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Fig.1 Diagram of a comprehensive experimental platform equipped with high heat flux loading system
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Fig. 2 Speckle materials and styles: (a) Tantalum carbide and alcohol mixture; (b)style of speckles
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Fig. 3 Vacuum cabin and its internal arrangement Fig. 4 Infrared thermometers and 3D-DIC

instruments arrangements
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Fig. 5 Infrared thermometer and electron beam video during testing
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Fig. 6 Initial images captured from 3D-DIC left and right camera respectively
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(1) 1400°C ~1600°C X [a] : 15ms; (2) 1600°C ~1700°C X [A] : 10ms;
(3) 1700°C ~1900°C [X [d] : 5ms; (4) 1900°C ~2000°C [X [&] : 2ms.
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Fig. 7 Speckle images of the tested surface and the strain contours on target point zone

of infrared thermometer calculated by DIC under the conditions of T=300°C ~1400°C
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Fig. 8 Temperature and strain time history curves of target point zone on test piece heated from 25°C to 1400°C
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Fig. 9 Speckle images of the tested surface and the relative strain contours on target point

zone of infrared thermometer calculated by DIC under the conditions of T=1500°C ~2000°C
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Fig. 10 Comparison of thermal expansion strain of tungsten at T=25°C ~2000°C

between results measured by present DIC and reference
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Investigation on digital image correlation measurement
technique for high temperature deformation of tungsten

materials in vacuum environment

QIAO Mei-xia, PAN Zhi-wei, HUANG Sheng-hong, SU Yong, ZHANG Qing-chuan

(CAS Key Laboratory of Mechanical Behavior and Design of Materials, University of Science and Technology of China, Hefei 230026,
China)

Abstract: The mechanical behavior of tungsten under high temperature conditions has great
significance and important reference value in fusion reactor engineering as tungsten is currently the
first choice of plasma facing materials of the divertor and the first walls.. In this paper, the thermal
expansion deformation of tungsten material in temperature range of 25°C and 2000°C is measured by a
digital image correlation (DIC) equipment based on a vacuum high-heat-flux comprehensive
experimental platform. in which a special speckle preparation technique using tantalum carbide powder
is developed and two kinds of DIC light path arrangements with external and self-radiation blue light
source respectively are designed and realized. The measurement results are in good agreement with
those calculated by an empirical correlation equation provided from material handbook (the general
error is less than 1%), validating the feasibility and accuracy of adopted measuring techniques. The
techniques developed in present investigation lay good foundation for further development of
measurement technology of materials under high heat flux shock in fusion engineering.

Keywords: plasma facing material; tungsten; tantalum carbide; high temperature; digital image

correlation measurement



