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E : Modulus of elasticity

0« : Ultimate tensile strength
€ « : Fracture strain rate
vV 12 : Poisson's ratio

R : Stress ratio

N: : Fracture cycle in fatigue
S : Stress

a : Damage length

d : Hole diameter
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3.1

() ;
Low HCU 1003  Table 1

T able 1 Physical properties of prepreg Low R/C HCU 1003

material
. CF Resin Scrim T otal t
Meterial ) .. RIC ) )
Wt (gr/m?)|Wt(gr/m") Wt (gr/m?) /Wt (gr/m~)|(mm)
HCU
112 41 27+ 2 A 155 0.126
1003
(Carbon Fiber Reinforced Prepreg)
, 245mm(Fig. 3
) [090]s [90/Q]s [0+ 45/90]s 8
(Silicon OQill
KS 707) (Hot Press, Fig. 4 )
150 80kg/ cm? 1 .1

1 0.9mm
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. Fig. 6
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Fig. 3 Sampling position for CFRP specimen.
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Fig. 4 Hot press.



Fig. 5 Diamond wheel cutter.
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Fig. 6 CFRP specimen configuration.
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Fig. 7 SEM photograph of fiber diameter.
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R-15 sensor

Fig. 8 AEDSP 32/16 board and sensors.
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Fig. 9 Schematic diagram of experimental apparatus.
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Fig. 10 Photo of experimental apparatus.
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4.1
Fig. 11 (a), (b), (c)
[090]s (b) [90/0]s
1002k g
45/90]s  Fig. 11 (a), (b)
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T able 2 Variation of strength of tensile test results

) ) Modulus | Fracture )
Ultimate M aximum ) poisson's
] of strain ]
tensile strength| Load o ratio
elasticity rate
Fiber
_ _ o0 .(MPa) P(kgr) E (GPa) € 4(%) Vo1
orientation
[0/90]s 775.6 1424 53.1 1.46 0.042
[90/0]s 7734 1420 56.0 1.38 0.043
[0/ £ 45/90]s 545.8 1002 43.3 1.26 0.046
Average 698.3 1282 50.8 1.36 0.044
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Fig. 11 Load-displacement relationships.
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Fig. 11 Load-displacement relationships.
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Fig. 12 The relationships of load and AE count for tensile test

time.
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Fig. 12 The relationships of load and AE count for tensile test

time.
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Fig. 13 Load- AE count relationships.
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Fig. 13 Load- AE count relationships.
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Fig. 14 S-N Curve for CFRP specimen with hole(R=0.1).
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(b) Load=296kg:

Fig. 16 Photographs of video recording of fracture by tensile
test ([0/ = 45 90]s).
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(c) Load=855kgs

(d) Load=938kgr

Fig. 16 Photographs of video recording of fracture by tensile
test ([0/ = 45 90]s).
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(@) [0/90]s (b) [90/0]s

Fig. 17 Photographs of fracture by tensile test.



(b) 1x 10°cycle

Fig. 18 Photographs of video recording of fracture by fatigue
test (fatigue limit = 1x 10°).
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Fig. 18 Photographs of video recording of fracture by fatigue
test (fatigue limit = 1x 10°).
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Fig. 18 Photographs of video recording of fracture by fatigue
test (fatigue limit = 1x 10°).
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Fig. 19 SEM photograph of side and fracture surface for after

tensile test.
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(d) [0/90]s

Fig. 19 SEM photograph of side and fracture surface for after

tensile test.
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(b) [90/0]s

Fig. 20 SEM Photograph of side and fracture surface for after

fatigue test.
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Fig. 20 SEM Photograph of side and fracture surface for after

fatigue test.
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Evaluation of the Mechanical Properties and Fatigue Damage
on Lay-up Orientation of Carbon Fiber Reinforced

Plastic Composite

Young-Il Tae

Department of Safety Engineering, Graduate school,

Pukyong National University

Abstract

In recent years, advanced composites like CFRP are increasingly used in various
industry fields because of their unique specific strength and stiffness properties. However
CFRP laminate composites bring on the problems as like the delamination, matrix cracking,
debonding, fiber breaking. These complex damage mechanism depend on the material,
lay-up sequence, geometry and loading condition.

The purpose of study is the estimation of the fatigue damage mechanism and
mechanical properties effected by lay-up orientation for CFRP laminate composite with the
hole notch. The tensile tests for [(0#90]s, [90/0]s, and [0/+ 4590]s laminate composite were
accomplished with acoustic sensor and failure processes were recorded by CCD video
camera in rea time. The analysis of cumulate AE count was done by AE analysis
software (MISTRAS-2001). Also SEM examination for fracture and side surface were
carried out. In addition, fatigue tests were carried out for CFRP of [0/90]s, [90/Q]s lay-up
recording damage processes of surface by CCD video camera in each cycle.

From this study, the following conclusions could be drawn.

1. Mechanical properties were obtained and they were similar between two kinds of

cross-ply orientation in CFRP laminate composites, however cumulate AE count,



regardless of lay-up orientation, was increased on tensile test according to increasing the
load,
2. The damage length according to the fatigue repeat cycles was expressed as three
stages in [90/0]s laminate composite.
3. Fatigue damage failure mechanism of [0/90]s, [90/0]s laminate composite involves
splitting, fiber-matrix debonding as well as delamination and fiber breaking which
promotes the fracture.

These results will be useful for development of the newer composite properties and

failure prevention of composite structures.
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