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The Tensile Characteristics of Carbon and Silica Reinforced Composites Under Elevated
Temperature

Jong-Hwan Kim', Jae-Hoon Kim™

ABSTRACT

This paper presents the tensile characteristics for carbon/epoxy, carbon/phenolic and silica/phenolic composites
under elevated temperature, which are considered for vehicle structure or thermal protection materials. The
tensile test was conducted with servo-hydraulic testing machine and high temperature furnace, and the
mechanical properties such as tensile strength, elastic modulus and Poisson's ratio were evaluated by using high
temperature strain gages. Also, they were compared each other with respect to fiber orientation and temperature
effect. These test results were used for designing and analyzing some airframe structures with these composites.
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Table 1 List of composite materials

specimens prepreg manufacturer fiber orientation
carbon/epoxy | HT145 | @t=3to]vk(F) | [0)s, {90116, [£45]ss
silica/phenolic | FM5504 | @ 3tolwk(F) | warp¥ha}, fill W3k
carbon/phenolic | F555 | @F3tojul(F) | warp$ g}, fill B3
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Fig. 1 Dimension of test specimen.
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Table 2 List of composite materials

Unit manufacturer specification
Loadin - Total stroke : 150 mm
°lajnitg MTS(US.A) | - Load Cell : +100kN(£22kip)
- Accuracy: +0.05%
High .
- : 10
Temperature MTS(U.S.A)) Furnace 00°C
- 3 zone temperature controller
Furnace
- Strain Gage Card
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csqire. on (US.A) JKTERSB
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Fig. 2 The schematic diagram of testing system.
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Table 3 List of composite materials

. Gage Factor(F2)
Strain Gages
24°C 100°C 150°C
axial 2.050
EA-13-062TT-120
transverse 2.080
axial 2.04 2.014 1.997
WK-13-062TT-350
transverse 1.95 1.925 1.909
WK-13-060WT-350 2.11 2.083 2.066
axial 1.99 1.976 1.966
WK-05-062TT-350
transverse 1.95 1.887 1.877
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Fig. 3 Example of apparent strain of carbon/phenolic and silica/

phenolic composites according to temperature.
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Table 4 Test results of carbon/epoxy composite

Temperature o o 0
Properties 20°C 100°C 150°C
Ei(GPa) 125.0 143.7 1394
Ex(GPa) 8.1 82 7.2
Vi 0.33 0.45 0.44
v 0.02 0.05 0.05
Gi(GPa) 44 6.7 5.9
Xi'(MPa) 1508.9 1588.9 1503.8
X,'(MPa) 383 393 398
S(MPa) 80.8 827 84.6
2000
: :
1600 a x
- B8
& L
§ 1200
3 i ( carbon/epoxy composite
,%-_: 800 L 0: {0},
& L
400 i
0 L a1 T I S 1 U S 1t
] 50 100 150 200

Temperature(° C )

Fig. 4 Tensile strength versus
composite, [0]ss.
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Fig. 5 Tensile strength versus temperature for carbon/epoxy
composite, [90]6.
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Fig. 7 Young's modulus versus temperature for carben/epoxy
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Fig. 8 Shear modulus versus temperature for carbon/epoxy
composite,[ 145])ss.
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Table 5 Test results of carbon/phenolic composite or
Temperature [
20C 100°C 150°C r
Properties = L
s 20 r 2
E\(GPa) 186 19.4 19.0 ¢t B—=
Ex(GPa) 186 182 18.4 ;E .
iz 0.20 0.25 0.23 e F (
s ok carbon/phenolic composite
va 0.19 023 0.24 s °r L QF o aecnon l
: o] + fill direction
Xi'(MPa) 162.6 123.1 120.0 F
X,'(MPa) 983 954 100.4 .
) SR SPAEPUS SVEPNS SP

Table 6 Test results of carbon/phenolic composite

Pmpenie:e’“pe“’“"e 20T 100°C 150°C
E(GPa) 172 214 210
ExGPa) 122 135 127

via 0.1 0.17 0.13
var 0.11 0.13 0.14
X,'(MPa) 107.7 1032 93.0
X»'(MPa) 50.4 50.1 441
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o * warp direction
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Fig. 11 Tensile strength versus temperature for carbon/phenolic

composite.
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Fig. 12 Young's modulus versus temperature for carbon/phenolic
composite.
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Fig. 13 Stress-strain curves for carbon/phenolic composite.
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Fig. 14 Tensile strength versus temperature for silica/phenolic

composite.
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Fig. 15 Young's modulus versus temperature for silica/phenolic

composite.
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Fig. 16 Stress-strain curves for silica/phenolic composite.
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Fig. 17 Photos of fracture specimen of carbon/phenolic and silica/
phenolic composites.
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