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1 Introduction

Fatigue is phenomenon that causes failure in machine parts at stress values much lowers than yield strength of the
material. Fatigue failure is due to repeated or cyclic loading and unloading or fluctuating reversal in loading after a large
number of cycles. This phenomenon is an important consideration for components and structures subjected to random
loading in service; it is one of the most difficult design issues to find solution. Experience has shown that large percentage
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of components failure are causing to fatigue and as a result, it is a field which has been and will continue to be the focus of
researcher. Finite elements based fatigue analysis of an Aluminum alloy provisions are only recently included in the
Aluminum association specialization. The lack in fatigue life assessment despite more than 50 cumulative damage
hypotheses [1], the most popular is mostly used Palmgren—Miner-Rule [2]. Three life prediction methods are used to
predict life components. These are total life, crack initiation, and crack propagation. Total life is aptly named in that only
the total life of the component is of concern and not when a crack will initiate or how quickly it will grow. The three
methods are related to each other by the fact that the total number of cycles to failure, N, equals the number of cycles to
initiate a crack, N;, plus the number of cycles to propagate that crack N,. Since most of the time to failure for smooth
components are spent in crack initiation [3]. This method is used in mostly defect free, metallic structures or components
[4]. Tt is widely used at present especially when the linear generator engine are started or stopped then it is subjected to a
very high stress range [5-6]. This is a fatigue life prediction method commonly referred to as Strain-Life (&), which uses
local strain and is mostly accredited to Manson and Coffin, In the 1950s, they independently proposed that the plastic strain
component of a fatigue cycle may also be related to life by a simple power law:

£, =€,(2N,) (1

The Stress-Life method (also referred to as the 6-N method) was the first approach used in an attempt to understand
and quantify metal fatigue. The Stress-Life approach is generally categorized as a high-cycle fatigue methodology. Basquin
in 1910 [7] presented a stress based law, formulated as flaw:

2

Where o't is the fatigue strength coefficient and b fatigue strength exponent. Most realistic service situations involve
non-zero mean stresses. It is, therefore, very important to know the influence that mean stress has on the fatigue process,
the following relations are available in the Stress-Life module to take in account the influence of this mean stress:
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If the 6-N is plotted on log-log scales, the relationship between alternating stress and number of cycles to failure, N can
be described by a straight line. The slope of the line, b can be derived from the following:
_ —(logo-logay)

b= (log Ny —log N) )

log N = log Ny + - log [i] (4)
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The above equation says that if the Basquin [7] slope b it is known, and any other coordinate pair (o), then for a given
stress amplitude, the number of cycles can be calculated directly. Typically, if N, is taken to be 107 cycles and the
corresponding stress amplitude is taken to be an endurance limit, usually denoted as that the above equation may be
rewritten as follows:

1/b
N= [iJ x107 (©6)
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From the above discussion it should be clear by now that, prior to contemplating a fatigue analysis, several pieces
of information must be to hand. Firstly, a description of the cyclic loading environment, secondly, a characterization of the
geometry of the component in question and lastly, details of the cyclic properties of the material from which the component
is to be, or was, manufactured. Fig.1 provides a simple block diagram of the process.
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Fig.I- Inputs Required for a Fatigue Analysis
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Recently, [8-12] many research efforts in stress and fatigue analysis using finite elements method have been
focused on integrating the organizational modeling to predict and calculate life of structures in service.

2 The stress analysis

Before starting the fatigue analysis, must in first go through a stress analysis by determining the stress distribution on
the model of the specimen. This analysis should be simple to save computation time, in our case the determination of
charging is very important since it is the primary source of fatigue failure this analysis is to identify the critical areas that
can create fatigue failure, assess the constraints within that area and determining the surface stress state. Two codes are
used in calculating this part, the first is PATRAN 2007 for modeling (as pre-processor), and the second is MD R2.1
NASTRN [13] (as processor) to analyze the stress distribution.
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Fig.2- Stress state of Von Miss.

Displaying results on the test specimen on the mesh of the equivalent stress state of Von Miss in Figure 2 shows that
the stress concentration area is located at the reduced section of the specimen.

2.1 Material properties

The material is an alloy of 6082 T6 aluminum (for more details, see [5-6]) with mechanical properties that are
illustrated in Fig.3.a and S-N curve is represented in Fig.3.b and reported in Table 1. This material has great importance in
the technology industry especially in the construction of a transport aircraft that is due to the high mechanical strength and
good corrosion resistance and high hardness.
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Table 1. Mechanical properties of 6082 Aluminum alloy [14]

Cyclic hardening exponent, n’

0.064

Cyclic hardening coefficient, K' [MPa]

443

Fatigue strength exponent, b

-0.0695

Fatigue strength coefficient, o't [MPa]

485

Fatigue ductility exponent, ¢

-0.827

Fatigue ductility coefficient, &’¢

0.773

The data of Table 1 are operated using MSC FATIGUE to plot the S-N curve of the studied material witch is
represented in figure Fig .3.a.
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Fig. 3- (a) Stress-strain curve of 6082 aluminum alloy; (b) S-N curve of 6082 aluminum alloy

2.2 Loading for increasing block

The loading used in our study, is identical to that given in [5]. The applied stresses are associated with cycles in
increasing order as shown in Fig.4.

This loading history consists of four constant amplitude load segments.
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Fig.4- Program loading of increasing blocks
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2.3 Results and analysis

Comparisons between the experimental results of tests on specimens in 6082 aluminum alloy [6] Miner [2] and the
results obtained using MSC FATIGUE [15] are illustrated in Fig.6 and grouped in Table 1, one can see in the latter figure
that the prediction obtained by simulation (FEM) without encouraging because the absolute value of the relative prediction
error is lower than that of model laws Miner.
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Fig.5- Relative prediction error of the cumulative damage for increasing blocks.

Table .2. Total lifetime, under the damage models and the corresponding relative errors.

305 MPa
Loading 240 MPa 260 MPa 280 MPa Exp Miner MEF
Number of cycles per block 103000 26258 19427 16800 14140 18031
Total lifetime 165485 162825 166716
Relative prediction error (%) 1.607 -0.734

3 Uniaxial random loading

Most industrial parts are subjected to variable amplitude loading, for this reason the study of this type loading is of
paramount importance. In this section the experimental results [16] are used, an example of an axially loaded uniform
random is shown in Fig.6. Predictions on fatigue life of this kind of loading should obviously be more complex than
predictions for constant amplitude loading.
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Fig.6- Signal to random loading.
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The object of all cycle counting methods is to compare the effect of variable amplitude load histories to fatigue data
and curves obtained with simple constant amplitude load cycles, examples for these methods are cited below:

e Rainflow Method
e Level-crossing counting method
e  Peak counting method

The use of the method Rainflow is necessary for counting the cycles in the spectrum of Fig.6. Cycles extracted by the
method Rainflow are represented in the space (stress amplitude, mean stress, number of cycles in Fig.7). This Method is the
most popular and probably the best method of cycle counting.
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Fig. 7- Result of counting Rainflow applied to the spectrum of fig 6.

This method allows the reconstruction of the random spectrum (Fig 6) to a loading block as shown in Fig 8.
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Fig.8- Program loading blocks after reconstruction.



JOURNAL OF MATERIALS AND ENGINEERING STRUCTURES 5 (2018) 73-80 79

3.1 Simulation Result

In this section, an example of simulation results is presented; concerning calculates the distribution of damage and
prediction of lifetime. One can see, in Fig.9, the area most damaged is the reduced section which focuses constraints.
Moving away from this section is reduced and the damage tends to zero in the non helpful.
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Fig.9- Distribution of damage on the geometric model.
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Fig.10- Relative prediction error of the cumulative damage models for random loading
3.2 Comparison of the rules of accumulation and simulation

Table 3 and Fig.10 shows the relative prediction errors of total lifetime calculated from the law of Miner and results by
MEEF. A first analysis of the results for the six test series studied indicates that the discrepancies between predictions and
experimental reality (Relative error forecasting) are much more pronounced for the model of Miner for results by MEF.
The Miner rule’s is non-conservative in most results.

Table 3- Total lifetime, under the damage models and the corresponding relative errors for random loading

Miner MEF
Tests Experimental Lifetime Relative error Lifetime Relative error
Test 1 499370 659267 -32,01 426579 14.58
Test 2 754500 1043893 -38,35 615214 17.13
Test 3 448753 435045 3,05 512861 -14.28
Test 4 450000 658473 -46,32 501187 -11.37
Test 5 440320 925528 -110,19 588844 -33.73

Test 6 646454 855846 -32,39 602559 6.97
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4 Conclusion

The presented procedure is an example of engineering analysis with finite elements modeling performed using MSC
Tools. A comparison between experimental fatigue behaviors from variable amplitude histories to fatigue curves obtained
with procedure using a cycle counting method such as Rainflow method was conducted in this manuscript. The simulation
results provide estimates of lifetimes pessimistic, since three out of six results are conservative. It was found that, under
each sequence of loading has an effect in the total amount of damage. With this information it is possible to improve the
life prediction through the modification of the damage rule and finite elements modeling. It is considered that the
stimulation gives good predictions, as most of the relative errors in absolute value are less than 20%. In addition, the
advantage of showing the damaged areas in the study structure allows designers to be careful to optimize the life of parts
and structures.

REFERENCES

[1]-
[2]-
[3]-
[4]-

[5]-

[8]

[9]-

[10]-

[11]-

[12]-

[13]-
[14]-

[15]-
[16]-

A. Fatemi, L. Yang, Cumulative fatigue damage and life prediction theories: a survey of the state of the art for
homogeneous materials. Int. J. Fatigue 20(1) (1998) 9-34. doi:10.1016/S0142-1123(97)00081-9

M.A. Miner, Cumulative damage in fatigue. J. Appl. Mech. 67(1945) A159-A164.

S. Suresh, Fatigue of Materials. Cambridge University Press, 2nd edition, 1998. doi:10.1017/CB0O9780511806575

A. Aid, Cumul d’endommagement en fatigue multiaxiale sous sollicitations variables. PhD Thesis, University of
Djillali Liabes of Sidi-Bel-Abbes, 2006.

M. Bendouba, Etude de la fatigue des structures sous 1’effet d’un état de contraintes multiaxiales. PhD Thesis
University of Djillali Liabes of Sidi-Bel-Abbes, 2013.

M.M. Rahman, A.K. Ariffin, N. Jamaludin, S. Abdullah, M.M. Noor, Finite Element Based Fatigue Life
Prediction of a New Free Piston Engine Mounting. J. Appl. Sci. 8(9) (2008) 1612-1621.
doi:10.3923/jas.2008.1612.1621

H. Basquin, The exponential law of endurance tests. Proceedings of the American Society for Testing and
Materials 10(1910) 625-630.

M.M. Topag, S. Ercan, N.S. Kuralay, Fatigue life prediction of a heavy vehicle steel wheel under radial loads by
using finite element analysis. Eng. Fail. Anal. 20(2012) 67-79. doi:10.1016/j.engfailanal.2011.10.007

O. Karacali, Computational Engineering Analysis of Low-Cycle Loading for AMF-Active Micro Forceps 316 L-
Stainless Steel Material by Finite Element Method. Acta Phys. Pol. A. 128 (2015) B40-B42.
doi:10.12693/APhysPolA.128.B-40

V. Deshpande, P. Phadnis, S.P. Avadhan, Stress analysis of splice joint in an aircraft fuselage with prediction of
fatigue life to crack initiation. Int. Res. J. Eng. Tech. 4(6) (2017) 45-47.

P. Kopas, M. Saga, V. Baniari, M. Vasko, M. Handrik, A plastic strain and stress analysis of bending and torsion
fatigue specimens in the low-cycle fatigue region using the finite element methods. Procedia Eng. 177 (2017)
526-531. doi:10.1016/j.proeng.2017.02.256

P. Henys, M. Ackermann, L. Capek, T. Drahorada, A. Siminek, M. Exnerova, Stress and fatigue analysis of
cantilevered bridge during biting: a computer study. Comput. Method. Biomech. 20(S1) (2017) 103-104.
doi:10.1080/10255842.2017.1382882

MSC Nastran, User’s Guide Version 68. MSC Software Corporation, USA, 2010

L.P. Borrego, F.V. Antunes, G.M. Costa, G.M. Ferreira, Mixed-mode fatigue crack growth behaviour in
aluminium alloy. Int. J. Fatigue 28(5-6) (2006) 618-626. doi:10.1016/j.ijfatigue.2005.07.047

MSC/Fatigue, User’s Guide, vol. 1& 2. MSC. Software Corporation, USA, 2010.

A. Aid, A. Amrouche, B.A. Bachir, M. Bouiadjra, G. Benguediab, G. Mesmacque, Fatigue life prediction under
variable loading based on a new damage model. Mater Design, 32(1) (2011)183-191.
doi:10.1016/j.matdes.2010.06.010


http://www.sciencedirect.com/science/journal/13506307/20/supp/C


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



