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Optimization of eddy current pulsed thermography detection
condition using particle swarm optimization

Sun Jiwei, Feng Fuzhou, Min Qingxu, Xu Chao, Zhu Junzhen

(1. Department of Vehicle Engineering, Academy of Army Armored Forces, Beijing 100072, China)

Abstract: Optimization of detection conditions is defined as maximizing the amount of heat generated in
crack area, in order to perform better in the Eddy Current Pulsed Thermography (ECPT). Aiming at
standardizing the method of optimization in ECPT, and a single metal plate specimen with a specific
crack was taken as the investigated subject. Response signal increased with the excitation time and
excitation intensity, and it had a tendency to enhance first and then weaken with the increase of lift-off
distance analyzed by results of simulation and experiment. A multivariate nonlinear regression model was
proposed to estimate response signal under specific detection conditions, and the quantitative relation
between response signal and different detection conditions was determined. Finally, the Particle Swarm
Optimization (PSO) algorithm was introduced to optimize the detection conditions, and the distribution of
response signal and Probability of Detection (POD) with different detection conditions were drawn. The
research results provide theoretical guidance for optimization of detection conditions in ECPT.
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Fig.1 Schematic diagram of ECPT system
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Fig.2 45 steel plate specimen with fatigue crack
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Fig.3 Simulation diagram of ECPT
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Tab.1 Physical parameters for each part of model

material
Material Copper 45 steel Air
Density/kg-m-3 8 700 7750 1.2
Pyroconductivity/W - (m - K)* 400 50.2 0.0257
Conductive S/m 5.9¢’ 5.0e° 1.0e®
Relative permeability 1 400 1
Specific heat capacity/J- (kg-K)™ 385 480 1000
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Fig.4 Scattered plots and fitting curves of response signal with

excitation time under experimental conditions
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Fig.5 Scattered plots and fitting curves of response signal with

excitation time under simulation
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Fig.6 Scattered plots and fitting curves of response signal with

excitation intensity under experimental conditions
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Fig.7 Scattered plots and fitting curves of response signal with

excitation intensity under simulation
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Fig.8 Scattered plots and fitting curves of response signal with

lift-off distance under experimental conditions
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Fig.9 Scattered plots and fitting curves of response signal with

lift-off distance under simulation
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Tab.2 Test plan

No. Excitation time/ms Excitation intensity Lift-off distance/mm

1 100 20% 5
2 200 40% 10
3 300 60% 15
4 400 80% 20
5 500 100% 25
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Tab.3 Estimated values of the coefficients filtered
by the AIC criteria

Estimated  Standard Significance
Parameters ..

values deviation level
Bo -2.292e-01 4.054e-01 -0.565 0.573 041 -
B -1.332e-04 1.024e-03 -0.130 0.896 719 -
B, 7.099e-02 4.131e-02 1.718 0.088 542 -
Bs -7.560e-01 1.033e+00 -0.732 0.465 765 -
Bs -2.928e-03 1.209e-03 2.422 0.017 050 -

Bs 1.123e+00 7.556e-01 1.486 0.140003 -
Bs -1.245e-04 1.115e-04 -1.117 0.266 319 -
B 1.027e-02 2.787e-03 3.684 0.000 356 -
Bs 5.692e-02 3.842e-02 1.482 0.141282 -
Bs -7.066e-03 2.546e-03 -2.775 0.006 478 -
Bo 8.088e-06 4.074e-06 1.985 0.049 583 -
Bu -1.575e-03 1.027e-03 -1.533 0.128 130 -
B -1.979e-05 3.788e-06 -5.223 8.31e-07 -
Bu 5.451e-04 9.470e-05 5.756 7.77e-08 -

o 0.2236 - - - -

%= 4 dropl ()R # I IE T R A 1HE
Tab.4 Estimated values of the coefficients filtered
by the dropl( )

Standard Significance
deviation level

Estimated

Parameters
values

Bo 3.803e-01 5.257e-02 7.234 4.67e-11 -
B 4.940e-03 3.876e-04 12.744 <2e-16 -
B 3.637e-04 3.816e-05 9.531 <2e-16 -
Bu -1.560e-05 1.142e-06 -9.100 2.24e-15 -

o 0.292 - - - -
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Fig.10 Curve of fitness with number of iterations
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Fig.11 Response signal profile under different detection conditions
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