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1 Introduction

TV shearography (TVS)—or electronic speckle pattern

Abstract. We report a technique for the measurement of transient out-
of-plane displacement gradients in plane objects by double-pulsed sub-
traction TV shearography. The fringe patterns are automatically and
quantitatively analyzed by the Fourier transform method. A novel optical
setup based on the separation and further recombination of illumination
beams is demonstrated for the generation of carrier fringes. The principle
of the proposed technique is theoretically described, and its immunity to
environmental disturbances is discussed. Experimental results obtained
with a metallic plate excited by the impact of a piezoelectric transducer
are presented. © 2000 Society of Photo-Optical Instrumentation Engineers.
[50091-3286(00)02908-1]

Subject terms: metrology; speckle interferometry; shearography; shock.

Paper 990116 received Mar. 18, 1998; revised manuscript received Nov. 10,
1999; accepted for publication Feb. 16, 2000.

References

1. P. Boone and R. Verhiest, **Application of hologram interferometry
to plate deformation and translation measurements,”” Opt. Acta 16,
555-567 {1969).

. §. Nakadate, T. Yatagai, and H. Saito, ‘‘Digital speckle-pattern shear-
ing interferometry,”” Appl. Opt. 19, 4241-4246 (1980).

. E. Vikhagen, **Nondestructive testing by use of TV holography and
?eéogg;]atiun phase gradient calculation,” Appl. Opr. 29, 137-144

1 .

4. R. Spooren, A. A. Dyrseth, and M. Vaz, “'Electronic shear interfer-
ometry: application of a (double-) pulsed laser,” Appl. Opt. 32, 4719
4727 (1993).

5. P. K. Rastogi, ‘‘Techniques of displacement and deformation mea-

surements in speckle metrology,” in Speckle Metrology, R. S. Sirohi,

Ed pp. 41-98, Marcel Dekier, New York (1993).

Spooren. ‘Double-pulse subtraction TV holegraphy,” Opt. Eng.

(Bef.!mgham) 31, 1000-1007 (1992).

. G. Pedrini, Y.-L. Zou, and H. J. Tiziani, *‘Quantitative evaluation of
digital shearing interferogram using the spatial carrier method,”" Pure
Appl. Opt. 5, 313-321 (1996).

8. M. Takeda, H. Ina, and S. Kobayashi, ‘“Fourier-transform method of
fringe-pattern analysis for computer-based topography and interfer-
ometry,”” J. Opt. Soc. Am. 72, 156160 {198 go

9. M. Kujawinska, ‘‘Spatial phaee measurement methods,”’ in Interfero-
gram Aralysis, D. W. Robinson and G. T. Reid, Eds., pp. 141-193,
Institute of Physics Press, Bristol (1993).

10. A. Davila, G. H. Kaufmann and C. Pérez-Lopez, “‘Transient defor-

mation analysns using a carrier r‘nethod of pulsed electronic spmklc— p

Wb

*4?\

surement of spatial derivatives of displacements. Early re-
search on shearing techniques used moiré fringes resulting

shearing interferometry (ESPSI), as it is also called—is a from the superposition of two fringe patterns obtained by
nondestructive, whole-field technique that allows the mea- holographic interferometry.’ Photographic film was later

2106 Opt. Eng. 39(8) 2106-2113 (August 2000)

0091-3286/2000/$15.00  © 2000 Society of Photo-Optical Instrumentation Engineers




L =S

§ = 72 EndNote Online v | | WEEHBWRE

Measurement of transient out-of-plane displacement gradients in
plates using double-pulsed subtraction TV shearography 1

{E8: Femandez, A (Fernandez, A); Doval, AF (Doval, AF); Kaufmann, GH (Kaufmann, GH); Davilaw..
(Davila, A); Blanco-Garcia, J (Bleren-Garcia, J); Perez-Lopez, C (Perez-Lopez, C); Femandez, JL
(Fernandez, JL) 2

OPTICAL ENGINEERING
30 I 8 HE: 2106-2113
HEEHM: AUG 2000
wHEAIER

w3

YWe report a technique for the measurement of transient out-of-plane displacement gradients in plane objects
by double-pulsed subtraction T4 shearography. The fringe patterns are automnatically and quantitatively
analyzed by the Fourier transform method. A novel optical setup based on the separation and further
recombination of illumination beams is demonstrated for the generation of carrier fringes. The principle of the
proposed technigue is thearetically described, and its immunity to environmental disturbances is discussed.
Experimental results obtained with a metallic plate excited by the impact of a piezoelectric transducer are
presented. () 2000 Society of Photo-Optical instrurmentation Engineers. [30091-3286(00302903-1].

Mgty

1B B#ES: metrology; speckle interferometry; shearography; shock
KeyWords Plus: FOURIER-TRANSFORM METHOD; SHEARING PATTERN INTERFEROMETRY;
DEFORMATION ANALY SIS, HOLOGRAPHY 5

fEE A
FEFEF AL Fermandez, A EHIES)

+  Univ Vigo, Dept Engn Design, Escuela Tecn Super Ingn Ind, Campus Univ Lagoas Marcosende, E-
36200 Yigo, Spain.

ik

+ [ 1] Univ*igo, Dept Engn Design, Escuela Tecn Super Ingn Ind, E-36200 “igo, Spain

+ [ 2] Univ¥igo, Dept Appl Phys, Escuela Tecn Super Ingn Ind, E-36200 Yigo, Spain

+ [ 3] Univ Macl Rosario, Inst Fis, RA-2000 Rosario, Argentina

+ [ 4] Consejo Macl Invest Cient & Tecn, RA-2000 Rosario, Argentina

[ 5] Ctr Invest Opt, Leon 37000, Gto, Mexico

+ RS 6

HRRE

SPIE-INT SOCIETY OPTICAL EMGINEERING, 1000 20TH ST, PO BOX 10, BELLINGHAR, WA 35225 USA

HBIY
WFFEEE: Optics
Web of Science F#%: Optics

EWILH

"FES HENEE

EEEE 41 of 1P

| 5| FICRR Ry

T T | e
20 #E g
#xH Related Records

#Bls AR
& Eis I ERER
( By Web of Science TM 254, 288

BrE#5| X Wt

7 in All Databases

7 inWWeb of Science Core Collection
0 in BIOSIS Citation Indesx

0'in Chinese Science Citation
Database

0in Data Citation Index
0in SciELO Citation Index

BiR 5] A

Zhu, Lianging. Real-time rmonitoring of
phase maps of digital shearography.
OFTICAL ENGINEERING, OCT 2013,

o)

HESKE -
Web of Science TM Bl
B|HEMEHEDHEE

i BICAIEE (F Curent Contents
Connect &)

il TEER (£ nspec)

HFFIFEHE

NS SR SRR E - FHRY
EMEEES -

o & b

SCEERREREN 2 S5 B ] LUK AR (o8 FH 2 1R = e Y BRI S e 1T 5 S S SR R

PR SR A A S IRE] -

XENFTAEE A S gE: - I H AT F RSN RS LA E T REEH -
SHTHRBERSSM E AU - [EIRSCAY R A S sk -

TE&fEAtAIRE St & T DUl -

“Keywords Plus”#k [ i* Cited Reference fEREH o 12

P NERTE XEEHA

Keywords Plus » HU A4 & Web of Science &} AULERHY S E -
FrafE &t A G SR FIG v &3 - B—(E5HA/EE & Reprint Author((E&H(E

&) o AR - HER(EE A E-mail Address -




SZEEK: 20

MWeasurement of transient out-of-plane displacement gradients in plates using double-pulsed subtracti... B

| EEEE [ = E5#% = EndNote Online ~ || FEEEENHE

MEASUREMENTS
1E&: BOOME, F; VEREBIEST, R
OPTICA ACTA % 16 H§: 5 HiE: 555-8 HAEHHE: 1969

2. Transient deformation analysis by a carrier method of pulsed electronic speckle-shearing
interferometry
1E&: Davila, A, Kaufmann, GH; Perez-Lopez, C
APPLIED OPTICS #5: 37 WY 19 EiE: 4116-4122 HEEHEE: JUL 11993

wHlEE

3 Transient deformation measurement by double-pulsed-subtraction TV holography and th
transform method
{EE: Fernandez, A; Blanco-Garcia, J; Doval, AF; .
APPLIED OFTICE #&: 37 Hf: 16 EE: 34403446 HEEHEE: JUN 1 1938

BHEE

4. Study of transient deformations with pulsed TV holography: Application to crack detectio

1. B R a s (2 BE T

2. SERNRAE IS B R Rk ¢

SE RIS WOS 2F 5=

FHITH wEES ABRPEE

1. APPLICATION OF HOLOGRAM INTERFEROMETRY TO PLATE DEFORMATION AND TRANSLATION

4 51 B A 1HE P

4% Related Records 5|

WY H M 45
(£ Web of Sclence £,

EL Y CE =B A=

References

L

L

F‘

b

P Boone and R. Verbiest, **Application of hol

Y
m " Opt. Acta 16,
555 567 (1969).
S. Nakadate, T. Yataga\ and H. Saito, * Dlgmls kle-pattern shear-
ing mlcrferom:try Appl. Opt. 19, 4241-4246 0).
E. Vikhagen, ‘‘Nondestructive testing by use of TV helography and
?e;gg;]mlon phase gradient calculation,” Appl. Opr. 29, 137-144
1
R Spooren, A. A. Dyrseth, and M. Vaz, Elocu‘onic shear interfer-
metry: application ofa (double-) pulsed laser,” Appl. Opt. 32, 4719~
4'727 (1993).
P. K. Rastogi, ““Techniques of displacement and deformation mea-
surements in speckle metrology,” in Speckle Metrology, R. S. Sirohi,
Ed., pp. 41-98, Marce] Dekker, New York (1993)

6. R. Spooren, “‘Double-pulse subtraction TV ﬁologr‘aphy." Opt. Eng.

-

o

©

PO
(Bellingham) 31, 1000-1007 (1992).

. G. Pedrini, Y.-L. Zou, and H. J. Tiziani, “‘Quantitative evaluation of

digital shearing interferogram using the spatial carrier method,” Pure
Appl. Opr. 5, 313-321 (1996)

M. Takeda, H. Ina, and S. Kobayashi, ‘"Fourier-transform method of
fringe-pattern_analysis for computer-based topography and interfer-
ometry,” J. Opt. Soc. Am. 72, 156-160 (1981 go

M. Kujawinska, “‘Spatial phase measurement methods,”” in Interfero-
gram Analysis, D. W. Robinson and G. T. Reid, Eds., pp. 141-193,
Institute of Physics Press, Bristol (1993).

. A. Davila, G. H. Kaufmann, and C. Perez-Lopez, **Transient defor-

mation analysis using a carrier method of puised electronic speckle-
shearing pattern interferometry,”” Appi. Opr. 37, 41164122 (1998).

3. EMRFFTASE MG T LU - 1R ¢ TIREFEA g 2R -

AR ISR R R AR - R IFSOOREA ST (2 T
H S S HIPERT -

RS - 52 WOS EEHYEESUF L — - R/ E—

10




k2 H] Search Rules

Web of Science 1l ZEA T3 EEEIA ¢

1. K/INE D8FES R/NERIER - 40 AIDS, Aids 5 adis -
2. HEH%F c(wildcards):? * §
- ERE R HEEIY
- WEREAMEETFRZGEE
- WEREAREPHEAZHEEGS (40 center 1 centre )
-2 R EFE
- 7 R0 BEEFER
- $ RN EFEECEAEFEE
¢ & (Truncation )
VB VB HUIE
*use use s*food seafood Diseas* Disease
Mouse soyfood Diseases
Cause Diseased
Because
?ell Cell wom?n woman Gene* Gene
Well women Genes
Bell General
Generation
$$$$$tion  Education Hof$man* Hofman grain$ grain
Retention Hoffman grains
Reception Hoffmann
Evolution Hoffmanova
75 e HY AR A
>  A{EERE - R -~ BRR9E - SRR R A P A SR TR -
B ff "Topic, A1 " Title | M P {EHAAMIFRUIER: - AT T2 RZE/ VA
i A ={E=F7T © Bl - *bio
B {£" Author Identifiers | 1" Accession Number | #5723 S0t F 72 {HI 2 R V&R »
BRI T2 %2/ VVEm A—{EFoT - il *2307 -
> 1£ "Topic, 1 " Title , A& P {E A IR UIERT - &M ZRIZE/DOHE A
—fE=T - Bl bio* -
> 1£ " Author | fg & ERREMERES - AT T2 AT 2/ DA s A RHE T : fa
sm* o
& EHEAF TR
> EERIRTIT (| @ #) FIEEERTSR (o, 1)) ZR(EREHTT -
> A EHRFE G REPEAERT T -
>  FReEEAS 50 RE P RS 8E55% (§) -

11



> BEERERREGTERERT R FESEIEE E RN TR UIELEEE - 4
4 > 1£ " Accession Number | 152 *2 ¢ *2* > AJREE{E([0[ A EREMNEER (30F
GEEGER) > REERES A RSHEGNER -

& DR E R TICHR R

Search Type & Field

wildcards

Notice

General Search — Topic

*’$’?

FeaHE A B R D) EEhRE
EERAATSUE EEATTRE
DRI A = (ETIT  EEAA RN T
VI# - AEE ATt 2/ AR A =
(&7t

General Search — Title

FeaHE A B A S D) BT RE
EERAATSUE > EEATTRE
DRI A =TT (AR
VIEk - RfEE AT TR/ D EA =
(&7t

General Search - Author

Hig A—(E &5 A HEn L
25F (") AT - Wit > #A
Johnson M _Fi#& A, Johnson M* —
B o

A EEAE SR E o A S H
9T o 4 > Johnson M*S* E A%
TR o

BIRE LR - AT T AR RVA
i ARY{E =TT - g0 - sm*

General Search —Author
Identifiers

No
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-  Worldwide Network Blood &
Marrow T

- Worldwide Wave Investigators

-  Worldwide Study Grp

> R HA.

General Search — Editor

General Search — Publication
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iy Aoy a IS > ARG Z BTRLZ
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Title

3. EREEIT

& Irtfk#EEEE (Boolean Operators)

AND : FrAW R E R ETER (BERESIV S )
TOPIC: aspartame AND cancer*

e O
(\I/} M [ERG A4 aspartame Bl cancer* [SCJEk
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FEAR I RIRVRT E e H A - RIEFsfais A FERL - BE e ek -

X T M e 2R nelEE A R 28 X {5 -
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NEAR/15 virus [z 458 HH 5

wr7J4E [ Topic j A1 [ Title ; #5551 And 74 -
#%/7J1% Year Published filfir (-

& NEAR ZE{dFHIRAEAORHEE (GIAIEAT] ~ 58 - smoC s A A= F)
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Cited Reference Search - Cited Year OR
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R DA o B A R e
s EARER TR - A3k

fE | 1900 |~ (E] | 2014 |~

v meRE THEEE » DUE T REA
Web of Science LS E S HXBE Web of Science *%’Dé\iﬁﬁ%:‘
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AND |~ o - Bn 1EE 5
+FRHREE | EREAEE ﬁ'{"ﬁ%
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that increased OHT warms both the tropical and global mean climates. Using twao different coupled climate

models with mixed-laver oceans . with and without OHT. alono with 3 coupled model with 3 fixed-curent
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21218 US4
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> FEARAMEE T > A FIF “Abbreviations list(4E 5 )" KA -
EAAR

LT R R |
| A He it ~
=g

€ Organizations-Enhanced (t#&f&5:23-111580K) : =] F]F " Organization-Enhanced
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ISI Web of Knowledge Search Alert

Product: Web of Science

History Name: econ growth

Description: economic growth technology education

Alert Expires: 10 JUN 2006

Alert Query: #2 OR #1

Results Found: 1 new records were found this week (1 in this e-mail)

Organization ID: 9c¢1330£0dda3£f188a3813b9840d1143f

*Record 1 of 1.

*View Full Record:
http://links.primary.cls.isinet.com/current/gateway/Gateway.cgi?GWVersion=2&SrcAuth=Alerti
ng&SrcApp=Alerting&DestApp=WOS&DestLinkType=FullRecord; KeyUT=000220701300001
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Contact Details {28 &z

Americas
Philadelphia +1 800 336 4474
+1 215 386 0100

Europe, Middle East and Africa
London +44 20 7433 4000

Asia Pacific
Singapore +65 6775 5088
Tokyo  +81 34589 3100

For a complete office list visit: ip-science.thomsonreuters.com/contact
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