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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

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

Keywords:

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
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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

SIS s
_— S Lo a3
—y
i bl 45016 2.8245 6.9488 5.9471
S 105817 2.9257 5.0760 13.4409
[Cadd
SWT 24259 70.8462 9.1433 22.3876
sl 2l 4.729 14.2768 5.5642 11.1331

Mdfl 45T mdR4sT 0 Mdfl90T  MdR 90
Lpals Ll S JEDSE Lpals
46122 3.1922 10.7828 8.9022 6.3775
3.3373 4.3659 27.9462 6.0900 6.6269
8.6144 14.0222 54.8887 16.8824  35.2598
6.2891 5.8121 37.6133 85753 20.1250

Sl el Sasgs
ol S AZ3IB  (Sowd yos ;0 oljew 85U 5B agl; a5 ol T )
5 g sobl Jas 0l o aMol Jloel gl (25 550 S 00l
Slp ki Joo g ol o IS )L asn sl SWT Jus
Ailos; s o2Bly jlade 5l eS|, Kiws jee 31 S 457 o 05 L
coyo il (Wleo)y wam (ABly Jlade I i 1) cawl laie)
S35 dene Sl g dage <0) Conl aie 8jlge cpl jo ] IS SOV
2 ol S o GEelS b oo dcwlore ol loEe 00l o i yes
Ol ccwl cuts atpen il (SWied Corw (o oS cl >
Ol s oS gl a4 el Swighcses axdal i oslaiul
Joe @lp cmlil Swisd coen b aodol e o Jlidl 1) Uas

239

Ol 4 st Olon b (spgme Sk a8 ol (S el 5 235
5l Blol Suigdsccw ool [l8; jo el ool az3 5 lai 5 /50
O B BN 5B gl s Ll il ool ssmlive sl (6 35
S o ;0 x5 iz b G3g il 5 (6L sl adlse
[19] coul axsls
Jleslb g (Ko oo Jlez 50 Lawgs 00l (cnfin oo (m dmlie
e ol oo @l "6 JSE" o alBilej] wlaslie g 4ol 9o 0
6 Jouzr ;o b lAL aee sl (Kd joe i o b3 Sk
ol - bl Jae 055 0 cdalin 7 Jgax 10 a5 jebles .l onsl
8 o 5" IS8 5ol 5335 SWT s 5l logs J35 0 aom sl
o b 4ol 45 0,)LaI MAf2 5 ol Ko 4ol 4 oLl mdfl

5 oplaids 17 055 1396 3l yo o0 Suillo wise



QI)M,@),mioo,un

wwliiel sl s )l 35 )L s uﬁm;)o.:umui@‘_ Sl s33s by

-4+

Case | Case2 Case3 Cased
Case5 Case6 Case Case9

PN
AV,

Case IO Case 11 Case 12 Case I3
Fig. 6 Loading paths for aluminum

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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