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Overview

* Vehicle Design
* Dimensions
e Performance
* Recovery
e Avionics

* Payload Design
* Integration
* Rover

* Full-Scale Flight Summary
* Compliance Plan
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L.aunch Vehicle
Design

Dimensions

Design Features

Fabrication
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Final Dimensions

 Body Diameter: 7.5 1n.  Launch Weight: 48.4 1b
 Length: 111.5 1n.  Empty Weight: 42.8 1b
« Body Material: Blue Tube < Ballast: 4.8 1b (10%)

Nosecone Midsection Fin Can
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Nosecone

« Shape: 3:1 Ogive
 7.51n. base, 22.5 1n. length

« Material: Plastic

* Nose ballast: 2.5 1b
 Main parachute compartment
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Midsection

e 7.51n. OD

* Access hatch
* Blue Tube 2.0 ‘
 Payload/Avionics bays
 Main/Drogue compartments
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Fin Can

e 7.51n. OD, Blue Tube 2.0
* Drogue compartment
4 mounted fins

e 1.25 1n. engine block
Rail buttons
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Fins

« 2 layers of 0.125 in. birch

« Alignment tabs for simple
and accurate fabrication
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Pertformance

Final Motor Choice
Aerodynamics
Simulated Flight Profiles
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Motor Choice: AeroTech 1.2200G-P

e 75/5120 Reload Kit

* Propel
 Total ]

lant: Mojave Green
mpulse: 5,104 N-s

e Burn

‘Ime: 2.4 s

« Max Thrust: 3,100 N
 Cost: $269.00

* 3 motors purchased

« TWR: 14.97
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Aerodynamics

+ Xop=81.11n. + Cp=0.42

¢ Xoe = 63.81n. ’
o Stability Margin = 2.31 cal

Xfp =81.1in.

XCG =63.8in.

Wood filler to fill surface grooves
Rounded leading/trailing edges
Spray paint to finish

Rough nosecone surface

AX = 17.3n. '
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OpenRocket Flight Simulations

 Location: Huntsville, AL
 Windspeed: 10 mph

» Launch Rail: 8 ft (1515)
* Angle: 5° from vertical

* Apogee: 5,253 ft AGL

 Max Velocity: 685 ft/s
« M=0.62
« Rail Exit = 74.8 ft/s

e Max Acceleration: 445 ft/s?
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Recovery

Recovery Devices

Recovery Harnesses
Wind Drift Predictions
Avionics
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Recovery Devices

* Drogue Parachute — Apogee
* Fruity Chutes Standard Elliptical 18 in.
* Descent Velocity: -120 ft/s

» Low Altitude Recovery Device (LARD) — 800 ft AGL
* Fruity Chutes Iris Ultra Standard 60 in.
* Descent Velocity: -28 ft/s

 Main Parachute — 500 ft AGL
e Fruity Chutes Iris Ultra Standard 120 in.
* Descent/Impact Velocity: -12 ft/s
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Main Recovery Harness

Forward Shock Cord — 480 1n. x % 1n. Tubular Kevlar
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Drogue/LARD Recovery Harness

Aft Shock Cord — 480 in. x % 1n. Tubular Kevlar
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Ground Testing

* Jolly Logic Chute Release Vacuum Chamber Test:
* (Chute Release wrapped around parachute in deployment bag
 (Chute Release opened at desired altitude all three tests

* Ejection Testing — Attempt 1:

 Primary charges of 6.0 g in each compartment — failure

« Damage to nosecone and midsection

* Nosecone bulkhead replaced and fiberglass repairs to midsection
* Ejection Testing — Attempt 2:

 Primary charges of 4.0 g in each compartment — success
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Midsection Fiberglass Repairs

« Key switch patch:
« 1.51n.x 1.5 1n. patch
« 7 layers of fiberglass added

e Hatch screw holes:
 Reinforced screw holes
« 5 layers of fiberglass added
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Wind Dritt Calculations

' OpenRocket calculations predict
Launch Site drift within 2,500 ft requirement

15 mph - 769.0 ft

Windspeed Windspeed Apogee Descent Time Lateral Drift
(mph) (ft/s) (ft AGL) (s) (ft)
0 0.0 5,399 82.1 8.3
5 7.3 5,391 83.1 245.7
10 14.7 5,253 81.0 592.9
15 22.0 5,331 81.8 769.0
20 29.3 5,281 82.3 1,092.2
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Wind Dritt Calculations

’ Wind drift hand calculations predict
Launch site drift within 2,500 ft requirement
|

15 mph — 1,799.6 ft

Windspeed Windspeed Apogee Descent Time  Lateral Drift
(mph}) (ft/s) (ft AGL) () (ft)
0 0.0 5,399 82.1 0.0
5 1.3 5,391 3.1 606.6
10 14.7 5,253 21.0 1,190.7
15 22.0 5331 21.2 1,795.6
20 29.3 5,281 82.3 2,411.4
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Avionics

Primary Main Charge Redundant Main Charge
(500 ft) (500 ft + 1 second)

®* Primary altimeter Qj
* StratoLoggerCF E%
* Competition Altimeter
* Redundant altimeter l ——
* Entacore AIM USB 4.0 — o L
®* Dedicated Key Switches IE + pEs
®* Dedicated 9 volt batteries
®* Color coded twisted pair wires connect sk s e
to terminal blocks o ol
* Green = Main g s
* Red = Drogue j:,',-L s baer —T‘
* (Color and Black = Primary
* Solid Color = Redundant %

Redundant Drogue Charge

Primary Drogue Charge
24 = 2 (Apogee + 1 second)

(Apogee)
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Avionics Sled

® Made of 1/8 in birch plywood

®  Center board made of three layers,
total 3/8 in thickness

Held together with finger joints and
epoxy

Altimeters screwed to standoffs
Batteries secured with zipties

® Four Aluminum L brackets
screwed 1nto bulkheads

®* Bolts pushed through L brackets
and glued into place

® Sled slides onto bolts and 1s
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GPS Tracker

Big Red Bee BRB 900 GPS tracking system

Uses Xbee-PRO 900HP radio transmitter

* 900 MHz frequency hopping spread spectrum
 Resistant to narrowband interference

e 250mW

* Range of 6 mile

* (Contains Lipo battery, lasts more than 24 hours

® Attached to nosecone bulkhead
* Shares space with main parachute
e Secured with Velcro and three standoffs
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Electronics Interference

BRB900 transmitter is the only radio transmitter on board
3.5 feet from altimeters

Separated from altimeters by:

* Main parachute

1.5 1in. Payload centering ring and 0.5 in. plug

Payload

Metal lazy susan bearing

0.75 1in. Bulkhead

The radio tracker and the altimeters were both operational for test launch
No interference was detected, both functioned as expected
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Payload
Integration

Design

Fabrication

Electronics
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Structure

* Payload is contained in a 5.25 in. OD x 5 1n.
ID acrylic tube that 1s 14 in. long

* Supported from both ends by Lazy Susan
Bearings
« Aft end 1s manufactured

 Forward end 1s custom design
*  Will prevent the payload from moving with the rocket
during flight
* Allow the rover to self right during descent for landing
* A .25” thickbirch disk will be attached inside the
aft end for Lazy Susan

* The entire structure will be between two
bulkheads
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Lazy Susan Bearing (LSB)

* The aft payload 1s a VXB 120mm Lazy Susan

Aluminum Bearing Turntable bearings
e OD:120mm (4.7”), ID: 60mm (2.36”), thickness:
9.5mm (.37”)
* (Contains two concentric bearing rings
* Attaches to the bulkhead and tube disk via four
opposing countersink screws

* The forward LSB 1s a custom designed bearing
carrier and schedule 40 PVC contacting piece

* The ball bearing carrier is made of 6061 Aluminum
* It was constructed in a machine shop
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Payload Plug

* The payload will be sealed by a plug
* Two .25 1n. birch plywood disks with a
diameter of 5 in.
®  One .25 1n. birch plywood disk with a
diameter of 5.51n.

* (Qutside edge with be wrapped in a
rubber gasket to create seal

* Possesses a U-bolt that the main
shock chord loops around

* Will be pulled during the main
parachute deployment
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Rover Support Platform

* The rover is supported on a .25” wood

platform
fits the curve of the interior of the tube.

e Rests 1.25” below the central axis of the tube

* the front face fills the entirety of the tube for an
inch and is 3D printed

* Batteries and receiver will be attached beneath
the platform

* Secured to the disk at the aft of the tube using
two L-brackets

* The rover is supported from above by two

extended runners

* Attached to the interior face of the tube directly
above the treads
* Will be 3D printed and adhered using epoxy resin
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Electronic Latch & Recelver

» Latch 1s Southco R4-EM-161 Electronic Rotary Latch

 (Cam secures the rover by hooking around a % in. rod
 Requires 12 V to operate

 Transmitter/receiver pair 1s a 433MHz RF Long Distance
Transmitter/Receiver Pair

 Recelver requires 3-5V to operate
 (Can transmit up to 2km
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Ground System Interface

 Transmitter/receiver pair has a working band of
433.92MHz

 Has an antenna length of 18cm
 The transmitter requires 3-9V to operate
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Deployable
Rover

Design

Fabrication

Electronics
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Deployable Rover Goals

 (Custom rover deployed
from internal structure

e Remote activation

* Autonomously move 5 ft
laterally in any direction

* Deploy a set of foldable
solar panels after reaching
its final destination
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Changes Since CDR

* Body structure
1mproved
* Shortened
* Tabs on track housing
* Latch screw

* Replaced MSP430 with
Arduino Micro
* Smaller
* EKasier to use

e Activation method
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Remote Activation and Autonomy

e Arduino Micro

* Previously MSP430
e (Code controls servos

e Umbilical cord with latch
receiver

« Using digital I/O pins on receiver
* (Connects to pin on Arduino

Transmitter/Receiver Pair
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Locomotion

* Servos rotate wheels
 Wheels pull treads
around housing

Front wheel with servo

Treads
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Solar Sail

 Servo with arm attached rotates
* Solar cells mounted on plastic sheet unfurl

Stowed Deployed
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Full-Scale
Test Launch
Summary

Launch Conditions
Flight Profile

Results
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Launch Day Conditions

 February 24, 2018 in Bayboro, NC
* 9 knot (10.4 mph) steady winds

« Likely stronger winds at altitude

* Rocket fully assembled at the field

e Mass stmulators used for rover

ROPTRER

N . [ . el ——a v e
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Flight Profile

* Apogee — 5,984 ft AGL 7000 . ‘ ‘ l ‘ ‘ 800
. Predicted = 5,699 ft AGL (1\
» Max Velocity = 751 ft/s o, g
o Predicted = 747 ft/s gm’l | 2
» Impact Velocity = 10 ft/s ézwj I ﬁ
e Predicted =12.9 ft/s | \N 10~
 Total Flight Time =133.3s M“WWMWWFWMWWWN\
* PrediCted — 9708 S OD 2IO 46 6‘0 8ID 160 ‘;;O 'I4C-)2OO

Time (sec)

* OpenRocket shows high error
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Recovery

* Drogue deployed at apogee, slowed descent to -70 ft/s

 (Chute Release opened at 700 ft AGL
* Pilot parachute deployed and deployment bag opened
 LARD deployed from the bag, but did not inflate
 LARD shroudlines tangled in main parachute shock cord

 Main deployed at 500 ft AGL, slowed descent to -10 ft/s

 High deceleration caused shock cord to zipper midsection
 Payload bay and rover undamaged
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Drogue Fin Can
Parachute

.

N

LARD Pilot

/ Parachute
. JARD

Deployment Bag

/\ Nosecone and

Midsection
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Post-Flight Inspection

 Water damage to fin can:
 Dragged through mud/water
* Blue Tube extremely warped
« Light repairs required

e Structural damage to
midsection airframe:
* 6 1n. long zipper
« Water damage to openings
« Extensive repairs required
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Structural Repairs

o Zipper Damage

* Bonded seam

 Wrapped body tube with
fiberglass

 Fin Can Water Damage

 Reshaped forward edge

 Wrapped body tube with
fiberglass

T
£ e
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Post-Flight Design Changes

* Increase LARD deployment altitude to 800 ft AGL
 Fin Can 1.0 in. shorter after removing damaged section
« Additional ballast weight added at avionics bay

* Increase weight without drastically altering CG location
 Hydrophobic coating to protect Blue Tube

* Fiberglass wraps at airframe edges to reduce delamination
 Relaunch planned for March 24, 2018
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Compliance
Actions

Experiments
Tests
Validation
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Blue Tube Compression Test

« Axially loaded to failure
 Material properties validated with simulation

A: Static Structural

" Equivalent Stress

" o, Type: Equivalent {von-Mises) Stress
Unit; psi

Time: 1

3/1/2018 10:36 PM

65315.3 Max
5989.1
36629
53368
50106
4684.4
4358.2

4032

3705.8
3379.7 Min

0.000 2.500 5.000 {in}
I 0 .00

1250 3750
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GPS Tracking Test

* Two BRB900 GPS tracking units were
tested

®  One failed to obtain satellite lock after
multiple attempts

lock and connected to receiver

* Taken on known bus route |

* Position data was viewed in Google #
Earth and compared to the bus
route

* Found to accurately stick to the
roads where the bus traveled

Imagery Date:"5/1/2017 . 35°46'35.90" N
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\
78°40'26.42" W' elev

Google Earth.

396,17 eyejalt 15447rt(_
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Test Plans

» Tests to complete before competition launch:
* Rover capability tests

* Payload receiver range tests
* LARD drop test
* Fjection testing
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