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~ Abstract: This paper discusses the problem of frictionless contact effects in wire rope strand subjected to
" auial loading. The analysis was carried out by finite element method based computer program. The
- software used allowed two types of linear contacts, and both of them were applied in this analysis. The
~ comparison of the obtained results was carried out on the parametric 3D model of 6x7 IWRC.
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~ Apstrakt: U ovom radu se analizira problem uticaja kontakata bez trenja u pletenim uZadima, koje je
\ podvrgnuto aksijalnom opterecenju. Analiza je sprovedena primenom kompjuterskog programa koji je
Y basiran na metodi konacnih elemenata. Kori§éeni program dopusta dva tipa linearnih kontakata i oba su

~ primenjena u ovoj analizi. Rezultati su dobijeni i njihovo poredenje je izvedeno za parametrijski 3D model
. 67 pletenog uZeta sa nezavsnim Zicanim jezgrom [ WRC.

~ Kljuéne redi: uZe, Zica, struk, kontakt, metoda konacnih elemenata. .

1 INTRODUCTION

High strength wire ropes are very important
wensile structural members. Due to their
flexibility and high strength, ropes are in
widespread use throughout the mechanical,
electrical, mining and naval engineer industries.
Applications include lifts, suspension bridges,
lectrical power transmission, aircraft arresting
cables, and mining equipment. It is well known
that a major advantage of such elements is their
capacity to support large axial load.

In order to predict the wire rope behavior, several
theoretical models and analytical studies have been
presented in the literature, [1, 2]. Most of them
meglect " ictional and contact effects, but there are
some, that takes those effects into consideration.

1UVOD

Pletena uzad velike nosivosti su veoma vazni
strukturni elementi koji su optere¢eni na
zatezanje. Zbog svoje fleksibilnosti i visoke
¢vrstoée, ona su u Sirokoj upotrebi u masinskoj i
elektro industriji, brodarstvu, rudarstvu itd.
Koriste se kod liftova, vise¢ih mostova, kablova
za prenos elektri¢ne energije i rudarske opreme.
Opste je poznato da je glavna prednost ovih
elemenata njihova sposobnost da prenose velika
aksijana opterecenja.

U literaturi je predstavljeno niz teorijskih i analitickih
modela [1, 2], u cilju $to boljeg razumevanja,
predvidanja i analize ponaSanja uZadi. Neka od ovih
istraZivanja zanemaruju efekte trenja i kontakta uopste,
a neka od njih ih manje ili viSe uzimaju u obzir.
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As technology and computer sciences were
developing and became more available,
numerical analyses started to be frequently used
in predicting the wire rope behavior.

One of the first finite element analysis of simple straight
strand has been presented by Jiang and al in [3].

Elata et.al [4] developed a new model for
simulating the mechanical response of an
IWRC.

Elasto-plastic contact problem of laying wire
rope using finite element analysis has been
presented in [5].

A simple straight strand based on Cartesian
isoparametric formulation was presented through
finite element method in [6].

A realistic 3D structural model and finite element
analysis of a simple wire strand has been briefly
explained in [7], by Imrak and Erdonmez. The
same authors presented 3D solid model and wire-
by-wire »nalysis of TWCR in [8].

However, it is still very difficult to model
and analyze wire ropes using numerical
methods, such as finite element method,
because of its complex geometry and
frictional and contact effects. Also, this kind
of analysis requires substantial computer
resources. On the other hand, both,
analytical studies and numerical analyses
show that friction has no effect for certain
amount of loading.

The aim of this paper is to explore this aspect of wire
rope behavior and to analyze of frictionless contact
effects in the independent wire rope core (IWRC), -
using the finite element method computer program,
in order to minimize the extensive hardware
requirements and computational time.

2 FINITE ELEMENT MODEL
AND ANALYSIS

A 3D finite element model of ICWR was created
by using both CATIA and Ansys12 Workbench.
First, the parametric geometrical model was
created in Generative Shape Design mode of
Catia. The obtained geometrical model was then
imported as IGES  format to  Ansys
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Sa druge strane, kako su se tehnologija i racunars
tehnike razvijale i postajale dostupne, numeric
analize i metode su pocele sve Cesce da se korist
u predvidanju ponasanja pletenih uzadi.

’]

Jednu od prvih analiza metodom konal
[3

elemenata su predstavili Jiang i grupa autora u [3
Elata i ostali [4] razvili su novi model simulac
mehani¢kog odziva pletenog uzeta sa nezavst
7i¢anim jezgrom (IWRC)

Elasti¢no-plastiéni problem kontakata izm
7ica u pletenom uZetu pomocu metode konad
elemenata je analiziran u [S}.

Model jednostavnog pravog struka zasno
na metodi konalnih elemehata je opisar
radu [6].

Realni 3D strukturni model, kao i analiza metoc
kona¢nih elemenata osnovnog struka su ukr
objasnjeni u radu Imraka i Erdonmeza [7]. Isti av
su u radu [8] predstavili 3D solid model i analizu w
by-wire uZeta sa nezavisnim Zi¢anim jezgrom.

Medutim, bez obzira na postojeca istrazivanja,
uvek je veoma tesko modelovati i analizirati
pomodu numeri¢kih metoda, kao sto je na pri
metoda kona¢nih elemenata. Razlog tome
izuzetno komplikovana geometrija, kao 1 ut
kontakata i trenja izmedu Zica u pletenim uZad
Isto tako, ova vrsta analize zahteva znac
komjuterske resurse. Sa druge strane, i analitic
numericke analize pokazuju da se uticaj trenja 11
zanemariti za odredene veli¢ine opterecenja.

Cilj ovog rada jeste istraZivanje ovog asp
ponasanja pletenih uzadi, kada se trenje 1
zanemariti, a analiza kontakata spro
metodom konaénih elemenata, Sto bi sum
ubrzalo duge i zahtevne kompjuterske prora
tj. simulacije.

2 ANALIZA 1 MODELOVANJE METOD
KONACNIH ELEMENATA

3D model konacnih elemenata pletenog uzef
nezavsnim jezgrom kreiran je pomocu dva sof
CATIA and Ansysl12 Workbench. Prvo je ost
parametarski ~ geometrijski model u o
odgovarajuéeg moda u Catia. Dobijeni geomel
model je, zatim, importovan kao IGES format u /
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12 Workbench.  This  program  allowed
specification of material properties, application
of loads, generation of finite element mesh, and
contact definition as well as solving and
obtaining necessary output data.

As mentioned earlier, a number of analytical and
numerical studies show that for certain amount of
axial loading, friction, has no effect. But regardless
of friction, the contacts between wires exist and
must be taken into consideration. They determine
how the wires can move relative to one another, and
the distribution of loading between them as well.

The software used in this study allows two
types of linear contacts, and both of them were
applied in this analysis. Bonded contact is the
default configuration of contact and applies to
all contact regions (surfaces, solids, lines,
faces, edges). If contact regions are bonded,
then no sliding or separation between faces or
edges is allowed, as if the bodies were glued.
No Separation contact setting is similar to the
bonded case. It only applies to regions of faces
‘for 3-D solids) or edges (for 2-D plates).
Separation of faces in contact is not allowed,
Hut small amounts of frictionless sliding can
occur along contact faces.

2.1 Numerical Example and Analysis of Results
The elastic behavior of TWRC subjected to axial
loading exists until the value of the applied axial

sirain reaches 0.008 (Figure 1), and that is the
Jdomain of the investigated behavior.

Force Reaction (Total)-Srain (g)

12 Workbench. Ovaj softver omogucava, zadavanje
odgovarajucih karakteristika materijala, opterecenja,
vi§i se kreiranje mreZe konacnih elemenata,
definisanje odgovarajuc¢ih tipova kontakata, kao i
reSevanje i dobijanje odgovarajucih izlaznih veli¢ina.

Kao $to je veé reCeno, vise analitickih i numerickih
analiza pokazuju da se uticaj trenja moZe zanemariti
za odredene veli¢ine opterecenja. Medutim, bez
obzira na trenje, kontakti izmedu Zica pletenih
uzadi moraju biti uzeti u obzir. Oni odreduju
relativno pomeranje izmedu Zica, kao i medusobnu
raspodelu opterecenja.

Koris¢eni softver dopusta dva tipa linearnih kontakata i
oba su primenjena u ovoj analizi. “Vezani” (bonded)
kontakt je “‘default” konfiguracija kontakata koja se
moZe primeniti na sve kontaktne regije (povrsine,
solide, linije, stranice, ivice). Ako su kontaktne regije
vezane, nije dozvoljeno proklizavanje ili odvajanje
stranica ili ivica, drugim re¢ima, vezana tela se ponasaju
kao da su slepljena. Konfiguracija kontakata “bez
odvajanja” (no separation) je sli¢na prethodnoj. Moze
se primeniti samo na regije stranica (kod 3D solida) ili
ivica (kod 2D ploca). U ovom slucaju, kao §to i sam
naziv kaZe, odvajanje stranica u kontaktu nije
dozvoljeno, ali malo proklizavanje bez trenja se moze
javiti duZ stranica u kontaktu.

2.1 Numericki primer i analiza rezultata

Elasticno ponaSanje pletene Zice podvrgnute
aksijalnom opterecenju je prisutno sve dok aksijalna
elongacija ne dostigne vrednost 0.008 (slika 1), a to
je upravo podrucje u kome se ova analiza i sprovodi.
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Figure 1 Diagram of resulting axial force for INRC 6x7 wire rope
slika 1 Dijagram rezultujuce aksijalne sile za IWRC 6x7
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As it can be observed, friction has no effect on
resulting axial force in investigated domain,
which is indicated in [7].

The IWRC 6x7 wire rope has been taken as an
example. The core strand the radius of center
wire is r;=1.97 mm, and outer wire r;=1.865
mm, and pitch length 70 mm; the outer strand
center wire radius is r3=1.6 mm, and outer wire
radius r,=1.5 mm and pitch length 193 mm.
The overall length of the wire rope model is
18 mm (Figure 2).

0.000 g8

_30.000 {mm)

7.500 22500

Figure 2

Kao $to se moze uoditi, trenje nema uticaja na
rezultujuéu  aksijalnu  silu  u  analiziranom
podrugju, kako je i naglaseno u [7].

Kao primer je analizirano pleteno uZe sa
nezavsnim zi¢anim jezgrom IWRC  6x7
Polupre¢nik centralne Zice jezgra je r;=1.97 mm,
a spoljasnje 1,=1.865 mm, sa duZinom koraka oc
70 mm, dok je polupre¢nik centralne Zice struk
r;=1.6 mm, a spoljasnje Zice struka r;=1.5 mm, sz
duzinom koraka od 193 mm. Ukupna analiziranz
duzina pletenog uzeta je 18 mm (slika 2).

0,001 o 16,000
7,600 22,500

30,000 (mm)

3D Finite element model

slika 2 3D model konacnih elemenata

The model was meshed, and the prescribed
boundary conditions were used for solving.
On one end of the model the degree of
freedom in all three directions were
constrained, and on the other end the
displacement in x and y directions were
restrained to zero. As mentioned, the axial
loading behavior was analyzed. An axial
strain in increments of 0.001 was applied, the
modulus of elasticity was E=1.88el1 Pa, and
Poisson’s ratio v=0.3.

3 COMPARISON OF THE RESULTS

The described numerical model is solved, and
results are presented in the following diagrams.
To be more specific, the solutions were obtained
for three different meshed models, i.e., for
274406, 584411 and 1355130 number of nodes.

[zr$eno je generisanje mreze konacnih elemenata r
prethodno  kreiranom geometrijskom modelu,
uneseni su prethodno definisani grani¢ni uslo
neophodni za sprovodenje simulacije. Jedan kr
modela je fiksiran, dok su na drugom kra
pomeranja u X i y pravcu svedena na nulu. Kao Sto
ve¢ reteno, analizirano je ponaSanje uZeta p
aksijalnom optereéenju, pri Cemu je zadavar
poduzna elongacija u z pravcu sa inkrementom
0.001, pri ¢emu je modul elasticnosti E=1.88x1C
Pa, a Poasonov koeficijent v=0.3.

3 POREDENJE REZULTATA

Ovako definisan numeri¢ki model je analiziran,
rezultati su predstavljni na slede¢im dijagramim
Zapravo, reSenja su dobijena za tri razlici
modela kona¢nih elemenata, tj. za modele
274406, 584411 1 1355130 Cvorova.
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Figure 3 Diagram of resulting axial force for two different types of contact
slika 3 Dijagram rezultujuée aksijalne sile za dva razlicita tipa kontakta

The diagrams (Figure 3) show axial force for two  Na ovim dijagramima (slika 3) je prikazana
different types of contact and three different rezultujuéa aksijalna sila za dva razlicita tipa
meshed models. They also show excellent kontakta i tri razli¢ita modela konacnih elemenata.
agreements between obtained results and with the Na njima se moZe uogiti odlicno medusobno
results from [7]. That comparison is presented in  poklapanje dobijenih rezultata i rezultata iz [7], koje

following diagram (Figure 4). je dato na narednom dijagramu (slika 4).
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Figure 4 Comparison of the resulting axial force
slika 4 Poredenje rezultujuce aksijalne sile
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Besides the resulting axial force, the equivalent
stresses (von Misses) were calculated as well.
The variation of those stresses throughout the
model can be seen in next figure, for bonded and
no separation contact settings, respectively.

Pored rezultujuce aksijalne sile analizirani su i
ekvivalentni (von Misses) naponi. Promena ovih
napona kroz ceo model moze se videti na Slici 5.
1 to za “bonded” i “no separation” kontakte,
respektivno.

Figure 5 Von Misses stresses for two different types of contact
slika 5 Von Misses naponi za dva razlicita tipa kontakta

Pressures  between individual wires were
calculated, also. The variation of pressures
throughout the model can be seen in Figure 6. for
bonded and no separation contact settings,
respectively, for model with maximum number of
nodes. The figure shows that the position of
maximum pressure is in the middle of contact line
between outer core wires and core center wire.

Pritisci izmedu pojedinacnih Zzica su takode
analizirani. Promena ovih pritisaka kroz ceo
model moze se videti na Slici 6. i to za “bonded”
1 “no separation” kontakte, respektivno, a sve to
za modele sa maksimalnim brojem ¢vorova. Na
slici se moze uociti da je u oba slucaja mesto
maksimalnog pritiska na sredini linije dodira
izmedu zica u jezgru.

Figure 6 Pressure for two different types of contact
slika 6 Pritisci za dva razlicita tipa kontakta

Those pressures, their minimum and maximum
values are shown on diagrams in Figure 7. On
diagrams are shown pressures for all three
meshed models.

38

Minimalne i maksimalne vrednosti ovih pritisaka
su prikazane na dijagramima na Slici 7. Na njima
je predstavljena promena pritisaka za sva tri
razli¢ita modela kona¢nih elemenata.

\
‘
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Figure 7 Diagrams of pressures for two different types of contact
slika 7 Dijagrami pritiska za dva razlicita tipa kontakta

It can be seen that there are no significant
difference in these values for two analyzed
contact settings, for all three meshed models.
Also, based on those pressures, it can be
concluded that the contact between the outer core
wires and center wire core, along with all other
contacts play a key role in predicting behavior
and load distribution of wire rope.

4 CONCLUSION

Using commercial software, which is currently
widely available, the analysis of frictionless
gontact effects in wire rope strand using the
Sinite element method was carried out. The
wire rope was subjected to axial loading.
Because, it is still very difficult to model and
analyze wire ropes using numerical methods,
due to its complex geometry and frictional and
eontact effects, this analysis took into
consideration only the elastic behavior domain,
were frictional effects could have been
meglected.  The two different types of linear
gontacts between wires were applied. The
@btained results showed excellent agreements
with the results from the literature that was
@vailable. The results also emphasis the
@enificance of the nature of the contact
Between wires in IWRC, once more. At the end
i can be concluded that this kind of analysis
g2n be more then useful in cases when the
#rain of wire ropes does not exceed 0.008.
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MoZe se uociti da ne postoje bitne razlike izmedu
vrednosti  pritisaka za dva razlicita tipa
analiziranih kontakta, za sva tri razli¢ita modela
konacnih elemenata. Isto tako, na osnovu ovih
pritisaka se moZe zakljuciti da kontakti izmedu
zica u jezgru, imaju glavnu ulogu u predvidanju
ponaSanja i prenoSenju opterecenja izmedu Fica
pletenog uzeta.

4 ZAKLJUCAK

U ovom radu je, uz pomo¢ komercijalnog
softvera  baziranom na metodi kona&nih
elemenata, koji je bio dostupan, analiziran
problem uticaja kontakata bez trenja u pletenim
uzadima, koja su podvrgnuta aksijalnom
opterecenju. U okviru ove analize razmatrano je
samo ponasanje uZeta unutar elasti¢ne oblasti, jer
Je jos uvek veoma tesko modelovati i analizirati
uzad pomocu numeri¢kih metoda, zbog izuzetno
komplikovane geometrije, kao i uticaja kontakta i
trenja izmedu Zica u pletenim uZadima. To je
omoguéilo  zanemarivanje  uticaja trenja.
Razmatrana su dva razlitita tipa kontakata.
Dobijeni rezultati su pokazali odli¢no slaganja sa
rezultatima koji postoje u dostupnoj literaturi.
Dobijeni rezultati takode jos jednom istidu znacaj
prirode kontakata izmedu Zica u pletenim
uzadima. Na kraju se moZe zakljugiti da ovakva
vrsta analize moZe biti korisna u svim onim
slu¢ajevima aksijalnog optereenja uZeta u
kojima elongacija ne prelazi vrednost od 0.008.
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