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Major Changes Since CDR

• The experimental payload, MOMO was removed from the 
final design after VDF

• The BNO055 IMU, DPS310 altimeter, and Arduino nano that 
was going to be used for MOMO got repurposed for APPA

• The MOMO camera cords tore making them unusable

• Ballast will be added to the nose cone to account for the 
removal of MOMO
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Launch Vehicle  
Design
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Launch Vehicle Dimensions

• Length: 109''

• Diameter: 6''

• Launch Weight: 45.48 lb

• Burnout Weight: 40.86 lb
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Launch Vehicle Sections

Section Nosecone UPB MPB AV DPB Fin Can Fin can (Burnout)

Weight (lb) 5.9 pounds 6.2 pounds 4.3 pounds 4.7 pounds 5.8 Pounds 18.18 pounds 13.56 pounds



Launch Vehicle Dimensions
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Launch Vehicle Dimensions



Separation Points and Energetics
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• The launch vehicle will separate between:
• Upper payload bay and main parachute bay

• Avionics bay and the drogue parachute bay

• Black powder will be in:
• Blast caps on either end of the avionics bay

Launch Vehicle Separation Points



Design Changes Since CDR

• Fin Span – dimensions have 
been adjusted to move the 
center of pressure as the 
center of gravity changed 
during construction

• Fin span was lengthened 
from 6.58 to 6.95 inches
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Updated Fin Dimensions



Testing Procedure

• Bulkhead Tensile Testing
• Load bulkhead test assembly into 

UTM and apply load until failure

• Shear Testing
• Place shear pin or bolt in metal 

plates and apply load from the 
UTM until failure
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Tensile and Shear Tests



Testing Results

• All launch vehicle structural tests have 
been completed and passed 
success requirements on 1/27/22

• Nose cone bulkhead: Factor of 
safety of over 5

• Avionics Bulkhead: Factor of safety 
of over 9

• Drogue Bulkhead: Factor of safety 
of over 3

• #8 Bolts: Factor of safety of over 6

• Shear Pins: Sheared within 1 lb of 
Manufacturer specification
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Bolt Shear Test Result



Recovery 
System Design
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Parachutes

• Main Parachute: Fruity Chutes 60” Iris UltraCompact 

• Diameter: 60 inches

• Drag Coefficient: 2.04

• Descent Rate 20.45 ft/s

• Drogue Parachute: Fruity Chutes 18” Classical Elliptical

• Diameter: 18 inches

• Drag Coefficient: 1.43

• Descent Rate: 83.86 ft/s
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Fin Can 

• Main Parachute: Fruity Chutes 60” Iris UltraCompact 

• Diameter: 60 inches

• Drag Coefficient: 2.04

• Descent Rate: 16.42 ft/s

• Drogue Parachute: Fruity Chutes 15” Classical Elliptical

• Diameter: 15 inches

• Drag Coefficient: 1.37 

• Descent Rate: 82.49 ft/s

Upper Section



Recovery Harness Lengths and 
Components
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Kinetic Energy
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Given the selected main parachutes of 60” Fruity Chute Iris Ultra 

Compact, the max kinetic energy felt is 78.7 ft-lbf by the nose cone 

at landing. This is above the threshold, but we plan to remove the 

MOMO payload which will change the weight of that section and 

reduce the kinetic energy while still using the 60” parachute. 

Body Section Kinetic Energy at Landing

Section Mass Descent Velocity Kinetic Energy

Nosecone .3761 slugs 20.45 ft/s 78.7 ft-lbf

Midsection .2797 slugs 20.45 ft/s 58.5 ft-lbf

Fin Can .4678 slugs 16.43 ft/s 63.1 ft-lbf



Wind Altitude Effects

• 5 simulations averaged for each

• Using weight from post-VDF 
estimations

• RockSim wind effects on altitude 
are relatively mild
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MPH Apogee 

0 3,698 ft

5 3,678 ft

10 3,652 ft

15 3,634 ft

20 3,603 ft



Wind Drift and Descent Time
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Calculated based on 

constant wind down range.

Maximum Wind Drift

• Upper Section: 2019.2 ft

• Fin Can: 2139.1 ft

Descent Time

• Upper Section: 68.8 s

• Fin Can: 72.9 s

Drift and Descent time 

Upper 

Section

Fin Can

Wind Speed Apogee Descent Time Drift Distance

0 mph 3698 ft 70.0 s 0 ft

5 mph 3678 ft 69.7 s 511.3 ft

10 mph 3652 ft 69.4 s 1018.1 ft

15 mph 3634 ft 69.2 s 1522.5 ft

20 mph 3603 ft 68.8 s 2019.2 ft

Wind Speed Apogee Descent Time Drift Distance

0 mph 3698 ft 74.1 s 0 ft

5 mph 3678 ft 73.8 s 541.4 ft

10 mph 3652 ft 73.5 s 1078.3 ft

15 mph 3634 ft 73.3 s 1612.6 ft

20 mph 3603 ft 72.9 s 2139.1 ft



Opening Shock
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Making sure the recovery harness 

will withstand main deployment 

shock

• Kevlar Rated at 6600 lbf

• Max loading: 174.36 lbf

• Factor of Safety: 37

• This is the combination of both 

tethered sections when main is 

deployed
Main Deployment Opening Shock

Section Mass
Opening Shock

Nose cone and 

Payload bay
.3761 slugs 99.98 lbf

Midsection .2797 slugs 74.37 lbf

Fin Can .4678 slugs 127.45 lbf



Ejection Testing

Forward Charge 5 g, Aft Charge 4.4 g

Complete and vigorous separation

No damage to recovery components
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Ejection Testing of the Forward charge



GPS Testing

There was minimal deviation 
from the known course during 
testing of the GPS systems
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Eggfinder GPS 
test plot



Recovery Changes since CDR

• The second Eggfinder GPS was replaced with the 
BRB900 due to supply issues

• A third altimeter was added to the av sled so that 
all the ejection events could occur at apogee

• Small deployment bag was added to the recovery 
harness to ensure the drogue parachute leaves the 
drogue bay

• Recovery harness was shortened to allow for more 
space in the upper payload bay for parachutes
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Mission 
Performance 
Predictions
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Motor Selection

• Aerotech L850W

• Loss of lander weight 
meant motor downsizing 
in the CDR design stage

• Weight creep and 
miscalculation made 
L1390G a better choice

• RMS 75/3840

22

Motor Curve



Predicted Launch Values 

• Static Stability Margin: 2.18 calibers

• Thrust to Weight ratio: 5.1

• Rail Exit Velocity: 58 fps

• Max Velocity: 452 fps

• Max Acceleration: 198 ft/s^2
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Static Stability Margin

• At rail exit is 
2.25 calibers

• Dips down after 
rail exit

• Levels off around 
2.75 calibers
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Stability Margin Through Flight



RockSim Apogee Study

Year/Scale RockSim Apogee (ft) Actual Apogee (ft) Percent Error
2020 Fullscale 3500 3000 14.29%
2020 Subscale 2700 1650 38.89%
2019 Fullscale 4173 3373 19.17%
2019 Subscale 1366 1161 15.01%
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• Use is under scrutiny after VDF weight discrepancy

• Apogee was still underpredicted using updated weight, but 
not by 15% closer to 10%

• Update will be given in the FRR Addendum

RockSim Apogee Table



VDF
Launch
Results
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VDF Launch Vehicle Results

• Structures of the Launch vehicle 
performed as intended

• Most recovery systems performed as 
intended

• Main parachute for the Fin Can did 
not deploy correctly

• Fin can survived landing without 
damage

• A second VDF will occur
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VDF Altitude Results
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• Apogee was 3,294

• This is much lower 
than expected
• Weight

• Wind

• Updated RockSim
simulations were 
close but still 
overestimated



VDF Payload Results

• APPA sled broke due main 
parachute not deploying on bottom 
half of the launch vehicle

• Velcroed sections were still attached 
verifying retention system

• Ribbon cable tore when the APPA 
sled broke

• Several pins on the 2GB Jetson 
Nano got bent
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APPA Sled Post VDR



VDF Payload Results
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VDF Experimental Payload 
Results

• MOMO was planned to launch with one 
camera

• Other electronics were repurposed, and 
the other camera cord had already torn

• The second camera cord tore on launch 
day

• MOMO was included in the launch 
vehicle but recorded no data
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MOMO Sled for VDR



Launch Vehicle Requirements

• All launch vehicle NASA requirements have been verified 
except NASA 2.1, 2.7, 2.19.1.1, 2.19.1.6, 2.19.1.7, 2.19.1.8, 
3.1, 3.1.1, and 4.2.3.1
• Apogee less than 4,000 feet, will attempt to verify at Payload 

Demonstration Flight

• The Vehicle Demonstration Re-Flight, Payload Demonstration 
Flight, and FRR Addendum still need to be completed

• These will be verified at FRR Addendum

• All launch vehicle team derived requirements have been 
verified.
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Payload Design, 
Fabrication, and 

Testing
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APPA: Aerial Photographing and 
Positioning Apparatus
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• APPA: Aerial Photographing 
and Positioning Apparatus

• Method of determining 
location based on flight data

• Consists of electronics sled 
in lower payload bay, and 
cameras housing assemblies 
mounted on the fin can

APPA Functional Diagram



APPA: Electronic Connectivity
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APPA Wiring Diagram



APPA: Data Synthesis
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APPA Data Synthesis Diagram



VDF APPA Sled Design
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• Houses APPA electronics and fin 
can recovery GPS 
• 3D printed in PLA in four modules 

and epoxied together

• Sized to fit LPC and interface with 
structural elements

• Components attach to sled with 
nuts, bolts, and threaded inserts 
(installed with soldering iron)

• Sled is being redesigned based on 
VDF performance
• Retention was successful, sled 

strength could improve
VDF APPA Sled



VDF APPA Sled Stress Test

38

APPA Sled Stress Test

• Test performed on 2/14/22

• Test validates PD 8

• APPA sled secured into Universal 
Testing Machine (UTM) and 65 lb of 
force is applied as quickly as possible

• Sled did not break but was slightly 
deformed while the force was being 
applied

• After the test there was no visible 
signs of deformation



VDF APPA Sled Construction 
Durability Test

• Test performed on 2/17/22

• Test validates PD 4

• APPA sled is fully assembled with all electronics secured in 
launch day configuration

• Each component is wiggled by hand to ensure it is secured

• The sled is then shaken to further tests the electronics 
retention

• The test was a success with no components being displaced
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APPA Sled Integration
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• Sled attaches to adjacent bulkheads 
with Velcro to resist rotation

• Both camera ribbon cable exit ports 
located near NVIDIA Jetson Nano

• Two 0.28” diameter sampling 
holes in section for altimeters
• These sampling holes also serve as 

screw switch access ports for the fin 
can recovery system and for APPA

• All holes were drilled and then 
sanded to the correct size if needed

APPA Sled Retention Section View



Camera Housings

• Cameras are secured in camera 
housings mounted on the fin can
• Covers allow for easy installation and 

removal of cameras

• Covers are secured with threaded 
inserts and matching bolts

• Plexiglass window is epoxied into 
the lens port hole
• Protects cameras from water damage 

and landing impact damage
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Camera Housing Assembly Mounted on Fin Can



Camera Housing Integration
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• Two camera housings were epoxied 
on opposite sides of the fin can

• Camera ribbon cables exit top of 
housings and extend up the vehicle

• Ribbon cables are secured to body 
tube with aluminum foil tape
• Aluminum foil tape is waterproof and 

provide air leak protection

• Masking tape protects vehicle paint
Camera Housing Integration



Image Processing

• Solution utilizes image 
recognition and other forms of 
image processing
o CNN will be built in Python 

utilizing OpenCV, TensorFlow, 
and Keras
➢ ssd_resnet50_v1_fpn architecture

o Corner detection to aid in triangle 
similarity calculations

• Processing done on NVIDIA 
Jetson Nano

• Testing is being done to ensure 
it works
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Jetson Nano



CNN Testing

• Run training images of 
landmarks through CNN

• Sample size of the training 
data has been increased

• Random rotation applied to 
training images

• Initial tests show promise, 
but testing will continue until 
competition to mitigate risk 
of failure
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CNN Training Visualization



Triangle Similarity Testing

• Use a variety of images 
with different objects

• Dimensions and 
distance must be 
known

• Test with blurry and 
rotated images

45

𝐷 =
𝐹 ∗𝑊

𝑃

Triangle Similarity Testing Visualization



PDF Launch 
Plans
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Redesign of APPA Sled

• Mostly minor changes

• The outer diameter decreased by .05 
inches

• The Top Module was thinned, and holes 
were added to better accommodate the 
U-bolts

• The hole locations for the Lord 
development board and Eggfinder GPS 
were changed

• Holes were added for the battery zip ties

• The third platform, had a small section 
expanded out to allow IMU board to fit 
properly

• Will be retained the same as before with 
Velcro on the top and bottom of the sled
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Redesigned APPA Sled



Construction and Testing of New 
APPA Sled
• The new APPA sled has already been 3D printed into four 

modules

• The threaded inserts will be added in on 3/7/22 and the sled will 
be epoxied piece by piece from 3/8/22 – 3/10/22

• The same construction methods will be used as was used before

• The same tests that were done for the original APPA will be 
redone on the new APPA sled to reverify the sled design.

• The planned date for the new APPA Sled Stress Test is 3/21/22 
and the APPA Construction Durability Test is 3/23/22

• Both tests will be conducted in the same manner as before 
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Data Collection

• PDF will utilize all 
components and software 
that will be used at 
competition

• Arduino Nano gathers data 
from DPS310 altimeter and 
BNO055 IMU
• Organized and transferred to 

Jetson post-flight

• Jetson Nano gathers camera 
and LORD IMU data
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Data Processing

• IPF
• CNN in PDF will be trained with alternate objects (tarps) that 

will be placed around the launch field

• As many tarps as possible will be spread across launch field to 
maximize chances of being seen

• Images from PDF will run through CNN

• Images w/ detected objects will then be run through distance 
calculation code

• Data Fusion
• An Extended Kalman filter will integrate IMU, Altimeter, 

Gyroscope, and IPF data.

• IPF landmark location and distance will be combined 
with orientation estimate to give position measurement
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Payload 
Requirements 

Verification
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Payload Requirements Verification Status

• Requirements not verified due to the IMU not 
arriving: PF 2, PF 3, PD 1 and PD 4

• Requirements that will be verified on PDF: NASA 
2.19.2.1 and PF 7

• NASA 4.2.3.2 will be verified in the PLAR

• All other payload requirements have been verified

• All these requirements (besides NASA 4.2.3.2) will be 
verified by the FFR Addendum
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Verification Plan Example(s)

• Specifics of verification are detailed for each requirement in 
the format displayed below

53



Completed Tests 
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Remaining Payload Tests
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Questions?
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