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SmallSat	Reliability:	Issues	and	Solution	Approaches

Finding:	
“SmallSat”	and	“credible	science”	are	consistent.

However…
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Successes	=	272
Launch	Vehicle	Failures	=	32
Spacecraft	Failures	=	12

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

Expectation:
The	Mission	Will	Succeed

Goddard’s	mission	success	performance	informs	our	success	posture
- And	is	inconsistent	with	historical	CubeSat	mission	success

WIRE instrument failure.  GSFC bus functioned successfully.
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Industry Mission Status for CubeSat 
Spacecraft Reaching Orbit - Second Mission -

(2000-2014). 
University Mission Status for CubeSat 

Spacecraft Reaching Orbit - Second Mission –
(2000-2014).  

SmallSat	Missions:
Reliability	Challenges

Ref.	M.	Swartwout

Mission	success	likelihood	is	not	consistent	with	most	science	mission

At	present,	CubeSat	components	and	buses	are	generally	not	appropriate	for	missions	
where	significant	risk	of	failure,	or	the	inability	to	quantify	risk	or	confidence	is	
unacceptable.
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Results	of	a nonparametric	reliability	estimation	with	95%	confidence	
intervals	for	1	year	in	orbit.

Ref:	 Martin	Langer,	Institute	of	Astronautics,	Technical	University	of	Munich,	Reliability of 
CubeSats – Statistical Data, Developers’ Beliefs and the Way Forward, 2016

Important	note:	Database	is	largely	populated	by	single	platform	mission.		

SmallSat	Missions:
Reliability	Challenges

A	statistical	analysis	of	CubeSat	on-orbit	failure	rate	derived	from
• Non-parametric	estimation
• Parametric	models
• Developer	intuition
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Subsystem	contributions	to	CubeSat	failure	after	ejection	(incl.	DOA),	and	30	days

Ref:	 Martin	Langer,	Institute	of	Astronautics,	Technical	University	of	Munich,	Reliability of 
CubeSats – Statistical Data, Developers’ Beliefs and the Way Forward, 2016

Data	derived	from	CubeSat	Failure	Database	and	developer	interviews

SmallSat	Missions:
Reliability	Challenges

DOA- dead	on	arrival
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Personal	experiences	tie	it	
all	together:
• Dellingr		6U	development	

highlighted	
- Numerous	“out	of	the	

box”	subsystem	
deficiencies

- Numerous	potential	
development	pitfalls

Cutting	Edge,	W
inter	2017,	https://gsfctechnology.gsfc.nasa.gov/Current.pdf

SmallSat	Missions:
Reliability	Challenges

Our	strength	is	our	weakness.		
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CubeSats are in the 1960s
Statistically, overall robustness is analogous to the early days of space flight.

Finding:	Reliability	must	be	addressed	if	SmallSats	are	to	achieve	their	full	potential.
SmallSat	attribute	advantages	must be	preserved.

We	are	here…
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SmallSat	Missions:
Reliability	Challenges
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Interagency	SmallSat	Reliability	Initiative	launched	July	2016

Technical	Interchange	Meeting	convened	14-15	February	2017-
One	component	of	a	public-private	national	initiative

Historically,	it	was	understood	and	accepted	that	"high	risk”	and	
“CubeSat”	were	largely	synonymous;	expectations	were	set	
accordingly.

Their	growing	potential	utility	is	driving	an	interagency	effort	to	
improve	and	quantify	CubeSat	reliability,	and	more	generally,	
small	satellite	mission	risk.

Goals-
• Secure	industry	inputs	on	initial	government	thoughts	on

SmallSat	mission	classifications	and	mission	assurance
approaches

• Establish	next	steps
Attendees:	GSFC,	JPL,	ARC,	NASA	HQ,	NOAA,	Los	Alamos,	Aerospace	Corp,	Air	
Force	Research	Lab,	US	Special	Ops	Command,	Innoflight,	VAACO,	Tyvac,	Pericle
Communications,	Spaceflight	Industries,	Phase	Four,	Vulcan	Wireless,	Univ
Michigan,	Space	Dynamics	Lab,	Blue	Canyon,	AAC	Microtec,	Maryland	Aerospace,	
GeoOptics,	others

Improving	Small	Satellite	Reliability
	A	Public-Private	Initiative DISTRIBUTION A.  Approved for public release: distribution unlimited.



Finding:	Focus	on	Mission Confidence	Levels

High	Confidence
• You	want	a	system	and	execution	approach	that

generates	HIGH	CONFIDENCE	when:
- It	is	a	single	vehicle	that	has	got	to	work	(no

opportunity	to	refly)
- It	is	a	multi-vehicle	system	that	needs	every

vehicle	to	work	(no	vehicle	redundancy,	no
opportunity	for	a	second	launch)

• You	can	achieve	HIGH	CONFIDENCE	through	various	combinations	of:
– Part,	component,	and	vehicle	redundancy
– EEE	parts	selection
– Design	practices	and	margins
– Previous	flight	and	system	experience;	heritage
– Testing	(HW	and	SW)	and	requirements	verification
– Spares	policy
– Design	iterations	(e.g.	breadboards,	engineering	models,	Qual units,	flight	units)

A	Public-Private	Initiative
TIM	Findings
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Low	Confidence

• You	could	say	you	have	a	system	and	execution
approach	in	which	there	may	be	LOW	CONFIDENCE
when:

– It	is	a	completely	new	item	(system,	component,
application,	environment….)	(aka	low	TRL)

– It	has	not	been	analyzed	or	tested
– Operational	environment	is	unknown	(e.g.

launch	vibe,	radiation)	or	unproven	(e.g.	first
flight	of	launch	vehicle)

• Proceeding	with	a	LOW	CONFIDENCE	approach	or	component	can	be	acceptable	when:
– It	is	a	demonstration	or	prototype
– It	is	“inexpensive”	and	another	can	be	made
– Re-flight	is	readily	available	(fly-fail-fix-fly	again)
– Time	scales	are	“fast”

Finding:	Focus	on	Mission Confidence	Levels,	cont.

A	Public-Private	Initiative
TIIM	Findings,	cont.
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Recommendations
• Reliability	Subcommittee	should:

– Capture	characteristics	of	missions	/	systems	for
which	HIGH	CONFIDENCE	is	expected

– Capture	characteristics	of	missions	systems	for
which	LOW	or	MEDIUM	CONFIDENCE	is	acceptable

– Outline	priorities	for	increasing	the	confidence	level
of	a	component,	system,	or	approach

• Proposed	output	(Guideline	Document):
– Decision	criteria	for	when	to	use	Guidelines	as	opposed	to	NASA	and	other	Standards

(7120,	INST-002…)
• Some	missions,	especially	NASA	deep	space,	may	use	CubeSats	/	SmallSats but

effectively	still	be	“Class	D”	or	above		(?)
– Focus	on	RAPID	SPACE

• Fast,	cheap,	“failure	is	acceptable”	missions

A	Public-Private	Initiative
TIM	Recommendations
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Take	Homes

“SmallSat”	and	“credible	science”	are	consistent.

However…		CubeSat	reliability	is	a	barrier	to	achieving	full	SmallSat	potential.

• The	public-private	Reliabilty	Initiative	targets	this	challenge
• Must	fix	it	without	diminshing	SmallSat	advantages
• Novel	approaches	are	waiting	to	be	discovered	or	employed

• CubeSat	advancement	will	impact	SmallSats
• SmallSats	could	be	developed	using	CubeSat	components	and

subsystems,	but	will	not	have	the	CubeSat	form	factor
• SmallSat	advancement	will	impact	large	satellites

Disruption	is	ongoing
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Michael.A.Johnson@nasa.gov

Thank	you.
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