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Introduction:
The significance of cratering processes in metal-rich targets has been underscored by the

upcoming launch of the Psyche mission in 2022. The target of the Psyche mission, 225-km
asteroid (16) Psyche, is thought to be a metal-rich asteroid [1-2], possibly the
collisionally-exposed core of a large, differentiated planetesimal [3-4]. Revised mass and shape
modeling estimates, coupled with radar, spectral and thermal inertia observations indicate that
Psyche may have 30-60 vol % metal [5]. In one scenario, Psyche may be dominantly metallic
(Fe-Ni alloys), but may contain up to 60% porosity to explain the current best estimate of
Psyche’s density (4.1-4.2 g/cm3, [6]). The origin of such porosity is not understood. A possibility
is that porosity could be due to impact-generated fracturing perhaps as the result of one or more
hit-and-run collisions with subsequent re-accumulation, and/or the result of billions of years of
collisional evolution in the main belt. The hypothesis that Psyche is heavily fractured is bolstered
by recent impact experiments on Fe-Ni targets (Fe-Ni manufactured ingots and iron meteorites)
[7], in which impacts cause metal cracking thereby introducing significant bulk porosity.

In this work, we conduct shock physics simulations using CTH [8] and iSALE [9-11] to
simulate existing laboratory-based impact experiments. We employ the Johnson and Cook
strength model [12] in both CTH and iSALE, using experimentally-derived parameters specific
to the Fe-Ni target materials and compare the simulated crater morphologies as well as explore
the effects of temperature on strength, strain and strain rate. Further, we utilize the Johnson and
Cook failure model [13] in CTH to explore failure methods (i.e., cracking and porosity) in Fe-Ni
alloys. We highlight the complexity and sensitivity of specific strength model parameters (i.e.,
Johnson and Cook strength and failure model material coefficients and target temperature) in
producing internal damage structure. Our small-scale calibration simulations can be extrapolated
to simulate larger-scale collisions within the strength regime on Psyche.
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