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Mission Statement

The High Altitude Lifting Orbiter (HALO) proje
will improve collection of turbulence data in
the stratosphere.

HALO will createaarionomous tethered

payloadystem capableodbiting outside a ‘
balloon’s wak& control surface will be used o

J
toinduce altitude oscillations :J/
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Concept of Operations

- Data transmission/acquisition

Balloon begins
venting toward
neutral buoyancy

Tether
passively
extended

Single-person
balloon launch

Payload begins
orbiting outside
balloon wake

Multiple ascent/descent
phase, payload continues
orbiting outside wake

Low system
battery.
Flight arrest
by venting

Telemetry/data
transmission
between 25 and 35




. Levels of Success - Level 1

IMU and GPS
Sensors

Moored

Altitude: 150 ft
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. Levels of Success - Level 2

Balloon wake 15-25 +1 km
@2m/s
Data collectlon ' e
and transmission | Low battery trigger

Altitude: 20 km
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. Levels of Success - Level 3

25-35 +1 km
@2m/s

N

Turbulence sensor
incorporated

W

Data collection

.. A
and transmission

| Low battery trigger

Orbit outside wake
for entire flight

Altitude: 30 km ‘ 5m/s
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. System Breakdown: CPE’s

Balloon

Controlled
Descent Arrest

Ventin
J System (CDAS)

Tether
(4.96 m)

Electronics
and Software

2.86 m

Lifting Body

* Venting System not pictured
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‘ System Breakdown

0.48 kg of helium
1.50 kg balloon 1.52 kg not including balloon and helium

496 m
Braided Kevlar Tether
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Critical Project Elements

CPE Why it is Critical?

Balloon Must be able to reach the target altitude without bursting and handle the stresses on the neck due to the tether and payload.

Venting Must be able to ensure venting can achieve neutral buoyancy, as well as act as a method to terminate flight.

Tether Must have a launching tether design that will allow a maximum of 2 people to deploy (preferably 1 perstt)eashatbnkavmder a 50 Ibf (222.4

impulsive force.

Lifting Body Must be able to maintain the sensor package outside of the balloon wake while orbiting at a maximum speed of 20 m/s.
This system will then be able to induce an average ascent and descent speed of the erfit¥/system of 2.0

CDAS Must have a method to ensure a safe descent of the payload in case of catastrophic failure in order to rmeyarm person or pro
Electronics Must keep electronics in operating temperature range and ensure that there is enough power for the duraiimn of the entire mis
Software Must be able to account for altitude changes and actuate commands in order to initiate control surfacesetmaretenitheafiagretnd t
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Team HALO

High Altitude Lifting Orbiter
Test Flight Design
FBD Rev. 3

Key

—  Data/Communication

Power

o
- Power component

Provided by Custorner

Ground Station
Reciever

Electronic Box

Process #1 (Motor)

RPM = flAltitude) RPM

Alfitude
Data

Outputs

Frocess #2 (ServolFlaps)

Altitude If (Altitude = Target
Data Allltud &)

Arduino Mega
Sensors Inputs
N Paower
GPS " Remaining
Adafruit Uimate
‘;l Altitude Data
Temperature sensor ‘*l Temperature
TMF3E
51N}
MU

3DoF Razor MU

Radio Transmitter

Digi XBee 5X 300

If (Power = Safefy
Bound)

If {Temperature =
Safety Bound)

Temperature

Battery Monitor circuit

Samsung S0E 21700

Orbiter

UBEC

IMotor
Hobby King
DZ2822/14 Brushless
1450kw

HobbyKing 204 ESC

3A UBEG

v

Serve

Temperature

MU

DEP22

Propeller
AFC 18x8E

Ricatgen

Elevator

Balloon

Vent
HYFLITS Valve




‘ FAA Update

e CU administration is requiring an FAA waiver to conduct

final systems test
o Potential for airship classification
o Waiting on official response from FAA

e Cannot conduct untethered flight until further notice
o Likely will not hear back in time to conduct flight test

Overview Schedule Test Readiness Budget Backups
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. Updated Work Plan

February 2020 | March 2020 April 2020 May 2020 \
20 23|26 20| 1| 4] 7 |10[13]16|19]22 25 /28| 2|5 8|1 [14|17|20]|23]2 29 | 14| 7013|1619 222528 1 4|7 [10]13]16]19
" Manufacturing Status Report (MSR) <
Acquire Balloons, Tether, Electronics
Manufacture Sensor Packages
. Learn Hot Wire Cutting
B Freliminary ;‘.:ofrw ire Interfacing We are
— Develop Baseline Arduino Software here
B CDAS Drop Test
E E; yy Test Readiness Review (TRR)
S Ocvelop Control Loops
: : Manufacture Sensor Packages Man ufactu ri ng
~Manufacture Wings, Tails
— Telhéarlr ipulse Test
. _ Electronics Survivability Test
ManUfaCtu rlng _ Software Dry Run Test
FOCUS _ Propeller Thrust Test Crltlcal Path
I I A\AA Paper
B Data Transmission Test /
o % Spring Final Review (SFR)
N Tweak and Finalize Control Loops
B Orbit Acquisition Test
B Moored Test
B Neutral Buoyancy Test
I cepect Tests if Necessary
[ ——— p(oject Final Report (PFR)
i .
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‘ Work Breakdown Structure

Deliverables Manufacturing

CDR

FFR

MSR

TRR

AlIAA Paper

SFR

Project Final Report

Assemble orbit
acquisition test wing

Acquire components
for 3 wings

Assemble each wing

Assemble Electronics
Package

Assemble
deployment stand

Assembile flight test
system

Outline control
system pseudocodes

Preliminary Software
Interfacing

Develop data
transmission
automation

Develop propulsion
control system

Develop control
surface automation

Develop venting
control system

Orbit acquisition test
CDAS drop test

Tether breakage test

-

Legend

~

Electronics
survivability test

Software dry run tests

Propeller thrust test

Data transmission testk

Orbit Acquisition Test

Moored Test

Neutral Buoyancy
test

Complete
In Progress

Incomplete

/

Overview Schedule

Test Readiness

Budget

Backups
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‘ Updated Test Plan

Test Location Special Equipment Planned Date \

CDAS Drop Test CU Aerospace Building | Parachute 1/29/20

Tether Impulse Test CU Aerospace Building | Tether, Force Scale, Masses 2/23/20

Electronics Package, Pressure Chamber| (3t /2@

3/8/20 [~ Legend

. , . CU Aerospace Building
Electronics Survivability T¢

Software Dry Run Test  |CU Aerospace Building | Electronics Package, Wing, Tail, Servo

CU Aerospace Building | Propeller, Force Scale 3/8/20 I:I Incomplete

Propeller Thrust Test

Surrounding Area Transmitter, Receiver, Electronics Package3/8/20 \ /

Data Transmission Test

CU Aerospace Building Scaled Lifting Orbiter, Tether, Crane / Ope3/15/20

Orbit Acquisition Test ared
Moored Test CU Boulder South Tether, Lifting Orbiter, Balloon 3/22/20
Marshall Mesa Site Balloon, Receiving Antenna 3/29/20

Neutral Buoyancy Test
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‘ Testing Breakdown

a N O N O N
Orbit Descent Lift
Acquisition Arrest Generation
(. AN N\l /
a N (O Y N
Neutral Data .

.. Survivability
Buoyancy Transmission
- AN A 4



‘ Testing Breakdown

Orbit Acquisition e N )
» Obit Acquisiton Test ’ Descent Lift

Arrest Generation
\ 2N 2N )
C N N £ N

Neutral Data L.
.. Survivability
Buoyancy Transmission

L AN ) & 4



Testing Breakdown

Orbit Acquisition Descent Arrest e )
e Orbit Acquisition Test e CDAS Drop Test ) L]ft
e Moored Test .
Generation
\ AN N\ /
( N (O Yy N
Neutral Data L
.. Survivability
Buoyancy Transmission
(& AN ) 4
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‘ Testing Breakdown

Orbit Acquisition

Descent Arrest

Lift Generation

o Moored Test

e Orbit Acquisition Test

e CDAS Drop Test

e Software Dry Run Test

e Propeller Thrust Test

- AN AN J
C N (O Y N
Neutral Data .

.. Survivability
Buoyancy Transmission
k AN A 4



Testing Breakdown

Orbit Acquisition

Descent Arrest

Lift Generation

Orbit Acquisition Test
Moored Test

)

Neutral Buoyancy

>

v

(&

Neutral Buoyancy Test

e CDAS Drop Test

)

\
O
Data
Transmission

(U

)
™

e Software Dry Run Test
e Propeller Thrust Test

)

N
a N

Survivability

< 4

Overview

Schedule Test Readiness

Budget Backups
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Testing Breakdown

Orbit Acquisition

Descent Arrest

Lift Generation

e Moored Test

e Orbit Acquisition Test

)

Neutral Buoyancy

~

&

e Neutral Buoyancy Test

CDAS Drop Test

)

Data Transmission Test

Software Dry Run Test
Propeller Thrust Test

)

Overview Schedule

Test Readiness

Budget

Backups
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Testing Breakdown

Orbit Acquisition

Descent Arrest

Lift Generation

Orbit Acquisition Test
Moored Test

Neutral Buoyancy

&

Neutral Buoyancy Test

CDAS Drop Test

)

Data Transmission Test

Software Dry Run Test
Propeller Thrust Test

)

Overview

Schedule

Test Readiness

Budget

Backups
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Testing Breakdown

Orbit Acquisition

Descent Arrest

Lift Generation

&

e Orbit Acquisition Test
e Moored Test

Neutral Buoyancy
e Neutral Buoyancy Test

)

-

Propeller Thrust Test

)

Overview

Schedule Test Readiness

Budget Backups
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Thermal Model: Overview

e Model results indicate electronic survival at
flight conditions
e Need to verify model with real-world data

1-10

O
o
c
. 20 8
] ©
— perature Profile of Payload 2
E P 30 ®
|2|4 e B
= | i 2
i -
072 £ 2
Ko S aaa ssaszasseanzaanagtiantente SR EEEEEIEERECEEE -40
T (O e
0 ) 10 15 20 25 30 35
Length [cm] .50
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Thermal Model: Types of Verification

e Need to mimic environmental flight conditions
1. Very cold (-69.70 °C)
2. Very low air density (0.9145% sea level)

Mimic Cold Conditions: Mimic Pressure Conditions:
e Thermal Chamber Test e Hypobaric Chamber Test
e Drylce(-78.5 degrees°C) e Will resistors still

dissipate heat?

Expensive

Hard to acquire acce?
. Size requirement

Overview Schedule Test Readiness Budget Backups
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Thermal Chamber Test

e Testing
o FR 3.0: The payload must be able to survive
the conditions presented throughout the
entirety of the mission
m Risks Mitigated: electronics failure,
over/under heating

e Procedure

o Place foam box with insulation width similar to
the airfoil in cooler with dry ice

o Put all components where they would be for a
real flight

o Use the temperature sensors to monitor the
temperatures in the dry ice cooler and payload

o Data saved via SD card

e Re-Scheduled for March 4th

Cooler with Dry Ice
Insulation
Payload
N7

~_\\ // ~

Temperature Sensors

|Status: 1 Week Behinq

Overview Schedule Test Readiness Budget Backups
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‘ Hypobaric Chamber Test

e Testing

o FR 3.0: The payload must be able to survive the
conditions presented throughout the entirety of
the mission

m Risks Mitigated: electronics failure,
over/under heating

o Ability of heaters to dissipate heat to payload

given low pressure (low density) conditions

o Procedure
o Place the electronics housing package with selec
components active in pressure chamber
o Use temperature sensors to monitor the heat
conduction/convection in payload air
o Data saved via SD card ' —

e Conducted on March 1st

| Status:On track|
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Propeller Thrust Model

e Thrust model must be verified to

gain confidence we have the

. ) ) D, = Tprop
required thrust to orbit at altitude = 0.65rx D,
e Blade element theory )
e Propeller thrust must equal Do = EpVPSPCL’Pn
orbiter drag ; Do
e Most propeller thrust is generated e I """""""" ;
from middle of blade section Propeller C
Hub Blade E— .
Approximation @ l., P_I'0|]8“BI' Lift
(Wing Thrust)
05r l 08r
Vp, = 0.650r
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. Propeller Thrust Test

e Testing
o FR 2.0: The payload must be capable of
orbiting beneath the balloon
m Risks Mitigated: not producing enough
lift, not inducing predicted orbit
o Ability to change motor speeds

e Procedure
o Attach motor to thrust sensor mount
o Vary throttle
o Obtain thrust data through a wired
connection

e Rescheduledfor March 8th

Status: 1 Week Behind

Overview Schedule Test Readiness Budget Backups
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‘ Orbit Model

00 Beta vs Tangential Velocity \

80 1 L, Lift
on Ascent
70 a
: @ Thrust
60 i Tension Vo, Orhiter Velocity
= L, Lift 3 (® Do, Orbiter Drag
= i on Descent
% i | ¥ m,g = Wo, Orbiter Weight
m I
30 - -
, mv?2
— Z Fy :Tcosp — Lsinf = ——
20 F § p
10+ | T E Fy : Lcosp + Tsing =W
0 1 1 1 1 1

0 1 2 3 4 5 6 @ZFZ:D:F

Tangential Velocity [m/s]
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‘ Orbit Acquisition Test

e Testing \

o FR 2.0: The payload must be capable of
orbiting beneath the balloon

m Risks Mitigated: not acquiring orbit, no ® @) ®
1 ih The wing is powered off The motor is turned on and .
Orblt Stablllty and attached to the crane spins the propeller ;-nhc?dn::gt;osrllivzot\x:rjf?ngz
ili H H H hook via the tether and providing the thrust to ) L .
© Ablllty to Obtaln Orblt from Vel’tlcal reSt mounting equipment such travel forward and acquire Ve:/c;iltﬁi;m!):h?g;ugﬁetztns
as a carabiner. a circular orbit P

position
Further check the beta angle measurement
Test that the wing maintains the correct
angle

o Test the stability of the wing

o Validate lift and drag coefficients

e Scheduled for March 15th

o Pending crane availability (currently in

access to attach the

Crane head to be
lowered or raised for
tether

4.96m

The crane is to be operated
by authorized personal only 2.86m
0.

process)

|Status: On trackl
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‘ Moored Test

e Testing
o FR 1.0: There will be a method of controlling the altitude
of the balloon and payload
m Risks Mitigated: can’t control altitude as predicted
o Full functionality of all components
o Ability to actuate tail to increase/decrease lift

e Procedure
o Moor the balloon and payload to the ground with a cable
less than 150 ft and an anchor
o Inflate the balloon with helium
o Throttle the motor and reach a stable beta angle
o Actuate the tail servos and measure changes in lift

e Scheduled for March 22nd

150 ft.

+ X

Load Cell
Ancho

SONONNNNN

|Status: On trackl
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‘ Neutral Buoyancy Model

e We need to verify that we can vent to neutral buoyancy at a desired
altitude of 30 km

o Allows for orbiter to control system altitude

; Balloon Ascent Velocity v. Time 3 X 10¢ Balloon Altitude v. TIme
2.5
= 2r
S 15
3
& 1f
0.5 x Open Vent
% Close Vent (neutral buoyaney)
(} I I I I
| . ; 4 0 0.5 1 1.5 2 2.5 3 3.5 ]
Time [hr] Time [hr]
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‘ Neutral Buoyancy Test

e Testing
o FR 1.0: There will be a method of controlling the
altitude of the balloon and payload
m Risks Mitigated: can’t achieve neutral buoyancy
o Vent and data transmission operates successfully

o Procedure

o  Fill balloon with 3m?3 of helium

o Attach electronics package with insulation for total
mass equal to wing mass
Continuously record/transmit altitude data with GPS
Vent balloon to neutral buoyancy at 30km
Monitor balloon altitude to verify neutral buoyancy
Actuate vent until negatively buoyant (-2 m/s) to
ensure safe system descent

e Scheduled for March 29th

O O O O

Electronics
package

|Status: On track

Overview Schedule Test Readiness Budget Backups
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. HALO Budget Overview

HALO BUDGET MARCH UPDATE

Margin

42.7%

$ 963.87

Electronics

20.2%

Flight Train

17.8%

Miscellaneous

-—

19.3%

Total spent: $2,862.97
Total margin: $2,137.03

Overview

Schedule

Test Readiness

Budget

Backups
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. Customer Budget

CUSTOMER BUDGET MARCH UPDATE

Labor
34.5%

Electronics

$ 455.00 37.3%

Flight Components
28.2%

35



Questions?

- Data transmission/acquisition

Balloon begins
venting toward
neutral buoyancy

Tether
passively
extended

Single-person
balloon launch

Payload begins
orbiting outside
balloon wake

Multiple ascent/descent
phase, payload continues
orbiting outside wake

Low system
battery.
Flight arrest
by venting

Telemetry/data
transmission
between 25 and 35




Backup Slides

Overview Schedule Test Readiness Budget Backups
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Testing Backup Slides

Overview Schedule Test Readiness Budget Backups
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‘ Parachute Deployment Test

e Testing

(@)

(@)

(@)

FR 7.0:As specified by the customer,
the balloon must contain a controlled
descent arrest system (CDAS) to
prevent harm to property or person
upon balloon burst.

Successful deployment of the parachute
Successful arresting of descent speed

e Procedure

o O O

Parachute tied to bottle mass
Thrown off roof

Radios for communication
Timed descent of about 3.8sec.

Overview

Schedule Test Readiness Budget Backups
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Parachute Deployment Test - Results
e Results discussion
Height vs. Time Velocity vs. Time
20 T T T T T T T T T 6 T T T T T T T
_ \H\‘ B o

ol \ | Al
10 \ . 4r

£5 . 3 3

T &
OfF — =~ N e — 2+
51 . 1r]

_10 1 1 1 1 1 1 1 1 1 0 I 1 1 1 1 Il 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 0 0.5 15 2 2.5 3 3.5 4.5
Time (s) Time (s)
Overview Schedule Test Readiness Budget Backups

40



. IMU - Beta Angle Test

e Testing
O  FR 1.0:There will be a method of controlling
the altitude of the balloon and payload.
o Successful measure of angle

e Procedure
o IMU was connected to a computer outputting
to serial the angular rate
It was then spun in circles and collected data
o The actual angle was found by taking a video
and using similar triangles

e Results
o 3 degree deviation between the video and IMU

90

80

Beta Angle (deg)
(o)) ~
(=) (=)

(o))
o

40

30

IMU Beta Determination

IMU Data
Avg. 3

4 6 8
Time [s]

10

Overview Schedule Test Readiness Budget Backups
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‘ Tether Strength Test

e Testing

(@)

(@)

FR 5.0:Balloon and its payload must meet all
FAA guidelines, including those subjecting the
balloon and its payload to designation as an
unregulated balloon. In addition, Balloon and
payload shall meet specifications set forth by
customer.

The tether breaks under a 50Ibf impulse

e Procedure

Cut and configured shortened tethers
Used an analog loading device

Dropped 50Ib of weights connected to
tethers

Used a slowmotion camera to measure the
breaking force

Overview

Schedule Test Readiness Budget Backups
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‘ Tether Strength Test - Results

e 20 Samples Taken
o Bootstrapping done to obtain
simulated results

e After 5,000 iterations we obtain: %
o 95% Confidence Interval of
(37.15,40.9)
e This is to say that a sample of data taken, 3
no matter the size, the mean of the
dataset will fall within the Confidence g
Interval 95% of the time £
Xbar = 39.15 . xbarstar = 39.15441 - |
The 95% bootstrap pivot confidence interval for the mean is ( 37.15 , 48.9 ) o
Shapiro-Wilk normality test
o | &4

Tether Break Test

m 0 Bootstrapped Data
B Density Line

data: breaks

W = ©.98878, p-value = ©.06042
36 37

The 95% confidence interval for the mean is ( 37.2514392708935 , 41.0485687291665 )

T T T T T 1
38 39 40 41 42 43

Force [Ibf]
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. Data Communication Test

e Testing
o FR 4.0: The payload will be able to
transmit collected data to the ground
receiver
o Communication over long distances

e Procedure
o Have two radios on the ground
o Attenuate signal from transmitting radio
o Calculate predicted range based on
received signal strength

e Scheduled for March 8th
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. Software Dry Run Test

e Testing
o FR: There will be a method of controlling the
altitude of the balloon and payload
o All software should be working correctly

e Procedure

o Change servo angles
o Change motor speeds
o Actuate the vent

e Scheduled for March 1st

Overview Schedule Test Readiness Budget Backups
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Overview Backup Slides

Overview Schedule Test Readiness Budget Backups
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‘ Mission Statement

turbulence data in the stratosphere. This will
be accomplished by desighethexed
payload systdhat will autonomously execute

HALO aims to improve the process of collectin‘
orbits outside of the balloon wdkdhe R y

help of control surfaces. These surfaces will__ -
also helmduce altitude oscillatjons ‘
increasing the amount of data collection per -‘:JJ/

flight.
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Levels of Success &y

Tethered Orbiter Altitude Data Collection Descent Arrest

Level

Level
Il

Level
]

The payload shall orbit below the balloon. ThisEnkiballoon and payload will achieve aThe orbiting payload will contain ar System will include agafie
will be stable and periodic. target altitude of 150 ft and be neutrallyand GPS to verify a successful orbitetescent arresting device in the ¢
buoyant via Moored test. The balloon withjectory. This data will will be of balloon burst. The payload wi
remain at this altitude until termination.transmitted to a receiving antenna then enter a controlled descent

throughout the Moored test. maximum speed of 5 m/s.

The payload will be in a stable orbit below the Controls will be implemented that will Temperature, GPS, and IMU data wildetrolled descent will be initiat
balloon, demonstrating the ability to remove itsalfow the tethered orbiter to change thecollected on the payload throughout &stonomously as triggered by lo
from the wake. It will also generate enough lift balloon and payload altitude. The balloBight. This data will be transmitted tobattery notification on board.
drag to bring the balloon and payload to a vel will reach neutral buoyancy at 20 km, receiving antenna during flight.
2m/s +/20% in ascent and descent. descend to 15 km, ascend to 25 km, and

terminate. GPS measurements will be used

to approximate the altitude of the balloon.

These altitudes will be allowed an

uncertainty of 1 km.

The stable payload orbit will remain fully outsidéibeepayload will reach a target altitudeTafrbulence sensors will be incorporated
balloon wake for the entire flight, ignoring 30 km and then oscillate between 25 km

occasional perturbations due to wind gusting. It@l86 km until power depletion. GPS

must be capable of generating lift or drag to brimgasurements will approximate the

the balloon system to a velocity of 2-B0¥/#/  altitude of the balloon. These altitudes will

during ascent or descent. Orbiter speed will nobe allowed an uncertainty of 1 km.

introduce turbulence measurement bias.
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Schedule: Old Work Plan

December 2019 | January 2020 | February 2020 ' March 2020 April 2020 | May 2020 | June 2020
|3 fwof17|24|3| 7 |14|21\23| 4 11|18 25 3 \10|17|24|31[ 7 |14/21 |28 5 12|19 26 2 | 9 |

.—lit:al Design Review (CDR) :
Implement B, . _
Fall Final Report (FFB) //

] Manufacturing Status Report (MSR)
— Pevelop Data Transmission Loop]

Manufacture Wihgs/Tails

Manufacturing

Focus Acquire Balloons and Tether
L |Tether Break Teét _
- balloon Neck Test ]//
_Test Readiness Réview (TRR)
_ Develop Control Loops
B Thermal T::est
— [Vent Adhesion Test]
_[Vent ng Tests]
L CDAS Drgp Test _ &
I (A erodynamic Groénd Tes'ts]
AIAA Papé

Manufacture Sehsor Packages

‘)
—

Management

Manufacturing

[

—

>/

Spring Final Review (SFR) o
B sdftware Tests CrltICal Patl‘l

B Aerodynaimic Grouhd Tests -
I [Final Flight Test [

Project Final Réport (PFR)

Altered Tasks |
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‘ Organizational Chart

Dale Lawrenc ; % Matt Rhode
Customer z Advisor

David Cease
Project Manager
|
| | | |

Jared Dempewolf Nolan Ferguson Paolo Wilczak Jake Marvin
Testing and Verification Systems Engineer CFO Safety

| |
[ Kelly Crombie } [ Kyle Mcgue} [ Braden Barkemeyej [Tyler Faragallaﬂ [Ryan Lansdoj

Software Thermal Aerodynamics Manufacturing Electronics
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Manufacturing Backup
Slides
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Manufacturing Overview

Manufactured

Wings/Booms

Motor Mount

Safety-System Connections

Software

Data Transmission Code

Orbit Acquisition Code

Motor Control Code

Tail Actuation Control Code

Venting Code

Thermal Control Code

Testing

Balloon Vent
Drop Test assembly

Tether/Force scale assembly

Electronics Assembled

Electronics Bay

\m

o o

Lifting Orbiter

Overview

Schedule

Test Readiness

Budget

Backups
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. Purchased Components

Hardware Electronics
Foam Battery
3D Printing Filament ESC
Carbon Spars Motor
Kevlar Tether Arduino
Propeller Servos
Balloon Thermal Resistors
Swivels and Slip Rings Relay Switch (eMOSFET)
Load Cell IMU
Tether Deployment Spool Transceivers

Motor Mount
with ESC
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Vent for Balloon Neck

e Verified functional vent with improved servo
actuation (24 Jan)

e Vent has flight heritage
o Verified to work up to 32.5 km

e Vent affixed to balloon neck using fiber tape
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‘ Tether Connection

Slip ring and comm lines

e

e Slip ring prevents comm lines from tangling with
tether

e Tether connected with fishing swivel

e Tether wraps around wing

e Tether attached to vent via hoseclamp

Overview Schedule Test Readiness Budget Backups
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Wings: Hot Wire Cutting

e Completed training with current student
Operator (30 Jan)

e Small test cuts completed on Monday (03 Feb)
o Use Profili Pro 2 Program to create Gcode

e Prototype airfoil section scheduled for
Friday (07 Feb)

Hot Wire Cutting Station

Overview Schedule Test Readiness Budget Backups
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Wings: Spar Alignment Sketch For Main Airfoil
21.5cm
‘ 6.5 cm )
+
< Carbon Spa> | g"
40 cm '
95.5cm 95.5cm 95.5cm
JT.0Cm 9T7.5¢cm
Carbon Fiber
Spars
Schedule Test Readiness Budget Backups 57
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Tail Boom: Spar Attachment Sketch

e Two carbon fiber rods

e Placed on either side of the electronics package

Spar Attachment
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Spar Attachment Sketch

Tail Boom

59
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. Tail Boom: Spar Attachment CAD

Payload Bay

|

Tail control servo

Tail control horn \

NOTE: Control link between servo and control horn not shown
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. 3D Printing: Payload Bay

e 3D printed chassis to keep electronics aligned

Electronics Bay 3D Printer

Overview Schedule Test Readiness Budget Backups 61



Software: Overview

-~

Transmit Data

Thermal Control

Motor Throttle W SyStem
: Level
Orbit Acquisition \1 Software
Component Neutral g Terminate
- eutra ] : ;
K Verification Acquisition _ \1
Tests Actuate Tail Servos
Launch .
Ground Neutral Vertical o CONOPs
, and o Termination
OP’s Buoyancy Oscillations
Ascent
C >
-1.5 ~8 Mission Duration (Hr)
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‘ Software: Overview Status

Electronics Component  Status

Arduino Mega

Completed Preliminary Interfacing

Next Step

Integrate Main Functions

Completed Preliminary Interfacing

Develop Motor Control Loop

Temperature Sensors

ESC
Motor Completed Preliminary Interfacing Develop Motor Control Loop
GPS Completed Preliminary Interfacing Data Transmission Test
IMU Completed Preliminary Interfacing Develof Angle Determination
Vent Completed Preliminary Interfacing Develop Vent Control Loop

Basic Wiring Complete, No Interfacing Preliminary Arduino Interfacing

XBee Transceiver

No Interfacing

Preliminary Arduino Interfacing and Data
Transmission Test

Overview Schedule
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. Software: Main Block

Find
» | Predicted
Beta Angle
Predicted Beta
Angle
Re-Initialize
Orbit Acquisition

Legend

Process

Motor Throttle

—><_Payload is still in orbit?

Adjustment

Check Battery

/ 7 Are we at the No
» GPS < bottom or top of a
E / cycle?
Actuate
Servos (Tail
Actuation Loop)
Read GPS
Temperature Check Orbit
Control Status
'Yy
Read IMU

L

Find Beta

h

Bata
ngle

angle

Battery < 5%7

Terminate
Flight

Transmit
Package
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Software: Motor Control

|

Read altitude

from GPS
Begin motor rate
control loop
Read IMU

Y

angular rates

10 Hz

over past minute

Calculate
Altitude necessary 3
angle
Calculate
IMU angular
rates /L,\ average B angle

v

Increase motor
power by 10%

Average B angle >
necessary f3 angle?

Decrease motor
power by 10%

Average B angle
over past minute

Y

Necessary
B angle

A

4

J End motor rate

’L control loop, repeat ]

Process

Input/Output
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‘ Software: Tail Actuation

Begin tail actuation
loop

l Legend

Read altitude
from GPS data

!

Altitude

Process

Altitude =
25 km or 35
km?

Reverse tail
direction

\ 4
End tail actuation
loop
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Software: Neutral Buoyancy Acquisition

[

Begin neutral
buoyancy loop

—

Calculate avg.

ascent rate over | [«
10 minutes

Y

Avg. ascent rate / .
over 10 minutes/

Calculate avg. Avg ascent
Open vent »| | ascent rate over rate over

past 3 minutes past 3 minutes

Close vent <t Avg. ascent
rate > 1 m/s?

No
No
Calculate avg.
ratAeVg-Oazger:t/s’? > Open vent » | ascent rate over
’ - Yes past 3 minutes

0

Legend

Process

1Y

Avg ascent
Close vent Avg. ascent rate over past
rate > 0.25 m/s? )
3 minutes Input/Output
End neutral buoyancy
loop
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‘ Software: Thermal Control

e Using p-channel MOSFET as a relay switch
e On/off Arduino pin control
e Less than @Cwillresult in “on”command from Arduino
o ead from / /(1 _1 5 ,/'/)
[Begin th(la(;(r)npal control ) ts”;g%ij::”e In?;rmng:a;:;tylljl?ead/
AChrj]Zt:ﬁ?gﬁve Yes Temperature < 0°C?
J End thermal control
d loop
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Drilling into Foam for Carbon Spar Mounting

Tools capable of drilling into foam for carbon
spar mounting: Standard Spade Bit

“LLEE




‘ Hot Wire Cutting G -Code

This is our first attempt

G208
G17
Goe

F18.a68080

M3

GOAD .
GOAD,
GOAZ,
G1A2,
G1A2,

Ma

G1A2,
G1A2,
G1A2Z,
G1A2,
G1A2,
G1A2,
G1A2,
G1AZ2,

@boooBEo .
5151215 1515] 2
250000881,
253789E1,
6440006B1 .,

675748B1,
707486E1,
739223B1,
77096781,
802711B1.
834457B1,
866202B1.
897947B1.

aBooeaxe.
500000Xa .,
SeeeeeX2.
S00eeeX2.
542864X2,

546498X2.
550932X2,
555343X2,
559751X2.
564158X2.
568546X2.
572942X2,
577339X2.

@BoeoayYo.
geeeeaYl.
250008Y1.
253789Y1.
644008Y1.

675748Y1.
787488Y1.
739223Y1.
770967Y1.
802711Y1.
834457Y1.
866202Y1.
897947Y1.

laelelels)
500000
508800
500000F18.000000
542064

546498
558932
555343
559751
564150
568546
572942
577339
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. Servo Shot #2

— =
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Electronics

GPS Adafruit Ultimate 3.3 25 8.5 3.3V Arduino pin

Arduino Arduino Mega 7.6 100 53 LG MU1 barrel connector
IMU Sparkfun 9DoF Razor IM 10 15 5V Arduino pin

Radio Transceiver |Radio Transceiver 3.3 150 3 3.3V Arduino pin

Arduino Battery |2 x LG MU1 18650 7.6 NA 2x49=98 | NA

Temperature Sensor TMP36 3.3 5 1 3.3V Arduino pin
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Wiring Schematic

Tail

Venting

Wing Payload

Ground

Power

Data Line

Receive Line (RX)
Transmit Line (TX)

[]1]

Propulsion
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Software: Data Transmission

e IMU, GPS, and temperature sensor measurements will be transmitted to
ground receiver

e Data transmission test will be held 2/15 to determine data rate, transmission
rate, and transmission range

Overview Schedule Test Readiness Budget Backups
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‘ Software: Orbit Acquisition

e Motor will be throttled to attain orbit
o Throttle amount will be determined with scaled flight test

e If orbit is not acquired, motor will turn off and try again after a minute

e Motor has been successfully interfaced with Arduino Mega

Overview Schedule Test Readiness Budget Backups

76



N

Venting Backup Slides

77



Balloon Purpose

e Balloon will transport the payload to maximum altitéde of 35
m Burst altitude/diameter is the most significant factor to consider

e Balloon will be neutrally buoyant/at30
m This will determine our mass budget

e Customer Requirements
o Balloon and its payload must meet all FAA guidelines
e Per customer request, balloon will meet FAA criteria for re
unregulated
e FAA guidelines can be found in appendix

High Altitude
Balloon

FR 5.@alloon and payload system
must meet all FAA guidelines.

Overview Schedule Test Readiness Budget Backups 78



Venting Design

e Reusing venting system from HYFLITS mission
o Verified to operate in atmospheric conditions
o Can be sufficiently mounted to balloon
o Venting has been experimentally modelled for this

FR 6.0: System must be capable of mission
termination at ewdlife, determined when
battery has 5% remaining.
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Venting Control System

e GPS, battery data fed into con

system
Valve va New e Ventuntil desired altitude is
alve
actuation > reached

Controller

Desired
altitude i ( ; )

Altitude
G GPS Sensor
= l FR 6.0: System must be capable of

mission termination at-eflife,
determined when battery has 5%
remaining.

80
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Venting Model

5 Balloon Ascent Velocity v. Time 3 X 10 Balloon Altitude v. TIme

(3%
T
L

,_A
an
'

Position [m)]

—
T
I

.

o

.
T

x  Open Vent

% Close Vent (neutral buoyancy) o Neutral buoyancy
0 L L i L i L L 0 L L L L L L .

0 05 1 1 % 285 ¥ 35 4 0 05 1 15 2 25 3 35 4 acquired after
Time [hr] Time [hr]
roughly 1 hour of
Balloon Helium Volume v. Time %10-% Balloon Helium Mass v. Time Venting

)
L)
T
L

Mass [kyg|
b2

(3]
T
L

Volume [

L9t 4

Time [hr] Time [hr]
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Venting Purpose and Concerns

: e Need to vent gas to
become neutrally
buoyant

e Neutral buoyancy
decreases force

needed to lift
balloon
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‘ Tether Connection

Slip ring and comm lines

FR 5.Balloon and payload system must meet
all FAA guidelines.

FR 8.0: Launch setup must be able to be
conducted by a maximum of two people, but
ideally one person.
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‘ Tether Deployment Method

BALLOON

e Simple and reliable ground based passive deployment method

e Suitable due to our low tether length of 4.96 m

'. BALLOON =
FR 5.Balloon and payload system must me

Payload

iJL

(I;ayload

all FAA guidelines.

Launch System

Launch System Launch System ]

p-A

FR 8.0: Launch setup must be able to be ®
conducted by a maximum of two people, but
ideally one person.

®
Tether Deployment System

Overview Schedule Test Readiness Budget
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Alternate Tether Deployment Method

e Modelled after passive unspooling devices used in sounding balloon
missions

With a deployment rate slower than the ascent rate of the balloon
there is an increased likelihood to clear obstacles in the launch
zone

FR 5.Balloon and payload system must meet
all FAA guidelines.

FR 8.0: Launch setup must be able to be
conducted by a maximum of two people, but
ideally one person.

Overview Schedule Test Readiness Budget Backups

86



Notable Risks to the Project Success - cont.
Risk Mitigation Plan PreMitigation PreMitigation
Likelihood Impact
Tether breaks e  Tensile testing Severe Improbable
e  Impulse Generator
Vent too much e  Pressure Tank Tests major High likely
Wing stalls e  Tetherball minor likely
e  Mbored
o  (XDAnalysis
e  Tetherball major likely
Stability e  RHUVHight Room Testing
Software talk/initiate control surfaces e  Tetherball Severe likely
e  Mbored
e  (bservational Studies

Overview Schedule
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‘ Notable Risks to the Project Success

Risk Mitigation Plan PreMitigation PreMitigation
Likelihood Impact
Unable to do actual flight test due to e  (onduct earlyand manufacture earlyto | Tikely Catastrophic
external factors allow more time allotted for launching
e  Compare results to CFDprograms (such | High Likely Severe
Ground tests not accurate or don’t scale as XFLR, Fuent)
properly e  (Compare results to hand computations
Unable to initiate orbit at altitude e  Tetherball test Likely Catastrophic
e  Mbored test
Data transmission error e  Will test reliability around mountainous Likely Severe
surroundings of Boulder
e Wil purchase stronger balloon material Likely Severe
Balloon burst (Totex)
e  Adding a Factor of Safety to max. height
(CDAS Failure e  (Conduct Drop tests Likely Major
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Notable Risks to the Project Success - cont.
Risk Mitigation Plan PreMitigation PreMitigation
Likelihood Impact
Q_diss too hot/cold e  Tac Testing severe Low likely
e Dxylce Testing
Propeller disturbances propagating to e  Place further apart severe Low likely
sensors
Unit system costs e  Plan out material(s) bought prior to major improbable
buying
e  Budget Plan
Wing being in wake e  Tetherball Test severe likely
e  Torsion Tests severe Low likely
Foam strength
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Schedule: Old Test Plan

Test Location Special Equipment Planned Date
Tt Bes CU Aerospace Building Tether, load cell 1/27/20
Balloon Neck CU Aerospace Building Balloon, tether, load cell 2/1/20

CU Aerospace Building Thermal Vacuum, electroni{ 2/4/20
Thermal package
Vent Adhesion CU Aerospace Building Balloon, vent 2/8/20
Venting CU Aerospace Building Balloon, vent, pressure tank 2/11/20
CDAS CU Aerospace Building Balloon, tether, CDAS 2/15/20

CU Aerospace Building/Courtya Tether, orbiter 2/18/20
Tetherball Boulder South

CU Aerospace Courtyard, CU B Balloon, tether, orbiter 2/25/20
Moored South

CU Aerospace Courtyard, CU B
Final Flight Test South Full HALO System 4/10/20

Overview
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‘ Parachute Deployment Drop Test

Controlled Descent Arrest System (CDAS)
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FAA Regulations - General

—
181.1 Applicability.

(a) This part prescribes rules governing the operation in the
United States, of the following:

(1) Except as provided for in §191.7, any balloon that is moored to
the surface of the earth or an object thereon and that has a
diameter of more than 6 feet or a gas capacity of more than 115
cubic feet.

{2) Except as provided for in §181.7, any kite that weighs more
than 5 pounds and is intended to be flown at the end of a rope or
cable.

(3) Any unmanned rocket except:
(i) Aerial firework displays; and,
(ii) Model rockets:
(a) Using not more than four ounces of propellant;
(b) Using a slow-burning propellant;
(c) Made of paper, wood, or breakable plastic, containing no
substantial metal parts and weighing not more than 16 ounces,

including the propellant; and

(d) Operated in a manner that does not create a hazard to
persons, property, or other aircraft.

{4) Except as provided for in §181.7, any unmanned free balloon
that-

(i) Carries a payload package that weighs more than four pounds and
has a weight/size ratio of more than three ounces per square inch
on any surface of the package, determined by dividing the total
weight in ounces of the payload package by the area in square
inches of its smallest surface;

(ii) Carries a payload package that weighs more than six pounds;

(iii) Carries a payload, of two or more packages, that weighs more
than 12 pounds; or

(iv) Uses a rope or other device for suspension of the payload that
requires an impact force of more than 5@ pounds to separate the
suspended payload from the balloon.

(b) For the purposes of this part, a gyroglider attached to a
vehicle on the surface of the earth is considered to be a kite.

=== [Doc. No. 1588, 28 FR 6721, Juns 29, 1963, as amended by Amdt. 1@1-1,
29 FR 46, Jan. 3, 1964; Amdt. 181-3, 35 FR 3213, May 26, 197@]
UVECLVICW DULICUUIS vianulaciuL g,

101.3 Waivers.

Mo person may conduct operations that require a deviation from this
part except under a certificate of waiver issued by the Administrator.

[Doc. Mo. 1588, 28 FR 6721, June 29, 1963
181.5 Operations in prohibited or restricted areas.
Mo person may operate a moored balloon, kite, unmanned rocket, or
unmanned free balloon in a prohibited or restricted area unless he has
permission from the using or comtrolling agency, as appropriate.
[Amdt. 181-1, 29 FR 46, Jan. 3, 1964]
181.7 Hazardous operations.
(a) Mo person may operate any moored balloon, kite, unmanned
rocket, or unmanned free balloon in a manner that creates a hazard
to other persons, or their property.
(b) Mo person operating any moored balleon, kite, unmanned rocket,
or unmanned free balloon may allow an object to be dropped
therefrom, if such action creates & hazard to other persons or
their property.

(Sec. 6(c), Department of Transportation Act (49 U.5.C. 1655(c))})

[Doc. Mo. 12888, Amdt. 181-4, 39 FR 22252, June 21, 1974]
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FAA Regulations - Moored Balloons and Kites

" 101.11 Applicability.
This subpart applies to the operation of moored balloons and kites.
However, a person operating a moored balloon or kite within a
restricted area must comply only with §181.19 and with additional
limitatiens imposed by the using or controlling agency, as appropriate.

101.13 Operating limitations.

(a) Except as provided in paragraph (b) of this section, no person
may operate a moored balloon or kite-

(1) Less than 5@ feet from the base of any cloud;
(2) More than 588 feet above the surface of the earth;

(3) From an area where the ground visibility is less than three
miles; or

(4) Within five miles of the boundary of any airport.
(b} Paragraph (a) of this section does not apply to the operation
of a balloon or kite below the top of any structure and within 25@
feet of it, if that shielded operation does not obscure any
lighting on the structure.
181.15 Notice requirements.
No person may operate an unshielded moored balloon or kite more than
158 feet above the surface of the earth unless, at least 24 hours
before beginning the operation, he gives the folleowing information to
the FAA ATC facility that is nearest to the place of intended
operation:
(a) The names and addresses of the owners and operators.
(b) The size of the balloon or the size and weight of the kite.

(c) The location of the operation.

(d) The height above the surface of the earth at which the balloon
or kite is to be operated.

(e) The date, time, and duration of the operation.

181.17 Lighting and marking requirements.

(a) Mo person may operate a moored balloon or kite, between sunset
and sunrise unless the balloon or kite, and its mooring lines, are
lighted so as to give a wisual warning equal to that required for
obstructions to air navigation in the FAA publication "Obstruction
Marking and Lighting"™ .

(b) Mo person may operate a moored balloon or kite between sunrise
and sunset unless its mooring lines have colored pennants or
streamers attached at not more than 5@ foot intervals beginning at
158 feet above the surface of the earth and wvisible for at least
one mile.

(Sec. B(c), Department of Transportation Act (49 U.S5.C. 1655(c)))

[Doc. Mo. 158@, 23 FR 6722, June 29, 1963, as amended by Amdt. 181-4,
39 FR 22252, June 21, 1974]

181.19 Rapid deflation device.

Mo person may operate a moored balloon unless it has a device that
will automatically and rapidly deflate the balloon if it escapes from
its moorings. If the device does not function properly, the operator
shall immediately notify the nearest ATC facility of the location and
time of the escape and the estimated flight path of the balloon.

Backups

96



N

References

97



—

Chapter 7. Airplane Aerodynamics and Performance, by Chuan-Tau Edward. Lan and Jan Roskam, DARcorpora-
tion, 1997, pp. 265 - 330.

References |

[2

—

Battery University, "BU-502: Discharging at High and Low Temperatures’, Retrieved August 29,
2019, from https://batteryuniversity.com/index.php/learn/article/discharging_
at_high_and_low_temperatures

—
2
—

“Controlled Weather Balloon Ascents and Descents for Atmospheric Research and Climate Monitoring”, Atmo-
spheric Measurement Technology, March 7, 2016, Retrieved September 9, 2019, from https://www.ncbi .
nlm.nih.gov/pmc/articles/PMC5734649/ [Accessed 09 11. 2019]

[4] Drag of a Sphere. NASA, NASA, www.grc.nasa.gov/www/k-12/airplane/dragsphere.html.

[5] Engineering ToolBox, (2003). U.S. Standard Atmosphere. [online] Available at: https://www.
engineeringtoolbox.com/standard-atmosphere—-d_604.html [Accessed 09 09. 2019].

[6] FAA Regulations for Kites/Balloons, from http://www.chem.hawaii.edu/uham/part101.html

[7]1 Grainger, 'Open Cell, Foam Sheet, Polyurethane’, Retrieved August 29, 2019, from https://www.
grainger.com/product/5GCU47gclid=CJjO0KCQjww7HSBRDkARISAARSIT45Lm5vDpt O0PM__
np7cVeeRBed-N8p7gvgsJE864gTaMXGkcWKOAQCARaAoyNEALW_wcB&cm_mmc=
PPC:+Google+PLA&ef_id=CJO0KCQjww7HsBRDkARIsSAARsSIT45Lm5vDpt0PM_
np7cVeeRBe4-N8p7gvgsJE864gTlaMXGkcWKOAQCAaAoyNEALW_wcB:G:s&s_kwcid=AL!2966!
31264955916384!!1g!'437270349819!

[8] GreenSpec, “Insulation Materials and Their Thermal Properties’, Retrieved Au-
gust 29, 2019, from http://www.greenspec.co.uk/building-design/

insulation—-materials—thermal-properties/

[9] Home Depot, 'Owens Corning Foamular’, Retrieved August 29, 2019, from https://www.homedepot .
com/p/Owens—-Corning-FOAMULAR-150-1-in-x-4-ft-x-8-ft-R-5-Scored-Square-Edge-Rigid-Foam-
207179253

[10] Interstate Plastics, ‘Phenolic Sheet Natural Canvas’, Retrieved August 29, 2019, from https:
//www.interstateplastics.com/Phenolic—Natural-Canvas—Sheet-PHENC~~SH.php?
sku=PHENC++SH&vid=20190923182015-2p&dim2=20&dim3=20&thickness=1.000&gty=1&
recalculate.x=84&recalculate.y=1

[11] Jackson, Jelliffe. “Project Definition Document (PDD)”, University of Colorado—Boulder, Retrieved August 29,
2019, from https://canvas.colorado.edu/

[12] Kaymont Balloons - Civilian / Enthusiast Balloons (HAB), from https://www.kaymont.com/
habphotography

[13] Lawrence, Dale. "Orbiting Platform for Turbulence Measurement on High Altitude Balloons for the AFOSR
, HYFLITS Program”, Received August 28, 2019, from https://canvas.colorado.edu/

Overview Schedule Test Readiness Budget Backups 98



References

Overview

Schedule

[14] Motor Operated Valves, Retrieved August 29, 2019, from https://automationforum.co/
introduction-to-motor-operated-valve-types-applications/

[15] NASA, ’State of the Art of Small Spacecraft Technology: Thermal Control’, Retrieved August 29, 2019, from
urlhttps://sst-soa.arc.nasa.gov/07-thermal

[16] Solenoid Valve, from https://www.omega.co.uk/prodinfo/solencid-valve.html

[17] University of Colorado - Boulder Acrospace Engineering."Past ~ Senior  Projects”,  from
https://www.colorado.edu/aerospace/current-students/undergraduates/
senior-design-projects/past—-senior-projects

[18] Spincast Reel for Passive Tether Deployment, from http://www.shakespeare-fishing.com/
Shakespeare-ome—-casting-a-spincast—-reel.html

[19] Maxon Motors from https://www.maxongroup.us/maxon/view/category/motor?etcc_
cu=onsite&etcc_med_onsite=Product&etcc_cmp_onsite=ECX+SPEED+program&etcc_
plc=0Overview-Page-brushless—-DC-Motors&etcc_var=%5bus%5d%23en%23_d_&target=
filtersfilterCategory=ECX

[20] Kevlar Twine from https://www.amazon.com/emma-kites-Outdoor-Tactical-Camping/
dp/BO00ZPR16EM/ref=sr_1_8?crid=I74IS2U07ATK&dchild=1&keywords=kevlar+kite+
stringégid=1570639465&sprefix=keviar+kite%2Caps%2C328&sr=8-8

[21] Tether Connection Methods https://hialtphote.blogspot.com/2018/01/
balloon-system-harness-and-tether.html

[22] Kevlar Material Properties https://www.dupont.com/products—and-services/
fabrics-fibers-nonwovens/fibers/articles/kevlar-properties.html

[23] Propeller Picture https://www.gauss—center.de/results/computational-and-scientific-engineeri
article/numerical-investigation-of-ship-propeller-cavitation-with-full-description-of-

[24] Foam Factory Polyurethene Insulation ht tps: //www. foamdistributing.com/P/poly-foam.html

[25] Digikey Batteries https://www.digikey.com/product-detail/en/
adafruit-industries-11¢/1578/1528-1841-ND/5054539&?gclid=
CjiwKCAjwldHsBRACEiwAdOJybf j98fK4Gi—nxFONEF 7THMjxgoAY 3p0Hak0-IiKxKYzrs_
uPRcXTzfhoCALMQAVD_BwE

[26] Maxongroup Altitude Motor https://www.maxongroup.us/maxon/view/category/
motor?etcc_cu=onsite&etcc_med_onsite=Producté&etcc_cmp_onsite=ECX+SPEED+
program&etcc_plc=ECX-Program&etcc_var=%5bus%5d%23en%23_d_s&target=filters
filterCategory=ECX

[27] Servocity Orbital Motor https://www.servocity.com/90-rpm-micro-gear-motor

[28] Hobby King Orbiting Body https://hobbyking.com/en_us/aero-modelling-foam-board-10mm-x-500mm—
html?countrycode=U5&gclid=Cj0KCQjw84Xt BRDWARISAAU1aMOyKQOp5nM529g1YBRs—- 9FMI1AQNng330gZ1v
dPZtcyYaAJL1ERLw_wcB&gclsrc=aw.ds

[29] Emma Kites Tether Material https: //www.amazon.com/emma-kites-Outdoor-Tactical-Camping/

dp/BO0ZPR16EM/ref=sr_1_872crid=I174IS2U07ATK&dchild=1&keywords=kevlar+kite+
string&gid=1570639465&sprefix=kevlar+kite%2Caps%2C328&sr=8-8

99



References

[30] X-Bet-Magnet Tether Magnets https://www.amazon.com/X-bet-MAGNET-Neodymium—-Countersunk-Magnets/
dp/B01BX1ZX38/ref=sr_1_5?keywords=50+1b+magnets&gid=1570640595&sr=8-5

[31] ASCO Solenoid Valve https://www.asco.com/en-us/Pages/solenoid-valve-series—284-s.
aspx

[32] USGS Helium https://www.usgs.gov/centers/nmic/helium-statistics—-and-information

[33] Adafruit Batteries https://www.alliedelec.com/product/adafruit—-industries/328/
70928240/?gclid=CjwKCAjwldHsSBRAOCEiwAdO0JybSDfcUpgGcbwBwds7dJd72D220EtsC8nl1Ffz0EQmopvX01U]
BwE&gclsrc=aw.ds

[34] Full Battery 14 AH Batteries https://fullbattery.com/collections/18650-cells/
products/ncrl8650ga

[35] Full Battery Solar Cells https://fullbattery.com/products/sunpower-c60-solar—-cell?
variant=21392408198

Overview Schedule Test Readiness Budget Backups 100



101



	Test Readiness Review: 
High Altitude Lifting Orbiter (HALO)
	Mission Statement
	Concept of Operations
	Levels of Success - Level 1
	Levels of Success - Level 2
	Levels of Success - Level 3
	System Breakdown: CPE’s
	System Breakdown
	Critical Project Elements
	Functional Block Diagram
	FAA Update 
	Updated Work Plan
	Work Breakdown Structure
	Updated Test Plan
	Testing Breakdown
	Testing Breakdown
	Testing Breakdown
	Testing Breakdown
	Testing Breakdown
	Testing Breakdown
	Testing Breakdown
	Testing Breakdown
	Thermal Model: Overview
	Thermal Model: Types of Verification
	Thermal Chamber Test
	Hypobaric Chamber Test
	Propeller Thrust Model
	Propeller Thrust Test
	Orbit Model

	Orbit Acquisition Test
	Moored Test
	Neutral Buoyancy Model
	Neutral Buoyancy Test
	HALO Budget Overview
	Customer Budget
	Concept of Operations
	Slide Number 37
	Slide Number 38
	Parachute Deployment Test
	Parachute Deployment Test - Results
	IMU - Beta Angle Test
	Tether Strength Test
	Tether Strength Test - Results
	Data Communication Test
	Software Dry Run Test
	Slide Number 46
	Mission Statement
	Levels of Success
	Schedule: Old Work Plan

	Organizational Chart

	Slide Number 51
	Manufacturing Overview
	Purchased Components
	Vent for Balloon Neck
	Tether Connection
	Wings: Hot Wire Cutting
	Wings: Spar Alignment Sketch For Main Airfoil
	Tail Boom: Spar Attachment Sketch
	Tail Boom: Spar Attachment Sketch
	Tail Boom: Spar Attachment CAD
	3D Printing: Payload Bay
	Software: Overview
	Software: Overview Status
	Software: Main Block
	Software: Motor Control
	Software: Tail Actuation
	Software: Neutral Buoyancy Acquisition
	Software: Thermal Control
	Drilling into Foam for Carbon Spar Mounting
	Hot Wire Cutting G-Code
	Servo Shot #2
	Electronics
	Wiring Schematic
	Slide Number 74
	Software: Data Transmission
	Software: Orbit Acquisition
	Slide Number 77
	Balloon Purpose

	Venting Design
	Venting Control System

	Venting Model
	Slide Number 82
	Venting Purpose and Concerns
	Tether Connection
	Tether Deployment Method
	Alternate Tether Deployment Method
	Notable Risks to the Project Success - cont.

	Slide Number 88
	Notable Risks to the Project Success

	Notable Risks to the Project Success - cont.

	Slide Number 91
	Schedule: Old Test Plan
	Parachute Deployment Drop Test

Controlled Descent Arrest System (CDAS)
	Slide Number 94
	FAA Regulations - General
	FAA Regulations - Moored Balloons and Kites
	Slide Number 97
	References

	References

	References

	Slide Number 101

