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The Problem:
How to launch these satellites?
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The PPOD
A containerized dispenser
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For Reference
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Thoughts on building a CubeSat in a university
environment

the lessons | have learned
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1. Have a purpose
* You need direction
* You need guidance on when to say NO
* Avoid building Frankensat
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CSSWE Science — Living with a star

Science Objectives

To understand the relationships between
solar energetic particles (SEPs), flares,
and coronal mass ejections (CMEs), and
to characterize the variations of the
Earth's radiation belt electrons.
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2. Define requirements and interfaces

| ' Smead Aerospace

. 4 |

UNIVERSITY OF COLORADO BOULDER



REPTile
electronics Body mounted
Solar panels

Antenna

Hysteresis C&DH — =

Rods Comm //’ / ’
E

PS
Batteries

’, ' Smead Aerospace

UNIVERSITY OF COLORADO BOULDER



. Develop a plan with milestones
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Figure 5-2 — The NASA Project Life Cycle
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Understand The Iron Triangle

Requirements
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Closing the iron triangle will
be your biggest challenge




4. Documentation, documentation, documentation
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5. Problems will occur — expect them
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6. Test, test, test ... as you will fly
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/. Hardware is done — the software goes on and
onandon ....
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% of changes

484

243

32.29

4.69

45600 The following historical commit information, by author, was found in the repository,
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Show minor authors (2) v

55.69

Below are the number of rows from each author that have survived and are still intact in the current revision.

Author v Rows
P52 Harrison A. Brown 1565 38.15
Jeff Fukushima 694 26.66
3 nell 12198 51.75
sefo2615 1421 22.03
Sujit Kautkar 21364 34.25

Show minor authors (2) v

The following history timeline has been gathered from the repository.

Author 2015W09 2015W10 2015W11
;: Harrison A. Brown

Jeff Fukushima

Sujit Kautkar

":?’:‘ nell

sefo2615

Modified Rows: 3629 74 96

% in comments

2015wW12

21356

2015W14

388

2015W15

3499

Show rows with minor work (2) v

2015W16 2015W17

6282 3163



8. Technology is the easy part
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Note: This flow chart is for United States CubeSat teams only. Rules and processes in other countries will differ.

Determine Comm
System

Requirements 1
1 Comm System Requirements:
Required link margin
Data rate/modulation schemes
Allocation/frequency band
|dentify coordination requirement
Transmitter power {ground and satellite)
Receiver sensitivity (ground and satellite)
Radiation pattern/satellite pointing
Capable ground stationsflocations
Annex X of IARU Satellite Specification
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. > ODAR inputs:

KB « DAS

= « Explosion/collision probability
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Figure 1: United States licensing flow chart.
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Service

* Frequency Authorization Inputs from CubeSat Developer:

s survise

Bryan Klofas
Version 12
April 2013

Frequency
Licensing

Don’t underestimate
the other tasks




Lessons Learned

e |tis wicked fun and it is wicked
hard

 Make is simple ... then simplify...
repeat...

e The earliest decisions are the
most critical

* Launches don’t wait for you — real
deliverables

e Resources are scarce — you need
to be creative

e Utilize your organizational
strengths

I Smead Aerospace

UNIVERSITY OF COLORADO BOULDER

=

o



* Deadlines that are meaningful

FEducational Benefits e Hardware MUST work more than
once...

e Software must be tested up, down
and sideways.

* |nterfaces and requirements must be
clearly articulated and understood

e Students work in interdisciplinary
teams to solve problems

e Students have real responsibility

* Professional interaction with
SpoONSors

e Students learn about scheduling, lead
times, procurement, licensing,... all
the non-technical elements that will
kill a project.
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