slider Link

N Jomt(32)
Coupler to Crank =
o u
=" Storage and Soil
Joint (12) -~ = .
Gk 1o Gaonnd Evacuation
Orientation

0 1:1.2504/08/2026 1 of1

Figure 11: Right Side Linkage System

Through the implementation of these designs and testing all of our team has grown
into better and more knowledgeable engineers. All of these systems can be further tested
and improved on and hopefully by bringing them into view through all our STEM en-
gagement and engagement with other USLI teams, we may have inspired some to further
these ideas.

5 Community STEM Engagement

Given the small size of the team and the high technical demands of the project, the
team has developed a focused STEM engagement strategy centered on high-impact lo-
cal outreach events rather than school-based programs hosted independently by schools.
Rather than trying to spread resources across many small events, the team focused on par-
ticipating in existing university and regional STEM outreach opportunities that allowed
them to engage a larger audience while still supporting project development activities.

The team participated in several university-sponsored STEM outreach events on cam-
pus, including ”Tech Days” and ”Discovery Days.” On these occasions, team members
showcased the launch vehicle and explained the engineering principles of high-power rock-
etry and payload system integration. The team used demo hardware such as previous
competition rockets, airframe diagrams of the launch vehicle, and 3D printed linkage sys-
tems to help students visualize the complex mechanical motion used in the deployment
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mechanism of the payload’s auger. Students got hands-on with the engineering hard-
ware and asked questions about rocket stability, recovery systems, payload mechanisms,
avionics and additive manufacturing.

In addition to on-campus outreach, the team participated in the Thunderbirds Air
Show in Panama City Beach for two days. This event gave us the opportunity to reach a
much larger audience of students, families and members of the surrounding community.
The team showcased the completed launch vehicle and payload system and discussed
the goals of NASA Student Launch and the engineering challenges of the project. To
increase student engagement, the team ran 3D printers during the event and produced
small printed aircraft models, including F-35 and F-16 aircraft, that helped to facilitate
conversations around aerospace engineering, manufacturing, and STEM careers.

Overall, the team met and exceeded its initial outreach engagement goal of 200 stu-
dents. The university “Tech Days” and “Discovery Days” events averaged just over 50
student participants per event, for a total of four such events, resulting in over 200 direct
student interactions from university outreach activities alone. We had a ton of foot traffic
with the Thunderbirds Air Show with over a thousand student attendees throughout the
two-day event. Through these activities, the team met and exceeded its STEM engage-
ment goals while promoting aerospace engineering, NASA Student Launch and hands-on
STEM education to the local community.

6 Final Budget

Terra Nova Project Budget

Item Description Quantity Estimate |Price ea. Total Link Vendor Status
Ship-
ping &
Handling
Motor Tubing/ | 75mm Motor tube, 1 $10.00 $23.18  $33.18 Click Here  locprecision| Purchased
MMTHD-300x34 | Redundancy



https://locprecision.com/collections/rocket-components/products/motor-mount-tubing?variant=39778656747711

Terra Nova Project Budget (continued)

Item Description Quantity Estimate |Price ea. Total Link Vendor Status
Ship-
ping &
Handling
L1395 CTI Blue Motor Propelent 1 $70.00 $428.65 $498.65 Click Here|  wildmanrock&mychased
75MM Forwarded | 75MM FOR- 1 $0.00 $98.99  $98.99 Click Here]  wildmanrock&mychased
Closure WARD CLOSURE
Aerotech 75 mm
forward closure
Fiberglass Nose | 6 inch, 4:1 Ogive 1 $0.00 $190.98  $190.98 Click Here|  locprecision| Purchased
Cone
Motor Tubing/ | 75mm Motor Tube, 1 $0.00 $23.18  $23.18 Click Here| locprecision| Purchased
MMTHD-300x34 Length 34”
5 inch fiberglass | Length: 60” 1 $0.00 $259.35  $259.35 Click Here]  wildmanrock&mychased
airframe
5 inch fiberglass |Length: 12” 2 $0.00 $62.57  $125.14 Click Here,  wildmanrock&uychased
couplers
Fiberglass Sheet 1/4” thick, 1ft x 2 $0.00 $46.00  $92.00 Click Here]  wildmanrock&mychased
1ft,
L1395 CTI Blue Motor Propelent 2 $0.00 $428.65 $857.30 Click Here|  wildmanrock&mychased
L2200G Mojive | Motor Propellant 1 $0.00 $376.99  $376.99 Click Here|  wildmanrock&mychased
Green
Motor Retainer 75mm motor RMS 1 $5.00 $55.00  $60.00 Click Here ~ Chris’ Purchased
motor retainer Rocketry
54mm X 17in Mo- 1 $9.14  $9.14 Click Here  Chris’ Purchased
tor Mount Rocketry
54mm X 14in Mo- 1 $6.18 $6.18 Click Here locprecision| Purchased
tor Mount
Fiberglass Cloth #120-38-E-Glass 20 $28.00 $10.50  $238.00 Click Here aircraftspruc®urchased
(Quantity in yards)
Total: $2,869.08
Rail Button 1515 rail 1 $2.50 $2.50 Click Here, ~ Chris’ Purchased
Rocketry
Aerotech  J540R- | Purchased for first 1 $70.00 $135.99  $205.99 Click Here,  Chris’ Purchased
14A Redline | launch Rocketry
Rocket Motor
Aerotech  J540R- | Purchase for 2nd 2 $70.00 $135.99 $341.98 Click Here,  Chris’ Purchased
14A Redline | and 3rd launch Rocketry
Rocket Motor
RMS AeroTech ~ RMS- 1 $232.99 $232.99 Click Here|  Aerotech | Purchased
54/1280 Complete
Motor
Possible  Forward 1 $0.00 $4.44  $4.44 Click Here| locprecision| Purchased
Bulkhead
Possible Aft Bulk- 3 $0.00 $5.06  $15.18 Click Here| locprecision| Purchased
head
Lower Couplers 2 $0.00 $5.31 $10.62 Click Here locprecision| Purchased
Nose Cone (3.9” - 1 $0.00 $29.16  $29.16 Click Here|  locprecision| Purchased
$30)
Upper Body Tube 1 $0.00 $17.77  $17.77 Click Here]  wildmanrock&mychased
Aft Body Tube 2 $0.00 $14.16  $28.32 Click Here,  wildmanrock&uychased
Upper Coupler 1 $0.00 $7.14  $7.14 Click Here]  wildmanrock&mychased
Tail cone Assembly 1 $0.00 $53.00  $53.00 Click Here|  wildmanrock&mychased
($53)
G12CT-3 12 in 1 $0.00 $33.48  $33.48 Click Here,  wildmanrock&uychased
G12CT-4 8 in 1 $0.00 $25.12  $25.12 Click Here|  wildmanrock&mychased
G12-4.0 - 30” 1 $0.00 $71.39  $71.39 Click Here|  wildmanrock&tmychased
G12-3.0 - 30” 2 $0.00 $62.92  $125.84 Click Here]  wildmanrock&mychased
Total: $1,204.92
MAKO Line Cut- | Pair 1 $0.00 $180.00 $180.00 Click Here]  Tinder Purchased
ters (1 Pair - $180) Rocketry
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https://wildmanrocketry.com/products/pr75-4g-b?_pos=1&_sid=209120edd&_ss=r
https://wildmanrocketry.com/products/75fc
https://locprecision.com/collections/rocket-components/products/fiberglass-nosecone
https://locprecision.com/collections/rocket-components/products/motor-mount-tubing?variant=39778656747711
https://wildmanrocketry.com/collections/fiberglass-1/products/g12-5-0?variant=1273976815623
https://wildmanrocketry.com/collections/coupler-fiberglass/products/g12ct-5-0?variant=1274097106951
https://wildmanrocketry.com/collections/g10-sheet/products/g10-1-5
https://wildmanrocketry.com/products/pr75-4g-b?_pos=1&_sid=209120edd&_ss=r
https://wildmanrocketry.com/products/l2200g?_pos=1&_sid=be3901c21&_ss=r
https://csrocketry.com/building-supplies/aeropack/retainer-assembly/75mm-p.html
https://www.csrocketry.com/building-supplies/loc-precision/motor-mount/54mm-x-17-motor-mount.html
https://locprecision.com/products/motor-mount-tubing?variant=39778657075391
https://www.aircraftspruce.com/catalog/cmpages/120.php
https://www.csrocketry.com/building-supplies/rail-buttons/large-rail-buttons.html
https://www.csrocketry.com/rocket-motors/aerotech-rocketry/motors/54mm/54/1280-reloads/aerotech-j540r-14a-redline-rocket-motor.html
https://www.csrocketry.com/rocket-motors/aerotech-rocketry/motors/54mm/54/1280-reloads/aerotech-j540r-14a-redline-rocket-motor.html
https://aerotech-rocketry.com/products/product_51babce0-6f66-63d0-4eeb-31c0e192b661
https://locprecision.com/collections/rocket-components/products/bulkplate?variant=40823480778943
https://locprecision.com/collections/rocket-components/products/bulkplate?variant=40823480811711
https://locprecision.com/collections/rocket-components/products/tube-coupler?variant=39778656682175
https://locprecision.com/collections/rocket-components/products/plastic-nosecone?variant=40823268442303
https://wildmanrocketry.com/collections/loc-precision-airframe/products/bt-3-90
https://wildmanrocketry.com/collections/loc-precision-airframe/products/bt-3-00
https://wildmanrocketry.com/collections/loc-precision-coupler/products/tc-3-90
https://wildmanrocketry.com/collections/tailcone-assembly/products/tra5430la
https://wildmanrocketry.com/collections/loc-precision-airframe/products/bt-3-90
https://wildmanrocketry.com/collections/loc-precision-airframe/products/bt-3-90
https://wildmanrocketry.com/collections/loc-precision-airframe/products/bt-3-90
https://wildmanrocketry.com/collections/loc-precision-airframe/products/bt-3-90
https://www.tinderrocketry.com/line-cutters

Terra Nova Project Budget (continued)

Item Description Quantity Estimate |Price ea. Total Link Vendor Status
Ship-
ping &
Handling
Super Epoxy Pack |For both sub scale 1 $0.00 $196.98  $196.98 Click Here, Amazon Purchased
and full scale
PARAMAX Shock | We need 2, 100 foot 2 $0.00 $34.75  $69.50 Click Here  theparacordsburechased
Cord (100 ft - $35) | sections
Paracord Reef | We need 2, 100 foot 2 $0.00 $10.75  $21.50 Click Here|  theparacordsbPurechased
(1001t - $11) sections
12” Fruity Chutes 1 $0.00 $87.51  $87.51 Click Here|  Fruity Purchased
Chutes
727 Parachute 1 $0.00 $175.00 $175.00 Click Here]  RocketMan| Purchased
CD:2.2
12in Topflight 1 $0.00 $6.50  $6.50 Click Here|  Chris’ Purchased
Chute Rocketry
24in Parachute 1 $0.00 $50.00  $50.00 Click Here],  RocketMan| Purchased
48in Parachute 1 $0.00 $120.00 $120.00 Click Here]  RocketMan | Purchased
45 gm CO2 ctg Recovery Testing 2 $0.00 $23.00  $46.00 Click Here|  Tinder Purchased
Rocketry
E-match O-rings | Recovery Test- 2 $8.50 $3.00  $14.50 Click Here|  Tinder Purchased
ing/Launch Rocketry
Eye bolts 3/8-16 in. Forged 4 $0.00 $11.24  $44.96 Click Herel Home De- | Purchased
Steel Machin- pot
ery Eye Bolt in
Shoulder Pattern
(1-Pack)
25gm CO2 Car- 6 $0.00 $14.00  $84.00 Click Here Tinder Purchased
tridge Rocketry
Eagle Replacement 2 $0.00 $3.00  $6.00 Click Here|  Tinder Purchased
O-rings Rocketry
45gm CO2 Car- 2 $0.00 $23.00  $46.00 Click Here ~ Tinder Purchased
tridge Rocketry
PDW CO2 38g 4 $0.00 $15.00  $60.00 Click Here|  Planet Cy- | Purchased
Threaded Car- clery
tridges
CO2 38 Gram Only 4 available, 4 $0.00 $8.25  $33.00 Click Here,  Chris’ Purchased
purchase as many Rocketry
as possible
Firewire  Electric 3 $0.00 $16.00  $48.00 Click Here|  Chris’ Purchased
Match Bundle of Rocketry
20
15” Parachute Drogue Parachute 1 $0.00 $88.20  $88.20 Click Here|  Fruity Purchased
Chutes
Paracord 550 Reefing  Supplies 1 $0.00 $10.75  $10.75 Click Here|  theparacordshPurechased
(Quantity in 100
ft)
120” Parachute Main Parachute 1 $0.00 $325.00 $325.00 Click Here]  RocketMan | Purchased
1/2” Brass Grom- | Reefing Supplies 0 $0.00 $0.00  $8.99 Click Here, ACE Purchased
mets 24 pack
25g CO2 Cartridge | Supplier: Evo 4 $0.00 $5.00  $20.00 Click Here, EVO Purchased
38G CO2 Car- |Separation  CO2 4 $0.00 $15.00  $60.00 Click Here|  ridepdw Purchased
tridge Cartridge
48g CO2 Cartridge | Redundancy Sepa- 3 $0.00 $13.39  $40.17 Click Here|  bulkreefsuppBurchased
ration CO2 Car-
tridge
E-Match O-Rings 3 $0.00 $3.00  $9.00 Click Here|  bellhelmets | Purchased
TR Lube 3 $0.00 $3.00  $9.00 Click Here]  Tinder Purchased
Rocketry
Eagle Return 4 $0.00 $3.00  $12.00 Click Here]  Tinder Purchased
Spring Rocketry
Eagle O-Rings 3 $0.00 $3.00  $9.00 Click Here  Tinder Purchased
Rocketry
Total: $1,881.56
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https://www.amazon.com/System-105-B-Epoxy-Hardener-Metering/dp/B07JKTKFKP?crid=2DE2XL9Z4EOS8&keywords=west%2Bsystem%2Bgallon%2Bslow&qid=1674147873&sprefix=west%2Bsystem%2Bgalloon%2Bslow%2Caps%2C152&sr=8-2&linkCode=sl1&tag=cursedforev06-20&linkId=1a1a078647ef898d9ee9ed8465297019&language=en_US&ref_=as_li_ss_tl&th=1
https://theparacordstore.com/products/thin-blue-line-paramax
https://theparacordstore.com/products/tropic-camo-550-paracord?variant=43392652476567
https://shop.fruitychutes.com/collections/parachutes/products/12-compact-elliptical-parachute-0-5lb-20fps
https://the-rocketman.com/high-performance-parachutes/
https://www.csrocketry.com/recovery-supplies/top-flight-recovery/standard-parachutes/12in-topflight-chute.html
https://www.the-rocketman.com/products/rocketman-high-performance-cd-2-2-parachutes?variant=42195940048990
https://www.the-rocketman.com/products/rocketman-high-performance-cd-2-2-parachutes?variant=42195939852382
https://www.tinderrocketry.com/support-parts
https://www.tinderrocketry.com/support-parts
https://www.homedepot.com/p/Hillman-3-8-16-in-Forged-Steel-Machinery-Eye-Bolt-in-Shoulder-Pattern-1-Pack-320604-0/203809951
https://www.tinderrocketry.com/support-parts
https://www.tinderrocketry.com/support-parts
https://www.tinderrocketry.com/support-parts
https://planetcyclery.com/products/pdw-co2-38g-threaded-cartridges?variant=43765899559084&utm_source=google&utm_medium=cpc&adpos=&gad_source=1&gad_campaignid=23598944115&gbraid=0AAAAADt0LWn0G8ht__VODEonzC0OuTWFL&gclid=CjwKCAiA-__MBhAKEiwASBmsBKgG7vL3_iBeWDo7FYVDENVCtIGI5tS8daK5ZU-bEaXz3hXXJoazhhoCrtoQAvD_BwE
https://www.csrocketry.com/recovery-supplies/rousetech/co2-38gram.html
https://www.csrocketry.com/recovery-supplies/ejection-supplies/firewire-electric-match.html
https://shop.fruitychutes.com/collections/drogue-parachutes/products/15-compact-elliptical-parachute-0-8lb-20fps
https://theparacordstore.com/products/tropic-camo-550-paracord
https://www.the-rocketman.com/products/rocketman-high-performance-cd-2-2-parachutes?variant=42195940048990
https://www.acehardware.com/departments/building-supplies/tarps-and-grommets/grommets/23088
https://www.evo.com/cart
https://ridepdw.com/products/38g-co2-cartridge?_pos=5&_sid=c5a27acfc&_ss=r
https://www.bulkreefsupply.com/ista-disposable-co2-cartridge-45g-ista.html
https://www.bellhelmets.com/product/25g-co2-bulk-box-of-16---threaded/350180000200000042.html
https://www.tinderrocketry.com/support-parts
https://www.tinderrocketry.com/support-parts
https://www.tinderrocketry.com/support-parts

Terra Nova Project Budget (continued)

Item Description Quantity Estimate |Price ea. Total Link Vendor Status
Ship-
ping &
Handling
4mm Non-Flanged | SKU:  1600-0410- 6 $0.00 $3.39  $20.34 Click Here] GoBilda Purchased
Ball Bearings 0004
6mm Flanged Ball | SKU: 1601-0412- 4 $0.00 $2.88 $11.52 Click Here ~ GoBilda Purchased
Bearings 0006
Submersible Water | Soil Testing 1 $0.00 $2.95  $2.95 Click Here, DigiKey Purchased
Pump
TB6612FNG Motor Controllers 6 $0.00 $1.82 $10.92 Click Here DigiKey Purchased
HX711 Amplifier $0.00 $11.50  $23.00 Click Here| DigiKey Purchased
LM1117T- Voltage Regulator 2 $0.00 $1.37  $2.74 Click Here, DigiKey Purchased
5.0/NOPB
Micro_SD SD Card 1 $0.00 $15.39  $15.39 Click Here, DigiKey Purchased
Female SMA Con- | Soil Testing 1 $0.00 $2.80 $2.80 Click Here DigiKey Purchased
nector
Pololu 37D 4741 DC Motors 3 $15.00 $44.95  $149.85 Click Here,  Pololu Purchased
Pololu 6V | Buck Converter 1 $5.00 $19.95  $24.95 Click Here,  Pololu Purchased
D24V22F6
Mini Lab Grade pH 1 $0.00 $89.99  $89.99 Click Here  atlas- Purchased
Probe scientific
EZO pH Circuit 1 $20.00 $45.99  $65.99 Click Here| atlas- Purchased
scientific
Crossed Helical | Part #: 3598N291 4 $0.00 $17.99  $71.96 Click Here McMaster- | Purchased
Gears CARR
Carbon Steel Acme | Right Hand, 1/47- 1 $0.00 $29.28  $29.28 Click Here] McMaster- | Purchased
Lead Screw 16 Thread Size, 6 CARR
Feet Long
Carbon Steel Acme | Right Hand, 1/47- 6 $0.00 $3.51  $21.06 Click Here] McMaster- | Purchased
Hex Nut 16 Thread Size CARR
Metal Worm Gear |Bronze, 1 Module, 2 $0.00 $29.06  $58.12 Click Here], McMaster- | Purchased
10:1 Speed Ratio CARR
Steel Worm 1 Module, 6 mm 2 $0.00 $15.63  $31.26 Click Here.  McMaster- | Purchased
Shaft Diameter, 2 CARR
Starts
Button Loadcell FS1901-0000-0500- 1 $15.00 $40.06  $55.06 Click Here, DigiKey Purchased
G
M3 Screws, 6mm |SKU: 2800-0003- 2 $0.00 $2.99 $5.98 Click Here ~ GoBilda Purchased
Length 0006
M3 Screws, 12mm |SKU: 2800-0003- 3 $0.00 $3.29 $9.87 Click Here GoBilda Purchased
Length 0012
4002 Series Flexi- | 6mm Round Bore 2 $15.00 $6.99 $28.98 Click Here GoBilda Purchased
ble Clamping Shaft | to 0.250” Round
Coupler Bore
Steel Miter Gear |SKU: 2317-0006- 2 $0.00 $10.19  $20.38 Click Here ~ GoBilda Purchased
(6mm round Bore, | 0024
24 Tooth)
PTFE Cable- | SKU:  2926-0204- 1 $0.00 $5.99  $5.99 Click Here,  GoBilda Purchased
Guide Tubing 1000
Springs Extension Spring, 2 $0.00 $2.65  $5.30 Click Here, Home De- | Purchased
Spring Steel Const, pot
Nickel-Plated Fin-
ish, .047 GA x
7/16 in. x 1-7/8
in., Closed Single
Loop, (2-Pack)
Battery Common Sense 1 $0.00 $25.74  $25.74 Click Here|  bhphotovid¢durchased
RC Lectron Pro
1350mAh 80C
LiPo Battery with
XT60  Connector
for FPV Racers
(3-Cell, 11.1V)
Lower cover spring | 11908CS 1 $15.00 $10.43  $25.43 Click Here|  centuryspringurchased
#1
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https://www.gobilda.com/4mm-id-non-flanged-ball-bearing-10mm-od-4mm-thickness-2-pack/
https://www.gobilda.com/6mm-id-flanged-ball-bearing-12mm-od-4mm-thickness-2-pack/
https://www.digikey.com/en/products/detail/adafruit-industries-llc/4547/11627730?_gl=1*8du2ge*_up*MQ..*_gs*MQ..&gclid=CjwKCAiA3-3KBhBiEiwA2x7FdP9dWu4BqyplQNZCtXnXouJCwVtmB3ZDDaHeSGA9PR33vzN7xJTF2BoCMWUQAvD_BwE&gclsrc=aw.ds
https://www.digikey.com/en/products/detail/toshiba-semiconductor-and-storage/TB6612FNG-C-8-EL/1730070?s=N4IgTCBcDaICoCEBsSCMYBiA5A4gAhAF0BfIA
https://www.digikey.com/en/products/detail/sparkfun-electronics/13879/6202732
https://www.digikey.com/en/products/detail/texas-instruments/LM1117T-5-0-NOPB/363594
https://www.digikey.com/en/products/detail/raspberry-pi/SC1628/24627139
https://www.digikey.com/en/products/detail/te-connectivity-amp-connectors/5-1814832-2/13531771?gclsrc=aw.ds&gad_source=1&gad_campaignid=23410779255&gbraid=0AAAAADrbLlgc3EkvYONABEWEQ4oAepy1z&gclid=Cj0KCQiAp-zLBhDkARIsABcYc6sH2pao0TwgY3jr1XpYJwqzz5Lw849jXOt1UxnnBKYNwL_CsMuuQJ4aAsl5EALw_wcB
https://www.pololu.com/product/4741
https://www.pololu.com/product/2859/specs
https://atlas-scientific.com/probes/mini-ph-probe/
https://atlas-scientific.com/embedded-solutions/ezo-ph-circuit/
https://www.mcmaster.com/3598N291/
https://www.mcmaster.com/98935A205/
https://www.mcmaster.com/94815A007/
https://www.mcmaster.com/57545K764/
https://www.mcmaster.com/57545K634/
https://www.digikey.com/en/products/detail/te-connectivity-measurement-specialties/FS1901-0000-0500-G/12153519
https://www.gobilda.com/zinc-plated-steel-socket-head-screw-m3-x-0-5mm-6mm-length-6-pack/
https://www.gobilda.com/zinc-plated-steel-socket-head-screw-m3-x-0-5mm-12mm-length-6-pack/
https://www.gobilda.com/4002-series-flexible-clamping-shaft-coupler-6mm-round-bore-to-0-250-round-bore/
https://www.gobilda.com/2317-series-mod-0-8-steel-miter-gear-set-screw-6mm-round-bore-24-tooth/
https://www.gobilda.com/ptfe-cable-guide-tubing-2mm-id-4mm-od-1-meter-length/
https://www.homedepot.com/p/Prime-Line-Extension-Spring-Spring-Steel-Const-Nickel-Plated-Finish-047-GA-x-7-16-in-x-1-7-8-in-Closed-Single-Loop-2-Pack-SP-9605/202639133?source=shoppingads&locale=en-US&fp=ggl&srsltid=AfmBOoqxqY_2rqbZ-VpWaydqJNm5HJNuZVK7iSXVTbyYP302GCQugjJkrxc
https://www.bhphotovideo.com/c/product/1373101-REG/common_sense_rc_3s1350_80x_lectron_pro_11_1v_1350mah.html
https://www.centuryspring.com/shop/11908cs

Terra Nova Project Budget (continued)

Item Description Quantity Estimate |Price ea. Total Link Vendor Status
Ship-
ping &
Handling
Lower cover spring | S-151CS 1 $0.00 $12.08  $12.08 Click Here|  centuryspringurchased
#2
6mm Flanged 6 $0.00 $3.39  $20.34 Click Here,  GoBilda Purchased
Bearings
Carbon Steel Acme | Left Hand, 1/4”-16 1 $0.00 $36.62  $36.62 Click Here] McMaster- | Purchased
Lead Screw Thread Size, 3 Feet CARR
Long
Carbon Steel Acme | Left Hand, 1/4”- 1 $0.00 $3.64  $3.64 Click Here,  McMaster- | Purchased
Hex Nut 16 Thread Size, CARR
15/64”
Total: $887.53
Eye Protection 3M SecureFit 200 4 $0.00 $6.98 $27.92 Click Here, Home De- | Purchased
Safety Eyewear pot
SF200P1-DC:
Premium eyewear
with anti-fog lens
and flexible fit;
also, from Home
Depot.
Eye Protection | 3M Over-the-Glass 2 $0.00 $1.22 $2.44 Click Here, Home De- | Purchased
(Over-the-glasses) | Safety Eyewear pot
(47110-WV24)
Lung Protection 3M Disposable 1 $15.00 $28.19  $43.19 Click Here|  Staples Purchased
Particulate  Res-
pirator, NO95,
20/Pack (8200)
Gloves Gloveworks 1 $0.00 $24.69  $24.69 Click Here  Staples Purchased
GWON Nitrile
Gloves, Large,
Orange, 100/Box
Ear Protection 3M E-A-Rsoft Un- 1 $0.00 $45.49  $45.49 Click Here|  Staples Purchased
corded  Earplugs,
33 dB, Neon
Yellow, 200/Pack
Heavy Duty Gloves | ProFlex 812 Stan- 3 $0.00 $21.99  $65.97 Click Here Staples Purchased
dard Utility Glove
Total: $209.70
Campus Vehicle Provided by 1 Not Appli- $0.00 $0.00 Not Applicable —
Florida State Uni- cable
versity - Panama
City
Gas Estimate For all 1 Not Appli-| $400.00 $400.00 (Estimate) —
Travel both com- cable
munity events and
launches
Air B&B Housing for the 1 Not Appli- | $2,000.00 $2,000.00 Click Here Air B&B | Purchased
22nd to the 26th of cable
April
Shirts Custom designs Not Appli- In-Kind Not Applicable Purchased
incorporating Uni- cable Donation
versity  branding,
team logo, and
team sponsors
Food Food for students 1 Not appli-| $600.00 $600.00 (Estimates) —
for occasions like cable
launch days and
the Hudson Trip
PETG Creality | 1 kg rolls 4 $0.00 $29.76  $119.04 Click Here,  Grainger Purchased
Printing Filament
PETG Sunlu | 4kg, 1kg per spool 2 $0.00 $39.99  $79.98 Click Here,  Sunlu Purchased
Printing Filament

21


https://www.centuryspring.com/shop/s-151cs
https://www.gobilda.com/6mm-id-flanged-ball-bearing-12mm-od-4mm-thickness-2-pack/
https://www.mcmaster.com/99030A432/
https://www.mcmaster.com/91808A009/
https://www.homedepot.com/p/3M-Secure-Fit-Clear-Anti-Fog-Eyewear-SF200P1-DC/326330293
https://www.homedepot.com/p/3M-Clear-Frame-with-Clear-Lenses-Over-the-Glass-Eyewear-47110-WV24/300246523
https://www.staples.com/3m-disposable-particulate-respirator-n95-20-pack-8200/product_1549927
https://www.staples.com/gloveworks-gwon-nitrile-gloves-large-orange-100-box-gwon46100/product_24539206?cid=ps:gs:dot:nb:pla:clean&gad_source=1&gad_campaignid=14026686368&gbraid=0AAAAACN4I7wPWYRRPdO7zMfEe9btVAEnu&gclid=CjwKCAiAqKbMBhBmEiwAZ3UboHjF7fosnq38RNu005pwo7g8h9nHO5OOGMKS-eSZtgparlX96Uz27xoCIKIQAvD_BwE
https://www.staples.com/3m-e-a-rsoft-yellow-neons-earplugs-312-1250-uncorded-poly-bag-200-pairs-case-312-1250/product_847557
https://www.staples.com/proflex-812-standard-utility-glove-gray-xl-1-pair/product_2144931
https://www.airbnb.com/rooms/53442715?adults=10&check_in=2026-04-22&check_out=2026-04-26&location=Alabama&search_mode=regular_search&source_impression_id=p3_1761535717_P3hbFV16KPTaWt-Y&previous_page_section_name=1001&federated_search_id=79449315-3a8d-4dbf-b52d-533fd143b4ad&guests=1
https://freesunshields.com/products/custom-upf-shirt-long-sleeve?variant=43574839443701&country=US&currency=USD&utm_medium=product_sync&utm_source=google&utm_content=sag_organic&utm_campaign=sag_organic&gad_source=1&gad_campaignid=20460070702&gclid=Cj0KCQjwgpzIBhCOARIsABZm7vFig9KVIhB4ZN1w1cCkImkK62kblxXdyuq4fRsForNZG7fMCNodiD8aAqMwEALw_wcB
https://www.grainger.com/product/CREALITY-3D-Printing-Filament-CR-787X96
https://www.amazon.com/SUNLU-PETG-Filament-1-75mm-Printer/dp/B0D1KC72YP/ref=sr_1_3?crid=5XPW6WEU1TPA&dib=eyJ2IjoiMSJ9.CsKIIzTW7M2hp_Kd3SBqswbxay4b5I2BzvHjMG7vytvYD3fMtlyxUjfaiFk7m_drErCKimT52pIw44M655Z8RzeV3ge3-_pgTG4JK7N2dVRGSe3_lDvugQo6C99ODrZeclIceHVHJPmIPIDzGl0s1y0AV2nshoe8lmYA9OhLrNw-OkY6EqHozKdgObloS1N74W5wXFHRkO7UobMlcJCe2F9tK1YfEJLQhMsUApyN3oc.DSf4v9oraq3EJ3FEW5dYFL8IoPHOPQJ-3FmI25q6d_I&dib_tag=se&keywords=sunlu%2Bprinting%2Bfilament&qid=1770095134&sprefix=sunlu%2Bprin%2Caps%2C1893&sr=8-3&th=1

Florida State Uni-
versity Panama
City

Funding through
the Deans Office
to participate in
the NASA USLI

Competition

$10,000.00

Jim & Sandy Defoe

$500.00

Total: $10,251.81
Fund- $10,500.00
raised:

Remaining | $248.19

Funds:
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