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Fig. 2 Schematic of the experimental setups for synchrotron based simultaneous X-ray imaging and diffrac-
tion under uniaxial tension. Inset is the schematic of sample size. 1: X-ray beam; 2: Mini-MTS; 3. sample;
4. imaging scintillator; 5: imaging camera; 6: diffraction scintillator (with illustrative diffraction rings of
15-B,;C/AD; 7: microchannel plate; 8. diffraction camera.
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Fig. 3 (a) Spectral photon flux of X-ray for undulator gap 23mm; (b) Timing/synchronization schemes for

the Quasi-static loading, DG-1-SS and DG-2-SS are single-shot signal from a DG535 digial delay/pulse genera-

tor numbered 1 and 2, respectively.
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Fig.4 True stress-strain curves (a), and snapshots for 15-B,C/Al (b) and 30-B,C/Al
(¢) composites during Quasi-static tension.
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Investigations on the in situ tensile deformation and

damage of B,C/Al composites based on synchrotron X-rays

BIE Bi-xiong"?, HUANG Jun-yu®’, SU Bin’, QI Mei-lan'

(1. School of Science, Wuhan University of Technology, Wuhan 430070, China; 2. The Peac Institute of Multiscale Sciences, Chengdu
610207, China; 3. Institute of Materials, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: Quasi-static tensile tests are conducted on 15wt. % and 30wt. % B,C/Al composites, along
with in situ synchrotron X-ray imaging and diffraction measurements. With X-ray digital image
correlation (XDIC), we have obtained the multi-scale mechanical response of B,C/Al composites
during the tensile loading: macro stress-strain curves, mesoscopic strain fields and micro crystal
diffraction patterns. The stress-strain curves indicate that 30wt. % B,;C/Al has a higher yield strength
and stronger strain hardening effect but lower ductility than 15wt. % B,C/Al. The mesoscopic strain
fields indicate that the strain localizations in 30wt. % B,C/Al has appear denser, and is more likely to
grow and coalesce to form macroscopic cracks, leading to brittle fracture. The diffraction patterns
show that the diffraction peak shift and broadening for the two composites are both very small. The
reason may be that plastic deformation mainly concentrates in the particle-matrix interface regions.
Theoretical analysis shows that inter-particle distance can significantly affect the density of strain
localizations and thus ductility of the particle reinforced metal matrix composites. Controlling the
inter-particle distance can help balance their strength and ductility when we design such composites.
We also analyze the systematic error of XDIC, find that the displacement error and strain error can be
controlled below 0. 01pixel and 0. 1%, respectively.

Keywords: B,C/Al composites; simultaneous X-ray imaging and diffraction; X-ray digital image

correlation; deformation and damage



