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Modulation of Magnetic Field by Steel Rope Defects
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doc. Dr. Ing. Michal Lesiiék®; prof. Ing. Jaromir Pi&ora, CSc.%; Ing. Vladimir Vrabko? Ing. Jan Kroupa®

1 V3B —Technical University of Ostrava, Nanotechnology Centre, Regional Material Technology Research Centre,
17. listopadu 2172/15, 708 00 Ostrava-Poruba, Czech Republic

2 VSB — Technical University of Ostrava, Institute of Mining Engineering and Security, 17. listopadu 2172/15, 708 00
Ostrava-Poruba, Czech Republic

The paper is devoted to the modeling of the magnetic field around magnetized steel ropes using the ANSYS software
package. The influence of wire cracks on the amplitude distribution of the generated field is specified for two kinds of steel
rope assuming surface and inner defects. The first rope is characterized by six rope strands where each strand is
completed by 27 wires (two different diameters, 12 thick wires, and 15 thin ones), while the second one has a Z-geometry
with a special cross section of wires located on rope surface. The results show a significant influence of surface defects
(more than 10 mT) and measurable magnetic flux responses (in the frame of some mT) by cracks in the inner wires with
1 mm gaps. The limits for nondestructive testing of demonstrated ropes are described in detail. Theoretical results support
the application of magnetic measurements for nondestructive testing of steel ropes in practice.
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Prace je zamerena na modelovani magnetického pole kolem zmagnetovanych ocelovych lan pomoci softwarového balicku
ANSYS. Zameruje se na modifikaci rozptylovych magnetickych poli vlivem povrchovych, podpovrchovych a vnitinich vad
ocelovych lan, pedevsim na roli trhlin jednotlivych dratii v lané a kumulaci prasklinovych defekti. Vliv dratovych prasklin
na rozlozeni amplitudy generovaného pole je studovan pro dva typy ocelovych lan, kde se predpokladaji povrchové
a vnit/ni vady. Prvni lano je charakterizovano Sesti lanovymi prameny, kde kazdy z nich je tvosen 27 draty (dva rizné
prameéry, 12 tlustych a 15 tenkych drati), zatimco druhy mé& Z-geometrii se zvl&Stnim prisezem dréti umisténych na
povrchu lana. Vysledky vykazuji vyznamny vliv povrchovych defektiz, kdy p7i trhline povrchového dratu s mezerou velikosti
1 mm pozorujeme amplitudovou modulaci magnetické indukce v okoli lana s Grovni vyrazné vysSi nez 10 mT. Pro
podpovrchové defekty shodné geometrie, které nelze diagnostikovat optickymi metodami, se amplituda modulachiho pole
pohybuje na Grovni nékolika mT pro hodnoty magnetické indukce. Z hlediska budouciho vyvoje jsou zajimavé vysledky,
které popisuji vliv trhlin drati, které se vyskytuji v hlubokych vrstvach ocelového lana. | vtomto pripadé byl pozorovan
efekt trhliny na distribuci vnéjSiho magnetického pole. Tyto vysledky podporuji Sanci pro aplikaci nedestruktivnich
diagnostickych metod ocelovych lan pro komplexni analyzu technického stavu techto diilezitych prvki transportnich
a nosnych systémz. U ocelovych lan s uzavienym povrchem (Z-geometrie) u vnit/nich defektz (trhliny drati) se blizime
k meznim hodnotdm sniméni poruch, kdy dana konstrukce lana vyrazné ovliviiuje modulaci rozptylovych magnetickych
poli internimi poruchami. Z popsanych jevii vyplyva, Ze bude zapotiebi vénovat se také popisu Ubytku kovového praiezu
(koroze) jednotlivych drat: lana na rozlozeni vysledného magnetického pole v okoli zmagnetovaného lana.

Kli¢ovéa slova: Magnetickeé pole; ocelova lana; magneticka diagnostika; defektoskopie

Steel wire ropes are complex structures. Most wire ropes
operate in demanding conditions and must resist crushing,
bending fatigue, and abrasion. Consequences of their
failures can often be catastrophic [1]. A steel wire rope
consists of wires laid into severa strands, which are, in
turn, laid around a center core. They belong to the most
critical items in the transport industry. Traffic safety is
very important, so ropes are routinely controlled by a
suitable type of flaw detector. It is well known that
magnetic analysis appeared to offer the greatest promise
as anondestructive method for testing wire ropes. This
method can naturally be applied only to ferromagnetic
materials.

At the VSB-TU Ostrava, we have developed a flaw
detector for the inspection of steel ropes and tubes up to
adiameter of 60 mm. Permanent magnets are used as a
source of magnetic field. Hall detectors have been used to
measure the magnetic field. Permanent magnets as
amagnetic source are very stable and do not need
electrical power. Hall probes for measuring magnetic
fields have the advantage that they enable measuring the
rope in astatic state (without the motion between the rope
and flaw detector). The advantage of this method is the
ability to identify individual defects over the total length
of the rope, which normally reaches 1000 m (up to
10,000 m). The method is very sensitive to external
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defects, while internal defects are more difficult to
identify.

For this reason, we try to model the responses of
individual types of defects for a specific design of stedl
rope [2]. This method allows us to detect not only the
surface breakages (broken wires, imperfections, cracks)
but aso the internal defects. The physical principle of
magnetic testing is based on the generation of a secondary
magnetic field, which is created by amagnetized body
[3, 4]. Not all flux lines of the magnetized object crossthe
defect area directly [5]. It means generaly that the
longitudinal and radial components of the magnetic field
are specified. The solution of the field problem of the
magnetized bodies is of great importance in several areas
of science especially because of the increasing use of
permanent magnets and magnetic circuits [6, 7].

1. Modeling

The model of the setup can be formulated using a scalar
magnetic potential. Two types of the sub-regions can be
distinguished: the source-free medium (air) and the
magnetic material (steel rope wires). Both types of the
mentioned sub-regions are considered without free
currents, and the result is that the tangential components
of the magnetic field intensity along their mutual
boundaries are continuous. The applied mathematical
approach is described in [8] in detail.

The numerical modeling of the experimental array by
FEM was carried out using the ANSY S software package.
To secure stable results of the computation, the size and
the number of the elements in the model was tested. It
was found that in order to achieve stable results, models
had to contain approximately 2 500 000 elements. Further
increasing the number of elements does not substantially
improve the stability increase, and moreover, it leads to
superfluous growth of computational time.

2. Theoretical Results

The numerical computations of magnetic fields generated
by cracks of magnetized steel ropes have been realized on
two geometrical constructions of steel ropes. The first one
is depicted in Fig. 1, and it is characterized by six rope
strands where each of them is completed by 27 wires (two
different diameters, 12 thick wires, and 15 thin ones). The
second rope has the so-called Z-geometry (Fig. 2), with a
special cross section of wires|ocated on the rope surface.

The fundamental question related to magnetic diagnostics
(in general) is the limit responsibility for steel rope
testing. This question is connected with the secondary
magnetic field magnitude generated by defects of the
magnetized rope. In the following text we try to describe
the magnetic field distribution around magnetized steel
ropes with different positions of defects.
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Fig.1 Cross-section of six strands rope combining thick and thin wires
Obr.1 Sestipramenné ocelové lano s tenkymi atlustymi dréaty

Fig.2 Z-geometry of steel rope
Obr.2 Ocelovélano s Z-dréty

Fig. 3 The rope with a surface defect; the positions of the defect is
specified by colored fronts of wire

Obr. 3 Lano s povrchovou vadou; pozice defektu jsou uréeny barvami
drétu
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The first situation is awire crack (1 mm gap on the thick
wire) on the rope periphery (see Fig.3). The
corresponding 3D distribution of the secondary magnetic
field is demonstrated in Fig. 4. The magnetic flux density
peak for this case reaches up to 70 mT. For this case, the
discussed crack means approximately 1% of the change of
the rope cross-section.

For nondestructive testing, the main attention is focused
on the possibility to determine inner steel ropes defects,
which cannot be disclosed by visual techniques. Figure 5
describes the magnetic field distribution around rope
where the underground thin wire isinterrupted by a1 mm
gap. The corresponding magnetic flux distribution at the
rope rope surface is modulated in the frame of 10 mT

(Fig. 6).

For the case when the inner thin wire is broken (1 mm
gap, Fig. 7), magnetic field changes in comparison with
the perfect rope are approx. 1 mT (Fig. 8).

Fig.4 3D distribution of secondary magnetic field for wire crack
(2 mm) on the rope periphery (six strands rope) according to
Fig. 3

3D rozloZeni sekundarniho magnetického pole pro pietrzeny
drét (1 mm) na obvodu lana (Sest pramenné lano) podle obr. 3

Obr. 4

Fig.5 The underground wire defect (gap of 1mm on thin
underground wire)
Defekt uvnitt lana (mezera 1 mm na tenkém podzemnim

vodi&i)

Obr. 5
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Fig. 6 3D distribution of secondary magnetic field for thin wire crack
(2 mm) according to Fig. 5
3D rozlozeni sekundérniho magnetického pole pro tenké drét

(2 mm) podie obr. 5

Obr. 6

Fig. 7 The geometry of inner wire crack (1 mm gap)
Obr. 7 Geometrie vnitiniho defektu (1 mm mezera)

Fig.8 The distribution of modulated magnetic field by inner wire
crack according to Fig. 7
RozloZeni magnetického pole kolem vnitiniho defektu drétu

podle obr. 7

Obr. 8

In order to enable unambiguous decisions related to
defects geometry and their positions in the rope the
modulation of the magnetic field around magnetized steel
rope with cracks,which are repeated (Fig. 9) has been
studied. For these cases we can observe importantly
different output signal of-flaw detector (magnetic field
modulation) in comparison with early discussed situations
(Fig. 10).
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Fig.9 Steel rope with multiple wire cracks
Obr.9 Ocelové lano s nekolika prasklymi dréty

Fig. 10 Magnetic field distribution around steel rope with multiple wire
cracks according to Fig. 9

Obr. 10 Rozlozeni magnetického pole kolem ocelovych lan s neékolika
trhlinami podie obr. 9

For the magnetized Z-geometry rope with surface
breskage (Fig. 11) the surroundings of the defect are
characterized by important magnetic flux changes
(Fig. 12). Close to the defect area, we can observe more
than 50 mT shifts in the magnetic field amplitude.

Fig. 11 Z-geometry rope with surface breakage
Obr. 11 Lano Z- geometrie s povrchovymi defekty

Fig. 12 Magnetic field modulation for Z-geometry rope with surface
breakage according to Fig. 11

Obr. 12 RozloZeni magnetického pole pro lanko typu Z s defektem
povrchu podle obr. 11

Fig. 13 Steel ropes with a Z-geometry with internal crack
Obr. 13 Ocelové lana se Z-geometrii s vnitinim defektem

It is more attractive for diagnostics to solve the
contribution of internal cracks — defects (Fig. 13) to the
magnetic field surrounding the tested rope. This question
is especidly important for ropes with aZ-geometry,
because in this case the top wires practically enclose the
rope surface. The theoretical results declare the possibility
of using nondestructive magnetic diagnostics to inspect
Z-ropes with internal defects. For this case, we observed
magnetic flux changes of more than 5 mT (Fig. 14).

Fig. 14 Modulation of the magnetic field around Z-shape rope by
internal crack according to Fig. 13

Obr. 14 Rozlozeni magnetického pole kolem lana tvaru Z vnittnim
defektem podle obr. 13
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Conclusions

The numerical modeling of the experimental array by
FEM was carried out using the ANSY S software package.
It was found that in order to achieve stable results, models
had to contain approximately 2 500 000 elements. Further
increasing the number of elements does not substantially
improve the increase in stability.

The achieved results have confirmed the possibility to
apply yoke magnetic flaw detector [1] for diagnostics of
surface and internal wire cracks of ropes characterized by
six strands geometry and Z-geometry. The magnetic flux
density generated by the magnetized rope with different
cracks (surface and inner thick and thin wires) exceeds
the response limit of flaw detector.

For wire crack (1 mm gap on the thick wire) on the rope
periphery, the corresponding 3D distribution of the
secondary magnetic field reaches up to 70 mT. For the
case where the underground thin wire is interrupted by a
1 mm gap, the corresponding magnetic flux distribution at
the rope surface is modulated in the frame of 10 mT.

For the magnetized Z-geometry rope with surface
breakage, the surroundings of the defect are characterized
by important magnetic flux changes. Close to the defect
area, we can observe shifts exceeding 50 mT in the
magnetic field amplitude. The theoretical results declare
the possbility of using nondestructive magnetic
diagnostics to inspect Z-ropes with internal defects. For
this case, we observed magnetic flux changes of more
than 5 mT.
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Pozinkovaci linka €. 3rekordné

Oce/’ VYCHODU, 24.9.2018

V srpnu 2018 bylo na pozinkovaci lince ¢. 3 divizniho zdvodu ZusSlechtovny a Obalova vétev USSK na Slovensku
dosazeno skvélého vykonu, kterym byl pirekonén posledni rekord ze srpna 2015.

Novy mési¢ni rekord ve vyrobé na pozinkovaci lince ¢. 3 ma hodnotu 42 705 t. materidlu aje o 160 t vySSi nez ten

piedchozi.

Dobrou préci odvedli i Udrzbéti, kdyZ 13 neplanovanych prostoja nepiesdhlo 243 minut, cozZ je extrémné kréatka doba.

Znamenato, Ze ¢asové vyufZiti linky bylo 99,45%.
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