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Tab.2 Fitting results and error analysis when the porosity is 0
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Tab.4 Porosity and fitting error of various laminates

. S bR — R AT TWREGE AR
G /% B/ % RE/%  BAE/ % /%
0.91 1.05 15. 38 0.98 7. 69
2.36 2.11 10. 59 2.15 8.90
8 3.11 3.62 16. 40 3.77 21.22
5.11 6.33 23.87 6.25 22.31
0.98 1.03 5.10 0.83 15.31
2.46 2.49 1.22 2.58 4.88
16 3.54 3.22 9.04 3.36 5.08
7.74 8.28 6.98 7.80 0.78
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3.73 3.57 4.29 3.72 0.27
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4.21 4.30 2. 14 4. 44 5.46
1.56 1.47 5.77 1.38 11. 54
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Ultrasonic Attenuation Model for Porosity Test of
CFRP with Variable Thickness

Li Zhao' Zhou Xiaojun' Yang Chenlong' Wang Jianlong' Xu Jianyong' Zheng Huifeng’
(1. The State Key Laboratory of Fluid Power Transmission and Control, Zhejiang University, Hangzhou 310027, China
2. College of Metrology and Measurement Engineering, China Jiliang University, Hangzhou 310018, China)

Abstract. Based on the principle of ultrasonic transmission method with some hypothesis, a relationship
model between porosity, the number of layers and the ultrasonic attenuation was established for different
CFRP laminates. Firstly, under several assumed conditions, a relationship model between the number of
layers and the ultrasonic attenuation was established without porosity. This model can reflect effect of
other factors on the ultrasonic attenuation. Then, considering the effect of voids, the model was improved
with the factor of porosity. Finally, using the test data of the porosity and ultrasonic attenuation for 5
different laminate test blocks, a fitting porosity mode was given. The analysis and test result show the
model has enough precision and can certify the requirement of engineering test. This model can be used
to test the porosity of different composite laminates in same bath and doesn’t need to prepare too many
samples, so it is convenient and fast, as well as cost saving. On the basis, a relationship model between
porosity, thickness and ultrasonic attenuation was established by revising the porosity model. As for
composites with variable thickness, it is needed to replace the number of layers by thickness. What’s
more , refraction phenomenon may occur while the ultrasound propagates at the back wall. So other factors
should be revised. The analysis shows that, the included angle between the propagation direction and the
normal direction of back wall plays an important part in the model. And the attention will increase rapidly
with the angle increases. So the model is suitable for the composites with big curvature radiuses.

Key words: Carbon fiber composite Porosity Variable thickness Ultrasonic attenuation



