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TRANSFORMATION OF STRESS FREQUENCY IN CRITERIA FOR
MULTIAXIAL RANDOM FATIGUE

Tadeusz Lagoda? Ewald Macha*

A frequency analysis of a number of
linear and nonlinear criteria has been
done with digital simulation and it  has
been shown how frequencies of stress
state components transform while reduc-
tion of the multiaxial stress state to the
uniaxial one. The criteria for which
increase of frequency of the equivalent
stress is large and unacceptable from the
physical point of view have been shown.

INTRODUCTION

Bandwidth of frequency of the equivalent stresgﬁe (t),
influences a number of counted cycles and
half-cycles, determines a value of cumulated damages
and, as a consequence, determines fatigue 1life of
materials. At the constant <variance increase of
frequency of the stress (o] (t) leads to deter-
mination of lower fatigue life.

This paper contains an analysis of quantitative
changes in bandwidth of frequency of the stress Ceq(t)

according to nine mathematical models of
multiaxial fatigue criteria for four stress states.
The analysis concerns stationary and ergodic

Gaussian processes.
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THE STRENGT'I CRITERTA

Equations cxpressing the stress Ue (t) according
to the analysed criteria are the 9 following:

- Criterion of the maximum normwal stress in the frac-
ture plane

" ~2 4 R
oeq t) = 11 Oxx (t) + n oyy (t) + N, £ ) +
+211m1 (ny‘(t) + 2l1n1 sz (t) + 2m1n1
Oyz (t) | (1)

- Criterion of the maximum normal strain in the frac-
ture plane

Goq® = [17 (1+v) Sv]log e o« [87 (ew) -v]

Oy ® [ﬁf (1+v) -v]o,,®w +2 (1+w) 1,8,

g @& + 2 (1+wv) 11n1 sz ®) + »2 (1+v) MmN,

() ) (2)

— Criterion of the maximum shear stress in the frac-
ture plane

O oq ) =(i‘f - i‘g) O,y B + (r'x"n? - fig) Oy, )+
L 82 - 82) 0, W o+ 2 (Lyi - 1o, w0 s
+2 (14, -14) 0, ® + 2 (f,8, - fgh,)

o] (t) (3)

- Criterion of the principal maximum stress

—_ )
oeqwx = 01 (t) (%)
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- Criterion of the extreme normal stresses

04 (t)

Opq ® = max {0, & 3 - = } (5)

- Criterion of the extreme normal strains

o-eq(’c) = max{(01 &) = v[Gz(t) + 03 (t)])i - -;(—

(05 ® - vio, & + 0O, ]} 6)
- Criterion of the maximum shear stresses

ceq(t) = 01 € - Oé (t) (7)
- Criterion of strain cnergy of distortion

Cog ® —{0? ® + 05 ® + 0% w -[o, @

112 @)

0, ®) + O,® Oz® + Oy ® 0Og @) }
- Criterion of total energy of distortion

Ogq® ={0F ®@ + o2 w + o5 ® - 2v[o®

G, + O, ® O ) + Oy o, w]}" 9
In criteria (1) + (3) the fatigue fracture plane po=

sition is defined by the mean dirgctign cosines
of principal strains and stresses i,m, n,ns=

? ?
1,2,3). It should be stated that the R
stress O (t) according to equations 1 -3 is
linearly, 9 ‘and according to equations () - (9
nonlinearly dependent on stress 0. @, 1i,J = X%,
v,zZ)e In 1literature there are id many examples
of application of criteria () = (9) for des-

cription of multiaxial cyclic fatigue where static
values of stresses are replaced by their ampli -
tudes or ranges.
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SIMULATION CALCULATIONS

The digital simulation included:

-~ generation of six stationary and ergodic random
components of the stress state tensor Gi y (1,J=
X,¥Y,2) with normal probability distribution J and
low=band frequency spectrum,

- calculations of O according to equations (1) = (9)

- calculations of power spectral density func-
tion for stresses (O,. and o with FFT.

The random sequences of stresses O and

o contained N=81920 values. Constants v .-.id 0.25
af8 % = 0.644 were assumed as typical for cast iron.
The fatigue fracture plane position is determined, ac-
cording to paper (4), by the following direction co=-
sines

i1 = =0.17727, 61 = 0.92392, A, = 0.33903
13 = 0.93362, a3 = 0.048894, ﬁg = 0.35492
After calculations of autospectral and CroSs =

spectral density functions of the generated stress sta
te components their maximum frequencies f (i,d =
= 1,...,6) were determined; they form the
matrix

163 158 158 158 158 168
158 164 162 159 142 165
158 162 163 162 166 160 Hz
158 159 162 155 159 161
158 142 166 159 155 161
168 165 160 161 161 164

maxij’

In a similar way the maximum frequencies of the e=-
quivalent stress fmax ceq were determined. In Table
1 there are the values of fmax,aeq ac-
cording to nine analysed criteria and four
random states.

ANALYSIS OF THE CALCULATION RESULTS

From Table 1 it results that for linear criteria (1) -

(3) f = 160 Hz and the following inequality is
right™@* 9ea

fmaxaeq < ??x { fmaxij} ! (1,3 = 1,...,6) (10)
For the nonlinear criteria (4)=(9) the mean value of
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TABLE 1 - Maximum frequencies of the equivalent stress
f in 1z _according to 9 criteria
fg%xcjeq four types of random stress state

The stress state caused by

Caslrer. Oxx Oxy Oxx’ Oyy’ Oxx' %yy
Number Oﬁy T2z’ axy
= Oxz!? Oyz

1 160 168 155 155

2 165 158 160 160

3 160 138 160 165

Iy 187 221 190 192

5 225 227 225 215

6 235 232 215 230

Vi 235 224 212 215

8 225 224 229 225

9 232 225 230 210
£ =220 Iz and it wmeans that mean increase of the
max 0 e

frequengy band by 37.5 < appears in relation to the
frequency band of the stress state tensor (160 Hz). As

it res?lts from Table 1, the increase can reach even
u6.9% (£ =235 Iz). Thus the following inequali=-
£, max 6 eq  ,hhosite  to (10)

fraxgeq > 12 { fraxigr i3 = 1,000,6) 1

has been verified and the quantitative effect of chan-
ge in width of the frequency band while applyind di-
fferent nonlinear criteria for random fatigue has been
shown. This increase is not acceptable from the physi-
cal point of view and means that there is a new im=-
portant limitation for generalization of criteria for
smliiaxial cyeclic fatigue to the range of random loa =
ding.

CONCLUSTONS

1. While reducing multiaxial random stress state to
the equivalent uniaxial one with the linear fati=-
gue criteria,frequency bands of the stress state
components transform to the freguency band of the
equivalent stress without enlarging its width. The
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frequency band of the equivalent stress according
to the nonlinear fatigue criteria widens in rela-
tion to that one for the random stress state ten-
sor.

Any simple attempts of generalization of the cri-
teria for cyclic or static loads, in which there
are nonlinear combinations of the stress state co=
mponents, to multiaxial random loads, meet some
very important limitations, connected with changes
in frequency structure of the equivalent stress.

SYMBOLS USED

> 0, > 03 = principal stresses (MPa)
= Poisson’s ratio

= material constant

FFT = Fast Fourier Transform

(1)

(2)

(3)

()

= time (s)
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