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ABSTRACT

The paper contains the fatigue tests results for specimens made of three cast irons under proportional
non-proportional random tension with torsion. The experimental data for long fatigue life have beer
compared with those calculated according to the algorithm with use of the modified criterion of the
maximum normal stress in the critical plane. In the considered algorithm the Palmgren-Miner hypothesis c
damage cumulation seems to be useless whereas the Serensen-Kogayev hypothesis gives satisfactory res

INTRODUCTION

The known algorithms of fatigue life estimation in elements of machines and structures under multiaxia
random loading are not well supported by the experimental results. Some of those algorithms have be
verified for some steels but we do not know if they are also efficient in the case of cast irons [1]. The aim c
this paper is to verify one algorithm for three cast irons. The specimens were subjected to combined randc
tension with torsion.

FATIGUE TESTS

The fatigue tests were done on a stand for tension-compression with torsion, made by Schenck (series 31)
LBF laboratories in Darmstadt, Germany [2, 3, 4]. While the machine operating, the force was controlled
The specimens were made of three materials: spheroidal cast irons GGG40 and GGG60 and malleable c
iron GTS45. On the basis of microscopic examination the materials could be classified of isotropic. Th
materials are cyclically hardened. The basic strength parameters are shown in Table 1. The deta
concerning the realized fatigue tests are given in [2, 3, 4]. Cylindrical specimens with solid cores were use
in the tests. The specimen dimensions are given in Fig.1. The specimens of GGG40 and GTS45 and
GGG60 were different but they had the same minimal diameter at the bottom of the spherical relief and tt
notch effect coefficient for tension — compressignwas 1.05 for specimen a) and 1.04 for specimen b).
These differences do not strongly influence the results of experiments and they can be neglected. For furtt
considerations we assume that the applied specimens have the same shape and the notchaoisffigient

so they are the smooth specimens.

In the case of uniaxial tension-compression and torsion loading was applied with use of a digitally generate
standard time series g(t) with zero expected value. The series was suitably scaled for obtaining the requir



maximum histories of normal stressmax and shear stresgma In the case of combined tension-
compression with torsion we realized proportional loading with the correlation coefficient of normal and
shear stress equal to 1 {+ 1) and non-proportional loading with the stress correlation coefficient equal to 0
(rs-~ 0). Uncorrelated stress histories were obtained with use of frequency modulation of loading generatin
normal stress under the standard history g(t) in torsional loading. For both proportional and non-proportion:
loading relation between the maximum values of tensile strgssax and torsional stressy max was 1.
Frequency of torsion history extrema was constant and frequency of tension-compression history extrer
was changing (the normal stress increment between the successive extrema at time was constant).

TABLE 1.
BASIC STRENGTH PARAMETERS OF THE TESTED CAST IRONS

GGG40 GGG60 GTS45

Ro>, MPa 322 427 310
Rn MPa 440 649 469
As % 10.9 10.6 9.4
Z % 10.6 9.7 8.1
E GPa 167 160 167
v 0.29 0.29 0.27
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Figure 1: Specimens used in tests a) cast irons GGG40 and GTS45, b) cast iron GGG60

Numbers of cycles up to fracture have large scatters. Thus, it is difficult to verify the proposed calculatio
models. For example, in the case of GGG40 cast iron under tension-compression and the maximum stre
amplitude 300 MPa the minimal life is 1.98@ cycles and the maximum one-1@ cycles, so tenfold
scatter is observed. In the case of proportional loading with normal and shear stress correlation coefficie
equal to 1 (¢.= 1) we can observe a greater life than in the case of non-proportional loading with the stres:
correlation coefficient equal to Q,¢r~ 0) for the same maximum stress levels.



ALGORITHM FOR FATIGUE LIFE DETERMINATION

Figure 2 shows a diagram of the algorithm for fatigue life determination under multiaxial random loading.
The algorithm was used for analysis of the experimental data.

1 Generation ofs;; (t ) (i, =X, Y, 2)
|
2 Determination of the expected critical plane direction
I
3 Calculation of the equivalent stress history
|
4 Cycle counting
|
5 Calculation of damage degree and fatigue life

Figure 2: Algorithm for fatigue life determination under multiaxial random loading

The stresssj(t) was generated in the same way as during experiments, by a suitable scaling of the standa
history g(t). For determination of the expected direction of the critical plane the damage cumulation metho
was applied. In this method the fatigue damage is cumulated at many planes; next the plane of the maxim
damage is chosen. In such a way we obtain not only a direction of the expected fracture plane but the fatic
life as well [1].

For determination of the equivalent stress the criterion of maximum normal stress in the fracture plane w:
applied. The criterion was modified, by ratio of the fatigue limits for tension and torsion, i.e.

Seq(t) =12 - o(t)+ 21,m, 2. <(t) (1)

Taf

where:

lh = cos), m, = sinf),

¢ - angle between the longitudinal axis of the specimen and the expected direction of the critical plan
il my),

o(t), T(t) —histories of the normal and shear stress,

Gaf» Taf — fatigue limits for tension and torsion, respectively.

In this paper the rain flow method was used for schematization of random histories. For damag
accumulation three hypotheses were applied, i.e:.

- Palmgren-Miner hypothesis

i
— for o4 >a- oy
i=1
Spm(To) =1 No(cafj (2
Gai
0 for o, <a-oy




where:

n — number of cycles with amplitudesg; in T,

m — Wdhler curve exponent,

No —number of cycles corresponding to the fatigue limjt,

To — observation time equal to 1 block including 50048 cycles,
a = 0.5 — coefficient including influence of amplitudes less than thedigit

- Corten — Dolan hypothesis

dco
Ca
Sco(To) = Z [0 j for o4 <on (3)
N1\ oa

where :
car N1 — maximum cycle amplitude at, Bnd corresponding number of cycles to fracture (from Wohler's
curve),

Jep = km — exponent of the secondary calculation Wéhler’s curve (Cortan — Dolan curve),
k=0.7+ 1.0 and it depends @n;/c .

- Serensen-Kogayev hypothesis

j
>—————— for oy>ao0y
Ly
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where:
anl i —& Oy
b= 1= for (b>0.1) - Serensen-Kogayev coefficient
Ga1 — & Cgf
n; : ,
t; = —— - frequency of occurence of particular levelsin To

Kk

When the damage degree §(iE determined atlaccording to (2), (3) or (4), we calculate the fatigue life

©)

COMPARISON OF CALCULATED AND EXPERIMENTAL LIVES

Figure 3 shows comparison of calculated and experimental lives for uniaxial tension-compression accordir
to three considered hypotheses of fatigue damage accululation. Calculations of the fatigyg WkreN

done according the algorithm presented in Fig. 2 and with use of relation (5). We can observe that th
calculated lives are higher than those obtained while experiments when Palmgren-Miner and Corten-Dole
hypotheses are applied. It could be seen especially under uniaxial loading, where the maxima of th
equivalent stress histories are close to the fatigue it Applying the Serensen-Kogayev hypothesis, we

obtain the best agreement between the calculated and experimental lives. All the results obtained with use



that hypothesis are included in the scatter band with coefficient 3. Only for cast iron GTS45 we obtair
greater scatters. Thus, we will use the Serensen-Kogayev hypothesis for further calculations under pt
torsion and combined proportional and non-proportional tension-compression with torsion. Figures 4-6 sho
the calculation results against the experimental data for all the considered cast irons. From the figures
results that most resultes of calculations are included in the scatter band with coefficient 3. Only for cast ira
GTS45 greater scatters were obtained, like under uniaxial tension-compression. The calculated directions
the fatigue fracture plane positions for a combination of proportional and non-proportional tension-
compression with torsion are included in the range 33aB8l they agree with the experimental directions
(=30°) quite well.
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CONCLUSIONS

1. From the tests under combined random tension with torsion for three cyclically hardened cast irons
results that non-proportional loading causes fracture more quickly than proportional loading.

2. Fatigue damage summation in the tested cast irons seems to be efficient with use of the Serense
Kogayev hypothesis. The Palmgren-Miner hypothesis gives unsatisfactory results.



3. The proposed algorithm for fatigue life estimation, based on the modified criterion of maximum normal
stress in the critical plane seems to be useful for analysis of the experimental data obtained for the tested ¢
irons within the long-life time under proportional and non-proportional random loading.
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Figure 4: Comparison of the calculated lifeJNand the experimental one,plfor GGG40 cast iron under
random tension-compression, torsion and proportional and non-proportional tension-compression with
torsion according to the Serensen-Kogayev hypothesis



REFERENCES

1.

Lagoda, T., Macha, E. and Bedkowski, W. (1999) A critical plane approach based on energy concepts:
Application to biaxial random tension-compression high-cycle fatigue regime, Int. J.Fatlgue
pp.431-443

Miller, A. (1994) Zum Festigkeitsverhalten von mehrachsing stochastisch beanspruchtem Gulieise
mit Kugelgraphit und Tempergus, Fraunhofer-Institut fir Betriebsfestigkeit, Bericht Nr. FB-203,
Darmstadt, S. 140

Neugebauer, J. (1986) Zum Schwingfestigkeitsverhalten von GufRwerkstoffen unter mehrachsiger
frequenzverschidener Beanspruchung, Bericht Nr. FB-175, Fraunhofer-Institut flr Betriebsfestigkeit
(LBF), Darmstadt, S.176

Grubisic, V. and Neugebauer, (1979) J. Festigkeitsverhalten von Spharaguf3 bei kombinierter statische
und dynamischer mehrachsiger Beanspruchung, Bericht Nr. FB-149, Fraunhofer-Institut far
Betriebsfestigkeit (LBF), Darmstadt, S.57

8 ] \ T T \ T T TTTI \ T T 11T
10 — Nea P .
B GGG60 , B
— | , B
AR Tension- , B
_ < Torsion ;|

[l  Proportional L

2 i ) B
10 — A Non-proportional . -
10° ;o ]
KA -
7O LI i
— 4 cycles |

5 d I\Iexp
10 T T TTT] T T 11T T
105 1 107 108

Figure 5: Comparison of the calculated lifeJ]Nand the experimental one,plfor GGG60 cast iron under
random tension-compression, torsion and proportional and non-proportional -compression with torsion

according to the Serensen-Kogayev hypothesis
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Figure 6: Comparison of the calculated life.]Nand the experimental oneplfor GTS45 cast iron under
random tension-compression, torsion and proportional and non-proportional -compression with torsion
according to the Serensen-Kogayev hypothesis
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