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Project Overview

Daniel Barth



Project Background & Purpose
NanoSAM I

A

SAM/SAGE Instruments
(1979-1984, 2001-2006, 2011-Current)

Bulky, High Cost, Low Data Volume

SAGE Il

Overview =

NanoSAM |
(2019-2020)

Optical Instrument for
CubeSat Footprint

(2020-Current)
Integrated 0.5U
CubeSat Payload
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Schedule Manufacturing


http://www.youtube.com/watch?v=6p307_xWcEk

NanoSAM II Payload
somds [ Mino :

4.92

Mass: 0.48 kg
, Size: 0.5 U

- Gathers Irradiance
Measurements
at 50 Hz

Overview 6

Photodiode |l Filter




Functional Block Diagram

Light Entering
the System

Updated 11/29/20
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[ Aperture ]

[ Reflector ]

[ Filters ]

[ Pinhole ]

Legend
Light — +5VDC
Digital -5VDC
Signal 12 VDC
Analog
Signal 3.3VDC

~N

Optics . . i
SR OpticsTemp |~ —{ ppotodiode —:1 Optics ]—:
—___ Sensor ) Heater
Signal 5V )
Board Conditioning | | Regulator |
Temp |
Sensors [ 3.3V )
[ ADC ] [ Storage ] Regulator |
EPS — .
Microcontroller f----~-
s I )
[ — | | |
EDAC Thermal Command Data Data
Control Handling Processing ™x |
Initialization Memory House- Science |
Scrubbing keeping Timing
(Software Y,

G

12V Bus Power [ Bus EPS ]

______ { Bus Uplink &
Downlink
[ Star
Tracker
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_________ [ Attitude
Control

Industry Standard CubeSat
Bus for Orbit Deployment
(Outside of NanoSAM Il Scope)
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Status on Critical Project Elements

Structure Optics
0.5U Payload Form ‘ M Inslfc/:ﬂ:ﬁre]ripl\_l\e/g;cy
Facton ' %’ / Performance
ectronics Software

Low-Noise ¢ Timely and Reliable
Signal Processing Data Collection
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Schedule

Daniel Barth

—» Schedule =



December January February March April May

Finalize Bill of Materials <> MSR <>
I% AIAA Abstract Due Key

Order Components <> TRR . Complete
Winter Break ’ Send design to job shop <> AIAA Manuscript Due _
Assemble EPS boards <> SFR
Integrate payload m

System operation test

——»‘ Develop/Test Software Modules

NS1 Practice Alignment Vibration test

[:] NS1 Attenuation Test

> - NS1 Alignment
‘—ﬂ F NS2 Alignment
NS2 Langley Plot Project Final Report

—» Schedule —» — 10

Thermal Test ‘ Milestone
| Today




Schedule: Testing

December January February March April May
MSR <> TRR > sFR
Winter Break Data Collection Test

NS1 Practice Alignment

[:] NS1 Attenuation Test

o Complete
System State Monitoring Test
Data Window Timing Test
Regulated Light Source Test m

System operation test

Vibration test

Thermal Test

‘ Milestone

Today

- NS1 Alignment

I ‘—ﬂ - NS2 Alignment

Software Module Unit Testing ’ Project Final Report

—»  Schedule
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Manufacturing

David Perkins, Emma Tomlinson, & Jackson Kistler

— —»  Manufacturing =
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Structures Manufacturing Flow

Order Materials for
Structure (Aluminum
Stock, Hardware, etc.)

Manufacture Structural
Ribs and Housing

Order Materials for
Optics (Aluminum Stock,
Hardware, etc.)

&
p Y
[ 1122 - 2/8 ] Part Labeling and Manufacture Optics Quality Check of all
Unpacking Parts, Thermal Boards Manufactured Parts
&
- \
Schedule Margin to : :
[ 2/9 - 2/22 ] Adjust Parts Ofiiies g Full Assembly
. Components Assembled
(if needed)
&

=  Manufacturing =




Structures Manufacturing Scope

p
Parts Needed Manufacturing Steps*
L J
" (2) Horizontal Ribs ) (1. Stock Thickness
Refinement
(1) EPS Mount Rib Il Cut Ribs
(4) Small EPS Spacers [ll.  Cut Housing Panels
(4) Board-Board Spacers V. Clearance and Tap Holes
V. Spacer Cutting/Drilling
2) Thermally Isolating Boards
) IR VI. Dry Fit Parts
(6) Housing Panels VIl. Special Thread in Front
Wall
S y (Manufactured in Aero 155 (Job shop) )

=  Manufacturing =




Manufacturmg Tolerances

Side view of optics
W rl
g ©,
Ivas 1.26 +0.005 |
0.13 +0.025 0.13 £0.025
0.05 min. 0.05 min.
dimensions : Bk 0.20 +0.005
in inches 0.06 +0.004
1.94 +0.023

Manufacturing 15




Optics Finalized CAD - Motivation

Purpose Off-Axis
Determine the quality of the i Parabolic Mirror
mirror via interferometry (d=1 in)
/
Kinematic
3.5in Base Interface
Hardware
(#6-32 0.5in)
Return —
Sphere Aperture
(d =0.75 In) Plate

3in

— = Manufacturing =



Optics Finalized CAD - Alignment Hardware

Sighting
Tabs

Diode Block
Tension Bolt

Kinematic
Base Interface

Larger Diode
Block

Kinematic
Base

Manufacturing



Optics Manufacturing Scope

e N (O D
L Parts Needed )L Manufacturing Steps* ) [Alignment Hardwarej
/(‘I) Optics Base - Diode Mount L il Optics Base Parts b
(1) Optics Base - Mirror Mount II.  Optics Base Main Hole
(1) Kinematic Mount Interface [ll.  Mill Interface, Aperture
_ Plate, Tension Holder
(1) Tension Screw Holder
_ IV.  Mill Diode Block
(1) Diode Block
V. Clearance and Tap Holes
(1) Aperture Plate
_ VI.  Crosshair cutting
(1 ea.) Front, Rear Crosshair
VIl.  Assembl
(~10 ea.) Diode Shims .
* Job shop model
- J J

=  Manufacturing =



Completed Parts

s N\
L Horizontal Ribs, EPS Mount Rib, and Housing Panels )
~

Material:

- 6061 Aluminum
Tolerance:

- +£0.005in.
Equipment:

- CNC Mill and Mill
Method:

- Cut to size, shape using mill, tap or drill holes to
correct dimensions

. )

—P> —»  Manufacturing =



Uncompleted Parts

Board-Board Spacers and Small EPS Spacers

" Material: Dimensions: )
- 6061 Aluminum - Length =0.10 and 0.20 in.
Method:
- Cut hex stock to correct length, drill through-hole in center
\ of cross section ]
C N
L Board-Board Spacers and Small EPS Spacers ) l
" Material: Dimensions: ) 8
- FRP Fiberglass - 3.78x217in. ?
Method:
- Cut to correct dimension with horizontal band saw, use 3.78 0.005 I
\ drill press to create through-holes ]

20

— = Manufacturing =




Uncompleted Parts

p
L Front Housing Panel

/Materialz N
- 6061 Aluminum

Tolerance:
- +0.05in.
Equipment:
- Mill
Method:

- Cut to correct size, use specific ordered
thread mill to tap the largest hole . 1.81+0.005 |

(& )

Manufacturing 21




Parts Needed

~

(&

(1) Populated Analog Board

(1) Populated Digital Board

(3) Shielded twisted pair wires

(3) Clip Connectors

)

I. Application of solder paste

[I.  Population of board parts
via pick and place machine

lll. Reflow soldering of boards

IV. Creation of off-board part
harnesses

V. Connect boards and
integrate in structure

* Manufactured in Aero 150

(&

=  Manufacturing =



Electronics - Purchases vs Manufactured

Purchases Manufacturing
Analog Boards Populated Analog Board
Digital Boards Populated Digital Board Key

| |=Completed
All Board Parts (Resistors, capacitors, .
connectors, IC’s) | I=InProgress

| |=Upcoming

. J

Board-Board Connector

Clip Connectors (2/2-2/9) Off-Board Harnesses (2/9-2/22)

Shielded Twisted Pair Wire
(checking lab availability before ordering)

- =  Manufacturing = 23




Electronics - Analog and Digital PCBs

Analog Board Digital Board

TP8 TP10

NanoSAM II
Digital Board
TEENSY 4.0

=
<
(%3]
=
=
o]
=

GND.IN V_IN

— —»  Manufacturing =
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Electronics Manufacturing Flow

Board Manufacturing

[1/18 i 1/22] S“bggom'i f‘r:fi S92 Review & Soldering -  Unpack & Label Parts
P Workshops
\§
- Y

[ 1/22 - 2/8 ] Apply Solder to Boards

Populate Boards with
Pick and Place Machine

Reflow Soldering Stage

f ¥

[ 2/9 - 2/22 ] Cre_ate Shielded Wire
Pairs and Harnesses

Individual Board Tests &
Debugging

Combined Board Tests &
Computer Setup

- =  Manufacturing =
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Software Scope

Data N\ Data (  Ground Commands ( Command

Communication

Transmission / \_ Systems J \_ Handling

Science Data Science Data

Incoming
Photodiode data

Data \ Science data ‘f Science \ Triggers collection f Timin )
Processin \__Memory J € iming

Data Collection

Calibration values All data

Relevant
system state All data
data

Error Detection
and Correction

Error Detection

\ Correctable errors f Error
J

\_ Correction

Detected
errors

y

Detected faults

Fault Mitigation (Fault Recovery) IEs T8 ( Fault Logging ) (Fault Detection)

All system
state data

Detected faults

Housekeeping System State \  Temperature data (~ Thermal )

Data Collection / \_ Control

- = Manufacturing = 26




Science Memory Handling Module Breakdown

Science Memory Handling
Module Definitions

( initBuffer(buffersize) } — — — Called to initialize buffer array in memory if it does not exist
: __ _ Add the sample gathered by data processing module to the buffer
(updateBuffer (sample, 1ndex)>~ Overwrite oldest buffer element if the buffer is full

Saves buffer from temporary storage (array) to long-term memory (file)
C saveBuffer(buffer[]) } — — = Calls an EDAC module function to apply a Hamming code to the buffer

Clears buffer once stored to long-term memory

Manufacturing

27




Software Development Status

JAN - 17 JAN 18 JAN - 24 JAN 25 JAN - 31 JAN 01 FEB - 07 FEB 08 FEB - 14 FEB 15 FEB - 21 FEB 22 FEB - 28 FEB 01 MAR - 07 MAR 08 MAR - 14 MAR
13' 14 15 NS 218 (19 20 21 22 |2¥1/24) 25 26 27 28 29 [ SOIES 1 2. 3 4 5 NGNIZN 8 9 10 N 12 BNIAGE 15 160 17 18 19 F20HER0) 22 23 24 25 26 A28 1 2 3 4 S EGAEZH 8 9 10 N 12 H¥

Overview Schedule




Software Development Status

Pseudocode Complete

FSW file structure
chosen and implemented

Module Development:
Science Memory,
Main Loop Framework

v

Module Development:
Housekeeping,
Command Handling

Module Development:
Ground Interface,
Command Transmission

Module Development:
Science EDAC,
Data Tx

¥

Module Development:
Fault Management
Program EDAC

Unit Testing

Integration testing with
Hardware

=  Manufacturing =
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Budget

Daniel Barth

_>

Budget

30



Budget Update

Large margin (2x) to account for
unknowns in costs related to shipping
and additional components needed

St Reduced margin (1.5x) due to
Ungllocated ructureos larger certainty in allocated funds
°.4% All purchases completed for the

$280 Electronics structures and electronics
5.5% systems

Deposit Expensive components still to be
purchased for optics
o Additional mirror and light
filtering components




Acknowledgements

Our Customers:

Jim Baer & Jaykob Velasquez
Ball Aerospace

Our Peer Evaluators:

Lara Buri & Colin Claytor

... and all of our personal friends who
should send us a bill for their time
doing engineering review

CU Aerospace Department:

Dr. Allison Anderson
The PAB

Our Local Professionals:

Meadowlark Optics Inc
Blue Canyon Technologies
John Ferguson




Questions



References

[1] QB50:System Requirements and Recommendations. Issue 7, Section 1.6 "Thermal Control" and Section 2.2
"Resonance Survey." Published 13 Feb 2015.
https://www.gb50.eu/index.php/tech-docs/category/QB50_Systems_Requirements_issue_76e8e.pdf?download=
89:gb50-docs

[2] Anderson, B. & Justus, C. & Batts, G. “Guidelines for the Selection of Near-Earth Thermal Environment
Parameters for Spacecraft Design” 2001.

[3] Henninger H. John, "Solar Absorptance and Thermal Emittance of Some Common Spacecraft
Thermal-Control Coatings” Goddard Space Flight Center, April 1984.
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19840015630.pdf

[4] “SAGE Il on ISS”, Wikipedia, Last Edited 10 September 2020.
https://en.wikipedia.org/wiki/SAGE_IlI_on_ISS#/media/File:SAGE_IlI_Instrument.jpg

[5] Mason, J. & Woods, T. “Miniature X-Ray Solar Spectrometer (MinXSS) — A Science-Oriented, University 3U
CubeSat.”
https://arxiv.org/pdf/1508.05354.pdf

[6] Anderson, J. & Et. Al “NanoSAM Il Preliminary Design Report”. Published 13 October 2020.

34


https://www.qb50.eu/index.php/tech-docs/category/QB50_Systems_Requirements_issue_76e8e.pdf?download=89:qb50-docs
https://www.qb50.eu/index.php/tech-docs/category/QB50_Systems_Requirements_issue_76e8e.pdf?download=89:qb50-docs
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19840015630.pdf
https://en.wikipedia.org/wiki/SAGE_III_on_ISS#/media/File:SAGE_III_Instrument.jpg
https://arxiv.org/pdf/1508.05354.pdf

References

[7] “3U CubeSat Structure” ISIS Space, https:/www.isispace.nl/product/3-unit-cubesat-structure/

[8] “PC/104 Specification” PC/104 Embedded Consortium. Version 2.6, October 13, 2008
https://pc104.org/wp-content/uploads/2015/02/PC104_Spec_v2_6.pdf

[9] “2000 ASTM Standard Extraterrestrial Spectrum Reference E-490-00.” National Renewable Energy Laboratory.
https://www.nrel.qgov/grid/solar-resource/spectra-astm-e490.html

[10] “General Environmental Verification Standard: GSFC-STD-7000", Office of the NASA Chief Engineer, NTSS
Version 7.0, 30 Sep 2015, updated 29 March 2019. https://standards.nasa.gov/standard/gsfc/gsfc-std-7000

[11] Kim, Sung-Hwa & Hwangbo, Chang-Kwon. “Temperature Dependence of Transmission Center Wavelength of
Narrow Bandpass Filters Prepared by Plasma lon-Assisted Deposition.” Journal of the Korean Physical Society.
Vol. 45, No. 1, July 2004. https:/inis.iaea.org/search/search.aspx?orig_q=RN:41100734

[12] McCormick, M. P. Et. Al. “Satellite Studies of the Stratospheric Aerosol.” Bulletin American Meteorological
Society. Vol. 60, No. 9, September 1979.

35


https://www.isispace.nl/product/3-unit-cubesat-structure/
https://pc104.org/wp-content/uploads/2015/02/PC104_Spec_v2_6.pdf
https://www.nrel.gov/grid/solar-resource/spectra-astm-e490.html
https://standards.nasa.gov/standard/gsfc/gsfc-std-7000
https://inis.iaea.org/search/search.aspx?orig_q=RN:41100734

Backup Slides

Table of Contents

[ -

Risks 54 - 59
_

[ -

Optics 60 - 64
_

[ -

Electronics 65 - 97
_

Structures 98 - 115
[Software 116 - 120
P

Management 121 - 133
_

e

Testing 134 - 146

_

N N N N U NS S N




Backup Slides



Optics Instrument Overview
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Work Breakdown Structure

. . . . Integrated
Structures Optics Design Optics Testing Software Testing
Structure Alignment Solar Tracking Module System
Design Tooling Design Test (NS1) Architecture Operation
Thermal Machining || Attenuation Module /0 Attenuation
Simulation Error Analysis Test (NS1) Test (NS2)
Vibrational || Langley Plot Dev Priority || Regulated Light
Simulation Ol (FenEs (NS1) Selection Test
NS1 Hardware Above Tests w/ Module
T PETES Alignment NS2 Hardware Pseudocode Thermal Test
Manufacture MTF Module Vibration Test
Structure Determination Development
Structure Optimize . .
Integration Aperture Size Unit Testing
Vibration NS2 Hardware Integration
Testing Alignment Testing

4 N
Key
Complete
In Progress
Future Work
. J




Structure Parts and Quantities

S01: Structural Ribs (2x)

S02: EPS Board Rib (1x)

S03: Top/Bottom Walls (2x)

S04: Left/Right Walls (2x)

S05: Front Wall (1x)

S06: Back Wall (1x)

S07: Structural to Board Rib Screws (4x)
S08: 0.5 cm PCB Spacers (4x)

S09: 0.25 cm PCB Spacers (4x)

* Parts all Ordered from McMaster Carr

S010:
S011:
S012:
S013:
S014:
S015:
S016:
S017:

PCB Screws (4x)

PCB Washers (4x)

External Wall Screws (24x)

Optics Bench to Thermal Isolator Screws (4x)
Optics Bench to Thermal Isolator Washers (4x)
Thermal Isolator to Structural Rib Screws (8x)
Thermal Isolator to Structural Rib Washers (8x)
Fiberglass Isolators (2x)



Structures Parts Status

Completed (Job Shop To be Completed
01)

* Horizontal Ribs (1) » Board-Board Spacers
* EPS Mount Rib (2) * Small EPS Spacers
* All Housings/Walls (3) | « Thermal Isolators




NanoSAM II Dimensioned Drawing
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NanoSAM II Horizontal Rib Drawing
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NanoSAM II EPS Board Rib Drawing
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NanoSAM II EPS Top/Bottom Housing Drawing
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NanoSAM II Left/Right Housing Drawing
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NanoSAM II Front Housing Drawing
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NanoSAM II Bench Isolator Drawing
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Electronics:
Test Points

DIGITAL BOARD TEST POINTS

Test Point

Description

Expected Value

Checks?

Microcontroller Vin

33V

Microcontroller
getting required
power, also checks

Test Point Description Expected Value Checks?

1 Pre Feedback Depends on light Photodiode working
Resistor source

2 Post Depends on light Transimpedance amp
Transimpedance source working
Amplifier

3 ADC Vcc 3.3V Voltage reference

working

4 ADC Ref- GND ADC reference good

5 Analog Thermistor Depends on Thermistor good
Voltage Divider temperature
Output

6 Analog Thermistor Should be the same | Voltage follower good
Voltage Buffer Output | as TS5

7 5V Regulator Positive | +5V Bipolar regulator
Output good

8 5V Regulator -5V Bipolar regulator
Negative Output good

9 5V Regulator EPAD | GND Bipolar regulator
Ground good

10 Voltage Bus Input System Vin Voltage source good

1 Current Sense Backsolve for Vin Current sense

Output

monitor good

MOSFET not busted
2 Watchdog RST 33V If watchdog triggers,
Signal RST goes high
3 Watchdog /ST Signal | 3.3V, 50ns width Microcontroller
square outputs watchdog
signal
4 Flash 1 Vin (U$1) 33V Flash 1 power
5 Flash 2 Vin (U$2) 33V Flash 2 power
6 Digital Thermistor Depends on Thermistor good
Voltage Divider temperature
Output
7 Digital Thermistor Should be the same | Voltage follower good
Voltage Buffer Output | as T6
8 3.3V Regulator 33V Linear regulator good
Qutput
9 3.3V Regulator GND | GND Linear regulator goou
10 3.3V PG Pin High (~3.3V) Linear regulator good
1 Voltage Bus Input System Vin Voltage source good
12 Current Sense Backsolve for Vin Current sense
Output monitor good
13 Optical Bench Depends on Thermistor good
Thermistor temperature
14 Optical Thermistor Same as T13 Voltage follower good
Voltage Buffer Output
15 Resistor Heater Vin ~System Vin (minus | Use to check heating
TVS diode drop) resistor voltage drop
16 Resistor Heater GND | ~GND (+MOSFET Use to check heating
Drop) resistor voltage drop




Electronics: Test Plan(s)

Analog Board, Individual Tests

Test notes: For this test, the boards will not be connected. Thus the 3v3 line from the digital
board will not exist. This means the analog thermistor will not be powered, its outputs should
thus be zero volts. This also means the current sense monitor will not be powered, its output will
be zero volts. The photodiode may or may not be connected for this test, which will affect the
voltage at test point 2.

Test operator must be grounded.
Testing must be done on an ESD safe mat.

Detailed step by step instructions
such that even another team
could carry out the test.

Initials and signature force test
accountability & traceability.

1 | Set power supply to 12 VDC, set current limit o 0.5A. =

Disconnect GND_IN and V_IN banana plugs from the board.

2 | Orientate the board such that the cutout is on the right side. Insert GND banana 17
plug from power supply to GND_IN through hole in the bottom left corner of the

Place the disconnected board in an ESD safe storage location.

board. Insert 12 VDC banana plug from the power supply to V_IN through hole

Testing Notes:

Test Operator signature:

Date of test completion:

50



Analog Board (1/2)
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1 I [ 5 6
4 B Male (Analog) Board C
5V Bipolar Regulator w/ Current Sense Manior | 8| e (Anblog) Board Conneeior
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tal Board (1/2)
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OSHPark CAM Job Render [Digital]
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Completed Analog Board
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