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Abstract

Abstract

Because of the superior performance carbon fiber reinforced composites (CFRP)
are widely used in manufacturing of aircrafts, automobiles and ships, chemical
engineering, electrical equipment and other fields, and are especially highly valued in
aviation, ships and nuclear power equipments. However, composite structures have
defects during manufacturing and are damaged in using inevitably. Most of defects
occur suddenly without omen, which will cause serious consequences. Therefore,
nondestructive testing of CFRP is very important.

Infrared testing, X-ray testing and ultrasonic testing are the major and effective
testing techniques for CFRP at present. Few studies have been done in the eddy
current testing (ECT) of CFRP. In this thesis, we study the ECT of CFRP based on the
electromagnetic field theory and the finite element (FE) method. A three-dimensional
FE model is developed using Fortran language to simulate the ECT of CFRP. By
analyzing the simulation results, we can get the eddy current distribution in CFRP, the
induced voltage of coil, and the magnetic field signals on structure surface, which
contribute to obtaining defect information.

FE simulation is of guiding significance to the research of ECT of CFRP. The
computed eddy current distribution in CFRP follows the characteristics of electric
anisotropy of CFRP. The agreement between the analytical solution of coil impedance
variation and the simulation result proves that the FE simulation is reliable. The skin
effect in electrically anisotropic materials has also been studied. Simulation results
show that eddy current in CFRP decays faster than that in isotropic materials. The
thesis also investigates the testing of fiber breakage and delamination. The induced
voltage and magnetic field signals are computed. Results show that the ECT technique
is good for testing fiber breakage and delamination.

Key words: Carbon fiber reinforced composites; eddy current testing; finite element

analysis
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1
Jr fuo
A s——BIRRE, B oK (m);

S5 = (1.3.1)




A5

A

S—HE S R, AL 2K (Hz);
p—— B AR, AL FRIEK (H/m);
oc— e LA SR, B BTk (S/m).

MITRE (1.3.1) EATATBUE B, PR, 3 Ik Re s sl 3 il P Ry
RIRPRL, RSN 22 . SRR RN A, PR — MR EE S,
KIUNTE 2.6 MEKIREEAL, Wi B — RO LTE 1 4 90%. T, % E X
2.6 FEHPEIRIR AT A ROE NREE™ o FLE 0% X el 6 18 7 A=A
RO A I R AL 5 A 2.6 AEnEBRIR RV A (R0 3ba it T JHG A o X 24 P A 1)
s & R LB AT o

1.4 BRAHEE SMRLRRAN AP SSINR

Bk 2T 4 52 5 4 RHAE A2 7 i) 3 ASE FH S R P A4S Ak et 2 77 6 R o AT 52 457
13 BEE IR YEE SRR DUBE BERGA AT, BRET YE R G AT RHE B AT #lk K
M5 RN, B2k 2R BB ARG L, MR 4R SRR S R T
I R

FERANR AT RE A RSB AN 05 30, T DR AN R B JE S 5 B
HAT, SEMBICHE I & 5B Al il X2l ot
Kl THEAUZHTIAE (CTD ARSI ZEANRBARA I . ARSI . e
RS S TR ET AR A R LR A A R A A L X S ARl
CLAZLAR A RSBAT I o X LRSI iR IS 1 RCR - (B Ay ikt
HA 25 B AR PR DU ARSI I BRI — € DGR, X/ AT

2 EAEAE DA, AEASIN R o R B PR G500 X A A v, A
DR, A o3 2 R DR 3, AN 5 B 55 S e BT ) L FRIBRET, 2 5 AT
R SR ELAMSE 5 2L A A S AGASIN 2E SR A I A B R B, R A O 4
I BIXFIER IR L LB, ANE & A B SR IE BRI, Xk RENE . €A 5
SE B LU N AE™ . BREFER SMRLRA — 2T Re /s, Bk Enl DR e
MEABEAT RN o 7 EL bk AT AR B g B, AR S nd, P A
2L e 2 S PR TN AT FE R AT BB
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