%208 %24 h ¥ % MR Vol. 20, No. 2

1988 £ 3 H ACTA MECHANICA SINICA Mar., 1988

F S BB B T S T B E
B 8% B4R

(P ER 2B E I

RBE  ARNDY KRBT T S AT S5 REENL A A5 R B 1E O B
.4 B A0 FA L REE B ARG A, BRI OBRE S, HAE —EHEN
RBEEHETLHHFLWETRIME L. HERANAEREGR U, BRHAUER
HEE, T EED TR, EREBENA TR AR NS N E R EE OB EESE
M, 07k R E R A e AL Y FERIBLE, RETEARREEICRE
ENRPEERNOESRERFRREEEE TR H M A,

XK@iA PAWE.HRTE. 5683

4 I ' =da
Al J ]

TR AR R R ARG B, FIBEE 7 1 B T A T AT TR 2 45 M

B {2 B4 SR YT ®
BHERERICENFRAN SRR ¥R | | #¥

IE0» T L 434 25 W00 2 00 b (R B B ®

RARIEREFA). BRI R

BOREM EUREE; FIROR AR B 4

e R T S R BT B R, B R LR

B 2RI T SR TR P IR 4y, LA

DA 4 B BB A SR BE BT R, 20 1 B GRS PR

S » S B T DL SOC IR, 5 W DR B R, R, WA A L s R

£ % .
T REBOLBBE: (5 1) 3T BE AT RN, RIUE RS IRR%

SkABRAIRHL T E, T RR AR X B L& M AR, ZWSaERRARE

HBS £ VT TR b BB R B S 5 i SRR B R 5 R 5 ) LB T T

SR RS A%, EERE R RN A S MEN, Bk, hmaskas i

SRR B AR A A,
ML RHEE S (R 2) MEHE LMY, mTF aE RS mER L

L, ERBEE R —RED, EfEAR TSNS AEHNE, &t e EmKT,

AXF 1986 49 A 9 HIKE, MM BRATIEE.



136 A 2 = i (1988 4£) F 20 2

1B, T ARG SL R RERT g T _E & A X L. B B T IR B R B S L R G Ve i
24 BR B X 0 S5 M 7 %) A B T I » AT 68 90 R 2R A S BIR A PR

1982 4F.£5 1983 47 F. P. Chiang A1 C. C. Kin $2 J B85 2 IG5 S0 7 0 Bt i
BT GX— L LIRS Bk 3), ITER R EER F—BEREME, H—%
P RBOEEL BHE., MUREIR R, #0285 308 8 s e [ 8O 7 1 £ 35 1\ 3
081 RF 5 177208 JE2 1 E BT O O » AR 10 O T A U S T AR TE R S BT 18 e S L
S MG, WIS T b RIS A, X RIS 2 B iR AR T, S S S TR IR
BB T SRR, YA W AT £, BROBE I ZDRYTT T 5 VT T 1 RS 7 T DL B i T G
BHAABI L FR, Mg T8 HEeEss MLwﬂﬁwmﬁ.u s HEAT AR
BB RIS B, AR T & 0T, H RN, MEER i LT eRaEe i
B, XA T EE MBRME FARFRIR T AR TE U 3L A7 Y.

R SR I B A Y BB ik R T R A AR (REJ53E 4). ERERE 6 T A 514
AR BEZS (018 20 A PRI R 8 B (1A, OOCTR7EiA fR 2R A BOE AL B, K dh e %58
B ORI RS TR B &R s E i,

YoM R, X O R G, T 2B N F T T . R R RE
BRECBR ) » L LRIV 20 0 (k28 72 T 1 BV 2 IR 0. ‘El‘iﬂﬂifmﬂ 5 B A T B DGR AR
GErREgBR AR LS, AEATE iR L ROR RIS T AR S R+ 0 R IORT AT RE B INTER
BBV S BN B X EBIREARRINFTEE RS B TET ANRE, B

» RO 18 T B4k SORLRE (5 LB ST
BB

s IR R e AR S O P T, BN

- ERAE, BADEREAARET R, YikBl

- RGBT . AR A S T

I AR R RO SR & R AT AR

ot — R RS, FEREEHRRAKER

LB R R ARG, MIBHENFES Y ERE
MﬁJ:Ei’JH?’ EREL. W T—Me R K ,
W% AR RERL 2y A Y, (EHRIEE
X — BB R T PO B A . ﬁ%%%ﬁ%fﬁﬁd&/ ﬁ@ﬁimt@’*kz;gﬁ K, St
&8P — 5, umrﬂufﬁﬁwlﬁ%ﬁiwﬁlﬁﬁbmﬂﬁﬂw AR — 45 N BN 4 7
IR ) BB
B % W 6 BB 5 U B R RR dh T A0 12 306 i 2 . BRIHAE BHRTRIZE
B, i FLIROH SRR T BN, FEEH h—R, B, #RERESEERT 268
B B8 3, A INE AT VR Y6 IR, AT I B AR 2SR TS 0BT vt . s RS SR A R
RERNS N, CEMEBREPEBE—  — XA, LIEWek)s, BEIEHREE
BAEE oA R E R AN T 2RI BB R, X85 R DI 3 FiR

Wik ER¥K
B2 aXEEERICRRE



% 2 BEES: AEEEENEETRENRMEERY 137

%o Iy xy] a L, %

| %m/\ g=
1
1 z

B3 &HBENMS R%
W f AR, EHERERE LEER—R G, EERNESNETEERR L GG
B A, MR AUEBEREES B 1(x, ¥0), I(xo + dx, ¥ + dy). WMRMEEBMAKT L
G, Gy B AL, MIHRIEE M RAT B K
t(x05 ¥0) = KI(xo, y0)[ (20 — x5 Yo — o) + 8(x0 — 20 — dx, Yo — yo—dy)1 (1)
R R IR PR G SE R B E RN, th 6o, Gy WIARTEET 1. BB AR LI RASE
LR WRE D

A=)

Ulf., fy) = ;}l{_f I3y 50071 4= exp [ —i2eel fodx + f,dy) 1}

X exp{—12x(fexo + fyy0)] (2)
Hih

X
fx=‘J9 fy=—=.

A
FEVE T L R TLIR Y s BOJR B rect (i‘f—z—b—) recc%) LI LR, mTESE L0

EEE TR ERHPE . v EXDBRES SR
I(xis 9:) = K*(41afs)?1?(x05 ¥0) -+ sinc?[2f,(x; — x0) ]
- sine?[2 f(y; — )] » 2(1 + cos2wf.dx) 3)

CEF, BHPHEEOLEIGELHRTF (1 + cos(2xfdx)] HITEHE, X dx=’-’j—’ et

1
rz+2

Af
%gﬁif&j"g dx == {—':LWQ%EE*&/J\’ n=10, £1, £2--.,

FH BB BT 0L, F 1 GBI R TR MO IR SO BRI R R R, R
AL RN ARME. HECEENEiEEE, RE3EiE s, s
L IR IR T REED, AL BTSSR BIRIE W E 6 BB 2 Ak ST i s ik
BZEE), Sk TEARRGL N T B 8Os B e 20 1, 25
R » SURERE R R S » K gt T 1) 3 155 b AR S T )AL

AT BRMF R0 TR, 0D i 2 S, TE SR BR AT FR RATH SR AT 4 B0YeRs. ik
BB RGBS, AR 28R, RPRREGTURE X, HLmERN&AE
LHRESARRARMA T LERES HRERNEERE S, E58BHNERRE



138 h = = iR (1988 1E) % 20 &

klllll
g Xfmnx
L! Ll ,%
H‘ —
R . x ey g
: (D 3 =
=
il
H
d sing
- M f= T N—L

4 FBRNEEHSFCKIE

BZBRABE P ZXAER T, B RENEACRER. YOEESHE L. 5, 5%
T RIBEES 20 2 Ihf 23 [ALS3 3 51 T b A BBE ARt 7 2 2R 00
X‘f fy —_ y_,

fx='_

2d’ 1d’
AT WD TR BB » A SR B IE T BT 2 0T, BN 5 BR. BRL
BXIESCIR, s & Fr L B OSSR A 5 6 Y4 S i,

A
LY &1, 1 S5
b7} Av 4

SRR, B PR HE R R R AR SO0 G 7 BB GO BT R AU R A

BXXE X g2k FEHEL FEHE2 HEER B A
\ \ / / ‘ég
| | =
.él ) ’ ' s '
d

B 5 e ms itk

=, MBRRBESHHEE ZEHXFR

EHBENES TS EPTLUE N @R AN B, SEBENES, WER
REEORNE. HE, BEFA A EAREERESN, X BBEF P a &Nz E
BT A A PR 1, 24 08 i FL RO AL B B B P i 6 & SRS S B AR i T B A R B
AFHRL. Hib, ABBENRNMBNREESHEEAPTESNESHMESEE
PR EERXAR. RAPNESSAHRRENEN TSN ESREE, KAPH
ARG E R RE T LURT G E, Wi, SEENEREENT KR QEREY |
Ul RBEZRE - EIRBRIES .



D mam BRES: AotKENESTIENRMEEY 139

EETERANEET .REARGEN TERBOEHERE SRAEREEHETL
FRIAREGET, RRRAEN THENTHRELKESHATHN. ITRESHAZARE
KRR

! L=g*xh,
Hrh g AMA R, & ARBEE 4 BZAGHKMME. N EARLFEEERER,
BTRERBHAXAR
Gy(fes 1y) = H(fs» 1,)Gi(fe5 fy)

Hih G, G, HREMARK ¢ SHHENK o WEERE K, HEKNHMAEBRE
B, AR ARGHOERER, Hik, TRETERAZZIEET IR, BRER Lz
IR E N ERF GO AMENRAENEERBZENER. ERCRPULHELRR
BT —&RIFRIIFERR, BEDE LSRRG EEBEERENZERA R
B2, BE.MH—SARRHH,RITELNAEFICRNEEBEREG A S HRE WEHE
SEEE.

HE BEHCENAIREBH: — MR, RRE — ML BRIGE HRE, MR
HHR % RO B = A — N 2 iR H i, EJ&%“’I\EH"J%%\?‘B&WE‘(%% » ARG
W RENFERRBERS . F AR HARE SESRAN AL EMERE, EIEE RS
B EB RS L EE LR E,

%ﬂ:ﬁ—_i@,@;ﬁﬁ-ﬁ’l-}?ﬂ%ﬂéHéiEW-‘riﬁ.iﬁﬂﬁﬁﬂi%ﬁﬁIﬁ%ﬁiﬁuﬁd\%,ﬁ%}\]:
SIBEF B, T ZH i ERGEREREL. B W RREERANEEE W, BHEHERE
WHHRE It LEREFROR S,

/U, 3E I B i

MEs SRR NRG (JLE6), M8t LF 6 #H&XSM2 ¢ 250 mm, BEE 25
mm, JUBEHR 100X100 mm’, FEZHHEEHE, 8B P = 9800 N XHBENEARER
SE&RENIGNE, T4 —BR, BN —R5REHEKE,. 3R ERETKE. 2 8K
FEIBSKERT. B7& ¢250 mm L EEEEGREZHEN 2 THR YA,
oS B4 1931/ mm, 2271/ mm, 2601/mm ¥ 293 1/mm, &8 BHE 7 WEMN
. s BE LB ES L.

o

- q
IREEREREN
| 420

r—$7/
| (| maEER
i1 L+—T1o00x100

(=25 —a 3
T

136

Pt Pt

$250

a b
Eé HHERRAERTAE



140

(1988 £E) F 20 %

a =1931/mm

¢ Jm=2601/mr

M REERMNMBEESSEEE

= 25004

== 20004

- 1500+

&(107%)

=~ 1000

- 500,

0 0 20 30 nan

B8 NS mHig

A, 4 X i

SRRE, DL R ARERE A F A RTE AL RE T B M REEVLD AR E
HBET L, BB ST R LRRNERLREEAE R, TUAR FEERNTR
HEEE. SRENTIERRE, BRTIERALSB U Z R AR, R T %



¢

% 2 BEAS: AUrSENEETRENRHEEY 141

08y o R v TR 58 R R M O R, SR DL M AR R T 0 o T B 4 P R AR B
W TR TR A (B T R B 61T 3 2k SOk I TN BRR S T E R R, X
PR T WORR AR R, HT EER AT A R E R AN R, R E Y R
T 6 S T (1 » H b A & 1 2, 10 T RE A AT L AR EL LA (0 4% ) B il T A O B
B 2RO 2, A T A e B S 1) AR O T, R I SO Tk B AR
RLSHBHEIETE. s T 7E RARID S R b /1 SR BURL RO 72 M 3 AR 6 7 AT B
T L T A B O AR - 3K8 T i REUE I B M2 35 T Ak 8L,
AFEHNRRBENTEBEZLEMEBZETHEZA, WEEHATEE LT
xBTS, TR R HRE H AR W b4 B RO W R RRMEAR, REIRES RS
%, B AT TR, T35, BB 38 b R A5 5 F0M R o B H BOR B R A 4 dr ]

2 F X B

[1] Wu Xizoping, He Shiping, Li Zhichao “Movement of space speckle” Fourth SESA International Conference
on Experimental Mechanics, Boston, Mass. May, 1980.

’

[2] Zhou xingeng, “Deformation measurment of curved surface by laser subjective speckie” Proceeding of the

International Conference on Experimental Mechanics, Bzijing China, Oct. 1935.

{3] EA. X=H. BHHE “SLARKEFEYVATIRENTAGENRES Y, REN2FR 1981 £58/—
.

[4] Chiang, F. P., Kin, C. C. “Strair deterraination on cuived sucfaces using far-field objective laser speckles”
Opr. Eng. 21(3) 441(153352).

[5] Kin, C. 2., Chiang, F. P. “Cbjective laser speckle method for three dimentional displi cement measuremeng
on curved sarfaces”™ Opr. Fng, 22(1) 153(1983).

[6] Gackall, JACK D. ‘Linear Systems, Fourier Transforms and Optics” John Wiley & Sons, Inc. 1978.

STRAIN DETERMINATION ON CURVED SURFACES BY
OBJECTIVE WHITE LIGHT SPECKLES

Tu Meirong, Li Minhua, Han Jinhu

(fustismte of Mechanics, Chinese Academy of Sciences)

Abstract A close-range objective white light speckle method has been used for strain
determination on single curved surfaces. The speckle field is not the artificially printed
random dots but only the radiance distribution of object surface which was slightly treated
before the test to produce fine structure of optical details. The holographic film in stead of
holographic plat is clamped closely to the curved surface when illuminated by a flash light.
Whole field fringe patterns are obtained with high sensitivities and large adjustable range. There
is no longer a requirement to relate the speckle movement on image plane to the object sur-
face. Defocus problem has been avoided. It can be practically applied to engineering problems
with considerable convenience because of the very simple recording system amd little demand
for environmental stability.

Key words strain determination, curved surfaces, white light speckles.



