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Abstract

The method of photoelasticity allows one to obtain principal stress differences and principal stress
directions in a photoelastic model. In the classical approach, the photoelastic parameters are measured
manually point by point. This is time consuming and requires skill in the identification and measurement
of photoelastic data. Fringe phase shifting method has been recently developed and widely used to
measure and analyze fringe data in photo-mechanics. This paper presents the test results of photoelastic
fringe phase shifting method for the stress analysis of a curved beam plate. The technique used here
requires four phase stepped photoelastic images obtained from a circular polariscope by rotating the
analyzer at 0° 45°, 90° and 135°. Experimental results are compared with those of ANSYS and
calculated by the simple beam theory. Good agreement among the results can be observed.

o d E= Hao FFEE e AXAAN &

Fedge Agdgsoa 8 2 WHIES
ZA37] st AMEHD de WwHE F9 s
oln}, AAZAH &2 Hwhole-field stress)= 71|
Hoz #AT 4 e 2 Aol Ukt a9
v, FegelA 88zl ¢ste “EehtE
S A= A A (isochromatic  fringe) =& FHAZUA
(isoclinic fringe)= 37T (light intensity)7} A&
UE FEFe TYA WMEE oF D Q) WE

* 39, Adgta 7| Ag e
E-mail : thbaek@ks.kunsan.ac.kr
TEL : (063)469-4714 FAX : (063)469-4727
- ARUS HA-B5
e ZAYST ek 71 A B o

Jo R FAHsY FPor WHAstuA T W ¥
2 A7tol AaHn AFeaE WiAT 4
o|Z 9, BMZ A A (isochromatic fringe
order)7} ¥ T RA o]l Ao Ao ¥
FozRE JEA dolHE AFoE FAY +
A= HET 37 Bk A (half fringe
photoelasticity)¥o] 7L =o] B A Alg=Hz
Ak dwtd oz TAHA A7t B B, B
4 dolge A SAHE Y3t9 dAd F&A
g F&3 TAH ZEA FA 2 A
#%  d(isochromatic fringe multiplication and
sharpening)* "7t o] Fo1A AR LM $&
Hi it

B =8dAe F27A A7 Adad 99
74 FEA71HOF 914401 % H(phase  shifting
method)¥d] BE o2 THRY P HEs)
o SHEXE ST F, ol FAH#US AHY



2314

=

Rt

P At
potarizotion

Anslyzer

Fig. 1 Circular polariscope (dark-field setup)

=]}
=

Fady 2 fassA A vassi

=2

2.0l B
2.1 E}C{ 27} (Tardy Compensation Method)
Ferdo F37o Afolo uvEhds FHA

= P A(isochromatic fringe)= Fig. 13 #o] HF

H(polarizer), F 79 4% 3} (quarter wave plate),

g8l AP A analyzenE2  TAE 9¥HIFY

(circular polariscope)ZFE €& & Utk
ARG 8] obA) okl d(dark-field setup)oll A

AZAE doe A= g2 JAANFE W 37

L(light intensity) [p<

Iz=K(1 —cos28 cos4— sin2B cos2a sind) (1)

A9 AoA K=weds, =%t id=F

B d3xte Az, ¢=5%57% Z(isoclinic angle),

A=A A (relative retardation) .2 A= 2N ©|

o, N& SAMTAX X}(isochromatic fringe

orde2 9uigtt, BBNE F-3-=ie¥(direction

of principal stress)@ YXAAE W, F FHZo|
a=0 ZAAN=

I,= K(1—cos2B cos4— sin2fsind) (2)
2 (8 A
I;=K{1—cos(4—28)} )

N
of.
N

- A5y

22 Z2X| o|E%(Fringe Shifting Method)
A3 F 7)ol e} B7H(Tardy compensation)
of #3 HozRe TPX| olFH(fringe shifting

method)oll & & F& % ok
A @eld FEd ZAAS #AQE

background noise I, & 1T, ¢=28% T
AN &, A 3y FZE AF dubAd A
o2 Wyste Jehd
I=Lx)+I;(x)cos[d)+4] @

A @A I(x) € ZT™YA He(fringe pattern) ]
PBAEE on|dich = A 3K (phase difference)
24 FHMTHAA Apot BAHE A()E T
a7 98l 0olM 27 Aol & BE 5 3
o, o8 Jlx dugo] AHEEL Yok AN

g =0, 7/, /2, 3n/4 % BEHAA 7

olo] HFHE FAEZHH thEol 4-THA o
E4 (four-fringe shifting method)oll &3 408 3
g & Ao

— I
A(x) =tan ! (———2 _Iz ) 6)
4 G)ERE Ao BE AARA 44w

(whole-field phase map)2 AT + ok eyt
A (5)9] arc tangent FFE —rx oA EH ol
Yol =2 94 X (phase jump)’} YERGT) ©l&
3 X H(unwrapping) A(x) o B3 ALHS d&
F ot o3 JAdHe FeddME AIR
2 0° 45°, 90° 2 135°2 3AANZ w ZTAA Y
AaolFoz Yehis #4E olgstrnz XY
] $]4ro] 5 ¥ (fringe shifting method)o]tn % &
o},

9 ZIAo|FHL AHHLE AMEHI
= Ry AXE wHes ARd 5 3l
. gorziyge SN A4 (isochromatic  fringe
ordenE T3tnA & YAX oA 5 Zh(isoclinic

mglys ARF F WPINE 547 £x 789
Wl GANNTG olH@ AN APAE

T AT

AR P X|(dark fringe)7} FtnA 3
AANE B0 o AFAY MY 4= g=
A4 Z AR (decimal fractional fringe)X-+&

o 4 (@)% 2ol 24F 4 Ak

A A

7
e



B4 ZaAA A4 ol 5HE o 8¥ TARABY $HeY 2315

n=N+-£ ©)

A 6)llA N2 Fo 9t FE#E F+ Y=
Aol T AR A 4(integral fringe order)o] T} o]}
Zo] Bl 17MHE $=2d(manuval operation)ol] &
&3t Zhzhel Aol olsid AEHoz AL
(pointwise process)alcoF 3lu, A o|FHL
TA4 A ALY BRE Ho U FR=E=E
FE SHMEYA, § F5E9 AU (0,-0,)

7Y F AW 5,
01_02=—n{_0 : )

A (MAM £, =AcEX ARY TARFFoH
A9t ce 247 P49 AT F&EE v
t= e Tt

3. 4

It

2 0|2 ulm

3.1 HEM AF

ZAR olFYe HEAME UFsr] Ao
Fig. 28} 4o HeEL @35 E} 1?4 3 A
B Hgd giiAe den o
g @ £ glod, §Eas A
A oj2d o3 +8L HAH vHiug 5 3
o AgH Ade ANANEAE Fed g9t
225 ZglgtRdolE A4del PSM-1"90)a1, F
AGE  3.18mm, A8  TAXAE(F)E

7005N/m o] FEHAF(E ) 2,482MPac|t}.
Ao A Atgd FY& WAgol ccpihdet
of A=569.5nm @ @433 HE}(narrow band pass
filte) 8 A3l F4L AUt

Al P=147N9] 35 71 & AR W
9o dHFHG7(light field circular polariscope
setup) ZHE] d2 FAMZAA AHHL Fig 37
Zt} Fig. 39 A-BA] JElhd FE BEE
Fig. 49} Zth A4 Fedors FA=s
HAd) =& FH4Q AN ZJAAFE SH5}
o $Eo=z W)

B AT Fig. 29 A-BAA A ZHXA
—E—EE AR Ysto] A o]Fol 3t A
o5& {35 Fig. 29 ABAAAME 5

&
=

Azto] 0° ol22 WAJof T gAjopujdel E
= 13y wid dEelA fdelsHe A8
F Atk olE Y3td AFAE 0°, 45°, 90° ¥
135° S AAA Fig. 59 22 FaAd 4L A%
3tk AR GFoZRE 4 (5)0] gate A
AE TR olFoz A3k 9} di(fringe phase
map)2 Fig. 63 2T
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Fig. 3 Isochromatic fringe pattern in light field
circular polariscope setup
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Fig. 4 Light intensity distribution along the line
A-B in Fig. 2
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Fig. § Fringe shifted patterns by rotating analyzer

Fig. 6 Isochromatic fringe phase map for Fig. 5
calculated with Eq. (5)
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Fig. 7 Light intensities of fringe phase map along
the line of A-B in Fig. 2
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