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Infrared thermographic non-destructive testing (IR-NDT) is a non-contact method featuring shorter
inspection timeé covering a wider area than other NDT methods, such as ultrasonic techniques. Consequently,
this method is expected to be applicable to aerospace and automotive structures.

Among IR-NDT methods, pulsed thermography (PT) is the most widely used. In PT inspections, the tested
object surface is heated instantaneously by'ﬂash lamps. Then the surface temperature distribution after heating
is monitored by an infrared camera. Defects inside the object are identified as a local temperature rise on the
surface immediately above the defect, attributable to the disturbance of heat flow around the defect. The PT
method has been applied to various materials such as metal and ceramic materials, and carbon fiber reinforced
polymers (CFRP). In these applications, PT was found to detect defects located at depths of only few
millimeters from the surface. In CFRP laminates, the detectable defect depth is especially small: up to 1 or 2
mm. This small value is the result of CFRP’s extremely low thermal diffusivity in the out-of-plane direction
relative to in-plane directions.

Several ideas have been proposed to improve the shallow detectable defect depth by PT. Among the
techniques, pulse phase thermograhy (PPT) is a convenient testing method similar to PT, and can detect deeper
defects than PT. In PPT, the temperature-time data obtained by an infrared camera is transferred to
phase-frequency data by application of the Fourier transform. Using phase images constructed from the phase
data, detectable depth of defects is improved. Some previous papers reports that deeper defects can be detected
in phase images constructed at lower frequencies. However, detectable defect depth for CFRPs presented in
the papers using PPT is 2 or 3 mm, and it is still not enough for practical use (up to about 10 mm is required
for CFRPs used in aerospace and automotive structures).

Based on the background presented above, this study was undertaken to enhance the detectable defect
depth using PPT, and aims to detect defects depth of more than 10 mm in CFRPs. For attaining these aims, the
following topics were discussed in each section in this dissertation,

Section 2: Analytical studies for phase data obtained by PPT,

Section 3: Application of square pulse heating to improve the detectable defect depth,

Section 4: Studies for reduction of phase noise,

Section 5: PPT inspection for CFRPs.

In section 2, phase data for various defect depth and defect diameter were analytically calculated using
one-dixnensidnal calculations and numerical simulations based on finite element method (FEM). As reported in
previous papers, detectable depth of defects is varied with frequency of phase images. Therefore, optimum
frequencies for various defect conditions were estimated from analyses. Obtained analytical results were
verified by PPT experiments for a polymethylmethacrylate (PMMA) specimen. The experimental results
represented that deeper defect could be detected in phase images at the optimum frequencies for each depth
than those presented in previous papers.

In section 3, square pulse heating (heating for several tens of seconds) was applied instead of pulse heating
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conventionally used in PT and PPT, and its effectiveness was studied by analyses and experiments. From the
analytical fesults, it was found that square pulse heating is especially useful to detect deep defectsi In the
. experimental results for PMMA specimen, though detectable defect depth in phase images obtained by
conventional pulse heating was up to about 5-6 mm, it was improved up to 9-10 mm by square pulse heating.

In experimentally obtained ‘phase data, phase noise appears due to existence of temperature noise before
Fourier transform, and the detectable defect depth depends on the amplitude of the phase noise. Therefore,
noise reduction techniques were studied in section 4 to enhance S/N (Signal to Noise) ratio. In this study, two
different methods (Thermographic signal reconstruction; TSR and data averaging) were discussed, and data
averaging was found to be useful to improve S/N ratio. ‘

In section 5, PPT inspection for CFRP laminates were studied. CFRPs have intensive thermal anisotropy,
and detectable depth of defect in CFRP is expected to be varied depending on its strength. Hencé, relation
between detectable defect depth and strength of thermal anisotropy was analytically studied using FEM
simulations. In addition, the square pulse heating (discussed in section 3) and the noise reduction method
(discussed in section 4) were applied for CFRP inspections. Experimental results demonstrated that, though
detectable defect depth by pulse heating was about 5 mm, that by square pulse heating (heating duration was
30 s) was improved to 7-8 mm. Moreover, detectable depth was estimated to be improved to about 10 mm
when the noise reduction technique (data averaging) was applied in addition to square pulse heating. These
results mean that PPT with square pulse heating and noise reduction method is an efficient non-destructive

testing method for CFRPs used in aerospace and automotive structures.
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