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The objective of this investigation is to provide an understanding of how the next
generation kinetic impactor for planetary defense can be designed to achieve the
most efficient momentum enhancement.

| Ssolid Copper
' _~Cratering Mass
"~ (2201b)

Impactor
Targeting
Sensor

Deep Impact Impactor
Spacecraft — 360 kg
Impact Velocity: 10 km/s
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DART Impactor
Spacecraft — 550 kg
Impact Velocity: ~7 km/s

Illustration Credit: NASA
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Fig. 1. Impact velocity vs. Normalized ejecta mass
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The test matrix was designed to examine the effects of mass
placement within the spacecraft on momentum enhancement.

Simple Impactor Geometries (2D) Complex Impactor Geometries (3D)
| L% soig 1 LB Hollow
’ ~ 1 Nosed | I Nosed
| Cone Cone

Circle Plate Ring Ogive

Tillotson EOS with BDL Strength

Projectile Mass (g) 1, 500000 _---

Young’s modulus (GPa)

Projectile Material

(density g/cc) Al (2.69), Cu (8.96) Poisson ratio 0.25 0.25 0.25
Tensile Strength (MPa) -10 -10 -10
Impact Velocity (m/s) 500, 5000 :
Compressive Strength (MPa) 280 280 280
Granite Plate: .
. Coh MP
Target: Strength Strong, Medium, ohesion (MPa) ---
Weak
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The crater profiles for endmembers resulting from different 1g projectiles with an
Impact velocity of 500 m/s show that the target material properties are far more
Important than the impactor geometry for enhanced crater excavation.
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Results for 1g Projectiles: The largest craters were generated for the sphere, ogive,
and plate. However crater size appears to be more dependent on the target material
strength than the impactor geometry. Within similar target material parameters, the
sphere emerges as the most efficient impactor geometry for optimizing beta.
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Results for 500 Kg Projectiles: When the projectile momentum is constant, the
more complex projectiles produce the largest craters. However a larger crater is not
always associated with a larger beta, indicating the differences in ejecta velocity
distributions may play a significant role.

500 Kg Projectiles

500 Kg Projectiles

800 T I 20 1
: B Simple Geometry
200 L Al Solid Nose Cone/Strong—~Y¢ 1:{ | % Complex Geometry
: 1.8} 1
600 | Cu Ogive/Med | /‘A’
’g Al Solid Nose Cone/Strong
© 500 | Al Ring/Strong Cu Plate/Med - 1.6 F Cu Plate/Med |
< S
= [
2 400 | S -'/ 5000 m/s - @
= Al Somere/Mo 14} W~_Cu Ogive/Med -
3001 T s R 00 mls 5000 m/
© Cu Ring/Weak ®~-Al Ring/Strong 2500 s
®) 200 | % . Cu Hollow Nose Cone/Weak | 1.2 |- Cu Ring/\Weak 500 m/s
. Cu Solid Nose Cone/\Weak
100 L w, Cu Solid Nose Cone/Weak Lol \gfm=AlSphere/Mec |
Al Hollow Nose Cone/Strong ' ~>_ Al Hollow Nose Cone/Strong
0 | 1 | 1 | | 1 | | 1 |
0 100 200 300 400 500 -0 0 10 20 30 40 S50 60
Crater Depth (cm) Ejecta Mass/Impactor Mass

w 15 April 2021 6



Summary: When the impactor momentum is held constant, different projectile
geometries produce varying degrees of ejecta mass resulting in ~ 38% variation in
the measured momentum enhancement factor (f).

Simple Impactor Geometries (2D)
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