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UNAVA MATERIALU - RIZIKQW FAKTOR PRI NAVRHOVANI
A EXPLOATACII TECHNICKYCH SYSTEMOV

FATIGUE OF MATERIAL - A RISK FACTOR OF DESIGN AND EXPLOITATION

OF TECHNICAL SYSTEMS

Unava materidlu casti rozlicnych technickych systémov patri k naj-
Castejsim pricindm vzniku medznych stavov a z nich vyplyvajiicich pre-
vddzkovych havarii. Cldnok obsahuje vieobecnii formuldciu problému
posudzovania spolahlivosti technickych systémov, strucnii charakte-
ristiku zdkladnych oblasti vstupujiicich do vypoctového odhadu itina-
vovej Zivotnosti technickych systémov a rozbor rizikovych poloZiek pri
Jjeho praktickej aplikdcii.

1. Uvod

Hodnoteniu unavove;j Zivotnosti konstrukénych ¢asti rozlinych
technickych systémov sa venuje mimoriadna pozornost na celom
svete, pretoZe havarie zapriCinené unavovym poruSenim maju
nezriedka charakter katastrofy. Dominantnou snahou pritom je pri-
blizenie podmienok vypocCtu resp. experimentu skutoénym prevadz-
kovym podmienkam, v ktorych je skimany systém exploatovany,
pricom cielom je redukcia neznalosti posobiacich faktorov okolia
a najma ich interakcii s procesmi prebiehajucimi v samotnom sys-
téme.

Moderny vypocet rozlicnych technickych systémov (najma vel-
korozmernych strojnych a stavebnych konstrukcii) preto z hladiska
moznosti vzniku roznych prevadzkovych havarii vyzaduje, aby v ¢o
najvacsej miere reSpektoval dynamickd a najmi nahodnud povahu
vSetkych pdsobiacich prevadzkovych faktorov a z nich vyplyvaju-
cich prevadzkovych zatazeni.

2. Vseobecna formulacia posudzovania
spolahlivosti technickych systémov

V sucasnosti prezentovana teoria a metody hodnotenia spolah-
livosti a jej Ciastkovych charakteristik vychadza v zasade z dvoch
hlavnych pristupov, z ktorych sa odvodzuju dalsie teoretické vycho-
diska a praktické metodiky, zamerané na urcitu skupinu systémov
[1].

Prvy pristup je zaloZeny na idealizacii, pevnych modelovych
predstavach a vyuziti tradiénych vypoctov charakteristik spolahli-
vosti. V tomto pripade hovorime o tzv. apridrnej (vlozenej) spola-
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Material fatigue of parts of different technical systems belongs to
the most frequent causes of boundary states rise and relating opera-
tion breakdowns. The paper contains general formulation of reliabil-
ity of technical systems judging, brief characteristic of basic areas to
be taken in account as input into a calculated estimation of technical
systems fatigue life and analysis of risk items by its practical applica-
tion.

1. Introduction

Extraordinary attention is dedicated to the evaluation of fatigue
life of construction parts of different technical systems all over the
world because breakdowns caused by fatigue failure have often
a character of catastrophe. It should be a dominant effort to bring
conditions of calculation or experiment near to the working con-
ditions in which the investigated system is exploited. The aim is to
reduce unfamiliarity of acting factors of the surroundings and
their interactions with processes in the system itself.

A modern way of calculation of any technical systems (e.g.
large mechanical or civil structures) therefore demands to respect
dynamic and stochastic nature of all influencing working factors
and related working loads. The main reason for it is the prevention
of their working breakdowns.

1. General formulation of judging
of technical systems reliability

Now presented theory and methods of reliability evaluation
and its partial characteristics result in principle from two main
approaches from which follow further theoretical starting points
and practical methodics focuses on certain group of systems [1].

The first approach is based on the idealization, strict modelling
conditions and use of traditional calculation of reliability charac-
teristics. We can talk about so called apriory (inserted) reliability

Faculty of Special Engineering, University of Zilina, E-mail: maca@fsi.utc.sk, leitner@fsi.utc.sk

76 + KOMUNIKACIE / COMMUNICATIONS 4/2002



PREHLADY / REVIEWS

hlivosti, uréovanej uz pocas vyskumu, vyvoja a Ciastoéne vyrobnej
fazy a determinovanej uroviiou pouzitych vypoctovych, konstruk-
¢nych a technologickych postupov.

Druhy pristup sa opiera o skuto¢nu informaciu stochastického
charakteru, priamo spojenu s konkrétnymi prevadzkovymi reZimami
sledovaného systému. V tomto pripade ide o tzv. aposteriornu (pre-
vadzkovu) spolahlivost, charakterizujicu mieru spolahlivosti kon-
Strukcie v urcitych prevadzkovych podmienkach. Prevadzkova spola-
hlivost je priamo zavisla nielen od miery vlozenej spolahlivosti, ale
taktiez od konkrétnych exploatacnych podmienok, vyrobne;j discip-
liny, urovne starostlivosti, kvality obsluhy a pod.

Najcastejsie vyuzivanou formulaciou problému posudzovania
spolahlivosti technickych systémov [TS] je formulacia matema-
ticko-symbolicka, ktora zaroven podava istu koncepciu posudzo-
vania spolahlivosti zvoleného prvku vyjadrenu formou syntézy
radu v tvare

F, O 17810 0y, U Zy O Tiz1p U Ry,

kde Fi;), 0y Ziy @ Tz gy SU vSeObecné nahodné funkcie casu
s tymto vyznamom:

Fo - stochastické prevadzkové zatazenie systému [7S] ako
funkcia Casu,

- napétie v mieste X, ktoré je odozvou na vstupny proces
F,, a implicitne tiez charakterizuje vlastnosti skima-
ného systému [ 7S],

Z, - proces unavového poskodenia, ktory je odozvou na

proces 0, a ktory zohladfuje vlastnosti systému [7S]
a unavové vlastnosti pouZzitého materialu,

Tz 1y — DrOCES Zivotnosti pridruzeny k procesu Z,, vyplyvajuci
bezprostredne z priebehu inavového procesu a kde Zkrit
je hrani¢na hodnota poskodenia sposobujiica poruchu
resp. havariu systému [TS],

R, - funkcia udavajuca pravdepodobnost neporusenia [ 7S]
pri uvazovanych podmienkach prevadzky F(,) a vloZe-
nych vlastnostiach, priCom vSeobecne pravdepodobnost
bezporuchovej prevadzky charakterizuje spolahlivost.

Oy(1)

Je zrejmé, Ze z pohladu posudzovania bezpecnosti konstrukceii
ako celku je rozhodujucim kritériom najma Zivotnost do porusenia
ich hlavnych casti, ktorit mozno odhadovat pri zohladneni rozlic-
nych teorii unavového poskodenia. Hlavnym dévodom odlisnosti
predikovanej hodnoty Zivotnosti a hodnoty dosiahnutej v realnej
prevadzke je najma narocnost presného urcenia parametrov poso-
biaceho prevadzkového zafazenia, vyvolaného posobenim najvyz-
namnejSich faktorov prevadzkovych podmienok a ich intenzit.

3. Charakteristika oblasti vstupujucich do algoritmu
odhadu unavovej zivotnosti

Ak uvahy o rieSeni problematiky odhadu tinavovej Zivotnosti
obmedzime vyhradne na pevnostni problematiku a neuvazujeme
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determined already during research, development and partly
a phase of production, which is limited with level of the used cal-
culation, design and technological procedures.

The second approach rests on real information of stochastic
nature directly connected with concrete working conditions of the
examined system. There is the so-called aposteriory (working) reli-
ability, which characterizes measure of structure reliability in
certain working conditions. Working reliability depends directly not
only on a measure of the inserted reliability but also on real exploita-
tion conditions, discipline of production, level of care, quality of
operation etc.

The formulation mathematical-symbolic, which simultaneously
gives some ideas about selected element reliability estimation, is
the mostly used formulation of technical systems [TS] reliability
judgement. It expresses reliability in the form of a series synthesis
in the form of

F(z) o [7s10o (V) 0 Z(z) O T(ka) 0 R(z),

where F,), 0y, Zy and Tz ., are general random functions of
time with the following meaning:

Fo - stochastic working load of system [7S] as a time func-
tion,
Oy - stress in x-location, which is a reaction on the input

process F(, and characterises implicitly quality of the
tested system [7S] too,

Z, - process of fatigue failure which is a reaction on the
process o, and which takes in account a character
of the system [7S] and fatigue characteristics of used
material,

T(z iy — Process of life connected with the process Z,), which
follows from the course of fatigue process and when
Z,,; is order value of failure causing breakdown of the
system [7S],

R, - function describing probability of non failure of [7S]
during defined working conditions F{,, and inserted qual-
ities which generally characterises reliability as proba-
bility of working without failure.

It is obvious that from point of view of complex structure safety
judgement the fatigue life of their principal parts is the most deci-
sive criterion. It can be estimated after different theories of fatigue
failure. The main reason for difference of predicted life value from
the real one reached under real working conditions are namely dif-
ficulties which we are meeting during exact determination of acting
working load parameters. These are caused by some of the most
significant factors of working conditions and their intensities.

3. Characteristic of areas entering the algorithm
of fatigue life estimation

If we limit our meditation about fatigue life estimation just on
strength problems and do not take in an account related theories
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suvisiace metody tedrie mechanizmov, dynamiky strojnych agre-

gatov a dalSich vednych disciplin, potom vo vSeobecnosti ide o Styri

zakladné oblasti zaujmu, suvisiace s:

o yyberom kritickych miest konstrukcie, budu analyzované,

o urcenim namdhania vo vybranych kritickych miestach a jeho nasled-
nym spracovanim metodami vhodnymi pre odhad Zivotnosti,

» navrhom resp. posudenim pevnostnych a unavovych vlastnosti
materialu skimanych Casti na zaklade zvolenych materialovych
charakteristik a

« vyberom vypoctového postupu - hypotézy kumuldcie iinavového
poskodenia, ktory uvedie do suvislosti informacie o zataZzeniach
a materialovych vlastnostiach Casti systému. Vystupom je kvan-
tifikovany odhad tinavovej Zivotnosti analyzovanej ¢asti.

Po ziskani a vyhodnoteni uvedenych skupin informacii a ich
vhodnej aplikacii mozno ziskat konkrétne hodnoty odhadu unavo-
vej Zivotnosti skuimanych Casti systému, ktoré vyznamne determi-
nuju spolahlivost konstrukcie ako celku a su dolezitou informaciou
pri posudzovani rizik spojenych s jej bezpeCnym prevadzkovanim.

2.1 Prevadzkové podmienky - zdroj prevadzkovych
zatazeni

Z obr. 1 je zrejmé, Ze prevadzkové podmienky st hlavnym
zdrojom prevadzkového zatazZenia (budenia), ktoré sposobuje na-
mahanie skimaného technického systému. Aj napriek tomu, Ze st
zakladnou vychodiskovou informaciou pre kvantifikovany odhad
spolahlivosti kazdého technického systému, sa doteraz nepodarilo
najst univerzalny sposob ich opisu ako celku, ktory by bol prak-
ticky pouzitelny za kazdych okolnosti. Skuisenosti z realizovanych
analyz Zivotnosti neustale dokazuju, Ze prave problematike vplyvu
prevadzkovych podmienok na uroven kumulacie unavového po-
Skodenia sa nevenuje stale dostato¢na pozornost.
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such as the theory of mechanics dynamics of machine units and

further scientific disciplines then generally we can deal with 4

principle areas of interest related with:

« choice of structure critical points, which is analysed further,

« determination of stresses in selected critical points and following
elaboration with methods suitable for fatigue life estimation,

« proposal or judgement of strength and fatigue properties of inves-
tigate parts material based on chosen material characteristics
and

« choice of method of calculation - Aypothesis of fatigue failure
cumulating, which can correlate the information about loads and
material properties of the system parts. The output is a quali-
fied estimation of an analysed part fatigue life.

After determination and evaluation of above mentioned groups
of information and after their suitable application we can get
concrete values of fatigue life estimation of tested parts of the
system which significantly determine reliability of the structure
on the whole and which are the important information in judge-
ment of risks connected with its safe working.

2.1 Working conditions - a source of working loads

It follows from Fig. 1, that working conditions are the main
source of working load (excitation), which causes stresses of the
examined technical system. Despite of that they are principal input
information for quantified estimation of reliability of each tech-
nical system. It was not possible to find any universal way of their
complex description until now which could be used in a practical
way at any circumstances. Experience from realised analyses of life
show that problem of working conditions influence on the level of
fatigue failure cumulation is still underestimated.

C

—1 E; Experimental verification o)

M

P

— E2 Material properties ﬁ

I

. S

WORKING WORKING || . Hypothesis of fatigue failure (l)
CONDITIONS LOADS . cumulation N
. Experimental verification 8

. M

— Ei : : 1

Material properties [1:

: I

S

L T'E, Hypothesis of fatigue failure I

cumulation 1?1

Critical points
selection

Obr. 1. Vseobecny postup rieSenia problematiky tinavovej Zivotnosti
Fig. 1. General procedure of fatigue life problems solutions
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Jednotlivé faktory prevadzkovych podmienok mozu mat roz-
licny fyzikalny vyznam, avSak takmer bez vynimky maji nahodny
charakter. Pri skimani ich vplyvu na namahanie Casti systému sa
vychadza z analyzy skuto¢nych rezimov ¢innosti, na zaklade ktorej
by sa mal zostavit model typickych prevadzkovych podmienok -
zataZovaci kolektiv, reprezentujuci suhrn najvyznamnejsich fakto-
rov prevadzkovych podmienok a pocetnosti ich vyskytu [1, 2, 4].

Pri posudzovani iinavovej Zivotnosti sa vychadza zo zakladného
predpokladu, ze inavové poskodenie je vZdy podmienené cyklickou
deformaciou materialu, ktorej meratelnou pric¢inou je vo vsetkych
pripadoch sila, tlak, rychlost, zrychlenie a pod. Z hladiska ucelu
Zivotnostnych analyz nie su dolezité charakteristiky prevadzkového
zataZenia a ich interakcie, ale iba vysledok ich spoluposobenia vo
forme namahania, resp. deformacie Casti konstrukcie.

Prakticky sa najcastejsie vyuzivaju dva zakladné sposoby zis-
kania relevantnych informacii. Prvy sposob je zalozeny na fakte,
Ze vacsinou je mozné merat namahanie kritickych miest priamo na
konstrukcii poéas jej ¢innosti v realnych prevadzkovych podmien-
kach. Ak je meranie realizované za ucelom ziskania vstupnych
udajov pre odhad tinavove;j zivotnosti, potom konstrukciu nemozno
merat pri nasadeni v [ubovolnych prevadzkovych podmienkach
(hoci aj najagresivnejSich), ale v podmienkach, ktoré su pre kons-
trukciu vyznamné, resp. typické. Druhy sposob je zaloZeny na expe-
rimentalnom ziskani priebehov najvyznamnejsich prevadzkovych
faktorov a realizaciou pocitacovej simulacie ich posobenia na vytvo-
reny matematicky model systému (najcastejsie MKP) urcit namaha-
nie kritickych Casti vypoctom.

2.2 Pevnostné a unavové vlastnosti konstrukénych
materialov

Druhou vyznamnou oblastou pri predikcii unavovej zivotnosti
je uréovanie potrebnych (najmi mechanickych) vlastnosti pouzi-
tych konstrukénych materialov v analyzovanych miestach systému.
Pri praktickej realizacii odhadu prevadzkovej inavovej Zivotnosti
sa v sucasnosti vyuziva niekol'ko charakteristik (kriviek) pouzitych
konstrukénych materialov, ktorymi mozno charakterizovat unavové
vlastnosti pouzitého materialu.

NajstarSou, avS§ak dodnes vyuzivanou charakteristikou mate-
rialu je znama Wohlerova krivka (obr. 2a), zachytavajiica zavislost
amplitudy harmonického cyklu sily alebo napétia o, od poctu
cyklov do lomu N, resp. Casto iba jej jednej hodnoty - medze
unavy o, [2,3].

Matematicky sa vyjadruje rovnicou (1), alebo s ohladom na
medzu Unavy o, v tvare (2), resp. s uvadZenim vplyvu strednej hod-
noty v tvare (3), kde m, 4, o’;, b st materialové konstanty (o”; sa
nazyva sucCinitel unavovej pevnosti a b exponent unavovej pev-
nosti).

gl Ny=A 0))

(0,—0)" N;=4 resp. a,=0, (2N )
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Individual factors of working conditions can have different
physical meaning although nearly without any exception they are
of stochastic nature. Exploring their influence on system parts
stresses we can go out from analysis of real working modes. It
should be a model of typical working conditions built on that base
so called load collective representing a collection of the most impor-
tant working conditions factors and frequency of their occurrence.
[1, 2, 4].

The review of fatigue life is built on a basic presumption that
fatigue failure is always conditioned by cyclic deformation of
material of which a measurable cause is in any case force pressure,
velocity, acceleration etc. From the point of view of life analysis
purpose there are not important working load characteristics and
their interactions but just result of their co-operation in the form
of stress or deformation of structure parts.

In real practice there are most often used two elementary ways
in which relevant information is obtained. The first one is based
on the fact that in most cases it is possible to measure stresses of
the structure critical points directly on the structure during its
working in real working conditions. If the measurement is realised
in order to get input values for fatigue life estimation then the
structure cannot be measured at any working condition (although
the most aggressive ones) but in conditions which are for the struc-
ture typical or relevant. The second way is based on obtaining the
most relevant working factors and on computer simulation of their
influence on mathematical model of the system (most often FEM)
which has as a result calculation of critical parts stresses.

2.2 Strength and fatigue properties of materials
of the structures.

The second relevant area for fatigue life prediction is deter-
mination of necessary (namely mechanical) properties of used
constructional materials in analysed points of a system. Some
characteristics (curves) of used constructional materials are uti-
lized during a practical realisation of estimation of working fatigue
life which can characterise fatigue properties of used material.

The oldest but until now utilized characteristics of material is
the Wohler curve (Fig. 2 a) showing dependence of the harmonic
cycle amplitude of force F or stress o, on a number of cycles until
failure N,. Sometimes it is used just the only value - fatigue limit
o.[2,3].

It can be expressed in a mathematical way by equation (1) or
taking in account fatigue limit o, in form (2) or as the case may
be taking in account influence of the mean value in form (3),
where m, A, o;, b are the material constants (", is called fatigue
strength coefficient and b is an exponent of fatigue strength).

o N=4 (1)

(0,—0)"-N,=4 resp. 0,=d,-(2-N) )
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0, =0y —a,) 2N (3)

ModernejSou materialovou charakteristikou je Mansonova-Cof-
finova krivka (obr. 2b), udavajica zavislost amplitudy harmonic-
kého cyklu deformacie €, od poctu cyklov do lomu 2 - N,. Opisuje
sa rovnicou (4), kde E}je stcinitel unavovej taznosti, ¢ je expo-
nent unavovej faznosti a E je modul pruznosti

’

_Uf b g c
E= QN e 2Ny (4)

Pri skimani suvislosti
medzi Wohlerovou a Manso-
novou-Coffinovou krivkou
bolo zistené, ze suvislost exis-
tuje a vyhovujticou vztahovou
rovnicou je tzv. rovnica cyklic- o
kej deformacnej krivky (obr.

%al

PREHLADY / REVIEWS

o, = () —0a,) Q2N 3)

More modern material characteristic is the Manson-Coffin
curve (Fig. 2b) defining dependability of the amplitude of a defor-
mation harmonic cycle &, on a number of cycles until failure 2 - N,.
It is described by equation (4), where 8} is coefficient of fatigue
ductility (elongation), ¢ is an exponent of fatigue ductility and £
is the Young module.

’

_Uf b ’ c
= QN e QN (4)

By exploring correlation
between Wohler and Manson-
Coffin curves it was found that
the dependability exists and
holds for the relationship equa-
tion which is the so called
equation of the cyclic deforma-

2¢), vyjadrena v tvare

(ra+ aa% s
£ = — — ,
¢« E K ©)

kde K je sucinitel cyklickej
pevnosti a n je sucinitel cyk-
lického spevnenia. Dolezité je, Ze pri opakovanom namahani spra-
vidla neplati klasicky Hookov zakon & = o/E, ale rozhodujucu
ulohu zohrava prave druha cast vztahu (5) [2].

2.3 Hypotézy kumulacie inavového poskodenia

Je prirodzené, ze odlisny sposob spracovania a opisu stochastic-
kych prevadzkovych zatazeni vyustil aj do odlisSnych metéd odhadu
unavového poskodenia. V unave sa tieto metodiky nazyvaju Aypo-
tézy kumuldcie tinavového poskodenia (HKUP) a ich ucelom je
kvantifikovany odhad tirovne inavového poSkodenia sposobeného
procesom uréitej dizky resp. poctom cyklov. Podla charakteru
vyhodnotenych parametrov (blok harmonickych cyklov [3, 4] resp.
Statistické charakteristiky procesu ziskané v ramci korelacnej tedrie
[3, 4] alebo hodnoty AKF prip. SVH z autoregresného modelu
procesu [5]) mozno aplikovat vhodnit HKUP, zaloZenu na vyuZiti
niektorého z uvedenych parametrov.

Hypotéz zalozenych na vyuZziti ziskaného bloku resp. makro-
bloku harmonickych cyklov bolo navrhnutych a verifikovanych
vel'ké mnozstvo. Pri ich aplikacii sa vychadza hlavne z informacii
o pouZzitom konStrukénom materiale a zakladnych charakteristi-
kach makrobloku harmonickych cyklov (napr. pocet hladin bloku,
pocet cyklov, pocet cyklov do lomu na tej istej hladine a pod.).

Hypotézy zalozené na charakteristikdach korelacnej tedrie si
menej frekventované ako predchadzajuce hypotézy a vacsina z nich
je prili§ teoreticky i vypoCtovo naro¢na na konkrétne praktické
pouzitie. Navyse nie je zatial dostatoCne preukazana ich presnost
[4, 5].

Obr. 2. Wohlerova krivka (a), Mansonova-Goffinova krivka (b),

tion curve (Fig. 2c) which is
expressed in form

cyklickd deformacnd krivka (c) o o 1
Fig. 2. Wohler curve (a), Manson-Doffin curve (b), £, = —= + (—a> ", (%)
Cyclic deformation curve (c)

E K

Where K is a coefficient of
cyclic strength and 7 is a coefficient of cyclic strain-hardness. It is
important that by repeated loads doesn’t hold the classic Hook’s
law € = o/FE but the decisive role plays just the second part of
equation (5) [2].

2.3 Hypothesis of fatigue damage cumulation

It is natural that different ways of treatment and description
of stochastic working loads have as a result different methods of
fatigue damage estimation. In the area of fatigue these methods are
called hypothesis of fatigue damage cumulation (HFDC) and their
purpose is a quantified estimation of fatigue damage level estima-
tion caused by a process of certain length or a number of cycles.
Depending on character of evaluated parameters (the block of
harmonic cycles) [3,4] or statistic characteristics of the process
obtained in the frame of correlation theory [3,4] or values of auto-
correlation function (ACF) or power spectral density (PSD) from
an autoregressive model of process [5] it is possible to apply a suit-
able HFDC based on using some of the mentioned parameters.

A lot of hypotheses based on utilisation of the obtained block
or macroblock of harmonic cycles were proposed and verified. By
their application one goes out mainly from information about the
used construction material and about principal characteristics of
macroblock of harmonic cycles (e.g. number of block levels, number
of cycles, number of cycles until failure on the same level etc.).

Hypotheses based on the correlation theory characteristics are
less frequent than the former ones and most of them are too the-
oretic a computation demanding for concrete practical utilisation.
Moreover their accuracy has not been sufficiently proved until
now [4, 5].
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3. Rizikové faktory pri posudzovani inavovej Zivotnosti
technickych systémov

Jednou z oblasti pre aplikaciu metod riadenia rizika pri navrhu
a exploatacii technickych systémov je problematika odhadu pre-
vadzkovej pevnosti jednotlivych Casti a s nim stvisiaci odhad tna-
vovej zZivotnosti. Realizované analyzy pricin prevadzkovych poruch
a havarii rozliénych technickych systémov jednozna¢ne dokazuju,
Ze takmer vo vSetkych pripadoch bol pritomny unavovy proces ako
dosledok opakovaného dynamického namahania, vacsinou v syner-
gii s dal§im poskodzujicim procesom, ako korozia, suché trenie,
defekty materialu, vykyvy teploty a pod.

V zmysle smernice Rady Europy 89/392/EU by mal kazdy
konstruktér poznat rizika, ktoré su sprievodnym javom nim navrh-
nutého rieSenia, tzn. aj rizika, ktoré su sucastou pevnostnej kontroly.
Musi vediet, ktoré rizikové faktory ovplyviuju pravdepodobnost
poruchy Casti systému a navrhnut uZzivatelovi opatrenia na ich ria-
denie tzn. jej minimalizaciu prip. uplné odstranenie. Pre ilustraciu
je na obr. 3 analyzovana kauzalna zavislost vzniku poruchy nosnej
ocelovej konstrukcie zdvihacieho stroja a k nej priradené rizikové
faktory suvisiace s odhadom Zivotnosti podla [6].
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3. Risk factors in judgement of technical systems
fatigue life

One of areas for application of risk control methods in design
and exploitation of technical systems is working strength estimation
of their single parts and with it connected fatigue life estimation.
The realised analysis of working failure causes and breakdowns of
different technical systems shows clearly that nearly in all cases
a fatigue process was present as a result of a repeated dynamic
load, mostly in synergy with another damaging process such as
corrosion, dry friction, material defects, temperature changes etc.

In accordance with the guideline 89/392/EC of the European
Council each designer should know the risk connected with accom-
panying effects of the proposed solution it means also the risks
which are components of a strength check. He must know which
risk factors influence probability of failure of the system parts and
propose to the user some measures for their control it means their
minimisation or total elimination. For an illustration is on Fig. 3
analysed a causal dependence of a steel structure of a lifting machine
failure a its related a risk factors depending on its fatigue life esti-
mation after [6].
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Obr. 3. Rizikové faktory pri odhade Zivotnosti nosnych casti zdvihacieho stroja
Fig.3. Risk factors in estimation of carrying parts of lifting machine life

Vypocet alebo spravnejSie odhad Zivotnosti Casti konStrukcie sa
v skutocnosti ¢asto odliSuje od hodnoty dosiahnutej v realnej pre-
vadzke. Hlavnym dovodom st najmé problémy spojené s presnym

Calculation or rather estimation of the structure parts life
often in reality differs from the value reached in real working.
Main reasons are namely problems connected with an exact deter-
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urCenim charakteristickych parametrov vonkajsieho zatazenia, ktoré
pocas prevadzky na konstrukciu posobi. Takmer vo vsetkych pripa-
doch nie su k dispozicii hodnoty tnavovej pevnosti pre skumany
uzol konstrukcie, ale prevazne iba pre vzorky materialov, ¢o pred-
stavuje idealny stav, ktory sa v realnych podmienkach nasadenia
vyskytuje iba zriedka.

Postup odhadu Zivotnosti jednotlivych prvkov technickych
systémov a s nim spojené rizika pri predikcii prevadzkovej pev-
nosti st zalozené na definovani dvoch zakladnych veli€in - zataZe-
nia (napatosti, namahania) a tinosnosti.

ZataZenie vznikd ako doésledok posobenia prevadzkovych
podmienok. V simulaénych postupoch je najCastejSie vyjadrené
vo forme zatazovacieho spektra (kolektivu). Skuto¢né prevadz-
kové zatazenia systému vyvolavaju, v zavislosti od jeho konstruk-
cie, v jednotlivych funkénych celkoch rézne namahania. Aby
bolo mozné realny zataZovaci kolektiv v komplexe skumaného
systému definovat je nutné identifikovat druh vonkajSieho zataze-
nia, miesto jeho posobenia a jeho Casovi zavislost. Kazdy druh
prevadzky a rbézne vyrobné technologie su charakterizované
réznymi tvarmi zatazovacich kolektivov. Bezpecné dimenzovanie
funkénych cCasti systému na unavu je mozné iba vtedy, ak kons-
truktér pozna skutocné zatazenie konStrukcie uZ v etape jej
navrhu, napr. vo forme databazovych tudajov. Realne zatazovacie
kolektivy vSak v etape konStrukcie zatial nie su zname a ak zname
su, tak iba pre presne $pecifikovanu skupinu systémov. Z tohto
dovodu mozno zatazovaci kolektiv definovat ako vyznamny rizi-
kovy faktor.

Skuto¢né namahanie Casti konstrukcie je mozné zaznamenat
iba prostrednictvom aplikacie experimentalnych metdd pocas tech-
nického Zivota systému, ¢o je v praxi, najma pre bezné typy stroj-
nych konsStrukcii fazko rieSitelné hlavne tam, kde ide o nahodné
zatazenia. Jednym z moznych postupov s najvyssim stupnom pri-
bliZzenia ku skuto¢nosti je vyuZzitie simulacnych metod zaloZenych
na matematickych modeloch skimaného systému alebo jeho Casti.
Tento postup je prirodzene zatazeny chybou, ktora je priamo spéta
s rizikovym faktorom - zataZenim.

Unosnost sa vyjadruje v tvare materialovych charakteristik
(najcastejSie Wohlerova krivka), ktoré su v§ak vo vacsine pripadov
k dispozicii iba pre urcitu vzorku materialov. Zohladnenie pre-
vadzkovych parametrov znamena zmenu tvaru krivky a v odbornej
literattre sa hovori o tzv. prevadzkovej krivke Zivotnosti.

Dal§imi dolezitymi rizikovymi faktormi pri odhade Zivotnosti
su parametre suvisiace s vel'kostou sucasti a jej tvarom, typom
vrubov, povrchovou upravou a kvalitou jej zhotovenia, frekvenciou
zatazovania, pracovnou teplotou a pod., ktoré ovplyviuju vlast-
nosti materialov a tym aj tvar zZivotnostnej krivky. Bolo dokazané,
Ze najmé nedostato¢na znalost hodnoty smernice unavovej krivky
a nezohladnenie tvarovych nelinearit profilov analyzovanych Casti
moze viest k vyraznym odchylkam vypocitanych vysledkov.

4. Zaver

Vyznamny vyskyt prevadzkovych portch a havarii zapricine-
nych inavovym procesom nas neustale presviedca o tom, Ze uroven
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mination of a characteristic parameter of outer loads acting on the
structure during its working. Nearly in all cases there are not avail-
able values of fatigue strength for the tested part of a structure but
only the values for material samples. It is an ideal state, which is
in real working conditions very rare.

Procedures of life estimation of single elements of technical
systems and with it connected risk by prediction of working strength
are based on defining two principle variables - load (stress, strength)
and loading capacity.

The load rises as a result of working conditions. For the
purpose of simulation it is often expressed in the form of loading
spectrum (collective) which can be constructed on the base of the
known procedures. Real working loads of the system result in
dependence on its structure in different loads in single functional
systems. To be able to define load collective in complex of the
explored system it is necessary to identify a kind of external load,
point of its acting and to know its time dependence. Each kind of
working and different production technologies are characterised
with different forms of collectives. Relating to the safe dimension-
ing of the single system parts on fatigue it is suitable for a designer
to know the real structure load already in the stage of calculation,
for example, in a form of database. Real load collectives are not
mostly known in the stage of design and if they are known so just
for a strictly specified group sort of systems. Therefore, we can
define the load collective as a relevant risk factor.

Real stress of a structure part can be recorded just on the base
of experimental methods application during technical life of system
which is in practice namely for usual types of machine structures
just difficult solvable mainly there where the load are of stochastic
nature. One of available procedures with high grade of reliability
approximation is use of simulation methods based on mathemati-
cal model of explored system or its part. This procedure is natu-
rally marked with error which is directly connected with defined
risk factor - load.

Loading capacity is expressed in form of material character-
istics (most often Wohler curve) which are usually available just
for some material samples. Taking in account the working para-
meters means a change of curve form, which is called in special
literature as a working life curve.

Further important risk factors in life estimation are the para-
meters related with dimensions of a part, its form, type of notch
[7], state and quality of surface, loading frequency, working tem-
perature etc. which have influence on material properties and con-
nected form of life curve. It was proved that namely insufficient
knowledge of fatigue curve derivation value and insufficient taking
in account of form nonlinearity of profiles of analysed parts of
structures lead to relevant differences calculated values of life from
the real ones.

4. Conclusion

Relevant occurrence of working failures and breakdowns caused
by fatigue process show us all the time that our level of knowledge
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vedomosti o tejto oblasti a najmé ich aplikacia nie su stale na
pozadovanej urovni. Preto cielom prispevku bola charakteristika
najvyznamnejsich faktorov vstupujtcich do vypoc¢tového odhadu
unavovej Zivotnosti a poukazanie na niektoré rizika suvisiace s defi-
novanim faktorov vystupujucich v postupe odhadu tinavovej Zivot-
nosti a s tym suvisiacimi rizikami vzniku nestability technickych
systémov. Je zrejmé, Ze ak informacie o posobiacich faktoroch
prevadzkovych podmienok nebudu dostato¢né, budu v algoritme
odhadu zivotnosti vazne chyby a predikovana hodnota bude vyrazne
odlisna od skuto¢nej hodnoty dosiahnutej v realnej prevadzke.
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in this field and namely its application are still not on the wanted
level. Therefore, the aim of this paper was to characterise the most
relevant factors going into the calculated estimation of fatigue life
and to show some risks connected with the defining of factors
acting in the procedure of fatigue life estimation and with corre-
lated risks of instability rise of technical systems. It is evident that
in case of insufficient information about acting factors of working
conditions rise in the algorithm of life estimation relevant errors
and estimated value will be significantly different from the real
one.
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