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Table 2 Data of UFG-Zr cyclic experiments

Specimen Ae&/2/% Frequency/Hz Ae/2/% Aey/2/% Ao/2/MPa N 2N Ext/GPa  Exc/GPa E'/GPa Specimen status
1# 0.4 0.6 0.39 0.01 331 51530 103 060 83.4 85.6 84.5 Good
2# 0.5 0.5 0.47 0.03 385 24 000 48 000 79.8 83 81.4 Fracture
3# 0.6 0.4 0.51 0.09 428 3700 7400 82.7 86.3 84.5 Fracture
4# 0.8 0.3 0.58 0.22 466 1000 2000 78.2 82.9 80.6 Fracture
S# 1.0 0.25 0.63 0.36 516 400 800 79.9 83 81.45 Fracture
6# 1.2 0/2 0.68 0.52 540 200 400 78.5 80.7 79.6 Fracture
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Fig.3 Cyclic stress-starin curve of UFG pure Zr
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Table 3 Cyclic stress-strain (CSS) data of UFG pure Zr
State n' K'/MPa R
ECAP+RS 0.121 577.9 0.989
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Fig.4 Cyclic stress response curves of the test material under

different strain amplitudes
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Fig.5 Mechanical hysteresis loops of the test material under different strain amplitudes: (a) Ae/2=0.5%, (b) Ae/2=0.8%, (c) Ae/2=1.0%,

(d) different strain amplitudes and same cycle, and (e¢) UFG CP Zr at strain amplitude of 0.5%
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Table 4 Strain fatigue parameters of UFG pure Zr

State of'/E &' b c R

ECAP+RS 1.15268 16.0814 —0.08952 —-0.57061 0.998
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final fracture region (3)
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Low Cycle Fatigue Behavior of Ultrafine Grained CP-Zr Processed by ECAP and RS

Yang Xirong'?, Zhang Wenyan', Liu Xiaoyan'?, Luo Lei', Feng Guanghai', Wang Xinhan', Zhao Xicheng'
(1. Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. Metallurgical Engineering Technology Research Center of Shaanxi Province, Xi’an 710055, China)

Abstract: Ultrafine grained (UFG) commercially pure Zr was prepared by equal channel angular pressing (ECAP) and rotary swaging (RS).
The low cycle fatigue properties of the UFG pure Zr were investigated by a method under axial loading controlled by symmetric strain. The
characteristics of cyclic stress and strain response and hysteresis loop of UFG pure Zr were discussed. Softing and hardening
characteristics and cumulative hysteresis of the UFG pure Zr were analyzed and then the fatigue life was predicted. The results indicate
that the cyclic softening and hardening properties of UFG pure Zr depend on the size of the applied total strain amplitude, and the softening
ratio is most significant when the total strain amplitude is more than 1.0%. The hysteresis loop area increases with the total strain
amplitude increasing, and the “ratchet phenomenon” occurs when the strain amplitude is small. Regression analysis shows that the fatigue
life of UFG pure Zr matches Coffin-Manson's empirical relationship. The fatigue mechanism of low cycle fatigue of UFG pure Zr is
dislocation motion, and the fracture type is ductile facture.

Key words: ultra-fine pure zirconium; low cycle fatigue; cyclic softening and hardening; fatigue life; fatigue fracture

Corresponding author: Yang Xirong, Ph. D., Professor, School of Metallurgical Engineering, Xi’an University of Architecture and

Technology, Xi’an 710055, P. R. China, E-mail: lazy yxr@qq.com



