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i METHODOLOGY FOR DETERMINING THE REGION OF STABILIZATION OF
LOW-CYCLE FATIGUE

V. Aleksi¢', B. Aleksi¢?, Lj. Milovié¢**,
VInstitute for testing of materials-IMS Institute, Bulevar vojvode Misi¢a 43, 11000 Belgrade, Serbia
2University of Belgrade, Faculty of Technology and Metallurgy, Karnegijeva 4, 11120 Belgrade, Serbia

Abstract: In present paper, the behaviour of high-strength low-alloyed (HSLA) steel under conditions
of low-cycle fatigue (LCF) has been experimentally tested and analyzed. Based on the ex-
perimental results obtained in the programme EXCEL, characteristic regions of low-cycle
fatigue of steel NIONIKRAL 70 (NN-70) have been determined, the most important being
the region of stable behaviour of materials, so-called "the region of stabilization". From this
region, on the basis of pre-defined requirements, characteristic stabilized hysteresis have
been isolated for each strain level, based on which the indicators of low-cycle fatigue of
steel NN-70 have been identified.

Keywords: HSLA steel, LCF, the region of stabilization, stabilized hysteresis

1. Introduction

Steel, NN-70, selected in this study to investigate the experimental behaviour affected by fa-
tigue loading, among other things, is used in shipbuilding and for manufacture of pressure
vessels as well. The experiment was conducted using smooth round specimens made of steel
NN-70 as parent metal (PM). When selecting stabilized hysteresis as a representative of all of
stabilized hysteresis for one strain level, and for the further processing of low-cycle fatigue
test results, the recommendations of standards [1, 2] have been used as well as the methodol-
ogy based on which linearity of the stabilization regions of low-cycle fatigue was numerically
determined [3].

2. Numerical determination of the region of stabilization

Most of the materials, at low-cycle fatigue and at a certain level regulated strain, achieve a
so-called stabilized condition. It is a condition when the height of the hysteresis loop
expressed through a range of force of loading or stress slightly changes, Fig. 1.

4 i ; :
- 1 — Adj of tearing machine;
x 2 — Adaptation of tearing hine, tools and speci
w t 3 — Crack formation up to threshold of NDT;
9 4 — Stabilized state;
3 fo B % b % s| 8|  5-Foreedropof2s % (150 12106:2003E) [1);
Y 6 - Force drop of 50 % (ASTM E 606-04) [2];
4 7 - Force drop to F=0;
8 — Stoppage of tearing machine;
2 9 — Height of hysteresis loop;
7 Niyan - Test start up, F=max;
1 N s 8 N, - Beginning of stabilizati
N Nor — threshold of NDT;
N. N,wor N N Ny, — End of stabilization; N, - force drop of xx %;
R e I - H IN = Nirocens — force-drop assessment of an operater,
N Nk W N N — Test termination.

Fig. 1. Regions of low-cycle fatigue
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The most common methods for determination of the number of cycles to crack initiation, Ng,
are defined by the standards [1, 2]. New methods [3] for determination of the beginning and
end of the crack initiation and establishment of linearity of stabilization regions are based on
experimental data, by arbitrary selection of three cycles on the basis of which we can estab-
lish linearity that we maintain by filtering the data in the programme EXCEL, toward the be-
ginning and end of the test. In this way we determine the initial, Ny, and final, Ny, cycle of
stabilization, i.e. the beginning and end of the crack initiation, Fig. 1. Stabilized hysteresis,
N, is located in the middle of the region 9, Fig. 1, and is determined by the formula,
Nsl=Nps+(Nks'Nps)/2-

This method of determination of the stabilized hysteresis, Ny, is called "Method of the mid-
dle stabilization" [3]. In a similar way, we can establish a cycle of appearance of a crack of 1
mm? surface area [4], which can be identified by the NDT methods, which is called the
"threshold NDT method" [3], and then the cycle of stabilized hysteresis, N, which is located
in the middle of the region 3, Fig. 1, so that Ny, = NyH(Nynpr-Nps)/2. This procedure was ap-
plied to other specimens as well, i.e. other strain levels, Ae/2=0.35, 0.50, 0.60, 0.70 i 0.80.
After processing of registered data from all stabilized hysteresis of interest obtained using the
methodology described, the curves of low-cycle fatigue for steel NN-70 are defined:

1
1. Cyclic stress-strain curves, ¢ _ AC +(£)"' :

2 2E (2K
1 1

forﬂuZ_A_a= 1 _A£+( 1 .E)m.forﬂgif_—, 1 _Ag+( ! g)mxmd
2 221378 2 946.2 2 2 221378 2 8872 2

2. Basic curves of low-cycle fatigue, % = %r N®+e, N&:

for Nyy: % =0.005105- N;"*" +0.0612- N, for Nay % =0.005117-N;*** +0.0881- N;***

3. Conclusions

The results of experimental investigation have given us important information about the un-
derstanding of fatigue behaviour of HSLA steel, NN-70, and the newly applied methods and
recommendations of standards as well have enabled the precise determination of characteris-
tic stabilized hysteresis for each strain level. From certain characteristic stabilized hysteresis,
based on defined criteria, the data necessary for determination of the equations of characteris-
tic curves of low-cycle fatigue have been collected, which show the difference between the
values of exponents and coefficients defined by presented methodology depending on the
method applied for the determination of stabilized hysteresis.
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