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Effects of mean load and load amplitude on biaxial dwell fatigue
behavior of commercial pure titanium

Hu Changqun"?, Zhao Jiayu"?, Chang Le"?, Zhou Changyu"’, He Xiaohua'

(1. School of Mechanical and Power Engineering, Nanjing Tech University, Nanjing 211816, Jiangsu, China; 2. Jiangsu
Key Lab of Design and Manufacture of Extreme Pressure Equipment, Nanjing 211816, Jiangsu, China)

Abstract: Based on biaxial dwell fatigue tests at room temperature, effects of different mean loads and
load amplitudes on the biaxial dwell fatigue behavior of commercial pure titanium were studied. The
results show that the mean strain and strain rate increase with the increase of mean load and load amp-
litude under the same dwell time. When the load amplitude remains constant, the creep strain increases
with the increase of the mean load. However, when the mean load remains constant, the creep strain de-
creases with the increase of the load amplitude. By analyzing the interaction between biaxial ratcheting
and creep strain, it is found that ratcheting strain and creep strain are always restricted by each other.
Fracture surface analysis shows that with the increase of mean load and load amplitude, the fatigue strip
characteristics disappear gradually, and the number of dimples and tearing ridges significantly increases,
exhibiting ductile failure mode. Meanwhile, with the increase of mean load or load amplitude, equival-
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ent strain amplitude is increased, leading to the decrease of fatigue life. Compared with the effect of
mean load, fatigue life is more sensitive to the variation of load amplitude. Maximum principal strain,

maximum shear strain, Mises equivalent strain, maximum principal stress and SWT models are used to
perform biaxial dwell fatigue life prediction, among them SWT model has the highest prediction accur-

acy.

Key words: commercial pure titanium, asymmetric load, biaxial dwell fatigue, life prediction
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Table 1 Biaxial dwell fatigue test scheme of TA2 under different average loads and load amplitudes

AR
ETae F,/N F/N N,
A&, /% Ae,/% Ae,/% Ag. /%
1 1700 1200 0.448 0.354 -0.802 0.803 8 6013
2 1 800 1200 0.413 0.392 —0.805 0.805 1 4420
3 1900 1200 0.431 0.405 -0.836 0.836 1 570
4 1700 1300 0.403 0.415 —0.818 0.8180 2 638
5 1 800 1300 0.435 0.407 -0.842 0.842 2 1484
6 1900 1300 0.472 0.423 —0.895 0.895 4 360
7 1700 1400 0.454 0.429 —0.883 0.883 1 968
8 1 800 1400 0.477 0.451 -0.928 0.928 1 130
9 1900 1400 0.649 0.456 —1.105 1.110 6 34
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Fig. 2 The strain point diagram (7,=10 s)
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Fig. 3 Dwell fatigue X-axis strain variation curves with asymmetric cyclic loading

0.030 0.010
—=— F=1200N, F,=1 700 N (a) —=— F=1200N, F,=1 700 N (b)
e F=1300N, F,=1700 N —e— F=1300N, F,=1 700 N
0.025F- . F—1400N, F,=1 700 N 0.008 —&— F.=1400N, F,=1 700 N
v F=1400N, F,=1 800 N v F=1400N, F,=1 800 N
sy 0020 o F=1400N, F,~1 900 N o e F=1400N, F,=1 900 N
= = 0.006 |
20015t 5
® - %
= F 0.004
=< 0.010} a
0.005 | 0.002
O 1 1 O 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 0 02 0.4 0.6 0.8 1.0

i /(NIN,)

JA— AL AF A5 /(NIN)

()X BHETAZ RS 2% (b) Y AR A2 il 2
El4 FEXSFREST TR AR ALk

Fig. 4 Creep strain curves under asymmetric loading

2.3 IS N AR A H AR

N T RV B AL S HARE R, 18] 5 45
TRTFE ISR T UGS A | A AL | P45 AR
SRR I 285 A R AR L B IEAA S DL AT LA
B RILL @ IR N AR I 2, T e AR 24 F T
A o 2 AR SR AL T AR, T (0 B RS 2 i

LRARLAL TR R L B, L = AN PR B 55 17 28 fHh 2 25
155, YL IHAEAR P 6], RS AL A 1A 57 Al 7
RS T AR . SR 0l AN S N A TG AR N AR
ALk SME T2, vl LAFE B E iR 202 2 T B Y
SF-T4g R Az 2, Wl BT BRAR AR AR AT A A A
HILIATE]



- 56 - TN 2023 45 44 %
0.10 F,=1300N, F,=1800 N (a) F,=1300N, F,=1800 N (b) 0.10 F=1300N, £,=1 900N (c)
— Py . 0.08F _ spyyps ) — A
0.08F - sz ‘ - - - GPERIZE ‘ 0.08 - - - gy
’ - - AR 0.06 | — - WA . "'Mf?ﬁﬁja}f
006k - gBEm = SogtEgm B 006 b - AtERN_~
B - 2 - =
&= E 0.04}
S 0041 = = 0.04 ¢
0.02 0.02 0.02 |
0 P el Sttt 0 I e el oL a- - B i
0 02 04 06 08 1.0 0 02 04 06 08 10 0 02 04 06 08 1.0
IH—fLHF A /(NIN) VH—AEAF AR /(NIN) IH—AEAF A /(NIN)
0.05
0.08 F=1300N, F,=1900 N (d) 0.16} F.=1400N, F,=1 900 N (e) F,=1400N, F,=1900 N ~(®
- - - AR - - - AR = 0.04 - sy
o 0.06 [ MR P T R o~ - BRI T
il S bR 2 SR 3 [ B0.03F- - bk 7
E 004} = 0.08f 2 o0
= ~ w 002r
0.02 0.04} 001 |
0 PR - 0 S , 0 e , ,
0 02 04 06 08 1.0 0 02 04 06 08 10 0 02 04 06 08 1.0

A—1L A5 /(NIN) I —L A /(NIN )

IH—AL 5 i /(NIN)

X Ak (a)F,=1 300 N, F,=1 800 N; (c)F,=1 300 N, F,=1 900 N; (¢)F,=1 400 N, F,=1 900 N;
Y RS AR 2R (b)F,=1 300 N, F,=1 800 N; (d)F,=1 300 N, F,=1900 N; (NF,=1 400 N, F,=1900 N

5 JAEXIFRERT T WA I AT L Lk

Fig. 5 Biaxial strain variation curves under asymmetric loading
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Fig. 9 SEM images of fatigue fracture( F,=1400 N, F =
1900 N)
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strain amplitude with different mean loads
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strain amplitude with different load amplitudes
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Fig. 12 Comparisons between predicted results by different models and experimental results
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Table 3 Prediction errors of different life prediction models
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