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Size distribution of ejecta resulting from hypervelocity impacts of projectiles
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Space debris often strikes spacecraft and space stations at very high velocities, forming ejecta fragments. A

significant fraction of the secondary debris in LEO results from such ejecta fragments. Therefore, it is
important to understand ejecta composition and mechanisms of ejecta formation. We can expect that many
factors, such as temperature and material properties of targets, impact velocity, impact angles, material
properties and shape of projectiles, will affect the ejecta formation and composition.
We are now examining the effects of such factors, and I will present some of our results. After impact
experiments, the mass, size and aspect ratio of the ejecta fragments collected from the test chamber were
measured. The ejecta cone angles were examined using a high-speed video camera and indentations on witness
plates in front of the targets.
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International Space Station

NASA

http://spaceflight.nasa.gov/gallery/images/
shuttle/sts-127/html/s127¢011212.html
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Penetration of Thick Targets (1 of 2)
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Important factors

- Temperature of targets (Nishida ez al, Int. J. Impact Eng., 2012, ISTS2013)
- Shape of targets

- Material properties of targets
- Impact velocity of projectiles
- Material properties of projectiles (Nishida et al., J. JISEM, 2012)
- Shape of projectiles

- Impact angle of projectiles (Proc. DYMAT, 2012)

— Objectives of Our Research

To investigate effects of such factors on
» cjecta & crater shape

} (Nishida et al., Int. J. Impact Eng., 2013)

s Long Term Goal of Our Research —

- Understanding ejecta composition and mechanisms of ejecta

formation when projectiles strike thick targets at very high velocities

- Obtaining basic data for new orbital debris models )

Effects of Material Properties of Targets

Nishida, et. al, Int. J. Impact Engineering, Vol. 54, (2013), pp. 161-176.
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Experimental Setup
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Image by High-Speed Video Camera

A1100-H, 1.98 km/s

16 us after impact
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Crater and Ejecta
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Definition of Ejecta

Measurement of mass distribution & size distribution
of ejecta collected from chambers after experiments.
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Witness Plates (Aluminum Alloy 1100-O Target)

Impact velocity : 2.90 km/s
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Image of High-speed Video Camera

(a) 40 ps after impact  (b) 64 us after impact
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Schematic Diagram of Ejecta Composition

20
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Scatter Angle of Ejecta
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Similarity Rule

Nishida, et. al, Int. J. Impact Engineering, Vol. 54, (2013), pp. 161-176.

This document is provided by JAXA.



262 FHMZEHIE S RIRE  JAXA-SP-13-018

Two-Stage Light Gas-Gun

"

(Nagoya Institute of Technology)
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Experimental Condition

Condition Projectile Projectile Impact Impact
diameter mass velocity energy
1 3.20 mm 002g 6.01 km/s 3611J
2 7.14 mm 023 g 2.09 km/s 498 ]
3 7.14 mm 023 ¢g 6.01 km/s 4118 ]
4 14.3 mm 1.82¢ 2.19 km/s 4364 ]
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Formulation of Size Distribution

(Fragmentation model )

Nishida, et. al, Int. J. Impact Engineering, Vol. 54, (2013), pp. 161-176.
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Experimental Setup
Impact velocity 2 km/s
4 km/s
6 km/s
3.2 mm Al 2017-T4 spheres L AL 6061-T6 targets

High-speed video camera
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Number of fragments greater than A,

Distribution of Projected Area

| 4, - Projected area of ejecta

Divided by square of impact velocity
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Fragmentation Model

Bi-liner exponential description

2 7% 107

Bi-liner form

Cumulative number
N(4,) = a, exp (a,4,)+ a; exp (a, 4,)

Number of fragments greater than A
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Dynamic fracture of  Hypervelocity impact of lead (1.5 km/s)
thin plate

D.E.Grady, M.E Kipp: APPLIED PHYSICS LETTERS, (2006) 88
D.Grady, Shock Wave and High Pressure Phenomena,(2006) 7-32

Projected Area Distribution of Ejecta Fragments
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Bi-liner exponential description

N}Efe) =18.48exp(—5.07 Ae) + 2.85exp(—0.514e)

30

This document is provided by JAXA.



266

FHIAL 22T TE PR FE AR Rr R B JAXA-SP-13-018

Effects of Projectile’s Materials
& Impact Angle of Projectiles

Effects of projectile’s materials
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Effects of impact angle
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Summary

1. Ejecta mass and ejecta size distributions were examined in
detail.
- Material properties of targets
- Impact velocity of projectiles
- Material properties of projectiles
- Impact angle of projectiles

2. Ejecta composition was proposed.

Scatter angle of ejecta depended on impact velocity.

4. Experimental formula of fragment size distribution were
created.

5. Similarity rule was discussed for predicting ejecta size
resulting from hypervelocity impacts of small projectile

(<Imm).
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