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Select Principle of Thermal Excitation Pattern in Infrared Thermal
Wave Nondestructive Testing for Fiber Reinforced Composite
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Abstract The pattern of thermal excitation is one of the main factors which affect the detection reliability in
infrared thermal wave nondestructive testing. The experiment is designed to establish the basic principle for selecting
pattern of thermal excitation. In experiment, glass fiber reinforced laminate which embeds artificial defects is a
tested object, and four patterns of thermal excitation are organized as follows: pulsed flash lamp, boiling-water bath,
oven thermostatic heating, and pulsed ultrasound. The thermal stimulus-response signal which is the intensity of
infrared radiation of specimen surface is acquired and processed. The influence of four heating ways on the testing
results is analyzed and contrasted from three respects: signal to noise ratio of thermal imaging, curves of infrared
radiation intensity, and degree of defect’s detectable, and a basic principle for selecting pattern of thermal excitation
for fiber-reinforced composites is gotten. In order to improve the detection reliability, this principle should be
followed when selecting thermal excitation pattern.
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Fig. 1 Schematic of investigated sample containing
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Fig. 5 1# ~34# defects in X-direction infrared radiation intensity distribution curve in thermal images of four excited

mode. (a) flash lamp exciter, (b) boiling water excter, (c¢) oven heating exciter, (d) pulsed ultrasonic
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Table 1 Signal-to-noise ratio of 34 defects under different thermal excitation patterns

o ) Boiling-water Constant Pulsed
Infrared radiation intensity Flash lamp
bath temperature ultrasound
Average value of backgound 130 210 1550 394
Peak value of response 174 330 1850 425
Signal-to-noise ratio 1.3 1.6 1.2 1.1
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Fig. 6 44 ~54% defects in X-direction Infrared radiation intensity distribution curve in thermal images of four excited

mode. (a) flash lamp exciter, (b) boiling water excter, (¢) oven heating exciter, (d) pulsed ultrasonic
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Table 2 Signal-to-noise ratio of 5 # defects under different thermal excitation patterns

Boiling-water Constant Pulsed
Infrared radiation intensity Flash lamp
bath temperature ultrasound
Average value of backgound 135 170 1980 400
Peak value of response 140 310 2140 413
Signal-to-noise ratio 1.0 1.8 1.1 1.0
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