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ABSTRACT

Defect Detection using Dual-Beam Shearofraphy and
Infrared Thermography

Jang, Suok

Advisor Prof. Kim, Koungsuk Ph.D.
Department of Advanced Parts and
Materials Engineering,

Graduate School of Chosun University

As the industrial site of the contemporary society becomes more high
precision and high-tech, there is an increased need on the non-contact
and non-destructive method, and the finite defect and corrosion of
facilities and materials of the industrial site bring vast industrial
and economic losses. Nondestructive testing methods with the merits of
rapid response, high resolution, and manifold applications have been
taken an important role to the safety diagnosis in industrial fields.
Nondestructive testing(NDT) methods based on optical metrology are such
as Infrared Thermography, Holography, Electronic Speckle Pattern
Interferometry(ESPI), Shearography. And those can be sufficient in
demand of NDT technical advance direction of present time.

Laser application techniques have been applied for displacement
measurement technique based on interferometer, laser based ultrasonic
testing, Holography, speckle  correlation interferometry etc.
Particularly, speckle correlation interferometry can get the surface
displacement on large area with real time, high resolution and
non—-contact basis, which gives the advantages in vibration analysis,

deformation analysis and non—-destructive testing. With computer science

- VIl -



and image ©processing technology, film-based speckle correlation
interferometry evolves into ESPI and Shearography, which substitute the
film-based by the digitalized with CCD camera, frame grabber etc.
Shearography is can measure the first derivative of surface
displacement and inspect object with whole-field and non-contact. This
technique has introduced to the aerospace and nuclear industry for the
non—-destructive testing. Recently, the advantage of Shearography that
is remarkably insensitive to environmental vibration is applied to
measure the strain and deformation of an object. This study proposes
new modified Shearogrpahy called dual-beam Shearography, which can
measure the out-of-plane deformation and the in-plane deformation by
using another illuminated laser beam and simple image processing
technique.

Infrared thermography is a two-dimensional non-contact nondestructive
evaluation that can detect internal defects from the thermal
distribution by the inspection of infrared light radiated from the
object surface.

Infrared thermal imaging of object is different from that of a defect,
in a heated metal with an internal defect, and then location and size
of a defect can be measured by the analysis of thermal imaging pattern.
Infrared thermography is possible to measure long distance, and there
is an advantage of high resolution by development of measurement
equipment. Thus this technique can be a kind of non-contact
nondestructive evaluation to apply to industrial structures, automobile
and airplane etc.

In this paper, defect of nuclear energy pipe and composite material
were, measured using dual-beam shearography and infrared thermography,
quantitatively evaluated by the analysis of phase map and thermal image

pattern.

- Vil -
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Table 3-1 Specification of IR camera

Description Technical data
Detector Materials InSb
Number of Pixels / Pitch 320 %256 pixcels / 30um
Spectral Response 3.7~5.0pum
Frame rate 5Hz~380(400)Hz

10 us to 5000 ps

programmable, 1 ys step

Integration time

NETD < 25mK (20mK typical)
Temperature measure range -15~2000°C
Digital output CAMLINK / Optional GigE
Remote control RS232

Fig. 3-5 Infrared Thermography Camera
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Table 4-1 Type of specimen
1. Specimen with no defect
ID No. Length (mm) Width (26) |Thickness tp (mm)
SSP-0A 0.00 0° 7.2
2. Defect thickness related type
ID No. Length (mm) Width (26) |Thickness tp (mm)
SSP-2G 113.40 90° 3.6
SSP-2H 113.40 90° 1.8
3. Defect width related type
ID No. Length (mm) Width (26) [Thickness tp (mm)
SSP-2H 113.40 90° 1.8
SSP-2D 113.40 45° 1.8
SSP-2P 113.40 180° 1.8
4. Defect length related type
ID No. Length (mm) Width (26) [Thickness tp (mm)
SSP-2H 113.40 90° 1.8
SSP-1H  |56.70 90° 1.8
SSP-4H  1226.80 90° 1.8
Table 4-10IAH LIEtH AIEE = SSP-2H AlE@EHZE ZEEIGIH |t
= AAIGIGLCH. AIE8EN == 0.2MPaE JIotd AlE€H® AXo HESH=S
EOIGHALH. Fig. 420 ReteAdlsd Z2UE LIEFHIALE.
FetAHS 2 HIS0| 3.56mAS & = UJUD AL 20 WRL
A2 2 E20 UEUsE HEEHE & = QUULH. Re&t2AQ Z2UE
ot JAXAE Hi2tel LHE Z& = Dual-Beam MEH2HE N2t &2l & Hohal
2 0/83t =daoIUL.
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(b) pressure : 0.04MPa

&

(c) pressure : 0.06MPa (d) pressure : 0.08MPa

N

(e) pressure : 0.1MPa (f) pressure : 0.14MPa

Fig. 4-4 Phase map of SSP-2G as the change of pressure amount
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Fig. 4-5 Shearing result and Deformation of SSP-2G as the change of

pressure amount
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(c) pressure : 0.06MPa (d) pressure : 0.08MPa

(e) pressure : 0.1MPa (f) pressure : 0.14MPa

Fig. 4-6 Phase map of SSP-2H as the change of pressure amount
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Fig. 4-7 Shearing result and Deformation of SSP-2H as the change of

pressure amount
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Shearing result
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Fig. 4-9 Shearing result and Deformation of SSP-2D as the change of

pressure amount
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Fig. 4-11 Shearing result and Deformation of SSP-2P as the change of

pressure amount
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(a) pressure : 0.02MPa
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(e) pressure : 0.1MPa (f) pressure : 0.14MPa

Fig. 4-12 Phase map of SSP-1H as the change of pressure amount
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Fig. 4-13 Shearing result and Deformation of SSP-1H as the change of

pressure amount
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(c) pressure : 0.06MPa (d) pressure : 0.08MPa

(e) pressure : 0.1MPa

Fig. 4-14 Phase map of SSP-4H as the change of pressure amount
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Fig. 4-15 Shearing result and Deformation of SSP-4H as the change of

pressure amount
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Fig. 4-16 Axial phase data according to defect length
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(a) non—defect

(b) SSP-2H

(c) SSP-2G

Fig. 4-17 Infrared thermography images according to the defect

thickness
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(a) non—defect

(b) SSP-2H

(c) SSP-4H

Infrared thermography images according to the defect length
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