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Fig.1 OM image of original microstructure of zirconium alloy
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Fig.2 Stress-strain curves (a) and macro-views of zirconium alloy deformed at strain rate of 2300 s™ under different strains: (b) 0.11,

(c) 0.21, (d) 0.30, and (e) 0.33
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Fig.3 Characterization of deformed bands in zirconium alloy
under dynamic deformation at strain rate of 2300 s and
strain of 0.21: (a) CLSM image, (b) SEM image,
(c) EBSD indexed zone, (d) EBSD band contrast image,
and (e) EBSD grain boundary image
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Fig.4 Characterization of transformed bands in zirconium alloy
under dynamic deformation at strain rate of 2300 s and
strain of 0.30: (a) CLSM image, (b) SEM image,
(c) EBSD indexed zone, (d) EBSD band contrast image,
and (e) EBSD grain boundary image
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Fig.5 Characterization of microstructure of transformed bands in
zirconium alloy under dynamic deformation at strain rate
of 2300 s and strain of 0.30: (a) ion-milling position of
TEM sample, (b) TEM sample transferred by manipulator,
(c) TEM sample jointing on copper net, (d) low
magnified TEM image; (e) high magnified image in Fig.
5d zone E; (f) high magnified image in Fig. 5d zone F;
(g) SAED pattern from zone G in Fig. 5f
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Influences of Strain on the Plastic Deformation Mechanism of Zirconium Alloy
Subjected to Dynamic Loading

Guo Yakun®, Shuai Maobing®, Zou Dongli?, Xiao Dawu?, He Lifeng?
(1. Science and Technology on Surface Physics and Chemistry Laboratory, Jiangyou 621908, China)
(2. China Academy of Engineering Physics, Jiangyou 621907, China)

Abstract: The influence of strain on the plastic deformation mechanism of zirconium alloy subjected to dynamic loadings was
investigated by the experimental design. The strain parameter of zirconium alloy subjected to dynamic loading was only separated by the
strain stopping rings and the controlled strain rate, and four strain levels including 0.11, 0.21, 0.30 and 0.33 were obtained at strain rate of
2300 s*. Based on microstructural characterization of zirconium alloy under high strain rate and different strains, the plastic deformation
process of zirconium alloy subjected to different strain parameters was speculated. The results show that the deformed bands and
transformed bands are considered as the dominant plastic deformation mechanism of zirconium alloy at different strain stages. The
deformed bands are mainly composed of the severely deformed grains, and the transformed bands mainly composed of the ultrafine and
equiaxed grains with the mean diameter of 100~300 nm are confirmed. At the initial stage, the prismatic plane and pyramidal plane
slipping are proposed as the primary plastic deformation mechanism of zirconium alloy, and twinning plays an additional role. With the
stain increasing, the dislocation multiplication sustains, leading to the dislocation piled up, and the stress increases to the maximum
compression strength. As the strain increases to a critical value, the deformed band is formed. With the strain increasing continuously, the
dynamic recrystallization occurs in the deformed band, and the deformed band is evolved into the transformed band. With strain increasing
continuously, severe shear strain localization leads to the nucleation of the micro-voids and micro-cracks in the shear band, and finally the
material fractures.
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