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Prediction of Long-Term Performance of a Composite
Material Using Accelerated Environmental Test

S.H. Hong*, K.B. Shin*, B. Jung', T.G. Hwang ', J.S. Kim ' '
C.G.Kim"" and C.S. Hong™*

ABSTRACT

Recently, graphite/epoxy composite materials are quite commom in military aerospace struc-
tures. In service or stock, composite structures may be exposed to natural environments for long
periods of time. Therefore, environmental aging factors such as temperature, moisture, and UV
radiation can reduce mechanical and physical properties of the composite material.

In this study, accelerated aging test using Weather-Ometer was conducted to predict the long-
term performance of a T300/AD6005 graphite/epoxy composite material system. To investigate
the degradation of mechanical properties of the composite material and resin(AD6005 epoxy), ten-
sile, compressive, shear, and flexural tests were performed at intervals of accelerated aging time of
500, 1000, 1500, and 2000 hours. It was found that the strength degradation of the composite and
resin was much more severe than the stiffness degradation with the aging time. Matrix cracking
and matrix loss were observed at the surface of aged specimens by using SEM. For correlation of
accelerated aging to natural aging, acceleration factors were determined for several mechanical
properties.
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Fig. 4. Normalized stiffness of T300/AD6005 graphite/epoxy after accelerated aging
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Table 1. Variations of stiffness for T300/AD6005 graphite/epoxy and epoxy(AD600S5) with accelerated aging time

Unit : GPa Baseline $(%) Ags‘gg;;me S(%) Af&%ﬁf‘e $(%) A?sno%}?;m S(%) A;g’&%ﬁf‘e S(%)

TI0°] 1?0(9)(7) 403 1(1)8923 5.64 1(1)%;‘3 2.99% 1.55% 193

T(90] 1%(3)3 132 07922 3.46 089(6); 0.12 - ———1-%3(9)— 231

. Cl0°) 1(1)3)'(7)35 2.43 1859(5)3 1.44 1839§; 6.49 182952 4.36——1—8%5%—; 4386

oraphite/epoxy| F[0°] 11903(5) 2.53 1899?2 091 1(1)3912 2.85 1(])5932 2.14% 2.44
T s 1

Q) S e

e A

g e ) BT P [ B

728 [ e g 3 3

o s R e R R T R B

T:Tension, C:Compression, F:Flexural, TR:Tension of ring specimen, S:Shear, S(%):Scatter of

data.((Standard deviation/Average value)x 100)
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Fig. 5. Normalized strength of T300/AD6005 graphite/epoxy after accelerated aging
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Table 2. Variations of strength for T300/AD8005 graphite/epoxy and epoxy(AD6005) with accelerated aging time

Unit : GPa Baseline $(%) Ags’ggéme S(%) A‘;g‘&);‘“ S(%) AT‘S“()gogf‘e S(%) Agg’&)ﬁf‘@ S(%)
[90°] ?.76[01(3) 10.67 3175 7.48 (1)97Z 981 - ———(1)-9%—- 15.39
Clo7) “?%égé 451 102?9‘325 8.08 loé?égii 6.96 93222§12.12 93()8% 7.00

F[90°] ?%g?) 1181 (3)24612 13.86 (3)48(3); 1555 (3)283; 9.04 -
e R % B s
Y EE R e w3 e PR P
e e
Epoxy T 41130(8)3 ; 348 (3)0622 é 8.91 (3)8832 i 224 (3)78§? E 583 (3)4’;2 E 11.88
P g gy M g
O 8 o R w3 B T B

T:Tension, C:Compression, F:Flexural, TR:Tension of ring specimen, S:Shear, S(%):Scatter of data.((Standard devia-

tion/Average value) x 100)
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Fig. 6. Normalized stiffness of epoxy(AD6005) after accelerated
aging
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Table 3. Constants A and B of life—time equation for stiffness

Table 4. Constants A and B of life —time equation for strength

A(GPa) B A(MPa) B

Tension[0] 123.03 1E-4 Tension[0’] 172800  7E-5
Tension[90"] - - Tension'[90°] ) 24.72 IE—4
Compression[0]  107.49 2E—5 Compression[0°] 1142.10 1E—4
T300/AD6005 Fl:xural[0°] 115.44 OF—6 T300/AD6005  Flexural[0°]  1140.00  2E-5
graphite/epoxy Flexural[90°] 8 3 4 AE—d graphite/fepoxy  Flexural[90°] 39.22 1E~4
. . ' ILSS 52.44 9E-5
Tension of ring  124.77 4E—5 Tensionof ring 176040  1E—4

Shefir 5.21 4E-5 Shear - -
Epoxy Tension 33 3E-S Eooxy Tension 859 SE-S
(AD6005) Compression 3.63 1E-5 (AI§6055) Compression 126.37 3E-5
Shear 1.4] 2E-5 Shear 32,40 8E—5

Yer—-lil Yer—-lil

Y : Stiffness(GPa)
t: Accelerated aging time(hour)
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Fig. 8. Typical microscopic photographs of aged 90° tension specimens{x500)
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Fig. 9. Typical microscopic photographs of aged 90° bending specimens(x200)
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(a) Baseline

s

(b) Accelerated aging for 500hr

(d) Accelerated aging for 1500hr
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Table 5. Correlation of Weather—Ometer hours to actual expo-

sure hours
Baseline Natural aging ~ Acceleration
(5 years) factor
Flexural strength(0)  1222.95(MPa) 1109.58(MPa) 32
Flexural stiffness(0°)  119.85(GPa)  92.18(GPa) 2

Flexural stiffness(90") ~ 8.13(GPa) 4.84(GPa) 32

")
Flexural strength(90")  40.82(MPa)  33.59(MPa) 28
) 8
Shear stiffness 523(GPa)  4.04(GPa) 7

(¢} Accelerated aging for 1000hr

(e) Accelerated aging for 2000hr

Fig. 10. Surface morphology of aged T300/AD6005 graphite/epoxy specimen using SEM
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(a) Baseline

(c) Accelerated aging for 1500hr

(d) Accelerated aging for 2000hr

Fig. 11. Surface morphology of aged epoxy(AD6005) specimen using SEM
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