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Fig. 2 Optical path of the white light four-step phase-shift method
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Tab.1 Light intensity equation recorded by the white light four-step phase-shift method
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0° I, =I,+ I,[1+sin 46sin” (§/2)]/2
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Fig. 3 Optical path of the monochromatic light six-step phase-shift method
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Tab. 2 Light intensity equation recorded by the monochromatic light six-step phase-shift method
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Fig. 4 Schematic diagram of the automatic phase-shift photoelastic measurement system
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Fig. 5 Lenses mounted on the three turntables: (a)turntable 1; (b)turntable 2; (c)turntable 3
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Tab.3 The optical path arrangement corresponding to image acquisition of the system
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Fig. 6 Photograph of the measurement system
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Fig. 7 Images of a diametric compression disk captured by the automatic phase-shift photoelastic system:
(a) white light four-step phase-shift images; (b)monochromatic light six-step phase-shift images
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Fig. 8 The experimental results and theoretical values of the diametric compression disk: (a)wrapped
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isocline phase; (b) unwrapped isocline phase; (c) theoretical value of the isocline phase; (d)difference
between the measured and the theoretical value of the isocline phase; (e) wrapped isochromatic phase;
(f)unwrapped isochromatic phase; (g) theoretical value of the isochromatic phase; (h)difference between

the measured and the theoretical value of the isochromatic phase
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Fig. 9 Comparison of experimental and theoretical values of disk along a straight line (y/R=1/2):

(a) comparison of the isocline phase; (b) comparison of the isochromatic phase
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Fig. 10 Images of a diametric compression ring captured by the automatic phase-shift photoelastic system:
(a) white light four-step phase-shift images; (h)monochromatic light six-step phase-shift images
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Fig. 11 The experimental results and theoretical values of the diametric compression ring: (a)wrapped
isocline phase; (b) unwrapped isocline phase; (c) theoretical value of the isocline phase; (d)difference
between the measured and the theoretical value of the isocline phase; (e) wrapped isochromatic phase;
() unwrapped isochromatic phase; (g) theoretical value of the isochromatic phase; (h)difference between

the measured and the theoretical value of the isochromatic phase
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Fig. 12 Comparison of experimental and theoretical values of disk along a straight line (y/R=3/4):
(a) comparison of the isocline phase; (b) comparison of the isochromatic phase
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Automatic phase-shift photoelastic measurement

system based on polarization camera

WANG Can', LI Dewei?, DING Zhongjun®, PAN Bing®, LI Kai'
(1. School of Mechanics and Engineering Science, Shanghai Institute of Applied Mathematics and Mechanics, Shanghai University,
Shanghai 200444, China; 2. National Deep Sea Center, Qingdao 266237, Shandong, China; 3. National Key Laboratory of Strength and

Structural Integrity, School of Aeronautic Science and Engineering, Beihang University, Beijing 100191, China)

Abstract: Phase-shift photoelastic method is a digital photoelastic measurement technique. Ten-step
phase-shift method has been widely used in the phase-shift photoelastic method because of its high
measurement accuracy. However, the ten-step phase shift method needs to collect 10 phase shift
images in the measurement process, and needs to manually rotate the lens and switch the light source
in the process of sampling, which is complicated and has low measurement efficiency. In order to solve
this problem, an automatic phase shift photoelastic measurement system based on a polarization
camera was proposed. The system applied the polarization camera to acquire images, used the
combination of white light and filters as the light source, and controlled the lens rotation and light
source switching through the electronic control system, so as to realize the automatic and efficient
acquisition of phase shift images. Experimental measurements on a disk and a ring demonstrate that
the proposed system can complete the acquisition of 10 phase-shift images within 5 s, which effectively
improves the measurement efficiency compared with the traditional measurement system. In addition,
the experimental results also prove the accuracy of the system measurement.

Keywords: photoelasticity; phase-shift method; polarization camera; automatic measurement system



