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• Europa/Enceladus in a Can: High fidelity, small sample
– 1-10 µm sample (vapor deposited or placed onto cold-finger)
– Europa/Enceladus Temp and Pressure (100 K, 1e-9 torr)
– Radiation: Electron gun/Ion gun

• Stockpots: Low fidelity, large sample, ‘rapid prototyping’
– 20 cm thickness, 40 cm diameter
– Earth to Europa/Enceladus processes
– T down to -30 C, P <1 torr
– Stationary lamp (halogen)

• Ark: High fidelity, large sample
– 30 cm thickness, 60 x 120 cm ‘bathtub’
– Diurnal scan platform with vis/ir leds for solar spectrum
– Europa/Enceladus T and P

• Cutting chambers – now migrated to new building

Creating ocean worlds surface ice in the lab
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Europa/Enceladus in a Can (Minos Chamber)
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Stockpots
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Penitentes: T = -15 C, ~1 torr
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The Ark
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Working	to	Define	Materials	and	Topographies	for	V&V

6/20/2017 The	technical	data	in	this	document	is	controlled	under	the	U.S.	Export	Regulations;	release	to	foreign	persons	may	require	an	export	authorization.	
Pre-Decisional Information – For Planning and Discussion Purposes Only

15

MMS	Dust Minus	30	
Sand

Loose	Ice Comet	
Simulant

Grill	Brick Lake	
Koehn	

Evaporite

250	K 190	K 123	K Saltwater	
Ice

Composite	
Cryogenic	

Ice

Kramer	
Massive	
MudstoneWater	Ice

• Granular	and	loose	
materials

• Low	to	high	bulk	
density

• Moderate	to	high	angle	
of	repose

• Porous	to	“granular”	
solids

• Low	density
• Low	compressive	

strength

• Crystalline	to	fractured
and	refrozen

• Zero	to	saturated	
salinity

• Uniform	to	
composite	
solids

• High
toughness

“Hard	to	cut”	is	relative	– each	material	has	its	own	challenges	associated	with	it

Salt Flats Beach Gravel	Bed Cobblestone	
Street

Devil’s	Golf	
Course

Chilean	
Penitentes

Topographical	roughness	presents	different	challenges	at	different	scales



Early	Testing	Performed	with	
Hand	Tools	and	Low-Fidelity	Testbeds
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Hand	Tools:
• Qualitative	Assessments
• Can	we	cut?
• What	does	the	“bite”	

look	and	feel	like?

Stockpot
• Early	cryo-vacuum	environment
• Single	axis	plunge	cutting
• Small	size	test	venue	for	proving	out	

complex	chemistry	recipe	ices	with	
safety	implications

First	“canonical”	Europa	Test



Early	Testing	Performed	with	
Hand	Tools	and	Low-Fidelity	Testbeds
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Linear	Stand
• 2	axis	motion	

(uncoordinated)
• Plunge	and	face	cut
• First	test	rig	to	

trench
• Quantitative	data:	

current,	position,	
rate,	force/torque

• Low	stiffness	made	it	
difficult	to	separate	
out	cutting	
characteristics

PLUNG
E

TRENCH

Side	View Head	on	/	Tool	View



Significant	Progress	Has	Been	Made	Building	
High-Fidelity	Test	Infrastructure
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STORM	Testbed	
(Stiff	Operationally-flexible	Robotic	

Manipulator)

• 6DOF	industrial	robotic	arm
• Highly	repeatable,	highly	versatile	

platform	for	testing	tool/end	effector	
prototypes

• Intended	to	remove	testbed	
mechanical	noise,	arm	compliance	and	
motion	uncertainty	from	results

• Equipped	with	F/T	sensor	(red box)
• NOT representative	of	a	flight	arm	in	

ANY way,	simply	a	convenient	and	
versatile	platform

STORM	Test	Statistics	
• >50	blade	types
• >25	material	
varieties

• 4	drive	trains

Mid-scale	TVAC	chamber	
• 4’	diameter	(fits	the	sampling	

system	piece	parts)
• Gate	valve’d loading	buckets	to	

bring	in	cryogenic	samples
• Europa	relevant	environment	

• T	=	50-70K
• P	=	10^-6	Torr

• Not	yet	operational



Sampling	System	Excavation	Tools:
V-Saw	(baseline)	and	Right-Angle
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Porous	material	
(grill	brick)

Loose	material

Water	ice	(190K) Rough	topography



Excavation	with	Data	Collection
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Terrain	Excavation	Videos
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Rough	Ice

30° Tilt	Ice
Video	50´ Speed30° Tilt	Ice
Video	50´ Speed

Rough	Ice	
(10x)




