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ABSTRACT

A study on optimal measurement conditions of ESPI
by comparing photosensitivity

By Kim, Hyun ho
Advisor : Prof. Kim, Kyeong—Suk, Ph. D.
Dept. Advanced Parts & Materials
Engineering.

Graduate School of Chosun University.

The Electronic speckle pattern interferometry is one of the optical
nondestructive testing technique. Current, non—destructive inspection
technology is using industrial machinery, nuclear power plants, heavy plant,
shipbuilding ships, aircraft, cars in the field of safety diagnostic tests. One of
the non—destructive testing techniques ESPI is best suited for the
development and testing of complex components and structures in electronics,
automobile design, machining and materials research. It is ideal for the
experimental verification of analytical and numerical calculation techniques
Purpose of study, by comparing the light sensitivity in measuring the plane
deformation of an object, is to obtain the reliability of the out—of—plane
deformation interferometer.

A study on the optimum conditions is compared the photosensitivity for
ensure reliability to the comparison and verification through the
Shearography. and Electronic Speckle Pattern Interferometry

Sherography system is a commercial one from Dantec Dynacmics, German
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(Q—800 model), and it is composed of shearography sensor, diode laser
inside of sensor, controller, and PC. Amount of shear is given in Y direction as
5 mm (0.333mm/pixel), and system utilizes commercial program, ISTRA 4D,
for equipment control and filtering/grain treatment.

In this paper, photosensitivity measurement interferometer using a
Electronic Speckle Pattern Interferometry theory develope and verify through
a comparative experiment of photosensitivity
Devices capable of determining the reference value develope and through the
experiment, effective quantitative detection method offer
Using the test method proposed in this paper, the size of the internal defects,
shape, check the position with high resolution inspect, the concept of
quantitative non—destructive evaluation that is basis to product reliability,
safety, health will meet. So laser speckle interferometry will be expected

reliable non—destructive inspection

- VII -
Collection @ chosun



A1d A &

Al 18 AT WA

&3sta gggetA HdEste] AFAAIAEEel dig Al AAANSTE A4
2] FokE gHsto] b dnte] Fosh s w@idk Aol vmky ALY F

P AF(Visual testing; VT), A F3A] S
(Radiographic tasting; RT), E%AL}%VS”\] &l (Ultrasonic tasting; UT), A7]8A4F
A3 (Magnetic testing; MT), HFE4A1d (Liquid penetrant testing; PT), ¢}
FH4AIY (Eddy current testing; ET), &3 AH(Infrared testing; IRT) 5]
Rom, o]Fe] B H RTHY AIFYHE 7] A8l 8F(Surface) AALE
AN AFEAAY, AERIIAYE, dREEAY ol ARSEW R
(Volume) A A= 2 ] AFgE 3 gk o] d ]

° 1 5o
sha) A& e Al Be RS NAE, AN 3 PEoE A

il
¢

ol
q
o
o
9,
s
2L
39
:
A
i)
.
o
Ho
o
-0,

g

O

7V 7hsst 71EEs sk 9lew, olgst @452 Thermography, Holography,
Electronic Speckle Pattern Interferometry (ESPI), Shearographys 2l 37|
nke] wmkI] AAY) o] 5 £ ek golAsg AAES IHA 71w
HASA 7= delARFERST, S2a2H9, AuE A Hs ooFst
Fofg wAsta glow, #HolA AHE FHIYH (Laser speckle interferometry)
& dolAE ol &35t A FEAINCRE FIAAL WstE Fo=24 vl
% 1R SHAYUEE e dAAE A#HF HEH (Electronic Speckle
Pattern Interferometry) ¢t 2#H& HAIHH (Speckle Shearography) 5 2%
ubdsta Qlom, Mge), NEed, vlgm AAF 5o Forz Hgyu okl
ESPI= %7] AE& AFE-3 Speckle correlation interferometryol X #AFE 7%
=T

o] WA &7 EES CCD 7tz tiAstal YA e7I=e &8st Digital

Collection @ chosun



Nez A3k sk’ o] 714 7|E/de 19719 w9 Macovski, Ramsey®,
Schaeferﬁ} 33 9] Butters, Leendertz’7}F A2 EAlo| 7Jutsle) o o]& ESPI
7148 K. Creath'o] o9& Alete 405 71"1& 243 Phase shifting ESPI
2 ‘?z‘ﬁé}"ﬂ/ﬂ AARS] 5o HFE ZTHWES] SA7A 2§37 7Hs e
vk 2#HE el AP A F9 ou] A8 nluA ks VEd S v
I AAF Fokz #go] Jhesta EA Wi Ee &l EAske Agtel oS
HE o] dojd w] ¥ W Fx = YelUA " ol AdE A
£ ol&3sto] SAsH HE SEPFAAN AHEETH Ao E YERA @

thoolelg J1E RS gtel BA 9 AL wAE, v, AARow 3
A S T ARHAAE AR Ad2 N AR A s A 2T
gFo] gomME, A T4 Aoz wWel WY 1% R e AW 5%
@ & slthe 3ol Atk oleld FHE IRBAe AFIL] EHEAA W
W9l MEE SATOoRA AHE AN} AFANS T F don, AT A
s, AATEE 4% wnte AAb BolelA wl¢ f48 WHoR F89T 3
2 geg AR AT 1%-ﬂ ARAGHAAN Fo@ AE AT
APt A AE AR Y, WA any AE, 2ERsel o
s A7k g AHolt, wat smfﬂ A e ARG e gl
O guskn ngsh] wEel e Fel Arle FFEE s oA A
AE Folm FAR AF A% 22 5 Qe V1% AHPS o7 s Yok
ol FEA7Y] AsE A W A ohe tgY Fge A7k vES
Aejolt,

Collection @ chosun



o

ko)
pal

o1&

W=

3|

S
)

=
L

bl dxpA e dold AmE 7t

°©

M= dolA & AF 7l T
1™ (Electronic Speckle Pattern Interferometry)2] ©]

B
ol F FE Aol 7]

v‘é

_ZTI

oj

m o] gkl dlolH

[oiz
=

oj

84

o]
ES

Py

K

& Bl 24 At

Pt of

ol

TEA

7
e
el
o

wjr
=K

T
e
!

el

)
o

JX!O

Jo

H

4,

[S]

gl A7,

5 4

& olgstel 1)

HAH

sh

o A At

EREE

A Aol ey

2

3.

ko)

= 7

7|t 2 o)A

=
=

h

A
Al71aL o]

=
=

el Ade 3

2 Ao A A%
k3] A SR

[e]

]

Collection @ chosun



A2 olEF w7

A 1A A¥E A4S AT

1-1. 2¥9F g4 37]

L%(Raylelgh Scattering) & w38y -4

o} o] A¥F HHe T & AHF 'l 3Hdske] Al

T oolow, oAl Wzl A7 gol A ¥ AR Wby
= Ay

AxHe] ARV HE 59 ARE A8 & %]\q_.lo

coherent
source
A S22t

Fig. 2—1 Form of laser speckle

Collection @ chosun

[e)
7&*4011*1 E%” Ay A7 o] dojubal Fig. 2—-19
=]

]_
siZo] geker ol F AEvle] Z7te] AeE vmato A

R

i

£

e ooz Hr 32 i




A9 Ee st Wl wel Objective Speckle®t Subjective Speckle®
ozt Fig. 2—2+ Objective Speckle®] d4-& Ho] 31 Qi)

Objective Speckle Z7]i= &A1Y DO WA #o]AFo] ZAE L WA D 9
o] BE AL Image Planed] A EHE A#Fo] 9SS T4 dArfs o2& wig
or stu gloew, GEEI|Z xSt A A (@2-1)E  Objective

oI71M N AME = el A e 3, L =mAek AR Aol A, pr =A
of ZAE W7 o)

Laser Illumination

Image plane
| ! |

Fig. 2—2 Principle of objective speckle

Collection @ chosun



Fig. 2—3- Subjective Speckle®] & Ho 31 v}, AHE A AW
(Speckle Correlation Interferometry) A== Subjective Speckle Pattern< Tt
F& AFEEhH, ¥Rl 52 Subjective Speckle®] Z 7| oEskA Hok A
=7t AFEEo] FAo] He AHERE QJ2H Subjective Speckle #=9] 3
AeAZ Qlste] Objective Speckle¥ = t=A AJojHrt, AHEY ¥ £33
A AL s sH Ao osiA AR, Addaes EAEE 919 g
Aol g Jow Aiste] =49 st J AdHe s ol

T2 AW, P 2 gidE W Fold 72914 Wste] w2k Randomdt
A Zete 545 A Sl

Subjective Speckle®] A7+ Add=e] & A7]= FHE° Primary
Maximum®} First MinimumAte] el Ag] (Bessel Function®] 1% HAF Alo]f]
Azt & 4 low, AdHAA P = Subjective Specklel] A7 A
(2—-2) g} %ol et}

A _
S, ~ 0.61— = 1.22(1+ M)AF (2—2)

o]7]4], N.A : Numerical Aperture, M : A= S, \ : ZALE do]A 9
3, F o @2 F-Numbero|th, A¥EFE 3o JAFRE ddsiy, 71 77]
v 54 dde Fttdles A5k "k AA A 848N F A= Fshilg
18, 34 532 nm o)A, Bl vl& 47.6 v (1/2 inch format CCD 7Z}H 2k}
15 inch ®Y¥ (Pixel Pitch: 0.297 mm)) & AF&3to] #1229 F—Number 1.2%

i

55:1.22(1+M)AM (2-3)

Collection @ chosun



T3k Subjective Speckle®] EAEAA A7 4 (2-3)9 §,2 FEH,

S 2 eA EA

Collection @ chosun

s 7¢ e

xHeA FAE AHES A7]= 778.78 nm7t "k AHE9

7]%= CCD 7h4ete) z}iﬂﬂ&} EL—% uw 7}# o)A olw], Uniform Field$}2)
He] M 5% A

Jol = AEEe] A717F 2912 AAA
+ CCD pixel 3ftfel] st 712 23

Laser Illumination

Image plane
b

Fig. 2—3 Principle of subjective speckle



=2

=

AHE 43 ] FY (Speckle Correlation Fringe Pattern) &= =#9] W

v 2 ] A delA 9 HE A-dE ol F

o AH HEFHE SEAYGAE ol gt WY

AHE YHE Vo E 24 WYl E AHE HEe Hils dfew 3
gol oaf AAjztez ek £ Qv AHE Ad HHEH IS A 1
© WHEE Fol7] 98 FxFE A&k e Fiel wek AuHFE
7 Uniform Field®] §4, & ~¥E9de] 440= 1/}? & Stk ESPIelA =
Axe] A5 Wel W

1o

o oo 2 o
=

T

N
=2
o
Y
BN
ol
o]
>
rlo
m{n
ok
o]
e}
=2
1o
o
oftl
o,
(i,
>«
é
il
o
N
J{N'
=2
[-'\j
ol
ol
b
S

W/Mm ;
il

Fig. 2—4 Superposition of two continuous wave

Collection @ chosun



4714, ax 4
SRu o] wjel Agke] oja RO Algke] yhwaith whba] FhAQ Ea
A&Es nEgvd AHES e digk Fxd (Reference Beam) 3 &%
(Object Beam) @] XZ o theal zto] 21(2-5)% A (2-6) 057 A3 & 9}

2L\ (2—-5)

(2-6)

u, = a, exp[—i(p+ 5 )

el e s vehde Lo LS =AY Fxde RS

I7IM p=
%= (Intensity) = A% 259 Ao ghell nl#slr] wiiel 2

Uepdt, = el 2
(2-7) 3} o] EAF Holth

: 2-7)

I=uu = |ull=a

uebA, EAG 2o S 9% 4o Ak (ntensity) & 4 (2-8) 3 &
o] ®do] 7ttt

9 * * * *
I=lu,+u " =u, s ug+u, » u.+u, «u + u, *u,

2n(L,— L,)
= 0, [, P+ 20 feos | s | (2-8)
= I,+ I, + 241 I cosp
— 9 —

Collection @ chosun



oAVIM 1 3R WY Ak, 1,0 FEEY WY AR, 1,0 =A4EY U

R

A ¢ 0 2AGI FF Al S8R o=t 2ol A2-9% %

¢=¢,— ¢, = knlL (2-9)

=42 WY ARE Uehdle A9E A3 AT HE kellA AFsE vksh 2ol
EAFT FxFo THA 93t "ol A (Intensity) 52 CCD ZhvEte] cellol
& 7% (Intensity) o] Hl#st2 2 tjakA1e] A
ot A~ S dHEe vuE s AAPH o R JHAstE T Fig. 2-5%
& 9" 7H39H (Electronic Speckle Pattern Interferometry)
M= EAY BH WS S48k S8 HIAFTY AHE A HAAYE
= I Hed WE d52] CCD Fhelete] 71550

29 s obell 2(2-10), A (2-11) ox vepd 4 gl

(a)Before (b)After (c) bhase ‘ map

Fig. 2—5 Principle of Electronic Speckle Pattern Interferometry fringe

pattern formation

— 10 —
Collection @ chosun



L =1I,+ Iy+ 21,1 cose (2-10)

I, =1I,+ I+ 2\/I,I; cos(¢p+ Ap) (2-11)

AZIA I, EANAY A B BEAIRE, [ EAWE A %
AFZE, Ad : Reference Beam¥ Object Beam¥}2] £/dxt. WP 139 )
AHEHE e A el = A FA JE FeE A (2-11)F Zo] W3

AR ~HE e AabAEE yehAl A

=
-
1o

ot

Iy I [cosgp—cos(p+ Ag)] (2-12)
Iy I sin(¢+éA¢)sin(éA¢)}
AZIA I ¢ A A A, Fo] F BX9 At A W ol AAlA o

FUE A #FE s HY AR B¥xs 59 As7E ARd otde] FEHE u
EfLbAl H

B= 4K [ I sin®(¢+ %qu) sinQ(éAw

A7 K EUE BVIEE A otk A (2-13)3 o] MY A5 AHF
& A AgdeEM dehde 2FHE AdF dw 47 (Speckle

Correlation Fringe Pattern)ebi ko 8719

— 11 —
Collection @ chosun



A 22 A HEPR FF

2—1. 974ol+571"H (Phase Shifting Method)

PZTE o] &% f1dels7IS AW (Shearography) o A=k 2] A3

=
=

W ¥ 7H3W (Electronic Speckle Pattren Interferometry) el ol& A== 7+
ARZRE EA9 Wy e Y4S FE3] Y% e Mg anygow
g2 AREE A gl otk 2 ATt A ARESE A EE daEEe 49 9
Yol 7" (4—Step Phase Shifting Method) &2 3709 wA|+E F817] 93
w/24 3wel gAWMEE o] 4o WAAE A(2-14)% Zol dehd £ 9

q_ZO 23

L =1+1;+2+/1Icos¢p
L=1+1+2\/II,cos(¢p+7/2)

(2—14)
L=I1+1+2+/Icos(p+m)

IL=1+1,+2/IIcos(¢+3m/2)

_l

4709 B S 4 (2-15) 9 o] skl CCD pixeld] ZF ol 93& T
)

st = glo, 7 AAAHEY Ado] YA % (Phase Map) & @735k #t.

I, — 1, =2[sing

I, — L =2Icos ¢ (2-15)
I,— L
1| 4 2
y) = 2—16
¢ (x,y) =tan Il_IJ ( )
WY A3 Fo 24z 9ol B I E S Agstel MY Ao 9y MR 9
= Z47F et O AE TR EA AA SAHEE A @C-17)% o] ST
WA A,

Collection @ chosun



A¢ = ¢[I(ﬁf{)7'6_ ¢a.fter (2-17)
e, o] WS 408 BAAE 7] SF AWM ETE o] Foj A= ARERE
FHE AEE FASEoloF s, fels Fol WAk EA9 WA Ee o3t
& 2349 2gle]l ®uh* Fig. 2-6& A% AF3 Ve T I4E olEE W
e e Sl
= Rotating half-wave plate = Diffraction grating
459 25 mm : lst Order
Fotati : T2
R Grating : Phaze
I Shift
2 = I/'__
—_— — FPhaze = i "
Shift :
1
. MMove
Circularly !
Polarized Light ; MG
= Tilted glass plate = Moving mirror
_zfo Move /'8 a—wm
_P— TEQ
— e rer
7 Pushing
Ohass Mlirror
_ =600 nm She ft
t=1mm
=15

Fig. 2—6 Phase Shifting Method

Collection @ chosun



2—2. A¥ 3 (Unwrapping)

ARPe B NHAN A4S TFa S8 AEHE A2-16)9
arc—tangent 57} 2 BALAL a9 Bk Wl e A% @

o7 WEsle] F= FHAFoltl WA arc—tangent FFE (0~ 19 FUIER EASH
o] HE® I FUE (0~ 2r ® AFety, A% dor WHIs Qs A3

2 (2-18)= ol&sto] F8A drh

b =0 ,+(2TxN) (2-18)

o171l ¢, Unwrapped phase, ¢, : Wrapped phase, N : Fringe Order

oty o714, AEHE S% AF(N) e 2 AT ghs vluste] & &
25 b WS Fdnh 2 pixel A58 4EkS vlwste] do® s wE#®
Iovlwete] 2 RSstH N& T Be AAaATE WA oE ZdA] Ay
(Fringe Order) & sHAl |tk HF2 W9 @ AL 718kes] -4 o okt
A= (Sensitive Vector) & #fste] stAl drh Fig. 2-7oA & %o
Wrpped Phase®} 2E%°] Unwrapped¥® Phase? ©oJu|x|E wv|w3d a1, Fig.
2—8° A= o] w 7} o]u|A]e] Profiles 1S wel 917 1 2ZE YERSIT

Fig 2—7 Comparison wrapped phase and Unwrapped phase

— 14 —
Collection @ chosun



rad rad

i

Pyl - Pivel

Fig 2—8 Comparison wrapped phase and Unwrapped phase graph

B =Xo|A Unwrapping Method® Least Square MethodE AFg&3}3it}.
Least Square Method (HAAsH) & 2218 AlaS SA1Y A Jdo AA 3tk
ol Hah HEx ote oA FIHoR o] & yEe Y HAA
Sz Wolth B Ao R o gy o] 22k WIES ekl A
Aol ol gek gho]l 0 o] =i dlE Tk WHelth Fig. 2-99F o

3]

BAE 74 AEe 24 g olm AMEe LWL Asd TH 3@
9 BEE M4 Z UBiE dAFFol F o F5E (2R - @
Sy ol Aavk 9E HAolgm & 4 Ak

@ Y =ax + 5
d=> TH X} dy -
od => I >
- ,—/
- e
T
d: A~ | | d
a// '
e
F ". : dy

- X
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Table. 3—1 Specification of Power meter

PM121D
Display 4" Backlit Digital Display
Applications All Power and Energy Measurements
Connectivity USB 2.0
Console Sensor All C—Series Photodiode and
Compatibility Thermal Power Sensors

Table. 3—2 Specification of Beam splitter

BS013 BS025
@ @
90
""""""""" ¥ mmmmmmede e ——— e s ) e —————————
50 | 10
v v
50:50 (R:T) 10:90 (R:T)
Non—Polarizing Beam splitter Non—Polarizing Beam splitter
Cube Cube
400—700 nm 400—700 nm
1 - 1 -
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1-2. ESPI System

o A s e We WES SAY W 3 gx e WY A A
S A7 A8 AAAY AdE " 73 A (Electronic Speckle Pattren
Interferometry) & ©]&3te] Hlmw AHFS 3SF3ATE Fig. 3—-49 #Zo] 532nm
ND:YAG Laser Source, Laser Controller, Polarization Maintaining Optical Fiber,
ESPI Sensor, PCE FASIAT. HAAE 23F Hd AgAS WiEE x y, z5
HAE 54 & ¢ = AR didEe] Hels SAs] e 43 =1 5

=
=42 & 5 A sk

Fig. 3—4 Device configuration of ESPI
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Table. 3—3 Technical data of ESPI system

Description

Technical data

Operating voltage

12VDC

Measuring resolution

0.03 ~ 1 mm adjustable

Measuring range

static 1 ~ 20 mm per measuring step,
any with serial measurement dynamic

0.3 ~ 3 mm amplitude

Measuring area

static up to 1 m2
dynamic up to 400 X600 mm2
(1 6” X 24n)

Working distance

variable, 0.1 ... > 2.5m (4 ... >60")

Operation modes

automatic, manual, static, dynamic

1D—, 2D—, 3D— operation

Data interface

TIFF, ASCII, Windows metafile

Dimensions of sensor
head without illumination

arms

80 x 80 x 120 mm3

Data acquisition speed

2.5 sec for 3D—analysis

Data analysis

automatic or semi automatic
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1—3. Shearography System

B9ty AAFNDT) 9 =9 sluz Az md ARE A 23
10 2 Shearography (Q—800) #|&S AME3FSITE o] A|AH

ojm ESPI¢} @] oA Ho] &= WA i shhe] FAkge

Absh Hlo] WikAl & 3 F8b7] & B.Sel| 93] F e "ow R &
77y 5 708 Mirror2 Awega dabidke] JaFS whol IMHEFH 9 o
E = AlAaglo® P glth Egh Fig. 3-59F #Zo] 1% CCD 7hHlet
Shearography A1, A4 uf-o] 42 Diode laser, Controller= /o] % oj
At} #eolA+= Diode Laser (3: 780 nm, 9: 50 mW)E AFE3IH, A4
FS5HE ol AAE FAabd oA FE A SAE Akl 54 2 5 Atk

Fig. 3—5 Shearography System
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Table. 3—4 Technical

data of Shearography system

Description

Technical data

CCD-—resolution

1392 X 1040 pixel

Standard C—mount lens

Zoom f=1.4/6... 12mm

Inspection Speed

Typically 300mm X 300mm /20s

Shear direction

up to 1/20 the field—of—view, fully

adjustable (software controlled)

Shear Angle

0—180° , fully adjustable

(software controlled)

Meauring Area

300mm X 300mm with 2 laser diode

Measuring Sensitivity

0.03¢m/shear distance

Sensor Head Dimension

WXHXD = 70Xx70X160mn

Laser

Diode 50mW, 780nm

Laser Diodes

up to 870mW
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Fig. 3—7 PZT control program
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Fig. 3-8, Fig. 3—-9%& CCD7MHgtE &3l 4-Steps AAH A dols
Phase map& Phase Filtering®® X333 Fig. 3—10914 W3 %2 Line
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Fig. 3—8 Phase map image of front panel and black diagram
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Fig. 3—10 Profile graph image of front panel and black diagram
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Table. 4—1 Intensity compared with the ND filter

ND Filter | Object beam | Reference beam
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ND filterE &3t Fo A7IS 248kl FFS Power meters ©]8-38k
detalth. Z447+e] Phase map & Unwrapping?] oW A& o] vl 4]

I A e AZIZE YR aAY 2 W HAFH7E AR d@hde] By
Hlseetd gdE AFH7E & yeku dloly wek st 54 He4d €
sk = Ql]lt}. Table 4—2, Table 4—3, Table 4—4, Table 4—5°A+ H2] A
7ol W F|AFEAS 7 0.6, 0.9, 1.2, 1.5 m WFe] WHFE Fo A3
Phase map & Filtering ©|v|#A]& YWEFHIIL Table 4—64= Wl Al7]e o

=

2 7} ¥ ¥ Unwrapping 2345 Yef e}

Table. 4—2 Strain analysis of the phase map and filtering according to the
photosensitivity _ 0.6 (m

ND

) phase map filtering
filter

20

110

200
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Table. 4—3 Strain analysis of the phase map and filtering according to

photosensitivity _ 0.9 m

the

ND
filter

phase map

filtering

20

110

200

Collection @ chosun



Table. 4—4 Strain analysis of the phase map and filtering according to the

photosensitivity _ 1.2

ND

) phase map filtering
filter

20

110

200
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Table. 4—5 Strain analysis of the phase map and filtering according to

photosensitivity _ 1.5

the

ND
filter

phase map

filtering

20

110

200
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Table. 4—6 Strain analysis of the Unwrapping according to the

photosensitivity

ND Unwrapping

filter . 0.9

20

110

200
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1-2. 3% A 84H

oA # 7= de 7H3A (Out—of—plane Interferometer)E ©] €310
TE 549 W MYIE Hobs u FExFy SA4Fe Fo] v o A
o] 939 Ao} AA ¢kkO B ND Filterd #<l 110 ¥5 we] %
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3 %
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FOoRE
AxA e A#E A (Electronic Speckle Pattren Interferometry), e3Hd
Al (Shearography) ¢} dle]E] & B|WE $]$+ Phase FilteringEs WER It

Table. 4—7 Comparison of phase map with deformation of Interferometer

system _ 0.6 (m

Deformation 0.6 m

Out-of-plane
interferometer

ESPI

Shearography
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Table. 4—8 Comparison of phase map with deformation of Interferometer

system _ 0.9 m

Deformation 0.9

Out-of-plane
interferometer

ESPI

Shearography
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Table. 4—9 Comparison of phase map with deformation of Interferometer

system _ 1.2 (m

Deformation 1.2 (m

Out-of-plane
interferometer

ESPI

Shearography
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Table. 4—10 Comparison of phase map with deformation of Interferometer

S

system _ 1.5 m

Deformation 1.5 mm

Out-of-plane
interferometer

ESPI

Shearography
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Table. 4—11, Table. 4—12, Table. 4—13, Table. 4—14 H3 42 HFPS
Aoz Axrer] gl A A (Shearogrephy), oA 3 7% He 7HA
Al (Out—of—plane Interferometer), AT A#HE @ A (Electronic
Speckle Pattren Interferometry) ZHE A2 JAAEE Z2 7S o] &3]
waste] 747ke] Mg wE Color Image, Profile of 3DE YERATH
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Table. 4—11 interferometer system phase map analysis results of Flat

specimen _ 0.6 m

Color Image Profile of 3D

Out-of-plane
linterferometer

ESPI

Shearography
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Table. 4—12 interferometer system phase map analysis results of Flat

specimen _ 0.9 m

Color Image Profile of 3D

Out-of-plane
linterferometer

ESPI

Shearography
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Table. 4—13 interferometer system phase map analysis results of Flat

specimen _ 1.2 um
Color Image Profile of 3D
Out-of-plane
linterferometer
ESPI
Shearography
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Table. 4—14 interferometer system phase map analysis results of Flat

specimen _ 1.5 /m

Color Image Profile of 3D

Out-of-plane
linterferometer

ESPI

Shearography
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Table. 4—15 Comparison of Profile Data with deformation of

interferometer system

Out-of-plane interferometer
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Shearogrephy
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Table. 4—16, Table. 4—172 H3# AldH Z+2F 0.6, 0.9, 1.2, 1.5 me W
o] wE HolA F A% e A (Out—of—plane Interferometer), A4
2] ~¥= 77 (Electronic Speckle Pattren Interferometry) 2] HoJEHE Fx
Al Total Data Graph® WEFGITE HE3 Table. 4-18°4 Azl
(Shearogrephy) HIOJE1 9] uli 7S o]u]x] 9] Pixel ol AAY s e AA
gAEo dols A5 & Y oz AAS st FAste] doly #HS v

shelct.
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Table. 4—16 Comparison with Profile Data according to deformation of the

Out—of—plane interferometer

Out-of-plane interferometer

16

1.4

w— 5 LM

=0.9 um

—] F UM

— 5 um

Table. 4—17 Comparison with Profile Data according to deformation of the

ESPI
ESPI
. /\
1 [\ L
| I/~ X\ oo

1.2 um

] 5 UM
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Table. 4—18 Comparison with Profile Data according to deformation of the

Shearogrephy

Shearogrephy (differential)

0.5

— ) 5 UM

—} 0 um

— .2 UM

] 5 um

05
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Table. 4—19, Table. 4—20, Table. 4—21, Table. 4—22+ F 3 A|FHef| Zt
7t 0.6, 0.9, 1.2, 1.5 i W= Fo S4E AAAY ~9F 4 (Electronic
Speckle Pattren Interferometry), A©ZHd7] (Shearogrephy), d@lolA & A%
w2 7Hd A (Out—of—plane Interferometer)®] DataZ W3t 1HZE e
Zola #HolA F e MEAE vE AL Ay 2o oA JE5d 3] A7 s
7] 91§k A|Aa"lo] FEsk AbHelA A3 S Hdste] Data7t FEstA S48k
olg]&o] Sllvk. aHAINE Table. 4—23¢4 8} o] W& o] Max FHuE 2aks
AA A AV A gEA Skt
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Table. 4—19 Comparison Data of interferometry deformation _ 0.6 um

0.6 um

i E 5P
=== ut-of- plane

Deformation

shearocgrephy

Table. 4—20 Comparison Data of interferometry deformation _ 0.9 m

0.9 um

i E 5P
=== ut-of- plane

Deformation

shearocgrephy
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Table. 4—21 Comparison Data of interferometry deformation _ 1.2 um

1.2 um

i E 5P
=== ut-of- plane
=i chearogrephy

Deformation
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a7

113

129

145
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Table. 4—22 Comparison Data of interferometry deformation _ 1.5 m

1.5 um

i E 5P
=== ut-of- plane
=i chearogrephy

Deformation

{“/Collection @ chosun



Table. 4—23 deformation of interferometer system

Collection @ chosun

Deformation [m] 0.6 09 1.2 15
Out-of-plane interferometer [im] 0.62 0.88 1.13 1.36
ESPI [im] 0.56 0.85 1.19 1.42
Shearogrephy [m] 0.62 0.865 1.145 155
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