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Abstract

This paper studied on the impact fracture modeling techniques of spherical dome with MACOR
glass-ceramic. The glass ceramic material has bigger compressive strength than the tensile
strength and endure well at high temperature. The fracture simulation under shock perssure was
performed by the finite element method with nonlinear code LS-Dyna. The simulation was
carried out by 3 type dome models under step impact pulse shape. 4-node shell element and
8-node solid element were used for analysis.
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Table 1 Nominal dimensions and shape parametersz)

Type R/D r/'D h(mm)
LS-DYNA
A 1 0.188 25
2 B 0.75 0.125 25
C 0.68 0.073 25
2.1
Table 1
3
2)
Fig. 1 Table 2 Material properties of MACOR Glass-filled
) 100 mm 5 ceramic”
mm
MACOR glass_fi”ed Material MACOR Glass-filled
ropert ceramic
ceramic (Corning Glass Works, Code 9658) property -
(machinable glass Density 2,520 kg/m
ceramic) . : Young's modulus 63.9 GPa
Poisson's ratio 0.27
. Table 2
Yield strength 65 MPa
Tensile strength 65 MPa
Compression strength 341.7MPa
2.2
Fig. 3 8
1/4
X y
4 8
4
1.5mm
2 mm
4380 4
17520
MSC. Patran
Fig. 4
Fig. 1 Dimensions of analysis model® '9
10 MPa
Fig. 5

227



Clamped B.C.

Fig. 3 Finite element model of fracture

analysis and boundary condition
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Fig. 4 Load condition for fracture behavior analysis
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Fig. 5 Step-impact pulse shape
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Fig. 7 Stress at center of type-A dome under

impact pressure

—— Shatll element |
Seld element |
70 =
80 - } \
= 50 \
< |
kol | \
E \ \
5w
=
[ =4
g 10+
o=
A0 Ay T T 1 T T J
o000 0005 GO0 0015 0GI0 002 0.0

Time (maec)

Fig. 8 Stress at center of type-B dome under

impact pressure
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Fig. 9 Stress at center of type-C dome under

impact pressure
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3.2

Fig. 11-13
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(a) shell element model
Fig. 10 Compare of stresses o, with the type-A
dome before fracture

(b) solid element model
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Fig. 11 Variation of stresses o, with the radius r in

the half of type-A dome before fracture
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Fig. 12 Variation of stresses o, with the radius r in
the half of type-B dome before fracture
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Fig. 13 Variation of stresses or with the radius r in
the half of type-C dome before fracture
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3.3
Table 3 3

1/3 5

Table 3 Comparison of fracture behavior of ceramic
dome under impact pressure

Shell Solid

(D)
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