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ARTICLE INFORMATION ABSTRACT

Original Research Paper The present study proposes a novel numerical method for fatigue life prediction under non-proportional
Received 07 January 2017 loading. This method is employed for fatigue life estimation of different materials including 1045 Steel,
Accepted 12 March 2017 30CrNiMo8HH, Titanium TC4, extracted AZ31B Magnesium and Aluminum alloy 6061 under both

Available Online 06 May 2017 proportional and non-proportional loadings. Basis of the method is developed in the framework of two

Keywords: numerical modifications. The first modification modifies fatigue damage parameters by correlating

Fatigue damage quantities of non-proportional loading to the proportional one. The second modification uses
Fatigue Models the same equation as the first one, but the corresponding damage coefficient is replaced by the
Numerical Methods additional hardening coefficient. In addition, these modifications are applied to fatigue damage
Damage Mechanics parameters including maximum shear strain, SWT, Fatemi-Socie, and Babaei-Ghasemi model and
are also verified against experimental observations available in literature. Furthermore, the obtained
results are discussed in detail and are also compared to the non-modified findings. Moreover, the
variation of the fatigue life prediction error is calculated for the aforementioned models. Finally, the
results show consideration and implementation of these modifications significantly improves the

accuracy of the predicted fatigue lives for all the studied cases.
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Table 2 Materials fatigue properties and coefficients [17-22]
olge 0, (MPa) E (GPa) of (MPa) & b c G (GPa) 1 (MPa) ¥ b Cs
2Y431045 250 205 948 0.26 -0.09 -0.44 82.8 505 0.41 -0.10 -0.44
30CrNiMo8HH  895.3 1954 951 1.064 -0.041 -0.733 71.6 608 0.277 -0.057 -0.470
TCApsils 9425 1084 11169 0579 0049  -0.679 43.2 716.9 2.44 -0.06 0.8
AZ31B 244 43.72 7235 0.252 -0.159 -0.718 15.54 142.82 0.131 -0.11 -0.427
6061ps0sl 276 68.9 565 0.376 -0.097 -0.703 28 326 0.651 -0.097 -0.703
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Fig. 3 Predicted and modified life vs. experimental life for 1045 steel, Fatemi-Socie (a), maximum shear strain (b), SWT (c), Babaei-Ghasemi (d)
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Table 3 The average absolute errors in fatigue life prediction for 1045 steel

E

1045 5Ygd (S joe Soriin Sl (eSle sl laie 3 Jgux

15,1,
d)/ p) Pranel M g*’)-’
S o
D = (sobld 2.3970 1.8744
s GRS At 7.9237 1.8744
SWT 4.0541 28.9347
-l 3.8223 6.7947

) i ) -2b Mdf2 90°
BIERY Be2L90° el Mdfl 90° "
B
3.6882 10.1634 45015 7.8240
2.7274 16.7140 2.1077 14.3462
5.3526 11.7749 6.6678 9.7870
3.9491 16.9794 3.5872 14.8925

38 1907 L (g a5 5L 0 52 @ g el 5580 b Jow plo 5l 5 97
Mol Wl s 13 2 Wb by b 0 @mls b WS,k a4k sl
ol 1) s jlaie (5538 550 &)jg0d b oo den (sly ol (Sion
4 Jgaz ¢ "4 JS&" 10 .4 Jguz) SWT Jow sly 798 500 b g el s0ls

237

ab celinl slags,l3S L cos 30CINIMOBHH o¥gs a8 ool 5
54 T sl Glgi e o5 amdlol L amo pes lid 955 ) Saigbcs
S g 00l S i pef (rm dunlie ol o] Sien 4ol 5
IS gl eal wl)l Jaw a5 sas e plas (3 JSe) elisle;]

5 oplosb (17 053 1396 sls ro LS Akilseo S dis


http://journals.modares.ac.ir/article-15-4609-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

USed 9 (5 gsai0 s Pulitel sl )13 )L o STl ot Hiagiug Slx B33 Gy
(a) {b)
10° 10°
10 4 104 4
e 2
3 ]
8 8
E © In-phase E © In-phase
10" 4 O 45 out-ol-phase 10° 4 © 45 out-of-phase
v mdi1-45 out-ol-phase A mdf1-450ut-of-phase
@ 90 out-of-phase ® 90 out-of-phase
A mdi1-80out-ol-phase A mdi1-90out-of-phase
— 2% — X
X lension X tension
*  lorsion *  torsion
107 T T 10° T T
107 10 10¢ 10° 107 10° 10¢ 10%
Experimental life Eperimental life
© {(d)
10° 10°
10¢ 4 10* 4
2 2
el °
D o
] S
E o in-phase E © In-phase
10 4 © 45 out-of-phase 10 4 O 45 out-of-phase
A mdf1-450ut-of-phase A mdf1-45out-of-phase
©® 90 out-of-phase ® 90 out-of-phase
A mdf1-90out-of-phase A mdf1-90out-of-phase
—_—2x —_— 2
X tension X tension
*  torsion *  ftorsion
107 T T 10* T T
10? 10° 10¢ 10° 10° 100 10¢ 10°

Experimental life

Experimental life

Fig.4 Predicted and modified life vs. experimental life for 30CrNiMo8HH, Fatemi-Socie (a), maximum shear strain (b), SWT (c), Babaei-Ghasemi
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Table 4 The average absolute errors in fatigue life prediction for 30CrNiMo8HH
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Fig. 5 Predicted and modified life vs. experimental life for TC4, Fatemi-Socie (a), maximum shear strain (b), SWT (c), Babaei-Ghasemi (d)
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Table 5 The average absolute errors in fatigue life prediction for Titanium TC4
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Table 6 The average absolute errors in fatigue life prediction for AZ31B
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Fig.7 Predicted and modified life vs. experimental life for AZ31B, Fatemi-Socie (a), maximum shear strain (b), SWT (c), Babaei-Ghasemi (d)
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Table 7 The average absolute errors in fatigue life prediction for Aluminum 6061
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Fig.8 Predicted and modified life vs. experimental life for Al 6061, Fatemi-Socie (a), maximum shear strain (b), SWT (c), Babaei-Ghasemi (d)
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