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1. K.Tanaka et al., IAC54, (2003). Steel — K
(Science and Technology 109 (2004) pp. 319-334) Steel

2. K.Tanaka et al., HVI1S-2005, (2005). Steel — {IGiE
(Int. J. Impact Eng. 33, (2006) pp. 788-798.) Al

3. K.Tanaka et al., HV1S-2007, (2007). Al  — Al
(Int. J. Impact Eng. 35, (2008) pp. 1821-1826.) NaCl

4. M. Nishida et al., J. Space Eng, 2-1, (2009) pp. 51-60. Steel — iR + Al

5. M. Nishida et al., HV1S-2010, (2010) SiO, — Al
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Important factors

- Temperature (Nishida et al., Int. J. Impact Engng. 2012)
(Proc Thermec 2011)

- Impact velocity  (Nishida et al., Proc. ICHSIP-29, 2011)

- Impact angle

(AREWFEE M&M2011## hFEHT7L 2 R2011)
(F48EI B A MEFHF=ERE - P E & RMEIX=2011)

- Material properties of projectiles (Nishida et al., 6th ISEM 2011)
- Material properties of targets

(ESARIFHEFRIITESFEER2010)
(BREAA—DUTETHN O RIZET BB E L VRT D L2011)
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(Nishida et al., Int. J. Impact Engng. 2012, Proc Thermec 2011)



” Background

Image of space debris

Number of cataloged objects
w0 e Total 16000 —>

e Low Earth orbit (LEO)
NASA Orbital Debris Program Office

http://orbitaldebris.jsc.nasa.gov/photogallery/bee
hives.html#leo
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International Space Station

NASA

http://spaceflight.nasa.gov/gallery/images/
shuttle/sts-127/html/s127e011212.html
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Debris Cloud & Ejecta Study

6mm7 JLIEk— 7 JLZHR1.2mm, 6.7km/s 7.9 mm7 JLEEBk—CFRP[0%45°%), 1.7km/s
! |ﬁ
K. Thoma, et al.: Proc 3rd European 2R Hfth, EE& A%, 2010, p. 110-115.
Conf on Space Debris, 2001, p. 555-567.
12.7mm7 JL=- i:k—>7)l/\ %0.59mm, 1.017 JLSEk— SiC-fiber/ 7 JLS & ##,
6.26km/s oo 4.31km/s
Al Plekutowskl Int J. Impact H. Tamura et al.: Int. J. Impact

Engineering, 1997, p. 639-650. Engineering, 2011, p. 686-696.



Penetration of Thick Targets (1 of 2)

Thick targets
Composition of ejecta

AN

< QO
Projectile
Numata, Kikuchi, Sun, Kaiho, Takayama Pror:JSSW
Cratering (2006), pp. 221-222.
PrOJectlle Projectile fragments and ejected materials
" fragments E—
Ejecta
v
Secondary debris
In LEO 2 ©
Murr, Int. J Impact Eng., (2006), pp. 1981-1999.




Penetration of Thick Targets (2 of 2)

Distribution chart of impact craters  Ejecta production mechanism
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o ) ) Siguier, J.M. & Mandeville, J.C.,
Sugawara, K et al., 60th International Astronautical Proc. IMechE, 221, G, pp. 969-974, 2007.

Congress, IAC-09-A6.3.06, Daejeon, 2009.
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Draft ISO (ISO/TC20/SC14/CD11227)

~_~

International standardization (1ISO/DIS11227 "Space Systems — Test
procedures to evaluate spacecraft material ejecta upon hypervelocity impact")



Important factors
- Impact velocity (Nishida et al., Proc. ICHSIP-29, 2011)
- Impact angle (Nishida et al., DYMAT, 2012)
- Material properties of projectiles (Nishida et al., 6th ISEM 2011)
- Material properties of targets
- Temperature (Nishida et al., Int. J. Impact Engng. 2012, Thermec 2011)

Objectives of Our Research ——

To Investigate effects of temperature on
crater size & ejecta

r Long Term Goal of Our Research N
- Understanding ejecta composition and mechanisms of ejecta
when projectiles strike thick targets at very high velocities

- Obtaining basic data for new orbital debris models
. J
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Table 1 Matenal properties of aluminum alloy 6061-T6

Temperature [°C] +205 +25 -196
Elastic modulus [GPa] 77 70 63
Tensile strength [MPa] 130 310 415
Yield stress [MPa] 105 275 3235,
Elongation at break [%0] 28 17 22
Temperature [°C] +200 +25 -150
Vickers hardness 100 110 128




Composition Crater & Ejecta
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Crater Shape
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Lip Formation
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Ejecta & Witness Plate
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Composition of Ejecta (1/2)

Projectile
1.0 km/s )
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osition of Ejecta (2/2)
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Scatter Diameter of Ejecta/ Projectile Diameter

Scatter Angle ¢ [deg]

Scatter Angle vs Impact Velocity

15 . . . : :
I --m-- High temperature
: —o— Room temperature |
| —~ Low temperature
10
5 L
0 1
0 1 2 3 4
Impact Velocity V [kn/s]
75__ --m-- High temperature
L —e— Room temperature
i —— Low temperature
50r
25+
0 1
0 1 2 3 4

Impact Velocity ¥V [km/s]

Low Temp.
9.2 %]

High Temp.



-
9
)

qv]
e

c

=

(@)

qv]

-
LL
2L
e

(&)
2,

(@

S
al

Room Temp.

High Temp.




Mass Distribution
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Axial Ratio of Ejecta Fragments, b/a
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Axial Ratio of Ejecta Fragments, c/a
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Table 1 Matenal properties of aluminum alloy 6061-T6

Temperature [°C] +205 +25 -196
Elastic modulus [GPa] 77 70 63
Tensile strength [MPa] 130 310 415
Yield stress [MPa] 105 275 3235,
Elongation at break [%0] 28 17 22
Temperature [°C] +200 +25 -150
Vickers hardness 100 110 128




Conclusions

1. Crater Formation

Temperature High [%] Room Low [%]
Crater diameter 841 1 6.4 |

Crater depth 1551 1 125 ]
Crater volume 22.31 1 10.3 |

2. Scatter of Ejecta
Scatter Angle : High Temp. > Room Temp. = Low Temp.

Inspective Plate : Influence of Temperature did not appear

3. Projectile Fragmentaion

Range From 1.0-1.5 km/s
Fragment Size : High Temp. = Room Temp. = Low Temp.

Range From 2.0-2.5 km/s
Fragment Size : High Temp. = Room Temp. > Low Temp.
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Experimental Setup

Witness plate || 50 mm

)
150 mm X 150 mm

Projectile s
Polycarbonate 2
[ ¢ 7.14 mm, 0.23 g J

High speed video camera

Shimadzu: HPV-1,
Vision research : Phantom V710

Target

\

Aluminum alloy

A1100-0O A1100-H A6061-O | A6061-T6
Tensile strength [MPa] 80 84 124 322
Yield stress [MPa] 42 48 61 287
Vickers hardness 24 35 38 110
Elongation [%] 60 46 30 9




Two-Stage Light-Gas Gun

(ISAS, JAXA)
Powder Chamber T Test chamber
/ ol Launch Tube
Light Gas >
Powder Target
Diaphragm Projectile

Piston

Impact velocities from 0.5 km/s to 6 km/s



Definition of Ejecta

Measure weight distribution & size distribution of ejecta
collected from chambers after experiments.

Fragment three dimentions

Ejecta mass = 1 mg
Target origin

Over 1 mg Under 1 mg



Summary
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Important factors

- Temperature (Nishidaet al., Int. J. Impact Engng. 2012)
(Proc Thermec 2011)

- Impact velocity  (Nishida et al., Proc. ICHSIP-29, 2011)

- Impact angle
(AAREWFEE M&M2011## HFEHT7L 2 R2011)
(B48ERIA A MEFHFEA - PRI S RMEAKXEZ2011)

- Material properties of projectiles (Nishida et al., 6th ISEM 2011)
- Material properties of targets

(SB54EIFHEFRANERFER2010)
(BREAA—D T ETH O RICEAT HIRE LRI L2011)
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