152 Selected Topics of Contemporary Solid Mechanics

THE ENERGY APPROACH IN THE CALCULATION OF LIVESFOR HIGH CYCLE
FATIGUE

Z. Marciniak, D. Roaumek, C.T. Lachowicz
Opole University of Technology, Opole, Poland

In the pape an energy based method of fatigue life cdculation unde non{propotiond
random bending with torsion loading is presented and experimentally verified. The method
identifies strain energy dendty parameter in the critica fradure plane through integration of the
chosen fragments of power history acording to the distinguished ranges of stresses. Round
spedmens made of sted 10HNAP (S3552G1W) indudd in the standad PN-EN 101550f 1997
were tested. The material is a low-aloy of highe resistance to atmospheic corroson structural
sted. The tests perfformed in the high cycle fatigue regime (HCF) unde variable-amplitude and
pseudotandom combined bending and torsion loading, were hdd at Opole University of
Tedhnology [1]. The tests were caried out undeg narow-band loading with the dominating
frequency 20 Hz and 28.8 Hz the codficient of irregularity | = 1 and 0.99. The equivaent
ingantaneous power, pe(t), undestood as a scdar product of indantaneous values of suitable
components of the stresstensor o;i(t) and the strain rate tensor ¢ (t) , is cdculated acording to the

following relation [2]
1) Peq (1) = 0; (1) * & (1)

wherei,j=1, 2, 3.
Eq. (1) isintegrated in the time interval ty+, —ty for ead distinguished stressrange 0jj(tk+1) - 0 (t),
and increment of the strain energy density is cdculated

that st

) DEefuny] = [ Peg(t= [0y (De; (Dt

ty Ty

The procedure of cdculation of strain energy density for one stress range includes observation of
changes of stresshistory and integration of suitable fragments of instantaneous power histories (Fig.
1). Energy changes, determined in the moments correspondng to the distinguished ranges in the
stresshistory, correspondto work of external forces on suitable displacements. They are identified
with dastic energy tempaarily acawmuated in the materia. In the asaumed agorithm of
cdculations there is aposshility of predse distinction of work under both compresson and tension
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Fig 1. Exemplary histories of stressand power with distinguished of stresso(t), where the power
history p(t) isintegrated.
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Calculated fatigue lives obtained from evaluation acording to the strain energy density criterion
from Eq. (2). Fig. 2 presents comparison of cdculated and experimenta fatigue lives for 10
comhbinations of variable-amplitudes and 13 comhinations of bending and torsion pseudorandom
loading.
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Fig 2. Comperison of fatigue lives obtained from caculations T4 and experimental T, for: (a)
variable-amplit udes loading, (b) pseudo-randomloading.

The gredest part of compared results for variable-amplitudes loading is included in the scater band
of the fador 2 and for pseudo-randomloading is included in the scatter band of the fador 3. The
test results for pseudo-random loading excealing the scatter band of coefficient 3 occurred a the
safeside.

After averaging of life and taking the mnfidence intervals into acmourt, dl the test results were
included into the scater band equal to 3 (1/3).
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