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Development and Application of In-Situ Testing Machines

Based on High Resolution Three-Dimensional Tomography

YU Yukuang, WU Zhengkai, WU Shengchuan
(State Key Laboratry of Traction Power, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: Damage characterization and in-service performance assessment of advanced materials and structures are the
critical scientific issues for manufacturing and operation of the critical equipment. Currently, the synchrotron radiation X-ray
three-dimensional (3D) computed micro tomography shows great potential in studying the meso-damage mechanics of met-
als, and various in-situ loading machines compatibly mounted on the synchrotron radiation beamlines play a significant role in
the real-time and high-resolution characterization of the microstructural damage evolution of advanced materials. This paper
summaries the development and application of the in-situ loading devices based on the high-energy synchrotron radiation
sources. The design principles and structures of in-situ loading rigs which allow monotonic or cyclic deformation exposed to
low or high temperature and vacuum environments are presented in detail. Finally, it is significant to dynamically image the
damage evolution with the high spatio-temporal resolution by a combination of the imaging characteristics of the third-genera-
tion synchrotron radiation sources, beamline construction of the advanced synchrotron radiation sources and high-throughput
experiments. Particularly, to develop the multifunctional in-situ loading system integrating the uniaxial tensile or compres-
sion, low cycle fatigue, high cycle fatigue and super high cycle fatigue is an important work.

Key words: synchrotron radiation source; X-ray 3D tomography; in-situ fatigue machine; microstructual damage evolu-
tion; fatigue crack initiation
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Fig. 2 In-situ axial tension/compression test rig for SR-nCT: (a) in-situ tension/compression test rig with stepping motor ! | (b) in-situ tensile test

rig with mechanical loading'>*! | (¢) piezoelectric ceramic driven in-situ compression test rig
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Fig.3 Research based on the in-situ tensile test rig at the beamline BLI3W1 of Shanghai synchrotron radiation facility ( SSRF)[® 8), (a) schematic

illustration of in-situ tensile test rig, (b) the SR-wCT 3D morphology images of the pores in two types of short fibre-reinforced composites under

the loads 0 ~40 MPa and failure
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fatigue testing machine''*! | (b) 3D volume rendering of a fa-

tigue crack and surrounding particles in Al-Mg-Si alloy *?]
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Fig. 9  In-situ synchrotron very high cycle fatigue test device as installed at the TOMCAT beamline at Swiss light source (SLS) ! (a) picture

of the in-situ synchrotron experimental setup, (b) schematic of the in-situ very high cycle fatigue machine
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Fig. 10 Morphology of a crack growing inside a cast aluminium alloy during an in-situ synchrotron very high cycle fatigue ( VHCF) test'*/ .

(a, c¢) 3D rendering of the artificial defect and the internal crack after different cycles, (b, d) 2D projected view on the plane per-

pendicular to the loading direction of the defect and crack
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[16, 45, 46]

(a) schematic of in-situ tension/compression test rig and imaging optics at

tomography end station, (b) uniaxial loading grippers, (c) three point bend loading grippers, (d) four point bend loading grippers
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chitecture of the woven fibre tows within the test samples (a) , SR-wCT images showing development of damage in specimens tested at

room temperature (b) and at 1750 °C (c¢)
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