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FATIGUE LIFE VISUALISATION
VIZUALIZACE UNAVOVE ZIVOTNOSTI

Abstract

The visualization of cycle number (fatigue life) approach before crack initiation in seamless
cylinders for natural gas provides a new, complex view of limit states in material fatigue. Method,
described in the article, includes amplitudes, average values of stress and strain tensors, and load
history. We are able to see cycle number distribution before the crack initiation and therefore it is
possible to decide much more effectively on relevant modifications in the seamless cylinder design.
In this paper we described the method of cycle number before the crack initiation calculation and
offered an appropriate iterative operation. Material fatigue model is highly sensitive to input data and
very often a divergent solution occurs, and that is a problem the proposed calculation method solves.
Thanks to such visualization approach we are now able to assess limit states in material fatigue much
more effectively.

Abstrakt

Pristup vizualizace poctu cykli do iniciace trhliny tlakové lahve poskytuje novy komplexni
pohled na mezni stav Uinavy materialu. Zptsob popsany v tomto ¢lanku zahrnuje amplitudy a stfedni
hodnoty tenzorti napéti a deformaci a i historii zatéZzovani. MiZeme tedy objektivné vidét rozloZeni
poétu cykld do iniciace trhliny a tim mnohem Iépe rozhodnout o pfipadnych konstrukénich zménach
tlakové lahve. V tomto pfispévku je popsan vlastni zplisob vypoétu poctu cyklt do iniciace trhliny a
navrzeno vhodné iteracni feSeni. Model Unavy materialu je totiz obecné velmi citlivy na vstupni
hodnoty a velmi ¢asto dochazi k divergenci feSeni coz navrzeny zpisob vypoctu fesi. Diku tomuto
pristupu vizualizace jsme nyni schopni mnohem Iépe posoudit mezni stav inavy materialu.

1 INTRODUCTION

This paper deals with possible approach to cycle number distribution visualization before
crack initialization with a view to seamless cylinder LA 4 — 0216, produced by VITKOVICE Lah-
varna a.s. Visualization of cycle number before crack initiation in the whole volume of seamless cyl-
inder is a new approach to fatigue life of technical components evaluation. Critical locations identifi-
cation was in the past based for example on maximum stress or strain values. However, the locations
with maximal values don’t have to correspond to locations with lowest cycle number before crack
initialization and that’s because the fatigue life calculation relationship is influenced by several fac-
tors. In other words, for example maximal value of reduced stress doesn’t necessary be in the same
location, where the critical location from the material fatigue point of view is located. The cycle
number visualization approach before crack initialization, described in following chapters, offers very
complex view to given topic and thus makes stated results rather more authentic.

The paper resumes a previous article “Fatigue life determination of seamless cylinder from
material fatigue aspect”, which deals with determination of fatigue life principles of seamless cylin-
der in given operating conditions.
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2 PRINCIPLE OF CYCLE NUMBER CALCULATION BEFORE CRACK
INITIATION

The principle of cycle number calculation before crack initiation is described in (fig. 1). This
approach takes into account non-symmetric cycle of stress curve (strain), flexible and plastic strains
and multi-axial in phase stress. The relation between these factors and cycle number before the crack
initiation N¢could be expressed as (1).
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Fig. 1 Model of cycle number calculation before crack initiation

In case of multi-axial stress we can reduce stress amplitude and determine its middle value ac-
cording to equations (2) and (3).

oo~ {3(0 =)+ o) Hon o) sl ot el )| @
0,=0,,+0,,+0., 3)

Total reduced strain amplitude e, is determined by adding plastic and elastic strain. Poisson
number in the elastic strain calculation corresponds to Poisson number of given material in elastic
field, in plastic strain calculation will amount to 0.5.
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Cycle number calculation N,in equation (1) is rather not simple, therefore the cycle number
will be calculated by using iterative approach according to bellow mentioned relations. The equation
(1) will be rewritten into (7).
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We calculate the left-hand side of equation, using the cycle number determined in previous
steps, i.e. based on N/’1 . Consequently, cycle number in step i can be expressed in the right-hand side
of equation according to relation (8).
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Afterwards the equation (1) will be expressed in figures (9).
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In the right-hand side of equation (9) we calculate the cycle number using the same method as
in equation (8).
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While the calculation according to equation (8) shows us the top estimation of cycle number
before crack initiation, equation (10) gives us on the contrary the lowest estimation. By using both the
(8) and (10) equation, very often a long iterary time occurs, or in worst cases a divergent solution
occurs. For this reason it is advisable to use combination of both relations according to (11).
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In case of multi-axial stress we can reduce stress amplitude and determine its middle value ac-
cording to equations (2) and (3).
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Total reduced strain amplitude ¢, is determined by adding plastic and elastic strain. Poisson
number in the elastic strain calculation corresponds to Poisson number of given material in elastic
field, in plastic strain calculation will amount to 0.5.
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Cycle number calculation N,in equation (1) is rather not simple, therefore the cycle number
will be calculated by using iterative approach according to bellow mentioned relations. The equation
(1) will be rewritten into (7).
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We calculate the left-hand side of equation, using the cycle number determined in previous
steps, i.e. based on N/’1 . Consequently, cycle number in step i can be expressed in the right-hand side
of equation according to relation (8).
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Afterwards the equation (1) will be expressed in figures (9).
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In the right-hand side of equation (9) we calculate the cycle number using the same method as
in equation (8).
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While the calculation according to equation (8) shows us the top estimation of cycle number
before crack initiation, equation (10) gives us on the contrary the lowest estimation. By using both the
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(8) and (10) equation, very often a long iterary time occurs, or in worst cases a divergent solution
occurs. For this reason it is advisable to use combination of both relations according to (11).

log| (o,+0,)e, log| (0,+0,)e,
Lo %+g,a, (v %(2N,"")”’C+g,a, ”
f —ZCXP( b )+ZCXP( bic ) (23)

Initial cycle number Nfo was determined as 10”. Convergency criteria (error of calculation due
to iterative solution) was stated 10 cycles. Application of this relation usually leads to a solution
within a few iterative steps, as shown in Fig. 2.
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Fig. 2 Convergency of cycle number calculation before crack initiation

3 VIZALIZATION OF CYCLE NUMBER BEFORE CRACK INITIATION

For visualization of cycle number before crack initiation in the whole volume of analyzed
seamless cylinder it is necessary to calculate cycle number N,in all nodes of the finite element model.
Given model contains a high number of nodes and calculation Nyproceeds iterative, therefore the time
necessary for results evaluation (at all times and all nodes of the model) is much longer than the solu-
tion of stress strain analysis using the finite elements method. Figures bellow show cycle number
distribution before crack initiation. They also show very critical locations from material fatigue as-
pect and minimal values of stated cycle number.
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Fig. 3 Distribution of cycle number before crack initiation in seamless cylinder — overview
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Fig. 4 Distribution of cycle number before crack initiation in seamless cylinder — bottom
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Fig. 5 Distribution of cycle number before crack initiation in seamless cylinder — neck

4 CONCLUSION

The visualization of cycle number (fatigue life) before crack initiation in seamless cylinders
for natural gas provides a new, complex view of limit states in material fatigue. Method, described in
the article, includes amplitudes, average values of stress and strain tensors and load history. We are
able to see cycle number distribution before the crack initiation and therefore it is possible to decide
much more effectively on relevant modifications in the seamless cylinder design, and we are able to
decide whether evaluated seamless cylinder fulfils given criteria or not.

In this paper we described the method of cycle number before crack initialization calculation
and offered appropriate iterative operation. Without the appropriate iterative solution the calculation
wouldn’t be possible. Material fatigue model is highly sensitive to input data and very often a diver-
gent solution occurs, and that is a problem the proposed calculation method solves. Thanks to such
visualization approach we are now able to assess limit states in material fatigue more effectively,
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before the production starts and before it is possible to carry out laboratory tests. Thanks to this ap-
proach we are also able to decide on further design modifications of seamless cylinder much more
effectively.

[10]
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