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ABSTRACT The low-cycle fatigue behavior of TC4 ELI (Extra-low-interstitial) alloy plates for pressure
shells in deep-sea submersible with different notch stress concentration factors under constant total
strain amplitude was investigated. The results indicate that cyclic harding and cyclic softening occur in
the smooth specimens under the lower strain amplitude (<0.7%) and higher strain amplitudes (0.8% and
0.9%), respectively, at the initial stage of the cyclic loading. While the cyclic hardening occurs in all the
notched specimens under the strain amplitudes of 0.2% to 0.7% at the initial stage of the cyclic loading.
Based on the variation of material hysteretic energy under the cyclic loading, a relative crack initiation life

FENIE 5 E AR 4:(51971060,52171128)

Yrks A ER 2022-06-07 EFSHHEA 2022-10-19

EZ RN XKAR, Y5, 1997 4 24F , w14

BINEE 5% 7%, #d%, zhangb@atm.neu.edu.cn, T 58 7 6] A 56 i TAERRHR & STk
DOI 10.11901/1005.3093.2022.315

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



512 ook Wt

7o Ik

7%

prediction model was established to describe the damage degree of TC4ELI alloy specimens under the

low cycle fatigue loading. The relationship between notch stress concentration factors and low cycle fa-

tigue performance parameters was also described. This model can effectively predict the relative fatigue
crack initiation life of TC4ELI alloy with low notch stress concentration factor under high strain amplitude

conditions.

KEY WORDS metallic material, TC4 ELI alloy, low cycle fatigue, notch, Stress concentration factor, fa-

tigue life
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Table 1 Nominal composition of TC4 ELI alloy (% , mass fraction)

Al \Y Fe Cc

) N H Ti

5.50~6.50 3.60~4.40 <0.25

<0.08

<0.13 <0.03 <0.0125 Bal.
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Fig. 1 Dimensions and surface finish of TC4 ELI specimens with different notch stress concentration factors for low-cycle

fatigue tests (a) K=1, (b) K=1.97, (c) K=2.64, (d) K=3.62
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Fig.2 Optical image of rolled TC4 ELI alloy
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Fig.3 Stress amplitude of TC4 ELI alloy with different notched stress concentration coefficient varies with cycle number (a)

K=1, (b) K=1.97, (c) K=2.64, (d) K =3.62
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Fig.4 Fatigue hysteresis loops of TC4 ELI specimens with different notch stress concentration factors (a) K=1, (b) K=1.97,

(c) K=2.64, (d) K=3.62
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Fig.5 SEM images of fatigue fracture surfaces of TC4 ELI alloy smooth specimens under the control of different strain am-

plitudes (a, c, e, g) 0.4%, (b, d, f, h) 0.9%
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Fig.6 SEM images of fatigue fracture surfaces of TC4 ELI alloy notched specimens with three different notch stress concen-
tration factors under the control of strain amplitude of 0.3% (a, d, g) K=1.97, (b, e, h) K=2.64, (c, f, i) K=3.62

7 TCA ELI & B AR CEAN 7] AR M 2 1) N 98 55 Wi 11 Ab i) TEM B B
Fig.7 TEM images of fatigue fracture surfaces of TC4 ELI alloy smooth specimens under control of different strain ampli-
tudes (a~c) 0.4%, (d~f) 0.9%
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Fig.8 Fitting curves of stress amplitude and plastic

strain amplitude of TC4 ELI alloy with different

notch stress concentration factors (a), Variations

of cyclic strength coefficient and cyclic strain

hardening exponent (b) of TC4 ELI alloy with
notch stress concentration factor
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Table 2 Fatigue performance parameter of TC4 ELI alloy
with different notch stress concentration factors

K, n K'

1 0.059 1116.4
1.97 0.127 2217.4
2.64 0.148 2388.9
3.62 0.216 5755.6
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Fig.9 Relationships between hysteresis energy and rel-
ative cycles of TC4 ELI alloy smooth specimen
under total strain amplitude of 0.9% (a), corre-
sponding hysteretic loops of the five reference
points in figure (a) (b)
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Fig.10 Relation diagram between hysteresis energy and relative cycle of alloy (a) K=1, (b) K=1.97, (c) K=2.64, (d) K=3.62,
(e) the relationships between relative fatigue crack initiation life and A¢/2, (f) the relationships between relative fa-

tigue crack initiation life and K,
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