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

Jong-Hwan Kim"™, Jag-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

manufacturer fiber orientation
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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
Unitg MTS(U.S.A)) | - Load Cell : £100kN(+22kip)
- Accuracy: £0.05%
High . o
Temperature MTS(USA) |~ Fumace : 1000C
- 3 zone temperature controller
Fumace
Data - Strain Gage Card
Acquisition System 5000 | - Thermocouple types :
Sq . (USA) LK TERSB
¥ - Differential input dc volts

»
Contro$ Signal
Heating
Furnace
‘rput(1) Output(1)
Powor Input(2) output(2) | Temperature
Control ler| | ui(a) Control ler
Hlretl®) 1o |
Spaciaen
Materlal Testing Strain Data Acquisition
System(NTS) Load System(System 5000)

Fig. 2 The schematic diagram of testing system.
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Table 3 List of composite materials

i 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

Proportios Temperature 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
129 0.02 0.05 0.05
G12(GPa) 4.4 6.7 5.9
X,"(MPa) 1508.9 1588.9 1503.8
X,'(MPa) 383 393 398
S(MPa) 80.8 82.7 84.6
2000
1600 |1 :
. [ ET H 8
% b
% i [ carbon/epoxy composite ]
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& L
ol
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o 50 100 150 200
Temperature(° C )

Fig. 4 Tensile strength versus temperature for carbon/epoxy
composite, 0]
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Fig. 5 Tensile strength versus
composite, [90]s.
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Fig. 6 Shear strength versus temperature for carbon/epoxy

composite,[145]ss.
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Fig. 7 Young's modulus versus temperature for carbon/epoxy

composite,[0]1s and [90]s6.
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Fig. 8 Shear modulus versus temperature for carbon/epoxy
composite,[ T 45]ss.
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Fig. 9

Stress-strain curves for carbon/epoxy composite,(20 TC)..
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Fig. 10 Photos of fracture specimen of carbon/epoxy.
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Table 5 Test results of carbon/phenolic composite

Temperature
20C 100°C 150°C
Properties

E\(GPa) 18.6 194 19.0
Ex(GPa) 18.6 182 18.4

Vi2 0.20 0.25 0.23

21 0.19 0.23 0.24
Xi'(MPa) 162.6 123.1 120.0

X' (MPa) 983 95.4 100.4

Table 6 Test results of carbon/phenolic composite

Prope rtieSTempe'at“'e 20C 100°C 150°C
E(GPa) 17.2 214 21.0
Ex(GPa) 122 13.5 12.7

V2 0.1 0.17 0.13
va 0.11 0.13 0.14
X,'(MPa) 1077 1032 93.0
Xa'(MPa) 50.4 50.1 44.1

carbon/phenolic composite
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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,

AAR AYAA ABS DG 4 Y, o= Ak
£ Bz 2o AR AAPHGE Bahz AA
sae] oz Aoz 4% + o

Fig. 179l 7tE/ses ddshss S48 A



56 AFL-AAE

BEREAHHEEE

50 -
F | silica/phenolic composite
bl = a : warp direction
of o] +fitl direction
= E
a E
<3 E
7
= =
2 E
2 E
= E
T E
w20
2 S =
10 |
0 E 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1
L 50 100 150 200
Temperature(° C )
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.

ARE RAFa govl, gzt 83U Ag +4
9A HeE Fge voltd, ot AW AzAze
warp 3 filrgee] ZAVE weh Hode ov@
AL 242 FAHE FHEsE GRS 427}
PE BgAEE M 9 2 gERA e e X

AR ¢ oz Jegen, WA A% Fx
 warpdbo] filddRt}t 43 Ro2 Yelgr) o
B dadg 4A7 8u-F23d BgAsolng A A

ZHA] warp WY AFEAR ¢
g

A% FeaA7L & A=

mlo o r}m

H0ck §8 AQPEelA we
R R

A2E HjAIg
& a7 ovg““ Bq7tel AHEE

4. 4 &

2 drolMe 724 2 WEAEE 2451 e
2 2Es B BEAF 3% st ne AFZA
Brrstglon, AARNEEL BRARE 014§ ditF
W T2E HA/HA 4% 72 2AEE A
28 2EHAANAE $&
qggto g LEGY BE 4 °131&
5 #gol 8 WYEE FHPo=N 2
EHon,

>\O_|.._\,u_4

o o

HE2 2FE LRI BE JAH 24X Frte S
o EF e 2L A
) HERIEA BFAS AFBEE 10CAE 3

2)

3)

4

1)

2)

3)

]
A kel |Ale] 42 BERT ok 33

At 00 B L2 F5Yl W ABBE, G4
&, Zagusl 271a0, 00 A9E LRI 45w

o w2 AFFE, ZaFHle FrkEY, @AATE
150CAA Fasta, 45° B4E 27t 5 o
g ALR= & AGAFIE Fr1sooh

FtEslE EFAEE wap BHA F$ 150CAAE
A3ZEE Fashd SdAF 2 Zodue A9 ¥
b glom, fill W A9 150C7HA AFAE 2
SAATE HREY, TS 4 Fokshe A
& YERI. ZstaAde g wE AP E 2
SAATFE warp Wakol fill HFET E AE
FAch

AHAE SRAZE wap LY 2—! fill Bg =T
150C7AA QAR EE Base, g4
T Fsta, HEAdel we °W7&E L
warp B3] fill HERTE A vebgoh
AEE 2AZE FHNM BR stEsE BRAR
7t Aussle BgAsRT S50, £ oA BE
warpaFo] fillbakR )t AEel 7o) L3k

ﬂZL'

1R
Hae Ryong Baé, “Effects of Temperature on the Tensile
Strength and Elastic Modulus of Composite Material,”
Naval Postgraduate School Master’s Thesis, 1985.

Charles R. Bess, “Composite Materials at High Temper-
ature,” Naval Postgraduate School Master’s Thesis, 1988.
JM. Whivey and RY. Kim, “High Temperature Tensile
Strength of Graphite/Epoxy Laminates Containing Circular
Holes,” 10, 1976, pp. 319-
324,

J. Composite Materials, Vol.



#16% 5 3 % 2003. 6 FHE 2 dest Z3 EgAsY 2@ 9F 54 FJ7}

57

4) D.P. Garber, D.H. Morris, and R.A. Everette, Jr., “Elastic
Properties and Fracture Behavior of Graphite/ Polyimide
Composites at Extreme Temperature,” ASTM STP 768,
1982, pp. 73-91.

5) “Plastics-Glass-reinforced materials Determination of tensile
properties,” ISO 3268, International Organization for
Standardization, 1st ed., 1978.

6) “Standard Test Method for Tensile Properties of Fiber-Resin
Composites,” ASTM D 3039, 1989.

7) “Strain Gage Installations with M-Bond 43-B, 600 and
610 Adhesive System,” Measurement Group TECH NOTE-
504-1, 1989.

8) “Strain Gage Therma! Output and Gage Factor Variation
with Temperature,” Measurement Group TECH NOTE-504-
1, 1989.

9) “Measurement of Thermal Expansion Coefficient Using
Strain Gage,” Measurement Group, Instruction Bulletin B-
130-14, 1979.

10) P. Cappa, K. McConnel, and L. Zachary, “A temperature
calibration of a temperature/strain transducer based on
two strain gauges,” Strain, November 1993, pp. 135-138.

11) Lief A. Carlsson, R. Byron Pipes, “Experimental

Characterization of Advanced Composite Materials,”
Prentice-Hall, 1987.

12) “Standard Test Method for Young’s Modulus, Tangent

Modulus, and Chord Modulus,” 4ASTM E111-82.



