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VEHICLE OVERVIEW
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VEHICLE DIMENSIONS
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= TERRA NOVA V4.1 Stability: 2.54 cal [ 13.1 %
= Length 120 in, max. diameter 6.17 in @& CG:73.5111in

3 < Mass with no motors 648 oz ® CP:89.181in

- Mass with motors 801 oz

5=

0 = S e o s % T IS i
= f Ay ot il |
=] | \\_‘vl s wiy | I ﬁ\ l-r—r—l—l-l-'[—[DQ G
= | Tresdges=El b IR W Sn=Al i K

5=

a0
= Apogee: 5491 ft
= Max. velocity: 612 ft/s (Mach 0.551)

.15= Max. acceleration: 226 fi/s®

Vehicle Dimensions

O = Energetic Location

I = Separation Location Section External Length Weight ID
HAUS 377 239 oz 6”
Avionics 60.5” 267 oz 6”-5”
Propulsion 22.5 326 oz (w/motor) 5”
Total 120 833 0z=52.11b. 6” and 5”
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KEY DESIGN FEATURES
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A5 TERRA ROVAVZ Stobilay 2 75 cal f 14.4 %
< Length 118 in, max. diamater 617 in

S Masn with s elors 738 61 Inconel Bulkhead (Red) * Ciom ot m
M HAUS Payload & Recovery Hardware Shock Cord Motor Tube Gk

Total of 4
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= Langth 118 in, max damete 617 n . Rail Buttons ey L
S s s s Custom Transition i

s Airframe Dy vbe CG
3 4:1 Ogive Body Tube |

o= Nose Cone \ &

e == { LK L | C E
: T T B, 0 | rSazs i l
. I Custom
l s Sg;;::;f:;lpéil:l:ﬁ:r Apogee Separation Non-Separation , y Finsyd Boat-Tail
e E’;':-:;LM 2 pancn 083 : Point Coupler Delayed Separation Point  Body Tube 3 g

@

» 45

FSM | ggl\iggti%%ngineering

L
W AR g 0000



REQUIREMENTS

(o) FSU | &

College of Engineering



TEST PLANS AND PROCEDURES

Category

Launch Vehicle — Materials

Launch Vehicle — Recovery/Avionics

Launch Vehicle — Flight Test

Payload — Interface/Separation

Payload — Electrical/Software

Payload — Mechanisms/Experiment

FSU l E%lgjéisf%ngineering

Completed

LV-MAT-02

In Progress

LV-MAT-01

Planned

LV-DEP-03, LV-DEP-04,
LV-DEP-05, LV-AV-01, LV-
AV-02/03

LV-DEP-01/02

LV-SFT-01, LV-SFT-02,
LV-SFT-03

LV-FFT-01, LV-FFT-02

PL-INT-01/02/03

PL-ELEC-01/02/03
PL-SW-01/02/03

PL-MECH-01/02/03
PL-EXP-01-06

SRR BR AR @ R oAE omRER
(IR IB L] ﬂ i o
(TN T ]




STATUS OF REQUIREMENTS VERIFICATION

Launch Vehicle Requirements

Requirement
(Handbook

Verification

Method
Derived)

Launch vehicle is

Verification Plan
(Section 6.1)

Evidence

HV-LV-01 tatically stabl Analvsis + Test LV-SFT-xx, LV-SFV-01 |Partially I ,
-LV- 1 e nalysi e nspection
SR R i LV-FFT-xx, LV-FFV-01 |Complete e
(>2.0 caliber)
Vehicl i
CHICIC SUIVIVES , LV-SFT-xx, LV-SFV-03 |Partially ,
HV-LV-02 ascent and Test + Inspection Inspection
LV-FFT-xx, LV-FFV-03 [Complete
recovery loads
Full-scale vehicl
HV-LV-03 UHSCAIe VERICT® | Test LV-FFT-01 / 02 Planned Ghantt Chart
flown prior to FRR
Vehicle mass and
HV-LV-04 configuration Inspection As-built inspection Planned Inspection

match final design

FSU ’ E%lgjéisf%ngineering




STATUS OF REQUIREMENTS VERIFICATION

Launch Vehicle Requirements

Team Req ID Requirement

Bulkheads maintain SF > 5
vs deployment loads

TDR-LV-01

Verification
Method

Analysis + Test

Verification Plan

LV-MAT-01

Status

In-Progress

Av-bay separation is reliable
TDR-LV-02
and repeatable

Demo/Test

LV-DEP-01/02 + LV-SFT-
02/03

In-Progress

FSU l E%lgjéisf%ngineering
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STATUS OF REQUIREMENTS VERIFICATION
Recovery System Requirements

Req ID

HV-REC-01

HV-REC-02

HV-REC-03

HV-REC-04

HV-REC-05

FSU E%Igjéisf%ngineering

Requirement
(Handbook
Derived)

Dual-deploy

Verification Method

Verification Plan

(Section 6.1)

Evidence

recovery system Test LV-DEP-01, 02, 03 Partial Ground test
implemented
Drogue deploys at ,
Test LV-DEP-01, LV-SFT-xx |Partial Telemetry

apogee
Main deploys at
programmed Test LV-DEP-02, LV-SFT-xx |Partial Telemetry
altitude
Descent rates within . )

.. Analysis + Test LV-SFV-05-07 Complete Flight data
safe limits
Recovery system
causes no structural |Inspection LV-SFV-03, 04 Complete Inspection

damage




STATUS OF REQUIREMENTS VERIFICATION
Recovery System Requirements

. Verification D
Team Req ID Requirement Verification Plan Status
Method
Reefi t liabl
TDR-REC-01 S Test LV-DEP-03 Complete
under load
Packing process is repeatable LV-DEP-01/02 + LV-DEP- ,
TDR-REC-02 i ; Demo/Test Partial
with clean separation 04/05
Packi fi ti
TDR-REC-03 H EE Demo/Test LV-SFT-02/03 Planned
prevents entanglement

FSU l E%lgjéisf%ngineering i é




STATUS OF REQUIREMENTS VERIFICATION
Payload Mission Requirements

Requirement Verification Plan (Section

Req ID Verification Method P
- (Handbook Derived) om0 6 ) vidence

Payload remains ; ;
HV-PAY-01 ) ) Inspection PL-INT-01 Planned Flight Test
retained during ascent
Payload depl ft
HV-PAY-02 v ,Oa P Demonstration PL-INT-03 Planned Flight Test
landing
Payload t
HV-PAY-03 SYRRE Bl Test PL-SW-02 Planned Flight Test
autonomously
Payload let Ground & Flight
HV-PAY-04 AYI0ad COMPTEIES | st PL-EXP-05 Planned R
mission <15 minutes Test
Payl llects > Fligh
HV-PAY-05 ayload collects 250 1. PL-EXP-01 Planned Ground & Flight
mL soil Test
Payload d Ground & Flight
HV-PAY-06 ayi0ad MEASUIEs A0E | Test PL-EXP-02, PL-SW-01  |Planned R
logs pH Test
Payload data retained Ground & Flight
HV-PAY-07 avioacd Cata TEtalee | rest PL-SW-01 Planned D
post-mission Test

ESL | Colegeof Enginering A a oo



STATUS OF REQUIREMENTS VERIFICATION
Payload Mission Requirements

. Verification D
Requirement Verification Plan Status

Method

Payload boots successfully

TDR-PAY-01 o Test PL-ELEC-01 Planned
>3/3 attempts in flight config
End-to-end mission

TDR-PAY-02 completes without operator | Demo/Test PL-EXP-06 Planned

input

FSU I Ej})ﬁlgjéisf%ngincering




STATUS OF REQUIREMENTS VERIFICATION

Safety Requirements

HV-SAFE-01 RauigEiiE

HV-SAFE-02

ISAYSY:N U DNIRIM minimizes

Requirement . .
Verification D .
(Handbook Verification Plan Status Evidence
: Method
Derived)
Vehicle complies
' Analysis Hazard analysis, Complete Safety docs
. 4 FMEA . y
constraints
Energetics
1
E;I:z;z d and Inspection Vehicle drawings Ongoing Drawings
labeled
Recovery system Descent analysis
Analysis + Test ) P Complete Calculations
; flight data
landing energy

FSU l E%lgjéisf%ngineering
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SUBSCALE PERFORMANCE
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SUBSCALE FLIGHT 1 PREDICTED PERFORMANCE
Terra Parvis V1 Predicted Performance

i Vertical motion vs. ti
Predicted Performance 4250 _ ertical motion vs. time

. MAX Impact s ; £ E {2,250
Apogee Descent Time P 3750 { 42 B >
Energy e & =
3500 { == L @ 2,000
4055 ft 86.4s 15.05 ft-le 3250 - 1= é @
o D 1,750
Velocity off Heaviest g 3000 = =
Landing Vel . S = = =
Rod g Section S 2780 2 2 1500 §
gul s =on R 5 o
93.8 ft/s 12.6 ft/s 6.1 lIbs E 2.250 =8 58 12850 3
£ 2000 o
Prediction Notes > s I %
& 1500 E‘:
% 1250 - LA
* Reef system deemed unflyable prior to launch A S 500
*  Main Parachute significantly oversized L
» Large expected main deployment force (5781bs) = 250
2560 1
0 r 0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 ©0 05 100
— Altitude (ft) — Vertical velocity (ft/s) Vertical acceleration (ftis?)
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SUBSCALE FLIGHT 1
TERRA PARVIS VI

TeleMetrum-v4.0 11558 flight 10
Key Data el . | ok W - =T |
Apogee Descent Time BADLD DT O ) | | e [
Energy o
4468 ft 23.6s 500 ft-lbs -
Velocity off . Heaviest "
Rod Landing Vel Section i -
~100 ft/s 70 ft/s 6.561bs ¢ ©3
Flight Notes .

* Reef system not deemed flyable
*  Main parachute significantly oversized
* Bulkhead failure led to launch failure
* Extremely high impact energy - failure
* (Cardboard airframe intact — PETG/Fiberglass
transition failure Time (s)
*  Fin failure upon landing Pocthemmiimihl==Saned
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CHANGES MADE TO SUBSCALE

Bulkheads

- Initially 3D printed PETG

- Failed decisively

- Replaced with %4 plywood (Chris’ Rocketry)

Airframe

- Initially cardboard tubing

- Transition 3D PETG + fiberglass coating
- Transition failed decisively

- Replaced entire airframe with fiberglass

Recovery

- Reefing system not flown in launch 1

- System design overhaul

- First V2 flight — standard dual separation recovery
- Second V2 flight — successful reefing demonstration

53 ESU | &licge of Engineering



SUBSCALE FLIGHT 2 PREDICTED PERFORMANCE
TERRA PARVUS V2 UNREEFED PERFORMANCE PREDICTION

Vertical motion vs. time
Predicted Performance [ ; s
. MAX Impact 3| - = . b
Apogee Descent Time P o e
Energy 1200
3893 ft 107 s 37.97 ft-lbs "
Velocity off . Heaviest = o
Landing Vel . 2500 %
Rod ng Section 5 a
= 2,400 BsD
83.6 fi/s 20.5 ft/s 5.82 Ibs § 20 w §
Flight Notes § o - 3
jg- 1 500 BOD 5
g 1,400 :g
% 0 | | 460
* Standard dual deployment recovery 1000 :22
*  Wind speed: 12 ft/s 0 0

Q 5 10 15 20 % 0 B 40 45 50 ] 60 65 0 75 80 BS 50 %5 10 W5 10 15 10
W Alttude (ft) [l Vertical acceleration (fi/s®) Vertical velocty (ft's)

- -
® a0 @
an UUE ggg UED gy
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SUBSCALE FLIGHT 2
TERRA PARVIS V2

TeleMetrum-v4.0 11558 flight 11
Key Data T s e . R

. MAX Impact .
Apogee Descent Time p BN N Y 6 I N N OO T O U O U UG O
Energy 3400 | % o
3863 ft 80.4s 56.54 ft-lbs s e
Velocity off Heaviest l i::
Landing Vel . "
Rod g Section o) |
2,200 | ] -'r" .; lll' ':‘:: & ;
~80 fi/s 25 ft/s 5821bs  Eum s AR b Tt 1= -
? | - o | 1}.'P.v-.‘u'\.-.l.‘:f?ea\.#.-,,-..\r,ll.m’m'.lu-.-L'r.,' '».'IL?. k.. ek st f:: §
Flight Notes ol | \" . e e
Standard dual deployment recovery R | | :"
»  Wind speed: 12 ft/s | .
* Actual Apogee 30 ft above prediction m 4
* Landing speed 4.5 ft/s above prediction 20| b
* Launched without reef to guarantee successful o il i e -
launch o -5 1] 5 10 15 20 5 30 35 40 45 50 55 60 65 7u;5 Eo 8: ......... E! |: ........ ":J'_i ....... ‘E:lllu 1u ------ 1.;.5 -
Time (s)

Accel — Height — Speed
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SUBSCALE FLIGHT 3 PREDICTED PERFORMANCE
Terra Parvis V2 Reefed Performance Prediction

Predicted Performance o e -
3,500 ] o : v

= 5 =
. MAX Impact = 3= £ £ 1
Apogee Descent Time - p 3260 15 3 53 B B 1.100
nergy 3000 1.2 1.9 & iy ko 1,000
3477 ft 67.1s 35.11 ft-lbs 2750 { = 18 & 8 | 000
: . Heaviest & 250 < 3 3
Velocity off Rod Landing Vel . - B = B S
Section 5 270 2 2 2 ]
2 2000 7 D i r700 o
81.3 ft/s 19.7 ft/s 5.82 Ibs = 2 o o 8
-‘-:"3 1,750 réo0 8
. (1]
Flight Notes $ 500 D %
& 1250 s g
% 1,000 1 - 2
g | |
* Reef System Included = 200
*  Wind speed 12 ft/s 500 1
250 {| 100
o | ro

0 5 10 15 20 25 30 35 40 45 S0 55 60 65 70 75 B8O
— Altitude (ft)y — Vertical velocity (ft/s) Vertical acceleration (ftis™)
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SUBSCALE FLIGHT 3
TERRA PARVIS V2

Key Data

3,200 |4

Apogee Descent Time

Energy

3510 ft

Velocity off
Rod

~80 ft/s

74.7s

Landing Vel

25 ft/s

Flight Notes - s

*  Wind speed: 12.7 ft/s =

* Actual Apogee 33 ft above prediction
* Landing speed 5.3 ft/s above prediction

* Premature reef event due to separation i

pressurization

FAMU-FSU
College of Engineering

FSU

56.54 ftlbs

Heaviest i 1
Section 2200 20 .

5821bs  Ziw

TeleMetrum-v4.0 11558 flight 12

fan

0 25 30 3 40 45 50 55
Time (s)

Accel — Height — Spead
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RECOVERY IMPLICATIONS

Parachute Sizing

- Comparing sim data to results
shows potential
underestimation of descent
rates

Reefing System

- Reefing system proven to be
usable in flight

- Premature cutting needs to be
addressed

- Parachutes proven able to
handle high loads

Deployment
- CO2 separation proven viable

} FSU | Colig of Bngineering

New Reefing Initiation

Inspired by subscale data
Pressurization by CO2 release
was read by Reefing
electronics

Effect: computer reads
altitude significantly lower
than actual value
Considering using a timer
rather than altimeter
Computer detects separation,
then begins a 4 second
countdown
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PAYLOAD FUNCTIONAL DECOMPOSITION

Terra Inquisitor

Autonomous

! | } }

. . Soil . .
Deployment Soil Collection Containment Soil Testing

FSU l Ej})ﬁlgjéisf%ngincering



PAYLOAD SYSTEMS AND OVER ALL OPERATION

FSU |

SOIL CONTAINER

PROGECT NAME: PART NAME:

Terra Inquisitor Terra Inquisitor
Assembly

SNBSS 71 W B SPTCHH D DRAWING BY:

DIMENTIONS IN INCHES Case Dye‘.
TOLERANCES:

WATER TANK ASSEMBLY

PROPULSION
SYSTEM ASSEMBLY

DRILLING
SYSTEM ASSEMBLY

%101 REVISION: SCALEL: DATE:
x.xx £0.01
x.xxx 4 0.001 0 1:2.5

PART NUMBER:

MATLRIAL:
Various

SHEET NUMBER:

1o0fl
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CHASSIS DIMENSIONS

RI50n v K

e x4

-

RN

F2500N
425008 |

FROGECT NAMI PART RAME PART NUMBIR
Term Inquisiter Terrn tuguisiiss Chussis
vz

LT DRAWING Y e
BIMISTHSN S NS Cage Dyer Pt

TOLRRANCES:

X a1 REVISION: SCALL: | DATI SHELT MUMBER

s I o

B2 50mm X & LA2SN

I 11 Al |
PROGECT NAME FARLT NAME. PART NUMBE
Terrn m““ :;'II Inguisitor Chassis
1L TR TS TS DEAWING BY: MATERIAL:
ORISRV | Case Dyer ity
g
e REVESION: SCALE: DATE SHLTT NUMBER
i 0 18 1001

A2 .00

SECTION A-A
SCALE1:2

@1 2mm X 6 0| 3 S X2

00N

FPROGLCT NAMIES FART NAMI FART NUMBER
Terra Inguisitor u“;"" g
VHLS RS e DRAWING BY - MATERIAL
DIMENTINSININCUES.  Cage Dyer PETG
[k
ax301 REVISION: SCALE: DATE! SHELT NUMIR:

s 2 001 ;
woxax & 0001 9 14 ekl

Terra Inquisitor Front View

i

FSU | Eﬁll\i{eg(;isf%ngineering

Terra Inquisitor Front Cross-Sectional View

Terra Inquisitor Side Cross-Sectional View

58 sa
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LINKAGE ASSEMBLY

AS STORED POSITION
Joint (43) Coupler To Rocker

AT MAX VERTICAL

DRILLING DEBTH

Jont (14)

Coupler to Crank Joint (35)
Coupler to Shider Link
Driving Direction
Driving Direction to Storage and Soil
for Drilling Motion Evacuation
Jont (12)
Crank to Ground
PROGECT NAME: PART NAME: PART NUMBER:
Terra Inquisitor Right Side Linkage
Assembly
NLESS OTINEW R SHOED DRAWING BY: MATERIAL:
DIMENTIONS ININCHES— Cage Dyer
TOLERANCES:
SR REVISION: SCALE: DATE: SHEET NUMBER:
x.xx 1 0.01
x.xxx + 0.001 o 1:1 Al

Right Side Drill Linkage Assembly

£ FSU | Coliege of Bogincering

Terra Inquisitor Drill Assembly




LINKAGE DIMENSIONS

! 213814 1

PROGECT NAMI TART MAME PART NUMBLR:
Terra Inguisitar Coupler Link
o DRAWING Y MATERIAL
Case Dyer
REVISION. SCALE DATE SHEET NUMBER:
a2 0,01 o 201 1 af1

EaRx 2 0,000

PROGECT MAME: TART MAME: PART MUMBER
Terra loguisitor Crank
. i DRAWENG Y MATERIAL
il s Case Dyer
REVISION: SEALIL DATE SHEET NUMBER
o 21 1a0f1

PART NAME; PART NUMBERL:
Recke
R ING B MATERIAL:
% Case Dyer
REVISION: SCALE: PATE: SHEDT NUMBILR:
o 21 1ofl

Coupler Drawing
Gamma Angle of 67°

E FSU | Ié%géisf%nginceﬂng

Crank Drawing
Primary Link Length = .625”

Rocker Drawing

Primary Link Length = 1.5625”




LINKAGE DIMENSIONS

\|1m—1’~|

23N

RAOGIIN X 2

R3N

188N

SN

— - N L—
PROCUCT KAMLL PART MAML:- PART NUMBLR; PROGLCT NAMIL FART MAMY PART NUMBLE: PROGECT MAME. PART MAMI PART NUMBER:
Terra Inquisitar Ground Link Terrs Inguisitor :m';"“"“' Tiak might Terrn Inquisicor Blot Link Right Side V3
pear o DA WING Y MATERIALL e LAWING Y MATERIAL: nLim i DRAWING Y MATEIEEAL:
i NS Cage D CHIS  @age Dyer [
- 3% e ol Dyer
o1 REVISION SCALE DATE SHEET MUMBER: Xx+0.1 HEYISION. SCALE: DATE SHEET NUMBER 1 REVISION: SCALL: DATE: SHETT NUMBER:
Kxx 4 001 XXx £ 0.0 xxx g 001
a2 0,001 ol Lory X £ 000 0 @1 13/3/3038 1l G o | w1 101

Ground Representation Slot Guide Drawing Slider Link Drawing

Rotate Axis of 33°
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LINKAGE PERFORMANCE

Mechanical Advantage vs Input Angle by Analytical Analysis

650 Mo

%) FSU | B i

[‘.'_onpler Curve for Desired Eoint P (with Imaginary)

Vertical Distance
- 1.3”

Mechanical Advantage

- Peak: 66

- Average During Drilling Range: 4.4

-  Minimum During Drilling Range: 1.5

Max Linkage Force

- 5.241b.

- T=676psi for a bmm¢ shaft
- Using 304 Stainless Steel SF = 25

Assuming:

- Input Angular Velocity: 2 rad/s = 29°/s
- Initial Angular Acceleration: 'z rad/s"2
- Required force to drill: 6 1b.




DRILL ASSEMBLY

POLULU 4741 MOTOR

UPPER COVER

/—NU MOUNTING SCREWS

//—‘:\I'(iER BIT

CONTACT SPRING

LOWER COVER

PROGECT NAME:
Terra Inquisitor

UNLESS OTHERWIN SPLCTIED
DIMENTIONS IN INCHES
TOLERANCES:
xx 0.1
xxx 20,01
xxxx + 0.001

.'\-—|
A

i

SECTION A-A

PART NAME: PART NUMBER:
Drill Head Assembly

DRAWING BY: MATERIAL:

Case Dyer

REVISION: SCALE: DATE: SHEET NUMBER:
0 1:2.5 1 of 1

f—— ‘r-—‘- D AN
b s

FIICH = 51405 %r,_, 0

$A25 N
-
== —FICH T 5F 1" e
<] TAPEE ANGLE OF 1a® by
Vi
—eBICH = |35 &
Pndin 1 ] e TAFER ANGLE OF 38° }‘

BECTION AA
PRCHET WAMI TAIY HAME FAILT HUMHER
Auger Deill Dit
MATRRIAL:

SHEET SUAMRER

EEVINMT SCALE BATE
10l

et o 1

FSU | E%géi%%ngineering

Right Side Drill Linkage Assembly
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VERTICAL FORCE REQUIRED FOR SAMPLE COLLECTION

C = 100pS f Assumption: Largest cross-sectional area of drill used,
@ = 35° worst case scenario according to case studies giving
oF = 4000 ps f il)ear strength, cohesion, and angle of internal friction
or = C + tan(Q) = oy, -
O'f —C
0., =
" tan(®)
4000 psf — 100 psf
0., =
" tan(45°)
o, = 3900 psf
F
Op = —
A

= 3900 1 [(0.5in)? 2
= x| — % | —mM8M—
psf*\3*\Taamz | |1

F = 3.38 lbs Required

FSU l E%lgjéisf%ngineering




TORQUE REQUIRED FOR SAMPLE COLLECTION

e o S B
Mreq - Rotation moment required to shear the soil pume— 8 4 *’f'
Myot - Rotational moment of drill bit 130 om0 U 3/7E*
Ms - Mass of soil inside drill bore I 4 mstions V4
Rmax - Maximum radius of the flange T f
g - Gravity
a - Pitch angle of auger blade
W - Rotational velocity of auger bit
K; - Soil-against-soil friction ratios - ; ,,: ]
tan(<pag) - Friction coefficient soil-against-steel Ealai s e

Friction coefficient soil-against-soil

=t
Q
=

~

S

%)

~—~

1

Terra Inquisitor Auger Drill Head
Mreq = WMyot
Myor = tan((pag) mg * [gcos(a) + tan((ps)RmawaSin(a)] * K;cos(@)Rmax

rad
M,,; = tan(45°) 0.0147kg * [9.81c0s(9.03°) + tan(45°) * 0.014m * (0.796 E)Z* sin(9.03°)] * 1 * cos(9.03°) * 0.014m
M,,; = 0.00155 Nm

FSU l E%lgjéisf%ngineering ¢ . é




PROPULSION SYSTEM

PROGECT NAME: PART NAME:
Terra Inquisitor Payload Propulsion
System Assembly
URLESS DIURRWISE SPECOHID. . DRAWING BY:
DIMENTIONS IN INCHES
FOLERANCES.
xx 2 0.1 REVISION: SCALE: DATE:

xxx 2z 0.01
x.xxx £ 0.001

o 1:2.51/5/2025

Payload Propulsion System Assembly

FSU l E%lgjéisf%ngineering

Payload Components List

Item

Component Name Quantity
Number
Terra Inquisitor Chassis

2 Rear Sprocket
3 Front Sprocket 2
4 Idler Wheel 24
5 Wheel Rotator 6
6 Wheel Rotator Pin 12
7 Pololu 4741 Motor 2

3598N291 4
9 Lipo S3 Battery 1
10 Idler Wheel Assembly Guide 12
11 Track Chain 110
12 Track Pin 110
13 6mm ID Flanged Ball Bearing 14
14 6mm D-Shaft (Stainless Steel, 60mm Length) 2
15 2910-0919-0006.STEP 2
16 2800-0004-0010 90128A207.STEP 2
17 6mm D-Shaft (Stainless Steel, 30mm Length) 2
18 Rear Motor Mount 1
19 B18.6.7M - M3 x 0.5 x 30 Indented HHMS --30N 8
20 Tensioner Wheel 2
21 4mm ID Non-Flanged Ball Bearing (10mm OD, 4mm Thickness) 24

Payload Component List

Motor Selection:

- Required Torque per Motor: 42 0z-in
- Selected Motor: Pololu 37D 4741

- Provided Speed (No Load): 530 RPM
- Provided Stall Torque: 120 in-0z

- Max Efficiency Torque: 13.9 0z-in

" o oan



FINAL PAYLOAD DESIGN OVERVIEW

Side Section with Extended Housing

Predicted Payload Weight:
- 521b.
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FINAL PAYLOAD DESIGN OVERVIEW

Payload Full Assembly with Stored Drill Payload Full Assembly with Actuated Drill

" FSU | E%[gtisf%ngineering 40 K




FINAL PAYLOAD DESIGN OVERVIEW

26 Rocker 2
St = ) S 27 Slotted Guide Link Right Side 1
Payload Components List >3 Slot Lnk i !f;’f:c 7
29 Slot Guide to Ground Joint 2
[tem S e 30 1501 Series M4 x 0.7mm Standoff (6mm OD, 12mm Length) 2
Mo bar Component Name Quantity 31 M4 x 0.7mm Zinc-Plated Socket Head Screw (6mm Length) g
Terra Inguisitor Chassis 1 2 2807 Series Stainless Steel Tilmci:n(e.s:s:;m ID x 9mm OD, 0.50mm 5
- Rear Sprocket 2 33 1501 Series M4 x 0.7mm Standoff (6mm OD, Smm Length) 2
3 Front Sprocket 2 2807 Series Stainless Steel Shim (4mm ID x 7mm OD, 0.50mm
4 Idler Wheel 24 34 Thickness) 6
3 Wheel Rotator ] 35 1501 Series M4 x 0.7mm Standoff (6mm OD_6mm Length) 4
6 Wheel Rotator Pin : 12 36 Slotted Guide Link Left Side 1
7 4mm ID Non-Flanged Ball Bearing (10mm OD, 4mm Thickness) 24 37 Slot Link Left Side 1
8 Pololy 4741 Motor 3 38 Drill Bit Lower Cover 1
9 3508N2901 4 390 Auger Drill Bit 1
10 Lipo S3 Battery 1 40 Drill Bit Upper Cover 1
11 Idler Wheel Assembly Guide 12 41 B18.3.1M - 3 x 0.5 x 6 Hex SHCS — 6NHX 4
12 Track Chain 126 42 6mm D-Shaft (Stainless Steel, 90mm Length) 1
13 Track Pin 126 3 2305 Series Brass, MOD 0.8, Servo Gear (25 1
14 6mm ID Flanged Ball Bearing 15 Tooth Spline, 20 Tooth)
15 6mm D-Shaft (Stainless Steel, 60mm Length) 2 44 Servo Center Gear Block 1
16 6mm D-Shaft (Stainless Steel, 30mm Length) 2 45 Water Tank 1
17 Rear Motor Mount 1 46 B18.6.7M - M3 x 0.5 x 8 Indented HHMS —8N 4
18 B18.6.7M - M3 x 0.5 x 30 Indented HHMS —-30N 8
19 Tensioner Wheel 2
20 Soil Container 1
21 Adfruit 4547 Submersible Pump 1
2 ENV-45-pH 1
23 Ground Link 2
24 Crank 2
25 Coupler Link 2
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PAYLOAD INTEGRATION PLANS

« Power System it e .
* Microcontroller e o= | E Q
* Voltage Regulation HE R Mg —— e _‘
* Motor Control | B ] Outpyts | |
+ Outputs e LD T
» Sensors | = =
—“r,T =
I
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PAYLOAD RETENTION SYSTEM

HAUS Payload Pusher

Tilting Mechanism
Lead Screw

Gearing
Mechanism

— o I
[ 7
/!
| o0
o s
(6, & 7 e
— - el
72\ N
Hex Nuts to slide on I 2 |
/) =S /
¥
o g"/
b 4 d
| r'.-_Q-' _J/' /
I RAMI PART MM ra
ARM_ASM
DHAWINGRY! M, M.
REVESION: SCALE: DaTE: AUEET SUMIER:
o 1:2 1all
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RECOVERY
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FUNCTIONAL DECOMPOSITION

RECOVERY SYSTEM

Recovery

! ! ! ! !

Sensory
Input/Output

Shock Cord Attachments Separation Parachutes
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RECOVERY SYSTEM SELECTION

Recovery Selections

Problem Selection Justification Problem Selection Justification

* High TS (12001b)
*  Low Weight Method CO2 Ejection
* Elasticity

Shock Cord Paramax
Material Cord

*  Minimal Pyrotechnics Needed
* Safe for Recovery Hardware

*  Moderate TS (5501b)

Supplementary Paracord | | Low Weight Drogue Separation Apogee * Specified Requirement by NASA

Cord Material 550 +  Elasticity
Shock Cord E:nR?; 1((25 * Prevents Collision Main Separation 1000 ft *  Meets Energetic Altitude Requirement
Length gﬁ) * Sufficient Length P * Sufficient Height for Sequencing

*  Meets Energetic Altitude Requirement
650 ft * Achieves Flight Time and Impact
Energy Goals

Main Sequence
Event

FSU l Emgéi%%ngincering f s :.: . é o




RECOVERY SYSTEM

SELECTION

Recovery Selections

Problem | Selection Justification Problem Selection Justification Problem | Selection Justification
Accomplishes Time Separation 1 at
to Ground and Cord Single Load Barometric Apogee

Main Reefed Impact Energy Concentration Event Altimeter/ Separation 2 at
. . Attachment Eye Bolt . .

Sequencing Main Goals Device Distributes Load Control Flight 1000 ft
Simpler than Pilot- Across Bulkhead Computer Reef Cut at 650
Main Design ft
Accomplishes Time Quick CO2 Canisters

Drogue ’ to Ground and Cord . . Attach/Detach Event E-Matches & Reef Cutters
. 15 Attachment | Quick Link e to Black . i
Size Impact Energy . from Eye Bolt Initiation initiated via
Device Powder .
Goals Energetic Event
Accomplishes Time Cord Commercially Sharp Pin
Reefed , to Ground and Stainless Steel Available Parts Event Eagle CO2 Releases CO2
. 36 Attachment . . .
Main Size Impact Energy . 316 Sufficient Engagement System Requires Little
Material .
Goals Strength Energetic Mass
Accomplishes Time 33V Sufficient
Full Main , to Ground and Power e Power
. 120 . Lithium -
Size Impact Energy Device — Capability for
Goals ® All Devices

(5% ESL | EyUsy

College of Engineering
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AVIONICS BAY

Flight Computer — Telemetrum & EZ Mini Computers
Power Supply — Energizer Ultimate Lithium 3.8V (L522)
Ejection System — TR Eagle C0O, Ejection Device
Arming Device — Screw Switch

Material Makeup — 3D Printed Material (PLA/PETQG)

...................................

Subscale AV Bay

/ F SU | E%éi%%m@neering




EJECTION SYSTEM

1
|

Two Stage Main Deployment

- Tinder Rocketry’s Eagle CO,
Ejection System

- 38 g CO, canisters

- 2 each side, 1 for redundancy

- E-Matches to contained
charge

-

4
=
==l
S

t

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

/
| -—IE‘

L

Main Release
- Sep Body tube 2 & 3
- Event initiated at 1000 ft

TR Peregrine TR Eagle

/ FSU | E%géi%%ngineering



CO2 CARTRIDGE SIZING

Testing

- Subscale “Terra Parvis V2”
tested with TR Peregrine CO2
System

- 7 ejection tests conducted

Results

- 6/7 tests successful

- Failed test had specific cause
- Consistent separation proven

Full Scale Relation
- Sub & full-scale geometries

related ey .
- Related CO2 (grams) / _ N
volume Tested 8¢ CO2 Canister
- 25g (fwd) 38g (aft) selected este g anisters -
- 38g cach for redundancy Successful (Left); Malfunctioned (Right)

FSU | Glege of Engincering



REEFING & CUTTING SYSTEM

Two Stage Main Deployment

120” Parachute

- Deployed at 1000 ft

- Reefed to 36”

- Reef Cut after 4 seconds
(~650 ft)

= DIAMETER 8F RELFING
LIKE CIACLE, AREEED

Initiation

- Isolated flight
computer/power supply

- E-Matches to contained
charge

Testing

- Several tests conducted to
prove concept

- Successful demonstration in
subscale flight 3

ESU | it of Enginecring : . .
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REEFING & CUTTING SYSTEM TESTING

Test Materials

- 72” Parachute from first
subscale used for testing

- Moving vehicle used to
simulate wind speed

= DIAMETER 8F RELFING
LIKE CIACLE, AREEED

Test Parameters

- Parachute reefed to 24”

- Tested up to 40mph (58.67
ft/s)

Test Results

- Reefing system proved viable

- Difficult to simulate true
deployment forces

- Test served to prove chute
deploys properly

- Subscale flight 3 proves
design can handle recovery

ESU | it of Enginecring : . s



AVIONICS BAY COMPUTER CONFIGURATIONS

Flight Computer: Altus TeleMetrum
Redundant System: Altus EasyMini

Recovery Electronic Configurations

Configuration Software: AItOS Criteria TeleMetrum EasyMini Reefing
Computer
Single
Mode Dual Deployment Dual Deployment D
Drogue Apogee Apogee N/A
Main 1000 ft 1000 ft 650 ft
Location AV Bay AV Bay Main Parachute
Arming Screw Switch Screw Switch Wireless

) FSU |
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REEFING & CUTTING SYSTEM

FSU |

-

Reefing System is
Armed

N

v

Using WiFi Signal
to Mobile Device

-

4 A
RTC is Updated

7

v

Ground Level is
Calibrated

!

Accelerometer
Detects Launch

FAMU-EFSU
College of Engineering

4 N
Altimeter Measures
Pressure Throughout
Flight
\ J
e ¢ g
Main Deploys -
Contact with Vehicle
is lost
3 l J

"
Preset Delay

STATE DIAGRAM

Flight Data is
Recorded

Reefer is
Activated




LAUNCH VEHICLE PREDICTED PERFORMANCE
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ROCKET PERFORMANCE PREDICATIONS

Motor Selection

PRIMARY MOTOR L2200G THRUST

3500

L2200G-0 L1420R-P L1395 3000 .°"’"""..
Justification - P )
= .
* Average Average Average EZ:' i 1 .,
Apogee of Apogee of Apogee of z - i %
5141 ft 4133 ft 4808 ft = *%een.
* Total Total Total S 1500 te
=
Impulse: Impulse: Impulse: S
5104Ns 4585 Ns 4783 Ns [
+*
L2200G-0:
*  Thrust to weight ratio: 9.88:1.0 s00 * 2
*  Maximum Thrust: 3099 N g
*  Average thrust: 2243 N 5 ‘e,
0.5 1 1.5 2 2.5 3
TIME (SECONDS)
FAMU-FSU R

College of Engineering
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ROCKET PERFORMANCE PREDICATIONS

Predicted Performance

Apogee Descent Time MAX Impact
Energy
5141 ft 73.7 s 57.12 ft-lbs
Velocity off . Heaviest
Rod Landing Vel Section
81.8 ft/s 16.5 ft/s 13.50 lbs
Flight Notes

* Drogue at Apogee
* Reefed Main at 1000 ft
* Reef cut after 4s (~650 ft)
* Highest Deployment Force: 315 Ibs
*  Wind speed: 11 ft/s

-- FSU l E}(\)Il\i{elgjélf)sf%ngineering
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Terra Nova Predicted Performance

Vertical motion vs. time
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WIND DRIFT CALCULATIONS

Descent Drift

540 ft 1081 ft 1621 ft 2162 ft

Descent Rates

146 ft/s 51 ft/s 16.5 ft/s

APOGEE: 5141 ft
DESCENT TIME: 73.7 s

/ FSU | E%géi%%ngineering



ROCKET STABILITY

TERRA NOVA V4.1 Stability: 2.54 cal / 13.1 %
Length 120 in, max. diameter 6.17 in & CG: 73511 in

Mass with no motors 649 oz ® CP:89.1811in
Mass with motors 801 oz . )

s P v il [N o < T ~
s ==: N0 R Anhoog N s el T 5 | —tt T
h = - | I
R DR e L i s i w semd [
F ~ _ = e rol o gt (i e L i | -
| Tre=33====""1 / Lty Ll e & AR ) il i

Apogee: 5401 ft
Max. velocity: 612 ft/s (Mach 0.551) _

Max. acceleration: 226 ft/s* 35 S TAB IL l T Y

Stability (Cal) z B
= < 25
20
=g
o 2 1.5
0.5 3.05 24 2%
s !
(q\|
— 0.5

CG: 73.51” AFT
CP: 89.18” AFT 0
> TIME (SECONDS) *° 20




SAFETY



LAUNCH DAY SAFETY PLAN

Pre-Launch

*Oversee final vehicle integration and readiness
*Verify safety, arming states, and configuration
compliance

*Support launch readiness and resolve discrepancies
Launch

*Support pad operations and final safety checks
*Coordinate with mentor, RSO, and range personnel
*Assist with troubleshooting and launch execution
Post-Launch

*Assist with post-flight inspection and data retrieval
*Support cleaning and disassembly

FAMU-FSU
College of Engineering



THANK YOU! ANY QUESTIONS?
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SOURCES



1. Xuan, M., Montgomery, J., Anderson, J. B., & Kiernan, M. (2023). Characterizing strength loss in high plasticity
clays along Alabama highways (Final Report No. 930-988). Highway Research Center, Department of Civil
Engineering, Auburn University. Submitted to the Alabama Department of Transportation.
https://www.eng.auburn.edu/files/centers/hrc/930-988-final-report.pdf
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LAUNCH VEHICLE DIMENSIONS

. ) Primary ID: 57
Avionics Section Pri OD:5.15”
General Dimensions Hmary .
Apogee Drogue Parachute Diameter: 15” 1
Paramax Drogue Shock Cord Cord Length: 20ft 12.5
.~ ; . -Overall length: 24”
Airframe Component Measurement Weight (0z) “Transitions OD from
6.17”t0 5.15” OD
. Primary ID: 6” -Transitions from 6” ID to
HAUS Section 571D
Primary OD:6.17” Gt e o Ak .
ustom Transition Airframe e .
S Al D Upper Length: 7"; Weight: 18.8
Nose Cone ‘Base OD: 6.17” 26 ‘Transitioning length: 8 Weight: 24
-Length: 24” Lower Length: 9"; Weight: 17.8
-Transition angle: 3.68°
Nose Cone Shoulder Length Length: 5.5” 0 Avionics Rec)?\;ery Hardware I-bolt Assembly 3
Avionics Bay Coupler Length: 14” 15.5
Body Tube 1 Length: 13” 25.6
ody Jube ng Avionics Bay Bulkhead x2 Thickness: .25” 16
Terra Inquisitor Length: 13.5 96 Avionics Bay Electronics Length: 13” 50
. . | Assembly
Mechanical Separation Full Section 40 Body Tube 2 Length: 36.5” 508
HAUS Section Coupler Length: 12.75” 25.5 Main Shock Cord Length: 24 ft 19.3
- N Main Parachute Diameter: 120” 22
HAUS Bulkhead Thickness: 3/16 23.4 Reof Mochanism Diameter- 30” 3
HAUS Recovery Hardware I-bolt Assembly 3
°
FSU FAMU-FSU o '
College of Engineering o



LAUNCH VEHICLE DIMENSIONS

FsU

Propulsion Section

Primary ID: 5”

Primary OD:5.15”

RMS Bulkhead Thickness: .25” 15.8
RMS Recovery Hardware Already Attached I-bolt 0
Propulsion Coupler Length: 10.625” 11.8
Motor Tube 24 6.23
Aecrotech RMS RMS size: 75/5120 65.1
Body Tube 3 Length: 16.5” 224
Clipped Trapezoidal Fin Set As detailed 51.4
Coupler Centering Ring Thickness: 7/16” 3.53
Centering Rings x2 Thickness: 7/16” 3.78
Rail Buttons Standoff Length 3/8 0.265
Motor Retainer RMS Diameter: 75mm 3.35
-Length: 5”
Boat-Tail . 15.52
- Transitions: 5.15” OD to 4.5” OD
Overall Vehicle Length 120~
Motor Weight 10.5 1b
Vehicle Weight (Excluding Primary Motor) 45.131b
Total Vehicle Weight 55.63 1b

FAMU-FSU
College of Engineering




LAUNCH VEHICLE DIMENSIONS

4‘ @6.170IN r

7.000IN
R000IN
24.000IN
Q.0001N
- - PROGECT NAME: PART NAME:
Transition Airframe
~‘ D5.150IN L fezza Hovn (Full-Size]

UNLUSS OTHER WISE SPLCIFIED DRAWING BY:
DIMENTIONS IN INCHES Case Dyﬁl’

TOLERANCES:

xx +0.1 REVISION: SCALE: DATE:
xxx + (.01
x.ax x 0.001 o 1:5

PART NUMBER:

MATERIAL:

SHEET NUMBER:

1of1l

500018
PEA50IN

36.500IN

PROGECT NAME:
Terra Nova

LNLESS OVHERWISE SPOCTIIET
DIMENTIONS TN INCHES

PART NAME:
Body Tube 2

DRAWING RY:
Case Dyer

REVISION: SCALE: DATE:

1] 1:8

PART NUMBER

MATERIAL:
Wildman Rookstry
Fibergluss

SHEET NUMBER:
1o0f1
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LAUNCH VEHICLE DIMENSIONS

5.000in

R.125in

4.250in

a-‘ 2.000in Fe—

5.750in

8000

11.00M0in

PROGECT NAME: PART NAME: FART NUMBER:
Terra Nova Custom Fin
UNLESs OTHERWISE SFECIED DRAWING BY:
DIMENTIONS [N INC Case Dver

TOLERANCES: o Fibergins

xx 1 0.1 RLEVISION: SCALE: DATE: SHEET NUMBER:

xxx + 0.01

0 1:2

x.xxx * 0.001

1ofl

5,000 — —‘ 5,050

15.5001N
B.000IN

1.5000N

Ay

PROGECT NAME; PART NAME:
Terra Nova Body Tube 3

UNLESS OTHERWISESICHIND | DRAWING BY:
DIMENTIONS IN INCHES Case DNuar
TOLERANCES: SR E T
xx 1 0.1 REVISION: SCALE: DATE:
xxx + 0.01

x.xxx + 0.001 0 1:5

250IN
X4 FIN SLOTS.

PART NUMBER:

MATERIAL:
Witdman Rocketey
Fibarglass

SHEET NUMBER:

1ofl
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LAUNCH VEHICLE DIMENSIONS

D4815IN
P4815IN

@14.99818 —//
@4.598IN

10.625IN 14.0001N
PROGECT NAME: PART NAMIL: PART NUMBER: PROGECT NAME PART NAME: PART NUMBER:
Terra Nova BT2 to BT3 Coupler Terra Nova Traosition to BT2
Coupler
UNLIES 01K WISE st | DRAWING BY: MATERIAL: UNLESS OTIERWISE SEECOIED  DRAWING BY! MATERIAL:
DIMENTHING IN INCHES Cass Duar M R—, Cass Duar Wildman Reckotry
Casze Dver s Cazs Dvar
TOLERARCES: = o Fiberglans
xx+ 0.1 REVISION: SCALE: DATE: SHEET NUMBER: REVISION: SCALE:| DATE: SHEET NUMBER:
x.xx = 0.01 xxx 2001
x.xxx £ 0.001 o 1:4 1 ora x.xxx 4 0.001 0 1:5 1 of1
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LAUNCH VEHICLE DIMENSIONS

I 250IN

S00IN

R.O50IN

SECTION A-A | —
D4.630IN -
I 4. 880IN D4.988IN ®.250IN THRU X 6

@1.200IN

PROGECT NAME: PART NAME: PART NUMBER:
Terra Nova Propulsion Bulkheads
(Full-Scals)

UNLESS OTHERWISE SPECEITED DREAWING BY: MATERIAL:
DIMENTIONS (N INCHES Cage Dyar Incen

TOLERANCES:

%% = 0.1 REVISION; SCALE: DATE; SHEET NUMBER:

xxx = 0.01

x.xxx £ 0.001 0 14 Hidk

D35.820IN
@5.998IN
12.750IN
PROGECT NAME: PART NAME: PART NUMBER:
Terra Nova Payload Coupler
Tube

UNLESS OTHEAWISE SITCIED | DRAWING BY: MATERIAL:
DIMENTIONS IN INCHES CASE NVER G- 12 Fiberglans

TOLERANCES:

xx 0.1 REVISION; SCALE: DATE: SHEET KUMBER:

®xx r 001

xxxx + 0,001 o 1:5 3 {05
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LAUNCH VEHICLE DIMENSIONS

Di000IN
D6.170IN
— @35.996IN
; 24.680IN : — 6.1 701N
R100.263IN —|
-
_l |__ D170 —
530018 B5.996IN
5.8261
13.000IN EEL,
PROGECT NAME: PART NAME: PART NUMBER: PROGECT NAME PART NAME: PART NUMBER;
Terra Nova Body Tube 1 Terra Nova 4_1 Ogive Nose Cone
III:I':‘T?:‘I"I‘:::::‘:‘-‘ T:I:::;‘ﬁn 2515\\'[:(; BY: \:;‘:‘n.;m:im ENLESS GIERWISE SROiEn | DRAWING BY: MATERIAL:
t NCHE man Roc s 4
TOLERANCES: ikt b Wikl s = yyer
%% 2 0.1 REVISION: SCALE: DATE: SHEET NUMBER: REVISION: SCALE: DATE: SHEET NUMBER:
x.xx £ 001
5 o 1:4 1ol xxx 1001 !
x.Xxx 2 0,001 XXX + 0.001 v] 1:8 10f1
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LAUNCH VEHICLE DIMENSIONS

5 10 [ m a5 n 55 n 5 i 75 0 [ a0 3 100 105 o 15 170
| {8 B T U S AT A TS U T s W [ R TR S P T e TR R A 9 ST G s W s T T R T Farionanalita (ST T R A O R R
Stabity. 2.43 cal 1 125 %
S CETAIS N
® CP.Ea181in

Betetebibtiratalon
= TERRA NGWA VA1

Y52 Langth 120 in, max diamater 517 n
= tass with no mators T22 oz
= Mnss with mators 875 5z

=

______

L5
= 7l PP - e iy D L T mr——— T [eear e T
__ i =577 - ST I | SSnoon, N g VLT & 8 |
[ e | () 1 ! [ . i Ly Al iy
g b A4 el | i ® % % \
p ' mik M =1 e [ st ) i |

e

= Flight configuration  [AB35L1335.P.0]

155 Apoges 48056

T Max wlocity E53 /s (Mach 0.458)
= Mae acceleration: 207 #fst

Internal Length for Apogee Separation Internal Volume for Apogee Separation
 7.625” e 191.7in3

Internal Length for Main Separation Internal Volume for Main Separation
 51.19” « 1005 in3

.. FSU l E%[gjéisf%ngineering



PAYLOAD TESTING

Track System Testing
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SUBSCALE LANDING IMAGES V2 FLIGHT 1
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SUBSCALE LANDING IMAGES V2 FLIGHT 2
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SUBSCALE LANDING IMAGES V2 FLIGHT 2
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SUBSCALE SEPARATION TESTS
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