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Tab.1 Evaluation results of the quality of laser speckle images

otk WA BEEERIRD R 2% - 350K JEE A 2
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570nm 87.91% 8. 95pixel 0. 00430 1.05
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Fig. 3 (a)optical path diagram for generating laser speckle; (b)aluminum specimen;
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Fig. 4 Speckle images acquired before and after optical path refinement
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Fig. 7 Strain curves obtained before and after the improvement of the optical path
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Tab. 2 Statistics on speckle characteristics
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Tab. 3 Error of thermal strain e, and e,
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50 39.25 8.62 37.26 8.19
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150 188. 02 6.53 173.55 6.03
200 236. 56 5.64 215.56 5.15
250 261.58 4.74 247.97 4.45
300 281. 21 4.06 263. 28 3.81
360 302.58 3.49 286. 99 3.31
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In-situ measurement of metal thermal strain

based on laser speckle DIC technology

ZHANG Wuji' , HUANG Gang' ,PAN Zhiwei’ ,ZHANG Dale' , WANG Junsong',
HUANG Shenghong®, WANG Weihua', YANG Jinhong',HE Shengnan'

(1. Institutes of Physical Science and Information Technology, Anhui University, Hefei 230601, Anhui, China;
2. Department of Modern Mechanics, University of Science and Technology of China, Hefei 230027, Anhui, China)

Abstract: The digital image correlation method of laser speckle can be used to realize the non-contact
and in-situ measurement of metal micro-strain, but the image quality of laser speckle, such as
uniformity, gray gradient, stability and so on, has a great influence on the strain measurement
accuracy. In order to improve the accuracy and precision of the DIC method of laser speckle for the
measurement of metal strain, the laser selection, laser wavelength, beam expansion system and
imaging system are designed, improved and tested in detail in this paper. Through the quantitative
analysis of the image quality evaluation parameters such as speckle size and duty cycle before and after
the improvement of the optical system, the factors affecting the strain measurement accuracy of laser
speckle DIC method are determined. And by optimizing the parameters of the optical path such as
laser power, exposure time, junction length, and image distance, the speckle images with more
uniform distribution and better quality in full field were obtained, which improved the accuracy and
precision of strain measurement by the laser speckle DIC method. Finally, the DIC method of laser
speckle is used to measure the thermal strain of metal aluminum heated from room temperature to
360°C in non-vacuum environment. The measured results are in good agreement with the theoretical
values, and the relative error decreases with the increase of temperature, which proves the feasibility
of this method in metal thermal strain measurement.

Keywords: laser speckle; digital image correlation method; in-situ measurement; thermal strain meas-

urement



