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Study of defect detection mechanism of carbon fiber reinforced
polymer based on laser thermoelastic effect
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Abstract ; The accumulation of micro-damage such as matrix crack and fiber fracture in carbon fiber rein-
forced polymer (CFRP) under cyclic loading will seriously affect the mechanical properties of CFRP. The
size of micro-damage is small and the locations of micro-damage are scattered, which are difficult to be
accurately identified by traditional nondestructive testing methods. Laser ultrasonic detection technology
has the advantages of non-contact, fast detection speed,wide measurement range, et al. Especially com-
bined with the advantages of laser long distance excitation and large angle incidence,it has a great poten-
tial in the damage detection of large size and curved structure materials. Based on the thermoelastic effect
of laser,the generation process and propagation characteristics of ultrasonic wave in CFRP are systemat-
ically studied on the basis of analyzing the distribution of temperature, stress and displacement field after
laser is applied to CFRP. Through the analysis and comparison of ultrasonic echo signals with defects in
different places in CFRP, the corresponding relationship between defect position and echo signal charac-
teristics is obtained,so as to realize the reverse performance of the key information of defect position in
CFRP from the echo signal characteristics.
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Tab.1 Main parameters of CFRP

Material Carbon fiber Epoxy
Conductivity/W « (m « K1) {12,12,15} 0.2
Density/kg *+ m™* 1500 1200
Young's modulus/GPa {30,30,10} 3.5
Poisson’s ration 0.32 0.35

Expansion/K {1,1,1.2} X10°% 2X10°°
Specific heat/] « (kg « K) ? 1500 981

x2 RESH

Tab. 2 Light source parameters

Parameter Numerical value
Wavelength 1064 nm
Pulse width 14 ns

Repetition rate 20 Hz
Single pulse energy 3 m]
Rise time of pulse laser 10 ns
Radius of light source 15 pm
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Tab.3 Model parameters
Parameter Symbol ~ Numerical value
Length M, 50 mm
Width H, 30 mm
Thickness of resin layer H, 10 mm
Thickness of carbon fiber layer H, 20 mm
Probe distance M, 10 mm
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Fig. 2 Generation of ultrasonic wave in resin: (a) Overall temperature distribution;

(b) Temperature distribution of the intercepted part;

(¢) Two dimensional stress wave; (d) Surface stress;

(e) Stress displacement diagram
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Tab.4 Appearance time of Rr wave at different defect depth

Defect location Defect '_I‘he occurrence
depth time of Rr wave
Resin layer 0.1 mm 1.36X10 ¢ s
Resin layer 0.2 mm 1.41X10 ¢ s
Resin layer 0.3 mm 1.43X10 ¢ s
Resin layer 0.4 mm 1.44X107°% s
Junction of two materials 0.5 mm 1.52X107°% s
Junction of two materials 0.6 mm 1.61X10 % s
Carbon fiber 0.7 mm 2.21X10 % s
Carbon fiber 0.8 mm 2.33X10 % s
Carbon fiber 0.9 mm 2.40X107% s
Carbon fiber 1.0 mm 2.44 X107 % s
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