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A Study on Variations of Elastic Modulus of Carbon-epoxy Composites with Thermal Fatigue Cycles
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Abstract  Composite materials have been increasingly used in automotive and aircraft industries, naturally leading to
active researches on the materials. Carbon-epoxy composites, one of major composite materials, are investigated to de-
termine their thermal characteristics. Under conditions of thermal fatigues composed of repeated heatings and
coolings, variations of elastic constants are studied for the carbon-epoxy composites to reveal the thermal nature of the
composites. In general, composite materials are known to have decreasing elastic constants with increasing tempera-
tures. However, in contrary to this commonly observed behavior, the results obtained in this investigation for the elas-
tic constants of the carbon-epoxy composites show unexpected phenomena in that the elastic constants initially in-
crease with increasing temperatures to certain point and decrease later with further increase in temperatures when
the carbon-epoxy composites are subjected to thermal fatigues.
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Fig. 1. General block diagram of instrumentation.
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Fig. 2. General block diagram of thermal fatigue cyclings.
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Table 1. Standard dimension of specimen.

. Length Width | Thickness Yy
Specimen (cm) {cm) (cm) (g/cn®)

0-1 11.894 1.473 0.236 6.22
0-2 11.889 1.471 0.231 6.09
0-3 11.894 1.473 0.228 6.04
0-4 11.905 1.474 0.221 5.97
0-5 11.909 1.469 0.028 6.20
0-6 11.901 1.430 0.028 6.02
0-7 11.908 1.469 0.024 6.06
0-8 11.887 1.466 0.025 6.03
0-9 11.910 1.469 0.230 5.94

Table 2. Standard dimension of specimen.

Specimen Length Width | Thickness Da‘5‘
(cm) (cm) (cm) (g/cm®)
90-1 114.08 2.35 14.79 1.485
90-2 11446 2.34 14.85 1.488
90-3 114.28 2.35 14.84 1.488
90-4 114.01 2.35 14.84 1.476
90-5 114.32 2.24 14.75 1.504
90-6 113.85 2.32 14.76 1,506
- 90-7 11398 2.29 14.82 1.505
©90-8 11425 2.29 14.78 1.521
~90-9 | 11331 2.2 14.82 1.490
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Table 3. Variation of resonance frequencies and £, G

Speci- | Temp. | Flexural | Torsionl
men (C) [|Freq.(Hz){Freq.(Hz) E(GPa) | Gl GPa)
0-1 25 1481 2433 1125 5.564
0-2 50 1450 2371 112.7 5.489
0-3 70 1434 2330 1135 5.467
0-4 90 1416 2292 1204 5718
_0-5 100 1477 2436 124.6 6.123
0-6 120 1467 2421 122.3 5.742
0-7 150 B 1439 2346 121.8 5.840
0-8 170 1439 2348 119.2 5.727
0-9 200 1455 2381 112.8 5.467
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Table 4. Variation of resonance frequencies and E, Gua.

Speci- | Temp. | Flexural | Torsionl
P
men (c) |Freq.(Hz)|Freq.(Hz) E{GPa)| GiGPa)
90-1 25 439.7 2344 8.362 4.761
90-2 50 438.0 2137 8.497 4.765
90-3 70 438.9 2323 8.404 4.729
90-4 90 4420 2325 | 8391 | 4686
90-5 100 4252 2305 8.783 5.088
90-6 120 438.4 2329 8.575 4.842
90-7 150 432.2 2310 8.586 4.921
90-8 170 4374 2329 8.971 5.054
90-9 200 4245 2339 8.153 5.018
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Fig. 3. Variations of E v ith thermal fatigue cycles.
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Fig. 5. Variations of G and Gis with thermal fatigue cycles.

Gt Giughe] 5o w2 s Ao dtE vetil 2

Holrt.

A

Elastc modulys (GPa), E2

8.8

8.6

84 L

8.2

76

% 50

70 %

100 120 150
Temp.(T)

170

4 Variations of E; with thermal fatigue cycles.

2% 50

A ok

0 90

100 120 150
Temp.(T)

4 glZe] ALelA T0CAAE o 2o

20.00um

Fig. 6. SEM micrograph of carbon-epoxy composite (25C).
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Fig. 7. SEM micrograph of carbon-epoxy composite (25C).

g sbdAIg Habrt A9 fidedt 7T0CE A4 100C
TR AlEAQ BAAST Y F717F dojwet. 100°C
ol 5-ef= sbdAIG7E HALR FH4sictrl 200°C FToll 4
= He BAAS g v1sd FEA st o
ybxlo 2 Carbon-epoxy &&= 7IAAE AHE==
epoxy 9] d¥Fo 2 Qo] Aol ofg AL Rty 13
Y 2 AyoA] BSEo] WEEE o A2 FUrEUE o
e BB R AHE-HE carbon} Fgo R QlEted A
o] Azpe} zhe vbA A2 Wb wAsigdch. Z[A e =
AHEEE epoxy @l el vl AT EAHER A}
45+ carbonoll 9Jsted A A Q) ’EAA 2] W3S 7HA
< 7o 2 A7}, Carbon-fiber7k 100CH2 HE 9
L2 A3t dofut Aake sAdAT FokskAT
3 o]E %ol A& carbon-fiber7} Fxj7} dejr} &hAJA
ZHadls 7o R Alad e F7| 4 HJ2ZE F
ol 2ol wet Egg el gAAs gl
7o 2 A=t carbon-fibere 2%l
slebslr] 9fshe] zbzbe] AlHE vp= WSt

L

2] Fig. 6~118 z+ £xo mpE Al 2 1000u] Seligt =
%ol Fig. 6~1104 =¥ sl o} & B389 car-
bon-fiber ¢+ epoxy o] AeN g & 4 o}, L=rt UM
£ carbon-fiber 2] Atele} epoxy @) ALel7} Wo] &A= o
S5 B 4§ ok AF2olx 9 Ajse] Abefel 200°C 2 A

32



T -

X 100 20.00um

Fig. 8. SEM micrograph of carbon-epoxy composite (1007C).
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Fig. 9. SEM micrograph of carbon-epoxy composite (100°C).
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Fig. 10. SEM micrograph of carbon-epoxy composite (200 ).
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Fig. 11. SEM micrograph of carbon-epoxy composite (200C ).
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