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Crater formation for ~40 MT landers Fiecta Characteristics Mitigation Technigues
will be qualltatlve‘y worse than ApOHO For the LM, Particle Size Ejecta Speed for LM Berms may help but are not a complete solution
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A crater is not directly observable but is
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For 40 t landers,
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Conclusmns & Future Work

Human-class landers (~40 t) will cause severe pluming effects.
* CLPS pluming will be very minimal but this may be deceptive because
e LR NS N L scaling is a 2.5 power law of vehicle mass.
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6 degree sun angle. Lef: siulad lunar terrain; center: Chang’e 4 erosion on smooth surface.Rit: bh added together SEM images of Surveyor 3 surface. Left: original condition. Right: ) 3IurT1|ng can darpag.e.surrogndmg hardware including ISRU operations,
after sandblasting by Apollo 12 LM. nabitats, and scientific equipment.
Applying the 2.5 power index to a 40 t lander predicts * Pluming can damage or destroy spacecraft in lunar orbit if the timing is
~470 t ejected soil, forming a crater many meters deep For 40 t landers, the higher ejecta quantity and higher unfortunate.
| ejecta velocities indicate great damage can occur to an * Need to continue developing individual mitigation technologies.
However, we cannot extrapolate this far. outpost or an ISRU mining operation * Need to complete the mitigation trade study.
' * Need to develop robotics to implement the mitigation techniques.
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It is likely that additional regimes will “turn on” at these high thrust levels.

. . . o . . . Ce L :  Thi k is feed-f d to Mars.
Bearing capacity failure? Diffusion-driven shearing? Bulk failure? Mitigation Is necessary. IS WOrK 15 Teed-Torward 1o fviars

 The CLASS Planetary Landing Team is set up to advance this effort.



