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Abstract

In photoelasticity, the directions of principal stresses are given by isoclinic fringe patterns. In this
study, photoelastic theory is represented by Jones calculus and the photoelastic 8-step phase shifting
method is described. A feasibility study using computer simulation is done to get isoclinics from
photoelastic fringes of a circular disk under diametral compression. Fringe patterns of the disk are
generated from the stress-optic law. The magnitudes of isoclinics obtained from the fringe patterns of
computer simulation and experiment are compared with those of theory. The results are close between
them. Then, the 8-step phase shifting method is applied to get distributions of isoclinics along the
specified lines of a cuved beam plate under tensile load. Experimental results obtained from the phase
shifting method were compared with those of finite element analysis (ANSYS). It is confirmed that
measurement of isoclinic distributions is possible by use of photoelasitc phase shifting method.
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Fig. 1 Optical arrangement of a circular polariscope
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Table 1 Polariscope configuration and output
intensities of 8-step phase shifting method

No. Configuration Output Intensity

1 1Py QR aQ A 45 11=L2{'(1+0052<1 sinA )
2 |PyQpR,\Q _4;5Ass Iz=§(1—c052a sinA)
3 | PyQuR Q-4 =£(l—cosA)

4 |PyQsR,,Q 54, =7(1+cosA)

5 | Py®@ys R, aQpA ='12i(1+sm2u sinA )
6 |PoQsRosQuAn |I=5(1-sin2asina)
7 |PyQsRosQoAs I7=-Izi(1—cosA)

8 |Pu@sR. QuAs |Li=4(1+cosa)
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Fig. 2 Stress component in a circular disk under

diametric compression
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Fig. 3 Photoelastic fringe patterns obtained from

computer simulation by use of 8-step phase
shifting method
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Fig. 4 Isoclinic phase map obtained from computer
simulated fringe patterns by use of Eq. (4)
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Fig. 5 Comparison of isoclinic angle distribution
along line A-A indicated in Fig. 4
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Fig. 6 Photoelastic fringe patterns obtained from

stress frozen disk by use of 8-step phase
shifting method
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Fig. 7 Wrapped phase of isoclinics of the stress

frozen disk
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obtained from optical arrangements specified
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12 SAEHA #AY AdPolth Fig.
1214 A A AE T8 Hygo FAL A=
FHAolr, A B-BY A CCct 4 A-AZRH
otz “&%ai Ztzb 10 mm, 20 mmoll A TEW
Foz EAY Mol o

Fig. 129] Z7+e] AHA-A, B-B, C-C)dlA 8¢
A Yol s KA EOTHE AL 57

Fig.

A 23 E JeUA Figs. 13, 14, 159 2o
o, sgA Hgols el o 5H7 —‘?—EE +
ga sy 93 Ao {Ad FAY FHE
3] 92 Zr(manual measurement)l Eﬂxﬂi B}
& EXE Vet 28y Figs. 14 2 15 4
o2 HE WO T 30~40 mm Dol Y
AE 4y Folrt YEbRn. olgjg 4L #
Fe4 29y 2AL 2.D, HASHAH Y

o
ol

.4 8
Fig. 12 Wrapped phase of isoclinics of curved
beam plate obtained from fringe patterns
shown in Fig. 11
< Unwrapped isoctinic
04 ~——#—— ANSYS
02
g =
S 0 jmnpmeadi g ety % }
2 1 20 30 40 50
s
02
04
Distance (mm)
Fig. 13 Comparison of isoclinic angle distribution

of curved beam plate along line A-A
indicated in Fig. 12

O Unwrapped isocilnic
Measurement

+ ANSYS

-4
— Ed
3
4 ON
@ 10
T -2 °
cs
4k o
°
-sur-

-80 b

-100

Fig. 14 Comparison

Distance (mm)

of isoclinic angle distribution

of curved beam plate along line B-B

indicated in Fig. 12

A

Agel A

displacement)7} L3t vtebubE ¥

Ao}

oFzke] W9 —r}( out-of-plane

Agon 74



BE fAdolTHE o1

< Unwrepped isoclinic
60 1 ® Moasuremont

° —— ANSYS

40 -

o {degree)

Distance (mm)

Fig. 15 Comparison of isoclinic angle distribution
of curved beam plate along line C-C
indicated in Fig. 12

4. Z2 B

E dFdAE 394 suA giolEwLe F
43t 99 taas AFE Agdolnd 94
3 28549 g23a9 94 TAAZRY F
8z, & AL £Hso o2ty nlma}
Atk =P AFEFL v AR W S
7+ g9 Yol EHF FRergoz 4T
A3g v

B

2

£

lo

=

m\o m

(1) 827 f4olEy A
e Aol ol Aol & FHAE o8

o2 Ate FE5He dAsRen, s9A 9
dolsHE %—6}-0?1 948 P23 Agozy o
Kot o]

€ 534 BEL 4o xol27t
2 A4 o7
747ol 2R e

() 89A AgolEHE Aot &
Bl 547 Exe f2asgd 9
’“3}%1 =74 Azol] FAMSHA &

TAE BROA fdolEed o

;;l?j EAg% strtel 2HFAoY, T"rﬁiﬁ-
Ayeke el ozt dEhwth ol
& 29 2Z0] dale] ¥zl e o

AgtA gob Uy ddor FAgch

£ A ¢k(manual measurement)ol]

% 748 33

e

A 1989

U

2 dFe AggdEADE 20043% &)
Ada  dFHAT  EHIzAFHAUE:
R05-2003-000-11112-0)8] X ¥B|Z FHHAL.

et

2

i1z

(1) Dally, J. W. and Riley, W. F., 1991, Experimental
Stress Analysis, Second Ed., McGraw-Hill. Inc.

(2) Cloud, G. L., 1995, Optical Methods of
Engineering Analysis, Cambridge University Press.

(3) Baek, T. H. and Lee, J. C, 1994, "Development
of Image Processing Technique for Photoelastic
Fringe Analysis," Transactions of KSME (Korean),
Vol. 18, No. 10, pp. 2577~2584.

(4) Back, T. H, Kim, M. S., Morimoto, Y. and
Fujigaki, M., 2002, "Separation of Isochromatics and
Isoclinics from Photoelastic Fringes in a Circular
Disk by Phase Measuring Technique", KSME
International Journal, Vol. 16, No. 2, pp. 1207~1213.

(5) Theocaris, P. S. and Gdoutos, E. E, 1979,
"Matrix Theory of Photoelasticity," Springer-Verlag
Berlin Heidelberg.

(6) Back, T. H, Kim, M. S. and Cho, S. H, 2001,
"Simulation of Separating Isoclinics and Isochromatics
from Photoelastic Fringes of Disk using 8-step Phase
Shifting Methodollgy," Journal of the Korean Society
for Non- destructive Testing (Korean), Vol. 21, No.
2, pp- 189~196.

(7) Quiroga, J. A. and Gonzales-Cano, A, 1997,
"Phase Measuring Algorithm for Extraction of
Isochromatis of Photoelastic Fringe Patterns," Applied
Optics, Vol. 36, No. 2, pp. 8397 ~8402.

(8) Frocht, M. M.,, 1967, Photoelasticity, Vol. 1 and
2, John Wiley and Sons.

(9) Baek, T. H,
Multi-purpose

"Development and Test of the
of the
Symposium, Novel Applications of Experimental
Methods in Mechanics, Society for Experimental
Mechanics, Inc. (June 2003), pp. 185~191.

(10) Photoelastic Division, Measurement Group, Inc.,
Raleigh, NC, 27611, USA.

(11) ANSYS, Inc, Southpointe,
Drive, Canonsburg, PA 15317, USA.

Polariscope”, Proceedings

275 Technology



