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Hypervelocity Impact Analysis Of Composite Plate For Space Shielding System

Yu-Na Son*, Jin-Bum Moon*, Gun Lim*, Chun-Gon Kim™ "

ABSTRACT

Among the factors that threaten spacecraft, Micrometeoroid and Orbital Space DebristMMOD) cause damage
to spacecraft and impact velocity is about 8~70km/s. Nowadays, various Whipple Shield are studied and applied
to protect spacecraft. As the materials used to Shielding System, aluminum is usually used but composite is
also used increasingly. So this study compared characteristics of hypervelocity impact of Aluminum and
composites through finite element analysis. The Projectile was a spherical shape using Aluminum 2017-T4, and
aluminum plate was using Aluminum 6061-T6, CFRP plate was using T300/5208. Initial impact velocity of
projectile was lkm/s. As a result, kinematic energy of projectile decreased to about 64J and about 63] for
aluminum plate and CFRP plate, respectively after impact. Although both results is almost same about the
absorption of impact energy, you can think the CFRP has good ballistic characteristic, because CFRP is lighter
about 1.7 times compared with density of aluminum.
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Fig. 1 Mesh and Dimension of Model.
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Tablel Material Propertics of Al 2017-T4 (Projectile)

Deunsity [g/em’} 2,79
Young’s Modulus [GPa] 724
Poisson’s Ratio 033
Ultimate Tensile Strength [MPa] 179
Tensile Yield Strength [MPa] 68.9
Fatigue Strength [MPa] 89.6

Table 2 Material Properties of Al 6061-T6 (Plate)

Density [g/cms} 27
Young’s Modulus [GPa] 68.9
Poisson’s Ratio 0.33
Ultimate Tensile Strength [MPa] 310
Tensile Yield Strength [MPa] 276
Fatigue Strength [MPa) 96.5
Elongation at Break [%) 12

Table 3 Material Properties of T300/5208 (CFRP)

Density [g/cm3] 1.6
Longitudinal Young’s Modulus [GPa]} 181
Transverse Young’s Modulus {GPa] 103
Shear Modulus [GPa) 7.17
Poisson’s Ratio 028
Longitudinal Tensile Strength [MPa] 1500
Longitudinal Compressive Strength [MPa] 1560
Transverse Tensile Strength [MPa) 40
Transverse Compressive Strength [MPa] 246
Shear Strength [MPa] 68
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Fig. 2 Von Mises Stress Results for Aluminum Plate (0.005ms, V=
1600m/s).

Table 4 Results of Velocity and Kinetic Energy for Projectile (Case of
Almminum Plate)

Initial Residual
Velocity[ny/s] 1000 676.38
Kinetic Energy[J] 119.94 55.077
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Fig. 3 Von Mises Stress Results for CFRP Plate (t=0.005ms, V=1000nvs).

Fig. 4 Simulation of Ereding Element at 0.004ms.

0°(t = 0.003 ms) 45°(t = 0.003 ms)

-45°(t = 9.003 ms) 90°(t = 0.003 ms)

Fig. 5 Result of Stress Range at Different Layered Angles (Using Solid
Element for CFRP Plate).

Table 5 Results of Velocity and Kinetic Energy for Projectile (Case of

CFRP Plate)
Initial Residual
Velocity{m/s] 1000 685.18
Shell —
Element Kinetic 119.94 56.334
Energy{J] . :
Velocityim/s) 1000 337.46
Solid B——
Element inetic
Energyll] 119.94 84,147
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Table 6 Results of Velocity and Kinetic Energy (Case of Experiment)

Average Average Change of
Initial Residual Kinetic
Velocity{m/s] | Velocity[m/s] Energy[J]
Aluminum 1032.667 791.5 55.422
CFRP 994.375 745.625 55.19
4. 2 8
AP $58 MMOD 49 Aladd] ARgE A

29 204 35 o4& 4% 22U LSDYNAE o
g At L2o)ET} CFRP

4

RFE

-

ole

fr
~

I~

%k lkm/s?] £=2 &

iz

@]

r

=

S
i o8 o

sto] 2%

=
T}

gl
Q
e



18 S8 BAY - AR - YR BEEAMRRER

e

CFRP o FE oux &4 452 Yool Bas
Hl2dt §4 AEE Rolw Yt SAw, YEE v]
W CFRP #gto] of 1.7uf 7}¥7] W&ol MMOD 4
ol A3t zio| mrt HgHoletn & 4 Yk

* 7

£ dte dFd7A"el Adsh: SAATARNYAY
o2 ojFojy Aojw, Ao s WHLE AAE=EHUY.

F1EA

1) Handbook for Limiting Orbital Debris”, National Aeronautics
and Space Administration(NASA), 2008.

2) Nicholas L. Johnson, “Orbital Debris : The growing
threat to space operations”, National Aeronautics and
Space Administration(NASA), 2010.

3) “Orbital Debris Quarterly News”, National Aeronautics
and Space Administration(NASA), Vol. 14, 2010.

4) William P. Schonberg and Eve J. Walker, “Use of composite

materials in multi-wall structures to prevent perforation

by hypervelocity particle impact”, Composite Structures,

Vol. 19, 1991, pp. 15-40.

William P. Schonberg and Eve J. Walker, “Hypervelocity

impact of dual-wall space structures with graphite/epoxy

5

~

inner walls”, Composite Engineering, Vol. 4, 1994, pp.
1045-1054.

6) L.J. Deka, 8.D. Bartus, “Damage evolution and energy
absorption of FRP plates subjected to ballistic impact
using a numerical model”, 9th International LS-DYNA
Users Conference, 2006.

7) M. Yong, L. Jannucci, “Efficient modeling and optimization

of hybrid multilayered plates subject to ballistic impact”,

International Journal of Impact Engineering, Vol. 37, 2010,

pp. 605-624.

g, Wdg, “Ase B4 Hue u4%E BA

R4, RS R s A], Vol. 22, 2009, pp. 18-23.

8§

~



