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Abstract

The fatigue crack propagation of random short fiber SMC composite material was investigat-
ed. In macroscopic viewpoint, SMC composite material was treated as isotropic material and was
analyzed in terms of conventional fracture mechanics. Experiments were conducted on mode I
and mixed mode respectively and various loading level was applied to each mode. Fatigue crack
growth can be explained in three steps and most of fatigue life is consumed in initial crack
growth. In this experiments, power law, i.e, da/dN = C(4K)™, between fatigue crack growth rate
and stress intensity factor range, was valid and the value of the exponent m is about 10,
which is much higher than that of other metals. Fracture mechanism was also investigated by
SEM fractographic study.
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Table 1 Mechanical properties of random short
fiber SMC composite

Fles)%l_ral Tensile SzT. Comp. S’ZI‘. Charg%.lmp.
(kg/mm?) (kg/mm?) | (kg/mm?) (kgem/cm?)
19.7 5.0 16 51

Table 2 Chemical composition of random short
fiber SMC composite vol. (%)

UPE Filler . .
Resin | (CaCOs) G. fiber |Thickener| etc.
25.9 36.3 32 0.3 5.5
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Fig. 1 Geometry of fatigue test specimens
(a) Single edge notched specimen
(b) Slanted edge notched specimen
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Fig. 3 Typical crack growth under various loading
conditions (mode I)
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Fig. 4 Typical crack growth under various loading
conditions (mixed mode)
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Fig. 5 Fatigue crack growth of SMC composite
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Fig. 6 Fatigue crack growth of SMC composite
(mixed mode)

Fig. 7 Fatigue crack growth and microcracks
(mode I)
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Fig. 9 Fatigue crack growth rate versus 4K
(mode I)

with ¥=1.99-0.41%+18.7(-2)’
-—38.48(—5}-)2+53.85<%)4
a=T942 Zo}
w=ARe %

o=7ts2 44
o=74 A%

ojs} ol T& FHAAc HY gK9 F
Qo A A3AAE G4 2W =z e}
A A7) Fig. 9 2 Fig. 100 i},

hzte] adze e gde 244 Jod3 2
7ol ol22] siehal wAss FAY FA HA
AHE A e dde el 2 A
Zrzo) |z 7z LH@o AgE Jeli:

AEe VAT A% AHE ¢ 4+ Uz G
e A4gAe WAl AYsgnen,
da m
—~v —CUK) (3)
A7A HiaAsH T ol&std mEA CHE T
r o 5%
i " 0%
A 6%
™ 0 = 45°
i ®
a
. o a
§]0‘:- onm 4
§ E oIA
[ cut
s [ "
L & o aft
£l -1
°
- $u,
§10"_— fi A
= : o m A
g I o "
o A
L. o u
= e =
o ]
10704 L4 1 1l L NN
10! 100

STRESS INTENSITY FACTOR RANGE, AK(MPa/m)
Fig. 10 Fatigue crack growth rate versus 4K
(mixed mode)



92 A% &

stgeh, m Y Cae ABASFEA #P2A, F
b, SH Al 5o Feolvh, mE | AEA
AL Arta] A#AAE FEFe2 vepiH m
9.55, C¥ 7.31x1072c2 ety Egncy
ZAEelE me 11.08, Cx 4.38x107* 22 vehyg
o 2t A¥zel wE Mg A A3k Table 3
o Table 4ol vt Qitf,

A A ol et mke] dubF & el of

r

e vE e, ole 44
Aol A Mo AL s A =
AS/712 Aol shfA A elAlFdE A4
AF1A A3 e o] &4l Aw/7A =

g Az Ashsledl, o] A FRHH B
o] CaCO; FAA7 mAFdE FEALG, F
TEAHG FHe T8 2XelA =l Hojd F4
7R FAlol £Abol Artelng s oE

Table 3 Test conditions and results for mode I

Mode [ (4=0)
Specimen Applied load Failure cycle m C

1 222 kg 50060 8.46 7.33x10°1

50% 2 225 kg 47530 10.17 9.47x107'2
? 3 225 kg 85680 9.44 6.37X 1071

4 222 kg 97980 11.35 4.99x10°

1 265 kg 37490 7.73 8.94x10°1°

60% 2 270 kg 25190 9.81 1.46%1071
? 3 256 kg 23570 12.04 4.21X107'¢

4 270 kg 10020 9.43 5.87x 107

1 288 kg 1460 10.03 7.51%10°12

65% 2 285 kg 9506 9.18 2.47X107*2
? 3 288 kg 1569 9.49 6.52X 10712

4 288 kg 1271 7.52 7.33x10°%°

Table 4 Test conditions and results for mixed mode
Mixed mode (8 =45)
Specimen Applied load Failure cycie m C

1 222 kg 29460 9.48 5.62% 10712

50% 2 226 kg 15060 11.93 4.92x107'*
? 3 218 kg 20110 10.54 5.47x 107"

4 218 kg 9430 12.76 5.31x107'

1 264 kg 21820 12.52 4.94%x10716

60% 2 262 kg 25610 11.91 4.81x107*
° 3 262 kg 41750 10.33 2.86x10713

4 260 kg 16020 9.29 3.49%107°12

1 288 kg 4380 10.94 6.44%x 10718

65% 2 284 kg 1630 12.25 3.65%1071¢
° 3 286 kg 1460 11.07 4.79% 107

4 288 kg 6020 9.96 9.10x 10712
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Fig. 11 Fractography of notch tip (X 300)

Fig. 14 Fractography of matrix rich region (Xx100)
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Fig. 16 Fractography of CaCO; separation in mar-
trix rich region (X 3000)
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