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Motivation & Project Statement

Motivation:

> Unpredictable solar weather presents a large risk to ground and space
based assets present in modern society

> Measurements of UV spectra at varying polarization angles can be
used to model solar magnetic field structure

> These models can be used to determine the preconditions to solar
weather activity

Project Statement:

> To design and manufacture a 6U CubeSat style payload capable of
collecting variable polarization UV spectra measurements at various
points across the solar surface and operating in high-altitude balloon
flight conditions

> The team will utilize a variety of ground tests that simulate the
expected high altitude environment in order to calibrate the module’s
data collection systems and verify the its flight readiness.

Project Purpose & Objectives
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Pointing Explanation  uman
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CONOPS

Ascent Float i Descent

Power on and receive Complete mission Power down, mission
continuous power from operations at 40 km for operation data storage

NASA Gondola approximately 2 weeks. survives Sg parachute
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L evels of Success

Subsystem Functional Requirement
Met

Structure Dimensions of the instrument are 10 x 20 3

x 30 cm
Environmental Module survives temperatures of -70°C 3
Control and pressures of 10Pa

Attitude Measure attitude relative to Sun with 3

Determination accuracy of <= 0.05°
Take spectral measurements over the 3

270 - 400 nm range
oppifies Rotate polarizer with accuracy of <= 0.5° 2
Isolate a <= 1’ spot in the FOV 1
Pointing Pointing capabilities of +/- 1° in azimuth 1

and +/- 5° in elevation

Project Purpose & Objectives
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Functional Requirements T
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FR 1: The system shall integrate with RADIANCE module |.==

FR 2: The system shall take spectral UV measurements at HEN

varying polarization angles and at various points on the Sun .===

FR 3: The system shall determine its attitude HER

FR 4: The system shall take environmental measurements ===

FR 5: The system shall survive the environmental conditions of 1T

a high altitude balloon flight to 40 km 1]

FR 6: The system shall record data 0 .||==

FR 7: The system shall interface with the NASA balloon gondola (1]

Design Description




Functional Block Diagram
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Design Description

I:I Instrumentation
[ | Hardware

|:| Control Software
C:) External Hardware

S

—
e
—
——) Aftitude Data

@  RADIANCE Component

Environmental sensors include:
humidity, pressure, and temperature

Command Data

Power Line
Image Data

Environmental Data



System Overview

Summary
10 cm
Dimensions 10x20x30 cm
Mass 5.6 kg
20cm
Power 745N
Consumption
Flight -70°C-20°C
Environment
Materials Aluminum 6061
(Structure)
Polyisocyanurate
(Insulation)

Design Description



Optics
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Design Description

Components
Thorlabs UV Doublet Lens: Focuses UV
light
Ultra Broadband Wire Grid Polarizer:
Linearly polarizes UV light
Thorlabs Stepper Motor Rotation
Mount: Rotates polarizer with an
accuracy of 0.14°
Thorlabs Precision Pinhole: Reduces
FOV to 55 +/- 0.1"
Avantes Collimating Lens: Focuses light
into the spectrometer
Avantes Avaspec-Mini Spectrometer:
Measures light intensity as function of
wavelength over 200 - 400 nm
Thorlabs Optics Cage: Mounts and
aligns optical components

Changes
A lens tube spanning the length of the
optical train has been added to
minimize stray light



Attitude Determination System

Components
> Solar Mems Sun Sensor:
Determines Sun's position in the
system’'s FOV
> Quadrant photodetector used to
measure off-sun angles from

St NARE: generated photocurrents
| — I 3 ’.‘;4.
0 Changes
R > Sun sensor moved down to allow
e mounting of the camera
T e 358 e
= L ==
Sun Sensor

Design Description



E nvironmental Monitoring & Control System

Internal Temperature Sensors
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Pad Heaters, Internal Temperature Sensors

External Temperature Sensors
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Design Description

Components
8 Internal Temperature Sensors
2 External Temperature Sensors
1 Pressure Sensor
1 Humidity Sensor
2 Resistive Heat Pads: Keep module at
an operable temperature

Changes
Removed logic level shifters and
replaced with MOSFET capable of lower
trigger voltage (heat pad circuits)



Pointing Controls

Cage Gimbal Mount
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Linear Actuator, Motor
Casings, Motor Gimbal
Mounts

Pusher Arm

Spherical Rolling

Joints

Design Description

yvYyy vV

\

Components
Custom Cage System Gimbal Mount
2 Haydon Kerk Pittman Hybrid
Stepper Motor Non-Captive Linear
Actuator
Custom Motor Casings
Custom Motor Gimbal Mounts
Custom Cage System Pusher Arm
Hephaist Spherical Rolling Joints

Changes
Removed the rear motor casing
mount due to encoder fit
Added a collar and guide rods to the
motor mounts to constrain motor
lead rotation



CPU and Data Acquisition

Components
UDOO x86 Ultra

> UDOO x86 Ultra

O  2.56 GHz Quad Core processor for

= control computation

O Intel Curie Microcontroller for motor

control

O USB 3.0 for fast write rates
> USB Thumbdrives for data storage

O  One MX-ES Ultra 64 GB
IE O One Samsung Fit 64 GB

i > Sabrent 4 Port USB 3.0 Externally
NG jrEs e 0%0 Powered Hub
B o B ViR RADIANCE Spectrometer

| B . 2 MP Visible Camera

L A W e

Changes
Added a second USB Hub
Temperature data recording moved to
the embedded Arduino
> ADS sensor moved from UART to
USB

\/isible camera

vV

USB Hub & Drives
200-1100 nm Spectrometer

Design Description



Flectrical Power System

Components
P =4 > (ustom PCB to distribute power
= e = to subsystems
E—— Sy o 3.3V for environmental
' AT | = Sensors
c ‘C {in== o 12V for motor controllers
figt Vil Eomee and UDOO
| s R o 5V for USB hub and motor
| = = encoders
~ay ]| | oz o 28V for resistive pad
R o heaters
) B e = T A= Changes
22 > Mounting points to bottom plate
PCB

Design Description
17 8 P



Structure
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Exterior Structure

Gondola Integration tabs

Design Description

Components

> Aluminum 6061: Exterior plates
and interior struts
> Tabs attach to balloon gondola

Changes

> None



Design Description
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Critical Project Elements

Critical Concern Mitigation

Project
Element

ADS/Optics  Allocated time for calibration, Sommers-Bausch testing week of

Calibration complexity of calibration 4/23
techniques
Software Final Integration, Verifying SBO Testing and Full TVAC

Pointing algorithm

Electrical Completing PCB before Completing PCB by 4/23,
SBO testing, wire shorts, validating wire connections, using
disconnections, static electrical tape on electrostatic
discharge sensitive components

20 Design Description
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Testing Overview

Component
Testing

Subsystem
Testing

Integration
Testing

Verify components Verify Subsystem Demonstrate operation
function properly functionality and of full system
validate models
verify power
f SBO 2: b
- - calibrate optical axis

L zero y

calibrate/validate
Test Complete . Pointing algorithm |

Test In Progress

22 Test Scrapped Test Overview
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DAQ Integration Overview

FR6: The system shall record data

Purpose
> Verify UDOO x86 functionality for taking and storing relevant data

Equipment and Facilities
> UDOO x86 and STOUT electronics package

Process
> Run all sensors simultaneously and record read and write times
> Read and write times include EMCS sensors, ADS, 2 spectrometers, and camera (31
kB data size)

Risks Reduced
> Shows the STOUT module data collection subsystems operate simultaneously

24 Subsystem Testing



DAQ Integration Test Results: Timing

25

Operation Predicted Measured Required
Time (ms) Time (ms) Time (ms)
207 98 N/A

Read
Write 230 665 N/A
Total 437 763 1000

Test Implication
Completion of DAQ Integration demonstrates system ability to operate sensor package
USB 3.0 drive actual write speed less than benchmarked speed

Requirement Verified

FR2 The system shall take polarized UV spectrum measurements
6.1 The system shall record temperature data

6.2 The system shall record pressure data

6.3 The system shall record attitude data

6.4 The system shall record visible images

6.5 The system shall timestamp all data

Subsystem Testing



EPS Test Plan

FR7: The system shall interface with the NASA balloon gondola

Purpose
> \lerify power board provides the correct voltage to each component

Equipment and Facilities
> Assembled power board, DC power supply (35V, 5A), multimeter, and oscilloscope

Process
> Plug in power supply to Vcc and ground wires with a current limit of 3.5 A
> Measure output of each individual converter pin using a multimeter and compare to manufacturer’s
datasheet to determine if the integrated circuit is properly configured and functioning
> (Connect individual components to their corresponding converter tests
o 29-28\V:Pad heaters
o 28-12V:UDOO & motor drivers
o 12-5V:USB hub
o 5-3.3V:Environmental sensors
> Take multimeter measurements and oscilloscope waveforms of voltage and current of through each

component

26 Subsystem Testing



EPS Test Plan
12-5V ‘ ‘

Ground
29-28V

NJ

(o)

<
v

Test Implication
Completion of PCB verifies power distribution to subsystems

Requirement Verified
7.4 The system shall be able to interface with NASA Gondola Power Source

57 Subsystem Testing
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SBO 1: Validate ADS System

FR3: The system shall record its attitude relative to the center of the Sun

Purpose
> \/erify ADS sensor accuracy
> (alibrate out misalignments between SBO and ADS due
to mounting errors

Equipment and Facilities
> Sommers-Bausch Telescope

with SkyX Pro control software External Factors

> SBO Mount > Need a cloudless sky for ADS sensor
> Fully assembled STOUT module to take accurate measurements
Risks Reduced

> Shows the STOUT module can accurately locate the
position of the center of the Sun with an accuracy of
0.05°

28 Subsystem Testing



SBO1: Test Setup

Sommers-Bausch Telescope with
STOUT

29 Subsystem Testing

STOUT Telescope Mount




SBO1: Test Setup
’ Sampling Data Collected
Rate

Specifications Sun Sensor 10 Hz Off Sun Angles a & 3
> Sommers-Bausch telescope has accuracy > (deg)
20"~ 0.0055° Telescope Control ~ Hand-written Angular deviation
> Accuracy of;5un Sensor Software for each from Sun center
> 18 -0005 actuation
> Total accuracy: 38" ~ 0.0105°
e DF(J‘V = 10‘}
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Lo 7 Dy = 050
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[ STOUT Module ] ; & .

4 Legend )

® Sensor, Axis

[

Sommers-Bausch
Telescope

@® Telescope, Axis

30

O Sun

Q Sensor FOV
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SBO1: Test Procedure

Procedure
1. Point telescope at Sun center
2. Slew telescope vertically until the ADS
elevation angle reads <= 0.0105°
o Save ADS elevation angle

3. Point telescope at Sun center
4. Slew telescope horizontally until the ADS — Doy = 10°
azimuth angle reads <= 0.0105° PN t
5. Save measured elevation and azimuth ! I N
. . 1
angles as the misalignment factors 1:---::# ----- -;
L # 1 Fd
-~ N : !
I oy
-ﬂ"f H'}h“""" D = 0.5°
- y
-
-7 - L
-
x

4 Legend )

® Sensor, Axis

@® Telescope, Axis

() sun A

k Sensor FOV /
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SBO 1 Test Results: Azimuth A

0.7 1 .

SBO Actuations
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Subsystem Testing
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Elevation Angle

33
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0 1 Test Results: Elevation Angle
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elevation
mounting error of
-73"
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Subsystem Testing




SBO 1: Test Results

Test Implication
> \/alidated ADS operation
and sensor linearity
> Alignment must be
repeated at the beginning
of each SBO test

Requirement Verified

> 7.4 The off-sun angle shall be
determined to within 0.05
degrees of Sun center

Offset as seen in Software Bisque - TheSkyX
Observatory Control Software

|° SBO pointing location

. @ Sun center
34 Subsystem Testing
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Environmental Testing Overview

FR5: The system shall survive the environmental conditions of a high altitude

balloon flight to 40 km

Purpose
> Model the flight conditions of the ascent, cruise, and descent phases
> \/alidate that the thermal control system keeps the module at survivable temperatures during ascent
and descent
> \/alidate that the thermal control system keeps the module at operable temperatures during cruise
o Spectrometer: 0 °C Polarizer Mount: 5 °C Motors: -10°C ~ Motor Encoders: -20 °C
> \erify previous thermal modeling by comparing them to resultant test chamber data

Key Requirements
> 5.1 During ascent and descent the system shall survive temperatures ranging from -65°C to 20°C
> 5.2 During cruise the system shall operate at temperatures ranging from -25°Cto -15°C
> 5.3 The system shall operate at pressures ranging from 100 kPa to 100 Pa

How it Reduces Risk
> Shows the system can survive the simulated flight profile of 40 km flight, enabling the fulfillment of

mission requirements

Associated Model: SolidWorks Thermal Model

36 Integration Testing: Environmental



Environmental Testing: TVAC

Thermal Vacuum Chamber Specifications
> UCAR HAO Facility
> Models temperature down to -20 C, and pressure as low as
130 Pa
O Used to model cruise phase of flight

Sl e Data Collectec

Internal Component Every 1 second (1 Hz) Temperature of UDOO and
Temperature Sensors (2) Sun Sensor
Internal Environment Every 1 second (1 Hz) Temperatures at polarizer
Temperature Sensors (4) mount, motors, spectrometer
External Temperature Sensors  Every 1 seconds (1 Hz) Chamber temperature
(2)
Pressure and humidity sensor Every 1 second (1 Hz) Pressure and humidity

(functionality checks)

37 Integration Testing: Environmental



Environmental Testing: TVAC Data

> | owest chamber temperature: ~ 9 °C
> | owest chamber pressure: ~ 130 Pa

__TVAC Testing Temperatures |

25
20 A -
o T | = -
‘o 15 1 —t
= -
= .
& I
<] E
£ 10 1 i I
@ ] i
= ] Polarizer Mount Temperature [
T Vertical Motor Temperature i
3 ) Horizontal Motor Temperature [
Camera Temperature
Bottom Plate Temperature
+r—r—r—rT—rrrrmrrrrrrrrrrrrrrrro1TrrTrITTI

0 500 1000 1500 2000 2500 3000 3500 4000

Time [s]

Test Implication
System can survive near vacuum conditions

Requirement Verified

A IT-V.A c- -!-GISt-i n-g IT-e I?‘p- elra-tl.! re- sI A A A L

Temperature [°C]
2]
o

10

— - Spectrometer Temperature

External Temperature
Processor Temperature

ADS Temperature

500

1000 1500 2000 2500 3000 3500
Time [s]

5.3 The system shall survive pressure values ranging from 100 kPa to 10 Pa
e Equipment limitation did not allow testing to 10 Pa but results are sufficient

38
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Environmental Testing: ETC

ETC Specifications
> Team ACES test chamber
> Styrofoam cooler with dry ice
> Decreases temperature to -78.5 °C and outputs temperature
every 0.75 seconds
> Used to validate EMCS through temperature conditions of
ascent flight phase

S e Data Collectec

Internal Component Every 2 seconds (0.5 Hz) Internal temperature of
Temperature Sensors (4) Spectrometers, UDOO,
Polarizer Mount, Motors
External Module Temperature  Every 2 seconds (0.5 Hz) Module temperature during
Sensors (2) ascent
External Cooler Temperature  Every 0.75 seconds (1.33 Atmospheric temperature
Sensors (4) Hz) during ascent

39 Integration Testing: Environmental



Environmental Testing: ETC Data

> Testing occurred at atmospheric pressure
> Lowest chamber temperature: ~ -63 degrees C

Dry Ice Cooler Thermal Test

4ﬂ:_f‘—v1-

30 - N

20

10

o

= Average Cooler Temp
= Spectrometer
Polarizer Mount
Motor 1

-20 - —— Motor 2

== UuDo0O _

-30 - ~—— STOUT Thermocouple 1 B oy AL G S B

== 5TOUT Thermocouple 2

Temperature [°C]
o
|

-40 |- -
-50 &\_____h__ _
pad 5 | | T | I BRI R | ’J/i

0 500 1000 1500 2000 2500 3000 3500
Test Implication Time [s]

Thermal control maintains operable internal temperatures

Requirement Verified
4.1 The system shall measure internal pressure and temperature
5.1 The system shall survive temperatures ranging from -65C to -15C

40 Integration Testing: Environmental



Environmental Testing: ETC Model Analysis

Dry Ice Cooler Model

20v00 ................................................................................
__ 1000
3
)
S
= 0.00 Spectrometer
£
2
Outer
-0 Structure
; ; : ; ' Polarizer
0.00 68420 136840 205260 273680 342100 Mount
Time (sec)
—— Spectrometer—s— Polarizer Sl Model Implication
Mount Structure . .
e Tested at desired temperature, longer duration, and
Model Comparison ~ 1 hr higher pressure
: e Thermal model validated
CorrEarEl SrEilEien SIEEELEE e Testing showed operable interior temperatures

Temperature Temperature o Higher than model predicted

(C) (C) . .
Model Discrepancies
Outer Structure -20 -20 e | ow familiarity with software
e Oversimplification of components
e Flectronics heat dissipation unaccounted for
Spectrometer 4 8 e Lower thermal model mass, wiring unaccounted for

Polarizer Mount -9 13

41 Integration Testing: Environmental



Environmental Testing: TVAC Model Analysis

Cruise Thermal Model No Heaters

42

15.00

Temp (Celsius)

12.00

=
:Xk
o
o

=y
w
o
o

9.75+03 1.81+04 2.65+04 3.48+04

Time (sec)

Spectrometer Spectrometer Outer
1 2 Structure

Model Implication

Transient thermal simulation to model cruise environment
at 40 km altitude
Demonstrates heaters not needed at cruise altitude
TVAC Thermal model not validated

o Longer test duration required for steady state
Testing showed operable interior temperatures

o Higher than model predicted

Integration Testing: Environmental

Outer
Structure

~

Spectrometer 2

~

Model Discrepancies

Low familiarity with software
Oversimplification of
components

Electronics heat dissipation
unaccounted

Lower thermal model mass,
wiring unaccounted for

Spectrometer 1

~




SBO Testing: Overview

FR2: The system shall take polarized UV spectrum measurements at
multiple points on the Sun

*Note that the ADS sensor is assumed to be calibrated relative to SBO Telescope at
this point in the testing procedure®

Objectives
> (alibrate optical system pointing relative to ADS Sun Sensor
> \/alidate pointing control response to an external pointing deviation

Key Requirements
> 2.4 Pointing capabilities of +/- 1°in azimuth and +/- 5° in elevation

How it Reduces Risk
> Ensures that the optical system will point at the desired locations relative to ADS measurements

43 Integration Testing: Sommers-Bausch



SBO 2: Calibrate Optical Axis Zero - Test Setup

Background

> (annot use spectrometer for optics system
calibration

> Replace spectrometer with UV photodiode in
optics train

> Sensor outputs voltage with corresponding
photocurrent generation

> Will indicate when optical axis is pointing at a
location on the Sun

Linearizing Photodiode Circuit

100pF

100M

O Uds

6.03K 3TIK

uv
Photodiode

44 Integration Testing: Sommers-Bausch



SBO 2: Calibrate Optical Axis Zero - Test Setup

Assumptions Sampling Data Collected
> Sun Sensor and Optical axis can be level Rate

mounted to +0.25° so that optical axis ~ Sun Sensor 10 Hz Off Sun Angles a & B

will be on the Sun when ADS axis at the (deg)

Sun center Telescope Control  Unknown Pointing position

Specifications Software relative to Sun

> Total ADS accuracy: 38" ~ 0.0105° center
> Optics Pointing Accuracy: 2.25" ~ UV Photodiode 10 Hz Light intensity

0.0375° dependent voltage
> Total Pointing Angle Error: 2.883" ~

0.048 _ - -

-
- - - - -
- - - -
- - - - D >

STOUT Module
w/ Photodiode

PP\
e o\
.
Y 2
e
.
.
g

Sommers Bausch
Telescope

45 tegration Testing: Sommers-Bausch



SBO 2: Calibrate Optical Axis Zero - Procedure

Procedure ST .
1. Point STOUT at an arbitrary point in the sky 0.5°
away from the Sun -T~
o Read photodiode bias voltage /7 AN
L -9 | \
- l-—e - -
L .
\ |
- N\ | /
> ~
A
Photodiode Bias
Voltage >
ADS
Azimuth
Angle
Time

46 Integration Testing: Sommers-Bausch



SBO 2: Calibrate Optical Axis Zero - Procedure

Procedure e >

2. Actuate telescope back to Sun center

Photodiode
\Voltage

ADS

Azimuth
Angle

A 4

Time

47 Integration Testing: Sommers-Bausch
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SBO 2: Calibrate Optical Axis Zero - Procedure

Procedure )
................. »

3. Slew telescope horizontally until optics are
pointing off the Sun

Perceived
Sun Edge

Photodiode
\Voltage

ADS
Azimuth
Angle

A 4

Time

48 Integration Testing: Sommers-Bausch



SBO 2: Calibrate Optical Axis Zero - Procedure

Procedure

4. Calculate azimuth offset angle 0 ; x and
program into pointing control software

Photodiode
\Voltage

ADS
Azimuth
Angle

Integration Testing: Sommers-Bausch

49

eoﬁ‘set,X = (eSun/z) B AeX

Perceived
Sun Edge
By Optics
System

A 4

Time




SBO 2: Calibrate Optical Axis Zero - Procedure

Procedure )
................. ’

5. Slew telescope back to Sun center

Photodiode
\Voltage

ADS

Azimuth
Angle

A 4

Time
50 Integration Testing: Sommers-Bausch



SBO 2: Calibrate Optical Axis Zero - Procedure

procedure qr o O-..5 ....... 'S

6. Slew telescope vertically until the optics are
pointing off of the Sun P

Perceived
Sun Edge
By Optics
System

Photodiode
\Voltage

ADS
Elevation
Angle

A 4

Time
51 Integration Testing: Sommers-Bausch



SBO 2: Calibrate Optical Axis Zero - Procedure

Procedure
eoﬂ“set,Y = (GSun/Z) - AeY

7. Calculate elevation offset angle 0 ...y and P
program into pointing control software P

o >
0.5° ,

Perceived

Sun Edge

By Optics

A System

Photodiode
\Voltage
ADS
Elevation
Angle .

Time
5o Integration Testing: Sommers-Bausch



SBO 2: Calibrate Optical Axis Zero - Procedure

Procedure

8. Repeat steps 1- 8 until offset angles 0 et x
and 0..; y CONverge to where any additional
changes will be smaller than total pointing angle

errors < 2883' € >
0.5°
\N— -~ - -
STOUT Module P
w/ Photodiode \\ P> *Note that image is not to
2 scale. Axes will be practically
parallel.

Sommers Bausch
Telescope

53 ntegration Testing: Sommers-Bausch



SBO 3: Validate Pointing Algorithm . annm

Procedure N | ]

1. Initialized ADS on Sun's right edge .===

o SBO telescope position will be locked SHNEN

o FHEn

“HER

o HEER

HER

~ Hin

o FHEn

“Hin

y EEn

/ H FHN
"R HEER

“HEER

o EEEEE

Y | ]

N NEEN

YEEEEN

“Hin

SEEan

| HEEN

R R AR R RRRE . 1T
- —— ADSInitialization Point . o HEEE
. T T T =  ADSFOV (10°) - SENER
" = = = = Optical Axis . SENEER
......................... . =.===

Integration Testing: Sommers-Bausch 5 EEEE
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SBO 3: Validate Pointing Algorithm . annm

"
Pr r

ocedure SEEE

HER

“HCEN

2. Lock optical axis on left edge of Sun o FHEN

o \/alidated by constant photodiode “HEE

voltage UF HEEE

8 11

~ Hin

2 Finn

“HER

Vs “HER

H FER

"R HEER

“HEEN

Y |

“EEEn

N NHER

S“HEEEE

“HER

O | ]

| HEER

AR AR R R . ...

- —— ADSInitialization Point . o HEEE

. T T T =  ADSFOV (10°) - SENER

" = = = = Optical Axis . SENEER

------------------------- . =.===

Integration Testing: Sommers-Bausch 5 EEEE

55



SBO 3: Validate Pointing Algorithm . annm

"
Procedure

YEEN

(1]

© YENEN

¥ NEEE

3. Initiate optics cage sweep C“HEN

o Validates internal solar angle sweep o .===

o Sweep concludes on left ADS exit
P o Note: The sweep only 0 ..===

covers the diameter of the VEER

Sun (0.59) “HER

H EEE
"R HEER

“HEEN

Y |

“EEEn

N NHER

S“HEEEE

“HER

O | ]

| HEER

R R . 1T
- —— ADSInitialization Point . o HEEE
. T T T T ADSFOV (109 - N NEEER
" = = = = Optical Axis . SENEER
......................... . =.===

Integration Testing: Sommers-Bausch 5 EEEE
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SBO 3: Validate Pointing Algorithm . annm

"
Pr r

ocedure 1T

HEN

"EVER

¥ NEEn

o | ]

4. Initiate ADS 3.5° from Sun's right edge = .===

o SBO Telescope position will be locked ¥ HER

H THE
N V4
. | N EEEE
\

) EEEEE
Y |

Vs EEEEE
N NHER
S“HEEEE

“HER

O | ]

| HEER

R R . 1T
- —— ADSInitialization Point . o HEEE
. T T T T ADSFOV (109 - N NEEER
" = = = = Optical Axis . SENEER
......................... . =.===
Integration Testing: Sommers-Bausch 5 EEEE
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SBO 3: Validate Pointing Algorithm . annm

"
Pr r

ocedure SEEE

HER

“HCEN

5. Lock optical axis on left edge of Sun o FHEN

o \/alidated by constant photodiode “HEE

voltage UF HEEE

8 11

~ Hin

2 Finn

“HER

“HER

H FER

"R HEER

“HEEN

Y |

“EEEn

N NHER

S“HEEEE

“HER

O | ]

| HEER

AR AR R R . ...

- —— ADSInitialization Point . o HEEE

. T T T =  ADSFOV (10°) - SENER

" = = = = Optical Axis . SENEER

------------------------- . =.===

Integration Testing: Sommers-Bausch 5 EEEE
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SBO 3: Validate Pointing Algorithm . annm

"
Procedure

YEEn

HER

YENEN

¥ NEEE

6. Initiate optics cage sweep C“HEN

o Validates full angle sweep o .===

o Sweep concludes on left ADS exit ¥ Han

o FHEn

“Hin

“Hin

H EEn
S "R HEER
“HEER

o EEEEE

Y | ]

N NEEN

YEEEEN

“Hin

SEEan

| HEEN

R R AR R RRRE . 1T
- —— ADSInitialization Point . o HEEE
. T T T =  ADSFOV (10°) - SENER
" = = = = Optical Axis . SENEER
......................... . =.===
Integration Testing: Sommers-Bausch 5 EEEE
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HCEREER

| H ERCHER
| HCHER
EREREER

| HCEER
HCERREEN
ERCHEE

EREREE
ERCEEER

EREEN

ERCHEE
HEERCEER

HEEER

H EREREER
HEREER

HEEER

ERCEER

H ETEEER

| H BREER
EERTHER

IELESCOPE OBSERVMQR* ....
HEEREEE
ECEEN

- ' pises
Systems Engineering =" Euman
HCEER

HCEREER

N HEREER
EERERTHEN

| HENEER

HEEREN
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Systems Engineering
Concept Operations &
Exploration Maintenance
Concept of POD System Dell
5 Operations IS Validation elivery
3 : 9 System
o)
3, \ NEGUIEIEE \CDD g\c / Verification /SFR
o) ©
2 5
3 High Level 1\ < Subsystem _
2 Design it Verification //"tegration
S Detailed CDR Component  /1Rg
Design Testing
\ Manufacturing /MSR

Systems Engineering
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Concept Exploration

\ Concept \ Functional Objectives:

Exploration > |Locate Sun center
\ Concept of \ > (ollect variable polarization UV

Operations spectrum measurements
> (perate in the flight environment of a

high altitude balloon
Requirements
High Level
Design
Detailed
Design

Systems Engineering
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Concept of Operations & Requirements

\ Concept \ CONOPS:

Exploration
> Describes the characteristics of the
Concept of

STOUT system at a high level from

9 Operations stakeholder perspective
9 > Kept team aligned with project goals
% \ Requirements \ and customer requirements
D,
3 Requirements
\ High Level \
Design > Stemmed form CONOPS
> "Shall” statements
Detailed > Describe what system shall do,
Design not how it will be done

63 Systems Engineering



High Level/Detailed Design

\ Concept \ Key Trade Study

Exploration

Operations

Detailed Design
\ Requirements \ T e
High Level
Design
Detailed
Design

Systems Engineering

\ Concept of \ > (COTS Sun Sensor vs RADIANCE ADS
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Component lesting

Key Tests

> Sun Sensor
> Thermal Pad Heaters
> Rotating Polarizer Mount

65 Systems Engineering

Operations &
Maintenance

/

System
IS Validation
\g’ System
Verification

S
2
&
~ Subsystem
.Oé’ Verification
0;&

Component
Testing




Subsystem Verification

Operations &
Maintenance

/

/

System
Key Tests s / Validation
5
> ADS §’ / System /
o Sun locating functionality validation 2 Verification
and calibration 5
> EMCS < Subsystem
o Partial verification E / Verification /
o Survive -60 °C and 130 Pa &
environment Component
> DAQ Testing

o Data collection and storage

66 Systems Engineering



System Verification & Validation

Operations &
Maintenance

System
Validation

Pointing Control Validation Test

S
&
Goals: & System
> Alignment of optical axis and Sun N Verification
Sensor axis ﬁ
> \/alidation of pointing algorithm R4 Subsystem
> Va||dat|on. of pomtmg accuracy E Verification
> (haracterization of pointing response Q@

time / Component /
Results: Testing

> |ncomplete

67 Systems Engineering



CDR High Level Risks

Risk Description Risk Mitigation
RE& Manufacturing creates pointing precision errors High precision machined gimbal mounts
Calibrate errors out in software & machine shop
Contact with AES machining faculty
R7 Manufacturing/Calibration/Test Delays Utilize machining, testing and staff resources
Finalize test plans early in Spring Semester
Follow hard timeline
R4 Over-heating of CubeSat Internal Components Conduct thorough thermodynamic analysis
Explore use of peltier devices
Types of Risks Severity
1 2 3 4 5
X Budget
(X) Technical
(] safety 2
|
(X) Schedule 2
- |

68
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Issues and Challenges

69

Weather

> Required clear skies for Sommers-Bausch Observatory

Faulty Components

> UDOOQO x86 became inoperable due to faulty power cable providing
Incorrect voltage/current

Motors did not come with specified dimensions

Motor company applications engineer advertised the units as
performing without need for rotational constraint of the lead

>
>

Delays
> Environmental chamber access lost due to Graduate projects
> SBO access lost due to Astronomy day
> P(CB Manufacturing
o Lack of funds for fully manufactured PCB

o Backordered parts
> (hanges from UDOO - Raspberry Pi - UDOO

Systems Engineering




Lessons Learned
Systems Engineering Lessons

>
>
>

Y VYV

A thorough trade study assists in initial design
Really assess the feasibility of requirements
Define more thorough requirements

o Pointing accuracy requirement was ambiguous
Scope the project appropriately
Problems compound quickly
Keep strong communication with customer

Improvement Strategies

>
>
>

70

Monitor/tackle problems with an “Issues” Log
Include a larger time and budget margin
Finalize design more during the fall semester

Systems Engineering
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Management Process
Approach

> Was hands off, avoided excessive micromanaging
o Let members determine own work tasks, stepped in to
redirect when heading in wrong direction
> Extensive work with most subsystems allowed an
understanding of challenges and time requirements

Communication

> 1-2 official full team meetings per week
o Frequently had more with smaller portions of team
> Primarily used Slack for communication
> Frequent email communications with the customer
> Delivered status updates to customer in the form of a quad
chart every 1-2 months

Subsystem Structure

> Every team member was a subsystem lead
> Team members worked across various subsystems when
needed

> | eadership roles changes significantly as the year progressed

Project Management
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Management Successes/Difficulties

Successes Difficulties

> (Completed a highly complex > Maintaining schedules
project with many moving > Deliverables were completed
parts last minute, need to plan

> Kept team morale high ahead

> Found roles to suite each > Knowing the status of each
team member’s talents team member’s current work

> (Communication across
subsystems

Lessons Learned

> Add more margin to timelines, estimates for nearly every task were
lowballed, even when they already included substantial margins
> Keep a closer eye on team spending
> Spend less time on technical work and more time managing
o Man hours lost from team members working on unnecessary
tasks without an indication that a new focus was needed
o Some important tasks needed a better distribution of team
member time and expertise

Project Management
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Tea M H ours Total hours: 5613.75
Average total hours: 510.34

Total Hours by Person

800
700
600
..... 1
itk e e Sl Sl S S foiis St Wit iyl il vl mvlmvnl st el — === |ee==s 2
500 B
..... 4
< [ [ e e | O S R 5
g40r- 1 v v e 6
 { 0 v 0 Y e 7
..... 8
9
oo v bty Uy e 10
lllll 11
200
100 :
. ; i i ; ; i i .
0 2 4 6 8 10 12

Team Member
*Dashed line represents the fall semester, solid line represents the spring semester

Project Management
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Team Hours Total hours: 5613.75
Average weekly hours: 18.90

Weekly Hours by Person
400 |
] o
|
350 e | i
Ll ||
| I
300 | — L —
— | — K
= : I -2
. 3
250 B ] | [ 3
| B s
g | ] s
= -
3 200 , | =t
* | s
| o
150 |- | 110
1
= = Winter Break
100
50
0
0 5 10 15 20 25

Week in Term
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COR Budget vs Current Budget

76

909.95

909.95

0

0

\/arious

2,715.49 2,690.87 - -091% - 24.62
272.60 378.24 - +388% + 105.64

1,033.27 1,927.14 - +86.5% +893.87
162.50 150.92 - -7.67% -11.58
56.00 94.01 - +67.9% +38.01
100.00 128.35 50 + 78.4 % +78.35
524.60 507.51 - -3.37% -17.09
429.48 528.35 - +23.0% +98.97

6,203.89 7,315.34 +18.7 % +1,161.45




F quivalent Industrial Cost

N e | oot

$6,203.89 Hours $5,613.75
MSR $6,181.39 ‘ Materials $14,365.34
TRR $6,680.94 Overhead 200%
SFR $7,365.34 “Industry Cost” $569,385.08

Cost Per Work Hour: $31.25
Determined using yearly wage of $65,000 and average of 2080
hours/year

27 Budget




Thank you for
listening! We
appreciate
your
feedback.

Are there any
qguestions?
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ADS Calibration Model Full Scan Check

Move ADS FOV center on center of Sun and
scan along the black doing full scan
\Verify incoming and outgoing photodiode

05

04

03

02

81

reading slopes are the same

06

5 06|

ttom to Top Scan Radian Levels
B8 bbb E bk b e A b bR b R kR i e X L1}

N\

—— Expected Drop off Readings
= QOffset Drop off Readings
-Edge of Sun
—+Edge of Sun

“ll

O —— T O -
s pniizs L ELEECELL] LELLLELES rty

1
02

1 1
a o1 0z
Angle across Sun [radian]
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ADS Calibration Model Redundant Pattern T

82

05

04

03

02}

01 F

.6

0.4

0.2 0 02

X

Integration Testing: Sommers-Bausch

04

06 | 1|




ADS Component Verification s mmam

\Verify that code converts hexadecimal values nEmEm

from last RX into the angle measurements L

below o FEEn
O Solar MEMS ISSDX - b X ] ] ====

ISSX Viewer Software . . .

Solar :1;:3’ Ie{:gszlogies Ol | ]
SOLAR M MODbus communication . . . . .
O e e M B0 3 ~_:mt'-§.’~:»:::ar~mems.=:x:m ....
www.solar-mems.com

~“HEN
H NN

Computer: Sensor:

om Port [COM3 :
I H

> _ Bit Rate: (19200 | [19200 || sET (] | (111
PLAY STOP Parity: ]None v| |None vlv SET ‘ .....
Stop bits: |1 v| 1 v|| ser O =====
Identifier: 1 v|| SET . . . . .

“HERER
COMMUNICATION DATA Reading Frequency Hz UEER

Last TX 01 03 00 08 00 07 85 CA .....

Reference number:  |S5-D5-B0073

Last RX 01 03 OE 00 00 03 3F 00 FE FF 9A FF 6B FF 9D FF 6B 89 4F . ....
Angle X Angle Y Radiation Temperature Additional info . . .
No Filtering:  -0.099 ° -0.149 ° 831 W/m2 25.4 °C 0 . ... .

Filtering: -0.102 ° -0.149 °
ISSDX ts OK . .....
measuremen . ..... .
§ ENEEN
Integration Testing: Sommers-Bausch ...===
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ADS Component Verification T

LY ]
O | ]
“Hin

HER
“HCEN

o FHER
~“HiN

L | ]
HER

~ Hin

2 Finn
“HER
“HER

H FER

"R HEER
“HEEN
Y |
“EEEn

N NHER
S“HEEEE
“HER
O | ]
HEER
HER

~ HEER
O [ ]
SEEEER
|
Integration Testing: Sommers-Bausch 5 EEEE

Check for non-linearities by
moving test mount in one
dimension from ADS FOV end
to end and recording opposite
dimension

Mounting ADS on stable
tripod resulted in correction in
ADS angle outputting code

84



ADS Component Verification s mmam

Move test frame from right to left then back REEEn

. Varied x angle with y constant BEE
— NEEEE

. o % EEEE
N “HER

A HEER
L]

o HER

o FHER
~“HEN

| | , | | | | | | , NN
5 -4 3 2 1 o 1 2 3 4 5 B PER
Change in x angle [degrees] ] 11T

o [ ]]

Move test frame from bottom to top then back O =====
Varied y angle with x constant o NHEN

SYEEEER
~“HEN
AEHER

N ]
L]

o HEER

N AEHER
I NEEEER
" S S S N HEEER
1in*l.fa‘:vgl*e. [u::‘Iegreezs] ’ ' i ...===

Change in y angle [degrees]
& .

[=]
1

=
]
T

&

&
‘ & !
B

T

=}
i

Change in x angle [degrees]
=]

=

2 -
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Thermal Simulations: Ascent

Temp (Celsius)

86

Ascent Heaters Off

16.00
L
14.00 R
12.00
10.00
8.00
6.00
4.00 “ o ST

200

360.00 1728.00 3096.00 4464.00 5832.00

Time (sec)

Spectrometer 1

Spectrometer 2

Quter Structure

> (oncerned about spectrometer
survival during ascent

> Two simulations were ran
simulating the environmental
conditions of ascent; one with
heaters on and one with heaters off

> With active heater control, we will

be able to keep spectrometers at
survivable temperature

7200.00

Ascent Heaters On

160.00

140.00

120.00

100.00

Temp (Celsius)

60.00 A
40.00f ¥

20.00

80.00 S

0.00

360.00 1728.00 3096.00

Spectrometer 1

Quter Structure

A

Spectrometer 2

4464.00
Time (sec)

5832.00 7200.00

Outer Structure

Spectrometer 1

Spectrometer 2




Pointing Control: Angle Explanation s Emam

LY ]

O | ]

“Hin

HER

“HCEN

o FHER

~“HiN

R Desired Scan .. ....
Location . . .
L u HEE
* " EuEm
& Sun Center ....
T
A N EEEN
| “HEEN
Y |

“EEEn

Linear Actuator ADS . ....
S“HEEEE

“HER

O | ]

| HEER

HER

~ HEER

| O [ ]

SEEEER

|

Integration Testing: Sommers-Bausch 5 EEEE

Optics Train
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Controls Software

ow

Select 1% set of predetermined

angles between Sun center and
desired scan location (8, & U,)

Measure angles between Sun
center and CubeSat normal axis

Legend in elevation (8,) and azimuth
/ =egend \ (1b,,) from ADS

0: Elevation angles

y: Azimuth angles

d: Actuator displacements

X4, Angles b/t Sun center

& desired scan location . .
Wait required spectrometer
X, Angles b/t Sun center exposure time & take readings

& CubeSat normal axis -
Store & backup spectrometer

X, Angles b/t optical axis data
& CubeSat normal axis

X,: Actual, measured

\ value /

Determine stepper motor
linear actuations (d, & d,) to
achieve desired optical train

angles (6,& y,)

Transmitd, & d, from Braswell
processor to Curie processor

Send step commands to both
motor drivers

Measure actual linear
actuations with encoders

Have measurements
been taken at all
polarization angles?

Send new step commands for

(d ) & (dy—dy o)

Change polarization angle

Update predetermined angles

between Sun center and
desired scan location (8,& )

Yes

88
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Software Flow: Single-Board Computer

Declare vai ables

—
& set up re :vant ’

ports

Setup & e able
interru| s

Initialize all
senso

-

iterrupt flag
set?

Configure UV
spectrometer for
measurement
ISR1

requesting new data

Transmit signal
to start
integration

Receive data
packet & save to
USB drive

89

UV spectrometer

Read data & save

to 2 USB drives
actuations to

B
Poll for spectra r‘

data

Perform algorithm
to determine

required actuations

& save to USB drive

Rotate polarizer
mount

aquired
I

Spectra
measurements at
all polarization
angles?
frou.. Lo?

| &

Update desired
scan location

ncau Livivo
sensors & save to
LISR drive

interrupt flag set?

. tivate Arduin.
M GPIO interrupt

~=~~*-~meter data &

Take camera
picture & save to
USB drive

Take UV/visible

save o USB drive

Has 50 seconds
| assed?

aternal
temj erature too
low?

| ctivate
ap Jropriate
he iting pad




“HEEN

. . [ HEN

Software Timing: Single-Board Computer ;g
EECHEN

SENEN

“HER

L]

ISR1 ISR2 ISR1 CHEHE

(Visible spectrometer & camera data) every 60 s . ====
< > SE HEEE
T_EMCS 1]
: Mainline B ..===
> NEEE
(EMCS data) every 1s ..===
“H HNEER

> NEEEE
(Humidity data) every 1 s 0 =====
N NHEN
SENEEN

T1+T _EMCS = “HER
~8.8Ms + ~2.6 Ms = oy 1]

~11.4 ms << 100ms [ 1]l
< > HER

(ADS data) every 100 ms o HEEN

[] NEEEE

EEEEER

B ENEEN

N HEN

90 B EEER
SR [ [ ]

1 Hz

w-----1-

10 Hz T » T

UV Spectrometer
Data Collection

T2(varies) —»
1




Software Flow: Microcontroller

ZR1 (GPIO Interrupt)

Infinite loop

Retrieve required Step required Check for change

Update encoder Decrement

; . in encoder L

Declare var actufatlonudéséagmes actuator(s) state(s) counter(s) | remaining steps

rom
& set uj re

S|
: - ~d
. :-Ztceersr:;rr‘e s Interrupt flag set?
o \é been taken for

both actuators?
number of steps

Setup xenable

inte rupts Ves I

Update
necessary
direction &

Do encoder
counters match

required steps?

number of steps
Read :urrent

state of 2ncoders Yes I

Toggle spectrometer
interrupt GPIO

Argluino Optics Controls ISR

Serial: 115200 baud » To UDOO
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Software Timing: Microcontroller a ShommEN

BT HER
SN HEN
“HER
ISR sniEE
(EMCS data) every 1 s ¥ PUEER
< > “HEN
o8 HEER
s HEE
Mainline
] | ]
“HER
“HER
H THE
“H HEER
“HEEN
S |
oy ] |
¥ FEER
L 2 “HERER
T EMCS +T_1= SNEE

- - = SN HEN
56 ms + ~10 ms 0 TTT

~ BB ms << 1s 1T
o HEEN

| Y 1 ]

EEEEEN

H ENEER

~ HER

92 B ENER
Sy ]

Motor
Actuation

i




Software Path Forward munn

Continue code development nEE
nEn

UDOO (Linux) interrupts _EE

Sensor interfaces ===
Watchdog timer “an

Begin testing H
Sensor unit tests i =EE

Controls tests I EEEE
ENEE

o . 1]
T|m|ng evaluation T

11

System tests EEEEE
11
11

(] 1]
11
1]
Most challenging to complete N HEE
1]
ENEEN
1
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PCB Test Results s mad

il
\Y d(V \
(V) (V) (V) CHEE

29-28V 29.0 28.0 28.06 o HEER
HER

28-12V 28.04 12.0 In ¥ EER
Progress B Nl ]

“HER

12-5V 12.0 5.0 In UERN
Progress B PER

"R HEER

5-3.3V 5.0 3.3 In L] ]
Progress g BEElEr

“EEEn

N NHER

S“HEEEE

“HER

O | ]

| HEER

HER

~ HEER

| O [ ]

SEEEER

N EEEER

~ HER

94 N ENEE
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[] 1]
FlatSat Test -
[] NN
> Purpose: Determine that all of the components integrate and operate functionally .=====
> Procedure
. . “HEN
o Integrate electronics outside of the CubeSat structure EEE
o \Verify expected voltages and currents with a multimeter ST T
o  (alculate and verify expected power draws ¥ PEER
=3 Data Line 1] ====
—> Power Line 1T
> Control Command Sun Sensor ” EER
Camera Rotating Polarizer Mount O ====
STOUT spectrometer . . . .
(200 - 400 nm) - l.===
L
. CHEEN
Simplified FlatSat Test Connections — RADIANCE Linear ACtualors: o o o A D
spectrometer
(200 - 1100 nm) ..====
usB 4
Drives YEEEEN
“HEN
i SENEN
Sensor Package/ Thermal Control > B (1] 1]
0 . Lab Power Source 0 .===
Thermo- Pressure p .....
couples SEEEER
ples Sensors Heaters 5 EFEEE
Integration Testing: Environmental 4 HEN
95 8 8 5 EEEE



PCB: Lessons Learned " LEEE

Surface-mount parts -

rather than through- e
hole T
Separate PCB for T
prototypes needed T

rather than simply ===

breadboarding 0 '::

Hard to troubleshoot ol

PCB size -

reconfiguration iEm
econriguratio -
1T

1T

T

1T

T

B 1T

T

BT

Test Readiness: FlatSat ] ]
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EPS Path Forward munn

97

Converter prototype troubleshooting and BT
testing T

PCB redesign for size (concurrent) SEnm

Flatsat testing l===

Order PCB o

PCB unit testing and troubleshooting -

Flatsat PCB . l==
I HEEEE
11T

Test Readiness: FlatSat ] ]




PCB Converter Pin Voltages

98

Converter

Pin

Expected
Voltage

Actual fHENN
Voltage @ ENEN
“HEN

29-28

29.0

|| ]|
29.07 T

1.75

¥ Nin

1.25

“HEn

0.00

E NEE
0.00 N EEEE

29.0

IEEEE
29.11 % EEEEE

21.3

oy ] |
21.19 5 EEER

21.3

“HERER
21.19 UEER

29.0

Y 1 ]
29.11 B TTT

Test Readiness: FlatSat



PCB Converter Pin Voltages
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Converter

Pin

Expected
Voltage

Actual fHENN
Voltage @ ENEN
“HEN

28-12

28.0

|| ]|
28.00 T

1.75

¥ Nin

1.25

“HEn
0.006 uEER

0.00

E NEE
0.00 N EEEE

28.0

IEEEE
28.06 % EEEEE

20.3

oy ] |
20.18 5 EEER

20.3

“HERER
20.18 UEER

28.0

SN HEN
28.06 B TTT

Test Readiness: FlatSat



Needle Roller Bearing Specs -

CHER
Parameter Values (11
CHTER

Shaft W T

' SE HEENR
Diameter 1T

: » ¥ Hin
“HEn

. P SEEE
Width 0.01-0 g hed

Tolerance ] | (1] ]
“HEEN

Shaft -0.0003-0” H =====
Tolerance 5 EEEE
S“HEEEE

“HER

O | ]

| HEER

HER

~ HEER

| O [ ]

SEEEER

N EEEER

Integration Testing: Sommers-Bausch ...===
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Needle Roller Bearing CAD -

BEECHEE
SEEnn
“HER
HEN

N B ]

o FHEn
“HER

o HEER
HER

~ Hin

o FHEn
—— s
H FHN

"R HEER
“HEER

o EEEEE
Y | ]

N NEEN
YEEEEN
“Hin
SEEan

| HEEN
HER
McMASTER-CARR.“" .02 5905K331 ¥ BEER
e T H . EEEEN
SEEEEE

|

Integration Testing: Sommers-Bausch 5 EEEE
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Mainline Time
Requirements

Data Size
Process [B]
Internal Temp. 2
External Temp. 4
Pressure 3
Camera 600000
Polarizer 0

Spectrometer - Visible. 10000

ISR1 (ADS)
Data Size
Operation [B]
Request ADS Data 16
Wait for Data 0
Write ADS Data to
usB 16
Calc. Required
Actuation
Send Actuation
(Serial) 8

Arduino Interrupt

Quantity

Comm. Rate
[B/s]

14400
0

14400

14400

Total:

Read Time = Write Rate Interrupt
[ms] [MB/s] Time [ms]
2.5 120 0
25 120 0
8.22 120 0.5
15 120 0
1 120 0
0.17 120 0
Total:
Subtotal
[ms]
1.1111111
11
5
11111111
11
1
0.5555555
556
0
87777777
78

Integration Testing: Sommers-Bausch

Subtotal
[ms]

17.500116
67

5.0000666
67
8.720025
20

1

0.2533333
333

52.473541
67



ISR2 (Spectrometer)
Operation
Config. Spectrometer

Signal Measurement

Spectrometer Exposure
Spectrometer Sampling
Data Transmission

Save Data (2x)

ISR3 (Humidity)

Operation

Grab Humidity Data

Save Data

103

Data Size [B]

20000

Data Size [B]

Comm. Rate [B/s] Subtotal [ms]
0
0

300
3
4.6
120000000 0.1666666667

Total: 0.1666666667

Comm. Rate [B/s] Subtotal [ms]

14400 0.2777777778
0.00003333333

120000000 333
Total: 0.2778111111

Integration Testing: Sommers-Bausch

Not included in
total

Max Allowable
Total:



Pointing Control: Animation

Integration Testing: Sommers-Bausch
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https://drive.google.com/file/d/11-dt83TrRr8vmBiMs-OwtOwNQtqzE_Pa/view

Controls Components

e ———

A

Sun Facing <

18.415
cm

Side View

105

Summary

Spherical Rolling

Gimbal Rolling

i i Gimbal
Joints (x14) Axles (x12)

Hours
Remaining: 0

(20% Margin)

\
I
|
I
|
I
|
I
I

’ o mm mm e — - N
I
I Legend
1, .
| In Progress
Production 8
L y,
I ( N\
** - 3D Print Completed &
| Production Not Validated
(. J
|l
| Procured
\e e ...
~

> \/alidating completed parts is a priority
> Remaining hours allocated to validating manufactured parts and

finishing front motor mounts

Integration Testing: Sommers-Bausch



Optics Components

Hours Remaining:
12 (20% Margin)

Lens Lens Lens Egg Cage Polarizer Polarizer Rotation Pusher Pinhole
Tube Mount Gimbal Rods Tube Mount Arm

Pinhole
Mount

I

Spectrometer
Mount

Collimating
Lens

Spectrometer

Summary
> (Optics must still be assembled
> Need to validate 3D printed components to prevent breaking
> Remaining hours account for threading 3D printed parts and
precise pinhole alignment, actual assembly will take ~3 hours

Integration Testing: Sommers-Bausch
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Not Started
<« @
N\ N\
= (A In Progress
Production g
AN J
N\ [ N\
** - 3D Print Completed &
Production Not Validated
J J
N | d Y
Completed &
P Validated
J 4
”’



285 cm

Critical Parts sunasng =

Gimbal Assembly

> McMaster-Carr Needle Roller Bearings 18415
> Pusher Arm -
> Spherical rolling joints

Side View

Roller Bearings Pusher Arm

Spherical Rolling
Joints

Integration Testing: Sommers-Bausch
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Critical Parts . Dumm
ENNEER
Needle Roller Bearing l====

1]
Possible Issue(s): NENEN

> Bearing slack leads to inaccuracies in pointing angle § ENEE

un HEER
Solution(s): T
Undersized gimbal holes o HEN

Press fit into each gimbal 2 ENEE

Oversized pin press fit into bearing ====

Minimizes bearing slack iZ8 H NER
Manufacturing inaccuracies calibrated out "R HEER

CHNEN

o EEEEN
SENEN

§ FEEN
FENEEN

i “HEn
SENEN

] 1]
L]

o HEEE

] SENEN
EENEEE

|
Integration Testing: Sommers-Bausch 5 EEEE
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Critical Parts

Spherical Rolling Joint

> Skeptical to Component Conformance: “Each joint comes with a certificate of “HEN

conformance indicating the actual tested accuracy” - Myostat Motion Control YEVEE

> (oncern: Relating error propagation in Rolling Joints, Pusher Arm, and Roller Bearings

to optical pointing errors
> Monte Carlo simulation has been developed

PLANETARY

SPHERE SUN SPHERE

J =
S

RETAINER

p— — 1

PM
[o)z]
DA

DIMEMNSIONS

MODEL A B c 1] E F G H | d K

{units: mm}
SRU0MC 19 15 3.8 25 0 B M3x0.5 316 2 15 2

109 Integration Testing: Sommers-Bausch

¥ FHEE
ol 1]

SF HEER
L]

¥ Hin

2 ENEnR
“HEn
]

i SEN

i HNEEN
“EEEn

¥ EENEN
SEEEn

N NEEE
SENEEE
“HEn
SENEN

] 1]
L]

o HEEE

" AtRoss 0 SENEN
LTS EENEEE

5 4 § HENNENR
¥ Han

N ENEE
SENEEEE



NEENEEEER
N EEEEEN

s 5§ EEEEEEE
B 5§ EEEEE
SEEEEEEEE
L
e
5 EEECHESE
e e

5N ENEEEE

o e

: %  EEEEEEE
VanUFaCZUFIﬂg: . l: =:EEEEE
5§ EEEEEEE

- lectrica | e

§ SEEEENEEE
EEENENEEE
SEE THENEER
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Flectrical Overview

Component Overview:

> P(B designed using Altium

> Manufactured components: converter prototypes

> Procured components: Sub-system sensors and equipment, power
PCB, and circuit prototype components.

> Design and validation assistance from Dr. Erickson (EE)

Integration Plan

> |terative process of breadboarding and FlatSat testing,
> Once PCB design is validated it will be procured from Advanced Circuits
to include designed converters

Integration Testing: Environmental
111 8 8




, , , I EEE
Flectrical Hardware Manufacturing Overview, T
( . ) ( Environmental ) [ .Y ([ N\ ( . h 0 uEN
Attitude o Instrumentation I Electric Power ...
Determination Monitoring & and Control Data Acquisition System
L ) U Control ) U ) U ) U v ) ...
c D N N ([ N D ...
Sun Sensor Heating Pads Spectrometer UDOO Converter . . .
(x2) (x2) Prototypes (x4) |1
\ J J J < ~ J ...
4 Th |C | N 4 N 4 N g N ....
ermal Couples : :
\ (x7) ]\ Stepper Motors ]\ USB Sticks J Capacitors ) ...
11
( ) | Stepper Motor [ \( A ...
Pressure Sensor Epnpcoders USB Hub Resistors 1] ]
A J A J \ V4 ...
i ) ~==== T
- Stepper Motor

Humidity Sensor Control Board { Legend 1 . ....
o g e | HEEN
" A I | NotStarted | | ] |
Camera Rotating Mount I I TT

A\ J \ J )
P - I In Progress I ...
UV Photodiod re ENEEE
otodiode 1 | ...
Summar\l = 7 I Procured I ] ] ]
> (Converters are the only component that will be manufactured | — NN
> Every other electrical component has been procured I | sub-system | | NN
' ] EENE
S—e—=- 1 1]
1 1]
ECHEE
HEE

Integration Testing: Environmental
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 lectrical Manufacturing Integration Plan

?ﬁ/

r_____________‘

p
. , Preliminary Converter
Preliminary PCB De5|gn} DeZi o } -~ _L - —d— - \
§ N 8 / egen Total Hours
\/ [ — Remaining: 41
[ ) I Not Started 1 (25%Margin)
Procure Hardware I I
) g | |
, I In Progress I
( . D
Component Unit [ Hours } I —
i Remaining: 1
L Testing y, | Completed |
I |
I I
| I

SN 0f I ! Validation |
elterate vesign ours
| [ Construct Breadboard }—{ Necessar%/) } Remaining: 20 |_PEess_ J
\ | ) /
. . I Hours
l FlatSat Breadboard Relgree sl (U Remaining: 15
Necessary) |
This is an iterative process
Estimated " " . .
[ PCB Procurement } Delivery tme: > "Brunt of effort to vahdatmg power
1.5 weeks allocation and PCB Design
v > Biggest concern is validating PCB
—--------=-=-=- == “I within schedule - if converter
Reiterate Design  (If Hours '
l [ FlatSat PCB H Neceseary) } I[ s } redesigns are necessary.
‘ —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— [

Integration Testing: Environmental
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J 1]

, I EEE

PCB Design -
g EEEE

HCCHEN

11

HEE

HEE

HTHE

MotorEncoder] . . .
. HEE
| fotorEncoder? . . . .

Heater]  Heater? Udoo_standin — . . .

—cln <

—r1 | | ...

—_— —_ L L o . . .
vee U_29_28ConverterSchematic U_Converterd_schematic . . .
29 _28ConverterSchematic sclydop U_Converter2_Schematic U_Converter]_altium_schemdtic Converterd_schematic.schdoc
Converter2_Schematic.schdoc Converter]_altium_schemaic|schdoc . . .
129 Vil8 Vout 1 128V 1,
12 Vout T 112 Vin5 Vout g . . . . .
a
] GNempOUT 2 HEEN

_L_ | GNDIN

GNDOUT | GNBRDOUT

L
[S%»

! = = = =
EEEEE
Motor_Drniddotor_Dniver2 . . .

Pressure GPS  INT_TEMP_1 INT_TEMP 2 INT TEMP_3 INT TEMP 4 . . .

2!
g

Integration Testing: Environmental
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29 - 28V Converter

Ul

1
— AT

hr—— LM23083MY/NOPB

vee |

ADI

ey |2

PGATE

1Rad)

M1

oT

2
El

Ribl

iy

5

Cout
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28 - 12V Converter S T

il “HER
== ™ a8 HEEN
@ BN
1
fay
— o HEN
SEETN [

<3V
AD)
t—a g , mllE |
! ler I
Ll
|

v i SEN
i HNEEN

L CHNEN
' o EEEEN
SENEN

§ FEEN
J - FENEEN
“HEn
SENEN

] 1]
L]

o HEEE

] SENEN
EENEEE

|
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12 -5V Converter

u

<1V 8 VIN

e

2Rt

OND oo

LM30ESMYNOPB

vee |-

1sen |2

Rady

Ml

|-

a
S
d

Ribl

i
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5-3.3V Converter munn

1]
o2 L]
T : HEEN

L1
5V ' ) vIN sw oL YV 33 Voul: ..

Renabl
\;ae 4

Cin 1 ) Cout Cont. ...
I a2
ENBOUT . ...

||}—

[}
=8
=]

FB

= GND

- GNDIN:

|||—

[Te (1] 1]

Q
=,
o
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- ' i
Sommers-Bausch Campaign Data S
. . . BEECHEE
Accuracy of ADS during calibration maneuvers 1
HEN
HEN
HCHE
Actuate telescope by known angle, compare to =T
angle swept by Sun Sensor SEEE
HER
Y Axis X Axis 11
Telescope Sun Sensor Data Error [%)] Telescope Sun Sensor Error ===
Actuation Actuation DEIE [%] EEE
Angle Angle [ 1]
30 arcminutes 31.56 and 32.28 30 30.6 and 32.34 4.9 H HBEER
arcminutes arcminutes arcminutes (1] ]
10 arcminutes 10.8 arcminutes 8 1 arcminute  1.02, 1.14, 1.08, 8 .==
_ and 1.08
1 arcminute 1.14,0.98, 1.2, and 11.5 arcminutes HER
1.08 arcminutes HEREEN
i
30 arcseconds 32.4 arcseconds 8 ENEE
5 arcseconds 3.6, 3.6, and 3.6 28 .===
arcseconds B HEB
L]
S EmE
119 Integration Testing: Sommers-Bausch T



Pictures T
o

g 4 DA m H mW..f -
Eib..ﬁﬁé’d i | i Lti,z;,ﬂ y AR i

Pt | il H NEE
ffﬁfs UG I EEEN
B T

120 Test Results:




—

Pictures __ T

-~ ¢'



Pictures

Test Results:

122
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