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ABSTRACT

In 2022, the National Aeronautics and Space Administration’s (NASA) Double Asteroid Redirection Test (DART) mission is scheduled to launch, becoming the first planetary defense mission to test a kinetic impactor for potentially hazardous object (PHO) mitigation. Prior to mission launch, impact modeling simulations are crucial for preparing for the eventual spacecraft impact and subsequent data analysis. In this work, we present simulation results in preparation of the DART mission. Our work uses the arbitrary Lagrangian–Eulerian (ALE) hydrocode FLAG, developed and maintained by Los Alamos National Laboratory, to simulate high velocity impacts into solid bodies.
To benchmark FLAG for the DART mission, we replicated simulations performed by the DART Impact Modelers Working Group. These simulations involved aluminum and basalt impactors and targets, testing a variety of strength, damage, and porosity models to understand those effects on crater formation and momentum enhancement ((), a crucial quantity in determining the effectiveness of kinetic impactor deflection. ( measures the momentum of an asteroid post-deflection relative to the initial momentum of the kinetic impactor. We will discuss our simulations of the test cases selected for benchmarking codes for the DART mission. Cases 1a and 1b consist of strengthless aluminum and basalt, respectively. Case 1a’ consists of aluminum with Von Mises strength. Cases 2 considers basalt with strength and damage, and Cases 3 and 4 consist of basalt with strength, damage, and porosity, differing only in target geometry. Case 5 is a validation problem from a laboratory impact into basalt. Figure 1 shows benchmarking Case 1a, strengthless Al-6061 impacting strengthless Al-6061 at 5 km/s.
 [image: image1.png]


[image: image2.png]


[image: image3.png]



Figure 1: DART benchmarking Case 1a, strengthless Al-6061 impacting strengthless Al-6061, at initialization (left), about 25 (s after impact (center), and at the simulation stop time of 400 (s after impact.

All impacts tested in the study were normal impacts and were thus simulated in both 2D and 3D. Figure 2 shows the computational mesh of Case 1a at the simulation stopping time (400 (s). The impactor, in green, shatters and remains in the crater floor. The computational mesh as more finely resolved around the point of impact, with larger zone sizes used farther from the impact point.
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Figure 2: Case 1a 400 (s after impact. The impactor is shown in green, and the target is shown in brown. The computation mesh is more resolved around the impact point, and zone size increases farther from impact.

In addition to discussing our results, we will also discuss how our results compare to previously published results using these same test cases to benchmarking 5 hydrocodes. We will compare crater dimensions and momentum enhancement for these cases.
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