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Optical Measurement Using Laser Speckle Interferometry
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FANEE 0|8 FASZL LT HriE ¥
ofol A #EE1 Atk FAZY FHLE P39
2 A AsAE 4L o83t HAAlol &H
(whole-field measurement)©] 7}53l3n, =3 FA 3
o] WAl B2 R @& o839 HAF A
(non-contact measurement)o] Z}FdlttE  Holo}
FAZA AHE3le FAIE HoHEREH d&
& JE Z3|JHUE H4lZ(coherent optical signal)
o} #olA olefo FYozHE AL + Ue
F3]o)HUE Al F(incoherent optical signal)Z thd
g £ Atk 7AF A FIHE FAZE
2843 FASL dolAg 24E 4 Al(speckle
interferometry)& o] &3 vlA¥Y FA 12 Fo] 9]
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EF E(sodium vapored lamp)®} FEHAIY
(photoelasticity) & ©] &8 &3 &334 Zo) %lt}.
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ference fringe)?t F 4 ¢n2FE o4 n
a¥9d tie FRE FE3c JHozA FE
R AAZEe] AT $EE JEold. ¢
©] & ¥ (phase-shifting method)® & 2% & 74 A 4
Hgeol ALe A g JRE 4A F
2% £ U7 PR g9 €881 I F, &
g AN AHo] ZAlHE FaAFd 94
olF g Yt JYH oz HAAE e, A
A€ Zl"ﬂ-r—*]qlx_ P ¢ndEE HE5o
tAEYAE SR B =FodAMs 298 34
Adl 4 A 9ol 5EI AAolEHY F FF
A #3k Felo] B8 (directional Fourier Transform)
€ HE3t9 niax B ¥ (out-of-plane displace-
ment)$ Bla AW A S (in-plane displacement)®} 3
3 A¥e FYstn, Agd JF A A9 o]
&9 93 A4t Aol o) hEte s&gc)

2. A K0 9 Suyeie] &Y

2.14 &HA 4ol EY
Fig. 1 & o] AUHYE 54T &+ & 2
g TAAAE dolAzRH £¥E 2 AY
FA 57 AEol] ZAMRT ZAME FAZE A
ol 3t g e FAFYY FA3 9
A7l I, 2 CCD stdgl] A= gd),

I, =1,+1,cos(p(x,y) +a;) 0]
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BT iy g(contrast), @(x,y) & AW
HYol odted B ¥ A (wrapped phase)ol
o gt 2488 TAACd A3olTHe ALY
79 PZT(piezoelectric transducer)ol] 2]t H 715
E AR%E guign. 4 @A AolFHAA q,
=0, 12, m, 3072 Sti(radian)o & Fo| R}, 2tz
o g @ U@ FAEFH AVIE exHeR
I, I,, I, 3 I, &3 31 o]E&2%E Y
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1 Optical system for in-plane displacement
measurement
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Fig. 2 Dimensions of specimen with deformation for
measurement of in-plane displacement (unit:mm)
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1 3% 2& 2492 A AHe &5 AH
o Q% (tensile load)S 71315l e W YeluE 3t
AFHE Fig 3@ 2ok R 9 3719
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Hol AZYE st o vehte HHFHE
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(b)
Fig. 3 Interference fringes (a) specimen with deformation
(b) specimen without deformation
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Fig. 4 Wrapped phase of specimen
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Fig. 5 ANSYS discretization model of specimen in Fig. 2
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Fig. 7 Optical system for directional Fourier

transformation

Fig. 8 Wrapped phase ¢ of the specimen

Fig. 7 & vlax WUy F3L 943 3 4
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Algo] Mz1g 3% %X (loading device)E VFERY T,
o] FFXNE FAE AW AFI}FE 78S
Ao mlax AWRHEHYIE dojuxE gtk PZT
stage = PZT & A &3 FAlolw, CNT & PZT &
Aolste Ala"eltt CCD & CCD 7t PC &
MAE BHEE ouisic) 295 A A%
o] 93t BS = PZT o 9ste Alojdc).
Z, PZT € o) 43l BS & &34 249F 744
A F False] F 72 AHoptical path length)
o o0& AN olFHE FAI A|HAA Y 3
A#HE CCD € %39 PC of AFE AZd
DAFHES B Fgd ¥ L3tz 4
(3)E ol8stq AW WG vjx HURH Y
g8 g8 deo

Ao ALEF AW Fig 2 3 go] A7}
113mm X 27.7mm ©)2 F77} 1.2mm o}A T, &
AgolXe AAAYe FUdL FEF AFo
12mm ¢ 93 Fgo] e ZAY FHAHot.
AP E PZT € o83t 4 (DY ¢, =
0~2n Aoy ANIEE n/16 g4 9
Aole e F33te £ 32 A IHFHE A
gt CCD 7HoletE B3&ted PC ol AZHAT 3¢
ARYd x3ddE FHFLL B APdAe oA
4 Felol "l Y (2-D Fourier filtering)& o] &3}
Z2AA ojad Falol WEHE At 32 A
Ztztel HdFHol| tigte] oY Faldl W,
A E 3L e ¥ (low pass filtering) 2 o}a+Y IFg
o] ¥ #(2-D inverse Fourier transform)& < 83} o},
ool MeEld 32 MY IHFHE o] &35t urg
Fejol HEe S F, A 3)% ol &3t A3
A4 @d(x,y) & Fig. 8 3 Zo] AUt B AFq|
A FRE BEE FEo BwE, § oY #Fad
HE 52 g4uig agy Wy FEo Hgole=
MRFFT(mixed radix fast Fourier transform)©] ©]& 5
ATk’ Al Wy WE AFHoE &)
A3t Fig. 8 ol 283 ME A-A, B-B, C-C A4
A HAFEH LzgFd o3 wIAYA
(unwrapped phase)& &8t WUHHYE T3l Fig.
9 o =AET FHAPE Bl gL Ans
n&3}7]- 918t} ANSYS & o] &3l A|ue By
HAE ol@Foz Aisdc AHo Fstag
A&t Zol AFsFol ATt sHAEIH, A
B9 1/4 o) thale] ANSYS #HAS 3 8288
2 Fig. 10 3} 2o} 84 BT A 416 7/49) 8 BH
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Fig. 10 ANSYS discretization of a quarter of specimen
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Fig. 11 Arrangement of ESPI optical system for

measuring out-of-plane displacement
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Fig. 13 Wrapped phase image of spot welded cantilever
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Fig. 14 Wrapped and unwrapped phase distribution along
line A-A of Fig. 13
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