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Development of Image Processing Technique for Photoelastic Fringe Analysis
Tae Hyun Baek and Jae Chun Lee
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Abstract

A method of digital image processing thechnique, which can multiply and sharpen isochromatic
fringes in photoelasticity on both occasions, is developed. To test the method, photoelastic fringe
patterns of a disk compressed by two diametrically opposite cocentrated loads are simulated and
these patterns are processed to yield sharpened lines. The method is then aplied to measurement
of residual stresses in glass bar. The procedure is proved to be capable of extraction sharpened
lines accurately from photoelastic multiplied fringes, and yields good experimental results

consistently and precisely.
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Fig. 3 Stress components in a disk under the action
of two diametrically opposite concentrated
loads
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chromatic fringe pattern of a disk compressed
by two diametrically opposite concentrated
loads in a dark-field circular polariscope
arragement (simulation data : P==8.90 N, R=2.
286 c¢m, t=0.476 cm, f,=3.503 N/cm)
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ColAE

2 A, olel
Sl $59E Anad,

— 2
o= "*;”’yi‘/(”*z "Y) Y1 (10)
Ao AU0AN AgE F3EE Aol Byt
o Al QA4 Anele By Sazane
NS 22 4+ ook o % oAl 4 o ()
of diddte gz YUy Ar]e Aok wE A o}
vlad Abefol i3 BAEE A8 4 9l A9.1)

~(9.3) A4 3% p=8.90N,
=2.286cm, t]z39] FAl f=0.476cm A (1)
olA =Zzlx AHEAs £,=3.503 N/cme <
il sted oFAlok widel AF AR Aefol A A&

4 =4zl A& Fig. 4¢} 2}, Fig
59 bR A (2)e a4 AAE Zalx]d o]

O

Fig. 5 Dark-field fringes (upper half) and light-field
fringes (lower half) generated by Egs. (2) and
(3) from the computer simulated of Fig. 4

Fig. 6 Dark-field fringes(upper half) and two times
fringe-multiplied pattern(lower half} generat-
ed by Eq. (4) from the computer simulated
fringes of Fig. 4



Fig. 7 Fringe-sharpened lines extracted from the
fringe pattern using Eq. (6) from the computer
simulated fringes of Fig. 6
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Fig. 8 Experimental fringe pattern of a circular glass
bar in a light-field circular polariscope arrange-
ment when residual stresses are included

Fig. 9 Light-field fringe pattern(upper half) and two

times fringe-multiplied pattern(lower half) of
the glass bar of Fig. 8
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Fig. 10 Two times fringe-multiplied pattern of the
glass bar of Fig. 8
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Fig. 11 Fringe-sharpened lines extracted from the
fringe pattern of Fig. 9
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Fig. 12 Experimental data and polynomial curve fit-
ted by least squares menthod for fringe
orders(N) versus radius(Rm) measured from
the lower half of Fig. 11
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Table 1 Expenmental residual stress components of the glass bar of Fig. 8 analyzed from the lower half of Fig. 11

Radlus | Frmge order Radial stress Hoop stress Max. shear stress
Ry} (N) (or) (00) ( Tmax)
(mm) | (MPa) (MPa) (MPa)
R 6909 6.909 0.
T1688 ! -0.250 5.994 4137 -0.928
2360 [ 0500 5.092 1379 “1.857
! I 0.750 4.096 1474 -2.785
3.419 1.000 3.115 —4312 -3713
1026 1 1.250 1.747 -7536 -4.642
4555 ﬁ 1500 0.745 710,665 5570
NI 1513 0. -11.681 -5.841
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