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A Study on the Fracture Characteristics of Ceramics Using Compressed
Shock Wave

Kwon-Tae Hwang, Jae-Hoon Kim, Young-Shin Lee, Jong-Ho Park,
Kee-Hyeuk Song and Su-Jin Yoon

Key Words: Shock tunnel(Z-ZA 3} E]Yd), Fracture Pressure(3}3<t=]), Dome shape(=37d)
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Abstract

Fracture characteristics of plates and dome shapes for machinable glass ceramics using compressed
shock wave. Machinable glass ceramics have been considered as a promising candidate material for the
dome port cover of air breathing engine. This part of the air breathing engine has an important role
separating solid and liquid fuel, and needs the frangible characteristics whereby the fracture of a part
should not affect the internal components of combustion. The objective of this study are to evaluate
the fracture pressure and phenomena of separated membrane using a shock tunnel. The experimental
apparatus consists of driver, a driven section and a dump tank. The used material is machinable glass
ceramic from Corning company. Specimens are used 3, 4.5 and 6mm thickness with plates and dome
shapes. It is expected that the results obtained from this study can be used in the basic data for the
dome port cover design of an air breathing engine.
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Fig. 1 Schematic diagram of shock tunnel
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Table 1 Chemical compositions of Macor ceramic

Compositions Approximate weight (%)

Silicon, SiO; 46
Magnesium, MgO 17
Aluminum, Al,O3 16
Potassium, KO 10

Boron, B,0; 7

Fluorine, F 4

Table 2 Mechanical properties of Macor ceramic

Mechanical property Value
Density, (g/cc) 2.52

Young's modulus at 25°C, (GPa) 67.7
Poison's ratio 0.27
Compressive strength, (MPa) 341.7
Hardness of Rockwell, (Hgra) 47.4

Fracture toughness, (MPa+/'m) 1.7
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Fig. 2 Configurations and dimensions of
Macor ceramics for (a) Plate, (b) Dome.
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Table 3 Result of pressures P4, P, and Ps

Shape Plate
Pressure 30|45 | 60| 30| 45 | 6.0
P4 (bar) 9 16 | 27 | 12 | 26 | 39
P, (bar)
(Theory)
P, (bar)
(Experiment)
Ps (bar)
(Theory)
Ps (bar)
(Experiment)

Dome (Concave)

190 |261|335|224 329|392

20 |275] 39 | 25| 30 | 35

6.45 | 9.52 |13.13| 7.87 |12.83|16.14

40 | 55| 75| 50 |7.75| 85
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Fig. 5 Pressure P, and Pressure Ps for
(a) Plate and (b) Dome
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Fig. 6 Relationship of pressure P4 and
thickness for Plate and Dome specimen.
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Fig. 7> Shock Tunnel A3 ¥ 3
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45 Fig. 9 oA+ Macor Algt o] wHFx2E& o
| el oM, Fig. 10& 7}y Fo Ewe] dat
SEM wlAl -z Bl vhalg o] spekel] gt vl
Al 2 waske] vehd Aelth wEAst v
Az by Fol Wakglen], AR &
6.0 Aol By de] W AHs e Aow
vebdeh e shekd $o) gde Ha)
P4 AR BT 9EA AR Ao degrt
®) sae wwe gge 27 AUe] Bl @

Fig. 7 Photos of fractured shape after shock tunnel
testing for (a) Plate and (b) Dome.
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Fig. 9 SEM micrographs of non-fracture surface
and fracture surface for (a) Plate and (b) Dome.
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