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A Fracture Analysis on the Ceramic Dome with Different Geometry under Impact

Sun-Guk Kwon ', Yung-Shin Lee", Jae-Hoon Kim’, Jung-Hee Lee’,
and Su-Jin Yoon™

Key Words :  Fracture Analysis, Ceramic Dome , Impact, John
Abstract

The experiment of dome port cover under shock impact is performed with shock tube. The dome port cover blocked
intake air duct up from the solid propellant during air breathing vehicle speed reach Mach 2.0. When the air breathing
vehicle reach Mach 2.0, the inlet cover is removed and the dome port cover is broken to pieces by detonator or pressure
of inlet air. Thus the dome port cover not only must stand the pressure of combustion chamber but also easy to break
from the RAM pressure.

In this study, a fracture evaluation on the Al,O3 ceramic spherical dome and circular plate port under impact has
been presented. Ceramic were supported by the rigid body and a couple of O-ring. The Mooney-Rivlin model have been
used to describe behaviors of both O-ring. And spherical dome and circular plate fracture results of the LS-DYNA code

using Johnson-Holmquist(JH-2) constitutive equation was compared.
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Fig. 1 Description of strength curve of the JH-2
ceramic model[5]
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Fig. 3 Geometry of the dome port cover
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Table 1 Constitutive constants for ceramic materials
of JH-2 model[8]

Al,0O4
Density (kg/m®) 3700
Shear Modulus (GPa) 90.16
Strength Constants
A 0.93
B 0.31
C 0.0
M 0.6
N 0.6
Ref. Strain Rate (EPSI) 1.0
Tensile Strength (GPA) 0.2
Normalized Fracture Strength NA
HEL (GPa) 2.79
HEL Pressure (GPa) 1.46
HEL Vol. Strain 0.01117
HEL Strength (GPa) 2.0
Damage Constants
D, 0.005
D, 1.0
Equation of State
K1 (GPa) (Bulk Modulus) 130.95
K2 (GPa) 0
K3 (GPa) 0
Beta 1.0

Table 2 Material constants of the O-ring

Material Constants

dio 0.418
a1 0.006
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Table 3 Critical impact pressure with various shape
and thickness

Critical Impact Pressure (bar)

Thickness Circular Plate Concave Dome

(mm) _bl
38

3.0 mm 43
4.5 mm 72 97
6.0 mm 120 198

I AlI203 plate
[ 1AI203 dome
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Fig. 6 The pressure of a fracture occurring point
difference between Al,O; circular plate and spherical
dome.
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