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MODEL OF NON-LINEAR WIRE ROPES FATIGUE PROCESS

The paper concerns on fatigue behaviour of steel wire ropes. Wire ropes are used in many transportation machines
and systems. Reliability of such systems depends also on ropes which degrade during service time. Understanding of
degradations processes plays important rule in wire rope use. One of such ways is simulation using mathematical
models of degradation processes. Paper presents an idea which allows modelling and predicting the wire rope fatigue
process. The wire rope fatigue damage is modelled using computer environment on the basis of Miner and Palmgren’s
hypothesis and Wohler’s fatigue low that allows for determining the life of individual wires in wire rope bunch struc-
ture. Basic equations are represented by non-liner functions. The paper presents only the main idea in which digital
model is computed. The results are plotted as time/cycle functions of number of broken wires as rope life curves. The
model affords a good agreement between theory and practice and allows modeling different situations with changeable

parameters of wire ropes and loading.

1. Introduction. The paper presents an idea
which allows modeling and predicting the wire rope
fatigue process. The wire rope fatigue damage is
modelled using computer environment on the basis
of Miner and Palmgren’s hypothesis and Wohlers
fatigue low that allows for determining the life of
individual wires in wire rope bunch structure. Both
equations are represented by non-liner functions.
When a single wire of the-rope breaks, the carried
load is redistributed among the remaining wires. Later
then the second wire breaks and process is continued
until the rope discard criteria are rejected. The paper
presents the main idea in which digital model is
computed. The results are plotted as time/cycle functions
of number of broken wires as rope life curves. The
model affords a good agreement between theory and
practice.

2. The fatigue behaviour of wire ropes. The
fatigue of wire ropes in service on different drive
transport facilities and other installations is one of
the most important reasons of their discard. After
number of cycles broken wires occurs and wire rope
have to be replaced with a new one. The problem is
that the fatigue behaviour of a wire rope of specified
construction used in given service conditions cannot
be precisely determined on the basis of such data as
rope construction, mechanical properties of wires and
the manufacturer’s specification of loading. This
parameter can be only approximated. There are
several definitions of the fatigue endurance of wire
ropes. The most convenient definition of the fatigue
endurance is the number of work cycles for the given
rope in specified environmental and fatigue condi-
tions. This parameter can be well used to compare
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various rope constructions used in similar applica-
tions. In publications [3] on the subject several
techniques of determining the fatigue endurance is
suggested. Generally speaking, three approaches are
possible: calculation of the allowable number of cycles
(using very complex formulas), the use of testing
fatigue machines and having data from wire rope
service taken during periodical inspections. This
method is preferred by the author.

The first technique lacks precision; the formulas
are rather extensive and fail to take into account the
random factors. Still the method is used in Germany
(by CASAR rope manufacturer), England and France
to assess the fatigue endurance of ropes in new appli-
cations. The second method involves complicated,
time-consuming and expensive endurance tests on
various testing machines. The results are mostly
reliable though there are some restrictions too: as
the tests have individual character the results must
not be generalised, hence standardisation becomes a
major problem. Besides, tests last a long time and
are subject to limitations resulting from testing ma-
chine structure, so the scope of tests that might be
performed is usually limited. The last one technique
is not practical because of very long time of gathering
information but it gives very interesting results. This
function is practically useful only for particular type
of rope construction and installation.

Though the fatigue endurance of wire ropes can
be determined this way, this parameter still is difficult
to interpret, especially for wire ropes being still in
service. It is a well-known fact that ropes in multi
ropes hoists friction winders having the same con-
struction, produced by the same manufacturer and
used in the same environment will behave differently.
Such observations lead us to the conclusion that the
effects of random factors on stress distribution pat-
terns in ropes are far from minor, though sometimes
tend to be overlooked. Stress variations in single wires
cannot be monitored experimentally; hence the
Author suggests that this phenomenon be studied by
way of computer modelling of rope construction,
loading and random factors. Results of computer
simulation allow for determining the effects of stress
distribution in ropes on fatigue endurance of the
whole rope installation. Several simplifications and
limitations being considered, it was demonstrated that
creation of such a model is possible and thus
generated results allow for highlighting several random
processes- a thing that has not been done so far.
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3. Simulation of non-liner fatigue process of
wire ropes. The mathematical model for simulation
includes several rules as well as simplifications and
restrictions written in the form of an algorithm in
Matlab [1]. The main aim is to compute the service
life (or number of cycles) of subsequent wires till their
fatigue failure. The block algorithm is shown in fi-
gure 1 and more precisely is explained in paper [3].

Rule 1. All wires are loaded with external loa-
ding forces. These loads as well as other forces or
moments of force generate the complex state of strain
in the rope, depending on rope geometry (at that stage
contact and tangent stresses are neglected). Each
wire is described with the parameters: diameter d,
R _and a way of manufacturing.

Rule 2. Stress distribution in wires is random
though the sum of axial responses (along the rope
axis) to loads carried by individual wires is always
equal to the external loading.

Rule 3. Wires are subject to fatigue, manifested
as brittle cracking due to cyclic fluctuations of exter-
nal loading. The fatigue of wire material is derived
from the non-linear S-N formula, specific for each
wire. The coefficients in the S-N formula may be
random.

Rule 4. The number of cycles to the wire rupture
is obtained from the summation non-linear formula
(1) developed by Miner [2] and Palmgren.

Rule 5. Highly stressed wires break first, after
being in service for the ultimate number of cycles,
obtained from the S-N non-linear formula (2, 3).

Rule 6. When a wire breaks, the load it carried
is redistributed among the remaining wires in
proportion to their earlier loading

The normal distribution pattern is applied in
modelling of random parameters and variables
present in the algorithm. Some tests reveal that the
normal distribution provides a good estimate of the
real stress distribution and so do the Reilegh and
Weibull’s distributions.

Each rope wire is subject to fatigue wear which
has a cumulative character. Working time of each
wire is defined by the number of stress cycles and
the stress amplitude for a given number of cycles. It is
described by Miner Palmgren’s [2] as equation (1):
n(i, j)
NG, j)
Where: i is the identification number of the broken
wire, j is the identification number of the wire, n(i,j)
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is the number of stress cycles the wire worked loaded
with the stress of s(7,j), N(i,j) is the number of stress
cycles under after which the wire breaks under stress
s(i,j), a(ij) is the ratio of the n(ij) to N(ij).

Wohlers equation is usually presented as non
linear formula (3) which could be presented in linear
form as (3). Parameters for linear equation are
usually known from fatigue tests for wire rope wires:

N-cb=c, )

log(z): c+b-log(N). 3)

Where N — is the number of stress cycles under after

which the wire breaks under stress s, MPa, ¢ —
constant, a, b — Wohlers equation constants.

3. Rope endurance simulation. The model
facilitates assessment and quantification of influence
various parameters have on rope endurance. The
discussion that follows is confined to relations bet-
ween type of load distribution in rope wires and rope
life. While these specifications do not reflect any
specific rope, they allow for assessment of model
performance for a variety of changing parameters
for example: the carried load (figure 2).

The rope endurance was simulated for varying
load distribution and parameters taken from practice.
In the first run rope was normally loaded. In next
two runs the rope was under loaded (10% less then
normal load) and overloaded (20% more). Under
loading or overloading has very important influence
on further shape of wire rope endurance curve. In
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the modelled situation the rope remained in service
for 56,000 cycles and the fatigue wear index reached
5 % loss of metallic cross section. Afterwards an
increased load was applied, 10 % higher than the
initial value. In the second case modelled here the
load was relieved by 10 % with respect to the initial
value. This figure gives an idea about results which
could be obtained using mathematical modelling of
wire ropes damage which can solve difficult to other
analysis non-linear problems.

4. Conclusions

1. Having applied the fundamental principles of
describing rope geometry, the techniques of wire
manufacture, the fatigue formula, the cycle cummu-
tation formula for individual wires and some rules
governing load distribution among the wires, one can
develop a model of fatigue wear which allows for
simulation of these processes on any PC computer
platform.

2. The model allows for simulation of effects of
parametric and non-parametric factors related to
random properties of the material constants, particu-
larly the random character of load distribution and
redistribution and stress per single wire.

3. The model helps to analyse how several fac-
tors, not considered hitherto, should affect the fatigue
endurance of wire ropes.

4. Simulations utilising the fatigue wear model
allow for optimisation of rope design as excellent
endurance parameters can be achieved.

Wire
parameters

Figure 1.
The block algorithm
for calculation wire rope
fatigue endurance
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5. The applied calculation procedures allows for
identification of factors which influence rope quality
in a minor degree.

6. Despite several simplifications and limita-tions,
the results of fatigue wear simulations are consistent
with the results of rope testing on testing machines
and in real-life conditions; hence the simu-lation results
might be used in qualitative analyses.

7. The model has a great educational value, it
allows for quick monitoring of the influence of seve-
ral factors on the fatigue endurance of wire ropes.
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Pe3ome

Keuik sxyiienepinye xoHe KypbUIbIMAAPAA KOJIAaHbUIATHIH
bomat apkaHmapAbIH TO3Y Mpoleci 3eprrenren. MyHpuai
Ky HeNepIiH JKYMBICBIHBIH CEHIMZLIIT 9KCIUTyaTalus Ke3inne
TO3aTHIH apKaHAAPIbIH sKaFmaibiHa OalnaHbICTEl GONFAHIBIK-
TaH, 6Te MaHbI3Ibl POJib aTkapansl. Minera Palmgrena sxopama-
nbl MeH Wohlera Tenneynepi HerisiHAerl KOMIBIOTEPIK CHMY-
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JSIUMST IapLian To3y MPOLECTepiH 3epTrey amicTepiHin Oipi
Goubn Tabbansl. by oxic 6oaT apkaH KYpBUIBIMBIHIAFBI JKEKe
Oonat KINTepPAiH KYMBIC YaKBITTAPbIH aHBIKTAYFa MYMKIHIIK
Oepeni. KOJIAHBUIFAH TEHJEYJEP CBI3BIKTHI eMec. Makanazna
ecenTey MOJENbJEPiHIH Heriz-aepi Oepinin, anblHFAH HOTIDKE-
nep rpaduk Ty pinge OepinreH. ycoiHbLFaH HOOA TokipubeMeH
colikec KeJjei, COHbIMEH KaTtap OonaT apKaH JKoHE OJIap/iblH
JKYyKTeMeJIepl reOMET-PHUSCHIHbIH aiiHbIMAIbl TapaMeTpIiepiHe
TYPJIi ecenTeysep Kyprisyre MyMKIHIIK Oeperi.

Pe3ome

PaccmoTpena mpoGiiemMa yCTaIOCTHOTO M3HOCA CTABHBIX
KaHATOB, TOBCEMECTHO UCTIONIb3YEMbIX B TPAHCITOPTHBIX CUCTE-
Max 1 O60py,E[OBaHI/IH, HanexHocTh pa60"n;1 TAKUX CUCTEM 3aBH-
CHT TaKXKe€ OT COCTOSHUSI CTAJIbHBIX KAHATOB, KOTOPBIE H3HAILH-
BAIOTCSI BO BPEMs SKCILIyaTallUy, MO3TOMY MOHUMAaHUE 3THX
IPOLIECCOB UIPAET 37€Ch OrPOMHYIO posib. OHUM U3 METOAOB
HCCIIEA0BAHMA SABJIACTCA KOMIIBIOTEPHAA CUMYJIALMA C UCIIOJIb-
30BaHUEM MOJEIHPOBAHUS U NMPOTHO3UPOBAHUS IIpOLecca yC-
TAJIOCTHOTO M3HOCA Ha OCHOBe rumoressl Minera Palmgrena u
ypaBueHuii Wohlera. DToT METO TIO3BOJISIET OIPE-IEUTH BPE-
Mst pabOTBI OT/IEIbHBIX CTANBHBIX HUTEH B CTPYKTYPE CTAIBHO-
ro kanara. Mcnonb3oBaHHbIE ypaBHEHUs UMEIOT HETMHENHBIH
xapakrep. IIpuBeneHbl OCHOBBI BEIYUCIHTENPHONH MOIENH, a
HEKOTOPbIE PE3yJIbTaThl KOMITBIOTEPHOH CHMYJISILIUY MIPENICTaB-
JeHbl B rpaguueckoM BHAE KaK (YHKLMS HapacCTAHUS YHUCIA
YCTaJIOCTHBIX HU3JIOMOB B 3aBUCUMOCTH OT KOJUYECTBA LIUKJIOB
pabotsL. IIpensoskeHHast MOZIeIIb aeT XOPOLLEE COrIACHE C IIPaK-
THYCCKUMHU Ha6.]'II'O,HeHI/I$IMI/I U MO3BOJIHACT NMPOBOAUTH Pa3jInyi-
HBIC MOACINPOBAHUA CHTyaL[I/Iﬁ C MEPEMEHHBIMU MMapamMeTpamMn
TCOMETPHHN CTAJIbHBIX KaHATOB U UX HArpy3KH.
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