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The SMC composite, now being considered in certain structural applications, is anticipated to
experience repeated loading during service. Thus, understanding of the fatigue behavior is
essential in proper use of the composite material.

In this paper, using the SMC composite composed of E-glass chopped strand and unsaturated
polyester resin three point bending fatigue tests are carried out to investigate the fatigue crack
propagating behavior under various cyclic stresses and fatigue damage of various microcrack
froms.

The following results are obtained from this study ;

1) Most of the total fatigue life of the SMC composite is consumed at the initial extension or
the growth of the macroscopic crack.

2) A Paris’ type power-law relationship between the crack propagation rate and stress
intensity factor range is obtained, and the value of material constant m is much higher (m=
9~11) than that of other metals.

3) In case of high cyclic stress the fatigue damage show high microcrack density and short
crack length, but in case of low cyclic stress does it vice versa.

4) Fatigue damage is characterized by microcrack density, crack length and distribution of
crack orientation.

Nomenclature E : Elastic modulus(&gf /mm?)
I : Moment of inertia(mm?*)
a : Crack length(mm) K, : Stress intensity factor(kgf/mm??)
a, . Intial notch length{(mm) AK; : Stress intensity factor range(kgf/mm??)
Aa : Crack growth(mm) P : Load(kg)
B : Specimen thickness(mm) R : Stress ratio(0min/ O max)
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: Specimen span(mmn)

: Specimen width(mm)

: Crack ratio(a/W)

. Section modulus(mm?®)

. Displacement(mim)

: Stress(kgf /mm?)

Omax : Maximum cyclic stress(kgf/mm?)

a % N W

Omin  : Minimum cyclic stress(kgf/mm?)
ours  Tensile strength(kgf/mm?)
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Fig. 1. Configulation of test specimen.

Table 1. Chemical composition of SMC-R30

Fig. 2. Fracture shape of tensilc test specimen.
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composite
. Components/ | Quantity
Constituents Classification (wt%)
Glass mat #450 29.4
Polyester Resin MC.200 227
Low shrinkage agent 1 LP-80 15.2
Low shrinkage agent 2 LP-1 4.4
Filler C,CO, 14.2
Pigment 34087 43
Mold releaser ST.Z, 1.2
Thickener MgO 1.0
Others 2.6

Table 2. Mechanical properties of SMC-R30

composite
Tensile Compressivg Flexural | Elastic Elongation
strength | strength | strength | modulus & Poission’s
(kef ! (kef! | (kgf/ (kgf/ ratio

(%)

mm?) mm?) mm?) mm?)

10.7 14,4 19.4 1040 1.7 0,11

130

Fig. 3. Configulation of three point bending test
specimen.
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1. Motor 6. Nut
2. V-Belt 7. Ball bearing
. Pulley 8. Bush

3
4. Unit bearing
5. Eccentric shaft

Fig. 4.

9. Specimen bed
10. Counter meter

Schemetic drawing of test apparatus.

0 ; Center of shaft

0" ; Center of eccentric shaft

0” ; Center of bush

; Eccentric lengthx1/2

; Rotating Angle of bush

; Longest length from center of shaft to large

circle

1 ; Shortest length from center of shaft to large
circle
Fig. 6.
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Principle of variable eccentric shaft.
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Table 4. Relationship between each maximum
cyclic stress and displacement at
unnotched specimen

oy (@ max (RS /
Load (%) mm?) P(kg) S (mm)
50 5.35 71.33 0.34
60 6, 42 85, 60 0,41
70 7.49 99, 87 0.48

specimen
Load O'max P g
(%) (kgf / mm?) (kg) (mm)
50 5.35 45.65 043
60 6.42 54.78 0.51
70 7.49 63.91 0.60

Omin
0 No. of cycle

Fig. 7. Model of fatigue stress.
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Fig. 8. Fatigue crack propagation under various

cyclic stresses.
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Photograph of fatigue crack growth and
microcracks.
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Fig. 11. Fagigue damage in SMC-R30 composite
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Fig. 12. Comparision of fatigue damage in SMC-
R30.

(b)

(a) Static fracture
(b) Cyclic fatigue fracture

Fig. 13. Comparision of damage growth and

fracture in SMC-R30.
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