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Computational analysis of sandwich shield with free boundary inserted fabric at
hypervelocity impact

Jin-Bum Moon’, Yurim Park, Gil-Sang Son” and Chun-Gon Kim' '

ABSTRACT

In this paper, a novel hybrid composite shield to protect space structures from hypervelocity impact of
micrometeoroid and space debris is proposed. The finite element model of the proposed shield was constructed
and finite element analysis was conducted to approximate the energy absorption rate. Before the final model
analysis, analysis of each component including the aluminum plate, PMMA plate, and intermediate layer of
fabric was performed, verifying the finite element model of each component. The material properties used in
the analyses were predicted material property values for high strain rates. The analysis results showed that,
other than the fabric, the energy absorption rate of each component was in agreement. Afterwards, the finite
element model of the hybrid composite shield was constructed, where it was analyzed for the restrained and
unrestrained fabric boundary condition cases. Through the finite element analysis, the fiber pullout mechanism
was realized for the hybrid shield with free boundary inserted fabric, and it was observed that this mechanism
led to energy absorption increase.
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Fig. 1 Finite element model of hypervelocity impact for mesh verification.
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Table. 1 Esti d dynamic material

of aluminum and polymer

plate at strain rate 10° S [4—7]
Al 2017 | Al 6061 PMMA
Density (g/cms) 2.79 2.70 1.18
Tensile modulus (GPa) 72.4 68.9 5
Poisson's ratio 0.33 0.33 0.4
Tensile yield strength (MPa) 640 345 120
Tangential modules (MPa) 260 100 -
Elongation at break - 0.074 0.024
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Hg. 2 Computational analysis result of mesh verification (Al 2017 projectile

impacted with 1mm Al 6061 bumper with 1000 mys).
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(b) Deformed projectile
(a) Stress distribution and penetration hole

Fig. 3 Computational analysis result2mm PMMA impacted with 1000mvs
5.56mm Al 2017).
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(b) Deformed projectile

Fig. 4 Hypervelocity impact experiment result(2mm PMMA impacted
with 1000m/s 5.56mm Al 2017).
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Fg. 5 Calculated energy absorption with different velocity (bumper:
2mm PMMA, projectile: 5.56mm Al 2017 ball).
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(a) Microscopic image of fabric [6]
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Fig. 6 Microscopic image and extracted dimension of Kevlar KM2 fabric.

L=

Fig. 7 Finite element model of fabric material.

Table 2 Estimated dynamic material properties of Kevlar KM2 at strain

rate 10° S
Kevlar KM2
Density (p) 1.47 g/em3
Longitudinal modulus (E1) 53.2 GPa
Transverse modulus (E2) 10.0 GPa
Poisson's ratio (v12) 0.01
Longitudinal strength (c1) 3900 MPa
Transverse strength (62) 3900 Mpa
Static friction coefficient (us) 0.15
Dynamic friction coefficient (ud) 0.12
Exponential decay coefficient (c) 1.23
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Table 3 Absorbed energy of single KVM2 Kevlar fabric at different impact

velocity
400 m/s 1000 m/s
Calculation result 11.20) 6.34]
Experimental result 9.50J 1.94]
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(a) Hybrid composite shield with unrestrained boundary fabric 6 ps

46 ps
(a) Fixed fabric (b) Unrestrained fabric
Fig. 11 Stress distribution of intermediate layer fabric.
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Fig. 12 Projectile kinetic energy of the hybrid composite shield with
unrestrained boundary fabric and hybrid composite shield
with 4 edge fixed fabric against time.
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