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Project Background: FY18/19 Results: What have we learned?

» Tool steel and bulk metallic glasses have
the best cutting performance Iin simulant

* Adding compliance to the blade increases
cutting performance and blades can be
designed at resonance to self-hammer

» Carbide-reinforced cutting teeth can be
printed using additive manufacturing

* Porous tool bits can be used to perform
compositional sensing during cutting

140 [mm] Dia, Hard Salt

Solid Ti-6Al-4V Perforated 316L

JPL wants to land spacecraft on ice <
(Enceladus, Europa and Comets) g
Ice surface Is uneven with unknown
hardness and landers will be lightweight
What is the optimal material and design
for excavating tools for that ice?

Can we make an excavating tool that’s

also a science instrument?
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Powder-bed 3D printing of tools

Model of the resonance modes
(above) compared with video (below)

Resonance in bla
Improves cuttin

| Resonance modes of the
blade were changed to
Investigate the effect on cutting
| | performance and compared
v . back to the models. A weighted
blade is shown at right.
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Ti-TiC inserts were printed into inserts to compare with COTS WC inserts

Porous Drill Sampling \ Ben efl'[S '[O NASA and JPL
Honti o + Ice cutting tools on landers should be compliant to provide self-hammering

* This work shows that 3D printing can be used to make excavating tools for
cutting ice that are also science instruments on robotic end-effectors

Porous metal
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