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THE DETERMINATION OF THE WEAKENING OF MINE WINDING ROPES CAUSED
BY THE LONG, SOFT CHANGES OF THEIR CROSS SECTIONAL AREA

Smeary, The divect current magnetic method of testing wire ropes
widely used in Poland and in the world, permits detecting and measu-
ring rope defects which disclose themselves as an abrupt change of
the rope oross sectional area and especially for detecting broken
wires. In casss of accumulation of broken wires, abrasion, advanced
corrosion or missing of wires in the rope the determination of the
weakening of the rope by means of the induction sensors used with
the magnetic method is diffioult and sometimes almost impossible.

A new original sensors for magnetio defectographs were developed
which can measure the above mentioned defeots. This paper presents
the elements of theory of sensors for long, soft changes of the cross
aeotional area of rope the methodology for the determination of the
weakening of the rope tested by these sensors. The following conclu-
sion can be drawn from the paper: the long changes of the rope cross
seotions can be measured by the statio, magnetic field method, the
hall effect - induction sensor and the hybrid sensor can oover the
deteotion and measurement of all essential defects of ropes, the
measuring results of the long defeots do not depend on the speed and
direotion of testing.

1. INTRODUCTION

The d.o. magnetic method of testing wire ropes widely used In Poland
and in the world, permits detecting and measuring rope defects which dis-
olose themselves as an abrupt oliange of the rope cross ssctiontl area and
especially for detecting broken wires.

In cases of accumulation of broken wires, abrasion, advanced corrosion
or missing of wires in the rope the determination of the weakening of the
rope by means of the induction sensors used with the magnetio method la
diffioult and sometimes almost impossible.

A new original sensors for magnetic defeotographs were developed A&c"h
can measure the above mentioned defeots.
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This paper presents the elements of theory of sensors for long» soft
ohanges of the oross sectional area of rope and the methodology for the
determination of the weakening of the rope tested by these sensors.

2. INDUCTION SENSORS

Induction sensors used generally, (fig. 1) measure the defects of an
abrupt change of the cross sectional area of rope, beoause the signal from
the sensor (1) is the derivative of the magnetio flux with respect to ti-
me t.

While testing long ohanges of the oross seotion the sensor presented
in fig. 1 gives signals at the beginning and at the end of that defeot but
it does not give any information about the change of the oross seotion of
the rope tested.

Similarily the induotion convertors of the hybrid sensor (2) presented
in fig. 3 do not measure the changes ofthe oross sectional area of the
rope at that type of defects! either.

Therm are also other kinds of induction sensors e.g. the ooils without
ferromagnetio concentrating rings, but all of them together with those
mentioned above are burdened with the following common shortcomingst

- inability of measuring the long, soft defeots
- dependence of the signal amplitude on the testing speed
- dependence of the pulse polarization on the testing direotion.

The sensors with the flux to voltage oonvertors have no suoh deficien-
cies.

3. SENSORS WITH HALL EFFECT CONVERTORS

The sensors oonstruoted according to (3), diagrammatioally presented in
fig. 5 can measure the long changes of the rope oross seotion.

A similar signal can be obtained from the hall effect convertor (3) of
the hybrid sensor, fig. 3, as well as from a hall effeot induction sensor
@ (fig. N.

Those sensors besides measuring the long ohanges of the oross seotion,
can measure looal defects what is shown in fig, 8.

The amplitude of the pulses oeming from those sensors does not depend
on the testing speed (3) and the polarization is also independent from the
testing direotion, fig. 9.
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The other group of seniora measuring the long changes of the cross
sectional area the rope using the magnetic method are the sensors which
measure the magnetio Fflux (5) entering the rope.

The sensors mentioned above do not give any information about the local
changes of the rope cross seotion and can be used only for measuring corro-
sion, missing wires, splices etc. i.e. long changes of the cross sectional

area of the rope.

k. PHYSICAL AND MATHEMATICAL PRINCIPLES OF OPERATION OF THE
HALL EFFECT SENSORS

A rope section under testing plaoed inside the magnetic head is magne-
tized by the static magnetio field produced by the permanent magnets moun-
ted in the head (the elsotromagneta are used nowadays sporadically).
Although there are various magnetio systems of the heads the only aim of
all of them is to secure a magnetic flux$” 1in the rope giving the induc-
tion Bl above the inflexion point of the characteristic B = f(H)} where H
is the Intensity of the magnetic*field in the rope tested.

To analyse the processes inside the rope the magnetic oirouit of the
head can be reduced to that shown in fig. 12.

For the magnetic circuit presented in fig. 12 we can write

U @)
hence

€))

where:

1, ie the magnetio tension of the head,

(@]
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whore:

*Ir, vi,., 1 are oonstants,

D - is diameter of pole shoes,
d - diameter of rope,
b - length of rope section inside the head,

permeability of rope.

The deoisive influence (6) on the value of magnetic induotion in the
rope has first term in the denominator. Beoause of this we oan determine
the relation between the induotion in the rope and itsdiameter if we
assume the value both of the magxietio tensionin thehead and thepermea-
bility of the rope. This assumption oan be made without oommitting great
error.

From the relation shown in fig. 13 it oan be seen, that the induotion
in the rope, for the diameters (<, to 0,75). D is constant. For the dia-
meters smaller than 0,<1D an inorease of the induotion in the rope limits
the reduction of the permeability of the rope and thus it hinders the in-
orease of the reluctance of the rope. It is similar for the diameters
greater that 0,7D where the inorease of Induotion is limited by the inner
reluctance of the head.

The measuring results obtained by means of a properly designed head
prove the theoretical analysis. Ve oan say then, that there is a conver-
sion constant of the head and this in turn makes the generalization of
the calibration relations possible.

In case of testing ropes with the defeots shown in fig. (an abrupt
change pf the cross section 1, which turaa into the long ohangs of the
cross section) the change of the cross section is not aooompanied by the
ohange of its diameter.

At the plaoe of an abrupt ohange of the cross seotion of the rope there
is a disturbance of the magnetic field, whose oourse and value are descri-
bed in paper (7) by the following formulae:

®

®

where:
BN, Bt - normal and tangent components of stray field

f — cross sectional area of defeot
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- induotion in rope

R - radius of sensor

9 - distanoe of defect from rope axis

X - distanoe of tangent plane to sensor from defeot
£ -angle on the tangent plane to thesensor.

The formulae (5) and (6) furnish the description of operation of both the
induction and hall effeot sensors at measuring the arbitrarily with res-
peot to the rope axis placed defects like an abrupt change of the oross
aeotion or a broken wire - will not be here analysed.

The ohange of induotion in the rope from BL1 to caused by the chan-
ge of the rope oross seotion from to is used for measuring the
long ohange of the cross seotion of the rope.

The inorement of magnetio tension between the concentrating rings of the
sensor when the cross seotion of the rope is changed by fu, is given by
the formulal

AUG = - °1BL! FL-4 VU (7)
As fu +8 very email in comparison to FT it can be neglected and the for-
mula (7) will take the following form

T T 2 (8)

The hall effeot sensor plaoed in the gap of the magnet keeper converts
directly the magnetic flux altered by the drop of the magnetic tension
AU into electrical voltage.

It is seen from the formula (8) andit also follows fromtheproperties
of the ball effeot sensor, that thevoltage amplitude of thehall effect
sensor depends on the ohange of the oross seotion and onthe constant of
conversion k~.

U a kij=f ©

The relation (9) contains some simplifications, but nsvertheless ths labo-
ratory verification of that method proves the praotioal independence of
the signal amplitude from the testing speed and also from the off- the rope
axis positioning of the defeot (8).

For the assessment of the long defects of the mine winding ropes one
can use the constant of conversion given for eaoh sensor, or can make a
comparison with the signal obtained from a test wire.
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5. EXAMPLES OF MEASURING LONG CHANGES OF THE CROSS SECTION
OF MINE WINDING ROPES

By tha examples of measuring the long ohanges of the cross section of
mine ropes presented in figures 15 to 17 one can assess the progress in
magnetio defeotosoopy of the statio field.

6. CONCLUSIONS

1. The long ohanges of the rope oross seotions can be measured by the
statio, magnetio field method.

2. The hall effeot - induction sensor and the hybrid sensor can cover the
detection and measurement of all essential defects of ropes.

3. The measuring results of the long defeots do not depend on the speed
and direction of testing.
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Fiff. 1. Induction sensor for magnetic head (1)
Rye. 1. Glowice, magnetyczna z czujnikiem indukcyjnym

Fig. 2. Induction sensor signals when testing ropes with long changes of
their oross sections

Rys. 2. Sygnaty ozujnika indukcyjnego pochodzgoe od zmian przekroju bada-
nej liny

Fig. 3. Hybrid sensor for magnetio head
Rys. 3. Czujnik hybrydowy



46 R. Martyna

Fig. U. Induction convartar signalsof tha hybrid sansor whan tasting
ropas with long ohangas of their cross saotions

Rys, k. Indukoyjne sygnaty czujnikahybrydowego poohodzgaca od zmian prze-
kroju badanej liny

Fig. 5. Diagram of the hall effeot sensor
Rys. 5. Wykres ozujnika zjawiska Halla

Fig. 6. Hall affaot sansor signals whan testing ropas *1th long changes
of their oross saotions

Rys. 6. Sygnaty z ozujnika zjawiska Halla pochodzgoe od zmian przekroju
badanej liny
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Fig. 7. Hall effeot - induotion sensor for magnetic head
Rys. 7. Glowioa magnetyczna z czujnikiem indukcyjnym zjawiska Halla

Fig. 8. Rope testing oscillograph record of wire breaks and long changes
(increase) of the rope cross section

Rys. 8. Osoylogram z badania liny ze zkamanymi drutami i zmianami prze-
kroju

Fig. 9. Rope testing oscillograph record for a rope with wire breaks and
ohanging the testing direotion

Rys. 9. Osoylogram z badania liny ze zdamanymi drutami i zmiennymi kie-
runkami badad
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FI*. 10. Oacillograph raoord of ropa teatlng with a sensor for long otaan-
gaa of ropa eroaa aaction

Ryae 10. Osoylogram z badania liny za pomoog czujnika dla pomiaréw zmian
przekroju lin

Fig. 11. Piya of magnetizing ropes in measuring haads
1 - ropa tsatad, 2 - permanent magnet, 3 - magnet keeper, 4 - pole shoe

Rye. 11. Spoedb magnetyzowania lin w glovioy pomiarowej, gdzi :
1 — badana lina, 2 — magnee ataly, 3 - ustaleaz tnagneedéw, k — dllzgeos
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Fig. 12. Magnetic circuit of the measuring head
Rys. 12. Obwéd magnetyczny w glowicy pomiarowej

Fig. 13. Relation between the magnetio induction in rope and its diameter
Rys. 13. Zaleznoi¢ miedzy indukcjg magnetyczng w linie a jej Oredniog

Fig. Hc. Testing rope with an abrupt change of its oross seotion turning
into the long one

Rys. 1k. Badanie liny z nagta zmiang przekroju
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*r+~rfffu

Fig. 15. Testing results of a shaft guide rope seotion exposed to the fan
operation

Rys. 15. Vyniki badan odoinka liny prowadniozej poddanej dziataniu wen-
tylatora

Fig. 16. Testing results of a balance rope loop seotion
Rys. 16. Wyniki badahn odoinka liny wyréwnawozej z petlg
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Fig. 17. Testing reeulte of a triangular winding rope with a necking
Rys. 17. Wyniki badan odcinka liny nosnej z przewezeniem

WYZNACZENIE OStABIENIA GORNICZYCH LIN WYCIAGOWYCH
SPOWODOWANEGO ZMIANAMI 1CH POWIERZCHNI PRZEKROJU

Streszczenie

Szeroko stosowane w Polsce i na $wiecie magnetyozne metody badania lin
pozwalaja na wykrycie i pomiary uszkodzen w linach, ktére ujawniaja sie
jako nagle zmiany powierzchni przekroju. W przypadku potgaczonego wystapie-
nia peknietych drutéw, starcia, zaawansowanej korozji albo ubytku drutéw
w linie wyznaczenie Jej ostabienia przy uzyciu czujnikédw indukcyjnych
jest utrudnione, a czasem nawet niemozliwe.

Nowe orginalne czujniki dla magnetyoznyoh defektograféw zostaty
skonstruowane, moga one mierzy¢ wyzej wspomniane defekty. Artykut ten
prezentuje podstawy teoretyczne czujnika do pomiaréw zmian powierzchni
przekroju lin i metodologie wyznaczania ostabienia lin przy uzyciu tych
czujnikéw. Nastepujace wnioski mozna wyprowadzi¢ z opracowania! zmiany
przekroju liny moga by¢ mierzone przy uzyciu metody magnetycznej, induk-
cyjne czujniki oparte na zjawisku Halla oraz ozujniki hybrydowe moga
wykry¢ i mierzy¢ wszystkie whkasciwe defekty w linach, wyniki testu nie
zaleza od szybkosoi i kLerunku pomiaru.

OnPEIEJIEHHE OGJIAEJIEHHH rOPHhiX nOAMMHHI KAHAIOB,
BhI3BAHHOr0 H3MEHEHHHMH HX 1UIOUBUUI

Pe3d>ue

iilHpoKO npaMeHseMbie b MHpe u b IIHP MarHHTHHe weioAN HCCJie,EOBaHHa tcanaToB
1103BOJIABT HaOTH H H3MepHTB fleJieKTH, KOTOpHe npoHBJIHIOTCa B KaweciBe BHe3an-
htdc a3MeHeHHO rmomaAH cegeH&a KaHaTOB.
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B cxyganx CBA3KH JionHyBoefi npoBOAOKH, noiepiooieB, "ajieKO 3aneA»eft KoppoBHH
hjih noiepa npoBojioKH b Kaaaie onpeAeaHTL ee ocaaCAeBHe npn bomohh hhaj'kthb-
hkx Aai”HKOB CHBaei ipyAHO, a HHorAa h npooio aeB0O3MOXBO.

GkohctpyHpoBaHH Hosue OBoeofipasHue AaiBHKH hjul aarHHTBHX Ae<teicTOBf koto-
pue Aax>T bo3moxhoctb H3Mepaib BbnnenepeMHCJieHHue Ae$eKTH. Ranwaji oiatm
npeACTaBABei leopein”~ecKae ochobki Aammta ajih h3M6P6hhjz HsueHeHKi4 rmozEaj.-H
ceneHHa KaHaTOB ih uetoaoaornn onpeAeaeBHa ocaafiAeHaa KaHaTOB npa hokohk
sihx AaiaHKOB. PaOoia no3Boaaei CAeaait CAeAy*>mne bhboah:

- H3MeBeBHB ceaeBBB Kanaia uoryi 6htd H3*epeBH C noMoEBB aaraHTaoro ueToA&F

- HHAyKTKBBUe ASTHHKH, OCKOBaHBH6 Ba 3<}xJeKle loJlJla, H rHOpKAHUB A&TBBKB MO-
ryi BUASETb a asaepBib bcb Ae$exTu, apncymne KaHaiaaj

- pesyAbiaTu reoia ae saBzcaT 01 CKopociH a sanpaBaebhb HsaepeaHft.



