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Whole-Field Phase of Isochromatic Angle and Isoclinic Line in Digital

Photoelastic Phase-Shifting Technique

Ji Xinhua
(Department of Mechanics, Tianjin University, Tianjin 300072, China)

Zhang Lina Shi Lijun Chen Jinlong Qin Yuwen

Abstract Taking the disk under diametral compression as an example, the whole-field isoclinic-angle phase of the
model was analyzed according to elastic mechanics, and the principal-stress direction was put forward. Base on six-
step phase shifting technique, the actual phase of whole-field isoclinic angle and whole-field isochromatic of a disk was
extracted. Combining finite element software MARC with fitting of shape function, six-step phase shifting and
isochromatic phase patterns of a ring under diametral compression were simulated. This method can be generalized to
simulate the photoelastic experiment of stress model with complex analytic solution or without analytic solution. The
feasibility of this method was proved by the experiments of a disk under diametral compression, and the information
of whole-field isochromatic could be extracted automatically.
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Fig. 1 Optical system of circular polariscope
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Table 1 Light intensity expression for six-step phase

shifting technique

Number & é B
1 3n/4 w/4 w/2
1 3n/4 w/4 0
3 3n/4 0 0
4 3n/4 wn/4 =w/4

/4 0 0
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Fig. 2 Results by phase-shift method. (a) Isoclinic-angle
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phase map, (b) isochoromatic phase map
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Fig. 3 Isoclinic-angle phase map (a), whole field isoclinic-angle phase map (b) of a disk under diametral compression
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Fig. 4 Trace of principal stress of a disk under

diametral compression
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Fig. 5 Whole field isochoromatic phase map of

a disk under diametral compression
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Fig. 6 Simulated images of a ring under diametral compression
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Fig. 7 Whole field isoclinic-angle phase map (a), the trace of principal stress (b) of a ring under diametral compression
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Fig. 8 Whole field isoclinic-angle phase map (a) and whole field isochoromatic phase map of ring after adjustment
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Fig. 9 Isoclinic-angle phase maps of a disk before (a) and after (b) adjustment
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Fig. 10 Isochromatic phase maps of a disk before (a), after (b) adjustment, and unwrapping phase map after adjustment (c)
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