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Evaluations of The Thermal Shock Resistance and The Thermal Shock Fracture

Toughness of Graphites and Carbon/Carbon Composites for Rocket Nozzle.

SENNOSUKE ¢ SATO? AKIRA KURUMADA; KENSHO SHIROTA** and NORIO SAITO***

Abstract — This paper determines (1) the thermal shock resistance of graphite by a basic
analysis of non-steady thermal stresses in a circular disk heated by an arc discharge at its
central area and (2) the thermal shock fracture toughness using stress intensity factors due to
thermal stress of the disk with an edge slit. The thermal shock resistance is defined as 4 =
o k/Ea, (o, ; circumferential k;
modulus, @; thermal expansivity) and the thermal shock fracture toughness is defined as V=

tensile strength, thermal conductivity, E; Young's
Kick/Ea, (K¢ ; fracture toughness value of the mode I). These values are determined en
bloc by only measuring each threshold electric power of the arc discharge heating to initiate
and ~or propagate crack in the disk using equations containing the specific non-dimensional
thermal stress Si and. or the non-dimensional stress intensity factor F, . The experimental
studies for several kinds of graphite and a three dimensional carbon.carbon composite (3D
C./C composite) were carried out to evaluate the values of 4 and FV ,respectively. The results
are compared with the values of 0, k/Ea and K, k/E& estimated indirectly from the indi-
vidual mechanical and physical properties. These techniques are useful to evaluate reasonably

the availability for rocket nozzle materials.
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19/}
Compressive strength
e ( MPa ) 76.0]62.1 - |71.2 103 235 196 - -
Tensile strength
(MPa ) 29.9 - - 24.4 - 39.2 48.6 - -
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Young™s modulus
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ETectric resistance 1175] 941 ~ 17200 | 957 200 | 1330 — o
g (pQem)

Shore hagdness 155 a3| 37 |52.6 o 100 | 557 5.0 -

Porosity (%) 17012.7] 30| <20 |12.4 | 7.2 | 1.0 . _

Ash content (4 yg,080.27|<0.2 | <0.2 |0.09 - | o.05 . R

Forming method M £ M I 15 M " n m

*chipped carbon fiber 1%, **chipped carbon fiber 3%,
M:mold, E:extrusion, IS:isostatic mold.
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