
Low-Cost	Planetary	Missions	(LCPM-12)	

August	15-17,	2017,	Pasadena,	CA		

•  What	is	a	LCPM?			Discovery	class	and	less	expensive	spacecraF	

•  PresentaGons	most	relevant	to	OPAG:	

–  NASA	planetary	science	division	programs	in	low-cost	missions	--	David	Schurr		

–  OPAG	viewpoint:	Are	small	spacecraF	or	low-cost	missions	useful	for	exploraGon	of	giant	

planets	and	ocean	worlds?	–	Alfred	McEwen	

–  Session	on	Imaging	and	non-Imaging	instruments	

–  Saturn	Swarm	Study	–	Andrew	Blocher	(Cal	Poly)	

–  Session	on	concepts	for	outer	planets:	
•  Abstracts:		

–  hTp://www.lcpm12.org/abstract-book/		
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Challenges	of	Smallsats	for	Outer	Planet	ExploraGon	

•  Cubesats are great in low-Earth orbit because: 
•  Released directly into orbit—no large propulsion system needed 
•  Close to Earth—no large telecom system needed 
•  Within Earth’s magnetosphere—little radiation design needed 
•  Close to Sun—minimal power challenges 
•  Mission can start immediately—does not need to survive long cruise time 
•  Mission Assurance requirements are relaxed 
•  Relatively uniform thermal environment 
•  None of these advantages apply to missions to the outer Solar System! 

•  Challenges in applying SmallSats to the outer Solar System: 
•  Integrating Propulsion Systems (propellant mass fraction is often >50%, + propulsion hardware) 
•  Satisfying Telecom Needs (need High Gain Antenna and high power to return significant data) 
•  Radiation Tolerance (Juno Radiation vault = 200 kg) 
•  Power – requires large solar panels (Juno has 340 kg panels) or radioisotope power (a single 

MMRTG = 45 kg) 
•  Long mission duration requires redundancies, increasing mass 
•  Mission Assurance cannot be entirely relaxed (affects larger mission) 
•  Thermal management requires mass and/or power 

•  Benefits of Smallsat developments to Outer Planets Exploration: 
•  Miniaturization via CubeSat Technologies 
•  Secondary Payloads on large missions, rely on host mission for delta-V and telecom 



Size	of	past	
spacecra5	to	the	
Outer	Solar	System	

Europa Clipper will have q larger solar array area than Juno.    

Flight spacecraft to scale 



Outer	Solar	System	SpacecraF	Launch	(wet)	Mass	v.	Launch	Date	

•  Pioneer	10	and	11:	259	kg	in	1972	and	1973	

•  Voyager	1	and	2:	825	kg	in	1977	

•  Galileo:	2,562	kg	in	1989	

•  Cassini:	5,712	kg	in	1997	

•  New	Horizons:	478	kg	in	2006	

•  Juno:	3,625	kg	in	2011	

•  Europa	Clipper:	~6,000	kg*	in	2022	or	later	

•  Europa	Lander:	16,600	kg*	in	2025	or	later	

•  *hTp://spacenews.com/europa-lander-work-conGnues-despite-budget-uncertainty/		

•  	Seems	like	mass	is	generally	increasing	over	Gme,	but	the	

first-order	driver	is	propulsion	requirements:	

–  Flyby	missions	259-825	kg	launch	mass	

–  Orbital	missions:	2,562-6,000	kg	launch	mass	

–  Europa	Lander:		requires	SLS	and	gravity	assists	and	carrier	S/C	

–  “Flyby, orbit, land, rove, and return samples”  -Jim Green	
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Progress	over	30	years:	

New	Horizons	(478	kg)	v.	Voyager	(825	kg)	

It is possible for independent 
spacecraft to get smaller and 
less expensive in the outer 

Solar System, but not yet to the 
size of cubesats.  

Voyager and New Horizons 
are both flyby missions and 

have similar science 
payloads. 

 
New Horizons is 

significantly smaller, lower in 
cost, and the instruments 

are more capable.   

Voyager spacecraft 
launched 40 years 
ago and still works! 



Smallsats	can	ride	along	with	large	spacecra5	to	the	outer	Solar	System	
•  Cassini	carried	Huygens	probe	(320	kg)	and	Galileo	carried	atmospheric-

entry	probe	(339	kg)	

•  Smallish,	but	expensive	

–  European	contribuGon	to	Cassini/Huygens	$660M	

–  SubspacecraF	must	not	endanger	Flagship	missions,	so	mission	assurance	is	

expensive	

•  RelaGvely	small	sub-satellite	was	studied	for	Europa	Clipper	

•  Biosignature	Explorer	for	Europa	(BEE)—Amato	et	al.,	2016,	LPSC	

–  250	kg	
–  Enceladus-like	water	plumes	on	Europa	would	be	only	~20	km	high,	so	a	

smallsat	could	be	released	to	fly	through	such	a	plume	for	in-situ	analyses	
•  SelecGons	for	Planetary	Science	Deep	Space	SmallSat	Studies	(PSDS3):	

•  Small	Next-generaGon	Atmospheric	Probe	(SNAP)		(PI	Kunio	Sayanagi)	

•  Atmospheric	entry	probe	to	measure	verGcal	cloud	structure,	straGficaGon,	and	winds	to	

help	understand	the	chemical	and	physical	processes	that	shape	the	atmosphere	of	

Uranus.	

•  JUpiter	MagnetosPheric	boundary	ExploreR	(JUMPER)	(PI	Robert	Ebert)	

•  SmallSat	to	explore	Jupiter’s	magnetosphere,	including	characterizing	the	solar	wind	

upstream	of	the	magnetosphere	to	provide	science	context	for	future	missions	such	as	

the	Europa	Clipper.	

	

Huygens probe  

Galileo probe  



	

Can	Discovery	Missions	Explore	Outer	Planets	and	Ocean	Worlds?	

	Congressional	Direc:on	from	the	

Commerce,	JusGce,	Science,	and	

Related	Agencies	AppropriaGons	Bill,	

2016:	

		

“...The	CommiHee	directs	NASA	
to	create	an	Ocean	World	
Explora:on	Program	whose	
primary	goal	is	to	discover	extant	
life	on	another	world	using	a	mix	
of	Discovery,	New	Fron:ers	and	
flagship	class	missions	consistent	
with	the	recommenda:ons	of	
current	and	future	Planetary	
Decadal	surveys.”		



Mission	Proposals	to	Outer	Planets	in	Discovery	

•  Missions	proposed	but	declined:	
–  INSIDE	Jupiter	(evolved	into	Juno	in	New	FronGers)	

–  Titan	Mare	Explorer	(TiME)	(made	it	to	step-2;	ASRGs)	

–  Journey	to	Enceladus	and	Titan	(JET)	

–  Enceladus	Life	Finder	(ELF)	

–  Life	InvesGgaGon	for	Enceladus	(LIFE)	

–  Io	Volcano	Observer	(IVO)	

•  LUCY	will	go	to	5	AU	but	does	not	get	close	to	high-radiaGon	Jupiter,	does	not	need	

propulsion	for	orbit	inserGon,	and	can	return	data	when	closer	to	Earth.				

•  Good	datapoint	on	how	close	a	Discovery	mission	can	get	to	a	mission	to	an	outer	planet	

•  Outer	Planets	exploraGon	is	challenging	via	Discovery	

–  Mission/instrument	lifeGme	requirements	

•  Discovery	13	AO	put	Phase	E	outside	cost	cap,	but	these	missions	sGll	need	to	demonstrate	long	

lifeGme	of	hardware	

–  High	radiaGon	environment	at	Jupiter	

–  Cold	environments	(plus	hot	during	Earth/Venus	gravity	assists)	

–  Challenging	for	power	at	>5	AU	

•  Very	large-area	solar	arrays	or	radioisotope	power,	or	baTeries	if	mission	duraGon	is	very	short	

–  Need	large	propulsion	system	to	be	captured	into	orbit	

•  Need	an	even	larger	system	to	land	(except	Titan)	

–  Need	large	telecom	system	to	return	significant	amounts	of	data	

•  Discovery	missions	may	not	help	to	explore	Ocean	Worlds	(e.g.,	congressional	
language),	unless	future	technology	advances	help.	



New	FronGers	has	been	good	for	exploraGon	of	Outer	Planets	

and	could	carry	small	sub-spacecraF	

•  New	FronGers	4	proposals	go	to	Saturn	
–  Saturn	Probe		
–  Enceladus	
–  Titan		



Conclusions:	How	will	small	spacecra5	or	low-cost	missions	be	
useful	for	explora:on	of	Giant	Planets	and	Ocean	Worlds?		

•  Past	“Small	Mission”	proposals	to	Discovery	

Program	have	not	been	successful;	

highlights	unique	challenges.	

•  ReducGon	of	dry	mass	is	especially	

important	for	planetary	orbiters	and	landers	

–  SynergisGc	with	SmallSat	technology	

development.	

•  In	addiGon	to	funding	smallsat	studies	

(PSDS3)	and	development	of	small	missions	

(SIMPLEX),	the	OPAG	steering	commiTee	

urges	NASA	to	(conGnue)	support	the	more	

general	objecGves	of	lowering	mass,	size,	

and	cost	relaGve	to	the	state-of-the	art.		 Neptune and Triton as seen 
by Voyager 2 


