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Imagina'on	  is	  more	  important	  than	  knowledge.	  
	   	   	  
	  Albert	  Einstein	  
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Discussion Topics 
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CubeSats and SmallSats are merely part of a larger discussion. 
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What Is a CubeSat? 
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A miniaturized satellite (nanosat) consistent with standardized form factors 
used for space applications 
•  Developed by California Polytechnic State University and Stanford 

University in 1999 
•  Consists of any number of 10 x 10 x 10 cm units 

or “U”s 
•  Each “U” has a mass close to 1 kg and not to 

exceed 1.33 kg 

Satellite	  Class	   Mass	  Range	  

Minisatellite	   100	  or	  higher	  

Microsatellite	   10	  –	  100	  kg	  

Nanosatellite	   1	  –	  10	  kg	  

Picosatellite	   10	  g	  -‐	  1	  kg	  

Femtosatellite	   1	  –	  10	  g	  

A CubeSat starts as just an empty box.  Its capabilities are limited by the developer’s. 
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CubeSat Deployment 
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Standard canisterized system and 
low cost reduces barriers to flight 
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CubeSat Deployment 
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30 cm 
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The Landscape 
The Year 2000.  (What’s a CubeSat???) 
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“In  2000, there were ten commercial 
launches licensed by the Federal Aviation 
Administration (FAA) for revenue that 
totaled about $625 million.  This total 
represents seven launches from U.S. 
ranges for commercial and government 
customer plus three launches by the 
multinational Sea Launch Venture.” 
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The Landscape 
The Year 2014 
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• Orbital launch vehicles deployed 46 CubeSat class 
satellites launched as piggyback payloads. Sixty seven 
more CubeSats were delivered to the ISS by the Cygnus, 
Dragon, and Progress spacecraft and then released into 
orbit from the ISS. Twenty nine more CubeSats were lost 
during a failed launch attempt of a Cygnus cargo 
spacecraft to the ISS.  
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The Landscape 
The Year 2014 
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• KazEoSat 2 was launched with 36 secondary 
payloads, … and 35 microsatellites, most of them 
CubeSats. ASNARO 1 was launched with four 
Japanese university microsatellites. 
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The Landscape 
An Upward Trend 
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Ref: 2014 Nano/ Microsatellite Market Assessment, SpaceWorks Enterprises, Inc. 
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The Landscape 
Growing Payoff 
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Small, low-cost satellites are coming into their own as a niche industry serving commercial 
and government markets, building on the free development work provided by a generation 
of engineering students at places like California Polytechnic State University and 
Morehead State University in Kentucky. 
 
It is now clear that smallsat technology is leapfrogging beyond the classroom. No longer 
just a hands-on teaching tool, miniature spacecraft are in serious development as weather 
monitors, Earth- and space-observation telescopes and a host of scientific probes. 
 
“The genesis for a lot of the work has been in the universities, but we're now coming to a 
kind of a cusp, or a knee in the curve,” says Charles S. (Scott) MacGillivray, president of 
Tyvak Nano-Satellite Systems, a two-year-old startup that is gaining serious traction in the 
market for cubesat components, engineering services and launch integration. “We can 
start saying 'hey, we can do real missions with these.'” 
 
Presentations at the 27th annual Small Satellite Conference at Utah State University here 
last week underscore MacGillivray's point. 
 

Smallsats Finding New Applications 
By Frank Morring, Jr. 
Aviation Week & Space Technology, Aug 2013 

 
During last year's conference Tyvak signed a $13.5 million NASA technology-development contract for the Cubesat Proximity Operations Demonstration (CPOD) mission, 
which will fly two 3U cubesats (each one comprising three 10-cm “cubes” that are each counted as one “U”) to orbit. Once there, the two tiny spacecraft will use a multi-
thruster cold-gas propulsion system to fly a choreographed pattern around each other before docking, accomplishing the task with imagery, a cross-linked GPS signal and 
sophisticated software running on high-performance onboard processors. 
 
Although most of the small-satellite and miniature instruments covered at this year's conference are still in development, the range of topics suggests the next few years will 
see a dramatic increase in “real missions” conducted with small spacecraft. Among them are “High-performance Spectroscopic Observation from a Smallsat;” “Star Tracker on 
a Chip;” “Simultaneous Multi-Point Space Weather Measurements using the Low-Cost EDSN CubeSat Constellation;” “Cicero—A Distributed Small Satellite Radio Occultation 
Pathfinder Mission,” and “TacSat-4: Military Utility in a Small Communication Satellite.” 
 Until recently, SmallSats were considered too limited for meaningful work in space. 
Designers have been spending a lot of time working on ways to enhance the capabilities, 
and the payoff is starting to appear. Presenters from the Space Dynamics Laboratory here and NASA Ames Research Center in Mountain 
View, Calif., displayed dramatically different ways to fold a useful Earth-observation or astronomical telescope into CubeSats for deployment on orbit. Miniature atmospheric 
sounders and other weather instruments were hot, as were propulsion systems… 
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Next Step: 
Beyond LEO Capabilities 

13 
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Next Step: 
Beyond LEO Capabilities 
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Next Step: 
Beyond LEO Capabilities 
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This is not your father’s (or mother’s) space… 
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Enablers: 
Miniaturized Technology 
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Program	  Execu=ve:	  Andrew	  Petro	  (HQ)	  
	  

Objec2ves:	  
•  Iden=fy	  and	  develop	  new	  subsystem	  
technologies	  to	  enhance	  or	  expand	  the	  
capabili=es	  of	  small	  spacecraJ.	  	  

	  	  	  	  	  TRL	  3	  to	  5	  

•  Demonstrate	  new	  technologies,	  capabili=es,	  
and	  applica=ons	  for	  small	  spacecraJ.	  	  	  

	  	  	  	  	  TRL	  5	  to	  7	  

•  Use	  small	  spacecraJ	  as	  low-‐cost	  plaOorms	  
for	  tes=ng	  technologies	  and	  capabili=es	  with	  
applica=ons	  for	  spacecraJ	  and	  systems	  of	  
any	  size.	  

•  Promote	  the	  small	  spacecraJ	  approach	  as	  a	  
paradigm	  shiJ	  for	  NASA	  and	  the	  larger	  space	  
community.	  

	  

Space Technology Mission Directorate (STMD) 

Enablers: 
NASA Small Satellite Technology Program 

Ref: Andy Petro/ NASA 
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Enablers: 
A Growing and Innovative Community 
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“NASA is again extending an opportunity 
to college and university teams to propose 
small spacecraft technology projects that 
they can conduct in collaboration with 
NASA researchers…” 
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Enablers: 
A Growing and Innovative Community 
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Enablers: 
A Growing and Innovative Community 
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Public real-time satellite tracking 

Thomas	  Jefferson	  High	  School-‐	  
Principle	  Inves=gator	  Ins=tu=on	  
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Enablers: 
Advancing Space Systems Technology 
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Enablers: 
High Performance Commercial Components 
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Enablers: 
Easier Access to Space 

24 
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Enablers: 
Easier Access to Space 
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Enablers: 
Commercial Investment 
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Enablers 
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And this is just the stuff we know about… 
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NASA Relevance: 
Goddard Context: Science 
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At Goddard, it all begins and 
ends with science. 

Ref: 2014 Center Implementation Plan 
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NASA Relevance: 
The Fiscal Environment 

30 
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NASA Relevance: 
The Fiscal Environment 
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"Flagships are expensive. … We just could not afford to do 
another one ... We're embarked on an ambitious program 
of space exploration... We're in tough fiscal times."   
 

Charlie Bolden 
       at the 2013 Goddard Memorial Symposium 
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The Committee on Achieving Science Goals with CubeSats Community Symposium 

Ref: Achieving Science Goals with CubeSats symposium, 2-3 September 2015 
http://sites.nationalacademies.org/SSB/SSB_167274 

NASA Relevance: 
The National Research Council (NRC) Investigates 

A transformation is ongoing… 
•  Growing external and internal interest in achieving compelling science via small satellites 
•  Barriers to space and to achieving credible science are being lowered 
•  Increasing interest in and growing ability to deploy novel mission architectures (e.g., 

distributed systems) 

32 

“New Space” ideas—new 
players, smaller and less 
costly platforms (including 
CubeSats), constellations, 
and hosted payloads—as well 
as small PI‐led programs 
(e.g., NASA’s Venture‐class) 
and additional use of the ISS 
platform hold promise to 
accomplish “more for less”.  
 
Antonio Busalacchi, co-chair, 
2017 Earth Science Decadal  
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NASA Relevance: 
NRC Investigation: Earth Science Decadal Planning 

33 

Ref: Decadal Survey for Earth Science and Applications from Space – ESAS 2017 and the Role of CubeSats in Earth Science, Antonio Busalacchi,  
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Ref:  CubeSat for Planetary Science and Exploration, Breaking New Grounds, Julie Castillo-Rogez , JPL  

NASA Relevance: 
NRC Investigation: Planetary/ JPL Mission Concepts 

2016 Launch 2016 Launch In Planning 
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Ref:  http://clasp.engin.umich.edu/files/articles/CYGNSS_FactSheet_1.pdf 

NASA Relevance: 
CYGNSS Earth Venture Mission 

2016 Launch 
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NASA Relevance: 
Notional Keck Institute Mission 

Ref-‐	  hVp://www.kiss.caltech.edu/study/smallsat/KISS-‐SmallSat-‐FinalReport.pdf	  
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Ref:  http://www.esa.int/Our_Activities/Space_Engineering_Technology/Asteroid_Impact_Mission/

CubeSat_companions_for_ESA_s_asteroid_mission 
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Challenge: Develop a flight-ready 2-instrument 6U Heliophysics CubeSat with 
minimal procurement and workforce funding 

A Path to Compelling Science: 
AETD-Heliophysics CubeSat Skunkworks 
Goddard Reaction:  
•  Are CubeSats ready for compelling, formidable science? 
•  What are the issues associated with building them at  a “heritage” institution? 
•  Can we improve reliability while minimally impacting cost? 

39 

Dellingr Objectives: 
1.  Deliver compelling science from two 

GSFC-developed flagship quality 
instruments  

2.  Develop intelligent “lean” end-to-end 
systems and processes for lower-cost, 
scalable risk systems 

3.  Acquire “lessons learned” 
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Challenge: Develop a flight-ready 2-instrument 6U Heliophysics CubeSat with 
minimal procurement and workforce funding 

A Path to Compelling Science: 
Dellingr - Goddard 6U CubeSat Project 

Goddard Reaction:  
•  Are CubeSats ready for compelling, formidable science? 
•  What are the issues associated with building them at  a “heritage” institution? 
•  Can we improve reliability while minimally impacting cost? 
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Dellingr Objectives: 
1.  Deliver compelling science from two 

GSFC-developed flagship quality 
instruments  

2.  Develop intelligent “lean” end-to-end 
systems and processes for lower-cost, 
scalable risk systems 

3.  Acquire “lessons learned” 
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INMS	  FOV	  
Openings	  

Dellingr: 
GSFC-Developed Flagship Quality Instruments  
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•  Measure ion and neutral composition and 
densities 

•  Study of the dynamic ionosphere-
thermosphere-mesosphere system and 
coupling to the steady state background 
atmospheric conditions 

CubeSat Science Magnetometer  

•  Miniaturized fluxgate with better than 0.1nT 
resolution at 3.5 Hz 

•  Boom (50 cm) and body mounted 
magnetometers 

•  Measurement algorithms null spacecraft-
generated disturbance fields 

Compact Ion and Neutral Mass Spectrometer (INMS) 

Operate successfully 2 GSFC Heliophysics Division Instruments 
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Dellingr: 
GSFC-Developed Flagship Quality Instruments  
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This ion/neutral mass spectrometer uses pre-acceleration and Gated Time of Flight analysis 
to  differentiate species and is designed specifically to resolve neutral and ionized H, He, 
and O. 
•  Required measurements on 3 of 4 Heliophysics Decadal Survey strategic missions

Advanced gated time of flight mass spectrometer (INMS) 

•  0.56 kg, 8cm x 12 cm, max power 1.6W (at full filament 100mA)  
•  Mass resolution M/dM ~10, dynamic range 
•  1-40 amu, max counting rate: 1 Mcps Ref. Paschalidis/GSFC 

TRL 7 
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Science	  
Magnetometer	  

Boom	  

Science	  
Magnetometers	  

Dellingr: 
GSFC-Developed Flagship Quality Instruments  
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•  Measure ion and neutral composition and 
densities 

•  Study of the dynamic ionosphere-
thermosphere-mesosphere system and 
coupling to the steady state background 
atmospheric conditions 

CubeSat Science Magnetometer  

•  Miniaturized fluxgate with better than 0.1nT 
resolution at 3.5 Hz 

•  Boom (50 cm) and body mounted 
magnetometers 

•  Measurement algorithms null spacecraft-
generated disturbance fields 

 

Compact Ion and Neutral Mass Spectrometer (INMS) 

Operate successfully 2 GSFC Heliophysics Division Instruments 

Science	  
magnetometers	  
also	  mounted	  

internaly	  
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Dellingr:   
External Components, Stowed 
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INMS	  FOV	  
Openings	  

Solar	  Cells	  All-‐Around	  

Coarse	  Sun	  Sensor	  
(1	  on	  each	  side)	  

Thermistor	  (~x20	  
all	  over	  the	  

satellite)	  

3X	  Fine	  Sun	  
Sensor	  

4x	  UHF	  Antenna	  

2X	  GPS	  Antenna	  

Science	  
Magnetometer	  

Boom	  

Camera	  

Remove	  
Before	  Flight	  
Connector	  

Ground	  
System	  

Connector	  Separa=on	  Switch	  
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UHF	  Antenna	  
Assembly	  

Science	  
Magnetometer	  

Boom	  -‐Y	  Solar	  Panel	  

INMS	  

Science	  
Magnetometers	  

Electrical	  
Cards	  Stack	  

Reac=on	  Wheels	  and	  
Radio	  Assembly	  

Thermal	  Louvers	  
Experiment	  

Separa=on	  
Switch	  

Ion	  and	  Neutral	  Mass	  (INMS)	  Spectrometer	  
Paschalidis/GSFC	  

Dellingr:   
Internal Systems 

45 
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Dellingr Take-Homes: 
Spacecraft Subsystems 
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Command 
and Data 
Handling 

Attitude 
Determination 
and Control 

Power 

Thermal 

Propulsion 

Mechanical Structure 

Instruments 

Communication 

Hubble Space Telescope 
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Dellingr Take-Homes: 
Spacecraft Subsystems 
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Dellingr 

Command 
and Data 
Handling 

Attitude 
Determination 
and Control 

Power 

Thermal 

Propulsion 

Mechanical Structure 

Instruments 

Communication 

It’s still a spacecraft. 
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Dellingr Take-Homes: 
Robustness Requires an Integrated System Approach 
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Ground Nodes 

End Users 

Command and Data 
Handling 

Attitude 
Determination and 
Control 

Power 

Thermal 

Propulsion 

Mechanical Structure 

Instruments 

Communication 

Space Node 
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Dellingr Take Homes: 
Parts 
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“Fill in the Blank” Space Parts (est. 2015) 
Best parts in the galaxy! 

•  “Oh, by the way, we changed xxx” 
•  “Parts had fingerprints all over them.” 
•  “Sorry.  We threw the bad part away.” 
 

Tread carefully… 
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Dellingr Take Homes: 
Building Small in a Large Build Organization 

50 

The right organization structure for the right job… 

= 
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Dellingr Take Homes: 
Collaborate and Communicate 
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Great things can happen when people talk to each other… 
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Dellingr:   
Status 

• Systems integration nearly underway 

• Environment test begins late 2015 

• Flight readiness Q2 CY2016 
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Lessons	  learned	  during	  development	  are	  pathfinders	  to	  next	  steps:	  	  
beyond	  low	  earth	  orbit	  GSFC	  SmallSat	  science	  
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Next Steps: 
SmallSat-based Science Beyond Low Earth Orbit (LEO) 
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TDRSS 

TDRSS 

Initial focus: GTO SmallSat 

Geosynchronous 
Transfer Orbit 

Goal: 
Enable robust science 

missions beyond LEO and in 
>>100Krad TID and highly 

energetic (SEE) 
environments 

Near Earth 
Network Ground 
Stations 

TDRSS 

TDRSS- Tracking and 
Data Relay Satellite 
System (TDRSS) Orbits 

TID- Total Ionizing Dose 
SEE- Single Event Effects 



A P P L I E D  E N G I N E E R I N G  A N D  T E C H N O L O G Y  D I R E C T O R A T E   Space Technology Mission Directorate (STMD) 

Some	  
Opera=ons	  

Dead	  on	  
Arrival	  

Primary	  
Success	  

Industry Mission Status for Spacecraft 
Reaching Orbit - Second Mission - 

(2000-2014).  

Some	  
Opera=ons	  

Dead	  on	  
Arrival	  

Primary	  
Success	  

Early	  Failure	  

University Mission Status for Spacecraft 
Reaching Orbit - Second Mission – 

(2000-2014).   

Next Steps: 
Reliability Not Sufficient for “NASA Class” Science 

Ref. M. Swartwout 
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Successes = 272 
Launch Vehicle Failures = 32 
Spacecraft Failures = 12 

Since 1974 : Successes = 163 
Launch Vehicle Failures = 14 
Spacecraft Failures = 1 

Year 

Next Steps: 
Beyond Low Earth Orbit 

Goddard’s mission success performance informs our success posture 
    - And is inconsistent with historical CubeSat mission success 
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Next Steps: 
Beyond LEO Capabilities 
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Goal- Enable Robust SmallSat-based Science Missions Beyond 
LEO in Challenging Environments… Without Driving Costs 

Approach: Fly the Instrument 
•  Minimize spacecraft system impact 
•  Build systems when necessary 
•  Buy systems when appropriate 
•  Engage vendors to meet mission 

requirements 

Select Major Foci 
•  Systems Engineering 
•  Radiation Mitigation 
•  Modular Systems 
•  Autonomy 

Goddard Modular SmallSat Architecture- Facilitate cost and schedule 
efficiencies via modularity, flexibility, extensibility 
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Next Steps: 
Beyond LEO Capabilities 
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GSFC is postured for SmallSat science beyond LEO 
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What About… 
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This is not just about CubeSats. 
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What About… 
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x 

x 

x 

Mission 
Success 

Process 

Process = f(…, cost, schedule) 

“How”?  Innovation Required. 
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Is the strength of a “heritage” organization also its weakness? 
 
If so, what? 
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What About… 
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The “Phyllis Postulate”? 
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Can we risk “non-linear” thought? 
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How specifically do we apply this beyond SmallSats? 
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This is not your mother’s (or father’s) space. 
CubeSats-SmallSats are enabling transformation. 
But “New Space” ideas transcend these platforms. 
It’s not just about “what”.  “How” is just as important. 
Communicate and collaborate. 
“Think different.”  Today’s thought may be inadequate for  
          tomorrow’s challenges. 
 

In Closing… 
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