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Who Said It?
“University-class spacecraft are …”

• “… innovation-drivers in the staid, risk-
adverse small satellite industry.”

• “… not useful, except as a means for training 
students to be aerospace professionals.”

They’re both right.  (Or wrong.)
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Are We “Innovators”?
• Short answer:  yes, but not from the missions 

themselves
• Long answer

– Read my paper (and send me updates)
– Let’s revisit the numbers

• Reliability
• Flagship vs. Independent
• Mission utility

– Only two innovations, but they’re whoppers
• The Small Satellite Industry
• CubeSats
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“University-Class Satellite”
• Working definition

– Self-contained device with independent communications, 
command & control

– Untrained personnel (i.e. students) have key roles in 
design, fabrication, integration and operations

– Training is at least as important as the rest of the mission

• Excluded (by definition)
– Many, many satellites with strong university participation 

(especially as science PI)
– Most Amateur satellites

• Exclusion does not imply lack of educational value!
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Spacecraft On Rockets

The Numbers

Growth!
• 10th:  1994 (13 years)
• 50th:  2003 (9 years)
• 100th:  2008 (5 years)
Is “steady state” 8 or 15?
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It’s Not Just CubeSats! [Okay, it’s mostly CubeSats]
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Not a Great Year for Mission Success
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What Breaks?

What Breaks?
• Radiation: 1*
• Launch interface: 1
• Launch thermal: 1
• Communications:  4½
• CPU lockup:  2
• Power: 4½
• DOA: 8*

What Doesn’t Break?
• Structures
• Thermal*
• Commercial Electronics in 

Radiation Environment*

22 of 93 orbited spacecraft “failed”

Perhaps we should worry more 
about system-level functional 
testing and less (?) about the 
space environment…

Lifetime
reduction
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It Still Helps to Be Somebody

Flagship School
• Significant government sponsorship
• Often a leading space 

education/technology program for 
that nation

Independent School
• Self-funded or sponsored (at school’s 

initiative)
• On their own for launches
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Repeat Business:  Same Old, Same Old

Flagship Schools
• 23 schools built 62 spacecraft (52%)
• 13 schools built 53 spacecraft
• 5 schools built 34 (29%)
• The others are ramping up
Independent Schools
• 42 schools built 57 satellites (48%)
• 34 schools built 33 one-shot missions
• 8 schools built 24 spacecraft

(only 4 active)
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Beyond the Beep?
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Innovation from Flight Missions?
• Some real science
• Some technology demonstration
• Are those truly innovative?
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To Grossly Oversimplify
• Flagship schools

– Build “real” missions that work (90% success)
– Use CubeSats as stepping-stones
– Sustain programs around a larger (20-100 kg) bus
– Move up the “value chain” and out of the 

university class

• Independent schools
– Build one satellite that might work (58%), 

then fly no more (80%)
– Build CubeSats and, if sustained, it’s a series of 

E-class CubeSats
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Innovation #1:  This Industry

Small Satellite 
Industry
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Revolution #2 (?):  CubeSats
• Twiggs (Stanford) and Puig-Suari 

(Cal Poly) defined a standard for 
carrying 10 cm, 1 kg cubes into 
space

• [The real innovation was the P-POD]
• Timeline

– 1999 concept definition
– 2003 first flight
– 2009 41st university flight

• Look around at the number of 
non-university CubeSat 
programs (~12 flights)
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Revolution #2 (?):  CubeSats
• Twiggs (Stanford) and Puig-Suari 

(Cal Poly) defined a standard for 
carrying 10 cm, 1 kg cubes into 
space

• [The real innovation was the P-POD]
• Timeline

– 1999 concept definition
– 2003 first flight
– 2009 41st university flight

• Look around at the number of 
non-university CubeSat 
programs (~12 flights)

Aside:  Both revolutions 
came from independents…
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The Counter-Argument
• What about the other 100 spacecraft?
• What about the 100 spacecraft that haven’t 

launched (and may never launch)?

• University Nanosat Program
– 10 years, 27 schools
– One flight (plus three in pipeline)
– Four other flights by Nanosat schools
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What Have We Learned?
• University-class spacecraft are not going away

– CubeSat growth continues
– As some programs “graduate”, new ones appear

• Bifurcation has grown stronger
– Flagships building reliable sci/tech missions
– Independents building less reliable E-class CubeSats

• Innovation happens, unexpectedly
– Surrey did not intend to kick-start an industry
– Twiggs & Puig-Suari did not intend to spur a new industry
– Flagships don’t innovate (probably on purpose)
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University-Class Missions, 1981-2003
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University-Class Missions, 2004-2008
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University-Class Missions, 2009
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Sum Total of University-Class Spacecraft
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Launch rate and operational totals
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