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Development of Self-Diagnosing CFRP Laminates with Nano-PZT particulate

Layers and Insulating Coated Carbon Cloths.

*

Kensuke Kageyama

CFRP laminates specimens with Nano-PZT particulate epoxy resin layers and insulating coating carbon layers

were prepared. Two types of insulating coating were examined and one liquid type epoxy adhesive showed

excellent insulation of carbon layers. CFRP laminates specimens suffered tensile or fatigue testing and signals

of electric current generated by hitting specimens were measured simultaneously. The electric signal tended to

increase with loading or fatigue cycles and sudden increase in the signals coincided to the occurrence of

delamination between epoxy matrix and carbon layers. Tensile testing showed that the addition of PZT particles

upgrade the increase in the electric signals due to delaminations. On the other hand, fatigue testing showed that

the influence of the addition of PZT particles on the electric signal behavior was small
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電流計測
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Fig. 1 Schematic of generation mechanism of electric current from charged CFRP laminates.

Fig.2 Reaction formula of Zol-Gel method.

Si(OC H5)4+H2O Si(OC2H5)3(OH)+(OC2H5)OH

Si(OC2H5)3(OH)+H2O Si(OC2H5)2(OH)2+(C2H5)OH

Si(OC2H5)(OH)3+H2O Si(OH)4+(C2H5)OH

Si(OH)4 SiO2+2H2O

Si(OC2H5)+2H2O SiO2+4C2H5OH

Hydrolysis reaction Polymerization reaction
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Fig. 3. Carbon layers for laminated specimens
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Fig. 4. Schematic of electric treatment to

obtain uniform polarization direction of PZT

particles
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Table 1. Comparison of insulation coating for carbon layers

Coating type Average electric resistance

between carbon layers

Silica coating using sol-gel method 50k�

Epoxy coating using two pack epoxy resin 500k�

Epoxy coating using one pack epoxy resin 49M�
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Fig. 5. Result of tensile testing and measurement of
electric pulse hitting CFRP specimen without PZT
particles
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Fig. 6. Result of tensile testing and measurement of
electric pulse hitting CFRP specimen with PZT
particles
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Fig. 7. Result of fatigue testing and measurement of
electric pulse hitting CFRP specimen without PZT
particles
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Fig. 8. Result of fatigue testing and measurement of
electric pulse hitting CFRP specimen with PZT
particles
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