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A : Complex amplitude

Ap : Amplitude of object beam
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c . Light velocity

Ad . Range resolution

d . Displacement vector of the object point

dl, CTQ : Component of the d
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Up . Reference wave

1 . Complex intensity

FE > Young's modulus

G : Shear modulus
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1, . Intensity of object wave

I . Intensity of reference wave
Lyejore - Intensity before deformation
Lyjier . Intensity after deformation
k . Propagation number

K . Proportional constant

n . Fringe order

n, : Normal vector along the direction of illumination
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ABSTRACT

Quantitative Measurement of out-of-plane Deformation about

Press and Mould Product Using Development system

By Kun Jung, Lee
Advisor : Prof. Koung Suk, Kim
Dept. of Mechanical Design Engineering

Graduate School, Chosun University

As researches on speckle interferometry made use of the laser's time
and space interference characteristic are continuously developed, those
researches are actively studying at home and abroad in these days.
Speckle interferometry makes it possible to test a source of light on the
whole measuring surfaces and real—-time inspection as well as inspect the
measurement of the shapes, stress and displacement which is studied in
this thesis on the whole measuring surface. As is explained above,
because the measurement method using speckle interferometry is capable
of highly sensitive and resolving power measurement with non-contact,
full-field, and real-time measurement, application of the measurement
method using speckle interferometry is on increase. But, recently
donation application technology only reach the level to compose the
optical interferometer by optical experts or to apply the a high price
commercial equipment purchased from abroad. In spite of a lot of

advantages technical impact is insufficient. For solving these problems,



in this thesis, we develop the united optical interference system and
analysis program to enhance the application as the measurement
equipment.

The research on non-destruction laser shearography interfarometry
system that has been carried out in this thesis is a part of measuring field
of modern laser industry. It has been applied to press and mold, and it is
expected to be able to accurately measure through the development of
relevant technology such as localization of measuring instrument,
development of new interfarometry system and development of image
process algorithm. Through the wuse of development facility,
non-destruction laser shearography interfarometry that may be applied
during mold process, and thermal deformation and torsion may be
observed after processing. Furthermore it has been applied to this

equipment to find out the cause of faulty product.
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3. Single-beam Interferometer
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4. Dual-beam Interferometer
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2. Dua-beam interferometer A] ¥
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Fig. 4.2 specimen for in plane of measurement stain

ol

]_

A H1y Ads Hel dule Wt Al deojys AdEs AA
HEg 2 um A7t 7hed AR xy ZH XS AE-ske] 2um, fum,

10um, 15im, 2Qm= WS FAA A HgS SAsA. 28y xy =

& gl ESPE] =7 7k

flo
o
>

HolAl= WS 7hshe FA7F ofbE 2 Wd

Table. 4.3 The phase-map of accordiegdisplacement

_40_



S —
o om > A
© B O TR BB WK
- = o Z R X E -
o o= Wwow T N No=m % oW L < Mok =
= ,mW — ~ Laaci e o ! < o ~0 —
™ T = w o T 2 X W BT o Po <° X
e G 2 = % = A eI ¥
‘m.ﬂ et o ‘B ~ o) o ~5 2 [m) > T ,ﬂl =0
E#E ﬂ.o — ) i ..: o ;o.._ X ﬂﬁA_l ) ~
al w2 TR Loy BE S &
]foﬂﬂ TeiIE
o X% = . T R . cl
e X < H o M T . N
F <0 X Tk =5 T ek G o o N Be
%%%Wﬂﬂmﬁmﬂi@@%@ﬂ#@
—_— i ) _/A )
- o ko W oo T R Hom T = BT
B N oo ® N =
B ome @ O % - oo N L L
o o T ~ ‘__W _ ™ o N ~ ' 6 m 100
. ® H NP W = 9 = K T oo oy
) e o — ~ ’e
o —_— ;00 _._ m &0 Iy ,m..w Je) ‘mﬂ ﬂ_1m _.EE
w = I ﬂ = 8 = T _um_ = ® P T o+
I - 2 o W Mo g I o o o
—_— f A )] .
_ow a K - % 2o ox N £ T
X o XO o 0O I T = y = N o M .
W _ £« @ E o X = Nr
N - o ° Y I % 4 @ = oF e
Jru— o I 8 N a X °
xR 7 o g T B A m W
Mo N WS T M 2o M o
do Gl ) ~ S o Wk = oF ™ nf =
) > = o o - 0o T ol ) %o ny N
X Ta ~ o =y =y i 3 ‘_lr_w.._
X N z = o o] N i
) b m = ° = g B 2 r —
" & B ) o | £ F T = N
TE .aq_@mﬂenﬁ s B OF o
Bl= w - _rma <+ T B B T ‘;h m = i oy (a) % ol 7 o -
& = e . Joas T X o o )
2| U3 55 ¢ g oo oo k v @ oM ow @ N Z o P %
. ag s 8 < m_Mﬂﬁmeﬂ& ] =
e z ME s T = W Qm of G [
g o M = > % T T o = o I
Q o ® R B um W Re oy - W mru o Ty
oM A o m T oo T
o Eﬁ ‘a U_ ) “Wl ‘_.@u m
X ol iy
B o

- 4



=
i3
o
=
frt
B\
o
o
Y
=)
rlr
g
ot

omw Auid wa BHE A

g o
A ZAS A meA AR G g ol gt BAle w
oJ

o 747 245
W WMEEs S

Table. 4.4 The deformation value the Dual-beamri@temeter and the ESPI sensor
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Fig. 4.3 Specimen for in plane deformation experiment
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Table 4.6 The max value and error according to shap

Shapel Shape2 Shape3 Shape4 Shape5 Shape6 Shape7

2.45 1.97 | 2.88 2.75 2.58 2.28 2.29

100 | 80.36 |117.53 112.41 | 105.21 92.98 | 93.29

Table 4.5= 7 A @d 9 Hu A F Max Valuest 3742 7hAx dA &
& ShapeP| Hu Wy F& 7For A7 Fago Hu Wy F
Comparative valug etith. @7Fo] fl= Shape® 7|+2=  Shapes,
Shaped, Shapeb o) A7 WA= 747+ 17.53%, 12.41%, 5.21% =4 1}
byt W o] gle Shaped| Hls] #3 Z =7} & Shape2, Shape6, Shapé7
WY ES 19.64%, 7.02%, 6.71% 7 vrebwth mebA b7k g §9 4
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(e) 100 voltage
Fig. 4.5 Phase map and unwrapping image of according tagelt
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