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Study on Mode | Fracture Toughness and FEM analysis
of Carbon/Epoxy Laminates Using Acoustic Emission Signal

Hyun-jun Cho*, Min-Hyeok Jeon*, Hae-Ri No*, In-Gul Kim*"

ABSTRACT: Composite materials have been used in aerospace industry and many applications because of many
advantages such as specific strength and stiffness and corrosion resistance etc. However, it is vulnerable to impacts,
these impact lead to formation of cracks in composite laminate and failure of structures. In this paper, we analyzed
Mode I fracture toughness of Carbon/Epoxy laminates using acoustic emission signal. DCB test was carried out to
analyze Mode I failure characterization of Carbon/Epoxy laminates, and AE sensor was attached to measure AE signal
induced by failure of specimen. Fracture toughness was calculated using cumulative AE energy and measured crack
length using camera. The calculated fracture toughness was applied in FE model and the result of FE analysis
compared with DCB test results. The results show good agreement with between FEM and DCB test results.
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Table 1. Test specimen specifications

Specimen Stacking sequence Size Thickness
1 1 u
P goed (mm) (mm)
Specimen A [0,,//0,] 25W x 260L 3.5
Specimen B | [0,,//+45/-45/0,,] | 25W x 260L 35
Specimen C | [0,,//+30/-30/0,,] | 25W x 260L 3.5
P-5
(UTM)

Y=

S0mm
20muy
S50mm +
«
<)

260mm

Camcoder

Fig. 1. Schematic of DCB Test
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Fig. 2. Bi-linear constitutive equation of cohesive element[2]
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Table 2. Input parameters of specimen A [0,,//0,,]

E E,-E G,=G,.=G
Pl t 11 22 33 — — 12 13 23
A€ | (GPa) | (GPa) | VTVETV2 (GPa)
Upper | 1247 7.78 0315 3.56
Lower | 1247 7.78 0315 3.56

Table 3. Input parameters of specimen B [0,,//+45/-45/0,,]

E E =E G,=G..=G
Plat 11 2= 33 —y = 1279137 V23
A€ | (Gpa) | (Gpa) | VTVBTVm (GPa)
Upper | 920 11.80 0.538 7.64
Lower | 1247 | 7.78 0315 3.56

Table 4. Input parameters of specimen C [0,,//+30/-30/0,,]

E E =E G,=G..=G
Plat 1 22=F33 v — 127913723
A€ | (GPa) | (GPa) | VTVBTVa (GPa)
Upper | 1063 | 872 0.616 6.62
Lower | 1247 | 7.78 0315 3.56

Ux=Ux=0

Fig. 3. FEM model for DCB specimen
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