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ABSTRACT

Quantitative Measurement of Out-of-Plane Deformatiam

Using the Shearography

By Hoseob Chang
Advisor : Professor Koung-Suk Kim Ph.D
Dept. of Mechanical Design Engineering

Graduate School, Chosun University

In general, deformation measurement methods agelardivided into a contact
type and a non-contact type. The representativedacbrdeformation measurement
methods include a strain gauge and a accelerome&tbile the representative
non-contact methods are Laser Doppler Vibrometr)(),D Electronic Speckle
Pattern Interferometer(ESPI), and shearography.

Especially, ESPI can measure and analyze preciselya real-time the
deformation occurring to the whole fields of thejemts. On the other hand, as
this method is so sensitive to external disturbgndke applicability is so low in
the industries without a optical table.

Another method using speckles is shearography, twhic developed on the
basis of detecting the derivative components of omeftion when the
interferometry composes appropriately. Like a strgjauge, shearography can
directly acquire the strain information.

Stress concentration will occur when external fera@e applied to an object



with a defect, and the deformation of rigid bodiedl not change the strain.
Thus, shearography is very efficient to measure dbtects of an object. Also as
shearography is very endurable against externaturbsnces, is frequently
employed as a nondestructive inspection techniquendustrial areas.

Because shearography easily composes interferometdr can measure even
though coherence length of laser is relatively shar has been more widely
employed and is used to vibrations analysis of abje Also, this method is
applied efficiently in the nondestructive inspentiosector such as the
quantification of defects and the analysis of cosifjgomaterial structures.

Until now, researchers used shearography so as dasure just the slope of
deformation, to quantify defect lengths by measyrithe distance between the
inflection points of deformation slope taking plaoa defected regions of pressure
vessels. Also, they used in order to compare siespby with ESPI to vibration
modes occurring in a certain object.

Currently, ESPI is mainly used to measure the dedftion of objects, while
shearography is used to measure only the defectsbpdcts. Stroboscopic phase
shift ESPI(SPS-ESPI), which is applicable to vilmat analysis only, can
guantitatively measure the amplitude in a certaiondition, but cannot
quantitatively measure the amplitude of each vibmatmode occurring in objects
under the same condition. LDV can analyze the Yvibma of objects under the
same external oscillation condition, but it takerywmuch time to measure it.

This thesis uses shearography and numerical irtegranot only to
gquantitatively measure various types of out-of-pladeformation occurring in
objects but also to solve the problems of the otimethods mentioned above and
shearography.

In the past, the researchers arbitrarily applied #hearing amount, which is
the most important variable of shearography, adogrdto the sensitivity of

detecting the defects. In contrast, this thesisp@ses an basic idea considering



that shearography is basically an image processirdhod. The procedures of
this method are as follows; a) shearing amount lsanconverted into the number
of pixels in the surface, b) applied to the resukd measurement by
shearography, c¢) and then numerically integrated arder to quantitatively
measure the deformation of objects.

To verify the effectiveness of the proposed methexheriment is performed on
a circular plate with out-of-plane deformation, gsere vessel with internal
defects, and a flat plate with vibration. Then, tberrelation between ESPI and
shearography is investigated. Also, the experimenmtsults demonstrate that
shearing amount on the image plane can be sulestitby the number of pixels,
and shearography can measure out-of-plane defamati

Furthermore, an experimental result for the defdiona measurement in a
circular plate shows an error rate of about 1.74%s very precise comparing to
ESPI. In an experiment for the defects measuremendefective pressure vessel,
the rate is about 8.3%. Also, this study shows &t proposed method in this
thesis can consistently measure the deformatiomnyn shear, while ESPI cannot
measure deformed regions.

In analyzing the vibration of a plate, the proposaethod can quantitatively
measure the amplitude of not only first mode bughhimodes. Thus, it is more
useful than SPS-ESPI.

Comparing results of techniques such as the fielement method, LDV, and
SPS-ESPI, the reliability of the proposed methodmsich more higher as its
mean deviation is 2.84%.

Based on the above-mentioned results, the proposeithod can overcome the
limits of ESPI that is so sensitive to external tulisances, and quantitatively
measure the out-of-plane deformation and the straind its application in

industrials areas is very effective.
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Fig. 2-1 The scattering of light by a rough surface
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Fig. 4-1 Configuration of ESPI system

Table 4-1 Specification of ESPI system

Description Technical data
Measuring Sensitivity 0.03 ~ |im adjustable
; 1-20um per meauring step, any with serial
Measuring range measurement
: static up to 1
Measuring area dynamic up to 400x600 nfm
Working distance variable, 0.1 ... > 2.5m
- automatic, manual, static, dynamic
Operation modes 1D-, 2D-, 3D-operation
Data interface TIFF, ASCIl, Windows metafile
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Table 4-2 @mponents of the development system

wET o
Laser & Collimation Package 1
CCD Camera 1
Qube Beam Splitter

Motor 2

o= 2

PZT Tranlator 2

PZT Mirror 2
Expanded Lens 2

745 sgehy& 3 14 Holder
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Table 5-1 Shearography and ESPI phase-map accotdirgformation variation

Shearography ESPI
Deformation Deformation

(um) Phase-map (um) Phase-map
0.501 0.518

0.953 0.966

1.445 1.493

1.916 1.929

2.453 2.458
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Table 5-2 Shearography and ESPI phase-map accortbngshearing amount

variation
Shearing Phase-map
Distance Pixel | Shearograph ESPI
(mm) )

1 5

2 9

3 14
5 24
10 48
15 72
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Table 5-3 Shearography and ESPI phase-map

accotdimqgyessure variation

Pressure Difference
(MPa)

Shearography
(Shearing 5mm)

ESPI

0.25

0.5

0.75

1.0
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Table 5-4 Shearography phase-map according to ypeesariation

Shearing
. Ph
Distance] Pixel ase map

mm]

1 4.25

3 12.55

5 21.00

10 42.40

15 65.75
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Table 5-5Maximum deformation according to shearing amouniatian

Shearing[mm] Deformatiomjm] Error[%]
1 0.194 0.09
3 0.185 4.73
5 0.175 9.88
10 0.149 23.27
15 0.130 33.05
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Fig. 5-14 Maximum deformation according to shearamgount variation



Table 5-6 Measurement of deformation area by usingarography

shearing Maximum Analysis | Deformed
Distance . Position Area Area
Pixel
[mm] [mm] [mm] [mm]
1 4.25 17.463 34.926 33.926
3 12.55 18.643 37.286 34.286
5 21.00 19.115 38.230 33.230
10 42.40 21.947 43.894 33.894
15 64.75 24.543 49.086 34.086
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Fig. 5-15 Measurement of deformation area by ushgarography
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Table 5-7 Mechanical properties of STS304 stainiete®l

Young's Modulus

Poisson's Ratio

Density

193 GPa
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Fig. 5-16 Specimen used for vibration testing

Fig. 5-17 JIG for fixing the specimen
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Table 5-8 The result of the first 8 mode shapesiobtl by using each method

Mode | 32 234 LDV SPS-ESPI Shezr'zz;aphy
1st 540 599 588
2nd 1,206 1,124 1,190 1,156
3rd 1,206 1,135 1,201 1,181
4th 1,777 1,676 1,748 1,696
5th 2,161 2,061 2,141 | 2,087
6th 2,171 2,081 2,208 2,115
7th 2,708 2,574 2,654/ (O 2,575
8th 2,708 2,598 2,674 | 2,615
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Fig. 5-19 The magnitude of auto-spectrum by usifgvL



Table 5-9 The natural frequency of each mode bygigach method

SPS-
Mode Ansys LDV SPS-ESPI shearography
1st 592 540 599 588
2nd 1,206 1,124 1,190 1,156
3rd 1,206 1,135 1,201 1,181
4th 1,777 1,676 1,748 1,696
5th 2,161 2,061 2,141 2,087
6th 2,171 2,081 2,208 2,115
7th 2,708 2,574 2,654 2,575
8th 2,708 2,598 2,674 2,615
3000 :
P _.,_1
g 2500 s
L. /
LC>>‘ 2000 ;'.4#'_"1
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— 1000 /
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Fig. 5-20 The frequencies comparison obtained bypgugach method.
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Table 5-11 Applied shearing amount at each mode

Mode Distance[mm] Pixel
1st 2 8
2nd 8 32
3rd 8 32
4th 23 92
5th 32 127
6th 9 35
7th 22 88
8th 22 88
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