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Abstract

ature furnaces are reviewed, whose preforms were fabricated by needle piercing, orthogonal three-direction weaving, radial wea-

Five kinds of carbon-carbon composites used in aerospace, aircraft, photovoltaics, powder metallurgy and high temper-

ving, axial weaving and puncture. The physical, mechanical, thermal, ablation, and wear properties and service life were compared
with corresponding materials from overseas manufacturers. Correlations between the performance, type of preform and carbon ma-
trix, and interfacial bonding state was obtained. These analyses and comparisons can lay a foundation for the construction of a data-
base-sharing platform for C/C composites in engineering applications. Research efforts need to be focused on the fine structure and
gradient design of preforms and the optimum combination of different carbon matrices for the improvement of C/C composites.
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Table 1  Physical, mechanical and thermal properties of needle composites' >’ .
Integral Needle Needle Needled Needled Needled Needle
B757  A320 Needled Sepcarb® Dunlop
felt C/C felt C/C felt C/C c/C c/C c/C c/C
ITEM carbon  carbon Cc/C carbon
nozzle nozzle nozzle plate plate insulating Camera
brake brake heater brake brake
throat  hroat |  throat Il (6K)  (12K) cylinder cylinder
Carbon fiber
10.5 28.4 25.6 33 33 31.3 31.3 26 26 28.5 28.4 -
volume fraction (% )
Bulk density (g/cm®) 1.82 1.82 1.96 1.81 1.79 1.8 1.8 1.58 1.30 1.70 1.72 1.84
Open porosity (% ) 6.2 2.5 8.5 9.4 1.40 1.42 8.1 - - 14.5 12.7
Graphitization degree (% ) 80 77.8 82 69 30 69 66 5 90 - 13 87
Electrical resistivity () - m) - - - - - 18.9 20.5 29.6 - - - -
Tensile strength
X-Y 39.6 68.2 - 70 84 127 92 107 58 160 *2 68 56
(MPa,RT)
z 12.4 19.5 24.7 - - - - - - - -
Tensile strength
X-Y 31.3  67.8 - - - - - 106 *! - - -
(MPa,2 800 C)
zZ 15.9 16.8 22.6 - - - - - - -
Young’s
X-Y 16.9 24.6 - 33 30 - 15 28.5 28.1 -
modulus ( GPa)
Z 5.5 8.5 - - - - - - - -
Flexural strength (MPa) 58.2 147.4 93.6 104 110 189 143 145 138 - 76 72
Compressive
X-Y 92 146 104.3 - - - - - 70
strength ( MPa)
Z 127 199 145 259 296 263 198 304 151 - 156 105
Punching
Shear
shear 42 60.4 48.6 67 74 74.2 - - - - 37 30
strength ( MPa)
method
ILSS 7.2 19.5 16.7 13.8 17 24.6 17.7 20.9 - 20.8 13.1 9.8
Thermal
expansion
. X-Y 1.72 0.63 1.11 0.45 0.7 0.95 1.04 1.23 0.35 0.32 0.8 0.50
coefficientx
107%/C ,800 C
z 3.63 2.27 1.75 - - - - - 0.35 - -
Thermal
conductivity
X-Y 62.3 60.8 84.9 - 54.7 45.8 - - - 45.8 108.2
(W/m - K,
800 C)
z 38.4 34 63.6 62.4 25.8 24.9 25.4 12.4 13 - 14.6  22.08
Note: 1: test temperature at 1 300 C; 2 hoop tensile strength calculated by hydraulic bursting test.
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Table 2 Physical, mechanical and thermal properties of radial and axial weaving composites' """/
Radial Radial Radial Radial Axial American
French
weaving weaving fine weaving weaving weaving  radial weaving
ITEM 4D C/C
4D C/C 5D C/C 4D C/C 3D C/C 4D C/C 3D C/C
nozzle throat
nozzle throat nozzle throat nozzle throat mould nozzle throat nozzle throat
Carbon fiber volume fraction (% ) 46 44 46 45 37 40 48
Bulk density (g/cm®) 1.95 1.96 1.95 1.7 2.0 1.92 1.95
Open porosity (% ) 3.15 3.12 - - 2.8 - -
Graphitization degree (% ) 82 30 33 65 82 - -
Tensile strength ) ) )
X-Y - 130 *! - 227! - 76.8 150 *2
(MPa,RT)
zZ 87.4 68.3 - - 41.7 - 35
Tensile strength
46.4 - - - 45.8 - -
(MPa,2800 C)
Flexural strength (MPa) 88 75.3 103.4 92.4 116 - -
Compressive
X-Y 110 105.7 115.4 196.6 97.9 - 120
strength (MPa)
V4 95 152 133 92.4 160 107 200
Punching
Shear strength (MPa) 41.4 32.8 49.4 52 41.5 - -
shear method
ILSS - 11.5 - - 13.3 8.12 -
Thermal expansion
coefficient, x X-Y g *3 8.9 *3 3.4 0.83 1.28 0.157 1.6
1076/ ,800 C
4 0.82 0.61 - 0.57 2.97 - 1.6
Thermal conductivity,
X-Y 33 37.2 55.9 54.8 77.9 82.8 70
(W/m - K,800 C)
4 - 49.7 - 33.5 52.7 - 70

Note: 1: hoop tensile strength calculated by hydraulic bursting test; 2. tensile strength in fiber direction; 3 : radial direction.
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Table 3  Physical, mechanical and thermal properties of ortho three-direction and puncture composites' - .

[15]

TEM Ortho 3DC/C  Punctured C/C Punctured Fine weaving Japan ortho 3DC/C
nozzle throat nozzle throat C/C rudder  punctured C/C nozzle throat
Carbon fiber volume fraction ( % ) 45.4 42.6 40 45.4 48
Bulk density (g/cm?®) 1.98 1.99 1.93 2.01 1.94
Open porosity (% ) - 2.98 1.5 -
Graphitization degree (% ) 80 82 75 77 -
Tensile strength (MPa,RT) X-Y 166.5 138.5 122 109 225
Z 120 114.9 - 106 -
Young’ s modulus (GPa) X-Y - - 28.5 77 85
z - - - 79 -
Flexural strength (MPa) 219 143 167.5 201 -
Compressive strength ( MPa) X-Y 148 126.8 145.5 175 -
Z 206 180 256.5 231 -
Punching
Shear strength ( MPa) 46.6 49.3 - - -
shear method
ILSS - - 18.0 19.6 17.1
Thermal expansion
X-Y 0.89 1.14 0.91 0.79 0.5
coefficient, x107/°C ,800 C
Z 1.34 1.27 1.69 1.01 0.5
Thermal conductivity,
X-Y 83.9 86.5 86 78.5
(W/m - K,800 C)
Z 51.4 59.7 42.5 95.9
R4 C/CEBMBIMER BRI EEE
Table 4 Ablation properties of C/C composites.
Radial Radial fine Axial
) ) Ortho  Punctured ) French
Integral  Needle  Needle weaving weaving weaving
3D C/C 3D C/C American
ITEM felt C/C felt C/C felt C/C 5D C/C 4D C/C 4D C/C
. poat ] throat Il | 1 nozzle  nozzle | 3D C/C Needle 4D
nozzle throat throat nozzie nozzle nozzie
throat throat C/C Cc/C
throat throat throat
Bulk density (g/cm®) 1.82 1.82 1.96 1.95 1.95 1.93 1.99 2.0 1.9 1.8 1.9
Throat diameter (mm) 292 132 40.2 292 292 271 152 250 381 170.9 75
Average pressure ( MPa) 6.2 8.5 7.4 6.2 6.2 7.0 8.0 9.5 9.64 4.2 3.75
Burning time (s) 65 12 15.5 65 65 60 60 64 60 61 43.5
Linear ablation rate (mm/s) 0.18 0.075 0.096 0.273 0.206 0.19 *! 0.13 0.260 0.304 0.127  0.155
Standard mass
) ) 2.48 - - 4.44 3.32 - - 2.88 - - -
engine ablation (g)
Linear ablation
0.08 - 0.072 0.194 - - 0.089 0.101 - - -

rate (mm/s)

Note: 1: ablation data of 3D C/C composite throat by Xi’ an Aerospace Composites Research Institute.
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Table 5 Friction and wear properties of aerospace carbon brake.
TEM CHAOMA Dunlop Messier-Bugatti
B757-200 A320 B757-200 A320
Design landing energy dynamic moment test () 0.36 0.40 0.35 0.40
Overload landing energy dynamic moment test () 0.35 0.32 0.34 0.28
100% RTO energy dynamic moment test () 0.31 0.29 0.24 0.24
110% RTO energy dynamic moment test () 0.35 *! 0.31 0.25 0.23
Wear limited discs RTO energy dynamic moment test () 0.30 0.34 0.22 0.24
silent moment test () 0.22 0.23 0.18 0.18
Superior to Superior to Oxidize defect Oxidize defect
Coating effect of oxidize resistance
abroad abroad in part in part
Service life, times( take off and land)/set 2 200 2 700-3 000 2 200-3 000 2 200

Note: 1: 115% RTO

*6 HRE ZRECCHRFTRNERER

Table 6 Service life of C/C thermal field product for monocrystalline and polycrystalline silicon.

Classification Service life Service life of abroad

Monocrystalline silicon 18"C/C crucible Under testing -

20"C/C crucible
23"C/C crucible
24"C/C crucible

Integral U shape, service life

Polycrystalline silicon C/C heater

average 9 months, max. 18 months
Integral cylinder, service life

C/C insulating cylinder

average 18 months, max. 24 months

Average 130 times, max. 179times

Average 55 times for graphite crucible

Average 40 times, max. 52times -

Average 55 times, max. 60 times -

Assembled by plate, electric resistance not
equal, Average service life 9 months
Multi-angle Assembled by plate, poor

sealing property , average service life 12 months
Adopt carbon felt and plate,

C/C insulating plate Integral structure,service life average 18 months

average service life 4 months
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