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An Exploratory Study on the Optimized Test Conditions of the
Lock-in Thermography Technique
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Abstract This work is devoted to the technique application of lock-in infrared thermography in the shipbuilding
and ocean engineering industry. For this purpose, an exploratory study to find the optimized test conditions is
carried out by the design of experiments. It has been confirmed to be useful method that the phase contrast
images were quantified by a reference image and weighted by defect hole size. Illuminated optical intensity of
lower or medium strength give a good result for getting a phase contrast image. In order to get a good phase
contrast image, lock-in frequency factors should be high in proportion to the illuminated optical intensity. The
integration time of infrared camera should have been inversely proportional to the optical intensity. The other
hand, the difference of specimen materials gave a slightly biased results not being discriminative reasoning.

Keywords: Lock-in IR Thermography, Design of Experiments, Reference of Image Contrast, Lock-in Frequency,
Integration Time, Infrared Camera
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Fig. 1 Infrared in the electromagnetic spectrum
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Table 1 Design factors and noise factors

Parameters

- Material of specimen

Design - Lamp. Amplitude
factors - Lock-in Frequency
- Camera's Integration Time
- Non-homogeneous illumination
- Surface emissivity
- Ambient radiation
Noise - Air Temperature
factors - Relative Humidity

- CO, gases partial pressure
- Wind seed/direction

- Movement of persons

Table 2 Level of design factors

Factors Characteristics Level

AL6061
SM4s5C

Q3

Q5

Q7
0.01 Hz
0.02 Hz
0.03 Hz
0.05 Hz
0.07 Hz
0.1 Hz
0.2 Hz
0.3 Hz
0.5 Hz
0.7 Hz
1.0 Hz

400 us (open)
180 ps (open)
280 ps (wifilter)

Specimen | - Material spec.

Optical
excitation

- Level of optical
amplifier

Lock-in
frequency

- Function generator
(0.01Hz~1.0Hz)

Integrated

. -IR camera spec.
time

Halogen
Lamp.

¥ Lock-in Box

Function Generator
&
Amplifier

Fig. 4 System configuration of lock-in thermography
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Fig. 9 Analysis resulis of specimen({Ai6061)
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