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M I S S I O N  O B J E C T I V E S

A P O G E E

• Rocket must reach 4,000-

6,000 ft AGL during powered 

flight. 

R E C O V E R Y
S O I L  

C O L L E C T I O N

• Time from apogee to ground 

≤ 80 seconds

• Impact energy ≤ 65 ft-lb per 

section at landing

• Must use safe, redundant 

deployment sequencing

• Payload must autonomously 

deploy after landing or in-air

• Must collect > 60 mL of soil

• Must measure and record pH 

of the collected sample
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F U N C T I O N A L  D E C O M P O S I T I O N

M A I N  F U N C T I O N

Rocket

Vehicle Recovery Payload
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V E H I C L E  O V E R V I E W
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V E H I C L E  D I M E N S I O N S

Vehicle Dimensions

IDWeightExternal LengthSection

6”250 oz37”HAUS

6”-5”279 oz60.5”Avionics

5”374 oz (w/motor)20.5Propulsion

6” and 5”903 oz = 56.4 lb118Total

13



V E H I C L E  F I G U R E S
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F U N C T I O N A L  D E C O M P O S I T I O N

V E H I C L E  D E S I G N

Vehicle

MaterialsPropulsion Airframe



M O R P H O L O G I C A L  C H A R T

Subproblem Solution Concepts for Rocket

MaterialsPropulsionAirframe

Boat-TailFastenerFin
No Load

Components
NoseconeBody

Ignition
Mechanism

Priming 
System

FastenersFins
Nose 
Cone

Fiberglass
Stainless 
Steel 316

FiberglassPETGFiberglassFiberglass
NASA Electrical 

Ignition
Switch

¼-20 x ½  
Bolts

TrapezoidOgive

Carbon Fiber
2024 

Aluminum

3D
printed
material

PLA
3D

printed
material

3D
printed
material

N/ATimer
¼-28 x ½ 

Bolts
Tapered
Swept

Von 
Karman

Inconel 718
6061 

Aluminum
Carbon

Fiber
Fiberglass

Carbon
Fiber

Carbon
Fiber

N/A
Remote 
Control

FreeformEllipsoid

Aluminum 
6061

N/APhenolicN/APhenolic
Blue
Tube

N/A
Inserted 

Compone
nt

EllipticalParabolic

Steel 1020N/AN/AN/AN/APhenolicN/AKeyTriangularConical

16
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N O S E  C O N E  M A T E R I A L  S E L E C T I O N

Carbon FiberFiberglass4:1 Ogive Nose Cone

ScoreRatingMagnitudeScoreRatingMagnitudeParameterWeightCriteria

1.7572392.510191USD.25Cost

31087.02.7980.6ksi.3Strength

2.510.05782.259.0650lb

inଷ
.25Density

21062106Safety Score.2
Handling 

Safety

9.259.45Overall Score:
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B O A T - T A I L  M A T E R I A L  S E L E C T I O N

Steel 1020Aluminum 6061Inconel 718Carbon FiberFiberglassBoat-Tail

ScoreRatingMagnitudeScoreRatingMagnitudeScoreRatingMagnitudeScoreRatingMagnitudeScoreRatingMagnitudeParameterWeightCriteria

1.289.51.3591.90.45313.5.6411.71.5101.10USD/Volume.15Cost

.6681.4451.6110139.7787.0.555.580.6ksi.1
Tensile 
Strength

.8753.5.28428.0982.753.2962.510.05782.259.0650
lb

in3
.25Density

1.51031.51031.5103.966.966Safety Score.15

Manufacturi
ng and 

Handling 
Safety

210A210A210A1.26B1.26B
Flammability 

Class
.2

Flame 
Retardant

1.2881.510101.0577.4533.4533
Experience/A

vailable 
Equipment

.15
Machinabili

ty/ 
Fabrication

7.388.756.755.176.85Overall Score:
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T R A N S I T I O N  M A T E R I A L  S E L E C T I O N

Creality PETG & 
Fiberglass Composite

Creality PLACreality PETGCarbon FiberFiberglassReducing Transition

ScoreRatingMagnitudeScoreRatingMagnitudeScoreRatingMagnitudeScoreRatingMagnitudeScoreRatingMagnitudeParameterWeightCriteria

1.288.5.6371.510.3701.469.75.387.3211.71.0571.10𝑈𝑆𝐷

𝑖𝑛ଷ
.15Cost

2.939.7580.61.133.757.691.053.57.253.01087.02.939.7580.6ksi.30Strength

2.138.5.05122.259.04522.510.04481.137.5.05781.56.0650lb

inଷ
.25Density

.75561.51021.5102.7556.7556Safety Score.15
Handling 

Safety

1.28771.359.59.51.51010.7555.7555
Experience / 

Available 
Equipment

.15Formability

8.137.738.015.936.98Overall Score:
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B O D Y  T U B E  A N D  C O U P L E R  M A T E R I A L  S E L E C T I O N

Carbon FiberFiberglassBody Tube and Coupler

ScoreRatingMagnitudeScoreRatingMagnitudeParameterWeightCriteria

1.4418.83.5108.26𝑈𝑆𝐷

𝑖𝑛
.35Cost

3.01087.02.4880.6ksi.30Strength

2.510.05782.138.5.0650lb

inଷ
.25Density

1.01061.0106Safety Score.10Handling Safety

7.99.03Overall Score:
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B U L K H E A D  M A T E R I A L  S E L E C T I O N

Inconel 718Creality PLACreality PETGBulkheads

ScoreRatingMagnitudeScoreRatingMagnitudeScoreRatingMagnitude
Parame

ter
WeightCriteria

2.510N/A.42.370.42.387
USD/Vol

ume
.25Cost

3101391.053.7521.053.52ksi.30
Tensile 
Strength

.62.2962.79.0452310.0448lb

inଷ
.30Density

1.2831.51021.5102
Safety 
Score

.15
Handling 

Safety

7.35.655.95Overall Score:
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F I N  M A T E R I A L  S E L E C T I O N

Creality PLACreality PETGCarbon FiberFiberglassCustom Fins

ScoreRatingMagnitudeScoreRatingMagnitudeScoreRatingMagnitudeScoreRatingMagnitudeParameterWeightCriteria

1.510.3701.469.75.387.3211.71.0571.10𝑈𝑆𝐷

𝑖𝑛ଷ
.15Cost

1.43.57.691.43.57.2541087.03.99.7580.6ksi.40Strength

1.89.0452210.04481.47.05781.26.0650lb

inଷ
.20Density

1.51021.5102.7556.7556Safety Score.15
Handling 

Safety

.9991.01010.757.57.5.757.57.5
Experience / 

Available 
Equipment

.10Formability

7.17.367.27.65Overall Score:
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C E N T E R I N G  R I N G  M A T E R I A L  S E L E C T I O N

Creality PLACreality PETGCarbon FiberFiberglassCentering Rings

ScoreRatingMagnitudeScoreRatingMagnitudeScoreRatingMagnitudeScoreRatingMagnitudeParameterWeightCriteria

2.510.3702.449.75.387.5211.71.7571.10𝑈𝑆𝐷

𝑖𝑛ଷ
.25Cost

.73.57.69.73.57.2521087.01.959.7580.6ksi.20Strength

2.79.0452310.04482.17.05781.86.0650lb

inଷ
.30Density

1.51021.5102.7556.7556Safety Score.15
Handling 

Safety

1.0991.01010.757.57.5.757.57.5

Experience / 
Available 

Equipment
.10Formability

8.48.646.17.0Overall Score:
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M O T O R  T U B E  M A T E R I A L  S E L E C T I O N

PhenolicCardboardFiberglassMotor Tube

ScoreRatingMagnitudeScoreRatingMagnitudeScoreRatingMagnitudeParameterWeightCriteria

2.259.7163.510.6821.442.10
𝑈𝑆𝐷

𝑖𝑛ଷ
.35Cost

1.57.513.5.844.212.01025.4ksi.20Strength

310.0450310.04501.86.0650
lb

inଷ
.30Density

1.51021.5102.966Safety Score.15
Handling 

Safety

8.258.86.1Overall Score:



R E C O V E R Y  S Y S T E M

Presented by: Austin Zaal and Matthew Wilson
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F U N C T I O N A L  D E C O M P O S I T I O N

R E C O V E R Y  S Y S T E M

Recovery

ParachutesShock Cord Attachments Separation
Sensory 

Input/Output
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M O R P H O L O G I C A L  C H A R T

Recovery Systems

AttachmentsShock Cord

Cord 
Attachment 

Material

Cord Attachment 
Type

Main Length (Multiplier 
of Rocket Diameter)

Drogue Length 
(Multiplier of Rocket 

Diameter)
Design ConceptCord Material

Stainless Steel 3163/8” Eye Bolt2020Base-Elastic Hybrid
Kevlar

(0.25” Diameter)

2024 Aluminum3/8” U Bolt3030Base Material Only
Paramax 

(0.25” Diameter)

6061 AluminumN/A4040N/AN/A
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M O R P H O L O G I C A L  C H A R T

Recovery Systems

ParachuteSensory Input/OutputSeparation

Main 
Sequencing

Main 
Sequencing 

Device
Event Initiation

Main 2nd

Sequenced Event
Main Separation Event

Drogue 
Separation 

Event
Method

Pilot-Main
Tender Descender 

(Pilot-Main)
Altimeter/Flight 

Computer
1500 ft2000 ftApogeeBlack Powder Charge

Reefed Main
Reef-line cutter 
(Reefed Main)

Timer1000 ft1500 ftN/ACO2 Ejection

N/AN/AN/A750 ft1000 ftN/AN/A
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R E C O V E R Y  S Y S T E M  S E L E C T I O N

Recovery Selections
SeparationShock Cord

JustificationSelectionProblemJustificationSelectionProblem

• Minimal Pyrotechnics Needed
• Safe for Recovery Hardware

CO2 EjectionMethod
• High TS (1200lb)
• Low Weight
• Elasticity

Paramax CordCord Material

• Specified Requirement by NASAApogeeDrogue Separation
• Drogue Altitude Below Main
• Sufficient Length

30x Rocket 
Diameter (15 

ft)

Drogue 
Length

• Meets Energetic Altitude Requirement
• Sufficient Height for Sequencing

1500 ftMain Separation
• Main Altitude Above Drogue
• Sufficient Length

40x Rocket 
Diameter (20 

ft)
Main Length

• No Energetics Needed
• Achieves Flight Time and Impact 

Energy Goals
750 ft

Main Sequence 
Event

• Cord & Body can Withstand 
Recovery Loads

• Easer to Fabricate

Base Cord 
Only

Design 
Concept
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R E C O V E R Y  S Y S T E M  S E L E C T I O N

Recovery Selections
SeparationShock Cord

JustificationSelectionProblemJustificationSelectionProblem

• Minimal Pyrotechnics Needed
• Safe for Recovery Hardware

CO2 EjectionMethod
• High TS (1200lb)
• Low Weight
• Elasticity

Paramax CordCord Material

• Specified Requirement by NASAApogee +1sDrogue Separation
• Drogue Altitude Below Main
• Sufficient Length

4x Rocket 
Length (40 ft)

Shock Cord 
Length

• Meets Energetic Altitude Requirement
• Sufficient Height for Sequencing
• Main Separation / Reef Event

1000 ft / 650 ftMain Events
• Cord & Body can Withstand 

Recovery Loads
• Easer to Fabricate

Base Cord 
Only

Design 
Concept

• 25g for Drogue Separation / 38g for 
redundancy

• 38g for Main Separation / 45g for 
redundancy

25g / 38g / 45gCO2 Sizing
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R E C O V E R Y  S Y S T E M  S E L E C T I O N

Recovery Selections
Sensory Input/OutputAttachmentsParachute

JustificationSelectionProblemJustificationSelectionProblemJustificationSelectionProblem

• Separation 1 at 
Apogee

• Separation 2 at 
1000 ft

• Reef Cut at 650 
ft

Telemetrum 
/ EZ Mini 

flight 
computers

Event 
Control

• Single Load 
Concentration

• Distributes Load 
Across Bulkhead

Eye Bolt
Cord 

Attachment 
Device

• Accomplishes Time 
to Ground and 
Impact Energy 
Goals

• Simpler than Pilot-
Main Design

Reefed 
Main

Main 
Sequencing

• CO2 Canisters 
& Reef Cutters 
initiated via 
Energetic Event

E-Matches 
to 

Contained 
BP Charge

Event 
Initiation

• Commercially 
Available Parts

• Sufficient 
Strength

Stainless Steel 
316

Cord 
Attachment 

Material

• Accomplishes Time 
to Ground and 
Impact Energy 
Goals

15”
Drogue 

Size

• Simple to install
• Easy to access 

from outsize 
airframe

Screw 
Switch

Arming 
Device

• Accomplishes Time 
to Ground and 
Impact Energy 
Goals

36”
Reefed 

Main Size

• Sufficient 
Power 
Capability for 
All Devices

9V Lithium 
Battery

Power 
Device

• Accomplishes Time 
to Ground and 
Impact Energy 
Goals

120”
Full Main 

Size
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A V I O N I C S  B A Y

Flight Computer – Telemetrum & Eggtimer Proton Flight 
Computers

Power Supply – Energizer Ultimate Lithium 9V (L522)

Ejection System – TR Eagle 𝐶𝑂ଶ Ejection Device

Material Makeup – 3D Printed Material (PLA/PETG)
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E J E C T I O N  S Y S T E M

Two Stage Main Deployment
- Tinder Rocketry’s Eagle 𝐶𝑂ଶ

Ejection System
- 38 g 𝐶𝑂ଶ canisters
- 2 each side, 1 for redundancy
- E-Matches to contained 

charge

Drogue Release
- Sep Body tube 1 & 2
- Event initiated at apogee

Main Release
- Sep Body tube 2 & 3
- Event initiated at 1500 ft

TR Peregrine TR Eagle
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R E E F I N G  &  C U T T I N G  S Y S T E M

Two Stage Main Deployment

120” Parachute
- Deployed at 1500 ft
- Reefed to 30”
- Reef Cut at 750 feet

Initiation
- Isolated flight 

computer/power supply
- E-Matches to contained 

charge
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A V I O N I C S  B A Y  S T A T E  D I A G R A M
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R E E F I N G  &  C U T T I N G  S Y S T E M  S T A T E  D I A G R A M



L A U N C H  V E H I C L E  P R E D I C T E D  P E R F O R M A N C E

Presented by: Austin Zaal
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R O C K E T  P E R F O R M A N C E  P R E D I C A T I O N S

L2200G-0:
• Thrust to weight ratio: 8.94:1.0
• Maximum Thrust: 3099 N
• Average thrust: 2243 N
• Velocity off Rod: 77.7 ft/s

Motor Selection
Secondary MotorPrimary Motor

L1420R-PL2200G-0

Justification

• Average Apogee 
of 4033 ft

• Total Impulse
• 4616 Ns

• Average Apogee 
of 5015 ft

• Total Impulse: 
5104 Ns
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R O C K E T  P E R F O R M A N C E  P R E D I C A T I O N S

Altitude

Primary Motor

L2200G-0

Justification

• Average Apogee of 5015 ft
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R O C K E T  P E R F O R M A N C E  P R E D I C A T I O N S

Velocity

Primary Motor

L2200G-0

Justification

• Off the rail: 77.7 fps

• Peak Velocity: 596 fps

• At deployment of Reefed Main: 
154 fps

• At deployment full Main 
deployment: 59.1 fps

• Ground Hit: 15.7 fps
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R O C K E T  P E R F O R M A N C E  P R E D I C A T I O N S

Acceleration

Primary Motor

L2200G-0

Justification

• Peak Motor Thrust Acceleration: 381 ft/s2 or 11.8 G’s

• Peak Acceleration: 408 ft/s2 or 12.7 G’s

• At deployment reefed Main deployment: 180 ft/s2 or 
5.6  G’s
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R O C K E T  P E R F O R M A N C E  P R E D I C A T I O N S

Stability and Drift

Primary Motor

L2200G-0

Justifications

• Static Stability on Launch Rail: 2.75 calibers

• Stability at Rail Exit: 2.8 calibers

• Maximum Stability: 3.43 calibers

Calculated Drift Estimation

Total Drift (ft)Wind Velocity (fps)

00

3805

76010

114015

152020

190025

228030



T E R R A  I N Q U I S I T O R  S Y S T E M

Presented by: Case Dyer and Mathew Wilson
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F U N C T I O N A L  D E C O M P O S I T I O N

P A Y L O A D  S Y S T E M

Terra Inquisitor

Soil 
Containment

Autonomous

Deployment Soil Collection Soil Testing
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S E P A R A T I O N  M E C H A N I S M  S E L E C T I O N  A N D  R E T E N T I O N

Mechanism Type
• Non-pyrotechnic
• Power Screw

Requirements:
• Minimum Output Force: 35 lb
• Minimum Input Torque: 39 in-oz

Payload retention:
• Secured to separation mechanism
• Separation Mechanism fastened
• to HAUS section airframe 
• and couplers

Power Screw MechGeared Rack MechMechanical Separation

ScoreRatingMagnitudeScoreRatingMagnitudeParameterWeightCriteria

2.5104.881.3755.59.24USD/ft.25Cost

.8863.811078.3ksi.10Tensile Strength

310.1312.17.175lb/ft.30Weight

11031103Safety Score.10Handling Safety

2.5109101.7577Experience.25Implementation

98935A2056295K233Component # on McMaster Carr

9.87.225Overall Score:
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P A Y L O A D  P R O P U L S I O N  S E L E C T I O N

Traction Method
• Tacks

Tracks provide:
• Superior Traction
• Easier integration of Steering

Motor  Requirements
• Minimum Output Force:  6.5 lb
• Minimum Torque Output: 52 in-oz



P A Y L O A D  C H A S S I S  A N D  M A T E R I A L  S E L E C T I O N

Carbon FiberFiberglassChassis

ScoreRatingMagnitudeScoreRatingMagnitudeParameterWeightCriteria

.4211.71.471.10𝑈𝑆𝐷

𝑖𝑛ଷ
.20Cost

1.51087.01.639.7580.6ksi.15Strength

1.757.05781.56.0650lb

inଷ
.25Density

.7556.7556Safety Score.15Handling Safety

1.5551.555
Experience / 

Available 
Equipment

.25Formability

5.96.78Overall Score:

Creality PLACreality PETGChassis

ScoreRatingMagnitudeScoreRatingMagnitudeParameterWeightCriteria

210.3701.959.75.387𝑈𝑆𝐷

𝑖𝑛ଷ
.20Cost

.647.69.647.25ksi.15Strength

2.259.04522.510.0448lb

inଷ
.25Density

1.51021.5102Safety Score.15Handling Safety

2.25992.51010
Experience / 

Available 
Equipment

.25Formability

8.69.05Overall Score:
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P A Y L O A D  S O I L  S A M P L E  C O L L E C T I O N  M E C H A N I S M

Drilling Mechanism:
Linkage based on:
• Symmetric four-bar linkage 

synthesis
• Coupler Curves
• Mechanical Advantage

48

Terra Inquisitor



P A Y L O A D  S O I L  S A M P L E  C O L L E C T I O N  M E C H A N I S M

Mechanical Advantage:
• Average: MA = 9.67
• Peak: MA = 126
• Minimum: MA = 1.31

Range of Motion:
• 1.5” Vertical Range
• For crank input angles of 

46° to 335° CW

49



P A Y L O A D  S O I L  S A M P L E  T E S T I N G

Sensor Type
• Passive Sensor

Required Electronics
• Signal Conditioning Module
• ADC
• MCU

Error Mitigation
• Temperature Correction
• Solution Mixing

50

Probe 2Probe 1pH Probe

ScoreRatingMagnitudeScoreRatingMagnitudeParameterWeightCriteria

2.51029.990.753$169.99 USD0.25Cost

1.25542.5108scale (1-10)0.25Durability

1.86177.7310127.7milimeters0.3Size (Length)

1.0570.11.5100.002pH0.15Accuracy

6.67.75Overall Score:

Probe 1: Atlas Scientific Spear Tip/Soil pH Sensor
Probe 2: Gravity Lab Grade Analog pH Sensor



S A F E T Y  C O M P L I A N C E

Presented by: Jonathan Serbest
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H A Z A R D  A N A L Y S I S  M E T H O D O L O G Y

Hazard Severity Criteria

Mission HealthLaunch Vehicle
Equipment 

Health
Personnel HealthValueDescription

Mission 
success not 
impacted

Insignificant damage/ 
minor reconstruction

Insignificant
damage

No injury1Negligible

Possible 
mission success

Moderate reconstruction
Moderate 
damageMinor injury2Moderate

Partial 
mission success

Major reconstruction
requiredMajor damageSevere injury3Critical

Mission failureComplete loss
Complete

destruction

Life-
threatening injuries4Disastrous

Probability Levels

Probability of OccurrenceValueDefinition

<1% 1Unlikely

1% to 15% 2Uncommon

15% to 50%3Occasional

50% to 80%4Probable

Above 80%5Likely
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P E R S O N A L  H A Z A R D  A N A L Y S I S

Risk and Hazard Assessment 
Matrix

Severity

Disastrous (4)Critical (3)Moderate (2)Negligible (1)ௗ

Probability

4321Unlikely (1)

8642Uncommon (2)

12963Occasional (3)

161284Probable (4)

2015105Likely (5)

Consolidated Hazard Assessment
Table 34

ValueDefinition

1-6Minimal

7-10Tolerable

11-15Immediate Attention

16-20Failure
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P E R S O N A L  H A Z A R D  A N A L Y S I S
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V E R I F I C A T I O N  O F  M I T I G A T I O N

Verification – A process of proving that a requirement was 
made and reforms effectively and as specified.

Types of Verification –
1. Inspection
2. Test
3. Demonstration
4. Analysis
5. Record/Documentation Review

Questions to be asking:
• What is the data proving?
• Are the mitigation procedures or techniques working?
• How can we improve our mitigations?

Example of Verification by Inspection 
& Record/Documentation Review



T I M E L I N E  &  O U T R E A C H

Presented by: Krieg Conrad
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S C H E D U L E  O V E R V I E W

The Terra Nova Project - Gantt Chart
Week Highlight: 7

Week
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

PDR Development

Draft PDR Outline & Assign 
Content Owners: 1 1 1 1 100%

Write Subsystem Sections: 2 2 2 2 100%
Draft Hazard Analysis & 

FMEA: 2 2 2 2 100%

Mission Performance Sims 3 1 3 1 100%

Format & Peer Review PDR: 4 2 4 2 100%

PDR Mock Presentation 6 1 6 1 100%

Submit PDR Deliverables: 7 1 7 1 100%

Material Testing

Prepare Inconel Specimens: 9 1 9 1 50%

Conduct Material Tests: 10 4 10 4 0%

Subscale Build & Test

Subscale Design Finalization: 1 2 1 2 0%

Subscale Fabrication: 8 5 8 5 0%

Subscale Launch: 12 0 12 0 0%

Analyze Subscale Flight Data: 13 1 13 1 0%

CDR Development

Draft:
8 2 8 2 0%

Integrate Subscale Lessons: 13 2 13 2 0%

Finalize CDR Report & Slides: 15 2 15 2 0%

Submit CDR Deliverables: 16 0 16 0 0%

Full-Scale Build & Test

Begin Full-Scale Fabrication: 16 3 16 3 0%

Ground Ejection Tests: 18 2 18 2 0%

Payload Vibration Tests: 19 2 19 2 0%
Final Integration & 

Assembly: 20 2 20 2 0%

Full-Scale Launch (VDF): 22 0 22 0 0%

FRR Development

Draft FRR Report & Slides: 22 3 22 3 0%

Submit FRR Deliverables: 25 0 25 0 0%

Launch Week

Prepare Logistics & Travel: 26 2 26 2 0%

Competition Launch: 31 0 31 0 0%

Post Launch

Draft PLAR & Lessons 
Learned: 32 2 32 2 0%

Submit PLAR: 33 0 33 0 0%

Ongoing Activities

STEM Outreach Visits: 1 30 1 30 25%

Sponsor & Budget Mgmt: 1 33 1 33 22%

Safety & Risk Updates: 2 30 2 30 22%

Category

% Complete (beyond plan)

ACTIVITY PLAN START
PLAN 

DURATION
ACTUAL 
START

ACTUAL 
DURATION

PERCENT 
COMPLETE

Plan Duration Actual Start % Complete Actual (beyond plan)



58

O U T R E A C H  &  E D U C A T I O N

• Schools in Bay & Walton County – Reaching out to schools to 
talk about Stem with students

• University Events – Discovery Days & Tech Days held by 
FSU PC

• Further Outreach – Blue Angels STEM Event (Pensacola, 
November 2025)



A N Y  Q U E S T I O N S ?


